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Data Rates: 9600 bps fromr a single uata source
or one Of several multiplexing arrangements:
One 7200 bkps 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, ktinary, serial

Operating Modes: Half-duplex or duplex according to data
terninal oOreration

Charnnel Requirement: 3002-type #4-wire private line channel
with High Performance Data Conditioning
(D1-tyre) 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 + 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 time on
any of the connectors that are used

Switched carrier operation:
147 + 1 milliseconds ¢n 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 Detector Operation:

Turn ON: 127 + 2 nilliseconds after Signal Quality
Cetector 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 ortioned for continuous carrier

Signal Quality Detector Operation:

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

Turn CFF: approximately 20 milliseconds after data
signal is absent on line




Interface Connector (s) and Cable(s):
Direct Data Terminal Connection:

Data Terminal connecting cord must provide a 25-pin
Cinch or Cannon Type DBE-19604-432 (male) plug with Cinch
Type DB-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.

Corinection 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 Company provided synchronous data
set will ke cornected using a special interface cord
provided ky 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 srecial Telerhone Company
provided interface cord terminated in a 25-pin (female)
connector similar 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 srecial corxrds 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
tyre not under switch ccntrol.

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 1200F

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

Weight: Arproximately 42 pounds



1. GENERAL

1.1 Data_Set 209A_Type

Data Set 209A is designed for transrission and reception
of synchronous 9600 bps serial, kinary 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 kit 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 tke front of the data set. The data set features
an 8 rmillisecond startup delay with continuous carrier and
switched Request-to-Send operation, which is recommended
for each kasic 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 approximately 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 adartive equalization and places no
restriction on the coding of customer data as the
transmitter contains a scramkler circuit to randomize the
signal aprlied 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 mcnitor 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
froent cf the data set rermit fault isclation 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 terminal. Lower speed Telephone Company
provided data sets are available for 4800 and 2400 bps
extension service (they must ke ordered separately).

. o e o S s e

* For convenience these multiplexing options will be
abbreviated throughout the remainder of this document
as 96, 72724, 4gs48, 48/724/24, and U4-24.




Data Set 2092 is line signal compatible only with another
209A. It provides 9600 bps duplex service which, depending
upon the requirements of the data terrinal(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 rrovided by the data
set is presented in Section 2.

1.2 Easic_System_cConfigqurations

There are four basic system configurations for Data Set
209A. These are not meant to represent all possikle
configurations, but to show the basic set of permissible
configurations in which the 209A can ke 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 ke used in order for the Telerhone Company to
arpropriately engineer each data set in the system. There
are seven optional features cn the 209A which must ke
specified ky 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 U4 (a) to 4(d) show the required options in each

Bell System data set in the four basic system
confiqurations. oOptions that are not denoted as required
are only recommended. They need not be used if data
terminal incompatibility results. The four basic
configurations are descriked Lelow.

e e i i e S e v i

4.1.1)

‘Lata 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,



2. Point-to-Point Multiplexing 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, or b) 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 Multiplexing_Service (Figure 4(c),
Section U.1.3)

With any of the multiprlexing options if any data
terminal is farther than 50 feet from the 209A
either in another location or 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 multirlexed 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 koth 209As depending on the multiplex option
selected and the system layout. In this way the
lower rate data channel can be extended via cother
private line facilities to remotely located data
terminals. The extension channels may be point-to-
point or multipoint depending on the application.
There 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.

e s . e s st e e S e i o - — - i o —— > o - — ———— ——

Section 4.1.4)

A one-to-many multiplexing arrangement differs from
the previous two rultiplexing arrangements simply
ky the fact that cne "“central!" data terminal does

s ot e s it . e e e s

* 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.




the multiplexing of the 9600 bps data stream in
place of the 209A at that location. This will save
ports 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 serarate 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 communications port on his data
terminal at the central site. If this is
advantageous compared to using the 209A for
multiplexing as descriked 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 terminal 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 ke noted that the multirlexing 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 terminal multiplexing, but may be used
if desired. See Section 4.1.4 for more information.

1.3 Physical Description

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 759F 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 Eower Reguirements

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



is protected from over voltages from the power supply by
a circuit kreaker built into the power supply. Should
this circuit kreaker trip, the ON lamp (see Section 1.7)
will go out and the data set will Lkecome inoperable. The
Telephone Company should be notified if this occurs.

1.5 Interface Compatibility

The interface signals exchanged between Data Set 209A and
any data terminal equipment on any of the 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 ky RS-232-C with the excertion 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.

1.6 Test_Switches_and_Testing_Features

Data Set 209A has four push-kutton 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 TEST 1 to TEST 6. These
tests are intended for testing the 209A l1link 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 2092 (except LP) will affect all data set interfaces
and will interrupt normal operation of the data set.
Individual interfaces cannot ke tested separately using

the self-test circuitry or the AL and DL switches described
below.

All of Lata Set 209A'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:



1)

2)

3)

IP_(ILamp_Test): 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 1lit 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).

AL_{Analog_loopback): 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 ogrtion
(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 rmode ON option is installed

(see Section 2.5) and the ST switch is not depressed,
the MR lamp will be 1lit 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).

ST_(Self Test): 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 monitored for errors. When the ST
and AL switches are depressed to perform a self
test of the local data set (see 1TEST 1 in Section
1.6.1), the ER lamp will blink 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 ogxtion (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 ortion, 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 kit error
occurs in the received signal, the ER lamp on the



local data set will flash momentarily when in this
test mode.

4) LCL_(Digital_Ioopback): 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 Cuality 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 kack 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 cata 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_TLata_Set Testing_ 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
descrikes the test rrocedures in more detail. The tests
are referred to in this document as TEST 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 loopkack self test: tests bhoth data
sets plus koth sides of the U-wire private
line channel as one assemblage with test status
monitored at only one data set.



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_Through_Data Set_Interface (Fig. 11, Section 5.1.2)

TEST 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.

TEST 5) Digital loopkack test: permits the data
terminal equirment 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 ky the test equipment or data
terminal.

Test From Telephone_cCompany Test Center (Fig. 12, Section 5.1.3)
TEST 6) Telephone Company remote test: tests the local
data set in the digital loopkack mode and both
sides of the U-wire private line channel between
the data station and the Telerhone Company
test center.

The first three self tests can be made ky the customer's
operating rersonnel 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 summarized in Table 1. If trouble is
isolated to the data set or private line channel, the
customer should call the Telerhone Company repair service.

1.7 Status_Lamp_Indications

— v o 7.

Eleven LED status lamps are provided on the front of the
data set. These are divided into two vertical grourings.
The left grouping (4 lamps) indicates multiplex option
status. Tlke right grcuring (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 akbreviated designations and corresponding



function as they appear on the right side of the data set's
front cover. The left columrn appears as follows:

96 -
72 -

4g -

24 -

The rel
multipl

Lanmps

JLit_
96
12,24
48
48,24
24
None

* =

corresponds to 9600 bps operation on connector No. 1
corresponds to 7200 kps opération on connector No. 1

corresponds to 4800 kps operation on connector No. 1
or on koth connectors No. 1 and 2

corresponds to 2400 bps operation on some or
all ccnnectors

ation of these lamp indications to the selected
ex option is shown in the following table:

Active Connectors

Multiplex and Bit Rates (bps)
_Cption__ A 2 3. s
96 9600 * * *
72724 7200 2400 * *
48s48 4800 4800 * *
48/24s24 4800 2400 2400 *
4-24 - 2400 2400 2400 2400

Test position

not operational (except as indicated in Section 3.2.2)

The right hand column of lamps is as follows:

ON -
MR -
RS -
Ccs -
Cco -
ER -

P

Power Indication

Data Set Ready (Modem Ready)

Request to Send

Clear to Send

Received line Signal Detector (Carrier On)
Equalizer retrain in data mode or error indica-
tion in self test mode

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
circuit

on the power line which trips the power supply
breaker, or if tle 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



data set has been checked to verify that power is present,
the Telephone Company should be called.

MR, RS, _CS,_CC_Lamps

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 Detector
(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., IM lamp is out).

ER follows the operation of the QM circuit (which appears
only ¢n connector No. 1) but in the opposite sense, i.e.,
ER is 1lit when QM is OFF and is extinquished when QM is
ON. ER is norrally lit when the CO .lamp is out (i.e., no
signal is being received). 1In each of the four kasic
configurations given in Section 1.2 continuous carrier
operation is recommended. As a result the CO lamp should
be 1it and ER should be out. However, if switched carrier
is used, CO will be out when no carrier is reCeived (i.e.,
ktetween transmissions) and ER will be 1it 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 1lit when automatic
retraining is taking place in the adaptive equalizer of
the local data set. If ER should continuously flash or
stay l1lit when carrier is bkeing received (CO lamp is 1lit),
marginal rerformance 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 emrployed to isolate the cause
of the troukle 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 lampr is conditioned to flash momentarily 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 lccal data set is
depressed does not indicate errors. In these cases ER



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
lignt the TM lamp (see Section 2.1).

Use_of_ Status_Lamps_for_ Test_Monitoring

Section 5 outlines the test procedures used to isolate
problems to the data terminal, data set, or transmission
channel. Verification of prorer 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

The 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 to ke automatically retrained when the
equalizer has become misadjusted without the data terminal
equipment (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
receirt of a signal requesting retraining. An illustrative



diagram showing the interface operation c¢f 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 Iocation and Mounting of the Data Set.

The data set should ke located in the vicinity of the data
terrinal equirment on a nearky desk, takle, stand, or for
multiple arrangements in Bell System*rrovided data set
cabinets or equipment racks (23 inch wide equipment racks
are required for rack mounting). The customer should
consult with the local Telerhone 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 ke taken not
to block thke louvers in the front cover.

The customer provided interface cakle(s) from the data
terminal {s) should not exceed 50 feet in length in
accordance with recommendations in EIA Standard RS—-232-C.
This recommencation is intended to minimizZe cross-talk
coupling among the unkalanced interface circuits and reduce
the cnance Of noise pickup from outside sources. The data
set will ke 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 be 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 1s a result of the special engineering
(replacing compandors with VF amplifiers) required on
certain carrier systems to improve the nonlinear dis-
tortion characteristics.

*Customer provided cabinets can be used, however, they must
provide equivalent environmental (ventilation) characteristics.



2. OQEFTIONAL_CUSTCMER_FEATURES

Data Set 209A is provided with seven orptional features
which must be specified when the data set is ordered so
they may ke permanently installed. There is also a
multirlex selector switch under customer control which may
be changed as the customer requires. O0f 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
rrovided in this section. Figure 3 rrovides a listing of
these options and the choices which can ke made.

2.1 Multiplex Options

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 fcllows: 1) 9600
brs oreration on interface ccnnector No. 1, 2) 7200 bps
operation on connector No. 1 and 2400 brs on connector No.
2, 3) 4800 bps operation cn connectors No. 1 and 2, 4) 4800
bps oreration on connector No. 1 and 2400 kps 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 purroses. The switch position is indicated
by a column of status lamgs as descriked in Section 1.7.
The switch can ke rotated continuously in either direction
to arrive at the desired position. The customer may select
any one of the five normal positions depending on the
multiplexing arrangement of his system. The customer
should not select the test rosition (no numeric lamps will
light when the switch is in this position). Basic system
configurations to guide in the use of this switch are
descriked in Sections 1.2 and 4.1.1 to 4.1.4.

2.2 Transmitter Timing Provided by Data Terminal Egquipment

The data set transmitter provides a transmit clock signal
on circuit 15 (CB) on those active interface connectors,
depending on the multiplex ortion used. This allows the
data terminal equipment tc rroperly 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 compatilkle 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 terminals designed to orerate with synchronous data
sets use the data set as the timing source (internal timing)
rather than provide timing themselves (external timing).

If, however, the data terminal provides transmitter timing,



the 2097 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 terminal on circuit

24 (DA) cf 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, 7200, 4800, or 2400 Hz depending
on the multiplex speed chosen for ccnnector 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 ke ortioned with an elastic stcre on the particular
connector (s) so used. The phase of these timing signals
need not ke locked to the phase of the timing signal
provided ky the data terminal on circuit DA of connector
No. 1. However, the frequency of these clock signals must
be locked to that provided on circuit DB of the same
connector. The timing signal on the LA 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 cCarrier Operation

In each of the four basic system configurations described
in Section 1.2, it 1is 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
recertion 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 descriked in Section 2.4.

The alternative option, switched carrier, causes the data
set transkitter to turn on and off under control of the
Request-to-Send (CA) circuits. Thus, 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 ke reactivated for further data transmission
only Lty receiving a new training sequence from the near-
end transmitter before accerting the customer data message.
The training sequence which lasts about 150 milliseconds
is not as efficient from a throughput standpoint as is



continuous carrier. The CA-CB delay for switched carrier
can vary between 8 and 200 milliseconds depending on when
the data terminal (s) turns the CA circuit OFF and ON (see
Table 3). With the continuous carrier option, the CA-CB
delay can ke either 0 or 8 milliseconds 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 ortion 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 ke ON continuously because
carrier is being received continuously. With switched carrier
operation in a multiplex apprlication, 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, kut rather the presence of valid carrier at

the receiver. It is advisakle, 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
transmitter off. Neither will a power failure in the data
terminal (g), should this occur, causing the interface
circuit voltages to go to zero potential. Thus, to a far-
end data terminal the near-end data set will appear to be
operational with MARK signals keing sent. With switched
carrier, however, disconnection of the interface connectors
or a power failure in the data terninal (s) causes each
Request-to-Send Circuit to go OFF, thereky turning the
transmitter off.

2.4 Switched or Continuous Ekequest—-to—-Send Operation
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When the continuous carrier option is selected, the Request-
to-Send circuit can be optioned in one 0of two ways. This
option is not available whken switched carrier is used.

With the switched Request-to-Send option, the data terminal
on each connector may turn CN 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 terminal(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) . This type of operation, called continuous Request-
to-Send, eliminates the need for a Request-to-Send driver



circuit from the data terminal equipment on each of the
connectors.

2.5 Elastic Store cption_ To_work_ Through
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Cigital_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 many point or
one-to-many multiplexing extension service is involved.

An elastic store must also be enabled if an external timing
signal is rrovided Ly the data terminal on circuit TCA of
connector No. 2, 3, or 4., 1In all other cases the options
shoula ke disabled.

An elastic store must ke enakled 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-prenises 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 provided by the
extension data set used in the extension service.

The elastic store option fcr connector No. 1 will disable
the external timing option if this option has also been
installed. Enabling an elastic store option on a particular
connector activates the elastic store buffer on the
Transnitted Cata circuit of the selected connector so that
data signals can be properly transferred from the Received
Data (BB) circuit of the cther 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 tlre timing signal provided by the receiver

of the other data set or data terminal 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 arkitrary except
for one consideration explained below.



If the customer anticipates using a data terminal or
external test equipment to perform trouble isolation testing
from cne of the 209As in a many 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 orerations personnel will perform
these tests. This restriction comes akout 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
(TEST 2), this restriction dces not arrly since the slaved
timing option is disabled when the ST switch is derressed.

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 transmitter timing. Lower speed
Telerhcne 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_oOption_for Analog
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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 rode or other non-data mode.
When this occurs the data terminal, ky hardware or software
design, ignores any signals on all of the other interface
circuits. If the 209A is rlaced in the analog loopback
test mode, the CC circuit(s) will normally turn OFF (see
Sections 3.3.6 and 5.1.2). Since the analog loopkack test
is intended to permit the data terminal to verify
transmission through the local data set interface
connectors, the normal operation of CC will defeat this
test feature.




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 isclate transmission proklems with the local
data set, the data terminal may require the CC circuit to
be held ON during this test. An option is provided in the
2092 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 ketween data sets and
data terrinals* (see Section 3.3.2, Local Line Test, in
that document). Without specific knowledge of the test
carability and requirements of the data terminal, the Data
Set Ready circuit in AL mode option should be set OFF (CC
will ke OFF in the analog locrback test mode). This does
not, however, prohibit the use 0f external test equipment
to make an analog loopkack test through any of the data
set interface connectors.

2.8 Grounding

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 ke 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.
The Signal Ground (AB) circuit on each of the interface
connectors is the common reference rpotential 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 from the factory. This is intended
tc rrovide additional margin to longitudinal power 1line
noise. The strap may, however, be disconnected at the
request of the customer with due consideration given to
possikle noise conditions, ground potential differences,
safety conditions, local electrical codes, and data terminal
mariufacturer recommendations.
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¥ W"WFault Isolation Methods for Data Communications
Systems," Industrial Electronics Bulletin No. 11,
Novemker 1972. Available from Electronic Industries
Association, 2001 Eye Street, N.Ww., Washington, D.C.
20006.
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3. CUSTCMER_INTERFACE
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3.1 Interface_Connectors_and Special_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 terminal devices to be multiplexed through the
data set. The choice of wrultiplex option will determine
which interface connectors are used (see Section 2.1).

In addition to direct connection to data terminal equipment,
other Telerhone Company or customer rrovided 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 rlug such as the DE-19604-432 Plug manufactured
by Cannon* or Cinch+t is required on the customer provided
cord. This type of plug provides a reliable, low-resistance
contact. 1In addition, a LB-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 Ly the Telerhone
Company. The remote Bell System data set will be provided
with a special "timing' cord which provides a female
connector to interface with data terminal equipment. For
interconnection of customer provided data sets with the
2097, an equivalent "extension service" cord, described

in Table 2, must be provided by the customer. Also the
customer provided data set at the far-end of the extended
channel must be configured tc loop the receiver timing
(DD) signal to the external transmit timing (DA) signal

in some fashion while also providing the DD circuit to the
%* ITT-Cannon Electric, Division of IT&T Corp., 3208

Humboldt St., 10s Angeles, California 90031.

+ Cinch Manufacturing Co., 1026 S. Homan Avenue, Chicago,
Illinois 60624.



data terminal eguipment. In addition the collocated data
set must be optioned for external timing.

3.2 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
connectors are in conformance with EIA Standard RS-334,
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For tne 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 Transmitted 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 the circuit is more negative than

-3 volts with respect to signal Ground. These signal

states are summarized in the table Lelow.

summary of Data_and control Circuit
Interface Terminology

Voltage Negative Positive
Binary State CNE ZERO
Signal Condition MARK SPACE
Control Function CFF ON

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

3.2.2 sSignal_ States on_Circuits_of Inactive Connectors
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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 Inactive State of Circuits on
Option Connectors Inactive Connectors
96 2,3,4 All circuit drivers held OFF.

No terminators resgond.

72724 3,4 ¢B,CC,CF,CG,DB,DD active;
BR=random data;
BA ignored; CA responsive.

48748 3,4 All circuit drivers held OFF.
No terminators respond.

4gs24/724 4 cB,CC,CF,CG,DB,DD active;
BE=random data;
BA ignored; CA responsive.

4-24 None Not Aprlicable

With the 72/24 and 48/24/24 multiplexing ortions certain
circuits on inactive connectors arpeaxr to be functional.
Therefore, any data terminal left connected to one of these
connectors should be placed in an out of service mode to
prevent false operation. If a data terrxinal 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 okserve 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 LCata (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 terminal and
all driver circuits from the data set will be held in the
OFF (MARK) state.

3.3 Interface Circuit Operation

Data Set 209A is provided with 15 interface circuits on
connector No. 1 for connection to the customer's data
terminal equirment 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
dc 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



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 of the 25-pin connectors. Circuits which appear only
cr. connector No. 1 are also noted.

3.3.1 Exrotective Ground (AA) = Circuit 1

This 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 fTransmitted Data_(BA) =-_Circuit 2
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Direction: TO Data Set

Signals on this circuit are generated ky the data terminal
equipment ancé are sent to the data set for transmission

to remote data terrminal equirment. A positive polarity
signal is a binary "0" or SPACE, and a negative polarity
signal is a tkinary "1" 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-sSend option is
used, the transmitting data terminal equipment may keep
this circuit in the MARK ccndition (idle code) when no
data is to be transmitted.

At the start of transmission with switched carrier or with
switched Request-to-sSend oreration, the first bit should

be presented on this circuit coincident with the first
positive transition (OFF to ON) of the Transmitter Signal
Element Timing (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 cr from the data terminal
clock on circuit DA if external timing is used.
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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 terminal equipment should

sample the Received Data signal on the negative transition

of the Receiver Signal Element Timing (DD) signal. A



positive pclarity represents a binary "0" or SPACE, and
a negative polarity is a binary "1% or MARK.

This circuit is always held in the MARK ("1") condition
when the Received Line Signal Detector circuit (CF) is
OFF.

3.3.4 Reguest-to-Send (CA) - Circuit 4

Direction: TO Data Set

With continuous carrier operation, which is recommended
for all system configurations, the 209A's transmitter is
kert 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 ot approximately 8 milliseconds
tetween the ON condition of CA and the ON condition of CB.
Circuit CR will turn OFF when CA is turned OFF. If the
data terninal 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 cpticn is installed, an ON condition
on the CA circuit will turn ¢n the data set transmitter

and cause the data set to serd a training sequence in
preparaticn for transmission of customer data. After
turning this circuit ON, the data terminal should wait for
an ON condition on the Clear-to-Send (CB) circuit before
starting transrission. When the CA circuit is turned OFF
at the end of a message, the data set transmitter remains
on about another 3 milliseconds (assuming all CA circuits
are OFF) to clear the last few data bits from the
transrmitter. Reoperation of circuit CA to the ON condition
on any connector following its being turned OFF or in a
multiplex arplication having one data terminal turn circuit
CA ON immediately 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
interruption. 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



milliseconds after all CA circuits are OFF, the CB circuit
for that ccnnector will ke delayed in coming ON Ly a
variakle 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 ke given after a delay c¢f about 150 milliseconds.

In summary, when the 209A uses the switched carrier option,
a data terminal may encounter CA-CB delays from 8 to 200
milliseconds when multiplexing is used or about 150

to 200 milliseconds when the 96 option is used. 1In
addition, there is no assurance in a multirlexing
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 kroken. With the
continuous carrier option (regardless of the Request-to-
Send ortion), the transmitter remains ON (sending steady
MARK signals) even though the interface connection is
broken.

3.3.5 Clear-to-Send_(CB)_-_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
transnission 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.
The OFF condition of CR is an indication to the data
terminal equirment that it should not transfer data on the
BA circuit. Circuit CB turns ON in resronse to an ON
conditicn on the circuit CA and turns CFF when CA is turned
OFF.

In continuous carrier operation (which is reccmmended for
all system configurations) with the switched Request-to-
Send ortion installed, the CEB circuit of a given active



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
Le kept 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 ky an interval between 8 and
200 milliseconds depending on the activity of the CA
circuits on the other interfaces if multiplexing 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_sSet Ready_(CC)_ -_Circuit 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 option - see
Section 3.2.2). The ON condition indicates that the local
data set is capable of transnmitting 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 1local
data set is in a test mode (with the possible exception
of the CC circuit CN option for analog loopback testing




- 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 ky the Telephone
Company and is unavailable for use by the customer.

3.3.7 sSignal_Ground (AB) =-_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 conditions, this
connection to Protective Ground can ke removed by the
Telephone Company installer (see Section 2.8).

3.3.8 Received Line Signal Detector (CF) - Circuit 8

Direction: FROM Data Set

This circuit operates simultaneously on all active
connectors when carrier is detected or is lost even though
only one ccnnector out of several is receiving data. The
circuit indicates the presence of 9600 kps data carrier

and not the presence of individual multirlexed 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 Recejved 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
ccentrol characters to indicate the keginning and end of

a message.

With continuous carrier oreration, 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 ketween 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 ke clamped to MARK. Instead, the
Received Data circuit(s) will pass all signals to the data
terminal equirment (s) that are demodulated in this one-
second interval even though they will not be valid. Also



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 arpears when valid data carrier signal has been
received for 140 rilliseconds 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 noise,
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 to ke clamped to the MARK condition. It also
causes the Receiver Signal Element Timing (DD) signal to
ke replaced by the Transmitter Signal Element Timing (DB)
signal and, on connectcr 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 2092 for a period
of at least 200 rmilliseconds until retraining has been
completed (see Figure 6). During this interval circuit
BB is held to MARK, the timing signal on DB replaces the
DD signal on each active connector, and the signal on DCT
replaces the regular DCR signal on connector No. 1.

* See Technical Reference "LCata Communications Using
Voicekand Private Line Channels" - Octoker, 1973, PUB
41004.
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3.3.9 Circuits_9_and_10 (Connector No. 1 only)
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These circuits which appear only on connector No. 1 are
used for the purpose of testing by Telephone Company
personnel. The data terminal must not connect to them.

3.3.10 Equalizer Mode_ (QM, ncn-EIA) - _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
winen 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. OM 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 1is 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 oreration is used in both 209As, the
OM circuit will turn CN 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 shculd 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_(DB) -
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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 terminal equipment
with signal element timing information for the associated



Transmitted LCata (BA) circuit. The clock frequencies
availakle on each connector, depending on the selected
multiplex cption, are shown in the takle 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 Transmitted Data (BA) signal should be presented

by the data termrinal equipnent 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 CB.

When the 209A is timed externally by data terrinal 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 Timing 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 autoratically uses internal timing.

When data terminals 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 LB signal.

3.3.12 Divided Clock Transmitter_ (DCT, non-EIA) =
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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 ke used in one-to-many
multiplexing applications by the master data terminal to
properly synchronize the 4-kit pattern of multiplexed data
signals on circuit BA of connector No. 1 operating at 9600
bps. The 4-bit time division multiplexed data pattern
consists of the separate data streams sent to the remote
2092 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 cgtions.



3.3.13 Receiver_Signal_ Element Timing (DD) - Circuit 17

Direction: FROM Data Set

The square-wave signal on this circuit of a given connector
appears at one of the nominal 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 (BB) circuit. For each active
connector, the signal transition from ON to OFF on this
circuit norinally 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
loopwack test mode.

3.3.14 Divided Clock. _Receiver_ (DCR, non-EIA)
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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.
This signal is provided when circuit CF is ON. When circuit
CF is OFF, this signal is identical to that on circuit

DCTI. Figures 8(a) to 8(d) show the relationship of the

bit timing signal on this circuit to the timing signal on
circuit LD of connector No. 1 for demultiplexing data on
circuit BE of connector No. 1.

3.3.15 sSignal_ Quality_ Detector (CG) =-_Circuit 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 kut faster responding. Circuit CG
will go ON simultaneously on each active connector
approximately 20 rmilliseconds after data carrier signal

is received ky 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



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 ¢M 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 terminals at the far-end transmitter turn
their CA circuits OFF.

{CA) -_Circuit 24

Direction: TO Data Set

This circuit is used to provide transmitter timing on
connector No. 1 when the external timing option 1s selected.
It is also used on any of the connectors (No. 1 to 4) when the
elastic store for the 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 terminal c¢n 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 reak individual
distortion on negative transitions of no greater than 0.5
percent per EIA Standard RS—-334. The Transmitter Signal
Element Timing (DB) circuits on each ccnnector will be
phase-locked to this DA signal, as will the Divided Clock
Transmitter (DCT) signal. Signals should ke 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 provide an external cleck on DA, the frequency
of the signal provided on circuit DA must ke locked to the
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timing signal on circuit LB 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 tne
elastic store buffer associated with the connector and do
not affect the timing of the data set. WwWhen 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 Lkuftfer.

3.3.17 Circuit_25_ (non-EIA) (Connector No. 1 only)
This circuit, appearing only on connector No. 1, is used
for testing purposes ky Telephone Comrany personnel. The
data terminal equipment must not connect to it.

4. QEERATION_WITH LCATA_ TERMINAL_EQUIEMENT

4.1 System _Configurations_of Data_Set 2092

The basic configurations of the 209A, rresented 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 Telerhone 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
compatikility is affected.

4.1.1 Eoint-to-Point_ 9600 _bps_Service (Fig. 4(a))

In this configuration data is exchanged between twoO data
terminals capable of a 9600 kps data transfer rate. It

is recommended that both 2092 data sets operate with
continuous carrier. This ortion permits a short CA-CB
delay (8 milliseconds or no delay depending on the Request-
to-Send ortion selected). In addition, koth 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,



tnen one or poth 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 bps data channels. The data terminals must
be located witnin 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
descriped 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 2092 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 Telerhone 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 kps is generally uneconomical compared to collocating
the 209A with the 7200 bps data terminal.

Extension channels may be either point-to-point or
multipoint private line channels. Point-to-point extension
channels may ke used on cne 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 corresronding connector of the other 209A serving the
central polling data terminal 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 multigpoint.

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. Tlke choice of which 209A is to have

the slaved timing option in this arrangement is kasically
arbitrary although there is a restriction on the use of

TEST 5 when a data set has the slaved option (see discussion
in Sections 2.6 and 5.2.3).

Lower speed Bell System data sets will ke connected to the
209As through a Telerhone Ccrpany 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.x*

A many point multiplexing 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 permits the transfer of data from the
Received Data circuit of tke iower speed data set to the
Transmitted Data circuit of the appropriate 209A connector.
Customer options for Bell System Data Set 208A (4800 bps)
and Data Set 201C (2400 bps) are given in Figure 4(c).

Custormer 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 customer rrovided data set(s) a
carability of looping receiver to transmitter timing must
be provided. This should ke functionally equivalent to
that of Bell System data sets which use the "timing" cord.
If the customer-provided data set loops the receiver timing
(CD) signal to the external transmitter timing (DA) signal,
it should ke noted that the DD circuit must also be provided
to the data terminal with an arppropriate EIA compatible
driver.

any_Multiplexing Service (Fig. 4(d4))

As noted in Section 1.2, a one-to-many multiplexing
configuration is similar to rpoint-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 terrminal must
operate at 9600 bps on connector No. 1 of the 209A. The
9600 krs data stream is sent to the far-end 209A which
demultiplexes it into two or more lower speed data channels
for separate data terninals. 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).

——— — — = o

* With the "timing" cord the data terminal does not have
access to either the DCR or DA circuits of the 208A or
20 1C data set that is used. Access is provided to the
DD circuit for receiver timing and the DB circuit for
transmitter timing.




In order for the multiplexing data terminal to properly
synchronize the 4-bit data patterns in the 9600 bps bit
stream, framing signals are rrovided on the DCT and DCR
circuits on connector No. 1 for the transmitted and received
multiplexed data, respectively. The relationship of DCT

and DCR to the 4-bit multirlexed 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 coptions. As seen in Fiqures 8(a) and 8(c), the
multiplexed bit ordering at the 9600 tps 209A when the

72724 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 customer-provided data

sets are used in place of Data Sets 2082 or 201C, the
Telerhone Company is responsikle for maintenance and testing
of the assembly no farther than the 209A interface.

4.2 Half-Durplex or Durplex Data'TerQ;nal Qreration
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Data Set 209A can ke 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 ccntrol protocecl of any data terminal should not be
restricted by the 209N or Bell System extension data sets.

For illustrative purposes Figure 9 depicts the operation
of the interface contrcl circuits of corresponding
connectors of two 209A data sets involved in half-duplex
operation. [Lurlex operation would be similar to this
except that transmrission would occur simultaneously 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.

5. TESTING

As indicated in Section 1.6, Data Set 209A has a built-in
self test capability which can readily ke used by customer
personnel to isolate transmission problems to either the
data set, transmission facilities or data terminal
equirment. The use of the test switches and circuit status
lamps on the 2092 is described in this section. Section
5.1 is devoted to testing procedures fcr configurations



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 Telerhone Comrany Test Center will use if it
is attempting to clear a proklem 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 2092 (except LP) for any of the tests in this section
will affect all data set interfaces and will interrupt
norral operation of the data set.

5.1 Testing_Single_Link 2093 Services

5.1.1 Data_Set_Self Test Procedures

TESTS 1, 2 and 3 described below are three self tests which
can be conducted by customer perscnnel to isolate a
transmission problem to the data set, transmission
faciliities, or data terminal equipment. The testing
arrangements for these tests are depicted in Figures 10(a),
() and (c), repectively. TEST 1 provides a quick test

of each data set independent of the customer's data terminal
and the channel. TESTS 2 and 3 involve testing of the
transmission 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 ke checked ky holding the LP switch depressed to
see that all lamps are working. Once it is confirmed that
all lamps are working, the LF switch can ke released. If
the ON lamp should go off at any time, refer to Section
1.7 fcr information about possikle causes,

The data terminal equipment associated with the data set
under test should ke placed in an idle mode so that data
transmission 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.



TEST_1_-_Analog_Loopback_Self Test

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

Step 2 - Derress 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 othexr lamps should ke 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 toc normal operation, release
the ST and AL switches.
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Either TEST 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 since
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 loored (i.e., it does not
matter which is the remote or local data set as designated
below) .

Step 1 - After assuring that the AL and ST switches are
released, derress the DL switch on the remote
data set. The TM lamp should light on that data
set.

Step 2 - LCepress the ST switch on the local data set to
place it in the self test mode. The TM lamp
should light on the local data set. The test is
controlled from this data set.

Step 3 - At this point the MR and ER lamps on the local
data set should ke out and the remaining lamps
should be 1lit. On the remote 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 problems on the channel.

Step 4 - At the local data set the ER lamp will flash if
errors occur. Five one minute observations should

ke made. If the number 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 tc normal operation, release the ST
switch on the local data set and the DL switch
on the remote data set.

The results of TEST 2 combined with those of TEST 1 made

on both data sets should ke sufficient to isolate a trouble

to the transmission facilities or to one of the data sets.

TEST 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 Telephone Comgpany. 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 Lky 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 ST switch on both data sets. Note
that the data set whose ST switch is depressed
first may show error indications until the ST
switch on the other set is derressed.

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.



Step 5 - The ER lamp at each data set will flash if errors
occur in this self test mode. Five oOne minute
ckservations should 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.
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In addition to the self test capability of Data Set 2094,

it is possible to test the data terminal and the data set
togetlter 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 loopkack 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 simrultaneous
transmission and reception in an analog loopback test
through the data set interface and the data terminal
requires the LCata Set Ready (CC) circuit to be ON, the CC
lead should be optioned at initial installation of the

209A for the ON condition when the AL switch is depressed.
Then TEST 4, depicted in Figure 11(a), can ke made through
any or all active connectors. TEST 5 does not require
special optioning of the CC circuit in the data set from
which the data terminal will run the digital loopback test.
TEST 5 is depicted in Figure 11 (b).

TEST 4_ - Analog_Loopback_ Test Using the Data Terpmipal

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

Ster 2 - condition the data terminal to simultaneously
transmit and receive from the local data set
through any ccnnectocr (derending on multiplex
option). A delay of about 13 milliseconds occurs
ketween 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 modulation. If errors should occur,
either the data set or data terminal may be in
trouble. To isolate the problem, an analog
loopback self test (TEST 1) should ke made (if
not already done) tc check the data set by itself.

Step 3 - To return the data set tc normal operaticn, release
the AL switch.
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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
teing used on either 209A, then the far-end data set must
be rlaced in the same nmultiplexing 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 remote
data set. The TM 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 local 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 transmission facilities, or one of
the data sets may be in troukle. Longer or shorter
kFlock lengths will result in a proportionally
higher or lower klock error rate, respectively.
Further isolation can be accomplished by performing
TEST 1, TEST 2, or TEST 3 as described previously.

Step 3 - To return to normal operation, release the DL
switch on the remote 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 Telephone_cCompany_ Remote_ Test Frocedures

For the Telephone Company to isolate rroblems on a 209A
link, a digital loopback test of both 209As can be made
from the Telephone Company Test Center (if availakle) with
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the assistance of customer personnel at the data set
location. The Telerhone Company Repair Service should be
notified of any problems which have been isolated to the
data set or private line channel. When the Test Center
calls in resronse to a trouble report, the customer's
orperations personnel may ke requested to assist with the
test features of the data set. They may also ask these
persornel to make self tests of the data set. The digital
loogback remote test arrangement is depicted in Figure 12,
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Before initiating this test the data terrinal should be
placed in an idle mode. When instructed Ly the Test Center
personnel, the LL switch should be depressed on the data
set. The IM lamp should light and the MR lamp should be
out. BAll other switches should be in their normal out
position.

The Test Center will make a series of programmed
transrissions with the local data set. After completing
these test transmissions, the Test Center will call the
customer location and ask that the data set ke 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 Ly Test Center personnel.

5.2 Testing_of_Multiplex_Extension_Serviges

Emmemmrdd et e We s s s S .

This section covers asrects c¢f 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 rultiplexing system with
extension channels, it should first ke determined among
the individual locations on the system whether the trouble
is occurring in a few or in all of the, channels., 1If 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-1L1, as indicated in gection
5.2.2) . The avoidance of placing the 209As in a test mode
will permit the working extension charnels to operate
normally while testing the other extension channels
separately. If, however, the trouble is ccmmon to all
extension channels and all data terminal equipments
connected to the system are affected, the entire system
must ke 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 proger 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 Fiqure 13 except that the extension channels on one
209A wculd ke replaced by one or more ccllocated data
terminals. For the many point multiplexing system in
Figure 13, assume that a problem is noted at data terminal
#1 (CPE#1) which is ccmmunicating 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 Iocation 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
arrrorriate 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 accomplisned by
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 attrikutable to
the data terminal equipments, the Telerhone Company repair
sexvice 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 ky depressing certain test switches on the data sets
in the systemn.

5.2.1 Loop_Tests_Not_ Permitted

Several loop tests, shown in Figure 13, are not permissible.
These include LCOPS 8, 9, 10, and 11. In adadition, 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 loorback, 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 ke used since they can be applied from individual
remote extension data sets (DSl, DsS6, DS7, or DS10) on
either 209A to test each extension service separately.

With IOOPS 10 and 11 and the analog loopback tests on DS1,
DS6, DS7, and DS10, the restrxiction arrlies because the
remote data sets (CS1, DS6, DS7, and DS10) use the "timing"
cord which loops receiver tiring circuit DCR to Circuit

DA (external transmitter timing). Thus, if DS2, DS5, DSs,
or DSS are digitally looped as per LOOP 10 or 11, this
would loop timing signals frcm the respective data sets
DS1, DSé6, DS7, or DS10 back to themselves, This creates

an unkroken timing loop for each pair of data sets (DS1

to Ds2, DS7 to Ds8, DS5 to DS6, and DS9 to DS10) and results
in phase instability of the sanpling 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
satisfactcrily. The same probklem occurs with analog
loopback tests (self test or otherwise) of data sets DS1,
DS6, DS7 and DS10. For this reason these tests should not
be made.

5.2.2 Availability of Self_ Test _Capakilities

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 LCata Set 208A (208A-L1A) as well
as in LCata Set 201C. However, this is not true with Data
Set 208A-L1 which may ke provided when a #4800 bps extension
channel is ordered. cConsequently, cextain 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 equipment may ke 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
ke able to generate a test rattern 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 TIEST 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 the use of TEST 5 from 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 instakility 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 switch disable the slaved timing option if it

is installed in the 209A,

6. PERFORMANCE

The performance of Data Set 209A is srecified in terms of
block error performance kecause this measure is more
meaningful than the conventional kit error rate
specification for most users. Many data communications
systems send data in a blocked format and consequently
block error rate can ke related to throughput, an important
measure of systen performance. A "block error" is defined
as a block of data which contains one or more kit errors.
A block transmission system generally forms data into
blocks of a specific number cf bits. This blcck of data
usually contains redundant kits 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 numker of retramnsmissions 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
Performance 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
scecified for the basic 3002-type private line channels
alone. Under these circumstances the okjective 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 systens 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 rerainder may include one or




more kit erors. oOur experience indicates that block error
rate will ke approximately proporticnal to block size in

the range from 500 to 10,000 bits. Thus, performance for
other klock sizes can be estimated from performance measured
at the 1000 kit 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 aprplies 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 kit block error rate objective is N X 10-2 where

N represents the number of Bell System data services
traversed. It is expected that block error rate will be
sukstantially ketter than the objective most of the tinme.
For example, 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 resronsibility for such assemblies
ends at the interface of the 209A which connects to
custorer-gprovided equirment.

The one-to-many multiplexing configuration, illustrated

in Figqure 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 multirlexing 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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Bell System Data Communications Technical Reference, "Data
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October 1973 - PUR 41004
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Bell System Data Communication Technical Reference, "Data
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FRONT VIEW oF DATA SET 209a
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FIGURE 3

Optfional Customer-Specified Features of Data Set 209A

Option Name Choices Section Reference
96
Multiplex Option Zg;%g 5.1
(Under customer control) 18/2% /30
027
Transmitter Timing Data Set (internal) 5 5
Provided Data Terminal (external via connector No. 1) )
. t Continuous Carrier
Carrier Control Switohed Carrierk 2.3
T Continuous (CB held ON)
Request-to-Send Control Switohed (8 ms CA-CB delay) 2.4
Elastic Store (one IN (specify connector(s)) 2.5
per connector) OUT (specify connector(s)) )
Slaved Transmitter ouT 2.6
TimingT IN (one 209A only) :
Data.Sgt R§ady (cc) + CC OFF when AL switch is depressed
condition in AL mode oC ON wh AT 1toh 1s 4 ) 2.7
(for use in TEST 4) en switc S depresse
.t
Grounding .
(Protective Ground (AA) to AA connected to AB (Factory wired) 5.8

Signal Ground (AB)) AA disconnected from AB (specify)

* 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
DPS_| 2094 4-Wire Private Line 209A |—LRS
Conn. 1 : -t Conn. 1
Data Set 209A Options
Select Select
96 Multiplex Option 96
Internal Transmitter Timing Internal
Continuous Carrier Control Continuous
per CPET Reguest-to-Send Control per CPE+
A1l Out*¥ Elastic Stores All Qut*¥*
Qut¥ B Slaved Timing Qut*
per CPE+ Data Set Ready condition per cpe’
in AL mode
per CPE or per CPE or

local practice

Grounding

local practice

¥ Required option.

_f.

Legend: CPE =

See Figure 3 for possible choices.

Customer Provided Equipment

CPE




FIGURE 4(b)

Basic System Configurations and Data Set Options

Point-to-Point Multiplexing
CPE | 7200 bps 7200 bps
>

Conn. 11 209A 2094 Conn. 1

Conn. 2|q2/24) 4-Wire Private Line (72/2W|conn. 2
CPE Tu00 bps 2400 bps

Data Set 209A Options
Select Select

*72/20, 18/48
48/24/24 or L-24

Multiplex Option

*70/24, 48/48

Ug/24/24, or L4-24
Internal Transmitter Timing Internal
Continuous Carrier Control Continuous
per CPES+ Request-to-Send Control per CPEs+
All out Elastic Stores All &j}
outh Slaved Timing Out$
per CPEST Data Set Ready condition per CPESJr

in AL mode

per CPEs or
local practice

Grounding

per CPEs or
local practice1L

IRequired option.

The multiplex option must be the same for both

.
'See Figure 3 for possible choices.

Legend: CPE =

Customer Provided Equipment.

data sets.

CPE

CPE




FIGURE 4(c)

Basic System Configurations and Data Set Options

Remote Collocated Many Point Multiplexing (with point-to-point Collocated Remote
or multipoint extension channel)
4800 5 > 088 - 4800
bps 208A | 4 wi ; : 8 . . . 2084 bps
CPE Wire Private Line | 20CA R D
(201C) = (201¢) 4800 bps 4800 bps (201¢) h-Wire Pr:i/ate Line (201¢) CPE
(Refer to options below) Conn. 1 Conn. 1 (Refer to options on left side of page)
comn. 2 | 209A h-Wire Pz:xvate Line —209a~ o k-wire Multipoint Private Line
— - N (Refer to options beiow)
§ Collocated
Polling” 4806 bps 4800 bps ] Remote 4800
Centra 208A 2088 | wbps | crE
: (201¢C) (201¢)
( Remote) Data Set 208A Options on {Collocated) Select Data Set 209A Options Select
Select Pt-to~-Pt Extension Channel Select Any but 96 (h8/1+8 lAny but 96 (L48/48 Remote 4800
Externald Transmitter Timing Externald for example shown) |Multiplex Option for example shown) 2084 ops Polled
Contimuous **  (Carrier Control Switched§ Internal} Transmitter Timing Internal} (201¢) CPE | Stations
0 or 8 ms Continmuousd Carrier Control continuous?
per CPE¢ Request-to-Send Operation | Not Applicable Continuous Request-to-Send Control |[Continuous$
- emot
Provided One Second Holdover Provided ** IN Comn. 1 TN Conn. 1 & 2 Remote 14800
Not Used§ ouT Conn. 2-4 |Elastic Stores ouT Conn. 3 & 4 208A bps
Not Used§ New Sync ot sseds (for example shown)§ (for example shown)$ (2010) CPE
CC ON or CC OFF | Data Set Ready condition CC OFF.in ouTY % TN
per CPE* in AL test mode AL test mode$ () § Slaved Timing (our) § .
" < per CPE at Data Set 208A
g:za({}? rZZtice* Grounding ﬁ'g ;;%nec ed polling central Data Set Ready condi- [CC OFF in (Collocated) | Options on Multipoint ( Remote)
P ( for example shown)T|tion in AL test mode AL test mode$ Select Extension Channel Select
AA connected A4 connected External® Transmitter Timing Externald
(Remote) Data Set 201C Optionms on (Collocated) to AB Grounding to AB§ Switched§ Carrier Control Switched?
Select Pt-to-Pt Extension Channel Select - Not Applicatlel Request-to-Send Not Applicable
R . . Operation
External Transmitter Timi Externalld
§ o8 - Not Providedl | One Second Holdover [Providedd
Continuous Carrier Control Switched$ Tot Usedd New Sync Not Usea?
0 or T ms Request to Send . CC OFF in Data Set Ready CC ON or CC OFF -
per CPE* Clear-to-Send Delay 7 ms§ *3ee Technical References on Dsta 3ets 20BA or 201C AL test mode§ | condition in AL per CPE*
Not Used§ for explanation. test mode
Not Used§ New Sync ot Use tSee Figure 3 for possible choices. AA connected per (PE or
per CPE or AA copnected TSlave timing option must be in one 209A or the other to AR} Grounding local practice*
local practice¥* | Grounding to AP but not both. Selection of slaved 2094 is arbitrary

except for testing situations involving TEST 5.
(see Sections 2.6 and 5.1.2).

Tequired option.

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

Legend:

CPE = Customer Provided Equipment.

Data Set 201C
(Colloeated) |Options on Multipoint ( Remote)
Select Extension Channel Select
Externall Transmitter Timing External§
Switched$ Carrier Control Switched§
T ms§ Request-to-Send 7 ms§
Clear-to-Send Delay
Not Usedl New Sync Not Used?®
AA connected |Grounding per CPE or
to ABS local practice*




FIGURE 4(4)

Basic System Configurations and Data Set Options

One-to-Many Multiplexing (with or without an extension channel)

-

h-Wire Private Line

o

Remote

4800
2084 bps
(201c)

Collocated
Remote (ig?é)
Central 4800 vps
9600 -
bps . . . Conn. 1
CPE T 2094 L-Wire Private Line 209A Comn. 2
4800 ;;;\\\
CFE
(Central) ( Remote)
Select Data Set 2094 Options Select
969 Multiplex Option Any multiplex option+
Internald Transmitter Timing Internal (réquired when extension chanmel
is_connected on Connector 1
Continuous Carrier Control Continuous¥
per cert Request-to-Send Control Continucus with exten. channel
(Cont. or Swit. without exten. channel)
s IN " Conn. 1
A1l ouT? Elastic Stores OUT Conn. 2-4 §
(for example shown)
ouT§ Slaved Timing IN (with ext. channel)Y
ouUT (without ext. channel)$
per cpeY Data Set Ready condition| CC OFF in AL test mode
in AL test mode
per CPE or Grounding per CPE or local practicel (without.ext.

local practicel]

channel
AA conneeted 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.

$The 72/24 and 48/24/2L options are not
recommended (See Sections 1.2 and L.1.h).

##yhen Continuous Cerrier Control is
selected the One Second Holdover option
must be provided and when Switched
Carrier Control is selected the One
Second Holdover must be OUT.

Legend: CPE = Customer Provided Equipment.

When a point-to-point extension c¢hannel is used, options must be selected in

CPE

the collocated and remote data set (either 208A or 201C).

[ How
(Collocated) Deta Set 208% Options (Remote)
Select on Pt-to-Pt Extension Channel Select
Externald Transmitter Timing Externall
Switched§ Carrier Control Continuous *#*
Not applicable Request-to-Send Operation O or 8 ms
per CPE*
Provided ##%* One Second Holdover Provided
Not Used$§ New Sync Not Used§
CC OFF in Data Set Ready (CC) condition | CC ON or CC OFF
AL test mode§ in AL test mode per CPE*
AA connected Grounding per CPE or

to ABS

local practice®

(Collocated) Data Set 201C Options ( Remote)
Select on Pt-to-Pt Extension Channel Select
External§ Transmitter Timing External$
Switched$§ Carrier Control Continuous
7 ms§ Request-to-Send O or 7T ms
Clear-to-Send Delay per CPEx
Not Used§ New Sync Not Used$
AA connected Grounaing per CPE or

to AB§

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. EIA RS-232-C Nomenclature
1 Protective Ground (AA)
2 Transmitted Data (BA)
3 Received Data (BB)
b Request-to-Send (CA)
5 Clear-to-Send (CB)
6 Data Set Ready (CC)
7 Signal Ground (AB)
8 Received Line Signal Detector (CF)
9 Reserved for Data Set Testing (Connector No. 1 only)
10 Reserved for Data Set Testing (Connector No. 1 only)
11 Equalizer Mode (QM, non-EIA, Connector No. 1 only)
12-14 Not Used
15 Transmitter Signal Element Timing (DB)
16 Divided Clock Transmitter (DCT, non-EIA, Connector
No. 1 only)
17 Receiver Signal Element Timing (DD)
18 Divided Clock Receiver (DCR, non-EIA, Connector No. 1
only)
19-20 Not Used
21 Signal Quality Detector (CG)
22~-23 Not Used
24 Transmitter Signal Element Timing External (DA)
25 Reserved for Data Set Testing (non-EIA, Connector

No. 1 only)



FIGURE 6

INTERFACE OPERATION DURING AN AUTOMATIC RETRAINING SEQUENCE

Data Set #1

CA=0N, BA=data

CB, CC,CF, CG, QM¥*=
BB=data

QM*=0FF, CB=0FF

CF,CG=0FF, 20 ms

after loss of signal
_BB clamped to MARK ™ Y

BA, CA enabledt

CB=ON if CA is ON

after start-up s
is detected

QM*, CF=0N about
127 ms after CG
goes ON, BB uncl

NOTE:

(Applies to all connectors)

Transmission Signal

S

Customer
[~ data

ON

Condition

A

Customer =
data

Equalizer in DS #1

Data Set #2

CA=0ON, BA=data

CB,CC,CF,CG, QM*=0N
BB=data

becomes misadjusted
o ,
J;gr}_(_).r_e : DS #l sends carrier CB=0OFF about 35i5 ns
_for 6T#5 ms _ _ _ _ _ L » after detecting carrier,
__earrier off CA disabled, BArignore¢
(silent) for 50 ms Xmit turns off.
)
X CA enabled, Xmit turns
on and a training
: DS #2 sends sequence is initiated.
ignal training sequencg BA still ignored. CA
for 150 ms g is assumed to be ON
at this time.
= Customer
data
- x > CB=ON,
a BA enabled
ampe Customer e
data

\

Circuits turned

OFF or disabl

CA disabled
CB OFF
CF OFF
CG OFF
QM¥* OFF

Y

This illustration assumes no propagation delay in the channel.

Summary
Data Set #1 Data Set #2
Circuits turned
ed Duration OFF or disabled Duration
67+5 ms CA disabled 50 ms
67+5 ms .CB OFF 200 ms
180+5 ms BA disabled 200 ms
53t5 ms
2L40+5 ms +
roundtrip delay
67+5 ms

BA disabled

*The QM circuit appears only on connector No. 1.

on each connector.

A1l other circuits described appear

+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. ‘




Timing Synchronization Arrangements for Extension Service Configurations

201C cor
2084
Ext.

Timing

Extensio
Service
Cords

201C or
208A
Ext.

Timing

\
4

FIGURE 7

Many Point Multiplexing

Extension Service

MASTER

SLAVE“"

\

201C or
208A
Ext.

Timing

Extension
Service
Cords

201C or
208A
Ext.

Timing

201C or
208A
Ext.

Timing

Timing
Cords

201C or
208A
Bxt.

Timing

201C or

208A
Ext.

———

201C or
208A <anrm——
Ext.
Timing
Timing
Cords
201C or
208 | < —
Ext.
Timing
One-to-Many Multiplexing
Extension Service
MASTER
209A
Int.
Timing
NOTE:

Arrows indicate the direction of
system timing signals from master

209A timing source.

Timing

Timing
Cords

201C or
208a
Ext.

200A
Slave +
)
Timing
201C or
208A
Ext.
Timing
SLAVE
209A Extension
Slave + Service
Int. Cords
Timing
201C or
208A
Ext.
Timing

Timing




Transmit order at the master 209A with the 96 option:

FIGURE 8 (a)
Timing Diagram for One-to-Many Multiplexing

96 to T72/2k

DCT
Connector
No. 1 DB
BA Al | a2 | A3 | Ab | a5 | A6 | AT | A8 |A9
Resulting receive order at far-end 209A with the 72/2h option:
DCR ___|
Connector e
No. 1 Db
BB A3 AL Al AT A8 A5 All
Connector DD —
No. 2
BB A2 A6 A10
Transmit order at the far-end 209A with the 72/2h option:
DCT |
Connector
No. 1 —_—
BA Al A2 A3 AL A5 A6 AT
Connector (DB __J
No. 2
BA Bl B2 B3

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

L

A3

B2

Al

A2

A6

B3

Al

AS

A9  (See Note)

DCR |
Connector
No. 1 DD
BB
NOTE:

See attached sheet.




Note:

Figure 8(a)

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 A0).



FIGURE 8 (D)
Timing Diagram for One-to-Many Multiplexing
96 to L8/L8
Transmit order at the master 209A with the 96 option:

DCT | l
Connector

No. 1 DB

BRA Al A2 A3 AL A5 A6 AT A8 | A9

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

DCR __ |
Connector DD
No. 1 e
BB Al A3 A5 AT
Connector DD __]
No. 2
BB A2 AL A6 A8
Transmit order at the far-end 209A with the L8/L8 option:
DCT ]
Connector -
No. 1 DB
BA Al A2 A3 AL
Connector DB p—
No. 2
BA Bl B2 . B3 Bh
Resulting receive order at master 209A with the 96 option:
DCR
Connector —
No. 1 DD
BB Al Bl A2 B2 A3 B3 Ak BL




FIGURE 8 (c)

Timing Diagram for One-to-Many Multiplexing

96 to W8/2k/2L
Transmit order at the master 209A with the 96 option:

per |
Connector {
No. 1 DB __J
BA Al A2 A3 AL A5 A6 AT A8 | A9
Resulting receive order at far-end 209A with the u48/2L/2L option:
DCR
Connector
No. 1 DD |
BB Ak Al A8 A5 Al2

No. 2

Connector { DD __ ]

BB AZ A6 A10

No. 3

Connector { DD

BB A3 AT a2

Transmit order at the far-end 209A with the 48/24/2k option:

DT | [
Connector — —
. DB
No. 1 ] l
BA Al A2 A3 Al A5
Connector DB ]
No. 2
RA Bl B2 B3
Connector DB —
No. 3
BA Cl cz C3

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

DCR __|
Connector
No. 1 DD
BB A2 B2 c2 Al Ak B3 c3 A3 | A6 (see Note)

NOTE: See attached Sheet.



Note:

Figure 8(c)

The 209A with the U48/24/24 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 AQ).



Connector

No.

Coun.
Conn.

Nos.

Conn.

Conn.

Conn.

Conn.

Conn.
Conn.

Nos.

Conn.

Conn.

Conn.

Conn.

1l

No. 1

1-4

No. 1

NO' 2
No. 3

No. 4

No. 1

No. 1
No. 2

No. 3

No. 4

Connector

No.

1

DCT

DCR

DD

BB

BB

BB

BB

FIGURE 8 (4d)

Timing Diagram for One-to-Many Multiplexing

96 to 4-2u

Transmit order at the master 209A with the 96 option:

Al

A2

A3

Ak

A5

A6

AT

A8 A9

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

Al A5
A2 A6
A3 AT
AL A8

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

—
AL A2 | a3
Bl B2 B3
c1 c2 c3
Dl D2 D3

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

!
|

i

¢

Al

Bl

Ccl

D1

B2

ce

D2 | A3




FIGURE 9

Half-Duplex Interface Circuit Operation
(Tllustrative 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

Y

CA = ON l
CB = ON 8 ms after
CA goes ON.
v v

Data sent on BA start- . .

, - BB provides received

ing on first positive [ __) Data sent from _—— .

trgnsition of DR A to B data to terminal

following CB = ON. equipment.

BA = sends ECT. Then ECT sent followed l

CA = Then CB = »| DY MARK from A to »| BB = receives EOT.

OFF. B. Then BB = MARK.

CA = ON
CB = ON 8 ms after CA
goes ON.
Y Y ¥

BB provides received Data sent from ?i;aoie?§r§% gésizigg—

data to terminal i B to A 1 transition of DB

equipment. following CB = ON.

BB = receives EOT. EOT sent followed BA = sends EOT. Then

Then = MARK. l—— Dby MARK from B to {@—— CA = OFF. Then CB =

A. OFF.

Note 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 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 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.
Tt 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 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.




FIGURE 10

Self Test Arraungements

of Data Set 209A

(a) Analog Loopback Self Test

Test 1
Data Set 209A
Transmitted
Data (BA)
TEST ST - AL
WORD |y L ml TRANS. ;
Data Set Ready GEN.
(c0) OFF -] AL ’()
TEST ST
ER LAP (3 WORD #>¢ REC. ;
Received Data COMPAR, AL;
(BB) - !
(b) Digital Loopback Self Test
Local TeSt 2
Data Set P09A Remote Data 3et 2004
BA
TEST |g7 DI,
WORD K TRANS. REC. —fo BB
GEN, L4 -WIRE o=
CC = OFF PR&\{IAAI’_\[;EE§INE L x) | OFF
TEST | ST '
TR LAMP e WORD |y REC. TRANS. } 1
GE COMPAR, [ ] ! L, BA
BB = é
End-to-End Self Test
() Test 3
Data Set 209A Data Set 209A
BA » BB
TEST ST TEST ER
WORD  |#Llw| TRANS. REC. %-| WORD LAMP
GEN, L-WIRE ST} COMPAR,
°C = OFF PRIVATE LINE et =
-] -
CHANNEL
TEST | TEST OFF
ER LAMP E" WORD V; REC, TRANS, | Vi WORD
COMPAR. ! ST|1 GEN,
BB ! T BA
d

—t—— = Normally closed (open when switch is operated)

—>— = Normally open (closed when switch is operated)



FIGURE 11

Tests made by the Data Terminal or External
Test Equipment Through the Data Set 209A Interface

Data Terminal

(a)

Analog Loopback Test
Test &

Local Data Set 209A

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

aData

Iransmitted
(BA)

i

RANSMITTES T

Received ]

Data (bE) !

e
Data Set
Ready '

RECEIVER ]

tag— (CC) <t
jmay be ON

Data Terminal

or OFF
depending on
customer option

(b) Digital Loopback Test
Test 5

{See Note below)

Local
Lata Set 209A

Remote

Data Set 2094

(Should control
data set on any A ! DL
connector dependt B - - g BB
ing on multiplex RANSMITTE L - IRE RECEIVER ‘
option. Terminal PRIVATE LINE D '
should verify CHANNEL Iﬁ() P C=CFF
transmission in | pp
& duplex mode). pe RECEIVER RANSMITTER + BA
CO=0N’ DL
-

1

1

Note:

slaved timing option installed.

Normally closed (open when switch is operated)

Normally open (closed when switch is operated)

Test 5 cannot be made if the local 209A has the




FIGURE 12

Telephone Company Remote Test
of Data Set 209A

Test 6
Telephone Company Test Center
Data Set 2094 ™ " Data Set 200
Under Test ' at Test Center
|
DL ! BB
BA } TRANSMITT = RECEIVER >
L4-WIRE l
_ J o PRIVATE T,TNE
CC = OFF - [ X FACILITY TO TEST | = CC=0L+-p»
CENTER
BB e 4 RECEIVER ' TRANSMITTE BA
I
|
e e o e e e - — ———
e = Normally closed (open when switch is operated)

f

Normally open (closed when switch is operated)

TelCo test equip-
ment used to
control data set
and verify
reception

of looped back
signal.




FIGURE 13
Permissible and Prohibited Signal Looping Tests for Use in

Extension Service System Testing

Location 1 Location 2 Location 3 Location &
CPE SO0 - TOBK T08K - S0BR CPE
#1 201C) 201C) (e01c) 201C) #o

DSl -t DS2 509 - 509A D35 - DS6

Location 5 Location 6

CPE 208A - 208 / DS3 = ek 208A - 2084 CPE
#3 (a0x) - o | ' peussisre | gg;g) - zoe) #
| | I | (Note 2) | | | |
| WS L |
LOoP 1 i LOOP 3a E:: LOOP 2
| ! l : :
. (ST 6D
208 208a leﬁ‘ @ f | gOBA L1A 208A
@ﬁzolc) (201g)  1209A I(N"te 3) 2094 | (z01c) (201C)
R
(o) | GD (ic))= I |
l @ .Loop 3b l ' l
| w4 ER | | | |
o ' | L !
208A-L1A 208a
(201c) (NOTE k) LOOP 4 (201¢)
RN o
MC
) t | N |
I : [ | |
i I
| i { I | '
- 2084 |
208A-L1A
NOTE & GD
(201¢) ( ) LOOP 5 (201c) |
~ t [
e I | I | Note
| | I | | Test loops such as ’
| | | Loops & to 7 can I
l . | also be made from
€D d | data sets at Locationg
208A-L1A u 4 and 6.
(2010) (NOTE 1) L00P 6 209A | [
B (Note 3)
¢rc) I I | | I
| |
- o |
! !
T ! | |
208A-L1A
(2010) (NOTE %) LOOP 7 ( 2094 [ | I
Note
M) | NOT PERMISSIBLE (See Section 5.2.1) '
|
LEGEND (Note: Analog loopback tests of DS, DS6, DS7, and DS1O are prohibited.) |
GEND I [
(::) Refers to the test switch which | CEED N\ Loop 8 |
is depressed on the indicated [ 208A
data set. 2094 (2010)
| () N |
Refers to the status lamp which |
indicates data errors when the | |
data set is in the self test |
mode . l L [
209A: ER | €D 00p 9 |
208A-L1A: ER 208a
201C: MC | 2094 >< (201C) @
ER )=
| 7N
[ I
{ |
N\, LOCOP 10 Loop 11 /
€ ' ED
208A-1, 2084 208A 208A-L1A
PQOlC}A (201¢) @ (201c) (201cC
R R
¥%C) 4 L)

NOTE 1: Coordination of testing will be required between NOTE 3: Any tests using the ST, AL, or DL switches on the
locations under control of the customer's person- 209As will affect operation on all connectors and
nel. A designated control location should be used. will interrupt normal data transmission through

NOTE 2: Analog loopback self tests of data sets DS2, DS3, N the QOgA link in the system.
psk, DS5, DSE, and DS9 are permissible, NOTE %4: The 200A-L1 data set has no self test capability.

If this data set is used, external test equipment
must be plugged into the cutlier cord 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

No Extension
Channel(s)

Refer to Tests 1, 2,
3 in Section 5.1.1

Many

Multiplexing

Point

Extension Channel(s)
On One 20GA

Is the

Is the

i

Extension Channel({s)
On Both 209As

trouble common trouble common
Loop3a(3b)* to all 209A to all 2094 Loop3a(3b)¥*
channels? channels?
YES
Loop 1 Loop 1 + Loop 2
NO HO
0 o ey O
YES YES
Loop 6% Loop 4
NO NO
Loop T* . Loop 5
YES YES
S OO OBINOSS
YES NO
Loop 3a(3b)* Loop 3a(3b)¥  [*7 Loop 6%
=) O (D
YES YES NO
Call Telephone Company
e repair service and describe
which part of system is Loop T*
in trouble.
These tests will interrupt normal
o?eratlon on all 209A channels Test data ber— YES it
since they involve the test . . es s
itch the data set minal equipment 0K?
switches on the data set. involved on Results
affected OK? NO
channels.

Call (PE repre-
sentative.




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 57 TEST 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
*X = SWITCH DEPRESSED, BLANK = SWITCH NOT DEPRESSED *fgizltgggAcigngg E:Spiggog?zgegrom a
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
™ 0 0 0 0 0 0 0
+

0 = LAMP IS LIT, BLANK = LAMP IS NOT LIT
1

Position can be in any of the five regular multiplex positions as required by customer's
arrangement.
2 LP should be depressed to check operation of status lamps prior to testing. LP is nonlocking.
3 MR lamp will be 1it if the Data Set Ready in AL mode option is installed with CC in ON condition.
Otherwise, MR will be out.
Note 4: RS will light when test set or data terminal turns Request-to-Send ON or if continuous

5

6

Note

Note
Note

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 1it. CO should always be litwhen
continuous carrier is installed in far-end data set. CO lights only when far-end data set
transmits if switched carrier is installed.

Note 7: Satisfactory performance is indicated by 6 flashes/minute or less averaged over 5 minutes.

Note 8: ER will light during retraining (briefly) and will be out during remainder of time.

Note 9: RS will light if CO lamp lights or if continuous Request-to-Send option 1s installed.

Note 10: ER lamp should not light during this test.

Note
Note




TABLE 2

Speclal Connecting Cables for Many Point
and One-to-Many Multiplexing Configurations
When Extension Service is Involved

Extension Service Cord Timing Cord
(On the collocated lower speed data (On the remote lower speed data set)
set connected to Data Set 2094) For Bell System Data Sets 201C
Data Set Interfacing and 208A:
20
EngA Dat;nget The <timing cord provides 25-
Circuit Pin Circuit Pin ' conductor cable in which pin

18 (DCR) is wired to pin 24 (DA).
These two pins are not continuous

BA 2 to BB 3 to the customer interface

BB 3 to BA 2 connector. The end of this short
cord appears in a regular 25-pin

CA hoto CF 8 female connector compatible with

CF 8 to CA 4 the customer provided plug from

DD 17 to DA ol the data terminal.

DA 24 to DD 17 For Customer-Provided Data Sets:

AA 1 to AA 1 An equivalent customer-provided
cord may be used if there 1is a

AB 7 to AB 7 DCR circuit provided on pin 18

(no other conductors used) of the customer-provided data set.
Otherwise, a functionally equiv-
alent connection of the receiver

Each end of cord must be timing to the DA circuit inside

terminated in a male plug the customer-provided data set

to permit connection to a must be used. Note, hoWwever,

data set (female) connector. 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 Data Set Turns CB Circuit
Within X ms of Turning CA OFF ON After a Delay of
0 < X< 3 ms 8 ms
3 < X < 50 ms (200 - X) ms
(at least 150 ms)
X > 50 ms 150 ms

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

Second (and Later) Resulting CA-CB
First Data Terminal Resulting CA-CB Data Terminal Delay to Second
Turns CA ON Within Delay to First Turns CA ON Within (and Later)
X ms of All CA OFF Data Terminal Y ms of All CA OFF Data Terminal
0 < X< 3 ms 8 ms 0 <Y< 3 ms 8 ms
3 < X < 50 ms (200 - X) ms Y > X (200 - Y) ms
(at least 150 ms) 3 <Y < 50 ms (at least 150 ms)
X > 50 ms 150 ms Y >X [150-(Y-X) Jms

Y > 50 ms (at least 8 ms)




TABLE 4

References to Test Procedures and Acceptibility Criteria

for Customer Performed Loop Tests of Extension Channel Systems

Loop Test 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)"

6

(1x10-2)"

12(10)%
(3)(:10—3)4r

g (8%
<2x1o‘3)+

9(8)%
(2x10-2) 7

3(2)%
(1x10-2) T

¥ Numbers in parentheses refer to acceptibility criteria for Data Set 201C

with self-test circuitry.

Set 208A-L1A with self-test circuitry.

.i.

The other number refers to criteria for Data

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 thils parameter.
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