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APPENDIX 5B

DWG ISSUE 6B

DISTN CODE 7T13

yO SESS™ SWITCHING EQUIPMENT

DIGITAL SERVICE UNIT

CIRCUIT
B. Changes in Apparatus 3. Because the TN1032 conferences
six ports. the time slot
B.1 No change in apparatus. assignment differs from that of
the TN234. The time slot
D. Description of Changes assignment format for the TN1032

is shown in [Figure 4.
D.1 Added TN853, Revertive Pulsing

Transceiver (RVPT), and TN1032, S. Revertive Pulsing Transceiver -
6-port Conference Circuit Packs to the TN853
DsSU.
7.86 Revertive pulsing transceiver
F. Changes in CD Sections (RVPT) circuit packs are located
in the local DSU, where they perform
F.1 Changed SECTION II, 1.02, last the SESS™ revertive pulse transmitting
sentence to read: ... - the IN130 and receiving functions required for
tone decoder, TN132 tone generator, and call processing. Each TN853 can handle
TN234 and TN1032 conference circuits. incoming or outgoing pulsing on up to

32 time slots simultaneously.
F.2 Changed SECTION II, 2.07, second

sentence to read: Voice bridging The RVPT receives &4-MHz clock, 8-KHz
capability for 3- and 6-party frame sync, 32 time slots of data, and
conferencing is provided. control information from the DSUCOM.
Data and control return information
F.3 Added CD for TN1032:  CONFERENCE from the RVPT is sent to the DSUCOM for
CIRCUIT - IN1032 reply to the MCU/TSIU, as are RVPT
faults, parity errors, and summary scan
7.85 The TN1032 conference circuit is interrupts.
identical to the TN234 conference
circuit, with the following exceptions: T. DSUCOM-TN853 Interface
1. The TN1032 operates with a clock 9.87 The TN853 transmits and receives
speed of 8MHz, instead of 4MHz, all signals to and from the
to allow conferencing of six psucoM, which functions as the
ports instead of three. interface between the MCU/TSIU and the
service circuits. The signals Dbetween
2. The TN1032 functions as 8 the DSUCOM and the TN853 are shown in
conference circuit only; the and include clock, sync,
TN234, along with the data, Zontrol channel signals, and
conferencing feature, also interrupt signals. The incoming data
performs "busy line signal transmits the A and B bit
verification." samples to the TN833; the control
nomce
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channel lines permit reading and
writing of the RVPTs  source and
destination registers; and the
interrupt leads transmit fault
indicators and service requests to the
DSUCOX.

7.88 Three data signals are sent from
the DSUCOM to the RVPT: a
4.096-Mb/s serial data bus, a 4.096-MHz
clock, and an B8-KHz sync line. The
data line presents the RVPT with
32 time slots of data, each of which is
16 bits long. The first 8 bits of each
time slot contain the u255 PCM sample;
the last eight contain the A through
D signaling bits, E, F, and G bits, and
an odd parity bit. The 4.096-Miz clock
line is buffered and directed to the
clock inputs of all the flip-flops and
is also buffered and directed to the
delayed sync generator. The delayed
sync generator generates delayed 8-KHz
sync pulses that are used to initialize
circuit counters in the time slot
select register (TSSR), the clock
generator, the parity generator, and
the parity checker. One data signal is
sent from the RVPT to the DSUCOM. This
line presents the DSUCOM with 32 time
slots of data having the same format as
that in the DSUCOM to RVPT direction.

7.89 The control channel lines allow

software to read and write the
numerous source and destination
registers of the RVPT. Control words
are transmitted and received on
separate bus lines at @ 2.048-Mb/s
rate. These reads and writes occur
asynchronously with respect to the
4.096-Mb/s dsta bus, B8-KHz sync, and
4.096-MHz clock. The DSUCOM generates
address by simultaneously activating
one of two possible B address signals
and one of eight possible A address
signals. Additional signals involved
in each control channel operation
include s 2.048-MHz data shift clock, a
read select lead, and a write select
lead. The control channel expects an
acknowledgment pulse on one of two all
seems well (ASW) leads for every
control channel operation.
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Lransmil
back to the

7.90 Tnree inierrupi Jlines
RVPT interrupts
DSUCOM. The first, the parity error
interrupt signsl, generates an
interrupt pulse whenever an incoming
time slot parity error has been
detected. The second, the fault
interrupt signal, generates a latched
interrupt level whenever an error is
detected by the RVPTs fault detection
circuitry. The third, the summary scan
interrupt signal, generates a latched
service request interrupt whenever 2
time siot requires attention. The
summary scan interrupt and the fault
interrupt are latched on the RVPT, and
they remain present until cleared by
control channel write operations.

U. RVPT Hardware and Operation

7.91 The revertive pulse transceiver

(RVPT) hardware is divided into
two groups: functional and
maintenance. The functional group is
the circuitry that performs the actual
revertive pulse transmitting and
receiving. The maintenance group is
additional circuitry that performs
monitoring and checking and permits
software access to exercise the RVPT
hardware.

V. Maintenance

7.92 Each DSC, including the RVPT, has

a maintenance register and an
identification loop-back register. By
writing specified bits of the
maintenance register active, the three
types of outgoing interrupts (parity,
fault, and summary scan can  be
generated. Also, one bit controls the
out-of-service LAMP; another is looped
back to the identification loop-back

register for control channel
verification. The identification
loop-back register, when read, returns

the looped bit and a 7-bit RVPT
identification code. Each DSC type has
a unique code. Seven bits of the
maintensnce register are used to set
specific summary scan register bits.
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W. Parity Checker

7.93 The parity checker monitors the

incoming 4.096-MHz data bus and
checks for odd parity over the 16 bits
in each time slot. If a time slot
parity error (even parity) occurs, the
corresponding bit of an internal 32-bit
lateh is set. Also, @ parity check
error pulse is generated to the DSUCOM
on the parity error interrupt line.
Two time slot select register bits
allow per-time-slot mask control over
parity interrupts and parity error bit
setting in the 32-bit latch. The
32-bit register can be read and cleared
by the control channel.

X. Fault Interrupt Register

7.94 The fault interrupt register

monitors seven internal board
error lines. Each line can cause 23
fault interrupt to the DSUCOM. The
interrupt signal generated is a latched
level. Each interrupt input, when
active, sets an internal latch. The
latch outputs are ORed together so that
any of the seven inputs can generate an
interrupt out of the gate array. The
latch outputs into the OR circuits can
be masked individually to ignore
undesired inputs. The latches ‘can be
read, cleared, and the per-line mask
enabled by control channel writes. Two
retriggerable, monostable
pultivibrators monitor the incoming
4.096-MHz clock and the 8K sync lines.
1f either signal is  missing oOr
intermittent, the monostables send
active low-error signals to the fault
interrupt register inputs. The sanity
check is a timer that must. be updated
continually by the RVPT firmware to
prevent it from expiring. If the timer
does expire, an active low-error signal
(SANITYE) is sent to the fault
interrupt register.’ The parity
check/gen block generates parity on any
write to RAM and checks parity on any
read from EPROM or RAM. If this parity
check fails, an active low-error signal
(DBUSPE) is sent to.the fault interrupt
register. Other fasult lines monitor a

TSSR parity error output, the parity
checker 8-KHz sync- loss output, and the
parity generator 8-Kiz  sync loss
output.

Y. Functional Description

7.95 _ shows a functional

diagram of the RVPT. Timing and
synchronization signals required for
operation of the RVPT are derived from
the the 4MHZCKN and the 8KSYN signals,
which are inputs from the DSUCOM. The
delayed sync generator supplies 8K sync
pulses that have been delayed by the
amounts required for proper
synchronization to the clock generator,
the ©parity checker, the parity
generator, and the time slot select
register. The clock generator supplies
the clock signals required by the
A-B Bit input register, the A-B output
register, the DMA controller, the
timer, and the microprocessor complex.
These are shown in Figure 18 as CK2M,
ICKAB, ILDAB, OCKAB, OLDAB, and OENAB.
CK2M provides the clock for the timer,
the DMA controller, and the
microprocessor  complex. ICKAB and
ILDAB shift and load the A-B bits into
the A-B Bit input register. OLDAB,
OCKAB, and OENAB load, shift, and
enable the A-B bits in the A-B output
register.

7.96 Proper operation of the RVPT is

determined by control signals
that are received from the module
control unit (MCU) via the DSUCOM. The
control buffer and driver circuitry
serves as the distribution point for
these signals shown as CIN in
Figure 18. These signals are inputs to
the clear generate register, fault
interrupt register, maintenance
register, loop register, summary scan
register, I/0 address register, 1/0
data register, parity generator, TSSR,
and the parity checker.

7.97 Control signals perform either a

’ write or a read from a register.
At the end of 8 write or read command
to a register in the RVPT, an all seems
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weil pulse (ASW in [FIgure 1) is
returned to the MCU wvia the DSUCOM.
This signal indicates only that a write
or read was performed by the associated
register. When s resd command is sent
to a particular register, the register
will clock out the data that exists at
its input. This data appears on the
DIRD lead and is sent to the MCU via
the DSUCOM at a 2.048-MHz rate.

7.98 The microprocessor must execute

its reset routine any time
initialization of the RVPT is required.
RESET enables this function. This
reset pulse is provided by the clear
generate register. This register
produces a single pulse output in the
desired bit position when addressed.
The state of this register need not be
remembered because the register
automatically clears after each write.
The clear generate register also is
used to clear the parity fault
registers in the parity checker, the
fault interrupt register, and the
summary scan register.

7.99 The TSSR gate array and & 38A

random access memory operate
together as a per-time-slot controller.
The TSSR has eight output control bits
that are available to enable and
disable per-time-slot RVPT functions.
The 38A stores eight bits of control
data for each of the 32 time sliots.
These 32, 8-bit words are sequentially
displayed at the control outputs, and
the pattern is repeated every 125 ys.
The TSSR allows the contents of 38A‘s
to be written and read asynchronously
through the control channel without
affecting the synchronous output of the
stored data.

7.100 The RVPT uses three of the

TSSR’s eight output control
bits. Two sre directed to the parity
checker, where they control
per-time-slot masking of the interrupt
output and per-time-slot masking of
parity error latching. The other bit
enables time slots to the A-B Bit input
register, The A and B bits are forced
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to "O"s in time slots that are not
Flexibility of the TSSRs
permits the transceiver to receive any

enabled.

of the 32 incoming time slots.

7.101 Input data to the RVPT is from
the time slot interchange unit
(TSIU) via the DSUCOM. This input is a

4.096-MHZ, 32-time-slot,
16-bits-per-time-slot, serial
stream. The 32 time slots of data are

reclocked and then used as an input to
the parity checker and the A-B bit
input register. Only the A and B bits

are shifted into this register.

shifting is controlled by lead ICKAB,
which contains transitions only during

A and B bit times. This register

eight bits long, so it can hold the A

and B bits for four time slots.

transition occurs on lead ILDAB every

four time slots. This transition

used to transfer the A-B bits from a
shift register to a latch within the
A-B bit input register. Lead TSEN from

the TSSR forces the A-B bits to a
in unused time slots.

7.102 The A-B bit output register
supplies the A and B bits for
the outgoing data stream. Lead OLDAB

transfers a . byte from a latch toa
shift register in the A-B bit output
register. This transfer occurs once
Lead OCKAB
shifts the A-B bits to the output at
the appropriste time. Lead OENAB
forces all the remaining 14 bits in

every four time slots.

each time slot to "O"s. This

stream is presented to the parity
generator, vwhich calculates odd parity
for normal

over each time slot
operation.

7.103 The 'DMA controller
bytes from RAM to

comparator, from the A-B bit input
register to RAM, from RAM to the A-B
bit output register, from the I1/0 data
register to RAM, and from RAM-to the

1/0 data register. When

appropriate transition occurs on legd
ILDAB to latch a byte in the A-B bit
input register, a request for service
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is made to the DMA controller. The DMA
controller responds to this request
w{;h the following actions:

1. A byte that contains the previous
and hit timed values for the
A-B bits that are presently in
the two least significant bits of
the A-B bit input register is
read from RAM and presented to
the comparator.

2. The hit timed value is updated if
the present values of the
A-B bits equal the previous
values.

3. The change FIFO is written with
the time slot address and the
A-B bit values if the hit timed
values have changed.

4. The present values and the hit
timed values of the A-B bits are
written to RAM.

7.104 This sequence is repeated for

all four sets of A-B bits in the
A-B bit input register. Then the
A-B bit input register is updated, and
the sequence is repeated. The process
continues until all the time slots in a
frame have been analyzed. This process
is applied to one frame in eight to
provide a scanning rate on incoming
A-B bits of 1| millisecond. These bits
must be equal on two successive scans
before a change is written into the
change FIFO.

7.105 When the appropriate tramsition

occurs on lead OLDAB to cause a
transfer from the latch to shift
register in the A-B output register, a
request to the DMA controller is
registered. The DMA controller
responds with a transfer from the
appropriate location in RAM to the
A-B bit output register.

7.106 The 1/0 data and address

registers, along with two
channels of the DMA controller, are
used to give the MCU read/write access

to the RVPTs RAM. The MCU uses this
capability to communicate with the RVPT
firmware. The MCU uses the I/0 address
register to specify a specific address
to be written to or read from. The MCU
then writes or reads the data word to
or from the I/0 data register. A write
to the 1/0 address register initiates a
request to the DMA controller and
results in a transfer from the location
in RAM pointed to by the I/0 address
register to the I/O data register. A
subsequent read from the 1/0 data
register results in the following
actions:

!. Data from the 1/0 data register
is returned to the MCU.

2. The 1/0 address
incremented.

register is

3. A request is sent to the DMA
controller.

4. The DMA controller does a
transfer from the location in RAM
pointed to by the 1/0 address
register to the I/0 data
register.

A write to the I1/0 data register
results in the following actions:

1. A request is sent to the DMA
controller.

2. The DMA controller does a
transfer from the 1/0 . data
register to the location in RAM
pointed to by the 1/0 address
register.

3. The 1/0 address register is

incremented.

4, A request is sent toO the DMA
controller.
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5. The DMA controller does a
transfer from the location in RAM
pointed to by the I1/0 address
register to the I1/0 data
register.

7.107 The microprocessor, s WE™ 8000,

executes the firmware that
resides in the EPROM to perform the
functions necessary to execute the
revertive pulsing function. The change
FIFO is read periodically to determine
if any incoming A-B bits have changed.
The timer is used for hit timing on
incoming A-B bits and to produce a
10-millisecond base cycle interrupt.
When the microprocessor has written to
RAM the information that it wants to
pass to the MCU, it sets the
appropriate bit in the summary scan
register. This action generates 2
summary scan interrupt to the MCU.
After the MCU has serviced this
interrupt, it clears the summary scan
register.

AT&T BELL LABORATORIES

DEPT 55612-MK-CEV

Page 6

THIS DOCUMENT CONTAINS PROPRIETARY INFORMATION OF AT&T BELL LABORATORIES AND IS NOT TO BE DISCLOSED. REPRODUCED.
OR PUBLISHED WITHOUT WRITTEN CONSEAT. THIS DOCUMENT MUST BE RENDERED ILLEGIBLE WMEN BEING DISCARDED.



Page 7

10ee 108 Baf

260tMy NIvd S1ADWED 3INJNDIINOD WO 1YNNO I ININNDISSY 10VS Iwit 91 Jwn3i g

X X X X X X A
X X X X X KX
X EX XX X XX
@ xmx E E XHMX @ INgnt Inwe 450
X KX X XX XX
X e X 1GX X e

MB0B00000000000NONOCCON0ANIaO0D0N0000000000000

(S11S010 9t) SNE 1NN Tnny

TMIS DOCUMENT MUST BE RENDERED ILLEGIBLE WNEN BEING DISCARDED.

THIS DOCUMENT CONTAINS PROPRIETARY INFORMATION OF ATAT BELL LABORATORIES AND IS NOT TO BE DISCLOSED. REPRODUCED.

OR PUBLISNED WITHOUT WRITTEN CONSENT.



CT-5D035-01- I550Z 1

AMHICKN (4.096M4Z CLOCK)

DATA 8KSYNC
INPUTS DATINN (4.096-327S-1681TS/TS)

AlSEL

—
AZSEL

AJSEL

AASEL

ASSEL

CONTROL AGSEL (NOT USED)
INPUTS

A7SEL

RPT bl DSUCOM

TN853 BNSEL® TN128

WRSEL® (WRITE SELECT)
am—

ROSEL® (READ SELECT)

DTWR  (CONTROL DATA INPUT)

DSCLK  (2.0ABMMZ DATA SHIFT OLOCX)

OTRD (CONTROL REPLY DATA)

CONTROL ASW] (WRITE/READ ACKNOWLEDGE)
OUTPUTS

ASWO (WRITE/READ ACKNOWLEDCGE)

SHMSONN (SUMMARY SCAN INTERRUPT)

OSCFLN (FAULT INTERRUPT)

INTERRUPTS v
DSCPEN (PARITY ERROR INTERRUPT)

DATA ( DATOUIN (8.096-3215-16817S/1S)
outpyT

*THESE SICMALS ARE SLOT POSITION DEPENDENT

FIGURE 17 DSUCOM - RPT INTERFACE

1M.50196A02
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APPENDIX 4E

DWG ISSUZ 5E

LISTN CODE 7T13

5ESS™ SWITCHING EQUIPMENT
DIGITAL SERVICE UNIT
CIRCUIT

CHANGES

D. Description of Changes

D.1 This revised pack IN304B provides approximately 40. faster

Electronic Loop Segregation (ELS). Use of the TN304EB is

¢fice size and traffic driven. TN304B is the revised TIF
measuring-responder pack.

F. Changes in CD Section

F.1 In Section 11, 2.09 add the following: Two different TN304s

exist: TN304 and TN304B. TN304B provides certain features
for larger offices (see Appendix L1). Equipage depends on off:ice
engineering. TN3045 must be used in conjunction Wwith TN30S5
microcode MC-5D214A1 to achieve the new features.
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APPENDIX 3A

DWG ISSUE 4A

DISTN CODE 7T13

SESS™ SWITCHING EQUIPMENT
DIGITAL SERVICE UNIT
CIRCUIT

CHANGES

D. Description of Changes

D.1 The microcode for TN305 has been changed from MC5DO03Al to

MC5D214A1 to meet original design intent and to provide one
enhancement. The TN305 is the TTP CPU circuit pack. The new
microcode for TN30S5 is required to allow multiple responder boards
(TN304/TN304B) in the TTF, and to provide 40% faster Electronic
Loop Segregation (ELS). Both are required for larger offices. The
new microcode is also required to provide Touch-Tone Test Line
(TTTL) that was part of the original design intent.

F. Changes in CD Section

F.1 In Section II, 2.09 add the following: A new IN305 microcode
exists in the TTF that is required for use with the new
TN304B. See Appendix J.1. Equipage depends on office engineering.
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APPENDIX 2AC

DWG ISSUE 3AC

DISTN CODE 7T13

SESS™ SWITCHING EQUIPMENT
DIGITAL SERVICE UNIT
CIRCUIT
CHANGES

D. Description of Changes

D.1 The information showing how to set switch S1 on TN30&4/TN304B
for each of the three possible positions. TN304/TN304B is the
Global Digital Service Unit (GDSU) TTF measuring circuit pack.

D.2 Fusing information on this unit is also included.

D.3 The information concerning the replacement of the Universal

Tone Generator (UTG) and Decoder with the new version 2 type
of each pack. TN892 replaces the TN132 as UIG for this unit.
TN133 replaces the TN130 as UTD for this unit. TN341 version 2 of
the TN234 supplements, rather than replaces, the TN234.

F. Changes in CD Section

F.1 1In Section II, change all occurrences of TN132 to TN132/TN892.
Change all! occurrences of UTGC to UTG/UTGZ.

F.2 In Section II, 7.34 through 7.57 change comments  about
EPROM/ROM and other comments about memory to reflect those
differences between the TN132 CD and the TN892 CD.

F.3 1In Section II, change all occurrences of TN130 to TN130/TN133.
Change all occurrences of UTD to UTD/UTDZ.

F.4 1In Section I1I, 7.20 through 7.33 change comments  about
2 decoders per board, and other model related comments to
reflect those differences between the TN130 CD and the TN133 CD.

F.5 1In Section II, change all occurrences of TN234 to TN234/TNB41,
Change all occurrences of UCC to UCC/UCC2.

F.6 1In Section II, 7.58 through 7.84 add circuit notes to the text
on TN234 to change and add material on the TNB41.
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APPENDIX 1D

DRAWING ISSUE 2D

DISTN CODE 7T13

ELECTRONIC SWITCHING SYSTEMS
NO. 5
DIGITAL SERVICE UNIT
CIRCUIT

CHANGES

D. Description of Changes

D.1 Replaced power converter unit 495A with 495FB, on a line-
out basis.

D.2 Added fuse information, which was omitted in Issue 1, to
Circuit Note 101.

D.3 Added Equipment Note 212 to define the switch positions
for each of the three TN304 circuit packs.

D.4 Added circuit packs TN133, TN892, and TN841 to the apparatus
index, FS2 - Symbols 1 through 8, FS5 - Symbols 1 through 8.

and App Figs. 4, 5, and 6 to complete circuit board complement

lists for option Y.

D.5 Changed feature and option table (Information Note 302) and
Information Notes 303, 304, 306 and 307: and added 308 and 309

to show option Z and add ception Y.

D.6 Added Information Note 310 to define options Z and Y.

D.7 Changed Information Note 304 to reflect current CLEI status.

D.8 Added circuit pack TN128 to correct Information Note 307.

F. Changes in CD Sections

F.1 Section 1I, 6.01 -~ Change paragraph to read:

6.01 The DSU communicates control information to and from
the interface module processor unit (IMPU) via the
peripheral interface control bus (PICB). Each service group
provides a duplex PICB interface to the duplicated IMPU. A
duplex to simplex interface conversion is performed at the
interface by decoding a select lead on each bus whereby the

DSU listens to only the active side of the IMPU. Reply
messages are sent to both IMPU halves. The interrupt signal
to the IMPU, however, is sent only to the active IMPU half.

Printed in U.S.A. Page !
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Section II, 6.03 - Change the third sentence to reac:

Esrh service group contains a =48V to +5V BELLPAC power
converter (ecoded 495A, 495FB, or 495G) which supplies
+5V power to the entire service group with a maximun
rating of 108 usable watts (12 watts per circuit pack).

Section 11, 7.02 - Change the first four sentences to read:

7.02 The DSU Common circuit pack (DSUCOM) serves primarily

as the interface between the duplex IMPU/TSIU and the
simplex digital service circuits (DSCs). The DSUCOM, coded
TN128, performs the required duplex <-> simplex conversion
on the data and control buses from the IMPU/TSIU, typically
listening on the active bus and replying on both. The DSUCOM
distributes the & MHz clock, 8K¥z frame sync, 32 time slots
of data, and control information to all DSCs. The DSUCOM
multiplexes data and control return information from the
DSCs for reply to the IMPU/TSIU.

Secticn 11, 7.03 - Change the first two sentences to read:

7.03 The DSUCOM control interface to the IMPU/TSIU is the
peripheral interface control bus (PICB). The DSUCOM
receives a simplex PICB from each interface module processor

unit (IMPU) half as shown in [FTgUTE J.

Section II, 7.05 - Change the first senteancs to read:
7.05 The DSUCOM data interface to the IMPU/TSIU is via

the peripheral interface data bus (PIDB) for a Global
DSU and via the local DSU bus (LDSUB) for a Local DSU.
Section II, 7.13 - Change the second sentence to read:
1¢ a parity error is detected on any time slot, 3 bit
corresponding to the time slot number is set in a 32-bit
error source register, and an interrupt is sent back to
the active IMPU.
Section I1I, 7.19 - Change the second sentence to read:

The output from the summary scan register is seat to the
active IMPU/TISIU via an opto-isolator.

Section II, 7.22 - Change the first sentence to read:
7.22 The TN130 transmits and receives all sigrals to and

from the DSUCOM which functions as the intecface
between the IMPU/TSIU and the service circuits.

NOTICE
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Section 1I, 7.37 - Change the first sentence to read:
7.37 Proper operation of the UTG is determined by control
signals (CONTROL IN on[FIgure T]) that are received

from the interface module processor unit (IMPU) via the
DSUCOM.

Section 1I, 7.38 - Change the second sentence to read:

At the end of a write or read command to a register in the
UTG, an all-seems-well pulse (ASW in [Figure 13) is returned
to the IMPU via the DSUCOM.

Section 1I, 7.64 - Change the second sentence to read:

Control signals are received from the interface module
processor unit (IMPU) via the DSUCOM.

Section 1I, 7.65 - Change the second sentence to read:
At the end of a write or read command to a register in
the CC, an all seems well pulse (ASW in[E:E:EE::j) is

returned to the IMPU via the DSUCOM.

Section II, 7.65 - Change the last sentence to read:

This data appears on the DTRD lead and is sent to the
IMPU via the DSUCOM at a 2.048 MHz rate.

Section II.E@ and - Change the names of

the following blocks:
MCU 0, MCU ! to IMPU 0, IMPU 1, respectively.

Section II, m - Change the following references
at the inputs and outputs of the block diagram:

MCU O, MCU 1 to IMPU O, IMPU 1, respectively.

Section II, - Change the following references
at the outputs o e block diagram:

MCU O, MCU 1 to IMPU O, IMPU I, respectively

BELL TELEPHONE LABORATORIES, INCORPORATED

DEPT

55614-DAS-CEJ]
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SECTION I - GENERAL DESCRIPTICN
1. PURPOSE OF CIRCUIT

1.01 The digital service unit (psu)

provides No. 5 ESS with the functions
of tone decoding, tone generation,
conferencing, and certain AC tests. Each
DSU consists o©f ctwo independent service

groups to provide partial service
availability in the presence of a single
hardwvare failure. Each service group

provides up to 32 time slots Of seervice
features and consists of One common circuit
pack and up to eight service circuit
boards. Both service groups share a single
2-foot, 2-inch wide equipment shelf.

The current No. 5 ESS system architecture
designates two types of DSUs - a local DSU
and a global DSU. They differ only in the

equipage of the optional service circui:
boards, and their position in the No. 5 ESS
networX architscture. The local DSU is
module dedicated, ie, each local DSU serves
4 single interface module. It provides the
high usage functions of tone generation and
tone dacoding for its associated interface
module (IM). The local DSU connects to the
IM via the local digital service unit bus
(LDSUB). and does not use any of the
3512 incternal time slots in the IM. The
global DSU can be shared Dy all modules in
the No. 5 ESS office and is accessed via
the switching network. It provides low
usage functions, such as conferencing and
transmission testing. Global DSUs connect
to the IM via the peripheral interface data
bus (PIDB) and are engineered over the
entire office as needed. Both the local
and global DSUs communicate control
information to the IM via the peripheral
interface control bus (PICB).

SECTION 1
Page 1
1 Page
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SECTION 11 - DETAILED DESCRIPTION
1. INTRODUCTION

1.01 The Digital Service Unit is a No. H)

£SS peripheral which provides the
No. $ £8§ with tone decoding, tone
generation. conferencing., AC testing, and
other appropriate functions. The Ko. S £SS
system architecture Trequires two types of
DSUs - a local DSU and a global DSU. A
flexible hardware architecture for the oSU
was developed 30 that a common hardware
framework with optional plug=-in circuits
could serve as either & local or global
DSU. -

1.02 This design specification first

addresses the high-level functional
and interface requirements of the DSU.
Subsequent sections descridbe the
implementation details of the DSU,
beginning with its internal architecture,
then with the DSU common circuit (TN128),
interface requirements for all sarvice
eircuit plug=ins. and then with a
description ot the existing service
circuits - the TN130 tone decoder, ™12
tone generator, and TN234 conferencs
eircuit.

2. DSU REQUIREMENTS
OPERATIONAL REQUIREIMENTS

2.01 The DSU is tequired to provide the
folloving functions in No. $ ESS:

{a) Tone Decoding

(p) Tone Generation

(e} Conferencing

(4) Transmiesion Testing

2.02 1In aiddition to the above. the

architecture of the DSU must Dbe
flexible to allew for the addition of new
service functions in later No. 5 ESS
generics as these services become availadle
¢or DSU inclusaion.

A. Tone Decoding

2.03 The DSU provides the tone recognition

functions required by No. 5 ESS ecall
processing. The following tone types must
be recognized by the DSU:

(a) TOUCH-TONEZ® Signals (16 tone pairs)
(p) Multifrequency (15 tone
pairs)

2.04 When performing the tone decoding

function for the above classes of
tones, the DSU must meet the frequency.,
smplitude, and timing requirements
established for tone decoders of each
respective signaling type as specified in

Signals

—————

* A registered service mark of AT&T.

the local switching system specifications
(LSSS). .

8. Tone Generation

2.08 The DSU must be capable of genearating
the following tones required by No. 5

ESS:

(a) Call Progress Tones - audible ring
= dial tone
= high tone
- low tone
- call waiting
= preemption

(p) Multifrequency Signals (15 tone
pairs), TOUCH-TONE Signals (16 tone
pairs), and CC1S Contanuity Check
Tones (1780 and 2010 Hz)

2.06 All tones generated by the DSU must

neet the amplitude and frequency
requirements specified in the LSSS. The
0SU must supply encugh different tones at
any given time to satasty the load
requiresents placed on it Dby & fully
equipped IM. The fanout of a given tone to
multiple destinations is performed by the
time slot interchange (TSI) circuit in the
interface wmodule (M) . The TSI also
supplies cadence OF other special timaing
functions for those tones which require
such features, is, dusy tone. audible rang.
etC.

C. Conferencing

2.07 The DSU provides conference calling
features for do. § £SS. vVoice
bridging capability for only three party
conferencing is provided. Three parcty
conference calling is used as a custoser
service, for busy line verificacion. and
for certain svitch maintenance functions.

2.08 Por the special case of Dbusy line

verification., the DSU also performs
the required interchange of the A, 8, G,
and D signaling bits for the three parties
involved in the call.

D. <Transmission Test Punction
2.09 The DSU provides a transsission test
function (TT?) which pecrforms all

voice band transmission tests required in a
Ho. S ESS office. These include facalivy
testing and CODEC testing, in addition to
noise, loss. and frequency response
measurements. Test lines provided for the
SEl generic include:

(a) 3100 Test Line

(v) 102 Test Line

(e) 105 Test Line

(4) Remote Office Test Line (ROTL)

(e) TOUCH-TONE Test Line

A separate development specification has
been issued for the TIF.(1

SESTION 11
Page 1
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3. MAINTRMANCE REQUIREMENTS

3.01 The following is a list of general

maintenance objectives which govern
the design of the DSU es well as other
maintainable Mo. S 2SS units:

{s) The maintenance philosophy of the
DSy is consistent with the
« maintenance philosophy of Ho. 5 EES.

{b) The DSU must contain sufficient
redundancy so that no single DSU
failure results in complete loss of
DSU service.

(e} The DSU must contain circuits with
sufficient error detection
capabilicy which use both
self-checking circuits and software
initiated per call tests, such that
undeteczed failures in the DSU do
not result in a grade of service
which excCeeds the reliability
requirements for call failures in
¥o. 5 ESS. .

(4) Conservative design, which prevents
intermittent oOr marginal operation
of the unit from occurring, is
followed in the DSU.

(e} The design of the DSU must be
modularly partitioned, such that the
ability of the diagnostic programns
to resolve faults meets the No. S
£SS maintenance requirements.

(£) All DSU circuit pscks which contain
EPROM devices ars compatible with
the version C of the prompt remotely
opsrated memory updating systes
(PROMUS=C). The PROMUS-C system is
s SELLPAS coampatible piece of
equipment which allows the erasure
and programaing of EPROM contents
while the devices remain intact on
the circuit packs. ‘

4. DSU DESIGE IMPLEMENTATION

4.01 The No. 5 ESS architecture identifies

two types of DSUs: a local DSU and a
global BSU. The local and glodal DSUs
differ primarily ian the types of service
functions performed by each and their
positions in the dNo. S ES$ nstwork
architecturs.

LOCAL DSU

4.02 The local DSU_ provides the heavily

used functions of tone generation and
tone decoding for No. 5 ESS. Zach
interface module is equipped with a single
local DSU. and that locsl DSU is dedicaced.
providing tone gensration and tone decoding
only for lines and trunks terminating on
that interface module. Tone generation and
tone decoding are segregated from the rest
of the DSU functions. Distributing these
functions to each module, rather than
providing them in & centralized pocl shased
by all modules greatly reduces the amount
! ge traffic, since these
used in call

processing.

SECTION 11
Page 2

4.03 The local DSU is coanected to the

local digital service unit bus
(LDSUB) ef the TSI and receives time slot
data from the alternats data ras in the
SI. Access to the local DSU is gained by
creating TSI paths from peripheral side
time slote inte the alternate data ras.
The ¢4 time slots used by the local DSU are
not part of the 512 TSI time elots, and
thus the appearance of a local DSU on each
IM does Aot reduce the switching capacity
of the T8I.

GLOBAL DSU

4.04 The global DSU provides coanfereacing,

transmission testing, and other low
cunner services which can be developed an
the future. Global DSUs, Dbecause they
provide low usage service functions., are
not module dedicated, but are shared by all
modules in the Mo. S LSS offacs. The
global DSU is attached to the TS1 via the
peripheral interface data bus (PIDB) in a
sannet identical to all other TS1
periphesal units (line unie, trunk unic,
YN Access to the g¢glodal DSV is
obtained via the TSI/TMS switching network.
The 64 time slots used by the global 13¥]
are part of the 512 TSI time slots, and
thus the termination capability of the
network is reduced by that amount with the
addation of each gloval DSU.

S. DSU ARCEITECTURE

.01 The architecture of the DSU is ahown

in it coosists of two
independent service groups o provade
redundancy and service availability. Each
service group accesses 32 time slots from
the TSI and consists of the DSU common
board (DSUCOM) and up to aeigh: digital
service circuit (DSC) plug-ins. Both the
local and global DSUs exhibitc this
srechitecture. Their hardware differs only
with the equipsge of different types ot
DSCs .

5.02 Proper engineering of ths D$Cs in

each DSU service group is important
to ensure adequate reliability for each
service. in the local DSU, the service
groups must be engineered with one tone
generator eircuit, and identacal
complements of tons decoder eircuites. This
ensures that under any single failure
condition in the DEU (loss of one service
group at most), & mazimus of only half of
sach service is lost. T™his allows call
processing to continue in the IM, resulting
in only & degraded form of service
(S0 percent of pesk capacity).

$.03 Service circuit engineering oo the

giobal D3Us is =much less eritical.
but must follow the guidelines listed below
to edbtain optimum service availability:

(a) In an office with only one global
DSU, services must de split between
the two service groups for reasons
explained in the previous paragraph.

(b) For the case of multiple global
DSUs, service circuits of each type
must be diatributed as evenly s

P
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possaible between global DSUs o
provide service availapilizy an the
presence of duplexr failures (1.e..
poth DSU service groups fail or s
duplex IM failure).

6. EXTEREAL INTERFACES
A. Control lnterface

communicates

6.01 The DSy control
information to and from the module
control wnat (MCU) vis the peripheral

interface control bus (PICB). Each servace
group provides a duvlex PICB interface to
the duplicated MCU. A duolex to simplex
interface conversion 18 portontd st the
interface by decoding a select lead on each
bus such that the DSU listens to only the
actave side of the MCU. Reply messages are
sent to both MCU Mhalves. The aintarrupt
signal to the MCU., however. is sent only to
the active MCU half.

8. Dsta lnterface

6.02 The DSU communicates data informastion

t0 and from the time slot interchange
unit (TSIU). The dGata interface to the
Local DSU is the local DSU Bus (LDSUB) and
t¢o the ¢lobal DSU s the pstipheral
interface dats dus (PIDP). 1n either case,
the Duses are alectrically idenracal.
consasting o©of four diff erential balanced
=L signais: & 4 MM2 clock, an 8 Kz frame
.synchronization pulee, and a 12 time slot
serial data stream in each direction. As
with the PICB, this Dus is presented in
duplicate to esch DSU service group (one
from each half of the TSI). A peripheral
_control channel (PCC) writable Dit selects
the active Dbus t© listen o, but the
32 time slot dats bus to the TSI 18
returned to both TSI halves.

€. Power Interface

service group is powered
«48V Dbattery plant. DSU
servace group O and DSU eervice group 1
each receive =48V from separate battery
fee2s. Each service 9group contains a =48V
Lo SV SCLLPAC powver converter
(coded r60894) whach supplies +5V power to
the entire seservaice ¢roup with a mazimum
rating of 106 usadle watts (12 watts per
carcuast pack). Current programming
resietors located on sach DSU circuit pack
determine the Output current limitations of
the power converer. T™he value of each
current programming resistor is calculated
uSiNg the Circuit pack current requirements
as follows:

6.03 Each DSU
from the

R{Kohms) = 10/(1.19 = ! )
MAX

The power converter will shut down should
the total service group current drain
exceed the total specified Dy the sum total
of current programming resistors.

6.04 xz n required that DSU circuit packs
be inserzed or removed from a

mnd-up CSU without causing converter
shut down. As indaicated above. the power
converter shuts 4own. 1f{ the total service

group current drain exceeds the :tc:...
specified Dy the sum total of the cucre:n:
programeing resistors. Exceeding wre
specified current Ccan OCCUr momentar..y
when & ¢circuit pack is inserted inic a
powered-up DSU, 1f the current programs.nsg
resistor pins on the circuit pack do no:
sngage with the backplane pans Dbefore the
+5V power pins and qground pins. Also, upon
insertion, the circuit pack oSV bus
capscitance CAuses & SUrge curreat which irn
turn causes a transient on the Dbackplane
oSV dDus. In order to restrict the overdraw
current to & level that is compatible wizh
the tume delay requirements for convertsrs
shut down and to reduce the transient or
the backplane *5V bus, the following des.g”
will be implemented.

6€.05 Pirst. each c¢arcuit pack position

excluding the power converter and the
TH128 (DSUCOM) are equipped with seven long
(0.7% inch) Dackpliane pins. The converter
and the TH128 are not to be pulled 1in the
powered up PpoOsiItion. When & circuit pack
is 1nserted into the DSU. these seven puins
engage the circuit pack connector before
the normal length pins. Feur of the pins
are connected to ground. Two pins are

associated with the eircuit pacx
programming resistor. The last pin s
+8 volts. The carcuit pack coanector Ppan

associated with thae +5V dackplane pin has
s high inductance. low resistance choke
connected Detween it and the circuit pass
eSV bus. When a circuit pack is inserzec
into a powered vp DSU, the programs.ing
resistor., ground, and <5 volts (singie pin
with the choke in Bseries) ®maxs contac:
first. The programming Iesistor adjusts
the converter £07 the expected cCircuit pacr
cucrent drain and the choks restricts the
surge current to reduce the transient or
the backplane +SV bus. The overall current
is crestricted to a level which d0ss not

exceed the converter shut down
requirements. When the Circuit pack .is
fully inserted. the Tremaining power and

ground connections are made and the pack
tunctions in & normal fashaen. Reaovin;y
circuit pack from & powered-up DSU does not
cause & probles in regards to converter
shut down, NROr 1s it detrimental to the

eircust pack. An addaitional powver
converter requizenent 18 that the
squivalent series resistance ot the
converter output filter be lov esnough to

sccommodate pover surges under worst case
conditions.

7. DU CIRCUIT PACKS
sections of thae

1s made o f{ive
array devicen.

7.01 In subsequent

docunent, reference
comsonly used DSU gqate
™ese LSI devices are designed 0 save
voard area and reduce power consumprion,
Doth of wnich are necessary to provide a
flexible DSV architecture having one
service circuit per board. The five gace
arrays are listed below:

(a) Delayed Synchronization Generator

{b) Interrupt Register

SEITION &
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(c) Parity Generator

(d) Parity Checker

(e) Time Slot Select Register
DSU COMMON - TN128

7.02 The DSU Common circuit pack (DSUCOM)
serves primarily as the incerface
between the duplex MCU/TSIU and the simplex
digital service circuits (DSCs). The
DSUCOM, coded TN128, performs the required
duplex <¢=> simplex conversion on the data
and control buses from the MCU/TSIU,
typically 1listening on the active bus and
replying on both. The DSUCOM distributes
the 4 MHz clock, 8 Kiz frame sync. 32 time
slots of data, and control iaformation to
all DSCs. The DSUCOM multiplexes data and
control return information from the 0DSCs
for , reply to the MCU/TSIU. In addition,
the DSUCOM contains interrupt registers
with each DSCs parity errot. and summary
scan interrupt status. Partial equipage of
DSCs is allowable because the DSUCOM uses a
pesting strategy amnd writable control
memories to.ignore unused DSC positicns.

A. Control Interface

9.03 The DSUCOM control interface to the

MCU/TSIU is the peripheral interface
control bus (PICB). The DSUCOM recsives a
simplex PICB from each module control unit
{MCU) half as shown in Figure 2. Each PICB
consists of clock (CIX), data in (DI), daca
cut (DO). controller select (CSEL), and
interrupt request (INTREQ) as shown.
Clock, data in, and data out are balanced
differentially driven twisted pair signals.
Clock and data in are terminated with &
220 ohm shunt resistance. Controller
select and interrupt request also use
twisted pairs and are opto-isolated. The
controller select leads enable the DSUCOM
to select one of the PICBs as the active
bus. If both select leads contain the same
logical value, PICBO is selected as the
active bus: if their values differ, then
PICBl is selected.

7.04 As shown snm the cloek (CLX)

and data n rom the selected
bus are sent to a peripheral sequencer gate
array (WE code 241AA), through a line
receiver. The input cloek (2.048 MHz) is
also monitored by a retriggerable
monostable multivibrator with & typical
pulse width of 800 nanoseconds to provide a
reset to the peripheral sequencer between
control messages. The peripheral ssquencer
checks the serial input message for correct
format and outputs data shift clock
(DSCXOUT) and serial message data signals
{DWOUT) which are buffered for use on the
DSUCOM and separately buffered to the
backglane for use Dby the DSCs. In
conjunction vith three decoder gate Aarrays
(W2 code 41JU), the 241AA produces a 24-bit
parallel peripheral address from the 9-bit
serial sddress contained in the input
message. Refer to Figure 4. This is done
by doing a l-to=8 decoding function on the
input message address bits 3-5, 6-8, and
9-11 to produce three groups of eight
sddress bits each as shown. Like the data

shift cleeck and serial message dzta
signals, the 24 address bits arce then
buffered twice - once to supply address
information to the DSCs and once for
addressing the escan and distribute gate
arrays on the DSUCOM. The S5S12 address
spectrum of the PICB is divided among the
eight DSC positions and the DPSUCOM as shown
in Figure 4. Each DSC is allotted 16 read
and 16 wrize addresses, with the absolute
address dependent upon the DSU slot
position number. The DSUCOM is allotted
the remainder of the address space
(128 write and 128 read addresses).

8. Data

7.0 The DSUCOM data interface to the

MCU/TSIU is via the peripheral
interface data bus (P1DB) for a Global DSU
and via the local DSU bus (LDSUB) for a
local BSU. The buses are electrically
identical and as shown in each
consists of a 4 MHz input clock, a 8 KHz
frame synchronization pulse and a J2 time
slot (16 bits/time slot) serial data bus as
inputs, and a )2 time slot serial data dus
output. During this discussion oaly the
PIDB is referenced.

7.06 ‘All inputs and outputs on the PIDB
are balanced differentially driven
twisted pair signals. Incoming signals are
terminated with a 220 chm shunt resistance.
The DSUCOM selects the active PIDB Dby &
control channel writable Dit. For the
following discussion., refer zcm.

7.07 The 4 MHs input clock (4MCO) and the

8 XMz synchronization pulse {8KCD)
are buffered and fanned out separately to
each DSC position and internally to the
remainder of the DSUCOM. The 8 KHz sync 13
reclocked and thus delayed Dby oOne full
clock cycle (244 ns). A 16~bit destinacion
register controls inhibit carcuitry whach
permits the 4 MHz clock and/or 8 Kiz syncs
toc be selectively disabled to any DSC for
diagnostic purposes.

7.08 The DSUCOM checks parity on each time

slot of the incoming data bus. The
sense of the incoming parity (even or odd)
on each time slot is returned to the TSI on
the same time slot during the following
frame. This parity loop around fasature is
useful in maintaining both directions ot
the data bus on the PIDB. since the TSI
periodically walks even parity through the
time slots on each PIDB and checks for even
parity on the samse time slot of the
returning data bus. This walking parity is
used with global DSUs only.

7.09 The incoming data bus is fanned oOut

separately tO each DSC after being
reclocked and regenerating parity on each
time slot. This results in & 3 clock cycle
(732 ns) delay from input tO Output. A
32-bit register, located in the parity
generator gate array, is writable via the
PCC. and is used to select even or odd
parity to be regenerated on each time slot.
Fach bit in the register controls the
parity selection for its Trespective time
slot. Parity is regenerated o0 that
incoming parity errors on the PID8 do not

SECTION 11!
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propagate to the DSCs. The ability to
generate even Or odd parity with per time
slot control is useful as a maintenance
feature.

7.10 The time slot select Tegister gate

array (TSSR) is a per time slot
controller which is wused in conjunction
with a J8A memory to produce eight control
cutputs for every 21.906 usec time slot.
The 3I8A is functionally used as a
32 x 9-bit memory with eight data bits and
a parity bit devesloped over address and
data. The memory is writable and readable
via the PCC with the TSSR operating as a
memory controller. The TSSR autonomously
reads the 3IBA memory once per time slot to
ferch the eight control Dbits for the
following time slot. The control bits are
synchroncusly latched at the TSSR output at
the beginning of each 3.906 usec time slot
and are held valid for the remainder of the
time slot to provide controcl fuactions on a
per time slot basis.

7.11 The DSUCOM has the capability ¢to

receive a J2-time slot serial data
pus from each of the aight DSCs. During
each time slot, the DSUCOM selects one of
the eight DSCs as the source for data
transmitted to the TSI and using an 8 to 1
multiplexer circuit routes the 16 data bits
from the selected DSC to a parity check
circuit through a 2-to-l multiplexer. A
pullup resistor to +5V is attached to all
eight {nputs to the 8 to 1 multiplexer 8o
that the inputs from unequipped DSC
positions are a constant logic one (bad
parity). DSCs which do not traneamit data
to the DSUCOM must ground their data out
lead =80 the DSUCOM input is a constant
logic zero (also bad parity).

7.12 Por diagnostic purposes, the DSUCOM

has an internal data loopback which
allows the 32 time slot data bus normally
transmitted to the DSCs te be selacted as
return data. This is done in the 2-to-l
multiplexer which follows the 8-to-1 DSC
multiplexer. The control leads to both
multiplexers are supplied by the TSSR, so
that during any time slot, any of the eight
DSCs or the internal loopback can De
selected for data transmitted to the TSI.
™e ingternsl loopback. due ¢to circuit
timing, inserts & three time slot offset in
the looped back data stream, i.e., if
lockback is selected in the DSUCOM for time
slot N, the data which is looped dack to
the TSI i{s that data which the TSI sent tO
the DSUCOM in time slot M~-3. The circuitry
required to exactly align the loopback time
slot data 4is an additional 3C4-bit shifte
register, vhich was judged too costly to
implement. Since the loopback feature is
used only in the diagnostic., the slip
translations are compensated for in
softwvare.

7.13 The 32-time slot serial output of the

multiplexer circuits is then checked
for parity errors on sach time slot as well
ss having parity regenerated for all time
slots, #0 that parity errors do not
propagate to the TSls. Should a parity
error be detected on any time slot., a Dbit
corresponding to the time slot number is

set in a J2-bit error source register, as
well as an interrupt sent back to the
active MCU/TSIU. Also, it is at this point
whare the input parity sense (even or odd)
for each time slot from the TSI is inserted
into the outgoing time slots for
transmission to the TSI. Two TSSR control
bits, an error mask bit, and interrupt mask
bit inhibit errors and interrupts
respectively, on a par time slot basis, 8o
that paricy errors on unused or
out=of-service time slots can be ignored.

7.14 The 3l2-time slot serial output from

the parity check gates array is
reclocked, buffered, and then transmitted
on bDoth PIDBa, with balanced differencial
TTL bus drivers.

C. Interrupts

7.1% The interrupt structure on the DSUCOM
is shown an Three separate

interrupt registers are contained on the
T™128: the DSC fault register, the DSC
parity error register, and the DSC summary
scan register. A logic zero level on
interrupt inputs to esch of the interrupt
registers sets a corresponding latch to
hold the interrupt. The interrupt latches
are readable and clearable on each regiscer
via the PCC. 6Should any of the latches
contain an interrupt (be set), an ianterrupt
output lead from the interrupt register
goes low. The contribution of each latch
to ths output interrupt can be inhibited by
setting the corresponding bit in  an
interrupt mask register.

7.16 “The 8-bit DSC fault register contains

an input from each of the eight DSCs
which indicates if that DSC detected an
internal failure. A low-level On a lead
sets the corresponding bit in the fault
register.

7.17 The B8-bit DSC parity error register

contains an input from each DSC whach
indicates if that DSC detected a parity
error. An active 1low level on a lead
indicates that a parity srror is detected
and sets the corresponding bit 1a the
parity error register.

7.18 The summary scan register contains &

lead from each DSC which goes low
when the DSC initiates some type of service
request (ie, a tone decoder has a digit in
its buffer ready for unloading). Pullup
resistors to +5 volts are provided on all
interrupt register inputs supplied Dby the
DSCs, so 4if a DSC position is unequipped,
the interrupt input is in the
noninterrupting state.

7.19 The remaining eight inputs to the

summary ecan register contain the
interrupt outputs of the 144 faule
register, DSC parity error register, psucoM
internal failure indicators, and one spare.
The output from the summary scan register
is sent to the active MCU/TSIU via an
opto-isolator.

SECTION 11
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UNIVERSAL TONE DECODER - TN130

7.20 Universal tone decoder (UTD) circuit

packs are located in the local DSU
where they perform the MNo. $ ESS tone
decoding functions required for call
processing. Zach TH130 contains WO
independent tone decoders which can be
configured to decode either TOUCH-TONE or
multifreq y (MF) . The 4 ding of
CCIS continuity check tones is not a SEl
feature, Dut can be added for the SE2
generic.

7.21 The followving sections descridbe the-

TH13JO architecture and operstion.
D. DSUCOM~TNLIO Interface

7.22 The TN130 transmits and receives all

signale ‘to and from the DSUCOM which
functions as the interface beatween the
MCU/TSIU and the service circuits. The
signals between the DSUCOM and the ™30
are shown in %:d include clock.
sync, data, control ¢ 1 signals, and
interzupt signals. The incoming data
signal transmits the tone eamples to the
TH130, the control channel lines permit
reading and writing of the UTD's source and
destination registers, and the interrupt
leads transmit fault indicators and service
requests to the DSLCONM.

7.23 Three data signals are sent from the

DSUCOM to the UTD: a 4.096 Mb/s
serial data bus, a 4.096 MHz clock, and an
8 KMz Sync line. The data line presents
the UTD with 12 time slots of dats. Zach
time slot is 16 bits in length. The first
eight bits of each time slot contain the
u2$5 PCM sample, while the last eight
contain the A through D signaling bits, |
F. and G bits and an odd parity dit. The
4.096 MHz clock line is Dbuffered and
directed to the clock inputs of all the
flip-flops and is also buffered and
directed to two delayed sync generator gate
arrays. These gate arrays generste delayed
9 KHz sync pulses which are used to
initialize circuit counters ia the time
slot select register (TSSR) and the parity
check gate array.

7.24 The control chaanel lines allow

softwvare t0 read and write the
numerous source and destination registers
of the UTD. Coatrol words are transmitted
snd received on eeparate Dbdus lines at a
2.048 Mb/s rate. These reads and writes
occur asynchroncusly with respect ¢to the
4.096 Mb/s data Dbus, 8 Kdz Sync, end
4.096 MHz clock. The DSUCOM . genarates
addresses by simultanecusly activating 1 of
2 possible B address signals and 1 of 8
possible A address signals. AMditional
signals involved in each control channel
operation include a 2.048 MHz data shift
clock, a read select lesad, and a vrite
select lead. The control channel expects
an acknowledgment pulse on one of two all
seens well (ASW) leads for every control
channel operation.

7.25 Three interrupt lines transmit UTD
interrupts back to the DSUCOM. The
¢irst, the parity error interrupt signal,

SECTION II
Page 12

generates an interrupt pulse whenever an
incoming time slot parity error has Dbeen
detected. The sscond, the fault interrupt
signal, generates a latched interrupt level
wvhenever an error is detected by the UTD's
fault detection circuitry. The third, the
summary scan interrupt signal., gensrates a
latched service request interrupt whenever
a decoder requires attention. The summary
scan interrupt and the fault interrupt are
latched, and remain present until they are
cleared by control channel write
operations.

£. UTD Hardware and Operation

7.26 The UTD's hardware is divided into

two groups: & functional group and a
saintenance group. The functional group is
the circuitry which performs the actual
tone decoding on the UTD. The maintenance
group is sddéitional circuitry which
performs monitoring and checking and
permits scftwars access to exercise the UTD
hardvare.

F. Maintenance

7.27 EZach DSC, including the UTD, has a

majintenance register and an
{dencification-loopback register. By
writing specified Dbits of the maintenancs
register active, the three types of
outgoing interrupts (parity, faule, and
summary scan) can be generated. Also ons
bit controls the out~of-service lamp and
another is looped back to the
identification-loopback register for
control chaanel verification. The
identification loop=back register, vwhen
read. returns the looped bit and a seven
bit UTD identification code. Each DSC has
a unique code.

G. Parity Check Gate Array

7.28 The parity check gate array monitors

the 4incoming 4.096 MHz data bus. It
checks for odd parity over the 16 bits 1in
each time slot. If a time slot parity
error (even parity) occurs, the
corresponding bit ©of an incernal 32-bic
latch is set., Also a parity check error
pulse is generated to the DSUCOM on the
parity error iaterrupt line. Tvwo time slot
select register Dits allow per time slot
control over parity interrupt masking and
masking of bit setting in the 32-bit latch.

he 12-bit register can be read and cleared’

by the coatrol channel.
H. Pault Interrupt Gate Arrzay

7.29 The fault interrupt gate array

monitors four board error fault
lines. Lach line can cause a fault
interrupt to the DSUCOM. The interrupt
signal genezated is a latched level. Each
interrupt input wvhen active sets 4an
internal latch. The latch outputs are ORed
together so that any of the four inputs can
generate an interrupt out of the gate
array.. The latch outputs into the OR
eircuits can be masked individually to
ignore undesired inputs. The latches can
be read, cleared, and the per line mask
enabled by control channel writes. Two

A \
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retriggerable monostable multivibrators
monitor the incoming &.096 MHz clock and
the 8K sync lines. If either signal is
missing or intermittent, the monostables
send active low erraor signals to the fault
interrupt register inputs. Other fault
lines monitor a TSSR parity error output,
and the parity checker 8 KH:z: sync loss
output.

I. Punctional Description

7.30 Prigure 9 shows a functional diagram

of the UTD. The incoming data streas
is Dbuffered through a flip-flop and
proceeds into the Parity Check Gate Array
and to the two decoder circuits.

7.31 The time slot select register (TSSR)
gate array and a J8A random access
memory serve together to function as a per
time slot controller. The TSSR has eight
output control bits wvhich are available ¢to
enable and disable per time slot UTD
functions. The 38A stores 8 bics ot
control data for each of the 32 time slots.
These 32 8-bit words are synchronously
outputted to the control outputs and are
repeated to the outputs every 125 usec.
The TSSR allows the J8A‘s contents to be
written and read asynchronously through the
control channel without affecting the
synchronous output of the stored data.

7.32 The UTD uses four of the TSSR's eight

output control bits. Tvo are
directed to the parity check gate array,
where they control per time slot sasking of
the interrupt output and per time slot
masking of parity error latching. The
other two bits each enable a tone decoder
circuit. When enabled, the decoder uses
the next 8 PCM bits .as inputs. buring
normal decoding operation, a decoder reads
only one time slot's PCM Dbits per frame.
The TSSR's flexibility permits a decoder to
receive any of the )2 incoming time slots.
Pigure 10 displays the architecture of a
decoder section. The block has two major
components, the digital signal processor
(DSP) and an 8748 microcomputer. The DSP
is a programmable digital signal processor
device packaged in a 40-pin DIP. It is a

specialized microcomputer optimized to
perfora signal processing oriented
functions, and in this application is

programmed to perform digital filtering on.

the incoming PCM Dbits. The 8748 is an
8-bit single echip microcomputer which
performe digit timing and verification.
The two work together to perfornm the
complete tone decoding function. Both are
initialized simultaneously through the
control channel to  choose the mode
configuration (TOUCH-TONE reception,
multifrequency, etc.). fach mode selects a
different operating program in the DSP and
a748. The DSP firmware is stored in an
external EPROM memory circuit which can Dbe
replaced Dby internal ROM storage when the
DSP firmware becomes more stable. The 8748
firmware is stored in an internal EPROM.
Planned operating modes include TT and MF.

7.33 Each DSP, when receiving sync from

. the TSSR, reads 8 PCM Dbits every
frame, and performs digital filtering on
the incoming PCM samples. The algorithms,
stored 4in EPROM, contain the filter
coefficients, threshold detectors, and
encoding routines which are required for
the DSP to perform the different filtering
functions. During operation, the osp
provides an 08-bit output responae when
requested by the 8748. This response
represents <the results of the digital
filtering, with the 8-bit code indicating
wvhich frequeancies are present at the input.
The DSP's serial output is converted to a
parallel word and made available to the
8748 to read. The 8748 performs the tone
validation and digit timing analysis using
the DSP°'s ocutput response. When a valad
tone oOr tone combination is recognized, a
4-bit encoding of the tone combination 1is
gensrated and stored in [
first-in-first-out (FIFO) firnware
controlled buffer inside the 8748. Refer
to Figure 1ll. The first stored digit 1is
placed At the 8748 output ports, readable
via the control channel. Subsequently,
decoded digits are stored in sequential
FIFC buffer locations. The FIFO is
programmed to store & maxinum of 16 digics
per call. Peripheral software {8 informed
of the digit storage Dby a summary scan
interrupt. This interzupt is initiacted Dby
the digit present interrupt (DPI) of the
8748. This signal remains active as long.
as digits remain in the Dbuffer. Two
control channel operations alter the buffer
status. Pirst, the buffer pointer can be
incremented. This operation shifts the
buffer's contents so that ths previously
decoded digit is lost and the next stored
digit is shifted to the 8748 ocutput ports.
Second, another control channel write will
resset both the DSP and 8748 decoder
processors, initializing thea to the
selected mode and clearing the PIFO buffer
completely. Interrupt responses from the
decoder circuit are sent tO the summary
scan interrupt registar which generates a
summary scan interrupt response to the
DSUCOM.

UNIVERSAL TONE GENERATOR - TN132

7.34 The universal tone generator service

circuit provides up to 48 different
tones on any or all of the )2 time slots in
the DSU service group. The tones are
generated using read only memory (ROM) to
store the digital samples (mu 255 PCM) of
each tone. Eight hundred samples of each
tone are stored in ROM to provide tone
generation with frequencies possidle at
10Hz intervals. Thus, all frequencies
generated are within + SHz of
spacification.

Zarly versions of the TN112 are restricted
te 32 tones because of the use of 12K bic
EPROMs instead of 64K bit ROMs. Final
versions of the board use a combination of
ROM and EPROM (four 64K bit ROMs and four
32K bit EPROMs) to provide the full 48 tone
capacity.
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J. 1Introduction

7.35 A functional block diagram of the
universal tone generator (UTG) is

shown 1nm This circuit can be
separate nto distinct groups - a
functional group and a maintenance group.
The functional group is the circuitry which
performs the actual tone generation on the
urG. The maintenance group is additional
circuitry which performs monitoring and
checking and permits software access to
exercise the UTG hardware.

K. Punctional

7.36 Timing and synchronization signals

required for operation of the UTG are
derived from the 4 MHICX and the BKSTNC
signals which are inputs from the digictal
service unit common board (DSUCOM).

7.37 Proper operation of the uUTe is

deterained control signals
(coNTROL IN on ) which are
received from the ule trol unit (MCU)

via the DSUCOM. The data control section
serves as the distribution point for these
signals shown as CIN in figure 12. These
signals are inputs to the wmaintenance
register, loop register. clear generate
register. time slot select register (TSSR).
interrupt register, and parity generstor
gate array.

7.38 Control signals perform either a

write to Or a read from a register.
At the end of a write or read command to a
register in the UTG, an all seems well
pulse (ASW in ) is returned to the
MCU via the DSUCOM. is signal indicates
only that a write or read is performed by
the associated register. When a read
command is sent to a particular register.
the register clocks out the data that
exists at its input. This data appesars on
the DTRD lead and is sent to the MCU via
the DSUCOM at & 2 MHz rate.

7.39 Two 10-bit counters (address and

pacrity) are used in the UTG. The
counters count an 800 count sequence,
starting at 224, incrementing to 1023, and
resetting to 224 again. The address
counter provides the lower 10 bits (A0
through A9) of address for the EPROMe/ROMs.
The parity counter is used to check the
address counter. Its outputs are used as
inputs to the parity check circuit. BSoth
counters are clocked by the B8 KHz CTRSNNC
pulse. Thess counters can be stopped,
cleared, and incremented under programs
control for diagnostic purposes.

7.40 The time slot select register gate

array (TSSR}) is a per time slot
controller which is wused in conjunction
with a 38A memory to produce eight control
outputs for every 1.906 usec time slot.
The I8N is functionally used as &
32 x 9-bit memory with eight data bits and
a parity bit developed over address and
data. The memory is writable and readable
via the PCC and DSUCOM with the TSSR
operating as a memory controller. The TSSR

autonomously reads the J3A memory once pec’

time slot to fetch the eight control bits

SECTION II
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tor the following time slot. The control
Pits are synchronously latched at the TSSR
cutput at the beginning of each 3.906 usec
time slot and are held valid for the
remainder of the time slot to provide
control functions 04 & Per tims slot basais.

7.41 The UTG uses seven of the TSSk's

eight output control bits. Three
bits (A10 = Al2) are used to select 1| of
8 memory address levels in the eight
EPROMs/ROMs that store the digital tones.
Two of these bits (Al10 and All) are also
used as address leads for the two Parity
8it Store EPROMs. The third bit (Al2) is
used to enable the appropriate parity bit
store EPROM. Three bits (Al3 =~ AlS) are
used as inputs to & 3 to 8 line decoder to
enable 1 of 6 EPROMs/ROMs. These three
Dits are also used as inputs to a 1 of 8
data sslector which selects a parity bat
column in the parity bit store. And, one
bit (ACTTS) is used tO mask data from
appearing at the UTG output for unused time
slots.

7.42 Eight EPROMs or ROMs are used to
store the digital tones in the UTG.
The circuit is wired to accept either 2732
(4K x 8) or 2564 (8K x 8) EPROMs. It also
accepts 37a (8x x 8) ROMs. The prototype
uses 2732s: the prcduction version uses a
combination of four 2732s and four 37As.

7.43 Each tone occupies the upper 800

contiguous bytes o©of memory in a
1024 byte semory Dblock. Therefore, a
2732 EPROM stores four tones and & J7A ROM
stores eight tones. gight 2732s allow
32 tones to be stored and four 2732s and
four 37As provide storage of 48 tones.
Tones are stored as true sign, magnitude
inverted 8-bit mu 255 code (sign bit. plus
seven data bits).

7.44 Ten bits, AO through A9, from the

address counter provide the address
of the stored tones. Three bits, AlO
through Al2, £from the TSSR select tones 0
through 7 in each EPROM or ROM and the
desired EZPROM or ROM is enabled by the 3 to
8 line decoder which has for its control
inputs three Dbits’, AlJ through AlS, from
the TSSR.

7.43 The output circuit includes the
parallel input serial outpuc register
(P1S0) and tha parity generator.

The PISO receives the 8-dit parallel data
¢rom the EPROM/ROM parallel data bus for
all time slots and converts these inputs to
a 32 time slot 4 MHz, 16 bits per time
slot, input for the parity generator. The
time slot data format is shown belov.

1t should be noted that bits O through 7
are all Os.

For time slots masked by the ACTTS Dbit in
the TSSR, the output from the PISO is
16 Os.

7.46 The parity generator includes two

16-bit registers with write only
capability. One register addresses time
slots 0 through 15. T™e other register

<

ﬁ‘z"'?;\
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P1SO OUTPUT TIME SLOT DATA FORMAT

TIME cmcmman)
MSB : LS

S 2 1 ] 3 2 1 o o o o © ] ] o [}
1
G
N

\ecomiemaes/ \.....--T.---- /

CHORD SEGMENT
BITS BITS

\ I /

TRUE SIGN = MAGNITUDE INVERTED

mu 255
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addresses time slots 16 through 31. All
bits in both of these registers must be set
low (0) for normal operaction. For this
condition, the parity generator checks the
data input froe the PISO and generates a
parity bit to provide odd parity output on
the data bit stream. That 4is, an odd
number o©of 1s in each 16 bits of output per
time slot. The parity bit location |is
shown in the UTG DATA OUTPUT PORMAT shown
below.

It should be noted that Dbits 1 through 7
are all Os.

Even parity can be forced on time slots 0
shrough 31 by writing the appropriate
parity generator register time slot bit or
bits to a 1. This feature is used for
diagnostics.

L. Maintenance

7.47 Each DSC, including the UTG, has a

maintenance register and an
identification loopback regiscter. By
writing specified Dbits of the maintenance
register active, the three types of
outgoing interrupts (parity, fault, and
summary scan) can be generated. Also, one
bit controls the out-of-service lamp and
another is looped back to the

identification loopback register feor
control channel verification. The
idenzification loopback register, when

read, returns the looped bit and a seven
vit UTG identification code. Each DSC has
a unique code.

M. Interrupt Register

7.48  Self maintenance checks are

continually performed in the UTG.
The interrupt register monitors the outputs
from these maintenance circuits and vhen a
fault occurs, latches the fault into an
internal register and reports to the DSUCOM
that a fault has occurred. This is done
autonomously and is indicacted Dby the
normal 1 level on the DSCFLN interface lead
between the UTG and DSUCOM going to &
0 level. The interrupt register is an
8-bit register with both write and read
capability. At this time, only 5 bits are
used. The write function is used to mask
interrupts. That is, writing a 1 to a
particular Dbit position prevents an
interrupt from occurring at the interrupt
register FLTINT output (refer to Figure 12}
even though s fault signal for that bit
position has occurred at the input to the
interrupt register. With the mask written
for all Os, all interrupts are enabled. 1If
a fault occurs and is reported to the
DSucoM as previously described, a
subsequent read command can be issued to
the interrupt register to determine the
cause of the interrupt. After & fault has
been cleared, the interrupt register can be
cleared by writing the CLRINT bit in the
clear generate register to l.

7.49 The 5 bits presently used on the

interrupt register are utilized as
follows: One dit is used ¢to indicate the
loss of 4 MMz clock at the input to the
cloek check circuit. One bit indicates the

SECTION 1II
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loss of the 8K sync input to the sync check
circuit. One bit indicates the absence of
the 8K sync input te the TSSR. An
interrupt also occurs at this bit position
if the parity invert bat on the TSSR is set
to a 1 for any time slot position. One bit
indicates that a fault occurred in the

parity check circuit. And, one bit
indicates the lcss of the 8K syncC input tO
the parity generator qate array.

Maintenance circuits in the UTG that cause
interrupts as a result of the absence of
4MNz clock and 8K sync can be checked
during diagnostic routines by disabling the
clock and the sync signals at the output of
the DSUCOM.

M. Paricy

7.50 Extensive parity is used for fault

detection in the UTG. pParity is
checked across address and data for all
tones. ™e description that follows
implies the use of four 8K by 8 ROMS (37A)
and four 4K Dy 8 EZPROMs (2732) for tone
data and two 4K by 8 EPROMs (2732) .for
parity. This is the arrangement used for
the production version of the UTG.

7.51 The 10 bits AO through A9, as shown

in provide the lower 10
bits of address = 1023) for all tones.
The 3 bits Al0 through Al2 select 1 of 8
memory address levels (1 of eight tones) in
each 37A ROM, whereas AlO and All select 1
of 4 memory address lavels (1 of four
tones) in each 2732 EPROM. And, the last
3 bits Al3 through AlS enable only 1 of the
8 EPROMS/ROMs which places the addressed
byte of data on the parallel data bus.

7.52 A computer program has been developed

to detearmine the correct parity bit 1
or 0 that should be losded into the parity
bit store EPROMs for each address and sach
byte of data addressed.

7.53 Parity bits for all tones located in

levels 0 through } of each EPROM and
ROM sre setored in one EPROM while the
pacity Dbits for all ctones located uin
levels 4 through 7 for the J7A ROMs ere
located in another EPROM. These bits are
arranged in the parity bit store EPROMs as
one bit X 800 word groups, with the lowvest
addressable parity bit occupying the Lleast
significant bit positicn of location 224 in
the O parity EPRONM.

7.54 Addressing for these parity bits is

as descridbed here. The same 10 Ddits
AO through A9 that addresssed the
EPROMs/ROMs used . for storing the digital
tones provide the lower 10 bits of address
for all parity Dbits. Bits AlO0 and All
select one of four memory address levels in
each of the parity bit store EPROMs. The J
to 8 line decoder, used sas 8 1 to 2 line
decoder, is controlled by Al2 and allows
only one parity EPROM tO be enabled at a
time. The column selection of the 800-bit
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slice of the desirel parity bizs is made DY
the ) of 6 datd selector wnich is connected
to the sighs data out leads 0f the parity
LPROMS  and is controlled Dby bits AL
through AlS. The result is that only
1 paraty Dbit is output for each address
location.

7.55 As shown in the perity

counter uses the sase clock input as
the AMddress counter. The two counters are
synchronised through softvare
initialisation of the UTG. The 10 bits A
through A9 from the parity counter are
inputs to the parity check circuit as 1is
the PAlOAlS lead from the TSSR which
represents parity scross A10 through AlS.
iIn sddition. the parity bit output tron the
1 of 8 data selector and the O bits from
the parallel data bus are used as _inputs toO
the parity check circuit.

7.%6 Internal to the parity cheek edireuit,

the 10 Dbits of address from the
parity counter and the parity result across
Al0 through AlS trom the TSSR are used as
i the output of
which represents the parity scross the full
16 bits of address. The § bits of’'data are
also used ss inputs to & parity generstor.
The output from these two paraty generators
are ezclusive ORed. The output from this

exclusive OR ecircuit {s parity across
16 bits of address and 8 bits of data.
This sagnal is connected to the input of o

OR cireuit which has for

pacity bi from the
parity Dit store. Here then, the parity
developsd A&Cross data and address is
compared on & per time slot basis with the
parity bits stored in the paraty bit store.
nis output is connected to & nané gate
which has as its other input a strodbe pulse
tor sampling the parity result at a time
when it is stable. The ouzpur from this

second exclusive
its other input the

nand eircuat is used as an input to the

{nterrupt register.

7.57 Mormal operation results in a
high-level 1 on the patrity check

cireuyit output lead connected to the
interrupt register for all time slots.
However. if & problem occurs in either the
address OT parity counters. TSSR. J to 8
1ine decoder. any pit o©of tone data of
parity in the ZPROMs/ROMs, the 1 of 2
decoder, or the 1 of 8 decoder., the oOutput
from the parity check circuit goes low O
when strobbed and latches A PARINT fault in
the interrupt register which is reported to
che DSUCOM via the DSCriN  interface lead
between the UTG and the DELUCOM.

COUTZRINCE CIRCUIT - TX234

7.58 The ™M circuit pack provides the
I3

function of onference calling for

Ne. S ESS. only three party conference
calls are performed by the ™3)4. The
present TH234 design allows two Jepore
conference calls (1} be performed

simultanecusly on 2 single TN234 eircuit
pack. In addition to the J-party calling
feature, the confsrence circuit is used for

*busy line verification,” as well as, in
econjunction with the “service evaluation
system.”

verification involves

the signaling bats in
addition to the normal conference
processing ot the PCHM signals. This
verifies the ONe or OFF-hook status of the
line if question and thas reQuires that an
A signaling bits Dbe
incoming time slose. ™he
{llustrates this process.

7.%9 Busy line
processaing ol

performed on the
followving ezample

7.60 Assume a 2-party call is in progress
between parties A amd 8. The
opezator is requested tO verify the A
party’'s line to see if a call is indeed in
progress. The Mo. s gsS ceconfigures the
call as & Jeport confereace call wvith the
operator bridged on as the C party. It is -
required that ths A signaling bit from the
A party be ocutput on the B and C
(operator) time slots and that the A
signaling bit from the B party de placed on
the A party's outgoing time slot. ™he
interchange of the signaling bits takes
place in the TH2)4 as part of the
conferencing algoritha.
7.61 It should be moted that when the line
is verified, the C (opsrator) input
time slot to the contains idle code
(ox7P). Busy line verificatios calls must
be configured as indicaced above. That a8,
the A party is the line to be verified. the
B party is the sacond party of the oraginal
call, and the C party is the operator. A.
8. and C refer respectively to the firet,
second, and third time slots assigned to
the conference connection.

0. Iatroduction

7.62 A block disgras of the coaference
circuit (CC) is shown in Pigure 4.
™is circuit can De separated iato two
distinct QToUps - & gunctional group and s
saintanance group. The gunctional group is
the circuitry which performs the actusl
conferencing function. The ®maintenance
group is additional eireuitry whach
psrforms monitoring and checking and
permitcs software access to exercise the CC
hasdwaze.
?. Puncticsal
7.6) Refer to Tining and
synchronigzation signals required for
operation of the cC are derived from the
AMHZCKRI and the SKSYNC sigoals which are
inputs from the DSUCOM . This cirecuit.
timing ond oynehxui.utiou. also supplies
the clock signals required Dby the DSPs .
in

These are shown as 4NN,
4MHMZI, and 4MMZO. 4MHI is use control
the frequency ©of sach DSP clock generstor:

aMHZII is used to shift data bite into each
DEP: 4MMIO s used tO shift dats bits out
of each DSP. DEPSYMNC. 0CO and ACO are used
tfor synchronization of the DSPs.

7.64 Propsr opération of the CC is

determined by control signals
(CONTROL I on Control aignals
are received 64 ule control unit
(Mcu) via the DsUCOM. e dsta control

section serves as the distridbution point
¢or these signals shown as CIN 1in
T™hese signals are inputs to the

SECTION 1
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maintenance register, loop register, clear
register., parity check register, time slot
select registers (TSSAs), interrupt
register, Pparity generator. and the D8P
control and status registers.

7.65 Control eignals perform either a

write to Of a read from a register.
At the end of a write or read commaxd to &
register in the CC, an all seems well pulse
(ASW in[IIYUYv—1Y) is returned to the ncu
vis the DSUCOM. This signal indicates only
that a write or read was performed Dby the
associsted register. When a read command
is sent to & particular Tregister, the
register clocks out the dats that exists at
its input. This data appears on the DTRD
lead and is sent to the MCU via the DEUCOM
at a 2.048 MHz rate.

7.66 1t is required that the DSPs de reset
prior to each new conference call.

ORESET and 1RELSET are used to ensble this
tunction in the 0DSP and 1DSP respectively.
These reset pulses are provided Dby the
clear gensrate register. This register
produces a single pulse oOutput in the
desired bit position when sddressed. 1t is
not required to remamber the state of this
register, since the register sutomatically
clears after each write. The clear
generate register is also used to clear the
parity fault register in the parity check
gaze array as well as the intesrupt
register.

7.67 There arfe two time slot select

registers (TSSRs) in the cc. The
time slot select register gate array is o
per time slot controller wnich is used in
conjunction with & 38A memory t0O produce
eighs centrol outputs for every 3.906 usec
tise slot. The J8A is functionally used as
e 32 x 9-bit memory with eight data bits
and a parity bit developed over address and
data. The memory is writable and readadle
via the PCC and DSUCOM with the TSSR
operating as & memory controller. The TSSR
autonomously reads the ISA memory once per
time slot to fetch the eight coantrol bits
for the following time slot. T™he control
Pits are synchronously latched at the TSSR
output at the beginning of each 3.906 veec
time elot and are held valid for the
remainder of the time slot to provide
control functions on a per time slot Dasis.

7.68 The CC uses only five of the O0TSSRs

eight output control bits. Tvo bits
(0ISY and 11SY) sre used to control the
dats input to the O and ) DSPe
respectively. One bit (DSPSYYC) i3 used to
synchronige the time-slot data inputs to
esch DSP with the program that presently
resides in EPROMs and subsequently reside
within each D3P in ROM. This Dbit is
brought high (1) for the first active time
610t associsted .vith sach DSP. This serial
pulse train (tvo pulses sazamum) is used as
sn input to the timing and sync circuit.
The oustputs from the timing snd sync
eircuit as & result of the DSPSYWC are OCO
and 1CO which are inputs to the O and 1
DSPs respec:iively. The DSPs remain in a
suspended state ' (the program does not
continue) until a CO pulse is received.

SECTION 11
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These pulees ars timed (1 per frame) to
occur at the time the data for the first of
the three time slots associated with & - 14
is loaded into the DEP input buffer. Ome
pit (DMASK) is used on a per time-slot
dasis to prevent parity faults that are
detected in the parity cheek eircuit from
being latched into the 32-bit parity fauls
register in the parity check eircuit. This
Dit also prevents thess SaBe parity fault

fzom occurring on the USCPEN
interface lead between the CC and the
DEUCOM. Another bit (IMASK) is also used
on a per time elot basis and allows pazity
faults, that are detected in the parity
check eireuit, to be latched iacto the
32 bit parity fault register in the parity
eheck circuit. but prevents these faults
from Deing reported to the DEUCOM on the
DSCPEM signal lead.

9.69 The CC uses oaly two of the ITSER's
. eight output control bDits. These two
bits (0OSY and 10SY) are used to control
the data output from the O and 1DSPs
respectively. Thess pits are set high (1)
for the same time slots selected for the
01SY and 115Y bits in the OTSSR.

Input data to the CC is fram the Time S$lot
interchange Unit (TSIU) via cthe BSUCOM .
This input is & 4.096 nMuz, 32 time slot,
16 Dits per time slot, serial Dit streas.

The input time slot data format is shown
below.

9.70 The 32 ctime slots of data are

reclocked and then used as an input
to the parity check eireuit. The parity
echeck circuit includes two 16-bit registers
with read only capability. One register
reads parity input errors for time slots O
through 1S. The other register reads
parity errors for time slote 16 through 31.
laternal to the parity check cireuit, the
data input (16 bits) for each time slot is
checked for odd parity. 1f bed (even)
parity is detected for any time slot, the
error for that time slot is latched into
the corresponding time slot position in the
related register. In addition to lstchang
the parity egror iato the register, the
error is aleo reported to the DEUCOM  vas
the DSCPEN signal lesd. 1If s parity error
occurs., and is reported to the DEUCOM as
previously descrided, & subsequent read
command can be issued to the parity check
eircuit to determine the time slot that
csused the fault. After a fauit has Deen
cleared., the parity check eircuit registers
can be cleared by writing the CLRFCHR B3t
{n the clesr register to 1. Two mask dits

. (EMASK and IMASK) are provided in the 0TSSR

gfor Ainhibiting the parity check parity
errors. These Dits were described
previously.

7.71 The PCHXPl Dit is the saaintenance

register can Dbe used to force even
parity on the data output from the paricy
check circuit. This affects the parity on
sll time slots. forcing even parity wvath
PCHKPI does not cause & fault in the paraty
checker in the parity check circuit. Also,
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€2 INPUT TIME SILOT DATA FORMAT

TIME emwonesd

MSB Lss
15 14 13 12 11 10 9 8 ? 6 s 4 3 2 1 ]
H 2 1 0 3 2 1 ] A B C p E F ] | 4
1 A
G R
N - 1
T
Y
(oDD)
\ l / \ I / \ ‘ / -\ '
CHORD SEGMENT SIGNALING e.F, &6 G
BITS BITS BITS BITS
\ ‘ /
TRUT SIGN - MAGNITUDE INVERTED
msu 25%
STCTION I
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the apsence of the 6K sync input to the
paraty check Cifcui: causes the PCSYNCE

iNtesTUPt DIt 1N the interrupt register to-

De sez.

7.72 m shows the time slot
assignnent format required by the CC.

As shown, up to JO time slots are availadbie
for a CC. The reserved time slots can be
even or odd as shown. ™e 30 time slots
are divided 1into 10 groups of three easch.
Lach group consists of every tenth time
slot., e.g.. time slots O, 10, and 20 for
the first group. Any of the DSPs can bDe
assigned to any of the 10 groupe. The
assignment of the first time slot in the
first group 18 nNOt restricted tO time
slot 0 as shown, bDu: can range from O
through 3. However, it is recuired that
every tenth time slot format De maintained.
That is, 3f the first group is selected to
be time slots 1. 1li, ané¢ 21, the tenth
group of tame slots would de 10. 20, and
3.

7.73 The DSP is a programamable digital

signal pTocessor. The progras for
each DSP is presently contained in external
EPROMS . Thne frequency of the DSP is
controlled Ddy the 4MHE cloek whieh is
derived from the system clock.

7.74 The task for each DSP in the CC 1s as
follows:

(a) Input J ime siozs of 16-bi: data
(SPCM  Dbizs and the A through S dats
plus the parity bait).

(D) Perform [ J-pore conference
algorithm on the 8 PCr bite
contained in he J time slots.

(e) Perform s time=-slot interchange on
the A through G bits for the J tine
slots.

(d: Combdine the PCM ouiput dits for each
tame slot with the proper A through
G bits.

(e¢) Generate an odd parity bit over the
output PCM bBits and the A through
G bizs for aeach time slot. And.,
affix this parity bit 1 or O to the
parity Dbit position of the daca
output.

(2) Provide a wmeans for forcing bad
(even) parity on the data output
under external progras control using
the Cl control bit on the OSP.

(g) Additionsl funetions can be
performed by $0, S1., and STB.

7.7% A brief functional description of the
DSP 1/0 leads shown in Figure 14 are
given below.

7.76 DI receives the serial data from the

par:ty check circuit and DO :rsnsxits
serial data to the parity generator. 1sY
indicates the stactt cf a data transfer to
the input buffer and ICK is used to shift
Dits 1nto he inpus buffer via DI. CTSO
enables the star: 0f a daza transfer from

the output buffer and OCK 13 used to shifc
bate out ©f the output buffer via DO.

7.77 Control input CO 1s tested Dy the DSP

program. This input synchronizss the
DSP programs with the input of the first of
the three time 6l0t8 a880CiAted with the
particular DSP. Cl, 80, $1, and S§T® are
used 1n conjunction with the DSP control
and status registers.

7.78 Data output from eash aciive DSP

consists 6f three time slots of
4.096 MHz, 16 dDits per time 8lOt. data with
©0dd paraty. The latter 1s true provading
that the associated DSP controi regaster
has the least significant bit written to &
l. The other Dbats are don‘'t cares.
Writing the least sagnifican: Ddat ©f this
regaister 0 a O results in bad (ever)
parity on the data outpuz for the third
time slot associated with the conference
call and sets the PGPLRR in the interrups
register. The outputs f{rom the DSPs and
the outputs from an adle time slot
simulator are sultiplezed to form 12 time
slots Of 4.096 Miz, 16 Dits per time 8lot.
data. The format f£or the active time slots
15 shown below.

7.79 1dle time slots are filled with 15 Os

and a 1l in she parity bit peJitien to
provide odd paraty. The output dacta s
reclocked and then used as the 1nput tO the
psrity gensratoer.

7.80 Internal tO the Parity 9enerator., the

data input (16 bats) for each tine
slot 1s checked for o34 parity. 1f bad
(even) parity is detected fOr any time siot
as indicated previoully. the error 18
latched into the PGPEAR bat position of the
inzerrupt regaister and is reported to the
DSUSOM vaia the DSCFLN sagnal lead.

7.81 The parity geaneratof includes two

l6-bat registers with write only
capability. One register addresses :ime
slots 0 through 1S5. The other rejister
addresses time slots 16 through 1. All
bits in both of these Tegisters must be set
low (0) for normal oOperataon. For thas
condition, the parity generator checks the
dats input and generates & parity Dbiz to
provide odd parity ousput fOT each time
slot. Thie is done even though a paraty
bit error has already Dbeen detected and
reported to the DSUCOM as prevaiocusly
described.

7.82 The parity generator data output

format is the same as that shown
above except that it is delayed 1n time.
It should be noted that idle time slots are
filled with 13 Os and a )} in the paraty bat

position. Also., the A through G dits have
been slot interchanged as descridbed
previously. Cven parity can be forced on

time slots 0 through J1 Dby wrating the
SPPropriste parity generator register tise
slot bit or bits to & 1. This (fsacure 23
used for diagnostics.

SECTION 11
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TIME SLOT DATA FORMAT

TINE eomem==?

nss X 4
18 14 18] 12 11 10 L] ] ? ¢ s 4 2 1 ]
H 2 1 ] b 2 1 ] A 3 € O 1 4 ¢ | 4
1 A
4 R
L 1
T
R 4
({-3--}]
\cooamccocsacs/ \ / \ ‘ / 0\ /
| |
CHORT STCMINT S$IGHALING .r. s C
81TS 81TS 81TS 8178
\ woona/

|
TRUE $1IGN - MACNITUDE INVERTID

mu 288
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Q. Maintenance

7.83 CLach DSC, including the CC. has a

mayntenance register and an
identificataon loopback register. By
writing specified Dits of the maintenance
register active., the three types of
outgoing anterrupts (paraty, feult., and
sSummary ecan) can be generated. Alsc. one
bit controls the out ©f service lasp and

another is looped back Lo the
identification loopback register for
control channel veraficstion. The
idencificstion loopback register, when

read, returns the looped dit and a seven
bit CC identificacion code. Each DSC has &
wiique code. Panally, one Ddat of the
msantenance register is provaded teo force
Sad (ever) parity output froer the paracty
check gae array.

R. 1lnterrupt Register

7.84 Sel? aaintenance checks are

continually performed in the CC. The
iNterrup: register MWONITLOrs the oOutpuis
fror these maintenance circuits and when a
fault occurs. latches the fault {nto an
internal regaster and reports to the DSUCOM
that & fault has occurred. This 18 done
sutonomotsly and 1s indicated by the normal
1 level on the DSCFLN intertace lead
Petweer the CO and DSUCO™ going to a
0 leve.. The interrupt Treglater 1is an
f-Z.1 resisier with DOth write anéd res?
Capetilizy. At this time, only sever Dits
are ueel. The write furctior is used to
rasx interrupts. That 1e. writing a ) tc o

BELL TELIPHMIHE LABORATORILS, INZORPORATELC

CIPT S$SE17-JAP-E T

SESTION It
Page )2
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partaculer Bit POSItION  prevents an
interrupt £rom OCCUrring a4t the .nterrup:
reqister TFLTINT output even though a fault
signal for that bit position has occurres
a4t the anput ¢tO the ANtEZTuUpt regaister.
With the mask wraitten fOr all Os, all
interrupts are ensbled. If a fault occurs.
and is reported to the DEUCOM as previcusly
descrided, a sudsequent read command can de
issved to the interrupe register [T}
determine the cause of the interrupt.
After a fault has Dbeen cleared, the
interrupt register can Dbs cleared Dby
weating the CLRINT Dbit in the clesr
generate register to 1. The 7 dats
presently used on the {nterrup: register
are utiliszed as follows:

.

One bat is used to indicate the loes of
4 MH: clock at the anput to the clock check
€ircuit. One Dbit indicates the loss Of the
8X sync input to the sync check circuit.
One Dbit indicates the absence of the
8K sync input to the OTSSK. An interrups
4l80 occurs at this bit position, 1i1f the
parity invert Dit (PINV]) on the OTSSR is
set t0o 4 1 for any time slot positiorn.
Another Dbit provides the sase function for
the 1TSSR. One Ddit indicates the loscs of
the 8K sync input to the parity generator
gate array. One Dit indicates the absence
of the 8K sync input o the parity check
gate array. And, one bBit 1ndicaces thaz: o
paTity erroT has Deen detectel on the daza
1APUL tO the paTity generatdr.
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