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SOUTHWESTERN BELL TELEPHONE PRACTICE
SWBT Standard

SECTION TELC 365-407-846SW

Issue A, May 1989

FIBER OPTIC DS-2 EXTENSION (FOX-2) UNIT

THEORY OF OPERATION

1. GENERAL

1.01 This section is a cover sheet for the Telco Systems Fiber Optics Corporation

Fiber Optic DS-2 Extension (FOX-2) Unit Theory of Operation. This section

is reproduced with permission of Telco Systems Fiber Optics Corporation and

is the equivalent of Telco practice 829-100-002,

Issue 2.

1.02 Whenever this section is reissued the reason(s) for reissue will be listed in

this paragraph.

1.03 This section presents a functional description of the Fiber Optic DS-2

Extension (FOX-2) Unit.

uired in the attached document, use Form-3973 as

1.05 If equipment design and/or manufacturing problems should occur, refer to
Section SW 010-522-906 for procedures on filing an Engineering complaint.
2. ORDERING PROCEDURE
2.01 For information concerning equipment and parts availability contact Telco
Systems, Order Administration Department, in Norwood, Massachusetts, at:

2.02 To order additional copies of this practice, use

section number.

3. REPAIR/RETURN

3.01 For defective modules and assemblies contact the

at the following number:

8:00 a.m. - 5:00 p.m. (617) 551-0300 - Ext. 2778

Attachment: Telco Systems Fiber Optlcs Corporatlon

e~y P PO

Fiber Optlc DS-2 Extension (FO0X-2) Unit
Theory of Onpraflon

Repair and Return Department

PROPRIETARY
Not for use or disclosure outside Southwestern Bell
Telephone Company except under written agreement.
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PERATION

2. FUNCTIONAL DESCRIPTION
A. General

1. Mechanical Detail

2.01 The FO0X-2 is a wall-mounted,

customer premise unit. The
cabinet is 15 3/4 inches (402 mm)
wide, 23 1/2 inches (600 mm) high and
6 1/4 inches (161 mm) deep. The unit
weighs approximately 35 lbs
(77.18 kg.) fully equipped.

2.02 The unit is divided into 2
sections. The main portion

~o

es the circuit cards, fiber entry
and fiber storage. This sectioﬁ has 2
keyed locks for security. The front
cover has 2 status indicator LEDs: a
green POWER ON and a red UNIT FAULT.

The second section protects the
interconnection points to the unit.
The ac power outlet, Tl connectors and
alarm cable connections are behind

vides a bottom and
mova le plate for feeding
fiber cable into the unit. A cable
retainer is available for storage of
excess fiber patchcords or pigtails.
Fit are then brought to the

T 1Y

LTU card w

2.04 The Tl or T1C interfaces to the
FOX-2 via 15 pin D connectors on
the connector panel. See Figure 1 for
a view of connector panel. Connectors
labeled CHAN 1 through CHAN 4 are used

to interface T1 signals, while
connectors CHAN 1 and CHAN 2 are used
for T1C signals. See Section 5, the

Installation Section 829-100-005
TABLE C for the signal pin-out of
connectors. Section 3, Parts List and
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Ordering Section (829-100-003)
provides part numbers for cables with
a connector on one end and a free end
for wire wrapping.

2.05 The local alarms connector, a

nine pin D type connector on the
connector panel, interfaces to Local
office alarms of BAY, MAJOR and MINOR
alarms.

2. Circuit Cards

2.06 The FO0X-2 has optional unit
configurations. The first is a

choice of two different LS interface

cards, Tl (1.544 Mb/s) or T1C (3.152

M / TC Jens £
Mb/s) LS interface. The second option

is a redundant optical path. This is
done by using two LTU cards, STBY LTU
card and MAIN LTU card. Both LTU cards
are electrically identical, but the
components are mounted on opposite
sides. The STBY LTU mounts in a slot
at the left side of the middle shelf,

while the MAIN LTU mounts in a slot at
the richt gide of the middle shelf

CiiT LA dpaiv SalT VL LAUT QAN aAT Saatass

Traffic is bridged onto both LTU cards
while one is on-line and the other
off-line.

Below is a list of the FOX-2
Circuit Cards

Card

J vaia

1. CCA150Gl: 117 Vac Power

Supply (PS)

2. CCA002G5: Control Micro-
processor (MPU) Card

3. CCA148Gl: Main Light Terminal
Unit (LTU) Card

4, CCAl149Gl: Standby Light
Terminal Unit (LTU) Card

5. CCA050Gl: T1 LS Interface Card

6. CCA124Gl: T1 LS Interface Card
(All zero's)

7 CCAQ06G1: TI1C LS Interface Card

8. CCA058GlE: Maintenance
Interface (MIC) card for Tl LS
Interface card, or T1C LS
Interface card, and MPU card
replacement.

SECTION 829-100-002

3. Redundancy

2.07 The FOX-2 unit requires two LTU
cards, for optical path
redundancy. Each LTU card has two FC
optical connectors, one transmit and
one receive. A fully redundant system
would require four optical fibers.

2.08 Low-speed redundancy is
accomplished at the multiplexing
level. Main and standby muldems are
on each low-speed card to protect the
signal once it is at the DS-2 level.

2.09 See Figure 2a and 2b for

redundant signal paths inside
+ha BNY_ Tntarnal +traffie nath

the F0X-2. Internal traffic path
selection and control are performed

by the MPU card. The MPU selects main
or standby LTU receiver DS-2 clock and
data inputs, for use by the LS
Interface card. The MPU illuminates a
green ON LINE LED on the LTU card
carrying the traffic. This LTU card
also provides the master clock. This
clock is used for the transmit data
from the LS Interface card to the LTU
transmitter. Main or standby DS-2
paths on the LS card can be selected
to multiplex and demultiplex the
signal. This effectively provides main
and standby LS receiver paths, and
main and standby LS Transmitter paths.

While the main and standby HS paths
use separate fibers, the MAIN and STBY

LS paths are internal to the LS
Interface card.

2.10 There is only one 117 Vac Power
Supply card. There is no
redundancy to the power supply system.

4, Fault Detection

2.11 The FOX-2 has an internal fault
detection system. Each card has
circuitry that detects defects in the
operation of the card and outputs -
signal to the backplane. The MPU
monitors these signals, and uses th:
information to control switching.
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2.12 The MPU also sends signals to
the cards to illuminate or
extinguish LEDs located on the cards,

to provide a visual indication of a
fault. See Figure 3 for a view of the
front of all cards' LEDs and switches.
This feature is used by the MPU to

test all the LEDs, by illuminating

them whenever the MPU performs a reset
cycle.

2.13 Fault reporting is not limited
to the LEDs on the circuit cards.
There are two LEDs on the front cover
of the FOX-2 unit. One is green and
indicates locally that the FO0X-2 is

powered on. The other is red and
indicates that the F0X-2 has a unit

fault. These LEDs are driven by the
Power Supply card, but commanded by
the MPU card. On the connector panel,
J6 provides a local alarm interface.
These relays are located on the MPU
card, and the contacts are isolated.

Note: MAJOR and MINOR return through
the COMM connection while the BAY

alarm returns through ground. See
Figure 4.

2.14 When there is a failure in a

FOX-2, the MPU card sets the
spare bit in the DS-2 pattern to a
one. This spare bit is referred to as
the Overhead Bit or Overhead channel.
This is detected at the other end of
the FOX-2 system by the LTU card. When
the remote end is another FOX-2, its'
MPU will illuminate the yellow REMOTE
FAIL LED on its LS INTERFACE card.
When the other end is an 828

popre | Py mamamed 27 Tasma o~

mu;tlpiexer, the LTU card illuminates
the yellow EXTENDED REMOTE FAIL LED on
the corresponding LTU Card in the 828
multiplexer.

2.15 The fault system also provides a
manual testing system to

establish correct illumination of

LEDs, activation of local alarms, and

............. E SIS Ay Pl tantldanns

protective switching. This testing

SECTION 829-100-002

system is composed of FAULT TEST LINKS
located on cards. When these links are
shorted, the MPU detects an indication
of a fault even though the fault does
not exist. The MPU will respond as
though a real fault had occurred and
illuminate LEDs, command switches, and
activate local alarms as required. The
Initial Operation Section Fault Test
Procedures (829-100-006C) tests these
features.

2.16 The redundant paths of the FO0X-2
are under MPU control. The MPU
has an AUTO/MAIN/STBY switch on the
front edge on the card. This switch
can lock out the Automatic Protective
Switching mode of the FOX-2 and lock
the signal into a main or a standby
signal path. This feature is useful
for maintenance and testing operations.
2.17 The FOX-Z also offers a manualiy
commanded DS-2 loopback. This
is controlled from the Power Supply
card. A rotary selector switch with
selection numbers from 0 to 9 is used
to select the local command. This
command is activated by switching the
LOOPBACK ENABLE switch on the Power
Supply card to on (down) position.
This is not a hardware function. The
selector and switch load resistors are
read by the MPU, the MPU then commands
the loopbacks to take place.

The CCA002G5 MPU software only responds
to two commands.

1
8

Initiate DS-2 loopback
Remove all loopbacks

(]

2.18 A loopback requires two
commands, one to establish it
and one to remove it. For each local
command, the command is selected while
the Loopback Enable switch is in the
OFF position (up). The Loopback Enable
switch is set down to activate the
command. The activated command will
£

.
'
D
a
D
3
D
3
o



0N o 0
‘F:rn»

Q- W o
D = cr

'

and activa with the Enable switch.
The Enable switch must again be
returned to OFF or up position.

2.19 A fully redundant FOX-2 has
separate main and standby traffic

MPU card, which can be placed on
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the transmission path; or it can

select the main or standby traffic

path. When traffic is manually
selected, it is locked in for all
cards. When set to STBY, the traffic

uses standby circuits on LTU cards and
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2,20 Block diagram 2a and 2b, notice
the main and standby path
receive signals from the LTU cards are
ut switch o
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the LS Interface card to the LTU card
is paralleled and sent to both LTU
cards. Both LTU cards are always
transmitting the same signal, and
using the transmit clock from the ON

)
b
.}
]
)
i
d
)

-
£

[ e ]

Mok
o]
w

[ r?

i
$ th
remote end. When the LTU card detects
a faulty receive signal, it alerts the
MPU. The MPU commands the switch at
the DS-2 bus side of the LS Interface
card to select the good received

-

signal. The MPU toggles the LS switch
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3.01

Software Description with CCA002G5
MPU Card

The CCA002G5 MPU card software
supports the following features:

Power up diagnostic.

Power up inventory of cards
Power up configuration of
circuits.

Monitors fault indicators from
cards.

Illuminates fault LEDs.
Activates MINOR and MAJOR local
office alarms.

Activates local office Bay
alarms.

Accepts 1 and 8 commands from
Power supply card switches,
Commands ( 1 ) loopback
cont1gurat1on.

switches to LS Interface card
and LTU cards.
Illuminates switch status on LTU

referred to as the Overhead

Channel.
Accepts the Overhead Channel bit

from received signal and if a

L IR i S al DIIAENAMTY TATYTY
one, illuminates the REMOTE FAIL
TEN A +ha TQC Tntarfara rard
LhU VUll LIIT Ly ldlilciilauT Laiwe
When there is a main and standby
channel failure, to provide a LS

i 2

signal, the MPU commands the
replacement of the defective
signal with an all one pattern

or AIS (Alarm Indicating Signal)

PO .

to alert the remote LS point.



4., DETAILED CARD DESCRIPTIONS

cri o
ircuit cards. Below

829-100-002B MPU Card

829-100-002C MAIN/STBY LTIU Card

829-100-002D T1 LS Interface Card

829-100-002E TI1C LS Interface Card
1152M
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TELCO SYSTEMS FIBER OPTICS CORPORATION SECTION 829-100-002A
Norwood, Massachusetts 02062 Issue 2, November 1987
FIBRER OPTIC DS-2 EXTENSION (FO0X-2) UNIT
POWER SUPPLY CARD THEORY OF OPERATION

CCA150G1
CONTENTS PAGE 2.03 The Power Supply card monitors
its regulated volitages and
1. SCOPE i compares them to an internal
manufacturer set standard. It
2. FUNCTIONAL DESCRIPTION 1 illuminates a green WORKING LED as
A. General 1 long as voltages are within 5% of the
B. Block Diagram 2 specified value. When the voltage

output is 5% to 10% greater or less
3. POWER SUPPLY CARD TO BACKPLANE than the designated value, the compare

SIGNAL DESCRIPTIONS 2 circuit illuminates a red FAULT LED,
and extinguishes the green RUN LED, on
the card. This circuit also will

1. SCOPE illuminate the Unit Fault LED on the
FOX-2 cover.
1.01 This subsection presents a
functional description of the 2.04 There are eight opto-isolated
Power Supply (PS) card used in the inputs to a buffer that can be
FOX-2. See Figure 1, for views of the read by the MPU card. This is for
Power Supply card. Figﬁfé 2 contains a future use.
block diagram of the Power Supply card
circuits. TABLE A in Section 2.05 Four LEDs in the FOX-2 are
829-100-002 describes the LEDs and driven by electronics on this
Switches found on the card. card. Two are on the card, the green
Unit Working LED and the red Fault
1.02 This subsection was reissued to LED. The other two are located on the
add new information. FOX-2 cover and wired into the ac
connector at the top front of the
Power Supply card. These are the green
Unit On and the red Unit Fault.
2. FUNCTIONAL DESCRIPTION
2.06 There is also a buffer that
A. General interfaces the two local command
loopback switches to the MPU. The
2.01 The major function of the Power Loopback Select switch is a rotary
Supply card is the conversion of selector switch with decimal
the 117 Vac office power system to the selections 0 through 9. The output of
voltage levels needed for operation of this switch is in BCD code to a
the FOX-2. buffer. The Loopback Enable switch is
a toggle switch. Its position, up or
2.02 The voltages supplied by the PS down, controls a bit in the buffer
card to the test points on the interface to the MPU card. Down
front of the card are: signals the MPU to activate the
command selected, while up signals a
+15 Vvde neutral position for the switch and
+5 Vdc causes no activity by the MPU.
-5.2 Vdc

0 REF volts (Ground)



2.07 The MPU interface via the
backplane, allows the MPU

to communicate with the Power Supply

card. The MPU can read the

opto-isolated alarm buffer, or the

local command input switches. The MPU

can control the Unit Alarm and Power
On LEDs located on the F0X-2 Cover
interfaced via drivers on this card.

B. Block Diagram

2.08 Figure 2 is a block diagram of
the Power Supply card. The ac

power is shown at the upper left of

the block diagram. Here a detector
detects the presence of ac current and
illuminates the Unit Working LED on
the PS card and the Power On LED on
the FOX-2 cover.

2.09 The ac is rectified and
filtered. A switching circuit
working at 100 KHz drives a
transformer that outputs the three
voltages used in the FO0X-2. These
voltages are rectified and regulated,
then sent to the backplane for
distribution through the F0X-2.

2.10 A detector circuit monitors the
secondary voltage levels. When-
ever any of these voltages changes
between 5% and 10%, the circuit will
illuminate the Fault LED on the Power
Supply card. The status of this
circuit is read by the MPU and also

illuminates the Unit Fault LED on the
FOX-2 cover.

2.11 Address, control, and data lines

interface from the backplane to
buffers on this card, to interface the
MPU communications to the Power Supply
card.

3. POWER SUPPLY CARD TO BACKPLANE
SIGNAL DESCRIPTIORS

3.01 Figure 3 is a block diagram of
the Power Supply card
interfacing signals.

3.02 The harness connecting to the
connector at the top fron
of the Power Supply card passes the ac
from the ac input connector on the
FOX-2 connector panel to the Power
Supply card. In addition, the LEDs on
the FOX-2 cover interface back to the
PS card via this connector.

.03 Via the backplane, the MPU
interfaces with control,
address, and data lines. Seven of the

eight opto-isolated inputs enter
through a 15 pin connector on the
connector panel, then to the PS card
via the backplane. The remaining, or
eighth isolated input is wired from
the backplane to the FOX-2 cover
closed switch. The CCA002G5 MPU card
presently does not interrogate the PS
card for the status of these inputs.

3.04 Three voltages and a 0 reference

voltage return line interface to
the backplane. These are the outputs
of the +15 Vdc, +5 Vdc and -5.2 Vdc

voltage regulators.

2A-2
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TELCO SYSTEMS FIBER OPTICS CORPORATION
Norwood, Massachusetts 02062

SECTION 829-100-002B

Issue 2, November 1987

FIBER OPTIC DS-2 EXTENSION (FOX-2) UNIT
CONTROL MPU CARD THEORY OF OPERATIONS CCA002G5

CONTENTS PAGE

1. SCOPE 1
2. FUNCTIONAL DESCRIPTION 1
A, General 1

B. Block Diagram 3

1. SCOPE

1.01 This subsection presents a
functional description of the
Control Microprocessor (MPU) card,
used in the F0X-2. See Figure 1, for
views of the Control MPU card. Figure
2 contains a block diagram of the
Control MPU card circuits TABLE A

.
A Ih 73
describes the LEDs and Switches found

on the card.

1.02 This subsection was reissued to
add new information.

2, TFUNCTIONAL DESCRIPTION
A. General

2.01 The CCA002 Control MPU card is

also used in the 828 multiplexer
equipment. There are many G levels
for this card, all referring to the
software contained in the PROM on the
card. The FO0X-2 uses a G5 level
software, so the P/N of the card is
CCA002GS5.

2.02 There are seven red LEDs on the
MPU card front edge. They are:

a traffic-affecting fault exists
in the FO0X-2.

— MINOR - illuminates (red) when a
non-traffic-affecting fault exists
in the FOX-2.

— FAULT - illuminates (red) when a
fault exists in the Control MPU

card.
— MANUAL - illuminates (red) when
the multiplexer has been switched

manually by the MAIN/AUTO/STBY
switch on the MPU.

— ACOI - illuminates (red) when
the alarm cut-off function is
enabled.

— MULT T1 IN - illuminates (red)
when more than one Tl or at least
one T1C is faulty.

- TMS - monitors high-speed
switchings status. Indicates that
four or more automatic high-speed
switches have occurred within a

given 10 minute period at the LTU
card.

2.03 There are three switches located
on the front edge of the MPU
card. They are:
— MAIN/AUTO/STBY switch ~ A
three position toggle switch for
manually switching the LTU cards
or the Main or Standby low-speed
path in the LS Interface cards.

— ACO button - a momentary contact
pushbutton switch for disabling
the current fault condition(s)
from initiating local and remote
bay alarms. However, new fault
conditions are recognized.

— RESET switch - a momentary push-
button switch used to reinitialize
the microprocessor.
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2.04 The Microprocessor performs a
power up diagnostic. This tests
all LEDs, and features of the System. B. Block Diagram
The MPU then configures cards as
required and takes a system inventory. 2.06 Figure 2 is the block diagram of
The MPU performs the following the MPU card. The MPU is buffered
operational software functions: to two bus structure, an address bus,
and a data bus. These bus structures
Keeps track of faults detected are buffered out to the backplane from
on all cards. the MPU card, allowing the MPU to
address individual cards in the system
Tl1luminates and extinguishes as it addresses its own on the MPU
fault and status LEDs as card memory. The Address bus has
required on all cards. eight bits of address pover, but only
A0, .gl and A6 are extended to the
Establishes overhead bit backplane bus.
communications for remote alarm
reporting. 2.07 Six of the LEDs on the MPU card
front edge are controlled via a
2.05 The MPU hardware features are: latch. The remaining one, (FAULT LED)
is controlled by the Watch-dog counter
Watch-dog timing to restart and its latch.
program if a microprocessor lock
up should occur. 2.08 A dual UART interfaces the MPU
bus to two serial data lines. One
Three 8K blocks of ROM memory gserial line will provide the overhead
for the Software. bit communication carried over the
DS-2 optical fiber path. The other
A dual UART (Universal serial path would be to a connector
Asynchronous Receiver interfacing an RS-422 communications
Transmitter) for seria path tc 2 monitoring system like
communications from tne MPU TELTRAC. This is not implemented in
card. This is used for overhead the FOX-2.
bit communications.
2.09 There is also a Parallel
Uses a Motorola 6809 MPU chip. Interface Adapter (PIA) or
Versatile Interface Adapter (VIA) that
2K of dynamic RAM to hold the can provide a latching control signal
dynamic activity of the software bus to other cards in the system.
being processed. This bus can be used for internal
alarm reporting to the MPU from the
Relay interface for local alarm cards in the system.
reporting.
2.10 A watch-dog timer on the Control
A latch to control the MPU LEDs. MPU card monitors system
performance. This timer must be reset
A parallel inter face adapter every 200ms by software control. If
chip allows iatchable the timer does not reset automatically
bidirectional high speed data within 200ms, the FAULT LED on the
movement in the system. front of the Control MPU card
illuminates.

2B-3



2.11 The Control MPU card is equipped
with three 8K bit locations of

Read Only Memory (ROM), and one 8K bit

location of Random Access Memory

(RAM). However, these spaces vary
m

2.12 There is a connector on the MPU

card that interfaces to all
address, data, and control lines of
the microprocessor unit. This is not
used in the FOX-2.

1 L4 o4 S N X
2.13 There are two eight pole DIP
switches on the Control MPU

card. These are read like registers
by the microprocessor, and used to
store system configuration data.
Consult TABLE A for reference to
settings.

1209M
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TABLE A. MPU Card LEDs and Switches
CCA002G5 MPU Card

Type Color Identity Description

Front card LEDs listed from top down:

Red MANUAL Illuminates when automatic switching
has been overridden.
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affecting fault 1n the FOX—Z unit.
Red MINOR Illuminates when a potential traffic
affecting fault exists, or alarm
reporting faults exist
Red ACOI Illuminates when
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Illuminates for degraded operation or
intermittent high speed failures,
causing (Too Many Switches).
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Red FAULT Jiluminates with an MPU FAULT.
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RESET At the top of the card, there is a reset
button, this button will reset the
microprocessor with a hard reset,
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S0
all resettabie cards in the FOX-2 unit

i

Q
3
g

111 clear standing UNIT
ndicators on the cover, and
clear MAJOR and MINOR faults on the
connector panel. Subsequent alarms will
be reported normally. The MAJOR and
MINOR LEDs on the MPU card are not
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affected by the ACO button.
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Type Color Identity Description
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Swit ; his switch can set the automatic mode
Cont. STANDBY of switching or bypass automatic and
manually set traffic to MAIN or STBY

paths in the FO0X-2 unit.

DIP SWITCH 3 | This switch is used to configure the MPU
operation, and contains 8 poles.

S3 pole 1 Not used in FOX-2

S3 pole 2 Not used in FOX-2

S3 pole 3 ON = ACO MODE permanently enabled.
OFF = ACO MODE Off alarms normal

S3 pole 4 Not used in FOX-2

S3 pole 5 ON = FOX-2 to FOX-2 System
OFF = FO0X-2 to 828 Syste

S3 pole 6 Not used in FOX-2

S3 pole 7 Not used in FOX-2

S3 pole 8 Not used in FOX-2

DIP SWITCH 4 | This switch is used to configure the MPU

operation, and contains 8 poles.

54 pole 1 Not used in FOX-2
S4 pole 2 Not used in FOX-2
S4 pole 3 Not used in FO0X-2
S4 pole 4 Not used in FO0X-2
S4 pole 5 Not used in FOX-2
S4 pole 6 Not used in FOX-2
S4 pole 7 Not used in FO0X-2
S4 poie 8 Not used in FOX-2

Qia pUATS LU VA pYSLSIUVAS

JUMPERS
The following jumpers are jumpered
U6 to Ji3
U7 to J10
ug to J7
U9 to J4

2B-7




TELCO SYSTEMS FIBER OPTICS CORPORATION
Norwood, Massachusetts 02062

FIBER OPTIC DS-2 EXTENSION (FOX-2) UNIT
MAIN and STBY LIGHT TERMINATING UNITS
(LTU CARD) CCA148G1/CCA149Gl

CONTENTS PAGE
1. SCQPE 1
2. FUNCTIONAL DESCRIPTION 1
A. General 1l
B. Block Diagram 6
3. LTU CARD TO BACKPLANE SIGNAL
DESCRIPTIONS 7
1. SCOPE

1.01 This subsectlon presents a

Light Transmission Units (LTU card),
used in the F0X-2. See Figure 1 for
viewn of the LTU card, Figure 2

card circuits. TABLE A describes the
LEDs and Switches found on this card.

1.02 Th tion was reissued to
3 -~
a O L'llic¢

2. FUNCTIONAL DESCRIPTION

A. General

2.01 There are two LTU cards, both
are identical in terms of
circuits, but not in terms of physical

layout. The components are mounted so
when both the main and standby cards
are installed, the components side of
the card will face each other

H

.
Because of this when the optical fiber
pigtails are attached, they will be
dressed between the cards.

2.02 The LTU cards use FC type
optical connectors. Each card

[y~

2.03 The LTU transmitter is a

Singlemode 1300 nm LED, while the

receiver is a 1300 nm PIN diode.

2.04 The 6.312 Mb/s (DS-2) signal is
randomized or 3B6B encoded and

used to modulate the LED output,

producing a 12.624 Mb/s optical signal.

2.05 As with other cards in the

FO0X-2, the MPU card can
communicate with the LTU card via the
backplane. The MPU can receive the
card fault indications, command LED
illumination, and protection switching

on the card. An internal electrical
loopback of the optical received
signal to the optical transmitter can
be commanded by the MPU card.

2.06 The LTU card contains the 6.312
MHz oscillator used to time the
multiplexing operation on the LS

The demultiplexing
operation on the LS Interface card
gets its oscillation from the
recovered clock at the optical
receiver
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3

TABLE A. MAIN and STBY LTU Card LEDs and Switches
CCA148G1 MAIN LTU Card
CCA149G1l STBY LTU Card
Type Color Identity Description
LEDs
Yellow | EXT. REMOTE Illumination indicates a fault on the
remote end of the fiber path, for
FOX-2 to 828 non TELTRAC systems. The
FOX-2 will toggle the overhead bit
high in the DS5-2 data stream. The LTU
installed at the 828 will recognize
this as a fault in the FOX-2, at the
remote end of the fiber path.
Green ON LINE Illumination signifies this card is
carrying the traffic.
Yellow FO RX FAIL Illumination indicates the fiber optic
input has failures on this card. (The
Receiver is getting no signal.)
Red LTU FAULT Illumination indicates there has been
a fault detected on this LTU card.
Yellow | REMOTE Not Used in FOX-2
FAULT TEST
JACK Top Down
1 Loss of lock | Simulates a loss of lock on optical
signal.
2 FO TX I/P Simulates a fiber optic transmitter
FAIL input failure.
3 FO TX 0/P Simulates fiber optic output failure.
FAIL
4 FO RX FAULT Simulates fiber optic receiver failure.
5 FO I/P FAULT | Simulates fiber optic input failure.
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MAIN and STRY LTU Card LEDs and Switches (Cont.)
CCA148G1 MAIN LTU Card
CCA149G1 STBY LTU Card

Color Identity Description

JUMPERS CLOSED CONFIGURE CARD AS FOLLOWS

LK1 LOOPBACK timing if LTU is in 828M/828F.

LK2 LOOPBACK timing if LTU is in FOX-2/828A.

LK3 LOOPBACK CODEC timing if LTU is in
FOX-2/828A.

LK4 LOOPBACK CODEC timing if LTU is in
828M/828F.

LK5 OHC (overhead channel) remote alarms if
used in 828M/828F.

LK6 Not Implemented (leave open).

LK7 OHC (overhead channel) activated if in
828A/F0X-2.

LK8 Extended Remote Alarm active if i
828M/828F.,

LKe Extended Remote Alarm active if in
FOX-2/828A.

LK10 LOOPBACK DATA if in 828M/828F.

LK11 LOOPBACK DATA if in FOX-2/828A.

LK12 if used in FO0X-2.

LK13 if used in 828M/828F/828A.

,TU card in FOX unit

LK2, LK3, LK7, LK9, LK11, LK12
are closed

Jumpers for LTU card in 828M/828F
Multiplexer umnit

LK1, LK4, LK5, LK8, LK10, LK13
are closed

Jumpers for LTU card in 828A multiplexer
unit

TW”D
1X2, LK3, L

are closed

K[ALT LaV=0C
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07 Refer to Figure 2, the LTU card
bleck diagram. There are four
protection switches located on the LTU
card available to the MPU to command.
There are two separate switches on the
ace to the backplane, that
- _d t-

-
1 e
¥+
-

f'f [4/]

e

There 1s one fo
signal input to the LTU card, and one
for the received signal output from
the LTU card. A switch prior to the
elastic store and after the decoder of
the optical receiver can sw

iput t© S

1 P
X raii

h

= ¢t e
o O F

a
t d. Th
op k
source. Another loopback switch is
located between the elastic store and
the decoder at the transmitter to loop
the received signal back to the
transmitter This loops the T2

B. Block Diagram

2.08 Refer to Figure 2, the LTU card
block diagram. The area at the

upper right is the optical transmitter
men A alea VT acrmar ed lea L e Al a1

il L€ 1ower Iigiit 1S tile gpuicCal
raraivor TAn +tha 12€fF+ 3¢ tha
&l Vel e F S widt i -~ il
interface to the backplane.

2.09 Two DS-2 signal paths enter via
the backplane from the LS
Interface card main and standby. The

incoming data from the LS interface
card. This clock is sent to the LS
Interface card, then used as the
Multiplexing clock on both the Standby

and Main paths. The signal passes
through an elastic store, where the
data speed is synchronized to the
clock. The output is sent to the

to the scrambler.

I

O
»
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2,10 The loopback switch can, on
command from the MPU card, select
the data just processed by the elastic
store, or the data received at the
optical receiver to be sent to the
scrambler.
2.11 The Scrambler or Ra n 6
encodes the data stream, ensuring
a constant changing signal for the LED
transmitter., The output of the
scrambler is used to modulate the
output of the LED transmitter.

A 10 ML o DaeanAdmmn S e AQDLD AvAa~d -
Lo d il na luUlllJ. LT Q2DUD TLlHiLUuCTyL
takes three bits of DS-2 data and

e
encodes it into five bits, a 6th bit
used as an overhead bit is included,
bringing the three bit of data to an
encode of six bits. The result is a

doubling of the data path trequency,
from 6.312 Mb/s to 12.624 Mb/s.

2.13 The sixth bit, used in the
randomizing process provides the

overhead channel,
remote faults between the FOX-2 units
or FOX-2 and 828 mux units.

~ 1 2 mi aQ - e AL o T 1. atl .
.14 ine rtransilit patll Lirouglil LIc
TTIl rard hae thrae fanult
A v “aliwu A1 O Ciidk Lo 4L CAulL o
detectors. One at the output of the

switch to the Elastic Store circuit,
to detect the presence of an input to
the transmitter. One at the phase
lock loop (PLL), where loss of lock is
The action of the transmit

itored.
TN - 3. o 2 e 2 e T o A
LED moauidior 1S MmoiniiLoreua as 4a
mndiilatian f2ilure Thece fanlte re
moGuiatlon rfaliure. +01€e€S8€ Tau.its re
reported to the MPU card and will
light a FAULT LED on the LTU card

producing them.

2.15 The Receive path is essentially

the reverse of the transmit path
A pin diode converts the optical
adornal +#An an alantrirnal aional Tha
DJ.EJIC\.L LV alil cCiCTLilLidval Q.Lall.ao.l. . P e vy
receiver extracts the timing

component, then the timing and
received data are passed to the
descrambler or derandomizer.



2.16 The Decoder decod the 3B6B
encoded data bac“ to 6.312 Mb/s
data, recovering the overhead data
bit. The overhead channel bit is
jnterfaced out to the CCA002G5 Control

MPU card. The Control MPU card will
interpret the overhead bit, and light
the LS REMOTE FAIL LED on the LS
Interface card if it is a One.

2.17 The decoded DS-2 data signal and
recovered timing are passed to

two loopback switches. The loopback
switch in the transmit path may select
it, for a loopback of the optical data
path. The loopback switch in the

receive path on command from the MPU
+ha al aafic

aenTY

may pass the DS-2 data to the eiast
store for processing and interface to
the 1S Interface card. This loopback

switch is the one that can loopback
the LS signal from the LS Interface
card back to the LS interface card.

a

2.18 The receive path monitors three

fault fail points. A signal fail
fault detector monitors the receiver,
and passes the status to the MPU

card. The result is a yellow RX INPUT
FAIL LED, indicating no signal
received at the optical receiver.
Fault fail detectors on the decoder
2°9

WOt 0
= 2 T

o

[=]

td o

2.19 There are jumpers placed at

various locations on the LTU card
These are to adjust the operation of
the LTU card slightly for use in
either the FOX-2 or the 828 mux
mita
WUidd a2 o
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LTU CARD TO BACKPLANE SIGNAL

DESCRIPTIONS

3.01 Refer to Figure 3, the LTU card
signal diagram There are two

classes of interfacing signals, those
to the backplane, and those from the
card surface itself.

3.02 Interfacing from the card

surface, using optical fiber,
connects the transmitter and receiver
via FC connectors.

3.03 The remote fault signaling
system uses two overhead channel
connections to the backplane, in and
out.
3.04 The backplane also interfaces
the fault signals from on bé’fd
detectors. Transmit Alarm (FC TX 0/P
FAIL, TX I/P FAIL, and LOSS of LOCK)
for transmit detectors, (FO RX I/P
FAIL and RX FAIL) for receiver

faults. The receive error signal is
not used by the CCA002G5 MPU card,
since the MPU does not calculate BER
nor use it as a criteria for

3.05 The backplane inputs the main

and standby DS-2 transmit data
paths from the LS Interface card, and
interfaces the timing for both paths
from the LTU card, to the LS Interface
card.

3.06 The backplane also interfaces
the recovered DS-2 data from the

optical receiver along with its
recovered clock. There are two
receive paths, main and standby.
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D s
P e O
t ga O



*¢ 2In81g

weietq Teuldts pien NI1

DS-2

MAIN

STBY

MAIN

STBY

SW.
REQUEST

RXT2 TM
«
RXT2 DM -
X
X T2 - INPUT
-t s J {
RX T2 DS -
"XT2 DM W,
- TXT2 SW
-—TXT2TM
- TXT2DS
- TXT2TS
SQR-2M >
SQR-2S >
RX X
B2-883-AA

/L

<

\ AO A1

S

< IMPURE PLACE

\

>

FIBER PATH




SECTION 829-100-002C

o]
O e
w «
:
5 A
o > >< -
< - o P
o T
o ‘ |
(@] { )
- \
/
\ /
RN
</ o
\ Pigi ~N
\ /’ \\
/ \
/ 9
‘ '
| f
"4 } v (o]
o o o = |
» 9} |s 9l |= w
(=] 3] < o e )
(o]
<
x x
x| |E x| |
o2 Ko
ol ¢ o| [F
- -

Figure 4. LTU Card Loop Back Diagram

2C-9



TELCO SYSTEMS FIBER OPTICS CORPORATION SECTION 829-100-002D
Norwood, Massachusetts 02062 Issue 2, November 1987
FIBER OPTIC DS-2 EXTENSION (F0X-2) UNIT
T1 LS INTERFACE CARD CCA050G1/CCA124G1
CONTENTS PAGE data and timing. The s al is then
fed to the Switching and Elastic Store
1. SCOPE 1 (SWEL) circuit where the data rate is
monitored to originate pulse stuffing
2. FUNCTIONAL DESCRIPTION 1 information.
A. General 1
2.03 The four DS-1 signals are then
applied to the MAIN and STBY
1. SCOPE MULDEM (MULtiplexer/DEMultiplexer)
circuits. Framing bits, stuff timing,
1.01 This subsection presents a and stuff signaling are added into and
functional description of the multiplexed with the four DS-1 signals
Tl LS Interface cards, used in the into one DS-2 signal. This signal is
FOX-2. See Figures 1 and 1A, for views applied to a switching circuit,
of the T1 LS Interface card. Figure 2 contained within the MULDEM circuit.
contains a block diagram of the T1 LS The MULDEM, controlled by the Control
Interface card circuits. TABLE A MPU card, switches from the MAIN
describes the LEDs and Switches found MULDEM circuit to STBY, or vice versa,
on this card. if a fault occurs.
1.02 This subsection was reissued to 2.04 The Tl card outputs an All 1s
add new information. Alarm Indication Signal (AIS)
whenever there is a loss of input
timing, or the Control MPU card
detects a stream of 5 (+£75)
2. FUNCTIONAL DESCRIPTION consecutive Os. LS INTER Tl card Part
Number CCA124 will output all Os
A. General instead of All 1s.
2.01 The Tl Low-Speed Interface (LS 2.05 The MPU Interface provides a
INTER T1) card processes data bus to and from the Control
transmit and receive DS-1 signals, and MPU card. When the Control MPU card
contains redundant transmit and is removed from the FOX-2, the MPU
receive circuitry for protection. Only Replace (MPU RPL) signal disables the
transmit processinz is discussed here, MPU Interface to prevent transient
since receive is the reverse of signals from simulating any commands.
transmit. A functional block diagram
of the LS INTER Tl card is shown in 2.06 The LEDs on the front of the LS
Figure 2. INTER T1 card and their
functions are listed in TABLE A.
2.02 The bipolar DS-1 (1.544 Mb/s)
signals enter the card through
the 15 pin connector on the backplane
on the FOX-2. These DS-1 signals are

applied to the four circuits where
bipolar data is converted to unipolar
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TABLE A. T1 Low-Speed Interface Card Indicators

LED INDICATOR

DESCRIPTION OF MONITORED POINT LED ILLUSTRATION

REMOTE (yellow)

INPUT (yellow)

FAULT (red)

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

Illuminates when a loss of DS-1
input occurs on the previously
functional DS-1 channel associated
with the card.

Illuminates when the LS INTER T1
card has a failure.

1204M
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FIBER OPTIC DS~2 EXTENSION (FOX-2) UNIT
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CONTENTS PAGE interface circuits where the Positive
/DY anAd Naogatrivae /N) Aata +adle ara
\I} Qliu l‘CBQLLVC \L‘/ “uava AQALILO aic
1. SCOPE 1 removed from the DS-1C signals.
2. FUNCTIONAL DESCRIPTION 1 2.03 The DS-1C signals are then fed
A, T1C Low-Speed to a MULDEM circuit, where
Interface Card 1 framing is checked and the DS-1C

i. SCOPE
1.01 This subsection presents a
functional description of the
T1C LS Interface cards used in the
FOX-2. See Figure 1, for views of the
T1C LS Interface card. Figure 2
contains a block diagram of the T1C LS
Interface card circuits

2. FUNCTIONAL DESCRIPTIOR

A aUW

A, TI1C Low-Speed Interface Card

2.01 The T1C Low-Speed Interface (LS
INTER T1C) card processes

transmit and receive DS-1C signals,

and contains redundant transmit and

receive circuitry for protection.
Only transmit processing will be
discussed, since receive is the
reverse of transmit.

2.02 The bipolar DS-1C (3.152 Mb/s)
signals enter the card through

the 15-pin connector pins on the
backplane of the FOX-2. The DS-1C
signals are applied to the two line

0N

signal is processed into two DS-1

signals. The two DS-1 signals are
tham anmnlianld #A a Quitsrhinag Tlaa+ins
LIITII appllTuU LU a wwililtlilliilg Ldiaoitdo
Store (SWEL) circuit; the DS-1 signal
is then monitored for origination of
pulse stuffing information.

2.04 The four DS-1 level 51gnals are

Q.
0
:1

Qo= et 3R
-'
[
st

e B Fy

into one DS-2 signal. This 51gna1 is
applied to a switching circuit

The MULDEM, controlled by the Control
MPU card, switches from the MAIN
MULDEM circuit to STBY, or vice versa,
if a fault occurs.

2.05 Whenever there is a loss of
input timing, the T1C card
outputs an Alarm Indication Signal

.-.-.-.\

(AIS), which consists of two DS-1 All
1s data stream with DS-1C framing.

2.06 The MPU Interface provides a
data bus to and from the Control
MPU card. When the Control MPU card
is removed from the F0X-2, The MPU
Replace (MPU RPL) si al dl b1 es the
T T

amrr

2.07 The LEDs on the front of the LS
INTER T1C card and their
functions are listed in TABLE A.
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TABLE A. T1C Low-Speed Interface Card Indicators

LED INﬁICATOR DESCRIPTION OF MONITORED POINT LED ILLUSTRATION

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

INPUT (yellow) Illuminates when a loss of DS-1C
input occurs on the previously
functional DS-1C channel associated
with the card.

FAULT (red) Illuminates when the LS INTER T1C e
card has a failure. st O
O s

INTER
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