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National foreword

This British Standard is the official English language version of
EN 61280-2-8:2003. It is identical with IEC 61280-2-8:2003.

The UK participation in its preparation was entrusted by Technical Committee
GEL/86, Fibre optics, to Subcommittee GEL/86/3, Fibre optic systems and
active devices, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this subcommittee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of

British Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 31 and a back cover.

The BSI copyright date displayed in this document indicates when the
document was last issued.
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Foreword
The text of document 86C/485/FDIS, future edition 1 of JEC 61280-2-§, prepared by SC 86C, Fibre optic
systems and active devices, of IEC TC 86, Fibre optics, was submitted to the IEC-CENELEC parallel
vote and was approved by CENELEC as EN 61280-2-§ on 2003-03-01.
The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2003-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)  2006-03-01

Annexes designated "normative" are part of the body of the standard.
Annexes designated "informative" are given for information only.
In this standard, annex A is normative and annex B is informative.

Endorsement notice

The text of the International Standard IEC 61280-2-8:2003 was approved by CENELEC as a European
Standard without any modification.

Documents

Document Sharing Hub

Full document details: BS EN 61280-2-8:2003


http://dx.doi.org/10.3403/02808552U
http://dx.doi.org/10.3403/02808552U
http://www.avadocuments.com/doc/bs-en-61280-2-8-2003
http://www.avadocuments.com/doc/bs-en-61280-2-8-2003

Page 3

EN 61280-2-8:2003
CONTENTS
S o0 o = PN 5
2 Definitions and abbreviated termsS .. ... ..o 5
2.0 D INIIONS e 5
2.2 ADDrEVIA i ONS e 5
3 Measurement of [ow Dit-rror ratios ... ...ooouiiiiii i 6
3.1 General CONSIAEratioNS .......oouuiiii i 6
3.2 Background to Q-faCtor........ouuiiii 7
4 Variable decision threshold method. ... 10
Lt T O Y=Y Y= 1 P 10
I N o o T = (1 1< 13
4.3  Sampling and SPECIMENS .....ouiiiiit i 13
s o o = o [ o - 13
4.5 Calculations and interpretation of results.............cooiiiiiiiiiii i, 14
4.6 Testdocumentation ... ... e 18
4.7  Specification iNnformation............cooiiii 18
5 Variable optical threshold method ... 18
ST T O 1Y = 18
L N o] o - - (1 1< 19
5.3 HemMs UNAer teS . e 19
5.4 Procedure for basic optical INK ..........coooiiiii e 19
5.5 Procedure for self-contained System .........coooiiiiii 20
5.6 Evaluation of reSUITS ... 21
Annex A (normative) Calculation of error bound in the value of Q... 23
Annex B (informative) Sinusoidal interference method ............ccooiiiiii 25
BB OGraPNY e 31
Figure 1 — A sample eye diagram showing patterning effects .............ccocoiiiiiiii e, 8
Figure 2 — A more accurate measurement technique using a DSO that samples the
noise statistics between the eye Centres ... ... 9
Figure 3 — Bit error ratio as a function of decision threshold level.....................ocoviiin, 11
Figure 4 — Plot of Q-factor as a function of threshold voltage ..............coiiii 11
Figure 5 — Set-up for the variable decision threshold method ..................ocoiii . 13
Figure 6 — Set-up of initial threshold level (approximately at the centre of the eye)................. 13
Figure 7 — Effect of optical bias .........coouiiiiii i 18
Figure 8 — Set-up for optical link or device test ... ..o 20
Figure 9 — Set-up for SYystem teST.....cuiiii 20
Figure 10 — Extrapolation of log BER as function of bias ..........cccoccoiii 22
Figure B.1 — Set-up for the sinusoidal interference method by optical injection....................... 26
Figure B.2 — Set-up for the sinusoidal interference method by electrical injection ................... 28
Figure B.3 — BER Result from the sinusoidal interference method
(data points and extrapolated lNE)........c.iiiiiiii e 29
Figure B.4 — BER versus optical power for three methods............ccoo 30
Documents

Document Sharing Hub

Full document details: BS EN 61280-2-8:2003


http://www.avadocuments.com/doc/bs-en-61280-2-8-2003
http://www.avadocuments.com/doc/bs-en-61280-2-8-2003

Page 4
EN 61280-2-8:2003

Table 1 — Mean time for the accumulation of 15 errors as a function of BER and bit rate......... 6
Table 2 — BER as function of threshold voltage.............cooiiiiiiii e, 15
Table 3 — fias a function of Dj..........cccooiiiiii 15
Table 4 — Values of linear regression CoONStaNtS..........coooiiiiiiiiiiiiii e 16
Table 5 — Mean and standard deviation ....... ..o 17
Table 6 — Example of optical bias test ..o 21
Table B.1 — Results for sinusoidal injeCtioN...........coiiiiiiiiii e 27
Documents

Document Sharing Hub

Full document details: BS EN 61280-2-8:2003


http://www.avadocuments.com/doc/bs-en-61280-2-8-2003
http://www.avadocuments.com/doc/bs-en-61280-2-8-2003

Page 5
EN 61280-2-8:2003

FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -
DIGITAL SYSTEMS -

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

1 Scope

This part of IEC 61280 specifies two main methods for the determination of low BER values by
making accelerated measurements. These include 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.

2 Definitions and abbreviated terms

2.1 Definitions

For the purposes of this document, the following terms and definitions apply.

211

amplified spontaneous emission

ASE

impairment generated in optical amplifiers

2.1.2

bit error ratio

BER

the number bits in error as a ratio of the total number of bits

213

intersymbol interference

I1SI

mutual interference between symbols in a data stream, usually caused by non-linear effects
and bandwidth limitations of the transmission path

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 10-20, 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 statistically significant result.
Table 1 presents the mean time required to accumulate 15 errors. This number of errors
can be regarded as statistically significant, offering a confidence level of 75 % with a variability

of 50 %.
Table 1 — Mean time for the accumulation of 15 errors
as a function of BER and bit rate
BB;:ES'?s 10-6 | 10-7 | 10-8 | 10-° | 10-10 | 10-11 | 10-12 | 10-13 10-14 10-15

1,0M| 1,5s | 15s [2,5min|25 min| 4,2h | 1,7d 17d 170 d |4,7 years|47 years
2,0M (750 ms| 7,5s | 75s | 750s | 2,1h | 21h | 8,8d 88d |2,4 years|24 years
10M [150 ms| 1,5s | 15s (2,5 min[25min| 42h | 1,7d 17d 170d |4,7 years
50M | 30 ms |300ms| 3,0s | 30s |5,0min|50 min| 8,3 h 3,5d 35d 350 d
100M | 15 ms |[150 ms| 1,5s | 15s (2,5 min[25 min| 4,2 h 1,7d 17 d 170 d
500M [ 3ms [30ms (300 ms| 3,0s | 30s (5,0 min|50 min| 8,3 h &P @l 35d

1,0G |1,5ms| 15 ms [150 ms| 1,5s 15s (2,5 min[25 min| 4,2h 1,7d 17 d

10G |150 ys|1,5ms| 15 ms |150 ms| 1,5 s 15s (2,5 min| 25 min 4,2 h 1,7d
40G | 38 us | 380 us|3,8 ms| 38 ms |380 ms| 3,8 s 38s | 6,3 min | 63 min 10,4 h

100G | 15 ys |150 ys| 1,5 ms| 15ms |150 ms| 1,5s 15s [ 2,5 min [ 25 min 4,2 h

The times given in Table 1 show that the direct measurement of the low BER values expected
from fibre optic systems is not practical during installation and maintenance operations. One
way of overcoming this difficulty is to artificially impair the signal-to-noise ratio at the receiver in
a controlled manner, thus significantly increasing the BER and reducing the measurement time.
The error performance is measured for various levels of impairment, and the results are then
extrapolated to a level 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 10-15 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.

Documents

Document Sharing Hub

Full document details: BS EN 61280-2-8:2003


http://www.avadocuments.com/doc/bs-en-61280-2-8-2003
http://www.avadocuments.com/doc/bs-en-61280-2-8-2003

Page 7
EN 61280-2-8:2003

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 unpredictable noise statistics. A
key limitation, however, to the use of the variable threshold method to measure Q-factor and
BER is the need to have access to the receiver electronics in order to manipulate the decision
threshold. For systems where such access is not available it may be useful to utilize the
alternative variable optical threshold method. Both methods are capable of being automated in
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 decision circuit and is typically expressed
as [3]":
Hm Mo (1)

o,+to0,

where u4 and uq are the mean voltage levels of the “1” and “0” rails, respectively, and o4 and
oy are the standard deviation values of the noise distribution on the “1” and “0” rails,
respectively.

An accurate estimation of a system’s transmission performance, or Q-factor, must take into
consideration the effects of all sources of performance degradation, both fundamental and
those due to real-world imperfections. Two important sources are amplified spontaneous
emission (ASE) noise and intersymbol interference (ISI). Additive noise originates primarily
from ASE of optical amplifiers. ISI| arises from many effects, such as chromatic dispersion,
fibore non-linearities, multi-path interference, polarization-mode dispersion and use of
electronics with finite bandwidth. There may be other effects as well, for example, a poor
impedance match can cause impairments such as long fall times or ringing on a waveform.

One possible method to measure Q-factor is the voltage histogram method in which a digital
sampling oscilloscope is 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 3o 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. Documents
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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.

.......

Gaussian
‘ approximation

- y i S Actual
Decision circuit operates in this region distribution
IEC 042/03
NOTE The data for measuring the Q-factor is obtained from the tail of the Gaussian distributions.
Figure 1 — A sample eye diagram showing patterning effects
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Figure 2 shows another possible way of measuring Q-factor using an oscilloscope. The idea is
to use the centre of the eye to estimate the eye opening and use the area between eye centres
to estimate the noise. Pattern effect contributions to the width of the histogram would then be
reduced. A drawback to this method is that it relies on measurements made on a portion of the
eye that the receiver does not really ever use.

Measure noise here

Measure eye opening here

H —H 01 — 00

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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