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Lecture No. 7: Line Coding

Overview

This lecture will look at the following:
e Line coding and basic line codes

e Properties of line codes

e LAN codes
e WAN codes
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Line Coding

e Binary 1’s and 0’s, such as in PCM signalling, may be
represented in various serial-bit signalling formats called

line codes.

e Some of the most popular line codes are shown below
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e There are 2 major categories: return—to—zero (RZ)
and nonreturn—to—zero (NRZ). With RZ coding, the
waveform returns to a zero—volt level for a portion (usu-
ally one—half) of the bit interval.

e The waveforms for the line code may be further classified
according to the rule that is used to assign voltage levels
to represent the binary data. Some examples include:

— Unipolar Signalling: In positive-logic unipolar sig-
nalling, the binary 1 is represented by a high level
(+A volts) and a binary 0 by a zero level. This type
of signalling is also called on—off keying (OOK)
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— Polar Signalling: Binary 1’s and 0’s are represented
by equal positive and negative levels

— Bipolar (Pseudoternary) Signalling: Binary 1’s
are represented by alternating positive or negative val-
ues. The binary 0 is represented by a zero level. The
term pseudoternary refers to the use of 3 encoded
signal levels to represent two—level (binary) data. This
is also called alternate mark inversion (AMI) sig-

nalling

— Manchester Signalling: Each binary 1 is repre-
sented by a positive halt—bit period pulse followed by
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a negative half-bit period pulse. Similarly, a binary 0
is represented by a negative half—bit period pulse fol-
lowed by a positive half—bit period pulse. This type
of signalling is also called split—phase encoding.

— The line codes shown above are also known by other

Nnaines.

x Polar NRZ: Also called NRZ—L where L denotes
the normal logic level assignment
x Bipolar RZ: Also called RZ—AMI, where AMI

denotes alternate mark (binary 1) inversion

x Bipolar NRZ: Also called NRZ—-M, where M de-
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notes inversion on mark (binary 1)
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Properties of Line Codes

e Fach line code has advantages and disadvantages. For
example, the unipolar NRZ line code has the advantage
of using circuits that require only one power supply, but
it has the disadvantage of requiring channels that are DC
coupled (i.e. with frequency response down to f = 0), be-
cause the wavetorm has a non—zero DC value. The polar
NRZ line code does not require a DC coupled channel ,
provided that the data toggles between binary 1’s and
0’s often and that equal numbers of 1’s and 0’s are sent.
However, the circuitry that produces the polar NRZ sig-
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nal requires a negative voltage power supply as well as
the positive voltage power supply. The Manchester NRZ
line code has the advantage of always having a 0 DC
value, regardless of the data sequence, but it has twice

the bandwidth of the unipolar NRZ or polar NRZ code
because the pulses are halt the width.

e The following are some of the desirable properties of a
line code:

— Self—Synchronisation: There is enough timing in-
formation built into the code so that bit synchronisers
can extract the timing or clock signal. A long series of
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binary 1’s or 0’s should not cause a problem in time

recovery

— Low Probability of Bit Error: Receivers can be
designed that will recover the binary data with a low
probability of bit error when the input data is cor-

rupted by noise or ISI

— A Spectrum that is Suitable for the Channel:
For example, if the channel is AC coupled, the PSD of
the line code signal should be negligible at frequencies
near 0. In addition, the signal bandwidth needs to be

sufficiently small compared to the channel bandwidth,
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so that ISI will not be a problem

— Transmission Bandwidth: This should be as small

as possible

— Error Detection Capability: It should be possible
to implement this feature easily by the addition of
channel encoders and decoders, or the feature should

be incorporated into the line code
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Differential Coding

e When serial data is passed through many circuits along a
communication channel, the waveform is often uninten-
tionally inverted (i.e. data complemented). This result
can occur in a twisted pair transmission line channel just
by switching the 2 leads at a connection point when a
polar line code is used. (Note: such switching would not

affect the data of a bipolar signal)

e To eliminate this problem differential encoding is often

employed
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e FEach digit in an differential encoded sequence is ob-
tained by comparing the present input bit with the
past encoded bit. A binary 1 is encoded if the present
input bit and past encoded bit are of opposite state. A

binary 0 is encoded if the states are the same.

e Differential coding is often used with Manchester cod-
ing. The diagram below shows Manchester coding and

differential Manchester coding for a sequence of bits
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LAN Codes

e Manchester, differential Manchester, nB/mB and kBnT
codes are commonly used for local area networks. We

have already dealt with Manchester and differential Manchester,
we now look at nB/mB and kBnT

e nB/mB: Although a code like Manchester introduces
systematic transitions in any bit sequence, it is not effec-
tive because it requires a signalling rate twice as high as
the bit rate (2 pulses per bit). What is often used instead
is nB/mB coding. With nB/mB coding schemes, n data
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bits will be represented by a sequence of m pulses, the
efficiency increases from 50 % in Manchester to n/m %.

e 4B/5B NRZI: This coding scheme is used for Ethernet
100 Mbps and FDDI (fiber distributed data interface)
over optical fiber. With 4B /5B, 4 data bits will be repre-
sented by a sequence of 5 pulses (efficiency increases from
50 % in Manchester to 80 %), which will be themselves
encoded using NRZI (nonreturn—to—zero inverted)
coding.

Note: In order to ensure enough transitions in the data
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most communication systems, using fibre optics, use nonreturn—
to—zero inverted (NRZI) coding. In NRZI coding, a 0 is
represented as a change of state on the line and a 1 as the
absence of a change of state, or vice—versa. This ensures
that strings of 0’s or 1’s do not cause problems. The di-
agram below illustrates NRZI where a zero represents a
change of state and a 1 the absence of a change of state

1 0 1 1 0 0 0

| |
I I
I I
0 | |
| |
| |
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In 4B/5B coding, as only 16 of the 32 pulse patterns
are used to encode 4 bits, 5—pulse codes can be selected
in such a way that at least 2 transitions are present in
each pulse pattern. The diagram below illustrates 4B /5B
NRZI coding. Note that that in the NRZI code used here
a 1 represents a change of state and a 0 represents the

absence of a change of state.
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FEBRUARY 2005

Data Input  Code Group NRZI pattern Interpretatio
(4 bits) (5 bits)
0000 11110 |_|_|_|_ Data 0
0001 01001 _l_l_ Data |
0010 10100 |_|_ Data 2
0011 10101 |_|_|_ Data 3
0100 01010 _|_|_ Data 4
0101 01011 _|_|_|_ Data 5
0110 01110 I | I Data 6
0111 01111 _l_l_l_l_ Data 7
1000 10010 I_\_ Data 8
1001 10011 I_I_,_ Data 9
1010 10110 | |_| Data A
1011 10111 | | I | Data B
1100 11010 |_|_I_ Data C
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e 8B/10B: This coding scheme is used in Gigabit Ether-
net. It uses principles similar to 4B/5B. 8 bits are en-
coded into 10 pulses to provide a good transition density.
[t is more powerful than 4B/5B in terms of error detec-
tion capability and transmission characteristics

e kBnT Codes: This is a class of codes using 3 levels (as
in AMI) where a set of k bits is encoded as a succession
of n ternary symbols. AMI can be considered as a 1B1T
code. This scheme provides greater efficiency than binary
coding.

e 8B6T: This coding scheme is used in 100 Mbps Ethernet.
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8B6T sends 8 data bits as 6 ternary (one of 3 voltage lev-
els) signals, hence the carrier needs to be running at 3/4
of the speed of the data rate. The incoming data stream
1s split into 8 bit patterns. Each 8 bit data pattern is
converted into a 6 bit pattern using 3 voltage levels, -V,
0 and V volts, so that each 8 bit pattern has a unique 6T
code. The rules for the symbols are that there must be
at least 2 voltage transitions (to maintain clock synchro-

nisation) and the average DC voltage must be 0 (this is
called DC balance).
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WAN Codes

e Bipolar codes have been designed similar to AMI codes,
from which they differ only when a long sequence of 0’s
occurs. A filling sequence is then inserted instead of the
sequence of 0’s. These codes are used in long distance
transmissions (e.g. T links — 1.544 Mbps (USA) or E;
links — 2.048 Mbps (Europe).

e B8ZS (North America — Bipolar with 8 Zero Sub-
stitution): This code is the same as bipolar AMI, except
that any string of 8 zeros is replaced by a string with 2
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code violations (violation of the rule of alternating posi-

tive and negative levels).

— If the octet of zeros occurs and the last preceding volt-

age pulse was positive, code as 000+-0-+

— If the octet of zeros occurs and the last preceding pulse

was negative, code as 000-+04-

This causes 2 violations of AMI code, which is unlikely
to occur as a result of noise. The receiver detects and

interprets this as 8 0’s.
e HDB3 (Europe, Japan — High Density Bipolar —

FEBRUARY 2005 Slide: 23



Lecture No. 7: Line Coding

3 Zeros): Any string of 4 zeros is replaced by a string
with one code violation (violation of the rule of alternat-
ing positive and negative levels). The last element of the
filling sequence is a code violation, with the 2 middle el-
ements 0’s. The first element of the filling sequence is
either a 0 or a 1 so that the polarity of the code violation

is different from the polarity of the last violation.

B8ZS and HDBS3 coding are illustrated in the diagram

below
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Conclusion

This lecture has looked at the following:

e Line coding and basic line codes

e LLAN codes — Manchester, differential Manchester, nB/mB,
kBnT

e WAN codes — B8ZS, HDB3
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