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RESEARCH LABORATORIES - REPORT 6890

HANDBOOK FOR 8.448 Mbit/s DIGITAL MULTIPLEX

INTRODUCTION

An 8.448 Mbit/s digital multiplex using +/0/- justification has been
designed and constructed in the Line and Data Systems Section of the
A.P.O. Research Leboratories.

This report is intended mainly for use as a handbook for the multiplex,

but can also be used as a reference for circuit techniques in plesiochronous
multiplexers. General principles and theoreticsl aspects are described in
References 1, 2 and 3.

The 8.4L48 Mbit/s multiplex combines four plesiochronous 2.048 Mbit/s

digital input signals. The input signals can come from P.C.M. systems or

from multiplexed data signals. The multiplex can be easily modified to

accept other input bit rates of up to 2.048 Mbit/s. However, the ratio
33

between input rate and multiplex rate always has to remain B Thus if

the input rate is changed the multiplex rate has to be changed accordingly.

It is assumed that the reader is familiar with T.T.L. integrated circuits
as these form the bulk of the elements used in this particular design.
Generally, the descriptions and waveforms do not incorporate propagation
times of circuit elements to simplify circuit description. It appeared
Jjust possible to design a multiplex with a highest clock frequency of
8.448 Mbit/s with normal T.T.L. integrated circuits. The design included
due allowances for maximum gnd minimum propagation times of all circuit
elements. Only the special jitter smoothing circuitry which contains
parts that operate at a fregquency of 2L4.576 MHz requires Schottky (S) or
High Speed (H) T.T.L. devices. In the multiplex circuitry use is made of
an occassional S or H device at critical points for extra margin or for
convenience in avoiding the use of extra components.

The circuit diagrams in the back of this report are photographic
reductions of standard size drawings. PFull size drawings are available

on request from the authors.

BASIC PRINCIPLES OF +/0/- JUSTIFICATION SYSTEM

In a digital communications network for coded analogue and data signals one
of the most important problems is network synchronisation. In order to
combine a number of lower bit rate signals into a single higher bit rate
stream it is normally necessary that all signals to be combined are
synchronous with a single clock source. This method is often impractical,
and an easier solution is to have a plesiochronous network. This means
that all clocks are autonomous but have frequencies which are within a
certain tolerance of a defined nominal frequency. Using this method the
bit rate of every tributary of a multiplex node in the network can be
equalised by so called justification techniques.

In a +/0/- justification system an input data stream is written into an
elastic store and read out using a clock which has nominally the same
frequency as the writing clock. Every time there is & one bit phase
difference between read and write clocks justification occurs and an



adjustment is made to the read clock to keep it actually the same average
frequency as the write clock. When justification occurs, depending on
whether the write clock is faster or slower than the nominal rate of the
reading clock, an information pulse is inserted (negative Justification),
or a double reading is made (positive justification). Codes are sent on
allotted spaces in the multiplex frame to indicate to the receiver whether
there has been positive, negative, or no justification. A space is also
allotted for the inserted pulse to be transmitted on the multiplex stream.

3. BLOCK DIAGRAMS

3.1 Transmitter. The block diagram of the Transmitter is shown in
figure 1. The Transmitter consists of four cards; 2 identical
phase detector & elastic store cards, one common card and one
transmit card. The phase detectors and elastic stores for channels
1 and 3 are on one card, and for channels 2 and 4 on the other card.

3.2 Receiver. The block diagram of the Receiver is shown in figure 2.
The Receiver consists of eleven cards; an Input card, Common csrd,
Gating card, Y4 identical Smoother cards, and 4 identical Buffer -
Smoother cards.

4, DESCRIPTION OF FRAME AND MULTIFRAME MAKEUP

In the following description reference is made to figure 14 of the
attached drawings.

The multiframe consists of 6 frames, each frame being divided into 2
groups, group 1 and group 2. Group 1 is made up of 256 bits of bit
interleaved data followed by an 8 bit frame alignment code. The frame
aligmment code is transmitted once per frame. Group 2 is made up of

256 bits of bit interleaved data followed by 8 bits of various code and
spare bit information. The third, fifth and seventh bits of the last

8 bits in group 2 are spaces allotted for spare bit information which
are at present not used. Access has been provided on the multiplex to
the spare bits. The multiframe alignment code consists of a 6 bit code
spread over six frames in the first bit of the last block of 8 bits in each
group 2. Similarly, the justification codes for the 4 channels are sent
on bits 2, 4, 6, 8 respectively.

5. TRANSMITTER

5.1 Common Card. In the following description, reference is made to
cct 1 of the attached drawings.

The Common card fulfills the following functions. It accepts an
8.448 MHz clock from the Transmit card and produces timing
generation, Justification code generation, frame and multiframe
code generation, and multiplexing of the channel data and
associlated framing and justification codes.

Cl through to Clk are connected to form a synchronous binary counter
clocked by the 8.4L48 MHz clock. D1(8) detects the state 26L, and
the generated pulse (A), which is high for 8 bits, is used to clear
the first 3 stages. Pulse A is also used as the ensble for Ch,
which first divides A by two (B) and then counts to binary six

(C, D, E) at B rate. State 6 is detected by D1(6), and CL is
cleared. D5(4) is used to prevent the enable input to Ch being
active during the first half of the clock period, as it was found
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that without this precaution faulty operstion occurred in this
particular configuration. Pulse A occurs at half frame rate, pulse
B at frame rate, and pulses C, D and E at multiframe rate. Wave-
forms are shown in figure 3.

Various pulses need to be generated and sent to the phase detector
and buffer cards, and these are produced in the following manner.
Refer to figure 4: A clock signal at % the multiplex frequency is
generated for reading data out of the buffer. This clock requires
gaps in it occurring at pulse A rate for 2 reasons:

1. To reduce its frequency of 8'th8 = 2,112 MHz to an effective

2.048 MHz, which is the nominal input clock frequency.

2. A pulse needs to be inserted into this space for Justification
adjustments. :

This clock pulse is produced by gating pulse A with o in D5(13).

A Joint pulse (J) is inserted into pulse A space of the read clock
when negative Justification occurs to allow the read clock to
nominally track the write clock, and to allow an extra information
pulse to be read out of the buffer. The Joint Pulse for adjusting
the read clock is generated in the last half of the 6th frame, during
pulse A high period, and the inserted pulse has the duration of half

a8 2% elock pulse. The appropriate gating is performed in E5(10),
Dh(12), C5(8), and D5(1). When positive justification occurs a
double reading of data is required and a pulse (omit pulse) needs to
be omitted from the read clock. Note that for proper timing there
are separate Omit pulses for channels 1 + 2 and channels 3 + 4. The
Omit pulse for channels 1 + 2 is produced by gating out the last high

period of the 23 clock in frame 6 and shifting it 2 clock periods at

the 8.L4LL8 MHz rate by clocking it with the 21 clock. The gating and
clocking is done via D2(12), D2(8), C5(8), E1(8), and D3(9). Channels
3 + 4 Omit pulse is produced by selecting pulse A in frame 6 and
shifting it 4 clock periods at the 8.448 MHz rate by clocking it with

the 22 clock. The gating and clocking is done via E5(8), DS(10), and
D3(5). A justification decision is made during the last half of frame
1 by allowing a "window" of length 8 bits at the 8.448 MHz rate to
open at the output of the phase detector. If a Jjustification decision
has been made a latch is set on the phase detector card. The set
pulse of 8 bits which forms the window occurs just before the start

of pulse A in frame one. Gating is achieved via E1(6), D4(6), D2(8),
E1(12), E5(12). The latch is reset during the first half of frame 1

at the 23 clock rate. Note that the latch is reset a number of times.
This was only done to make the circuit configuration simpler. The
reset pulse is produced via E1(6), E5(2) and D2(6).

The common card also generates the various framing and justification
codes and multiplexes the channel dasta to form the complete multiplex
frame. A number of multiplex IC's are connected as word generators to
produce the various codes. B3 produces the multiframe code (110010)
which is generated at multiframe rate, and positioned into its

correct slot in the framing gaps by Al. A3(9) multiplexes the positive
Justification commands and uses these to control B2, which produces

the positive justification code (000111) under the control of A3(9),
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