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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -
DIGITAL SYSTEMS -

Part 2-8: Determination of low BER

using Q-factor measurements

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organisation f

t standardisatiqn comprising

)

2) The formal decisions or agreements of the IEC on technig
international consensus of opinion on the relevant subjects gi
from all interested National Committees.

3) The documents produced have the form of re
of standards, technical specifications, tege
Committees in that sense.

4) In order to promote international unlflcatlon

5) The IEC provides no mark

ents of this International Standard may be the subject
e for identifying any or all such patent rights.

6) Attention is drawn to th
of patent rights. The |

International Stan::r

systems and active i achprical committee 86: Fibre optics.

The text of thij

FDIS Report on voting
) 86C/485/FDIS 86C/505/RVD

Full information ontHe voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged
until 2010. At this date, the publication will be

* reconfirmed;

* withdrawn;

e replaced by a revised edition, or

* amended.
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FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -
DIGITAL SYSTEMS -

Part 2-8: Determination of low BER
using Q-factor measurements

1 Scope

(Clause 4) and the variable optical threshold method (Clause 5). |
the sinusoidal interference method, is described in Annex B.

2 Definitions and abbreviated terms

2.1 Definitions

For the purposes of this document, the following

211
amplified spontaneous emission
ASE
impairment generated in optical amplifig

2.1.2
bit error ratio

BER
the number bits

213
intersymbol intekferenc
I1SI

umber of bits

2.1.4
Q-factor

ratio of the difference between the mean voltage of the 1 and 0 rails, and the sum of their
standard deviation values

2.2 Abbreviations

cw Continuous wave (normally referring to a sinusoidal wave form)
DC Direct current

DSO Digital sampling oscilloscope

DUT Device under test

PRBS Pseudo-random binary sequence
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3 Measurement of low bit-error ratios

3.1 General considerations

Fibre optic communication systems and subsystems are inherently capable of providing
exceptionally good error performance, even at very high bit rates. The mean bit error ratio
(BER) may typically lie in the region 10-12 to 1020, depending on the nature of the system.
While this type of performance is well in excess of practical performance requirements for
digital signals, it gives the advantage of concatenating many links over long distances without
the need to employ error correction techniques.

The measurement of such low error ratios presents special problems in terms of the time taken
to measure a sufficiently large number of errors to obtain a statistica ignificant result.
Table 1 presents the mean time required to accumulate 15 errors. ker of errors
can be regarded as statistically significant, offering a confidence level a variability
of 50 %.

Table 1 — Mean time for the accumulation of 15 o

as a function of BER and b{h& \
A\
BER | 10-6 | 107 | 10-8 | 10-° | 10-10 | 10-1 10—1> 10~ 14 | q0-15
Bits/s )

10M| 155 | 155 [2.5min|25 min| 4.2 n [(@RdJATd N 170d [4.7 years|47 years
2,0M |750 ms| 7,55 | 75s 75(3 \@(\\21@ 8&8d Jap\d/ 2,4 years| 24 years
10M [150ms| 1,55 | 155 [2,5 min{25 mig .2 N[ 1,7 | A7d | 170d [4.7 years
50M | 30 ms [300 ms| 3,05 | 30 ¢ |5,0 min]somin [ B3k | 35d | 35d | 3504
100M [ 15 ms [150 ms{ 155 | 158 [25min[25 minf\gZh | 4.7d | 17d | 1704
500M | 3 ms |30 ris [3000fs| 3.0 N30 {5, 0mj|50 min | 8,3k | 3,5d | 354
1,06 [1,5 ms| {3\ps [1s0 ms| (Mss [\3s [2,5/min[25 min| 42n [F47d | 174
106 1505 |15 ms| 15,me [150m3| 1.5 | 155 [2.5min| 25min | 42n [ 474
406G | 38s/|380.s |3,Buns 38 ms\38'ms| 3,85 | 385 | 6,3min | 63 min [ 104 h
> MS

J?ﬁ%*S/MOms 1,5s 15s 2,5 min | 25 min 4,2 h

100G | 15 g 15%

The times gigen i how that the direct measurement of the low BER values expected
from fibr i s\is not‘practical during installation and maintenance operations. One
way of ! is difficulty is to artificially impair the signal-to-noise ratio at the receiver in
a controlle ignificantly increasing the BER and reducing the measurement time.

is measured for various levels of impairment, and the results are then
extrapolated to a of zero impairment using computational or graphical methods according
to theoretical or empirical regression algorithms.

The difficulty presented by the use of any regression technique for the determination of the
error performance is that the theoretical BER value is related to the level of impairment via
the inverse error function (erfc). This means that very small changes in the impairment
lead to very large changes in BER; for example, in the region of a BER value of 10-1% a change
of approximately 1 dB in the level of impairment results in a change of three orders of
magnitude in the BER. A further difficulty is that a method based on extrapolation is unlikely
to reveal a levelling off of the BER at only about 3 orders of magnitude below the lowest
measured value.

It should also be noted that, in the case of digitally regenerated sections, the results obtained
apply only to the regenerated section whose receiver is under test. Errors generated in
upstream regenerated sections may generate an error plateau which may have to be taken into
account in the error performance evaluation of the regenerator section under test.
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As noted above, two main methods for the determination of low BER values by making
accelerated measurements are described. These are the variable decision threshold method
(Clause 4) and the variable optical threshold method (Clause 5). In addition, a third method,
the sinusoidal interference method, is described in Annex B.

It should be noted that these methods are applicable to the determination of the error
performance in respect of amplitude-based impairments. Jitter may also affect the error per-
formance of a system, and its effect requires other methods of determination. If the error
performance is dominated by jitter impairments, the amplitude-based methods described in this
standard will lead to BER values which are lower than the actual value.

The variable decision threshold method is the procedure which can most accurately measure
the Q-factor and the BER for optical systems with unknown or unpredictablenqise statistics. A
key limitation, however, to the use of the variable threshold method to leasure
BER is the need to have access to the receiver electronics in order to ¢naniptiate

respect of measurement and computation of the results

3.2 Background to Q-factor

The Q-factor is the signal-to-noise ratio (SNR) at the d
as [3]":

and “0” rails, respectively, and g; and
distribution on the “1” and “0” rails,

where x4 and ug are the mgan voltage Iev
oy are the standard deyiatio th

respectively.

An accurate estipfatiorn of a
consideration thc

those due to real®

performance degradation, both fundamental and
Two important sources are amplified spontaneous

electronics
impedance

One possible~method\ to theasure Q-factor is the voltage histogram method in which a digital
sampling oscillosegpejis used to measure voltage histograms at the centre of a binary eye to
estimate the waveform’s Q-factor [4]. In this method, a pattern generator is used as a stimulus
and the oscilloscope is used to measure the received eye opening and the standard deviation
of the noise present in both voltage rails. As a rough approximation, the edge of visibility of the
noise represents the 30 points of an assumed Gaussian distribution. The advantage of using
an oscilloscope to measure the eye is that it can be done rapidly on real traffic with a minimum
of equipment.

The oscilloscope method for measuring the Q-factor has several shortcomings. When used to
measure the eye of high-speed data (of the order of several Gbit/s), the oscilloscope’s limited
digital sampling rate (often in the order of a few hundred kilohertz) allows only a small minority
of the high-speed data stream to be used in the Q-factor measurement. Longer observation
times could reduce the impact of the slow sampling. A more fundamental shortcoming is that
the Q estimates derived from the voltage histograms at the eye centre are often inaccurate.
Various patterning effects and added noise from the front-end electronics of the oscilloscope
can often obscure the real variance of the noise.

1 Figures in square brackets refer to the bibliography.
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Figure 1 shows a sample eye diagram made on an operating system. It can be seen in this
figure that the vertical histograms through the centre of the eye show patterning effects (less
obvious is the noise added by the front-end electronics of the oscilloscope). It is difficult to
predict the relationship between the O measured this way and the actual BER measured with
a test set.

Actual
distribution

IEC 042/03

ing and use the area between eye centres
o the width of the histogram would then be
reduced. A draw i it'xelies on measurements made on a portion of the

Measure noise here

o -

Noise estimate here excludes isolated “1’s”
IEC 043/03

Figure 2 — A more accurate measurement technique using a DSO
that samples the noise statistics between the eye centres
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It is tempting to conclude that the estimates for oy and g, would tend to be overestimated and
that the resulting O measurements would always form a lower bound to the actual Q for either
of these oscilloscope-based methods. That is not necessarily the case. It is possible that the
histogram distributions can be distorted in other ways, for example, skewed in such a way that
the mean values overestimate the eye opening — and the resulting QO will actually not be a lower
bound. There is, unfortunately, no easily characterized relationship between oscilloscope-
derived Q measurements and BER performance.

4 Variable decision threshold method

4.1 Overview

ThIS method of estimating the Q-factor relles on using a receiver front end with a variable

measurement is performed with an error test set using a pseudo ary“sequence
(PRBS), but there are alternate techniques which allow opera ic. The
measurement relies on the fact that for a data eye with Gaussja batist; BER may be

calculated analytically as follows:

BER(V,,) = (erfc(' ~tl )
04

3)

, is the sum of two terms. The first term is the conditional
a “0” has been received when a “1” has been sent, and the second

In order to implement this technique, the BER is measured as a function of the threshold
voltage (see Figure 3). Equation 2 is then used to convert the data into a plot of the Q-factor
versus threshold, where the Q-factor is the argument of the complementary error function of
either term in equation 2. To make the conversion, the approximation is made that the BER is
dominated by only one of the terms in equation 2 according to whether the threshold is closer
to the “1's” or the “0's” rail of the eye diagram.
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