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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compr
qll national electrotechnical committees (IEC National Committees). The object of IEC is ta_promote internat
-operation on all questions concerning standardization in the electrical and electronic,fields. To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as/TEC Publication(s)”). ]

ay participate in this preparatory work. International, governmental and nonsgovernmental organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely-with’the International Organizatio

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internat
gonsensus of opinion on the relevant subjects since each technical committee has representation froi
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC Nat
Gommittees in that sense. While all reasonable efforts.aré made to ensure that the technical content of
Hublications is accurate, IEC cannot be held responsible for the way in which they are used or for
misinterpretation by any end user.

Ih order to promote international uniformity, IE€G\National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their national and regional publications. Any divergence bet
gny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |3

IEC itself does not provide any attestation.of conformity. Independent certification bodies provide confo
jzsessment services and, in some argas, access to |[EC marks of conformity. IEC is not responsible foi
rvices carried out by independent certification bodies.

Il users should ensure that they have the latest edition of this publication.

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out” of*the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawtnto the Normative references cited in this publication. Use of the referenced publicatio
dispensablég for the correct application of this publication.

S>> T 00 0 Z o

ttention.s.drawn to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC*shall not be held responsible for identifying any or all such patent rights.
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the previous edition IEC 61280-2-8:2003. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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IEC 61280-2-8 has been prepared by subcommittee 86C: Fibre optic systems and active
devices, of IEC technical committee 86: Fibre optics. It is an International Standard.

This second edition cancels and replaces the first edition published in 2003. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) correction of errors in Formula (8) in 5.5.2 and in a related formula in 5.5.3;

b)

c)

The

Full
the

The

This
acc
at
des

The
stak
the

correction of errors In the references to clauses, subclauses, figures, procedures, an
the Bibliography;

alignment of the terms and definitions in 3.1 with those in IEC 61281-1.

text of this International Standard is based on the following documents:

FDIS Report on voting
86C/1708/FDIS 86C/1711/RVD

information on the voting for its approval can be found in the report on voting indicate
above table.

language used for the development of this International Standard is English.

document was drafted in accordance with {SO/IEC Directives, Part 2, and develope

bww.iec.ch/members_experts/refdocs. The main document types developed by IEC
Cribed in greater detail at www.iec.ch/standardsdev/publications.

committee has decided that the contents of this document will remain unchanged until
ility date indicated on the IEC website under "http://webstore.iec.ch" in the data relate
specific document. At this date; the document will be

feconfirmed,

vithdrawn,

feplaced by a revised edition, or

hmended.

d in

d in

din

prdance with ISO/IEC Directives, Part 1 andISO/IEC Directives, IEC Supplement, available

are

the
d to

es

of

PORTANT - The "colour inside"” logo on the cover page of this document indicat

its contents. Users should therefore print this document using a colour printer.

thatit contains colours which are considered to be useful for the correct understanding
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Part 2-8: Digital systems —
Determination of low BER using Q-factor measurements
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amplified spontaneous emission

ASE

e i
Cal power assoeiated to spontaneously emitted photon amplified by an active medium ip an

opti
opti

3.1.

O
OTOpPE

part of IEC 61280 specifies two main methods for the determination of low BER<value
ing accelerated measurements. These include the variable decision threshold me
use 5) and the variable optical threshold method (Clause 6). In addition, a“third met
sinusoidal interference method, is described in Annex B.

Normative references

e are no normative references in this document.

Terms, definitions, and abbreviated terms

Terms and definitions

the purposes of this document, the followingterms and definitions apply.

and |IEC maintain terminological databases for use in standardization at the folloy
fesses:

EC Electropedia: available at httpi//www.electropedia.org/

SO Online browsing platform: available at http://www.iso.org/obp

1

cal amplifier

2

bit
BE

rror ratio

5 by
hod
od,

ving

P

bits | o of | | b
number of errored bits divided by the total number of bits, over some stipulated period of time

3.1.

3

intersymbol interference
ISI

overlap of adjacent pulses as caused by the limited bandwidth characteristics of the optical
devices in a fibre optic link


https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

IEC 61280-2-8:2021 RLV © |IEC 2021 -7-

3.1.4
Q-factor

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

3.2 Abbreviated terms

AC alternating current

Ccw continuous wave (normally referring to a sinusoidal wave form)
DC directcurrent

DSP digital sampling oscilloscope

DUl device under test

PRBS pseudo-random binary sequence

SNR signal-to-noise ratio

4 |Measurement of low bit-error ratios

4.1 General considerations

Fibne optic communication systems and subsystems are<inherently capable of providing
exceptionally good error performance, even at very high bitrates. The mean bit error ratio (BER)
may typically lie in the region 10712 to 10720, 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 neef to
employ error correction techniques.

Thel measurement of such low error ratios presents special problems in terms of the time tgken
to measure a sufficiently large number of errors to obtain a statistically significant result. Tablle 1
presents the mean time required to @ccumulate 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

I
4.2-h

100M | 45 ms [450 ms| 4. 5 ¢ 15 ¢ |25 min|25-minl| 4.2 h 1. 7 d 17 d
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Mean times for the accumulation of 15 errors

Bit rate BER

1075 1076 1077 1078 107° 10710 10" 1072 | 10713 1074 [ 10715

1,0 Mbit/s |150 ms | 1,5 s 15s 2,5min|25min| 4,2h 1,7d 17 d 170 d 4,7 47
years | years
2,0 Mbit/s [ 75 ms |750ms| 7,5s 75 s 750 s 2,1h 21 h 8,8d 88 d 2,4 24

years | years

10 Mbit/s | 15ms [150 ms| 1,5s 15s [2,5min| 25 min| 4,2h 1,7d 17 d 170 d 4,7
years

0 Mbit/s [ 3,0ms [ 30 ms [300ms| 3,0s 30s [5,0min| 50 min| 83h 3,5d 35d 350 {
0 Mbit/s [ 1,5ms | 15 ms |150ms | 1,55 15s [2,5min| 25 min| 4,2h 1,7d 17d 170 d
0 Mbit/s | 300 us | 3 ms 30ms |300ms | 3,0s 30s [|5,0min| 50 min | 8,3 h 3,5d 35
0 Gbit/s | 150 ys | 1,5 ms [ 15ms [150ms| 1,5s 15s [2,5min| 25 min| 4,2h NAAd 17 d
10 Gbit/s | 15 us [ 150 pus | 1,5ms [ 15ms |150ms| 1,5s 15s [2,5min| 25 min'[¥4,2 h 1,7

N

(&)

-

40 Gbit/s | 3,8 us | 38 us | 380 pus [3,8ms | 38ms |380ms| 3,8s 38s |6,8min|{ 63 min| 10,4}

N

0 Gbit/s | 1,5us | 15 us | 150 us [ 1,5ms | 15ms |150ms| 1,5s 15 s OFR2/5 min | 25 min | 4,2

Theltimes given in Table 1 show that the direct measurement’of the low BER values expe¢ted
fronp fibre optic systems is not practical during installation.and maintenance operations. Pne
way| of overcoming this difficulty is to artificially impair/the’signal-to-noise ratio at the receliver
in a controlled manner, thus significantly increasing¢tie BER and reducing the measurement
timg. The error performance is measured for various levels of impairment, and the results|are
then extrapolated to a level of zero impairmentiusing computational or graphical methods
according to theoretical or empirical regression‘algorithms.

Thel difficulty presented by the use of anyregression technique for the determination of|the
errdr performance is that the theoretical' BER value is related to the level of impairment| via
the jnverse complementary error function (erfc). This means that very small changes in|the
imppirment lead to very large changes in BER; for example, in the region of a BER valug of
10-[°, 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 extrapolatign is
unlikely to reveal a levelling-eff of the BER at only about 3 orders of magnitude below the loyest
megsured value.

(4

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
upsfiream regefierated sections may generate an error plateau which may have to be taken finto
accopunt in'the error performance evaluation of the regenerator section under test.

As jhoted above, two main methods for the determination of low BER values by making
acceferated measurements are described. These are the varfable decision threshotfd method
(Clause 5) and the variable optical threshold method (Clause 6). 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
document 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
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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

4.2 Background to Q-factor

The Q-factor is the signal-to-noise ratio (SNR) at the decision circuit and is typically expressed
as [1]":

— M — o (1)
g1 +0g
where
uq gnd ug are the mean voltage levels of the "1" and "0" rails, respectively;

o4 gnd oy are the standard deviation values of the noise distribution oncthie "1" and "0" rails,
respectively.

An pccurate estimation of a system’s transmission performance,- or. Q-factor,-must shall fake
into]consideration the effects of all sources of performance degradation, both fundamental fand
thoge due to real-world imperfections. Two important soutCces are amplified spontangous
emipgsion (ASE) noise and intersymbol interference (I1SI). Additive noise originates primarily from
ASE of optical amplifiers. ISl arises from many effects, suCh*as chromatic dispersion, fibre non-
lineprities, multi-path interference, polarization-modeldispersion and use of electronics ith
finite bandwidth. There may be other effects as well)for example, a poor impedance match|can
caupe impairments such as long fall times or ringing on a waveform.

Ong possible method to measure Q-factor_iscthe voltage histogram method in which a digital
sampling oscilloscope is used to measure“voltage histograms at the centre of a binary eyp to
estimate the waveform’s Q-factor [2]. 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 devialtion
of the noise present in both voltage-rails. As a rough approximation, the edge of visibility off the
noige represents the 3o points.of 'an assumed Gaussian distribution. The advantage of uging
an ¢scilloscope to measure thé eye is that it can be done rapidly on real traffic with a minimpum
of equipment.

The| oscilloscope method for measuring the Q-factor has several shortcomings. When usefd to
medsure the eye of high-speed data (of the order of several Gbit/s), the oscilloscope’s limited
digifal sampling rate (often in the order of a few hundred kilohertz) allows only a small mingrity
of the high-speed data stream to be used in the Q-factor measurement. Longer observation
timgs could(reduce the impact of the slow sampling. A more fundamental shortcoming is fhat
the |0 estimates derived from the voltage histograms at the eye centre are often inaccurjate.
Varjous'\patterning effects and added noise from the front-end electronics of the oscilloscope
can|often obscure the real variance of the noise.

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.

1 Figures in square brackets refer to the Bibliography.
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approximation A

Decision circuit operates in this region

IEC

NOTE The data for measuring the Q-factor are obtained from the tail of the G%'éan distributions.

Figure 1 — Sample eye diagram showing éiggrning effects

LN

Figure 2 shows another possible way of measuring Q- Qr using an oscilloscope. The idga is
to use the centre of the eye to estimate the eye ope and use the area between eye cenfres
to elstimate the noise. Pattern effect contribution Q e width of the histogram would then be
redyiced. A drawback to this method is that it r Il%\on measurements made on a portion of{ the
eye|that the receiver does not really ever use®

Measure eye opening here $ Measure noise here

Hy—H -
17 Ho %1~ %

el

Noise estimate here excludes isolated "1’s"

IEC

Figure 2 — More accurate measurement technique using a DSO
that samples noise statistics between eye centres

It is tempting to conclude that the estimates for oy and o 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
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the mean values overestimate the eye opening — and the resulting Q will actually not be a lower
bound. There is, unfortunately, no easily characterized relationship between oscilloscope-
derived Q measurements and BER performance.

5

5.1

Variable decision threshold method

Overview

This method of estimating the Q-factor relies on using a receiver front-end with a variable
decision threshold. Some means of measuring the BER of the system is required. Typically, the

mea
(PR
mea
cald

BS), but there are alternate techniques which allow operation with live traffic:
surement relies on the fact that for a data eye with Gaussian statistics, the BER-may
ulated analytically as follows:

surement is performed with an error test set using a pseudo-random binary sequence

The
be

A~
N
-

BER () - ) (erf{' Vot |j+erfc[r Vot |D

”V’%(rf[ujﬁ[%ﬁ

re
is the BER;
is the decision threshold level;

fand oy, op are the mean and standard deviation of the "1" and "0" data rails;

Vst functionaive)
erfe(x) = ﬁje‘ﬂz/zdﬂ = . 127'5 e 2 3)

The

() is the complementary error function given by
erfc(x) = 1 Te—ﬂz/ZdﬁE;e—xz/Z
N2t " X~/ 27T
approximation is nearly exact for x > 3.

The BER, given in Formula (2), is the sum of two terms. The first term is the conditional
probability of deciding that a "0" has been received when a "1" has been sent, and the second
term is the probability of deciding that a "1" has been received when a "0" has been sent.
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In order to implement this technique, the BER is measured as a function of the threshold voltage
(see Figure 3). Formula (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 Formula (2). To make the conversion, the approximation is made that the BER is dominated
by only one of the terms in Formula (2) according to whether the threshold is closer to the "1's"
or the "0's" rail of the eye diagram.

A

BER

—
¢

1]

107

10 |

10

N
nm
-

o

10-10 .

10—12

10~ .

10—16:IIII | -] | I - - Lo, Ll ket ;-] Ll | I - - -
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Threshold voltage
IEC

Figure 3 — Bit error ratio as a‘function of decision threshold level

Figyre 4 shows the results of converting the data in Figure 3 into a plot of Q-factor vefsus
threlshold. The optimum Q-factor yalue as well as the optimum threshold setting needegd to
achleve this Q-factor are obtained from the intersection of the two best-fit lines through the data.
Thig technique is described in@detail in [3].
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om BER

Optimum Q0 —

O fri
2 ‘a

3 ISlope| = 1/o,

0 i | | I ] | I . | Lk II ! | I - | I | I . =N P >
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7\\ 0,8
Thresho\ld voltage

Ho Hy

Optimum threshold IEC

Figure 4 — Plot of Q-factor as a function‘of threshold voltage

optimum threshold as well as the optimal Q can be obtained analytically by making us
following approximation [4] for the inverse grror function:

- Equation{4)-is-accurateto-£0.2 % overthe range of BER from-10-5to0- 100,

-1
[lOQ {%erfc(x)}} ~1,192-0,6681x—-0,01 62x°

re

s\0g(Py)-

-1
[log{%erfc(x)H ~1,192 —0,6681x —0,0162x2 ———————

NOT

E 1 Formula (4) is accurate to +0,2 % over the range of P_ from 1075 to 10-10.

After evaluating the inverse error function, the data are plotted against the decision threshold
level, Vi,. As shown in Figure 4, a straight line is fitted to each set of data by linear regression.

The equivalent variance and mean for the Q calculation are given by the slope and intercept
respectively.

The minimum BER can be shown to occur at an optimal threshold, Vi, optimal, When the two
terms in the argument in Formula (2) are equal, that is



https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

- 14 - IEC 61280-2-8:2021 RLV © |IEC 2021

(/“1 - Vth—optimal) _ (Vth—optimal _/10)

01 90

= Qopt (5)

An explicit expression for Vip_ootimar in terms of x4 5 and oy g can be derived from Formula (5)
to be:

oo Ol
01 T oMo (6)

Vin—onti =
th—optimal 00 + 01

The|value of Oopt is obtained from Formula (1). The residual BER at the optimal threshold [can
be gbtained from Formula (2) and is approximately

. . e—(Qgpt/z)
e-optimal = Qopt\/ﬁ

NOTE 2 This approximation is nearly exact for Qom 3.
It should be noted that even though the variable threshold ‘method makes use of Gaussgian
statjstics, it provides accurate results for systems that have non-Gaussian noise statistic$ as
well, for example, the non-Gaussian statistics that occdr in a typical optically amplified system
[5]1[p]- This can be understood by examining Figure 15T he decision circuit of a receiver operates
only on the interior region of the eye. This means“that the only part of the vertical histogram
that| it uses is the "tail" that extends into the .eye. The variable decision threshold method
amaqunts to constructing a Gaussian approximation to the tail of the real distribution in the ceptre
region of the eye where it affects the receiver operation directly. As the example in Figufe 1
shows, this Gaussian approximation will not reproduce the actual histogram distribution af all,
but jt does not need to, for purposes of O estimation.

Angther way to view the variable’decision threshold technique is to imagine replacing the freal
data eye with a fictitious eye having Gaussian statistics. The two eye diagrams have the same
BER versus decision threshold voltage behaviour, so it is reasonable to assign them the same
equjvalent Q value, even.though the details of the full eye diagram may be very different{-Of
coufseit-does-need-to he keptin-mind-that However, this analysis will not work for systeéms
doninated by noise sources whose "tails" are not easily approximated to be Gaussian in shape;
as, [for example, would occur in a system dominated by cross-talk or modal noise. In taking
thege measurements, an inability to fit the data of Q-factor versus threshold to a straight|line
would providé@a-good indication of the presence of such noise sources.

Experimentally, it has been found that the O values measured using the variable decigion
thrgsbold method have a statistically valid level of correlation with the actual BER
megasurements:

5.2 Apparatus

An error performance analyser consisting of a pattern generator and a bit error—rate ratio
detector.

5.3 Sampling and specimens

The device under test (DUT) is a fibre optic digital system, consisting of an electro-optical
transmitter at one end and an opto-electronic receiver at the other end. In between the
transmitter and the receiver can be an optical network with links via optical fibres (for example,
a DWDM network).


https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

IEC 61280-2-8:2021 RLV © |IEC 2021 - 15—

5.4

Procedure

Data for the Q measurement are collected at both the top "1" and bottom "0" regions of the eye
as BER (over the range 1075 to 10~10) versus decision threshold. The equivalent mean (x) and
variance (o) of the "1's" and "0's" are determined by fitting this data to a Gaussian characteristic.

The Q-factor is then calculated using Formula (1).

a)

Connect the pattern generator and error detector to the system under test in accordance
with Figure 5.

Pattern generator DUT Detector/ Clock recovery
preamp. Low- circuit

"(Fiber-optic pass
Data transmitter 2 filter >
and link)"
Clock

e

Data Clock

Error detector/

Computer 15— (threshold

set here)

IEC

Figure 5 — Set-up for the variable decision threshold method

Set the clock source to the desired frequency.

Set up the pattern generator’s pattern,” data and clock amplitude, offset, polarity jJand
ermination as required.

Set up the error detector’s pattern, data polarity and termination as required.

Set the decision threshold voltage and data input delay to achieve a sampling point that is
approximately in the centre-of the data eye as shown in Figure 6. This is the initial
sampling point.

Sampling point

'S

_|_

IEC

Figure 6 — Set-up of initial threshold level (approximately at the centre of the eye)

Enable the error detector's gating function and set it to gate by errors, for a minimum of 10,
100 or 1 000 errors.

Adjust the error detector's decision threshold voltage in a positive direction until the
measured BER increases to a value greater than 1 x 10710, Note the decision threshold
voltage (V},4) and the BER.

Increase the decision threshold voltage until the BER rises above 107° and note the decision
threshold voltage (V,4) and the BER.

Note the difference between the two threshold values 7,4 and 7, and choose a step size
(Vstem) that provides a reasonable number (greater than 5) of measurement points between
these two decision threshold extremes. Starting from the threshold value 7,4, decrease the



https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

- 16 - IEC 61280-2-8:2021 RLV © IEC 2

threshold value by the step size, Vstep1- At each step, run a gating measurement on

021

the

error detector. Record the measured BER value and the corresponding decision threshold

voltage.
j) The gating measurement from the error detector accumulates data and error informa

tion

until the minimum number of errors — as specified in-5-5 f) — have been recorded. Selecting

a larger minimum number of errors provides a statistically more accurate BER but at

the

expense of measurement time, particularly when measuring the low BER values. For a

statistically significant result, the number of errors counted should not be less than 15.

k) Continue until the measured BER falls below 1010, This set of decision threshold voltage

ersus BER is the "1" data set.

[) RAdjust decision threshold voltage back to the initial sampling point value and then conti
n a negative direction until the BER increases again to greater than 10~10. Note/down
hreshold value (V) and the BER.

m) Pecrease the decision threshold voltage until the BER rises above 107>.and note
fecision threshold voltage (7,y) and the BER.

n) Note the difference between the two threshold values 7,5 and ¥, and/choose a step

Vstepo) that provides reasonable number (greater than 5) of measurement points betw

hese two decision threshold extremes. Starting from the thresheld value Vg, increase
hreshold value by the step size, V0. At €ach step, run a gating measurement on the ¢
Hetector. Record the measured BER and the corresponding decision threshold voltage.

0) fontinue until the measured BER falls below 1 x 10710, This set of decision thres
Voltage versus BER is the "0" data set.

5.5| Calculations and interpretation of results
5.5/ Sets of data

The| procedure in4-% 5.4 provides two sets'(for the "0" and "1" rails) of data in the form:

[ Dy, BER; |
Dy, BER

D,,BER,

nue
the

the

Bize

een

the
rror

nold

I’I’Pen
where
D; is the decision threshold voltage for "i"-th reading (fori = 1, 2...,n);
P, ,; s the bit error ratio for "i"-th reading (for i = 1, 2...,n);
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n is the total number of data pairs.

- 17 -

NOTE The total number of data pairs for the "0" and "1" rails need not be equal.

As an example, the voltage and BER values shown in Table 2 were obtained in a real-life

experiment.
Table 2 - BER as a function of threshold voltage
Threshold voltage BER Threshold voltage BER
V2 Vi
-2:45 3;46E-09
—2:20 439E-09
"1" rail 0" rail
Threshold voltage BER Threshold voltage BER

v v
-1,75 5,18 x§0-° -4,37 8,76 x 107°
-1,80 2:09'x 107° -4,34 1,90 x 1075
-1,85 7,33 x 1078 -4,31 5,18 x 1078
-1,90 2,77 x 108 -4,28 1,06 x 107°
-1,95 9,61 x 1077 -4,25 2,12 x 1077
-2,80 1,96 x 1077 -4,22 3,45 x 1078
52,05 6,30 x 1078 -4,19 3,52 x 1079
-2,10 1,95 x 1078 -4,16 2,77 x 10710
-2,15 3,45 x 1079
-2,20 1,39 x 1079

5.5.2 Convert BER using inverse error function

Each BER value is then converted through an inverse error function, using the following
approximation given in Formula (4).

/i - [Iog{% eFfC(X,-)H

n

=1,192 - 0,6681{x,} —0,0162{x, }*

where—x,—log{BER )

(8)
N
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-1
fi = [Iog{%erfc(xl- )H ~1,192-0,668 1{x;} —0,016 2{x;}* 8)

where
Xl- = |Og10 (Pe i)'

This will produce two sets of data (for the "1" and "0") of the form:

W
Dy, fo

| Do J |

whi¢h should approximately fit a straight line.

Usi

mg the values given in Table 2, we get the sets of data shown in Table 4.

Table 3 - f; as a function 'of D,

"1" rail "0" rail
D fi D; Ji
\

-1,75 3,757.8 -4,37 3,636 0
-1,80 3,963 8 -4,34 3,984 7
-1,85 4,195 6 -4,31 4,270 6
-1,90 4,404 3 -4,28 4,605 2
-1,95 4,6257 -4,25 4,929 3
=2,00 4,944 9 -4,22 52757
-2,05 5,162 9 -4,19 5,682 3
-2,10 5,379 9 - 4,16 6,097 5
-2,15 5,685 8

-2,20 5,839 0

5.53 Linear regression

Using the above data, a linear regression technique is used to fit, in turn, each set of data
to a straight line with an equation of the form:

Y=A4+ BX
where
Y—=—e#f (BER){inverseerrorfunctionof BER):
B . hol
Y=A4+BX

where
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Y =

1
2

- 19—

-1
e,-fc(Pe)} (*[F171 inverse error function of F);

X = D (decision threshold voltage).

With n points of data per set, then, for both the top ("1") and bottom ("0") data sets, the following
calculations should be performed [67]:

wheg
R2

2

Using the values given in Table 3, we get the'values shown in Table 4.

5.5.

Iu:

re

B=

s (2N

2. x°

[z

is the sum of values from 1 to n.

S (AT

R? =

e (Z:f) $y2 (ZnY)

Table 4 — Value§hof linear regression constants

is the coefficient of determination (a measure-0f how well the data fits a straight line);

"1" rail "0" rail
A B R A B R
-4,6125 -4,763 8 0,998 9 53,989 11,530 7 0,998 4

4 Standard\deviation and mean
_ 4 (standard deviation of "1" or "0" noise region),
% (mean of "1" or "0" noise region).

Calculate p4,04 from the "1" set of data and g, oy from the "0" set of data.

Using the example in Table 4, we get the values shown in Table 5.

Table 5 — Mean and standard deviation

"1" rail

"0" rail

Hq

G4

Ho

i)

—-0,968 2

0,209 9

-4,682 2

0,086 724 9

9)
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5 Optimum decision threshold
= o]
QOpt B o1 +0g
thus, the optimum decision threshold is equal to

021

(10)

001 T o180
o1+0p

the example given in Table 5, using the value derived for O, of 12,52, the optimal deci
shold is -3,596 V.

6 BER optimum decision threshold

, the predicted residual BER at the optimum decision threshold is given by

Fe

) Qopt\/ﬁ

than 1 x 10~18.

7 BER non-optimum decision threshold

BER value at decision thresh@ld voltages other than the optimum can be calculated f
following formula:

[m—Df [ﬂo—af

L J L% J

P (D)=21_¢ 2 e 2

) 2\(lm=D]) 7 (lro=D| NS
0'1 0'0

(11)

5ion

(12)

uming the value of 12,52 for Qopt in our example data, the residual BER is calculated to be

rom

Error bound

An error bound for the value of Q is derived in Annex A. Using Formula (A.5), one can calculate

the

For

5.6

Rep

error bound for the value of Q.

the example shown, the absolute error bound on Q is £0,5.

Test documentation

ort the following information for each test:
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a) test date;

b) this document number and its year of publication;

c) specimen/sample (that is, optical transmission system being tested) identification;
d) two sets of data: one above the optimal threshold and the other below;

e) Each-datasetshouldcontain at least 5 readings of threshold versus BER for each data set
(for BER values varying from 1075 to 10~10);

f) Repert optimal O as well as the optimal decision threshold;
g) Report possible error range in the value of Q.

5.7| Specification information
Thel|following details shall be specified:

a) |EC document number;
b) fny special test requirements;
c) failure or acceptance criteria.

6 [Variable optical threshold method

6.1 Overview

Thig method consists of the optical addition of an interferinhg pre-set bias light to the recejved
optiral signal in order to increase the measured BER:\‘Measurements taken at several values
of bjas light are extrapolated to zero bias, to evaluate ‘the BER value for normal operation. This
method is applicable to DC-coupled receivers only: The effect of adding a pre-set bias is shpwn
in Fligure 7.

Threshold level
of optical Rx

Optical power
Optical power

. A )
Time Pre-set bias Time

Without pre-set bias With pre-set bias

Figure 7 — Effect of optical bias

Thel methed' can be used to evaluate the error performance of an optical link or active deyice
as shown' in Figure—+ 8. Alternatively, the error performance of a complete system car| be
evaluated using the set-up shown in Figure-2 9. The advantage of this method is that no intefnal
access to equipment is required and that any internal error monitoring facility of the system
under test can be utilized. If this is not available, conventional error-measuring equipment can
be connected to the data input and output terminations of the system.

6.2 Apparatus

Common to all methods is the conventional error measurement equipment: a pattern generator
and an error detector.

a) Conventional error measuring test equipment consisting of a pattern generator and separate
error detector suitable for remote use. This is not required for system evaluation with self-
contained error-monitoring facility.

b) A pre-set light source, stable to 0,1 dB over 1 h, of a wavelength similar to the system under
test.
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c) An optical attenuator stable to 0,1 dB over 1 h. An additional attenuator with equivalent
stability may be required in the case of high signal levels at the receiver, for example, when
testing a transmitter receiver pair.

d) An optical splitter/combiner with split ratios typically between 50:50 and 10:90, and with
fibre compatible with that of the system and the pre-set bias light source.

6.3 Items under test

The item under test may be a digital fibre optic system consisting of a digital transmitter and a
DC-coupled digital receiver which are connected via an optical link consisting of fibre or cable
and may also include passive or active components. If a transmitter/receiver pair alone is to be
testpd, they should be connected via a fixed or variable optical attenuator.

Thelitem under test may also be a self-contained transmission system comprising transmit fand
recgive terminals connected via an optical link which itself may contain active devices such as
regenerators and/or optical amplifiers. Such system may include internal error monitoring
facilities.

6.4| Procedure for basic optical link
Refer to Figure 8.

a) Pperate the transmitter and receiver, adjusting the peceived signal with the opiical
bttenuator. It may be necessary to monitor the input power of the optical signal at|the
receiver.

b) Adjust the pre-set bias light until a predetermin€d high value of BER, such as 1071, is
reached.

c) Pecrease the bias a step at a time, and at each step record the BER measured by the grror
Hetector. Measure at least 5 data pairs, with'the BER values to 2 significant figures.

d) Repeat-3c).

Pattern
generator
e — T e e I e I ar— O — —
( Under test \I If required Optical (7 ynger test N
|I | presssssssnnn . combiner || ||
I Optical > Optical link/device _4_» Optical i 1 > optical || |}
||| transmitter under test T attenuator " [ receiver ||
| ' : | |
( ,/ .................... ( |
Pre-set bias Optical Error
attenuator _> attenuator detector

IEC
Figure 8 — Set-up for optical link or device test

6.5 Procedure for self-contained system
Refer to Figure 9.

a) Set up the system for normal operation. If no optical combiner is incorporated, insert such
a device at the input terminal of the receiver. If the system does not contain error monitoring
facilities, connect a pattern generator to a data input of the transmit terminal and the
corresponding error detector to the appropriate data output terminal.

b) Adjust the pre-set bias light until a predetermined high value of BER, such as 1074, is
reached.
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c) Decrease the bias a step at a time, and at each step record the BER measured by the error
detector. Measure at least 5 data pairs, with the BER values to 2 significant figures.

d) Repeat3 c).

6.6

The
thre
sanj
the
can

whe

An

Data Data
input output
D T — _.\
4 System under test N
I Optical h
1l combiner? |i
[ Transmit Optical link including Receive |
[ terminal » regenerators/amplifiers / ’ terminal ||
I |
), 4
Pre-set bias Optical Error
light source _> attenuator counter

IEC

o be inserted if system is not equipped with an optical combiner.

Figure 9 — Set-up for system‘test

Evaluation of results

injection of an optical bias signal is, in essence, similar to a variation in the deteg
shold. Thus, the mathematical model for therevaluation of the results is substantially
e as that used for the variable threshold method. To a first-order approximation, theref
relationship between the amplitude of the‘@ptical bias signal and the resulting value of E
be represented by the equation:

Y=4+BX

re

= l0g4g (Pg) and is the log BER;

s the bias amplitude.

bxample of a.set of results is given in Table 6.

Table 6 — Example of optical bias test

tion
the
pre,
BER

Bias BER Log BER
pWw

6,00 1,0 x 1074 -4,00
5,75 2,7 x 1075 -4,57
5,50 7,0 x 1076 -5,15
5,25 1,4 x 1078 -5,85
5,00 3,0 x 1077 -6,52
4,75 5,0 x 1078 -7,30
4,50 1,0 x 1078 -8,00
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In order to achieve a precision to two significant digits for the BER values, it is necessary to
accumulate sufficient errors, approximately 100, to achieve consistency. The time taken to
measure errors-must shall, however, not compromise the stability of the amplitude of the optical
bias, since small variations in this amplitude can have a large effect on the subsequent

extrapolation procedure.

Using the results given in Table 6 and applying the linear regression techniques described in
2-5-3 5.5.3, the basic value of BER can be determined by extrapolation as shown in Figure-2

10.

For
is p

Bias L AL
Ak

0 4 5 6 7
07 T =
.® I
-5 o-® v
...
@
-@
-10 Lot
-15 |
-20

20

Figure 10 — Extrapolation-of log BER as a function of bias

IEC

the results given in Table 6, theBER value, as shown by the extrapolation in Figure-9
redicted to be 10720,
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Annex A
(normative)

Calculation of error bound in the value of Q

Let us assume that the linear regression fit (of form Y = 4 + BX) gives rise to two straight line

fits for the "0" and "1" rails as follows:

Yy = Ay + Bo X (for the "0" rail) AA)
Yy = A4 + B X (for the "1" rail) 1
As ghown in Figure 4, the two lines intersect at the point X, im4), the optimal decision threshjold.
At this value of X, both Y,y and Y, are equal, that is
Ay +BOXoptimaI =4 +B1Xoptimal or
A -4y A.2)
Xoptimal =
P Bo - By
The|value of Y at the optimal threshold is Q, that is
0=4 +B1Xoptimal
_ b ShBy (A-3)
Bo— By
Thel derivatives of O with respect to each of the variables 4, 44, By and B, are
00 —a 00 iy
04y 044 A 4
oQ oQ @
T =y
0By 0B,
B B -4
whefe a=——"1__ p=—"0  and y:M
By - By By — By By — By
The] maximum error in Q, given by AQ,,.«, can be bounded by
20 Y a0 V' o0 Y o0 V'
AQRax =| | 2 4| L2 2 | X2 [0 2
0dp 0 o4 1\ 0By 0 9B ! (A.5)

2(.2 2 2 2(.2 2 2
= + +
o (y TB, UAO) S (y O’B1+O‘A1)

where

Ujo and oi are the uncertainties in the Y-intercepts for the "0" and "1" rails, respectively;

al%?o and ai,l are the uncertainties in the slopes of the "0" and "1" rails.
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It is assumed that the factors 4,, 44, By and B, are uncorrelated. Formula (A.5) gives the
absolute maximum spread in the value of Q.

These variances are given in [78] to be:

N-S2

A

523" x?
ZT and 01235 (A.6)

Ité

2
04

where

N |s the number of data points.

A=N)Y X? —(ZX)2 and
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Annex B
(informative)

Sinusoidal interference method

Introduction Overview

This method, optically or electrically, adds an interfering sinusoidal signal to the digital signal
at a point before the receiver decision circuit in order to increase the measured BER. The

med
zerg

The
inpu
sing
the

rece

Bot
the

The

B.2

Con
and

a)

b)

c)

d)

amplitude, thereby giving the system BER.

e access to the decision circuit is normally not available in operational gquipment. To
sinusoidal signal electrically requires electrical access to the decision circuitry of
iver which would be more suitable for testing at the component or subsystem level.

h methods should yield similar results since they rely on an extrapolation to the point wh
mpairment has been removed.

Apparatus

hmon to all methods is the conventional erfor measurement equipment: a pattern gener
an error detector.

Under test, and of generating (stable output levels between 1 mV and 1V, with at I
B digits' amplitude resolution. A typical frequency synthesizer meets these requirement

An analogue laser transmitter, with adjustable CW output power, stable to 0,1 dB over
pf a wavelength similar-to the system under test and capable of being modulated
requency well withifnthe passband of the receiver under test. This serves as an "interfe
aser".

An optical splitter/combiner with split ratios typically between 50:50 and 10:90, and
ibre compatible with that of the system and the interfering laser.

An analogue optical receiver capable of detecting frequencies within the passband of|
system-under test, used to confirm proper operation of the interfering laser.

B.3

surements, taken at several values of reducing sinusoidal amplitude, are extrapolatef to

sinusoidal signal can be injected into the receiver optically, by adding it to the optical data
t. This method is usually the only procedure available for testing at the system or link level

add
the

ere

optical method requires an AC-coupled receiver, while the electrical method is applicable
to an AC- or DC-coupled receiver.

ator

A sinewave generator capable of producing a frequency within the passband of the system

past

P.

1h,
at a
ring

with

the

&ampli | .

The specimen is a fibre optic digital system consisting of a digital transmitter and a digital
receiver. In between them is either a fibre link consisting of fibre or cable and possibly passive
or active components (if an operational link is to be tested) or a variable optical attenuator (if the
transmitter/receiver pair alone is to be tested).
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B.4 Procedure

B.4.1 Optical sinusoidal interference method

Refer to Figure B.1.

a) Place the combiner with one input port connected to either the fibre link or attenuator.
Connect the output port to the receiver and the other input port to the interfering laser, which

is modulated by the sinewave generator. Connect the receiver to the error detector.

b) AdJust the transmitter and recelver to the deswed operating condltlons AdeSt the data

c)

d)

e)

o

+£ T
Jallclll allu mure GLLUIIUQLUI IO UOUU l.IIU IU\JUIVUU MUWETT. TTIT IU\JUIVUI IIIPUL MUWTI IUV

o shall be held constant for the duration of the measurement procedure.
Choose the frequency of the sinewave generator to be well within the passband of

as 1 Mbit/s) from the bit-rate so that no slow beat phenomena are possible.

Turn on the interfering laser and adjust its output level so that its power."as seen at

Hepth until a BER value of approximately 1074 is reached. (It is~assumed that the BE

hecessary to choose a combiner with a different coupling ratio or to adjust the signal |
bf the interfering laser in order to achieve the above.

Decrease the modulation depth of the interfering laser a step at a time by adjusting

py the error detector.
Measure at least 5 data pairs, with the BER values measured to 2 significant figures.

Pattern
generator
v Optical
combiner
Laser N Optical Optical
transmitter ” attenuator > receiver
) . \ 4
Sinewave Interfering
generator laser Error
counter

IEC

el-is

the

receiver and not harmonically related to the bit-rate. It should be significantly different (Juch

the

butput of the combiner is similar to the power seen there due to the laser transmitter of{ the
Hata link under test. Apply modulation to the interfering laser and~adjust the modulation

R is

mmeasurably low before the interfering signal is added.) Ensure’that the interfering laser
butput is not distorted by monitoring it with the analogue“eptical receiver. It may| be

bvel

the

putput level of the sinewave generator, and at each step record the BER value measured

Figure B.1 — Set-up for the sinusoidal interference method by optical injection
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le B.1 is an example.

Table B.1 — Results for sinusoidal injection

In o
acc

inte
larg

B.4
Ref

a)

b)

d)

e)

Sinewave amplitude BER
A (mV)
100 5,0 x 1075
95 1,1 x107°
90 6,3x 106
85 9,8 x 1077
80 2,3x1077
75 4,6 x 1078

rder to achieve a precision to two significant digits for the BER values, it is necessari

ference signal, since small variations in the amplitude of theginterfering signal can ha
effect on the subsequent extrapolation procedure.

to nLeasure errors—must shall, however, not compromise the stabijlity, of the amplitude of

2 Electrical sinusoidal interference method
br to Figure B.2.

AC-couple the sinewave generator to the decision threshold input of the comparator in
receiver under test. If the comparator has differential data inputs, a large series resistor
pe used to isolate the comparator data signal from the sinewave generator. If isolatio
difficult to achieve, use the threshold modification method of Clause-2 5.

battern and, if the attenuator is used, the received power to be constant for the duratio
he measurement procedure.

Choose the frequency of the sinewave generator to be well within the passband of
receiver and not harmonically related to the bit-rate. It should be significantly different (s
s 1 Mbit/s) from the bit-rate so that no slow-beat phenomena are possible. The freque
should also be welliabove the range of any AGC or threshold-tracking loop in the recei

Adjust the amplitude of the sinewave generator until a BER value of approximately 107
reached.

Decrease-the amplitude of the interference one step at a time, by decreasing the outpd

Hata'should be similar to those given in3-4-4 5.4.

y to

imulate sufficient errors, approximately 100, to achieve consistency. The time tgken

the
ea

the
can
n is

Adjust the transmitter and receivep;to the desired operating conditions. Adjust the data

n of

the
uch
ncy
er.

4is

t of

he sinewave generator. At each step, record the BER using the error detector. The resulting
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Figure B.2 — Set-up for the sinusoidal interference method'by electrical injection

Calculations and interpretation of results

1 Mathematical analysis

se calculations apply for both the optical.;and electrical options of B.4.1 and B.
ote the data pairs as given in Table B.1 as¢(4,,-BER; P, ;). Transform the BER values u

function:

~ +\/g—4c1 (C3 +x,~)

2C1

re

In(2 Pg ;);

40,492 6;
50,294 §;
= 0,792

2 Extrapolation

V/(Pei)_ (

4.2,
5ing

B.1)

Fit a straight line to the values l//(Pe ,') versus 4,. Extrapolate it to the ordinate where 4, = 0,

as shown in the example of Figure B.3, which yields the value ¥(F.0)=0 . The curve is not a

very good fit for BER values greater than 1074 because of the-e## approximation used for the
complementary error function (erfc) in the equation. Therefore, data with BER values higher

than 104 should not be used.

Calculate the system BER as

2 ah
J— erfc(%) zée‘Q2/2~1_Q\/2L:Q (
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This is the estimated value of BER at which the system under test is operating. The above
approximation to erfc(.) is sufficiently accurate for all error+ates ratios of interest.

A

.

Psi (BER)
o

3 { | >

0 0,005 0,01 0,015 0,02 0,025 0,03 0,035

Asin (V)
IEC

Figure B.3 — BER result from the sinusoidal interference method
(data points and extrapolated line)

B.5/3 Expected results

Figure B.4 is an example of'the results to be expected using the above extrapolation techniqlies.
Thel BER of a 50 Mbit/sisingle-mode data link was measured by 3 techniques:
e ftonventional BER-measurement down to 10~10;

o pxtrapolation-using the optical interference method of B.4.1;

o pxtrapolation using the electrical interference method of B.4.2.

Thelsolid_line is an error function fit to the measured data using best estimates for the noise of
the receiver, which is independent of received power and the noise from the transmitter, which
is proportional o received power.
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Figure B.4 — BER versus optical power for three methods

B.6) Documentation

Thel|following information shall be reported with each test:

a) ¢ate of test;

b) this document number and its year of the publication;
c) ppecimen identification;

d) type of transmitter;

e) type of receiver-.
B.7| Specification information

The| fellowing details shall be specified:

a) IEC number;
b) any special test requirements;
c) failure or acceptance criteria.
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FIBRE OPTIC COMMUNICATION SUBSYSTEM TEST PROCEDURES -
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Determination of low BER using Q-factor measurements
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization compri
Il national electrotechnical committees (IEC National Committees). The object of IEC is to promateinternat
-operation on all questions concerning standardization in the electrical and electronic fields.)To this end
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Rep
ublicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC “Publication(s)”). ]
reparation is entrusted to technical committees; any IEC National Committee interestéd in the subject dealf]
ay participate in this preparatory work. International, governmental and non-governméntal organizations lia
ith the IEC also participate in this preparation. IEC collaborates closely with thé ternational Organizatio
tandardization (ISO) in accordance with conditions determined by agreement, between the two organizatio

he formal decisions or agreements of IEC on technical matters express, as\nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical ¢ommittee has representation frof
terested IEC National Committees.

EC Publications have the form of recommendations for internatiohal use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are made-to ensure that the technical content of]
ublications is accurate, IEC cannot be held responsible for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National' Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in their national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national or regional publication shall be clearly indicated in the I3

FC itself does not provide any attestation of econformity. Independent certification bodies provide confo

rvices carried out by independent certification bodies.

Il users should ensure that they have thellatest edition of this publication.

embers of its technical committees~and IEC National Committees for any personal injury, property dama
ther damage of any nature_whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out of the, publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn to_ the-Normative references cited in this publication. Use of the referenced publicatio
dispensable for the ‘correct application of this publication.

ttention is drawn, tothe possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC shalkknot be held responsible for identifying any or all such patent rights.

61280-2-8 has been prepared by subcommittee 86C: Fibre optic systems and adg
cesyof. IEC technical committee 86: Fibre optics. It is an International Standard.

sing
onal
and
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[heir
with
sing
h for
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IEC
any

ions
veen
tter.

mity
any

o liability shall attach to IEC or its ‘directors, employees, servants or agents including individual experts| and

e or
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IEC

hs is

htent

tive

This—second edition cancets and reptaces the firstedition pubfistied—m 2003 T his edi

constitutes a technical revision.

ion

This edition includes the following significant technical changes with respect to the previous

edit

a)
b)

c)

ion:
correction of errors in Formula (8) in 5.5.2 and in a related formula in 5.5.3;

correction of errors in the references to clauses, subclauses, figures, procedures, an
the Bibliography;

alignment of the terms and definitions in 3.1 with those in IEC 61281-1.

din
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The text of this International Standard is based on the following documents:

FDIS Report on voting
86C/1708/FDIS 86C/1711/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the

above table.

The language used for the development of this International Standard is English.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and develope
brdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement;@vailable
at www.iec.ch/members_experts/refdocs. The main document types developed, by IEC

acc

des

Thel committee has decided that the contents of this document will remaimunchanged until
stahility date indicated on the IEC website under "http://webstore.iec.ch'in the data relate

the

Cribed in greater detail at www.iec.ch/standardsdev/publications.

specific document. At this date, the document will be

reconfirmed,
ithdrawn,
replaced by a revised edition, or

hmended.

d in

are

the
d to

of

thTt it contains colours which are considered to be useful for the correct understandi
i

PORTANT - The "colour inside" logoron the cover page of this document indicatf

ts contents. Users should therefore print this document using a colour printer.

es
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Determination of low BER using Q-factor measurements
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5 by
hod
od,

ving

rne

1 Scope

Thig part of IEC 61280 specifies two main methods for the determination of low BER value
making accelerated measurements. These include the variable decision threshold-me
(Clguse 5) and the variable optical threshold method (Clause 6). In addition, a third met
the pinusoidal interference method, is described in Annex B.

2 |[Normative references

Thefre are no normative references in this document.

3 |Terms, definitions, and abbreviated terms

3.1| Terms and definitions

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

ISOjand IEC maintain terminological databases for use in standardization at the follov
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

amplified spontaneous emission

ASE

optical power associated\to spontaneously emitted photon amplified by an active medium ip an
optical amplifier

3.1

bit error ratio

BER

Pe

numbet of errored bits divided by the total number of bits, over some stipulated period of ti
3.1.3

intersymbol interference

ISI

overlap of adjacent pulses as caused by the limited bandwidth characteristics of the optical
devices in a fibre optic link

3.1.

4

Q-factor

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

AC
CwW
DC
DSO
DUT
PRBS
SNR

alternating current

continuous wave (normally referring to a sinusoidal wave form)

direct current
digital sampling oscilloscope

device under test

pseudo-random binary sequence

signal-to-noise ratio

4 |Measurement of low bit-error ratios

4.1 General considerations

Fibe optic communication systems and subsystems are inherently~eapable of provi
exceptionally good error performance, even at very high bit rates. The.fdean bit error ratio (B
may| typically lie in the region 10712 to 10720, depending on the nature/of the system. While
type of performance is well in excess of practical performance requirements for digital sign
it gives the advantage of concatenating many links over long.distances without the nee

employ error correction techniques.

ling
ER)
this
als,
H to

Thelmeasurement of such low error ratios presents spéecial problems in terms of the time tgken

to measure a sufficiently large number of errors to obtain a statistically significant result. Tab

le 1

presents the mean time required to accumulate 15 errors. This number of errors canp be

regarded as statistically significant, offering a canfidence level of 75 % with a variability of 5(

as a function of BER and bit rate

Table 1 — Mean time for-the accumulation of 15 errors

%.

Mean times for the accumulation of 15 errors
Bit rate BER

1075 1076 10~7 1078 107° 10710 | 10°11 107'2 | 10713 | 107"* | 1077f

1|10 Mbit/s {150 ms | 1,5 15s |2,5min|{ 25 min| 4,2h 1,7d 17d 170 d 4,7 47
years | yearp

2|0 Mbit/s | 75 ms (| 750 ms | 7,5s 75s 750s [ 2,1h 21 h 8,8d 88 d 2,4 24
years | yearp

10 Mbit/s | 15" ms |150ms| 1,5s 15s |2,5min| 25 min | 4,2h 1,7d 17 d 170 d 4,7
yearp
50 Mbjt/sv[ 3,0 ms [ 30 ms [300ms | 3,0s 30s |50min| 50 min| 8,3h 3,5d 35d 350 ¢
100\Mbit/s [ 1,5 ms | 15ms |150ms | 1,55 15s |2,5min| 25min | 4,2h 1,7d 17d 170 ¢
500 Mbit/s [ 300 ys | 3 ms 30ms |300ms| 3,0s 30s |5,0min| 50 min| 8,3 h 3,5d 35d
1,0 Gbit/s | 150 ys [ 1,6 ms | 15ms [150ms| 1,5s 15s [2,5min| 25 min| 4,2h 1,7d 17 d
10 Gbit/s 15pus | 150 pus [1,5ms | 15ms (150 ms| 1,5s 15s (2,5min| 25 min| 4,2h 1,7d
40 Gbit/s | 3,8 us | 38 pus | 380us [ 3,8ms | 38 ms [380ms| 3,8s 38s [6,3min| 63 min | 10,4 h
100 Gbit/s | 1,5 us 15pus | 150 pus [ 1,5 ms | 15ms [150ms| 1,5s 15s [2,5min| 25 min| 4,2h
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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 complementary error function (erfc) This means that very small changes in

the

imp
10~

hirment lead to very large changes in BER; for example, in the region of a BER valu
5, a change of approximately 1 dB in the level of impairment results in a change of t

ordeérs of magnitude in the BER. A further difficulty is that a method based on extrapolatio

unli
mea

ely to reveal a levelling off of the BER at only about 3 orders of magnitude below'the loy
sured value.

It should also be noted that, in the case of digitally regenerated sections{ jthe results obtai

app
ups
acc

As
acc
(Clg
the

It s

y only to the regenerated section whose receiver is under test)y Errors generate
ream regenerated sections may generate an error plateau whichmay have to be taken
bunt in the error performance evaluation of the regenerator section under test.

hoted above, two main methods for the determination/oef low BER values by ma
blerated measurements are described. These are the*variable decision threshold me
use 5) and the variable optical threshold method (Clause 6). In addition, a third met
sinusoidal interference method, is described in Annex B.

hould be noted that these methods are applicable to the determination of the €

for
per
doc

The
the

key
BER
thre
alte
resf

4.2

The)
as [

ance of a system, and its effect requires other methods of determination. If the &
ormance is dominated by jitter impairments, the amplitude-based methods described in
iment will lead to BER values which;are lower than the actual value.

pe;}ormance in respect of amplitude-based impairments. Jitter may also affect the error

variable decision threshold method is the procedure which can most accurately meag
(Q-factor and the BER for.optical systems with unknown or unpredictable noise statistic
limitation, however, to/he use of the variable threshold method to measure Q-factor

is the need to have access to the receiver electronics in order to manipulate the deci
shold. For systems\where such access is not available, it may be useful to utilize
native variable dptical threshold method. Both methods are capable of being automate
ect of measurement and computation of the results

Background to Q-factor

Q-factor is the signal-to-noise ratio (SNR) at the decision circuit and is typically expres
1%

e of
ree
nis
vest

ned
i in
into

ing
hod
od,

rror
ber-
rror
this

ure
5. A
and
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where

uq and ug are the mean voltage levels of the "1" and "0" rails, respectively;

1

Figures in square brackets refer to the Bibliography.

(1)


https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

IEC

61280-2-8:2021 © |IEC 2021 -9-

oy 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, shall 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 (I1SI). Additive noise originates primarily from
ASE of optical amplifiers. ISl arises from many effects, such as chromatic dispersion, fibre 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.

Ons
sanj
esti
and

of the noise present in both voltage rails. As a rough approximation, the edge-of visibility of

Nois
an (
of e

The
med
digi
of t
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the
Var
can

Figu
figu

possible method to measure Q-factor is the voltage histogram method in whichya,di
pling oscilloscope is used to measure voltage histograms at the centre of a binary ey
mate the waveform’s Q-factor [2]. In this method, a pattern generator is usedfas a stim

e represents the 3o points of an assumed Gaussian distribution. The)advantage of u
scilloscope to measure the eye is that it can be done rapidly on reahtraffic with a minin
quipment.

oscilloscope method for measuring the Q-factor has several shortcomings. When use

pital
e to
ilus

the oscilloscope is used to measure the received eye opening and the standard deviation

the
5ing
hum

d to

al sampling rate (often in the order of a few hundred kilohertz) allows only a small min
ne high-speed data stream to be used in the Q-factor measurement. Longer observ
s could reduce the impact of the slow sampling.~Aimore fundamental shortcoming is
Q estimates derived from the voltage histograms“at the eye centre are often inaccur
ous patterning effects and added noise from:the front-end electronics of the oscillosc
often obscure the real variance of the noiske:

re 1 shows a sample eye diagram made on an operating system. It can be seen in
fe that the vertical histograms throdgh the centre of the eye show patterning effects (

sure the eye of high-speed data (of the order of severalKGbit/s), the oscilloscope’s Iir}%ted

rity
ion
that
ate.
ope

this
ess
t to
with

obv|ous is the noise added by the front-end electronics of the oscilloscope). It is difficu
predict the relationship between theé QO measured this way and the actual BER measured
a tept set.
Gaussian
approximation
Decision circuit operates in this region \
Actual
distribution IEC
NOTE The data for measuring the Q-factor are obtained from the tail of the Gaussian distributions.

Figure 1 — 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 eye opening here Measure noise here

:"l1_:"l0 0,= 0

Noise estimate her@ides isolated "1’s" IEC

N
Figure 2 — More accurate me sl}rement technique using a DSO
that samples noise s@?’stics between eye centres

It is|tempting to conclude that the estimates for oy and o would tend to be overestimated fand

thaff 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
histbgram distributions can t%@storted in other ways, for example, skewed in such a way fhat
the mean values overestim@ he eye opening — and the resulting Q will actually not be a Igwer
bouhd. There is, unforgu‘n.ately, no easily characterized relationship between oscilloscgpe-

derived Q measurem and BER performance.

O

5 Variable&ision threshold method

5.1 Ocvépew
Thig @lhod of estimating the Q-factor relies on using a receiver front-end with a variable
decmmmmmmw i i Ted: i ; the

measurement is performed with an error test set using a pseudo-random binary sequence
(PRBS), but there are alternate techniques which allow operation with live traffic. The
measurement relies on the fact that for a data eye with Gaussian statistics, the BER may be
calculated analytically as follows:

Pe(Vth):%[erfC(M]Jrerfc(MJ] @)

01 0'0
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where
Py is the BER;
Vin is the decision threshold level;

Hq, Mg @nd oy, op are the mean and standard deviation of the "1" and "0" data rails;

erfc(.) is the complementary error function given by
<2 1 )
erfc(x) = [e# 2qp~_ o x/2 (3)
= 21T -)’C x\/§‘|T

The| approximation is nearly exact for x > 3.

Thel BER, given in Formula (2), is the sum of two terms. The first term _is [the conditipnal
probbability of deciding that a "0" has been received when a "1" has been sent, and the second
term is the probability of deciding that a "1" has been received when a "0" has been sent.

In ofder to implement this technique, the BER is measured as a function of the threshold volage
(see¢ Figure 3). Formula (2) is then used to convert the data into\@ plot of the Q-factor vefsus
threishold, where the Q-factor is the argument of the complementary error function of either term
in Formula (2). To make the conversion, the approximation isimade that the BER is dominated
by qnly one of the terms in Formula (2) according to whether the threshold is closer to the "1's"
or the "0's" rail of the eye diagram.

A

BER

107

D

1]

10

107 &

N

N
:¢:
b
ARe
o

10—10

10—12

10~ .

10—16'| Leeekord hododo Lol T | Lol Lododl Lodednd | ' >
0 01 02 03 04 05 06 07 08
g g g g g g g g

Threshold voltage
IEC

Figure 3 — Bit error ratio as a function of decision threshold level

Figure 4 shows the results of converting the data in Figure 3 into a plot of Q-factor versus
threshold. The optimum Q-factor value as well as the optimum threshold setting needed to
achieve this Q-factor are obtained from the intersection of the two best-fit lines through the data.
This technique is described in detail in [3].
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Thresho\ld voltage

Ho Hy

Optimum threshold IEC

Figure 4 — Plot of Q-factor as a function‘of threshold voltage

The| optimum threshold as well as the optimal O can be obtained analytically by making uske of
the ffollowing approximation [4] for the inverse grror function:

-1
[log{%erfc(x)}} z1,192—0,6681x—0,0162x2 (4)

where
x s log(Pyg)-
NOTE 1 Formula (4) is accurate to £0,2 % over the range of P, from 10-5 to 10-10.

Aftdr evaluating the inverse error function, the data are plotted against the decision threshold
levgl, Vi,. As shown in Figure 4, a straight line is fitted to each set of data by linear regressfion.

The| equivalent variance and mean for the Q calculation are given by the slope and intergept
respectively.

Thel-minrimum-BER-ean-be-shownto-eceur—at-an-optimarthreshetltFrgprmanr wheR-the-two
terms in the argument in Formula (2) are equal, that is
(,“1 _Vth—optimal) (Vth—optimal _:“O)
= =Qopt (5)

o1 90

An explicit expression for Vip_gntimar in terms of x4 5 and oy g can be derived from Formula (5)
to be:

oo + o1t
0 1#0 (6)

Vin—onti =
th—optimal 00 + 01
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The value of Oopt is obtained from Formula (1). The residual BER at the optimal threshold can
be obtained from Formula (2) and is approximately

e—(Qgpt /2)

Pe-optimal = ————=— (7
e-opuma Qopt\/ﬁ

NOTE 2 This approximation is nearly exact for Oopt > 3.

It si
stat
wel
(511
only
that] it uses is the "tail" that extends into the eye. The variable decision threshold method
amaunts to constructing a Gaussian approximation to the tail of the real distribution in the ceptre
region of the eye where it affects the receiver operation directly. As the' example in Figufe 1
shows, this Gaussian approximation will not reproduce the actual histogram distribution af all,
but jt does not need to, for purposes of O estimation.

Anogther way to view the variable decision threshold techniquelis to imagine replacing the feal
dat% eye with a fictitious eye having Gaussian statistics. The\iwo eye diagrams have the same

BER versus decision threshold voltage behaviour, so it is reasonable to assign them the same
equjvalent Q value, even though the details of the full €ye diagram may be very different.
However, this analysis will not work for systems dominated by noise sources whose "tails"|are
not |easily approximated to be Gaussian in shapgj@as, for example, would occur in a sysftem
dominated by cross-talk or modal noise. In taking-these measurements, an inability to fit|the
data of Q-factor versus threshold to a straight”line would provide a good indication of|the
presence of such noise sources.

Experimentally, it has been found that the O values measured using the variable decigion
threshold method have a statistically valid level of correlation with the actual BER
megsurements.

5.2| Apparatus

An error performance analyser consisting of a pattern generator and a bit error ratio detecfor.

5.3| Sampling.and specimens

The| device nder test (DUT) is a fibre optic digital system, consisting of an electro-opfical
tranfsmitter\at one end and an opto-electronic receiver at the other end. In between|the
tranfsmitter-and the receiver can be an optical network with links via optical fibres (for example,
a DWDM network).

5.4 Procedure

Data for the O measurement are collected at both the top "1" and bottom "0" regions of the eye
as BER (over the range 107° to 10710) versus decision threshold. The equivalent mean (x) and
variance (o) of the "1's" and "0's" are determined by fitting this data to a Gaussian characteristic.

The Q-factor is then calculated using Formula (1).

a) Connect the pattern generator and error detector to the system under test in accordance
with Figure 5.
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Pattern generator DUT Detector/ Clock recovery
preamp. Low- circuit

"(Fiber-optic pass
Data transmitter 2 filter >
and link)"
Clock

i

Data Clock

Computer | —— (threshold
set here)

IEC

Figure 5 — Set-up for the variable decision threshold method

Set the clock source to the desired frequency.

ermination as required.
Set up the error detector’s pattern, data polarity and termination as required.

bpproximately in the centre of the data eye as shown in Figure 6. This is the in
sampling point.

Sampling point

e

IEC

Figure 6 — Set-up of initial' threshold level (approximately at the centre of the eye)

Enable the error detector's gating function and set it to gate by errors, for a minimum of
100 or 1 000 errors;

Adjust the error’ detector's decision threshold voltage in a positive direction until
measured BER increases to a value greater than 1 x 10710, Note the decision thres
voltage (#54) and the BER.

ncrease the decision threshold voltage until the BER rises above 1075 and note the deci
hreshold voltage (V,¢) and the BER.

Set up the pattern generator’s pattern, data and clock amplitude, offset, polarity jand

Set the decision threshold voltage and data input delay tovachieve a sampling point that is

itial

10,

the
hold

5ion

Note the difference between the two threshold values 7,4 and 7, and choose a step size

(Vstep1) that provides a reasonable number (greater than 5) of measurement points betw
these two decision threshold extremes. Starting from the threshold value V., decrease
threshold value by the step size, Vstep1- At each step, run a gating measurement on

een
the
the

error detector. Record the measured BER value and the corresponding decision threshold

voltage.
The gating measurement from the error detector accumulates data and error informa

tion

until the minimum number of errors — as specified in f) — have been recorded. Selecting a

larger minimum number of errors provides a statistically more accurate BER but at

the

expense of measurement time, particularly when measuring the low BER values. For a

statistically significant result, the number of errors counted should not be less than 15.
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k) Continue until the measured BER falls below 10710, This set of decision threshold voltage

versus BER is the "1" data set.

[) Adjust decision threshold voltage back to the initial sampling point value and then continue
in a negative direction until the BER increases again to greater than 10710, Note down the

threshold value (¥}) and the BER.

m) Decrease the decision threshold voltage until the BER rises above 1072 and note the

decision threshold voltage (7,5) and the BER.

n) Note the difference between the two threshold values V5 and ¥V, and choose a step size

0)

5.5
5.5.

Votcp()) that provides reasonable number (greater than 5) of measurement points between

whdre

ei

The

As

hese two decision threshold extremes. Starting from the threshold value Vg, increase| the
hreshold value by the step size, Vstepo- At each step, run a gating measurement onthé grror
Hetector. Record the measured BER and the corresponding decision threshold voltage.
Continue until the measured BER falls below 1 x 1010, This set of degision threshold
Voltage versus BER is the "0" data set.
Calculations and interpretation of results
1 Sets of data
The| procedure in 5.4 provides two sets (for the "0" and "1" rajl§) jof data in the form:
(D, Py |
Dy, Fe2
Dn’Pen
is the decision threshold veltage for "i"-th reading (fori = 1, 2...,n);
is the bit error ratio for /'i"-th reading (for i = 1, 2...,n);
is the total number of data pairs.
total number of data pairs for the "0" and "1" rails need not be equal.
On examplé, the voltage and BER values shown in Table 2 were obtained in a reallife
eriment.

exp
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Table 2 — BER as a function of threshold voltage

IEC 61280-2-8:2021 © |IEC 2021

"1" rail "0" rail
Threshold voltage BER Threshold voltage BER
v Y
-1,75 5,18 x 107° -4,37 8,76 x 107°
-1,80 2,09 x 1075 -4,34 1,90 x 107°
-1,85 7,33 x 1076 -4,31 5,18 x 1078
-1,90 2,77 x 107° -4,28 1,06 x 10°°
-1,95 9,61 x 1077 -4,25 2,12 x 1077
-2,00 1,96 x 1077 -4,22 3,45 x 1078
-2,05 6,30 x 1078 -4,19 3,52 x 107°
-2,10 1,95 x 1078 -4,16 2,77 x 10719
-2,15 3,45 x 107°
-2,20 1,39 x 1079

5.5.2 Convert BER using inverse error function

Each BER value is then converted through an inverseerror function, using the folloy

approximation given in Formula (4).

whdre

x; Flogqg (Pe ;)-

fi = [Iog {% erfc(x; )H

-1

—1,192-0,668 1{x;} —0,016 2{x;}*

Thig will produce two sets ofidata (for the "1" and "0") of the form:

_D1,f1 -

Dy, f>

Dn’fn_

ving

(8)

whichshoutdapproximatety fita straightine.

Using the values given in Table 2, we get the sets of data shown in Table 4.
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Table 3 - f; as a function of D,

5.5.

Usi
to a

whe

Y

X

With »n points of data per sef, then, for both the top ("1") and bottom ("0") data sets, the folloy
ulations should be performed [7]:

cald

"1" rail "0" rail
, f, D, f,

-1,75 3,757 8 -4,37 3,636 0
-1,80 3,963 8 -4,34 3,984 7
-1,85 4,195 6 -4,31 4,270 6
-1,95 4,625 7 -4,25 4,929 3
-2,00 4,944 9 -4,22 5,2757
-2,05 5,162 9 -4,19 5,682 3
-2,10 5,379 9 - 4,16 6,097 5
-2,15 5,685 8

-2,20 5,839 0

3 Linear regression

re

B=

S (ZAIE

Y=4+BX

= D (decision threshold voltage).

I (Zj)

—1
= |:%erfc(pe):| (*[F1~ " inverse errdrfunction of F);

mg the above data, a linear regression technique is used to fit, in turn, each set of data
straight line with an equation of the form:

ving

9)

where

R2

by

Using the values given in Table 3, we get the values shown in Table 4.

is the coefficient of determination (a measure of how well the data fits a straight line);

is the sum of values from 1 to n.


https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

- 18 —

IEC 61280-2-8:2021 © |IEC 2021

Table 4 — Values of linear regression constants

"1" rail "0" rail
A B R A B R
-4,6125 -4,763 8 0,998 9 53,989 11,530 7 0,998 4

5.5.4 Standard deviation and mean
| 1 | L N L L L - i L udn uou . - A\
= |_E| \bldlludlu ucviatiull Ul I Ul U TIUISC IUQIUII),
-4 . .
U= 5 (mean of "1" or "0" noise region).

Ca

bulate u4,04 from the "1" set of data and p, oy from the "0" set of data.

Using the example in Table 4, we get the values shown in Table 5.

Table 5 — Mean and standard deviation

"1" rail "0 rail

Hq %4 #o %

0,086 724 9

—-0,968 2 0,209 9 <4,682 2

5.5.6 Optimum decision threshold

_ | —wo
o1 +0p

Qopt (10)

And thus, the optimum decision threshold is equal to

O T o1k
oq1+0g

(11)

Forlthe example given in Table 5, using the value derived for Qopt of 12,52, the optimal decision
threishold jis -3,596 V.

5.5.6 BER optimum decision threshold

Also, the predicted residual BER at the optimum decision threshold is given by

P =— 12
© " o2 12

Assuming the value of 12,52 for O, in our example data, the residual BER is calculated to be
less than 1 x 10718,
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5.5.7 BER non-optimum decision threshold

The BER value at decision threshold voltages other than the optimum can be calculated from

the following formula:

2 2
|ta—D| lo—D|
AN L% )

(13)

5.58 Error bound

An error bound for the value of Q is derived in Annex A. Using Formula (A.5)one can calcu

the error bound for the value of Q.

For|the example shown, the absolute error bound on Q is £0,5.

5.6| Test documentation
Report the following information for each test:

a) fest date;

b) this document number and its year of publication;

c) ppecimen/sample (that is, optical transmission system being tested) identification;
d) fwo sets of data: one above the optimal‘threshold and the other below;

e) gt least 5 readings of threshold versus' BER for each data set (for BER values varying f

1075 to 10710);

f) pptimal O as well as the optimal’decision threshold;
g) possible error range in thewvalue of Q.

5.7| Specification information

Thel|following details(shall be specified:

a) |EC document\number;
b) any special test requirements;

c) failuretor acceptance criteria.

late

rom

6 Variable-optical-thresheld-methoed
LA AABLLLAA1LA"A"]

6.1 Overview

This method consists of the optical addition of an interfering pre-set bias light to the received
optical signal in order to increase the measured BER. Measurements taken at several values
of bias light are extrapolated to zero bias, to evaluate the BER value for normal operation. This
method is applicable to DC-coupled receivers only. The effect of adding a pre-set bias is shown

in Figure 7.
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Thel method can be used to evaluate the error performance of an optical link or active de

as
eva
acc
und

be gonnected to the data input and output terminations of the system.

6.2

Common to all methods is the conventional error measurement.equipment: a pattern gener

and

a)

b)

c)

d)

6.3

DC-coupled digital(feceiver which are connected via an optical link consisting of fibre or c

and
test|

Thelitem-under test may also be a self-contained transmission system comprising transmit
recgive terminals connected via an optical link which itself may contain active devices suc

faci
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Threshold level
of optical Rx

Optical power
Optical power
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Without pre-set bias With pre-set bias

021

Figure 7 — Effect of optical bias

shown in Figure 8. Alternatively, the error performance of a complete system can

bss to equipment is required and that any internal error monitoring facility’ of the sy
er test can be utilized. If this is not available, conventional error-measuring equipment

Apparatus

an error detector.

Conventional error measuring test equipment consisting of a pattern generator and sepa
error detector suitable for remote use. This is not required for system evaluation with s
contained error-monitoring facility.

A pre-set light source, stable to 0,1 dB overii h, of a wavelength similar to the system ur
est.

stability may be required in the caseof high signal levels at the receiver, for example, w
esting a transmitter receiver pair.

An optical splitter/combiner with split ratios typically between 50:50 and 10:90, and
ibre compatible with that of'the system and the pre-set bias light source.

Items under test

uated using the set-up shown in Figure 9. The advantage of this method is that no int(zknal

vice
be

em
can

ator

rate
belf-

der

An optical attenuator stable to 0,1 dB ever 1 h. An additional attenuator with equivalent

hen

with

Thelitem under test may be a digital fibre optic system consisting of a digital transmitter a$d a

may also include passive or active components. If a transmitter/receiver pair alone is t
d, they should be connected via a fixed or variable optical attenuator.

ble
be

and
h as

regenerators and/or optical amplifiers Such system may include internal error manitol
lities.
Procedure for basic optical link

6.4

Refer to Figure 8.

ring

a) Operate the transmitter and receiver, adjusting the received signal with the optical
attenuator. It may be necessary to monitor the input power of the optical signal at the

receiver.

b) Adjust the pre-set bias light until a predetermined high value of BER, such as 1074, is

c)

reached.

Decrease the bias a step at a time, and at each step record the BER measured by the error
detector. Measure at least 5 data pairs, with the BER values to 2 significant figures.
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d) Repeat c).
Pattern
generator
O — I e e e e i ) O — — — —
( Under test }I If required Optical (/' yngertest )
|| | LECEITEEPRIEEPRIED . combiner ||
[l Optical ' Optical link/device I ' Optical ~ * ||' Optical ||
|| transmitter under test | : attenuator " || receiver ||
i S : / i )
N =/ N Y
h 4
Pre-set bias Optical Efror
attenuator _> attenuator detector
IEC

6.5

Figure 8 — Set-up for optical link or device test

Procedure for self-contained system

Refer to Figure 9.

a)

b)
c)

d)

a

b device at the input terminal of the receiver. If the system does not contain error monito|
acilities, connect a pattern generator to a data jinput of the transmit terminal and
corresponding error detector to the appropriate‘data output terminal.

Adjust the pre-set bias light until a predetermined high value of BER, such as 1071
reached.

Decrease the bias a step at a time, and at each step record the BER measured by the ¢
Hetector. Measure at least 5 data pairs, with the BER values to 2 significant figures.

Set up the system for normal operation. If no optical combiner is incorporated, insert guch

ring
the

rror

Repeat c¢).
Data Data
input output
e o L N e R R Ry — Sy —_— _.\
4 System under test N
| Optical ||
Il combiner? ||
[ Trfdmit > Optical link including p| Receive h
|: terminal regenerators/amplifiers terminal :|
! |
,/ v
Pre-set bias Optical Error
light source —> attenuator counter

IEC

To be inserted if system is not equipped with an optical combiner.

Figure 9 — Set-up for system test
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6.6 Evaluation of results

The injection of an optical bias signal is, in essence, similar to a variation in the detection
threshold. Thus, the mathematical model for the evaluation of the results is substantially the
same as that used for the variable threshold method. To a first-order approximation, therefore,
the relationship between the amplitude of the optical bias signal and the resulting value of BER
can be represented by the equation:

Y=A4+BX (14)

whdre

Y Flogyq (Pg) and is the log BER,;

X |s the bias amplitude.

An ¢xample of a set of results is given in Table 6.

Table 6 — Example of optical bias test

Bias BER Log BER
pWwW

6,00 1,0 x 1074 =4,00
5,75 2,7 x107° -4,57
5,50 7,0 x 1078 -5,15
5,25 1,4 x 1Q<8 -5,85
5,00 3,0.xM077 -6,52
4,75 5,0 x 1078 -7,30
4,50 1,0 x 1078 -8,00

In grder to achieve a precision'to two significant digits for the BER values, it is necessary to
accpmulate sufficient errors,~approximately 100, to achieve consistency. The time takepn to
megsure errors shall, however, not compromise the stability of the amplitude of the optical Hias,
sinde small variations in\this amplitude can have a large effect on the subsequent extrapolation
progedure.

Usimg the resultsigiven in Table 6 and applying the linear regression techniques described in
5.53, the basic value of BER can be determined by extrapolation as shown in Figure 10.
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Figure 10 — Extrapolation of log BER as a function of bias

For|the results given in Table 6, the BER value, as shown by the extrapolation in Figure 1
prediicted to be 10720,
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Annex A
(normative)

Calculation of error bound in the value of Q

Let us assume that the linear regression fit (of form Y = 4 + BX) gives rise to two straight line

fits for the "0" and "1" rails as follows:

Yo = 4y + Bg X (for the "0" rail) A)
Yy = A+ By X (for the "1" rail) 1
As ghown in Figure 4, the two lines intersect at the point X, im ), the optimal decision threshjold.
At this value of X, both Y,y and Y, are equal, that is
Ay + By Xoptimal = 41+ B1Xoptimal ~ OF
Ay — 4 A.2)
Xoptimal BB,
Thelvalue of Y at the optimal threshold is Q, that is
0 = A + B1 X optimal
_ 4By Ao By (A.3)
Bo= By
The| derivatives of O with respect to eachiof the variables 4, 44, By and B4 are
aAQO 16Q A4)
=, =Py
0By 0By
whefe ae__ B L f= B and yzﬂ
By — By By — By By — By
Thel maximum error in O, given by AQ.,,, can be bounded by
o0 Y o0 \’ o0 Y o0 Y
AQhax =| 22| 2 | 20| 2 [ L] 52 | L2
04p 0 o4 1\ 9By 0 9B ! (A.5)

2(.2 2 2 2(.2 2 2
=a (yaBO+aAO)+,6’ (ya1+a )

where

01240 and ai are the uncertainties in the Y-intercepts for the "0" and "1" rails, respectively;

Ut%?o and aél are the uncertainties in the slopes of the "0" and "1" rails.
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It is assumed that the factors 4,, 44, By and B, are uncorrelated. Formula (A.5) gives the
absolute maximum spread in the value of Q.

These variances are given in [8] to be:

WG .52
;ZT and o2=25 (A.6)

2
oy A

where

N |s the number of data points.

A=NY Xx? —(ZX)2 and

52 =ﬁZ(Y—A—BX)2
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Annex B
(informative)

Sinusoidal interference method

Overview

This method, optically or electrically, adds an interfering sinusoidal signal to the digital signal
at a point before the receiver decision circuit in order to increase the measured BER. The

med
zerg

The
inpu
sing
the
rece

Bot
the

The

B.2

Con
and

a)

b)

c)

d)

amplitude, thereby giving the system BER.

sinusoidal signal can be injected into the receiver optically, by adding it to the optical (
t. This method is usually the only procedure available for testing at the system or link |
e access to the decision circuit is normally not available in operational gquipment. To
sinusoidal signal electrically requires electrical access to the decision circuitry of
iver which would be more suitable for testing at the component or subsystem level.

h methods should yield similar results since they rely on an extrapolation to the point wk
mpairment has been removed.

Apparatus

hmon to all methods is the conventional erfor measurement equipment: a pattern gener
an error detector.

Under test, and of generating (stable output levels between 1 mV and 1V, with at I
B digits' amplitude resolution. A typical frequency synthesizer meets these requirement

An analogue laser transmitter, with adjustable CW output power, stable to 0,1 dB over
pf a wavelength similar-to the system under test and capable of being modulated
requency well withifnthe passband of the receiver under test. This serves as an "interfe
aser".

An optical splitter/combiner with split ratios typically between 50:50 and 10:90, and
ibre compatible with that of the system and the interfering laser.

An analogue optical receiver capable of detecting frequencies within the passband of|
system-under test, used to confirm proper operation of the interfering laser.

B.3

surements, taken at several values of reducing sinusoidal amplitude, are extrapolatef to

lata
evel
add
the

ere

optical method requires an AC-coupled receiver, while the electrical method is applicable
to an AC- or DC-coupled receiver.

ator

A sinewave generator capable of producing a frequency within the passband of the system

bast

P.

1h,
at a
ring

with

the

&ampli | .

The specimen is a fibre optic digital system consisting of a digital transmitter and a digital
receiver. In between them is either a fibre link consisting of fibre or cable and possibly passive
or active components (if an operational link is to be tested) or a variable optical attenuator (if the
transmitter/receiver pair alone is to be tested).
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B.4 Procedure

B.4.1 Optical sinusoidal interference method

Refer to Figure B.1.

a) Place the combiner with one input port connected to either the fibre link or attenuator.

Connect the output port to the receiver and the other input port to the interfering laser, w
is modulated by the sinewave generator. Connect the receiver to the error detector.

hich

b) AdJust the transmitter and recelver to the deswed operating condltlons Adjust the data

c)

d)

e)

+ho

H o Tk
JGI.I.UIII Gllu mure GLLUIIuGlUI IO UOUU LIIU IU\;UIVCU MUVWTT. rre ICUUIVUI III'JUL PUWTIT T

hall be held constant for the duration of the measurement procedure.
Choose the frequency of the sinewave generator to be well within the passband of

s 1 Mbit/s) from the bit-rate so that no slow beat phenomena are possible.

Turn on the interfering laser and adjust its output level so that its power."as seen at

Hepth until a BER value of approximately 1074 is reached. (It is~assumed that the BE

hecessary to choose a combiner with a different coupling ratio or to adjust the signal |
pf the interfering laser in order to achieve the above.

Decrease the modulation depth of the interfering laser a step at a time by adjusting

py the error detector.
Measure at least 5 data pairs, with the BER values measured to 2 significant figures.

Pattern
generator
v Optical
combiner
Laser N Optical Optical
transmitter ” attenuator > receiver
) . \ 4
Sinewave Interfering
generator laser Error
counter

IEC

tevel

the

receiver and not harmonically related to the bit-rate. It should be significantly different (Juch

the

butput of the combiner is similar to the power seen there due to the lasertransmitter of{ the
Hata link under test. Apply modulation to the interfering laser and~adjust the modulation

R is

mmeasurably low before the interfering signal is added.) Ensure’that the interfering laser
butput is not distorted by monitoring it with the analogue“eoptical receiver. It may| be

bvel

the

putput level of the sinewave generator, and at each step record the BER value measured

Figure B.1 — Set-up for the sinusoidal interference method by optical injection
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le B.1 is an example.

Table B.1 — Results for sinusoidal injection

Sinewave amplitude BER
A (mV)

100 5,0 x 1075

95 1,1 x 1075

90 6,3 x 1078

021

In o
acc

inte
larg

B.4
Ref

a)

b)

d)

e)

85 9,8 x 1077

80 2,3x 1077

75 4.6 x 1078

rder to achieve a precision to two significant digits for the BER values, it is necessari

ference signal, since small variations in the amplitude of theginterfering signal can ha
effect on the subsequent extrapolation procedure.

to nLeasure errors shall, however, not compromise the stability’ of the amplitude of

2 Electrical sinusoidal interference method
br to Figure B.2.

AC-couple the sinewave generator to the decision threshold input of the comparator in
receiver under test. If the comparator has differential data inputs, a large series resistor
pe used to isolate the comparator data signal from the sinewave generator. If isolatio
Jifficult to achieve, use the threshold modification method of Clause 5.

battern and, if the attenuator is used, the received power to be constant for the duratio
he measurement procedure.

Choose the frequency of the sinewave generator to be well within the passband of
receiver and not harmonically related to the bit-rate. It should be significantly different (s
bs 1 Mbit/s) from the bit-rate so that no slow-beat phenomena are possible. The frequg
5hould also be weltiabove the range of any AGC or threshold-tracking loop in the recei

Adjust the amp(itude of the sinewave generator until a BER value of approximately 107
reached.

Decrease-the amplitude of the interference one step at a time, by decreasing the outpd

Hata'should be similar to those given in 5.4.

y to

imulate sufficient errors, approximately 100, to achieve consistency. The time tgken

the
ea

the
can
n is

Adjust the transmitter and receivep;to the desired operating conditions. Adjust the data

n of

the
uch
ncy
er.

4is

t of

he sinewave generator. At each step, record the BER using the error detector. The resulting
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Figure B.2 — Set-up for the sinusoidal interference method'by electrical injection

B.5| Calculations and interpretation of results

B.5)1 Mathematical analysis

Theise calculations apply for both the optical.;and electrical options of B.4.1 and B.4.2.
Derfote the data pairs as given in Table B.1 @$y(4,, P, ;). Transform the BER values usging

the function:

) +\/g—4c1(63 +x,-)

whdre

x; =[In(2 Py ;);
c¢q1 90,492 6;
cp 90,294 8;
c3 90,792,

B.5|2 Extrapolation

Fit a straight line to the values V/(Pe i) versus 4;. Extrapolate it to the ordinate where 45 = 0,
as shown in the example of Figure B.3, which yields the value ¥(F0)=0 . The curve is not a

very good fit for BER values greater than 1074 because of the approximation used for the
complementary error function (erfc) in the equation. Therefore, data with BER values higher
than 1074 should not be used.

Calculate the system BER as

2 4
P, :% em(%) - é o012 .% (B.2)
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This is the estimated value of BER at which the system under test is operating. The above
approximation to erfc(.) is sufficiently accurate for all error ratios of interest.

A

.

Psi (BER)
o

3 { | >

0 0,005 0,01 0,015 0,02 0,025 0,03 0,035

Asin (V)
IEC

Figure B.3 — BER result from the sinusoidal interference method
(data points and extrapolated line)

B.5/3 Expected results

Figure B.4 is an example of'the results to be expected using the above extrapolation techniqlies.
Thel BER of a 50 Mbit/sysingle-mode data link was measured by 3 techniques:
e ftonventional BER-measurement down to 10~10;

o pxtrapolation-using the optical interference method of B.4.1;

e pxtrapolation using the electrical interference method of B.4.2.

Thelsolid line is an error function fit to the measured data using best estimates for the noise of
the receiver, which is independent of received power and the noise from the transmitter, which
is proportional to received power.
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Received power (dBm)

Figure B.4 — BER versus optical power for three methods

B.6) Documentation

Thel|following information shall be reported with each test:

a) ¢ate of test;

b) this document number and its year of the publication;
c) ppecimen identification;

d) type of transmitter;

e) type of receiver-.
B.7| Specification information

The| fellowing details shall be specified:

IS
[
10°
| | |
X Real-time measurement
% Extrapolated, electrical (electrical)
Xy + Extrapolated, optical (optical)
107°
x
%\% 107"
X
b
10—15
+
b
& 10-20
- J 102
-38 =37 -36 -35 -34 =33 -32 -31 -30

IEC

a) IEC number;
b) any special test requirements;
c) failure or acceptance criteria.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PROC’ED’URES D’ESSAI DES SOUS-SYSTEMES DE
TELECOMMUNICATIONS FIBRONIQUES -

Partie 2-8: Systémes numériques -

facteur Q

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation comppsée
e I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)."L’JEC a pour objgt de
hvoriser la coopération internationale pour toutes les questions de normalisation|dans les domainep de
Electricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie(des 'Normes internationples,
es Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) ef des
uides (ci-aprés dénommés "Publication(s) de I'l|EC"). Leur élaboration est confiee a des comités d'études| aux
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisajions
ternationales, gouvernementales et non gouvernementales, en liaisonsavec I'lEC, participent égalemen{ aux
avaux. L'IEC collabore étroitement avec I'Organisation Internationale.de Normalisation (ISO), selon| des
onditions fixées par accord entre les deux organisations.

2) Ues décisions ou accords officiels de 'lEC concernant les questionstechniques représentent, dans la mesufe du
ossible, un accord international sur les sujets étudiés, étant doriné que les Comités nationaux de I'lEC intérejssés

sont représentés dans chaque comité d’études.

T - Qo= N —=ho

3) Ues Publications de I'lEC se présentent sous la forme, d& recommandations internationales et sont agrgées
domme telles par les Comités nationaux de I'lEC. Tous\les efforts raisonnables sont entrepris afin que ['IEC
sfassure de I'exactitude du contenu technique de ses*publications; I'lEC ne peut pas étre tenue responsable de
I'Bventuelle mauvaise utilisation ou interprétation qéen est faite par un quelconque utilisateur final.

4) Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales

gt régionales. Toutes divergences entre.toutes Publications de I'lEC et toutes publications nationales ou
regionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

5) YIEC elle-méme ne fournit aucune ‘attestation de conformité. Des organismes de certification indépendants
fopurnissent des services d'évalugtion de conformité et, dans certains secteurs, accédent aux marquep de
donformité de I'lEC. L’IEC n'est.résponsable d'aucun des services effectués par les organismes de certificgtion
indépendants.

6) Tlous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité nerdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatgires,
compris ses experts-particuliers et les membres de ses comités d'études et des Comités nationaux de I|IEC,

pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
ature que ce,soit} directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépepses
découlant deNa-publication ou de l'utilisation de cette Publication de I'l[EC ou de toute autre Publication de I|IEC,

du au crédit qui lui est accordé.

8) Uattention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicajions
reféfencées est obligatoire pour une application correcte de la présente publication.

ontio 3 -3 3 e B e-Publicatio e-+bbjet
de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de
brevets et de ne pas avoir signalé leur existence.

L'IEC 61280-2-8 a été établie par le sous-comité 86C: Systémes et dispositifs actifs a fibres
optiques, du comité d’études 86 de I'lEC: Fibres optiques. Le présent document est une Norme
internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2003. Cette édition
constitue une révision technique.


https://iecnorm.com/api/?name=944764f90db666377f51ff9a0dbbed4e

IEC

61280-2-8:2021 © |IEC 2021 - 37 -

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) correction d’erreurs dans la Formule (8) en 5.5.2 et dans une formule associée en 5.5.3;

b) correction d’erreurs dans les références aux articles, paragraphes, figures et procédures,
ainsi que dans la bibliographie;

c) alignement des termes et définitions en 3.1 sur ceux de I'l[EC 61281-1.

Le texte de cette Norme internationale est issu des documents suivants:
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PROC’ED’URES D’ESSAI DES SOUS-SYSTEMES DE
TELECOMMUNICATIONS FIBRONIQUES -

Partie 2-8: Systémes numériques -
Détermination de faibles valeurs de BER en utilisant des mesures du
facteur Q

1 |Domaine d’application

La présente partie de I'lEC 61280 spécifie deux méthodes principales permettant de détermkner
de fpibles valeurs de BER en réalisant des mesures accélérées. Ces méthodes utilisent soit un
seu|l de décision variable (Article 5), soit un seuil optique variable (Article‘6). De plus, |une
troigieme méthode fondée sur le brouillage sinusoidal est décrite a ’Annexe"B.

2 |Références normatives

Le présent document ne contient aucune référence normative.

3 |Termes, définitions et termes abrégés

3.1 Termes et définitions

Pour les besoins du présent document, les tekmes et définitions suivants s’appliquent.

L'ISO et I'l[EC tiennent a jour des bases.de données terminologiques destinées a étre utiligées
en normalisation, consultables aux adrésses suivantes:

e |EC Electropedia: disponible a\l'adresse http://www.electropedia.org/
e |SO Online browsing platferm: disponible a I'adresse http://www.iso.org/obp

3.1/
émission spontanée amplifiée
AS

dang un amplificateur optique, puissance rayonnante optique associée a des photons gmis
spoptanément-etramplifiée par un milieu actif

Notel 1 a fRarfticle: L’abréviation "ASE" est dérivée du terme anglais développé correspondant "amplified
spontane@us emission".

3.1.2
taux d’erreur sur les bits

BER

Pe

nombre de bits erronés divisé par le nombre total de bits, sur une période de temps spécifiée

Note 1 a I'article: L’abréviation "BER" est dérivée du terme anglais développé correspondant "bit error ratio".

3.1.3

brouillage intersymbole

ISI

chevauchement des impulsions adjacentes occasionné par des caractéristiques limitées de
largeur de bande des dispositifs optiques dans une liaison fibronique
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Note 1 a ['article: L’abréviation "ISI" est dérivée du terme anglais développé correspondant "intersymbol
interference".

3.1.4
facteur Q

0
rapport entre la différence entre la tension moyenne des rails 1 et 0, et la somme de leurs
valeurs d’écart-type

3.2 Termes abrégés

CA courant alternatif

CW continuous wave (onde continue, ayant normalement une forme sinusoidale)
CcC courant continu

DSP digital sampling oscilloscope (oscilloscope a échantillonnage numérique)
DUIr device under test (dispositif en essai)

PRBS pseudo-random binary sequence (séquence binaire pseudo-alé¢atoire)

SNR signal-to-noise ratio (rapport signal/bruit)

4 |Mesure de faibles valeurs du taux d’erreur sur les bits

41| Considérations générales

Les|systemes et sous-systemes de télécommunications fibroniques sont, par nature, capables
d’offrir d’excellentes performances en termes d’erfeur, méme a des débits binaires trés éleyés.
Selon la nature du systéme, le taux d’erreur sures bits (BER) moyen peut généralement gtre
danp la région allant de 10712 & 10720, Biéh que ce type de performance soit nettement
supprieur aux exigences de performances“pratiques applicables aux signaux numériquep, il
présente I'avantage de concaténer de pnombreuses liaisons sur de longues distances sans gu'il
soit|nécessaire de recourir a des techniques de correction d’erreurs.

La mesure de ces faibles taux d‘erreur pose des problémes particuliers en termes de temps
nécessaire pour mesurer ynonombre d’erreurs suffisamment élevé pour obtenir un résTItat
statjstiquement significatif.-Le Tableau 1 présente le temps moyen exigé pour accumjuler
15 ¢@rreurs. Ce nombrg‘d’érreurs peut étre considéré comme statistiquement significatif| en
offrInt un niveau de €onfiance de 75 % avec une variabilité de 50 %.
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Tableau 1 — Temps moyen pour I’accumulation de 15 erreurs
en fonction du BER et du débit binaire

021

Temps moyens pour ’accumulation de 15 erreurs

Débit BER
binaire
1075 1076 1077 1078 107° 10-10 10~ 10712 | 10713 1074 [ 10715
1,0 Mbit/s |150 ms | 1,5s 15s [2,5min|25min| 4,2h 1,7 ] 17 j 170j |4,7 ans | 47 ans
2,0 Mbit/s [ 75ms |750ms | 7,5s 75s 750 s 2,1h 21h 8,8]j 88 [2,4ans| 24 ans
10 Mbit/s | 15 ms | 150 ms | 1,5s 15s |2,5min| 25 min| 4,2h 1,7 17 j 170 [4,7 ans
50 Mbit/s [ 3,0ms | 30 ms |300ms| 3,0s 30s |5,0min|50min| 8,3h 3,5]j 35j 350§

-

0 Mbit/s | 1,5ms | 15ms (150 ms| 1,5s 15s [2,5min| 25 min| 4,2h 1,7 17 170§

5

0 Mbit/s | 300 ys | 3 ms 30ms |300ms | 3,0s 30s [(50min| 50 min| 8,3h 3:5] 35]

1

0 Gbit/s | 150 ys | 1,5ms | 15ms [150ms| 1,5s 15s |2,5min| 25 min | 4,2h 17 17 j

1

0 Gbit/s 15pus | 150 pus [1,5ms | 15ms (150 ms| 1,5s 15s (2,5min| 25 mim)| 4,2 h 1,7

4|O Gbit/s | 3,8 us | 38 us [ 380 pus |3,8ms | 38ms [380ms| 3,8s 38s [6,3min| 63 min | 10,4

-

0 Gbit/s | 1,5us | 15 us [ 150 us | 1,5ms | 15ms |150 ms | 1,5s 15 8, 1[2,5 min | 25 min | 4,2

Les
BER
d’in

temps indiqués dans le Tableau 1 montrent que la mesUre directe des faibles valeurs
attendues pour des systémes fibroniques n’est pas pratique au cours des opérat

arti
aug
en

ens
ou ¢

La

performances en termes d’erreur est 'que la valeur théorique du BER est liée au niveal

dég
peti
exe
de
est
stak
mes

Il cq
les
sou
un

stallation et de maintenance. Une fagon de surmonter/cette difficulté consiste a dégra
iciellement et de maniere contrélée le rapport signalfbruit au niveau du récepteur, pour 3
enter le BER de maniére significative et réddire’le temps de mesure. Les performar
rmes d’erreur sont mesurées pour différentsiniveaux de dégradation, et les résultats

raphiques reposant sur des algorithmes.de régression théoriques ou empiriques.

Hifficulté engendrée par l'utilisation“d’une technique de régression pour déterminer

radation par la fonction d’errelr complémentaire (erfc) inverse. Ceci signifie que de
fes variations du niveau desdégradation entrainent de trés grandes variations du BER.
mple, dans la région d’une.valeur de BER de 10715, une variation d’environ 1 dB du niy|
égradation entraine unevariation du BER de trois ordres de grandeur. Une autre diffic
qu’il est peu probable qu’'une méthode reposant sur une extrapolation révéle

résultats_obtenus s’appliquent uniquement a la section régénérée dont le récepteur

lateau d’erreur qui peut devoir étre pris en compte pour évaluer les performances en ter

de
ons
der
insi
ces
sont

Lite extrapolés a un niveau de dégradation nulle en utilisant des méthodes informatiques

les

de
trés
Par
eau
ulté
une

ilisation du BER~a-'seulement 3 ordres de grandeur environ sous la plus basse valeur
urée.
nvient égatement de noter que, dans le cas de sections régénérées par voie numérique,

est

Mis a-essai. Les erreurs générées dans des sections régénérées en amont peuvent produire

mes

d’ern

enr de 1a section de régénérateur en essai

Comme cela a été indiqué ci-dessus, deux méthodes principales sont décrites pour déterminer
de faibles valeurs de BER en réalisant des mesures accélérées. Ces méthodes utilisent soit un
seuil de décision variable (Article 5), soit un seuil optique variable (Article 6). De plus, une
troisieme méthode fondée sur le brouillage sinusoidal est décrite a ’Annexe B.

Il convient de noter que ces méthodes sont applicables a la détermination des performances
en termes d’erreur en ce qui concerne les dégradations liées a I'amplitude. La gigue peut
également affecter les performances d’'un systéme en termes d’erreur, et son effet exige
d’autres méthodes de détermination. Si les performances en termes d’erreur sont dominées par
des dégradations dues a la gigue, les méthodes fondées sur I'amplitude décrites dans le
présent document produiront des valeurs de BER inférieures a la valeur réelle.
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La méthode a seuil de décision variable est la procédure qui permet de mesurer le facteur Q et
le BER avec la plus grande exactitude pour les systémes optiques dont les statistiques de bruit
sont inconnues ou imprévisibles. Cependant, la principale limite a I'utilisation de la méthode a
seuil variable pour mesurer le facteur Q et le BER est la nécessité d’avoir acces a I'électronique
du récepteur afin de manipuler le seuil de décision. Pour les systémes dans lesquels un tel
acces est impossible, la méthode a seuil optique variable peut constituer une alternative utile.
Pour les deux méthodes, il est possible d’automatiser la mesure et le calcul des résultats.

4.2 Informations sur le facteur Q

géngralement exprimé sous la forme suivante [1]":

Q:M (1)
g1 +0g

ou
Uy gt ug sont les niveaux de tension moyens des rails "1" et "0", fespectivement;

oy gt oy sont les valeurs d’écart-type de la distribution de. bruit sur les rails "1" et |"0",
respectivement.

Ung estimation précise de la performance de transmission d’un systéme, ou le facteur Q, [doit
tenif compte des effets de toutes les sources de dégradation de performance, dégradationja la
fois|fondamentale et due aux imperfections du monde’réel. Deux sources importantes sont le
bruit d’émission spontanée amplifié¢e (ASE) et le brouillage intersymbole (ISI). Le Bruit
addjtionnel est essentiellement généré par I'’ASErdes amplificateurs optiques. L’'ISI résulte de
nombreux effets, tels que la dispersion chromatique, les non-linéarités des fibres, le brouillage
a tragjets multiples, la dispersion modale de‘\polarisation et Iutilisation d’électronique a largeur
de hande finie. |l peut également y avoird’autres effets, par exemple une mauvaise adaptation
d’impédance peut occasionner des deégradations telles que des temps de décroissance Igngs
ou une forme d’onde amortie.

Ung méthode de mesure possible du facteur Q est la méthode des histogrammes de tensgion
qui Jutilise un oscilloscope(djéchantillonnage numérique pour mesurer des histogrammeg de
tengion au centre d’'un ceil binaire pour estimer le facteur Q de la forme d’onde [2]. Dans cette
méthode, un générateurde motifs d’'impulsions sert de stimulus et I'oscilloscope est utilisé gour
megurer 'ouverture-d’ceil regue et I'écart-type du bruit présent dans les deux rails de tensjion.
A tifre d’approximation grossiére, le bord de visibilité du bruit représente les points 3o d’un¢ loi
norkale suppoesée. L’avantage d’utiliser un oscilloscope pour mesurer I'ceil est sa rapidité|sur
un trafic réel~@vec un minimum de matériel.

La méthode de mesure du facteur Q a 'oscilloscope présente plusieurs inconvénients. Lorsjque
'osgiloscope est utilisé pour mesurer I'ceil de données a haut débit (de I'ordre de plusigurs
Gbit/s), sa vitesse d’échantillonnage numérique limitée (souvent de l'ordre de quelques
centaines de kilohertz) ne permet d’utiliser qu’une petite partie du flux de données a haut débit
pour mesurer le facteur Q. Des temps d’observation plus longs peuvent réduire I'impact de
I’échantillonnage lent. Un autre inconvénient plus important est que les estimations de Q
découlant des histogrammes de tension au centre de I'eeil sont souvent imprécises. Les
différents effets de moirage et le bruit ajouté généré par I'électronique frontale de I'oscilloscope
peuvent souvent masquer la variance réelle du bruit.

1 Les chiffres entre crochets renvoient a la bibliographie.
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La Figure 1 est un exemple de diagramme de I’ceil d’'un systéme en fonctionnement. Cette figure
révéle que les histogrammes verticaux passant par le centre de I'ceil présentent des effets de
moirage (le bruit généré par I'électronique frontale de I'oscilloscope est moins évident). Il est
difficile de prédire la relation entre le facteur Q mesuré de cette fagon et le BER réel déterminé
avec un banc de mesure.

NOT

gaussiennes. \)

La

ApprQ?‘;ktion
ussie

nne

&
Le circuit de décision fonctionne dans cette région \
L Distribution

O réelle

IEC

FE Les données utilisées pour mesurer le facteur Q\Q)Qt obtenues a partir de la queue des distribu

Figure 1 — Exemple de diagrammg(@e I’ceil montrant des effets de moirage
b\

Figure 2 illustre une autre métho possible pour mesurer le facteur Q en utilisant

ions

un

oscllloscope. L'idée est d'utiliser le GA}\ re de I'ceil pour estimer I'ouverture de I'ceil et d’utiliser

laz
ala
qu’g

largeur de I'histogramme seraient alors réduites. Un inconvénient de cette méthode

bne entre les centres des yeux(pour estimer le bruit. Les contributions de I'effet de moirage

est

lle repose sur des mesures-téalisées sur une partie de I'ceil que le récepteur n’utilise jamais
réellement.
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Mesurer I'ouverture de I'ceil ici Mesurer le bruit ici

U= H _
1 0 0'1 0'0

IEC

L’estimation de bruit exclut ici les « 1 » i%ég/

Figure 2 — Technique de mesure plus précise ug(usant un oscilloscope
d’échantillonnage numérique (DSO) qui échantill e les statistiques de bruit
entre les centres der X

les
megures résultantes du facteur Q forment tou1 une borne inférieure au facteur Q réel pour
I'ung ou l'autre de ces méthodes a base d’oscilloscope. Ce n’est pas forcément le cas. Il est
posgible que les distributions de Ih|stog®1me soient déformées d’autres maniéres. Hlles
peujent par exemple étre asymetrlque e telle sorte que les valeurs moyennes surestiment
I'ouyerture de I'ceil et le facteur Q ré % nt n’est plus une borne inférieure. Malheureusemgent,
il n’existe pas de relation facileme aractérisée entre les mesures de facteur Q réalisées au
moyen d’un oscilloscope et Ies\[i: rmances en termes de BER.
O
N\
5 |Méthode a seuil de gémsmn variable
5.1 Vue d’ense@@
Cet stimation du facteur Q s’appuie sur l'utilisation d’'un récepteur frontal gvec
un ision variable. Des moyens de mesure du BER du systéme sont exigés| En
géng sure est réalisée avec un banc de mesure d’erreurs utilisant une séquence binjire
pse
fongti
avel
1 Vip — Vin —
Pe(Vth)=_ erfc M +erfc M (2)
2 01 oo
ou
P est le BER;

est le niveau du seuil de décision;
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Hq, L et o1, oy sont la moyenne et I'écart-type des rails de données "1" et "0";

erfc

(.) est la fonction d’erreur complémentaire donnée par:

2 2 2
J'e—/f 245 ~ 1 o—x2/2

21 S XA/ 27T

erfc(x) =

L’approximation est pratiquement exacte pour x > 3.

Pour mettre en ceuvre cette technique, le BER est mesuré en fonction de la ténsion de §

(voi
fact
con
'ap
seld
con

00 e ddl c O nule " d omine de deuxX S Nnes. e preimmiler elrme ey
pabilité conditionnelle de décider qu’'un "0" a été recu quand un "1" a été envoyé;ie
XKieme terme est la probabilité de décider qu’un "1" a été regu quand un "0" a étélenvoy

r Figure 3). La Formule (2) est ensuite utilisée pour convertir les donnéesien un tracé
eur Q en fonction du seuil, ou le facteur Q est I'argument de la‘fonction d’er

broximation selon laquelle le BER est dominé par un seul des termes dans la Formule
n que le seuil est plus prés du rail de "1" ou du rail de "0" du,diagramme de I'ceil,
Sidérée.

BER
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Tension de seuil
IEC

y

021

@)

euil
du
Feur

plémentaire de l'un des termes de la Formule (2). Pour effectuer la conversfion,

(2),

est

La Figure 4 présente les résultats de la conversion des données de la Figure 3 en un tracé du
facteur Q en fonction du seuil. La valeur optimale du facteur Q ainsi que le réglage du seuil
optimal nécessaire pour atteindre ce facteur Q sont obtenus a partir de I'intersection des deux
droites de meilleur ajustement des données. Cette technique est décrite en détail dans la
référence [3].
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Figure 4 — Tracé du facteur Q en fonction'.de la tension de seuil

sant 'approximation [4] suivante pour la fonction d’erreur inverse:

-1
['09 {%erfc(x)}} ~1,192-0,6681x—0,01 62x2

pst log(Py).

NOTE 1 La Formule (4) estiprécise a £0,2 % sur la plage de P, allant de 1075 a 10-10.

Apr
nive
cha
pou

Iles a¥al ible de démon a a e le B R _minima

les deux termes dans I'argument de la Formule (2

Hue ensemble de données par régression linéaire. La variance et la moyenne équivale
I le calcul du facteur Q sont respectivement données par la pente et le point d’intercep

(ﬂ1 - Vth—optimal) (Vthfoptimal - ﬂO)

= = Qopt
01 00

euil optimal ainsi que le facteur O optimal peuvent étre obtenus de maniére analytique en

(4)

bs |'évaluation .de la fonction d’erreur inverse, les données sont tracées en fonction du
au du seuil 'de décision, Vy,. Comme le montre la Figure 4, une ligne droite est ajustge a

tes
ion.

que

®)

Une expression explicite de Viy_optima €N termes de w4 g et oy o peut étre déterminée a partir
de la Formule (5):

o0t + o140

Vin—onti =
th—optimal 00 +07

(6)
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La valeur de Qopt est obtenue a partir de la Formule (1). Le BER résiduel au seuil optimal peut
étre obtenu a partir de la Formule (2) et est approximativement:

e—(Qgpt/Q)
Pyoptimal = ———=— (7)
-optimal
Qopt 2m
NOTE 2 Cette approximation est pratiquement exacte pour QOpt > 3.

Il cdnvient de noter que meme si la methode a seull variable utilise des statistiques gaussiennes,
elleldonne des résultats exacts pour les systémes dont les statistiques de bruit ne sont |pas
gaugsiennes, ainsi que, par exemple, pour les statistiques non gaussiennes qui apparaissent
danp un systéme a amplification optique typique [5] [6]. La Figure 1 explique ces_ résultats| Le
circpit de décision d’un récepteur fonctionne uniquement sur la région intérieure.de I'ceil. Ceci
sigrlifie que la seule partie de I’histogramme vertical qu’il utilise est la "queue"‘qui s’étend dans
I'ceil. La méthode a seuil de décision variable revient a construire une approximation
gaupsienne au niveau de la queue de la distribution réelle dans la région‘du centre de I'ceil ou
elle| affecte directement le fonctionnement du récepteur. Comme le~montre I'exemple dge la
Figyre 1, cette approximation gaussienne ne reproduit pas du todt ta distribution réellq de
I’histogramme, ce qui n’est pas utile dans le cadre de I'estimation;du facteur Q.

Ung autre fagon d’appréhender la technique du seuil deldécision variable est d’imagjner
remplacer I'ceil de données réel par un ceil factice ayant des.statistiques gaussiennes. Les deux
diagrammes des yeux ont le méme BER en fonction du/comportement de la tension de seuil de
déc|sion. Il semble donc raisonnable de leur attribuer la méme valeur Q équivalente, méme si
les gétails du diagramme de I’ceil complet peuvent étretrés différents. Cependant, cette analyse
ne fonctionne pas pour des systémes dominés par des sources de bruit dont les "queues| ne
sonf pas facilement approximées comme étant‘de forme gaussienne, ce qui se produirait,|par
exemple, dans un systéme dominé par decla’diaphonie ou un bruit modal. En réalisant [ces
megures, I'impossibilité d’ajuster les données du facteur Q en fonction du seuil sur une lijgne
droite donnerait une bonne indication de“a présence de telles sources de bruit.

Il a |gté constaté de maniére expérimentale que les valeurs de facteur Q mesurées en utilisant
la méthode a seuil de décision yariable ont un niveau statistiquement valide de corrélation gvec
les mesures de BER réelles-

5.2| Appareillage

Un |analyseur de\performances en termes d’erreur constitué d'un générateur de motifs
d’impulsions et«duh détecteur de taux d’erreur sur les bits.

5.3| Echantillonnage et spécimens

Le dispositif en essai (DUT) est un systéme fibronique numérique, constitué d’'un émetfeur

e’lecl»w\ ophtiae—S—tina avter A et A At AV i e A A ANt nt Aloptronioaiia & Do iiben Ay bpe Ao id A Un
o 0OpPTqUC—a O CATCTTIIC— O U Ui ToCTPTCOT Opto—CTe Tt omgqut—a rauta o CATTCTItCT

réseau optique avec des liaisons par fibres optiques (par exemple, un réseau DWDM) peut étre
placé entre I'émetteur et le récepteur.

5.4 Procédure

Les données pour la mesure du facteur Q sont collectées dans la région "1" supérieure et dans
la région "0" inférieure de I'ceil en tant que BER (sur la plage allant de 107° & 10~10) en fonction
du seuil de décision. La moyenne (u) et la variance (o) équivalentes des "1" et "0" sont
déterminées en ajustant ces données sur une caractéristique gaussienne.

Le facteur Q est ensuite calculé a I'aide de la Formule (1).
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a) Raccorder le générateur de motifs d’'impulsions et le détecteur d’erreurs au systéme en

b)
c)

d)

e)

g)

h)

essai conformément a la Figure 5.

Générateur de motifs DUT Détecteur/ i Circuit
d’'impulsions " preamp. Filtre de récupération
i "(Emetteur et passe- d’horloge
Données ligison 2 bas P
fibroniques)"
Horloge

¥

Données Horloge

) Détecteur d’erreurs.
Ordinateur  @—— (r2glage de seilici)

IEC

Figure 5 — Montage pour la méthode a seuil de décision‘variable

Régler la source d’horloge a la fréquence souhaitée.

Ajuster le motif, 'amplitude des données et de I’horloge, le'décalage, la polarité et la s¢
Hu générateur de motifs d’impulsions, selon les exigences:

Ajuster le motif, la polarité des données et la sortie du détecteur d’erreurs, selon
bXigences.

Régler la tension du seuil de décision et le retatd d’entrée des données pour atteindre
boint d’échantillonnage qui est approximativement au centre de I'ceil de données con
cela est représenté a la Figure 6. |l s’agit durpoint d’échantillonnage initial.

Point d'échantillonnage

o M

IEC

-

igure 6 — Réglage du niveau de seuil initial (approximativement au centre de I’cei
Activer lafonction de déclenchement du détecteur d’erreurs et le régler pour qu’i
Héclenchieypour un minimum de 10, 100 ou 1 000 erreurs.

Ajuster.la tension du seuil de décision du détecteur d’erreurs dans un sens positif jus
ce{qué le BER mesuré augmente jusqu’a une valeur supérieure a 1 x 10710, Noter la ten

rtie
les

b un
nme

Se

ju’a
sion

Hu'seuil de décision (IDI) etle BER.

Augmenter la tension du seuil de décision jusqu’a ce que le BER soit supérieur 4 107° et

noter la tension du seuil de décision (V,4) et le BER.

Noter la différence entre les deux valeurs de seuil V4 et V4 et choisir une taille de
(Vstep1) qui donne un nombre raisonnable (supérieur a 5) de points de mesure entre

pas
ces

deux valeurs extrémes de seuil de décision. En partant de la valeur de seuil V4, réduire la
valeur de seuil de la taille du pas, Vgenq- A chaque pas, effectuer une mesure de
déclenchement sur le détecteur d’erreurs. Enregistrer la valeur de BER mesurée et la

tension du seuil de décision correspondante.
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