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This section presents a functional description of the 828AF Digital 

Multiplexer and a detailed description of the circuit cards. 
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described in Section 000-010-015. 

If equipment design and/or manufacturing problems should occur, refer to 
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1. SCOPE 

1.01 This section presents a func-
tional description of the 828AF 

Digital Multiplexer (see Figure 2-1), 
and a detailed description of the 
circuit cards. Also included is a 
description of the Relay card in the 
Fuse and Alarm Panel. 

1.02 This section was reissued to 
add descriptions of the RAC-II 

(Remote Alarm Card II) and the LTU 
(Line Terminating Unit), and to include 
information on the CCA162Gl Control MPU 
(Microprocessor Unit), the Optional MPU 
II (CCA135), and the ACX043 Fuse and 
Alarm Panel. 
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Figure 2-1. 828AF Digital Multiplexer 



2. FUNCTIONAL DESCRIPTION 

A. Operational Description 

2.01 A block diagram of the 828AF is 
shown in Figure 2-2. The signal 

flow 
relates to system operation. 

2.02 The 828AF accepts up to 28 
DS-1 (1.544 Mb/s), 14 DS-lC 

(3.152 Mb/s), 7 DS-2 (6.312 Mb/s) 
channels, or any combination up to the 
equivalent of 28 DS-1 groups. Channel 
interface is accomplished via Tl, TlC, 
or T2 Low-Speed Interface cards, up to 
a maximum of seven cards. For example, 
the 828AF can be configured to inter­
face with twelve DS-1, six DS-lC, and 
one DS-2 channels by configuring the 
unit with three Tl, three TIC, and one 
T2 Low-Speed Interface card. 

2.03 Bit-stuffiP~ is used to synchro-
nize each of these asynchronous 

low-speed channel inputs to a common 
clock rate prior to multiplexing to a 
DS-2 (6.312 Mb/s) data stream. DS-1 
and DS-lC channels are bit-stuffed 
at the DS-2 level. The DS-2 channels 
are bit~stuffed at the DS=3 level. 

2.04 Overhead data is also multi-
plexed into each of the seven 

resulting DS-2 mastergroup data 
streams, to allow far-end low-speed 
demultiplexing, and stuffing bit 
extraction. The DS-2 output is 
applied to the HS COM (High-Speed 
Cmmnon) card: 

2.05 The HS COM card accepts up to 
seven DS-2 data streams, and 

multiplexes them into a single DS-3 
data stream (44.736 Mb/s). The HS COM 
card also multiplexes the appropriate 
nf::_~ 1'\'U'..:l'l'"}u::uan nD~D ann C!~11f='f='~na hi ~C! 
uu-....~ v • """'.L.&.~....,.rwa.'\,&. ~~"".,., .,., .. .&.'-'~. .,.. .... '-'-.L .&. ~.A.•e ...,. ""' ..... 

along with the DS-2 channels. The 
resulting DS-3 mastergroup data stream 
is used to modulate a single-mode 
laser or LED transmitter on the 
High-Speed XCVR (Transceiver) card. 
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2.06 The electrical output from the 
HS COM card, containing data 

and timing, is applied to the modula­
tion circuits of a single-mode laser 
or LED on the High-Speed XCVR card for 
intensity-modulated optical transmis-

far end. 

2.07 In receive processing, the incom-
ing DS-3 data stream is converted 

from an optical to an electrical DS-3 
data stream and is applied to the 
receive circuits of the HS COM card. 
The HS COM circuitry frames on the DS-3 
mastergroup overhead data and demulti­
plexes the composite data stream into 
its DS-2 component data stream. 

2.08 The DS-2 signals are coupled from 
the HS COM card to the Low-Speed 

Interface cards, where each is demul­
tiplexed from DS-2 to DS-1 or DS-lC, 
as required. All stuffing bits added 
for bit synchronization at the trans­
mitting end of the system are deleted 
from the data stream prior to line 
signal encoding. 

2.09 The Control MPU card monitors 
various alarm point functions 

throughout the 828AF, and performs the 
following functions: 

o Illuminates appropriate fault 
indicators on individual circuit 
cards (except the power supply, 
which controls its indicators) 
and status indicators, such as 
REMOTE LEOs and LOOPBACK LEOs on 
the MPU (CCA162Gl only). 

o Utilizes lockout software to 
isolate a fault condition to a 
specific card, thereby suppress­
ing FAULT LED illumination due 
to sympathetic alarm conditions. 

o Performs automatic switching 
from a defective card to 
appropriate STBY (Standby) 
circuitry. 
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MAIN 
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Figure 2-2. 828AF Digital Multiplexer Block Diagram 

o Calculates DS-3 BER (Bit Error 
Rate) for the on-line and off­
line incoming DS-3 channels. 

o Calculates the BPV (Bipolar Vio­
lation) error-second performance 
for each LS input. 

o Provides remote alarm reporting 
external to the multiplexer, via 
relay contact closures, to indi­
cate MAJOR and MINOR fault 
conditions. 

o Optionally, communicates with the 
TELTRAC (Telco Teleco~munications 
Remote Alarm and Control) system, 
which performs comprehensive fault 
alarm reporting and analysis of an 
entire telecommunications network 
at a central processor location. 
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2.10 The Power Supply module accepts 
-24 Vdc or -48 Vdc, and provides 

+15, +5, and -5.2 Vdc. Power Supply 
protection is provided via load shar­
ing with a second PS module. Either 
supply is independently capable of 
providing all power necessary for the 
828AF unit. A built-in fault monitor­
ing function, including LEDs, aids in 
troubleshooting. 

B. Mechanicai Detail 

2.11 A single 828AF measures 23-inches 
wide by 6-inches high by 

11.5-inches deep, allowing up to ten 
units to be mounted in a standard 
7-foot rack, along with a Fuse and 
Interface Panel and appropriate 
air baffles. 



C. Equipment Interfaces 

2.12 The low-speed interface cards 
contain all circuitry necessary 

to interface with DS-1, DS-lC, or DS-2 
electrical signals, or 3B6B encoded 
DS-2 optical signals, and multiplex 
them to the DS-2 level with full 1:1 
redundancy of the Ml2 MULDEM (DS-1 to 
DS-2 Multiplexer/Demultiplexer) cir­
cuitry. Electrical signal interfaces 
are wire-wrap pin blocks located on 
the backplane behind each Low-Speed 
Interface card. The optical DS-2 
interface is located on the front of 
the LTU card. 

2.13 Optical DS-3 transmit and receive 
interfaces are located on the 

front of the MAIN and STBY High-Speed 
XCVR cards. 

2.14 The TELTRAC interface is accom-
plished through connectors on 

the Fuse and Interface Panel, unless 
the 828AF is being used as the remote 
unit in a TELTRAC extension applica­
tion. When used in a TELTRAC exten­
sion application the remote TELTRAC 
interface is accomplished through 
the RAG-II card which utilizes the 
user-defined DS-3 X-bit for serial 
communications. 

2.15 The ACX025 Fuse and Alarm Panel 
interfaces with a customer­

provided -48 Vdc or -24 Vdc power 
source, and provides fused power for 
up to twelve 828AF units. 

2.16 Each 828AF MPU has two relays 
(MAJOR and MINOR) used to report 

the corresponding alarms to the ACX025 
Fuse and Alarm Panel. Wire-wrap pin 
connectors are available for customer 
interface for MAJOR and MINOR alarms 
for up to twelve individual 828AF 
units mounted in the bay. Relay 
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contact closures are available for 
AUDIBLE and VISUAL MAJOR and MINOR 
alarms, and also, FUSE, ACO, and 
REMOTE (with RAC-II card) relay 
contacts are available as separate 
closures. For visual indications, the 
ACX025 also provides AGO, FUSE, INT 
FUSE, BAY FLT, and REMOTE (with RAG-II 
only) lamps. 

2.17 The ACX043 Fuse and Alarm Panel 
interfaces with a customer­

provided -48 Vdc or -24 Vdc power 
source, and provides fused power for 
up to six 828AF units. 

2.18 On the ACX043 Fuse and Interface 
Panel, wire-wrap pin connectors 

are available for customer interface 
for MAJOR and MINOR alarms for up to 
six individual 828AF units mounted in 
the bay. A 32-pin wire-wrap header 
can be used for customer interface 
with the opto-isolator inputs and 
relay contacts of one RAG-II card in 
the bay. A separate cable is required 
to connect the RAC-II card to the 
header. For visual indications, the 
ACX043 also provides BAY FLT and FUSE 
lamps. 

D. Equipment Protection 

2.19 All power, low-speed and high-
speed multiplexing, line coding, 

and optical interface circuitry can be 
1:1 protected. Tl and TlC cards have 
protection circuitry built on the same 
card, while the other cards are 
protected by a redundant card. The 
Control MPU card initiates automatic 
switching to the STBY circuitry when a 
hardware failure occurs, or when the 
predetermined BER switching threshold 
is exceeded. The multiplexer can be 
switched manually via the MPU, the 
Manual Control Interface card, or an 
external system such as TELTRAC. 



3. FUSE AND ALARM PANEL DESCRIPTION 

3.01 The Relay card provides the Fuse 
and Alarm Panel (ACX025 only) 

with the lamp indicators; contains pro­
tection fuses for the Fuse and Alarm 
Panel; and has a jumper that deter­
mines the ACO (Alarm Cutoff) option. 

3.02 See Figure 2-3 and TABLE A for 
indicators and their functions. 

3.03 There are two protection fuses 
on the Ke~ay card. One protects 

the Fuse and Alarm Panel from the power 
source. The other provides protection 
for the FUSE lamp and FUSE relay. 

3.04 The jumper on the card deter-
mines which alarms will be cut 

off when the ACO button on the Control 
MPU card is pressed. Position 1-2 
affects only the BAY AUDIBLE alarms. 
Position 1-3 allows both BAY VISUAL 
and AUDIBLE alarms to be cut off. 

3.05 A cost-effective Fuse and Alarm 
Panel (ACX043), illustrated 

in Figure 2-4, provides fused power 
distribution, alarm and TELTRAC 
interface, but does not contain the 
visual indicators included on the 
ACX025 Relay card. 
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4. DETAILED CARD DESCRIPTIONS 

4.01 Separate subsections are 
included in this section to 

provide more detailed information on 
the individual circuit cards and the 
Power Supply module. The subsections 
are as follows: 

o LS INTER Tl/TlC (Tl/TlC 
Low-Speed Interface) Card 

o LS INTER T2 (T2 Low-Speed 

o LTU (Line Terminating Unit) Card 

o HS COM (High-Speed Common) Card 

o High-Speed XCVR (Transceiver) 
Card 

o Control MPU (Microprocessor 
Unit) Card 

o RAG II (Remote Alarm Card II) 

o PS (Power Supply) Module 

o Optional MPU II Card 
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IliDICATOR 

FUSE (red) 

BAY (red) 

REi-iOTE (yellow) 

!NT FUSE (red) 
(Internal Fuse) 

ACO (yellow) 
(Alarm Cutoff) 

SECTION 830-102-002 

TABLE A. Relay Card 

DESCRIPTION OF MONITORED POINT 

Monitors the status of all the UNIT fuses at the 
front of the Fuse and Alarm Panel. 

Monitors all MAJOR and MINOR fault indications in all 
828AF units connected to the Fuse and Alarm Panel. 

Illwuinates in conjunction with BAY FLT l~Ttp, by 
action of a RAC II card, when REMOTE BAY FLT option 
has been enabled on the Control MPU in the 828AF unit 
containing the RAC II card and a BAY alarm is 
reported from the far-end. 

Monitors the relay protection fuses. The FUSE lamp 
will illuminate in conjunction with !NT FUSE. 

Illuuinates whenever the ACO switch is activated or 
the Control MPU card is reset. 
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5. SPECIAL TEST EQUIPMENT 

A. Maintenance Interface Card 

5:01 The Maintenance Interface card 
(see Figure 2-5) is used to 

replace faulted Tl and TIC Low-Speed 
cards, and permits testing of the 
Low-Speed Interface card before 
switching over traffic. The Mainte­
nance Interface card is also used to 

The CHANNEL SELECT switch is used to 
check the traffic on each of the DS-1 
or DS-lC channels on the Low-Speed 
Interface card under test without 
interrupting traffic. A functional 
block diagram of the Maintenance Inter­
face card is shown in Figure 2-6. 
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5.02 Testing is carried out in the 
TEST mode. In the NORMAL mode, 

the MULDEM works in conjunction with 
the HS COM cards. In the TEST mode, 
the TX and RX circuits are looped at 
the 6.312 MHz interface. When the 
failed Low-Speed Interface card is 
removed from the shelf, traffic 
switches over automatically to the 
Low-Speed card under test. If a new 
card is installed, traffic auto­
matically switches to the new card. 

5.03 The LEOs on the front of the 
Maintenance Interface card, and 

their functions are listed in TABLE B. 
The switches on the front of the Main­
tenance Interface card, and their 
functions are listed in TABLE C. 
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MPU REPLACE SWITCH 
(MPU REPLACE LED IS 
ABOVE THE SWITCH) 

LEVEL SELECT SWITCH 

TX (IN) I RX (OUT) JACKS 

CHANNEL 
SELECT 
SWITCH 

AI-538-AB 

Figure 2-5. Maintenance Interface Card 
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TABLE B. Maintenance Interface Card Indicators 

LED INDICATOR DESCRIPTION OF MONITORED POINT 

ON LINE (green) 

FAULT (red) 

MPU REPLACE (red) 

TEST (yellow) 

Illu~inates when the Low-Speed Interface card plugged 
into the Maintenance Interface card is carrying on-line 
traffic. 

Illuminates when the Maintenance Interface card has a 
failure. 

Illuminates when the Interface card is in 
MPU REPLACE mode. 

the 

Illuminates when the Maintenance Interface card is in the 
Test mode. 

TABLE C. Maintenance Interface Card Switches 

SWITCH 

MPU REPLACE 

CHANNEL SELECT 

TEST/NORM 

Tl/TlC OUTPUT 
LEVEL SELECT 

DESCRIPTION OF MONITORED POINT 

Set to ON when replacing the Control MPU card; otherwise, 
set to OFF. 

Four-position slide switch that selects Channels 1 
through 4 on the Low-Speed Interface card to be tested. 
The Channel 1 position connects low-speed channel 1 to 
the test jacks (Tl and TlC). The Channel 2 position 
connects low-speed channel 2 to the test jacks (Tl and 
TIC). The Channel 3 position connects low-speed channel 3 
to the test jacks (Tl only). The ChaP~~el 4 position 
connects low-speed channel 4 to the test jacks (Tl only). 

Configures the test operation of the Maintenance card to 
allow the Low-Speed Interface card under test to frame up 
on incoming bridged data (NORMAL) or be looped back on 
itself at the DS-2 rate (TEST). 

Selects the proper voltage level for the Low-Speed 
Interface output signal. From left to right: Position 1 
is 3.0 Vdc, 0 to 100 feet. Position 2 is 4.2 Vdc, 101 to 
350 feet. Position 3 is 6.0 Vdc, 351 to 655 feet. 
Position 4 is not used. 
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B. Manual Control Interface Card 

5.04 The MCI (Manual Control Inter-
face) card (see Figure 2-7) is 

an I/0 (Input/Output) board allowing 
immediate and direct access to the 
Control h?U card. This aeeess is used 
to initiate testing functions and 
provide status through interrogation 
of the local and remote terminals. A 
block diagram of the MCI card is shown 
in Figure 2-8. 

5.05 All DS-1, DS-lC, or DS-2 lines 
can be looped individually or 

simultaneously at a LOCAL or REMOTE 
terminal from any MCI card. Low-speed 
loopback enables the technician to 
monitor end-to-end system performance. 

SECTION 830-102-002 

When in REMOTE loopback (see Fig-
ure 2-9) an input signal is multi­
plexed to a DS-3 level by the local 
terminal and transmitted to the remote 
terminal. At the remote terminal 
the DS-3 signal is demultiplexed and 
applied to the correspondir~ low-speed 
card. The low-speed card is looped 
back; the signal is remultiplexed 
and transmitted to the point of 
origin, completing the end-to-end 
system loop. 

Note: Tne MCI card cannot perform 
remote testing if the 828A contains 
Control MPU card part number CCA137Gl. 
Part number CCA137G2 and higher does 
allow the MCI card to perform remote 
testing. 

EhlER Bi.JTTOili LtQUIO CRYSTAL DISPLAY~ 

BI-586-AA 

~ 
~~~II :.-------u; PUSHBU"TON 

~ / THUMBWHEEL SWITCH 

REMOTEILOC>l LEO~~ 01 
b 

-REMOTE/LOCAL SWITCH 

Figure 2-7. Manual Control Interface Card 
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Figure 2-8. Manual Control Interface Card Block Diagra~ 
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5.06 When in LOCAL 
Figure 2-10), 

is multiplexed to a 
remote terminal and 
the local terminal. 
terminal, this DS-3 

loopback (see 
an input signal 
DS-3 level by the 
transmitted to 
At the local 

signal is demul-
~1piexed and appi1ea to a low-speed 
card. The low-speed card is looped 
back, and the signal is remultiplexed 
and transmitted to the point of 
origin completing the end-to-end 
system loop. The receive DS-3 signal 
at the Local multiplexer also con­
tinues to be demultiplexed and sent 
to the low-speed cross-connect. 

LOCAL MUX 
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5.07 Communications between the 
terminals is carried over the 

designated mux-to-mux communication 
channel. The selection of cards, 
channels, and commands are activated 
by the thumbwheel switches, processed 
through the Bus Driver, and activated 
by pressing the ENTER pushbutton. See 
Section 8, SPECIAL TEST CARDS, for a 
description of the indicators and 
switches on the Manual Control Inter­
face card. Section 8 also includes a 
procedure on operating the Manual Con­
trol Interface card, and a description 
of each test that the card can perform. 

REMOTE MUX 

TX I LOCAL LOOPBACK I RX 

MANUAL CONTROL CARD~ r1 (:_-~~----------------------------~~~ 

'iJ AX ,- I ___ TX -~ 

t I C2-562-AA 

~ 
Figure 2-10. Local Loopback 
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A. DS-2 Format 

6.01 The format of the DS-2 
(6.312 Mb/s) data stream is 

shown in Figure 2-11. Every M frame is 
divided into four subframes. The fra~e 
alignment signal (FoFoFlFl···> 
is used to identify all control bit 
time slots. The multiframe alignment 
signal M1M2M3M4 (OllX) is used 
to locate all four subframes. A sin­
gle time slot within each subframe is 
available for inserting a stuff bit. 
A three bit-stuffing indicator identi­
fies whether or not a stuff bit has 
been inserted. 

2-14 
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B. DS-3 Format 

6.02 The format of the DS-3 {44.736 Mb/s) 
data stream is shown in Figure 2-12. 

Every M frame is divided into seven sub­
frames. The frame alignment signal 
(F1FoFoF1) is used to identify all 
control bit time slots. The multiframe 
alignment signal (MoMlMo) appears in 
the fifth, sixth, and seventh M subframes, 
and is used to locate all seven subframes. 
A single time slot within each subframe 
is available for inserting a stuff bit. 
A three-bit stuffing indicator word iden-
tifies whether or not a stuff bit has 
been inserted. At the beginning of the 
first and second M subframes is an X-bit 
which is used by the 828A. 
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..• C43, F1,M1 ,C 11,FO,C 12,C 13,F1,M2,C2l, FO,C22,C23, Fl, M3,Cll ,FO,C32,C3J,Fl ,M4,C4l,FO,C42,C43,Fl,Ml ,C 11, FO •.. 

---------------- M~E--------------~ 

NOTES: 

(1) THE ~AME AliGNMENT SIGNAL IS F
0 

=0 AND F
1 

= 1. 

(2) Ml M2 M3 M4 ... 1S THE MUlTI~AME SIGNAl AND IS Ol1X •.• WHIIE X MAY&£ USED FOR AN ALAIM 
S~VICE DIGIT 

(3) C11 C12 C13 = ST''-'ffl,.~ IND~CATOII WORD FOCt OS1 INf!UT I. 000 iNDICATES rK> STlJFfir.aG Ar«J 1 i i 
INDICATES STUFFING WAS DONE. 

(4) THE TIME SLOT AVAilA8lE FOR STUFFING 051 INPUT 1 IS THE FIRST SLOT FOR INPUT 1 (Jl) FOllOWING 
Fl IN THE M1 SUIFV.ME. 

(5) THE MAXIMUM STUFFING RATE PER OSI INPUT IS 5367 IIITS/SK. 

(6) THE NOMINAL STUFFING RATE PER DSI INPUT IS 1796111TS/SK. 

(7) FIRST SLOT IIEFORE EACH IJI TIME SlOT IS A CONTlOl BIT TIME SLOT. 

(~ IJI DESIGNATES A TIME SLOT DEVOTED TO DSl INPUT 1. THE INFORMATION ROM INf'UTS I AND 3 AND 
THE STUFHD BITS USED TO SYNCHIONIZE THESE INPUTS AlE CONTAINED IN If I AND jD RESPKTIVEl y. 
THE LOGICAL INVERSE, OR COMI'\.EMENT, OF THE INFOlMATION ROM INf'UTS 2 AND 4 ANO THE 
STUFFED I ITS USED TO SYNCHIONIZf THESE INPUTS AU CONTAINED IN (12 AND,.. RfSPKTIVEl Y 

84·579-AA 

Figure 2-11. DS-2 (6.312 Mb/s) Data Stream Format 
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CONTROL BIT SEQUENCE - EACH CONTROL BIT OCCUPIES A CONTROL BIT TIME SLOT 

C73.F1 X F1 Cn FO C12 FO C13.F1 .X.F1 .C21 FO C22.FO.C23.F1 P F1.C31 .FO.C32 FO.C33 F1 P,F1 C41 FO C42.FO.C43.FI MO.F1 C51,FO.C52 FO.C53.F1.M1.F1.C61.FO.C62.FO.C63.F1.MO F1.C71 FO.C72.FO.C73.FI.X F1.C1 1 

~--------------------------------------------------MFRAME------------------------------------------------~ 

NOTES (1; THE FRAME AUGMENT SIGNAL IS FO = 0 AND F1 = 1 

(2) MO M1 MO IS THE MULTIFRAME ALIGMENT SIGNAL AND APPEARS IN THE 5TH. 6TH. AND 7TH M SUBFRAMES MO-Q AND M1-1. 

(3) PP IS PARITY INFORMATION TAKEN OVER ALL INFORMATION TIME SLOTS IN THE PRECEEDING M FRAME PP=11 IF THE DIGITAL SUM OF ALL 

INFORMATION BITS IS 1 AND PP =00 IF THE SUM IS 0 THESE TWO PARITY BITS ARE IN THE 3RD AND 4TH M SUBFRAMES 

(4) XX MAY BE USED FOR AN ALARM SERVICE CHANNEL. IN ANY ONE M FRAME THE TWO X-BITS MUST BE IDENTICAL 

(5) C11 C12 C13 =STUFFING INDICATOR WORD FOR 6.312 MBIS INPUT 1 000 INDICATES NO STUFFING AND 111 INDICATES STUFFING WAS DONE 

(6) THE TIME SLOT AVAILABLE FOR STUFFING 6.312 MBIS INPUT 1 IS THE FIRST SLOT FOR INPUT 1 (01) FOLLOWING F1 IN THE FIRST M SUBFRAME 

(7) THE MAXiMUM STUFFiNG RATE PER 6_312 MBiS iNPUT iS 9398 BiTSiSEC 

(8) THE NOMINAL STUFFING RATE PER 6.312 MB/S INPUT IS 3671 BITS/SEC 

(9) FIRST SLOT BEFORE EACH 01 TIME SLOT IS A CONTROL BIT TIME SLOT 

B4-68o-AA 

Figure 2-12. DS-3 (44.736 Mb/s) Data Stream Format 
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1. SCOPE 

1.01 This subsection presents a func-
tional description of the LS 

INTER Tl/TlC (Tl and TlC Low-Speed 
Interface) card used in the 828A/828AF 
see Figure 2A-l). Tables are provided 
in this subsection that describe the 
LEDs and test jacks located on the 
circuit cards. 

1.02 Whenever this subsection is 
reissued, the reason for reissue 

will be listed in this paragraph. 

2. ~JNCTIONAL DESCRIPTION 

A. General Description 

2.01 The LS INTER Tl card accepts up to 
four DS-1 (1.544 Mb/s) signals in 

bipolar line coding format and multi­
plexes these channels into a single 
unipolar DS-2 (6.312 Mb/s) data channel. 
The TlG Low-Speed Interface card accepts 
up to two TIC (3.152 Mb/s) data channels 
in bipolar format and likewise converts 
these into a unipolar DS-2 data channel. 

2.02 Industry-standard electrical 
interface for Tl or TlC data 

channels is AMI (Alternate Mark Inver­
sion) line coding. All LS INTER Tl 
and TIC cards are equipped for AMI 
line coding and decoding. However, 
the CCA161G2 LS INTER Tl card is 
equipped with channel selectable AMI 
or BBZS (Bipolar with Eight Zero 
Substitution) line coding. B8ZS has 
been adopted in an attempt to provide 
a uniquely identifiable data pattern, 
which can be substituted for eight or 
more consecutive zeros, to maintain 
line activity to facilitate clock 
recovery. B8ZS line coding is typi­
cally employed in Tl applications 
involving data or integrated voice/data 
transmission via Tl carrier. The 
CCA161G2 card may be used in any 
combination with other Low-Speed cards 
when the AMI option is selected. When 
used with the B8ZS option selected in 
a particular slot at one end, the 
corresponding slot on the far end 
should also have a CCA161G2 card with 
the same option selected. 

2.03 Each Low-Speed Interface card 
contains transmit and receive, 

main and standby circuitry. In the 
event of Ml2 MULDEM failure, the Con-
trol MPU will initiate a switch to 
internal redundant transmit and/or 
receive MULDEM circuits, to preserve 
DS-2 transmission integrity. An 
optional Maintenance Interface card 
can be inserted into a special bridge 
slot position to allow traffic to be 
transferred to a spare Low-Speed 
Interface card. Special test circuits 
allow the replacement card to be 
thoroughly tested off line, via DS-2 
loopback or bridged to receive traffic, 
prior to in-service operation. 
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2.04 If a previously active Tl or TIC 
channel becomes inactive (as 

indicated by 175 consecutive zeros 
± 75 zeros) due typically to equipment 
failures external to the 828A/828AF, 
an AIS (Alarm Indication Signal) is 
routed from the Low-Speed Interface 
card to down-line equipment. CCA050Gl 
provides an all ones AIS. On CCA124Gl 
and CCA161G2, an all ones or all zeros 
AIS is selectable. The all zeros AIS 
will cause down-line activity detec­
tors to activate. The all ones 
blue signal suppresses down-line 
activity detectors and maintains 
line activity necessary for network 
timing S}~chronization. 

2.05 The transmit circuitry of the LS 
INTER Tl or TIC card performs 

the following unit-level functions 
within the 828A/828AF: 

a. Converts incoming Tl or TlC 
bipolar line-coded channels 
into unipolar data channels. 

b. Extracts transmit clock timing 
from incoming data transitions. 

c. Synchronizes Tl channels to a 
common master clock rate, using 
h~ +- ... t-·n++~"""' +-o"l..""~ ,..,,.,..,. 
LI.L '- >::) '-U.&. .&. .L.L.Lo '-..:;'--.L.LI..L..L.~U..:;o;:) o 

d. Multiplexes four Tl (1.544 Mb/s) 
or two TIC (3.152 Mb/s) data 
channels and associated over­
head channel, to facilitate 
far-end demultiplexing, into a 
single DS-2 (6.312 ~o/s) 
composite data channel. 

e. Switching circuitry routes 
the output of either MAIN 
or STBY Ml2 MULDEMs on line 
to the on-line HS COM card. 
This circuitry also routes 
the off-line MULDEM output 
to the off-line HS COM card. 

2.06 The receive circuitry of the LS 
INTER Tl or TlC card performs 
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the following unit-level functions 
within the 828A/828AF: 
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a. Switching circuits route the 
output of the on-line HS COM to 
the on-line main or standby 
MULDEM circuit, while routing 
the off-line HS COM data to the 
off-line MULDEM circuits. 

b. Receive MULDEM circuits locate 
embedded framing information 
and synchronize internal 
counters to demultiplex the 
composite DS-2 data channel 
into its four Tl or two T2 
component charJlels. 

c. Once identified by DS-2 over­
head channel information, the 
stuffing bits are removed and 
the resulting data stream is 
retimed to minimize phase 
jitter. 

d. The unipolar data and timing 
channels are converted into AMI 
or BSZS line coding suitable 
for metallic T-carrier 
transmission. 

2.07 Consult Figure 2A-2 for a 
pictorial representation of 

circuit card interfaces. The Low­
Speed Interface card processes bipolar 
Tl (1.544 Mb/s) or TlC (3.152 Mb/s) 
incoming data channels. Incoming 
asynchronous Tl/TlC rates are bit 
stuffed up to a slightly faster master 
clock rate, as a requirement of 
time-division multiplexing. 

2.08 The DS-2 data and timing streams 
to/from the Low-Speed card 

interface with the MAIN and STBY HS 
COM. DS-2 master clock timing is 
derived from the on-line HS COM card 
and is subdivided to provide DS-2 and 
DS-1 input clock rates. 



RX iiiAiN FL'f 

RX STBY FLT 

/ TX MAIN FLT 

TX STBY FLT 

TP19/ TP20 

'fP25 I 'fP26 

REMOTE LED 
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AI-540-AA 

Figure 2A-1. LS INTER Tl Card (CCAOSOGl) 

+15 Vdc 

~~:::~: -----.1 I 
GND 

t l l l 
(_ ~~ BUS v~r"j -----------....... TX DS2 DATA "'::N 

\Jr------~ TANDBV 

-- --- --- -
!X DS2 TIMING 

TX DS2 DATA S 

CONTROL LINES ___ t\ 
MPU RPL . \ 
MOO SEL 

Riw 
QE 

T1-3 

T1-4 ------+--
82-880-AA 

TX DS2 TIMI NG STANDBY 

RX OS-2 OAT AMAIN 

RX OS-2 TIMI NG MAIN 

RX OS-2 OAT A STANDBY 

RX DS-2 Tl"'l NG STANDBY 

Figure 2A-2. LS INTER Tl/TlC Card Interfaces 
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2.09 MPU (Microprocessor Unit) 
intetface is accomplished via an 

eight=bit bidirectional data bus, uni­
directional module select lines, and 
associated control lines. This bus 
network is used by the MPU to selec­
tively address the Low-Speed Interface 
card to send switch commands or receive 
fault and switching status. 

C. Control and Options 

2.10 Only the CCA161G2 LS INTER Tl 
card contains a field-selectable 

option. A four pole DIP switch mounted 
on the front of the card selects either 

SECTION 830-102-002A 

AMI or B8ZS line coding and decoding 
for each Tl channel individually. 
Consult TABLE A for details on the 
configuration of this line coding 
option. 

2.11 There are no controls or option 
switches contained on the 

CCAOSOGl or CCA124Gl LS INTER Tl card 
nor on the CCA006Gl LS INTER TlC card. 
However, a series of front-mounted 
test jacks are provided on all Low­
Speed Interface cards to simulate 
circuit card failures, and to test 
fault reporting and automatic 
switchover functions. 

TABLE A. LS INTER Tl Card Controls 

CONTROL 

Sl 
CH. 1-4 
AMI/BSZS 
(CCA161G2 

version only) 

CONTROL DESCRIPTION 

Selects either AMI (Alternate 
Mark Inversion) or B8ZS (Bipolar 

1 

with Eight-Zero-Substitution) 
individually for each low-speed 
channel equipped. 
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D. Alarms 

2.12 Fault detection circuitry, 
contained in the Low-Speed 

Interface card transmit and receive 
circuitry, monitors the presence of 
data/timing activity, timing phase 
lock, and Tl/TlC input/output levels. 

2.13 All fault and status informa-
tion is reported via the data 

bus to the Control MPU. This informa­
tion is processed and illuminates a 
fault LED(s) only on a suspected 
circuit card(s), such as the Low-Speed 
Interface card. Sympathetic alarm 
conditions 
circuits. 

are suppressed on A..,.,. _ _.. 1 .r...,.., 
u.vw.u.-..L..Lj..L~ 

2.14 Transmit and receive activity, 
and phase-locked detectors 

monitor the data and timing activity 
of the DS-1 and DS-2 data channels. 
In the absence of incoming transmit 
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data, the Control MPU illuminates an 
INPUT status fault indicator. Also, 
if a BPV (Bipolar Violation) error 
rate on any Low-Speed input reaches 10 
consecutive error-seconds (correspond­
ing to an error rate of approximately 
-- &.. -- - • - ·- "7 lo-u on a u~-~ 1nput or ~u-, on a 
DS-lC input), the MPU will cause the 
INPUT status LED to illuminate inter­
mittently. This action by the MPU 
will cease when the timing cycle 
produces no error-seconds. 

2.15 Transmit and receive frame 
detection circuits monitor the 

outgoing and incoming DS-2 data chan­
nel for the presence of the required 
DS-2 masterframe format necessary for 
far-end demultiplexing. PLL (Phase­
Locked Loop) detectors within the 
Tl/TlC input and output circuitry 
examine timing phase lock between 
external line timing and internally 
generated master clock timing. 
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2.16 TABLE B lists the identity and 
function of the fault LED and 

status indicators mounted on the front 
of the Low-Speed Interface card. 

TABLE B also lists the identity and 
function of the four front-mounted 
test jacks on the card. 

TABLE B. LS INTER Tl/TlC Card Indicators and Test Points 

LED INDICATOR 

REMOTE 
(yellow) 

INPUT 
(yellow) 

FAULT 
(red) 

TEST POINT 

TP1/TP2 
RX MAIN FLT 

TP3/TP4 
RX STBY FLT 

TP5/TP6 
TX MAIN FLT 

TP7/TP8 
TX STBY FLT 

DESCRIPTION OF MONITORED POINT 

Illuminates when the corresponding 
Low-Speed Interface card at the far 
end has a fault. 

Illuminates when a loss of DS-1 
or DS-lC input occurs on a previously 
functional DS-1 or DS-lC channel 
on the card. If a BPV error rate 
greater than 10 consecutive error­
seconds occurs on any Low-Speed 
input channel, the MPU will flash 
this LED intermittently. 

Illuminates when the Tl or TlC Low­
Speed Interface card has a failure. 

FUNCTION 

Simulates a failure of the receive 
MAIN MULDEM circuitry. 

Simulates a failure of the receive 
STBY MULDEM circuitry. 

Simulates a failure of the transmit 
MAIN MULDEM circuitry. 

Simulates a failure of the transmit 
STBY MULDEM circuitry. 
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RX MAIN FLT a 
RX STBY F!.T a 
TX MAIN FLT II 
TX STBY FLT II 
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INPUT 0 

FAULT 0 
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3. OPERATION.AL THEORY 

A. Transmit Circuitry 

3.01 Consult Figure 2A-3 for a 
detailed block diagram of the 

operation of the LS INTER Tl card. 
Since the functional operation of the 
LS INTER Tl and TIC cards is very 
similar, theory discussion will high­
light Tl circuitry primarily. However, 
where unique differences arise between 
LS INTER Tl and TIC card operation, 
reference will be made to Figure 2A-4 
for TlC operation. 

Bipolar/Unipolar Converter 

3.02 Incoming bipolarly coded Tl or 
TlC data enter the card through 

wire-wrap connector pins on the rear 
of the 828Ai828AF motherboard (back­
plane) behind the LS INTER Tl or TlC 
card. Each AMI or B8ZS signal is 
converted into unipolar data channels 
compatible with logic circuitry opera­
tion, i.e., two unipolar "P" and "N" 
rails. Data edge transitional changes 
are utilized to recover transmit 
timing. Therefore, in AMI coding, 
12.5% average ones data activity must 
be ensured by Tl terminal equipment 
per industry DSX-1 specifications. 
With B8ZS Tl line coding (CCA161G2), 
consecutive strings of eight or more 
zeros are replaced with a OOOVBOVB 
pattern. This industry-standard 
pattern deliberately introduces forced 
bipolar violations (V) to uniquely 
identify this consecutive zeros 
pattern, while preserving required Tl 
pulse activity to facilitate clock 
recovery functions. 

TlC to Tl MULDEM (LS INTER TlC 
Card Only) 

3.03 Since digital hierarchy is 
developed from the Tl level to 

progressively higher levels, each 
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incoming TlC (3.152 Mb/s) data channel 
must be demultiplexed into two Tl 
channels before these channels can be 
multiplexed to the T2 level. To 
accomplish demultiplexing, the TIC 
MULDEM locates and synchronizes on 
embedded TlC framing overhead gener­
ated by TlC terminal equipment. See 
Figure 2A-5 for DS-lC masterframe 
structure. 

Dual Channel SWEL (Switching and 
Elastic) Store Circuit 

3.04 The "P" and"N" rails are then 
fed to the SWEL circuits where 

the data is monitored for BPVs and 
loss of data. In the event of loss 
of data (more than 193 consecutive 
zeros), an AIS is inserted into the 
data stream. The AIS is an unframed 
all ones signal on the CCAOSOGl, and 
is selectable as all ones or all zeros 
on CCA124Gl and CCA161G2. When the 
incoming data meets minimum density 
requirements (129 data bits), the 
incoming data is allowed to pass. 
The data is then fed to the AMI/B8ZS 
decoder. When pro- grammed for B8ZS, 
the decoder will remove any B8ZS 
code words and sub- stitute eight 
zeros. Each Tl Chan~el is individu­
ally programmable for B8ZS or AMI 
through Sl. 

3.05 Time division multiplexing 
requires exact channel syn­

chronization. To accomplish the 
S}~chronization of asynchronous Tl 
channels, each channel is applied to 
an elastic store under PLL control. 
Each elastic store is used to pro­
portionally bit stuff each channel 
individually. Bit stuffing is 
accomplished to equalize the chan­
nels to a common data rate. ~~en 

2A-7 

removing the stuff bits a PLL and 
elastic store smooth the frequency 
of the outgoing low-speed signal to 
remove jitter. 



MAIN/STBY MULDEM 

3.06 Ml2 MULDEM circuitry bit inter-
leaves the four Tl channels into 

a single 6.176 Mb/s data channel. To 
control far-end demultiplexing, an 
embedded overhead channel is intro­
duced one bit at a time every 49th 
bit, to raise the DS-2 data rate to 
6.312 Mb/s. This embedded overhead 
channel contains two repetitive 
framing patterns (F and M framing) to 
identify frame and bit location within 
each received DS-2 masterframe. Other 
overhead bits are used to identify the 
time occurrence of inserted stuffing 
bits used for transmit Tl line syn­
chronization. Once located, these 
stuffing bits are deleted by far-end 
receive circuitry to return the Tl 
data channels to their original data 
composition. See Figure 2A-6 for a 
pictorial representation of DS-2 
masterframe structure. 

3.07 Switching circuitry embedded in 
the output circuits of the MAIN 

and STBY MULDEMs route main or standby 
DS-2 data and timing streams to/from 
the on-line and off-line HS COM circuit 
cards. Tne state of this switch net­
work is controlled by the Control MPU 
in response to manual or automatic 
switch requests. Tl timing routing 
from the on-line MULDEM circuits is 
performed within the switching section 
of the dual-channel SWELs for each Tl 
channel individually. 

B. Receive Circuitry 

MAIN/STBY MULDEM 

3.08 An input switching network in 
the receive circuits of each 

MULDEM, route the data from the 
on-line and off-line HS COM circuit 
cards to the MAIN and STBY MULDEMs. 
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The state of these switch networks is 
controlled by the Control MPU, in 
response to manual or automatic switch 
requests~ 

3.09 Receive frame circuits within 
the WuLDEMs, locate and synchro­

nize on the F and M frame patterns 
within the embedded DS-2 overhead 
channel (see Figure 2A-6) prior to 
DS-2 to DS-1 channel demultiplexing. 
Stuffing bit indicators within the 
overhead channel identify the time 
occurrence of stuffing bits inserted 
by the far-end transmit circuits for 
channel synchronization. Once iden­
tified, the MULDEM controls the opera­
tion of the receive SWEL circuits to 
delete these stuffing bits from each 
Tl channel. 

Dual Channel SWEL Store 

3.10 Phase jitter tim!~~ discontinu-
ities caused by stuffing bit 

insertion and deletion are corrected 
by PLL retiming and elastic store 
circuits within the receive SWEL 
circuitry. 

3.11 Switching circuits within the 
receive SWEL route master Tl 

timing, subdivided from on-line HS COM 
master clock timing, to the unipolar­
to-bipolar converters. 

TlC to Tl MULDEM (LS INTER TlC 
Card Only) 

3.12 See Figure 2A-4 for TlC opera-

~A 0 
~a-o 

tion. A TlC MULDEM, within LS 
INTER TlC cards multiplexes the four 
DS-1 data channels demultiplexed from 
the DS-2 channel, into two TlC 
(3.152 Mbis) data channels. The 
MULDEM formats the data into standard 
DS-lC masterframe format, including an 
embedded DS-lC overhead cha~~el (see 
Figure 2A-5). 



Bipolar/Unipolar Converter 

3.13 Unipolar data and timing streams 
are coded into AMI or B8ZS 

bipoiar iine format, suitable for 
industry-standard transmission of 
these channels via metallic carrier 
facility. 

Note: Only the CCA161G2 LS INTER Tl 
card is equipped for selectable AMI/ 
B8ZS per channel line-coding option. 

AIS 

3.14 The Tl card outputs an all ones 
AIS whenever there is a loss of 

receive demux timing (high- or low­
speed), or the incoming data has a 
stream of 175 (± 75) consecutive zeros. 
The CCA124Gl and CCA161G2 can option-
ally be configured to output all zeros 
instead of all ones by setting JPS. 

SECTION 

MPU Interface 

3.14 When addressed by the Control 
MPU using the module select 

lines, switch or LED command data can 
be written into or status data read 
out from the Low-Speed Interface card, 
depending upon the state of the MPU 
read/write line. During MPU replace­
ment, the MPU RPL line goes low and 
disables bus access by the MPU inter­
face circuit until the MPU replacement 
is complete. 

M~x-to-Mux Communication 

3.15 The jumper at location JP7 con-
trols DS-2 X-bit usage. In the 

OFF position the X-bit is enabled for 
normal Telco Systems mux-to-mux commu­
nication. In the ON position it will 
reserve the DS-2 X-bit as a condition 
indicator bit for that card. 
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Figure 2A-3. LS INTER Tl Card Block Diagram 
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r.;;r n~~:;rn~ rc;;r I T "'!! FO r ,-T T , rc;2 I I ,- T.., 

J .•.• &..: :.L-:L-.:.L: :.J • • • L.:- .L. ..L ..L ..J.. ~ • • • ___i. ...L .-~ .J • • • L - .L ...!... ..!... ..L -! • • • 

-----------------------------------------------
M2SUBFRAME --------------------------------~~~------------~ 

r;;:;T I" T T I 
J,.,., L..J....L...L-1 

rc11TII Tl 
L-.L~ .J.....L.~ 

Fo rTTT, 
..:...:...L..L...L..L~ 

rc12T 1 1 ,.. -, 
L-:.L ..1.. ..L ..L ..1 

~----------------------------------
-----------M3SUBFRAME--------------

--------------------~~------------~
 

rc;1T"TT II 
L-.L ..L ..L. ..L .J 

FO r-r TTl rc;;r r T ,. .., 
~..L..L.L.J L_.LJ......L..L...J 

M4SUBFRAME------------------------------
------------------~~ 

CONTROL BIT SEQUENCE - EACH CONiROL BiT OCCUPiES A CONTROL BIT TIME SLOT 

.. C23,F1 ,Mt ,C11,FO,C12,C13,F1 ,M2,C21 ,FO,C22,C23,F1,M3,C11 ,FO,C12,C13,F1 ,M4,C21 ,FO,C22.C23,F1,M1,C11,FO .. 

M FRAME ------------------------------. 

NOTES: 

(1) THE FRAME ALIGNMENT SIGNAL IS FO = 0 AND F1 = 1. 

(2) M1 M2 M3 M4 ... IS THE MUL TIFRAME ALIGNMENT SIGNAL AND IS 011 X ... WHERE X IS AN ALARM SERVICE DIGIT. 

THE NORMAL (NO ALARM) STATE iS X= 1. 

(3) C11 C12 C13 =STUFFING lf"~CICATOR WORD FOR INPUT. 

000 INDICATES NO STUFFING AND Ill INDICATES STUFFING WAS DONE. 

(4) THE TIME SLOT AVAILABLE FOR STUFFING INPUT 1 IS THE THIRD SLOT FOR INPUT 1, 01, FOLLOWING C13. 

(5) THE MAXIMUM STUFFING RATE PER DSt INPUT IS 4956 BiTS/SEC. 

(6) THE NOMINAL STUFFING RATE PER DS1 INPUT IS 2264 BITS/SEC. 

Figure 2A-5. TlC (3.152 Mbis) Masterframe Structure 
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r ~-- ---~----- -- oX 49 o 294 TIME SLOTS P'El M SUIFRAME ----r 49 SLOTS--+--- 49 SLOTS-~~-- 49 SLOTS-----+---- 49 SLOTS _ ___....,.. __ 49 SLOTS __ .... __ 49 SLOTS 

TIME SLOTS AVAILABLE FOR STUFFEO lilTS 

M4 SUII~AME -------------------------~ 

CONnOLIIIT SEQUENCE -EACH CONTlOLIIIT OCCUPIES A CONTlOL lilT TIME SLOT 

... C43,Fl ,Ml ,C 11 ,FO,C 12,C 13,Fl ,M2,C21 ,FO,C22,C23,Fl ,M3,C31, FO,C32,C33,Fl ,M4,C41, FO,C42,C43,Fl ,Ml ,C n ,FO •.. 

---------------MFRAME------------~ 

NOTES: 

(1) THE FRAME ALIGNMENT SIGNAL IS F
0 

= 0 AND F 
1 

= I. 

(2) Ml M2 M3 M4 ... IS THE MULTIFRAME SIGNAL AND IS OllX •.. WHBtE X MAY liE USED FOR AN ALAIM 
SERVICE DIGIT 

(3) C II C 12 C 13 = SnJFFING INDICATOR WORD FOR OS I INPUT I. 000 INDICATES NO STUFFING AND Ill 
INDICATES STUFFING WAS DONE. 

(4) THE TIME SLOT AVAILAILE FOR STUFFING DSl INPUT 1 IS THE FIRST SLOT FOR INPUT 1 (IJl) FOLLOWING 
Fl IN THE Ml SUIFRAME. 

(5) THE MAXIMUM STUFFING RATE PER DSl INPUT IS 5367111TS/SEC. 

(6) THE NOMINAL STUFFING RATE PER DSl INPUT IS 1796 BITS/SEC. 

(7) FIRST SLOT BEFORE EACH lfl TIME SLOT IS A CONTlOL BIT TIME SLOT. 

(~ lfl DESIGNATES A TIME SLOT DEVOTED TO DSl INPUT 1. THE INFORMATION FROM INPUTS 1 AND 3 AND 
THE STUFFED lilTS USED TO SYNCHRONIZE THESE INPUTS ARE CONTAINED IN lfl AND lf3 RESPECTIVELY. 
THE LOGICAL INVBtSE, OR COMPlEMENT, OF THE INFORMATION FROM INPUTS 2 AND 4 AND THE 
STUFFED BITS USED TO SYNCHRONIZE THESE INI'UTS ARE CONTAINED IN lf2 AND .. RESPECTIVELY 

84·579-AA 

Figure 2A-6. DS-2 (6.312 Mb/s) Masterframe Structure 
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1. SCOPE 

1.01 This section presents a func-
tional description of the LS 

INTER T2 MAIN and STBY cards. The 
STBY INTER T2 card virtually mirrors 
the MAIN LS INTER T2 card. Minor 
differences are pointed out as rele­
vant in the following paragraphs. A 
Table is provided that describe the 
LEDs, switches, and test jacks located 
on the circuit cards. 

1.02 Whenever this subsection is 
reissued, the reason for reissue 

will be given in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A. General Description 

2.01 The LS INTER T2 card processes 
both transmit and receive 

signals. The 828A/828AF is equipped 
with MAIN and STBY T2 cards to 
eliminate standing faults. Up to six 
LS INTER T2 cards can be configured in 
the 828A/828AF, thereby allowing for 
one LS INTER Tl or TIC card, which 

provides the mux-to-mux communication. 
Only the transmit function is dis­
cussed, since receive is the reverse 
of transmit. A functional block 
diagram of the LS INTER T2 card (MAIN 
and STBY) is shown in Figure 2B-l. 

B. Interfaces 

2.02 The B6ZS (Bipolar with Six-Zero 
Substitution) DS-2 (6.312 Mb/s) 

external equipment signal interface 
consists of wire-wrap pins on the rear 
of the 828A/828AF Motherboard (back­
plane), behind the LS INTER T2 card 
mounting connector. The LS INTER T2 
also interfaces internally with the HS 
COM (High-Speed Common) card and with 
the MPU (Microprocessor Unit) through 
the same connector. 

C. Control and Options 

2.03 The MAIN and STBY LS INTER T2 
cards contain no controls or 

options. However, the MAIN LS INTER 
T2 card has an MPU REPLACE switch on 
the front of the card. This switch is 
in the ON position only during the 
replacement of the Control MPU card. 

D. Alarms 

2.04 The Control MPU card torces the 
MAIN LS INTER T2 card to insert 

an AIS (Alarm Indication Signal) when­
ever there is a loss of DS-3 input to 
the multiplexer, or there is a loss of 
framing in the DS-3 input signal (see 
Figure 2B-2). The AIS is an all ones 
data stream. The STBY LS INTER T2 
card cannot output an AIS. 

2B-l 
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2.05 There are four LEDs on the MAIN 
LS INTER T2 card, and only one 

LED (FAULT) on the STBY card. The 
LEDs and their functions are listed in 
TABLE A. 

3. OPERATIONAL THEORY 

3.01 DS-2 signals enter and exit the 
T2 ~~IN and STBY cards through 

wire-wrap pins on the backplane of the 
828A/828AF behind the location of the 
DS-2 Low-Speed Interface card. These 
DS-2 signals are applied to relay Kl, 
where they are 1:1 protected by the 
STBY card (see Figure 2B-l). The 
signal is then applied to a RCVR 
(Receiver) circuit, which extracts the 
clock, converts the bipolar signal to 
unipolar, amplifies, and provides an 

SECTION 830-102-002B 

automatic line buildout that equalizes 
the signal. The output from the RCVR 
is fed to a bipolar violation detector 
and B6ZS decoder. The decoder con­
verts the coded word to original data, 
and then applies the asynchronous 
signal to the elastic store. Ine 
elastic store performs pulse stuffing, 
and outputs a synchronous signal. The 
signal is fed to a switching circuit 
controlled by the Control MPU card, 
which switches the DS-2 traffic if a 
fault occurs. If a transmit fault 
occurs on the LS INTER T2 card, relay 
Kl on the MAIN and STBY card energizes. 
With Kl in the energized position, the 
DS~2 transmit data is applied to the 
transmit section of the STBY card. K2 
is used for receive switching in the 
same manner. 

2B-3 



TABLE A. LS INTER T2 Card Indicators, Switch, and Test Jacks 

INDICATOR 

*REMOTE 
(yellow) 

*INPUT 
(yellow) 

FAULT (red) 

*MPU REPLACE 
(red) 

*MPU REPLACE 
Switch 

DESCRIPTION OF MONITORED POINT 

Illuminates when the corresponding 
Low-Speed Interface card at the 
far end has a fault. 

Illuminates when a loss of DS-2 
input occurs on the previously 
functional DS-2 channel associ­
ated with the card. 

Flashing INPUT LED indicates the 
occurrence of ten consecutive 
incoming B6ZS line coding error­
seconds. This translates into an 
equivalent BER worse than lo-6 BER. 

Note: wben the near-end Il~UT LED 
is illuminated due to the loss of 
incoming DS-2 data, a REMOTE LED will 
be illuminated on the corresponding 
far-end Low-Speed Interface card. 

Illuminates when the LS INTER T2 
card has a faiiure. 

Illuminates when the MPU Replace 
Switch on the T2 card or the Mainte­
nance Interface card is in the ON 
position. (All switching is disabled.) 

The OFF (down) position is for 
normal operation. The ON (up) 
position is used when replacing 
the Control MPU card. 

TEST POINT FUNCTION 

TX FLT Test Jack Used to simulate a fault in the 
(Transmit Fault) 

RX FLT Test Jack 
(Receive Fault) 

B6ZS 

Used to simulate a fault in the 
B6ZS decoder receive circuitry. 

ILLUSTRATION 

(MPU REPLACE) 

TX FLT 

RX FLT I 
MPU REPLACE 0 

REMOTE 0 
INPUT 0 
FAULT 0 

Q LS 
INTER 

81-914-AA 

* These LEDs and the switch are not present on the STBY LS INTER T2 card. 
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j-ooll------------------------ 8 X 85 680 TIME SLOTS PERM FRAME---------------------------~ 

85 SLOTST 85 SLOTS T 85 SLOTSl~ 85 SLOTS --r85 SLOTSl..._ 85 SLOTS T 85 SLOTS .. ,.. 85 SLOTS 

TIME SLOTS AVAILABLE FOR STUFFED BITS 

r--r-r -r-r-, r::--r-.r- T~r-.1 r- r -, -r-,.-, r -,.- T :-- ,.- 1 r -,- ,.-,.- ,.-, r-r -,.-,. -, r- ,.-,.- r-r-, b-'r'--T-_-r---,--t-1-----,l 

~ ~ 1 <:11 ~ Lo_Jl ~j- i F1 Lo_1lo! .:_0! L~4j- ~~l~1j_~2_:_<:3_!_0_4_j--~<:1 1_03Lo! j_~j --f~2j_ ~1.:_03.:_ 03 j_O~_:---~~_l_D_il~2_!_~3l~;-- -f~~~ij_~2_l~3l~4_:- -l Fi :_~il~l~io~_r--
I 1STMSUBFRAME I 
r-r-r-r-r-1 -R-T--r-,.--, r-"'T-T_T_T_, r-T-T_T_, r-T-T_"T_I_I r-r-,--T-, r-T-T-r-T-1 -01-T-T-T-1 
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I 2ND M SUBFRAME I 
r- ,.- T -,.- ,-, R-r- ... - ... -, r- r -r -, -r-, r-,.-,.- ,.-, r-r -r-,.-,.--, r- r-,.-,.-, r -r-r-r-T-, -R-r--r-r-,~-
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~----------------------------JRDMSUBFRAME-----------------------------
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IPI I I I o-- F11011021Q3104t---<C411 I I I 1---FQI I I 1 I--~C421 I I I o---F01011021031Q41--~431 I I I 1-- F11 1 1 1041_ __ 
L_ L- .L _l__.L_.J L_J._ J._ .l._J L_ .L_.l_.J.._.L_.J ____1._ J. _ .L _ _.__J L- Jl_.L_J. _l__.J ----1._JL_.1_.l._.J L_.i._.L_.L_.i._.J L-.J.._J._J._J 

I 4TH M SUBFRAME -I 

j 

MOl I I I t-- F1101102 1 03104t---lC511 I I I ~--FOI I I 1 1---iC521 I 1 I '---FQIQ11Q21Q31Q41---iC531 I I I .-- F11 I I I 1051---
___.L._.L_.L_L_J L_J.._.1_.J._.J L_Jl_.L_.L_L_J ---L-l. _ _.__.l__J L_.J.._.J.._.J.._.L_J ~-..1.-.L_J._.J L-J.-..L_.J._J.._J L_J.._.l._.1_J.._J 

~----------------------------STHMSUBFRAME -------------------------------

!:":"":!- r-r- r-, r:::- r-r- r--, r-,..- ,.-,.-,--, r- r -,.- ,.-, r-r-r- ,.-,.-, r-r-r-r--, r-r-r-,-,.-, _r::::-r-r-r-r-r -, 

r-r-r-r-1 -R-r-r-,--, r-r-r-r-r-., r-,.--,.-,.-., r-r-,--,.-,.--, r-r-r-,--., r-,.-,.- ... --r--, R-r-r-r-,.-, ~ 

!M 
1L_L l_ L.J -1 F1 L0_1 l.03l0!l0_4_;--~~~- Ll_l_;--- ~_l__j_ _ _L_l--1_c~::L LLJ_j--~~1l03l0.!l~4l""-""f~~~l ~ l ~L~T-lF 1 L_l,_l__l__Ll0~~---

l 6TH M SUBFRAME ___.j I 
r-r-r-r-1 __I::::-r-r-r-, r-,.-,.--r--r-1 r-.,.-,.-.,.-, r-r-,--,-,.-, r-,-,-r-, r- .,--,.-,-,--., ~-r-r-r-r-,-r-,.....:_j 

~-Ll._L__;-- 1 F1 :_o~Lo3l.o!l<:4.r --:_c!~_.:.._l_L.r---~.:~L1._ L.L_;- ~~21_ l_i._ L.:---~o~l~2lo~i.o_:tr-""f~3i_l_ .i._L;-- 1 F1L_l._.!._l._i_Llo!J---

~------------------------------------------------------7THMsuBFRAME--------------------------------------------------------------~~ 

CONTROL BIT SEQUENCE EACH CONTROL BIT OCCUPIES A CONTROL BIT T!~ ... ~E SLOT 

C73.F 1.X.F1 C 11 FO C 12.FO C 13.F 1 X F 1 .C21 FO C22.FO.C23 F1 P F 1 C31 FO C32.FO CJJ F 1 P F 1 C41 FO C42 FO.C43.F 1 MO.F 1 C51 FO.C52 FO C53 F 1.M1.F1 C61 FO.C62.FO.C63 F1.MO. F 1.C71.FO.C72.FO C73.F1 X.F1 C 11 

~--------------------------------------------------------MFRAME------------------------------------------------------~ 

NOTES (1) THE FRAME AUGMENT SIGNAL IS FO 0 AND F1 

(2) MO M1 MO IS THE MULTIFRAME AUGMENT SIGNAL AND APPEARS IN THE 5TH. 6TH. AND 7TH M SUBFRAMES MO-O AND M1-1 

(3) PP IS PARITY INFORMATION TAKEN OVER ALL INFORMATION TIME SLOTS IN THE PRECEEDING M FRAME. PP -11 IF THE DIGITAL SUM OF ALL 

INFORMATION BITS IS 1 AND PP 00 IF THE SUM IS 0 THESE TWO PARITY BITS ARE IN THE 3RD AND 4TH M SUBFRAMES 

(4) XX MAY BE USED FOR AN ALARM SERVICE CHANNEL IN ANY ONE M FRAME THE TWO X-BITS MUST BE IDENTICAL 

(5) C11 C12 C13 STUFFING INDICATOR WORD FOR 6 312 MB/S INPUT 1 000 INDICATES NO STUFFING AND 11 I INDICATES STUFFING WAS DONE 

(6) THE TIME SLOT AVAILABLE FOR STUFFING 6 312 MB/S INPUT I IS THE FIRST SLOT FOR INPUT 1 (01) FOLLOWING Fl IN THE FIRST M SUBFRAME 

(7) THE MAXIMUM STUFFING RATE PER 6 312 MBIS INPUT IS 9398 BITS/SEC 

(8) THE NOMINAL STUFFING RATE PER 6 312 MB/S INPUT IS 3671 BITS/SEC 

(9) FIRST SLOT BEFORE EACH 01 TIME SLOT IS A CONTROL BIT TIME SLOT 

B4-580·AA 

Figure 2B-2. DS-3 (44.736 Mb/s) Data Stream Format 
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1. SCOPE 

1.01 This subsection presents a 
functional description of the 

MAIN and STBY LTUs (Line Terminating 
Units used in the 828A/828AF (and 
FOX-2/FOX-2R). Both MAIN and STBY 
LTUs are electrically identical, but 
are physically mirror images of one 
another to facilitate installation. 
Figure 2C-l illustrates the LTU from 
the front and side perspectives. 

1.02 Whenever this subsection is 
reissued, the reason for reissue 

will be listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A. General Description 

2.01 The LTU provides an electrical­
to-optical interface between the 

DS-2 data stream in the 828A/828AF and 
the optical transmission fiber. In 
the transmit direction, the LTU 
receives a 6.312 Mb/s DS-2 data chan­
nel from the HS COM card, and optically 
modulates the intensity of a single­
mode LED to generate a 12.624 Mb/s 
optical transmission carrier, using 
3B6B optical data encoding. Receive 
circuitry within the LTU accepts an 
incoming optical carrier from the 
transmission fiber; converts it into 
an equivalent electrical signal; and 
extracts associated receive timing 
from the phase of recovered data 
transitions. 

2.02 The LTU contains both transmit 
and receive optical transmission 

circuitry. Single-mode optical trans­
mission is accomplished through the 
use of an intensity-modulated LED, 
operating at a center wavelength of 
1250 to 1320 nm with an 80 nm spectral 
width~ Within the receive circuitry, 
a PIN photodiode detector with a 
sensitivity of -45 dBm (at lo-8 BER) 
is used to convert incoming optical 
signals into equivalent electrical 
signals. Clock recovery circuits 
generate receive clock timing in phase 
with the timing of received data 
transitions. 

2.03 A 1:1 protected system requires 
the use of two LTUs (MAIN and 

STBY) for each DS-2 optical extension 
span from the 828A/828AF unit. The 
LTUs transmit and receive information 
via separate main and standby, trans­
mit and receive optical fibers. 

2C-l 



2.04 The LTU performs the following 
unit-level functions within the 

828A/828AF: 

a. Accepts DS-2 data from the HS 
COM card at a 6.312 Mb/s rate, 
and converts this information 
from unipolar electrical signals 
into a 12.624 Mb/s intensity­
modulated single-mode optical 
transmission channel. 

b. Converts an incoming intensity­
modulated single-mode optical 
channel into unipolar elec­
trical signals, and extracts 

0 0 

® 

MAIN LTU 

LK4 

81-863-AA 
LK3 

0 
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receive clock timing derived 
from data transitions. 

c. Generates a 12.624 Mb/s crystal­
stabilized transmit system clock 
to be used as the master timing 
for the MAIN and STBY LTU 
transmit circuit cards. 

d. Provides internal local or remote 
DS-2 loopback on MPU command. 

e. Reports all optical transmission 
status back to the MPU, to ini­
tiate fault LED illumination and 
automatic protection switching. 

/LK-11/ 

LK10 I 
LK1 

LKS \ 
LK7 

Figure 2C-l~ LTU Low-Speed Interface Card (MAIN LTU illustrated) 
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B. Interfaces 

2.05 The LTU processes 6.312 Mb/s DS-2 
data and timing signals from 

the HS COM (High-Speed Common) card in 
the 828A/828AF. Unipolar electrical 
interface between the LTU and the HS 
COM card occurs via motherboard 
interconnection. 

2.06 Optical interface is accomplished 
through the use of transmit and 

receive single-mode FC-type connectors 
mounted on the LTU card. See Fig-
ure 2C-2. Optical patch cords or pig­
tails are used to interconnect the LTUs 
with 
as a splice tray or optical patch panel. 

2.07 MPU (Microprocessor Unit) inter­
face is accomplished through the 

SECTION 830-102-002C 

use of an eight-bit bidirectional data 
bus, unidirectional module select 
lines, and associated control lines. 
This bus network is used by the MPU to 
selectively address the LTU and send 
local or remote DS-2 loopback commands, 
or receive fault and operational status. 

C. Controls and Options 

2.08 There are no controls or option 
switches contained on the LTU 

card. 

2.09 A series of factory-set jumpers 
are installed to configure the 

circuit card for 828M/828F. 828A/828AF, 
and FOX-2/FOX-2R system applications. 
The configuration of these jumpers is 
detailed in TABLE A. 

CCA164 
TLX-140 L TU CARD 

{ +5.0 Vdc 
-5.2 Vdc FROM 

SUPPLY +12Vdc 
POWER l Comm Ht= 1 1 

1 TX Clock 

I TX DATA 

TowRo" < ,.Ax CLOCK -~ 
\1l'LDEX I 

RX DATA 

l140 Mb/s 

A2-958-AB 

RX 1/P LEV 0 
FLT 0 
LO~ LBK 0 
RMT LBK 0 

c; 
1 r 
I I RX l140MB/s 

~... ------I·~TX r OPTICAL 
) 

Figure 2C-2. LTU Interfaces 
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TABLE A. MAIN and STBY LTU Card Option Jumpers 
(CCA148Gl MAIN LTU Card and CCA149Gl STBY LTU Card) 

LINK GROUP LINKS INSTALLED LTU LOCATION/APPLICATION 

LK1/LK2 LKl Used in 828M/828F only 
LK2 Used in 828A/828AF/FOX-2/FOX-2R 

LK3/LK4 LK3 Used in 828A/828AF/FOX-2/FOX-2R 
LK4 Used in 828M/828F only 

LK5/LK6/LK7 LKS Used in 828M/828F only 
LK6 Used in 828A/828AF/FOX-2/FOX-2R with TELTRAC 
LK7 Used in 828A/828AF/FOX-2/FOX-2R without TELTRAC 

LK8/LK9 T VO yy...,,...~ .: ... O")OM/0")01:' ,...,..1·n 
.1..1~0 u;::,cu. .l..U. o..:.o1·u o..:.ox vu . .J..:t 

LK9 Used in 828A/828AF/FOX-2/FOX-2R 

LKlO/LKll LKlO Used in 828M/828F only 
LKll Used in 828A/828AF/FOX-2/FOX-2R 

LK12/LK13 LK12 Used in FOX-2/FOX-2R only 
T "r?, -" 
L.l'd . .J 

TT--- -2 ,!_ n ... n-..Jn""'nT.O /n""'n A /n""'n Al':'l I useu ~n o~o~/o~or/O~OA/O~oar 

LTU circuit card configurations for application in FOX-2/FOX-2R, 828M, 828F, 
828A, 828AF with and without TELTRAC are as follows: 

1. LTU card utilized in FOX-2/FOX-2R unit not equipped for TELTRAC or RAG-II: 

LK2, LK3, LK7, LK9, LKll, LK12 are installed only. 
LKl, LK4, LKS, LK6, LK8, LKlO, LK13 are removed. 

2. LTU card utilized in FOX-2/FOX-2R unit equipped for TELTRAC or RAC-II: 

LK2, LK3, LK6, LK9, LKll, LK12 are installed only. 
LKl, LK4, LKS, LK7, LKS, LKlO, LK13 are removed. 

3. LTU card utilized in 828A multiplexer unit equipped for TELTRAC or RAG-II: 

LK2, LK3, LK6, LK9, LKll, LK13 are installed. 
LKl, LK4, LKS, LK7, LK8, LKlO, LK12 are removed. 

4. LTU card utilized in 828A multiplexer unit not equipped for TELTRAC or RAG-II: 

LK2, LK3, LK7, LK9, LKll, LK13 are installed. 
LKl, LK4, LKS, LK6, LK8, LKlO, LK12 are removed. 

Note: For TELTRAC or RAC-II card operation in FOX-2/FOX-2R DS-2 optical 
extension application, a CCA135Gl Optional MPU II card must be used in the 
828A/828AF. 
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D. Alarms 

2.10 Fault detection circuitry, 
contained in LTU transmit and 

receive circuitry, monitors the presence 
of data/timing activity, timing phase 
lock, and optical input/output levels. 

2.11 All fault and status informa-
tion is reported to the Control 

MPU via the data bus. The Control MPU 
processes this information and 
illuminates fault LED(s) only on 
suspected circuit card(s), such as the 
LTU, while suppressing sympathetic 
alarm conditions on down-line circuits, 
such as the HS COM card. 

2.12 Transmit and receive activity, 
and phase lock detectors monitor 

the data and timing activity of the 
DS-2 data channel. In the absence of 
transmit or receive, data activity or 
timing phase lock, the Control MPU will 
illuminate the FAULT LED on the front 
of the LTU card. 

SECTION 830-102-002C 

2.13 Transmit and receive input, 
output, and loss-of-lock fault 

test jacks can be used to test alarm 
reporting and automatic switchover 
functions within the 828A/828AF unit 
under test. 

2.14 Current detectors in transmit 
circuitry monitor LED bias and 

modulation currents and indicate an 
LTU fault condition to the MPU in the 
absence of modulation current. 

2.15 A receive signal level detector 
signals the MPU in the event of 

a loss of incoming optical level. The 
MPU will respond by illuminating the 
input LED on the front of the LTU. 
The FO I/P test jack can be used to 
test fault detection and switchover 
circuit operation, resulting from an 
optical input failure. 

2.16 TABLE B lists all MAIN and STBY 
LTU status indicators and test 

points. 
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TABLE B. LTU (MAIN and STBY) Card Indicators and Test Points 

LED INDICATOR 

EXT REMOTE 
(yellow) 

ON LINE 
(green) 

INPUT 
(yellow) 

FAULT 
(red) 

REMOTE 
(yellow) 

DESCRIPTION OF MONITORED POINT 

When utilized in an 828A/828AF equip­
ment cage, this LED indicates a 
FOX-2/FOX-2R failure at the opposite 
end of the DS-2 optical Extension. 

When utilized in FOX-2/FOX-2R 
units, this LED is not used. 

Illumination indicates that LTU 
fiber-optic input circuitry and its 
associated fiber path are currently 
on line carrying traffic. 

Illumination indicates an LTU receive 
optical input failure. 

The illumination of this LED can be 
due to either a defective far-end LTU 
transmitter, severed optical fiber, or 
a near-end LTU photodetector failure. 

Illumination indicates a failure of 
the LTU transmit or receive circuitry. 

When utilized in an 828A/828AF equip­
ment cage, the illumination of this 
LED indicates a failure in the far­
end LS Interface card. 

When utilized in FOX-2/FOX-2R units, 
this LED is not used. 
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ILLUSTRATION 

LOSS OF LOCK 

FO TX liP FAIL 

FO TX 0/P FAIL 

FO RX FAULT 

FO RX liP FAULT 

EXT REMOTE 

ON LINE 

FO RX INPUT FAIL 

FAULT 

REMOTE 

A1-1084-AA 

YELLOW 

GREEN 

YELLOW 

RED 

YELLOW 



SECTION 830-102-002C 

TABLE B. LTU (MAIN and STBY) Card Indicators and Test Points (Cont.) 

TEST POINT FUNCTION ILLUSTRATION 

TPl Simulates a loss -s: receive ~.f-.f.-.n 
U.L \...l.IU.l..l.lo 

LOSS OF LOCK phase lock. 

rL TP2 Simulates a fiber-optic transmitter 
I -r"r" -II"" I -"IJ 

FO TX I/P FAIL input failure. 
I LV.::>.::> VF" LV\,r\. 

~ TP3 Simulates a fiber-optic transmitter FO TX 1/P FAIL 

I 
FO TX 0/P FAIL output failure. FO TX 0/P FAIL 

~ TP4 Simulates a fiber-optic receiver FO RX FAULT I FO FJ{ FAULT failure~ 

FO RX 1/P FAULT lF TPS Simulates a fiber-optic input failure. 
FO I/P FAULT A''084AA 

2C-7 



3 ~ OPERATIONAL THEORY 

3.01 Consult Figure 2C-3 for a detailed 
block diagram of the operation of 

the MAIN or STBY LTU card. 

A. Optical Transmit Circuitry 

Input 

3.02 Input gates route the DS-2 data 
stream from the on-line HS COM 

card into the transmit circuitry of 
both ~~IN and STBY LTJs. 'D,..+-'J.. T "T'TT ... 

.LJVI....U . .l.I.L.VO::O 

transmit the optical signal encoded 
from the on-line HS COM card. 

System Clock 

3.03 A PLL (Phase Locked Loop) stable 
clock source is used to derive 

the master transmit timing for all 
transmit circuitry. 

Elastic Store 

3.04 Input elastic store circuitry 
provides input data buffering 

and synchronization in phase with PLL 
transmit timing. 

Loopback Switch 

3.05 Local or remote DS-2 loopback 
command is initiated by TELTRAC 

(Telco Telecommunications Remote Alarm 
and Control), a Manual Control Inter-
face card, or by the loopback switch in 
a FOX-2/FOX-2R. The Control MPU in the 
828A/828AF controls the state of the 
loopback switch circuits in the LTU. 
Loopback occurs in both the equipment 
direction and the span direction. 
During normal operation, data selector 
gates route the data from the elastic 
store register to the LED modulator 
circuit. In loopback mode in the 
equipment direction, data and timing 
from the elastic store in the LED 
modulator circuit are looped back to 

the receive elastic store, to provide 
loopback to the HS COM card. In the 
span direction, receive data and timing 
outputs from the 3B6B decoder circuitry 
are looped back through selector gates 
to the 3B6B encoder circuitry to pro­
vide span loopback. Since both local 
and remote loopbacks utilize the same 
selector gates for data/timing routing, 
only one loopback mode, either local or 
remote, can be evoked at a time. 

3B6B Coder and Overhead Interface 

3.06 A 3B6B scrambler encodes the 
6.312 Mb/s DS-2 data channel 

into a 12.624 Mb/s data channel. This 
encoding process ensures the presence 
of repetitive data transitions regard­
less of data channel content, to 
facilitate receive clock recovery. 
Since DS-2 data is encoded in groups of 
three bits into five 3B6B bits, a sixth 
bit is available within the line coding 
for end-to-end overhead channel commu­
nications, via the overhead interface 
circuit. This overhead channel is 
utilized to provide remote fault status 
transmission and serial TELTRAC commu­
nications, via the optical span. 

3.07 In the presence of a loss of 
incoming DS-2 data or timing 

activity one of two conditions will 
occur, depending on whether or not the 
system is using TELTRAC. With TELTRAC, 
the optical drivers remain active to 
maintain TELTRAC communications via 
the overhead information in the 3B6B 
encoded signal. In the absence of 
TELTRAC, the optical output is extin­
guished as a result of loss of DS-2 
input activity. 

LED Modulator 

3.08 Pulsed into full conduction by 
the occurrence of data logic 

ones, this current regulator is used 
to intensity modulate the output of 
the single-mode LED device. 
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Modulation Fail Detector 

3.09 Tnls circu1~ mon1~ors LED bias, 
and indicates a failure of the 

LED device or associated current regu­
lators used for modulation control. 

B. Optical Receive Circuitry 

PIN Detector 

3.10 Incoming optical transmission is 
applied to a PIN photodiode 

detector which has a sensitivity of 
-45 dBm. The PIN photodiode detector 
converts optical power into current 
flow proportional to incident light 
power intensity. 

Timing Extractor 

3.11 Clock recovery circuitry utilizes 
logic level transitions in the 

received data stream to regenerate 
receive timing in phase with the 
far-end master transmit clock. 

3B6B Decoder and Overhead Interface 

"' , "' ,.._ - - --- -.! --- -, - - ,_ ..... -- ..... - --..) • .l.G unce rece.1.ve cJ..uc~ utt::s uec::u 

recovered from the data stream, 
3B6B optical line coding (used to 
ensure span data activity) is no 
longer required. Consequently, a 
decode circuit restores the original 
6.312 Mb/s DS-2 data channel. 

SECTION 830-102-002C 

3.13 The overhead information channel, 
embedded as the sixth bit of the 

~non encoding process, is extracted 
and transferred to the Control MPU for 
processing. This channel is used to 
transmit remote fault status informa­
tion and TELTRAC serial communications 
from a FOX-2/FOX-2R used in DS-2 opti­
cal extension applications. 

Loopback Switch 

3.14 The receive loopback switch 
operates in conjunction with 

the transmit loopback switch pre­
viously described, to perform DS-2 
local or remote loopbacks. See 
discussion in paragraph 3.05 for 
further details. 

T.t1-- .... .!- ro.._ __ _ 
J:..ltl::Sl...lC .;)l..U.lt:: 

3.15 The output elastic store pro­
vides output data buffering for 

data strobed out of the LTU to the HS 
COM card. 

Switch 

~ ,£ n. ....... _ ..... _ft .. ,... ..... A. •• ~"' ... """~ nc .., rla+-~ 
JoJ..O VU\.~U\. I!>Cl\.Ci::l J..VU'-C LU.C J.Ju-L. UQ.'-0. 

and timing streams from the LTU 
to the MAIN or STBY HS COM cards. As 
with the transmit switch circuit, the 
state of the receive switch is con­
trolled by the Control MPU in response 
to manual or automatic switch request. 
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1. SCOPE 

1.01 This subsection presents a func­
tional description of the HS COM 

(High-Speed Common) card used in 828A 
and 828AF units (see Figure 2D-l). 

DS-3 mastergroup formatted data stream, 
and also demultiplexes a DS-3 master­
group formatted data stream into its 
DS-2 components. The HS COM card can 
be 1:1 protected. 

B. Interfaces 

2.02 The HS COM card has no inter-
faces to external equipment. 

Internally the HS COM card interfaces 
with the High-Speed XCVR (Transceiver) 
in the 828AF unit or with the h~EL 
(Wire Line Entrance Link) in the 828A 
unit, the Control MPU (Microprocessor 
Unit), and all Low-Speed Interface 
cards, through the HS COM mounting 
connector on the motherboard. 

C. Control and Options 

2.03 The HS COM card has no controls 
1.02 Whenever this subsection is or option switches. 

reissued the reason for reissue 
will be listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A. General Description 

2.01 The HS COM card multiplexes up to 
seven DS-2 data streams into one 

D. Alarms 

., ('\ J. 
&..V""t The HS 

LED and four status LEDs mounted 
on the front of the card. The LEDs 
and their functions are listed in 
TABLE A. 
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A. Transmit Circuitry 

3.01 A functional block diagram of 
the HS COM card is shown in Fig­

ure 2D-l. The HS COM card accepts 
up to seven DS-2 data streams from 
the Low-Speed Interface cards, and 
multiplexes them into a single DS-3 
(44.736 Mb/s) data stream. Timing is 
provided by a 44.736 MHz clock signal 
provided by the local oscillator mounted 
on the HS COM card. The HS COM card 
also multiplexes the appropriate DS-3 
overhead data and stuffing bits with 
the DS-2 signals. The resulting DS-3 
data stream is encoded in an industry 
standard DS-3 mastergroup format. In 
the 828AF unit the output of the M23 
MULDEM (Multiplexer/Demultiplexer) is 
used to modulate a multimode laser or 
single-mode LED or laser on the High­
Speed XCVR card. In the 828A unit, the 
output of the M23 W~~DEM provides the 
input for the WLEL card. 

3.02 The M23 MULDEM has a comparator 
multiplexer in addition to the 

transmitting multiplexer. The trans­
mitting multiplexer sends the compara-
tor multiplexer circuitry a s~TLC pulse 
that keeps the framing bits in phase. 
The output of the multiplexers are 
compared, and a fault alarm signal is 
generated Wkenever the outputs do not 
agree. The alarm signal is sent to the 
Control MPU card, which illuminates the 
FLT LED on the HS COM eard. 

B. Receive circuitry 

3.03 The unipolar data and recovered 
timing inputs from the XCVR card 

are applied to the channel drivers on 
the HS COM card, where the signals are 
converted from ECL to TTL logic. The 
signals from the channel drivers are 
also sent to a clock recovery circuit. 

SECTION 830-102-002D 

3.04 The clock recovery circuit on 
the 828A Multiplexer logically 

ORs the positive and negative signals 
from the channel drivers. The output 
is a receive timing signal. In the 
828AF fiber-optic multiplexer, clock 
recovery is accomplished on the 
XCVR 

3.05 The converted DS-3 data and 
timing signals are routed to 

the M23 MULDEM, which demultiplexes 
the signals into their component DS-2 
data and timing signals. The DS-2 
signals are sent from the HS COM card 
to the Low-Speed Interface cards, where 
they are demultiplexed from DS-2 to 
DS-1 or DS-lC, as required. All stuff­
ing bits added for bit synchronization 
at the transmitting end of the system 
are deleted from the data stream prior 
to line signal encoding. 

3.06 The M23 also performs frame and 
parity checks on the incoming 

DS-3 data stream. Any error generates 
an alarm signal, which is sent to the 
Control MPU card. 

Latch Reset Circuit 

3.07 The M23 WJLDEM will go into a 
locked state after a fault condi­

tion occurs. The Latch Reset circuit 
utilizes various timing signals to 
unlock and reset the M23 MULDEM. 

Protection Switching 

3.08 The Control MPU automatically 
switches the on-line transmit or 

receive data to the STBY HS COM card 
whenever a failure is detected on the 
MAIN HS COM card. Transmit and receive 
traffic is switched independently 
between MAIN and STBY HS COM cards. A 
switch is also initiated in an 828AF 
when an AIS (Alarm Indication Signal) 
is received from the fiber-optic span. 
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TABLE A. HS COM Card Test Jacks and Indicators 

INDICATOR 

RX ON LINE 
(green) 

TX ON LINE 
(green) 

REM (yellow) 
(Remote) 

BER (red) 
(Bit Error Rate) 

FLT (red) 
(Fault) 

TEST POINT 

RX FLT Test Jack 
(Receive Fault) 

TX FLT Test Jack 
(Transmit Fault) 

DESCRIPTION OF MONITORED POINT 

Illuminates when the receive 
demultiplexer is carrying traffic. 

Illuminates when the transmit 
multiplexer is carrying traffic. 

Illuminates when the corresponding 
HS COM or XCVR card at the far end 
has a fault. 

Illuminates when the BER exceeds 
the predetermined BER threshold. 

Illuminates when the HS COM card 
has a failure. 

FUNCTION 

Used to simulate a fault in the 
Receive circuitry. 

Used to simulate a fault in the 
Transmit circuitry. 
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1. SCOPE 

1.01 This section presents a func-
tional description of the High­

Speed XCVR (Transceiver) card used in 
the 828AF Digital Multiplexer (see 
Figure 2E-1). 

, ('\') 
..LoV~ Whenever 

reissued, the reason for reissue 
will be listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A a. General Description 

2.01 The High-Speed XCVR card proc-
esses both transmit and receive 

optical signals. In the transmit 
direction, electrical data and timing 
signals are converted into a DS-3 rate 
optical data stream. In the receive 
direction, the XCVR converts a DS-3 

rate optical data stream into elec­
trical data and timing signals. 
Figure 2E-2 is a functional block 
diagram of the XCVR card. 

B. Interfaces 

2.02 The XCVR interfaces with the HS 
COM (High-Speed Co~T.on) card, 

Control MPU (Multiprocessor Unit), and 
828AF PS (Power Supply) Modules through 
the mounting connector on the mother­
board. The transmit and receive cir­
cuits interface with the fiber-optic 
span through connectors mounted on the 
front of the XCVR card. 

C. Controls and Options 

2.03 There are no controls or options 
on the XCVR card. 

D. Alarms 

2.04 The XCVR has two input alarms, 
one for monitoring the electri­

cal input and one for monitoring the 
optical input. The activity alarm 
detector senses loss of data or timing 
input from the HS COM card. The input 
level alarm senses insufficient optical 
power level being received from the 
fiber-optic span. An AIS (Alarm 
Indication Signal) is illuminated when 
an unframed all ones or AIS is detected 
from the fiber-optic span. A FLT 
(Fault) LED illuminates when the XCVR 
card has a failure. The LEDs on the 
front of the XCVR card and their 
functions are listed in TABLE A. 
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3. OPEF-~TION~~ DESCRIPTION 

A. Transmit Circuitry 

3.01 The unipolar data and timing 
signals from the HS COM card are 

routed to an input switch. The input 

Control MPU card, via the MPU inter­
face circuit, allows the on-line HS COM 
to transmit out through both MAIN and 
STBY XCVR cards. 

3.02 The modulator controls the state 
(high/low) of the laser output 

once an average power has been set up 
by adjustment of the biaser. The 
biaser monitors and maintains the 
average output power of the laser by 
adjusting the threshold current 
accordingly for any change in the 
output power. 

3.03 The activity alarm detector 
senses loss of data or timing 

signals. A loss of activity results 
in two· actions: the assertion of the 
no activity alarm bit, and the auto­
matic shutdown of the laser output 
power by disabling the biaser circuit. 

B. Receive Circuitry 

3.04 The input alarm detector acti-
vates whenever the optical 

power level becomes too low. Also, 
the Control MPU card illuminates the 
INPUT LED. 

3.05 The function of the preamplifier 
and amplifier is to convert the 

optical pulses received from the fiber 
cable to an electrical voltage wave­
form. The light is converted to a 
voltage via a transimpedance preampli­
fier, and amplified by the amplifier. 
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3=06 The amplifier is followed by a 
high-speed comparator, which 

translates the data to ECL levels. 
The data signal is then delivered 
to the clock recovery and sampler 
circuit, which latches the data on 
the rising edge of each clock pulse. 

3.07 The data is also routed to a 
frequency doubler circuit for 

the purpose of clock recovery. The 
frequency doubler has two outputs. 
One output goes to the PLL (Phase 
Locked Loop), and the other output 
goes to the lock detector. The 
resulting signal will be locked onto 
by the PLL. 

3.08 The purpose of the PLL is to 
recover the receive clock. The 

input clock sent to the PLL and the 
output or ~ne PLL is fed to the lock 
detector, and should be in phase. 
When the lock detector senses an 
out-of-phase alignment it activates. 

3.09 An MPU interface is used for 
communication to and from the 

Control MPU card. The MPU card uses 
this interface in part to monitor the 
incoming optical signal. The Control 
MPU card illuminates the AIS LED on 
the XCVR card and issues a high-speed 
receive switch command when an 
unframed All ones or AIS condition is 
detected. 
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3.11 High-speed switching of the XCVR 
cards can be manually controlled 

by the MAIN/AUTO/STBY switch on the 
Control MPU card, by the Manual Con­
trol Interface card, or by a monitor­
ing system, such as TELTRAC (Telco 
Telecommunications Remote Alarm and 
Control). The XCVR is 1:1 protected 
by a second XCv~ card. 
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TABLE A. Transceiver Card Indicators and Test Jacks 

INDICATOR 

AIS (Alarm 
Indication Signal) 
(yellow) 

INPUT (yellow) 

FLT (red) 
(Fault) 

I TEST POINT 

INPUT FLT Test 
Jack (Input Fault) 

RX FLT Test Jack 
(Receive Fault) 

TX FLT Test Jack 
(Transmit Fault) 

DESCRIPTION OF MONITORED POINT 

Illuminates when an AIS or 
unframed All ls is detected. 

Illuminates when the optical 
input level falls below the 
recommended levels. 

Illuminates when the XCVR card 
has a failure. 

FUNCTION 

Used to simulate a loss of 
optical input. 

Used to simulate a fault in the 
Phase Lock Loop (receive timing) 
circuitry. 

Used to simulate a fault in the 
transmit circuitry. 
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1. SCOPE 

1.01 This section presents a functional 
description of the Control MPU 

(Microprocessor Unit). Operational 
differences between the CCA137G20 MPU 
and the CCA162Gl MPU will be pointed out 
in the following subsections as appro­
priate. Figures 2F-l and 2F-2 are pic­
torial representations of the two MPUs. 

1.02 Whenever this section is reissued 
the reason for reissue 

will be listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A. General Description 

2.01 The Control MPU checks various 
fault points within the 828A/ 

828AF Digital Multiplexer and causes 
alarm indicators to be illuminated as 
appropriate, and performs alarm lockout 
to prevent downline sympathetic alarms. 
The MPU calculates the incoming DS-3 
data stream BER (Bit Error Rate) and 
BPV (Bipolar Violation) rate of all 
Low-Speed inputs, and illuminates LEDs 
to indicate excessive error rates. The 
MPU also protects traffic by switching 

channels, interfacing with relay alarm 
equipment, and communicating with remote 
monitoring equipment, such as TELTRAC 
(Telco Telecommunications and Remote 
Alarm and Control). DIP switches are 
provided for setting BER switching 
threshold at lo-6 to lo-9, and for 
enabling Remote Alarm reporting, ACO 
(Alarm Cutoff), mux-to-mux communica­
tions, and other features. A func­
tional block diagram of the MPU card 
is shown in Figure 2F-3. 

B. Interfaces 

2.02 The alarm inputs to the Control 
MPU card enter at the data bus 

and VIA (Versatile Interface Adapter) 
ports. When an alarm signal is 
received, the appropriate alarm LED on 
the front of the Control MPU card 
illuminates. The MPU provides contact 
closures for activating MAJOR, MINOR, 
BAY, and FUSE alarms for a remote 
location. 

2.03 The Control MPU card contains the 
firmware that controls opera-

tion of the 828A/828AF. The firmware 
allows the 828A/828AF to interface to a 
TELTRAC or TBOS (Telemetry Byte-Oriented 
Serial) monitoring system, and to allow 
the Manual Control Interface card to 
perform tests on the local and remote 
multiplexers. Refer to SPECIAL TEST 
CARDS (SECTION 830-102-008) for more 
information on the Manual Control 
Interface card. 

C. Controls and Options 

2.03 Switches for manually controlling 
ACO, MAIN or STBY operation of 

the unit, and RESET of the MPU card are 
described in TABLE A. 

2F-l 
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TABLE A. Control MPU Card Switches (CCA137G20 and CCA162Gl) 

SWITCH DESCRIPTION OF MONITORED POINT ILLUSTRATION 

RESET Momentary-contact switch that 
forces the Control MPU card into 
initialization. 

~ Caution: Use of the RESET button 
while in service may result in a 

I I short error burst. 
RESET [Q] 

Af"'n M,........,.~'t"\ ~ ft ..,.,7'_ nn'l""'. t- ft n +- ~T .. T.; t- ,...'h ~'h~~ ~;~_ I .n.vv J..lVlllll;;.l.I.\..Q..L.]-~VJ.J.'-Q.~\.. ~W.L '-'-'LL '-'.&..&.Q.\,.. \.4..&.~-

I I (Alarm Cutoff) ables the current fault condition(s) 
from initiating local and remote 

ACO [Q] audible alarms. However, new fault ! 
conditions are recognized. I ~ I~ MAS 

M/A/S In the MAIN position, traffic is 
(MAIN/AUTO/STBY) locked to the ~~IN cards. In ~"--l.J.lt: 

I I~ STBY position, traffic is locked MAN , -' 
I 

to the STBY cards. In the AUTO 
,_ 

position, the Control MPU card MUT11N ,-' .. ' ..,. I J controls the switching. When in 
the MAIN or STBY position, 
~rotection switching is disabled. 

2~04 DIP switches 53 and 54 are used 
for enabling and disabling vari­

ous 828A/828AF unit and system options 
controlled by the MPU. Switch settings 
are given in TABLES B and C. 

2.05 DIP switch, 53, (see Figure 2F-l 
for CCA137G20 or Figure 2F-2 for 
CCA162Gl) is used to select vari­
ous options relative to operation 
of the 828A/828AF unit. The 
switch positions are described as 
follows: 

contact closures on the ACX025 
Fuse and Alarm Panel are dis­
abled. The ACO lamp and con­
tact closure will stay activated, 
and the BAY t"LT lamp wiii stay 
extinguished. This switch has no 
affect on the ACX043 Fuse and 
Alarm Panel~ 

o Poles 1 and 2: 
switching threshold. Switching 
occurs only when the threshold is 
equaled or exceeded. 

o Pole 3: When ON, ACO is perma­
nently ON. MAJOR and MINOR audio 

2F-3 

o Pole 4: Enables or disables the 
local reporting of remote BAY 
alarms. When Pole 4 is ON, any 
fault conditions occurring on the 
remote multiplexer will cause the 
-11 ,,M-Int:a~-1 1"\'n 1"\~ +-'h~ 'n~SI?"-~'n~ 
.L..L.'-I.I.U..L.&.4.Q.""'..LV.&..I. ""'.&. .... &.&.'-" &&.'w""".L '->.&..&.""' 

(LOCAL) BAY alarm and the corre­
sponding MAJOR or MINOR LED and 
relay contact closures. 

Note: Mux-to-mux communication 
must be enabled. 



o Pole 5: Enables mux-to-mux 
communications. Mux-to-mux 
communication should be disabled 
if the remote multiplexer is 
anything other than a Telco 
Systems product. Also, if 
either multiplexer is equipped 
with seven T2 cards, this option 
should be disabled. (Only Tl 
and TlC cards can allow mux-to-
mux communications.) 

Note: If mux-to-mux communica­
tions is disabled, REMOTE FAULT 
LEDs on the front of each cir­
cuit card will not illuminate. 
There is an option on the 
CCA161Gl Tl card, however, to 
allow remote status from foreign 
muxes via the DS-2 X-bit from 
TR-TSY-000009. In addition, 
optional remote Manual Control 
Interface card interrogation, 
remote TELTRAC enable (which 
requires DS-2-X-bit communi­
cations), and RAG II card 
functions will not operate. 

2.06 DIP switch, S4, (see Figure 2F-l 
for CCA137G20 or Figure 2F-2 for 

CCA162Gl) is also used to select 
various additional options. TABLE C 
shows the configuration of this switch. 

o Pole 1: Enables or disables the 
Delayed Alarm Reporting option. 
When enabled, this option will 
delay TELTRAC reporting and 
MAJOR and MINOR relay contact 
closures for 2- to 3-seconds 
after a fault is detected. It 
will also take 10-seconds for 
the alarm to clear after the 
fault disappears. 

o Pole 2: (CCA162Gl only) When 
enabled (ON), the DS-3 X-bit 
will be set when a local high 
speed fault occurs. The DS-3 
X-bit will also be monitored for 
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remote faults. This will allow 
remote monitoring of a DOX 
(Dual Optical Transceiver) card 
located in the Telco Systems 
M560 Multiplexer. 

Note: When this option is 
enabled the RAC-II card function 
of bridging a Remote Monitoring 
RS-422 chaP~~el will be lost. 

o Pole 3: Determines whether the 
828A/828AF operates in a pro­
tected mode (with STBY cards) or 
unprotected mode (without STBY 
cards), and not creating a minor 
alarm. 

Note: Dual power supplies are 
always needed. 

o Pole 4: When enabled (ON), an 
EXT REMOTE LED illuminated on 
~ne LIU card will cause the 
MINOR LED on the Control MPU 
card and the BAY lamp on the 
Fuse and Alarm Panel to activate. 

o Pole 5: (CCA162Gl only) When 
enabled (ON) a minor alarm will 
be generated when any of the 
Low-Speed cards receive BPV in 
~~~~~~ ~+ ft 1n-3 ~~~~ 
CA~C~~ VL a ~V LG~Co 

o Pole 6: Presently unused, place 
in the OFF position. 

o Pole 7: Presently unused, place 
in the OFF position. 

o Pole 8: Presently unused, place 
in the OFF position. 

D. Alarms 

2.07 The L~U indicators on the front 
of the Control MPU card, and 

their functions, are listed in 
TABLE D~ 
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TABLE B. Control MPU (CCA137G20 and CCA162Gl) S3 DIP Switch Configuration 

POLE 

1/2 (Note 1) 

1/2 (Note 1) 

1/2 (Note 1) 

1/2 fNnt-~ 1 '\ , ... ,...., ""'"""' •/ 

3 (Note 2) 

3 (Note 2) 

4 (Note 3) 

4 (Note 3) 

5 (Note 4) 

1:;. (Note 4) 
J 

6/7/8 

POSITION 

1-0N; 2-0N 

1-0FF; 2-0N 

1-0N; 2-0FF 

1-0FF; 2-0FF 

ON 

OFF 

ON 

OFF 

OFF 

ON 

OFF 

,.,.,'I'"AT,..mTn'a.T 
r U1'4v l.l. U1'4 

DS-3 BER Alarm/Switching Threshold: lo-6 

DS-3 BER Alarm/Switching Threshold: lo-7 

DS-3 BER Alarm/Switching Threshold: lo-8 

n ro " T> T.O 1'\ A 1 - -- I C" •• J ._ - 1... J - - 'T'"'... - ,.. ,.. 1-. ,.. 1 ~ o 1 (\- 9 
1),:)-.) DL~ liJ..t:ll.~lU/ t:JW .1. ~~U.l..ll~ .l.U.L C;::)J.lV.l.U. ..LV -

Permanently disables remote alarm reporting via 
audible relay contact closures and BAY fault 
lamp indicator. Visual contact closures are not 
affected by the AGO function. 

Enables use of front-mounted AGO pushbutton to 
cut off remote alarm reporting via audible relay 
contact closures and BAY fault lamp indicator, 
in acknowledgment of each unique alarm condition. 

Remote Bay Enabled 

Remote Bay Disabled 

Mux-to-mux DS-2 X-bit communications channel 
disabled (non-Telco Systems far-end mux). 

Mux-to-mux DS-2 X-bit communications chann;Jel 
enabled (Telco Systems far-end mux). 

Not used. Set each pole to the OFF position. 

Note 1: When interfacing 828AF/828AFXT multiplexer to the DOX card of an M560 
terminal, the DS-3 BER threshold is typically set to the same value as 
the corresponding DOX card. 

Note 2: A jumper (JPl) within the Fuse and Alarm Panel (ACX025 only) allows both 
AUDIBLE and VISUAL relay contact closures to be AGO controllable. 

Note 3: Remote Bay Enable allows BAY, MAJOR, and MINOR alarms at a far-end 828A 
or 828AF/828AFXT multiplexer to be mirrored at the local 828AF/828AFXT 
terminal. Wnen enabled, the REMOTE LED on the 
to distinguish local from remote alarms. 

I"'-- .L--, UnTT .I , 1 ... .,... ~ ...._" ... ,...,... 
vUll~l.~UJ.. l•J.rU .1..1..1.Wli.l.J.1CI.Lt::;::, 

Note 4: When mux-to-mux communications is disabled, all REMOTE LEDs, remote 
TELTRAC and Manual Control Interface card functions are disabled. 
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TABLE C. Control MPU S4 DIP Switch Configuration 

POLE POSITION FUNCTION 

1 (Note 1) 

1 (Note 1) 

ON 

OFF 

Enables Delayed Alarm Reporting option. 

Disables Delayed Alarm Reporting option (enables 
immediate alarm reporting). 

2 (Note 2) ON CCA162Gl Only. Enables DS-3 X-bit as a single 
state REMOTE fault indication to the far-end. 

2 (Note 2) OFF Disables DS-3 X-bit as a single state REMOTE 
fault indication to far-end MS60 DWEL or 
828A/828AF/828AFXT. Set to OFF for CCA137G20. 

3 

3 

4 

4 

Note 1: 

Note 2: 

ON 

OFF 

ON 

OFF 

Unprotected high-speed operation (no STBY HS COM 
card and no STBY XCVR card). 

1:1 Protected high-speed operation (STBY HS COM 
and STBY XCVR cards installed). 

Allows a faulted LTU card in the remote 
FOX-2/FOX-2R unit of a DS-2 optical span to 
generate a local MINOR and BAY alarm condition. 

Disables MINOR and BAY alarms resulting from 
remote LTU fault condition. The EXT REMOTE LED 
still illuminates in either mode to indicate 
remote FOX-2/FOX-2R failure. 

The Delay Alarm Reporting option delays TELTRAC remote alarm reporting 
and MAJOR/MINOR relay contact closures for 2- to 3-seconds after a 
fault is initially detected. Once the fault is cleared, all alarm and 
report functions will clear 10-seconds later. 

This option is used only on the CCA162Gl. For the CCA137G20, set this 
pole to the OFF position. User-defined DS-3 X-bit is set to the ones 
state during fault condition to provide remote fault indication to a 
far-end M560 DWEL card (CCA170) to initiate the illumination of the 
REMOTE LED on the corresponding M560 DOX card. This option must be 
disabled (OFF) to allow DS-3 X-bit bridging for remote TELTRAC and 
RAC-II operation. 
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POLE 

5 (Note 3) 

5 (Note 3) 

6/7/8 
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TABLE C. Control MPU S4 DIP Switch Configuration (Cont.) 

POSITION 

ON 

OFF 

OFF 

FUNCTION 

MINOR and BAY alarm will be generated in the 
presence of incoming excessive BPV (BER greater 
than lo-6) on any Low-Speed Channel. Flashing 
INPUT LED on the individual Low-Speed Interface 
card identifies the faulted channel group. 

Disables MINOR and BAY alarm resulting from 
excessive BPV alarm condition. 

Not used. Set each pole to the OFF position. 

Note 3: Excessive BPV is defined as 10 or more consecutive BPV error-seconds for 
Tl and TlC channels, B6ZS format error-seconds for T2 channels, and 3B6B 
encoding errors for DS-2 optical channels. 
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INDICATOR 

MANUAL (red)* 

MULTI-Tl IN 
(red)* 

MAJOR (red) 

MINQR (red)* 

ACOI (red)* 
(Alarm Cutoff 
Tnn.;,..~~nr\ 
.L~£.\o.A...L~~""""".L / 

TMS (red) 
(Too Many 
Switches) 

LPBK (CCA162Gl 
Only) (yellow) 
(Loop back) 

REM (CCA162Gl 
only) (yellow) 
{Remote) 

SECTION 830-102-002F 

TABLE D. Control MPU Card Indicators 
(CCA137G20 and CCA162Gl unless noted) 

DESCRIPTION OF MONITORED POINT 

Illuminates when the 828AF is 
under control of the MAIN/AUTO/ 
STBY switch, TELTR_AC, or the 
Manual Control Interface card 
(both Local and Remote). 

Illuminates when more than one 
DS-1, or at least one DS-lC or 
DS-2 input is faulty. 

This LED will also illuminate 
as a result of an LTU optical 
input failure. 

Illuminates when a traffic-affecting 
fault exists in the 828AF. 

Illuminates when a potentially 
traffic-affecting fault, or a mux­
to-mux communications failure 
exists. Also illuminates when a 
switch condition is present. 

Illuminates when the alarm cutoff 
function is enabled. 

Illuminates when four or more 
automatic high-speed switches have 
occurred within a 10-minute period. 
The LED automatically resets within 
one hour. 

If there is any near-end or far-end 
Low-Speed cards in loopback, this 
LED illuminates. 

If any far-end Remote alarms exist 
this LED illuminates if Remote Bay 
Enable option on the Control MPU has 
been activated (S3-pole 4 ON). 

ILLUSTRATION 

n 
I 

I I 
I 

I 
RESET lQJ 

I 
~ 

ACO lQJ 
MAS ~ 

MAN ,-' 
' ... 

I 

..... ,. ...... ,-' 
MU I lll"t ,_ I 

MAJOR I .. ' ,_ I 

MINOR - ' I 
I ..... ,.. .......... '--I 

A COl ) 
' -- ' TMS I ,_ I 

LPBK , -' 
'-

1 

- ' REM I 

'-
I 

-
MUX COM I ' ,_ I 

- ... 
055 CH i 

'-
I 

FLT , -' ..... I 

MPU 

Note: CCA162 
illustrated 

I 

11 p 
MPU 

* Note: These LED indicators have been changed from red to amber on CCA162Gl 
or higher revisions in conformance with Bell Systems Technical Reference 
(TR-TSY-000480). 
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TABLE D. Control MPU Card Indicators (Cont.) 
(CCA137G20 and CCA162Gl unless noted) 

INDICATOR DESCRIPTION OF MONITORED POINT ILLUSTRATION 

MUX COM If the mux-to-mux communication is 
(CCA162Gl Only) enabled this LED will illuminate if r LPBK ,-,l 
(yellow) there is a loss of communication. '-' 
(Multiplexer A MINOR alarm will accompany the I REM ,-' I I 

Communications) illumination of the MUX COM LED. 
,_ 

MUX COM I-' 
OSS CH For Systems connected to TELTRAC or 

I 
' ,. I 

I ,-' (CCA162Gl Only) TBOS Remote monitoring equipment, OSS CH ,_ I 
(yellow) this LED illuminates when the MPU 
(Remote fails to receive a poll from the FLT ,-' 

- I 

I 
,_ 

I~ 
Monitoring Master Terminal Station. 
channel) 

MPII 
FAULT (red) Illuminates when the Control MPU I •••• "1111111" I co 

card has a failure. 

3. OPERATIONAL DESCRIPTION 

3.01 Consult Figure 2F-3 for a 
detailed block diagram of the 

operation of the Control MPU card. 

Microprocessor Unit 

3.02 The microprocessor unit utilized 
in the Control MPU card is the 

Motorola 6809 CMOS MPU, using 
clock of 3.6864 MHz. Using the bidi­
rectional data bus, the MPU can either 
read or write data to any circuit 
addressed by the bidirectional address 
bus. In response to instructions read 
from ROM (Read-Only-Memory), the MPU 
performs arithmetical and logical 
operations on data as directed. 

2F-9 

r.r.Alf..? Ml>TT 

illustrated 

Address Decoder/Data Buffer 

3.03 A bidirectional data buffer con-
trols the transfer of data to 

and from the microprocessor in 
response to the state of the 
read/write control line. An address 
decoder converts parallel binary 
addresses from the microprocessor into 
selected hardware enable lines to cue 
the operation of DUART, VIA, PTM, ROM, 
RAM, watchdog timer, and latches. 

3.04 These buffered bus structures 
interface with all other unit 

circuit cards via backplane connec­
tion. A PIA (Programmable Interface 
Adapter) provides a latching interface 
for all related bus control signals. 



Memory 

3.05 Resident software programming 
permanently stored in 24K bytes 

of ROM for CCA137G20, and 32K bytes 
of ROM for CCA162Gl, contains the 
instructions required to direct MPU 
operation. Hardware options allow the 
use of higher density ROMs to increase 
total memory capacity as required for 
future applications. 

3.06 In the course of program execu-
tion, 8K of RAM (Random Access 

Memory) is used to store and retrieve 
transitory data including the result 
of arithmetical/logical processing, 
BER computations, and fault/status 
information. 

PTM (Programmable Timer Module) 

3.07 A programmable timer module 
clocks the passage of time, 

allowing the microprocessor to perform 
time-base BER computations. 

Serial Communications 

3.08 Two data channels are generated 
by the DUART (Dual Universal 

Asynchronous Receiver/Transmitter) 
which converts eight-bit parallel 
data from the MPU into a serial data 

SECTION 830-102-002F 

stream. One serial port provides inter­
face for TELTRAC communications while 
the other serial channel can be multi­
plexed into an embedded LTU overhead 
channel for transmission to a remote 
FOX-2R. 

Remote Hardware Alarm Notification 
and Protection Switching 

3.09 When a fault condition has been 
detected, the microprocessor 

addresses and writes data into a latch 
circuit. Individual latch circuits 
provide drives for fault/status LED 
illumination on the MPU and energize 
relays to provide contact closure to 
customer premises visual and audible 
alarm equipment. The individual latches 
also provide protection switching when 
faults or removal of cards are detected. 
If the ACO switch is set, the micro­
processor reads the state of the switch 
and disables all relay drive latches, 
releasing the relays and silencing 
remote reporting functions. 

Watchdog Timer 

3.10 If program execution should halt, 
this 200 ms timer, which is 

periodically set by software, resets 
and automatically initiates a hardware 
reset to reinitialize the MPU. 
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REMOTE 
COMM 

MUT1 IN 

' I 

I 
I i I @ 0 

I RESET I 

MAN 

+ 
t : 

@ TELTRAC 0 
ALARM CUTOFF I OR 

AFMClT~ 

I I TBOS ALAR-MS I MAJOR _l!.. B. 

0 o----<j> 
0 ~ + @ 0 ~ 

LPBK* I I I MINOR 

0 @ 

t 
@ 0 

REM* I A COl 

0 @ ; t @ 0 

MUX COM* I TMS 

~ t 0 @ @ 0 

OSS CH* I I I FLT C2-1179-AA 
* CCA162G1 ONLY 

Figure 2F-3. Control MPU Card Block Diagram 
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1. SCOPE 

1.01 This subsection presents a 
functional description of the 

RAC-II (Remote Alarm Card II) card. 
Figure 2G-l illustrates the layout of 
the card highlighting the control 
switches, jumpers, and LEDs. 

1.02 wnenever this subsection is 
reissued, the reason for reissue 

will be listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A. General Description 

2.01 The RAC-II card has three 
functions: 

a. Provides remote indications of 
alarm status, via relay contact 
closures, for up to eight 
external alarm points 

b. Allows use of a remote lamp and 
contact closure on the ACX025 
Fuse Panel when bringing far­
end MAJOR/MINOR alarms to the 
local end 

c. Allows TELTRAC (Telco Telecom­
munications Remote Alarm and 
Control) to be extended to 
remote sites (via DS-3 X-bit 
bridging) without use of a 
Modem, Service Channel, or 
other external communication 
facilities. 

Two cards are required in a functional 
system, one at each end of a hop. 

2.02 Each of the eight alarm inputs 
can be optioned individually 

so that an active alarm input will 
generate either a local MINOR alarm 
or only ill~T.inate a status LED on 
the RAC-II card. This provides the 
ability to suppress local alarms if 
they would be undesirable for the 
application. If an alarm input on 
the RAC-II card has been optioned to 
generate a local MINOR alarm, and the 
far-end MPU (Microprocessor Unit) has 
been optioned to report REMOTE alarms, 
the local MINOR alarm will be mirrored 
at the far end. 

2.03 Each of the eight alarm inputs 
can be configured individually to 

recognize either presence or absence 
of input alarm voltage as an active 
alarm condition. 

2.04 The activity state of each of 
the eight output relays can be 

individually set so that either open 
or closed contacts represents an 
active input alarm condition. 

2.05 The DS-3 X-bit bridge setting 
determines the function of 

the card, MASTER or SLAVE, when the 
card is being used for TELTRAC 
extension. 
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2.06 Status and fault LEDs indicate 
the presence of active inputs at 

either end of the system, and whether 
the card itself is faulty. 

B. Interfaces 

2.07 The RAG-II card contains eight 
opto-isolator inputs and eight 

sets of output relay contacts. Each 
input in a local RAC-II card controls 
a corresponding far-end output relay. 
An input voltage of -5 Vdc to -48 Vdc 
normally constitutes an alarm condi­
tion, while 0 Vdc to -1.0 Vdc consti-
...... .,. ......... ,.. .,.,.,.,... .... u .... -tl'ln.co ?".COI"~-1-F;.co.,.. 
~u~~~ uv a~a~~. ~~~~b~ ~~~~~~~~~ 

circuitry on the alarm inputs, 
however, ensure that voltage of either 
polarity can trigger an alarm. An 
eight-pole DIP switch, S3, provides 
for the inputs to be individually 
programmed so that either presence or 
absence of an applied voltage on that 
input will constitute an active alarm 
condition. The input impedance is 
designed for 2.7 Kohms. Through the 
use of DIP switch, S2, the active 
state of the output relays can be 
individually programmed so that either 
closed contacts or open contacts will 
indicate the presence of an active 
alarm at the corresponding input. 

2.08 When used for TELTRAC extension, 
the RAC-II card interfaces with 

the DS-3 X-bit, a user definable bit 
in the DS-3 data stream. A regener­
ator circuit on the card restores the 
TELTRAC signal after the signal has 
been transported by the DS-3 X-bit. 

2.09 If the remote alarm option has 
been enabled on the local MPU to 

report far end MAJOR/MINOR alarms at 
the local end, the RAC-II card will 
interface with the REMOTE lamp relay 
on the ACX025 Fuse and Alarm Panel to 
illuminate the REMOTE lamp indicator. 
This identifies an alarm as having 
originated at the far end. 
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Note: The REM BAY FLT option must be 
selected on the local Control MPU. 
See Subsection 830-102-002E on Control 
MPU Card. 

C. Controls and Options 

2.10 The setting of DIP switch, Sl, 
determines whether or not a MINOR 

alarm is generated at the local end if 
individually selected inputs become 
active. If not selected, no alarm 
will be generated at that multiplexer. 

2.11 DIP switch, S2, selects whether 
open contacts or closed contacts 

will indicate an alarm condition for 
each of the eight sets of output relay 
contacts. 

2.12 DIP switch, S3, selects whether 
the presence or absence of a 

voltage applied to each individual 
input will constitute an active alarm 
condition at that input. 

2.13 The DS-3 X-bit Bridge option 
jumper is used when extending 

TELTRAC to remote sites. The bridge 
has three possible positions: MASTER, 

2G-2 

SLAVE, and 

D. Alarms 

2.14 TABLE A describes the RAC-II 
card indicators and controls. 

The I/P ALM status LED is used to 
indicate that an active input exists 
on the local card. 

2.15 The CONTROL STATUS LED is used 
to indicate that relay contacts 

on the local card are indicating the 
presence of an active alarm on the 
corresponding input at the far end. 

2.16 The FLT L~u indicates that the 
card itself is faulty and must be 

replaced. When a RAC-II card is 
faulted or removed from a system, a 
MINOR alarm is generated. 
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TP1 TP2 

CR12Q 

CR10Q 

CRiiO 

TABLE A. RAG-II Remote Alarm Card Indicators and Controls 

LED INDICATOR 

INPUT 
(yellow) 

CONTROL STATUS 
(yellow) 

FAULT 
(red) 

DESCRIPTION OF MONITORED 

Illuminates to indicate that an active I 
input exists on the local card. The I 

LED will remain illuminated only while 
the active input exists. 

Illuminates to indicate that an active 
input exists on the far~end card, and 
that the corresponding contact closure 
on the local card is activated. The 
LED will remain illuminated only while 
the active input exists. 

Illuminates to indicate that the card 
is faulty and must be replaced. 
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TABLE A. RAG-II Remote Alarm Card Indicators and Controls (Cont.) 

CONTROL CONTROL DESCRIPTION 

Sl DIP switch, Sl, selects whether a MINOR alarm is to be 
generated at the local end if individually selected inputs 
become active. If not selected, no local alarm will be 
generated. Only an input status LED will illuminate. 

S2 DIP switch, S2, selects whether open contacts or closed 
contacts will indicate an alarm condition at the correspond­
ing far-end input for each of the eight sets of output relay 
contacts. The contact closure circuits are individually 

S3 

DS-3 X-bit 
Bridge 

fused for a maximwu current of 1 A. 

DIP switch, S3, selects whether the presence or absence of 
voltage applied to each individual input constitutes an 
active alarm condition at that input. Normally, a voltage of 
-24 Vdc or -48 Vdc constitutes an active alarm, while 0 Vdc 
to -1.0 Vdc constitutes a no alarm condition. 

Jumper which selects the operating mode of the RAG-II card. 

MASTER MODE: In the MASTER position the DS-3 X-bit Bridge 
causes the RAC-II card to act as if it were a selective 
interface between TELTRAC and the DS-3 data stream. The 
RS-422 receiver listens to TELTRAC and bridges the TELTRAC 
information onto the TX DS-3 X-bit in the local 828A/828AF. 
The card also listens to the RX DS-3 X-bit received from the 
far-end RAG-II card, and when it recognizes valid TELTRAC 
information the card passes the information to TELTRAC. 

SLAVE MODE: In the SLAVE position the RAC-II card at the 
far-end 828A/828AF unit regenerates information received from 
the RX DS-3 X-bit, and transmits the information out the 
RS-422 TELTRAC bus to downline equipment. The RS-422 receiver 
listens to the downline MPUs on the TELTRAC bus and passes 
information from downline equipment back to the ~~STER F~~G-II 
card via the TX DS-3 X-bit from the far-end site. A jumper 
on the Fuse and Alarm Panel, marked MASTER/SLAVE, must be set 
for the SLAVE position when a bay contains a RAC-II card 
optioned in the SLAVE mode. This enables TELTRAC data to be 
transported by the RAC-II card instead of through the TELTRAC 
interface on the Fuse and Alarm Panel. See Section 
830-102-002 on Fuse and Alarm Panel Card. 

STORAGE: When not being used for TELTRAC extension, the DS-3 
X-bit bridge must be in the STORAGE position. 
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3. OPERATIONAL THEORY 

3.01 Consult Figure 2G-2 for a 
detailed block diagram of the 

operation of the RAC-II Card. 

3.02 The RAC-II card provides a 
remote status of alarms for up 

to eight external alarm points. Two 
cards, one at the far end and one at 
the local end, are needed to commu­
nicate with each other. There are 
eight opto-isolator inputs and eight 
sets of output relay contacts on each 
card. 
spending output relay at the far end. 
The output relays can be individually 
programmed so that either open contacts 
or closed contacts indicate an alarm 
condition at the corresponding input. 
The contact circuits are individually 
fused for a maximum current of 1 A. 
Each input can be programmed so that 
either the presence or absence of an 
applied voltage will constitute an 
active alarm condition at that input. 

3.03 The RAC-II card controls illumi-
nation of the REMOTE lamp on the 

ACX025 Fuse and Alarm Panel. If the 
REM BAY FLT option on the Control MPU 
at the local end has been selected, a 
MAJOR or MINOR alarm generated at the 
far end will be reported at the local 
end. The card interfaces with the 
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REMOTE lamp relay on the local ACX025 
Fuse and Alarm Panel to illuminate the 
REMOTE lamp, indicating that the source 
of the MAJOR or MINOR alarm is at the 
far end. This REM BAY FLT option 
feature allows a local multi- plexer to 
emulate far-end MAJOR or MINOR alarms. 
The ACO (Alarm Cutoff) button on the 
local Control MPU will act as normal, 
extinguishing the MAJOR and MINOR 
audible contact closures and BAY FLT 
lamp, and illuminating the ACO lamp. 
See Section 830-102-002E on Control 
MPU, and Section 830-102-002 on Fuse 
and Alarm Panel Card. 

3.04 When used for TELTRAC extension 
the RAG-II card bridges the 

RS-422 TELTRAC bus onto the DS-3 X-bit. 
Also, a regenerator circuit on the 
RAC-JI card restores the TELTRAC signal 
afte~ the signal has been transported 
by the DS-3 X-bit. This provides a 
capability for multiple hopping without 
degradation of the TELTRAC signal, and 
allows TELTRAC to be brought to remote 
sites without the use of a Modem, 
Service Channel, or other external 
communication facilities. The br1age 
can be optioned tP:ee ways: MASTER, 
SLAVE, or STORAGE. Refer to TABLE A 
for a description of these options. 

Note: The 828A/828AF must be equipped 
with HS COM card, CCA120G2. 
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1. SCOPE 

1.01 This subsection presents a func-
tional description of the Power 

Supply (PS A or PS B) module used in 
the 828A and 828AF multiplexers. 
Figure 2H-l illustrates the PS module 
as viewed from the front and side 
perspectives. 

1.02 Whenever this subsection is 
reissued, the reason for reissue 

will be listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

2.01 The PS module, downconverts an 
incoming primary office voltage 

to +5.1, -5.2, and +15 Vdc secondary 
voltage potentials required for opera­
tion of 828A/828AF circuitry. PS 
module PSX016-l operates with a pri­
mary supply voltage of -48 Vdc, and 
PSX016-2 uses a primary supply voltage 

of -24 Vdc. Except for the primary 
supply voltage requirement, operation 
of both PS modules is identically 
the same. 

2.02 Power supply circuit protection 
is provided through the use of an 

internal Fuse and Alarm Panel Assembly 
which is integrated into the equipment 
cage design. This panel provides 
individually filtered, regulated, and 
fused primary power feeds from ter­
minal block TB-1 to each power supply. 

PS A and PS B 
828A/828AF system to provide 

redundant power supply protection. 
The secondary voltages of each power 
supply are connected in parallel to 
provide power supply protection. In 
the event of a failure, steering 
diodes within the failed power supply 
reverse bias to block the return 
electrical path to ground via the 
failed supply. 

2.04 Each power supply is designed to 
withstand continuous shorts on 

all de outputs without component 
damage. Power supply protection 
circuits prevent any adverse effects 
on equipment performance resulting 
from voltage transients or short 
duration over-voltage conditions. If 
the primary power interface is wired 
with reverse polarity, the power 
supply will trip its protective fuse 
prior to circuit damage. Automatic 

will occur in the presence of 
over-temperature conditions. 
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B. Interfaces 

2.05 Consult Figure 2H-2 for a 
pictorial representation of 

equipment interfaces to the PS module. 
Primary power is coupled to the 828A/ 
828AF via terminal block TB-1 located 
on the unit motherboard, and distrib­
uted via the integrated Fuse and Alarm 
Panel Assembly to each power supply. 
TB-1 provides individual power feeds 
for the power supplies sharing a 
common return line. 
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2.06 Primary power input to the 
PSX016-l power supply must be in 

the range of -42 to -56 Vdc as measured 
at TB-1 of the 828A/828AF motherboard. 
Voltage tolerance for each secondary 
voltage is ± 0.2 Vdc. All secondary 
voltages are accessible for measure­
ment via the following front-mounted 
test points on each power supply: 

Test Point 

Vl 
V2 
V3 
COMMON 

Voltage 

-5.20 Vdc 
+5.10 Vdc 
+15.00 Vdc 
Ground 

Yi 
FAULT 
RUM 

, 

Y2 

Y3 

CORPOR,A r J J,.._ 

DC-DC CONVERTER 
iiOOEL: Vi-905 7 828A 

SERIAL NUMBER:[ ] 

U.S. ,ATEITS #4,_,5,t5t Alai U,U1,1U- OT!fER tATE~t•> ;:•~ "-

-· - 1'\lt'TI:~ CR~A OPTICS CORPORATION TtLW ~~~lt;-..J I IV ......... ··--

PART NUMBER: PSX016-1 [48 VOCl RH 

Figure 2H-l. PS Module (PSX016-l) 
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C. Options 

2.07 All secondary output voltage 
levels and alarm thresholds have 

been preset at the factory under full­

load conditions. Field adjustment of 

these functions is not required or 

recommended. Power supplies with 
voltage outputs which are not within 

specifications should be returned to 

Telco Systems for readjustment or 

replacement. No other options are 

contained on the PS module. 
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D. Alarms 

2.08 Fault detection circuitry 
contained in each PS module 

monitors and compares all secondary 
voltages with an internal stable 
reference voltage. If the output 
level of all voltages is within 5% 
of its preset value, the green RUN 

LED remains illuminated to indicate 
normal power supply operation. 

r ... l +5.6 Vdc , 

~ ~ 1-5.4 Vdv : 

1 

RED 
FAULT 

GREEN 
RUN 

" I / a 
/ ' 

/ " I 
+ 12.1 Vdc ( 

v 3 t--------....• 1 

I COMMON RETURN ... j 

I -48 Vdc 

r L -48 Vdc RETURN 

r 
} 

MOD PRESENT •l 
P.S FAULT TO MPUJ 

• 
l _________________ ~ 

82-948-AB 

Figure 2H-2. PS Module Interfaces 
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2.09 If any secondary voltage should 
deviate by more than 5% of 

its preset rated value, the FAULT 
LED on the front of the supply illumi­
nates and the RUN LED extinguishes 
to identify the failed PS module. 
Both the RUN and FAULT LEOs on the 
front of the PS module are directly 
hardware driven from fault monitoring 
circuits and require no intervention 
by the MPU to illuminate fault 
indicators. 
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2.10 In the presence of a power supply 
failure, the MPU reads fault 

status information from the PS module 
and activates MINOR and UNIT alarm 
indications to identify a potentially 
traffic-affecting problem within the 
equipment bay. 

2.11 TABLE A contains a listing of PS 
module fault and status LEOs 

and their relationship to equipment 
performance. 

TABLE A. PS Module Indicators and Test Points 

INDICATOR 

FAULT (red) 

RUN (green) 

TEST POINT 

Vl 

V2 

V3 

COMMON 

DESCRIPTION OF MONITORED POINT 

Illuminates when the power supply 
module has a failure, or there is 
a loss of input voltage. 

Illuminates during normal 
operation. 

FUNCTION 

-5.60 Vdc Test Point 

+5.40 Vdc Test Point 

+15.30 Vdc Test Point 

Ground Test Point 

ILLUSTRATION 

FAULT (RED! 

RUN (GREEN) 

V1 

V2 

VJ 

COMMON 

Note: If both the FAULT and RUN LEOs are not illuminated, the input voltage may 
be below specified tolerance. 
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3. OPERATIONAL THEORY 

3.01 Refer to Figure 2H-3 which illus­
trates the internal operation of 

the PS module on the block diagram level. 

3.02 Incoming -48 Vdc power is appiied 
to a reverse polarity protection 

circuit which prevents damage to the 
module if input terminal polarity is 
reversed. An input filter circuit 
filters out high-frequency de bus noise 
which could adversely affect equipment 
performance. 
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3.03 The output of a swing oscillator 
within the input control circuit 

is rectified, filtered, and regulated 
to provide the required secondary 
voltage potentials. 

3.04 A detector circuit detects the 
presence of switching current 

and illuminates the RUN LED on the PS 
module. A voltage comparator circuit 
compares each secondary voltage with 
an internal fixed reference voltage 
and illuminates the FAULT LED if the 
voltages drift out of tolerance. 
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1. SCOPE 

1.01 This section presents a func-
tional description of the Optional 

MPU (Microprocessor) II card. See Fig­
ure 2I-l for a pictorial representation 
of the circuit card. 

1.02 Whenever this section is reissued 
the reason for reissue will be 

listed in this paragraph. 

2. FUNCTIONAL DESCRIPTION 

A. General Description 

2.01 The Optional MPU II card is 
installed in the OPTIONAL slot 

of the 828A or 828AF, and requires a 
GGA162Gl Control MPU for proper opera­
tion. The Optional MPU II card pro­
vides a sophisticated communication 
link from the Control MPU of the 828A/ 
828AF multiplexer to the Control MPU(s) 
of remote FOX-2/FOX-2R units via DS-2 
optical extension spans (see Fig-
ure 2I-2). The Optional MPU II is 
required to provide TELTRAG (Telco 
Telecommunications Remote Alarm and Con­
trol) or RAG-II (Remote Alarm Card II) 

2I-l 

functions to remote FOX-2/FOX-2Rs. 
When utilized in conjunction with 
remote RAG-II cards, the MPU II card 
can receive active alarm inputs from 
externally monitored equipment at each 
FOX-2/ FOX-2R site. These alarms are 
transmitted by the Control MPU card, 
via DS-2 X-bit, to the far-end 828A/ 
828AF multiplexer. The Control MPU of 
the far-end 828A/828AF multiplexer 
will activate up to eight individual 
relay contacts, each contact corre­
sponding to a specific input alarm. 
(See Figure 2I-3 for typical 828AF-to-
828AF system architecture). 

2.03 Additionally, the MPU II card is 
capable of receiving up to eight 

alarm inputs which generate correspond­
ing far~end relay contact closure. 
Since a total of eight relay contacts 
are controlled from all external alarm 
inputs, identically assigned external 
alarm inputs within the FOX-2/FOX-2R 
and MPU II card of the 828A/828AF will 
be OR'ed together to drive a common 
far-end relay. 

B. Interfaces 

2.04 All internal interfaces with the 
828AF and the Optional MPU II 

card are provided through motherboard 
interconnection. 

2.05 The 16-pin male connector, J9, 
provides for front connection of 

all eight external alarms inputs. 
Rear access of the alarm inputs is 
accomplishes via ribbon cable jack, 
J7, which can be interconnected to a 
separate wire-wrap block or cabled out 
to the integrated wire-wrap block 
within the AGX043 Fuse and Alarm 
Panel, if desired. 



C. Controls and Options 

2.06 There is one momentary contact 
switch, SW 1, and four DIP 

switches on the MPU II card. See 
TABLE A. The functions of the 
switches are as follows: 

o SWl RESET - momentary contact 
switch that forces the MPU II 
card into initialization. 

0 SW2 SOFTWARE CONFIG - selects 
whether or not a MINOR alarm 
will be generated. 

OFF = NO alarm 
ON = MINOR alarm 

o SW3 - Not Used. Set all OFF. 
(Reserved for future use.) 
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o SW4 - EXTERNAL ALARMS - used to 
set the active state of external 
inputs. 

OFF = normally closed contact 
(logic 1); an applied voltage 
would open the contact. 

ON = normally open contact 
(logic 0); an applied voltage 
would close the contact. 

o SWS - Not Used. Set all OFF. 
(Reserved for future use.) 

D. Alarms 

2.07 TABLE B describes the alarm 
indicator on the Optional 

MPU II card. 

r~----------------------C-CA_I_3_5----------------------------------------------~~ 

~ II \1 
1-- 1 I ! ~ 
1 =swziOOOQfi'UOol 0 D "O'D'!oDOO'~'ou I 1 1 

1

- - RUIOTE SW5 SW3 I 

§ > I 2 J;--~ [J:F 
---, L_ _____ _j 

I 

____ j ,-----, 
-- LOGIC I SW4 

I o o o ~ o o o o ~i~~ .. 
LOGIC I L_ ____ _ 

I I 

L -- ___ _j > ,,~ ---- r------~ 

I 

==-= L_ __ ~ r----- --, 2 JP3 1 

I : ~r---
L__ __ ----- _j31f' I 

JPI~ 
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Figure 2I-1. Optional MPU II Card (CCA135Gl) 
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TABLE A. Optional MPU II DIP Switches 

FUNCTION DESCRIPTION OF SWITCH FUNCTION 

Software 

I 

~-,--~- whether or not a MINOR alarm o:>t:.!.t:t:L:S 

Configuration will be generated for an active input. 

I OFF = no alarm. 
ON = MINOR alarm 

Not Used Set all OFF. (Reserved for future use.) 

External Unused to set the active state of external inputs. 
Alarms 

OFF = normally closed contact; 
A voltage applied to the input 
would open the contact. 

ON = normally open contact; 
A voltage applied to the input 
would close the contact. 

Not Used Set all poles to the OFF position. 
(Reserved for future use) 

TABLE B. Optional MPU II Indicator and Reset Switch 

DESCRIPTION OF MONITORED POINT ILLUSTRATION 

1 Illuminates when the Optional 
MPU module has a failure and 
momentarily when this card is 
reset. 

FUNCTION 

Momentary-contact switch that 
forces the Optional MPU card into 
initialization. 

21-3 
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3. OPERATIONAL DESCRIPTION 

3.01 The Optional MPU II Card provides 
a sophisticated communications 

link from the 828A/828AF MAIN MPU, 
CCA162Gl, to individual DS-2 FOX-2/ 
FOX-2R Control MPUs, via an overhead 
embedded channel of individual DS-2 
optical extension spans. LTUs (Line 
Terminating Units) which provide DS-2 
optical span interfaces incorporate 
this communications channel into the 
3B6B optical line coding to/from the 
FOX-2/FOX-2R units. See Section 
830-102-00ZC for LTU circuit card 
theory. This communications link will 
allow TELTRAC and RAG-II applications 
to operate with FOX-2/FOX-2R Fiber-Optic 
Extension Units. Refer to Figure 2I-2. 

3.02 There are eight opto-isolator 
monitoring points on the board, 

each connected to both J9 on the front 
of the board and to J7 on the rear of 
the 828A/828AF motherboard. Each set 
of input connectors is applied to a 
bridge circuit so that any monitoring 
point can be activated by applying a 
5 Vdc to 48 Vdc voltage of either 
polarity. The de input is attenuated 
through a series resistor network to 
limit the current to the opto-diodes. 
SW4 ·can be set so that for each indi­
vidual input either lack of voltage or 
presence of voltage can constitute an 
active state. 

3.03 The microprocessor utilized in 
the MPU II is the Motorola 

MC68B09, using an 8 MHz crystal from 
which is derived a system clock of 
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2 MHz. This gives an MPU cycle time 
of 500 ns. See Figure 2I-3. Using 
the bidirectional data bus, the MPU 
can either read or write data to any 
circuit addressed by the bidirectional 
address bus. 

3.04 Through a dual port ~~ (Random 
Access Memory) and handshaking 

control lines, the microprocessor 
located on the Optional MPU II card 
communicates with the CCA162Gl Control 
MPU in the 828A/828AF. The Optional 
MPU II microprocessor polls all 
FOX-2/FOX-2R units and both writes 
data into and reads data from dual 
port RAM. The CCA162Gl Control MPU 
accesses the same RAM and processes 
the data accordingly. In this manner, 
communications is established between 
the two MPUs. 

3.05 Up to eight unique monitoring 
points in remote FOX-2/FOX-2R 

units 
monitoring points on the MPU II card, 
for transporting active input indica­
tions to TELTRAC and/or the RAG-II 
card in the local 828A/828AF via the 
DS-3 X-bit. The eight output contact 
closures of RAC-II cards located in 
FOX-2R units can be independently 
addressed and controlled by TELTRAC. 
See Figure 2I-3 and RAG-II Theory of 
Operations Section (830-102-002G). 

3.06 A Watchdog Timer circuit pro-
vides a guaranteed power-up 

reset of the MPU, and performs a K~~~T 
if software does not regularly access 
the circuit. 
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