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Nationales Vorwort

Das internationale Dokument IEC 86/569/CD:2020-08 ,Calibration of fibre optic chromatic dispersion test sets*
(CD, en: Committee Draft) ist unverandert in diesen Norm-Entwurf Gbernommen worden.

Das internationale Dokument wurde vom IEC/TC 86 ,Fibre optics“ der Internationalen Elektrotechnischen

Kommission (IEC) erarbeitet und unterliegt dem Copyright der IEC . Das Dokument wurde den nationalen
Komitees zur Stellungnahme vorgelegt.

Die Internationale Elektrotechnische Kommission (IEC) und das Europaische Komitee fur Elektrotechnische
Normung (CENELEC) haben vereinbart, dass ein auf IEC-Ebene erarbeiteter Entwurf fur eine Internationale
Norm zeitgleich (parallel) bei IEC und CENELEC zur Umfrage (CDV-Stadium) und Abstimmung als FDIS (en:
Final Draft International Standard) bzw. Schluss-Entwurf fir eine Europdische Norm gestellt wird, um eine
Beschleunigung und Straffung der Normungsarbeit zu erreichen. Dokumente, die bei CENELEC als
Europaische Norm angenommen und ratifiziert werden, sind unverandert als Deutsche Normen zu
Ubernehmen.

Da der Abstimmungszeitraum fiir einen FDIS bzw. Schluss-Entwurf FprEN nur 6 Wochen betragt, und dann
keine sachlichen Stellungnahmen mehr abgegeben werden kénnen, sondern nur noch eine ,JA/NEIN*-
Entscheidung mdglich ist, wobei eine ,NEIN“-Entscheidung fundiert begriindet werden muss, wird bereits der
CD als DIN-Norm-Entwurf veréffentlicht, um die Stellungnahmen aus der Offentlichkeit friihzeitig
bertcksichtigen zu kénnen.

Fir dieses Dokument ist das nationale Arbeitsgremium DKE/UK 412.2 ,Komponenten fir
Kommunikationskabelanlagen“ der DKE Deutsche Kommission Elektrotechnik Elektronik Informationstechnik
in DIN und VDE (www.dke.de) zustandig.

Aktuelle Informationen zu diesem Dokument kdnnen Uber die Internetseiten von DKE (www.dke.de) und DIN
(www.din.de) durch eine Suche nach der Dokumentennummer aufgerufen werden.

Dieses Dokument enthalt unter Berlcksichtigung des Beschlusses des Technischen Beirats Internationale und
Nationale Koordinierung (TBINK) der DKE vom 17.09.2020 nur die englische Fassung von
IEC 86/569/CD:2020.

Fir den Fall einer undatierten Verweisung im normativen Text (Verweisung auf ein Dokument ohne Angabe
des Ausgabedatums und ohne Hinweis auf eine Abschnittsnummer, eine Tabelle, ein Bild usw.) bezieht sich
die Verweisung auf die jeweils aktuellste Ausgabe des in Bezug genommenen Dokuments.

Fir den Fall einer datierten Verweisung im normativen Text bezieht sich die Verweisung immer auf die in Bezug
genommene Ausgabe des Dokuments.

Der Zusammenhang der zitierten Dokumente mit den entsprechenden deutschen Dokumenten ergibt sich,
soweit ein Zusammenhang besteht, grundsatzlich tGber die Nummer der entsprechenden IEC-Publikation.
Beispiel: IEC 60068 ist als EN 60068 als Europaische Norm durch CENELEC Ubernommen und als
DIN EN 60068 ins Deutsche Normenwerk aufgenommen.

Es wird auf die Moglichkeit hingewiesen, dass einige Elemente dieses Dokuments Patentrechte beriihren
kénnen. IEC ist nicht daflir verantwortlich, einige oder alle diesbezlglichen Patentrechte zu identifizieren.

Anderungen
Gegeniiber DIN EN 61744:2006-10 wurden folgende Anderungen vorgenommen:
a) Aktualisierte Begriffe und Definitionen;

b) die Verwendung eines Referenz-Fasernormals fiir die Kalibrierung ist jetzt erlaubt und auf dem gleichen
Rang wie die andere Kalibriermethode;

c) Anhang E und andere Verweise im Text auf die Verwendung der atmospharischen Wellenlange wurden
entfernt, da diese im Faserbereich nicht verwendet wird,;

d) Anhang D und andere Verweise im Text auf die Kalibrierungskompensation wurden entfernt, um eine
Angleichung an andere Kalibrierungsdokumente zu erreichen.
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Introduction

0.1 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.

0.2 Chromatic dispersion (CD) test sets

CD test sets are used to measure the chromatic dispersion properties of optical fibres and typically comprise
an optical source of known wavelength(s), a fibre light input coupling and output coupling means, optical
detection means, and electronic or optical means of determining the optical delay or dispersion at the source
wavelength. There are several variants each requiring slightly different calibration techniques. Refer to Annex C
for further details.

In general, all CD test sets produce an output of fibre delay or dispersion versus the light wavelength, typically
in graphical form.

In essence, all CD test sets operate with wavelength as a programmed (independent) variable, usually the
ordinate (x-axis) and dispersion or time delay as the abscissa (y-axis) as a measured (dependent) variable. By
their nature, fibre chromatic dispersion measurements require multiple wavelengths to be programmed. Even
in the case of a single dispersion point obtained using the differential phase shift method, two separate
wavelength values are used. It is also typical to expect a wide range of dispersion values over a range of
wavelengths to be measured.

0.3 Overview of calibration procedures described in this standard

The requirement to calibrate the CD test set, traceable to known standards, is essential for quality control in
fibre optic production, fibre research and similar activities. This standard describes the detailed procedures
used to establish calibration of a CD test set.

Calibration of a CD test set is established by applying known artefacts or standards (themselves calibrated to
reference standards) to the CD test set, and measuring its response.

Primarily the artefacts or standards used are as follows:

e) wavelength artefact(s) or traceable wavelength measuring instrumentsused to calibrate the light source
wavelength(s) used by the CD test set. This is to establish the correct excitation wavelength for the system
(the ,x-axis");

f)  delay or dispersion artefact(s) used to calibrate the delay or dispersion response of the CD test set (the ,y-
axis®).

g) Traceable chromatic dispersion reference fibre used to calibrate the CD test set .This method allows a
simultaneous calibration of the whole CD test set, including the measurement of the delay or dispersion
response of the CD test set as a function of wavelength and also the internal data processing part. A proper
selection of the type of reference fibre is important, especially for an accurate calibration of the zero
dipersion wavelength.

Calibration can only be carried out using these artefacts, including the use of a known standard fibre (reference
fibre) whose chromatic dispersion is known. The fibre forms a stable source of known dispersion and may be
used as a simple dispersion artefact.

If 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 adjustment should be carried out.

In this document, the reference medium for wavelength and the velocity of light is assumed to be in vacuum,
and hence define the refractive index = 1,0000000.
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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.

This standard is applicable to all types of CD test sets, with the exception that measurements on multimode
optical fibres are excluded.

The purpose of this standard is to define a standard procedure for calibrating optical fibre chromatic dispersion
(CD) test sets. The detailed calibration steps used vary according to the measurement technique used in the
CD test set.

Whilst it is acknowledged that chromatic dispersion also occurs in multimode fibre and this fibre may be
measured on many CD test sets, this standard will restrict discussion to single mode fibre measurements only.

The purpose of the procedures outlined in this standard is to focus manufacturers and users of CD test sets
toward the reduction of measurement uncertainty in chromatic dispersion determination in optical fibres under
all applicable conditions. The procedures apply to calibration laboratories and to the manufacturers or users of
CD test sets for the purpose of

a) calibrating CD test sets;

b) setting specifications of CD test sets.

Use of the procedures also allows correct evaluation of CD test set uncertainty, relative and traceable to
appropriate (for example, national) standards.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

IEC 60050-731, International Electrotechnical Vocabulary (IEV) — Chapter 731: Optical fibre communication
IEC 60825-1, Safety of laser products — Part 1: Equipment classification, requirements and user’s guide
IEC 62129-1, Calibration of optical spectrum analyzers

ISO 9000 (all parts), Quality management and quality assurance standards

GUM: JCGM 100:2008, Evaluation of measurement data — Guide to the expression of uncertainty in
measurement

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
— IS0 Online browsing platform: available at https://www.iso.org/obp

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

3.1

accredited calibration laboratory

calibration laboratory authorized by the appropriate national standards laboratory to issue calibration
certificates with a minimum specified uncertainty, which demonstrate traceability to national standards
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3.2

adjustment

modifying the hardware or firmware of a CD test set with the intention of making the measurement result of the
CD test set equal to that of a national standard or a similar calibrated CD test set. This has the effect of
correcting all subsequent measurements on that CD test set

3.3

artefact

device, instrument or equipment used in the process of calibrating a CD test set, for wavelength, delay or
chromatic dispersion

3.4

calibration

process by which the relationship between the values indicated by the infant CD test set and known values of
the calibration standard is established under specified conditions

Note 1 to entry: The intention of calibration is to bring all CD test sets into substantial agreement with a suitable national
standards laboratory. This my be performed by first comparing the relevant parameter of 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 calibration factor(s) in a calibration certificate. The pertaining environmental conditions and instrument state are usually
recorded. Calibration includes estimation of all uncertainties.

3.5
traceability chain
unbroken chain of standards and calibrations (see Figure 1)

National wavelength —— Uncertainty
and delay standard

Uncertainty of

reference
4 standard
Uncertainty of
Reference wavelength |  Transfer transfer —
and delay standard uncertainty standard
Transfer .
v v uncertainty Uncertainty of
— working —
Transfer wavelength SN
and delay standard
Transfer .
uncertainty — Uncertainty of
v CD test set at
3 [~ reference
Working wavelength condition
and delay standard
TR Ir?!cinaimy of
ncertaint -
h 4 4 i CD test set
CD test set at
reference conditions
Operational _|
uncertainty
Y
CD test set at normal
operating conditions
Figure 1 — Typical calibration chain for CD test sets
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3.6

centroidal wavelength
power-weighted mean wavelength of a light source in vacuum, in units of nanometers (nm)

Note 1 to entry: For a continuous source spectrum, the centroidal wavelength A in vacuum is defined by the following
integral, where the integration limits enclose the entire spectrum of the source:

Ze = (1 Prora) <[ | p(Dx 242 (1)

where

Piotal = I p(4) diis the total optical source power.

For a spectrum consisting of i discrete lines, the centre wavelength in vacuum A is defined as:

Ac = (1/ Poal) % {Zpili} (2)

where
p(A) is the spectral power density of the source in W/nm;

Ac s the central wavelength in vacuum in nanometers;
A is the it discrete line in nm;

pj is the power levels at 4;in W;
2P -
Piotal = = is the total power in W.

3.7

chromatic dispersion (CD) test sets

instrument capable of measuring the chromatic dispersion of a single mode fibre at various wavelengths in the
transmission windows of interest, typically the 1 310 nm and/or 1 550 nm wavebands

3.8

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

3.9
instrument state
complete description of the measurement conditions and state of the CD test set during the calibration process

Note 1 to entry: Typical parameters of the instrument state are the wavelength range in use, the data fit model (as
applicable), warm-up time and other instrument settings.

3.10
measurement result
displayed or electrical output of any CD test set, in

— dispersion D in units of ps x nm=1 x km=1,
— lambda zero A in units of nm, or
— zero dispersion slope Sy in units of ps x nm—2 x km=1,

after completing all actions suggested by the operating instructions, for example warm-up.
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3.1

national standard

standard whose measurement is traceable to fundamental properties, such as the speed of light, which is
recognized by an official national decision and used as the basis for fixing the value, in a country, of all other
standards of the quantity concerned

3.12
national standards laboratory
body or laboratory that maintains and operates the national standard

3.13

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

3.14
reference standard
artefact calibrated against a national standard and used to calibrate CD test sets.

Note 1 to entry: The artefact may be a delay [dispersion] or wavelength standard artefact.
Note 2 to entry:  Proper use of the calibration standard ensures traceability.
Note 3 to entry: The term includes the national standard, reference standard, the transfer standard and the working

standard in descending order of metrological uncertainty.

3.15

scaling factor

SF

ratio of known standard values for a standard artefact to the values indicated by the CD test set when no
correction offsets are applied

Note 1 to entry: The factors can apply to wavelength, delay [dispersion] calibration, as well as to recorded zero dispersion
wavelength, slope and actual dispersion data values when using a calibrated reference fibre.

3.16
spectral bandwidth
full-width half-maximum (FWHM) spectral width of the source

Note 1 to entry: If the source exhibits a continuous spectrum, then the spectral bandwidth, B, shall be the full-width-half-
maximum (FWHM) of the spectrum.

Note 2 to entry: If the source exhibits a spectrum consisting of i discrete line (for example, a laser diode with a multiple-
longitudinal mode spectrum), then the FWHM spectral bandwidth B shall be the r.m.s. spectral bandwidth, multiplied by
2,35 (assuming the source has a Gaussian envelope):

B = 235x[((1/ Ptotal)x(zilpi 120} - a2 1% @)

where

Ac is the centroidal wavelength (see 0) of the laser diode, in nm;

Piotal = pr" is the total power, in W;
pj s the power of ith longitudinal mode, in W;

4; s the wavelength of it longitudinal mode, in nm.

3.17

traceability

ability to demonstrate, for a measurement result or a CD test set, an unbroken calibration chain originating from
a national standard
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Note 1 to entry: 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 detailed calculations of all (cumulative) transfer uncertainties in
the calibration chain.

3.18

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

Note 1 to entry: Transfer may be performed either by adjustment of the CD test set, or by documentation of a calibration
factor in a calibration certificate.

3.19

transfer standard

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

3.20

uncertainty limits

limits of permissible error (of a measuring instrument)

bounds or extreme values of expanded uncertainty permitted by user requirements, manufacturer’s
specification, regulatory documentation, etc. (see ISO 10012)

3.21

working standard

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

4 Calibration

4.1 General

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.

4.2 Preparation for calibration

4.21 General advice and organization
The following recommendations apply:

Calibrations should be carried out where possible with facilities (refer to ISO/IEC 17025) that are independent
of the other functions of the laboratory/ organization. This independence should include measurement
equipment.

The environmental conditions shall be commensurate with the degree of uncertainty that is required for
calibration:

a) the environment shall be clean;

b) temperature monitoring and control are required;

¢) humidity monitoring and control are 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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