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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CALIBRATION OF OPTICAL SPECTRUM ANALYZERS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, 3

governmental organizations liaising with the IEC also participate in this preparatiop
with the International Organization for Standardization (ISO) in accordance wi
agreement between the two organizations.

Publications is accurate, IEC cannot be held responsible fo
misinterpretation by any end user.

Publications.

Attention is dra
indispensable for the'co

Attention is drawn
patent rights. |IE
PAS is a/ec

IEC-PAS 6 N en prepared by IEC technical committee 86: Fibre optics.

t of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
86/202/NP 86/214/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.
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CALIBRATION OF OPTICAL SPECTRUM ANALYZERS

1 Scope

This document provides procedures for calibrating an optical spectrum analyzer designed to
measure the power distribution of an optical spectrum; this analyzer is equipped with an input
port for use with a fibre-optic connector.

An optical spectrum analyzer is equipped with the following minimum features:

a) the ability to present a display of an optical spectrum with respect to absolute wavelength;

b) a marker/cursor that displays the optical power and wavelength at a ppi the spectrum
display

inly performed by users of

optical spectrum analyzers. The docdme : iclude correction using the
calibration results in the main body. Th ion procedures/are described in Annex C. Of
course, this document will be useful in } 8 tories and for manufacturers of optical

spectrum analyzers.

2 Normative refer

The following reference
dated reference’@
the referenced docdm

ical "‘and electronic measurement equipment -  Expression of

IEC 60793-1(al Optical fibres — Part 1: Measurement methods and test procedures

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

IEC 60825-2:2000, Safety of laser products — Part 2: Safety of optical fibre communication
systems

IEC 61290-3-1:2003, Optical amplifiers — Test methods — Part 3-1: Noise figure parameters —
Optical spectrum analyzer method

ISO 9000: Quality management systems — Fundamentals and vocabulary
1ISO:1995, Guide to the expression of uncertainty in measurement

1ISO:1993, International vocabulary of basic and general terms in metrology
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3 Definitions

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

3.1

calibration

set of operations which establishes, under specified conditions, the relationship between the
values indicated by the measuring instrument and the corresponding known values of that
quantity (see also ISO International vocabulary of basic and general terms in metrology,
definition 6.11)

3.2

calibration under reference conditions
calibration which includes the evaluation of the test analyzer u
conditions (3.17)

3.3

calibration for operating conditions

calibration for operating conditions of an optical spe
evaluation of the test analyzer operational uncertaint

A16) including the

3.4
centre wavelength

Acentre
power-weighted mean wavelength of a |j

(1)

(2)

P is 2P; = tota

total

gower, for example, in watts.

NOTE The above integrals and summations theoretically extend over the entire spectrum of the light source.

3.5

confidence level

estimation of the probability that the true value of a measured parameter lies in the given range
(see expanded uncertainty (3.11))

3.6

coverage factor

k

coverage factor, k, is used to calculate the expanded uncertainty (3.11) U from the standard
uncertainty (3.21), o (see 3.11)
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3.7

displayed power level

DPL

power level indicated by an optical spectrum analyzer (3.16) undergoing calibration (3.1) at
a specified wavelength resolution setting

NOTE With an optical spectrum analyzer, the power level for a set resolution is measured and displayed.

3.8

displayed power level deviation

AP

difference between the displayed power level measured by the test analyzer, Pogp, and the
corresponding reference power, P, divided by the reference power

AP = (Posa = Pref) | Pret = Posa ! Prer — 1 (3)

3.9
displayed power level uncertainty, symbol o,p
standard uncertainty (3.21) of the displayed power level deviatio

opp = 0(Posa ! Pres =1 (4)

NOTE In the above formula, o is to be understood as the standa

3.10

displayed wavelength range
complete wavelength range shown in g
particular instrument state (3.12)

3.1

expanded uncertainty
u
expanded uncertainty,| U S
which the measyrement parameter, akthe ed confidence level (3.5), can be expected to
lie. It is equal to th ; 2 6), k, times the combined standard uncertainty

(3.21) o

U=ko (5)
NOTE When tke dis inties is assumed to be normal and a large number of measurements are
made, then of 68,3 %, 95,5 % and 99,7 % correspond to k values of 1, 2 and 3 respectively
The measure ertapnty of an optical spectrum analyzer (3.16) should be specified in

the form of expanded\untértainty, U.

3.12

instrument state

complete description of the measurement conditions and state of an optical spectrum
analyzer (3.16) during the calibration process

NOTE Typical parameters of the instrument state are the displayed wavelength range (3.10) in use, the

resolution bandwidth (spectral resolution) (3.18), the display mode (watt or dBm), warm-up time and other
instrument settings.

3.13

measurement result

displayed or electrical output of any optical spectrum analyzer (3.16) in wavelength, in units
of nm or uym, and in power level, in units of mW or dBm, after completing all operations
suggested by the operating instructions, for example warm-up
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3.14

measurement wavelength range

wavelength range of injected light over which an optical spectrum analyzer (3.16)
performance is specified

3.15

operating conditions

all conditions of the measured and influential qualities, and other important requirements which
the expanded uncertainty (3.11) of an optical spectrum analyzer (3.16) is intended to be
met (modified from ISO International vocabulary of basic and general terms in metrology,
definition 5.5)

3.16
optical spectrum analyzer
OSA
optical instrument for measuring the power distribution of a
wavelength (frequency)

NOTE An OSA is equipped with an input port for use with a fibre-optic co > 9 m is obtained

spect to

3.17

reference conditions
appropriate set of influencing parameters, their non
respect to which the uncertainty at refere
3.3.10)

if tolerance bands, with
modified from IEC 60359,

measuring the condition.

The reference conditions normally include th
reference date, reference tempera

3.18
resolution bandé:é
R

full width at half the displayed spectrum obtained by the test analyzer

when using a sagrce al bandwidth (3.20) is sufficiently narrow, that is, very
much less than S dth being measured

3.19

side-mod

SMSR

peak power ratiobetween the main mode spectrum and the largest side mode spectrum in a
single-mode laser diede such as a DFB-LD

NOTE The side-mode suppression ratio is usually described in dB.

3.20

spectral bandwidth

B

for the purpose of this document, the FWHM of the spectral width of the source.

If the source exhibits a continuous spectrum, then the spectral bandwidth, B, is the FWHM of
the spectrum.

If the source is a laser diode with a multiple-longitudinal mode spectrum, then the FWHM
spectral bandwidth B is the RMS spectral bandwidth, multiplied by 2,35 (assuming the source
has a Gaussian envelope):

1/2

B=2,35 [{(1 /Ptotal ) % |:ZPIA12:|} h Acentrez] (6)
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where
contre is the centre wavelength (3.4) of laser diode, in nm;

otal is 3 P; = total power, in watts;

P,- is the power of ith longitudinal mode, in watts;

Aj is the wavelength of ith longitudinal mode, in nm.
3.21

standard uncertainty

o

uncertainty of a measurement result expressed as a standard deviation

NOTE For further information, see Annex A and the ISO Guide to the expression of uncertaimtyin measurement.

3.22

uncertainty type A
type of uncertainty obtained by a statistical analysis of a series g 2
evaluating certain random effects of measurement (see ISQ ide ' xpression of
uncertainty in measurement)

3.23
uncertainty type B
type of uncertainty obtained by means other tha

NOTE Other means may include previous me
behaviour and properties of relevant material q \
calibration and other certificates, and uncertainfies assignet\toeference data taken from handbooks.

3.24
wavelength deviation
AA

difference between the
reference wavel

3.25
wavelength

OAA
standardu

4) measured by the test analyzer, Agga, and the

= Aosa — Aref (7)

') of the wavelength deviation (3.24), in nm or um

4 Calibration t requirements

4.1 Preparation

The following recommendations apply.

Calibrations should be carried out in facilities that are separate from other functions of the
organization. This separation should include laboratory accommodation and measurement
equipment.

The calibration laboratory should operate a quality control system appropriate to the range of
measurement it performs (for example, 1ISO 9000), when the calibration is performed in
calibration laboratories. There should be independent scrutiny of the measurement results,
intermediary calculations and preparation of calibration certificates.


https://standards.iteh.ai/catalog/standards/iec/1162c12a-1a9e-4761-8317-6d41e28b58a0/iec-pas-62129-2004

-10 - PAS 62129 © IEC:2004 (E)

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 is required;

c) all laser sources shall be safely operated (see IEC 60825-1).

Perform all tests at an ambient room temperature of 23 °C + 3 °C with a relative humidity of
(50 + 20) % unless otherwise specified. Give the test equipment a minimum of 2 h prior to
testing to reach equilibrium with its environment. Allow the optical spectrum analyzer a warm-
up period in accordance with the manufacturer’s instructions.

4.2 Reference test conditions

tolerance bands: date, temperature, relative humidity, displayed po
source, fibre, connector-adapter combination, (spectral) bandwjdth ‘g

(spectral resolution) set. Unless otherwise specified, use a i \
pigtail as prescribed by IEC 60793-1, having a length of at Il

4.3 Traceabili
Make sure that anytest
calibrated in an uwb

constant. Upon
calibration peried(

The resolution bandwidth (spectral resolution) of the test analyzer should be tested prior to
displayed power level and wavelength calibration because the resolution bandwidth influences
their calibration. This test is performed under reference calibration conditions. Wavelength is
shown in a vacuum.

NOTE The result of the resolution bandwidth (spectral resolution) test described here should be employed as the
optical bandwidth (in wavelength units) for the measurement of optical-amplifier noise-figure. The calibration of
optical bandwidth is described in IEC 61290-3-1.

5.2 Resolution bandwidth (spectral resolution) test

Alternative set-ups for the resolution bandwidth are shown in Figures 1, 2, and 3. In the Figure
1 set-up, a gas laser whose wavelength is known is used as the light source. Figure 2 shows a
set-up in which a broadband source is used in conjunction with a transmission device with
known (traceable) wavelengths of peak (or null) transmission. Figure 3 shows a set-up in which
a laser diode (LD) whose wavelength is unknown is used for the light source.
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Light Optical fibre Test
source D D analyzer

a) for resolution bandwidth test,
b) for wavelength calibration under reference conditions, and
c) for determining the wavelength dependence of wavelength uncertainty.

Figure 1 — Set-up using a gas laser whose wavelength is know

Optical fibre Opticakfib
Sro?jd: Transmission -é[\)
an | ]‘— '| | device alyzer
source
a) for resolution bandwidth test,
b) for wavelength calibration under refe
c) for determining the wavelength depe
Figure 2 — Set-up.using a br hanx ! ith a transmission device

cal fibre

Light

source/\ w

Test
D analyzer

D Wavelength
meter

a) for resolution bandwidth test,
b) for wavelength calibration under reference conditions, and
c) for determining the wavelength dependence of wavelength uncertainty.

Figure 3 — Set-up using an LD with an unknown wavelength

5.21 Equipment for resolution bandwidth (spectral resolution) test

a) Light source: use the light source prescribed for calibrating the test analyzer; if a light
source is not prescribed, use one with a spectral bandwidth and wavelength stability
sufficient for the minimum resolution bandwidth prescribed for the test analyzer.

Recommended light sources are lasers such as those listed in Table 1, a laser diode (LD)
or other laser (which may be tunable) having a spectral bandwidth much narrower than the
resolution bandwidth of the test analyzer. Also, a broadband source may be used in
conjunction with a transmission device with known (traceable) wavelengths of peak (or null)
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transmission. The transmission device may be, for example, a series of fixed narrowband
filters, absorption lines in gaseous media, or Fabry-Perot interferometers. Annex D
tabulates many stable wavelength references. The reference used should have a
wavelength stability, spectral bandwidth, and power stability sufficient for the resolution
bandwidth test.

Table 1 —- Recommended light sources

Light source Wavelength (nm) [vac]
488,122
Ar laser
514,673
632,991

He-Ne laser 1152,590
1523,488

source.

c) Optical fibre: single-mode optical fibre as prescrij

5.2.2 Test procedure for resolutioy

Using the test set-up shown in Figure 1
test analyzer so that it includes the wave

a)

Argitt = Rosa ! Rget — 1 (9)

d) If necessary, repeat this procedure with different resolution bandwidth settings.

NOTE 1 When the test analyzer has a wavelength span linearity error, it is necessary to tune the light source
slightly around the wavelength of interest, while making multiple measurements of the displayed 3 dB bandwidth to
obtain an accurate measurement of the true resolution bandwidth at a given wavelength. The required tuning range
is of the order of +1 nm, so this measurement can be made with a temperature-tuned DFB laser, an external cavity
laser or a tunable fibre laser. By averaging the resolution bandwidth readings, a more accurate measurement of the
true resolution bandwidth can be obtained.

NOTE 2 If the resolution bandwidth should be corrected on the basis of the calibration results, this is typically
implemented by making software corrections to the instrument, mathematical corrections to the results, or
instrument hardware adjustments. Once the adjustments have been made, it is advisable to repeat the test to verify
that the correction has operated correctly. See Annex C.
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