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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF FIBRE OPTIC CHROMATIC
DISPERSION TEST SETS

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of/the~NJEC is to promote
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ication has been drafted in accordance with the ISO/IEC Directives, Part 3.
A and B form an integral part of this standard.

C and D are for information only.
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INTRODUCTION

Chromatic dispersion in optical fibres
Chromatic dispersion is the variation with optical light wavelength of the light propagation delay
time in a length of fibre. This variation can cause bandwidth limitation in the fibre when used to

transmit communication signals. For a more detailed explanation, refer to annex C and
IEC 60793-1-1.

Chromatic dispersion (CD) test sets

CD test sets are used to measure the chromatic dispersion properties o

typically . ofkrewr—wavelergthts—a—fh pling and

output cqupling means, optical detection means, and electronic or optica termining

the optical delay or dispersion at the source wavelength. There g nts each

requiring(slightly different calibration techniques. Refer to annex C 6

In general, all CD test sets produce an output of fibre delay\or dispgrsion were the light

wavelend ¢ it 3 delay or

dispersion the ‘y-axis’.

Overviey

The reqyirement to calibrate the CD te fRace ential for

quality control in fibre optic productio k and similar activities. This| standard

described ibratten-ef a CD test set.

Calibratign of a CD test set ing known artefacts or ptandards

(themselyes calibrated to S D test set, measuring its resgonse and

adjusting| (correcting) the i 2d. In this

way the C : ' sets also

calibrated in the

Primarily

a) wave e CD test
set. T -axis’) in
order X

b) delay] pf the CD
tests

Calibratiqg has been

complete(d; i ion period is defined over which the CD test set is deemed {o remain

calibrated. AT the end of this period, It would be necessary 10 establish 1T the CD test set
calibration requires updating (changing); this can be performed using the artefact described
above, or by use of a known standard fibre (reference fibre) whose chromatic dispersion is
known. This is referred to as calibration checking. The fibre forms a stable source of known
dispersion and may be used as a simple dispersion artefact.

If it is found that the calibration has not changed within the required uncertainty limits, then it is
possible to simply extend the calibration period again by a defined amount.

If, however, it is found that the CD test set measurement results have changed significantly
compared to the user requirements (i.e. the test set has drifted), then calibration using the
artefacts (if not already carried out at this time) should be carried out and the calibration
renewed.
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The above rationale ensures that the CD test set calibration is only ever performed using known
standards (artefacts), but that if the CD test set is sufficiently stable over the calibration period
selected, then a simple check of calibration can suffice to ascertain this and to (justify) allow
the extension of the calibration period. The extension can be repeated indefinitely over many
calibration periods, provided the CD test set continues to remain within uncertainty limits over
the entire set of calibration periods.

In order to be considered calibrated and in conformance with this standard, a CD test set must
have its calibration adjusted based on comparison to artefacts for the primary parameters of
wavelength and delay [dispersion]. In all cases, this calibration of primary parameters is
necessary, but may or may not be sufficient, to ensure calibration of the CD test set to the
required uncertainty.

In additign,
set using
more full
sufficient

It should
using a
condition
etc.) Carg
used onl
effect co
of measuy
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CALIBRATION OF FIBRE OPTIC CHROMATIC
DISPERSION TEST SETS

1 Scope

This International Standard provides standard procedures for the calibration of optical fibre
chromatic dispersion (CD) test sets. It also provides procedures to perform calibration checking
on CD test sets whereby an extension to the test set calibration period may be obtained.

This stan

The purg
chromati
measure

Whilst it this fibre
may be 1 gle mode
fibre mes

The purp | users of

CD test
determin
calibratio

ftainty in chromatic dispersion
qnditions. The procedures| apply to
se of

a) calibr
b) settin
c) exten

Use of th ative and

traceablg

2 Norr
4
The follg cuments contain provisions which, through reference in|this text,

constitutd International Standard. For dated references, subsequent
amendments 'to, O isions of, any of these publications do not apply. However, parties to
agreements-based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60050(731):1991, International Electrotechnical Vocabulary (IEV) — Chapter 731: Optical
fibre communication

IEC 60793-1-1:1995, Optical fibres — Part 1: Generic specification — Section 1: General 1)

IEC 60825-1:1993, Safety of laser products — Part 1: Equipment classification, requirements
and user’s guide 2)

D A consolidated edition 1.1 exists (1999) that includes IEC 60793-1-1 (1995) and its amendment 1 (1998).
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IEC 62129, Calibration of optical spectrum analyzers 3)
ISO 9000 (all parts), Quality management and quality assurance standards

ISO 10012-1:1992, Quality assurance requirements for measuring equipment — Part 1:
Metrological confirmation system for measuring equipment

ISO 10012-2:1997, Quality assurance for measuring equipment — Part 2: Guidelines for control
of measurement processes

Guide to the Expression of Uncertainty in Measurement, 1993, 1SO, ISBN 02-67-10188-9
/N

EN 45001:1989, General criteria for the operation of testing laboratories

3 Terms and definitions

For the purpose of this International Standard, IEC 60050 gllowing definitions

apply.

3.1
accredited calibration laboratory
calibration laboratory authorized by <he™Napp ati $tahdards laboratory| to issue

calibration certificates with a minimum s
national $tandards

, Wwhich demonstrate tracgability to

3.2
adjustment
modifying the hardware i est set with the intention of making the
measureent result g > S y o0 that of a national standard or|a similar
calibrated CD tegt’set. S of xorrecting all subsequent measurements on that
CD test o @

3.3
artefact
device, i
wavelend
paramet§

for both
of these

3.4
calibrati
process By whteh—the |c:atiunah;p between—the—vattes—indicated by the—fant—Eb—test set and
known values of the calibration standard is established under specified conditions. The
intention of calibration is to bring all CD test sets into substantial agreement with a suitable
national standards laboratory. This may be performed by first comparing the relevant parameter
of a measurement artefact with that produced by the CD test set, followed by transfer of that
result, either by adjustment of the CD test set or by documentation of a calibration factor(s) in a
calibration certificate. The pertaining environmental conditions and instrument state are usually
recorded. Calibration includes estimation of all uncertainties. The use of reference fibres is for
calibration checking only

2 A consolidated edition 1.1 exists (1998) that includes IEC 60825-1 (1993) and its amendment 1 (1997).

3 To be published.
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3.5

calibration chain

unbroken chain of transfers from a primary standard to the CD test set via reference standards,
intermediate and/or working standards (see figure 1)

Uncertainty

National wavelength
and delay standard

Uncertainty of

reference
standard
Uncertainty of
Reference wavelength Transfer transfer ] /—\
and delay standard uncertainty standard
Transfer
uncertainty I— Uncertainty o
v v worki
Transfer wavelength st¢ndar \
and delay|standard
4
Transfer \ Uncefttainty of
uncergdinty CDBtest set at
reference —
Working wavelength condition
and delay|standard /\(> fj
/\ rarjsrer  — Total
ungertainty T uncertainty of
CD test set
CD test sqt at
reference onditions (\
) Operational —
uncertainty
CD test sqt at
normal opprating
conditions|
IEC 2767/2000
3.6
calibrati
process S nearing
the end D test set
has driftq se limits, then calibration is required. Otherwise, the calibration period
can be e i i i i i initely if the

CD test set remains stable over successive calibration periods. Calibration checking is
performed using a reference fibre or working standard. Essentially calibration checking is the
first part of the process of calibration, but without the additional process of transfer or
adjustment

3.7

calibration period

interval of confirmation

time period over which a calibration performed in accordance with the procedures in this
standard is deemed to remain within the uncertainty limits set. (i.e. remain valid). The time
allotted will be governed by individual user requirements, CD test set characteristics, past
experience, environmental conditions, etc. and by monitored CD test set measurement result
experience in normal use (see also ISO 10012-1 and ISO 10012-2)
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3.8

calibration standard

artefact that is calibrated against a reference standard and is used to calibrate CD test sets.
The artefact may be a delay [dispersion] or a wavelength standard artefact. Proper use of the
calibration standard ensures traceability. The term includes the national standard, reference
standard, the transfer standard and the working standard in descending order of metrological
uncertainty

3.9
central wavelength
power-weighted mean wavelength of a light source in air, in units of nanometers (nm)

For a continuous source spectrum the central wavelength Ac in air is def/ned\by the following

mtegral virerethe nucglauun fmritsenclosetheentire spectrum of the—souree:
Ac = (1 Pygia)) * [ p(A) x A dA] (D)
where
Piotal = ; P(A) dA is the total optical source power.
For a spgctrum consisting of i discrete lines, the centre waye s defined|as:
(2)

where
p(A)
AC
Aj
P
Prota ~ 2

|
3.10
chromat S
instrume ' chromatic dispersion of a single mode fibre at various
waveleng i \ i 1 550 nm
waveban
311 4
combine)
combinatjon, of
NOTE The term “accuracy” should be avoided in this context.

All calibration reports and technical data sheets should report the combined standard
uncertainty of the CD test set as an overall expanded uncertainty, U, with the applicable
confidence level, for example 95,5 % or 99,7 %.

3.12

confidence level

estimation of the probability that the true value of a measured parameter lies in the given range
(the expanded uncertainty)

3.13

correction offset, CO

number that is added to or subtracted from the measurement result of a CD test set to correct
for a known physical effect or systematic uncertainty
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3.14
coverage factor, k

used to calculate the expanded uncertainty, U, from the standard uncertainty o (see 3.15)

3.15
expanded uncertainty, U
(confidence interval)

range of values within which the measurement parameter, at the stated confidence level, can
be expected to lie. It is equal to the coverage factor k times the standard uncertainty o :

U=zkxo

(3)

NOTE When the distribution of uncertainties is assumed to be normal and a large num%measurements are

made, thencanfidence levels of 68 3 % OB 5 % and 99 7 % correspond to values of k of 1 /2 an

3 res

ctively.

The measurement uncertainty of a CD test set should be specified ,iq the

uncertainty U.

3.16
infant reference fibre
fibre whdse dispersion is measured against a parent reference
would then be intended for calibration checking of a Ck

3.17
instrumgnt state
complete| description of the measurems
calibration process

expanded

bnce fibre

uring the

NOTE Typical parameters of the instrument| stat re . the ength range in use, the data fitf model (as

applicable)] warm-up time and other instrument etti%

3.18

measurejment result

displayed or eIec@al output of an , in dispersion D in units of

e psx its of

e ps x ctions, for
exam

3.19

nationa{]

standard speed of

light, whi fixing the

value, in

3.20

national standards laboratory
body or laboratory that maintains and operates the national standard

3.21
operating range

all conditions of, for example the dispersion, temperature and other influencing quantities, over
which the CD test set is designed to perform within the stated expanded uncertainty

3.22
parent reference fibre

reference fibre which is used as the reference for generating an infant reference fibre. The

parent reference fibre may be used for calibration checking of a CD test set
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3.23

reference standard

artefact calibrated against a national standard and used to calibrate CD test sets. The artefact
may be a delay [dispersion] or wavelength standard artefact. Proper use of the calibration
standard ensures traceability. The term includes the national standard, reference standard, the
transfer standard and the working standard in descending order of metrological uncertainty

NOTE In this standard, reference standard can also be taken to mean the fibre (infant or parent) which is used as
the reference for calibration checking of a CD test set.

3.24

scaling factor, SF
ratio of known standard values for a standard artefact to the values |nd|cated by the CD test set
when no lispersion]
calibratio sion data
values W1en using a calibrated reference fibre (see annex D)

3.25
spectral bandwidth
full-width{half-maximum (FWHM) spectral width of the source

If the so| e the full-

width-half-

If the sol
multiple-I
spectral |

igde with a
the r.m.s.

(4)

3.26

standard
standardjd
uncertai ) astirement result expressed as a standard deviation o

For furthpr in¥s ioQ, refer to annex A, and the Guide to the Expression of Uncértainty in
Measurement:

NOTE In breerto-combine-standard-ureertatrtiesfrom—different-seurees—{see—annrexA-Histmpertanrtthat they are
all stated at the same confidence level, i.e. for normally distributed data, at a confidence level of 68,3 %. This may
be achieved by the use of each respective coverage factor k which is determined with reference to student’'s
t-distribution for each individual uncertainty component.

3.27

traceability

ability to demonstrate, for a measurement result or a CD test set, an unbroken calibration chain
originating from a national standard

CD test sets calibrated by the procedures of this standard are traceable. In the sense of this
standard, direct traceability of the measurement result to either a national standards laboratory
or to an accredited calibration laboratory is demonstrated. Such traceability includes the
calibration schedules of all artefacts in the calibration chain and detailed calculations of all
(cumulative) transfer uncertainties in the calibration chain. The use of a reference fibre or
working standard alone to compare/monitor CD test set calibration will not establish or re-
establish traceability, but only extend the duration of the traceability certification (calibration
period) if no change is found.
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3.28

transfer

part of the calibration process where, following comparison of the relevant parameter of a
calibrated artefact to that of a CD test set, the artefact result is applied to the CD test set

Transfer may be performed either by adjustment of the CD test set, or by documentation of a
calibration factor in a calibration certificate.

3.29

transfer standard

intermediary artefact, for example a delay [dispersion] or wavelength artefact used to calibrate
new working standards of a corresponding type

JAERN
3.30
transfer puncertainty
estimate,| characterizing the additional uncertainty of a CD test set d cerlainties in
the calibrfation process, at the given confidence level §

These urncertainties may arise from the calibration standards & e ell>aq from the
CD test get.

3.31
uncertaipty type A

type A uncertainty is obtained by statistical anal
evaluating certain random effects of me
in Measurement)

rvations, such as when
e Expression of Unpcertainty

3.32

uncertainty type B

type B uncertainty is obtaihed k ns r thgn a statistical analysis of a |series of
observations, for exampl ofyprobabte sources of uncertainty, such|as when

evaluating systematic ¢ 6 (see Guide to the Expression of Uncertainty in

Measurement)
NOTE Other mea@ iq S ement data, experience with or general knowlgdge of the
er e {

behavior and prop : , qrtefacts and instruments, manufacturer’s specificgtions, data
provided in|calibration a c ifi p shcertainties assigned to reference data taken from handbooks.

3.33

uncertai
limits of
bounds
facturer’

S, manu-

3.34
working Standard

standard which, usually calibrated against a reference standard or transfer standard, is used on
a routine basis to check CD test sets
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4 Calibration

This clause summarizes the action of calibrating a chromatic dispersion (CD) test set and
details the recommendations for the environmental requirements of the calibration facility.

4.1 Rationale for calibration of CD test sets
4.1.1 (Full) calibration

There are two fundamental and common aspects of the various chromatic dispersion measure-
ment techniques (refer to annex C):

a) the use of a series of known i.e. variable) source test
wave engths |njected into the test flbre(s)

b) the el ial phase shift
or interference fringe peak position (according to CD test set y he test

fibre(s). Fibre dispersion is obtained by appropriate calculati data.

In essenge, , ¢ variable,
usually the ordinate (x-axis) and dispersion or time delay ; SCIS i S a mea-
sured (dd i Si ks require
multiple obtained
using thsg It is also
typical tq yge of wavelengths to be
measure i est set to
another t bf the CD
test set i bduction).
Rather, if i sponse to
establish

The procgss of CD tes

a) ensuring that p

b) expoging the L the delay

[dispersion] respg

These tw are generally independent but ideally should always be

carried o operations. The detailed procedure is given in 4.3.
In each 4 i fon is\achieved by exposing the test set to independent transfer standards
or artefa and delay [dispersion]. These standards form the calibration chain

(figure 1),

4.1.2 a:;blat;uu \.::-ICL::'\;IIH

The rationale of 4.1.1 describes (full) calibration. However, typical routine operational
calibration verification (such as may frequently be carried out on CD test sets in use) may be
sufficient to perform calibration checking of CD test sets using a reference fibre as a working
standard.

The distinction between calibration checking and calibration (i.e. adjustment of correction
offsets, etc.) shall be clearly made. While it is sufficient to establish stability of the CD test set
using the reference fibre, this is not a substitute for actual calibration (see introduction). The
use of this fibre is described in clause 7.

NOTE It is envisaged that (full) calibration would be essential in the manufacture of CD test sets, while the
reference fibre would be used mainly for calibration checking.
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It is not possible to use the reference fibre for full calibration for the following reasons:

a) To correctly evaluate the full wavelength range and fibre length range of the CD test set,
several reference fibres with differing dispersions would be needed. This is expensive,
complex and will introduce a multiplicity of transfer and calibration uncertainty values.

b) The effect of the data fit and wavelength range used on the reference fibre zero dispersion
wavelength, A, slope, S,, and dispersion values means that comparison of systems shall
be made only within the wavelength range used.

c) The "Ay-slope” representation, while perfectly adequate for a fibre, cannot cover the
possibility that a given CD test set exhibits non-linear delay [dispersion] or wavelength
behaviour — a more complete test of the delay [dispersion] and wavelength responses of the
CD set is required.

valde for that
fibre (for

3 source

d) Comparison of CD test sets using a reference fibre requires a stand
fibre {o be used in the measurements. Any physical reduction in t

Use of afreference fibre allows calibration traceability to natigna stan 2 nded, if it
can be s tlsfactorlly establlshed that the mstrument and existing i d scaling
factors, : I inty limits
without ‘ e ined stable sincg the last

actual caibration Indeed, it is permissible to extend the i { eriod i ini until such
time tha the callbratlon checklng |nd|cates th i de these
uncertai ;
It is ant comparison, as disfinct from
calibratiopn, example, controlled or neference)
conditionp,
4.2 Pre
4.2.1
The follo
Calibratid 10012-1,
ISO 1001 at are independent of the other functions of the laboratory/
organization\This™ hould include measurement equipment.

4 » : . .
The envi ditions shall be commensurate with the degree of uncertainty that is
required ' :

a) the elpvironment all be clean;

b) temperature monitoring and control is required;
¢) humidity monitoring and control is required;
d) all laser sources shall be safely operated (see IEC 60825-1).

All standards used in the calibration process shall be calibrated according to a documented
programme with traceability to national standards laboratories or to accredited standards (see
figure 1). It is advisable to maintain more than one standard on each hierarchical level of the
calibration chain so that the performance of standards can be verified by comparisons on the
same level.

There shall be a documented measurement procedure for each type of calibration performed,
giving step-by-step operating instructions and equipment to be used. There should be pro-
forma result sheets, uncertainty budgets and calibration certificates.
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The calibration laboratory should operate a quality system appropriate to the range of
measurements it performs (for example, ISO 9000). There should be an independent scrutiny
of measurement results, intermediary calculations and preparation of calibration certificates.

4.2.2 Test environmental requirements
The following requirements shall be observed:

a) all tests shall be performed at an ambient temperature of 23 °C £ 3 °C with a relative
humidity of (50 + 20) % unless otherwise specified;

b) the CD test set, test apparatus and equipment shall be given sufficient time to reach
thermal equilibrium with the environment in accordance with the manufacturer's
recommendations for each item of equipment, before commencemenf of~any part of the
calibrption procedure;

c) the instrument state of the CD test set and test equipment shall hé condition

for reproducible measurements;

d) connectors and optical input ports, etc. should always be cl nent.

efact that
ical power
ign artefact

At the time of calibration transfer, there may be some unc
was not present at its generation, for example ageing
level, optjcal reflections, etc. In each case, the transfe

shall be 4

42.3
Calibration

Calibratiqg
mandatofy. The tests des

atories is

a) a variable optical afte

b) a wayelength measuring dew
discrete wav @

meter) for

c) a wa dard) for
tunab

d) an onpti ispersion]
calibr]

Calibrat{

For calib lired.

4.2.4

Ensure that all test equipment which has significance to the calibration result has been
calibrated in an unbroken chain to the appropriate national standard. The recalibration period(s)
shall be defined and documented. The details of traceability for this test equipment shall be
made available on request (see clause 8).

4.3 Calibration procedure

The calibration methods for all types of CD test sets have a common theme, namely to
independently and sequentially calibrate

a) the (programmed) source wavelength(s), and
b) the delay [dispersion] response of the set.

In each case correction offset, scaling factor and linearity shall be determined.
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The user shall first ascertain which type of light source(s) (for example lasers or LED/filter/
monochromator) is in use and which measurement technique is in use in the CD test set in use.

NOTE Some CD test sets can perform more than one measurement technique, in which case it would be
necessary to separately calibrate the CD test set for all measurement techniques in use, under the auspices of this
standard.

For each CD test set calibration, the following outline procedure shall be performed in
sequence:

a) Use the procedure appropriate to the CD test set measurement method for calibration of the
wavelength parameter (see clause 5):
1) for discrete wavelength source systems, use the procedure of 5.2;
2) fo f

Calcylate all the relevant calibration adjustments for the waveleng i 10ASAPpPly these
to the CD test set (typically by appropriate hardware and/or softwd j C 62129
to achieve wavelength uncertainty within the specified limits;

b) Usind equipment appropriate to the CD test set measure
[dispersion] parameter using the procedure of 6.3.

e [the delay

Calculate all the relevant calibration adjustments for the delay T ion] i on. Apply
these| to the CD test set (typically by appropriate 9 /or software adjustments) to
achieye delay [dispersion] uncertainty within the 5

c) Repoft and record on a certificate, the calibrg ing to clause 8. THe CD test
set is|now fully calibrated to natio , ified uncertainty.

NOTE Calibration offsets and scaling factors W 3e b 0 manually adjust the 'raw' results from the
(unadjusted) CD test set.

4.4 Cdlibration checki

This prog¢edure is usefd i caltbration of a CD test set that has alrgady been
calibrated according tol4.3Y'St ' erence fibre measurement does not revdal disper-
sion unc rtainty ; 8 ypriate”uncertainty limits, that the calibration gheck can
be used fo extend\the

The exag iug are detailed in clause 7.

5 VVaz ngth.cattbration’procedure

51 GH

This clause<describes procedures for calibration of wavelength in CD test sets. The| technical
principle ISTO apply calibrated wavelengin artefacts such as exiernal SOUrces, optical transmission
elements or other artefacts to determine the central wavelength(s) used in the CD test set for
dispersion measurement. The actual wavelengths used may then be adjusted. The process of
calibration differs according to the light source used in the CD test set under consideration. For
sets using lasers or other discrete wavelength sources, see 5.2; for continuously variable
(tunable) sources see 5.3. In either case see 5.4 to report the calibration results.

5.2 Discrete sources

Many CD test sets use discrete laser diodes or discrete filtered LED/lamp sources and the
procedure below shall be used to calibrate the wavelength. Any additional measurement
apparatus, artefact or equipment used in this calibration procedure shall be prior calibrated to
traceable standards. In these instruments, the following procedure shall be used:

a) establish that the test equipment requirements have been met (see 4.2.3);
b) establish that the test environmental conditions have been met (see 4.2.2);
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c) set up the CD test set instrument state to the appropriate settings for calibration procedures
(see 4.2.2);

d) refer to annex B to consider the effects and technical origins of uncertainty sources;

e) for each discrete source, measure the wavelength using one of the following items, first
ensuring that it is itself calibrated:
1) an optical spectrum analyzer;
2) a wavelength meter;
3) a monochromator based detection system.

f) for each discrete source, measure the central wavelength A, and the spectral bandwidth B
(as defined in 3.9 and 3.25 respectively); I~

g) the ppSSibility of wavelengin shift under different conditions of sou Tatipn (chirp)
shall |be taken into account. Evaluation of the individual e the source
wavelengths shall also be carried out. The wavelength uncertai e actual
wavelength (region) used, so that in the subsequent evaluation brtainties,
the correct uncertainty value(s) shall be used. Use the cent ¢ 1 spectral
bandyidth B for subsequent calculation of the time delay and or 0\0 sion\cwvel. Suitable
wavelength uncertainty fitting techniques are described ih IE

h) the certified wavelengths of the source(s) chosen arf on of the
monochromator tuning relation (calibration curve)

5.3 Tunable sources

For CD test sets employing continuousl 8 es, the wavelength galibration

involves [determining the wavelength cati i 3 g&_monochromator used for wjavelength

selection| over the wavelength range
three ways (see 5.3.1, 5.3
additional apparatus, art

calibrated to traceable

uncertainty|required.

his may be accomplished|in one of
of these as detailed below. All and any
these calibration procedures| shall be

NOTE In ! i s, thexspectral bandwidth should be 5 nm or less FWHM. Similarly,
the spectral resol o g a0t Apparatus should be commensurate with the [wavelength

5.3.1

This met ber of external sources of known optical wavelengths (or set
of waveld e monochromator.

a) Each jght source shall be calibrated, stable and of well-defined wjavelength

b)

c)
d)

and of disckete line character. The monochromator calibration may be referenced to a

fundameéntal physi€al phenomenon by deriving the test wavelengths from classical sources
of dimmmww;on laser,

mercury lamp, etc. to which the monochromator within the CD test set may be tuned using
various diffraction orders. The intention is to obtain a sufficient number of calibration points
for the monochromator drive to fully cover the wavelength range of the CD test set
IEC 62129. It is also possible to obtain calibration points by using a suitable (broadband)
source and known calibrated monochromator. The spectral width of the sources, in any
case, should be less than 5 nm (see B.1.2).

Care shall be taken to ensure that the optical path of the calibration artefact exactly
replicates the normal operating conditions in the CD test set. It is important to assess the
uncertainties due to variations in the optical alignment between calibration and normal use
of the CD test set.

Establish that the test equipment requirements have been met (see 4.2.3).
Establish that the test environmental conditions have been met (see 4.2.2).

Set up the CD test set instrument state to the appropriate settings for calibration procedures
(see 4.2.2).
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f) Refer to annex B to consider the effects and technical origins of uncertainty sources.

g) For each source wavelength or diffraction order setting the central wavelength A, and
spectral bandwidth B (see 3.9 and 3.25) shall be measured.

h) Evaluation of the individual uncertainties of the source wavelength(s) and the overall
uncertainty of wavelength when the tuning relation has been calculated shall be carried out.
The wavelength uncertainty may vary with the actual wavelength (region) used, so that in
the subsequent evaluation of dispersion uncertainties, the correct uncertainty value(s) shall
be used. Suitable wavelength uncertainty fitting techniques are described in IEC 62129.

i) The certified wavelengths of the source(s) chosen are to be used in the calculation of the
monochromator tuning relation (calibration curve).

532 pethodB VAN

This method inserts calibration artefacts, such as an etalon or a s of optical

filters, offknown central wavelength(s) in the optical path of the CD i implace of

the test fibre itself. In this case, the complete CD test set i libration
procedurg.

a) Itisp 1550 nm
wave -lipearity or
mono ass filters
or ef D source
monojchromator and detector. ici e S sed. The
mono : solve the
calibr bpropriate
adjus

b) Care ct exactly
replicates the normal g i iti tisi 5sess the
uncertainties due to variatigng i i ig i i brmal use
of thg CD test set.

c) Establish that the te

d) Estaflish thad

e) Set up the CD tes ocedures
(see 4.2.

f) Refer S.

g) Using alibration
law i

h) A suffici sen to lie
within

i) It is important t0”assess the effect of launch conditions (for example, filter tilt gngle) for
each artefacrused:

J) For each wavelength used, the central wavelength A, and spectral bandwidth B shall be
measured as defined in 3.9 and 3.25, respectively.

k) Evaluation of the individual uncertainties of the artefact wavelength and the overall
uncertainty of wavelength when the tuning relation has been calculated shall be carried out.
The wavelength uncertainty may vary with the actual wavelength (region) used, so that in
the subsequent evaluation of dispersion uncertainties, the correct uncertainty value(s) shall
be used. Suitable wavelength uncertainty fitting techniques are described in IEC 62129.

[) The certified wavelengths of the source(s) chosen shall be used in the calculation of the

monochromator tuning relation (calibration curve).
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5.3.3 Method C

This method measures the wavelength emanating from the monochromator using an
instrument, for example an optical spectrum analyzer; wavelength meter; or monochromator
based detection system.

NOTE The spectral width of the monochromator is typically less than 5 nm (see B.1.2), and sufficient spectral
resolution within the CD test set shall be ensured.

a) For various agreed wavelength settings of the CD test set monochromator, perform a
measurement of the wavelength emanating from the CD test set monochromator using an
optical spectrum analyzer, wavelength meter or monochromator based detection system.

b) Care shall be taken to ensure that the optical path of the calibration artefact exactly
replicates the normal operating conditions in the CD test set. It is impertant to assess the
uncerftainties due to variations in the optical alignment between calibration aﬁ%nmal use

of thg CD test set.
c) Estallish that the test equipment requirements have been met ( 1.23).

d) Estaflish that the test environmental conditions have been

e) Set up the CD test set instrument state to the appropriate~settings feeahbrati ocedures
(see 4.2.2).

f) Refer S.

g) Itisi gth meter
each time light is presented to it.

h) For e Df the CD
test set light shall be measured as d

i) The g on of the
mong

has been
he actual
Brtainties,
inty fitting

j) Evalufation of the indigi
calculated shall b
wavelength (region)

the dorrect upcer mty
techn ques a

k) The ¢ on of the
mono|

54 Un

Refer tod nd B\for discussion on handling uncertainties and sources of upcertainty

pertainin

Refer to ¢ladse 8 fo

etails of calibration results reporting.

6 Delay [dispersion] calibration procedure

6.1 General

This clause describes procedures for calibration of delay [dispersion] in CD test sets. The
procedure is described in 6.3, and reporting in 6.4.

6.2 Equipment and preparation

This subclause describes the delay [dispersion] artefacts and their use.
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In order to characterize the optical propagation delay [dispersion] response of a complete CD
system, it is necessary to simulate the fibre delay [dispersion] using a calibrated optical set-up.
This is because the delay changes over the wavelength range involved are too small to be
established electronically with sufficient accuracy.

The principle is to use a variable optical delay line artefact formed by a moving mirror or
mirrored corner prism (figures 2 and 3) placed in line with the CD test set optical system.

NOTE Differential phase shift CD test sets employing the wavelength modulation method (refer to annex C) are
calibrated using a dispersion "simulator" (for example figure 3, consisting of a fixed optical delay line and a variable
optical delay line each alternately selected by a chopper synchronized to the wavelength modulation clock signal).
The differential delay between the two optical arms simulates the chromatic dispersion of a fibre.

All other CD test sets use a simple delay line such as shown in figure 2 swhich simulates the
delay timg in the fibre.

In the artefact, a displacement of the mirror/prism by an amount & re | delay
[dispersign] change of 2x/c s, where c is the velocity of light in aip- ; e delay,

phase sHift, interference fringe position shift or differential pha ersiom) results,
which is [observed by the CD test set. By repeating the mes mifror/prism
position lised, this allows for a curve of measured delay [th S ersus true delay time to

be built up for the CD test set.

Fibre mount
lenses
Input Mirreréd corner prism mounted
G Q on digital micrometer
Qutput <> s@ X
—— P
IEC| 2768/2000

ypicalqptjeal delay line artefact for CD test set delay calibration

The optig i chpique is traceable to national standards since c is, for thig purpose,
wavelendth i endent, while the linear motion calibration of the mirror/prism is calibrated via
a chain t ional standards.

The optical delay line artefact (figures 2 and 3) shall be at least long enough to cover the full
range of relative delay [dispersion] values encountered in the test fibre lengths used by the test
set. The linear motion resolution shall be at a level commensurate with the required uncertainty.

6.2.1 Pulse delay CD test sets

For pulse delay test sets the delay line artefact (figure 2) shall be used several times with
different delay values at the origin, i.e. by adding various lengths of fibre up to the expected
maximum length. This is in order to ensure that the entire delay response is linear with the
same scale uncertainty for typical absolute and relative delay values encountered in normal
fibre tests.
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6.2.2 Phase shift CD test sets

For phase shift CD test sets, the delay line artefact (figure 2) shall have sufficient range to
cover an entire phase cycle (2m of the RF modulation frequency and shall be used several
times with different phase conditions at the origin, spaced over the entire phase cycle (2m) of
the RF modulation frequency . This is in order to ensure that the entire delay response is linear
with the same scale uncertainty for all possible delay and phase conditions.

6.2.3 Interferometric CD test sets

For interferometric systems the delay line artefact (figure 2) shall be used several times with
different delay values at the origin, i.e. by adding various lengths of fibre up to the expected
maximum length. This is in order to ensure that the entire delay response~is linear with the
same scale uncertainty for all total delay values encountered in normal [tests. Yhe Helay line

i Mnt delay

artefact (figure 2) shall have sufficient range to cover the entire exgecte
range.

6.2.4 Differential phase shift CD test sets

Dispersidn response for differential phase shift systems is alibrats 54 8 ical|delay line
principle.[The method used differs slightly for the type ofth i & d used in
the CD test set.

. differential phase shift systems between
de/afs:
Thes shown in
figure ire phase
cycle

e differ
Thess be used
over odulation

frequ

Fibre mounted
Input lenses
4 ingle-mode Fixed|delay
ibre directional

ON
O \) coupler :l

— Variable delay

Output

O [ ]

Chopper

controller Mirror mounted on

digital micrometer

Clock

IEC 2769/2000

Figure 3 — Typical differential delay [dispersion] simulator for CD test set calibration
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6.3 Calibration procedure

The calibration procedure below should be performed at several optical power levels,

obtained

using an optical attenuator, to ensure that signal level dependent effects are taken into account.

This ensures that variations of fibre loss or coupling efficiency are represented.

The calibration is common to all types of CD test set and is carried out as follows:

a) establish that the test equipment requirements have been met (see 4.2.3);
b) establish that the test environmental conditions have been met (see 4.2.2);

c) set up the CD test set instrument state to the appropriate settings for calibration procedures

(see 4.2.2); S~

d) refer to annex B to consider the effects and technical origins of unc i urces — care
shall pe taken to allow for all uncertainties (including for example, bing, etc.)
assogiated with the delay [dispersion] artefacts;

e) select a specific operating wavelength for the calibration (for &

f) set the delay line (see figures 2 or 3) with the mirror/pyis xample, the
origin) and configure the CD test set to measure il elay, phpse shift,
interference fringe shift or differential phase shift for thi

g) move|the mirror/prism along in evenly spaced S e delay, phase shift,
interference fringe shift or differential phase shi 5 the effect
of noi sufficient
numb ¢ 0 a delay
equal i - i ase shift change. If gpplicable,
conve lay]. The
comp al delay],
phasd n x with a
slope

h) use a

i) the sl ng normal
data for delay
[diffe

(5)
Any represent
poteni L, may be
use repeated
sever mation of
the a ertainties
shall

6.4 Uncertainties and reporting

Refer to annexes A and B for discussion on handling uncertainties and sources of uncertainty

pertaining to delay [dispersion] calibration, respectively.

Refer to clause 8 for details of calibration results reporting.

7 Calibration checking procedure

7.1 General

This clause describes the detailed procedure of checking calibration of any CD test set using a
reference fibre. The selection criteria for the reference fibre are given in 7.2, 7.3 and figure 4

describe the calibration process of comparing CD test sets using a reference fibre.
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Subclause 8.5 deals with the generation of new reference fibres to provide new transferable
calibration checking artefacts. Figure 5 shows the process of generating a new reference fibre.

7.2

Equipment and preparation

The choice of fibre as a potential reference fibre is not critical but generally the fibre

a)

b)
c)

d)

f)

NOTE Mofe than one fibre of a given type or mqre than on|

should be a standard calibrated fibre calibrated by a national standards laboratory, or a
standard fibre generated on a CD test set known to be correctly calibrated;

shall have low or moderate attenuation levels;

shall have good longitudinal homogeneity and 'typical' properties for the fibre type (see
annex C) such as mode field diameter, dispersion etc.; T~

should ideally be taken from the same production unit that the CD t attached

to, at|least for QA applications;

shoulfd be longer than the minimum measurable length for the
signiflcantly less than the maximum length, for example <2/
measurement repeatability is nearly optimum. In the case
fibre length should be that required by the unit (several '

spersion
hods, the

should be adequately protected from environmentalfa shas~dust, winding tension
variations, air currents and physical damage i within an
envirpnmentally controlled enclosure.

7.3 Prpcedure

Perform ¢

a) Estaljlish that the test

b) Establish that the tést envjro

c) Set up the CD fest ocedures
(see 4.2.2).

d) Refer|{to annex S.

e) Presqg Use the
referd i 3 h~védlue and any length corrections for removal of fihre during
prepgratic

f) Dete bpropriate
data times to
average out-uhcextai

g) Compare ‘the a e reference
valueg. also the

h)

dispersion values and the residuals of the data fit (if used) for any abnormality. It is
necessary to evaluate the uncertainty of the reference fibre values and then to evaluate the
successive (cumulative) transfer uncertainty (see figure 4). If the uncertainty limits are not
exceeded, then the calibration period may be extended and a new certificate issued (see
7.4 and clause 8). If the resultant uncertainty of the CD test set falls outside the specified
limits of its existing calibration certificate (see clause 8), then full calibration is required.

Investigate abnormalities, if necessary perform a full calibration to correct the situation.
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7.4

Uncertainty of —_
Reference fibre reference fibre
Uncertainty of trace-
= ability of CD test set
A
CD test set Cumulative

transfer uncertainty

IEC 2770/2000

Figure 4 — Reference fibre comparison

Uncertainties and reporting

Refer to pnnexes A and B for discussion on handling uncertainties urces un>ertainty

pertaining to calibration checking respectively.

Refer to ¢lause 8 for details of calibration checking results

7.5

It is vital|to record the exact measurement condj
creating an infant reference fibre (see #Qu

a)

b)

c)

d)
e)

Gédneration of infant reference fibre

rules shall be applied when

<
Parent referm%@

Uncertainty of infant
%\ \\A§ —  referencelfibre
umulative
ransfer
Infant re?gréqc fiﬁ?e\ uncertainty -
\ \> IEC 2771/2000

4 Figure 5 — Generation of a reference fibre
The parentcfibre ‘shall be measured over a sufficiently narrow wavelength megsurement
range known delay [dispersion] data fit can be accurately applied.| Refer to

anne

The infant fibre shall be similar in characteristics to the parent fibre, for example same
class/type, similar length (see 8.2). The agreed standard length and group index value for
the fibre shall be recorded.

The wavelength range and exact wavelength values used for the parent fibre
characterization shall be retained for all reference fibres generated from the parent. This is
to ensure that the data fit is identically weighted in all measurements to remove fit model
bias.

The data fit equation shall be the same for the parent and all infant fibres being compared.

If necessary, the effect of differing optical power levels between the infant and parent fibre
shall be corrected for, or a similar power level employed for each measurement, by using
appropriate optical attenuators.
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The generation of the infant reference fibre is performed using (ideally, calibrated) a CD test
set as a temporary transfer standard as follows:

a) establish that the test equipment requirements have been met (see 4.2.3);

b) establish that the test environmental conditions have been met (see 4.2.2);

c) set up the CD test set instrument state to the appropriate settings for calibration procedures
(see 4.2.2);

d) refer to annex B to consider the effects and technical origins of uncertainty sources;

e) use the agreed standard length of the parent reference fibre and any corrections for fibre
removed during cleaving, etc.;

f) present the parent fibre and determine zero dispersion wavelength and;;lepg;

g) repedt the measurement as necessary to improve measurement unc

h) ensure the biases for the parent fibre are within acceptable uncerta i e CD test
i) use the agreed standard length of the new fibre and any” coresti removed

j) present the infant fibre (selected in accordance with tf 3 » ine zero
dispefsion wavelength and slope using the same me S rent fibre
measjurement;

k) repe
) onan

¢ the wavelength poif

¢ the value(s)

ength(s<:>
¢ the calibratio

cumulativ

b and the

8 Doq

All CD te ed below.

All uncer

8.1 Specifications, measurement data and uncertainties

Following a successful completion of a calibration of the CD test set, a verification of the
adjustment shall be performed by repeating the appropriate procedures (see clauses 5 and 6),
to check that the CD test set is indeed correctly calibrated. Alternatively, a calibration check
using a reference fibre (see clause 9) can be substituted.

The uncertainties of a single CD test set shall be documented in a calibration certificate in
order to claim compliance with this standard. The uncertainties shall be stated in the form of
expanded uncertainties, i.e. by multiplying the relevant standard uncertainty by the coverage
factor, k.
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A manufacturer of CD test sets may use the uncertainty of a series of identical CD test sets of
his own manufacture to evaluate the technical specification values of uncertainty of this model
of CD test set. The uncertainties of a series of CD test sets may be used or specified in
appropriate data sheets by the manufacturer of the CD test set.

The certificates/specifications should include the following:

a)

all transfer environmental conditions (see clause 4) of the CD test set under test;

b) if no adjustments were applied during the transfer(s), with the intention that these be
applied manually to subsequent fibre measurements, the calibration offset(s) and scaling
factor(s) shall be reported. Report where applicable, the applicable calibration offsets and

scaling factors for fibre lambda zero, slope and dispersion/delay and applicable w
ranges VAN

avelength

actual CO and SF values);

pes, state

sﬁord the

3) and the

rd the fibre

important
ition, test
ata fitting

livities;
used (for

indicated

iccredited

d related
bither the

NOTE
measu
parameters as listed in 7.5.

c) the instrument state of the CD test set during the cah
parameters being calibration date, CD test set 3
wavelength(s) used, fibre type(s), instrument settings, av,
mode], test set mode of operation and serial

d) the calibration period, and the newcalibrat{

e) the fgllowing statement:

“Information on the CD test set trac

f) signa

g) statement of procedure
exam

8.2 Tr

An exam gtrated in figure 1. The traceability information

in8.1e) equest and shall contain the following:

a) the [ standards laboratory and, if applicable, of the 4§
calibrpti hforms the top of the calibration chain;

b) a de , delay [dispersion] standards an
instru (with\ re-Calibration periods, etc.) in the calibration chain, from ¢
calibrption_laberatory or the accredited calibration laboratory to the CD test set;

c) all acl
chain;

falibration

d) the uncertainties of all artefacts and standards in the calibration chain in the form of

expanded uncertainties;

e) the transfer uncertainties of all transfer processes in the calibration chain, in the form of

expanded uncertainties.
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Annex A
(normative)

Mathematical basis

A major part of the effort in calibration goes into evaluating uncertainties. This annex suggests
a standard format for reporting and accumulating uncertainties.

The following is based on the Guide to the Expression of Uncertainty iWsurement. This
annex distmguisies three types of deviations (See A. 1) Detweenm anm actyat measurgment and

corrected,

e same
f these

ized form

the “trug” value of the measured quantity: known deviations, wiic
uncertainties type A, which are obtained from a series of meg
measurand and uncertainties type B which are obtained from othe

may be claused by a number of influencing quantities. This anneg i

A.1 Deviations

A deviatipn characterizes a known error of a mea 0 that the

term “errpr” is equivalent to “deviation”.

It is usef avelength
or per ce n dBm. In
both casq surement
result y,d

(A.D)
A correct
A2 U
Randoml y type A.
A normal S recom-
mended{ imber of
measure et from a
series of|i evaluated
in two stq

A.2.1 As the first step, determine the experimental standard deviation Stype A of a typical
measurement situation from a large number of measurements, m. The centre of the distribution
is assumed to coincide with zero, i.e. the reference standard value. Note that all random
(type A) uncertainties shall be reported as relative uncertainties of the CD test set response.

The experimental standard deviation, characterizing an uncertainty type A, is approximately:

1
~ O 1 ZEE
Stype A = ) 0 i = Yiean) E (A.2)
m

g

where

Y is the measurement sample of a series of measurements of the dispersion;
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is the mean value of the data dispersion;

m is the number of characterizing measurements in determining the standard deviation
with m assumed to be large, for example >30.

A.2.2  As the second step, determine the standard uncertainty of the individual case oype A
from a smaller number of measurements n. Often n = 1 in order to save measurement time.
The result is the standard uncertainty type A:

atype AT Stype A / \/F

(A.3)

where oy, o expresses the uncertainty of the mean, which assumes averaging of the n

measure
m = n. Ad

A3 U
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umber of

characte in these
measure
Centre ling
represents
a deviation >0
a) Deviatjan and
uncertaidty
Rectangular
digtributions
b) Symmetricuncertaimnty
replacing a)

—_—

Offset (e.g. in
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Figure A.1 — Deviation and uncertainty type B, and how to replace both
by an appropriately larger uncertainty
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As illustrated in figure A.1, it is possible to omit the deviation by specifying a wider and
symmetrical uncertainty band.

The expanded uncertainty can alternatively be expressed by an equivalent standard uncertainty
Oy :
ype B

Uncertainty type B (half-width):
Uype B = {half-width of parameter's tolerance band x CD test set's sensitivity} (A.4)

Standard uncertainty type B (calculated):
AN

atype B~ Utype B /\/E (A-5)

A.4 Accumulation of uncertainties

The "combined standard uncertainty” is used to collect a p C i W ertainties
into a sirlgle number. The combined standard uncertainty_i 8 isti i pendence
of the individual uncertainties; this leads to a root-sur ations. In
compliance with the Guide to the Expression of . following
formulae| shall determine the cumulative deviati ined  stahdard uncertainty and
combined expanded uncertainty.
Cumulatiye deviation (error):
(A.6)
Combinef standard uncextain
1
, 02
O (A.7)
g
where
OtypeB,i certainty,
OtypeA, | of j;
[ s\the numbeér of uncertainties type B;
i is the number of uncertainties type A.

NOTE The first part of equation (A.7) collects all uncertainties type B, and the second part collects all uncertainties
type A. It is acceptable to neglect uncertainty contributions to this equation which are smaller than 1/10 of the
largest contribution, because squaring them will reduce their significance to 1/100 of the largest contribution.

Combined expanded uncertainty:

U=+u,xk (A.8)

where k is the coverage factor. Refer to 3.14 and 3.15.
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In the majority of measurements, it is possible to evaluate type B uncertainties with high
reliability. Further, if the procedure followed for making the measurements is well established
and the type A evaluations are obtained from a sufficient number of observations, then the use
of a coverage factor kK = 2 will mean that the combined expanded uncertainty, U, will provide an
interval with a level of confidence of 95,5 %; for k = 3 this would be 99,7 %.

However, in some cases, it may not be practical to base the type A evaluation on a large
number of readings, which could result in the level of confidence being significantly less than
95 % if a coverage factor of k = 2 is used. In these situations, the value of k, or more strictly k,
where p is the confidence probability in percentage terms, for example 95, should be based on
a t-distribution rather than a normal distribution. Generally, if an uncertainty assessment
involves only one type A evaluation and the number of readings, n, is greater than 2 and the
type A uncertainty is less than half the combined standard uncertainty, usthen the coverage

factors c in order to
correctly effective
degrees terwaite
equation i 1 of the
individual uncertainty contributions g;, g;; therefore:

Vg = (A.9)
The degrees of freedom v;, for contributi Qta i is j-1. For type B
contributions the degrees of freedom mation or
knowledde of the reliability of the e bgrees of
freedom ) .. A value
for the re N the pool
of availaf

(A.10)

It is ofte Eution as
infinite. 1 grees of
freedomd ipns.
Having o alue of t
corresponding to a tonfidence level of 95 %. This is the value of k required to cal¢ulate the

combinedEXpanded Uncenamty U eguation (A-8)-

A.5 Reporting

In calibration reports and technical data sheets, combined standard uncertainties in the CD test
set output shall be reported in the form of expanded uncertainties, together with the applicable
confidence level. The default confidence level is 95,5 %.
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Annex B
(normative)

Assessment of operational uncertainties

This annex describes potential uncertainty sources, and tests for individual uncertainties. The
purpose of these tests is to evaluate/calculate the absolute uncertainties of all standards in the
calibration chain for the CD test set as outlined in clause 5. The compilation of uncertainty
sources is by no means exhaustive.

Naturally i iti i ill di ignifi flom those
pertainin ist i certainty
induced range
(tempera rer or by
the calib ulate the
operation

Each ind S tes in the
actual trd . inti ' N athematical basis of
annex A N R

An operational uncertainty is defined as\the of the CD
test set, i i ing range.
The zero ined by the
maximur;T bution of
uncertaint

An operational uncerta a med_to~be zero if the operating band of that parameter
coincideg with the~plef berational
uncertainty will i

B.1 W

B.1.1

«  DiscH]

A major poureesof ungertainty arises from the calibration of the optical spectrum anfalyzer (or
similar instrument d to calibrate the system. The instrument shall be calibrated tg a known
accuracylLwith respect to a recognized standard; this uncertainty will convert to gystematic

uncertainty, dependent on the fibre dispersion. The effects of laser spectral distribution and
central wavelength stability/shift shall also be considered.

e Tunable (programmable) light sources
Uncertainty arises from the individual wavelength accuracy of each filter or laser (or source)

used to calibrate the monochromator. Typically, the calibration law for the monochromator is
obtained by appropriate data fitting, which will smooth the individual uncertainties.

Other uncertainties arise from

a) the quantization of the (usually) digital monochromator drive;
b) long term drift of the monochromator and standards filters/lasers;
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c) thermal drift of the monochromator;
d) the monochromator repeatability (mechanical/electrical);

e) the monochromator mechanical alignment.

B.1.2 Source spectral width and shape

The finite spectral width of the light source used in a CD test set affects the accuracy of the
dispersion measurements since dispersion varies with wavelength.

To reduce uncertainties, the central wavelengths of the source shall be evaluated using
equation (1), and not jUSt takmg the maX|mum power Wavelength or the centre wavelength of

the mon ! oyrces (for
example |LEDs) which have a near Gau55|an spectral shape with a nochro xatar. In this
case, the light spectrum after the monochromator generally has af a] spectral
shape, lgading to a central wavelength of the light not at the cettre\ ¢ éromator
window.

In practige, when measuring ordinary fibres the effect of chromator

central wavelength is almost negligible for spectral width : LEDs |having at
least 50 hm FWHM spectral width (the induced errgrin the W bte zero dispersion
wavelendth and zero dispersion slope is below 1 nm 2 i in this case)). Beyond
these limlfits, a correct evaluation of the central wa source used is requiired (this
can typicplly be obtained, using method & (5.3. ' avelength calibrgtion).

The residual effects of the source finite\spe : on the delay detectign system
and should be evaluated for the CD te inN\use en using method A (5.3.1) and method
B (5.3.2] for wavelength calibration, \it i irable maintain spectral referende source
spectral width at less thar it ¥s eSsential to ensure that no significant
spectral lobes or stray lig

B.2 Fibre Ienig

Since digpersion %73 pinit length, it is necessary to determine the| length of
fibre under test. example, using the CD test set or an OTPR, each
respectiv e group index value. The group index value $hould be
obtained |fro ; ement methods, for example the 'cut back' method, mlechanical
length cq i '8 r's data, etc. The length measurement apparatug shall be
calibrate rds¥The uncertainties in group index and length measurement shall
be takenti

Where sfandard fibres’are in use, approximately the same length of fibre may be useéd in both
parent apd\infant CD test sets. Care shall be taken to ensure negligible amounts of fibre are
trimmed off during fibre splicing, etc. Connectorized fibres are acceptable (see B.6.4).

B.3 Optical delay variation

The chromatic dispersion effect is a relatively minute change in delay compared to the total
optical propagation delay. Therefore, it is essential to maintain a constant fibre delay at least
during dispersion measurement periods. The relative ease by which this situation can be
approached in practice depends on the measurement time and the dispersion measurement
technique used. The main sources of total delay variation are fibre strain and temperature
changes which occur over the measurement time.
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B.3.1 Axial fibre strain

Axial strain in a fibre (for example wound tightly on a drum) may cause significant delay
changes, perhaps as a result of thermal expansion of the drum or fibre lay duct. The strain
results in a physical length change AL and group index change An. To first order dn/dA (the
dispersion) is unaffected. However, if the strain were to vary during measurements, for example
drum temperature changes or drift, significant delay uncertainty can be obtained because delay
points are obtained sequentially. It is therefore necessary to minimize changes in the fibre
temperature or fibre strain for the duration of the delay measurements and for all calibration
work and for all actual test work if CD test set calibration is to be guaranteed. The levels of
strain change tolerable depend on the measurement method used. Also, depending on the
measurement duration and type of measurement method, it may be necessary to adopt special
measures to stabilize fibre temperature and other environmental con)i'm@s beyond that
stipulateqm-272;

B.3.2 Fibre temperature

In the casge of fibre temperature, several effects apply:

a) The patural thermal expansion of fibre will result i oth as a
physical length change and group index change. i minimize
change in the fibre temperature as described aboye. A typi ( hnge over
the measurement period would result in 0,1 ps x im=— epending
on me¢asurement time and method, special mg : ' e required

b) Unceftainty due to the physical leng q ature will
arise [if the fibre length is determined, at ‘s 2 level and/or temperature. It is
therefore advisable to reduce this (ncertainty s egligible magnitude by measuring the
fibre |ength as soon as e dispersion measurements, and to

possible prior tQ folfowing t
use that value in disper : genera .

c) Temperature has an additiona of_physigally altering dn/dA to first order (p form of
thermo-optic effect 3 Q_dispersion wavelength shift of ~+0,03 nm/°C. The
temperature SERgitiv 9 IS\ypically negligible. A reasonable level of th%rmal drift
during the re °C. This applies to all measurement t¢chniques
sincelit is a 'redl' i € > fibre under test. It is also advisable that cqmparison
meas nce fibtes are made at similar temperatures (i.e. 23 °C £ 2 °C)
to rer igi ainty’arising from the thermo-optic effect.

B.4 IQ

Many so\ uncertainty in CD test sets can arise within the electronic systems for
determining, pulse. delay or phase shift. These are dealt with in turn. Numerous papgrs in the
literature[tre@at these éffects in detail.

B.4.1 Pulse delay determination

In many pulse delay CD test sets the delay is determined by electronically or visually aligning
the received optical pulse to a digitally delayed version of the input optical pulse on a waveform
processor or oscilloscope. Uncertainties here are as follows:

a) digital delay generator uncertainty — shall be calibrated to known standards;

b) timebase linearity/uncertainty in processor/scope — shall be calibrated to known standards;

c) waveform position determination — this is usually performed by waveform analysis of the
pulses. This is subject to some digital quantization effects and to bias caused by optical
pulse broadening (particularly in long fibres). Visually aligned systems are subject to
operator uncertainty, (for example oscilloscope parallax);
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d) time delay jitter in digital delay generator/scope will result in random (type A) uncertainty;

e) receiver noise will result in random (type A) uncertainty, increasing in magnitude for long
fibre.

B.4.2 Phase shift determination

In the case of phase shift systems, a high frequency signal is used to obtain a phase shift due
to the group delay in the fibre. This results in a large number of complete 21 cycles of total
phase shift in the fibre. Thus whilst the phase meter gives an output reflecting only the final
incomplete cycle of phase, the actual phase being detected is that induced by the total fibre
length. Therefore, a small shift in frequency will produce a proportionately much larger
measured phase shift (i.e. phase meter indication).

Phase ddtection uncertainties arise from the following sources:

a) master oscillator frequency drift: drift may produce phase shift oneve i ? due to
the large total delay in the fibre (phase shift is proportiona q quency).
Freguency drift away from the nominal value which may be g res ift shall be
minimized during the measurement time;

b) oscillator frequency nominal (central) value: a give Al example
due {o ageing, in the nominal master oscillatg i i brcentage
unceftainty in the total phase shift and hence the 3 X dispergion. It i essary to
calibfjate the master oscillator to known stand

c) phas¢ meter non-linearity: the p bmatically

correpted non-linear) fashion to the' (\Si aQdireferenge phase difference, fisually an
inherent characteristic of the electronic

d) phas¢ noise in master oscnlator ahd p [ ise which will
become the dominant Mo i fibres); a
randgm (type A) uncertaintys

e) optical detector/reg received
optical power js_low

f) any phase ' shall be
accoyinted for.

B.4.3 defermination

For diffg ift\gystems, only differences in phase are measured| between

wavelend i that the phase metering systems, optical receiver, etc. are insen-

sitive to theNqu plete 21t phase cycles delay between the received optical gignal and

the oscill

The differemtratptrase detectiomuncertaitties arise fronT thefottowinmgsources:

a) master oscillator frequency drift: drift may produce phase shift or even cycle slippage due to
the large total delay in the fibre (phase shift is proportional to total delay and frequency).
However, the differential phase shift will not reflect this. Instead, the percentage change in
oscillator frequency will yield precisely this percentage differential phase shift. Frequency
drift away from the nominal value which may be a result of thermal drift, etc. shall be
minimized during the measurement time;

b) oscillator frequency nominal (central) value: a given percentage uncertainty, for example
due to ageing, in the nominal master oscillator value will result in similar percentage
uncertainty in phase shift and dispersion. It is necessary to calibrate the master oscillator to
known standards;

c) phase meter non-linearity: the phase meter shall respond in a linear (or mathematically
corrected non-linear) fashion to the input signal and reference phase difference, usually a
characteristic of the electronic systems;
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d) phase noise in master oscillator/phase meter at the relevant electronic frequency band (for
example d.c. or at wavelength modulation frequency): these will contribute noise, i.e. type A
uncertainty to the system which will be particularly evident for high received powers, namely
shorter fibres; a type A uncertainty;

e) optical detector/receiver noise: this becomes significant for long fibres where received
optical power is low; a type A uncertainty.

B.4.4 Interference fringe position determination

In the case of the interference methods, the interference fringe envelope peak position
determines the optical delay and is measured directly by scanning the variable optical delay
line. Uncertainties are known to stem from the following:

a) delay|line mirror position uncertainty: this is essentially uncertainty j i ranslation

stagg movement, which shall be calibrated to known standards us al scaling
system during translation stage manufacture, or a calibrated p xample
opticgql encoder) shall be used,;

b) receiyer noise will result in random (type A) uncertainty of Yowe I h, so that
peak| position fitting algorithms may be influenced. IS & mized by
mainfaining a low optical loss in the system, including fib y . alibration

using| artefacts.

B.4.5 Flectronic scale factor uncergainty

A fundar}ental part of any CD instrum ¢ delay dispersion signal to an
i

electroni¢ one. All post-processing in 1 will be subject to $cale/gain
uncertainty, thermal drift, ageing, etd. can be optimized by carefdl design.
However in 3.3 to
correct fd

B.4.6

It is norm m.

In the ca ator shall
operate cient step
sizelreso practice,
digital de

In the ca he phase
shift sys Se uncertainty due to cycle slippage, signal overload, or underload over the
entire range , of fi gths to be encountered. In practice, it may be necessary to gelect the
source modwlation frequency or in the case of differential phase shift systems also thg value of

wavelength step AA to avoid these problems (see C.3.3). Each frequency or AA value selected
shall have its associated uncertainties identified and applied at the appropriate times in the
course of CD measurements and calibration.

B.4.7 Computational uncertainties

Many CD test sets use microcomputers to process raw data. Sufficient numerical accuracy shall
be provided to ensure that computational uncertainties, rounding, etc. are negligible. This is
particularly relevant when least squares delay or dispersion data fitting is applied.
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B.5 Effect of dispersion modelling

The use of an accurate data fit is paramount and is a potential source of error. For the pulse
delay and phase shift methods A,, Sy and estimated dispersion are obtained from the derivative
of a functional fit to the group delay measurement data. Many empirical models exist, for
example 3-term Sellmeier, 5-term polynomial. For the differential phase shift method,
dispersion measurements at the measurement wavelengths may be obtained directly without
recourse to these fitting functions. However, in order to obtain Ay, Sy, and the dispersion at
wavelengths of interest other than those used for measurements, the measured dispersion
values shall be fitted to the derivative of the corresponding mathematical function that would be
used for the pulse delay and phase shift methods.

Several rules shall be applied when using data fits:

a) the data fit/model should be appropriate for the fibre under test{(see (C: example
3-termn Sellmeier suits unshifted fibre; >

b) the data fit should be used over a sufficiently narrow waveleng aNge e data fit
selected is known to be accurate. This may be determinéd by sta pss of fit'

tests |on the data fitting results;

c) the wavelength range selected, and number and positjon NiNts ihg on the
final gdata fit results. It is therefore paramount to p G ' ispn (check
calibation procedure, clause 7) on reference fibfe(s) 0singN i n the CD

test dets involved.

used causes an fdditional
(see C.3.3), the uncprtainty is
\ay be mathematically correctg¢d to zero

In the differential phase shift method
uncertainty, however in practice, at suffici
to all intgnts and purposes negligible b
for all fib

B.6 Fibre related pnce

B.6.1 Second zd
Dispersig cut-off in

telecommumcatmn 0 de ibras, i. modes in

the fibre ibration to
be guara Y 3 i e region above the fibre cut-off. This rule applies tq all fibres
under teq - fibbe optic parts of the CD test set. Alternatively, a suitable fibre
mode filt e highker order modes shall be used, if dispersion measurements are
made n

B.6.2

The hydr absent in

modern high-quality fibre. However, in the presence of a large (for example 4 dB km~1) OH-
peak and in the vicinity of this peak, some dispersion modification may occur. This will affect
dispersion calibration accuracy. Care shall be taken to a) avoid the 1240 nm and 1 380 nm
regions and/or b) to provide calibrated measurements only on low OH~ fibres.

B.6.3 Total fibre loss

To establish the effects of the equipment, optical and electrical attenuator uncertainties, it is
necessary to characterize dispersion measurements on fibre with a variable loss added in the
series. The dispersion variation with added loss up to the CD test set dynamic range limit
should be established to determine the possible uncertainty when operating over all loss
ranges.
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Ultimately, the dynamic range of the test set will be related to the combined effects of the total
loss and the total dispersion of the fibre under test. For this reason this series attenuator
approach should not be treated as a complete or accurate indicator of the uncertainties caused
by fibre loss.

B.6.4  Optical reflections

Reflections at interfaces within the CD test set optics and fibre will result in retrograde delay
paths between the source and detector. This will result in pulse distortion or phase offset at the
detector, which will bias the dispersion results. It is essential to maintain reflections as low as
possible by suitable optical design, connectors of low reflectivity, index matched fibre splicing
methods, etc. To maintain accuracy below 0,01 ps x nm~1 x km=1, it is usually necessary to
maintain no more than —30 dB at each reflection point (for example connectors) and to limit the
number gf reflection points to a bare minimum.

B.7 System dispersion uncertainties

All CD tept sets contribute their own chromatic dispersion to a
due to

Js may be

a) pulsg delay or phase mismatch between disg S ich properly
compensated; or

b) internal chromatic delay within LED sources.

In either fase a "system" measurement S & i | i 5 m long)
and this measurement used to compensate acttal fis S ibed. The
measurement on the short fibre may require that i inimize the
effect of [evel dependent phase shifts.

The "system reference m : ' &péated and the compensation updated at
regular intervals (depe S accuracy targeted and the internal delay
stability of the light so er ti : mperature) The system reference megsurement
shall be subjec*ns 3 certainties which will compound with the test
measurement uncestaj
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Annex C
(informative)

Chromatic dispersion

C.1 Chromatic dispersion in fibres

Chromatic dispersion is the variation with wavelength of the group delay of light propagating
along a single mode optical fibre. It is defined in terms of the delay change—per unit change in

wavelendth and is normalized to fibre Tength.

The chromatic dispersion coefficient is measured in units of ps x n
delay change per nanometre of source spectral width change per Xi

i econds
h.

The measured value and effect of chromatic dispersion is/ne < irection of
propagat{on of light in the fibre and is only weakly dependen and fibre

temperatpre (see B.3.2).

Chromatic dispersion arises from

a) matefial dispersion in the fibre;
b) profil
the rd

The tota
region(s)
maximizg

cC2 D

A chrom
dispersio

Light : “Wavelength s'?lec;or Cdladtzli_ng __| Photo-fletector
source(s andyor monitor mode stripper

he”actual waveguide strycture and

terest particularly in the wavelength
e fibre information carrying cppacity is
270 nm to 1 700 nm spectral range.

is an instrument which can measure the ghromatic
as a function of wavelength (see figure C.1).

Fiber under test

T 1

|

Signal Time b

generator delay

Delay

detector

v

Signal processor
and computation/output

a

P When needed.
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When needed (this device is sometimes located between the fibre under test and the photodetector).

Figure C.1 — Schematic diagram of a CD test set
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