IEC 61280-2-2:2008

156 IEC 61280-2-2

Edition 3.0 2008-03

INTERNATIONAL
STANDARD

NORME

INTERNATIONALE
Ko\§

N

measurement

Procédures d'essai de
optiques —
Partie 2-2: Systeme
de la forme d


https://standards.iteh.ai/catalog/standards/iec/cbf435c7-fd08-48a9-936c-0027c9877f24/iec-61280-2-2-2008

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2008 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Si vous avez des questions sur le copyright de la CEl ou si vous désirez obtenir des droits supplémentaires sur cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pays de résidence.

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: www.iec.ch (\
N\

About the IEC

The International Electrotechnical Commission (IEC) is the leading globa
International Standards for all electrical, electronic and related tech

About IEC publications

epares and publishes

" Catalogue of IEC publications: www.iec.ch/sear
The IEC on-line Catalogue enables you to search b of critexia (referencé number, text, technical committee,...).
It also gives information on projects, withdrawn andTeplaced publication

" |EC Just Published: www.iec.ch/online news/justpub

Stay up to date on all new IEC publications. Just Rublished details\twice
on-line and also by email.

" Electropedia: www.electropedia.

in English and French, with equi i iti | languages. Also known as the International Electrotechnical
Vocabulary online.

® Customer Service w w.iec.ch/web

sts
If you wish to give us yo k onMhis p blicgtion or need further assistance, please visit the Customer Service
Centre FAQ or contact
Email: csc@iec.ch
Tel.: +41 22 919 02 11
Fax: +41 22 919@(\

Le contenu technique des publications de la CEl est constamment revu. Veuillez vous assurer que vous possédez
I’édition la plus récente, un corrigendum ou amendement peut avoir été publié.

= Catalogue des publications de la CEl: www.iec.ch/searchpub/cur_fut-f.htm

Le Catalogue en-ligne de la CEIl vous permet d’effectuer des recherches en utilisant différents critéeres (numéro de référence,
texte, comité d’études,...). Il donne aussi des informations sur les projets et les publications retirées ou remplacées.

® Just Published CEI: www.iec.ch/online news/justpub
Restez informé sur les nouvelles publications de la CEIl. Just Published détaille deux fois par mois les nouvelles
publications parues. Disponible en-ligne et aussi par email.

" Electropedia: www.electropedia.org

Le premier dictionnaire en ligne au monde de termes électroniques et électriques. Il contient plus de 20 000 termes et
définitions en anglais et en frangais, ainsi que les termes équivalents dans les langues additionnelles. Egalement appelé
Vocabulaire Electrotechnique International en ligne.

= Service Clients: www.iec.ch/webstore/custserv/custserv_entry-f.htm

Si vous désirez nous donner des commentaires sur cette publication ou si vous avez des questions, visitez le FAQ du
Service clients ou contactez-nous:

Email: csc@iec.ch

Tél.: +41 22 919 02 11

Fax: +41 22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
http://www.iec.ch/searchpub/cur_fut-f.htm
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv/custserv_entry-f.htm
mailto:csc@iec.ch
https://standards.iteh.ai/catalog/standards/iec/cbf435c7-fd08-48a9-936c-0027c9877f24/iec-61280-2-2-2008

IEC IEC 61280-2-2

Edition 3.0 2008-03

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

Fibre optic communication subsyste est ro dure -

Part 2-2: Digital systems — Optica ye patterm, waveform and extinction ratio
measurement
Procédures d'essaj des so emes detélécommunications a fibres
optiques —
Partie 2-2: Systé
de la forme d’

esure du diagramme de I'ceil optique,

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE U
CODE PRIX

ICS 33.180.01 ISBN 2-8318-9637-1


https://standards.iteh.ai/catalog/standards/iec/cbf435c7-fd08-48a9-936c-0027c9877f24/iec-61280-2-2-2008

-2- 61280-2-2 © IEC:2008

CONTENTS

O L L L @ T PP 4
T SCOPE AN ODJECT .. et e 6
NOIMAtIVE TEFEIENCES ... i it en s 6
o] 2= 1 =1 11 1= 6
3.1 Time-domain optical detection system.........c.cooiiiiii i 7
3.1.1  Optical-to-electrical (O/E) CONVEITEr ......oceviiiiiiieiiei e 7

3.1.2 Resistive signal splitter (optional)

3.1.3 Linear-phase low-pass filter ............ccocoviiiiiiiiiiiiinnnn,s
3.1.4  OSCilloSCOPE ..uivniieieiee e

3.1.5 Overall system response........ccocceeevviiiiiiiiiiiniinec e Ko oAU
3.2 Oscilloscope synchronization system
3.3 Pulse pattern generator ...........cooooiiiiii N D A N
3.4 Optical power meter........coooovvviiiiiiiiiiiii e e NN NI e e e Nr e e e e reeneeneenaas
3.5 Optical attenuator ...........ooooiiiii i G N N e
3.6 TeStCOMd ..o [ T e N s e et e e
Testsample.....cooooiiiii
5 Procedure.......coccoiiiiiiiiiiiiii 0N
5.1
5.2
6 Calculation ........ccooiiiiiiii e

6.1 Basic wavefor
6.2 Method 2: Extinctis

6.3 Eye-diagram
7 Test result.....
7.1  Requiredip

7.2 Availabjé
7.3 Spegcification i

Figure 1 — Optical eye pattern, waveform, and extinction ratio measurement

FoToTa YT U T=1 1o o IS PSP 6
Figure 2 — Time-domain optical detection system ..., 7
Figure 3 — lllustrations of NRZ and RZ eye-diagram parameters ............ccccoovviiiiiiiinein e, 17
Figure 4 — Example of eye pattern measured with 0,75/T low-pass filter................ccocoeeeenn. 18
Figure 5 — Example of eye pattern measured with 3,0/T low-pass filter..................coooeiieinn. 19
Figure 6 — Eye diagram with vertical histogram data collected from the central 20 %

1L e [ 1 PP 19
Figure A.1 — Oscilloscope synchronization system ...........coooiiiiiii 23
Table 1 — Frequency response characteristiCs ...... ..o 10

Table 2 — Typical parameters for the measurement shown in Figure 4 ...............ccoooeeiiiinn. 21


https://standards.iteh.ai/catalog/standards/iec/cbf435c7-fd08-48a9-936c-0027c9877f24/iec-61280-2-2-2008

61280-2-2 © IEC:2008 -3-

Table 3 — Typical parameters for the measurement shown in Figure 5 ...,
Table A.1 — Example lengths of common RG-58 cable...............cooiiiiii i,

@%
S


https://standards.iteh.ai/catalog/standards/iec/cbf435c7-fd08-48a9-936c-0027c9877f24/iec-61280-2-2-2008

—4— 61280-2-2 © IEC:2008

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC COMMUNICATION
SUBSYSTEM TEST PROCEDURES -

Part 2-2: Digital systems —
Optical eye pattern, waveform and
extinction ratio measurement

FOREWORD

Standards transparentl
divergence between th

indicated in the la
The IEC provide i icdte its approval and cannot be rendered responsible for any
equipment declared’to’beNin~conformi i of its standards.

ge of a na whatgoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising \qut of the publication, use of, or reliance upon, this IEC Publication or any other IEC

indispensable foxthe cogrect application of this publication.

Attention is drawn to“the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61280-2-2 has been prepared by subcommittee 86C: Fibre optic
systems and active devices, of IEC technical committee 86: Fibre optics.

This third edition cancels and replaces the second edition published in 2005 and constitutes a
technical revision. This edition includes the following significant technical changes with respect
to the previous edition:

a) The necessity of DC coupling for extinction ratio measurement is clarified.

b) The definition of extinction ratio has been revised to better harmonize with ITU-T.
c) The definition of OMA has been clarified.
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The text of this standard is based on the following documents:

CDV Report on voting
86C/768/CDV 86C/801/RVC

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

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

A list of all parts of the IEC 61280 series, published under the genera
communication subsystem test procedures, can be found on the IEC websi

itle Fibre optic

* reconfirmed;
+ withdrawn;
* replaced by a revised edition; or

@@
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FIBRE OPTIC COMMUNICATION
SUBSYSTEM TEST PROCEDURES -

Part 2-2: Digital systems —

Optical eye pattern, waveform and
extinction ratio measurement

1 Scope and object

The purpose of this part of IEC 61280 is to describe a test proce
pattern and waveform parameters such as rise time, fall time, over
Alternatively, the waveform may be tested for compliance wit
mask.

2 Normative references

3 Apparatus

The primary componen
oscilloscope, and 0

ystem are a photodetector, a low-pass filter, an
er meter, as’shown in Figure 1.

P‘t-'tlse Trigger
pattern
ge ner?r\ \ \/
Optical
interface point ) . . .
Data ( k) Time-domain optical detection system

y v A 4

Optical O Optical O O/E Low-pass

transmitter "| attenuator *| convertor [ ™| filter =>»  Oscilloscope
Test Test cord
cord

Optical
_— power
meter

IEC 1519/98

Figure 1 — Optical eye pattern, waveform, and extinction
ratio measurement configuration
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3.1 Time-domain optical detection system

The time-domain optical detection system displays the intensity of the optical waveform as a
function of time. The optical detection system is comprised primarily of an optical-to-electrical
(O/E) converter, a linear-phase low-pass filter and an oscilloscope. The detection system is
shown in Figure 2. More complete descriptions of the equipment are listed in the following
subclauses.

X_X_

Ostilloscope
vettical

Optical Resistive
interface signal
point splitter

(optional)

ss

O_ptical Optical to
§|gnal |: electrical
input converter

Oscilloscope
synchronization
signal

To
synchronization
system
(optional)

IEC 1520/98

main optical detection system

3.1.1
The O/E converter is igh-speed photodiode followed by electrical amplification. The
O/E conyer is & g with an appropriate optical connector to allow connection to the

The O/E converterjricluding any optional amplification following the O/E converter) shall be
able to reproduce the optical waveform with sufficient fidelity to ensure a meaningful
measurement. Precise specifications are precluded by the large variety of possible
implementations, but general guidelines are as follows:

a) acceptable input wavelength range, adequate to cover the intended application;

b) input optical reflectance, low enough to avoid excessive back-reflection into the transmitter
being measured;

For example, assume that an optical transmitter is specified to tolerate —24 dB reflectance
maximum. If the input reflectance of the O/E converter is —30 dB, the converter can be
directly connected to the transmitter. If, however, the input reflectance of the O/E converter
is —14 dB, a common value, the effective reflectance can be lowered to —24 dB (or less) by
inserting either an optical isolator or a low-reflectance attenuator of 5 dB (or more) between
the transmitter and the O/E converter.

c) responsivity, adequate to produce a readable display on the oscilloscope;
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For example, assume that a non-return-to-zero (NRZ) optical data stream with an average
optical power of —15 dBm is to be measured. If the sensitivity of the oscilloscope is 10 mV
per division, a responsivity of 790 V/W is required in order to produce a display of 50 mV
peak-to-peak (that is, five divisions peak-to-peak).

d) optical noise-equivalent power, low enough to result in an accurately measurable display on
the oscilloscope;

For example, assume that a non-return-to-zero (NRZ) optical data stream with an average
optical power of —15dBm is to be measured. If the effective noise bandwidth of the
measurement system is 470 MHz, and if the displayed root-mean-square noise is to be less
than 5 % of the eye pattern peak-to-peak height, the optical noise-equivalent power shall be
145 pW Hz 172 or less.

e) lower cut-off (-3 dB) frequency, 0 Hz;

otherwise be performed. Second, if AC-coupling is used
components of the measured signal (below the lower

ber alone should primarily
determine the effective system\ bahg 'dth Ho response of the entire

g) transient response, overshoot, und vaveform aberrations minor so as not
to interfere with the meas

transient response.
h) output electrje
the O/E convertef =

A time-domai
present.

attenuators,™at the\expense of reduced signal levels. Finally, the return loss specification
extends to d.c.,>since otherwise, a d.c. shift in the waveform will occur, causing extinction
ratio measurements to be in error.

3.1.2 Resistive signal splitter (optional)

If the trigger signal for the oscilloscope is to be derived from the optical waveform itself, it is
necessary to tap into the signal path at some point. A resistive signal splitter (power divider) at
the location indicated in Figure 2 provides a branch from which to derive the trigger signal.

313 Linear-phase low-pass filter

Generally, one of the primary purposes of measuring the optical eye pattern is to verify certain
performance requirements such as rise and fall time, overshoot, etc. If the measurement
system bandwidth is much greater than needed, high frequency (and probably insignificant)
details of the waveform will tend to obscure the desired measurement. Also, since different
measurement setups would have different bandwidths, repeatability between setups would be
almost impossible to achieve.
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In order to ensure repeatability and accuracy, a low-pass filter of known characteristics is
inserted in the signal path prior to the oscilloscope. This filter alone should primarily determine
the effective system bandwidth. The type of measurement being performed determines the
bandwidth of the low-pass filter. The bandwidth and transfer function characteristics of the low-
pass filter should be explicitly stated in the detail specifications.

One type of eye pattern measurement effectively simulates the signal that would result at the
output of a bit-rate-specific optical receiver. For NRZ format signals, this type of receiver
typically has a bandwidth thatis somewhat less than the clock frequency. For this type of
measurement, a low-pass filter of —3 dB bandwidth of 0,75/T (where T is the bit interval, in
seconds, of the data signal) is often used. The resulting eye pattern is compared to a "mask" to
verify compliance with specification. For RZ format signals, spectral content may be
significantly higher than the NRZ signal at the same optical bit rate. T, n\ay require the
reference bandwidth to be in excess of the clock frequency.

width and other time-domain parameters of an optical tra L it. is type of
measurement the system bandW|dth shall be greater t an The —3 dB

Regardless of the type of eye pattern
response at frequencies up to and som

a 0,75/T filter are as follows (exact filter

Example low-pass
specifications a i communication standard defining transmitter
performance):

0,75/T, Hz; (RZ ffs);
fourth-order Bessel-Thompson (RZ ffs).
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Table 1 — Frequency response characteristics

Frequen(_:y divided Nominal attenuation | Attenuation tolerance g:gi;]:ir:tg:t(i’:r?

by bit rate dB dB s
0,15 0,1 0,3 -
0,30 0,4 0,3 -
0,45 1,0 0,3 -
0,60 1,9 0,3
0,75 3,0 0,3
0,90 4,5 0,3
1,00 5,7 0,3
1,05 6,4 0,39
1,20 8,5 0,64
1,35 10,9 0,90
1,50 13,4 1,
2,00 21,5 /2~Q\

314 Oscilloscope

a bandwidth well in excess
of the bandwidth of the low-pass filter, is not the bandwidth-limiting
item of the measurement system. The osci QPB iggered either from a local clock signal

Figures 4 and 5 illustpe sandwidths that are commonly used in eye pattern
measurements.

The oscilloscop@ al-channel histogram function for extinction ratio
measurement.

3.1.5

The eye et is obviously a time-domain measurement and needs to
accuraté e optical waveform. This should be done without introducing undesirable
overshoot, er waveform aberrations. While the individual components of the
measurement system\ are most conveniently specified in the frequency-domain, the final

assembled system may also be required to meet certain time-domain performance limits.

Even an ideal fourth-order Bessel-Thompson filter will have an overshoot of about 1 % and a
rise time (10 % to 90 %) of about 0,35/B, where B is the bandwidth in Hertz. In view of this, the
overall measurement system shall be required to demonstrate performance similar to the
following when stimulated by an ideal step function signal:

— rise time, fall time (10 % — 90 %): 0,43/B maximum, 0,29/B minimum;
— rise time, fall time (20 % — 80 %): 0,35/B maximum, 0,23/B minimum;
— overshoot, undershoot: 5 % maximum.

3.2 Oscilloscope synchronization system

A stable synchronization signal is essential for accurate eye pattern measurement. Ideally, the
optical transmitter unit provides the synchronization signal. However, since this synchronization
signal may not be present at an optical interface point, it may be necessary to derive the signal
from the optical waveform itself.
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Some oscilloscopes will allow triggering from transitions in the detected data pattern, either
internally (from the vertical channel) or externally (from a separate trigger input). While
conveniently simple, this method is not recommended for performing accurate measurements.
Optical waveforms are usually fairly "noisy," and by triggering on transitions in the data pattern,
the observed eye pattern will be changed by the precise adjustment of the trigger threshold. An
oscilloscope typically will trigger on either a rising or a falling edge (but not both). For a
Pseudo-random binary sequence (PRBS) data pattern only one of every four bit transitions will
produce a trigger event. Thus 75 % of the data is never measured, even if the pattern repeats.
Also, jitter in the optical waveform itself will be difficult to observe, since the triggering process
may mask jitter. Jitter on the signal being measured is common to the trigger signal and can be
effectively eliminated. Finally, the bandwidth of the transition detector in many oscilloscopes
may be insufficient to allow reliable, repeatable triggering.

with custom C|rCU|try This method provides a very stable trigge
optical waveform to be viewed directly. A detailed ,de
synchronization system and associated equipment is given(in A
choosing the response bandwidth of the trigger extraction
measurement.

3.3 Pulse pattern generator

programmable word patterns to the sys ith—tHe signal format (pulse shape,
amplitude, etc.) required at the system input electcica erface of the transmitter device.

3.4 Optical power me

The optical power mete S as d resolution of at least 0,1 dB and which has
been calibrated fo:the sration for the equipment to be tested.

3.5 Optical atte

all\be

The attenuator s 4
the inputNevekof the O/E converter.

be able to adju
Care shetildhhe\taken to akoid back reflection into the transmitter.

3.6 Test cord

Unless otherwise specified, the test cords shall have physical and optical properties normally
equal to those of the cable plant with which the equipment is intended to operate. The test
cords shall be 2 m to 5 m long and shall contain fibres with coatings which remove cladding
light. Appropriate connectors shall be used. Single-mode test cords shall be deployed with two
90 mm diameter loops. If the equipment is intended for multimode operation and the intended
cable plant is unknown, the fibre size shall be 62,5/125 um.

4 Test sample

The test sample shall be a specified fibre optic transmitter. The system inputs and outputs
shall be those normally seen by the user of the system. The test transmitter shall be installed in
the measurement configuration as shown in Figure 1.
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5 Procedure

In measuring an optical eye pattern, a synchronization signal for triggering the oscilloscope
may or may not be available. Many measurement systems include the ability to derive a
synchronization signal from the signal being measured. Measurement considerations, as well
as a scheme for building a synchronization system when one is not integrated into the test
equipment, are discussed in Annex A.

5.1 Method 1: Basic waveform measurement

5.1.1 Unless otherwise specified, standard operating conditions apply. The ambient or
reference point temperature and humidity shall be specified.

the manufacturer) for the terminal under test to reach steady-state
performance conditions.

waveform shape is not corrupted through averaging or §moothing and that the sampling loop
gain is properly adjusted, if applicable. Set t orizgntak display of the oscilloscope to
approximately 0,2 T per division, wherg T\js ag’ Ot i
is displayed in 10 divisions. Allow suffici -

As part of standard operating condition
full data rate and with a p S conterit representative of actual operation.
This is often achieved (maximum word length, typically
223 1),

5.1.5 Use appropriat i

to the optical int pQint béi
5.1.6 Adjust the ith sensitivity of the oscilloscope to obtain a centred display
5.1.7 Ogswilloscope ™ ation: adjust the trigger level, if necessary, to obtain a stable
5.1.8 Adjust thewverfical and horizontal controls of the oscilloscope to produce the desired

eye pattern display.

5.1.9 If desired, photograph, print or store in a memory device the displayed waveform for
later calculations. Otherwise, measurements shall be performed on screen.

5.1.10 Disconnect or otherwise block the optical signal input to the O/E converter by using the
optical attenuator. Observe or record the oscilloscope trace under this condition to determine
the dark level. This information is necessary for extinction ratio calculations.

5.2 Method 2: Extinction measurement method using the histogram function

5.2.1 Unless otherwise specified, standard operating conditions apply. The ambient or
reference point temperature and humidity shall be specified.

5.2.2 Apply appropriate terminal input voltage/power to the system under test. Follow
appropriate operating conditions. Allow sufficient time (30 min, unless otherwise specified by
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