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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIBRE OPTIC WDM DEVICES -

Part 1: Generic specification

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
alll national electrotechnical committees (IEC National Committees). The object| of IEG is(to~ prpmote
infernational co-operation on all questions concerning standardization in the electri¢aNand is. To
this end and in addition to other activities, IEC publishes International Standza tions,
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides ¢ “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; an rested
in|the subject dealt with may participate in this preparatory work non-
ggvernmental organizations liaising with the IEC also participate in this \prepara Ioser
with the International Organization for Standardization (ISO) in 3eCe led by
agreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters tional
consensus of opinion on the relevant subjects since each technlcal bm - all
inferested IEC National Committees.

3) IELC Publications have the form of recommendations f6r tional
Cgmmittees in that sense. While all reasonak f IEC
Pyblications is accurate, r any
misinterpretation by any end user.

4) In|order to promote international uniformit mittees undertake to apply IEC Publications
trgnsparently to the maximum extent possi 8 and regional publications. Any divergence
begtween any IEC Publication and the correspond feng yional publication shall be clearly indicgted in
the latter

5) IELC provides no marking proced al and cannot be rendered responsible fgr any
equipment declared to be\

6) Al| users should ensure tha 3

7) Na liability shall atta 3 i i mpjoyees, servants or agents including individual experfs and
meémbers of its te \ ittees ahd’IECG National Committees for any personal injury, property damage or
other damage of 2 S her direct or indirect, or for costs (including legal feeg) and
expenses arising g bs€ of, or reliance upon, this IEC Publication or any othgr IEC
Pdblications.

8) Attention is d \ i efences cited in this publication. Use of the referenced publicatipns is
indlispensab, application of this publication.

9) Atjentio bility that some of the elements of this IEC Publication may be the subject of
paten held responsible for identifying any or all such patent rights

A PAS is a | specification not fulfilling the requirements for a standard but made

available to.the public,

IEC-PAS\ 62074-1 has been processed by subcommittee 86B: Fibre optic interconngcting

deviges‘and passive components, of IEC technical committee 86: Fibre optics.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the

committee concerned as indicated in
the following document:

Draft PAS Report on voting
86B/2516/NP 86B/2557/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee

or su

bcommittee concerned will transform it into an International Standard.

This PAS shall remain valid for an initial maximum period of three years starting from
2007-08. The validity may be extended for a single three-year period, following which it shall be
revised to become another type of normative document or shall be withdrawn.
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1

FIBRE OPTIC WDM DEVICES -

Part 1: Generic specification

Scope

This PAS applies to fibre optic wavelength division multiplexing (WDM) devices. These have all
of the following general features:

e They are passive, in that they contain no optoelectronic or other transdu
they may use temperature control but only with the purpose
characteristics; they exclude any optical switching function.

e They have three or more ports for the entry and/or exit of opticé
ppwer among these ports in a predetermined fashion dependjng

2

The

dated references, only theZedjtio
the referenced document i

IEC

IEC
com

IEC

IEC

App4gratus, sQ

IEC

IEC
test

iRg elements
abilizingd

Normative references

following referenced documents are

icludipg an

60027 (all par:),
50050(731): Inte

Vocabulary — Chapter 731: Optical

unication
0617, Ip axd Database Snapshot — Graphical symbols for diagrams
50 ard testing — Part 11-5: Test flames — Needle-flame test meth

$0825=1» Safety of laser products — Part 1: Equipment classification and requirements

; but
Bvice

ptical

. For
bn of

fibre

od —

51300-1 (all parts), Fibre opfic interconnecting devices and passive components —

asic

and measurement procedures

IECQ 01, IEC Quality Assessment System for Electronic Components (IECQ) — Basic Rules

IECQ 001002 (all parts), IEC Quality Assessment System for Electronic Components (IECQ) —
Rules of Procedure

IEC

Guide 102, Electronic components — Specification structures for quality assessment

(Qualification approval and capability approval)

ISO 129, Technical drawings — Indication of dimensions amd tolerances — General principles

ISO

286 (all parts), ISO system of limits and fits
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ISO 370, Toleranced dimensions - Conversion from inches into millimetres 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 da

tes and times

ITU-T Recommendation G.671:2005, Transmission characteristics of optical components and

subsystems

ITU-T Recommendation G.692:1998, Optical interfaces for multichannel ms with,_optical
amplffiers

3 Terms and definitions

For {he purposes of this document, the definitions given jir_IE 3 well as the
following, apply.

3.1 Basic term definitions

3.1.1

port

opticpl fibre or optical fibre connector atta g ASSIVe ponent for the entry and/of exit
of th¢ optical power (input and/or output

3.1.2

transfer matrix

The pptical properties 0 gth-gelective branching device can be defined in
terms of an n x n ere n is the number of ports, and the coeffigients
reprgsent the fr ica fred between designated ports. Figure 1 shows
the dne example ®f six\ pg¢ i ichnhas two input ports and four output ports. The ports
are numbered seq . Sef the™osgible conbinations of two ports are six by six, total 36
conbjnations. Th ¢ Rinations are expressed by a matrix.

Outputs
L 3
1 ———— 4
2 —— 5
|

Figure 1 — Example of a six-port device, with two-input and four-output ports
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44 tn
ta1
T =
_tn1 tnn_
wherg
tij is the ratio of the optical power Pjj transferred out of port j (output port)

powgr Pj into port i (input port), that is:

tj=1#i/R

tij is|a number more than zero, and less than or equal to one Y0 <
selegtive branching device the coefficient tjj is a functiof~of

Sing
multi

a

The

(o]
e

3

In general, the transfer matrix T is :

oefIcient may be expressed as fjjk, where
xpression, the transfer mathix is

ple inputs. Consequently, the transfer coe ci
nd intensity of simultaneous coherent opticalpower inputs

o

bty
' ( b1z b

bt ot
T- | bt tog
bttt - b

gshion with respe
ted by the relative p
more ports.

e L]

[ 8]

LD

Bikbx o bk | y) §

biglax - Tk | 20 2

Q

b Lyx | n .§‘

b - &
bz

input

hgth-
be a

ct to
hase

neric

1.3

transfer matrix coefficient
an element tij of the transfer matrix (refer to Figure 2 below)
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Optical power ——p

Transfer coefficient

l

Transmitted power

3.1.4
loga

is a pos
coefficient. A
follows:

rithmic transfer matrix
in geperal, the logarithmic transfer matrix is:

Wavelength —>

Figure 2 — lllustration of transfer matrix ¢

S:

ber larger than or equal to zero. The same as the transfer matrix
more generic expression of the logarithmic transfer matrix is shown as

KECEIVE porl number

——
s N n o
i
Pukamk k| | 8
By, B ! 2 ¢
o@ 21k 22k 2nk 5
8117 4 . a . =
112 4122 12 Bk | n) 2
G912 %22 - B 3
a3 - A B0
A= | %1 32 Bani
11 Aot B
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3.1.5
conducting ports
two ports i and j between which tij is nominally greater than zero at a specified wavelength.

3.1.6

input/output port pair

conducting ports i and j (tij nominally greater than zero) that are isolated from any other ports j
(aij nominally infinite)

NOTE Figure 3 below shows an example of a six- port device, with two input ports and four output ports The ports
are nymbered Dt:qut:lll.lally so-thatthetramsfermatrixTs ucvclupcu to-shrow—=att puu.a ot puaalwc combimations.
The pprt numbering is arbitrary.

Inputs Outputs

d four-output ports

For th
matrix:

esulting transfer matrix becomes a px6x4
Qf port 2 at 14 would use agpy. Loss from port

5 to pprt 2 at 13 would use agy3.

3.1.7
isolgted ports
two ports i and j betw ich zero, and ajj is nominally infinite at a speg¢ified
wavglength <D

3.1.8
chan

3.1.9
chan
centr
devid

(VDM

3.2 | ‘Component definitions

3.21

wavelength-selective branching device

passive component possessing three or more ports which shares optical power among its ports
in a predetermined fashion, without any amplification, switching, or other active modulation but
only depending on the wavelength, in the sense that at least two different wavelength ranges
are nominally transferred between two different couples of ports
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3.2.2

wavelength division multiplexer

WDM

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

NOTE Depending on the spectral response, a WDM device may be defined either as :

— DWDM (dense WDM) device, if it is intended to operate for channel spacing equal or less than 1 000 GHz;

— CWDM (coarse WDM) device, if it 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);

inte
bidirg
signa
port

3.3 Performa

3.3.1
crosptalk

(for \WDM de
noisgs

3.3.2
isolgtion
(for \WDM devices
specjfiedmnoise

atue of the ratio between the optical power of the specified signal an

hose
m n

hose
ingle

btical
utput

ratio between the optical power of the specified signal and all

d the

3.3.
add-drop isolation
value of the optical power reduction in decibels ajj between an input i, and an output port j

is isolated at every wavelength (or frequency for a dense WDM (DWDM) device)
NOTE ajj is defined in 3.1.4.
3.34

adjacent channel isolation
adjacent channel crosstalk

, that

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.
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NOTE This is illustrated in Figure 4 below. The adjacent channel crosstalk has the same meaning as adjacent
channel isolation.

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 y 7'y
Adjacent channpel
a.
ioc
Isetation, y
A
a.
/
2
Insertion
loss (dB) A h 4

/‘\,__/'\/
-ttt

Nonadjacent Channel AdjacenChannel ChanneFrequency a
Frequency Range Frequency Range Range (DWDM) or reqiency
(DWDM) or Channel (DWDM) or Channel Channel Wavelength (RWDM)%

Wavelength Range  Wavelength Range Range (CWDM Wavelength
(CWDM & WWDM)  (CWDM & WWDM) WWDM) DMK

W

DM)

Optical Frequency THz) for DWDM o W\Q\@z tr@m or CWBM & WWDM

3.3.

bidiﬂectional (near-end) craosstalk attnu
in a| bidirectional WDM <{multiplgxer XA iptexer (DMUX) device, the bidireclional

(near-end) crosstalk attenuati

BCA = amoff:
wherge

8mox ansfer matrix;
m

o}

X number associated with port m.
3.3.6

bidinectional (near-end) isolation
because bidirectional WDM-MUX/DMUX devices have both input channels and oufpuf channels
at the same side of the device, input light for one direction can appear on the output port for
the other direction

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 5).


https://iecnorm.com/api/?name=7ae4cf336c00946626bfc8387696110e

-12 - PAS 62074-1 © IEC:2007(E)

t121P 1, t122P2, t423P3, t524P4
t131P 1, t132P2, t433P3, ts34P4
Pl: PZ
P;

P,

Figure 5 — lllustration of a four-wavelength bidirectio
The bidirectional (near-end) isolation is therefore defined to be:

IB = 8mox ~ @doc

wherge

amox| is @an element of the logarithmic transfer matrix;

8doc

m
X

Fort 8101.

3.3.7
cent
diffel re wavelength and nominal wavelength (frequency) of the
speci|fi devices. Where centre wavelength is defined as the centre gf the
wavsg 3 hichNig” x dB less than the peak of insertion loss for the specified chgnnel.
Wher generally used for x.

3.3.8
channel’extinction
within the operating wavelength range, difference (in dB) between the minimum powers of the
conducting channels (in dBm) and maximum power of the isolated channels (in dBm)

3.3.9

channel frequency range

frequency range within which a DWDM device is required to operate with a specified
performance. For a particular nominal channel frequency, f,,,; this frequency range is from

fimin = (faomi = Afmax) 10 fimax = (Foomi * 4fmax), Where Af ., is the maximum channel centre

frequency deviation. Nominal; channel centre frequency and maximum channel centre
frequency deviation are defined in ITU-T Recommendation G.692.
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3.3.10
channel insertion loss
term used for WDM WDM devices which has the same meaning as insertion loss

3.3.11

channel insertion loss deviation

maximum variation of insertion loss over 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) as illustrated in Figure 6 below.

NOTE Channel insertion loss deviation should not to be confused with ripple defined below.

Channel
Central
Frequency
or Wavelength

Channel
insertion loss
variation )

Ingertion loss (dB

\

Loss measured
over all operating

3.31
chan
for a
the g

ss at

3.3.1
charnnel wavelength range
wavglength range within which a CWDM or WWDM device is required to operate a spegified

perf(.llllallbt:. For= pdlt;buidl monTimatchanetcentre vvavcicllyth, ;‘nomi’ this vvavcicngﬂl range

from Aimin = (Anomi - AL to Ajmax = (A + Alax), Where AL .. is the maximum channel

wavelength deviation.

max) nomi max

3.3.14

chromatic dispersion

group delay between two closely spaced wavelengths (or frequencies) inside an optical signal
going through a pair of conducting ports of a WDM device

NOTE It corresponds to the difference between the arrival times of these two closely spaced wavelengths (or
frequencies). Chromatic dispersion is defined as the variation (first order derivative) of this group delay over a
range of wavelengths (or frequencies) especially over the channel operating wavelength (or frequency) range at a
given time, temperature, pressure and humidity. 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.
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The slope of chromatic dispersion S (with units of ps/nm2 or ps/Gsz) 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).

3.3.15

directivity

value of a;; between two isolated ports which are isolated at every wavelength (or frequency for
a DWDM device). For the example of 6 ports WDM devices shown in Figure 2, the directivity is
a,, and a4 between two input ports, and as,, a,3, etc. between two output ports.

3.3.1E

free spectral range
FSR
diffefence between two adjacent operating wavelengths for a given ingut o typath (refer to
Figufe 7 below)

Insertion
loss (dB)

N

avelength —

ed ation of free spectral range

3.3.1
inserti
valug B 2 ~2) \at the operating wavelength between two conducting ports. It is the
redugtion™ ' - )etween an input and output port of a passive component exprgssed
in de i :

IL = -10log Fout.

Pin

where

P,, is the optical power launched into the input port;

P,.t is the optical power received from the output port.
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15—

0
Insertion aij
loss |(dB)
50 A
h
Operating
wavelength
For WWDM devices, it is specified as a maxim ¢ i each

operating wavelength range. For DW AVi it s mum

valud

Figufe 9 below.

: inimum i

serty
loss\{B

\

Maximum insertion loss

Pt

Channel Frequency Range (DWDM) or

Channel Wavelength Range (CWDM & WWDM

3.3.18

Optical Frequency (THz) for DWDM or Wavelength (nm) for CWDM & WWDM

Figure 9 — lllustration of minimum and maximum insertion loss

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 A4, # 4;), that is an operating wavelength for a different pair of ports, at
which i and j are isolated ports (refer to Figure 10 below).

NOTE Isolation frequency is also used for DWDM device.
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Inserti
loss (¢

50

k
Operating Isolation
wavelength wavelength

Figure 10 - lllustration of iso)é

3.3.19
isolgtion wavelength range
For 4 hgths
from Fati 3 « that is an operating wavelgngth

for a

NOTE

Ak

y §

Wavelength >
U kmin A kmax

Isolation wavelength range

Figure 11 — lllustration of isolation wavelength range

3.3.20
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) A4, for any two ports i and j, A¢min
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- 17 —

and 4,4« defining an operating wavelength (or frequency) range for a different pair of ports for

which

Ay is an operating wavelength (or frequency). (Refer to Figure 12 below).

3.3.2
max

0
. " hd \‘\ alj
Insertion \ B s

loss (dB) ! \ ik

) ihér !

N
50
Operating  Isolation g
wavelength wavelength
range range

Figure 12 — lllustrationof

1
mum total channel isolation

b the

For any two ports i and j here
maximum spectral contributions\a Re.isolatipi’wavelengths (frequencies) is defined as:
N *
>ty
k(k#h)

wherg

N is the nUR channels of the device;

Ay | is thecwavelength (frequency) corresponding to the minimum peak of tij in the opernating
wayelength (frequency) range for the pair of ports i and j;

A are the wavelengths (frequencies) corresponding to the maximum value of tij in the
specified ranges of wavelengths (frequencies) from A, 10 4max @bout the isolation
wavelengths (frequencies) 4, for the pair of ports i and j, A min and Amax defining the
operating wavelength (frequency) range for the pair of ports for which 4, is an operating
wavelength (frequency).

3.3.22

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 13 below).
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Nonadjacent Adjacent Channel Adjacent Nonradjacent
Channel Channel Central Channel Channel
Central Central Frequency Central Central
Frequency Frequency or Wavelength Frequency Frequency
or Wavelength or Wavelength or Wavelength or Wavelength
y adjauuut channet y
0
ioc
Is on
=\
4
. iox
Insertign Non
loss (dB)
N
h / h
/\_,_ N
Nonadjacent Channel AdjacenChannel ChanneFrequency j

Frequency Range Frequency Range Range (DWDM) or
(DWDM) or Channel (DWDM) or Channel Channel Wavelength (DWD
Wavelength Range  Wavelength Range Range (CWDM & Wavele
(CWDM & WWDM)  (CWDM & WWDM) WWDM)

Optical Frequency THz) for DWDM or Wa

3.3.23
operpting wavelength
nominal wavelength 4, at which a wa

specified performance (ref

h the

NOTE| Operating frequen
0
Insertio
los
56 :
Ay Wavelength —
Operating wavelength
Figure 14 - lllustration of operating wavelength

3.3.24

operating wavelength range

passband, channel passband

specified range of wavelengths from A, i, to 4yax Centred about an operating wavelength 4,
within which a wavelength-selective branching device operates with the specified performance
(refer to Figure 15 below)
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Term “passband” or “channel passband” is used as same meaning of operating wavelength range for

NOTE 1

DWDM devices.
NOTE 2 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,omi,
this frequency range is from fiqin = (fhomi = 4fmax) 1© fimax = (fromi + 4fmax/» 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.

max

NOTE 3 Channel wavelength range is also used for CWDM. It is the wavelength range within which a CWDM device
., this
nomi’

is required to operate with a specified performance. For a particular nominal channel centre wavelength, 4
wavelength range is from 4imin = (Adhomi = 4max) 1© dimax = (Anomi * 44max), where 44,4, is the maximum

Lwavelength-deviation
=)

chan
0 :
Operating wavelength range
—— K \\\ 'Ky
Insertion
loss (dB)

1
1
1
!
!
1
!
1
1
1
1
]
[
!
1
1

1
- )
r"‘ ‘\~s
p -
. QL ~-
e h
|
[

50
thin thax length —
Figure 1 onef operating wavelength range

3.3.25
out-of-band atte ti

minimum attenuatior

v

that fall outside of the operating wavelength rang

3.3.26
polatization<dep avelength (PDCW)
hanneMentre wavelength due to a variation of the state of polarization

maximu riatiog o
(SOR) over a efer\o Figure 16 below).
0
i
o\
Insertion >
Loss (dB) Minimum aximum
centre | | centre
wavelength | | wavelength
Polarization dependent centre wavelength
50
A Wavelength —»

Figure 16 — lllustration of polarization dependent centre wavelength (PDCW)
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3.3.27

polarization dependent isolation

PDI

maximum variation of isolation over all the states of polarization

3.3.28

polarization dependent loss

PDL

maximum variation of insertion loss due to a variation of the state of polarization (SOP) over all
the SOPs

3.3.29
polarization dependent reflectance

maximum variation of reflectance due to a variation of the state of pol
SOPs

QP) ovgr all

NOTE For DWDM device polarization, dependent centre frequency may alsg’b

3.3.30
polarization mode dispersion
PMD
wher] an optical signal passes through an optical fibre
throygh a pair of conducting ports of a WDM devi
of the pulse due to the average delay ¢
polatization (PSP), differential group
PSP/ is called PMD

NOTH 1 PMD, together with polarization depende 0SS d polarization dependent gain (PDG),| when
applicpble, may introduce wavefgrr distortion Iedinacceta é bit error rate increase.

NOTH 2 PMD may depend on ehyvironnental conditions.

joing
the’shape and r.m.s. width
>the two principal states of
waveform distortion for jeach

3.3.31

pringipal stateol >
PSP

at al| given optica glength), the two input (and orthogonal) statges of
polatfization (SOP i grresponding output SOP are independent of optical
frequency to fi

NOTH 1 ¢ , thevPSPs are orthogonal SOPs with the fast axis PSP having the shortest prrival
time gnd v i 3P havikg the longest, the DGD being the difference between these two arrival times.

NOTH 2 An optical-fibre)\ component or subsystem is typically characterized by two PSPs that are an infrinsic
functipn of the_material birefringence and the induced external and internal stresses acting on it.

NOTH 3 ,The DGD between these two PSPs can vary with time and wavelength.

NOTEM4—A-sighal-whose-SOPR is-alighed-with-one-of-the-PSRswill-be-unaffescted-by-the-amount-of-RPMD —atldast to
first order.

3.3.32
return loss
The value of aj (where i = j) at the operating wavelength. It is the fraction of input power that is

returned from the input port of a passive component expressed in decibels. It is defined as:

P
RL=-10log —&
IDI,
where
P.

;n is the optical power launched into the input port;

P,ef; is the optical power received back from the same port.
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For WWDM devices, it shall be specified as a minimum value at each operating wavelength
range. For CWDM devices, it shall be specified as a minimum value within the channel
wavelength range. For DWDM devices, it shall be specified as a minimum value within the

channel frequency range.

NOTE 1
component (for instance in the context of a network element) or interface parameter and has a negative sign.

NOTE 2 Return loss as well as reflectance may have a wavelength dependency.

3.3.33
passband ripple

Return loss is also a system/network parameter and has a positive sign; reflectance may also be a

maximum peak-to-peak variation of the insertion loss over the bandpass (within a gh

freqyency or wavelength range) (refer to Figure 17 below)
0 AN AR
N
T
Insention ;
Ripple
loss (dB) PP
< «— >
Operating \j@e?ating
wavelength wavelength
50 range range
) (b)

Figure 17b - In-band

Figure 17a — At

annel

at all

3.3.3
total
For g p# j) it is the cumulative isolation due to the contributions
the ig frequdencies). It is defined as:

tij(An)

1, =—10-Log A;J—
ztii(ﬂ'l{)
| k(k#h)

where
N is the number of channels of the device;
A, is the operating wavelength (frequency) for the couple of port i and j;

A are the isolation wavelengths (frequencies) for the same pair of ports.
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5

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

3.3.3

6

wavelength isolation
value of ajj (logarithmic transfer coefficient, where | # j) at the isolation wavelength range

3.3.3

7

X-dB bandwidth

spec
oper

wave
and |

NOTE|
correg

fral dependence of ajj (where i # j) as the minimum wavelength range centred abol
ating wavelength 4, within which the variation of a;; is less than “X” dBX\The-mini

length range is determined considering thermal wavelength shift, polarization -depend
ong term aging shift (refer to Figure 18 below).

0 g —_ﬁ____?(__q_B__b_?P_C!‘_"fi_qtl_‘____ﬁﬁ\ ?\\\\/

<

Insertion

nimym aximu
loss (dB) ntr ent

wave th | \wavelength

(\p risatio endence
50 N
W Wavelength —»

For a wavel :
ponding to di avetengths are not necessarily equal.

t the
mum
ence

Hwidth
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4 Requirements

The requirements for fibre optic WDM devices covered by this clause are intended to aid in
classifying this device in a detail specification.

4.1 Classification
Fibre optic WDM devices shall be classified as follows:

* type;
o style;

variant;
ehvironmental category;
e assessment level,
e

xtensions.

411 Type

Each type is defined in terms of a schematic diagra of transfer matfix as

shown in the examples given in Annex A, which i

avelength multiplexer;

avelength demultiplexer;

avelength router;

W
W

e Wavelength multiplexer and demultip
W
W

avelength channefaddidrop

The main characteristic
e transmissive oiie

4.1.2

Fibrg optic WDM devices may be classified into styles based on the fibre type(s), the connfector
type(s);s,cable type(s), housing shape and the configuration. The configurations of brang¢hing

i 1 | ified foll .
device poHsareGassiHegastohows:

4.1.21 Configuration A

A device containing integral fibre optic pigtails, without connectors (see Figure 19).

Figure 19 — Wavelength-selective branching device
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A device containing integral fibre optic pigtails, with a connector on each pigtail (see Figure 20).

00— |
O

——0O
——O

Figure 20 — Wavelength-selective branching device

4.1.2.3 Configuration C
A dgvice containing fibre optic connectors as an integral part of the ice housing | (see
Figute 21).
1
-
Figure 21 — Wavelength-selective
4.1.2.4 Configuration D

A device containing some combirati
configurations (see Figure 22).

eding

4.1.3

The
enco|

Exan

e type ofvfjbre.

4.1.4 ~vAssessment level

vhich

Detail 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 :

e group B inspection :

e group C inspection

e group D inspection

inspection level Il, AQL = 4 %;
inspection level Il, AQL = 4 %;

: 24 month periods;

: 48 month periods.
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Assessment level B:

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

Assessment level C:

e group A inspection : inspection level II, AQL = 0,4 %;

e group B inspection : inspection level II, AQL = 0,4 %;
e group C inspection : 12 month periods;

e group D inspection : 24 month periods.

AQL |= acceptable quality level.

One [additional assessment level (other than those specifi in the detail

specfification. When this is done, the capital letter X shall be used:

NOTH Groups A and B are subject to lot-by-lot inspection. Grolips @ apd D" are subject Ao periodic inspectio
5.4)

h (see

4.2 Documentation
4.2.1 Symbols

Graphical and letter symbg & ik IEC
6061|7.

4.2.2 Specification
This |PAS is pa@th st of
blank detail speci i e are

4.2.2.1

The (blay to a
waveglength-setegti ising
configuration \ ' on is
applicable t6 ment

requirement:> The btank detail specification contains the preferred format for stating the
required information in the detail specification.
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Table 1 — Three-level IEC specification structure

Specification level Examples of information to be included Applicable to

Assessment system rules
Inspection rules
Optical measuring methods

Environmental test methods Two or more component
Sampling plans families or subfamilies
Basic Identification rule

Marking standards
Dimensional standards
Terminology standards
Symbol standards

Preferred number series
SI units (\

Specific terminology N
Specific symbols
Specific units
Preferred values
Genellic Marking opoRentamil
Quality assessment procedures
Selection of tests

Qualification approval and/or

Capability approval procedures \

Quality conformance test schedple \Q%L}% of types having a
Blank|detail Inspection requirements conrmon test schedule
Information comRgon to a/w\(kg ft pe;/\ >

Individual values
Detail Specific information Individual type
Completed quali onforpahcétest schedules

Hetail

ithin

onstraints i filled
any nation ctive

Ching device desg

e assessment level(see 4.1.4);

e vpriant identification number (s) (see 4.7.1);

e performance requirements (see 4.6).
4.2.3 Drawings

The drawings and dimensions given in detail specifications shall not restrict details of
construction, nor shall they be used as manufacturing drawings.

4.2.3.1 Projection system

Either first angle or third angle projection shall be used for the drawings in documents covered
by this specification. All drawings within a document shall use the same projection system and
the drawings shall state which system is used.
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4.2.3.2 Dimensional system

All dimensions shall be given in accordance with ISO 129, ISO 286 and ISO 1101.
The metric system shall be used in all specifications.
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 detail specification.

4.2. Measurements

4.2.4.1 Measurement method

The |measurement method to be used shall be specified in the d
dimepsions which are specified within a total tolerance zone of 0,041

any

4.2.4.2 Reference components

Reference components for measurement purpose be specified in the

releviant specification.

4.2.4.3 Gauges

Gauges, if required, shall be specified in the r

4.2.5 Test data sheets

Test| data sheets sh conducted as required by a rel¢vant
specification. The data the qualification report (see 5.3.8) and in the

perigdic inspectioi repo 8. hd.2 )\
Data|sheets shall ¢contai < Qwing.information as a minimum:

o tifle of test ang

becimery’de iop\i g the type of fibre and the variant identification number|(see

| applicabile-test details;

| measurementwalues and observations;

a
a

o spfficiently detailed documentation to provide traceable information for failure analysis|(see
5 3. 6and 542 )

4.2.6 Instructions for use

Instructions for use, when required, shall be given by the manufacturer.

4.3 Standardization system
4.3.1 Performance standards

Performance standards contain a series of set of tests and measurements (which may or may
not be grouped into a specified schedule depending on the requirements of that standard) with
clearly defined conditions, severities and pass/fall criteria. The tests are intended to be run on
a “once-off’ basis to prove any product's ability to satisfy the “performance standards”
requirement. Each performance standard has a different set of tests, and or severities (and or
groupings) represents the requirements of a market sector, user group or system location.
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A product that has been shown to meet all the requirements of a performance standard can be
declared as complying with a performance standard but should then be controlled by a quality
assurance/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

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

igbility

The
Initia vhich
many e, all

components may be subjected to scres i actory, involving environmlental
stres lated. This is to induce known failure
mechanisms in a controlled environmée i 30 X0 otcur earlier than would normally be

seen| in the unscreened pop Iatl : O ompqnents that survive (and are then sold),
therqg is a reduced failure ra anis have been eliminated.

Scregning is an optional p ) acturing process, rather than a test method. It will not
affeqgt the “usef ‘ efined’as the period during which it performs according

to specifications. ‘Event ' 'Iure mechanisms appear, and the failure rate incrgases
beyohd some defipgd Qld. point the useful life ends and the “wear-out region”
begir *

At th performance testing on a sampled population of components
may . by the manufacturer, or by a third party. This is to ensurg that
the g rmance specifications over the range of intended environments at
this i t|nitial ti ility’testing, on the other hand, is applied to ensure that the compgnent
meets performa ce specifications for at least a speC|f|ed minimum useful lifetime or spegified

maximum_failure rat€. These tests are usually done by utilising the performance testingd, but
increfasing.duration and severity to accelerate the failure mechanisms.

A reliability theory relates component reliability testing to component parameters and to lifetime
or failure rate are under testing. The theory then extrapolates these to lifetime or failure rate
under less stressful service conditions. The reliability specifications include values of the
component parameters needed to ensure the specified minimum lifetime or maximum failure
rate in service.

4.3.3 Interlinking

A large number of the test and measurements standards come under the banner of IECQ,
which are already in place and have been used for many years. As previously mentioned, other
alternative methods of Quality Assurance/Quality Conformance are being developed under the
banners of Capacity Approval And Technology Approval which are covered by IECQ QCO01,
IECQ QC001002, and IEC Guide 102.
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With regard to interface, performance and reliability standards, once all these three standards
are in place, the matrix given in Table 2 demonstrates some of other options available for
product standardization.

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
Product D Yes Yes

Product A is fully IEC standardized having a standard interfa a \e*@aﬁned

perfgrmance standards and reliability standards.

Prodct B is a product with a proprietary interface but whid ance

standlard and reliability standard.

Product C is a product which complies with an | ard\d t the

Product D is a product which complies with otk : ance
standlard but does not meet any reliability i

Obvipusly the matrix is mare : i face,
perfgrmance and reliability ) j c , the
products may all be i IEC
Qual|fication Approval ts to

demanstrate), ow@m
Company A Company B Company C

SON PNea’|ca | TaaafcalTafaa]ca| A

Q\PMtA X X
Product B | X

Prodyetc | X

X

Product D

X | X[ X[ X

4.4 Design and construction
4.41 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

Components and associated hardware shall be manufactured to a uniform quality and shall be
free of sharp edges, burrs, or other defects that will affect life, serviceability or appearance.
Particular attention shall be given to neatness and thoroughness of marking, plating, soldering,
bonding, etc.
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4.5 Quality

Fibre optic WDM devices shall be controlled by the quality assessment procedures of the IEC
61300 series (Parts 1, 2 and 3). The measurement and test procedures of clause 4 shall be

used, as applicable, for quality assessment.

4.6 Performance requirements

Fibre optic WDM devices shall meet the performance requirements specified in appropriate

IEC performance standard.

4.7 | ldentification and marking

Components, associated hardware, and packages shall be permanentl
and marked when this is required by the relevant specification.

4.71 Variant identification number

Each variant in a relevant specification shall be assigned a uig umber
numIer shall be set out as follows:

e relevant specification number;

e a|three digit variant number;

e alletter indicating assessment lev

Example: QC210101/ 0a 00 A

Releyant specification numper ( (S

Varignt number ~

Assessment Iev@ \ >

4.7.2 \>

Component marki i 3 shall be specified in the relevant specification. The pref

anufacturing date;

p
N
manufacturer's tdentification mark or logo;
N
\"

| This

erred

H iral. e e I}
dlialit i[acriuancatiorr rmurmocet,

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.

4.7.3 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:

a) manufacturer's identification mark or logo;
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