IEC 62074-1:2009(E)

IEC

®

IEC 62074-1

Edition 1.0 2009-07

INTERNATIONAL
STANDARD

RO\

Fibre

pptic interconnecting de

devicegs —

Part 1

Generic specification

cighon
pa sMents — Fibre opf

S

ic WDM


https://iecnorm.com/api/?name=013aefcce1322399fc0681aa40d0a7e7

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2009 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.

IEC Central Office

3, rue de Varembé
CH-1211 Geneva 20
Switzerland

Email: inmail@iec.ch
Web: wwweeeh

About the IEC

The Interfational Electrotechnical Commission (IEC) is the leading global orgapizatign tf publishes
Internatiopal Standards for all electrical, electronic and related technologies.

About IEC publications

The technjcal content of IEC publications is kept under constant review-by B & make slre that yol have the
latest editfon, a corrigenda or an amendment might have been publisied.

= Cataloglue of IEC publications: www.iec.ch/searchpub
The IEC op-line Catalogue enables you to search by a variety of i
It also givés information on projects, withdrawn an ‘ t

mittee,...).

" |EC Jus}t Published: www.iec.ch/online _news/justpu
Stay up td date on all new IEC publications. Just i i gl new publications released| Available
on-line anf also by email.

" Electrogedia: www.electropedia.org
The world|s leading online dictionary of electronic\and i taining more than 20 000 terms and definitions
in English| and French, with equi i Iso known as the International Electrotechnical
Vocabulary online.

® Custompr Service Centre: jnww.ieg. t
If you wish to give us your feedbagk™n this, puklicati

Centre F or contact ys:
Email: csd@iec.ch
Tel.: +41 22 919 02 1

Fax: +41 22 919 03 00 %

d further assistance, please visit the Customgr Service



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
https://iecnorm.com/api/?name=013aefcce1322399fc0681aa40d0a7e7

IEC IEC 62074-1

®

INTERNATIONAL
STANDARD

Edition 1.0 2009-07

Fibre pptic interconnecting devis
devic¢s —
Part 1} Generic specification

\~ ('(,8
and pa sQWents — Fibre optic WDM
N

NS
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION PRICE CODE W
ICS 33.180.01; 33.180.20 ISBN 978-2-88910-613-4

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=013aefcce1322399fc0681aa40d0a7e7

—2- 62074-1 © IEC:2009(E)

CONTENTS
FOREWORDD ... .o e 4
L T o7 0] o = PP 6
2 NOMMaAtIVE FEfEIENCES. ... e 6
3 Terms and definitionNs ... 7
3.1 Basic term definitions ... ... 7
3.2  Component definitions ... 8
3.3 Performance parameter definitions ...... ... 9
4 ReqUIreMENtS o e 22
4.1 Classification........cocooiiiiiiiii e A OO
411 General oooiieiiiii e AN NG e J
g O 11 o T S PP WU W L A, S N
4.1.3 Style. oo e NG AN N
4.1.4 Variant......coooiiiiii e G N e E NN Y
4.1.5 Assessmentlevel...ooooiiiiiii e N N N S e e D e e eanns
4.1.6 Normative reference extension
4.2 Documentation ........cocoovviiiiviiiiiiiiii L e SN N )
4.2.1 Symbols.......ccooiiiiiii e,
4.2.2 Specification syste
4.2.3 Drawings .....cocoveeiiii i NGree NG D
4.2.4 Measurements........./ ..o NG

4.2.5 Test data sheets

4.3

4.4

4.5

4.6

4.7
Annex A (informative) Transfer matrix
Annex B (informative) Examples of fibre optic WDM device types ........ccoccoviviiiiiiiiiiininnnnnn. 33
L 1] [ o o | =1 o1 17208 38
Figure 1 — Example of a six-port device, with two-input and four-output ports........................... 8
Figure 2 — lllustration of adjacent channel isolation..............coooiiiii 10
Figure 3 — lllustration of a four-wavelength bidirectional system...................cocoiiin . 11
Figure 4 — lllustration of channel insertion loss variation ... 12

Figure 5 — lllustration of free spectral range...........cooouiiii i, 13


https://iecnorm.com/api/?name=013aefcce1322399fc0681aa40d0a7e7

62074-1 © IEC:2009(E) ~3-

Figure 6 — lllustration of iNSErtion 10SS ...... oo 14
Figure 7 — lllustration of minimum and maximum insertion 0SS ...........cccccooiiiiiiiiiie e, 14
Figure 8 — lllustration of isolation wavelength..............ooii 15
Figure 9 — lllustration of isolation wavelength range...............cocoiii e, 15
Figure 10 — lllustration of maximum adjacent channel isolation ...............ccocooi 16
Figure 11 — lllustration of non-adjacent channel isolation ................ccooiiiiii e, 17
Figure 12 — lllustration of operating wavelength ... 17
Figure 13 — lllustration of operating wavelength range ...........c..cooiiiiiii i, 18
Figure 14— lllustration of polarisation dependent centre wavelength (PDCW) ..............ccooeenis 19
Figure 15 — lllustration of ripple (a) at the band edges and (b) in-band. ......[........x¢.. 3 eeeen. 20

Figure 16 — lllustration of X-dB bandwidth...............cooi oA S LN .
Figure 17 — Wavelength-selective branching device

Figure 18 — Wavelength-selective branching device
Figure 19 — Wavelength-selective branching device
Figure 40 — Wavelength-selective branching device....... .
Figure A
Figure A
Figure B
Figure H
Figure B
Figure H
Figure B

Table 1|- Three-lgvel IE
Table 2[- Standgzg



https://iecnorm.com/api/?name=013aefcce1322399fc0681aa40d0a7e7

—4— 62074-1 © IEC:2009(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC INTERCONNECTING
DEVICES AND PASSIVE COMPONENTS -
FIBRE OPTIC WDM DEVICES -

Part 1: Generic specification
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This standard cancels and replaces IEC/PAS 62074-1 published in 2007. This first edition
constitutes a technical revision.

The text of this standard is based on the following documents:

FDIS Report on voting
86B/2850/FDIS 86B/2889/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

+ replaced by a revised edition, or
+ amended.

A bilingual version of this publication may be issued at a later date.
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FIBRE OPTIC INTERCONNECTING
DEVICES AND PASSIVE COMPONENTS -
FIBRE OPTIC WDM DEVICES -

Part 1: Generic specification

1 Scope

This part of IEC 62074 applies to fibre optic wavelength division multipl
These Have all of the following general features:

W{M\)devices.

e They are passive, in that they contain no optoelectronic or other tra i hts; but
they may use temperature control only the purpose to g ‘ stics of
devites; they exclude any optical switching function.

e They { i er, and sharg optical

powe
e The
nmental
propertig
2 Noi
The foll ent. For
dated r¢ dition of

jcal fibre

ethod —

IEC 60825(all parts), Safety of laser products

ISO 129-1, Technical drawings — Indication of dimensions amd tolerances — General principles
ISO 286-1, ISO system of limits and fits — Part 1: Bases of tolerances, deviations and fits
ISO 370, Toleranced dimensions — Conversion from inches into millimeters and vice versa

ISO 1101, Geometrical Product Specifications (GPS) — Geometrical tolerancing — Tolerances of
form, orientation, location and run-out

ISO 8601, Data elements and interchange formats — Information interchange — Representation
of dates and times
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ITU-T Recommendation G.671:2005, Transmission characteristics of optical components and
subsystems

ITU-T Recommendation G.692:1998, Optical interfaces for multichannel systems with optical
amplifiers

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050(731) and the
following apply.

31 B

3.1.1
port

optical fijbre or optical fibre connector attached to a passive com S thenentry an

of the o

3.1.2
transfe
optical
terms o
represe

NOTE T

3.1.3
transfe

element t; of the transfer

NOTE T

3.1.4
logarith
transfer

NOTE T

3.1.5

conducti

3.1.6

asic term definitions

ptical power (input and/or output port)

matrix
broperties of a fibre optic wavelength-selegtive ce can be dsg
f an n x n matrix of coefficients, where S\ the y
ht the fractional optical power

he detail explanation of transfer matrix is—s

matrix coefficie

4;; is a logarithmic value of transfer matrix elemen

d/or exit

fined in
fficients

—

input/output port pair
conducting ports i and j (tij nominally greater than zero) that are isolated from any other ports j
(a,-j nominally infinite). The ports are numbered sequentially, so that the transfer matrix is
developed to show all ports and all possible combinations. The port numbering is arbitrary.

NOTE F

igure 1 below shows an example of a six-port device, with two input ports and four output ports.
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Inputs Outputs

IEC 1188/09

Figure 1 — Example of a six-port device, with two-input and four-gutput ports

If there|are four operating wavelengths, then the resulting transfer mafthi h 6x6x4
matrix: (oss at A4 from port 1 to port 6 would use a4g¢. Reflectance o ! uld use
a594. LOss from port 5 to port 2 at A3 would use agy5

3.1.7
isolated ports

two por{s i and j between which tij is nominally zero, a
wavelength

pecified

3.1.8
channe
another|term for operating wavelength

3.1.9
channe| spacing
centre-tp-centre differencé @ between adjacent channels inla WDM
device

3.2 Compone{}e

3.21
wavelength-sele
passive or more ports which shares optical power among fts ports
in a prefleter thout any amplification, switching, or other active modulation but
only depending on gth, in the sense that at least two different wavelength ranges
are nonjina ansferred ketween two different couples of ports

3.2.2
wavelength. divisi
WDM

term which is frequently used as a synonym for a wavelength-selective branching device

ultiplexer

3.23

dense WDM device

DWDM

WDM device which is intended to operate for channel spacing equal or less than 1 000 GHz

3.24

coarse WDM device

CwDM

WDM device which is intended to operate for channel spacing less than 50 nm and greater
than 1 000 GHz (about 8 nm at 1 550 nm and 5,7 nm at 1 310 nm)
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3.2.5

wide WDM device

WWDM

WDM device which is intended to operate for channel spacing equal or greater than 50 nm

3.2.6

wavelength multiplexer

MUX

WDM (DWDM, CWDM or WWDM) which has n input ports and one output port, and which
function is to combine n different optical signals differentiated by wavelength from n
corresponding input ports on to a single output port

3.2.7

wavelength demultiplexer

DEMU

WDM (PWDM, CWDM or WWDM) which has one input port and b which
function| is to separate n different optical signals differentiated” by A single

input port to n corresponding output ports

3.2.8

interleaver

bidirectipnal DWDM which has three ports, and which fufiction’i ate n differenit optical
signals fifferentiated by wavelength from a singl channel signal to ong output
port ang even channel signal to the other'c J

3.3 rformance parameter definitions
3.3.1
crosstalk

for WDM devices, the valug of th
all noisgs

e”optical power of the specified signal and

3.3.2
isolation
for WDN
the spegifi

nal and

3.3.3
add-drg
value off tt rt j, that

aij IS a

3.34

adjacent channel isolation (adjacent channel crosstalk)

unidirectional (far-end) isolation with the restriction that x, the isolation wavelength number, is
restricted to the channels immediately adjacent to the (channel) wavelength number associated
with port o

NOTE This is illustrated in Figure 2 below. The adjacent channel crosstalk has the same meaning as adjacent
channel isolation.
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Nonadjacent Adjacent Channel Adjacent Nonadjacent
channel channel central channel channel
central central frequency central central

frequency frequency or wavelength frequency frequency
or wavelength or wavelength or wavelength or wavelength
0 dB
A 4
Adjacent
channel 3ioc
isolation S\ ¥
4
Qiox
Insertion
loss (dB)
Nonadjacent channel Adjacent channel Channel frequency
frequency range frequency range range (DWDM)
(DWDM) or channel (DWDM) or channel or channel
wavelength range wavelength range wavelength range
IEC 1189/04
3.3.5
bidirect
the (ne DM multiplexer (MUX)/demultiplexer

(DMUX) device
BCA =a

mox

where

3.3.6
bidirecllional (near=¢nd) isolation
(near-end)"isolation for a bidirectional WDM-MUX/DEMUX device Because bhiditectional
WDM-MUX/DMUX devices have both input channels and output channels at the same side of
the device, input light for one direction can appear on the output port for the other direction.
The bidirectional (near-end) isolation is defined to be:

Ig = @mox — @doc

where
amox IS an element of the logarithmic transfer matrix;
a4oc IS an element of the logarithmic transfer matrix;
d is the DMUX input port number;
o) is the DMUX output port number;

c is the (channel) wavelength number associated with port o;
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m is the MUX input port number;
X is the wavelength number associated with port m.

NOTE 1 In the example given below of a four-wavelength bidirectional system, wavelengths 1 and 2 travel from
left to right and wavelengths 3 and 4 from right to left (see Figure 3).

t121P1, t122P2, t423P3, t524P4

t131P1, t132P2, t433P3, t534P4

P4, P .
~ e P
IEC 1190/49
Figure 3 — lllustration of a four-waveleng em
NOTE 2 |For the example given above, the bidirectional isolatio
3.3.7
centre wavelength deviation
differenges between the centre wavelength inal[“wavelength (frequency)| of the

specifiefd channel for DWDM devices.
wavelerlgth range which is x dB less th

elength is defined as the centie of the
>ftion loss for the specified channel

NOTE 0]5, 1 or 3 are gen

3.3.8
channe extinc
within the operating w

the conducting ch

wers of
HiBm)

3.3.9

channe

frequen a DWDM device is required to operate with a 9gpecified
perform rticglar nominal channel frequency, f, ., this frequency range|is from
fimin = (Fnomi imax = (Fhomi * 4fmax), Where Af_ .. is the maximum channgl centre

frequengy deyiati
frequengy‘deviation

. ’Nominal; channel centre frequency and maximum channel centre
re defined in ITU-T Rec. G.692

3.3.10
channel insertion loss
term used for WDM devices which has the same meaning as insertion loss

3.3.11

channel insertion loss deviation

maximum variation of the insertion loss over the operating wavelength range (channel
frequency range for a DWDM device or channel wavelength range for a coarse WDM (CWDM)
and a wide WDM (WWDM) device)

NOTE Channel insertion loss deviation should not to be confused with ripple defined below.
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Channel
central
frequency
or wavelength

Channel g
insertion I
variation Ve hofe
Insertion
loss (dB) .
Loss measured
over all operating Channel frequency
temperatures and range (DWDM)
over device lifetime or channel
wavelength range \
(CWDM and WWDM) <\ \
Optical frequency (THz) for DWDM or wavelength (nn D and\vw

3.3.12
channe| non-uniformity
for a specified set of input ports th
insertion loss at the outp

3.3.13

channe|] wavelength ra

wavelength ran i WDM device is required to operate a gpecified
performpnce. Fora'p nel centre wavelength, A, this wavelength range
from A, nom T AAmax), Where AL .. is the maximum |channel

wavelen

3.3.14

chroma S

group f between two closely spaced wavelengths (or frequencies) irside an
optical rough a pair of conducting ports of a WDM device. It corresponds to the

differenge between_the arrival times of these two closely spaced wavelengths (or frequencies).
Chromaticdispersion is deflned as the varratron (frrst order derivative) of thrs group dejlay over
a range-of-wavetentg Tetes)espec atty-overthe—channe C rg-wavetength (or
frequency) range at a grven time, temperature pressure and humldlty It is expressed as D in
terms of units of ps/nm or ps/GHz and it is a predictor of the broadening of a pulse transmitted
through the device

3.3.15

slope of chromatic dispersion

slope of chromatic dispersion S (with units of ps/nm?2 or ps/GHz2) corresponds to the variation
(first order derivative) of D as a function of wavelength (or frequency) (or second order
derivative of the group delay) over the operating wavelength (or frequency) range, channel per
channel. It is particularly critical in the context of large channel counts (DWDM) or over a wide
wavelength range (CWDM or WWDM)
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3.3.16

directivity

value of a;; between two isolated ports which are isolated at every wavelength (or frequency for
a DWDM device)

NOTE For the example of 6 ports WDM devices shown in Figure 1, the directivity is a,, and a,, between two input
ports, and 834, 843, €tC. between two output ports.

3.3.17

free spectral range (FSR)

difference between two adjacent operating wavelengths for a given input output path (refer to
Figure 5 below)

Insertion
loss (dB)

Free spectral r&

aveleng e
% IEC 1192/09
ation of free spectral range

exating wavelength between two conducting ports. (It is the
input and output port of a passive component expressed

50

3.3.18
insertign loss
value of
reductio
in decib

P
IL = —10 log| —2ut.

n

where

Pl ~"is the optical power launched into the input port;

P,.t is the optical power received from the output port.
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0
Insertion
loss (dB)
50
Ak Waveleqgth
Operating
Wavelength

C 1143/09

operating
minimum

NOTE F
waveleng
value with

ChanRel centre fréquency.or wavelength

/\ AN =
0 M 'muMse nlc&‘\
: Maximum insertion loss

tig

Channel frequency range (DWDM) or
Channel wavelength range (CWDM and WWDM

Optical frequency (THz) for DWDM or wavelength (nm) for CWDM and WWDM

IEC  1194/09

Figure 7 — lllustration of minimum and maximum insertion loss

3.3.19

isolation wavelength

for a pair of ports i and j (where i # j), that are conducting ports at a wavelength 4, a nominal
wavelength 4, (where 4, # 4;), that is an operating wavelength for a different pair of ports, at
which i and j are isolated ports (refer to Figure 8 below)

NOTE Isolation frequency is also used for DWDM device.
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0

Insertion
loss (dB)

50 !

A '

A avelengt >
Operating Isolation
Wavelength Wavelength

Figure 8 — lllustration of isolz

3.3.20
isolation wavelength range
for a pajr of ports i and j that are cond
from A fin 10 Amax Centred about an o
for a different pair of ports but at which(i an

d
dolation frequency ranm .
N

C 19509

\ Iengt Ay, the range of wavelengths
tin avele at is an operating wayelength
[ ijsolated orts (refer to Figure 9 below)

NOTE |
aj
Insertion 8Kk ———m—-
loss (dB)
An A
Jierin Mmax Wavelength ———p
Isolation wavelength range IEC 1196009
Figure 9 — lllustration of isolation wavelength range
3.3.21

minimum adjacent channel isolation

difference between the minimum peak of ajj in the operating wavelength (or frequency) range
and the maximum value of ajj in a specified range of wavelengths (or frequencies) from A4, i, to
Avmax centred about an isolation wavelength (or frequency) 4, for any two ports i and j, A¢min
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and 4,4« defining an operating wavelength (or frequency) range for a different pair of ports for
which 4, is an operating wavelength (or frequency). (Refer to Figure 10 below)

0
.~ NN
" N |
_ ; \ 3
Insertion — 1 \
loss (dB) 4 ! \ ik —ommem e
Minimum ' \
adjacent \
channel ! \
isolation ! \
v |\ i
\\
-—- l,‘ A X~
50 ’4" “\_\ ,’ AN ), ¢ p N~ &_-
Ve ‘ a T
Operating Isolation AYRENg
wavelength wavelength
range range
IEG 1197/09

el isolation

3.3.22
maximy
for any
maximu

e to the

the cumulative isolation du
ned as:

avelengths (frequencies) is def

channels of the device;
in the

—

wavyelength (frequency) corresponding to the minimum peak of f
wavelength (frequency) range for the pair of ports i and j;

A are the wavelengths (frequencies) corresponding to the maximum value of ¢; in the

specified ranges of wavelengths (frequencies) from A nin 10 A¢max about the
isolation wavelengths (frequencies) A, for the pair of ports i and j, A¢min @nd Acmax
defining the operating wavelength (frequency) range for the pair of ports for which

A is an operating wavelength (frequency)

3.3.23
non-adjacent channel isolation

unidirectional (far-end) isolation with the restriction that the isolation wavelength (frequency) is
restricted to each of the channels not immediately adjacent to the channel associated with port

o (refer to Figure 11 below)
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Nonadjacent Adjacent Channel Adjacent Nonadjacent
channel channel central channel channel
central central frequency central central
frequency frequency or wavelength frequency frequency
or wavelength or wavelength or wavelength or wavelength
0dB
A . 4
Adjacent
channel a
isolation ioc
NN
A
Qiox
A 4 Y < i

Channel frequency
range (DWDM)
or channel
wavelength rang

Adjacent channel
frequency range
(DWDM) or channel
wavelength range

!

Nonadjacent channel
frequency range
(DWDM) or channel
wavelength range

©

IEC 1198/t

3.3.24

operati

nominal with the

specifie

NOTE O
,’ \\ Il \\
l’ ‘\ a'J
4 \
! ' aK —--mm--
1

rtio \ ! ‘\‘
loss ' \
1 \
) \
1 \
1 \
1 \‘
50 |
Wavelength——p
IEC 1199/09

Operating wavelength

Figure 12 — lllustration of operating wavelength
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3.3.25

operating wavelength range (passband, channel passband)

specified range of wavelengths from A, i, to 4y ,ax Centred about an operating wavelength 4,
within which a wavelength-selective branching device operates with the specified performance
(refer to Figure 13 below). A term “passband” or “channel passband” is used as same meaning

of operating wavelength range for DWDM devices

NOTE 1 Channel frequency range is also used for DWDM device. It is the frequency range within which a DWDM
device is required to operate with a specified performance. For a particular nominal channel centre frequency, f

nomi’
this frequency range is from f,_. = (f . —Af_)to f = (f .+ Af ), where Af__ is the maximum channel

centre frequency deviation. Nominal channel centre frequency and maximum channel centre frequency deviation
are system parameters defined for instance in ITU-T Recommendation G.692.

NOTE 2 (Gharrelwavelength—ranrge—is—also—usedFforCWBM—Histhe—wavelergth—ran kma CWDM
device is|required to operate with a specified performance. For a particular nominal c velength,
A thig wavelength range is from 4, .. = (4, i = 44max) 10 Aimax = (Aromi * Amaxs maximum

nomi, 9
channel wavelength deviation.

0
Operating wavelength range
—> —— NI
" o
[} ‘\
[
1
1
1
Insertion i
loss(dB) .

IEC 1200/09

ation dependent centre wavelength (PDC

maximub—vrariatien—e a
(SOP) over all SOPs (refer to Figure 14 below)

risation
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0
aij
L P —
Insertion /e @ el
loss(dB
(dB) Minimum Maximum
centre centre
wavelength wavelength
Polarisation dependent centre wavelength
50 \(

A'h

Wavelength

3.3.28
polarisation dependent isolation

PDI
maximupm variation of isolation over all olar'sa

3.3.29
polarisation dependent loss

PDL
maximum variation of inse 35S due to tion of the state of polarisation (SOP) over all
the SORs

3.3.30
poIarisTTt1ion de
maximum variatioly'g
SOPs

over all

NOTE F

3.3.31
polaris
PMD
when an optica asses through an optical fibre, component or subsystem, such as going
through|a<air of confucting ports of a WDM device, the change in the shape and rms |width of
the puldedue to the average delay of the travelling time between the two principal dtates of
polarisation (PSP), differential group delay (DGD), and/or to the waveform distortion for each
PSP, is called PMD. PMD, together with polarisation dependent loss (PDL) and polarisation
dependent gain (PDG), when applicable, may introduce waveform distortion leading to
unacceptable bit error rate increase

NOTE PMD may depend on environmental conditions.

3.3.32

principal states of polarisation

PSP

at a given optical frequency (or wavelength), the two input (and orthogonal) states of
polarisation (SOP) for which the corresponding output SOP are independent of optical
frequency to first order.
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In absence of PDL, the PSPs are orthogonal SOPs with the fast axis PSP having the shortest
arrival time and the slow axis PSP having the longest, the DGD being the difference between
these two arrival times

NOTE 1

An optical fibre, component or subsystem is typically characterized by two PSPs that are an intrinsic
function of the material birefringence and the induced external and internal stresses acting on it.

NOTE 2 The DGD between these two PSPs can vary with time and wavelength.

NOTE 3 A signal whose SOP is aligned with one of the PSPs will be unaffected by the amount of PMD, at least to
first order.

3.3.33

return loss

value of ajj (where i = j) at the operating wavelength. It is the fraction

returned

where
P.
P

NOTE 1

CWDM dvices, it should be specified as a mi

n

nefl

from the input port of a passive component expressed in deci

RL= —10/og(—Preﬂ J

n

input\power that is
Is It issdefingd as:

For WWDM devices, it should be spevified a e at each operating wavelength rfange. For

br DWDM

devices, if should be specified as a minimum va
NOTE 2 |Return loss is also a/s \ hag” a positive sign; reflectance may falso be a
componeit (for instance in the gontext ofa ne rface parameter and has a negative sign.
NOTE 3 |Return loss as w ngth dependency.
3.3.34
passbahd rippl
maximum peak to peak Vvarxati ) e/insertion loss over the bandpass (within a |[channel
frequengy or wav g 3 |
0(\
4N N 4
\ Ripple
Ripple *
Inseftion \
loss(dB) / v
Operating Operating
¢ wavelength wavelength
range range

50

(a) (b)

IEC 1202/09

Figure 15 — lllustration of ripple (a) at the band edges and (b) in-band
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3.3.35
total channel isolation

for any two ports i and j (where i # j) it is the cumulative isolation due to the contributions at all

the isolation wavelengths (frequencies). It is defined as:

t..
Iiot =—10- Log #
D ti(A)
k(k+h)
where
N is the number of channels of the device;

A are the isolation wavelengths (frequencies) for the sa

3.3.36
wavelength dependent loss
maximum variation of the insertion loss over operating

3.3.37
wavelength isolation
value of ajj (logarithmic transfer coeffici

3.3.38
X-dB bgndwidth

it is deflned through t
range cgentred about the

A is the operating wavelength (frequency) for the couple of Rortj

] (where i # j) as the minimum wayelength
i, within which the variation of a;; is Igss than
termined considering thermal wavelendth shift,

“X” dB.|The minimym i
polarisation depe iny shift (refer to Figure 16 below)

< NN N/ _XdB bendwidth

X dB

N

Minimum Maximum
centre centre

X dB

Polarisation dependence

50 |

/ wavelength wavelength \\

!
n Wavelength

Figure 16 — lllustration of X-dB bandwidth

—>
IEC 1203/09

NOTE For a wavelength-selective branching device, the operating wavelength range and the X-dB bandwidth

corresponding to different operating wavelengths are not necessarily equal.
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4 Requirements

4.1 Classification

411

General

Fibre optic WDM devices shall be classified as follows:

2009(E)

* type;

o style;

e variant;

e envifonmental category;

e assgssment level;

e extepsions.

4.1.2 Type

Each type is defined in terms of a schematic diagram and atrix as
shown in the examples given in Annex A, which include:

e wavelength multiplexer;

e wavelength demultiplexer;

e wavelength multiplexer and demultiplexex;

e wavelength router;

e wavelength channel add/drop.

The mailn characteristics of ea

e trangmissive or refl

e Dbidirectional idip

e treelor star;

e any

e actiy passively compensated .

4.1.3

Fibre oq ay be classified into styles based on the fibre type(s), the connector
type(s), housing shape and the configuration. The configurations of branching
device ports are classified as follows:

Configuration A

A device containing integral fibre optic pigtails, without connectors (see Figure 17).

IEC 1204/09

Figure 17 — Wavelength-selective branching device

Configuration B

A device containing integral fibre optic pigtails, with a connector on each pigtail (see Figure 18).
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O E—
t —

IEC 1205/09

Figure 18 — Wavelength-selective branching device
Configuration C

A device containing fibre optic connectors as an integral part of the device housing (see Figure
19).

1

L1
IEC 1206/09

Figure 19 — Wavelength-selective
Configuration D

A devige containing some combination\oR_the\ inte

configunations (see Figure 20).

~—_" IEC 1207/09

avelength-selective branching device

eatures of the pieceding

device variant identifies those common featurels which

e means«Of mountihg;

e type of fibre.
4.1.5 Assessment level
Relevant specifications shall specify one or more assessment levels, each of which shall be

designated by a capital letter. The assessment level defines the relationship between groups A
and B inspection levels and groups C and D inspection periods.

The following are the preferred levels.

Assessment level A:
e group A inspection: inspection level Il, AQL = 4 %;
e group B inspection: inspection level I, AQL = 4 %;

e group C inspection: 24 month periods;
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group D inspection:

Assessment level B:

group A inspection:
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48 month periods.

inspection level I, AQL = 1 %;

group B inspection: inspection level Il, AQL = 1 %;
group C inspection: 18 month periods;
group D inspection: 36 month periods.

Assessment level C:
group-A-inspection:inspectionlevel H AQL =0 4 %;
group B inspection: inspection level Il, AQL = 0,4 %;

AQL is

group C inspection:

group D inspection:

One additional asses
relevani specification.

NOTE G

4.1.6

Other dpcuments may

4.2

4.2.1 Symbols

Graphicpl and
IEC 60617.

4.2.2 Specifi

This specification
of releyank _sypeci
specificati

cceptable quality level.

Normative reference extensi

Documentation

12 month periods;

24 month periods.

sment level (other than those $Specified i in the

tion.

be referenced.

hepéver possible, be taken from IEC 60027 and

EC specification system. Subsidiary specifications shal| consist
is system is shown in Table 1. There are no gectional

able 1 — Three-level IEC specification structure

Specification Tevel

Examples of information to be included Applicable to

Basic

Assessment system rules
Inspection rules

Optical measuring methods
Environmental test methods Two or more component
Sampling plans families or subfamilies
Identification rules
Marking standards
Dimensional standards
Terminology standards
Symbol standards
Preferred number series
Sl units

Generic

Specific terminology
Specific symbols
Specific units
Preferred values
Marking Component family
Quality assessment procedures
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Specification level Examples of information to be included Applicable to

Selection of tests
Qualification approval and/or
Capability approval procedures

Individual values
Relevant Specific information Individual type
Completed quality conformance test schedules

Relevant specifications

A specific wavelength-selective branching device is described by a corresponding relevant
specification. Within the constraints imposed by this generi pecification, the relevant
specifica , ini
particular wavelength-selective branching device design as an IEC standard.

Relevart specifications shall specify the following as applicable:

e type|(see 4.1.2);

e stylq (see 4.1.3);

e varignt (s) (see 4.1.4);

e assgssment level (see 4.1.5);

e variant identification number (s) (

e performance requirements (see 4.5))
4.2.3 Drawings
4.2.3.1 General

The drgwings and di ptails of

construg¢tion, nor shall

4.2.3.2 Projectio

Either fi
by this 3
the dravi

on shall be used for the drawings in documents [covered
vithin a document shall use the same projection sysiem and
ystem is used.

4.2.3.3

The metd tom-shall 1sed-inallspecifications:

Dimensions shall not contain more than five significant digits.

Conversion between systems of units shall be according to ISO 370. When units are converted,
a note shall be added in each relevant specification.

4.2.4 Measurements
4.2.41 Measurement method

The measurement method to be used shall be specified in the relevant specification for any
dimensions which are specified within a total tolerance zone of 0,01 mm or less.
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4.2.4.2 Reference components

Reference components for measurement purposes, if required, shall be specified in the
relevant specification.

4.2.4.3 Gauges

Gauges, if required, shall be specified in the relevant specification.

4.2.5 Test data sheets

Test data sheets shall be prepared for each test conducted as required by a relevant

SpeCiﬁC tron—FHhe—data—sheets—shaltbe—ncluded—in—the qua“ﬂuat;un |c|.1u|‘/6|m4l H—the periOdiC
inspectipn report. \

Data shgets shall contain the following information as a minimum:

o title pf test and date;

e spegimen description including the type of fibre and the ;

o testquipment used and date of latest calibration;

e all applicable test details;

e all measurement values and observati

o sufficiently detailed documentation\po pre ¢ ation for failure analysis.
4.2.6 Instructions for use

Instructions for use, when reguired, sh anufacturer.

4.3 Standardizatio

431 Perfor|<>

Performfance stantayd ntaina set of tests and measurements (which may or may
not be dgrouped into\a Gifi f depending on the requirements of that standgrd) with
clearly defined canditjor ities ahd pass/fall criteria. The tests are intended to bé¢ run on
a “oncg-off” sis t any products ability to satisfy the “performance stgndards”
requirement\Eac standard has a different set of tests, and or severities| (and or
groupin rements of a market sector, user group or system locatipn.

A produgt th own to meet all the requirements of a performance standard can be
declare ing with a performance standard but should then be controlled by a quality
assuraniced quality conformance programme.

A key point of the performance standards is the selection of test and severities from the tests
and measurements standards, for application in conjunction with interface standards on inter
product compatibility (this particularly relates to attenuation and return loss). Certainly
conformance of each individual product to this standard will be ensured.

4.3.2 Reliability standard

Reliability standards are intended to ensure that a component can meet performance
specifications under stated conditions for a stated time period.

For each type of component, the following need to be identified (and appear in the reliability
standard):

o failure modes (observable general mechanical or optical effects of failure);


https://iecnorm.com/api/?name=013aefcce1322399fc0681aa40d0a7e7

62074-1 © IEC:2009(E) - 27 -

e failure mechanisms (general causes of failure, common to several components), and failure
effects (detailed causes of failure, specific to component).

These are all related to environmental and material aspects.

Initially, just after component manufacture, there is an “infant mortality phase” during which
many components would fail if they were deployed in the field. To avoid early field failure, all
components may be subjected to screen process in the factory, involving environmental
stresses that may be mechanical, thermal and humidity related. This is to induce known failure
mechanisms in a controlled environmental situation to occur earlier than would normally be
seen in the unscreened population. For those components that survive (and are then sold),
there is a reduced failure rate since these mechanisms have been eliminated.

Screenipg is an optional part of the manufacturing process, rather than gtest meth a2t will not
affect the “useful life” of a component defined as the period during whi & ccording
to specifications. Eventually other failure mechanisms appear, anK the failure rate insreases
beyond |[some defined threshold. At this point the useful life e region”
begins, pnd the component must be replaced.

At the heginning of useful life, performance testing on a
may be |applied by the supplier, by the manufacturer,
the comlponent meets performance specifications o
this initipl time. Reliability testing, on the other ha

ponents
ure that
hents at
nponent

meets p > b pecified
maximum failure rate. These tests arke u i ing, but
increasi i

A reliablli ; 5 lifetime
or failurge rate are under tegsiing. f 0 ifeti ilure rate
under l¢ ' j of the
component parameters n failure

rate in dervice.

Interlin@

4.3.3

and reliability standards, once all these three standards
are in able 2 demonstrates some of other options available for

product

Table 2 — Standards interlink matrix

Interface Performance Reliability

standard standard standard
Product A Yes Yes Yes
Product B No Yes Yes
Product C Yes No No
Product D Yes Yes No

Product A is fully IEC standardised having a standard interface and meeting defined
performance standards and reliability standards.

Product B is a product with a proprietary interface but which meets a defined IEC performance
standard and reliability standard.

Product C is a product which complies with an IEC standard interface but does not meet the
requirements of either an IEC performance standard or reliability standard.
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Product D is a product which complies with both an IEC standard interface and performance
standard but does not meet any reliability requirements.

4.4 Design and construction
4.4.1 Materials
The devices shall be manufactured with materials which meet the requirements of the relevant

specification. When non-flammable materials are required, the requirement shall be specified
in the relevant specification and the test in IEC 60695-11-5 shall be cited as reference.

4.4.2 Workmanship

shall be
arance.

&dering,

Components and associated hardware shall be manufactured to a uniforn
free of gharp edges, burrs, or other defects that will affect life, servicg
Particul@r attention shall be given to neatness and thoroughness of mal
bonding], etc.

4.5 rformance requirements
o}

Fibre optic WDM devices shall meet the performance
IEC performance standard.

ropriate

4.6

dentification and marking
4.6.1 General

Compor he permanently and legibly identified
and matked when this is required by the i

4.6.2 Variant identjficati

Each vdriant in a rele i
number|shall beut as follows:
e rele ifj ’
e ath

er. This

e a letter indica u S { level.

QC210101/US0001 001 A

Relevart specifi

Variant number

Assessment level

4.6.3 Component marking

Component marking, if required, shall be specified in the relevant specification. The preferred
order of marking is:

Q

port identification;

O

manufacturer's part number (including serial number, if applicable);

Q O

)
)
) manufacturer's identification mark or logo;
) manufacturing date;

)

variant identification number;

)
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f) any additional marking required by the relevant specification.
If space does not allow for all the required marking on the component, each unit shall be

individually packaged with a data sheet containing all of the required information which is not
marked.

4.6.4 Package marking

Several fibre optic WDM devices may be packed together for shipment.

Package marking, if required, shall be specified in the relevant specification. The preferred
order of marking is:

Q

manpufacturer's identification mark or logo;

)

) manpfacturer's part number;

) manufacturing date code (year/week, see 1ISO 8601);

) varignt identification number(s);

) the fype designation (see 4.1.2);

) the assessment level;

) any pdditional marking required by the relevant sgecificatio

When applicable, individual unit package ithj with the
referenge number of the certified record i identity

-2 ® QO O T

«Q

4.7 Shafety

Fibre ogtic WDM devices{when u a i uipment,
may emjt potentially h iati or fibre
end.

The fibre optic to alert
system |designers required

precautions and
In additi
WARNI

Care should betaker» when handling small diameter fibre to prevent puncturing the skin,
idllydn the eye area. Direct viewing of the end of an optical fibre or an optigal fibre
it i i i urance

has been obtained as to the safety energy of output level.

Reference shall be made to IEC 60825 series, the relevant document on safety.
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Annex A
(informative)

Transfer matrix

A.1 General

The optical properties of a fibre optic wavelength-selective branching device can be defined in
terms of an n x n matrlx of coeff|C|ents where n is the number of ports, and the coefficients
represept-the—fractional-optical-powertransferredbetween—de —g -l shows
the one he ports
are num total 36
combinations. These 36 combinations are expressed by a matrix.

Outputs

F

A2 T

In gene

nl nn

where

tij is the ratio of the optical power P;; transferred out of port j (output port) with respect
to input power P, into port i (input port), that is:

t|J=Pij/Pi

t; is a number more than zero, and less than or equal to one (0 < f; < 1). In a wavelength-
selective branching device, the coefficient f; is a function of the wavelength and may be a
function of the input polarisation or modal power distribution.

Single-mode fibre optic WDM devices may operate in a coherent fashion with respect to
multiple inputs. Consequently, the transfer coefficients may be affected by the relative phase
and intensity of simultaneous coherent optical power inputs at two or more ports.
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The wavelength dependency of the transfer matrix coefficient should be considered. A matrix
coefficient may be expressed as t;, where k is the wavelength number, 4,. For more generic
expression, the transfer matrix is shown as follows.

tinn tian tinl
2t toni
ta1l  tn21 tonl

ti2

t212

tn12

ti22

t222

tn22

tik  tiok tink
tak  took tonk
taik taik tank

A.3 Transfer matrix coefficient

An elenient tij of the transfer matrix (refer to Figure A.2 below).

Optical
power

itted power

Wavelength )
IEC 1209/4

ration of transfer matrix coefficient

©

where

a..
that is:

nl

aij = —10/Og tij

is the optical power reduction in decibels out of port j with unit power into port J,
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