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- SECTION 1
INTRODUCTION

1-1. SCOPE OF MANUAL

1-2. This manual provides descriptive information,
theory of operation, and maintenance instructions for the
EK-2040 and EK-3060 Electronic Key Telephone Systems
{Figure 1-1). These systems are manufactured by
T1E/ Communications, Inc., Shelton, Connecticut.

1-3. PURPOSE OF EQUIPMENT

14. The EK-2040 system provides telephone, intercom,
paging. control. and matrix circuitry for up to 40
telephone stations: it can accomodate up to 20 C.O. lines.
The EK-3060 system is an expanded version of the EK-
2040 system. It provides the capability for up to 10
additional C.0Q. lines and 20 additional stations.

1-5, The EK-2040 and EK-3060 systems provide the
following operating features:

1. Normal access to C.O. lines by station users.

2. Handsfree talkback, whereby the station user can
answer intercom calls from across the desk or across the
room without touching the telephone.

3. Handsfree origination of C.O. linecalls, enabling the
station user to call an outside party and conduct a
handsfree conversation without lifting the handset.

4. Built-in speakerphone for handsfree operation or
group discussions.

5. Callanouncingto individualstationsand toexternal
paging circuits.

6. Multi-trunk conference, which enables the station
user to receive and establish two different calls, and then
establish a conference between the calling station and the
two outside parties.

7. Music-on-hold and background music, providing
music to the outside party on a held line. and background
music to the station users through the individuai
loudspeakers inside the station set.

8. Simultaneous call handling, which allows two
simuitaneous calls to be in progress on the station set —
one onthe handset, and thesecond on the speakerphone —
without placing either cail on hold.

9. Call privacy with privacy release capability on C.O.
line calls should the station user wish to confer with one
other inside party.

10. Paging access for “all call” paging and up to {ive
different paging zones. accessed by dial codes.

11. I-hold indication to indicate to the station user
which call or calls he has placed on hold.

2. Hot iine capability, which permits connection of
each station set o one other predesignated stationsetona
direct or “hot line™ basis using a single access key.

13. Single key intercom for access to muitipath dial
intercom links from any station set.

4. Access, by invitation, to lines that do not appearon
the station set (private lines).

5. Do not disturb feature, which makes the station
appear busy to all internal calls.

16. Alternate point answering, whereby an internal ring
down tone signal call may be answered from another
station set in the system through use of the dial intercom.

17. Multiple user capability, which allows two groups of
users to be separated by lines and stations, such that one
group can havae outside lines that 'do not appear at
stations within the second group.

18. Moduiar plugs and jacks for ease of installation.

19. Distributed control, with each station having its
own microcomputer control.

20. Non-locking keys on station sets, with light-emitting
diodes (LEDs) providing status indications of functions
associated with the keys.

21. Standard DTMF diais or specialized dials such as
OUTPULSE DIAL®, MEMORY® dial, and toll restrict
dials.

1-6. SYSTEM DESCRIPTION

1-7. The EK-2040 and EK-3060 systems utilize micro-
computor technology, a soiid-state space division matrix,
and time division distributed control. Each station set in
the system operated over two pairs of wires, allowing two
simultaneous conversations over the station set, and
control of 38 function station keys. The EK-2040 consists
of the following components:

1. EBK-30 Power Supply

2. Muiti-button key telephones (station sets), one per
station

3. Key Service Unit (KSU), with the following plug-in
circuit cards and panel:
a. Station cards, one per station. 40 maximum
b. Line cards, one per C.O. line, 20 maximum
¢. Tone generator card, one per system
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. Page card (optional), one per system
Register cards, one or two per system
Link cards, up to six sets per system
DSS cards, one or two per DSS position

. Selector panel, one persystem
4. Direct Station Selection (DSS) Console, one or two
per system.

F® -0 oA

1-8. The EK-3060 system consists of the same
components as the EK-2040 system, pius one Expansion
Cabinet with the following plug-in circuit cards:

1. Station cards, one per additional statiomn, 20
maximum.

2. Line cards, one per additional C.O. line, 10
maximum.

1-9. The power supply supplies all DC operating power
required by the EK-2040 or EK-3060 system. [t operates
from 117 volt. 60 Hz. single phase AC. and supplies +25
volt, 25 volt, and -10 voit DC to the KSU. The power
supply is designed for wall-mounting,

NOTE

For additionai details on the power suppiy,
refer to the separate manual for that unit.

1-10. The teiephone (station set) is a microcomputer
controlled telephone which functions with an associated
stationcard in the KSU. Data transfer between the station
setand the K3U isaccomplished overa standardquad. The
station set consists of both a handset and a speakerphone.
Twenty-eight keys are provided for functionand C.O. line
selection. Two voiume controls for background music,
paging, and C.0. Audible volume control.

1-11. The KSU is the major control center of the system.

-2

In the EX-2040 system, it consists of a single, totally
enclosed unit, designed for wall mounting; it comprises a
removable rear panei, a card cage,and afrontcover. Inthe
EK-3060 system, the KSU consists of the same basic unit
as in the EK-2040 system, plus an expansion cabinet. The
KSU basic unit is wall-mounted through the rear panet.
The card cage is attached to the rear panel by removabie
hinges, and it may be swung outward on the hinges for
testing and maintenance. All system interconnecting
cables connect to cable connectors on an 1/ O panel at the
rear of the card cage, and circuitcards pluginto designated
card positions at the front of the card cage. A selector
panel, used for making private C.Q. line assignments, is
also located at the rear of the card cage. The expansion
cabinet issimilarin physicalconstructiontothe KSU basic
unit, but has positions for oniy 20 station cardsand 20 line
cards in the card cage. Interconnecting cabies connect to
connectors on an 1/ O expansion panel at the rear of the
card cage. The I/ O expansion panel also connects to the
1/0 panel in the KSU basic unit,

1-12. Oneortwo DSS consoies may beused inthesystem.
The first DSS console is always located at station 58 inthe
system; the second, if used, is installed at station 59, Each
DSS console is essentially an extension of the stationsetat
the associated station. [t consists of a desk-top console
with 56 keyswitchesand associated LEDs. Thekeyscanbe
used by the attendant to access any station appearing at
that DSS console ona hot-line basis, ortoaccessanyofthe
paging zones, The LEDs provide a display of the status of
the assigned stations. The DSS console operates with one
ortwa DSS cards in the KSU using quad cable.

1-13. SPECIFICATIONS

1-14. Refer to Table 1-1 for a summary of system
specifications.
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SPECIFICATIONS

Characteristic

Specification

System Capacity:
EK-2040
EK-3060

Station Loop
Control

Power Reguirements

Dimensions:
KSU Basic Cabinet

Expansion Cabinet
EBK-30 Power Supply
Station Set

DSS Console

Weight:
KSU Basic Cabinet
Expansion Cabinet
EBK-30 Power Supply
Station Set
DSS Console

20 C.0. lines maximum, 40 stations maximum
30 C.0. lines maximum, 60 stations maximum

Standard, 4-wire, inside, random-twist, 24 guage quad to
distances up to 2000 feet

Distributed, with each station controiled by micro-
computers in the station set and KSU

117 +11.7 volts, 60 Hz, single phase AC standard:
220 volt, 50 Hz, single phase AC optional on special
order

33.7 in. high, 24.0 in. wide, 14.7 in. deep (85.6 cm x 60. |
x 373 cm)

15.1 in. high. 24.0 in. wide, 14.7 in. deep (38.4 cm x
60.1 cm x 37.3 cm)

15.5 in. high, 22.5 in. wide, 9.6 in. deep ({39.4 cm x
57.1 cm x 24.4 cm)

4.5 in high, 9.0 in. wide, 9.5in. deep (1.4 cm x 22.9cm
x 24.1 cm)

Approximately 96 pounds, fully ioaded
Approximately 35 pounds, fully loaded
Approximately 60 pounds
Approximately 4.5 pounds
Approximately 3 pounds
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SECTIONII
THEORY OF OPERATION

2-1. GENERAL.

2-2. The key telephone system is a stored-program,
microprocessor-controlled system that uses a solid-state,
space division matrix with time division distributed
control. The KSU and all station sets utilize micro-
processors for control and status indicationona real time
basis. Each station set operates over two pairs of lines,
allowing two simuitaneous conversations on the station
set in addition to contrel of 28 functional station keys.

2.3. DATA AND VOICE TRANSMISSION
METHOD. :

2-4. Eachstationsetinthesystem operatesovertwo wire
pairs, both of which are used for audio transmission;
however, the pairs do not operates as the transmit and
receive legs of a 4-wire system. Instead, the station set has
the capability of handling two simultaneous calls, oneon
each pair. The station user may be engaged ina C.O. line
call. and can receive an intercom call without interrupting
the C.0O. line call. The C.Q. line call would be processed
through the handset, and the intercom call through the
built-in speakerphone.

2-5. A "A" pair is the audio pair for the originating
station on C.Q. line and intercom cails; this pairis both a
receive and a transmit pair. The “B” pair is the audio pair
for the receiving station on an intercom calft this pair is
also both a receive and a transmit pair. In summary. when
an intercom call is in progress the originating station is
transmitting and receiving over its "A™ pair, and the
called station is receiving and transmitting over its “B”
pair.

2-6. A third, “phantom™ wire pair is composed of the
“A" pair as one leg and the “B" pair as the other leg. This
phantom pair is used to provide power to the station set
and for data transmission between the station set and its
associated station card in the KSU. The data is
superimposed on the power leads, positive data on the
positive power legand negativedataonthe negative power
leg. Input and output connections in each leg of the
phantom pair are made to the center tap of an audio
transformer. Current flowinginthe phantom leg dividesat
the center tap. and equali currents flow through the two
halves of the audio transformer winding in opposite
directions, thereby producing equaland opposite voitages
across the transformer winding halves. These two voltages
cance! and the net voltage across the entire transformer
winding is zero: therefore, the signai being transmitted
overthephantom legisnotcoupledthroughthetransformer
to the audio circuits.

2-7. DATA TRANSMISSION FORMAT.

2-8. The format used for transmission of data (com-
mands and status information) between the station set
and the associated station card in the KSU is shown in
Figure 2-1. Data from the station card is sent in the form
of voltage level changes, and is detected in the same
manner by the station set. Data from the station ser is sent
in the form of current level changes, and is detected as
current changes in a fixed load by the station card. The
data is super-imposed on the positive and negative legs of
the phantom wire pair between the station set and station
card.

2-9. Data transmission occurs during each data frame,
the timing of which is controlled by the station card. Each
data frame is 23.8 milliseconds in duration. It consists of
34 wards. each of which is 700 microseconds long and
consists of five *T™ times of 140 microseconds each. The
first two words of every data message consist of frame
sync, trans-mitted to ensure that the station set and
station card are aiways in step with real time. Following
the frame sync. 32 data words are transmitted between
station set and station card. During the T| time of each
data word, a word sync pulse is sent from the staton card
to the station set. During the T2 time of each data word,
the station card transmits a command (if required) to the
station set. Also during the T2 time period of each data
word, the station set sends a marker pulse to the station
card if the handset is on the hook; absence of this pulse
initiates dial pulse detection by the station card, if
required. The T3 and TS times of each data word are
always blank. The T4 time is used by the station set to
send key commands to the station card; one data word is
assigned to each of the station set keys. Tabie 2-1 defines
the data bits for each time interval of each data word.

2-10. SYSTEM BLOCK DIAGRAM.
{See Figure 2-2))

2-11. GENERAL. The key telephone system consists of
four major components: the station sets. the DSS
console(s). the key service unit (KSU). and the power
supply. The KSU contains eight different type plug-in
circuit cards; station cards. DSS cards, C.O. line cards,
link A cards, link B cards. register card(s). a tone
generator card. and a page card. The system configura-
tion is shown in Figure 2-2.

2.12. STATION SET. Each station set is a micro-

computer-controlled telephone. It consists of a dial. 28

2-1
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TABLE 2-1. DATA WORD FORMAT

Word “T" Time Function
ogg Egg Frame sync from station card to station set.
0 TI Word syne to station set,
T2 Mike mute puise (during BGM. splash tone, paging)
T3 Blank
T4 Cradle position
TS Blank
! TI Word sync to station set
T2 Dial enable puise, if not restricted by station card switch
T3 Blank
T4 BGM switch position to station card
TS Blank
2 T1 Word sync to station set
T2 Bypass bit (permit BGM, spiash tone, or paging to be
heard)
T3 " Blank
T4 *P” bit for DSS operation
TS Blank
3 T1 Word sync to station set
T2 A-B switch pulse (switch speakerphone to “A” pair)
T3 Btank )
T4 *Q" bit for DSS operation
T Blank
4 T Word sync to station set
through T: Light LED in station key (see Figure 2-1)
3 T3 Blank
T4 Key position to station card (see Figure 2-1)
T5 Blank
All T2 On-hook puise from station set to station card

pushbuttons, a handset, built-in speakerphone, hook-
switch assembly. and control circuitry. Each station set is
connected through a 24-gauge quad to a separate station
card in the KSU. Operating power for the station set is
sent over the guad from the station card. Control
messages and audio signals (telephone audio. intercom,
paging. tones, etc.) are transmitted between the station set
and its assigned statior card under contr i the station
card. The 28 pushbuttons permit C.O. 1 :election and
funcrion switching. The dial permits diaung for C.0, line
calls and for internai station calls.

2-13. DSS CONSOLE. The system may be equipped
with one or two DSS consoies. Each DSS console may be
equipped. through DSS cards in the KSU, to serve either
28 or 51 stations, and access all paging zones. When two
DSS consoles are used, both may serve the same 51
stations plus paging. or each may serve different
predetermined stations. The first DSS console is always
located at station 58 in the system; the second DSS

2-2

console, when used, is located at station 59, Each DSS
console may be considered an expansion of the station
set at the DSS console position. It contains two micro-
computers which function with microprocessors located
in the DSS-A and DSS-B cards in the KSU to implemen
the functions of 56 keys on the DSS consoie. The DSS
consoie enables the attendant at the DSS position to
access directly the assigned stations plus the paging
zones by merely pressing the appropriate key. LEDs in
the keys continuousiy monitor the status of the assigned
stations. Communication between each DSS5 console and
its DSS cards in the KSU is accompiished through a

quad cable,

2-14. KEY SERVICE UNIT, The KSU is the central
control point for the system. It provides interfacing and
control between the C.O. lines. the station sets, and the
DSS consoles. Plug-in circuit cards are used to impiement
the various functions.
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2-15. The KSU contains one C.O. linecard per C.0. line,
up to a maximum of 20 in the EK-2040 system and 30in
the EK-3060 system. Each C.O. line card provides all
functions usually provided by a key system line card. It
detects an incoming ring signal. and provides C.O. line
seizure. hold, privacy release. and flash functions. It also
provides a buffer between the tone generator card and the
C.0. line for music-on-hold (MOH). The C.O. line card
receives all its commands from the station cards.

2-16. One siation card is contained in the KSU for each
station set. up to a maximum of 40 in the EK-2040 system.
and 60 tn the EK-3060 system. Eachstation card. through
its microprocessor. provides the required matrix con-
nections to the C.O. line cards. the link cards, and the hot
lin¢ to one other station card. 1t contains 23 cross-points:
18 C.0. line cards, 4 links. and | hot line. The station card
has two passive ports by which it may be seized: a hotline
port, which responds to a seizure from one other
preselected station card and from the DSS console
attendant, and a link port which responds to dialed
intercom calls. The station card also interfaces audio
tones, control signals, and background music from the
tone generator card, and paging signals from the page
card. The microprocessor in the station card controls the
audio and supervisory signais that are enabled, as
required. to process calls to the associated station set.

2-17. Link A cards provide onc-half of the intercom
talkpath system. Up to six link A cards may be used in the
KSU. A total of 4] crosspoints are contained on ¢ach link
A card. Thrity of these crosspoints provide intercom
access to stations 30 through 59; seven cross-points
provide access to five paging zones. all-call paging, and
the DSS position: two cross-points are provided for busy
tone and reorder tone: and two ¢ross-points are provided
for the audio paths to the register card circuits. When a
station user depresses the ICM key at his station set. an
active link port of the associated station card seizes the
~A" port of an idle link, which is selecied by the station
card microprocessor. The seize current causes register
card selection. connection, and processing by the link A
card. The link A card stores the decoded dialed station
number and calling mode information. both of which are
supplied by the selected register. Calls are directed to the
busy tone port when the link A card tests the passive port
of the called station and finds it busy. Calls are directed 10
the reorder tone port if the caller fails to complete dialing
with 8 seconds. or if an invalid code indication is obtained
from the register. If none of these conditions occur. the
B~ port of the link A card is closed 1o the passive port of
the dialed station card to complete the intercom audio
path between the originating station and the called
station. When the intercom call is terminated. the “B”
port of the link A card is opened to the dialed station card.
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the called address and cailing mode information are
removed from storage., and the link A card is reset in
preparation for the next intercom call.

2-18. Link B cards make up the second haif of the
intercom taikpath system and provide access to C.O. lines
not appearing at the calling station. Each link B card
functions with a link A card. Eachlink B card contains 58
cross-points: thirty are used for stations 60 through 89,
and two are used foreach C.0. line(C.0O. lines i 7 through
29). Two types of cross-points used to access other
stations within the system carry digital control informa-
tion (in the form of current level changes) and analog
audio signals. Access to the register cards, busy tone.
reorder tone. paging. and the DSS position for the
stations served by the link B card is provided through the
associated link A card.

2-19, One or two register cards may be used in the KSU,
depending upon the volume of traffic to be handied. A
service request is provided to the register card froma link
A card when the link A card is seized by the station
originating the intercom call. The register card provides
dial tone to the caller through the link A card, counts dial
pulses or decodes DTMF tones, determines whether the
dialed number is valid. provides a reorder signai to the
link A card on invalid numbers, and provides cross-point
data (number diaied) to the link A or link B card to cause
closing of the cross-point between the calling station “A”
portand the called station”B"port.Cali mode information
(i.c.. voice page. ringing call, alternate point answer, page
zone, or C.0. access)is transferred to the link A card to be
held for the durration of the call. Once cross-point and
mode information have been transferred to the link A
card. the register releases and isavailzble for anothercall.

2-20. One DSS control card is required per 28 active keys
at each DSS console. If all keys on the DSS console are
active. two DSS control cards are required: one DSS
control card accesses stations 30 through 57, and the
second DSS control card accesses stations 60 through 82
plus the five paging zones. Each DSS control card serves
as an expander of the station card that serves the
attendant's station set. It provides 2§ cross-points for
accessing the hot line ports of other station cards within
the system. In addition, it contains a microprocessor
which performs the following tasks for DSS calling:

1. 1t monitors the status of the associated station cards
and transmits the station status information to the LEDs
in the DSS console.

2. It places on hold the C.O. line most recently seized
by the attendant when the attendant accesses a stauon.

3. It releases an attendant-accessed station if the
attendant returns her handset to an on-hook condition or
depresses another C.O. line key or station key at her
position.

2-5
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NOTE

The DSS control cards do not serve stations
58 and 59 (the DSS console positions),
stations 83 through 89, or all-call; the normazl
ICM selection and dialing routine must be
followed if the attendant wishes to access
these stations.

2-21. The tone generator card suppites all flash rates and
tones (except DTMF) required by the system. It also
contains input boost or attenuator circuits for music-on-
hold (MOH) and background music (BGM) when these
features are used.

2-22. The page card is an optional card that provides all
functions required for paging to all station sets and
external paging zones. Two internal 2-watt amplifiers are
provided for any two selected zones. The amplifiers
provide sufficient power to drive one 8-0hm loudspeaker
in each of the sclected zones. An additional 600-ohm
output is provided for each zone; these outputs can be
used 1o drive external amplifiers for the respective zones.
The page card also contains circuitry for C.O. night
audible. Paging will override any C.0. audible in
progress; it will also override background music to
internal stations oaly.

2-23. POWER SUPPLY. The powersupplyconverts 117
volt. 60 Hz, singie-phase AC line power to +25 volt, -25
volt, and -10 volt DC. These DC voitages are distributed
to the plug-in circuit cards through the KSU. All other
DC voltages required for operation of the circuits on the
plug-in cards and the station sets are derived from these
DC voltages by circuits on the plug-in cards.

NOTE

The power supply is covered in a separate
instruction manual.

2-24. STATION SET,
DETAILED THEORY OF OPERATION

2-28. General. The station set is modular in design. [t
consists of six piug-in assemnblies: a handset, a dial, a
loudspeaker. a microphone. a hookswitch assembly, and
a kevstrip assemblyv, Each station set functions with one
station card in the XSU. Data, power, and audio are
transferred between the station card and the station set
through a quad.

2-26. Data and Power Transmission. The phantom pair
of the quad is used to provide DC powerto the station set
from the station card. and to transmit microcomputer
message data between the station set and the station card.
The data is superimposed on te power levels. The circuit
arrangement for data and power transmission is shown in
Figure 2-3.

25

2-27. The +25 voit DC supply in the station card powers
the station set through transistor Q13 and the “A~ path of
the phantom circuit. and the -25 volt DC supply powers
the station set through transistor Q14 and the “B” path of -
the phantom circuit. The conduction of transistors Qi3
and Q14 (and thus the DC voltage levels suppiied to the
station set) is controlled by operational amplifiers U33-
and U34-7, respectively. At the station set, the incoming
DC s applied to regulator VR22, which develops a
regulated +7.5 volt DC for use by the internal circuits of
the station set. Zener diodes VRi7. VRIS, and YRI19,
connected between this +7.5 volt DC output and the -135
voit DC power leg from the station card. provide a
regulated -7.5 volt DC for internal use by the station set.

2-28. The microcompulers in the station set and station
card communicate over the same phantom pair. Data is
superimposed on the DC. In the station card, signal
DATA TX, which represents data pulses that are to be
transmitted from the station card microprocessor to the
station set, is amplified by buffer U12-2 and operational
amplifier U33-7, and the dawa signal is applied to
transistor Q13, thereby causing the data signal to be
superimposed on the positive DC as a voltage change. A
portion of this voltage change is applied through voltage
divider R150 and R152 to operational amplifier U34-7
which controls transistor Q14 in the negative DC power
leg, and the data signal is superimposed on thiscircuit leg
as a voltage change of opposite polanty. At the station
set, the voltage changes on the positive and negative legs
of the phantom pair are amplified by operational am-
plifier U17-1, shaped by voltage comparator Ul6-7, and
applied to the INT 0 input of the microcomputer in the
station set.

2-29. Data pulses developed by the station set micro-
computer for transmission to the station card are appiied
to operational amplifier U17-7, which drives transistor
Q16. The data signal causes current changes in the DC
power legs. At the station -zrd, voltages developed across
resistors R145 and R 153 in the two legs of the phantom
pair as a resuit of the current changes drive operational
amplifiers U26~7 and U25-7, and the data signal is further
amplified by transistors Q12 and QIS5, and operational
ampiifiers U33-1 and U34-1. The data pulses that com-
prise the data signai are then shaped by voitage compara-
tor U41-7, and are supplied through buffer U12-10 to the
microprocessor on the station card.

2-30. Microprocessor. The station set microcomputer is
contained in integrated circuit U13. This single integrated
circuit provides a complete 4-bit parallel processing
systermn. It operates under control of a stored, non-
volatile program. The microcomputer scans the keys and
switches of the station set. assembies the resulting daca
into the proper data transmission format. and transmits
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the data to the microprocessor in the associated station
card. It also receives and processes data messages from
the station card. and generates control messages. Mono-
stable multivibrator U 19 resets the microprocessor when
power is applied or when sync pulses are missing for more
than two frames.

2.31. Key Switch Marrix. (See Figure 2-3.) The keys,
hookswitch. and background music switch on the station
set are arranged in a matrix. During the key scan routine
of the microcomputer, the matrix is scanned for pressed
keys and actuated switches. The microcomputer activates
one row of the matrix at a time, and scans each column of
that row sequentiaily. If any key or switch is actuated
during the scan. current flows through the key or switch
when the appropriate row and column are scanned. and
the current flow is detected by the microcomputer. The
results of the matrix scan are used by the microprocessor
1o develop the data message that is transmitted to the
associated station card in the KSU.

2-32. LED Dispiay Matrix. The LEDs in the keys of the
station set are also arranged in a matrix, as showa in
Figure 2-5. Lighting of the LEDs s controlled by the data
message from the associated stationcard in the KSU. The
LED matrix rows are activated in sequence through row
drivers Q11 through Q14 by output signais R105 through
R108 from the microcomputer. and the columns are
scanned in sequence by the microprocessor. If the LED in
the active column and row is to be lighted. the micro-
computer activates its output (column signals DIGI
through D107), thereby turning on a Darlington transis-
tor amplifier in array UI8. With the row driver and the
column transistor amplifier both on. current f{lows
through the LED in that row and column. and the LED is
lighted.

2-33. Incoming Commands. As shown in Figure 2-1. the
data message received from the associated station card
may containany of the following commands: bypass. A-B
switch. dial enable. mike mute. and light LED. Light
LED commands controi operation of the LED display
matrix described in the preceding paragraph. Any of the
other commands present in the data message are received
and processed by the microcomputer. supplied to latch
U12. and stored in the latch when the latch is clocked by
the microcomputer. {See Figure 1-6.)

3.34. Bypass Command. The bypass command enables
background music (BGM). splash tone. and paging
signais to be heard over the speakerphone is the handset s
on-hook. When a bvpass command is present in the data
message from the station card. the command is processed
by the microcomputer in the station set and is applied to
the DC input of latch U 12 (Figure 2-6). When the latch is
clocked. its QO output signal turns on transistor switch
Q2! in the station set speakerphone audio circuits
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(paragraph 2-39), thereby permitting BGM. splashtone.
and paging signals to be applied from transistor switch
Q19 to the station set speaker. Transistor Q19 turns off
when station set is off hook and attenuates level of page
and splash tone via R90 in series with input signal. BGM
bit in data message is no longer present and turns off Q4
on station card to disable BGM source.

2.35. A-B Switch Command. (See Figure 2-6.) The A-B
switch command from the associated station card causes
the speakerphone of the station set to be switched from
the “B™ pair of the quad to the “A” pair for speakerphone
operation. After this command is received and processed
by the station set microprocessor. it is applied to the Dl
input of latch Ul2. When the latch is clocked. its
complementary Ql and Q1 output levels reflect the input
signal level. These output signals are applied to four
transistor switches in integrated circuit U4, and the
switches switch the “A™ and “B” signal paths: the handset
audio circuits are connected to transformer T2 of the *B”
pair. and the speakerphone audio circuits are connected
to transformer T1 of the *A™ pair. The Q1 output of latch
U 12 also conditions gate U10-3 to enable operation of the
outpuise dial circuits when a dial enable command is
received.

2.36. Dial Enabie Command. (See Figure 2-6). The dial
enable command is received from the associated station
card in response to an off-hook condition or handsfree
switch actuation at the station set. The dial enable
command is supplied to the D2 input of latch U 12 by the
station set microprocessor. When the latch is clocked. its
Q2 outut turns on transistor switch Q3, thereby supplving
a logic high level to the power input circuits of the
outpulse dial or the tone dial circuits, depending upon the
type of dial used on the station set. If the station set is
equipped with an outpulse dial, dial pulses produced by
dialing are supplied through gates U9-10 and U94 to the
INT 1 input of microcomputer U 1] for transmission over
the data signal path to the associated station card. If the
station set is equipped with a DTMF dial, the tones
generated during dialing are supplied through opera-
tional amplifier U8-7 and transformer T1 to the “A” pair
of the quad for transmission to the associated station
card. The Q2 output of latch U 12. through gates U10-11.
U104, and U9-11 and transistor switches Q1 and Q31
inhibits operation of the handset during dialing. Gate
U10= also supplies a logic level to the speakerphone
audio circuits 1o control operation of the speaker during
dizling.

2-37. Mike Mute Command. (See Figure 2-6.) The mike
mute command is received from the associated station
card in response to station set MUTE key actuation. and
during BGM. splash tone. and paging. The mike mute
command is supplied to the D3 input of latch UL2 after

29
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processing by microprocessor UI3. When the latch is
clocked, its Q3 output signal, through gate U9-3, suppiies
a mike mute signal to the speakerphone audio circuits.
Transistor switch Q2 turns off DC power to the speaker-
phone microphone, and transistor switch Q32 grounds
the audio path from the speakerphone microphone to
mute the microphone. The Q3 output of latch U12 opens
the voice path to the speakerphone speaker so that only
BGM, C.O. audible, spiashione, and paging signals can
be heard over the speaker.

2-38. Handset Audio Circuits. (See Figure 2-6.) The
handset receiver is connected through transistor switch
Q31 transformer T3, transistor switches U4, and either

transformer T1 or transformer T2 to eitherthe “*A” or“B™ "

pair of the quad, as determined by the status of the A-B
switch command. Transistor switch Q31 is turned on by
the output of gate U9-1 [ whenever the handset is off-hook
(except during dialing). The handset transmitter is
connected to transformer T3. and its operation is con-
trolled by transistor switch Ql. During dial enable
periods, transistor switch QI is turned off by the dial
tnable gate circuits, and operation of the handset trans-
mitter is inhibited. At all other times when the handset is
off-hook. transistor switch Q! is turned on, and De is
suppiied through the switch to the handset transmitter,
Audio signals developed by the handset transmitter are
coupled through transformer T3 and transistor analog
switches U4 to the appropriate pair of the quad. When the
kandset is returned to the on-hook condition. transistor
switch Q1 is turned off through gate U9-I11.

2-39. Speakerphone Audio Circuits. (See Figure 2-7.)
The speakerphone audio circuits receive and transmit
audio signals over the “A" or “B™ pair of the quad, as
determined by the status of the A-B switch command,
Incoming audio signals for the speakerphone circuits are
applied from the appropriate quad pair through trans-
{ormer T| or T2 and switches in integrated circuit U4 to
transformer T6. The incoming audio signal is applied
through a compensation and limiting network to trans-
former T7. One secondary winding of transformer T7
supplies an audio signal to the audio transmit. receive
switching logic circuits. Another secondary winding of
transformer T7 supplies the incoming audio signal to a
diode shunt bridge attenuator. whose attenuation is
controlled by the audio transmit. receive switching logic
circuits. The output of the artenuator is coupled through
transformer T8 to operational amplifier U1-7, whose
output audio signal is supplied to the audio transmit.
receive switching logic circuits and. through transistor
switches Q28 and Q20. to operational amplifier Ul-1 and
transistors Q22 and Q23 which drive the speaker. Tran-
sistor switch Q28 is controlled through amplifier U{6-i
by the dialdisable circuits: the audio path to the speakeris
attenuated by the opening of transistorswitch Q28 during

2-12

dial enable periods. Transistor switch Q20 iscontrolled by
the mike mute command signal from latch Ul2; a mike
mute command causes transistor switch Q20 to open the
audio signal path to the speaker. Amplifier Ul-I also
receives paging, BGM and C.O. audible signais from the
“B” pair of the quad through transformer T2 and
transistor switches Q19 and Q21. Transistor switch Q19 s
on as long as the handset is on-hook; transistor switch
Q2! is turned on by a bypass command from the
associated station card. Potentiometer R 140 at the front
edge of the station set permits the operator to adjust the
paging, BGM and C.0. audible signai level independently
of the handsfree listening level; a switch associated with
potentiometer R140 permits the station set user to turn
off BGM., if he so desires.

2-40. The microphone of the speakerphone is activated
through transistor switch Q2 as iong as the mike mute
command from the associated station card is inactive.
Transistor switch Q2 is turned on to compiete the DC
power circuit for the microphone. and transistor switch
Q32 is turned off to remove the ground from the outgoing
audio signal path. The audic signal developed by the
speakerphone microphone is amplified by operational
amplifier Ul5-l, and the amplified audio signai is
supplied to the audio transmit, receive switching logic
circuits and to transformer T4. The outgoing audio signal
is coupled through transformer T4. a series bridge
attenuator. transformer T5, operational amplifier U15-7,
transformer T6, and transistor switches in integrated
circuit U4 to either the “A™ or “B" pair of the quad. The
attenuation of the series bridge attenuator iscontrolled by
the audio transmit/receive switching logic circuits.
Potentiometer R179 is factory adjusted to provide the
proper speakerphone transmit level.

2-41. Audio Transmit/Receive Switching Logic Circuits.
{See Figure 2-7.) The audio transmit. receive switching
logic circuits develop a controlling DC bias for diodes in
the artenuators in the speakerphone incoming and out-
going audio signal paths. By varying the bias. speaker-
phone transmit, receive switching is accomplished. The
initial DC bias level. and thus the handsfree audie
volume, can be adjusted by means of the handsfree
volume control located at the front edge of the station set.
Adjusting potentiometer R141 varies the input levels to
operationat amplifier U14-1. which develops the DC bias
for the attenuator diodes. Audio signal levels at the input
and output of the receive and transmit circuits are
converted into proportional DC levels. Incoming audio
signals at the secondary of transformer T7 are filtered by
filter US-1 1o remove any 60 Hz line voltage components.
and the filtered audio-signal is rectified by rectifier U6-7.
Incoming audio signals at the output of operational
amplifier U1-7 are recuified by rectifier U7-7. Qutgoing
audio signals are similarly rectified to develop DC levels;
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a 10-second delay circuit is incorporated to eliminate
transients of relatively long duration. such as noise from
fluorescent lights. The DC leveis are compared to deveiop
switching signals for operational amplifier Ul4-1.

2-42. STATION CARD,
DETAILED THEORY OF OPERATION

2-43. General. One station card is provided in the KSU
(and expansion cabinet. if used) for cach station set. The
station card supplied DC power and data to its associated
station set through the quad. and provides required
switching to the C.O. line cards, the link cards. and the
hot line to one other station card. The station card also
interfaces audio tones and control signals from the tone
generator card and paging signals from the page card. All
operations are controiled by microcomputer circuits on
the station card. which operate in accordance with a
stored. non-volatile program.

2-44. Microprocessor Circuits. (See Figure 2-8.) The
microprocessor of the station card utilizes CPU U3,
EPROM U3, versatile interface adapter Ul. and {: O U2,
The microprocessor provides data storage and processing
capabilities during station card operation. The micro-
processor is controlled by a non-volatile program stored
in EPROM U3. CPU U4 and its associated integrated
circuits are clocked ata | MHz rate controlied by crystal
Y1. The microprocessor is reset through oneshot multi-
vibrator U42-7 and timer U43-3 when powerisapplied or
if a sync pulse is missed. Switch §2-10 provides means for
resetting the microprocessor circuits manually for test
purposes. Data received {rom the associated station set is
processed by the microprocessor and control signals
required to initiate the operations specified by the
received data are supplied to the other circuits on the
station card. DXP status data for all points accessible
through the keys on the associated station set is processed
by the microcomputerand is transmitted to the associated
station set to control operation of the LEDs in the station
set kevs.

2-45. Status Monitoring Circuits. (See Figure 2-9.) Each
station card can monitor the status of up to 8 C.O. line
cards. the paging group to which the station card is
assigned. the link A cardsthat serve that stationcard. and
the A port of the associated hot-line station card. (the
system station cards are arranged in pairs for hot-line
operation: that is, each station set can communicate with
one other predesignated station card on a hot-line basis.)
The status information is included in the data message
that is transmitted from the station card to the associated
station set. When the data message is processed by the
microprocessor in the station set. the appropriate LEDs
in the station seét are activated to indicate the current
status or operating condition, (Data message trans-
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mission between the station card and station set is
described in paragraph 2-3.)

2-46. Status information is applied to multiplexers U35,
U36. and U37 from the applicable cards in the system.
The incoming status lines are scanned under control of
the microprocessor circuits. Multipiexers U37. U36. and
U35 are activated individually through voitage levei
shifters U28-1, U27-13, and U27-14, respectively. by
signals ADD-1. ADD-2. and ADD-3 from the micro-
processor circuits. When each multiplexerisactivated. its
input lines are selected in sequence through decoding of
the binary levels A. B. and C supplied through voltage
level shifters U28-14. U28-13, and U28-2 from the
microprocessor circuits. The status levels on the input
lines are transmitted in seriai fashion through operationai
amplifier U16-1 to voltage comparators U17-14, U17-13.
and U17-2, which translate the status voltage levels to
binary informaton. Signals DI. DZ. and;or D3 are
activated in accordance with the status of the line being
monitored, and these signals are supplied to the micro-
computer circuits. The microcomputer circuits process
this information to develop the status data that is to be
transmitted to the station set.

2-47. Active Port Circuits. (See Figure 2-10.) The active
port circuits of the station card handle routing and
processing of calls originating at the associated station
set. The station card active port circuits provide cross-
point switching between the station set and the selected
C.0. line card, a link card, or the hot line port of the
associated hot-line station card, and supply current levels
that define the function selected by the station set user.

2-48. Selection of the card to be connected and the
desired function is made through key actuation at the
station set, Key selection is indicated in the data message
transmitted from the station set to the station card. The
data message is received and processed by the micro-
processor on the station card. Cross-point connections
are established through latches U22, U31, and U39. which
control cross-point transistor switches that make the
required connections. The latches are_activated in
sequence by signals WESI, WES2. and WES3 itom the
microprocessor. Each of the output lines of the activated
latch is connected to the DA input line in turn through
decoding of the A. B, and C signals from the micro-
processor. The DATA output of the microprocessor is
applied to the DA input lines of the latches through gates
1)45-3 and U454 and voltage level shifter U29-13. If a
data pulse is present at the input when a particular output
line when the latch is clocked. The output data signal
turns on a cross-point transistor switch which conncets
the & pair of the station set quad through transformer T3
to the desired destination card. At the same time. a DC
current that defines the selected function is supplied to the
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A pair ;“rough current source QI. The DC current is
developed by voltage comparators Udd-]1, U15-2, U15-1,
U15-14, U15-13, and U241 under control of commands
from the microcomputer.

2-49. Switches S2-1 through $2-9 and S3-1 through §3-9
in the output circuits of the fatches can be used to provide
a dial disable function. These switches are all closed
normally, but can be opened to implement the dial disable
function for any C.0. lines desired. When all cross-point
transistor switches are open, signal DIAL DISABLE is
set high through voitage compartor U27-2, and relay K |
is de-energized through gates Ul-11 and U1-10 and relay
driver Ql6. When a particular cross-point from the
output of latch U22, U31, or U39 is selected by the station
card microprocessor and the related cross-point dial
disabie switch is ¢closed, LED DS6 lights and signal DIAL
DISABLE goes low. Relay K| is energized. and its
contacts connect an impedance matching network to the
A port. The impedance network circuitry (U24-7 and
Q17) is not activated unless signal CONF from the
microprocessor is active; when the impedance network
circuitry is activated, the characteristic impedance is
changed for 2 multi-line conference condition. If the same
¢r ss-point is selected but its associated dial disable
switch is open. the audio connection is made to the
destination card. but LED D36 does not light and relay
K| is not energized. In this condition, signal DIAL
DISABLE is high at the output of voltage level shifter
U27-2 and muitipiexer UI8-15. The microprocessor
detects this high and removes the dial enable bit from its
data message to the station set.

2-50. Passive Port Circuits. {See Figure 2-11.) The
station card has two passive ports by whigh it may be
seized: a link port that responds to dialed intercom calls.
and a hot line port that responds to hot line calls from one
other predesignated station card (HL key} or from the
DSS console. The passive ports supply audio signals to
the station set over the B pair of the quad. The station
card passive port circuits also interface certain tone and
control signals from the tone generator card, and paging
signals from the page card. The tones and paging signals
are also supplied 1o the station set over the B pair of the
quad.

2-51. , The link port of the station card is seized when a
dialed intercom call is received from another station card
through a link A or link B card. When the station card is
seized in this manner. a DC current that defines the
selected function is applied through the primary winding
of transformer T to transistor Q7. and a voltage ievel
that defines the seiected function is developed across
resistor R99. The function leveis are detected by voltage
comparators U9-2, U9-13. and U4-1. and signals D3. D4,
and or D3 are activated. Signal D3 defines a link port

(V]
0
~

seize condition. signal D4 defines an ICM ring condition,
and signal D3 defines a link call steai (alternate point
answering) condition. These signals are supplied to the
microprocessor, and the microprocessor supplies data in
accordance with the defined conditions to latch U9
through gates U45-3 and U45-4, address information
through voltage comparators U28-9. U28-11, and U28-5.
and enabling signal WES3. lnput data is loaded into the
latch when it is clocked. and the latch output signals are
activated in accordance with the input data.

2-52. The microprocessor also activates signai LINK B
ENA directly. Signal LINK B ENA turns on transistor
switches U1-% and U11-13 through voltage level shifter
U10-2 and gates U14-3 and Ul4-11, thereby permitting
transmission of audio from the link A or link B card
through transformers T1 and T4 and the B pair of the
quad to the station set. Signal D3 from voltage com-
parator U4-! activates signal LPS through gate U7-1
when the station card is seized through the link port.
Signal LPS causes LPS LED DS2to light. and conditions
gates U6-13, U744, and UI-3 to disable transmission of a
C.0O. audible tone to the B pair of the quad should a C.0.
AUD ENA signal be activated while the link call is in
progress. Signal LPS also triggers one-shot muitivibrator
UB-6, which functions with associated circuits to allow a
call steal (altermate point answering) of 2 ringtone-
signaled intercom call via another station within a 30
second period.

2-53. The hot-line port of the station card can be seized
from either one other predesignated station card (when
the HL key on the station set served by that station card is
pressed}. or from the DSS controi card (when the
destination station key on the DSS console is pressed).
The card from which the hot-line port is seized supplies a
DC current through transformer T2 and transistor Q1 | to
define the desired function. DC levels are detected by
voltage comparators U27-1, U9-l, and U9-I14, which
activate signals D6A. D6B.and or D6C. depending upon
the current. Signal D8A, which corresponds to a HL
SEIZE signal. is supplied directly to the microprocessor.
Signais D6B and D&T are supplied 10 the microprocessor
with other control signals through multipiexer U18 and
voltage comparator U17-1. The microprocessor activates
signals HL-B ENA and HL-B CONT 1| directly, and
activates signal HL-B CONT 3 or HL-BCONT 2through
latch Ul9. The HL-B CONT s: als supply the HL-B
DXP signal to the associated hot-ine station card and
DSS control card to indicate the status of the hot-line
portcirce < Signal HL-B ENA turns on transistor switch
L'11-9 thr.ugh voltage level shifter L 10-turns on transis-
tor switch Ull-12 13 through gates U i1d4-3 and Ulid-{1,
and turns off transistor switch Ul1-14 3 through gate
U14-10. Transistor switches U11-9 and U{1-12. 13 com-



Section 1l
Theory of Operation

" Y n_-n . “. . "
e I . w_ ) oo s
s rare »é7 "_ 1k - L TH4 g tans
Satonnr -A...i‘ 1 e “
-- |ty roco ¢
7] i PYE ! mr cane
Lyarto e
(1] o ve-.- i :-..nn LAnD
cL o I8
o }urr-m 14&8.-.- I T0)
. o E 9 0
A e ) P ) 2 Lmt came
: : 1
LaveR Ly jees e Jorow e o bt
¥ Yuma —Ha
EmEd]
ceary—t . Yoo .Av
) . ! . taass 1
(11} ! o 1
-VL...II. | - Cdy a0 EB
+ Y ouseore 13 48 oax conp
r J ]
¥ ot i
H § W w ISR ] .l.‘.w.:p...- cang
] ¢ 1 1o £ 4 10
noLe wiE g — <
ragy | swE3ed-4 - e w ves o “v et cann
Fhirr ol PT R '
raeczason “ u oo 1x
| 3
veaw gy ! i LX2LR
rrow
Fureeo
cant 33 w i
- w (R “
. e Bl
. - by
4,..5.5 uxv . wt-_mvcﬂ-._u-
/
t
Yurrn 1% Ml Tald
S - e .
T w ut-se [EdaltiH R
"o
- w.;o.. |13 svve Le ay cana
VEO‘ L]
Jusen
Jres
} vsore
.
L kg l0 P38 comti canod
Alataris EARDE BB ARD 4% DALY
L] WA mramT
- * re we-w
4
o34 urr
Iy aroa

Figure T-M S1aton Cand Active Port Cicuits,
Simplificd Rlack [hagram

2







Section 1}
Theory of Operation

o awgrtu | TRanszTOR
1tenl Ma ] IWITCH - - o e - - S —_
e canm ay
g1 hd ek - TRANSE TON *- ] TRARSIS1OR THANSIIOR e [ TRENSISFOR |
we-a ° Ywiten st witen | ] ywrtew e swiice  fr—-- - 4
LI .n‘-_“ 1) as dn
o4 [ emamsiyron . m-ro[ taanusron
e [CRED HuAn ¢ SwifcH *..
| ] o e (1] 11amg &N 3]
el Lann} carvi 0
LxT Ay andi :
LIS R LTI ) i
w b int — .
. ’ 4
- =1 l—n‘n N ! 3 !
50 e vz A R XU '
v 0 4- I a4l nas
- fmd -] -
. 1
Liwg P-Ee T T "
190 Lea oa Law € T b pltrammion]e  HINRSOLOR [ e b o — 3
conesl N R T ITER A g o _"_m T “p” vate 10
* rratipe Bt T
wm s 1 —n
H -~ 3
[La . L m... _moweoar _W ot ane para o
moed
T ver kn (7oL SRS I T R e towr -1 rer
1314 44 o) - —1 Bl £ _’ [+ 73 18 towe sew .
Jv.vl_ A h i) vl 4y 12 a] w9 cahe
11 P O B Ie A7 78 7§ 14 197498 b v)
e couinoy canmi
wicag- | PP £ LATCH e
PROCET30R [ENCT RIS T
)
1 sare i
e —
L]
boree——
H
|
ey
1
[} -
1
) -
. mL-a semy.n
'
e s
WL -8 ANSLGE p_— w0 ql--h_u-.nhca » a
ire agwsurn [ 353 un
w, 1Mrfdl C2ED Land &
SRODIT CaNTROL TAAWE) - .TQ'IOHIJ_.._
M
]
CTREGTIILY I
1 we
Lix-0 End 1 .
9]
4

T kvl TRE
[LIRL}

Liguie 2-11 Stanon Caid Passive Fan Circuits,
Siuphtied Block [agiam

2-14:2.0%






plete the audio path through transformers T2and T4 and
the B pair of the quad to the station set. Transistor Ul1-
14/13 prevents transmission of ICM RTS, BGM. and
paging signals while the hot-line call is in progress. Whiie
the hot-line call is in progress, the link port circuits are
turned off by the microprocessor.

3.54. Various tones. paging signals. and BGM can be
transmitted to the station set over the B pair of the quad
when neither a link call or a hot-line call is in progress.
Selection of the signal to be supplied to the station set is
made through latch U19 by the microprocessor in
accordance with input data suppiied through multiplexer
UIS. ICM RTS tone is supplied from the tone generator
card through transistor switches Q5 and U!l-14:13. and
ICM RTH tone from the tone generator card is supplied
through transistor switch Q2 when signal RT-ENA is
activated through latch U19; signal RT-ENA turns off
transistor switch Q6 through inverter U2-2 and gate U3-1
so that the ICM RTS tone overrides BGM and paging.
(Note that BGM and paging are aiso overridden through
gate U3-1 when signal HL-B ENA or C.O. AUD ENA'is
active, and when splashtone multivibrator U8-10 is
active.) BGM is supplied to the station set from the tone
generator card through transistor switch Q4 when signal
BGM ENA is activated through latch U19. Page calls are
supplied to the station set from the page card through
transistor switch Q3 when signal PAGE ENA is activated
through latch U19. Splashtone from the tone generator
card is supplied to the station set through transistor
switch Q10 for one second after signal ST-ENA is
activated by the microprocessor; the one-second time
interval is established by multivibrator U8-10. Finally,
C.0. audible tone from the tone generator card may be
supplied to the station set from the tone generator card
through transistor switch Q9 when signal CO AUDENA
is activated through the tone generator card or private
line selector panel jumper. Station cards are assigned to
specific C.O. audible groups: the appropriate switches
{S1-6 through SI-10) must be closed to permit C.O.
audible operation of the station card withi its assigned
group.

2.55. DSS CONSOLE,
DETAILED THEORY OF OPERATION

2.56. General. The DSS console contains 58 keys with
associated LEDs. | may be considered as anexpansion of
the station set at the DSS console position (station 38 or
59). The DSS console contains twe identical channels.

One channel functions with 2 DSS A control card in the '

KSU to implement the functions of the first 28 keys; the
second channel functions with a DSS B control card in
the KSU to implement the functions of the remaining 28
keys on the DSS console. Each channel contains its own
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microcomputer. Connections to the KSU are made
through the quad: the DSS A control card uses the
GRN;RD pair and the DSS B control card uses the
BK. YL pair.

2.67. DC Power And Data Transmission Circuits. (See
Figure 2-12.) DC operating power is supplied to the DSS
console from the DSS A and DSS B control cards over
the quad. Data is superimposed on the DC. Data
transmitted from the DSS control cards in the KSU
consists of light LED ¢commands. whichare implemented
through the microcomputers in the DSS console. Data
transmitted from the DSS console to the DSS control
cards consists of status changes (key depressions) at the
DSS consote. The data word format is similar to that used
for communication between the station set and the
associated station card. (See Figure 2-1.)

2-§8. Except for the quad pair being used, the data and
power transmission circuits for the two channels of the
DSS console are identical; therefore, only the circuits
involved with the GRN/ RED pairare discussed. Positive
25 volt DC from the power circuits on the DSS A control
card is supplied through transistor Q3 on the DSS A
control card and the green lead of the quad to the DSS
console, and negative 25 volt DC is supplied through
transistor Q4 and the red lead. At the DSS console. the
DC is supplied through diodes CR2 and CR3 to the DSS
console power circuits. comprising voltage regufators
VRI through VR4 and associated filter components.
Voltage regulator VR develops a regulated DC output
from which all other DC voltages are derived through the
use of Zener diode regulator circuits. The regulated
output voltages power all circuits in the corresponding
channel of the DSS console except for the keypad
circuits, which are powered directly from the positive |5
volt input.

2-59. Data messages that are 10 be transmitted from the
microprocessor on the DSS A control card are supplied
from the microprocessor to buffer U27-2 on the DSS A
control card. The data signal is amplified by amplifier
U31-1. and the amplifier output drives transistor Q3. The
data signals modulate the output of transistor Q3. causing
the output voltage to the DSS console to vary in
accordance with the data. A portion of the data signal at
the output of transistor Q3 is applied through a voliage
divider to ampiifier U30-7. which varies the output of
transistor Q4 in the opposite direction. The data message
is thereby superimposed on both leads of the GRN RED
pair, and it is transmitted to the DSS console. At the DSS
console. the incoming data message is ampiified by
amplifier U12-1 and shaped by voitage comparator U7-1.
and is then supplied to the microcomputer, which decodes
and implements the commands.

2-26
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2-60. Outgoing data generated by the microcomputer in
the DSS console is amplified by amplifier U12-7. and is
then applied to transistors Q6 and Q7. Transistors Q6 and
Q7 develop a current that varies in accordance with the
data message: this current is transmitted over the quadto
the DSS A controi card. At the DSS A controi card. the
current develops data message voltages across resistors
R61 and R73. The voitage developed across resistor R61
is amplified by amplifier U25-7 and transistor Q2.and the
output signal from transistor Q2is applied to one input of
differential amplifier U31-7. The data signal developed
across resistor R73 is similarly amplified by amplifier
U24-1 and transistor Q5. and the output signal of
transistor Q5 is applied to the other input of differential
amplifier U31-7. The two data signals are opposite in
polarity: therefore the driving signal of ampiifier U31-7is
effectively the sum of the two input signals. The data
signal developed at the output of amplifier U3i-7 is
further ampiified by amplifier U30-1 and shaped by
voltage comparator U28-7, and the data signal is then
applied through buffer U27-12 to the microprocsssor on
the DSS A control card.

2.61. Microcomputers. (See Figure 2-13.) The DSS
console contains two microcomputers. U3 and U0,
which serve the GRN. RED and YEL BK pairs of the
yuad. respectively. Each is a complete. 4-bit parallel
microcomputer system, which operates under controlofa
stored. non-volatile program. Each microcomputer scans
the DSS console keys assigned to it, assembles the key
data into the proper format. and transmits the data to the
associated DSS control card in the KSU. It also receives
and processes data from the associated DSS controicard.
and implements received commands. The received com-
mands consist primarily of instructions to light specific
LEDs at the DSS console. Multivibrators U4 and U9
reset microcomputers U3 and UI0, respectively, when
power is turned on and if the sync signal is lost.

2-62. Key Switch Matrix. (See Figure 2-13.) The keys on
the DSS console are divided into two sections. The first 28
kevs are arranged in a matrix associated with micro-
computer UJ: the remaining 28 keys are arranged in a
matrix associated with microcomputer U10. Each switch
matrix is similar to the switch matrix of the station set
{paragraph 2-31}, and is scanned by the associated micro-
computer in a similar manner. Toscan its associated keys,
each microcomputer activates row signals P 101, R102,
R103. and R104 in succession. While each row signal is
active. column signals D101 through D108 are scanned in
sequence. I a key switch in the row and column being
scanned is closed. current flows through the closed key
switch. and a voltage change is sensed at the columninput
of the microcomputer. Key switch data is assembied into
the proper transmission format by the microcomputer
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and is transmitted to the associated DSS coatrol card in
the KSU.

2.63. LED Matrix. (See Figure 2-13.) Incoming com-
mands received by the DSS console microcomputers
consist of instructions to light specific LEDs in the keys
on the DSS console. Light LED data is received and
processed by each microcomputer to develop coatrol
signals for its associated LEDs. the LEDs assigned to
cach microcomputer are arranged in a matrix similar to
that in the station set (paragraph 2-32). and are lighted in
a similar manner. Each row of the matrix is activated
individuaity by the R105 through R 108 output lines of the
microcomputers through transistors QI through Q4 (A
channel) or transistors Q8 through QI1 (B channel).
While each row is active, any light LED commands for
the LEDs in that row cause activation of the cor-
responding D101 through D108 output lines of the
microcomputers. Active output levels on these lines sach
activate a Darlington transistor inintegrated circuit U2to
activate the corresponding column of the matrix. Witha
row and column of the matrix both active, the LED at
that point of the matrix is lighted.

2-64. DSS CONTROL CARDS,
DETAILED THEORY OF OPERATION

2.65. General. One or two DSS control cards are
required in the KSU for each DSS console. DSS control
card A serves stztions 30 through 57. and DSS control
card B serves stations 60 through 82 plus the five paging
zones. Each DSS control card provides 28 cross-points
for accessing the hot line ports of the other station cards
within the system. In addition, each DSS controi card
monitors the status of the associated station cards and
transmits the status to the DSS console. it places on hold
the C.O. line most recently seized by the DSS consoie
attendant when the attendant selects a station, and it
releases the accessed station when the attendant returns to
an on-hook condition or depresses another C.0. line or
station key at his position. All operations are performed
under control of a self-contained microprocessor with a
stored. non-volatile program.

2-66. Microprocessor Circuits. (See Figure 2-14.) The
microprocessor circuits of each DSS control card consist
of a four<hip set (U4, U2, Ul and U3), which com-
municates with one of the microprocessors in the as-
sociated DSS console. The microprocessor providesdata
storage and processing during DSS operations: it is
controlled by a non-volatile program stored in EPROM
U3. CPU U4 and its associated integrated circuits are
clocked at a | MHz rate controiled by crystal YI. The
microprocessor is reset on power-up and if a sync pulse is
not present for more than two data frames by a reset pulse
developed by one-shot multivibrator U36-7. timer U37-3.

2.28
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and voltage comparator U10-1. Switch $1-10 is a manual
reset. Data received from the associated DSS console
microprocessor is processed by the microprocessor and
control signals required to initiate operations specified by
the received data are supplied 1o the other circuits on the
DSS control card. DX P data information from the points
assigned to the DSS control card processed by the
microprocessor and is transmitied to the associated DSS
console to control operation of LEDs in the DSS console.

2-67. Station Status Circuits. (See Figure 2-15.) The
status of ail stations assigned to a DSS control card is
monitored continually through scanning of the DXP lines
from the station cards. The status of any station is
indicated by the level of the DXP line voltage from that
station. Four eight-line multiplexers{U22, U26, U32. and
U 16) perform scanning of the DXP lines undercontrol of
the microprocessor circuits. The microprocessor circuits
enable each multiplexer in turn by activating the ADD-1,
ADD-3. ADD-3. and ADD- in the proper seguence.
These signals are applied through voitage level shifters
(integrated circuit U4) to the enable inputs of the
multiplexers, When a multiplexer is enabied. digital
control signals A. B. and C from the microprocessor
circuits. applied through voltage levei shifters Ul-13, Ui-
14, and UJ-i. cause the multiplexer to scan each of its
input lines in sequence. and transfer the level on the input
line being scanned to the output. The output level of the
multiplexer isappiied through operational amplifier U34-
! to voitage comparators U23-14. U23-13. and U23-2.
The voltage comparators decode the DXP voltage level
and develop output signals D1. DZ. and D7, which define
the status of the station card being scanned. These output
signals are suppiied to the microprocessor circuits where
they are used to develop the control data that is
transmitted to the associated DSS console.

2-68. When statusinformation is 1o be transmitted to the
DSS console. the microprocessor circuits access the
stored 1. D2Z. and D7 levels for each station card in
sequence. Multiplexer U3 is enabied through buffer U2-6
by signal ADD-3 from the microprocessor circuits, and
the A. B. and C levels to the multiplexer are activated in
accordance with the Di. D2, and D7 levels. Multiplexer
L3 selects one of three input signals for connection to ifts
output line. asdetermined by the A, B.and Csignal levels.
The three input signals are ground. a fixed positive level
developed by voitage comparator U9-14. and a Q-
FLASH signal supplied from the tone generator card.
The setected signal is applied through operational am-
plifier U10-1 to the microprocessor circuits as signal
FUNCTION MUX. The microprocessor circuits then
transmit no pulse (ground selected). a steady pulse (fixed
positive level selected). or a flashing puise (Q-FLASH
selected) during the transmited data word assigned for
the corresponding station card. The status of ¢ach of the
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points assigned to the DSS controi card is transmitted to
the DSS console in this mannerinsuccessive words of the
data message. Data transmission is conducted over the
quad as detailed in the description of the DC power and
data transmission circuits of the D53 console. (Refer to
paragraph 2-57.) At the DSS console. the LED for each
station is controlled by the transmitted data for that
station. and the DSS conscle LEDs provide a continuous
status indication for all stations to the DSS console
attendant.

2.69. Station Hot Line Accessing. (Sce Figure 2-16.) The
attendant at the DSS console position can access the hot
line port of any station card or paging zone controiled by
the DSS console by pressing the appropriate key on the
DSS console after lifting the handset or pressing the
HANDSFREE key on the station set at the DSS console
position. When a station or page zone key on the PSS
console is pressed. the key position is transmitted to the
DSS control card in the form of a pulse when the DSS
console keys are scanned. This pulse is used by the
microprocessor on the DSS control card to initiate
operation between the station set-at the DSS console
position and the selected station or page zone ona hotline
basis.

2-70. At the DSS-control card. data derived from the
data message received from the DSS console is supplied
in serial form through voltage comparator U4-2 to latches
US through U8B, Each latch is capable of converting 8 bits
of serial data into a parallel output, The proper latch is
selected by signats WES-[ through W ES— supplied to the
enabling tnput of the latches through voltage level shifters
U4-14, U413, Ud-i. and U11-7 from the microprocessor
circuits. Switching of the input data bits to the appropri-
ate parallel output lines of the activated latch is controlled
bysignals A, B, and C from the microprocessor, which are
applied 10 the address inputs of the latches through
voitage level shifters U1-13. U1-14, and Ul-l. An active
level at the input of the activated latch activates the
output line signal that controls the cross-point switch to
the point selected by the key depression at the DSS
console.

2.71. Signals CP0Q through CP3! at the output of the
latches each control one analog switch to the hot-line
input port of one station card or to the analog input of
one channel of the page card. When a connection is to be
established. signal DSS CURRENT | is activated by the
microprocessor ¢ircuils, thereby turning on transistor Q1
through buffer U27-6. voliage comparator U28-1. and
operational amplifier U34-12. Transistor QI develops a
seize current that is sent 1o the selected point through the
activated analog switch. At the same ume. signal DSS
CURRENT 2is activated through buffer U27-6, and this
signal energizes relay K| through inerter U35-11 and
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relay driver Q6. The contacts of the relay connect
impedance match U29-7 to the analog line. The micro-
processor circuits also activate signal DSS STROBE at
the start of the accessing operation. and signal HOLD is
transmitted through voltage comparator U33-1 to the
station card at the DSS position. This HOLD signal

places the C.O. line most recently seized by the attendant.

at the DSS position on hold automaticaily while the
attendant accesses a station.

2-72. When the DSS connection has been established,
the attendant at the DSS console can communicate with
the user of the accessed station set using the handset or
speakerphone of his station set. The DSS connection is
maintained until the attendant returns the handset of the
station set at the DSS console position to the on-hook
condition or depresses a C.O. line key or anotherstation
key on his station set. Signal RELEASE is then sent from
the DSS conscle position station set to the micro-
processor circuits through voltage comparator U23-1,
and the microprocessor circuits turn off the analog switch
through the DATA signal path.

2-73. LINK A CARD,
DETAILED THEORY OF OPERATION

2-74. General. The key system may be equipped with up
to six links. each of which may be equipped with one or
two link cards, designated link A and link B. Link A cards
serve stations 30 through 59 plus the five paging zones;
link B cards serve stations 60 through 89 pius C.O. lines
|7 through 29. Stations originating calls through the
intercom facility are assigned idle link A cardsona 4-out-
of-& basis as follows:

l. Stations 30 through 49 use link A card 1, 2,3, or4.

2. Suations 50 through 69 use link A card 2. 3. 5. or6.

3. Stations 70 through 89 use link A card 1,4.5, or6.

2-75. Link A cards provide one-half of the intercom
talkpath system. They also route mode and address data
to the associated link B cards that provide the second half
of the intercom talkpath system: the link B card cannot
function without its associated link A card. When a
station user depresses the station set 1CM key, an active
link port on the associated station card seizes the A port
of an idel link. The seize current from the orginating
station card port is detected on the link A card. and the
link A card provides a service(link) request to the register
cards. An idle register card provides a link connect
response, provides dial tone to the caller through the link.
‘decodes the dialed number to determine whether it is
valid. provides a reorder sighal to the link on invalid
numbers, and returns cross-point data (the number
dialed) and call mode information to the link A card.

Section II
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2-76. Atthe link A card, calls are directed to the reorder
tone port and register drops-off if the caller fails to
complete dialing within 8 seconds or if an invalid code
indication is received from the register. A valid code and
mode information received from the register are stored in
the link A card. and the register releases and is available
for another call, The link A card processes the stored
code and mode information, If the code represents one of
the station cards or page card serviced by the link A card.
the link A card closes its B port to the passive port of the
called station or page card. If the passive port of the
called station is found to be busv, the call isdirected to the
busy tone port. I the code represents one of the station or
C.0O. line cards serviced by the link B card. the code and
mode information is transferred to the link B card. The
link A card performs the bush test when the cross-point
connection has been established by the link B card.

2-77. When the call is terminated and seize current from
the originating station ceases. the current change is
detected by the link A card. The B port of the link A card
to the called station or page card is opened, the mode and
code information is cemoved from storage. and the link is
reset to idle and is ready to accept another call.

2-78. Call [nitiation Circuits. (See Figure 2-17.) To call
another station in the svstem. initiate a page call. or seize
a C.O. line that does not appear on his station set (by
invitation only). the station user presses his ICM key and
lifts the handset or depresses the HF kev {for handsiree
operation) at the station set. The microprocessor on the
associated station card processes this information and
selects an available link A card. The A channel of the
calling station set is connected to the selected link A card,
and a seize current is transmitted 10 the A port (ALG
LINK} input on the link A card.

2.79. The seize current is suppiied through transistor
switch U47-10, transformer T1. and transistor Q2 to
voltage comparator U20-2, which detects the seize cur-
rent and activates signals SEIZE and (through inverter
U4-8) SEIZE. Signal SEIZE sets flipflop U3-l,and a link
request to the register cards is initiated through gates
Ui5-11 and U5, Signal SETZE sets signal LINK DXP
to the station cards low through gates U139 and U17-10,
voltage comparator Ul-!. and amptifier Ul1-1 to signal
that the link A card has been seized. Signal SEIZE also
inhibits operation of gate U15-10 to prevent activation of
link reset signal LKR.

2-80. When the link request is received at the register
cards. it causes an idle register card to initiate a search for
the link A card that provided the link request. When the
register finds the proper link A card signal LINK
CONNECT at that tink A card is set low by the register
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Figure 2-17 Link A Card Call Initiation Cocuits,
Simphilicd Block Diagram
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card, and signal LINK REQUEST isdeactivated through
gates U2-11, U16-10. and U15-3. The register card stops
the search and proceeds to handle the call.

2-81. The register card then sends register address and
mode data and load signals to the link A card. and the
register address and mode are loaded into latches on the
link A card. The register address. when decoded, acti-
vates either signals X9 and Y3 (register | card) o sigaals
X9 and Y9 (register 2 card). Assume that register | is
processing the call. The X9 and Y® signals turn on
transistor switch U47-12 through gate U38-10. and turn
off transistor switch U47-10 through gate U38-10. in-
verter U29-12, and gate U38-3, The ALG LINK line from
the station card for the call originating station is thereby
switched from the link A card circuits to the register |
card.

2-82. The register | card then supplics diai tone to the
calling station through the associated station card,
receives and decodes the dialed number. and checks the
dialed number for validity. Valid mode and address data
derived from the dialed number are sent from the register
| card to the link A card. and this data is loaded into
mode and address latches on the link A card. The register
1 card then releases and is ready to handle the next call.
Decoding of the mode data activates signai T3. Signal T2
triggers one-shot multivibrators Ué-10 and U6-7, and
signal LINK REQUEST is held inactive through gate
U16-10. Decoding of the address data causes the station
drain common fine of the link A card to be connected
through a cross-point switch to the dialed station card.
C.0. line card. or paging circuit, When multivibrator Ub-
{0 times out. signal BUSY TEST is activated. and the
accessed point is checked for a busy condition. Yoltage
comparators U20-14 and U20-13 monitor the station
drain common line to check for the presence of current
(indicating a busy condition) to the accessed station card
or page card, and voltage comparators U 18-13 and U20-1
monitor the common drain line DXP from the associated
link B card to check for a busy condition on any accessed
C.0. line card. (Jumper J| at the input of gate U2-} is out
for normal operation. and the DXP signal from an
accessed C.0. line card must represent a hoid condition
for that C.O. iine card to be seized through the link.
Jumper J1 may be connected for test purposes: it holds
the output of gate U2-3 high and permits seizur of the
accessed C.0. line card if the C.D. line card is idle. If the
accessed point is busy. signal CALL BUSY at the output
of gate L'13-6 is set low through the appropriate voltage
comparators. gates. and or inverters, and the data inputs
of flip-flops US-1 and US-13 are set high and low.
respectively, through nverter U4-2. gate ULS-3. and
inverter Ud-6, Signal BUSY TEST clocks fip-flops US5-1
and US-13. If the called destination was found to be busy.
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flip-flop U5-I develops a high output logic level which is
supplied to the following points: to gate U16-9 toactivate
signal ARR which resets the mode and address latches on
the link A card: to voltage comparator Ul-14 to set signal
BTE low to open the cross-point connection to thedialed
destination and supply a busy tone (through the mode
and address circuits) to the call originating station over
the station drain common line; and to gate Ul7<3 10
trigger one-shot multivibrators U7-6 and U7-10 which.
after a delay, set the LINK DXPsignal high momenuarily
to indicate to station cards that the call has bcen
terminated. Flip-flop US5-13 holds signal CSSE low to
prevent application of mode current to the station drain
common line. If the called point is not busy. signal CALL
BUSY is inactive during the busy test. and the data levels
to flip-flops US-1 and US5-13 are reversed. When the flip-
flops are clocked. the output of flip-flop US-1 is low,
thereby establishing the proper BTE. ARR. and LINK
DXP signal levels for normal operation. Flip-flop U5-13,
when clocked. activates signal CSSE. and a DC currentis
sent to the accessed point over the statien drain common

circuit to signify the desired function.

2-83. The function current is supplied by current source
QI. which may be controlled. through voitage controller
U8-2. Ug-1, US-14, or UK-13. by a current from the call
originating station card. or by mode data developed from
the dialed information and supplied from the register
card. Gates U48-10, Udg-L1. U39-10, U39-9, U10-3. and
U 10-4. and voltage comparators Ul-2 and Ul-13 process
the mode data stored in the mode latch on the link A card.
Current source QI supplies a current that defines the
required function to the station drain common line for
transmission to the accessed point. and verbal com-
munication can be carried out over the established link.
At the end of the call, the call originating station card
terminates the seize current, thereby deactivating signal
SEIZE. Signal LLKR is then activated through gates
U15-10 and U39-6, and the link A circuits are reset 1o
await the next cail.

2-84. If. during processing of the incoming call. the
register card detects an invalid code, or if dialing is not
completed within a preset time period. the register card
sends a reorder address 1o the link A card instead of the
address of the dialed destination. When the reorder
address is decoded by the mode and address circuits on
the link A card. signals X9 and Y7 are activated. These
signals set the data input of flip-flop U3-13 low, and
trigger one-shot multivibrator U7-6 and U7-10. The
reorder address decode. through the mode and address
circuits, causes a reorder tone te be sent to the calling
station through a cross-point switch. When signal Tiis
activated. one-shot multivibrator U6-7 is triggered: after
a 2.5 second delay, the output of multivibrator U6-7
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clocks flip-flop U3-13. The low at the input of flip-flop
U39 15 transferred to its output, and signal ARR is held
inactive through gates U10-10 and U16-9 to maintain the
reorder tone. Multivibrators U7-6 and U7-10, after a
delay, set signal LINK DXP to the station cards high
momentarily. The station user originating the call then
repeats his call initiation process.

2-85. Mode And Address Circuits. (See Figure 2-18.)
The mode and address circuits of the link A card receive,
store, and decode mode and address data, which define
the dialed number, from the register card that is proc-
essing the call. Loading of input data is controtled by the
register card; clearing of the storage registers is controiled
by the call initiation circuits of the link A card.

2-86, Mode and address information is supplied from
the register card in BCD parallel format, and is suplied to
latches U12, U21, U30, and U40. Applied mode data is
clocked into latches Ul2 and U40 when signals LD
MODE and LDE areactivated by the registercard. These
signals, operating through gates U2-10 and U484, clock
latches U12 an U4Q, the applied BCD data is entered into
the latches, and the stored mode data is availabie at the
output lines of the latches for various control functions in
the call initiation circuits. To load address data, the
register card activates signals LD ADDRESS and LDE,
thereby clocking address latches U2l and U30 through
gates U2-10 and U48-3, The appiied address data is
loaded into the latches, and is availabie at the output lines
of the latches. The output address data is level shifted by
level shifters U22 and U31, and the level shifted address
data is applied to decoders U23 and U32 on the link A
card and to the associated link B card for decoding.

2-837. Binary coded address tens data is decoded by tens
digit decoder U23 to activate one of ten output X lines, as
determined by the tens digit of the address. Binary coded
address unitsdata is decoded by ones digit decoder U32to
activate one of ten Y output lines, as determined by the
units digit of the address. The activated X-Y combination
defines one of 100 possible addresses. The decoded data
activates cross-point switches or controt circuits required
to establish the selected function.

2-88. Data loaded into latches U112, U21, U130, and U40
remains in storage until the latches are cleared or new
data is loaded in from the registercard. Mode latches U 12
and U40 are cleared at the termination of the intercom
call through inverters U434 and U4-10 and transistor Q3
when signal LKR is activated by the call initiation
circuits, Address latches U21 and U30 are clearsd by
signal ARR. which is activated by the call initiation
circuits for a call busy, or call terminated condition.

2-39. Cross-Point Switch Circuits. (See Figure 2-19.)
The cross-point switch circuits received decoded address

240

information, and establish cross-point connections de-
fined by the decoded data. The link A card cross-point
switches control switching of busy and reorder tones from
the tone card, and switching of the stationdraincommon
line (call from the call originating station) to stations 30
through 59 and the page card.

2-90. When a busy condition is detected by the call
initiation circuits during the busy test, theaddress latches
are cleared and signal BTE is set low. Clearing of the
address registers resuits in a BCD zero output; signals X0
and Y0 are activated when then output is decoded by the
address circuits. Transistor switch U49-14 is turned on
through gates Ul4-4 and U4l-I1, and the busy tone
output of the tone generator card is appiied through
transistor switch U49-14 to the station drain common
line, and is thereby supplied to the calling party.

2-91. When a reorder command is supplied to the
address circuits from the register card as a result of an
invalid dialed number or failure to complete dialing
within a preset time period, signals X9 and Y7 are
activated through decoding of the reorder address.
Transistor switch U49-8 is turned on through gate U41-3,
and the reorder tone from the tone generator card is
supplied through the transistor switch and the station
drain common line to the calling party.

2-92. The cross-point connection to a dialed station,
page zone, or all page is made when the corresponding
dialed address is decoded. Siation 30, for exampie, is
connected through transistorswitch U42-12 to the station
drain common (and thereby to the call originating
station) when signals X3 and YO0 are activated through
decoding of a dialed 30. Gates Ul4-11 and U33-10turn on
transistor switch U42-12 to establish this connection. A
similar gate and switch arrangement is used for each of
the remaining stations assigned to the link A card, for
each of the five paging zones, and for ail page. Signal BTE
from the call initiating circuits must be inactive to
estabiish these cross-point connections.

2-93. LINK B CARD,
DETAILED THEORY OF OPERATION

2-94. The link B card provides cross-point switching for
the half of the intercom talkpath svstem (stations 60
through 89} not covered by the link A card. and provides
access to C.O. lines that do not appear on the keys at the
accessing station (private lines). (A station user may pick
up a C.0. line that does not appear on the keys of his
station set by dialing into that C.O. line by invirarion; if
jumper J1 on the link A card is not connected; this con-
nection is possible only when that C.O. line has been
placed on hold by the station user extending the invita-
tion. or on a conference basis when that station user has
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pressed his privacy release (PR RL) key.) The link Bcard
carnot function without its associated link A card
because the link A card performs all call initiation and
processing functions, and address data from the register
card is supplied to the link B card through the link A card.

2-95. When any of stations 60 through 39 or one of the
private lines is dialed, the intercom call initiation and
processing is handled by the link A card and a register
card as described in paragraphs 2-78 through 2-87. Valid
address data for any of these stations or private lines,
when decoded, has no effect on the link A card ctrcuits.
This address data is stored in the address latches on the
link A card, and is supplied through level shifters on that
card to the associated link B card. (See Figure 2-18.) The
link B card contains decoding circuits that are similar to
those on the link A card.

2-96. Address tens BCD-to-binary decoder U3 on the
link B card (Figure 2-18) decodes the tens digit of the
applied BCD address and activates one of signals X0
through X9, as defined by the tens digit of the dialed
number. Address units BCD-to-binary decoder U4 de-
codes the units digit of the applied BCD address and
activates one of signals YO chrough Y9, as defined by the
units digit of the dialed number. The X signals may be
considered the row selection signals for a matrix that
controls C.0. line and station selection, and the Y signals
may be considered the column selection signals. If signal
BTE is set high by the link A card (valid number dialed),
the activated X and Y output signals of the decoders
activate a gate that turns on the associated cross-point
transister analog switch to the corresponding station card
or C.O. line card. (See Figure 2-20.) The dialed station or
C.0. line card is then connected to the common drain to
the link A card. When a swiation card connection is
established, this connection is checked by the link A card
for a busy condition as described in the link A card
description. If one of the C.O. lines is dialed and J1 is
appropriately strapped, two cross-point connections to
the corresponding C.O. line card are established: an
analog connection for analog audio signals. and a digital
(DXP) connection for status information. The DXP
connection is made through a second transistor cross-
point switch to the DXP common drain line to the link A
card. The digital DXP line is monitored during the busy
test performed by the associated link A card: the dialed
C.0. line card must be in the hoid or privacy release
condition and J1 must be appropriately strapped.

2-97. REGISTER CARD,
DETAILED THEORY OF OPERATION

2-98. General. One or two registercards may be included
in the KSU. Each register card functions with the link A
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cards to provide the intercom function. When a register
card receives a service reguest from one of the link A
cards, it provides dial tone to the caller through the link A
card, counts dial pulses or decodes DTMF tones.
determines whether the diaied numberis valid, providesa
reorder signal to the link A card on invalid numbers, and
provides mode and address data to the link A card for
valid numbers. Once the mode and address data has been
supplied to the link A card, the register card releases and
is available for another call. All register card functions are
performed in discrete steps, controiled by register func-
tion counter U27,

2-99. Register Function Counter Circuits.

I. Reset ldle Function. (See Figure 2-21.} Register
function counter U27 is reset through resistor R68 and
capacitor C13 when power is applied to the register card,
and through normal stepping action upon completion of
each of its operating cycles. When counter U27 is reset. its
no. [ output line is activated, thereby setting latch U26-2,
resetting latch U26-9 through gate U34-10, inhibiting
clocking of counter U6l through gate US52-10, lighting
STANDBY LED DS2 through inverter U2-6, and re-
setting flip-flop U62-1. When latch U26-2 isset, its high Q
output causes lighting of READY LED DS3 through
gate Ul2-11 and inverter U2-4, and initiates resetting of
the dialtone and dialing circuits through gate U3-9, laich
U26-9, and associated circuits. Resetting is indicated by
lighting of RESET LED DSS5. The high output of latch
U26-2 also sets the D input of flip-flop U43-12 low
through gates U35-3, U534, and U45-13. A2 MHzclock
signal, generated by an oscillator composed of inverters
Ul19-2, U294, U19-6. and U19-8 and associated com-
ponents, clocks flip-flop U43-12 through inverter U19-10
on the trailing edge of the clock pulse, and the low D input
causes a high Q output from the flip-flop. This high
output conditions gate U44-3, allowing counter U27 to be
clocked through gates U44-3 and U33-11 by the leading
edge of the next clock pulse, and the counter advances one
count to the AWAIT LINK REQUEST function. When
the counter advances one step. its count | outpur is set
low, and further clocking through the RESET IDLE
fenction circuits is inhibited.

NOTE

Switches S1-] through S1-10, 82, and S3 are
used for factory test purposes. Switch 52
perits manual clocking of counter U27
through flip-flop U26-1. and switch S3 per-
mits manual resetting of the dialtone and
dialing circuits through latch U26-9. Switches
S1-t through S1-10 are closed for normai
operation.
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Figure 2-20 Link B Card Cross-Point Switching Circuits, Simplified Block Diagram
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2. Await Link Request Function. {See Figure 2-22.)
When counter U27 advances to the AWAIT LINK
REQUEST function, its count 2 output line is set high,
and the register card waits for a link request from one of
the link A cards. While no LINK REQUEST signal is
active, a low is supplied by inverter U4-10 on the link
expander to gate U53-3. a high is supplied to the D input
of flip-flop U43-12 through gates US53-3 and U45-13, and
the resulting low Q output of the flip-flop inhibits further
clocking of counter U27. When an intercom call is
initiated. the station card that serves the call initiating
station set seizes one of the link A cards, and the link A
card activates its LINK REQUEST signal to the register
card. An active LINK REQUEST signal sets the D input
of flip-flop U43-12 low through gate U5{-13, inverter Ud-
10. and gates US3-3 and U45-13. When flip-flop U43-12is
clocked by the next 2 MHz clock pulse through inverter
U19-10. its § output is set high, thereby enabling counter
127 to be clocked on the leading edge of the next clock
pulse. and the counter advances to the FIND LINK
function.

3. Find Link Function. (See Figure 2-23.) When the
count 3 output line of counter U27 is set high, the register
card searches for the link A card that initiated the link
request. Flip-flop U62-1 is in the reset state, having been
reset during the RESET IDLE function. The high Q
output of flip-flop U62-1 conditions gate U44-10 and
enables operation of buffers Ul and U59. Counter U6l is
clocked by the 2 MHz clock signai through gates Ud4-|1
.and U44-10, inverter U42-12, and gate U52-10; flip-llop
U62-1 is also clocked by the output from inverter U42-12.
Counter U6 activates each of its output lines (and sets
the LINK CONNECT output lines high through buffers
Ul and U5% and associated inverters) in succession until
the link A card that initiated the [ink request is found. For
example. when the count 0 output line of counter U6l is
active, a conditioning high isapplied to gate U60-11anda
low LINK CONNECT signal is sent to the first link A
card. If the link request originated at this link A card, the
LINK REQUEST input to gate U60-11 from the link A
card is high. and a high is supplied to the D input of flip-
flop U62-1 through gates U60-11 and U2-13 and inverter
U4-12. On the trailing edge of the ciock pulse. flip-{lop
U62-1 transfers its high input to the Q output and sets the
G output low. The low J output signal inhibits further
clocking of counter U6l. The high Q output inhibits
further operation of buffers U1 and U59. thereby, in this
case. terminating signal LINK CONNECT to the first
link A card. The link A card terminates the LINK
REQUEST signal. The high Q output of flip-flop U62-1
also resets flip-flop U43-12 through gate Udd-4, thereby
enabling counter U27 to be advanced one step through
gates Udd-3 and U33-11 to the REQUEST DATA LINK
function on the leading edge of the next clock pulse. and
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conditions gate U35-4 for the REQUEST DATA LINK
function.

NOTE

If the first ink A card did not onginate the
link request. counter U6 isclocked by 2 MHz
clock pulses until the link A card that orig-
inated the link request is found. At that time.
the actions described in the precedingexample
occur through the appropriate integrated
circuits to activate the LINK CONNECT
signal to the proper link A card.

4. Reques: Data Link Function. (See Figure 2-24.)
When counter U27 advances to the REQUEST DATA
LINK function. its count 4 output line is activated. Latch
U26-2 is reset, thereby terminating the reset signal to the
dialtone and dialing circuits to prepare these circuits for
operation. Latch U26-9 is set through gate U34.d.
Operation of buffers U1-, U59, US8, and US7 is inhibited
through gates U34-3 and U33-3. The D input of flip-flop
U43-12 is set low through gates U34-3, U53-11, and U45-
13, and Q output of the flip-flop is set high when the flip-
flop is clocked through inverter U19-10 on the trailing
edge of the clock pulse, and counter U27 is clocked
through gates U44-3 and U33-11 on the leading edge of
the next clock pulse to advance one step to the SEND
REGISTER ADDRESS function. When the counter
advances to the count § position, buffers U1, U59, U358,
and U57 are enabled to operate through gate U354,
{terminal U35-5 is heid high by flip-flop U62-1). inverter
U42-8, and gate U33-3, and the active LINK CONNECT
signal from counter U6! in the find link function circuits
is supplied through the appropriate buffer (71, U359, or
158) to the link A card thatis processing the intercom call
as signal LINK DATA ENABLE. The buffer enabling
signal is maintained for the next two functions.

5. Send Register Address Funcrion. (See Figure 2-25.)
The send register address function circuits, which are
activated when counter U27 steps to count 5. send a
binary-coded register address to the link A card that is
processing the call. The register addresscauses the analog
line from the call-originating station card to be connected
through the link A card to the register card for the
dialtone and dialing function. When counter U27 stepsto
count 5. its active output line activates the A input of
selectors U47 and. through gate 1J49-3, the A input of
selector U4l. The selectors select their X input data for
transfer to their output lines. The X inputs of the two
selectors are hard wired to pravide a binaryoded 99 for
the register 1 card or a binary-coded 98 for the register 2
card. The difference in binary coded is achieved by
making the proper connection to terminal P1-35. The
binary<oded address information is transferred through
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sclectors U4l and U47 and associated gate and inverter
circuits to buffers U5? and US8. Along with the address
data, a load address strobe signal is supplied to buffer U58
on the trailing edge of the clock pulse through gates U34-4
and U35-10. The enabling input of both buffers is
activated through gate U33-3, as described in the pre-
ceding paragraph; therefore, the register address data and
the load address strobe are supplied through the buffers
to the link A cards. This data is loaded into only the link A
card to which a LINK DATA ENABLE signal is being
supplied by the register card; at all other link A cards, the
absence of a LINK DATA ENABLE signal prevents data
transfer. The D input of flip-flop U43-12 is set low
through gates U34-4 and U45-13, and the Q output is set
high when the flip-flop is clocked through inverter U19-10
on the trailing edge of the clock puise. Counter U27
advances one step when it is clocked through gates Udd-3
and UJ3-11 on the leading edge of the next clock pulse.

6. Send Register Mode Function. (See Figure 2-26.)
When counter U27 steps to count 6, gate Ud94 is
activated and register mode information is supplied to
buffer US?. Buffers U57 and U538 are still enabled through
gate U33-3, Theactive output of counter U27 also triggers
one-shot multivibrators Ul-6 and U11-7, which establish
the maximum permissible dialing time for the following
dialtone and dialing function. (If the multivibrators time
out before dialing is completed, the reorder address flip-
flop is set through gate U3-10, inverter U13-10, and gates
U33-10, U124, and Ui2-3, causing a reorder tone to be
supplied to the calling party.) On the trailing edge of the
clock pulse. a load mode strobe is supplied through
inverter U19-10 and gates U34-11 and U35-11 to buffer
U358, and the register mode data is loaded into the link A
card to which a LINK DATA ENABLE signal is being
supplied by the register card. The trailing edge of the
clock pulse also clocks flip-flop U43-12, ar " the high Q
output of the flip-flop enables clocking of >unter U27
through gates U44-3 and U33-11 on the leading edge of
the next clock pulse.

1. Dialtone and Dialing Function. (See Figure 2-27.)
Counter U27 steps to count 7 for the dialtone and dialing
function. and remains at this step until dialing has been
compieted or a reorder command is generated by the
dialtone and dialing circuits. In this step, the dialtone and
dialing circuits of the register card supply dialtone to the
calling party, receive and decode dialing pulses or DTMF
tones, check the validity of the dialed number, and
generate a REORDER ADDRESS signal for invalid
numbers or develop binary-boded mode and address data
from valid dialed numbers. When counter U27 steps to
count 7, it supplies an enabiing signal to the dialtone and
dialing circuits to initiate their operation, and resets flip-
flop U26-9 through gate U34-10 to inhibit operation of
output buffers U1, U57, U58, and US59. The D input of
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flip-flop U43-12 remains high until dialing is compieted
of a reorder command is received; therefore clocking of
counter U27 is inhibited. When either signal DIALING
U34-10 to inhibit operation of output buffers U1, U57,
U358, and US9. The D input of flip-flop U43-12 remains
high until dialing is compieted or a reorder command is
received; therefore clocking of counter U27 is inhibited.
When either signal DIALING DONE or signal RE-
ORDER ADDRESS is activated by the dialtone and
dialing circuits, the D input of flip-flop is set low through
gates U334, U353-10 and U45-13, and the Q output of
the flip-flop is set high when the flip-flop is next clocked.
Counter U27 is then clocked through gates Ud4-3 and
U33-i1 on the leading edge of the next clock puise, and
the counter advances one count to the request data link
function.

8. Request Data Link Function. {See Figure 2-24.)
When counter U27 advances to count 8, the register card
circuits are conditioned for transfer of mode and address
data derived from the dialed number to the link A card.
latch U26+9 is set through gate U34-3, and an enablishing
signal is supplied to output buffers Ul, U57, 1i58, and
U59 through gate U35-4, inverter U42-8, and gate U33-3,
(This enabling signal remains active for the next two
functions.) A LINK DATA ENABLE signal is supplied
through buffer U1, U59, or US8 to the link A card that is
processing the call to enable transfer of mode and address
data to that card. The D input of flip-flop U43-12 is set
low through gates U34-3, U53-11, and U45-13, and the §
output is set high when the flip-flop is clocked through
inverter U19-10 on the trailing edge of the clock pulse.
Counter U27 is then clocked through gates Ud4-3 and
U33-11 on the leading edge of the next clock puise,
thereby advancing to the send mode function.

9. Send Mode Funciion. (See Figure 2-28.) Certain
special operating features are available to the station set
user by dialing a I, 2, or 9 before dialing the number of the
desired destination. Mode information is derived from
the dialed special number in the dialtone and dialing
circuits. When counter U27 advances to the 9 count, this
mode information is sent to the link A cards. and a
control current is generated and sent to the dialed
destination to initiate the desired special feature, Binary-
coded data derived from decoding of the dialed special
feature number is suppiied to the Y inputs of selector U47
from the dialtone and dialing circuits. If signal
REORDER ADDRESS from the dialtone and dialing
circuits is inactive (dialed number is valid). the B input of
selector U47 is activated. and the Y input signals are
selected for transfer to the output lines of the selector. The
mode data is supplied through gates to output buffers
U537 and US58, along with high levels supplied through
gates Ud49-10, US0-11, and U524, and inverter U42-6.
and this informarion is supplied through the buffers o the
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link A cards. On the trailing edge of the clock pulse, a load
mode strobe is sent to the link A cards through gates U4
Il and U35-11. inverter U19-10, and buffer U58, and the
mode information is loaded into the link A card to which
anactive LINK DATA ENABLE signal issupplied by the
register card. On the trailing edge of the clock pulse, flip-
flop U43-12 is also clocked through inverter U19-10, and
the low supplied to the D input through gates U34-1] and
U45-13 causes the § output of the flip-flop to be set high.
Counter U27 is then clocked through gates Ud4d-3 and
U33-11 on the leading edge of the next cloc pulse, and the
counter advances one count 10 the send address function.

10. Send Address Function. (See Figure 2-29.) When
counter U27 advances to the ¢ count, the binary-coded
dialed number (valid dialed number) or a binary-coded
reorder address (invalid dialed number) is sent to the link
A card to initiate cross-point switching of the analog line
from the originating station set to the dialed destination,
or to initiate the reorder operation. Selection of address
data to be sent to the link A card is done by selectors U4l
and U48. If the number 0 (operator) had been dialed, the
A input of selector U4! isactivated through gates U49-11,
U40-3, and U49-3, and the A and Binputs of seiector Ud8
are both inactive. Under these conditions, selector U4l
transfers the signals on its X input lines to its output lines,
and selector U48 providesan ail-zero output. The X input
lines of selector U4l are hard-wired to provide a binary-
coded 9; therefore, the output of the two selectors is the
binary-coded equivalent of the digits 9 and 0. If signal
REORDER ADDRESS isactivated through thedialtone
and dialing circuits, the B input of selector U48 is
activated through gate U40-10. and the A input of selector
U41 is activated through gates U49-11, U40-3, and U49-3,
Selector U4l selects its X input signals and selector U48
selects its Y input signals for transfer to the output lines.
These inputs are hard-wired to provide the binary-coded
equivalent of the digits 9 and 7, respectively, which is the
reorder address. If one of the valid system destination
numbers has been dialed, the B input of selector U4! and
the A input of selector U48 are both activated through
gate Ud-4, and the selectors select the binary-coded dialed
digits supplied from the dialtone and dialing circuits for
transfer to their output lines. The output address data
from the selectors is supplied to the link A cards through
gate and inverter circuits and buffers U57 and U58. On
the trailing edge of the clock pulse, a load address strobe is
sent to the link A cards through gates U344 and U35-10,
inverter U19-10. and buffer U58, and the address data is
loaded into that link A card to which an active LINK
DATA ENABLE signal is being supplied by the register
card. On the trailing edge of the clock pulse, flip-flop U43-
12 is also clocked through inverter U19-10, and the low
supplied to its D input through gates &34-4 and U45-13
causes its Q output to go high. Counter U27 is then
clocked through gates Ud44-3 and U33-11 on the leading

57

edge of the next clock pulse, and the counter steps back to
the reset idle function. The register card releases from the
link A card, and is available to handle the next intercom
call.

2-100. Dialing Function Counter Circuits, (See Figure
2-30.) All dialing functions are controlled by counter U 16.
The dialed number may be a single digit (0 for operator),a
two-digit number (station address), or a three-digit
number (special function number 1, 2, or 9 followed by a
two-digit address). The dialing function counter circuits
accomodate both two and three digit numbers and
develop control signals used to process dialed number
information by the other register card circuits.

2-101. Counter Ul6 is reset by latch U26-10 when
register function counter U27 steps to the reset idle
position, and when counter U16 is clocked past count 9 at
the end of 2 three-digit dialing cycle. At count 0, gates
U329 and Ul8-10 arc enabled, and counter Ul6 is
clocked through gates U8-10 and U254 by the 2 MHz
clock, Counter U 16 steps tocount |; because gate U329 is
no longer enabled, clocking ceases and the counter
remains at count | until dialing of the first digit is
completed.

2-102. If DTMF tone dialingis used in the system, signal
TONE DATA VALID is activated at the end of each valid
dialed number; if pulse type dialing is used, a signal from
detector U46-7 in the dialtone and dial counter circuits is
activated at the end of each dialed number. Each of these
signals clocks a flip-flop that locks out the other signals
from the clocking input to counter U16. For example: if
signal TONE DATA VALID is activated. it clocks flip-
flop U5-13, and the low Q output of the flip-flop inhibits
operation of gate U17-6. The high Q output of the flip-
flop clocks flip-flop U 10-1 through gates U 18-3 and U25-
3, and the high Q output of flip-flop U10-I is supplied to
the D input of flip-flop U10-13, On the next positive
transition of the 2 MHz clock signal, the high input is
clocked through flip-flop U10-13, and counter Ul6 is
clocked through gates Ui8-11 and U254, advancing to
the count 2 position. Flip-flop U10-13 resets flip-flop
U10-1 through gate U18-4. In systems that use puise-type
dialing, operation is similar, except that flip-flop US5-1
and gate Ul7-6 are active instead of flip-flop US-13 and
gate U18-3.

2-103. When counter U 16 advances to count 2, its count
2 output clocks flip-flop U9-1 through gates U7 and
U25-10 if the first number dialed was any number other
than I. 2, or 9, {Any of these special function numbers
inhibits operation of gate U7-4 through gate U32-6.} If
flip-flop U9-1 is clocked. its Q output is set low to signify
completion of dialing of digit 1 of the address. This low
inhibits further operation of digit | counter U3l in the
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dialtone and dial counter circuits. If a special function
number has been dialed, flip-flop U9-1 remainsin its reset
state. The count 2 output of counter Ul6also clocks latch
U15 through gate U6-3 to cause storage of the special
function number in the latch. All inputs to gate U329
being inactive, counter U6 is then clocked through gates
U18-10 and U25-4 by the next 2 MHz clock pulse, and the
counter advances to count 3.

2-104. At count 3, a clearing signal to the digit counters
in the dialtone and dial counter circuits is activated
through gates U8-9, U6-10, and U3-6. If the first digit
dialed was a special function number, this signal clears
both counters in preparation for acceptance of dialed
add ress digits: if the first number dialed was the first digit
of the address. this signal clears the digit 2 counter only.
On the next positive transition of the 2 MHz clock signal,
counter U16 is clocked through gates U18-10 and Li254,
and the counter advances to count 4.

2-105. At count 4, further clocking of counter Ul6
through gate Ui8-10 is blocked because of the low
developed by gate U32-9; therefore, the counter waits at
this count until dialing of the next digit has been
compieted. At this point, signal TONE DATA VALID
(DTMF dialing) or the signal from detector U46-7 (puise-
type dialing) is activated, and counter U16 is clocked as
described in paragraph 2-102, thereby advancingto count
5. On the next positive transition of the 2 MHz clock,
counter U16 is again clocked through gates U18-10 and
UU25-4 and it advances to count 6.

2-106. The second dialed digit may be the first digit of
the address{if the first number dialed wasa |, 2, or9), orit
may be the second digit of the address (if no special
function number was dialed). [f a special function number
had been dialed. the count 6 output of counter U6 clocks
flip-flop U9-1 through gate U25-10 to signify completion
of dialing of the first digit of the address. If the first
number dialed had been the first digit of the address. If the
first number dialed had been the first digit of the address,
flip-flop U9-1 will have been already clocked, and the
count 6 output of counter U6 has no effect on this flip-
flop: however. the count 6 output clocks flip-flop U9-13
through gates U7-3 and U8-6 to signify completion of
dialing (receipt of two address digits). If the first number
dialed had been a special function number rather than an
address digit, clocking of flip-flop U9-13 is inhibited by
gate U32-10 since dialing has not yet been completed.
Counter U 16 is clocked through gates U18-{0 and U254
on the positive transition of the next 2 MHz clock pulse,
and the counter advances to count 7.

2-107. At count 7, a clear signal is activated through
gates U8-9, U6-10, and U3-6 if dialing has not yet been
completed. This signal causing clearing of digit 2 counter
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U29 in the dialtone and dia! counter circuits in prepara-
tion for receipt of the second digit of the address. Counter
U16 is then clocked through gates U18-10 and U254 on
the positive transition of the next 2 MHz clock pulse.and
the counter advances to count 8,

2-108. At count 8, counter U16 waits until dialing of
the second digit of the address has been completed.
Upon completion of dialing of this digit, clocking of
counter U16 is initiated by signal TONE DATA
VALID or the signal from detector U46-7, and
counter U16 advances tocount 9, thentocount 0, on
successive 2 MHz clock pulses. At step 0, flip-flop
U9-13 is clocked through gate U8-6 to signify
completion of dialing. All circuits will then be reset
when the register card initiates another cycle of
operation.

2-109. To summarize operation of counter U16:

1. If a Valid Three-Digit Number Is Dialed:

a. The counter remains at count 0 until dialing of
the special function number has been completed.
The counter then advances to count | and count
2 on successive 2 MHz clock pulses.

b. Atcount 2, the dialed special function number is
stored in special function latch U5, and the
counter advances to count 3 on the leading edge
of the next 2 MHz clock pulse.

c. At count 3, a clear signal to digit | counter LU'31
and digit 2 counter U29 is activated to clear the
counters to receive the first digit of the address.
Counter U6 advances to count 4 on the leading
edge of the next 2 MHz clock pulse.

d. At count 4, the counter waits for compietion of
dialing of the first digit | of the address. The
counter is then advanced to count 5 and count 6
on successive 2 MHz clock puises.

e. At count 6, Nip-flop U9-1 is clocked to activate
signal DIGIT | DONE and inhibit further
operation of digit [ counter U3l. Counter Ul6
advances to count 7 on the leading edge of the
next 2 MHz clock pulse.

f. Atcount 7, a clear signal that causes clearing of
digit 2 counter U29 is activated. and counter U29
is cleared for reception of the second digit of the
address. (This clear signal does not affect digit |
counter U3 at this time because signal DIGIT |
DONE has been activated.) Counter Ul6 is
¢locked to count 8 on the leading edge of the next
2 MHz clock pulse.

g. At count 8, counter U16 waits for completion of
dialing of the second digit of the address. When
dialing of the second digit has been completed.
the counter is clocked to count 9. then back to
count 0, on successive 2 MHz clock pulses.

2-62
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h. At count 0, flip-flop U9-13 is clocked o activate
signal DIALING DONE. This signal initiates
transfer of received address data from the regis-
ter card to the link A card. Counter U 16 remains
at count 0 until the next operating cycle begins.

2. If a Valid Two-Digit Address Is Dialed:

a. Counter U6 waits at count 0 untii dizling of the
first digit of the address has been completed. The
counter is then advanced to count I, then to
count 2, on successive 2 MHz clock pulses.

b. At count 2, flip-flop U9-1 is clocked to activate
signal DIGIT | DONE and inhibit further opera-
tion of digit | counter U3I. Special function
latch UIS is also clocked: since no special func-
tion number has been dialed, all zeros are
clocked into the special function latch. Counter
U16 is clocked to count 3 on the leading edge of
the next 2 MHz clock pulse.

¢. At count 3, a clear signal that clears digit 2
counter U29 is activated, and counter Ul6 is
advanced to count 4 on the leading edge of the
next 2 MHz clock puise.

d. The counter waits at count 4 until dialing of the
second digit of the address has been completed.
The counter then is advanced to count 5, then to
count 6, on successive 2 MHz clock pulses.

¢. At count 6, flip-flop U9-13 is clocked thereby
activating signal DIALING DONE which causes
transfer of address data from the register card to
the link A card. Counter U16 is then advanced to
count 7, then to count 8, on successive 2 MHz
clock puises.

f. Counter UI6 waits at count 8 until it is reset at
the beginning of the next register card operating
cycle.

2-110. Dialtone and Diat Counter Circuits. (See Figure
2-31.) The dialtone and dial counter circuits supply diai-
tone to the calling party, and receives and processesdialed
data. When register function counter U27 is at the reset
idle function. latch U26-10 is set by signal RESET IDEL,
and the latch activates a reset signal that resets flip-flops
U5S-1 and US-13. and clears counters U3l and U29
through gates U89, U6-10. U3-6, and U7-11. Flip-flop
U4-2 is also reset through gate U3-9 by signal RESET
IDLE. and the flip-flop turns on FET switch Q2. Dialtone
from the tone generator card is supplied through FET
switch Q2. operational amplifier US4-1, transistor Qt.
and the primary winding of transformer T1 to the analog
line to the link A cards. When the register card begins
processing of an intercom call. this dialtone is sent to the
calling party through the link A card when register
function counter U27 reaches the send register address
function. When the register function counter advances to
the send register mode function. a one-shot multivibrator
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(U1L1-7) is triggered. When the register function counter
advances to the diattone and dialing function. latch U26-
10 is reset through gate U 14-13 when multivibrator U { [-7
times out. The latch deactivates signal RESET and clocks
flip-flop U4-2 through inverter U42-2 to turn off FET
switch Q2. The calling party then dials the first number,
Either DTMF or pulse-tvpe dialing may be used in the
system.

2-111. if DTMF dialing is used. the DTMF dialsignal is
supplied from the station card serving the calling station
set, through the active link A card. to transformer T1. The
DTMF signal is applied th rough transformer T{. DTMF
group filters U37 and U38. and operational ampiifiers
U36-1 and U36-7 to DTMF digital filter U20. which
develops a binary-coded digital output that corresponds
to the dialed number. At the end of each dialed number,
the DTMF digital filter activates a strobe signal and a
clock signal. The binary-coded digital output of DTMF
digital filter U20 is supplied through buffers U28-6. U28-
10. U28-2, and U284 to digit | counter U3! and digit 2
counter U29. The binary coded output is also checked by
gates U2i-1, U2l-13. and U!4-] and inverters U138,
U134, and U13-6. If the binary-coded output is equiva-
ient to the number 1! or [2 (invailid numbers from key
pad), activation of signal TONE DATA VALID is
inhibited through gates U52-11 and U$50-3. no further
dialing action can take place, and a reorder signal is
eventuaily sent to the calling party. If the dialed number is
not |1 or 12, signal TONE DATA VALID is activated to
enabie clocking of dialing function counter U 6. Signal
TONE DATA VALID also resets flip-flop U4-2 through
gate U3-9 to again send dialtone to the calling party, and
clocks flip-flop U5-13. The high output of flip-flop U5-13
activates signal LOAD through gate U6~} to cause
loading of the binary-coded digital data into the digit !
and digit 2 counters. If the binary-coded output of filter
U20 corresponds to the number 10 (operator), signal
CLEAR is activated through gates Uld-1. U12-10. and
U3-6. and this signal clears digit I counter U3! via gate
U7-11. The output of digit ! counter U3 is supplied to
decoder U23 and to the register function counter circuits,
The clock output of filter U20 clocks flip-flop U62-13.
which signifies whether or not dialing has been completed.

2-112. If the first number dialed was a special function
number (1. 2. or 9), this number is clocked into a special
function latch under control of dialing function counter
Ul6. Digit | counter U3/l and digit 2 counter U29 are
cleared through gates U89, U6-10. and U3-6 when
dialing function counter U16 advances to count 3. If the
first number dialed was the first digit of the address, signal
DIGIT | DONE isactivated at count 2of dialing function
counter Ul6, and only digit 2 counter U29 is cleared at
count 3.
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2-113. The following dialed digit(s) are handled in a
similar manner. If the first number diaied had been a
special function number. the first digit of the address is
loaded into digit | counter U31. signal DIGIT | DONE is
activated to prevent any {urther operation of counter
U31. and the second digit of the address is loaded into
digit 2 counter U29. When dialing has been completed,
signal DTALING DONE is activated, and further clear-
ing. clocking. or loading of the digit countersis inhibited.
The address data stored in counters U3l and U29 is
supplied to decoders U23 and U30. and to the register
function counter circuits,

2-114. If pulse-type dialing is used in the system. dial-
tone is supplied to the calling party in the same manner as
described for DTMF dialing. Dial puises from the calling
station are routed through the associated station card and
the active link A card to operational amplifier U5S4-1 on
the register card. The dial puises are amplified and shaped
by voltage comparators U55-1 and U46-1. and the puises
clock flip-flop U4-13. which is connected for toggle
operation. Flip-flop U4-13 develops a low Q output puise
for each input dial pulse, and these pulses clock digit |
counter U3l and. or digit 2 counter U29(depending upon
which digit is being processed) to enter the dialed number
_ into the counters. The dial pulsesare aiso applied through
voltage comparator US5-7 to gate U33-10 in the validity
checking circuits, and through gate U3-9 to the resetinput
of fip-flop U4-2. Flip-flop U4-2 turns on transistor
switch Q2 to again suppiy dialtone to the calling party.
Upon completion of dialing of a number, detector U46-7
clocks flip-flop US-1 to enable clocking of dialing func-
tion counter Ul6 to the next step. Selection of digit |
counter U3l and digit 2 counter U29 for clearing and
clocking is controlled by signals DIGIT 1 DONE,

COUNT 3. and COUNT 7 from the dlalmg function
counter circuits in 2 manner similar to that discussed for
DTMF dialing.

2-115. Validity Checking Circuits. (See Figure 2-32.)
The validity checking circuits check dialed numbers for
validity. (f an invalid number is dialed. or if dialing has
not been completed within a preset interval. a RE-
ORDER ADDRESS is supplied to the link A card.
Output binary-coded digital data from digit | counter
U311 is decoded by decoder U23. and the output line that
corresponds to the dialed number is activated. If the first
number dialed was a special function number or 0. this
number is loaded into latch U15 when the latch isclocked
through gate U6-3 at count 2 of dialing function counter
U16. This latch output is applied to the register function
counter circuits to develop the mode signal that is sent to
the link A card. The first digit of the address is then
received from digit | counter U3l. and this digit is
decoded. Similarly, the second digit of the address is
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received from digit 2 counter U29, and this digit is
decoded by decoder U3D. The outputs from decoders U23
and U30 and latch U135 are supplied to gate circuits that
hold the D input of flip-flop U43-1 low if the dialed
number is system number. For exampie: if the number
991 had been dialed. the output level of gate Ui17-10 is set
high by the 9 cutput of latch U 15. the 9 output of decoder
U23. and (through gate U22-13 and inverter U42-4) by the
1 output of decoder U30. The high output of gate UI7-10
sets the D input of flip-flop U43-5 low through gate
U39-13. Any other valid system number produces a
similar effect through various gate and inverter circuits.

2-116. At the compietion of dialing. flip-flop U9-13 is
clocked from the dialing function countercircuits through
gate U8-6 when the dialing function counter resets to
count 0 (three-digit number diaied). or through gates
U32-10. U7-3. and U8-6 on count & (two digit number
dialed). Flip-flop U9-13 isalso clocked immediately upon
receipt of a 0 special function number, When flip-flop U9-
13 is clocked, it sets the D input of flip-flop U62-13 high.
and this high is transferred to the Q output when flip-flop
U62-13 is clocked by DTMF digial filter U20. thereby
activating signal DIALING DONE. This signal clocks
flip-flop U43-1; if the dialed numberis a vlid number. the
low D input is transferred to the output. and signals
REORDER ADDRESS and REORDER ADDRESS
remain inactive, On the other hand. if the dialed number
is an invalid system number, the D input of flip-flop Ud3-
1 isset high. and the high is transferred to the output when
the flip-flop is clocked. thereby activating signals RE-
ORDER ADDRESS and REORDER ADDRESS.
These signals are supplied to the register function counter
circuits to cause transfer of a reorder address to the link A
card. Signals REORDER ADDRESS and

ADDRESS can also be activated through setting of flip-
flop U43-1. Such setting occursif dialing is not compieted
within a preset time. One-shot multivibrators U11-10,
U1-10. and Ul-6 are used to establish the required time
intervals for dialing.

2-117. C.0. LINE CARD,
DETAILED THEORY OF OPERATION

2-118. General. One C.O. line card is provided in the
system for each C.O. line. The C.O. line cards receive
commands from the station cards. Each C.0O. line card
provides all of the following functions:

[. 1t detects incoming ring signals.
It provides C.O. line seizure.
1t implements the hold function.

1t implements the flash function.

N ST

. It provides a buffer between the tone generator card
and the C.0. line for music-an-hold { MOH).
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2-119. Ring Signal Detection Circuits. (See Figure 2-
33.) A ring signai on the C.Q. line served by the C.O. line
card is detected by diode CRY. and the resulting signal is
coupled through photo-coupler AT1, gate Ul3-11, and
voltage comparator U4-7 to the trigger input of ane-shot
multivibrator U 10-6. The multivibrator provides a high
pulse output that conditions gate Ul4-9, and signal S-
FLASH from the tone generator card is coupled through
gates U4-9 and UI2-9, transistor Q6. and operational
amplifier U9-1 to the DXP input for that C.O. line on
each of the station cards. This DXP signal causes the
LED for that C.O. line on each station set to be flashed at
the S-FLASH rate to indicate receipt of a ring signal. At
the same time. mulitivibrator U 10-6 activates signals I; €
ENA-N through inverters Ul1-8 and Ul[-[0.

2-120, One 1/C ENA-N signal developed by each of
C.0. line cards | through 18 is supplied to the tone
generator card, where it is used to developa C.O. audibie
enable signal. The stations in the syster can be assigned
to groups associated with the various C.Q. lines for C.O.
audibie enabling onan incoming ring signal. Forexample.
signal COE GPA on the tone generator card is activated
through gate U3-6 when a ring signal isdetected onany of
C.0. lines L. 2, or 3, and this signal is supplied to station
cards 30 through 35. which constitute the C.O. audible
group A cards. Switch S1-7 on each of these station cards,
when closed, enables the C.O. audible circuit on that
station card to respond to the COE GPA signal. Signals
COE GPB through TOE GPG on the tone generator card
are similarly activated by ring signals on other C.O. lines.
C.0. audible group B consists of station cards 36 through
51 and responds to ring signats on C.0. line 4. 5, 0r 6. C.O.
audible group C consists of station cards 52 through 47
and responds to ring signals on C.O. line 7, 8, 0r 9: C.O.
audible group D consists of station cards 48 through 53
and responds to ring signals on C.O. line 10, 11, or 12;
C.0. audible group E consists of station cards 54 through
59 and responds to ring sinals on C.O. line {3, 14, or I5:
and C.0. audible group F consists of station cards 60
through 65 and responds to ring signals on C.O. line 16;
17. or 18. The station cards can be arranged in an
alternate C.O. audible grouping if switch S1-7 is opened.
Signal COE I3-18. 19. which is activated by ring detection
on any of C.O. lines 15 through 18, is supplied to station
cards 30 through 53; any of these station cards can be
assigned to this C.Q. audibie group by closing switch 51-6
on that station card. Station cards 54 through 69 canalso
be arranged in a similar manner to respond to ring
detection on any of C.O. lines |5 through 18 through
activation of signal COE 13-19 21 and closing of switch
- §1-6 on these station cards. (Signals ENA 19 and ENAZ2I
are not presently used in this system.)

2-121. The C.0. audible signal can also be supplied to all
page points in the system for night ring mode operationin
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response to an incoming C.O. line ring so long as the page
circuits are inactive with another signal. When a ring is
detected on any C.O. line, signal NR ENA on the tone
generator card is activated through gates U22-10and U9-
11 and level shifter Ul4-7, provided that signals BGM
DISABLE from the page card and LK CONT and BGM
ENA from station card 58 (operator position) are ail
inactive. Signai NR ENA is applied from the tone
generator card to the page card where it enables applica-
tion of the C.O. audible signal from the tone generator
card to the all-call paging circuits.

2-122. When the incoming call is answered by one of the
station set users, a seize current issent from the answering
station card to the C.O. line card, and signai SEIZE on
the C.0. line card is activated. Signal SEIZE resets
multivibrator U10-6 through voitage comparator Ul-!
and gate Ui3-10, thereby terminating the |.C ENA-N
signals and turning off gate U14-9 to clock the S-FLASH
signal from the DXP line. At the same time. a low is
supplied from gate U2-10 in the seize circuits to gate U7-4;
the resuiting high output of gate U7-4 blocks any further
ring signals at gate U13-11, and sets signal DXP to the
busy voltage level through transistor Q5 and operationzl
amplifier U9-1 to cause steady lighting of the associated
C.Q. line LED at the station sets to indicate that the C.O.
line card is busy. If the user at the answering station set
shouid place the call on hold. hold muitivibrator U6-1
activates gate Uld4-6 1o enable application of the F-
FLASH signal {from the tone generator card to the DXP
circuits. thereby causing flashing of the C.O. line LED in
each of the station sets at the F-FLASH (hold) rate. When
the user at the answering station terminates the call, signal
SEIZE becomesinactive and the output of gate U7-4 is set
to the idle voltage level. thereby reflecting an idle line
condition to the station cards and enabiing gate U13-11 to
process the next incoming ring signal.

2-123. Seize Circuits. (See Figure 2-34.) The seize cir-
cuits are activated by seize current supplied from the
station card that serves the station set on which the
corresponding C.Q. line key was pressed. C.O. line
selection can be made in response to an incoming ring
signal on that C.O. line. or to originate an outgoing C.0O.
line call. Seize current is detected by voltage comparator
Ul-1. thereby activating the output SEIZE signal. Signal
SEIZE resets hold flip-flop U6-1 through U2-3 and U2+,
and sets the output of gate U2-10low. C.O. linerelay K ! is
then energ.zed through gates U7-3 and U14-10, and relay
driver Q3. LED DS lights to indicate the setze condition.
The contacts of relay K! connect the C.O. line through
the C.O. line card analog network and bi-directional
amplifier to the station cards. The low output of gate U2-
10, through the SEIZE ‘detection circuits. activates the
DXP signal from the C.O. line card to the stationcards to
indicate that the C.O. line card is busy, and triggers one-
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shot multivibrator U8-9. The output of multivibrator
U10-9 ensures activation of gate U7-4 in the ring detection
circuits and, through gate U7-10, turns on transistor
switches Q9 and Q! in the analog network to prevent
communication over the analog network during the seize
transition period. When muiltivibrator U8-9 times out,
transistor switches Q9 and QI are turned off. and
communication between the the C.0. line and the station
card is possible. When the user at the station set
terminates the call, signal SEIZE becomes inactive and
one-shot multivibrator U10-9 is triggered, turning on
switches Q9 and Q! in the analog network temporarily
through gate U7-10 to prevent transients over the analog
network. When the mulitivibrator times cut. the seize
circuits are ready to handle the next seize command. If the
C.0. line card should be seized before the multivibrator
has times out, the multivibrator is reset through gate Ul3-
U13-10 by the SEIZE signal.

2-124. Hold Circuits. {See Figure 2-34.) If the user of a
station set that has seized the C.Q. line card wishes to
place a call on hold. he presses the HOLD key on the
station set. A hold current pulse is then supplied from the
assoctated station card to the C.Q. line card. The hold
current leve} is detected by voltage comparator Ul-7, and
hold flip-flop Ué-1 is set through inverters U11-2 and
Ut1-12. The output of inverter U11-12 sets the output of
voltage comparator U3-1 low to block resetting of the
hold flip-flop during hoid pulse operation. The HOLD
output of flip-flop Ué-! turns on transistor switch Q4
through voltage comparator U4-1, and music-on-hoid
(MOH) from the tone generator card is supplied through
switch Q4, operational amplifier U9-7, and the analog
network to the C.O. line. The HOLD output of flip-flop
Ué-1 is also supplied to gate Ul4-6 in the ring detection
circuits 1o cause application of the F-FLASH signal from
the tone generator card to the DXP line to indicate the
hold condition. The HOLD output of fip-flop Ué-1 hoids
relay K1 energized through gates U7-3 and U14-10 and
relay driver Q3, and the relay contacts tmaintain the
connection between the C.O. line and the analog network
on the C.O. line card. When the hold sequence is
terminated. current ceases, and flip-flop U6-~1 is resetasa
result of the station user re-seizing the heid line.

2-125. Flash Circuits. (See Figure 2-34.} The flash
circuits are used to break a C.O. line connection (for
exampie. if a mistake is made during dialing) after the
C.0. line card has been seized by a station card. When the
user at the station set presses the FLASH key, flash
current is sent to the C.O. line card from the associated
station card. The flash current level is detected by voltage
comparator U5-1. and signal FLASH is activated
through voltage comparator U3-7. With jumper 13
strapped as shown in Figure 2-34, relay K1 is desnergized
by the FLASH signai through gates U2-11 and Ul4-10

'Section 11
Theory of Operation

and relay driver Q3, and the relay contacts disconnect the
C.O. line from the analog network on the C.O. line card.
The flash current ceases when the FLASH key is released.
and the C.O. line card circuits revert to the seize condition
to permit redialing of the desired number.

2-126. An alternate jumper-selected option is available
for those installations where the kev telephone system is
installed behind a PABX and FLASH key operation is
required at the stations. For such instailations. jumper J3
is removed, and jumpers J| and J2 are installed. With this
jumper configuration. relay K1 is held in the energized
condition through relay driver Q3 and gates U 4-10, U7-
3, and U2-10 by signa! SEIZE. When signal FLASH is
activated. transistor Q8 is turned on through gate U2-11i
and voltage comparator U3-7, thereby energizing relay
K2. and the contacts of relay K2 ground the PABX lineto
break the connection.

NOTE
If no FLASH key capability is desired in the
system, jumpers J2 and J3 are removed and
jumper J1 is installed. With this jumper ar-
rangement, refay Kl is controlled by signal
SEIZE. and signal FLASH has no effect on
C.0. line card operation.

2-127. Analog Network. (See Figure 2-35.) The analog
network on the C.O. line card provides a two-way audio
path between the C.O. line and the accessing stationcard.
Dial tone and voice signals from the C.O. line are
transmitted over this network to the station card. tones
and voice signals from the station card are transmitted to
the C.O. line, and BGM from the C.O. line card is
transmitted over the network to the C.O. line. The C.O.
line is connected to the analog network through contacts
of relay K1. which is energized through the seize circuits
or the hold circuits, If relay K1 is not energized. the C.O.
line is disconnected, and resistor RS terminates the
network. Transistor switches Q9 and QI are controlled by
gate U7-10in the seize circuits. These transistor switches
are turned on momentarily by multivibrators U8-9 and
U109, respectively, at the start of each seize operation
and when seize current ceases. When the transistor
switches are turned on. they shunt the audio paths in the
analog network to block signal transmission during the
seize transition periods. When the multivibrators time
out. the transistor switches are turned off to permit
normal signal transmission through the network. In-
coming signals from the C.Q. line are routed to the station
card through the contacts of relay Kl. network Z1,
transformers T4 and TS5, operational amplifier U15-1.
and transformers T1 and T3. Outgotng signais are routed
to the C.O. line through transformers T3 and TI.
operational amplifier U15-7. transformer T4, network
Z1, and the contacts of relay K1.
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2-128. TONE GENERATOR CARD,
DETAILED THEORY OF OPERATION

2-129. General. The tone gencrator card supplies all
flash rates and tones (except DTMF) required by the
system. [t also conains input boost or attenuation
circuits for music-on-hold (MOH) and background music
{BGM), and controi circuits used in connection with
paging. Seven tones are provided: diai tone, reorder tone,
splash tone, busy tone, C.Q. audible tone, ICM ringtone,
and ICM RTS tone. Three flash rates are provided: 1-hold
(Q flash), hold (F flash), and incoming ring slow flash (S
flash).

2-130. Tone And Flash Rate Circuits. (Ses Figure 2-36.)
All output tone signals are derived from the output
signals of two oscillator circuits. Amplifier U18-7 func-
tions with associated circuitry to generate a -15 dB, 400
Hz (f') signal; amplifier U21-7 functions in a similar
¢ircuit to generate a -15 dB, 470 Hz (f?) signal. The two
signals are used directly for dial tone and splash tone,
respectively, and in combination for the remaining system
tones.

2-131. The dial tone output of the tone card is a 400 Hz,
-7.5 dBm, continuous tone, The 400 Hz, -15 dB output
signal from the 400 Hz oscillator circuit is amplified by
operational ampiifier U20-7 and transistors Q21 and Q22
to develop the required dial tone signal level. The dial
tone signal is supplied to the register cards.

2-132. The spiash tone output of the tone card is a 470
Hz, +6 dBm continuous signal. It is developed by
amplifying the output signal of the 470 Hz oscillator
circuits. Operational amplifier U20-! and transistors Q23
and Q24 provide the required amplification. The output
splash tone is supplied to all station cards.

2-133. All remaining tone signals are developed by
combining the 400 Hz and 470 Hz signals. The two signals
are summed at the input of amplifier U21-1, and the
composite output signal of the amplifier is applied to
similar channels for each of the remaining tones. Each
channe! consists of a transistor switch, followed by an
output amplifier. The transistor switch controls ap-
plication of the composite signal to the output amplifier.
and the output amplifier provides the required ampiifica-
t.on to develop the proper output signai level.

2-134. Signal C.O. AUDIBLE isa-10dBmsignal wi:~ a
| second on. | second off, | second on. three second off
rate; the rate is controiled by signal COAD deveioped by
octalcounter Ul3 and gates U23-1 and U23-13 in the flash
rate circuits. The output C.O0. AUDIBLE signal is
supplied to all station cards and to the page card. Signals

2-75

ICM RTS and ICM RING TONE are both -i2 dBm
signals with a | second on, 3 second off rate: the rate is
controiled by signal ICM RTD developed by octal
counter U19 in the flash rate circuits. Both of these signals
are supplied to all station cards. The BUSY TONE signal
isa -[7 dBm signal with a | second on, | second off rate;
the rate is controlled by signal BTD deveioped by binary
divider U12 in the flash rate circuits. The BUSY TONE
signal is supplied to all link A cards. The REORDER
TONE is a -17 dBm signal with a 0,125 second on, 0.125
second off rate; the rate is controlled by signal RETD
developed by binary divider U12 in the flash rate circuits.
The REORDER TONE is supplied to all link A cards.

2-135. All flash rates are derived from a 64 Hz signal
developed by oscillator U15. Potentiometer R3 is factory
adjusted to provide a precise 64 Hz output frequency. The
64 Hz output signal of the osciilator clocks binary divider
Ul2, and the frequency is divided by two at each
successive output of the divider. At the Q3 output (U 12-6),
the input signal has been divided by 8, resultingina 8 Hz
frequency. This 8 Hz signal drives transistor switch QI,
which supplies the 8 Hz l-hold (Q flash) signal to all
station and DSS control cards. The 8 Hz signai is also
supplied as signal RETD to transistor switch Q7 in the
tone circuits to control the REORDER TONE on-off
rate.

2-136. The hold flash {F-flash) signal is developed by

. transistor switch Q2, which is driven by gate U5-10. Gate

US-10is controlled by the Q3(8 Hz}, Q4 (4 Hz),and Q5(2
Hz) output signals from divider U12. With these input
90% on, 0% off rate. This signal drives transistor switch
Q2 to provide the F flash signal that is supplied to ail C.O.
line cards,

2-137. The slow flash (S-flash) signal is developed by
transistor switch Q3. which is driven by the 1 Hz, Q6
output signal from divider U12. The | Hz S-flash signalis
supplied toall C.O. line cards and all station cards. The |
Hz, Q6 output of divider U2 is also supplied as signal
BTD to transistor switch Q6 in the tone generating
circuits to control the BUSY TONE signal rate. and asa
clock signal to counter U19. Counter Ui9 is arranged so
that its 0 output line is active for one second and off for 3
seconds. This output is supplied as signal ICM RTD 1o
transistor switches Q26 and QS5 in the tone circuits to
control the ICM RTS and ICM RING TONE signal
rates.

2-138. O i counter U3 is clocked by the 4 Hz, Q4
output of cinary divider U 2. Octal counter U13 func-
tions with gates U23-J and U23-13 to develop signal
COAD, which is supplied 1o transistor switch Q4 in the
tone circuits to control the C.O. AUDIBLE signal rate.
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2-139. MOH And BGM Circuits. (See Figure 2-37.)
External music sources are required for music-on-hold
and background music. The BGM signal is used to
provide background music to station users through the
station set speaker. The MOH signal is used to supply
musc to an outside party on a heid line. The external
music sources are connected to terminal board TB2 in the
KSU. The MOH input is s ~plied to transformer T1.
Diode limiters VR4 and V™ ‘rotect against excessive
signal amplitude. The Mt  signal developed in the
segondary winding of transtormer T isapplied througha
boost: attenuator circuit to an output amplifier composed
of operational amplifier U2-1 and transistors Q9 and
QI0. Input source level switch Sl provides means for
selecting either attenuation or ampilification for the
applied MOH signal. When switch S1 is set to the HI
position. the applied MOH signal is attenuated by 15 dB:
when the switch is set to the LO position, the applied
MOH signal can be amplified by up to 30 dB. Potenti-
ometer R40 provides means for adjusting the MOH OUT
signal level: it is usually adjusted to provide a -10 dB
output level.

2-140. The BGM circuit is basically simiiar to the MOH
circuit. except for the addition of transistor switch Q8.

-1

which is included to provide means for curtting off
background music during paging. Transistor switch Q8 is
controlled by signal BGM DISABLE from the page card.
The BGM OUT signal level is also adjusted to-10 dBm by
means of potentiometer R46, and this output signal is
supplied to all station cards.

NOTE

Potentiometers on the station sets permit
individuai adjustment of BGM levels to suit
user preferences.

NOTE

The tone generator card aiso contains C.O.
audible and NR ENA circuits. These circuits
function with the C.O. line cards and the page
card, and are covered in the description of the
C.0. line card.

2-141, PAGE CARD,
DETAILED THEORY OF OPERATION
(See Figure 2-38.)

2-142. General. The page card provides ail functions
required for paging. plus circuitry for night C.O. audible




processing. For purposes of paging, the stationsin the key
system are divided into five zones. Any of the five zones
may be accessed for paging fromany station set by dialing
the assigned number for that zone through the intercom,
or by pressing the designated key at the DSS console: ail
five zones may be accessed simuitaneousty from any
station set by dialing the *ALL CALL" number through
the intercom. Paging overrides any C.0. audible in
progress. as well as BGM to internal stations only. The
paging circuits for the five zones are identical. and only
the zone | circuits are described.

2-143. Zone | Circuits. When a station set user initiates
an intercom call and diais the assigned number for paging
zone | {991). the call is processed by a link A card and a
regisier card in the same manner as an ordinary intercom
call. The cross-point connection to the page card from the
station card serving the call originating station is made
through the link A card. Decoding of the 991 number by
the register card circuits results in transmission of a DC
current from the link A card through transistor Q1 to the
page card circuits. The DC current is detected by voltage
comparators Ul3-7 and U!3-1: the output levels of the
voltage comparators. through gates U8.3 and U84,
voltage comparators UI5-1 and U15-7. and amplifier
U2-1 latch on transistor Ql. ln addition., a PAGE A
DXP 30S signal is activated and transmitted to station
cards 30 through 39 (the zone | station cards). and signal
BGM DISABLE is activated through voltage compara-
tor U2-U2-13 to shut off BGM during the page. The
paging analog signal from the originating station is
routed through the associated station card and the link A
card to transformer T1 on the page card. The analog
signal level is adjustable by means of potentiometer R5.
The analog signal is routed through transistor switch Q2
(unless an all call page is occuring). and is amplified by
amplifier U10-7 and transistor Q17 and Q18. The output
analog signal is supplied to station cards 30 through 39 for
routing to the associated station sets. Two other alternate
analog outputs are available. The analog signal may be
supplied through transformer T2 1o an externai amplifier
which can be used to drive external foudspeakers at the
corresponding stations. or the analog signal from input
transformer T1 may be routed through a jumper on the
page card to an internal 2-watt amplifier whose output
can be used to drive the externai loudspeakers for zone 1.
Two 2-watt amplifiers are provided on the page card.
these amplifiers may be assigned to any two paging zones
by means of jumpers.

NOTE

Relay K | and associated circuitry are not used
at the present time.

2-134. The zone | paging circuits can also be accessed
from the DSS console by key selection, When the ZONE
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1 key at the DSS console is pressed. the zone ! paging
circuits on the page card are accessed directly through the
DSS Beontrol card, and the attendant at the DSS console
can page the zone | stations from the station set at the
DSS consoie position. The link A and register cards are
not involved in this operation. Except for the currentand
analog signal source. operation of the zone | page circuits
is the same as described in the preceding paragraph.

2-145. All Call Circuits. To page al! stations simulta-
neously. the station user or DSS console attendant
initiates an intercom call and dials the designated all call
number(996). The call is processed by a link Acardanda
register card. The cross-point connection from the
originating station to the page card is made through the
link A card. The current level generated by the link A card
as a result of decoding of the afl call number is detected by
voltage comparators U4-7 and U4-l. Transistor switch
QI2 isturned on and signal BGM DISABLE is activated
through gate U8-10: the DXP output signals from all five
paging zone circuits are activated through voltage
comparator U9-1, resistors R191 through R194. and
diodes CR!3 through CR16: the transistor switches in
zones | through 5 are turned off through gate U3-6: and
transistor Q13 is latched on through amplifier U3-1. The
all call analog signal is then appiied through switch Q12
and potentiometer R158 to the output amplifiers of all
five paging zone circuits, and through potentiometer
R 145 to the internal 2-watt amplifier circuits: the all call
analog signal is thereby distributed to all station cards
and external speaker circuits for system wide paging.

2-146. The night C.O. audible signal also makes use of
the all call output amplifier circuits. The night C.O.
audible signal from the tone generator card is supptied
through transistor switch Q11 and potentiometers R158
and R 145 to the amplifier circuits in all five paging zones
and to the internal 2-watt amplifiers. Transistor switch
QI 1 isturned on by signal NR ENA when the attendant at
station 58 enables the night ring mode by turning the
BGM switch off; the circuitry involved in this function is
located on the tone generator card. and is shown in Figure
2-33.

2-147. DC POWER DISTRIBUTION CIRCUITS.
DETAILED THEORY OF OPERATION
(See Figure 2-39.)

2-148. All operating power for the KSU. expansion
cabinet. station sets. and DSS consoles is derived from
the output DC voitages provided by the EBK-30 power
supply. The power supply provides fused DC output
voltages of -25 volts. +25 volts, and -10 volts. These DC
voltages are supplied through the power supply cable to
the . O panel in the KSU. If an ¢xpansion cabinet is
included in the svstem. the DC voltages are suppiied
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through the KSU /O panel to the I/QO panel in the
expansioncabinet. Ineach |/ O panel, the DC voltagesare
supplied to termina boards for distribution to the various
sheives in the KSU and expansion cabinet. The DC power
circuits for each sheif are fused separately in the 1/0
panels.

2-149. Each plug-in card in the KSU and expansion
cabinet contains its own power supply circuits. These
circuits consist primarily of integrated circuit voltage
regulators with thermal overtoad protection, which
reduce the applied DC voltages to the levels required for
operation of the circuits on the plug-in card. Where

required, DC voitages are further reduced by resistive
voltage dividers and Zener diode voltage regulators.
Fuses on the plug-in cards protect against overioad. and
LED:s indicate the presence of power.

2-150. The station sets receive operating power over the
quad from the associated station cards in the KSU. as
detailed in the description of the DC power and data
transmission circuits of the station set. The DSS consoles
similarly receive DC operating power from the DSS
control cards in the KSU. as detailed in the description of
the DC power and data transmission circuits of the DSS
console. .
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SECTION Il

Section II1
Maintenance

MAINTENANCE

3-1. GENERAL.

3-2. This section contains maintenance and replace-
ment instructions for the key iclephone sysiem and its
major components. Inctuded is a list of test equipment
required for maintenance, symptomatic troubieshooting
proced ures designed to localize a malfunction toa plug-in
card or replaceable assembly. and switch positioning
information for replacement plug-in cards.

3-3. TEST EQUIPMENT REQUIRED.

3-4. Test equipment required for maintenance is listed
in Table 3-1. Equipment of equivalent characteristics may
be substituted for any item listed.

3.5. MINIMUM PERFORMANCE CHECKS.

3-6. Before beginning troubleshooting. check each
station set and the DSS console(s) for operation underall
normal system conditions. Note carefully any signs of
abnormal indication, and the portions of the system
where abnormal indications are obtained.

3-7. PRELIMINARY INSPECTION.

3-8. Visuval Checks. If equipment malfunctions. per-
form a thorough visual check of suspect components

before performing electrical tests. Visual checks often
help to isolate the cause of maifunction quickly and
simply. Inspect the KSU and expansion cabinet. if used.
for loosely seated plug-in cards. loose cable connections,
and blown fuses. Inspect station sets and the DS3
console(s) for loose connections to the quad. and signs of
wiring damage.

3-9. Power Checks. Failure of the key telephone system
or parts thereof may be caused by incorrect DC operating
voltages. 1f a problem is common to more than one
station in the system. check the output voltages of the
EBK-30 power supply (refer to the separate maintenance
manual for that unit); if power supply output voltagesare
normal. perform the checks in Table 3-2 before proceed-
ing with other tests.

TABLE 3-1. TEST EQUIPMENT LIST

Nomenciature Modei No.

Card extender %6 Pin: SK 1070

*Butt set 44 Pin: SK 1050
DC volt-ohmmeter 1101G Type or equivalent
**(scilloscope Simpson 260 or equivalent

*For C.0. line testing only
**Qptional item. required only for test point checks

TABLE 3-2. POWER SUPPLY CHECKS

Step Procedure

Possible Cause of
Abnormal Indication

Normal
Indication

] Using DC volt-ohmmeter, measure
DC voltages between following
terminais in KSU:

TBI-5 (=) and TBI-I

. TB!-6 (=) and TBi-2

TBI-7 (=) and TBI-3

. TBI-8 (=) and TBI-4

TBI-9 (=) and TBI-5

TB1-10 (=) and TB1-6

. TBI-11 (=) and TBI-7

. TBI-12{=) and TBI-8

TBI-7 (=) and TBI-13

j. TBI-8 (=) and TBI-14

If an expansion cabinet is used in the
svstem. measure DC voltages
between following expansion cabinet
terminals:

a. TB3-3 (=) and TB3-|

TB3-4 (=) and TB3-2

TB23-5 (=) and TB3-3

. TB3-6 (=) and TB3-4

TB3-3 (=) and TB3-4

e KL - I - ]

[

cono

25 10 30 volts
25 to 30 volts
25 to 30 volts
25 to 30 volts
25 10 30 volts
25 10 30 volts
25 to 30 volts
25 1o 30 volts

9 to 12 volts

9 to [2 volts

25 1o 30 volts

Defective fuse FI
Defective fuse F2
Defective fuse F3
Defective fuse F4
Defective fuse F3
Defective fusec F6
Defective fuse F7
Defective fuse F§
Defective fuse F9

Defective fuse Fi0

Defective fuse F11

Defective fuse F12
Defective fuse Fi3
Defective fuse Fl4
Defective fuse FI5

25 10 30 volis
25 to 30 volis
25 to 30 volts
910 12 volts
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3-10. IDENTIFICATION OF

MAJOR ASSEMBLIES.

3-11. See Figures 3-1 and 3-2 for the location of the
major assemblies of the KSU and expansion cabinet.
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Figure 3-: EK-2040 KSU Cabinet Layout

3-12. TROUBLE LOCALIZATION.

3-13. Symptomatic Troubleshcoting. Because the sys-
tem utilizes distributed control. whereby cach station is
controlled by its own microcomputers on the associated
station card in the KSU and in the station set.
symptomatic troubleshooting is facilitated. Careful

Figure 3-2 EK-3060 KSU Cabinet Layout

observation of the nature and extent in the system of a
malfunction can help localize the cause of the problem to
a limited portion of the system. The troubie can be further
localized toa plug-in card. a station set, ora DSS console,
which is replaced. or 1o a quad. Table 3-3 lists symptoms
of malfunctions with portions of the system to be checked
for each of these symptoms.

TABLE 3-3. SYMPTOMATIC TROUBLESHOOTING CHART

Symptoem

Probable Cause of Malfunction

All stations inoperative

Stations 30 through 49 inoperative; all others operate
normally

Defective power supply (refer to separate power supply
manual)
Defective fuse F3, F7. or F9
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TABLE 3-3. SYMPTOMATIC TROUBLESHOOTING CHART (Cont.)

Sympton

Probabie Cause of Malfunction

Stations 50 through 69 inoperative: all other operate
normally

Stations 70 through 89 inoperative: all other operate
normally

C.0. lines | through 20 inoperative; all others operate
normally

C.0. lines 21 through 30 inoperative; all others operate
normally

Tone, BGM, MOH. paging. DSS console, and
intercom all inoperative; C.0. line calls normal except
for missing tones and flash signais

Problem limited to one station set in system: all other
stations operate normally

BGM inoperative:
System wide

One station set only

C.0O. line 17 or 18 inoperative at station set

One C.0. line inoperative system wide

C.0. line that does not appear at station set cannot be
seized when user is invited to pick up cail

Music-on hold function inoperative;
- ’
Svsten wide

One C.O. line only

Defective fuse F4, F8, or FI0

Defective fuse Fil. F13, or F15; defective cable con-
nection between KSU and expansion cabinet

Defective fuse F2 or Fé

Defective fuse FI12 or Fl4: defective cable connection
between KSU and expansion cabinet

Defective fuse F1 or F5

Defective KSU-to-station-set quad (refer to paragraph
3-16)

Defective station card (refer to paragraph 3-17)
Defective station set (refer to paragraph 3-21)

Potentiometer R 16 or switch 52 on tone generator card
set incorrectly.

Defective music source or music source connection to
11O panel ’

Defective tone generator card (refer to paragraph 3-23)
Defective page card (refer to paragraph 3-26)

Switch S1-4 on associated station card closed. BGM
switch on station set, set to off position.

Defective station card (refer to paragraph 3-17)
Defective station set (refer to paragraph 3-21)
Loose or missing jumper connection at selector panel

Defective C.Q. line card for affected line (refer to
paragraph 3-29)

Defective C.O. line card for affected line (refer to
paragraph 3-29)

Defect in C.O. line
Defective link B card {refer to paragraph 3-32)
Defective register card (refer to paragraph 3-36}

Potentiometer R40 or switch S1 on tone generator card
set incorrectly

Defective music source or music source connection
to . O panel

Defective tone generator card (refer to paragraph 3-23)

Defective C.O. line card for affected line {refer to
paragraph 3-29)

3.3
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TABLE 3-3. SYMPTOMATIC TROUBLESHOOTING CHART (Cont.}

Symptom

Probable Cause of Malfunction

One or more tones or flash signals unavailable system
wide .

C.0. audible unavailabie for all stations in C.O.
audible group

Status indications for one or more C.O. lines inopera-
tive system wide

Intercom function inoperative at all stations (in
systems using one register card)

[ntercom function to stations 30 through 59 sometimes
inoperative; sometimes operates normally

Intercom function to stations 60 through 89 and C.O.
lines 17 through 29 sometimes inoperative; sometimes
operates normally

Paging inoperative system wide

External paging inoperative; internal paging operates
normally

Stations 30 through 57 inacc-ssible from DSS console;
accessible through hot line circuit of preassigned
station sets

NOTE

If two DSS consoles are used in the system, but
not in paralilel, the preceding condition is
normal at the second DSS console, and the
following condition is normal at the first DSS
console.

Stations 60 through B2 and paging zones inaccessibie
from DSS console: accessible through hot line circuit
of preassigned station sets

One key function inoperative at DSS consotie

Defective tone generator card {refer to paragraph 3-23)

Switch selection on station cards incorrect
Defective tone generator card (refer to paragraph 3-23)

Defective C.Q. line card for affected C.0O. line(referto
paragraph 3-29)

Defective tone generator card (refer to paragraph 3-23)
Defective register card (refer to paragraph 3-36)

Defective link A card (refer to paragraph 340)

Defective register card in two register card system
(refer to paragraph 3-36)

Defective link B card {refer to paragraph 3-32)

" Defective link A card (refer to paragraph 3-40)

Defective register card in two register card system
(refer to paragraph 3-36)

Defective page card (refer to paragraph 3-26)
Defective paging amplifier (refer to paragraph 3-26)
Defective page card {refer to paragraph 3-26)

Open connection between 1:0 panel and speakers

Defective DSS-console-to-DSS—control-card quad
(refer to paragraph 3-44)

Defective DSS A control card (refer to paragraph 3-
45) Defective DSS console (refer to paragraph 3-<48)

Defective DSS-consoie-t0-DSS-control-card quad
{refer to paragraph 3-44)

Defective DSS B control card (refer to paragraph 3-45)
Defective DSS console (refer to paragraph 3-48)

Defective DSS A (station kevs 30 through 57) or DSS
B {remaining keys) control card (refer to paragraph 3-
45)

Defective DSS console (refer to paragraph 3<48)




3-14. Test Point Data. Test points are provided on the
plug-in cards to facilitate trouble localization to a specific
group of circuits on the cards. Since the aim of
troubleshooting in this manuai is to localize troubie only
to the plug-in card ievel. checking of signals and voltages
at test points is not normally required: test point data,
where provided. is for reference only.

3-15. Use of Card Extender. To perform visuai checks of
plug-in cards during operation. it may be necessary to
operate the plug-in cards outside the card cage in the
KSU. An extender card is available for this purpose. To
use the card extender, pull the plug-in card out of its
connector in the KSU, insert the card extender in its
place. and plug the plug-in card into the card exiender.

3.16. Station Set Quad Troubleshooting. Do not at-
tempt to use a butt set to troubleshoot the station set-to-
station card quad: the butt set loads the quad and causes
various station set malfunctions. When continuity checks
are required, use a DC volt-ohmmeter, Effects of various
quad malfunctions are:

1. If the A pair conductors of the quad are shorted
together, audio transmission from the station set to the
station card is not possible.

2. Iif the B pair conductors of the quad are shorted
together, no audio will be received at the station set.

3. If either or both of the A pairconductors are shorted
to either or both of the B pair conductors, the 25 voit fuses
on the associated station card will biow and, or voltage
driving circuitry will shut down (thermal overload) +25-
volt driver.

4. If any one of the guad conductors is open, chattering
will be heard from the loadspeaker at the station set, and
all LEDs at the station set will flicker. When the handset is
lifted. the chauer will be heard in the handset, and the
LEDs will stop flickering.

3-17. Station Card Troubleshooting. (See Figure 3-3.)
Each station card in the system serves only one station set;
therefore, failure of a station card normally will affect
operation of the associated station set only. When a
problem appears to be related to a station set; station card
combination, check rhe quad first before rroubleshooring
the sration card and station set.

3-18. The station card contains six LEDs. The LEDs
and their functions are listed below:
LED Function

DSi HPS When lighted, indicates that the hot-line
port of the station card has been seized
either by the associated hot-line station

card or by the DSS console.

Section 111
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DS2 LPS When lighted. indicates that the link

port of the station card has been seized

by a link A orlink B card (receiving ICM
call).

When lighted, indicates that -25 volt
DC is available to internal circuits {fuse
F2 is nor open).

When lighted, indicates that +25 volt
DC is available to internal circuits { fuse
Fl is nor open).

DS3 -25V

DS54 +25V

DS5 SEIZE = When lighted. indicates that seize cur-
rent is being supplied to the destination
card: LED also flashes at outpulse rate

when using outpulse dial.

DS6 XPTIND When lighted. indicates that the turn-on
signal to one of the cross-point FET
switches has been activated to establish
a cross-point connection to a C.O. line
card, a link card, or the associated hot-
iine station card; will not light if station
card dial disable switch isactuated fora

particular cross-point.

3-19. The station card has ten test points. The test points
and the data they monitor are as follows:

Test Point Data Monitored
TPt LINK B Received current from link card.
TP2 SYNC Microcomputer sync signal
TPIRBDATA Data received from associated station
set
TP4 1 SEND  Current being sent to accessed destina-
tion card
TP5 + QUAD  Positive DC level and superimposed
data being sent to station set
TP6 DATATX Data being transmitted to associated
station set
TP7-QUAD Negative DC level and superimposed
data being ent to station set
TP8 DXP incoming DXP data
DATA
TP9 GRD System ground

TP10 “A” PORTOutput 1o cross-point switches

3-20. If a problem appears to be related to a station
set, station card combination, the problem can be
localized to the station card or station set bvswapping the
station card with one that operates normally ata different
location in the KSU {observe switch settings); if the
probiem travels with the station card, the station card is

3-5



Section 111
Maintenance

Ig,

1.0A

oLl
FUSE
.5A

STATION CARD

00 NOT SUBSTITUTE
FUSES WITH OIFFER-
ENT CURRENT RATINGS.

Em-—-zsv FUSE .SA

LPS
SEIZE

™
PT INOWR

8y
25v FUSE 1M0.

[ -

.-r_4.

Figure 3-3 Station Card Abbreviated Component Layout

defective. If LEDs DS3 and DS4 are both lighted, check
fuse F3 on the station card. If any fuse is blown, inspect
the station card thoroughly for wire clippings. short
circuits. and touching components leads; after clearing
the problem. replace the fuse. Do not substitute a fuse
with a different rating. If a replacement fuse blows.
replace the station card. Also replace the station card if
any other probiem is localized to the station card. Before
installing a replacement station card, ensure that all
switches on the repla.~mnent station card are set to the
same positions as the corresponding switches on the
station card being repiaced. If switch settings have been
disturbed inadvertently, refer to Table 3-4 for switch
setting information. '

3-21. Station Set Troubleshooting. If a problemappears
to be related to a station ¢z 1/station set combination,
the station set can be chec. .u by swapping it after the
quad and the station card have been eliminated as the
source of the problem. If swapping indicates that the
station set is defective. it should be replaced unless the
problemn can be related to one of the six plug-in assemblies
of the station set; a defective plug-in assembly can be
removed and replaced.

3-22. The six plug-inassemblies of the station setare: the
handset. the dial. the loudspeaker, the microphone. the
hookswitch assembly. To replace any of these assembilies.
proceed as follows:

|. Remove the front panel of the station set by
inserting a screwdriver under the lower edge of the froat
panel at the corners and prying up.

36

2. Remove the upper station set housing by loosening
the captive screw in the front lower center of the housing.
This exposes the entire printed circuit board. (See Figure
34

3. To remove the handset or line cord modular
connectors (not in carly sets), unplug the spade tips of the
modular jack from their connectors, and remove the
modular jack. Install in the reverse order.

4. To remove the dial, unplug the dial from its
connector. Note the position of the dial connector in its
socket: tone and Qutpulse dial connections are different.
Loosen the dial mounting screws at the rop sides of the
dial mounting brackets and remove the dial. Install the
replacement dial in the reverse order.

5. To remove the loudspeaker, unplug it from its
connector. and remove the two screws that secure the
loudspeaker. Install the replacement loudspeaker in the
reverse order.

6. To remove the microphone, unplug it from its
connector, and lift the microphone with its rubber boot
out of the holding slot. Install the replacement micro-
phone in the reverse order. abserving plug polanty.

7. To remove the hookswitch assembiy, unplug it from
its connector, and remove the screw that secures the
hookswitch assembly to the printed circuit board. Install
the replacement hookswitch assembly in the reverse
order, being carefui not to overtighten the screw;
stripping of threads in the pilastic base housing may resuit
from overtightening.

8. To remove the keystrip assembly. disengage the




front tabs by pressing rearward while lifting the front of
the assembly upward, slide the assembly to the left withan
upward motion. and disconnect the ribbon cable. To
install the replacement keystrip assembly. insert the
ribbon cable into its connector. insert the rear tabs into
the cutouts in the base of the station set, slide the compiete
assembly to the right. and press the front tabs rearward to
engage the front tabs in their slots.

9. To install the upper housing. make sure that the
loudspeaker is plugged in; then, with the rear tab of the
upper housing in its slot at the center rear of the station
set. close the upper housing and tighten the retaining
screw. To avoid mechanical interference. be careful to
keep speaker wires away from hookswitch assembly.

10. To install the front panel. insert the tabs into the top
siots and push down on the lower part of the front panel.

TABLE 34,
STATION CARD SWITCH SETTINGS
Switch Setting
Sl1-l1 | Open (if closed. intercom calis will be
S1-2 | Close
81-3 1 Close

S1-4 | Open for background music

S1-5 | Open for off-hook signaling

$1-6 | Close for Group 5 C.O. Audible
Si-7 | Close for Group 4 C.O. Audible
S1-8 | Close for Group 3 C.O. Audible
519 | Close for Group 2 C.O. Audible
S1-10 | Close for Group 1 C.O. Audible

S2-1 Open for Dial Disable on C.0O. line 9
§2-2 | Open for Dial Disable on C.O. line 8
S2-3 | Open for Dial Disable on C.O. line 7
$2-4 | Open for Dial Disable on C.O. line 6
S2-5 | Open for Dial Disable on C.O. line §
S2-6 | Open for Dial Disable on C.O. line 4
S2-7 | Open for Dial Disable on C.O. line 3
S2-8 | Open for Dial Disable on C.O. line 2
$2-9 | Open for Dial Disable on C.Q. line |
$2-10 | Open (Manual Reset)

§3-1 Spare
$3-2 | Openfor Dial Disable on second private C.O.
line

§3-3 | Openfor Dial Disable on first private C.O. line
S3-4 | Open for Dial Disable on C.O. line 16
S3-5 Open for Dial Disable on C.O. line 15
§3-6 | Open for Dial Disable or C.O. line 14
§3-7 | Open for Dial Disable on C.O. line 13
83-8 Open for Dial Disable on C.O. line 12
$3-9 | Open for Dial Disable on C.O. tine 11
$3-10 | Open for Diai Disable on C.O. line 10
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3.23. Tone Generator Card Troubleshooting. (See Fig-
ure 3-5.) The tone generator card is one of the common
cards in the system; that s, it supplies signals system wide.
Failure of the tone generator card wiil result in the loss of
all or some of the following: tones. flashrates, MOH.
and; or BGM at all stations in the system or{in the case of
C.0. audibie) at all stations within a specific C.O. audible
group.

3.24. The tone generator card has two LEDs: DS!
indicates te presence of +25 voit DC (fuse Fl Aot blown),
and DS2 indicates the presence of -25 voit DC (fuse F2
nor blown). Four test points are provided for oscilloscope
monitoring of flash rates. These test points are as follows:

Test Point Datz Monitored
TPI System ground
TP2 I-Hoid flash rate (§ Hz)
TP3 Hoid flash rate (2 Hz)
TP4 Siow flash rate (1 Hz)

NOTE
Do not attempt to use a butt set to monitor
any of the tones or ash rates of the tone
generator card.

3-25. When the tone generator card is suspected as the
source of a probiem, check LEDs DS1 and DS2. If either
or both are not lighted. the corresponding fuse onthe card
is defective: inspect the card thoroughly for wire
clippings. short circuits, and touching component leads.
correct the probiem. and replace the defective fuse. using
a fuse of the same rating only. If the replacement fuse
blows. replace the tone generator card. If both LEDs are
lighted and the problem persists, ascertain that the tone
generator card is the source of the problem by substitut-
ing a spare tone generator card. If substitution corrects
the problem. replace the removed tone generator card.
Before installing the replacement tone generator card,
make sure that the two switches (MOH input and BGM
input) on the replacement card are set to the same
positions as the corresponding switches on the defective
tone generator card. Adjustment of the MOH and. or
BGM potentiometers on the tone generater card may
also be required. Refer to paragraph 3-30 for this
adjustment.

3-26. Page Card Troubleshooting. {See Figure 3-6.) The
page card is a common card; it supplies paging signalsto
all system points (all page) or to all parts within a specific
paging zone. Failure of the page card wiil produce
symptoms of malfunction at the corresponding svstem
points. Note that one external loudspeaker in each of two
paging zones may be driven by the page card. and that
external paging amplifiers. connected to the B4 block of
the KSU, may be used to drive external paging
loudspeakers in each of the paging zones. !f internal

3-7
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paging operation is normal while external -paging
loudspeakers malifunction, the external paging amplifiers
may be the source of the problem.

3-27. The page card has two LEDs: DS1 indicates the
availability of +25 v«it DC (fuse F1 nor blown), and DS2
indicates the availability of -25 voit DC (fuse F2 not
blown). There are no test points except for test point TP1,
system ground.

3-28. If a problem appears to be related to the page card
and the LEDs are both lighted, the page card shouid be
replaced. Before installing the replacement page card,
make sure that the strap coanections at connectors J1
through J 10 onthe replacement card are the sameasthos

on the card being replaced. If a fuse on the page card 15
blown (one or both LEDs are not lighted), inspect the
page card thoroughly for wire clippings, short circuits,
and touching component leads; correct the problem and
replace the blown fuse with a fuse of the same rating. If the
replacement fuse blows, repiace the page card.

3-29. C.0. Line Card Troubleshooting. (See Figure 3-7.)
One C.O. line card is provided for each C.O. line. Failure
of a C.O. line card usually will affect operation of the
associated C.O. line only; however, note that circuits in
the tone generator card are involved in C.O. audibic and

3-8

C.O. line DXP, and that jumper connections at the
selector panel of the KSU control assignment of C.O.
linesto keys CO17 and CO!8 at station sets 30 through 53.

3-30. The C.O. line card has three LEDs: DS, when
lighted, indicates that the C.0. line card has been seized or
is on hold, DS2 indicates the 2 ability of +25 volt DC
{fuse F1 not blown), and DS3J ir....cates the availability of
-25 volt DC {fuse F2 not blown). LED DS1 also flashes at
the outpulse rate when using an outpulse dial, and will go
out when the FLASH kev is actuated for open loop
operation. Seven test point: =« provided; the test points
and data monitored are as . ..ows:

Test Point Data Monitored
TPt  Current leve] received from station card
TP2  Voltage drop from station card
TP3 HOLD pulse
TP4 FLASH pulse
TPS Ringto C.O. line
TP6 Tip to C.O. line
TP7 Ground

NOTE

A butt set may be used at test points TP5 and
TP6 only; an oscilloscope must be used atall
other test points.
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3-31. Ifaproblemappears related toa C.O. line card and
the LEDs are lighted. the suspect C.O. line card can be
checked by substituting a spare C.O. line card; if
substitution clears the problem, the removed C.O. line
card is defective and should be replaced. If a fuse on the
C.0. line card is blown (DS2 or DS3 not lighted), inspect
the card throughly for wire clippings, short circuits, and
touching component leads; clear the problemand replace
the fuse with one of the same rating. If the replacement
fuse blows, replace the C.O. line card. Before installing a
replacement C.Q. line card, make certain that the flash
key strapping at connectors J1 through J3 is the same as
that on the card being replaced. Also, if the ground flash
option is needed, the replacement card must contain relay
K2.

3-32. Link B Card Troubleshooting. (See Figure 3-8.)
Up to six link B cards may be used in the system.
Operation of each link B card requires proper operation
of an associated link A card. Links are assigned to handie
intercom calls on an available basis by the microcomputer
in the station card processing the intercom call; for this
reason, failure of a specific link B card may appear to be
an intermittent problem, since operative link Bcards may
sometimes be selected by the microcomputers. Each link
B card handles intercom calls to stations 60 through 89
and C.O. lines {7 through 29 (the C.O. lines that do not
appear at all station sets}).

3.33. The link B card contains two LEDs: DS indicates
the availability of -25 volt DC (fuse F2 not blown), and
DS2 indicates the availability of +25 volt DC(fuse Fl ot
blown). Six test points are provided: the test points and
data that they monitor are as follows:

TP3 DECODE
Test Point Data Monitored
TP1 BT ENA  Busy tone enables pulse from link A card
TP2 DECODE Logic level to open and close DXP to
station 60
TP3 DECODE Logic level to open and close DXP to
LINE C.0. line 916
TP4 COM DXP voltage, audio and current sink
DRAIN
TPS COM Current through DXPto C.O. line card
TP6 GND Ground

3-34. If a probiem appears related to a link B card and
the LEDs on all link B cards are lighted, the defective link
B card can be located as follows:

1. Remove all link A and link B cards except those in
the LK Al and LK B! positions in the KSU.

NOTE

The tests in the following steps must be made
from stations accessible to the link Al and
link Bl cards.
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2. Initiate an intercom call of the type that produced
the symptom of malfunction. If the malfunction again
occurs, verify that the link B card is the cause of the
problem by substituting a spare link B card. If substitu-
tion clears the problem, the link B card removed from the
LK Bl position is defective; replace the card.

3. If the intercom call is handled normalily in step 2,
insert each of the remaining link B cards, in succession,
into the LK Bl positionin the XSU, and check each link B
card as in step 2. When the defective link B card is found,
replace it.

4. After the defective link B card has been found,
install all other link A and link B cards in their normal
operating positions in the KSU.

3.35. If one or both LEDs on a link B card are not
lighted. inspect the card thoroughly for wire clippings,
short circuits. and touching component leads. Correct the
problem and replace the blown fuse with a fuse of the
same rating. If the replacement fuse blows, replace the
link B card.

3-36. Register Card Troubieshooting. (See Figure 3-9.)
One or two register card: may be used in the KSU.
Intercom calls are handled by the register cards on an
available basis. If two register cards are u: ¢ a register
card defect may only cause delays in proces: * : intercom
calls, since the calls may be handled by : - operable
register card. Alternately. the problem may appearasan
intermittent problem, providing symptoms only when the
defective register card attempts to handle the call.

3-10

3-37. The register card contains six LEDs. The LEDs
and their functions are as follows:

LED Function
DS +8V When lighted, indicates availability of
+8 volt DC (fuse F2 nor blown)

Ds2 When lighted, indicates that register

STANDBY  crd is in reset idle condition

DS3 READY When lighted, indicates that register
card is ready to handie incoming
incoming call

DS4 When lighted, indicates that register

DIALING  card is performing dizitone and dialing

function

DS5 RESET  When lightea, indicates that register
card dialing circuits are in the reset
condition

DSé6 9V When lighted, indicates availability of -9

volt DC (fuse F/ not blown)

3-38. Ifa problem appears to be related to a register card
and LEDs DS! and DS6 on both register cards are
lighted, the defective register card can usually be located
by observing the other LEDs when an intercom call is
initiated. The LEDs on an operating register card will
cycle, returning to standby, then ready upon completion
of the register cycle. On a defective register card. the
LEDs will not cycle, or will not complete the cycle. If one
register card seems to handle all intercom calls. remove
this register card and check to see if the remaining register
card now operates. The condition of a register card
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suspected of being defective can be verified by sub- Clear the problem and replace the blown fuse with one of
stituting a spare register card; if substitution clears the the same rating. If the replacement fuse also biows,
problem, the removed register card is defective and replace the register card.
should be replaced. NOTE
Before installing a replacement register card,
3-39. If one or both LEDs DS and DSé on a register make certain that ail miniature switches at the
card are not lighted, inspect the card thoroughly for wire front edge of the card are set to the ON
clippings. short circuits, and touching component leads. position.

3-11
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3-40. Link A Card Troubleshooting. (See Figure 3-10.)
Up to six link A cards may be used in the system. Each
link A card controls operation of one link B card. Links
are assigned to handle intercom cails on an available basis
by the microcomputer on the station card initiating the
intercom call. Failure of a specific link A card may appear
to be an intermittent problem, since operative link A
cards may be selected by the microcomputers. Each link
A card handles intercom calls to stations 30 through 59,
and supplies control signals to its associated link Beard to
handle intercom calls to stations 60 through 89 and C.O.
lines 17 through 29.

3-41. The link A card contains four LEDs: DS4
indicates the availability of -25 volt DC (fuse F2 not
blown); DS3 indicates the availability of +25 volt DC
(fuse F1 nor blown); DS2indicates that the link A circuits
have been reset and are ready to handle a call; and DS!
indicates that the called station has answered the call. Six
test poins are included; the test points and the data
monitored are as follows:
Test Point Data Monitored

TP! ARR Address register reset

TP2 A PORT A port seize current and audio

TP3 CSSE Called station send enable puise

TP4 B PORT DXP voitage, audio, and current sink

TP5 LKR Link reset

TP6 GND System ground
3-42. If a problem appears to be related to link A card

and LEDs DS3 and DS4 on all link A cards are lighted,
the defective link A card can be located as follows:

. Remove all link A and link B cards except those in
the LK Al and LK Bl positions in the KSU.

2. Initiate an intercom call of the type that produced
the symptom of malfunction. If the maifunction occurs
again, verify that the link A card is the cause of the
probiem by substituting a spare link A card. If substitu-
tion clears the problem, the link A card removed from the
LK AL position is defective; replace the card.

3. If the intercom call is handled normaily in step 2,
insert each of the remaining link A cards, in succession,
into the LK AL position in the KSU, and check each link
A as in step 2. When the defective link A card is found,
replace it.

4. After the defective link A card has been found,
install all other link A and link B cards removed instep .

3-43. Ifonecorboth LEDs DS3and DS4onalink A card
are not lighted, inspect the card thoroughly for wire
clippings, short circuits, and touching component leads.
Correct the problem and replace the defective fuse witha -
fuse of the same rating. If the replacement fuse blows,
replace the link A card.

NOTE

Before installing a replacement link A card,
check to see that the option strap in the upper
corner of the card is connected the same ason
card being replaced.

3-44. DSS Console Quad Troubleshooting. If a problem
appears to be related to a DSS console/ DSS control card
combination, check the quad before troubleshooting the
DSS consoie or the DSS control card. The red-green pair
of the quad serves stations 30 through 57 through the
DSS A controf card in the KSU: the vellow-black pair
serves stations 60 through 82 plus paging through the

1

F2 A (+25V)
ﬂﬂ Fl wA [-2%V)

1 REGITVER CARD

L]

Figure 3-9 Regster Card, Abbreviated Component Layout




DSS B control card in the KSU. A shorted quad pair will
cause fuses on the associated DSS control card to blow.
For continuity checks of the quad, use a DC volt-
ohmmeter; do not attempt to use a butt set for this
purpose.

NOTE

If there are two DSS consoles which are not
operating in parallel, only one pair of each
quad will be used.

3-45. DSS Control Card Troubleshooting. {See Figure
3-11.) One or two DSS control cards are used inthe KSU
for each DSS console. The cards in the DSS Al and DSS
B! slots function with DSS console 1, and the DSS A2
and DSS B2 cards function with DS3 console 2. All DSS
control cards are identical. The Al and Bl cards function
with the respective DSS consoles to serve stations 30
through 57; the A2 and B2 cards function with the
respective DSS consoles to serve stations 60 through 82

plus paging.

3-46. The DSS control cards contain two LEDs: DS1
indicates the availability of +25 volt DC (fuse F! not
biown), and DS2 indicates the availability of -25 voit DC
{fuse F2 nor blown). Eight test points are included; the

Section 111
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test points and the data monitored ateach test pointare as
foliows:

Test Point Data Monitored
TPl GND System ground
TP2 I-SEND DC current to selected station card
TP3 SYNC Microcomputer sync

TP4 DXP DATA DXP data from station cards

TP5 DATA TX Data signal to DSS console
TPs - QUAD Minus DC voltage to DSS console
TP7 + QUAD  Plus DC voltage to DSS console

TP8 RB DATA Data signal from DSS console

3-47. Ifaproblemappears to be related toa DSS control
card/ DSS console combination, first check the ap-
propriate pairs of the quad. Then, by noting which DSS
console and which stations are affected, determine which
DSS control card is the likely source of the problem.
Verify that this card is the problem source by card
swapping or substitution with a spare DSS control card.
Once the defective card has been located, check the fuses
on that card. If any fuse is biown, inspect the card
thoroughly for wire clippings, short circuits, and touching
component leads; correct the probiem and replace the
blown fuse with a fuse of the same rating. If the replace-

F2 WA (-25V)

J—
D‘—Fl A (+#25V)

(Place strap in 1-2 for unused position)

LINK A

=]
Option Ama.p—/

Release LED——> 1B
Answer LED ——ammm

, A—>
POWER ON LED's _,__ _ o

Figure 3-10 Link A Card, Abbreviated Component Layout
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ment fuse blows, or if the fuse is not the source of the
problem, replace the DSS control card. Before installing
a replacement DSS control card, make certain that all 20
miniature switches at the front edge of the card are in the
open position.

3-48. DSS Console Troubleshooting. {See Figure 3-12).
One or two DSS Consoles may be used in the system. If
two DSS consoles are used, they may be operated
in parallet or separately, depending upon the DSS
control c¢ard combination in the KSU. In parallel
operation, all keys on both DSS consoles are active; for
separate operation, one DSS console may serve stations
30 through 57, and the second may serve stations 60
through 82 plus paging.

3-49, If a problem appears to be related to a DSS
consoie' DSS control card combination, first check the
quad and the DSS controi cards. If theproblem has been
isolated to the DSS  nsole. replace the DSS console
unless the problem ¢.  pe related to ons of the keystrip
assemblies or the line cord of the D. 3 console. The
keystrip assemblies are replaceable plug-in assembiies;
the line cord also plugs in for easy replacement. To replace
either the keystrip assembly or the line cord, proceed as
follows:

314

1. Remove the front panel of the DSS console by
inserting a screwdriver tip under ihe lower edge of the
front panel at the corners and prying upward.

2. Remove the upper DSS console housing by loosen-
ing the captive screw at the front lower center of the
housing. The entire printed circuit board assembly is now
exposed.

3. To remove a keystrip assembly, disengage the front
tabs by pressing rearward while lifting the front of the
assembly upward, slide the assembly to the left with an
upward motion. and disconnect the ribbon cable. To
install the replacement keystrip assembly, insert the
ribbon cabie into its connector, insert the rear tabs into
the cutouts in the base of the set, slide the complete
assembly to the right, and press the fronttabs rearward 1o
engage the front tabs in their slots.

4. To remove the line cord. unplug the spade tips from
their connectors. To install a new tine cord. connect the
colored leads to the appropriate connectors, dress the {ine
cord through the entrance hoie. and push the strain relief
hook down on the strain relief tab adjacent to the hole.

5. Insert the rear tab of the DSS con- ‘le housing into
its slot at the center rear of the consc . and close the
housing. Tighten the retaining screw.

6. Insert the tabs on the front panel into the top slots
and push down on the lower part of the panel,
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3-50. ADJUSTMENT PROCEDURES.

3-51. The only field adjustments are those that control
BGM and MOH levels; all other potentiometers for
factory adjusted and should not be disturbed in the field.
BGM and MOH adjustment control are located on the
tone generator card {Figure 3-5). The adjustment pro-
cedures are as follows:

NOTE
It may be more convenient to adjust the
external music sources for BGM and MOH.
Wherever possible, adjust these sources in-
stead of the tone generator card controls.

1. If the BGM level is too high or too low, adjust the
BGM LEVEL potentiometer as required to provide the
desired level. If the potentiometer has insufficient range,
set the BGM INPUT switch to the HI position to reduce
the level or to the LO position 1o increase the level, and
readjust the BGM LEVEL potentiometer.

2. M the MOH level is too high or too low, adjust the
MOH LEVEL potentiometer as required to provide the
desired level. If the potentiometer has insufficient range,
set the MOH INPUT switch to the HI position to reduce
the level or to the LO position to increase the level, as
applicable, and readjust the MOH LEVEL poteatiometer,

3-15



A



TIZ PRACTICES _——
2f

SYSTEMW

T ANTEQRTE M L ASED \ 7]
INSTALLATION

ELECTRONIC <&V TELESHONE






NOTICE TO CUSTOMERS

TIE's EX-2040/3060 Key Telephone Systems are registered in accordance with provisions
of Part 68 of the Federal Communications Commission's Rules and Regulations. Customers
are advised that under FCC regulations the following provisions must be adhered to:

MEANS OF CONNECTION

Connection to telephone compang lines must be made with FCC approved plugs and jacks.
Connections to TIE's EX-2040/3050 systems must be made with the RJ-21X standard connec-
tors. ‘

NOTIFICATION TO TELEPHONE COMPANY

Customers must give sufficient notice te the telephone company before connecting and
disconnecting customer provided equipment to telephone company lines. Customers must
further advisa the telephone com any as to the particular lines affected and the FCC
Registration Number and Ringer &uivalence Number of the equipment.

EK-2040/3080 Registration Number: BJ286G-83728-KF-E
EK-2040/3060 Ringer Equivalencs: 2.5B
INCIDENCE OF HARM

The telephone company shall notify customers, where practical, in the event that cus-
torter provided equipment causes harm to the telephone network of possible temporary
discontinuance of service. In the event of such discontinuance of service, the tele-
Phone company must attempt to advise the customer rior w such discontinuance, afford
customers an opportunity to carrect the problem and advise customers of their right to
bring complaint procedures before the FGC.

COMPATIBILITY TO TELEPHONE NETWORK

Customers shall be given prior notification of any alteration .fo telephone company
equipment, operations ar procedures which may be expected to affect customer provided
equipment operation.

RESPONSIBILITY TO GRANTEE

Installation and maintenance of the equipment is to be effected only by an authorized
agent of TIE/communications.

Alterations or modifications of the equipzent not expressly shown in TIE installation
procedures are prohibited.

The customer is advised to disconnect the equipment from telephone company lines in the
event of suspected equipment malfuncton. Disconnections MUST be made at the RJI-21X
connectors.

The TIE EK-2040/3060 Systems are not authorized for in coin or party line applications.

Warming: This equipment generates, uses, and can radiate radio frequency energy and
iI not Installed and used in accordance with the instructon manual, may cause inter-
ference to radic communications. As temporarily permitted by regulation, it has not
been tested for compliance with the limits for Class A computing devices pursuant to
Subvart J of Part 13 of FCC Rules, which are designed to provide reasconable protecticn
agamst suci: interference. Operation of this equidment in a residential area is lkely
{0 cause interference in which case the user at his own exdense will be required :3
takea whatever measures @ay be required to correct the interferencsa.

TIE/CCMMUNICATICNS. INC. 5 RESSARCH CRIVE. SHELTCN.CT. C5484 203 929-7373

TR S4ANGE CABLEL TH SHRTOM.CT






INTRODUCTION
b e .

The purpose of this manual is to provide the descriptive and procedural information
necessary to install, test and maintain the TIE EK-2040/3060 Electronic Key Telenhone
System. It is assumed that the installer has a basic understanding of key systems
theory and cperation., With that knowledge and this manual, the instalier will be able
to install, tast, maintain and troubleshoot the TIE £EX-2040/3060 Key Telephone System.

The TIE EX-2040/3060 key service unit and telephones are the fundamental units of the
TIE £K-2040/3060 electranic key telephane systam. Information aon installation, con-
nections, strapping and testing, as well as maintenance, is provided in this manual.

It is recommended that the installer thoroughly familiarize himself with the informa-
tion contained in this manual prior to initiating installation of the systam.

It is further recommended that this manual and other job related information be left
on the job site to aid personnel on repair or rearrangement visits to the site. Op-
tions and any speecial wiring should be recorded for use by personnel on futura visits
to the job. This can save both time and money.

[f, during installation, or service calls, problems or questions arise that cannot be
resolved by using the information contained in this and related manuals, assistance

;s available from the TIE Technical Service Department, Monday through Friday, as fol-
ows:

For assistance in Alaska, Arizona, California, Colorado, Hawaii, [daho, Montana,
Nevada, New Mexico, Oregon, Utah, Washington & Wyoming, between 8:30 AM and 5:30 M,
Pacific time, call:

415-392-1929

For assjstance in [11inois, Indiana, lowa, Kansas, Xentucky, Michigan, Minnesota,
Missouri, Nebraska, North Dakota, Ohio, South Dakota, & Wisconsin, between 8:30 AM and
5:30 PM, Central time, call:

312-585-4400

For assistanca in aii ather states, between 8:30 AM and 5:30 PM, Eastarn time, calil:

203-929-7373

For EMERGENCY assistance at times other.than above, call:

203-929-7920

© =z 1873 32 TIE/ COMMUNICATIONS. INC. Page a1
1S sneucr«s. 25.5.‘5:2: 926;:;‘929.737:
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ENGINEERING TECHNICAL LETTER #0027

December 10, 13840

SUBJECT: Power Line Surge Protection in All TIE Electronic Key Telephone Systems.

TO ALL TIE CUSTOMERS

This letter is issued for the following purposes:

1. To recommend that all of TIE's electronic key telephone systems presently in
roduction (EK-308, EK-316, EK-717, EK-1235, EX-2040, and EX-2260) and all
uture systems be equipped with a power line surge protection device.

2. To recommend that TIle Model 428 Plug-in Powerline Surge Protector, or an
equivalent device, be used for this purpose.

EXPLANATION

The failure of electronic circuit comiponents occurring after thunderstorms has beerr
investigated. This investigation has revealed that systems without power line surge
protection are dore susceptible to dacage from power line surges than protected sys-
tems. The cost of a surge protector is small compared to the cost of extensive com-
ponient replacement or repair. Its instailation will prevent or nminimize the damage
resulting from violent thunderstorm activity, while preserving customer satisfaction
with TIE/comrunications’ electronic key systezts.

DESCRIPTION OF THE SURGE PROTECTOR

The TIlla #428 Plug-In Powerline Surge Protector is a 15-amp self-contained unit
which plugs into a standard 3-prong, parailel blade, grounded 117VAC wall cutiet. The
system power supply should be plugged into the duplex receptacle on the surge protec-
tor. A cover plate screw holds the TII #428 unit in place.

The unit contains a long-life pilot lamp which glows when normal AC line voltage is
present and extinguishes when power is off or during power line surges. The TII #4238
unit contains a gas tube surge protector which operates at 300V or higher potentials.
tIOV voltage clacping diodes are connected across the output to reduce iow-level
transients and ripple effects. The unit measures 4.9 x 3.3 x 3 inches and weighs 10
ounces.

The TII +428 unit is available from TIle Industries, Inc. or from :he telephone-
equipment supply houses.

ASSISTANCE

If technical questions or problems arise in this matter, consult TIE's Technical
Service Department.

TIE/COMMUNICATICNS. INC. 5 RESSARCH ORIVE, SHEUTTN. CT. 06484 203 229-7373

TREX: 4G4 CAZLE: TR SMRTON.CT
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USCU-C INSTALLATION WITH 4K24A3 PROGRAM ROM

1.00 INTRODUCTION

1.01 This addendum is issued to provide

installation information for using
USCU-C circuit cards in the EK-2040/3060
key telephone system.

1.02 This addendum supplements the in-

formation contained in the EK-
2040/3060 Installation Manual and Adden-
dums 3851, issues 1, 2 and 3.

2.00 GENERAL

2.01 The USCU-C Station Control Unit
circuit card has an improved cir-

cuit layout and I3 more economical for

production than the USCU-B card.

2.02 The USCU-C card is a direct re-

placement for the USCU-B and is
:astalled in the same manner, except for
éhe provisions specified in this adden-
um:.,

2.03  All USCU-C cards presently in pro-
duction utilize the 4K2¢A3 pro-
granm.

3.00 ATTENDANT'S STATION

3.1 NO special program chip is re-

quired when the USCU-C card is in-~
stalled for the attendant station (sta-
tion 58}. A switch is provided on the
card which enables the attendant program
when regquired.

4.00 USCU-C INSTALLATION

4.01 When the USCU-C card :is to be in-
stalled, two factors must be con-

sidered to determine which action must be
taken by the installer. These factors
are:

® USCU-C cards in XSUs with pull-up
resistors.

® USCU-C cards in KSUs without pull-
up resistors.

4.02 XSUs WITH pull-up resistors:

4.03 A small printed circuit board is

located in the upper left corner
of the KSU on the wiring side of the
swing-out gate (above connectors Ji17-
J20). The board is designated "Analog
X«PT Pull-up PCBD".

4.04 If the KSU is equipped with the

pull-up resistors, all USCU-C
cards, all USCU-B cards, or any combina-
ton of Bs and Cs may be installed with-
out any further consideration except
proper switch settings.

4.05 XSUs WITHOQUT pull-up resistors:

4.06 If the KSU is NOT equipped with

the pull-up resistor P.C. board,
at least ONE card must be a USCU~B card.
A.I.lccl:ther cards may be USCU-B or USCU-C
ca-r s-

3.00 SWITCH PROGRAMMING:

5.01 Figure ! shows an abbreviatad lay-

out of the USCU-C card. The fiz-
ure shows program switch locations. LED
locations, and fuse locations.

3.02  Table 1 provides programning in-
formation for the four switch as-~
semblies on the card.

hE

)

]
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Si-1
S1-2
51-3
S1-4

S1-3
51-6
S1-7
S1-8
S1-¢

> If

S4-9

DS1
DS2
DS3
DS4
Dss3

86

51-10 Close

sition,
torted.

- - -

MUST BE IN QPEN POSITION*
Transmit Data llust always be
Receive Data CLCSED.

Close to enable handsiree dial-
ling on C.0Q. lines.

Open for QFF-HOOK signalling.
Close for Group 5 C.0O. Audible.
Close for Group 4 C.J. Audible.
Close for Group 3 C.J. Audible.
Close for Group 2 C.0O. Audible.
for Group 1 C.Q.. Audible.

51-1 is placed in the CLOSED po-
interco calls will be dis-

Open to disable dial on
Open to disable dial on
Cpen to disable dial on
Open to disable dial on
Open to disable dial on
Cpen to disable dial on
Open to disable dial on
Cpen to disable dizl on
Open to disable dial on
Spare - leave in OPEN position.

Spare -
Cpen to
Open to
Open to
QOpen to
Open to
Qpen to
Open to
Open to
Cpen to

leave in OPEN position.
disable dial on 2nd P.L.
disable dial on lst P.L.
disable d4ial on line 18.
disable dial on 15.
disable dial on 14.
disable dial on 13.
disable dial on 12.
disabls 11.
disable
Qpen for BGM at station.**
Manual Reset - LIUST BE QPEN.
Close for attendant program.
Spare - Leave in OQPEN position.
Close to disable C.0O. recall##.
Spare - Leave in OPEN paosition.
Open for PAGE & Nite Audible.
Close to originate handsfree on
hotline calls.

Spare - Leave on OPEN position.

S4-10 Spare - Leave in QPEN position.

=% Close if no BGLl source is connected
to eliminate any ambient loudspeaker
noise at the stations.

## Audible recall on held calls.

- o em e e e w w W M W o wm mm w

LED INDICATORS

Lit
Lit

when
when

hotiine port is seized.
link port is seized.

Lit wnhen -23VDC is present.

Lit when ~25VDC is present.

a) Lit when station is aciive.

h) Flashes during dialling when

station has OUTPULSE DIAL2.

it during C.0. lne calls.

Page

B2

6.00
8.01

FUSING

The USCU-C card is equipped with
pico type fuses. These are minia-
ture fuses with wire leads on both ends.
The leads are pushed inte "push-on'” ter-
minals. NO SOLDERING IS REQUIRED.

3.4 SERIOUS CARD DAMAGE MAY RE-
{2247 sSULT IF A PIECE OF WIRE IS
SUBSTITUTED FOR THE FUSE.

.02 Under certain conditions it is
pessible that power may not be
prasent at the station set and beoth fuse
LEDs (-25V § +25V) are lit:; indicatin

power is presant to the quad. The USCU-

card has a regulator circuit which wil
shut off power to the quad when a short
exists between the quad pairs. When the
short is removed, power to the quad will
be restored automatically. Fuses F1 and/
or F2 may not blow when this condition
occurs, unless there is a malfunction in
the regulator. If the negative pair (BX/
YL) is grounded, the F2 fuse should blow.
1f the positive pair (GN/RD) is grounded,
the regulator will shut off and the +25
LED wiil remain lit. If ne power is
resent at the station with both LEDs
it, a short between the quad pairs, a
grounded GN/RD pair or excessive current
beéng drawn by the station set is indica-
te -

= TIE 1280
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1 10

i HTHT s1

CPEN

nrs 1.0A(~5V)

$2
10

OPEN

33

10

OPEN

F2 0.5A(=25)
- -C=F1 0.5A(+25%}

uscu-c

o

DS2 (Lrs)®

0SS (SEIZE) W
0S1 (HPS) B

4K AUXILIARY BOARD

/'\\
/ oY

(

10

HIRIES
OPEI

se (1

SERIES 2

0S4 (s25)
53 =28 @

*

Figure 1 - Abbreviated USCU-C Card Layou?

& TIE 1080

rfage B3






TIE PRACTICES ADDENDUM 3851
Key Telephone Systems lManual Issue 3
EX-20490/3060 Installation November 1280

NIGHT C.O. AUDIBLE WITHOUT PAGING
IN EK-2040/3060 KEY TELEPHONE SYSTEMS

1.00 INTRODUCTION

1.01 This addendum is issued to inform instal-~

lation personnel that the PAGE card must
be provided in the system if the night transfer
of C.0. audible feature is to be provided.

1.02 This addendum supplements the information
contained in the EX-2040/3060 Instaila-
tlon Manual and Addendum 3851, Issues 1 and 2.

2.00 GENERAL

2.01 When paging is not provided in the 2040/

3060 system and night transfer of C.O.
a;;g&gée is required, the PAGE card must be in-
s .

2.02 The circuitry for control of the night

transfer feature is located on the PAGE
card. When the C.O. audible/ paging volume con-
tzol on the attendant's set is moved to the ex-
trame right positon (off), the night audible
cirguitry is activated.

2.02 PAGE card installation details are pro~
vided under par. 3.37 in section 1.

7
.
—
O}
[
[ #=]
o
o

ﬁ l@ TIE/ COMMUNICATIONS. INC.
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EK-2040/3060 Installation

ADDENDUM 3851
Issue 2
August 1980

USCU-B INSTALLATION WITH 4KA3 PROGRAM ROM

1.0¢ INTRODUCTION

1.01 This addendum is issued to provide

information for setting the option
switches on the USCU-B Station card when
the USCU-B is equipped with a 4KA3 pro-
gram ROM.

1.02 This addendum supplements the in-

formation contained in the EX2040/
3060 Installation Manual and Addendum
3851, Issue 1.

2.0¢ GENERAL

2.01 Only series 3 or later USCU-B

cards should be installed. USCU-B
cards should be installed in accordance
with Addendum 3851, issue 1, revised July
1980.

2.02 When USCU-B cards are equipped

with a 4KAJ program ROM ( Read Only
Memory), any USCU-B card may be used as
the attendant's station card. The sta-
tion card for the attendant is always in-
stalled in card slot 58 in the KSU. When
the USCU-B is used as the attendant’s
station card, switches S4 1-10 must be
set as shown paragraph 2.05.

2.03  Switches S4 1-10 are located he-

neath the 4K Auxiliary card (see
figure 1). The switches are set by the
factory in one of two configurations; one
for conventional stations and the other
for the attendant station(s). The fol-
lowing paragraphs define both arrange-
zents.

2.04 Switches 354 1-10 are set at the

factory for conventignal stations
in the {cllowing manner:

34-1 Open S4-3 Open
S4-2 Open S3-7 Open
54-3  Open S4-8 Closed
S4-4 Qpen 54-9 Open
S4-3 Clesed S4-10  Open

« TIE 1940

2.05 Switches S4 1-10 are set at the
factory for attendant station op-
eration in the following manner. The
cards are marked "Operator's Card”.
These cards are installed instead of the
2KAl operator's cards previously used.

$4-1 Open 54-4§ Open
S4-2 Open S54-7 Closed
S3-3 Closed 34-8 Open
S4-4 Open s4-9 Open
S4-5 Open §4-10 Open

2.06 If, for some reason, a change is
required in the switch settings of
S4, the 4K auxiliary board must be re-
moved for access to the switches. The
functions for each switch on S4 are:

gz:é_) Not used.

S54-3 Close to enable operator
program.

S4-4 Dial enable via link on CO.

S4-3 Close to disable recall on
held calls.

S4-6 Not used.

S54-7 Close to disable page calls.

54-8 Close to enable hotline.
handsiree originate.

22 :?;I Not used.

2.07 To remove the 4K auxiliary card
for access the S4 switches:

a) Loasen and remove the nuts which
secure the auxiliary board.

b) Lift the auxiliary board upward
to unplug it.

c) Set switches S4 as required.

d) Carefully plug the auxiliary board
Dack into its cennector.

e} Replace the auts wnhich secure the
auxiliary board to the USCU-Z3.

Page B1
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°k

[} :
4K Auxillary Card O
10

=1 A
L 'S
545 2
L..' | )
1 s
3
2 - 5V
o -
mje— *25V oyce o,
USCU-B - -25v

STATION CARD

Figure 1 - USCU-B Station Card Switch Locations
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EK-2040/3060 Installat_ion

ADODENDUM 3851
Issue 1, Hevised
July 1880

USCU-B & SPLIT RINGING INSTALLATION
IN EK-2040/3060 SYSTEMS

1.00 INTRODUCTION

1.01 This addendum is issued to provide

installation information for usin%
USCU-B circuit cards in the EX-2040/306
kay telephone system and to provide
strapping information for split ringing
in the system.

1,02 This addendum supplements the in~-
formation contained in tha EX-~
2040/3060 Installation Manual.

2.00 GENERAL

2.01 The USCU~B Station Control Unit

circuit card is an expanded ver-
sion of the USCU-A cirsuit card used in
garlier 2040/3060 systems. Cnly seriess 3
101::1 later USCU~B cards should be instal~
ed .

2.02 When the USCU-B is installed in
the systam, the installer should
check for the following: -

a) The UTNU-A Tone Generator card
shc:éxld be a series 7 or later
card.

b) The URGU~A Registar card should
be a series 6 or later card.

c) All UCOU~A C.O. Line cards should
be series 9 or later cards. .

d) When paging is required in the

sKstem » the UPGU~A Page card
S O{lilld be a series § or later
card.

3.00 ATTENDANT'S STATION

3.01 Station 38 is used as the atten-

dant's station. The register will
only recognize "0" (zern) as station 58.
If "58" {3 dialled,
ceive a reorder signal.

gram.

ringing” control by the attendant. The
attendant's station will NOT receive
background music (BGM), if BGM is provi-
ded in the system. There will be no
"hotline" between stations 58 and 59 in
the system.

3.02 The USCU-B used for the attendant

station is equipped with a special
program IC chip. The IC is identified by
a white dot on top of the chip. 2K24 AT
is marked on the USCU-B box. USCU-B's
for use as attendant station cards should
be ordered using TIE part number 25107.

3.03 The USCU-B used for all other sta-

tions must NQT be equipped with
the attendant program IC. USCU-B boxes
lf'c:z' t'1'1e regular stations are marked
4K24",

3.04 The BGM switch is used for con-

trol of night ringing by the at-
tendant station. Moving the C.0O. audi-
ble/paging volume control (left control
as in rigure 17} on the attendant's set
to the extreme right position (off pasi-
tion) activates the night ringing fea-
ture.

4.00 USCU-B INSTALLATION

4.01 The USCU-~B station card is an ex-

panded version of the USCU~A cir-
cuit card. It is installed in the same
manner as the USCU-A, as detailed under
Fa:agraph 8.34 (page B21) with the fol-
owing exceptions:

a) Station options are programmed u-
sing switches S1 1-10, 32 1-10 ang
S3 1-10. Program in accordance
with table 3 (page B23).

2.\ Switch S1-4 must ALWAYS be left
= a} in the OPEN positien on the at~

tie caller wil re- tendant station card (staton
_ al. The USCU~B in- 58). If S1~4 is ciosed, the svs-—
stalled in card position 38 of the XSU tem will revert ta the night
aust be equipped with an attendant nro- ringing condition.
This is required to provide nignt
TIE / COMMUNICATIONS. INC. Page 381

ILE
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B24) is used for
;frogramming G. audible groups

and 2. Programming for C.0.
audible groups 3, 4 and S is ac—
complished in accordance with ta=
ble 1 of this addendum. DO NOT
use table 48 to program USCU-B
station cards.

b) Table 4A (pa%e

¢) If split ringing is required for a
particular installation which can
not be accompiished using either
table 4A or table 1, refer to par-—
agraph 5.00 of this addendum.

4.02 Figure 12 (page B22) shows the
component layout of the USCU-B
card. The +25V and ~25V fuses have been

changed from 0.25A (USCU-A) to 0.50A.

$.00 SPLIT RINGING

5.01 As indicated in paragrapn_ 4.0lc),
provision has been made for spiit

ringing in the 2040/3060 XSU. A Split

Ringing Select circuit board has been
added to the all KSU's manufactured at
revision level "L", or later. Refer to
the KSU identification sticker on the
rear panei of the KSU for revision level.
5.02 Figure 1 shows the layout of the

split ringing select board. The
board consists of three jack fields for
cross-connecting the C.O. lines to the

stations for audible ringing arrange-~
ments as follows:

a) The top jack field is made up if 2
common jacks for each station in
the systém. The jacks are desig-
nated "A" and "B" and each station
location is shown.

Table 1 - Programming for C.0. Audible Groups 3, 4 4 5

STATION GROUP C.0. LINES SWITCH | AUCIBLE
CLOseD GROUP
30 through 35 i 1,2, 3
36 through 41 4,5, 6
42 through 47 7, 8,9
S1-7 4
48 througn 53 10, 11, 12
g4 through 59 13, 14, 15
60 through 65 16, 17, 18
30 through 63
and 1 througn 14 s1-8 3
70 througn 89
(Exp Cabinet)
30 througn 53 15 through 18
,K3U's £4 through &3
WITHQUT sl-5 3
RING and 1S througn 18
SELECT )
BOARAD 70 through 89
ONLY {Exp Cabinet)

Refsr to table 4A for groups 1 and 2 (page 324).

g
o
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b)

c)

5.03

line
lows

The middle field consists of 12
sets of common multiple jacks des—
ignated 1 through 12 for each sat
and A through F for each jack in
the sat.

The bottom field consists of 19
sets of common multiple jacks des—
ignated 1 through 19 for each C.O.

e and A thrcu%g D for each jack
in the line mutiple. C.0. line 19
is reserved for future use (use 1-
18 oniy).

Three different jumper kits are a~
vailable for connecting the C.O.

jacks to the station jacks, as fol-

a)

b)

A kit containing 5 diode jumpers
and 30 wire jumpers. This kit may
12::;1 ggdered using TIE part number

A kit containing 30 wire jumpers

Iss 1, ADDENDUM 3851

c) A kit containing 5 diode jumpers
only. This kit may be ordered u=~
sing TIE part number 25132.
5.04

Diode jumgers are required when 2

«0. lines are connected
to 2 or more stations and isolation is
required between the C.Q. lines. See
figure 2, conditions 4 § 5 for examples.

or more

5.05 The RED diodedjumper lead is AL-
WAYS connected toward the C.O.

line jack.

5.06 If appropriate C.O. audible con-

figurations cannot be implemented
from table 4A (page B824) and table 1 of
this addendum, use figure 2 as a guide,
and strap the split ringing field for the
required configurations.

bt

When the split ringing field is
used, switch S1-6 an the USCU-B
must be placed in the closed po-

only. This kit may be ordered u-— sitlon to activate the fieid.
ging TIE part number 25131.
J1
70 139
S
RN R H
7071727374757677787980318283848585878889
Ale ® ® e o e ¢ * & ¢ o o J
3Le . o : ® : : e o : : . ° I O _® O 8 &ISTATIONS
50 SI 52 33 54 S5 55 57 33 53 60 61 62 83 &4 65 66 67 63 &9
A [ s 9 @
A : i3 o R
30313233343536373839%414243444546474849
I—)UMPERS —— JUMPERS
A123456 I78910111:[
R XX A
essess 35"33
c99¢:;9 Ef?c
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HEEBE R Se99c
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123¢5-‘:7891011121314’.5751?1810_,
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RING SELECT 30
Figure 1 - RING SELZCT 30ARD Jack Lavout
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Candition 1 - 1 Tine & 1 station

Condfition § - 2 lines & 9 stations

LINE | 8l sTaTION 81 starion
JUMPERS
= 28 | staTION
Condition 2 - 1 1ine & 2 stations A £ Ty
LINE {2 g 5| sTATION
A 8 .
LINE {EI‘\:A STATION 0 B = -:B
21 STATION
8
32| sTaTIoN Diode jumpers< S8 srarton
. PRY . JUMPERS 3
Condition 3 - 2 lines & 1 station = -:A STATION
D
A E
e |2 LINE E{ 0133 | sTaTION
A
a| STATION 3 | STATION
: A
Le |8 & | sration
D
Condition 4 - 3 lines & 2 stations
A
LINE E{
0
é U
LINE |¢ Wode Jumpers
8 A STATION
A
LINE 52
0
Figure 2 - Split Ringing Configuration Examples
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TIE EK-3058

SECTION 3851-1
[ssue 2
Decamber 1979

KEY TELEPHONE SYSTEM

GENERAL DESCRIPTION, OPERATION, 2 INSTALLATION INFORMATION

1.00

1.01

INTRODUCTION

This section provides a generai
description, aperational, instal-
lation and maintenance information re-
quired for the TIE EK-2040 key tele-
phone system,

1.02 As the TIE £X-3080 is an expanded
version of the TIE EK-2040 systam,
section -1 of this manual refers in most
part to the TIE EK-2040 system. The &£X-
3060 expands the capability of the 2040

by 10 C.0. lines and/or 20 stations. De-
tailed information which applies to the
expansion unit will be provided in section
-2 of this practice.

2,00

2.01

GENERAL

The TIE/communications EK-2040 $y'sS-
tem is an electronic key taleshone
system wnich utilizes a salid state space
division matrix with a time division dis-
tributed control, using micro processor
technology, See figure 1.

2.02 The system aperates gn two pairs of
wires allowing two simultaneous
conversations on the telephone in addition
to the control of the 28 functional sta-
tion keys,

2.03  The TIE £X-2040 is gne of a family
of electranic systems, ail using
the same printed circuit board assemblies,
telephone instruments and operating proce-
dures. This simplifies the training of
ingtallation and maintenance personnel,

register circuits, as required, to pro-
cass internal calls. In most cases one
register will handle all required traf-
fic, as the register is immediately re-
leased after the last digit has been
dialled, which in most applications is
only 2 digits.
2.05 A1l stations are arranged for
handsfree answerback without the
need to limit the duration of the call.
All telephones have built-in speakar-
Phones, The system consists of three
major items:
¢ The Key Service Unit (KSU).
¢ The pawer supply,

® Multi-bution key telephones.

3.00 SPECIFICATIONS

3.01 Physical dimensigns
KSy
Height - 33.7" (85,5 em)
Width - 24.0" (40.71 cm)
Depth - 14.7" (37.3 cm)
Power Supply [EBK-30)
Height - 15.5" (39,4 cm)
Width - 22.5" [57.1 om

Jepth - 9.6" (24,4 cm)

Teleohone
Height - 4.5" {171.4 em)

N - n
the user's operating procedures, and elim- g;dzg - g'g« Egi'? cmi
inates the nesd qu extra inventory due to d ' hen
Egiugzz?g?al1tj 0% circuit boards and in- 3.02  System Capacisy
ha TTE Cu A P 3.03  Up to 20 C.0. lines may be a2quin-

.04 h ILE.' o - . . :
2.0 e $-2040 utilizes one or two Ped in the basic KSU cabinet. 10

r1f 1079 ﬂEﬁCOMNﬂNﬂCAﬂONS.INC.

i€l

S RESEARCH DRIVE
SHELTCON. &7,

?2ca 31

264894 203 929.7373




{ss 2, SECTION 3851-1

TKEY SERVICE UNIT (KSU)

EIIQE STATION
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C.0. | :
LINE 1
' LINE— :
v |
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CARD #n

1
I
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‘ * oN
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r’ CARD CZ CARDS | Xl CARD
1 A
* 1 _ Y
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=
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' 80 CARD

Figure 1 - EK-gggg SYSTEM BLOCK DIAGRAM
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additional C.0. lines may be equipped in
the expansion cabinet. Up to 40 stations
may be equipped in the basic cabinet with
20 additional stations equipped in the
axpansion cabinat,

3.04 Power Requirements

3.05 AC power requirements for the sys-
tem are: 117 VAC, =10%, 60 Hz,
single-phasa.

3.06 The EBK-30 power supply provides
three outputs to the KSU; +25 vOC,
-25 VDC and -10 VDC.

3.07 220 VAC, 50 Hz power supplies are
available by special order,

3.08 Station Loop

3.09 The system functions on standard
4-wira, inside, random-twist, 24-
gauge quad up to a dfstance of 2000 feat.

3.10 Contro}

3.11 The TIE £K-2040 system utilizes
distributed control, whereby each

station is controlled by its own micro-

processors in the KSU and the station set.

3.12  Systam Internal Numbering Plan

) Operatar
30-69 Internal Voice Page Calls
(Basic Cabinet)
70~-89 Internal Voice Page Calls

(Expansion Cabinet)

130-169 Internal Tone Signalling Calls
[Basia Cabinet}

170-185 Internal Tone Signalling Cails
(Expansion Cabinet!

230-282  Alternmata Call Pickup =

917-920. Pickup of Lines Not on a Station
(Basic Cabinet) ‘

921-930 Pickup of Lines Not an a Station
(Expansion Cabinet!

991-996  Paging Zcones and All-call

* (&t ondy be used when he cxllad  siz-
W oscanalizd Gt the tone s<gnadling
meac; ael Ln {he hands jree mede,

. -
LI Y
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4,00 SYSTEM CCOMPONENTS

4.01 The TIE EX-2040 system is comoris-

ed of the following components:

KSU - One per system,

Power supply - One per system.
Telephones - As required.

Station Cards - One per station.
0SS Positicn - 1 or 2 per system.

DSS Cards - 1 or 2 per DSS pos.
. {see raragraph 4.02)

Line Cards - One per C.0. Tine.

Tone Generator Card - One per
system.

Page Card - Optional, one per
system.
Register Card - 1 or 2 per system.

Link Cards - Up to 6 sets per sSys-
tem [(see 4.03).

Selector Panel - 1 per systam.

4.02 One 0SS Control card is racuired far

each 28 0SS keys used it esach 0SS
position; maximum 4 per system.

4,03 Each link can be made up of 1 ar 2

Link cards (A § B). "A" link
cards serve stations 30 through 55. *B“
cards serve stations 60 through 89 plus
C.0. lines 17 through 30. Maximum six
links per system.

5.00 FEATURES

5.01 The TIE EX-~2040 is designed to
Provide the foilowing features:

a} Handsfree Talkback

The station user can answer inter-
com calls from acrass the desk or
dcross the room without *ouching
the telenhone.

b) Handsfres Origination an
C.0. Line Calls

8y depressing the 'Handstrae! xay
and a C.0. Tine key, the station
user can call an gutside party
and conduct a handsfres conversa-
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d)

e)

f)

g)
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tion without ever lifting the hand-
set.

Built=In Speakerpnone

A11 stations have built-in speaker-
phognes for handsfree cperation or
group discussions. The 1ifting of
the handset automatically switches
the speakerphone o the handset to
allow private conversation,

Call-Anncuncing

The system has internal call-an-
nouncing to individual stations and
*a external paging circuits when e-
quipped.

Multi-Trunk Confarence

The system is equipped with stand-
ard multi-trunk conferencing with
compensatad loss of transmission
Tevel, This allows the station u-
sar to receive or establish two
different calls and then by depres-
sing both keys, establish a confer-
ence between the cantrolling sta-
tion and the two cutside parties.
A1l three parties can talk and hear
one another due to the compensated
transmission level,

Modular Plugs and Jacks

The station functions on only two
pairs of wires arranged for modular
plugs and jacks for ease of instal-
lation,

Distributed Control

Each station has its own micro-
processor control., I[f a failure in
control should occur in the system,
it will only affect that one sta-
tion or that line.

Micro-Procassor

This system is individually micro-
processar cantrolled with non-vola-
tile programs. Therefore, there is
ne problem of start-up time when
the system comes back into sarvice
from such conditions as i commer-
¢ial power failure.

Non«Locking Kays

The tzleshone sats have non-locking
keys with built-in long-l1ife, light
aemitting diodes (LED's}! providing

%3age 84

3)

1)

m)

a)

the status of functions assaciated
with the keys.

Cable Requirements

The system functions on standard
24-gauge inside, random-twist, 4-
wire cable {quad] up to a distance
of 2000 feet.

Types of Dials

The system uses standard type DTMF
dials or specialized dials such as
OUTPULSE DIAL &, MEMORY & dial,
and Toll Restrict Dials.

Music-On-Hold & Backaround Music

The system is equipped with con-
nections to provide music-on-hold
to the outside party on a held
1ine and background music to the
station users through the individ-
ual loudspeakers inside the tele-
phone, The telephones have a sep-
arate volume control with an off
switch to allow the individual
station user to control the back-
ground music, paging or C.0. audi-
ble to his instrument without af-

facting the handsfree listening

level., See paragraph 10.00.
Simultaneous Call Handling

The system allows two simultaneous
calls to be in progress on the
telephone; one on the handset and
one on the loudspeaker/microphone
without placing either call on
hoid. An example of this would be
the station user using the handset
on a C.0. line call and at the
same time, the attendant announces
a call to him over the handsfree
intercom circuits, Neaither call
neads to be interrupted.

Installer Options

Mo installer gptions are required
within the %t2leochone as all ap-
tions are provided' far in the XSU.
Therefare, the installer is net
required to open the tealephone at
the time of installation.

Privacy of Cails

The systam provides for privacy on
all calls wizh orivacy release ca-
pability on .0, line calls shouid

71
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q)

r)

the station user wish to conference
with another inside party. Privacy
Release permits 1 additional party
to enter the call.

Paging Access

The system provides for "Al1-Call"
Paging and up to 5 different paging
Zones accessed by dial codes. Zone
5 serves all stations in the expan-
sion cabinet.

I-Hold Indication

The system provides a special "I-
Hold" indication to indicate to the
individual user which call(s) he
placed on HOLD. This differenti-
ates from the other lines that ap-
pear on the telephone that have
been placed on HOLD by other sta-
tions. Therefore, when the station
user wishes to return to a held
call or to forward the call to an-
other station the "I-HOLD" indica-
tion immediately identifies that
particular line.

0SS Consale(s)

The system may be equipped with
One or two attendant positions,

gach 1incorporating a Ofrect Station.

Selection (DSS) console.” The PSS
attendant has immediate priority
access to any station in the system
by a single momentary depression of
the corresponding station key in
th? array appearing on the 0SS con-
sole, :

Each DSS console may be equipped
{{n the KSU) to handle either 28 or
56 keys, depending on system size
and requirements. When both DSS
cositions are equipped, both pasi-
tions may serve all stations in the
system {in perallaz?] or each 0SS
may serve up to 28 diffarent sta-
tions. This application is usefyl
for departmentalizing the system ar
enhance the multipie user capabil-
ity of the system. .

An LED in each 0SS key gives the
attandant prior knowledae of the
Status of each telechone agpearing
an her console. Qesression of the
xey causes the ocutside call Being
sérved tg automatically be placed

TiZ 1879
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on hold, and establishes a direct
voice connegtion to that tale-
phone. After a short tone is
heard by both the DSS attandant
and the called station, both may
engage in a two-way conversation
which is handsfree at the called
end.

The attendant releasas from the
called station by either return-
ing to an on-hock condition or by
selecting another C.0. line or
another station.

Modular Growth

System greowth is accomplished on
a Tine-by-line and station-by-
station basis. Beyond 20 lines
and 40 stations, an expansion
cabinet is required for use with
the basic KSU cabinet, increasing
the size capacity to 30 jines and
60 stations.

Each intercom talk-path, or link,
¢an be added individually up to a
maximum of 6 links., A second
register may be added also, if
needed. As stated previously, a
second DSS pesition may be added
to the system,

Because there is an absolute min-
imum of common equipment, the
system is never burdened with
more circuitry or physical hard-
ware than is actually required
for the job.

Hot Lines

€ach telephone may be arranged tg
contact one other predetermined
teleghone on a direct or "Mot
Line" basis, using a single ac-
cess key., [n this manner, acces-
sibility to the other station is
guaranteed, aven if that station
is already engaged in another
call. The originator has prior
knowledge of the status of the
2nd station by the unique indica-
tions of the LED in his HL key.
This is especially usafyl in the
"principal/secratary” confiqura-
tion and dees not add traffic o
the dial intercom paths.

m
n
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u) Single Key Intercom Operation ¥)

The multipath dial intercom 1inks
are accessed by a single ICM key on
any station set. The first avail-
able path is selected, which in
turn, connects to an available reg-
istar. Optional, handsfree inter- )
com calling may continue for un- z
1imited periods without tying up
the register{s). The called party
may reply handsfree when called on
the intercom. To gain greatar pri-
vacy, or if rocm conditions war=
rant, the call may be transferrsa
to the handset by removing it frem
its cradle.

v) Access to Lines That Do Not
Appear on the Telephone

aa)

In a system having lines (above
C0T14} that do not appear on every
telephone, such as a non=-square
system, or a system having private
lines, 1imited accass to these
lines is still available to all
telephones in the system.

By invitation, a station user may
pick up a Tine that does not appear
under a3 key on his talephone by
dialling into that line using the
intercom. He may have this access
only when the line is on hold or if
angther station user has operatad
his privacy release (PR RL} key.
Under these conditions, exclusion
and non-availability is retained
under all other circumstances.

w) DO NOT DISTURS

The HANDSFREE key may be used as a
00 NOT DISTURB key., Debressing the
HANDSFREE key only will make the
station appear busy to all internal
¢calls. A second depression of the
HANDSFREE key will restore the sta-
tion to normal traffic availability.

x) Alternate Point Answering

An intarnal call may be answered
from another telephone in the sys-
tem by using the dial intercom.
Dialiing "2" followed by the sta-
+ion number of the telephone to be
answered, will cause the call to be
directed to the alternate answer
paint, Only Zone sianalfed sta-
Licna may be answered Ly way.
Sage 38

Wall Mount

An optional kit is available which
provides wall-mounting capability
for any ULTRACOMTY telephone with-
out modification to the talephone
itseif.

Directory Tray {futire)

A pull-gut directory tray is avail-
able which can be mountad beneath
the telephone, to display talephone
numbers and other information when
nesded., MNo modification is requir-
ad to the talephone for this fea-
ture.

Multiplie User Capability

The system has the capability to
allow 2 groups of users to be sep-
arated by lines and stations, such
that one group can have qutside
Tines that do not appear at sta-
tions within the other group.

. This configuration has application

when more than one department wish
to be serviced by the same tele-
phone systam. Refer to 0SS opera-
tion also. Commonality of equip-
ment can be provided while separa-
tion of service is maintained {(max-
{mum 7 private Lines per stalion).



6.00
6.01

a)

b)

c)

d)
6.02

a)

5}

DTt

OPERATING PROCEDURES -
STATION SET

C.0. Tine call aperation

To originate: Lift the handset
off-hook or depress the HANDSFREE
key and depress an idle ¢.0. line
key, The LED in that key will go
steady "on". When dial tone is

received, the user may dial and
Proceed with the call.

To hold: Depressing the HOLD key
causes the previousiy saized line
to be placad on HOLD., The LED in
that line key exhibits the I-Hold
flutter, providing a unique indica-
tion of 2 line placed on hold at
that telephone. This line key on
a1l other telephones will show the
slower conventional HOLD wink rats.
The user may also place an outside
1ine on hold by depressing his HL
xey to originate a 'Hot Line' call.

To release: A call may be termina-
ted by returning the handset to its
cradle, by a second desressicn of
the HANDSFREE key, depressing the
FLASH key, or by selection of an-
other C.0. Tine.

Identify: If the station user must
Tdentify which outside line he is

speaking on, he can cause the LED
in the corresponding LINE key to
flutter at the [-hold rate while
depressing the PR RL (Privacy Re-
Lease) key,

C.0. Line Conference
(2 stations - 1 C.0. Linel

Station user informs angther inside
party that ne is invited to join a
conversation (see 6.07a). After
returning to the C.0. line, he then
depresses the PR RL key and holds
it down until the 2nd party joins
the conversation by going off-hook
and depressing the corresponding .
C.0. Tine key at his telephona. A
three-way confzrencz is now under-
way, Tne outside cail remains ean-
nected until both inside parties
hang-up .

[f a 2nd C.0, line ig invaived in
the conferencs, it would have bean
1e79

6.03

6.04

a)
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established as stated in paragraph
§.03.

C.0. Line Conference
(1 s2ation - 2 C.0. 2ines)

The station user is involved in a
call on 1 C.0. line. To establish
a conference with 2 2nd outside
party, the user places the calil on
hoid via the HOLD key. He then
depresses 2 2nd idle C.0. line key
and originates a call to the 2nd
outside party. When the 2nd party
answers and the normal courtesies
have been exchanged, the user pla-
ces the 2nd C.0. Tine on HOLD.
Depressing the HOLD key again (the
Ind Lime] will light the HOLD LED.
The user may then depress the two
line keys, one-by-one, to estab-
1ish the conference. The confer-
ence will be be dropped when the
inside party hangs-up.

Seizing a Line That Does Not
Appear On That Teleohone

On certain occasions, a station
user may be invited to pickup a
call on a Tine that does not ap-
pear on his telephone. OQnce the
call has been placed on HOLD by
the original participant, and the
2nd statien user has besn advised
of a call on a particular line,
the 2nd party then depresses his
ICM key, thereby seizing an availe
able 1ink and register. When in-
ternal dial tone is received, the
2nd user dials "9", followed by
the number of the line on which
the call is waiting.

At that time, the line is removad
from the HOLD condition and is a-
vailable to him. He then may pro-
ceed with his conversation to the
outside party. Upen completion of
his call, he may either release
the Tine or raturn it to the HCLD
conditian., i

A party may enter a line that does
not appear on his talenhone ONLY
under this conditicn. Safequards
dre provided to orevent ynauthor-
1zed parties from seizing non-
dopearing C.0. lines to originata
calls, and from entering c2lls aj-
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6.05

6.06

ready in progress in any other cir-
cumstaznces. The user may, however,
joain a cail on & non-appearing line
on a conference hasis. In this
manner, it is under control of the
original user's Privacy Relezse
kay.

FLASH kav

Deoression of the FLASH kay while
connected to an outside line causes

that line to be released while the key is
depressed and immediately reconnected when
the key is released, providing new dial
tone to the station user.

6.07

Internal Calls

a)

Station-to-station Dial Intercom

1. Normal Yoice Paqge Qriginate:
70 cali another station in the
system, the user 1ifts the hand-
set or depresses the HANOSFREE
key (<L *he station has this op-
Lion). Anavailable 1ink and
register are selected and the u-
ser receives dial tone, The u-
ser then dials the 2-digit num-
ber of the station he wishes to
raach. Upon completion of dial-
1ing, he is immediately cut
through to the destination sta-
tion on a handsfree basjs. A
short tone is heard immediately
at both stations and conversae
tion may commence immediately.

2. Stations within the same local
area (close proximity %o each
othen] should not utilize the
'handsfree originate on internal
calls! optien. This is due to
acoustical feedback possibilities
which may cause howling.

3. Either party may switch from
handsat %o handsTree operation
or vice-versa, by 1ifting the
handset or depressing the HANDS-
FREZ key as appreopriate.

4, [f the calied station is busy on
an autside ¢all, the internal
caller will still be able to
reacn the called party and have
a simuitanequs c¢anversation
which will not interrupt the
autsicde call, If the called

b)

c)

d)

station is busy on an inside
call, the calling party will
recgive a busy signal.

Tone Siagnalling Originata:

To call another station and cause
that station to be signalled by
calling tone, rather than cut-
through 'handsfree', the origina-
tor simply dials "1" before the
2-digit number of the station
which he wishes to reach. The
called party must 1i¥t the handset
to answer the call.

Alternate Point Answering

To pickup an internal call which
has just signalled a nearby sta-
tion {Zone signal call only) or is
sti11 ringing, a station user can
raise the handset or depress the
HANDSFREE key at his station, de-
press the ICM key and when dial
tone is recaived, dial "“2" plus
the number of the ringing station.
The call is then routed to the al-
ternate station and conversation
may take place in the normal man-
ner,

Hot Line Calls

1. In addition to the dial inter-
com, one "Hot Line" {HL] key
appears on each telephone in
the system. This enables a
station user to be in touch
with another predetermined sta-
tion on a single-button direct
accass basis.

2. To originate a hot line call,
the user 1ifts the handset, ar
depressas the HANDSFREE key
and the HL key, He is immedi-
ately cut through to the des-
tination station. A shart
tone is heard immediately at
both stations and the calling
party may commence the conver-
saticn.

3. If the destination station is
busy on either an inside or
gutside call, the user initia-
ting the HL call shcuid already
be aware of the status of the
called station. 7The LED in zhe
HL key of the caliing station
exhibits a descriptive indica-

= Trm -5
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tion, out ({dfe}, 1it steady

(busy) or flutter (I-tfalk), prior

to depression of the HL key,

4, Depending upon the caondition of
the busy destination station
(oniginating on neceiving an in-
s4ide on outside calf), the new
calTer will always reach the
destination station. He may come
in handsfree or he may come in on
the handset, but he will always
have prior knowledge of how the
call will come in at the called
station,

e) Paging

1. After depressing the ICM key and
recgiving dial tone, the user may
access any of the 5 paging zones
fn the system or access all 5 si-
multaneously (AL2-Calt) by dial-
1ing one of the 3-digit numbers
991-996.

991 - Zone 1, stations 30 through 39
992 - Zone 2, stations 40 through 49
993 - Zone 3, stations 50 through 59
994 - Zone 4, stations 60 through 69
995 - Zone 5, stations 70 through 89
996 - A11-Call, all stations paged.

2. Accessing a paging zone provides
a4 one-way voice path to all tale=-
phones and external Joudspeakers
within the zone or all zones in
the case of All-Call.

3. After dialling, the user may
page aftar a short tone is heard.

TIE 1879
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7,00 [INSTALLATION

7.01  General

7.02 The KSU is wall-mountad as detail-

ed later in this section., Fuses
are provided in the KSU and power sugpiy
to protact the system c¢ircuitry from
shorts or reversals.

7.03 Fuyses are provided on most of the
C¢ircuit cards in addition to the
main KSU and power supply fuses.

7.04  The system is comprised of a power

supply (EBK-30), the KSU and seven
types of circuit cards. The circuit
cards are installed in positions as shown
in figure 2. The circuit card installa-
tion details are provided under paragraph
8.00.

7.05 The installer should become famil-

far with the specifications and
features to be provided on this particu-
lar job before attempting circuit card
installation. Items whish the installer
must be ceognizant of are:

a) Number of C.0. Iines and stations.
b} Number of 0SS positions required.

¢) The numbering scheme to be usad in
the system; as to 'for whom' and
'where' particular station numbers
are to be designated. Keep in
mind the paging zone numbering ar-
rangement as covered under para-
graph 6.07e.

d) Is the system large enough for
both "A" and "B" Link cards? Ara
non-appearing C.0, lines equipped
in the system? “8" (inks are ra-
quired for C.0. Tines 17 and uo.

e) Will the DSS require both "A 2 g
0SS cards to reach all stationsg?
[f 2 DSS positions are required,
will both serve all stations? Is
0SS paging reguired?

f} wWhich C.0. lines wil] aopear on
LK17 and LK18 at each s*atign?
This information ig required for
straoping the "Selector Fanel" on
the [/0 hoard (s22 9.J0).

g) Keeo in mind *he hotline numbering
Scheme {see 9.703).
Page 3¢
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7.06 Selection of Equioment Location

7.07 Considering the factors listed be-

low, seiect a suitable site for the
KSU, the power supply and the station
blocks. .

a) Availability of a senarately fused
105 to 125 voit, 6Q Hz, singie
phase, 3-wire (paralfef blade and
ground} power ocutlet. Refar to
paragrapgh 7.13.

b) Location of the CO/PBX line tarmi-
nations.

¢) Location of the majority of sta-
tions. The practical objective of
equipment location is to minimize
wire runs.

d¢) Location of telephone ducts, or
conduit, if provided.

e) Availability of space to allow for
accessing and servic¢ing the equip-
ment.

f) A well ventilated area having a
temperature range of from +32° {{(C)
to +104° (40C) Fahrenheit is recom-
mended.

g) A good earth ground must be provi-
ded, using l4-gauge or Targer wire.
A cold-water pipe with joints and
meters by-passed by 14-gauge or
larger straps will provide a suit-
able ground,

7.08  KSU Mounting

$.4) When a conerete, masomy, ox damp
&:"-!/) sunface (s sefected fon :‘."nz mouwnt-
ing site, the KSU MUST be mounted

on a customer-provided bachhoard.

7.09  On the surfacas to which the KsU is

to be mounted, locate 6 points
which correspond to the § keyhole type
holes in the removable back panel of the
KSU assembly (see {gure 3).

riud) The TIE EX-2040 KSU 4is designed §or
=27 wall-mounting only. Rejer Lo 3ig-
wrz 4 jor tecemmendad Zocaticn L2y~
cul., The bach panel wiilizes nz-
movable ninges,

e |

.10 The method of fastening the assem-
8ly is determined oy the surface 0
TIE 1g79
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which it is to be fastened. Using suit-
able hardware, secure the assembiy to
the mounting surface.

7.11 Mounting the Pawer Supplv

7.12 It is recommended that the E3K-30
Pawer Supply be wali-mounted.

7.13 Select a mounting location close

engugh to the EX-204Q0 KSU to per-
mit the 3-foot power tail from the KSU
to plug into the £BK-30 power suppiy and
close enough to an 110 VAC outlet ta
permit the 6-foot power supply cord to
be plugged in.

7.14 Using suitable fasteners, secure
the power supply to the mounting
surface.

7.15 Grounding the System

7.16 After the XSU and paower supply
have been wall-mounted, the power
supply MUST be properly grounded.

D0 NOT USE THE
3RD WIRE (GREEN)
OF THE AC CORD
FOR EARTH GROUND.

7.17 It is recommended that the AC

service outlet be of the 3-wire
lparatlel blade and ground) type. A 3-
wire to duplex adapter SHOULD NOT be
used,

7.18 An addfitional earth ground must

be provided for proper operation
of the system. In most installations, a
metallic cold-water pipe will arovide a
good earth ground. The installer should
check that the cold-water piping is me-
tallic throughout and has no jogints or
sections of non-metallic pipe. If *he
cold-water system is found to he inade-
quate for grounding purooses, an al-er-
nate grounding means must Se found.

7.19 The wire usad to ground the power

supply should be as short as pos-
sidle and ld-gauge or larger. This wire
should be cannected te the grounding Tug
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Fully loaded 2040 KSU weighs approx. 96 pounds.
Fully loaded 3060 KSU weighs approx. 130 pounds.

Mount cabinet to wall using suitable
fasteners for type of mounting surface,

REAR OF CAB.

|
|
|
[

A
>

R |

7 25 11/16"

& -
—dm |

l1>
__qhé _—

16“

A _o Figure 3 - Wall Mounting Tempiate

-

Mount

=== - Cabinet mounting screw

Tia-wrap

Figure AA - Tie-wrap detail

inside the door of the Dower supply. See . quads are as fallow:
fi . : 1
Tgure 3 Bl block for staticns 30 thru 41.
. . B2 block for stations 42 thruy S3.
M . =
7.20  station Block Mounting B3 block for statians S4 thru &3,
i £ -3 Pl
.21 - Four station blocks are reccmmended B4 block for stations 66 thry €3.
for connection of the station guads 7.22 0SS console and paging connecticns

ta the KSUY. Cgnnections for the station are made an block 54.
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SPARE KTK20

F103 - 204
KTK20 (-25V)

SPARE KTK2S
] Floz - 25
KTX2S (-10v)
| SPARE KTK25
GROUND
F101 - 25A LUS
l KTK25 (+25V) =

Fiqure 5 - Power Supply Fuse Panei |

7.23 It is recommended that the blacks

be the 66M50 type, used with "8*
bridging clips to facilitate any tasting
or troubleshooting which may be required
Tater on. Figure 6§ illustrates the method
of connecting to the blocks.

8 BRIDGING
Qirs

70 «
Ksu

Y
. -
CABLE | et = :
—
—-

I :
() STA
14

86MSQ TYPS 3LCCK

Figure 6 - 81 - 84 8lock Cenfiguration
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7.24 On the back of the KSU swing-out
gate ({{gure 4} are 5 Ampheno!

(57 senries) type connectors for connec-

tion to the KSU tail cables. Connectors

PQS through P08 should be cabled to the

Bl through B4 blocks. Table 1 shows the

cable Tead assignments for the connectors.

Ca

@‘a) The 152 (Lop} connector (PO4) MUST

<287 be cabled directly o the Zelephone
company C.U. Line tzaminations

(USOC code - RJ-21X]. The RI-21X
&5 an Amphenof Zupe connecton which
should be provided by the telephone
compay, to within 25-4eet o4 the
KSU, in accordance with FCC rules,
part 68, P04 Ls a male connecton.

7.25 A bracket fs provided to secure the
tail cables before they exit the
KSU. The cables should be tie-wrapped to
prevent dislodging the connectors from
their mates. Oress the cable loop for o=
pening and closing the swing-out gate
(See jigures 3 and 4 jor tie-wrap Loca-
Lions and mounting detadll). ‘

7.26 Power Supoly Cable

7.27 At the lower left {bottom! of the

[-0 board (jigure 4) is the connec-
tor for the power supply cable. Plug the
P.S. cable into the connector and drass
the cable as required to the power supply.
Leave 2 slack loop for opening and closing
the swing-out gate. Plug the cable into
the power supply connector on the left
side of the supply.

Page 315



lss 2,

SECTION 3851-1

Tahle 1 - €X-2040 Tail Cable Conductor Assignments

TAIL CABLE 81 BLOCK 82 BLOCK B3 BLOCK B4 ALOCK T0 TELSD
PF‘,-[”: Eﬁf‘és cuer || vean | ooest || Leso | oesT || weso | oest || Leso § DEST || LEAD { OEST
e — =_—— e — I e —

26 | WN-BL l GN 6N ax GN T | ¢.o.
L BL -WH 2 R0 STA. R0 STA. R0 STA. RD sTA, R 1
77 | wH-0R | 3 8K 30 8K 42 8K 54 3K 86 T | c.0.
2 | OR-wH | 4 L vl L 1L R 2
2 | uk-gv] 3 an &N 6N 6N T | c.0.
3 [ G-wit | 6 RO} sTA. |L-R0_ sTA. RO__| STA. R0} STA. 2 3
9 | wi-3R | 7 K kY BX 43 3K 5 8K §7 T |c.o.
4 8R-WH a 18 . T L 2 1
10 | WHeSL | 2 i &N GN GN T | ¢.0.
3 SL-wH 10 o STA. RO STA. RD TA. RO STA. R H
3t | RpesL j 1 8K 2 BK “u BK 56 BK 63 T | c.o.
s | eL-a0 | 12 . I . L R 3
32 | ro-0m | 13 &N N &N N T | ¢.0.
7 | OR-RD} M RO | sTA. RD | sTa. RD | sTA. RD | sTA. R 7
33 | RO-GN | 15 BX 3 8K 45 8K 57 8K 69 T |c.o.
3 | GNeRD | 16 ¥i. i YL 7, ] 3
38 | A0-3R | 17 &N N GN 0o NOT T }¢.0.
9 3R-A0 18 RO STA. A0 STA. RO $TA. CONNECT ) 9
35 | RD-SL | 19 8K 4 T4 46 BK 58 TO THESE T o|¢.9.
10 SL-R0 20 YL YL CLIPS ] 10
% | sk-aL | 21 e N g w jsrossj] T | c.o.
il BL-8K | 22 A0 STA. RO STA. /D STA. GN A UNIT R 11
37 | 8k-0R | 23 8K 35 BK 47 8K 59 8k |#1 0$S{| T | c.0.
12 | OR-8k | 24 il L L L {8 wiT|l = 12
8 | 8K-GN 25 GN GN GH RD |s2 0SS T c.0.
13 Gif «8K 28 R0 STA. RD STA. RO STA. Gy |A UNIT ] 13
39 | BK-BR | 27 BK % BK 48 8K 50 8K {s2 0sS{| T ¢.c.
14 | Br-8k | 28 ¥ vI, T YL |8 UNIT}| =R 14
0 | Bk-SL | 29 Gt N N A |zome t|} T | c.0.
15 SL-BK 30 RO STA. RO STA. R0 oy I18 | amP. R 15
a1 | reeat | 31 2K 7 B 49 BK 61 724 {ZONE 2 r | c.o.
1§ | slevL | 32 I, 1. L 128 | AMP. E 16
42 | rL-0R | 33 &N GN &N I3A [ZONE 3 T | c.o.
17 | oRevL | 3 RO i STA. RO | sTa. RD | sTa. 728 | AMP. R 17
23 | YL-GN [ 35 T kL] BK 50 BK 52 787 |ZONE 3{{ T- | c.0.
13 | GNeYL | 3§ 1, YL YL 248 | amp. ] 18
a2 | yr-3k | 37 ||. 6 ) aN a4 {zoNe S| T | c.9.

19 | #RevL | 38 M | sta. R0 | sTa. R0 | sTa. 753 | AMP, ] 19
45 | vL-su | 39 X 39 BK 51 BK &3 ESG | CXT.~ T | c.o.
20 | stevL | 20 ¥, L YL €51 IL.s. i ® 20

26 | y1-8L | 41 N =) 5N £S6 | EXT.”

21 | sL-vi| 32 RO | STA. RO | sTa. a0 | sma. 32 L.S. 2
17 | Y1-0R | 43 3K 4 3% 52 3K 54 236G | ExT.*
22 | grevt | & L L v e53 |L.5. 3
a8 | v1-Gt | 48 aN 5 GN £3G | =XT.*
23 | anevi| 46 | $3a. 80 | g7a. RD | sTA. €34 {L.5. &
49 | VI-aR| 47 8K 41 3K EX 8K &3 ESG | =fT.*
R 1 L L €53 |L.5. 3
T | (150 ] 49

2% | si-vt] 30

age B16

+ vMaximum power for loudspeakers cannot axceed 2 watfs - Two 3-onm vaice cotls.

©
—
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111
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8,00 PLUG-IN CIRCUIT CARDS

v—':,) Removal of power {8 noi resuired
IZ=ZH)  fon insertion on removal 04 cands.
8.01 The following paragraphs provide

information to install the circuit
cards in the KSU. The front cover of the
KSU should be removed by loosening the 4
screws which secure the cover to the gate.
Refer to figure 2 for the KSU card layout.

8.02
8.03

C.0. Line Cards

[f the TIE EK-2040 is not installed
behind a PABX, there are no instal-
ler opticns to be implemented. Simply
plug the cards into their respective C.0.
card positions in the KSU (see figure 2).

[f the EK-204Q is tg be installed
behind 2 PABX and FLASH keys are
required at the stations, the installer
must provide 1 or 2 straps on each line
card to provide this function. Figure 7
shows an abbreviated card layout. The fu-
ses, LED's with their functions, and the
strapping locations are shown.

8.04

8.05 To provide FLASH key operation,
strap each line card as shown in
table 2. Refer to figure 7 for location

of the straps. HWhen ground flash is re-

quired, #24021A ECOU card must be instal-
Ted.
8.06 No other strapping or adjustments
dre requirad.

Iss 2, SECTION 3851-1

Table 2 - FLASA Key Strapping

STRAPS

OPTION | potiies REMARKS
NO

CASE o 5 L, | Fiasy
1 KEY
GROUNGS

- J2 J1
CASE S Sy .
2 USz #24021a | “ABX

Fimelogior iy LINE

- CPENS
C"?‘ o &35 o PABX
FAC. STRAP | LOOP

8.07 Tone Generator Card

8.08 There are no strapping options
required on the tone generator,

8.09 Figure 8 shows an abbraviated card

Tayout. Fuses, LED's with their
functions, switches, and potentiometers

dre shown,

8.10 Two switches are pravided on the
tone card for attenuation of the

music-on-hold level (fop switch] and the

background music Tevel !bottom swlteh) .

Each switch has a HI and L0 position,

The HI position attenuates the MOH or BGM

signal by 15 dB and the LO position

boosts the incoming signal by 30 dB.

~25V
FUSE —
258

-23V

.0. LINE CARD

24J3J1

2EA :
J&

™ | -e— 3USY IND.
FLASH XEY
STRAPPING +25 @ |—FuSE IND.
(See #zbez 2) 5 >

Figure 7 - C.0. Line Card, Abbreviatad Companent Layout

< TIE 1879
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31,11 There are two potentiometers in
the front of the card; MOH level
adjust and BGM Tevel adjust. These two
pots may be adjusted to provide the de-
sired signal loudness at the stations.

‘g*?-) A 3rxd potentiometen {nol shown on

the jigure 8) {8 Located in Lre
middle o0f the cand. This poil &4
factory adjusied and SHOULD NOT be
adjusted in the 4ietd. This pot
aqn@aaté the tone card interrupien
Lining.

8.12 Register Cards

8.13 One or two register cards may be

installed in the system. When one
register is installed, the card should be
plugged into the REG1 positicn {reder Lo
fdgune 2).

8.14 If the system is equipped with one
register and significant delays are
encountered in getting dial tone, the 2nd
register should be instailed. The 2nd
register is plugged ints the REGZ position
see {igune 2.

8.15 There are no strapping options on

the register card. However, la-
cated on the front edge of the card are
10 minjature switches and 2 push-buttons.
The switches should always be in the ON
position. The switches and the buttons
are used for out-of-system tests and
should be left alone in the field.

8.16 Figure ¢ shows an abbreviated

layout of the register card. The
switches, 2 fuses, and 6 LED's are shown,
The fuses are the +25 and -25 volt fuses
and are monitored by the +V and -V LED's.
LED designations and use as well as the
fuse ratings are shown alsao.

8.17 Link Cards

8.18 The system may be equipped with

up to 6 links. Each link may be
equipped with 1 or 2 1ink cards, desig-
nated "A" and "B".

8.19 The "A" link card serves stations

30 through 59. The "8" link
serves stations 60 through 89 plus C.0.
lines 17 through 30.

-25V +25V
FUSE —-] Fuse
1.CA 1.0A

1

TCNE GENERATOR CARD

|
i

—0H LEVEL
(rsem Lzve
r,-MUH INPUT

HI (Paz. 8.10)
L0 BGM INPUT

Ao [Baza. £.10)

ne

25 FySE

= ] INB.

LED's

Figure 8 - Tona Generator Card, Abbreviited Component Layout
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8.20 The "A" link card is different from
the "8" link card. The "A"™ tink
card is designated on the Tower edge of
the component side of the card. The "8"
link card is designated next to the pull
ring on the component side of the card.
8.21 Link "A" cards are always installed
‘ in the LK A card positions and the
1ink "B" cards in LK B positions. Figure
10A shows an abbreviated layout of the “A"
card. Fuses, with their ratings and LED
monitors are shown. Answer and Releasa
LED's are shown alsa.

8.22 Figure 10B shows an abbreviated
layout of the "B" card, Fuses,
with their ratings and LED monitors are
shown.
8.23 Graded Links: The system is pro-
grammed for assigning available
Tinks on a graded basis when intercom
calls are originated, Stations origina-
ting calls will be assigned a link on a
4-out-of-6 basis as follows:

Stations 30-49 will use links 1,2,3 or 4,
Stations 50-69 will use links 2,3,5 or §.
Stations 70-89 will use 1inks 1,4,5 or 6.
3.24 Straog1ng: The Tink "A" card has 1
strapping option. This strap is
shown in figure 10A. With the strap NOT

Iss 2, SECTION 3851-1

instalied (4{actory standzrd), stations
have dial access tg C.0. Tines (17-39)
QNLY when they are on HOLD or if the user
station's PR RL key is depressed. If the
Strap is installed, any station user will
have dial access to C.0. lines 17 through
30 while they are idle also.

8.25 There are no strapping options on
the "8" Tink card.
8.26 Equipped links should always occu-

Py the lowest numbered link card

positions in the KSU. Sea 8.23.
8.27 [0SS Cards
8.28 The system may be equipped with 1

or 2 0SS conscles. Each 0SS con-
sole may be equipped (with 0SS catds in
the KSU) to saerve either 28 or 51 sta-
tions plus direct access to paging. When
2 DSS consoles are equipped, both may
serve S1 stations and paging or each may
serve diffarent stations.

8.29 The 0SS positions are always sta-
tions 58 and 359,
8.30 One or two DSS cards are required

per 0SS console, in the KSU. DSS
card “"A" sarves stations 30 through 57,
0SS card "B" sarves statiaons 60 through
82 plus paging.

ALL
$WITCHES

—~ = ||
-y
— Lims

e ||

QIALLING ﬁ
RESET
1

siel_=

L

F2 A (28V)
ﬂu F1 A {28V

RESISTER CARD

SHOULD
3E
on

O

Figure 9 - Register Card, Abbreviated Component Layout

—
-
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Ell

Option strap, see paragraph 8.14 /

(Place strap in l-2 for unused position)

@

Release LED——>1
Answer LED e—=m»

D--—' F2 BA (=-25V)
‘l[L—FI A (+25V) -

+H
POWER ON LED's _, __ _
LINK A —>

Figure 10A - Link "A" Card, Abbreviated Component Layout

F2 %A (-zsv)j O
LINK 8
F1 %A (+25V)—¢ l
@ @ gy -

Figure 108 - Link “8" Card, Abbreviated Component Layout
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8.2

1

Two types of DSS operation are a-
vailable when 2 0SS consoles are e-

quipped:

a)

c)

Parallel operation: Both DSS con-

soles serve al] stations except 83-
89. In this configuration, 0SS
cards are installed in the 0SS Al
and 0SS A2 card positions for sta-
tions 30 through 57 (see §igure 2);
0SS cards are installed in 0SS Bl
and 0SS 82 for stations 60 through
82 plus paging. A

Separate operation: Assuming that

e Ist Afation 58) serves
stations 30 through 57, a 0SS card
would be installed in card position
0SS Al, With the 2nd 0SS console
{4Zation 59) serving stations 60
through 82 + paging, a 0SS card
would be installed in the 0SS B2
position. This configuration could
be reversed by instaliing the 0SS
cards in card positions 0SS 81 and
0SS A2.

Stations 83 through 89 cannot be
ac?essed directly by the 0SS con-
sole.

[ss 2, SECTION 3851-1

'&-1,) T4 both USS consoles must have

E=ZTY finget access to paging, rawllosf
operation musl be used., ALL-Call
{4 accessed grom the USS console
by depressing the ICM (Call) key
and dialling 995.

8.32 There are no strapping options on

the 0SS cards. However, each 0SS
card has 2 sets of miniature switches
Tocated next to the front edge of the
card., These switches {af2 20) should be
in the "OPEN" position. These switches
are used for out-of-system testing.
8.33 Figure 11 shows an abbreviated
Tayout of the DSS card. Fuses,
with their ratings, 'power on' LED and
the switches are shown.

8.34

225)

Station Card

When installing siation cards in
Lhe EK-2040 KSU set the botiom
32 swmitoh (S2-10 - RESET) &0 the
OPEN position when the ecand Ls
inszalled in its connmecron.

U-—Fs KA (-1loV}

0SS CONTROL

F1 KA (+2
’/—-- A 5V)

ALL SWITCHES SET TO OPEN POSITION

@

FUSE INDICATORS 23V

(
T U“"'—FZ HA {-25V)
i

Figure 11 - 0SS Contro] Card, Abbreviated Comoonent Layout:

Pace B2!
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8.35 Figure 12 shows an abbreviated card
layout. Fuses, LED's and their
functions, switches and potentiometars are
shown,
8.36 There are no strapping optigns on
the station card. However, there
are switches, wnhich must be set in their
aroper pesitions. Table 3 details the
switch positions to impiement the optional
station requirements. Tables 4A and 4B
provide programming instructions for C.O.
audible groups 1 througn 5.

8.37 Page Card (Untional)
8.38 The Page card is an optional card

which, when required, is plugged
into its own dedicated XSU card slot. Re-
fer to figure 2. The Page card is not re-
guired for an operational system.
8.39 Figure 13 shows an abbreviated card
layout of the Page card. Fuses,
LED's with their functions, potentiometers,
and the option terminais are shown.
g8.40 On the front of the card are 5 po-
teantiometers., These 5 pots are the
level adjustment controls for each Zone.
Zone 1 is the bottom pot and zone S is the
top pot.

3.41 Table S5 shows the strapping connec-

tions required to implement the options
available for each paging zone.

8.42 Two ocutputs for external paging,
in each zone, appear on the B4
block (4ee 2abfz 7). Clips 39 through 48
(5 pair) can be arranged to provide up to
2 watts of power to drive a single 8-ohm
loudspeaker load (2 zones, maximum, may
have this feature|. If more power is re-
quired, external power amplifiers must be
provided, as required, on a zone basis,
(allf & zones), and connected to clips 29
through 38 {5 pair]. Adjustment of the
level to the extaernal loudspeakers must
be done at the external amplifier.

8.43 Stations served by each zone are
as follow:

Zone 1 - 30 thru 39

Zone 2 - 40 thru 49
Zone 3 - 50 thru 59
Zone 4 - 80 thru &5
Zone § - 70 thru 89 (all sta, 4in

the expansion cabinet!.
8.44 When external loudspeaker wiring
{s to be installed, it is recom-
mended that shielded wire be uysed to re-
duce noisa and cross-talk in the system.
Figure 14 shows methods of splicing and
shielding when installing the wiring.

s,

FUSE
1.04

00 NOT SUBSTITUTE
FUSES WITH DIFFER-

+25V

FUSE

-28A
I

T
E}CE:——--aw FUSE . Z%A

STATION CARD

ENT CURRENT RATINGS.

LPs
=y SETIE

HPS I
PT INCED

e = 25¥

ey
ey FUSE NO.

Figure 12 - Station Cird, Abbreviated Ccmponent Layout
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Table 3 - Station Card Switch Positions

UsCU-A

o
71
n

O 0O OO0 — PG UL~ 000 O

Close for Group

Open for Background Music.

Recaive (ata

Transmit Data

1 C.0. Audible.
Close for Group 2 C.0.

Audible.
Close for Group 3 C.0. Audible.
Close for Group 4 C.0. Audible.
Close for Group S5 C.0. Audible.
Open for QFF-HOOK Signaliing.

NOTE: If Si1-1 is placed in the
CLOSED position, intercom
calls WILL be DISTORTED.

Must always be in the CLOSED position.
MUST BE IN OPEN POSITION - See note.

LPS - Lit when Tink port is seized.
0ss SEIZE - a) Lit when card is active (¢ircuit in use). )
| b) Flashes at outpuise rate when OUTPULSE DIAL® is equipped
s in the station set.
0s1 KPS - Lit when Hotline port is seized.
0ss XPT IND - Indicates C.0. Tine in use {unless diai restricted).
10 Manual Reset. Must be OPEN for station card operation.
9 Open for Dial Oisable on C.0. Tine 1.
8 Open for Dfal Disable on C.0. line 2.
7 Open for Dfal Disable on C.0. line 3.
s2 | 8 Open for Dial Disable on C.0. Tine 4.
3 Open for Qial Disable on C.0. line 5.
4 Open for Dial Disable on C.0. line 6.
3 Open for Dial Oisable on C.0. line 7.
2 Open for Qial Disable on C.0. line 8.
_Li!l Open for Dial Disable on C.0. line 9.
10 Open for Dial Disable on C.0. line 10.
9 Open for 0ial Disable on C.0. line 11.
8 Open for Dial Disable on C.0. line 12.
7 Open for Dial Disable on C.0. line 13.
53 6 Open for Dial Disable on C.0. line 1l4.
3 Open for Dial Oisable gn C.0. line 15.
4 Open for Dial Disable on C.0. line 16.
3 Open for Dfal Disable an lst private C.0. line.
2 Open for Dial Disable on 2nd private ¢.0. line.
L Spare
383 O =25V - Lit when -25 VDC is present (F2).
gse O *28Y - Lit when +25 VOC is present (F1).
©TIE 1979 Page 323
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Table 4A - Programming for C.0. Audible Groups 1 and 2

LINE | LINE
C.0. LINES KEY | KEY
STATIONS IN GROUP [7T1gT19]20(21]22] 23] 24]25] 26]27]28]28]30] 17 | 18
30, 31, 32, 33 | xlx|xlx I [ c.0. | c.0.
. Gr GP
34, 35, 36, 37 | XX x| x I 1 | 2
! - T
38, 39, 40, 41 | XX | X :
| - ’ $1-10] S1-9
42, 43, 44, 45 | X |X | XX 0 1 To
46, 47, 48, 49 | X|«X x| X CLOSECCLOSED
FOR | FOR
501 51: 52, 53 X X X X C-O. C'O.
Any station 30 through 53 can select via the Selector Pangl AUD. | AUD.
any 2 of the 4 C.0. Tines indicated by “X" toc appear on line
keys 17 and 18. Switches 51-9 and S$S1-10 enable the C.0. aud-
ible for the 2 C.0. lines salected. See paragraph 9.00.

Page 324

Table 48 - Programming For C.0. Audible Groups 3, 4 and S

PROGRAM c.0.
STATION GROUP # £.0. LINES SWITCH AUDIBLE
7 S1 CLOSED GROUP
30 through 35 I, 2, 3
36 through a1 4, 5, 6
42 through 47 7, 8, 9 51-7 4
48 through 53 10, 11, 12
g4 through 59 13, 14, 15
60 through 65 16, 17, 18
30 through &3
and 1 through 12 $1-8 - 3
70 through 89
{Exp. Cabinet}
30 througn 53 13, 14, 15, 16
%4 through 69
and 13 through 18 31-6 3
70 through 89
(Exp. Cabinat)

Refer to table 4A for groups 1

and 2.
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Table 5 - Page Card Strapping Options (Refer to paragraph 8.42)

PAGE CARD MOF
SEE NOTE BELOW
AND FIGURE 13 84 Juocx
STRAP PAGE CARD
ki
AS REQUIRED Hp—=>>20-1 10 708 1
I0NE 1 PAGE—Q ki I 7 WATT B — 40 LOUDSPEAKERS
- AMP 11 —— 1 1 0
ZO0ME 2
IONE 2 PAGE———=(D) J2 {> J7 Oy LOUDSPEAKERS
1yt TO 208€ 3
IONE 3 PAGE =D J3 . 2 WATT 33 O———yd LOUOSPEAKERS
NP 12 lll—-) 4 TO IONE 4
Z0NE ¢ PAGE——0) JY L o—_— is LOUDSPEAKERS
|;f-> TO ZONE §
| IONE 5 PAGE=wwe—() J5 JI0 Q)18 LOUDSPEAKERS
HOTE: Only 2 zones may be connected to the ampliffers. Connect i?.h- input from the page
one to the ampiifier as shown. Connect the amoliffer cutput to the MOF 84 bloek
clips for the zone corresponding to the input connections. Use amolifiar #1 for
one 1 or 2 and amolitier #2 for zone 3, 4 or §.
C}.L_znus 2 OUTPUT ADJUST
Figure 13 (G IOHE 3 NUTPYT ABJUST
Page Card - J———108€ 4 ouTPuT ARUUST
Abbreviated
Component AL oy Useg AT (4 Z0NE § QUTPUT ADJUST
Layout AL p—e
y JJd Jdd roL Jddd JJ
716 Mgl sTA 111111
= nise %. {Jd—=="zong 1 outPUT ADUUST

E ﬁlg [(epa————2-WATT 1 ADJUST
g U-.—-_.._z-uurr ALL-CALL ADJIST

" Od—————2-watT #2 ADJUST
F1 {+25V, 0.54) +25V FUSE INOICATOR

F2 (-25V, 0.5A) 3 <t 25V FUSE INDICATOR

U e
,)3_"“-'”"& —— -
Pt :

(noce 3)

i
i
S L ATERM J
T !
- \ i )
i ———— ] ! 1 Amavs wia [cteeurme, Saqge
e T ’.::!:"‘ —— ; - e 2AIP. asen iMreig e Jty
p - - . " iae,
e i —nd
—— 2 X AT wae caweritav e
Dbt TITTERE I41R e IATeig
it wy eme.
ITm iniele caweianICy e e oSy 2t seeaee tves v
3 habtle BRREL B IETRET T by .

Figure il - Zxternal Loudspeaker Wiring Guide
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9 unE cAN
7,00 SELECTOR PANEL AND I T
HOTLINE ASSIGNMENT S R
§.01 Located on the rear of the smng- R ‘f :3
out gate, next to the [/0 panel, al®s :E ! :: e B
a panel marked "Selectar Panel" [see 5-<.g- welZell e Ce i e e
wies 4 and 15). o ] B AR T S
9.02 This panel is used by the installer TR TR TS
to assign C.0. lines 17 through 30 e ele T es [ e ] ot
to statfons within the system. The fol- a3l el o8 ] °s | *s
“lowing rules must be adhered to for proper O RIS
operation of the C.0. lines not appearing e R
on all station sets. C.0. lines 0l T eT T es [ o3 o2
thl"ough 16 appear on all staticn sats. aw |98 ¥4 | oe [ es | 2
ot [ L L L] - . (1]
a} Only stations 30 through 53 may be B — —T
assigned 1 or 2 of the 14 lines not R IR R
appearing at ail other stations wn®Sli %% | %S S [ °S
(Zines 17-30). P R RHREIR
b) These C.0. lines are always assign- TR TR
ed to C.0, Tine keys 17 and 18 at ma R TR T T
each station. SRS TR T
c) The choice of lines available at R R
each station (2-out-od-4) is shown et
in table 4A. '::.: eI o: o:
d) Connections can be made on the Se- i e R
lector Panel ONLY with the special am{®l e I®sl s "s
“Selector Panel Jumper® (4ee figure A R
T64}. Note that each jumper plug is we{®0i 431 %% | *a [ %t
keyed for proper insertion. el fs oSl oSt e
e) Jumpers may ONLY be run horizontal- el B | i2
" 1y on the panel. , s SRR
03 D0 NOT atiempt L0 ude wira-wmap “ -; -; -; -; -;
Jﬂﬂ} comngetions to othen horizontals on M N
the panel. P AR
o R R
f) When assigning the €.0. lines to MRS
their line key locations, place the e EIRIEA R
appropriata C,0. audible switch A
($ee tabfe 4A gx 4¢B) in the ON po- e Ml = =1
sition for at least one of the sta- e o S
tion appearances. e
g) These C.0. lines cannot be picked wir -;: CE 'E N -;
up by the 0SS consoles. Taneel e e -: o
h) A1l C.0. Tines, 17 through 30, MUST ok I i
be assigned t3 at least one station wnl sl e e el e
{30 £o0 53) within the system. . °
.03 Hotlines
9,04 Hotlines are factory wired in the Figure 15 - Selector Panel Layout

system between fairs of staticns as
Page 825 © TIZ 1979



[ss 2, SECTION 3851-1
in table 6.

3.05 The Hotline appears as the 2nd key
from the right in the bottom row of
keys on each station. Oepressing this key
will automatically signal the other sta-
tion as detailed under paragraph 6.07d.

9.06 The normal use of the hotlines
might be as a 'principal/secretary’
arrangement. The hotline station pair
{{.e., 30-31, 32-33, ete.| should be taken
into consideration when making up the sta-
tion numbering Scheme faor each job. Figure 16 - Selector Panel Jumper

Table 6 - EK~gggg STATION HOTLINE CONFIGURATION

STA 1DEST[ | STA |DEST|| STA |0EST]|| STA |0EST] | STA {DEST|| $7A [0EST
- [WITH{ OF |[WITH| OF [IWITH| OF |IWITH| OF {[WITH| OF |IWITH! OF
HOT-{HOT-{ [HOT= {HOT= | [HOT={HOT= | JHOT=~{HOT-{ |HOT-|HOT-{ |HOT- [HOT-
LINEILINE}SLINE{LINE J JLINE{LINE | |LINE|LINE | {LINEJLINE| [LINE |LINE
KEY | KEY [ | KEY | KEY |{ KEY | KEY | [ EY | KEY | KEY | KEY || KEY | KEY

ﬁﬁ';—:==é
30 AN 40 | 41 50 | 51 60 | 61 70 | 71 80 | 81

3113011414 |is51]s0|j61 |60 )] 70fj70]||s1]ao
3 ) 33 )1¢2)43 |52 5316263 |{72)73][fs2] g3
3313211431 42|[53152||l63|62{|73}72{]83]az
34135 )/ 4 145/(54({55||6a|65||74]75]]| aa]ass
38 | 3411 45|44 {1 55|54 ({6564 f75]74]] a5 | sa
36 | 37 11 46 | 47 || s6 {57 |l 66 {67 (|| 76) 77 (] a6 | a7
37 | 36 1| 47 | 46 || 57 156 |l 67 |68 || 77 ] 76 |] 87| g6
381 391148149 || 58|59t/ 68] 63 78] 79[ as8] s9
P 8|l |48)iso)seffeo|[eall79]78][as]as

© TIE 1379 Page 827
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10.00 BACKGROUND MUSIC AND
MUSIC-ON-HOLD

The TIE EK-2040 is designed to
provide background music through
the loudspeakers in the telephones and

to provide music-on-hold to the distant
party when a C.0. Tine is placad on HQOLD.
The background music is controiled indi-
vidually by a volume control and off

switch in each station set (see f<qure 17).

10.02

ig.01

If paging is provided in the sys-
tem, the background music will be
removed when the paging circuit is seized.
Musi¢ will resume after the announcement
is completed,

10.03 The music source {{.e., Zape dech,
funen, ete.) for the background
misic and/or music-on-hold must be provi-

ded from customer-provided equipment.
10.04 The input impedance of the music
source equipment should be 600
aghms or higher, The input is transformer
coupled into the system, Attenuation, or
ost {s provided on the Tone Gensrator
.ard (see maragraph §.10) as well as out-
put level controis.
10.05 BGM and MOH input terminals are
Tacated on the I/0 board in back
of the swing-out gate. Two "phong” type
Jacks are provided on the I[/0 board for
the MOH and/or 8GM inputs to the system in
addition to the conventional screw termi-
nals on TB2 (see figure 4}.

7age 328

11,00 STATION WIRING

11.01 A7l station wiring is home=run
in this system. Bridged or ex-
tension stations are NOT permitied.
11.02 Station wiring should Se 24 or
22-gauge, non-twisted, 4-conduc-
tor, inside wiring cable {quad). How-
ever, feeder cables may be used from the
equipment site to distribution boxes when
required. Standard 24-gauge inside wir-
ing cable should be used for this pur-
posa. Refer to table 1 for KSU tafl ca-
ble quick-connect dlock conductor assign-
ments.
11.03 The cable Tength Timitation for
TIE EX-2040 stations is 2000 ca-
ble feet for 24-gauge wire.
11.04 At the station Tocation, the quad
should be tarminated in 625 type
or 404M type modular jacks. A1l EX-2040
system telephones are equipped with modu-
lar plug-ended 1ine cords.
ézéay) Balanced cabfez pains are very
dmportant in The EX-2040 syszem.
The installer should keew in mind
. Zhat the shonten the cable xuns
grom Lhe station are, the more
amportant good (Eight} connge-
Tions become., As an exampde:

100 feet of 24-gauge quad has a
Loop resisiance of approximately
5 ohms. 14§ a bad (Zoosel connec-
Lion of 5 ohms exdisits in one addz
of e pair, the result L3 2%
ohms {n one side and 7% in the
othen. Thua one can see that, on
dhont cable runs the unbalance 48
much more acute than {4 the cable
wns were much Longen.

The inataller should also become
pamilian with the (nfommaiion
contained {n paragraphs 13.08
through 13,11 in crder to avodd
problems caused by cabling ertons,



12.00 STATICN INSTALLATICN

g‘*’}_;) The inszallen should he {amilian

[Z287 with paragraph 13.10¢ befane plug-
ging in the siation sets. A shond
between the A and B quad rais will
blow fuses on the station czrds.

Inaide he station on the P.C.
board, next 27 the microprocesson
rgrazed cirncudll, L8 @ poitanti-
This pot 4 factory ad-
jusied and SHOULD NOT be adjusted
an the ol adjusis
sation intannal eloch funetions.

12.01 TIE EX-2040 station sats are ship-
ped from the factory with either a
OTMF tone dial or a TIE QUTPULSE DIAL
installed. If no special dial is recuir-
ed, the installer does not have to open
the set at time of installation. Simply
Plug the sat ints its modular jack as cov-
ered in paragrapn 11.04.
12.02 Figure 17 shows the talephone,
with its key functions, volume
- cantrols, etc, Figure 18 shows the ksy

Iss 2, SECTION 2851-1

layout of the USS consoie panel.
12,03 Designate the keys of each sta-
tion to conform with station as-
signments (hozfines, C.0. numberns, ete.).
The system requires accessing C.0. lines
by d¢ialling S+ the C.0. 1ine number on
the ICM line when the C.0. does not ap-
Pear at the station. The numerical des-
ignation of the line within the systam,
the access code, (i.2., 917, 918, 919,
efe. ) should be designated on each C.0.
1ine key 17 and 18 at each station. When
a call is to be passad to a station where
a C.Q. Tine does not appear, the lst par-
Ly must tell the 2nd party which line to
access. For this reason, it is impartant
that the C.0Q. line keys 17 and 18 be so
designated. The (.0. dirsctory number of
the company should be designated on the
nunper plate beneath the handset (Reden
12,04 Information for installing spe-
cial dials {i.e., memory ox re-
s&rnicton tupes) is supplied in a3 separata
section(s).

12.05 DsS consale
12.06 The Dss console is installed in
o 1jjco2|fcozflcoallcosllcoelico7
o 8|jco9ffco 10{]co 11]|co 12]ico 13]co 14
* * *LINES WHICH 00
0 15}]co 16]ico xx{ico xx NOT APPEAR ON
OTHER TEZL. SETS
HOLS/ | IPRRL/ FLasH | [HF/ wuTE
CONF || pagE onp||MUTE [| HL || ICM
C 7
7 BGM, PAGING AND <7 =7 HANDSFREE )
C.0. AUDIBLE VOLUME YCLUME

(QFF SWITCH FOR 8GM)

Figure 17 - EX-2040 Telephone Kay Layout

©TIE 1979
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the same manner as the station set. One
quad from the B4 block at the KSU is re-
Juired to connect the 0SS console into

the system (refer 2o table 1 jon fead et~
mination Location and paragraph 8.27 jon
0SS systam conglguration).

12.07 As stated in paragraph 8.31b, the
1st 0SS position is station 58 and
the 2nd, when equipped, is station 59.

12.08 The quad for station 58 should be
: terminated on clips 21 through 24
of the B84 block, Station 59 shouid be
terminated on clips 25 through 28.

&)

There 48 no aeason Lo open the
PSS console dwung s tallotion.,
However, should the installan do
40, he SHOULD NOT attempit o ad-
_fu.Az eThen 0§ awe 2 potentiome-
ters 2ocated on the P.C. board
inside the comsole. These pols
eontrwl the DSS timing funciions
(elock) and cannot be adjusted
properiy in the field. The vol-
ume contrwl, Located on the gronk
0f the set sewes no purpose al
This time.

sTA || sTA |l sTa {{ sTA || sTA {| STA |i STA

30 31 || 32 33 || 34 35 36

STA I{ STA |[ STA |[ sTa | sTA I sTA { STA !
37 38 39 40 41 il 42 ;| 43
STA || STA 1| STA ([ STA || STA {i STA rSTA

44 45 || 46 || 47 48 || 49 | S50 |
STA {{ STA ![ STA || sTa | STA |: STA ;| STA
51 52 || 53 54 || 55 || 56 (i 57 .
STA |{ STA 1] STA || STA || STA | STA ‘| STA |
60 61 ;| 62 63 ;| 64 |! 65 | 66 |
STA |{ STA (| STA !} STA || STA |. STA il STA !
67 {| 68 [! 68 || 70 |1 71 |1 72 || 73]
STA |[ STA 1] STA |] STA [| STA |} STA ,! STA .
74 75 {| 76 77 78 {i 79 || 80 !
STA |[ STA ![ZONE | ZONE | { ZONE |} ZONE | | ZONE ;
81 82 1 2 3|4 q| 5,

Figure 18 - 0SS Console Key Layout
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13,00 MAINTENANCE
13.01 General
13,02 The following paragraphs provide

information which may help the in-
staller or maintenance personnel shauld
problems arise during or after installa-
tion,

13.03 No periodic or scheduled mainta-
nancg is required on the system.

13,04 Troubleshooting - General

13.05 The TIE EX-2040 system is designed

SO that a fault in the statfon
set, station card or Tine card will not
affect the performance of the entire sys-
tem. Each station card contains its own
microprocessor which controis the station
set and the switching between the station
card and the other cards in the system,
13.05 The use of plug-in type circuit
cards facilitates fast replacament
and ‘reduces downtime to a minimum: To
further reduce downtime, an adequate sup-
ply of circuit cards should be available
at all times. Usually, an analysis of the
trouble report or a brief operational
check is enough to localize the malfunc-
tion to the station set or station card,
line card, common cards, or the C.0. Tine.
Substitution of a suspect card can then
quickly define the area of the probiem and
thus, its solution.

13.07 Most of the installation effort
required for the £K-2040 system is
used in running the quads for all the sta-
tions, terminating them (both at the sta-
&on and the KSU), and checking all the
station features. For this reason, most
of the installation errors, if they exist,
will be in the cabling system. Thus, ca-
bling problems will be discussed first.

13.08 Troubleshooting - Station Cables

13.09 Balanced Pairs: The EX-2040 Sys-
tem uses "phantcm” pair operation
to supply power, for data transmission,
and audio transmission between the station
card and the station sat. In using this
methed, it is important that the quad sta-

tion cables have well balanced pairs

© TIE 1973
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throughout the installation. This means
that the installer should try to minimize
the number of tarminations in the station
quad run, i.e., the station quad should
be a direct homerun to the KSU without
distribution boxes in between, whenever
possible. By taking care to provide goad
connections in the quad wiring, the in-
staller will ensure the best quality in
the voice switching circuits.

@/) The installeon should keep in mind

=2, also that the shornter the cable
ung from the siations are, the
mone <important good (Light) con-
rections are. As an example;

100 feet of 24-gauge quad has a
Loop resdstance of approximately
50mms, 14 a bad connection of

5 ohms exisis in one s&ide of the
pain, the result L5 2% ohms in
one L2g and 7% ohms in the othex.
Thus one can see thad, on shont
cable nuns the unbalance {s more
acuts tan Lf the cablfe wuns were
much fonger.

13.10 Shorted or Reversed Pairs

a) PReversals: Figure 19 shows the
quad cable connection betwesn the
station card and the station set.
Looking at figure 19, we can see
that each end of a quad pair goes
to a transformer. Therefore, we
can see that reversal of either
the “A" pair or the "B" pair will
cause no problems.

b) Swapmed "A" and "8" Pairs: If
the A" pair (GN/RDT 1s swapped
with the "B" pair (BK/YL] the
station will be 'dead'. No fuses
will blow. When the pairs aras
restored to their proper configur-
ation, the station should function
properiy,

c) Shorted "A" Pair: I[f the "A" pajr
conductors are snorted tcgether,
the result is no audio transmis-
sion from the station set.

d) Shortsd "B" Pair: If the "3" pair
conauctors are shorted together,
the result is no audig received
at the station set.
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MIF
STATION SET Fe- | STATION CARD
! 5%
L5 —}
' 1 ||§: wa=loara :é %g
20  4 Z 5&%& T0 NETWORK
MATRLX

v

EL

F-—-T- REG

A A Arns AR P,

AAA

1
uwr-fj:>,.

RX o
DATAY

Figurea 19 - Station Card/Station Set Data,

e) Shorted "A" to "B" pair: If ei-
ther or both of the "A" pair con-
ductors are shortad to either ar
both of the "B" pair conductors,
the =25V fuses will blow aon the
station card. 3See figure 12 for
location of the fuses,

13.11 Open Quad Conductor: If any one
of the 4 quad conductors is opened
(Zead broken, ete.) chattering will be
heard from the loudspeaker of the station
set. A1l LED's will flutter., When the
handset is 1ifted, the chatter is heard

in the handset, and the LED's stop flut-

tering,

13,12  Usa af "Butt Set" fgr Station

Testina

Use 0f Ge butt sel for siaticn
tesiing (s USELESS. The buill sei
loads 2ither quad palt (bozh in

Page B32
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v

Power and Audio Transmission Arrangement

talk or monitor posditions) and
mahes the station set maljunc=
tion in a variety of waus, de-
pending upon where Lhe butt set
L8 connected. When continuity
Zesting 48 requined, use 04 a
velt/ohm meter {5 recommended.

13.13
13.14

Quad Pair Functions

As an aid to installers and main-
tenance personnel, the following
paragraphs will explain the functions of
the quad cable pairs., This information

may be helpful in trying to find a cable

faulit. - See also paragraphs 13.08 through
13.11.
13,15 As previously explained, the sys-

tem operates over two paijrs, both
of which are used for audio transmission.
However, thay do nqt operate 4s the trans-
mit and recesive legs of a 4-wire system.



The telephone has the capability of re-
ceiving two simultaneous calls, one on
each pair. The station user may be talke
ing on a C.0, Tine call and receive and
answer an intercom call without interrup-
ting the C.0. call. The C.Q0, Tline call
would be via the handset and the intarcom
call would come in over the speakerphone,
13.16 Actually, the quad cable is three
pairs; the third pair being a
“phantom”, composed of the “A" pair as one
leg and the "B" pair as the other leg.
Refer to figure 19.

13.17 Explanation of the Pairs
13.18 The "A" Pair: The "A" pair is the

audio pair for the originating
station on C.0. line and intercom calis.
This pair is both a receive and transmit
pair,

13.19 The "8* pair: The “B" pair is the
audio pair for the recaiving sta-
tion on an intercom call, This pair is
both a receive and transmit pair.
13.20 In summary, when an intercom cail
is in progress, the originating
station is transmitting and receiving over
the "A" pair. The calied station is
transmitiing and recsiving over the “g*
pair,
13.21 Pair Swap: Normally the "A" pair
1s connected through the mode cone
trol switching circuit to the handset of
the telephone. The "B" pair is connected
to the speakerphone circuits. When the
HANDSFREE key is depressed (Lurning on the
speakerphone), the "A" pair is then con-
nected to the speakerphone and the "B"
pair is connected to the handset. This is
accomplished by the mode control switching
circuits (sce fgure 19).
13.22 Phantom Pair: The phantom pair is
used to provide power to the sta-
tion set and for data transmission between
the statien card and the station set. The
data is superimposed on the power leads,
Fositive data on the positive power leg
and negative data an the negative power
leg. This data can be seen with an ascil-
loscope at the test points covered under
paragrapn 13.25h. Review figure 21 befors

2 TIE 1979
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dttempting to understand the scope in-
formation from TPS and TP7 of the sta-
tion card.

13.23

13.24

Explanation of Fiqure 21

Figure 21 illustratas the data
transmission scheme between the
station card and the station set and
vice-versa, Following is an explanation
of what is shown:

a) The data frame consists of 34
words (000 through 31) zand is
transmittad sach 23.8 msec.

b) Each data word is 700 usec long
and consists of five "T" times
of 140 usec each.

¢) The first two words of the data
message are "frame sync”, This
is so the station set and the
station card are always in step
with real time.

d} The data from the station sat is
sent in the form of current lev-
el changes and is detected as
current changes in a fixed lcad
by the station card {(see jLaune
19}.

e) The data from the station card
is sent in the form of voltage
level changes and is detected in
that manner by the station set.

f) As previously stated, the data
message 15 superimposed on the
positive and negative legs of
the phantom. When looking at
TPS and TP7 of the station card,
we see the exact complement of
each other.

g) As the station card is always in
command, it controls the timing
of each frame. Ouring each “T1®
time, a sync pulse (also calfzd
a marker pulse} is sent as the
first pulse of each data word.

h) ODuring each "T2" time, the sta-
tion card gives a command to the
station set, when required [see
Labe 71,

1) Also during each "T2" time, the
station set sands a marker pulse
({ndicated bu an astenish ")
to the station card when the sat

Page 832
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is on hook (¢pen foop). This is
the means used by the station card
to detect dial pulses, when re-
quired. Each dial pulse {40 msee,
approximately} can be seen by the
station card for about 2% frames,
for repetition to the C.0. line,

eireuitny. Improper DC oudpuls
can cause maljunctions in the KSU
and {t5 assocdiated cirewilt cands.

Full Load '+25V' and '-25V' should
be within the "25 Lo 30" voltage
range Limits. The '=10V' Line
showld be within the 9 2o 12 voll-
age range.

14 the DC voliages are outside the
above stated Limits the imputl pow-
en {8 suspect. The input AC Line

should be between 105 and 125

i} "T3"™ and "T3" times are always
blank (no pulse present),
k) "T4" time is usead by the station
set to send data to the station
card {4ee table 7).
13.25 Troubleshooting - KSU and Power

Supely

volits,
sounce is not overloaded.

a) Power Suoply

22

Bejore replacing blown juses,
check fon shonts in the afgected

Insure that the AC input
The
system should be comnected o a
Separately fused cireudll so0 that

othen electrical equdipment has no

syatem.

Table 7 - EK-2040 Data Word Format

WORG | "T™ TIME FUNCTION
300 T1-T3  terame sync from station card to station set.
o[4} T1-75
T Word sync to station sat.
T2 Mike mute puise, {.a., during 8GM, splash-tone, paging, etc.
0 3 Blank.
T4 Cradle position to station card.
TS B1ank.
Ti Word sync to station set.
) Ofal enable pulse, if not restricted by station card switeh
1 for that C.0. line, to the station set.
T3 8lank.
T4 BGM switeh pasition to station card.
1] 8Tank.
T Word sync to station set.
T2 Bypass bit, permit 8GM, splash-tgne or paging to De heard.
2 T3 Elank.
T "pY Hit for 0SS operation.
T3 Blank.
Tl Word sync ta statien set.
T2 A=8 switch pulsa. Switch speakerphaone ta "A" pair.
3 T3 21ank.
T "qQ" bit for 0SS operation.
TS 8lank. :
1-31 71 Word sync to station set.
= ™ Light LEZ in station key.
Sea T3 3lank.
Fig 21 71 Kay positicn to statien card.
@ B 3iank.
| ATl 2 |On-nook pulse from station sat i3 staticn carc.
Page 836 @ TIE
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Line Card:

{See paragranh 8.02 and {iaure 7)

The C.0. line card provides all
functions normally provided by a
key system line card.

Oetects incoming ring signal.
Provides C.0. seizure,

Hold.

Privacy release.

Flash (hotding or C.0. audibfe}.

It also provides a buffer between
the tone generator card and the
C.0. 1line for music-on-hold, Re-
membex that the fevel control for
MOH 8 on the Tone caxd.

The 1ine card receives all its -
commands from the stition card
{4ee 13.25h).

Test Pofnts:
(See 4{iqures 24A, 248 and 24C)

Seven designated test paints are
provided on the front edge of the
line card.

TP1 - Current level from the sta-
tion card. Refar to figure
24A,

TP2 = Voltage drop (current sink)
from the station card. Re-
fer to figure 248,

TP3 - HOLD pulse.
Refer to figure 24C.

TP4 - FLASH pulse

TPS - Ring to C.0.

TP6 - Tip to C.0O.

TP7 - Ground

Use 04 a "butl set” IS peamitted
on TP5 and TPS.

Tone Generator Card
{sez paraaraph §.07 and {iaure §!

The Tane Generatar card supplies
all flash rates and tones (excens
UTMF} required by the system. Al-
S0 contained on the card are input
boost or attenuator circuits for
the MCH and BGM inputs when util-
1zed.

@ TIE 1379
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Six tones are provided for the
system:

0ial Tone - 350 Hz at -10 d8.
continuous.

Reorder Tone - 350 & 440 Hz at
~i0 dB. with 8 Hz,
50% flash rate.

Splash Tone - 440 Hz at -1 dB.
for 33 second.

Busy Tone -~ 350 & 440 Hz at -10
dB, with 1 Hz, 50%
flash rate.

C.0. Audibia = 350 & 440 Hz at
- -10 dB. with 1 sec.
on, 1 sec. off, 1
sec. on and 3 sec.
aff rate.

ICM Audible - 350 & 240 Hz at

-10 dB. with 1 sec.
on, 3 sec. off rate.

Three flash rates are pravided:
"I-Hoid" - 8 H; (480 IPM) at 50%.

"Hold" - 2 Hz {120 IPM) with

90% on, 10% off wink.
STow flash - 1 Hz (460 IPM} at 50%.

Test Paints:
{See 4iaures 25A, 258 § 25C)

Four taest points are provided on
the tone card. They are designa-
ted and are locataed on the front
edge of the card.

The 2eat poinds are {or wse with
an oscilloscope. 00 NOT atiempzt
20 use a "bult sed” Lo Llsten jox
Lones on {lasihes.
TP1 - System ground (rejerence,

¢ volis).

I-Hoid flash rate (&Hz).
Refer to figure 2%A.

™2 -

TP3 - Hold flash rate (2 H=!,
Refer to figure 25B.

TP4 - STow flash rate (7 H=}.
Refer to figure 255.
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d)

7ace 338

Registar card:
{See paragravh §.12 and {iaure 9|

The Link card provides a service
request to the registar when the
l1ink is saized. The register pro-
vides dial tone ts the caller
(tvough the &inkz), counts dial
pulses or decodes DTMF tones, de-
termines whether the dialled num-
ber is valid, provides a reorder
signal to the link on invalid num-
bers, and provides cross-point
data (numbex dizffed] to the Tink
for closing the cross-point be-
tween the caliing station "A" port
and the called station "B" port.

Call mode information ({.e., voice
pege, 'ringing' call, aliernate
point answenr, page zone, or C.0.
access) 1s also transferred to

the 1ink (o be held for the duxz-
Lion of the call).

As shown in figure 9, § LED's are
provided for register status indi-
cations. The +V and =V LED's mon-
itor the 225V power sources to the
register card. The RESET LED is
11t at all times except during the
dialiing sequence, The DIALLING
LED is 1it during the dialling se-
quence. The READY LED is 1it when
the register is ready for use.
When the READY LED is lit on 1
register, the STANDSY LED will be
1it on the other when they are
both idle.

Once cross-point and mode informa-
tion is transferred to the Tink,
the register releases and is a-
vailable for another call.

There are no test points on the
register card. A set of 10 minia-
ture switches, 2 push-buttons, and
3 connector {JI1) are provided for
out-of-system tests., These com-
ponents are %9 hbe used with a
“register analyzer* circuit,

[f any problem occurs in the reg-
ister circuit, replacement of the
register is required; with the
following excention: Fuses F1 and

F2 may be replaced. However, a
thorough inspection of the card
is required. Some form of short
¢ircuit, such as a wire clipping,
solder cross or ccmponent leads
touching each other. should be
the object of the iaspection.
Should the replaced fuse open a
2nd time, the card should be re-
placed.

I, When fuses are replaced on he
23

Register carnd, fuses other than
the conrect value MUST NOT be
substituted. See figure 9.
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Link "A" Cards
{See paragraph §.17 and 4ig. 10Al

Link “A" cards provide % of the
intercom talkpath system. The Link
"A" cards store the decoded called
station number and the calling mode
information which was provided by
the register,

The Link "A" c¢ard contains 41 cross-
points. 30 provide access to sta-
tions 30 through 59. 7 additional
cross-peints are provided for ac-
cess to 5 zones of paging, All-call,
and the DSS position. 2 more are
provided for Busy Tone and Reorder
Tone,

Calls are diverted to the Busy Tone
port when the Tink 'tests' a called
station's passive port and finds it.
busy.

Calls are divertad to the Reorder
Tone port if the caller fails to
compiete dialling within 30 seconds
or if an invalid code indication is
received from the register,

Finally, 2 cross-points are provi-
ded for the audio paths to the two
register circuits. Connection of
the calling station to one of these
ports is made when the register ac-
knowledges that it is available for
servica,

When the 1ink responds to the reg-
ister informaticn, the "B" port of
the Link A card is closed to the
passive port of the corresponding
station card {4ee jiaure 20).

when a station user depressas the
ICM (Ca2Z) key on his talephone, an
active link port [4ee para. §.23)
of his station card seizes tha "A"
port of the idle link ({sefected by
e station carnd processon). The
"seize” current from the active
station card port is detected at
Link A's "A" port causing registar
selection, connection and call pro-
cessing. This resylts in the links
*3" port being closed to the cor-
responding station card's passive
port (se2e j<gutre 7).

©7IE 1979
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When the call is terminated and
"saize" current from the calling
station card ceasas, the current
change is detected by the link

A card. The "B8" active port from
the 1ink to the called station
card is opened, the calling mode
information and the called ad-
dress is removed from storage,
then the link is resat and ready
for another call,

Tests Points:

There are six test points on the
Link A card. They are designated
and located on the front edge of
the card.

TPl - "ARR". Address Register
Reset,

TP2 - "A PORT". "A" port seize
current and audio.

TP3 - "CSSE". Called Station
Send Enable puylse.

TP4 - “B PORT". DXP (Digifal
Cross-point! voltage, audio
and current sink.

TPS « "LKR", Link Reset.

TP6 - GND". Referencz (0 vofts).

Fuses and LED's: {See {iqure I0A)

As shown on figure 10A, there are
2 fuses and 4 LED's located on

the link A card. The +V apd -V
LED monitor tha #25V power sources
to the card. The LKXR LED indi-
cates that the 1ink is reset and
available for a call. The ANS LED
indicates when the called station
has answered the call (caffed sia-
tign noz busy on busy teat),

If a problem appears to be ralatad
to a specific Link A card, the
problem location can be verified
by swapping the card with another
Link A card in the systam. [F the
oroblem travels with tna suspect
card, it snouid be replaced, “Yowe
ever, the fuses should be checked
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and renlaced, if necessary. If a
fuse is blown, a thorough inspec-
tion of the card for wire clippings,
some form of short circuit or com-
ponent leads touching each other.

If the replaced fuse opens a 2nd
time, the card should be repiaced.

Link "8" Cards:
(See rmarzaraph 8.17 and fia, 10B)

The Link "B" cards make up the 2nd
half of the intercom talkpath sys-
tem and provide the accass to C.0.
lines not appearing at the acces-
sing station. The Link B card will
not function without its associated
Link A card.

There are 58 ¢ross-points on the
Link 8 card. 30 cross-points are
uysed for stations 60 through 89,
Access to C.0. 1ines 17 through 30
requires 28 cross-points. Each
C.0. line connection to the Link B
card requires 2 cross-points; ane
digital cross-point and one analog
cross-point.

Cross-points used to access other
stations within the system carry
both digital control information
({n the form of curnent Level
changes] and analog audio signals.

Accass to the registers, busy tone,
regrder tone, paging and the 0SS
position for the stations sarved by
the 1ink B card, is still provided
thTough the tink A card {4c¢e figure
20).

Tast Points:

There are six test points on the

Link B card. They are designated
and located on the front edge aof

the card.

TP1 - "BT ENA", Busy Tone Enable
pulse to the link A card.

TP2 - "DECODE"
STA.

Logic level to o-
pen and close 0XP
to station,

e 840

TP3 - "DECOOE"
LINE

Logic level ta o-
pen and close DXP
to line.

TP4 - "COM DRAIN" DXP voltage,

STA/LINE audioc and cur-
ANLG rent sink.
TPS - " COM " Current through DXP

DRAIN o C.0. line card.
LINES
TP6 - "GND". Referenca (0 veldis].

Fysas and LED's: {See #laure 10B)

As shown on figure 108, there are
2 fuses and 2 LED's located on the
Link B card. The +25 and -25 LED's
monitor the =25V power sources on
the card.

If a problem appears to be related
to a specific Link B card, the
problem location can be verified
by swapping the 1ink 8 card with
another link B8 card in the system.
If the problem traveis with the
suspect card, it should be re-
placed. However, the fuses should
be checked and replaced if neces-
sary, If a fuse is blown, a thor-
ough inspection of the card for
wire ¢clippings, some sort of short
circuit or component leads touch-
ing each other, If the replaced
fuse opens a 2nd time, the card
should be replaced.
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0SS Control Cards:
{See paraagraph §.27 and {igure 1)

The D3S Control card functions as
an expander of the conventional
station card which sarves the at-
tendant‘s teiephone. The 0SS con-
sole provides the additional keys
required.

Each 0SS Control card provides 28

cross-points for accessing the Hot
Line ports of other station cards

within the system.

In addition to the 28 cross-points,
each DSS card contains a micro-
processor for performing other
tasks assocfated with DSS calling,
as follow: :

@® Monitor the status of the asso-
iated station cards and trans-
mit that status to the LED's in
the 0SS console.

® Place on HOLD the most recently
seized C.0. Tine {by the atien-
danit} when the attendant acces-
ses a station,

@ Release an attendant accessed
station if the attendant returns
to an on-hqook condition, or de-
pressas another C.0, line key or
depresses another station key at
her position,

As praviously stated in paragraph
8.30, two 0SS Control cards may be
associated with the DSS console.
The 1st card, 0SS-A, accesses 28
stations (30 through 57} and the
2nd card, 0SS-B, accesses 23 sta-
tions (40 Hwough 82} plus the S
paging zones,

Should the attendant desire to ac-
cess stations 58 or 5% {#fe olhenr
USS alation on siation 53 {f it is
nol a PSS sation), stations 83
through 89, or Al7«Call (code 994},
she must use the ICM key and dial"
in the conventional manner,

Test Points:
TPl - "GND", Reference (0 ve2+:].
TPZ - "I<SEND",

®TIE 1979
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TP3 = "SYNC".

TP4 - "DXP DATA",
TPS ~ “DATA TX*.

TP6 - "=QUAD 1",

TP7 - "+QUAD 1",

TP8 - "RB DATA".

As stated in paragrzph 8.32, there
are 2 sets [{ZxJ¢) of miniatyre
switches located on the front edge
of the DSS Control card, These
switches (alf 20) are used for
out-of-system testing and must al-
ways be left in the "open" posi-
tion when the card is in service.
If problems ara encountered and
suspectad to be associated with a
DSS control card, these switches
should be checked, to ascertain
that thay are in their proper po-
sitions.

Fuses and LED's (See iigure 17)

As shawn in figure 11, there are
three fuses and 1 LED, The LED
is a fuse indicator for the =25V
power sgurces on the card, There
is no LED indicator for the =10V
fuse. See rara. 13.41 - 13.43,

[f a probTem appears to be ralataed
to a spegific 0SS Control card and
the miniature switches have hbeen
checkad for proper position, the
problem location can be verified
by swapping the 0SS Control card
with angther DSS card in the sys-
tem, if equipped. If the problem
travels with the suspect card, it
probably should te raplaced. How-
ever, the fuse (F3] should be
checked and replacad if necassary,
Fusas F1 and F2, if apen would be
indicated by the LED, If a fuse
is blown, and the cuad has been
checkzd, a thorough inspection of
the card should be made for wire
clippings, same sort of shart c¢ir-
cuit or component leads touching
each other, I[f the renlaced fusa
opens = 2nd time, the card should
be reolacad,
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Statign Card
(See narzaravh £,34 and 4ia. 12}

The Station card provides the re-
quired switching to the C.0Q. Tine
cards, the link cards and the hot
1ine to another Station card, It
contains 23 cross-points:

@ 18 C.0. Line cards,
® 4 Links (see pawgraph §.23).
® 1 Hot line,

The Station card contains the sys-
tem program by which its micro-
processor controls the switching
and commands to the 1ines and 1inks,

The Station card supplies power and
data to 1ts associated station set
via the quad (422 paragraph 13.13
and §igunzs 19 and 21).

Control of the C.0. line, hot line
or Tink is accomplished by the Sta-
tion card sending a specific con-
stant current via the cross-pgint
for the following functions:

. IdIe - 0 m-
® Seize - 1.6 mA.

@ Conference (7 ata. § 1 C.0.
Line)l - 3.2 mA,

‘ ﬂaSh - 6.4 I“Ao
® Hold & PRRL - 20 mA for 50 msec.

Acknowledge of the seizure (oa oth-
en jungtion) is raturned to the
Station card in the form of a vol-
tage level change at the DXP on the
Station card.

The Station card has 2 passive ports
by which it is saized:

® Hot line port - This port re-
sponds to a seizure from another
station card (HL &ey) or from
the 0SS attendant.

® Link port - This port responds
to dialled intercam calls.

[n addition o the active c¢ross-
points [A] and the passive ports
(Bf, the station card intarfaces

Jage 342

=)

audio tones and control signals
from the Tone card, such as; ICM
ring, C.0. audfibie, splash-tone,
flash rates, C.0. audible enable
signals, and background music. The
Station card also interfaces pa-
ging signals from the Page card.

The Station card's micro=-processor
controls the audio and supervisory
signals which are enabled, as re-
quired, to process calls to the
station sat.

Test Points:

Ten test points are provided on
the Station card. They are desig-
nated and locatad on the front
edge of the card.

TP1 - "LINK B".

TP2 - "SYNC".

TP3 - "RB DATA".

TP4 - "I SEND".

TPS - "+QUAD".

TP6é - "DATA TX".

TP7 - "=QUAD",

TP8 - "DXP DATA".

TP - "GRD". Referenca {0 vofls).
TP1G - "A"™ PORT.

Fuses and LED's (See f{iaure 12}

As shown on figure 12, there are

3 fuses and 4 LED's. The =25V and
+25V LED's monitor the 225 volt
powar sources on the card, There
is no LED indicator for F3 wnich
is the =10V source, Two addition-
al LED's, LPS and HLS are busy in-
dicaters for the Link port or the.
Hot line port, respectively.

4 snoat between the A and B pains
03 the quad will blow 4uses cn the
Station card., Review rawcgravh
13.10e and jigure 19.

If a problem appears to be related
to & station card/station set com-
bination, swapping the station
¢card or the station set should
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verify which circuit appears to be i)
at fault, adter the quad has been
clieched.

If a problem appears to be related
to a specific Station card, and the
fuse indicators are 1it, fuse F3
should be checked. If F3 is not
blown, the problem Tocation can be
verified by swapping the card with
another card in the system, If the
trouble travels with the card, it
should be replaced. If any fuse,
Fl, F2 or F3 is blown, a thorough
inspection of the card should be
made for wire clippings, some sort
of short circuit or component leads
touching each other. [f a replaced
fuse opens a 2nd time, the card
shouid be replaced,

U0 NOT substitute fuses with dif-

ferent ratings when fuse replace-
ment 48 necessany.

if problems are encountered in any
of the optional features provided
by the card, tabies 3, 4 and S
should be reviewed and the switches
S1, S2 and $3 checked for proper
orientation before replacing the
card,
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Page Card
(See raraarawh 8.37 and {ia, 13)

The Page card provides all the
functions required for paging to
all the station sets and external
paging zones. Circuitry is pro-
vided for efther amplified, or
non-amplified (extewnally), out-
puts in each of the 5 zones,

Two 2-watt amplifiers are provided
which may be usad in any 2 of the
§ zones. These amolifiers will
provide sufficient power £o drive
1 8-ohm loudspeaker in each zone.
The outputs are strapped to the B4
block, clips 39 through 48 [(see
tabie 11.

An additional 600 chm output,
which requires extarnal amplifica-
tion, is provided for each zone.
These outputs appear on the 84
block, clips 29 through 38 {see
table 1],

The Page card also provides cir=-
cuitry for C.0. audible. Paging
will override any C.0. audible in
progress.

When background music is provided,
paging will override the BGM to
internal stations only.

There are no test points on the
Page card.

There are 4 potentiometers not
shown in figure 13. Thase pots
are shown in figure 22. These
pots are:

® All-call level to stations and
the 800 outputs (RI15%];

® Ail-call Tevel to both 2 watt
amplifiers (R7145);

® External page level for the
2-watt amplifier 21 (R744];

® External page level fuor the
2 watt amplifier 22 (R145).

These pats are factory adjustad
and should not need adjustment in
the field.
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; Qo0 %o
\ : J2 1
R158 000 00

3 PAGE CARD UPPER FRONT CORNER

Figure 22

Page Card A11-Call & 2-Watt Level Control
Potentiometer Locations

Fuses and LED's (See 4cqure 13)

As shown in figure 13, there are
2 fuses and 2 fuse indicator
LED's. The fuses and LED's are
fordthe +25V power sources on the
card.

[f a problem appears to be related
to the Page card, and the fuse in-
dicators are lit, the card should
be renlaced, I[f a fusa is blown,
a theorough inspection of the card
should be made for wire clippings,
some sort of short circuit or com-
panent leads touching each ather.
If the replaced fuse opens a 2nd
time the card should be replaced.

j}  Inout/Qutout Card (I-0)

The 1-0 card contains all the in-
put terminals and connections to
the power supply, Fuses are pro-
vided for all the power busses
within the system., In the upper
right corner of the [-0 board are
the power distribution points for
the -28, +25 and -10 volt lines to
the system, Thesea points are des-
ignated an the [-0 board. There
are no "test noints" on =his board.
See figure 4,

Fage B34

13.26 Troubleshooting - Station Set

13.27

The EK-2040 key telephone set is
i micro-computer controlled tele-
phone which functions in unison with the
micro-computer controlled station ¢ard.
Pata transfer between the station set and
the station card is via the quad. Refer
to paragraphs 13,13 through 13.24 and

figures 19 and 21,
13.28 The micrg-computar in the sta-
tion set implements the comnands
recaived from the station card processor
and transmits to that procassor any
change in status of the station set on a
real time basis.
13.29 If a problem appears to be rela-
ted to a station card/station
set combination, swapping the station
card or the station set should verify
which cirguit appears to be at fauylt,
after the cuad has been checked.

13.30 If swapping circuits makes the
station set suspect, it should
be replaced unless the problem can be
related to one of the six plug-in assem-
blies within the set, as detailed in the
following paragraphs. If a fault is
found to be within the printed circuit
board of the set, the entire sat should
be replaced.

13.31 The station set is modular in
design, in that it contains 6

plug-in assemblies:

® Handset

® (Qial

@® Loudspeaker

® Microphone

® Hookswitch assembly

® 1 Keystrip assemoly
13.32 The line cord and handset cord
meduylar jacks are spade-tip ended
and plug-in to spade-tip c¢onnectors on
the P.C., board.
13.33 Figure 23 shows the layout of the
P.C. board with the cannector lg-
cations for all plug-in assemblies,
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CONNECTOR Figure 23
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PROC CONNECTOR
|
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DIAL = é
E HANDSET
Le—CORD
s O JACK
uT- ||@
PULSE|E SPEAKERPHONE
oIAL |im | TRANSHIT LEVEL
o 00 NOT ADJUST
DIAL TRONT OF SET

Kakey

STATIOﬂ SET COMPOMENT RERLACIMENT COMNELTORS

52}3r> Un the P.C. board are 2 potenti-
ometens {see figune 23). These
poils are factory adjusted and
should not be adjusted in the
Sw- b)
13.34 Figure 19 shows how the station
set is connected to the station
card through the quad inside wiring cable.
[t should be notad that shaorts within the
quad may blow the fusaes on the station
card., ' c)

13.35 To replace any of the plug-in as-

semblies in the station sat, pro-
ceed as follows: ‘ |

a) Remove the front panel of the set
By inserting a screwdriver under
the lower edge of the panel at
the corners and prying up.

Remove the upper sat housing by d)

loosening the captive screw in
the front lower center of the
housing. This exposes the en-
tire printed circuit board,

To remove the handset or line
cord modular connectors {not 2-
quipped in early sets!, unplug
the spade-tips from their con-
nectors and remove the modular
Jack. Refer to figure 23.

To remove the dial, unplug the
dial from its connector. Note
the position of the dial con-
nector in its socket (fone and
Qutpulse dials are diiievent).
Loosen the dial mounting screws
at the TOP of the dial mounting
bBrackets and remove the dial.
Install in reverse order.

To remove the loudsceakar, un-
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plug the speaker from its connec-
tor. Remove the 2 screws which se~
cure the speaker. Install in re-
varse order,

e} To remove the microphone, unplug
the mike from its connector. Lift
the mike, with its rubber boot out
of the holding stot. Install in
reverse order, noting the position
of the key in the microphone con-
nector.

f) To remove the hookswitch assembly,
unplug the assembly from its con-
nector. Remove the screw which se-
cures the assembly to the P.C.
board. Replace in reverse order,
noting the position of the key in
the hookswiteh connector,

g) To remove the keystrip assembly,
disengage the front tabs by pres-
sing rearward while 1ifting the
front of the assembly upward. Slide
the assembly to the left with an
upward motion, Disconnect the rib-
bon cable. To install the assem~
bly, insert the ribbon cable into
its connector. Insert the rear
tabs into the cutouts in the base
of the set. Slide the complete as-
sembly to the right. Press front
tabs rearward to engage the front
tabs in their slots.

13.36 To replace the upper housing, make
sure that the loudspeaker 1s plug-
ged in, then, with the rear tab of the
housing in its slot {center xear of set),
close the housing and tighten the retain-
ing screw. Replace the front panel by in-
serting the tabs inte the top slots and
pushing down an the lower part of the pan-
el.

13.37 Troubleshootina - 0SS Console

13,38 The DSS Console may be considered
as an expansion of the 0SS station
set, [t is connected via & quad to the
085-A and 0S5-3 Control cards in the KSU.
13.3%9 The 0S3 Console contains two micro-
computers. These computars func-
tion in unison with the micro-computers lo-
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- assemblies for replacement purpaoses.

cated on the DSS-A and DSS-B cards. (Qne
computer works with the 0SS-A Contrel

card to implement the functions of the

1st 28 DSS keys. The 2nd computer works
with the DSS-8 card to implement the func-

tions of the last 28 0SS keys.

Data transfer, via the quad, be-
tween the 0SS A & B cards is ac-
complished using the same type word for-
mat as the station card/station set com=-
bination. The micro-computer in the 0SS
Console implements the commands recsived
from the DSS card computer and transmits
to that processor any change of status
(hey depression) of the console on a real
time basis.

13.41

13.40

The DSS-A Control card utilizes
the GN/RD pair of the quad and
the DSS-8 card uses the BK/YL pair.

% A shonted pain 04 the USS quad
‘ will bfow the {uses on the USS
Control cand.

I[f a probiem appears to be rela-
ted to the 0SS Consoie/DSS card
combination, swapping the 0SS A & B cards
should verify which ¢ircuit appears to be
at fault, after the nuad has been checked,
1f the system is not equipped with 03S B
cards, or two DSS Consoles, replacement

of one or the other will he regquired to
verify which circuit is at fault.

13.42

13.43 If swapping or substitution makas
the DSS Console suspect, it
should be repiaced uniess the oroblem can
be relataed to one of the keystrip assem-
blies within the console. If a fault is
suspected to be on the P.C. board of the
console, the console should be replaced.

The 0SS Console is modular in de-

sign, in that it contains olug-in

The

keystrip assembly and the line cord simoly
plug-in for easy redlzcement. Figure 234

shows the Tayout of the P.L. board and the
connector- lacations for the keystrios and

the line cord.

13.44

@A On e console P.C. boawd are 2
2= F notentiometans (see ilgute I3Al.
These pois ate jactory adjusiad
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LINE CCRD
L.!
0G0 (=
GRYEB
[
CLOCK »
DG NOT PROC KEYSTRIP
ADJUST CONNECTORS
0SS CONSOLE
P.C. BOARD
== lprac

CLOCK DO NOT ADJUST — o~

[]

Figure 23A - 0SS Console Component Replacement Connectors

Lo set the processon timing func-
Lions of the console and MUST NOT
be adjusted in the jield.

To replace a keystrip assembly in
the console, proceed as follows:

Remove the front panel of the con-
sole by inserting a screwdriver
under the Tower edge of the panel
&t the corners and prying up.

Remave the upper consale housing
by loosening the captive screw in
the front lower center of the
hoausing, This exposas the entire
P.C. board assembly.

To remove a keystrip assembly,
disengage the front tabs by pres-
sing rearward while 1ifting the
front of the assambly upward.
Slide the assemdbly to the left
with an upward motion. Disconnect
the ritbon canle. To install the
assembly, insert the ribbon cable
Into its connector. Insart the

1979

rear tabs inte the cutouts in the

base of the set. Slide the com-

plete assembly to the right.

Press front tabs rearward to en-

gage the front tabs in their slots.
d) To remove the line cord, unplug
the spade-tips from their connec-
tors. To install a new line cord,
refer to figure 23A for Tocation
of each colored cord lead and in-
sert them into their cgnnector.
Oress the cord through the en-
trance hole and push the strain-
relief nook down on the strain-
ralief tab adjacent ta the hole.
13.46 To repiace the upper housing, fin-
sert the rear tab of the housing
into its slot {centar, xeat o4 set! and
close the housing. Tighten the retaining
screw. Replace the front panel by in-
serting the tats into the top clots and
pushing down an the Tower part of the
panel,
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SECTION 3851-2
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TIE EK-3960 KEY TELEPHONE SYSTEM

2040

EK-3060 EXPANSION CABINET INSTALLATION

1.00 INTRODUCTION

1.01 This section provides the installa-
tion information required to expand
the £X-2040 key telephone system to be a
EK-3060 system. The matarial provided in
this section supplements the information
in section -1 and will only cover instal-
lation of the £K-3060 expansion cabinet.

2,00 GENERAL

2.01 The materials requirad to expand

the capacity of the EX-2040 to 30
C.0. Tines and/or 60 stations includes the
following:

® 1 - EK-3060 Card Cage.

® 1 - EK-3060 Rear Enclosurs.

® 1 - EK-3060 Front Cover.

® 3 - 50-conductor ribbon cable
assemblies.

® 2 - 66MS0 type quick-connect
blocks.

® "B" bridging clips, as required.

® 2 - 25-pair female amphenoi-
ended tail cables with suf-
ficient length to reach the
quick-connect blocks.

® 1 - 2S-pair amphenol-ended cahle
égalz-ﬁemaiz! to reach Talco
-21XI

® Tie-wraps and cable clamps, as
required,

e Up to 10 C.0. Line cards,
® Up to 20 Station cards.
® Up to 20 Station sets.

2.02 Physical dimensions of the EK-3060
expansion cabinet ars:

Height 15.1" (38.4 em).
Width 24.0" (40.1 om).
Depth 14.7" (37.3 om).

2.03 A maximum of 10 C.0. lines and a
maximum- of 20 additional stations
may be added to the EK-204Q system.

2.04 C.0. lines 21 through 30 are e-

quipped in the expansion cabinet.
Access codes for these lines are 921
through 930.

2.05 Stations 71 through 89 are equip-

ped in’ the expansion cabinet.
These stations are all in paging zone 5;
accessed by dialling code 995 or All-
call, code 996,

2.06 If the inftial system was equipped

with less than 17 C.0. lines and
less than 30 stations, “B" 1ink cards may
not he equipped. "B" link cards must be
installed to access stations 60 through
8% and C.0. lines 17 through 30.

3,00 EXPANSION CABINET
INSTALLATION

3.01 The installation information in

the following paragraphs assumes
that the basfc EX-2040 KSU has been in-
stalled in accordance with the informa-
tion provided in section -1 of this man-
ual,

3.02 Expansion Cabinet Mountina

3.03 Figures 1, 2 and 3 provide an aid
to the installer for mounting and

attaching the expansion cabinet tg the

basic KSu. .

3.04 To install the expansion cabinet,
praceed as follows:

©TIE 1979
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TIE KSu basic rear panel and mark the hole
WRAP locations on the mounting surface.
MOUNT e MOUNTING
nE S SCREN ) A qutty Laaded expansion cabinet

i : weighs approximately 35 pounds,
WRAP | i

This weight should nct be entinely

N » suppontzd by the basic KSU.

r— b) After the mounting holes have been
JIEW 2.4 drilled for the expansion cabinet,
YR PLCES secure the 2 rear panels together

using 9 screws, flat washers, Tock
washers and nuts (provdided with
exp. eab.). Then secure the rear

T s - > panel to the mounting surface with
== : appropriate hardware for the
: REAR ! mounting surface. A tie-wrap
" L F ) mount shouid be piaced under the
11 ; CRB o Tower left mounting screw (see
bty o fLgure 3}.
SRl c} Remove the front and top covers

—r—

| from the basic card cage.

d) Reattach the expansion cage to the
P rear panel, Attach the two card
i 3 -+ cages together. 6 screws with

: C flat washers, lock washers and
: o nuts are ysed along the rear edge
11 3/4" : ‘ ; of the cages. 6 additional screws

- ; are used in the tapped holes on

the sides of the cages.

i e) Reattach the top cover, removed in

LE

=L, | step ¢, to the expansion card cage
r LY LAA using the screws removed in step ¢.

f) After circuit card installation is
complete, install the new, large
front cover aver both cages using
the remainder of the screws from

Rge L step c.
s ' g) Plug the tail cable from the ex-
e TAA pansion [/0Q Panel into the inter-
> cabinet connector located at the
15" top of the I/0 Panel in the hasie

cabinet.

3.05 Three 50-conductor ribbon cables

Figure 1 : are required to connect the back-
. ; plane wiring from the basic KSU to the

4all Mount Template and Tie-wrap Detail backplane wiring of the expansion cabi-
net, These ribbon cables are provided

a) Using figure 1, locate and drill with the expansion unit in three differ-
the mounting holes in the surface ent Tengths. Plug the ribbon c¢ables into
tg which the expansion cabinet is the connectors on the I/C Panels as fal-

to be mounted. I[f the basic KSU is low {see jigure 3).
already mounted, remove the expan- a) The short cable {§ 3/4"] connects

sion cage froem the rear panel, ;
flace the rear panei on tap of the PGl of the ba§1c 1/Q Panel to P14
of the expansion I/0 Panel.
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d) The middie-size cable (10 7/5")
connects P02 of the basfc [/0 Panel
to P13 of the expansion I/0 Panel.

¢} The long cable (17 1/2"! connects
P03 of the basic /0 Panel to P12
of the expansion [/0 Panel.

3.06 Station 8lock Mounting

3.07 Two additional station blocks are
recommended for connection of the
station quads (70 tough 89) to the KSU.
Connections for the quads 70 through 81
are on block BS and cannections for quads
82 through 89 on block 86.

3.08 It is recommended that the addi-
tional station blocks be usad with
“B" bridging clips as detailed in para-
graph 7,23 and figure 6 of section -l.
3.09 On the back of the expansion cabi-
net swing-out gate (4{igure 3] are
3 Amphenol (57 senies) type connectors
for connection of the expansion cabinet
tail cables. Connectors P15 and P18
should be cabied to the new BS and B§
Slacks. Table 1 shows the cable lead as-
signments for the connectors,

.\ The top connecton on the expansion
EZTY 170 Panes (P17) MUST be cabled di-
rectly to the telephone company
C.0. Line terminations (USOC code -
RI-21X). The RJ-I1X is an amphenol
{upe connecton which should be pro-
vided by 2he telephone company, o
Wwithin 25-4eet of the KSU, in ae-
cordancz with FCC rufes, part 58.
P17 is a mafe connecton.

3.10 A bracket is provided to secure the
tail cables before they exit the
expansion cabinet. The cables should be
tie-wrapped to prevent dislodging the con-
nectors from their mates., DQress the cable
ioop for opening and ¢losing the swing-out
gate {422 figure 3 jon ie-wrap Locations).

f

4,00 PLUG-IN CIRCUIT CARDS
cands .
Page C4

Table 1 - Tail Cable Conductor Assignments

TAIL CABLE 85 BLOCK |} 86 aLock || To TELCO
PLUG [cABLE l . -

PIN |caLgri C-IP| [LEAD|DEST]|LEAD|OEST [LEAD{CEST
- ——_ ] ——— - - ]
26 |WH-BL] 1 GN GN T iC.0.
1 [BL=WH 2 RO STA. R STA. R 21
27 (wH-QR| 3 Bk | 70 8k | 82 T {€.0,
2 |oR-ww| 4 L L R | 22
28 {wH-aN| 5 GN &N T I¢.0.
3 |GN=-WH] & RO {sTa. RO isTa. R 23
29 |WH-gR| 7 Kk 4 71 gk | 83 T {€.0.
4 {BR-WH| & YL L R | 24
30 |wH=SL| 9 e a8 T |c.0.
& |SL-wH{ 10 RD STA. A0 isTa. R 28
31 |RD-BL| 11§} 8k | 72 {| gk | 88 T |c.0.
5§ {BL-RDI 12 | YL YL R | 26
32 |RD-0R] 13 || &N &N T |¢.0.
7 |OR-RD| 14 || RO fe7a.|i RO {sva.{f R | 27
33 [RD-GN| 15 || 8K | 73 |{ Bk | 85 T |c.o.
8 |GM-RD| 16 || YL YL R {28
34 [RD-BR| 17 || & &N T jc.0.
9 |BR-RD| 18 || D {s7a_ || RC jsta.|| R | 29
35 |RD-SLY 19 }[ 8k | 74 (| ax | &6 T |¢.0.
10 |SL-RD| 20 || YL ' R {30

36 {8k-8L| 21 || an GN

11 [BL-BX| 22 RO |s7a.ll RO [sTa.
37 [BK-OR] 23 {8k | 75 (| 8k | 87
12 |or-ak{ 24 || YL v

38 |8x-sN| 25 || N GN .

13 JGN-BK] 25 RO [sta. !l RD {g+a.
39 [BK-8R] 27 |l Bk | 76 |} 8k | 28
14 [BR-BK] 22 || YL YL l
40 [BK-SL| 29 || aN GN i
15 [SL-8K] 30 A0 {sTA. RD fsva. i
41 [yL-sL] 31 {| 8k | 77 {[ak | 82 ||
16 |BL-YL| 32 || YL Y

42 |rL-0r[ 33 || 6n

17 {OR-YL| 34 R0 |sTaA. :
43 |YL-GN| 35 {j 8K | 78

18 |GN-vL| 38 || YL

aa |YL-8r| 37 || G

19 |8R-vL{ 38 || "0 |¢Ta.

45 |YL-SL| 39 [l 8x | 7°

20 |st-vL] 49 || YL

46 |vI-8L| 41 || GN

21 |BL-VI{ 42 RD lsTa.

47 |vi-0R{ 43 |{ 3¢ | 20

22 |or-vil aa | 1L

48 |vi-GNl 45 || 5w

23 |GN=VI} 45 RO |sTa.

29 [vI.gr| 47 || 8k | 81

24 |BR-vI| 28 |] YL

89 |VI-si| 49

25 lsL-vr| 3
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4,01 ¢€.0. Line Cards

4,02 Refer to paragraphs 8.02 through

8.06 in section =1 for C.0. Line
card installation cdetails. Figure 2 in
this section shows the expansion cabinet
card Tayout.

4,03 Statiaon Cards

4,04 Refer to paragrapns 8.34 through
8.36 for Station card instailation
details.

5.00 MAINTENANCE

5.01 Paragraphs 13.00 through 13.46 in
section -1 provide maintenance de-
tails for the KSU, all plug-in circuit
cards, the station sets, and the 0SS con-
sole., Refer to those paradraphs if a
prablem is encountered when installing
the expansion cabinet uniess the problem
appears to be related to the expansion
cabinet fusing and power distribution,

5.02 Expansion Cabinet [/0 Panel

5.03 The 1/0 Panel in the expansion cabi-

net contains all the backplane and
pawer wiring connections from the basic
cabinet. Fuses are Provided (+25V, -Z5V
and -10V) on the [/0 Panel and also the
pawer distribution terminals (TB3) for
each shelf, Refer to figure 3 for fuse
location, fuse ratings and power terminal
lacations,
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