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Two new NCLK2 packs were added to the CM U for 64Kb/s applications. The TN 1850 reference interface 

pack and the TN1851 NCLK2 controller. Sections 2.7.1, 2.7.3, and 2.7.4 were updated to include details 

on the new packs. 

2.7.1 GENERAL HARUWARE DESCRIPTION 

The NCLK2 consists of three fundamental circuit pack types: a controller (TN1276 or TN1851 for 64Kb/s 

applications), an oscillator (TNl283B, TN1284B, TN1285B, or TNl28t>B), and a reference interface 

(TN1274B, TN1275B, or TN1850 for 64Kb/s applications). 

One NCLK2 oscillator circuit pack is required in each CMU shelf, as follows: 

(a) TN I 2838 - 30-channel, high-stability, for international gateway and toll switches. 

(b) TN 1284B - 24-channel, high-stability, stratum 2, for toll switches in the United States (U.S.) and 

compatible countries. 

(c) TN l 285B • 30-channel, medium-stability. fur international local switches. 

(d) TN 12868 - 24-channel, medium-stability, stratum 3, for local switches in th!! U.S. and compatible 

countries. 

The reference interface circuit pack (TN12748) is required for 24-channel digital carrier (DS-1) 

synchronization. This provides a maximum of one analog input and two digital inputs in any combination. 

A maximum of one TN1274B may be used in each CMU. 

The reference interface circuit pack (TN 1275B) is required for 30-channel digital carrier export 

synchronization. One TN1275B provides one analog input and four digital inputs with the restriction that a 

maximum of four of the five inputs be used simultaneously. A maximwn of one TN 12758 may be used in 

each CMU. 

The reference interface circuit pack (TNl850) is required for 64Kb/s composite digital reference. One 

TN 1850 provides two 64 Kbis digital references. A maximwn of one TN 1850 may be used in each CM U. 

Analog references are restricted as follows: 

(a) TN l 274B - Basic Synchronization Reference Frequency (BSRF) of 2.048Mllz* with an input level 

of -27 dbru • to +IO dbm • into 75 ohms. 

(b) TN I 275B - Frequency of 2.048 MHz* with an input level of• 13 dbm • to + 10 dbm • into 75 ohms. 
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The TN1276 circuit pack used for 30-channel and 24-channel reference applications or the TN1851 circuit 
pack used for 64Kb/s reference applications perform several NCLK2 functions. Being the controller for the 
NCLK2, the TN1276 or TNl851 handles communication with the FPC. It also contains a DELL and 
performs calculations to vary the output frequency of the clock. The controller also diagnoses NCLK2 
functions under control of the FPC. 

The TN1276 or TN1851 compares one external reference to the signal from the NCLK2 oscillator. The 
controller then calculates a frequency difference. This difference information is then used to control the 
DPLL. By keeping the DPLL locked to the very stable NCLK2 oscillator and not directly to the external 
reference, high degrees of NCLK2 stability are possible. 

The DPLL provides the clock signal from which all TMS timing pulses are derived. It also provides a 
cross-coupled output to the NCLK2 on the opposite side. Normal operation is for one NCLK2 to be 
active-major providing timing signals to the TMS fabric and its associated link interfaces. The other 
NCLK2 is active-minor and is synchronized to the active-major side through cross-coupling, preventing 
errors in the 5ESS® Switch network when active-major and active-minor clocks are switched. 

The DPLL can be o~rated in four different modes: normal, fast, holdover, and free run. rn the normal 
mode, the DPLL attempts to track the external references using the normal time constants for that particular 
application. In the fast mode, time constants are reduced to achieve a fast lock condition in the NCLK.2. 
The holdover mode is entered whenever problems with the external references are detected. Here, the 
DPLL is no longer locked to the external references; instead, its signal is based on the last known good 
reference. In the free mode, DPLL is instructed to free run in the center of its range. This is normally used 
only when the NCLK2 is initialized with no external references, or for stand-alone operation. 

2.7.4 NCLK2 REFERENCE INTERFACE (TN1274B, TNl275B, or TN1850) 

As previously stated, the NCLK2 Iocks to external reference signals connected to the TNl274B, TN1275B, 
or TN1850 circuit packs. Timing information is extracted from the reference signal and is Sent to the DPLL 
on the controller circuit pack. 

The DPLL then generates the required BK.Hz timing signal (locked to the reference) for use by the TMS. 
For a master/slave network, when: several references are used, the DPLL will lock to one of the external 
references. If that reference fails, the DPLL will be told to use the backup reference. If all external 
references are corrupted or lost, the DPLL will continue to provide the 8KHz to the TMS. In this holdover 
mode, the phase of the output signal is based on the last known good state of the reference. The stability of 
the clock during holdover will depend on the stability of the local NCLK2 oscillator. 
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SD5D513-01 was changed to correct documentation errors in the notes. CD section DETAILED 

DESCRIPTION 2.10 is updated to include information on aulO power recuvery (APR). CD section 

REFERENCE DATA 3.4 is updated to include APR. 

2.IO CONTROL AND DISPLAY (SN516BJ 

In service/out-of-service control, and alarming of the power convc:ners arc: p,erforrned by the SN516 control 

and display (C&D) circuit pack. The pack provides manual and AM control of everything in the CMU 

except the NCLK2 oscillator pack. The AM monitors the c&D pack for fuSc alanns, power status (alarms, 

manual off, and power on), and request for out of service (OOS). The C&D pack is wired through the 

C'Mll backplane for unit auto power recovery (APR). This allows the C&D pack to automatically power 

up the power convener if --48 volts to the unit is lost and then restored. 

3.4 FUNCflONAL DESIGI\ATIONS 

APR Auto Power Recovery 
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SD5D513-0l was changed to correct documentation errors in the DSCH backplane wiring and appara1us 

figures. Apparatus figures 14 and 15 providing NCT link opiics were added, and apparatus figures 3, 4, 12 

and 13 were corrected. Information notes 302 and 305 were changed to incorporate the apparatus figure 

and DSCH corrections. The text in the CD was not affected by this issue. 
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SD5D513-0l was changed to provide the correct DSCH backplane wiring for channels 12 and 14 to allow 

connection to the 3B21D. Notes 302 and 305 in the SD werc.ctianged. The text in the CD is not affected 

by this issue. 
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Section 1 • GENERAL DESCRIPTION 

1. GENERAL DESCRIPTION 

1.1 PURPOSE OF CIRCUIT 

CD-5D513-01 

The communication module unit. or CMU, is a key component of the small office SESS® switch. The CMU can be used in offices having no more than two swirching modules (SMs), one of which can be an SM-2000. The CMU has the following purposes: 
• Supplying a clock 10 the office that is synchronized 10 external references. 
• Providing cenual proceuor inu:rvention (CPI), to force SMs into a known stare. 
• Pmnping the SMs. 

• Routing of BX.25 messages to the administrative module (AM) from an SM, or from the AM to an SM, or between SMs. 

• Routing dala or (PCM) voice between SMs. 
• Providing an inlerface from the message swirch controller (MSC) to a communication module processor (CMP). 

To povide these functions, the CMU consists of eight main components: the message swirch controller. the foundation peripheral controllec (FPC), lhc pump pcriphenl controller (PPC), the message module processor (MMP). the message interface, the network clock model 2 (NCLK2), the time multiplexed switch cmtroller (TMSC), and the time multiplexed switch (TMS). 
1.l GENERAL DESCIUfflON OF OPERATION 
1.1.1 MESSAGE SWITCH CONTROLLER 
The message swirch con1roller is the heart of the message switch. It resides functionally between the AM, and the message swirch peripherals. which can be MMPs, FPCs or PPCs, located in the CMU, or CMPs. 1oca&ed in anotha uniL The meuqe switch controller communicates through the dual serial channel to the AM, and through the input-outpUt microprocessor inrcrface (JOMI) bus to the peripherals. 
1.2.2 FOUNDATION PERIPHERAL CONTROLLER 

The FPC povides control and diagnostic access to those function blocks in the CMU that are not directly controlled by the message switch controller: the netw<X'k clock, the message inlerface, and the TMS. 
1.2.3 PUMP PERIPHERAL CONTROLLER 

The PPC is used to pump the SMs. Pmnp data is received by the PPC from the message switch conuoller and is remporarily stored in buffer memories in the PPC. Under software control, the PPC transmits the data, on as many as 32 time slots to the Message Interface. 
1.2A MESSAGE MODULE PROCESSOR 

The MMP contains eight X.25 protocol controller (XPC-8) chips that implement the level 2 data link control functions specified in the BX.25 packet switching communications standard. Each of the eight XPC·8 chips services one time slot. These time slots carry control information between SMs or between the AM and lhe SM. 

1.2.S MESSAGE INTERFACE 

The message interface provides the interface between the time multiplexed switch and the MMPs and PPCs of the message switch. Every time slot, the message inlerface sets up a connection between the TMS and the appropriate message switch peripheral. The message interface can also insen rhe CPI code on one time slot or all time slots, to f<XCC an SM into a known state. The message inlerface also provides the FPC with 
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Section 1 • GENERAL DESCRIFflON CD-5D513-01 

control access, through the comrol and diagnostic access link (COAL) to the network clock and TMS 
controller, u well as the message interface itself. 

1.2.6 NETWORK CLOCK, MODEL 2 

The NCLK2 provides timing and synchronization signals to the 5ESS® Switch netw<Xk. This allows the 
SESS® Switch to be synchronized with the digital network that it connects to. In synchronized mode, the 
NCLK2 derives this timing signal from designated external reference facilities, thereby locking the SESS® 
Switch network to these refmence facilities. NO.K2 provides high-stability or medium-stability operation. 
and interfaces to multiple 24-channel and 30-c:hannel digital references, as well as to analog references. 
Toe network clock is a duplex circuit; that is, it is fully duplicated in ~ CMU shelf with some signals 
cross-coupled between the two sides. 

1.2.7 TIME MULTIPLEXED SWITCH CONTROLLER 

Toe TMSC consists of two circuit packs: 1N1813 (conttoller), and 1N1812 (clock and conttol interface). 

1Nl813 and 1N1812 provide the control interface and environment necessary for the TMS tinnware to 

execute call pnx:cssing. These boards also handle maintenance orders from the AM and perfonn TMS 
internal operations (error reponing, initialization, reinitialimtion, etc.). 

The 1N1812 contains a high-frequency phase-locked loop that is locked to the network clock reference. It 
provides the clock signal and sync pulse to the switching module link interface pack (1Nl830) and a clock 
signal to the 1N1813 controlla. 

1.2.8 TIME MULTIPLEXED SWITCH 

The CMU is connected 10 the SMs through 32Mbps network control and timing (NCI) links which 
terminate on the 1Nl830 boards. 

Data received &om the NCT links is switched through the TMS fabric multiplexers and either routed back 
to the appropriate SM through an outgoing NCT link, or to the message switch through the message 
interface. 
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Section l - DET All.ED DESCRIPTION CD-SDSIJ-01 

2. DETAILED DESCRIPTION 

A dcsaiption of each cilcuit pack in the CMU can be found in this section. Refer to Figure 1 for a view of the unit layout. 

2.1 M~AGE SWITCH CONTROLLER (KBNlO) 
lbc KBNI0 interfaces the CMU with the AM dual serial channel (DSCH). Each DSCH link consists of five RS~22 compatible cables, carrying two bidirectional data leads, a ttansmit clock, a receive clock, and a iequest lead. The daca is sent across the link as either a single 32-bit word or in a block of 16 32-bit wards. The high order 16 bits of the 32-bit word arc sent ovec one of the data leads and the low ader 16 bits arc sent over the other, I~ significant bit first. in parallel. The data race between the KBNI0 and DSCH is at 10 MHz. 

To specify the operation type, 4-bit stan codes are transmiued to the KBNlO over the two bidirectional data 1~. 

'Ibc KBNl0 receives and decodes the incoming serial message, execuccs the specified operation, and transmits a serial reply message back to the AM. 

Communication between the AM and the KBNI0's on-board 16-bit proce.uor takes place through a 16-word by 32-bit data first-in first-out (FIFO). a 32-bit command register, a 32-bit stab.IS register, and a 16-bit sanity timer. 

The FIFO can be accessed by both the processor and the AM, but not at the saine time. A single word or a block of 16 words can be sund in the FIFO. 

The command regisr.cr records commands from the AM destined for the KBNIO. The processor may read and. fer maintenanee purposes, may wriac this regisw. 

The timec is used to maintain the sanity of the KBNI0. The processor has rcad/wricc access to the timer, which is incremented once every five microaeconds. A timer inlcrrupt is issued to the processor at an interval specified in the initialization block from the maintenance software. The processor has 81.92 ms to reset the timer, otherwise, a sanity mm bit will be set to report the detection of an cmr to the AM. 
The stalUS register is scgmerued into 16 status ftags and 16 mor flags. These flags are used to request interrupt and direct memory access (OMA) service from the AM, to alcn the processor to the presence of an AM command or data iequesu, and to rec:ard the detection of error conditions. 

The processor used on the KBNI0 consists of four 4-bit sliced microprocessors. These bit-slices work together to fonn a 16-bit microprocessor. 

A 48-bit microc:ode ward stared in the on-board microcontrol store controls the operation of the processor. This microword instructs the processor to move and opel1lle on data. When reset, the KBNlO begins executing out of the on-board lK-dcep boot programmable read only memory (PROM) which instructs the KBNI0 to download the !SK-deep execution random access memory (RAM) from the AM through the DSCH. Helper code u,ed by ctiaponics is also conrained in the boot PROM. This same microword also controls the operation of the KBNI0's miaopiogrliffl sequencer. This sequencer conttols all miaoprogram jumps, returns, and loops. 

Interrupt vectoring circuitry on the KBNlO allows branching to intenupt handling routines. This circuitry 
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automatically fmccs the program to l:nnch to an interrupt vector table sla'Cd in the microcontrol store and 
to push the correct return address onto iu stack. 

On-board RAM allows for temporary storage of data passing through the KBNI0. On-board registers allow 
the KBNl0 to interface with the AM and with message switch peripheral processors (MSPPs) 

The IOMI bus between the KBNl0 and the MSPPs is at u-ansistor-ttansistor logic (Tl1.) levels. Each 
c:ammunity has a 16-bit DMA address bus. an 8+1 parity bil bidirectional data bus, eight conttol signals, 
and one out-<>f-level signal. Each of the peripheral processors in each community has an individual service 
request (SR), interrupt RQuest (IR), error request (ER), and control signal acknowledge (CSA) signals. 

2.2 MESSAGE SWITCH PERIPHERAL PROCESSOR (TN856C) 

The MSPP is the conttolling circuit pack of all message switch peripheral controller applications in the 
CMU. The MSPP is a single-board processor with an interface through an IOMI bus to the KBNIO, and 
with an interface to application boards needed for rach particular function. Contained on the MSPP is a 
16-bit microprocessor. 128k bytes of dynamic random access memory (DRAM), 8k bytes of static RAM, 
16k bytes of erasable programmable read only memory (EPROM), and clock circuias to ensure ias own 
sanity as well as to provide needed timing to application boards. 

The interface to the application boards suppons either 8-bit or 16-bit peripherals. Through this interface, 
the MSPP perfonns parity gene,ation and checking functions for both the data bus and address bus. DMA 
opcntions are also supported, allowing efficient data uansf ers without direct JXOCCSS0r involvemenL 

1.3 FOUNDATION PERIPHERAL CONTROLLER (UN173) 

The FPC contains circuitry that performs the following functions: 

(a) Provides a serial interface to the three subdevices (network clock. message interface, and time 
multiplexed switch) over the CDAL. This interface is accomplished through a fixed hardware 
protocol provided by the control and diagnostic access circuiL A PROM sequencer is used to 
provide the necessary control signals associated with the protocol. 

(b) Generates mukable interrupt conttol vectors to the MSPP upon reception of error or service 
requests from one of the three subdevices. 

(c) Selects the active CDAL (0 or 1). 

(d) Checks parity of address and data received from the MSPP, and generares parity over the data bus 
during dara transfers to the MSPP. 

On the MSPP microprocessor bus interface, the FPC receives address, address parity. data, data parity, and 
various control signals. The FPC sends data. data parity. and control signals to the MSPP on this bus. 

On the CDAL interface, the FPC sends and receives serial data and control signals. 

2.4 PUMP PERIPHERAL CONTROLLER (TN886) 

The PPC provides the intaface for rapidly pumping an SM. Data is pumped from the disk in the AM, 
through the KBNl0, by way of the IOMI bus to the PPC. The PPC then sends the data to the message 
interface device (MI device) lhrough a message interface bus (MIB). The message interface device sends it 
to the TMS, where it is distributed to the destination SM through an NCT link. 

The PPC contains circuitry which performs the following fwictions: 
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(a) A pair of 4k byte RAM buffers temporarily store blocks of data written by the MSPP. (b) An 11-bit word counter generates the RAM buffer address during reads (transmissions to the switch module). An address multiplexer switches the source of the RAM buffer's address from the address counter to the JX'OCCS5m' • s address bus. 
(c) A data fmnatting circuit converts the 16-bit words read from the RAM buffer to 8-bit time slots. Each time slot contains six data bits, a framing bit, and a parity bit 
(d) An 8-bit time slot counter has two functions: it counts the eight bits per time slot and the 32 time slots per bame. 
(e) The output data circuit contains a multiplexer that switches idle code or dala to the output. A shift register convens the parallel data ro serial dala. which is output on the MIB at a 2 MHz rate. (f) A 32d bit RAM pcnonns time-slot selection. Each bit corresponds to one of the 32 time slots and is used fD determine which of the time slots will be used for data ttansmission during SM pump. 

(i) Diagnostic circuits check data parity. address parity, data fonnattina, and the time-slot select RAM. 
Data blocks are ttansfertt.d in parallel fonnat from the MSPP to rhc PPC. This interface contains a 16-bit address bus, 16-bit data bus, and various control signals. 

Da&a blocks are uansfcrred in serial fonnat from the PPC ro the MI device through the MIB. This interface ccntains transrniucd da&a. received data. and 4 MHz clock and sync signals. The maximum data transfer nue is 192K bytes per second. 
2.5 M~AGE MODULE PROCESSOR (TN870) 
The MMP contains the custom protocOl chips (XPC&) and the complementary metal oxide semiconductor (CMOS) MIB controller (CMC) chip for selecting eight transmit and eight receive time slots on the MIB. This board provide multiplexing belwcc:n the 2Mb/s MIB serial rate and lhe 48Kb/s XPC serial rare, wirh parity insertion and checking on the MIB. It is conll'Olled lhrough the MSPP's microprocessor address, da&a, and control buses. 

Through multiplexers here, and in the SM, dedicaacd links are supported by Ibis board between the MMP and the SMs. The XPC chips process messages according to strict inreipretation of level 2 BX.2.S prorocol. The XPC chip's interfaces to the system are through a duplex 48KB/s serial port to the MIB multiplexing circuilry, and an intemal dual channel DMA conlJ'Olltr which accesses memory on the MSPP board. The dual access memory (DAM) of the 1N856C acts as the interface buffer between the processor on the KBNl0 and the MSPP. 

The MSPP receives messages destined for the SM in DAM, transfers it to dynamic RAM. and writes an XPC lookup table (also in dynamic RAM). The XPC chip makes use of pointer and message length information in the lookup table to program its internal OMA controller. The XPC chip then transfers the message into dynamic RAM. Messages traveling in the reverse direction are handled similarly. 
The CMC chip provides the interface from the MIBs to the XPCs. This interfacing function consists of multiplexing and demultiplexing between the 2.048Mbt's MIB serial data rate and the 48 Kbls XPC serial data rate, with parity checking and gencntion over borh the a-ansmit and receive portions of rhe interface. It provides access to eight transmit and eight receive time slots to and from the MIB. 
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Section 2 - DETAILED DESCRIPTION CD-50513-01 

In the single MMP configumtion. there is only one MMP (and its associated MSPP) per side. The even-numbered conttol time sloo are proceued by the MMP on side O and the odd-numbered control time slots arc processed by the MMP on side 1. In the dual MMP configuration, there are two MMPs per side, and both the odd-and even-numbered time slots arc processed by both sides. 
2.6 MESSAGE INTERFACE 

2.6,1 GENERAL DESCRIPTION 

The message interface consists of the conuol pack UN187 and the MI device and supporting circuitry on the 1Nl830. A maximum of 128 control time slots arc transferred through the MI device. The UN187 conttols the operation of the MI device. 

2.6.2 MESSAGE INTERFACE DEVICE (PART OF TN1830) 
In the uansmit ditcction, the MI device sends clock, synchronization, and dara from the TMS fabric to the message switch. The MI device demultiplexes a 32MHz data stream to four 4MHz data streams (half of the incoming dara stream is discarded) for the peripheral conuollers (PCs) in the message switch. 

The MI device also supplies the TMS with dara from four cross-coupled communities of PCs in the message switch. The MI device receives balanced serial data from the PCs through the MIB. 

The MI device has eight serial input buses. Two buses are associated with each MIB. Four of these buses arc associated with PCs on the same message switch side and four arc associated with PCs on the cross-coupled message switch side. 

The MI device has the capability to detect input parity errors from the PCs and the TMS and can force incorrect parity to the PCs and the TMS. The MI device can also force erras through conuol registers and detect them through (ESRs). This allows the MI device to verify its error detection circuitry. 
2.6.3 MESSAGE INTERFACE CONTROLLER (UN187) 

The UN187 is the conuol intc:dace for the message interface complex. It provides the serial interface to the COAL, which supplies a communication channel with either side of the FPC in the message switch. The UN187 uses its time slot switching memory to configure the dara paths received from the PCs. It also can insert CPI in one or all time slots. 

2.7 NETWORK CLOCK MODEL 2 HARDWARE DESCRIPTION 

2.7.1 GENERAL HARDWARE DESCRIPTION 

The NCLK2 consists of three ftmdamenlal circuit pack types: a conttoller (TN1276), an oscillator (IN1283B, TN1284B, TN1285B, or TN1286B), and a synchronizer (TN1274B or TN1275B). 

One NCLK2 oscillaror cilcuit pack is required in each CMU shelf, as follows: 
(a) 1Nl283B • 3Ck:hanncl, high-stability, for international gateway switches. 
(b) TN1284B - 24-channcl, high-stability, sttatum 2, for toll switches in the United States (U.S.) and compatible counaies. 

(c) TN1285B - 3Ck:hannel, medium-stability, for international local switches. 
(d) 1Nl286B - 24-channel, medium-stability, stratum 3, for local switches in the U.S. and compatible countries. 

The synchronizer circuit pack (IN1274B) is required for 24-channel digilal carrier (DS-1) synchronization. 
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Section 2. DET All.ED DESCRIPTION CD-50513-01 

This provides a maximum of one analog input and two digi&al inputs in any combination. A maximum of 
one TN1274B may be med in each CMU. 

The synchronu.er cin::uit pack (1N127SB) is required for 30-channel digi&al carrier export synchroni7.ation. 
One TN1275B provides one analog mput and four digital inputs wilh the resaiction that a maximum of four 
of the five inputs be used simulblDCIOUSly. A maximum of one TN1275B may be used in each CMU. 

Analog references arc restricted as follows: 

(a) TN1274B - Basic Synchlonu.ation Rcfcrcncc Frequency (BSRF) of 2.048MHz• with an input 
level of-27 dbm* to +10 dbm* into 75 ohms. 

(b) TN1275B - Frequency of2.048MHz* with an input level of -13 dbm* to +10 dbm• into 75 ohms. 
2.7.2 NCLKl OSCILLATOR (TN1213B, TN1284B, TN1285B, OR TN1286B) 
The NCLK2 architecture uses a fixed frequency time base to perform its function of locking to the extt.mal 
refen:nces. The oscillalor is oven-enclosed to provide high stability. Four different codes of oscillator circuit packs are provided for various combinations of domestic, export. high-stability, and 
medium-stability as described in section 2.7.1. Each NO.Kl oscillator is a unique failure group with 
independent power and alarms separate from other components in the CMU, including the NCLK2 reference and conaoller packs. 

Each NCLK2 oscillator output (one in each CMU shell) connects to both NCLK2 controllers (one in each 
CMU shelf). The digilal phase locked loop (DPLL), on the controller circuit ~. is instructed through the 
maintenance software as to which clock to use as its time base. 

For stand-alone applications. the NCLK2 will not be synchroni7.cd to any external reference facilities. Instead. the Na.K2 will serve as the masrer timing reference for the 5ESS® Switch. The stand-alone options are provided only for medium-stability applications. 
2.7.3 NCLKl CONTROLLER (TNU76) 

The lN1276 circuit pack performs several NCLK2 functions. Being the conaoller for the NCLK2, TN1276 handles communication wilh rbe FPC. It also contains a DPLL and performs calculations to vary 
the outpUt frequency of the clock. The conaoller also diagnoses NCLK2 functions under conaol of the FPC. 

The 1Nl276 compares one external reference to the signal from the NCLK2 oscillator. The controller then 
calculalCS a frequency difference. This difference information is then used to conttol the DPLL. By keeping the DPLL locked to the very stable NCLK2 oscillator and not directly to the external reference, 
high-degrees of NCLK2 stability are possible. 

The DPIL provides the clock signal from which all TMS timing pulses are derive.d. It also provides a 
cross<e>upled ourput to the NCLK2 on the opposite side. Normal operation is for one NO..K2 to be 
active-major providing timing signals to the TMS fabric and its associaled link interfaces. The other 
NCLK2 is active-minor and is synchronized 10 the active-major side through cross-coupling, preventing 

• Input frequency ii ~ by bocti bardw~ and linnware. lnpul level ii dependau only on the bardwan: and is independent of finnware. 
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CITOrs in the SESSGD Switch network when active-major and active-min<r clocks are switched. 

The DPLL can be operaled in four different modes: nonnal, fast. holdover, and free nm. In the normal 
mode, the DPLL auempu to tmclc the external references using the DC1111al time constants for that particular 
applicalion. ln the fast mode, time conscanrs arc reduced to achieve a fast lock condition in the NCLK2. 
The holdover mode is entered whenever problems with the cxtmlal references are detected. Here, the 
DPLL is no longer locked to the external references; instead, its signal is based on the last known good 
reference. ln the free nm mode, DPU. is instructed to free run in the center of its range. This is normally 
used only when the NCLK2 is initiali7.ed with no external references. or for stand-alone opm1.tion. 

2.7A NCLKl SYNCHRONIZER (TN1274B OR TN1175B) 

As previously Slaled. the NCLK2 locks to external refecence signals connected to the 1N1274B or 
lN127SB circuit packs. Timing infonnation is extracted from the reference signal and is sent to the DPLL 
on the controller circuit pack. 

The DPU. then generates the required 8KHz timing signal (locked to the reference) for use by the TMS. 
For a master/slave network. where several references are used, the DPLL will lock to one of the external 
references. If that refcrcncc fails, the DPLL will be told to use the backup rcfcrencc. If all external 
references arc corrupted or lost, the DPLL will continue to provide the 8KHz to the TMS. ln this holdover 
mode. the phase of the output signal is based on the last known good state of the reference. The stability of 
the clock during holdover will depend on the stability of the local NCLK2 oscillator. 

2.8 TMS CONTROLLER 

1.1.l GENERAL DESCRIPTION 

The TMS controlla consists of two circuit packs: the lN1813 controller, and the 1Nl812 clock and control 
interface. 

2.1.1 CONTROLLER (TN1813) 

The lN1813 controller optntes as a microprocessor-based core to maintain and set up the TMSC (TMS 
controller) and TMS. 

The lN1813 consists of a 68000 microprocessor supp(X'tcd by 48 tbytes of static RAM, 64 tbytes of 
EPROM, a D71054 programmable timer, a 9519A programmable interrupt controller. maintenance and 
error source registers. and other circuitry for address decoding, data flow. and other, lower level functions. 

The EPROM stores TMS firmware, including a boowrap program thal initializes the TMSC in response to 
a reseL The RAM stores these TMS firmware program variables and the TMS diagnostic program and its 
variables. Pan of the RAM is dedicated to other diagnostic programs delivered from the message switch. 

The D71054 programmable timer provides timing for regular interrupts to the 68000 processor and serves 
as its sanity timer. 

The 9519A programmable interrupt controller provides a way to prioriti7.C and allow or disallow TMS 
internal interrupt sources. 

The error source registers provide maintenance and control functions on-and off-board. 

The 1Nl813 connects to the 1Nl812 over a common parallel address. data and control bus. The TN1813 
connects to the 1N1830 through the lN1812. 
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2.&.3 CONTROL INTERFACE PART OF (TN1812) 

The TN1812 control interface Jl"OVides one end of the serial link that allows the TMSC to communicate with the TMS. The key component of the TN1812 control inlelface is the conb"Ol interface (CI) device. 
This chip provi~ a transparent extension of the Motorola 68000 bus by converting the parallel address, 
data, and control leads of the microprocessor into two serial sueams and sending them to the TN1830. In a similar way, the mial stteam &om the TN1830 is converted back into parallel and put on the 
microprocessor's own bus. 

The CI device also interfaces to the COAL, allowing the FPC to communicate with the TMS controller, 
through the UN187. This !Mbps serial interface is used by the FPC to send initializ.ation, maintenance, 
fault recovery, and call processing messages to the TMS. 

Parity and other conD'Ol interface errors detected by the TN1812 arc rcp<Xted to the TN1813. 
2.8.4 CLOCK INTERFACE (PART OF TN1812) 

The TN1812 provides system timing for the TMS through the generation of the various clocks and 
synchronil.alion pulses, which are used by the TN1812, TN1813, and TN1830. System synchronii.ation is accomplished by phase locking the oscillator on the TN1812 to an 8KHz reference signal from the network 
clock or from the cross-connected TN1812. Clock loss and clock frequency errors detected by the TN1812 
arc reported to the TN 1813. 

2.9 TIME MULTIPLEXED SWITCH (PART OF TNllJO) 

The TMS is implemented on the TN1830, which inlelfaces with the NCT links and consists of the 
following function bloclcs: 

(a) Clock recoveries, 

(b) Link int.crface rcceivcn (LIRs), 

(c) Test function. 

(d) Fabric and fabric conb"OIJcrs, 

(e) Quad link transmitters (QLTs), 

(f) Common interface and control (CIC) circuitry, 

The LIRs and QLTs are implemented in two QLI chips on the circuit pack. The test function controller, 
fabric and fabric controller, and most of the CIC cirautry is implemented in the on-board TMS device. 

Since the TN1830 does not receive clock along with data over the NCT links, each of the four incoming 
links has a clock recovery to extract the 32MHz clock from the incoming 32Mbps data. 

The incoming dara from each link is loaded into that link's LIR, which searches the incoming data for a 
framing pattern, which it locks on to. Once the LIR is in frame, it transfers the incoming data into the 
link's 256 x 16 bit RAM. While the dara from the various links will not be aligned with each other when they enter the LIRs, the RAM allows fer enough buffering that the data from the different links can be 
aligned when they arc read from the RAM. The LIR back end, which reads the RAMs, also chcclcs for framing and parity errors. 

The test function is used to genemc idle code during normal operation, and to generate test patterns for 
diagnostics. The test function consists of an 8Kx9 RAM and a RAM controller. The 8K RAM is large 
enough to hold 16 frames of256 time slots of 16-bit data. The RAM controller reads consecutive locations 
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in the RAM. conven., the data to a serial bit stream and presents the data to input port 0 of lhe fabric. A sync address register detamin~ the time during the frame when each location is read. 

The dala that has been aligned by the LIR. along with the data from the test function RAM, is made available on input pons to the fabric. Hae, the data is routed to whatever output pons are lisr.ening to that inpUL Since the fabric is re-configured during each time slot. each ouq,ut pon on the fabric is conttolled by a 256-word-deep RAM containing 3 bits of data telling that output what input it should listen to during the given time slot. The fabric controller arbittates the reads and writes of these RAMs. 

Aftcc the data is switched by the fabric, it passes through a quad link transmitter (QL 'I). The QLT sets the framing bits to the appropriate values. sets the "E-bit", which indicates whether the time slot is idle or in use, and regenerates parity for the 16-bit word, before sending the data off the board over the outgoing NCT link. 

If the data is being sent from the TMS to the message switch, it also passes through a link uansmitter, before entering the MI device. 

The CIC function of this board interfaces with the TMS controller to provide the conttoller with access to the registers and memori~ on the board. 
2.10 CONTROL AND DISPLAY (SN516B) 

In-service/out-of-service conttol, and alarming of the power converters are perfonned by the SN516B control and display (C&D) circuit pack. The pack provides manual and AM .s:onttol of everything in the CMU except the NCLK2 oscillator pack. The AM monitors the C&D pack for fuse alarms, power status (alarms. manual off, and power on), and request for out-of-service (00S). 
2.11 POWER CONVERTER (410AA) 

The purpose of the 410AA convener is to change a nominal -48 volt input to a well regulated +.S volt output for applications in the CMU circuits. The power unit is pulse-width conttollcd for regulation, self­oscillating, and operates at a fixed frequency. The 4 I0AA provides +5 volts at 310 watts for all the packs in the same CMU shelf except the NCLK2 oscillala pack and the SN516B. 
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3. REFERENCE DATA 

3,1 CIRCUIT PACKS 

Circuit pack circuit delcriptions (CDs) reside within the following circuit pack schematics (CPSs). 
(a) Control and Display (C&D) - CPS SNS16B. 
(b) Power Converter• CPS 410AA. 

(c) Measase Switch Controller, Model 3 - CPS KBNl0. 
(d) Foundalion Periphclal Controller (FPC) - CPS UNI 73. 
{e) Pump Pe:riphcnl Coruroller (PPC) - CPS 1N886. 
(t) Message Switch Pmphaal Processor (MSPP) - CPS TN8S6C. 
(a) Mesaie Module Processor (MMP) - CPS TN870. 
(h) Message Interface Controller - CPS UNI87. 
(i) NetWork Clock Model 2 Oscillalor • CPS TN1274B, CPS TN127SB. 
(J) Network Clock Model 2 Reference Inlerface- CPS TN1283B, CPS TN1284B, CPS TN128SB, CPS TN1286B. 

(k) Network Cloclc Model 2 DPLL/Controller - CPS TNI276. 
(1) Clock and Con1rol Interface (CCI) - CPS TN1812. 

(m) TMS Controller (TMSC) - CPS TN1813. 
(n) Switching ModuJe Link Interface (SMLI)-CPS TNI830. 

3.2 WORKING LIMITS 

3.2,1 TEMPERATURE RANGE 

• -S to SS degrees C office aisle ambicnL 

• 0 to 65 degrees C at NCLK2 circuit packs. 

• 0 to 70 degrees C at all other circuit packs. 

3.2.2 HUMIDITY RANGE 

• S ro 95 percent relative humidity. 
3.2.3 VOLTAGE LIMITS 

• -39 .S ro -57 .0 volts. 

3.2.4 INTERFRAME CABLING REQUIREMENTS 

• Maximum dis&ancc from 3B21D proocssor unit ro CMU is 100 feet 
• Maximum disrance from DSX to NCLK2 is 655 feet 
• Maximum distance from time slot inlelehange unit (TSIU) to CMU is 2000 feet 
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3.3 CONNECTING CIRCUITS 

(a) Modular Fuse/Filter Unit - SD-5D190-01. 

(b) 3B21D Processor Unit - SD-4T011-1. 

(c) Time Slot Interchange Unit. Model 2 - SD-5D045-01. 

(d) Time Slot Interchange Unit, Model 4 - SD-5D196-01. 

(e) Communication Module Processor Unit- SD-5D178-01. 

3.4 FUNCTIONAL DESIGNATIONS 

AM 
C&.D 
CD 
COAL 
CI 
CIC 
CMC 
CMOS 
CMP 
CMU 
CPI 
CPS 
CSA 
DAM 
OMA 
DPLL 
DRAM 
DSCH 
EPROM 
EQL 
ER 
ESR 
FIR) 

FPC 
IOMI 
IR 
UR 
MIB 
MMP 
MSC 
MSPP 
NCLK2 
NCT 
ONTCCOM 
oos 
PC 
PCM 

llsue 1 

Administrative Module 
Control and Display 
CircuitDcscription 
Control and Diainostic Access Link 
Control Interface 
Common Inrcrface and Control 
CMOS Message Interface Bus Controller 
Complementary Metal Oxide Semiconductor 
Communication Module Processcr 
Communicalion Module Unit 
Central ProccAor lnfCJ'Vcntion 
Circuit Pack Schematic 
Control Signal Acknowledge 
Dual Access Memory 
Direct Memory Access 
Digital Phase Locked Loop 
Dynamic Random Access Memory 
Dual Serial Channel 
Erasable Programmable Read Only Mcm<X'}' 
Equipmern Location 
Error Request 
Error Source Rcgista 
First-In First-Out 
Foundation Peripheral Contt0ller 
Input-Output Microprocessor lntcrface 
Interrupt Request 
Link Interface Receiver 
Message Interface Bus 
Messaae Module Processor 
Message Switch Controller 
Message Switch Peripbezal Processor 
Network Clock. Model 2 
Network Contt0l and Timing 
Office Network Timing Complex, Common 
Out-Of-Service 
Peripheral ConllOller 
Pulse Code Modulation 
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CD-SDSIJ-01 

PPC 
PROM 
QU 
QLT 
SM 
SR 
TMS 
'IMSC 
TSIU 
rn.. 
XPC 

s 
N 
s 
1 
6 
B 

IMScu 
4 K 
1 B 
0 N 
A 1 
A 0 
• 
• 
• 

Pump Peripheral Controller 
Propammable Read Only Memory 
Quad Lint Inraface 
Quad Link Transmilla 
Swilehing Module 
Service Request 
Time Multiplexed Switch 
Time Multiplexed Switch Controller 
Tune Slot lntachange Unit 
Transislm'-Tramistor Logic 
X.25 Protccol Conuollcr 

I MMP I I FPC/PPC 

T T T T u T T 
N N N N N N N 
8 8 8 8 1 8 8 s 7 s 7 7 s 8 
6 0 6 0 3 6 6 
C C C 

I I ONTCCOM I 
T T T T T T T u 
N N N N N N N N 
8 1 1 1 1 1 I 1 s 2 2 2 8 8 8 8 
6 8 7 7 1 1 3 7 
C s s 6 3 2 0 • B • 

• . 

J Comm I I Comm I 
L::J L::J NCLK2 TMS l~'I Fiaure 1. CMU Layout 

• Only one possible way of equipping the netWOrk clock boards is shown here. •• On side 0, only community 2 will be equipped. and on side 1, only community 3 will be equipped, unless the switch bas the dual MMP feature. 
••• The power supply in side O of the CMU is equipped at a slightly different equipment location (EQL) than the power supply in side 1, to allow fer better cooling of the power supplies. 
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