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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

PuMbflication(s)”). Their preparaiion is entrusted o technical commitiees; any TEC Nationa Commlttee inferested
in §he subject dealt with may participate in this preparatory work. International, ental \arjd non-
governmental organizations liaising with the IEC also participate in this preparation\IEC coI aborates|closely
withl the International Organization for Standardization (ISO) in accordance wi ftiqns( determined by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as ne i v intetnational
conpensus of opinion on the relevant subjects since each technical cog o ntatton from all
intefested IEC National Committees.

3) IEC| Publications have the form of recommendations for internatiopal use . epted by IEC National
Committees in that sense. While all reasonable efforts are made to K th ical content| of IEC
Publlications is accurate, IEC cannot be held responsible fo in, Which _they/are used or for any
mis|nterpretation by any end user.

4) In grder to promote international uniformity, IEC National Co mttees dertake”to apply IEC Publ|cations
transparently to the maximum extent possible in th \aliorfal/ apd\regional publications. Any divérgence
between any IEC Publication and the corregponding pationahor rggio uinc ion shall be clearly indi¢ated in
the Jatter.

5) IEC| provides no marking procedure to indisate I 8 anmot be rendered responsible for any
equjpment declared to be in conformity with 2 agi

6) All yisers should ensure that they have the Iatest

7) No |iability shall attach to IEC s its dites , ployges, servants or agents including individual expdrts and
merpbers of its technical committees i pittees for any personal injury, property damage or
othgr damage of any ngture etiter direct)or indirect, or for costs (including legal fe¢s) and
expgnses arising out of icati , this IEC Publication or any other IEC
Publlications.

8) Attgntion is dra iféd in this publication. Use of the referenced publicafions is
indippensable for the'co ication-of thi ication.

9) Attgntion is drawn essibi{ity th sowie of the elements of this IEC Publication may be the supject of
pat¢nt rights. IEC(sh ifyi i

A PAS i Wi cification not fulfilling the requirements for a standard but|made

availaple to the publiey

IEC-PAS 6 \ 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 Fnlln\uing 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) thrmnrmmmmmmmm i i i gth;

b) a marker/cursor that displays the optical power and wavelength at a ppi ctrum
digplay.

NOTE |This specification applies to optical spectrum analyzers developed for ugé i cations

and is limited to equipment that can directly measure the optical spectrum output Xrom\a opt|c | fibce, ere the

optical fibre is connected to an input port installed in the optical spectrum ana ector.

In addlition, an optical spectrum analyzer can measure thé ioh with

respe¢t to the absolute wavelength of the tested ligh such

measuyrements Centre

wavelengths, a Fabry-Perot interferometer or a monoghrgn

The procedures outlined in this docum; D inly performed by uders of

optical spectrum analyzers The doct@me iclude correction using the

calibration results in the main body. Th ion grocedures/are described in Annex|C. Of

course, this document will be useful in tories and for manufacturers of pptical

spectrum analyzers.

2 Nprmative refer

The fgllowing reference nt. For

dated reference ifion of

the referenced docdm

IEC 6p050-731:19 Dptical

fibre Jgommu

IEC 60355 ical ‘and electronic measurement equipment -  Expression of

performan

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

IEC 6P825-1:1993, Safety of laser products — Part 1: Equipment classification, requirements

and uger’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
calibr

ation

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

calibrption under reference conditions

calibrTcion which includes the evaluation of the test analyzer u
conditions (3.17)

3.3

calibrption for operating conditions

calibration for operating conditions of an optical spe A16) includir
evalugtion of the test analyzer operational uncertaint

3.4

centre wavelength

Acentre

powertweighted mean wavelength of a |

For a

For a

total

NOTE

is the pawer atA;,
is 2P = tota

for example, in watts;
gower, for example, in watts.

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

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

efdrence

g the

(1)

(2)

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

uncer

tainty (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, Poga, and the
correspending-referencepowerPRr—divided-by-thereferencepower
AP = (Posa = Pref) ! Pret = Posa ! Pres — 1 (3)
3.9
displgyed power level uncertainty, symbol o,p
standprd uncertainty (3.21) of the displayed power level deviatio
opp = 0(Posa / Pref =1 (4)
NOTE |In the above formula, o is to be understood as the standa
3.10
displgyed wavelength range
comp}te wavelength range shown in g for a
particlilar instrument state (3.12)
3.1
exparded uncertainty
u
expan within
which ed confidence level (3.5), can be expedted to
lie. It|i , k, times the combined standard uncentainty
(3.21)
U=ko (5)
NOTE istribiti ainties is assumed to be normal and a large number of measuremgnts are
made, f{ RE .5)ef 68,3 %, 95,5 % and 99,7 % correspond to k values of 1, 2 and 3 resppctively.
The m e ertapnty of an optical spectrum analyzer (3.16) should be specified in
the fo
3.12
instrqment state

completfe 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
optica] instrument for measuring the power distribution of a
wavelength (frequency)

pct 1o

NOTE |An OSA is equipped with an input port for use with a fibre-optic co > 5 m is gbtained
from light injected into the input port; the instrument also includes a screen<disp M

3.17
refergnce conditions

appropriate set of influencing parameters, their non
respec¢t to which the uncertainty at refere
3.3.10)

NOTE |Each tolerance band includes both the possible grtai hinty in
measuring the condition.

5, with
0359,

bands:
lsource,
ference

The reference conditions normally include th
referente date, reference tempera
referenfe displayed power |g
wavelength, reference (spectral)

3.18
resolytion ban
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 ig, very
much [less than S k width being measured

3.19

side-mo

SMSR

peak power ratio~between the main mode spectrum and the largest side mode spectrum in a
singlefmode laser diede such as a DFB-LD

NOTE | Thé 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 measure

3.22

uncertainty type A
type of uncertainty obtained by a statistical analysis of a series g
evalugting certain random effects of measurement (see ISQ
uncerfainty in measurement)

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

nent.

when
on of

s, for

example an estimation of probable sources of ugcertai as’when evaluating syst¢matic

effects of measurement (see ISO Guidé to\th

NOTE |Other means may include previous me
behaviqur and properties of relevant material q \
calibratjon and other certificates, and uncertainfies assignet\toxefereqce data taken from handbooks.

3.24
wavelength deviation
AA

differgnce betweelI the Vg 4) measured by the test analyzer, Aggp, @

referehce wavel

= Aosa = Aref
3.25
wavelength
OAA E .
standpard 3 ) of the wavelength deviation (3.24), in nm or um

4 Chplibration t requirements

4.1 'Preparation

of the
ded in

hd the

(7)

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.
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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

The rgference test conditions usually include the following parameters™and, \f , their
tolerapce bands: date, temperature, relative humidity, displayed po , light
sourcg, fibre, connector-adapter combination, (spectral) bandwjdth ‘g jwidth
(specfral resolution) set. Unless otherwise specified, use a i \ input
pigtaillas prescribed by IEC 60793-1, having a length of at le

Operdte the optical spectrum analyzer in accordanc f S factiw ations
and o heters
which these
param BS, as
specif]

Docun

NOTE

NOTE 2 Df laser
safety.

4.3 Traceabili?

Make jsure that any'testequ exqt'which has a significant influence on the calibration reqults is
calibrated in an uRrb X ysical
constint. Upon e re-
calibration peried(

5 Rp

5.1

The resQldtion bandwidth (spectral resolution) of the test analyzer should be tested prior to
displaked power level and wavelength calibration hecause the resaolution bandwidth inflilences

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 D |:| device alyzer
source
a) fof resolution bandwidth test,
b) fof wavelength calibration under refe
c) for determining the wavelength depe
Figure 2 — Set-up.using a br s b ith a transmission device

cal fibre

Light

source/\ w

Test
D analyzer

D Wavelength
meter

a) fof reselution 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
ers, 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

filt

ba

ndwidth test.

Table 1 —- Recommended light sources

b) W
pr
ing
o)

c) Ojf

5.2.2

Using

test apalyzer so that it includes the wave

a) S¢g

b) Me
3 ¢
ca

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

He-Ne laser 1152,590
1523,488

Lirce.

tical fibre: single-mode optical fibre as prescrj

the test set-up shown in Figure 1

Argitt = Rosa ! Rget — 1

d) If
NOTE

ecessary, repeat this procedure with different resolution bandwidth settings.

ce. Its
. This
e light

of the

pcified

s and

(8)

using

(9)

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 t
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.

ypically
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6 Displayed power level calibration

6.1 Overview

The factors making up uncertainty in the displayed power level of the test analyzer consist of

a) the intrinsic uncertainty of the test analyzer as found in the test under reference conditions,

and

b) partial uncertainties due to wavelength dependence, polarization dependence, linearity and

temperature dependence as found in tests under operating conditions.

If the
uncerfainties.

in 6.

NOTE |1
accumylation, linear units (mW, yW) are used. Results of such/accu
expresq overall uncertainty when needed.

NOTE 2 A power meter or a reference power meter will be
new solirce wavelength is used.

NOTE B The state of polarization should
polarizgtion controller.

6.2 |Displayed power level (DPL) cIibr%
Figurg 4 shows the test i de

level (DPL). This test i

(O>tic fibre i Optical fibre
Light ari 2 Polarizati Test
M olarization es
source attequat D_D controller D D analyzer
x (Optional)
Reference
—[_]|| power
meter

Fig = -

partial

edure
cribed

ization,

s, the

ertainty
b dB to

time a

ptional

power

ibns

NOTE The light source used for the displayed power level calibration should be depolarized, or else a polarization
controller should be used. This will calibrate the test analyzer at the mid-point of its variation due to polarization

6.2.1 Equipment for DPL calibration under reference conditions

a) Light source: use a light source which can emit stable optical-fibre light with an output
from 0,1 mW (=10 dBm) to 1 mW (0 dBm), and which offers good suppression of side-
modes and optical noise (>40 dB, when measured with a resolution bandwidth which is the
same as that of the test analyzer) outside its spectral bandwidth. The source spectral
bandwidth should, in turn, be sufficiently narrower than the resolution prescribed for the test
analyzer. The light sources shown in Table 1, a laser diode (LD) (SMSR > 40 dB: see 3.19)

or a fibre laser (also with SMSR > 40 dB) are recommended.
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NOTE The wavelength of the light source should be measured in advance by using a wavelength meter if a
laser diode (LD) or a fibre laser is used.

b) Variable attenuator: use a variable attenuator that can be adjusted over the optical power
range used in the test.

c) Reference optical power meter: either of the following operated under reference
calibration conditions:

1)

Using

sufficip
so that the power level of the outgoing\li

of the

The m

a) Mg
po
of

b) Af

po
MV
dif

6.2.3

an optical power meter calibrated by an official institution that performs calibration

services with a stated uncertainty; or

an optical power meter calibrated according to standards specified by such an official
institution with a stated uncertainty.

5~optimized. If the wave
light source is not already known, i

ight as Prgfg; using a reference
‘measure multiple times at different

and is

state
htio of
be far
Follers

;| some

alyzer
nuator
ength

using a wavelength meter.

bptical
states

er this, ¢ 3 \ bre light to the test analyzer and read thqg peak
wer level g lyZer as Ppgp;. Use a linear scale (in units of pW or
) to read th NfaNpelarization controller is used, measure multiple times at
atio of the OSA value from the power meter measurement| using
APyitt,i = Posai/ Prer,i— 1 (10)

Calculation of DPL uncertainty under reference conditions

Calculate the mean and standard deviation of the difference ratio using the following equations.

where

m
APy = > (APt ;) I m
i1

O Apdiff = [Z(APdlffl — APy )2 1 (m =1 )] 12

m is the number of measurements used.

(11)

(12)
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The uncertainty opp.ef With respect to the displayed power level for the test analyzer operated
under reference calibration conditions is given by equation (13).

- 2 211/2
Oppref = (Oppy” + Oppgitt) (13)
where

Oppy IS the uncertainty of the reference optical power meter described in its certification;
Oapgiff IS the standard deviation of the values measured during the test.

The dlsplayed power level deviation AP, is given by equation (14), which is the same as the

£ ik £ a+i
mean p VUIUU o tRe-tHrefrereeTatio-

APygs = APyt (14)

6.3 [Displayed power level (DPL) calibration for operating conditi

The chlibration described in this chapter is not mandatory. Perform all edure
when the test analyzer is used beyond the reference calibrat

Indiviqual factors in the displayed power level unce
considt of the following:

5 may

wavelength dependence;

)
2) polarization dependence;
3) linearity; and
4) temperature dependence.

6.3.1 Wavelength depend

Figurd 5 shows the test\¢c est is

performed under @er ce cah

. | fib Optical fibre
Variable- -/Fgolarization Test
wavetehgt controller || ] ! [ analyzer
h/g\ht ourc )
I 1
\ (Optional) :
f Optical
—_]|| power
! meter
f Wavelength
D meter

Figure 5 — Test configuration for determining the wavelength dependence
of displayed power level uncertainty

6.3.1.1 Equipment for determining DPL wavelength dependence

a) Light source: use a variable-wavelength light source such as a tunable laser. It should
supply the needed amount of light power stably within the test wavelength range of the test
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analyzer, and its spectral bandwidth should be far narrower than the specified resolution
bandwidth of the test analyzer.

b)Wavelength meter: use to measure the wavelength of the variable-wavelength light source.
It is unnecessary if the light source has been calibrated.

c) Optical power meter: use a non-wavelength-dependent optical power meter, or one whose
wavelength dependence has been calibrated.

d) Optional polarization controller: a polarization controller is used which controls the state
of polarization of incident light to obtain an optical fibre output with an extinction ratio of 20
dB or more. The level variation when the state of polarization is changed should be far
smaller than the polarization dependence of the test analyzer. Some polarization controllers
are combinations of a polarizer, a 1/2-wavelength plate and a 1/4-wavelength plate; some

rot

6.3.1.
Use th

The tg

a) Af
SO
w3

ate two fibre loops.

p Test procedure for determining DPL wavelength depengde

e test configuration shown in Figure 5.

st procedure is as follows.

er the environmental temperature is completely
urce to the wavelength meter for wavelength

b) U

provided by the optical power meté
measure multiple times at different

c) Input light from the light source tq

de
sta

Th

e) Le
re

6.3.1.
The d¢

velength meter is defined as Aj.

pviation @

measured values dependent on the wavelength, AP,, is given by equation

AP, =(AP; max * AP miny / 2

used,

ectral
ectral
zer is
ferent

(15)

AP(A)),

—_

6).

(16)

The standard uncertainty due to wavelength dependence, o,p, is given by equation(17).

6.3.2

oppp = (AP max = AP miny / 2V3

Polarization dependence

(17)

Figure 6 shows the test configuration for determining polarization dependence. This test is
performed under reference calibration conditions except for the polarization.

NOTE 1

The light source used should be at the reference wavelength. However, it is recommended that this test

should be undertaken at several wavelengths at which the test analyzer is used, since the polarization dependence
may differ according to the wavelength.
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NOTE 2 The extinction ratio of the output from the polarization controller of the measurement system is assumed
to be 20 dB at the output port of the fibre. The extinction ratio affects the precision of the polarization dependence
test results; specifically, it reduces the measurement precision by about 2 % at 20 dB.

Optical Optical

fibre 1 fibre 2
Light N N Polarization [T — —1] Test
source controller Q Q analyzer

Figure 6 — Test configuration for determining the polarization dependence

of displayed power level uncertainty
Ed

6.3.2. Equipment for determining DPL polarization dependence

a) Light source: use a stable light source with an output of 0, 1 mwW
(OIdBm) and which has a spectral bandwidth sufficiently n blution
prescribed for the test analyzer. The light sources shown<n e (LD)
(SMSR > 40 dB: see 3.19) or a fibre laser (also with SM d.

b) Pdlarization controller: a polarization controller i pte of
polarization of |nC|dent I|ght to obtain an optical f|b 20 dB
or maller
than [s are
COTT\ i ;|some
rofa

c) Opti ; k ¢ 60793-1, having a length of 1
m [to 2 m. A polarization maintainingi [ a\to the input fibre of some polarization
coptrollers.

6.3.2.2 £ : ini poldrization dependence

Using|the test configuration she in Fig set'the resolution bandwidth of the test analyzer

sufficiently larg i andwidthyof the light source. Fix optical fibres in plpce to

prevent them fr i € te”of polarization in the fibre can vary due to otion
of theffibre.

The tg

a) In bptical
fibre and\i ' [ i ibre 2.

b) Adjustthe pefariza iQn duced
wllich ess nge in
digplayed-po m and
mipimam readings as Pyax(4j) and PM|N(Aj), respectively.

c) Thewariations in_power level due to polarization with wavelengths of Aj, AP, (Af) and

AP (Aj), are given by equations (18) and (19).
APy (A) = Pyax(A) I Paye(A) =1 (18)

AP (A) = Piin(A) 1 Paye(Aj) — 1 (19)
where P,ye(4)) is the average variation in power level due to polarization with a wavelength
of Aj, and is given by equation (20).

Pave) = [ Pyax(V) + Ppin(Ai) 172 (20)
Repeat this procedure with different wavelength settings (change Aj).

Let APpg  max be the maximum value of APy (4)), and APpg \n be the minimum value
of AP (A)).
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6.3.2.3 Calculation of uncertainty due to polarization dependence

The deviation of measured values dependent on the polarization and wavelength, APpq, is
given by equation (21).
APpoL = (APpor max * APpor,miN) / 2 (21)

The uncertainty of power level variations due to polarization, o,ppg,, is given by equation (22).

oappoL = (BPpor max —APpor min) / 2v3 (22)

6.3.3 Linearity

Figurd 7 shows the set-up for the linearity test. This test is perfdrmed refe

calibration conditions except for the power level.

rence

NOTE
and the
at each|

The light source used must be at the reference wavelength. If there is“moxe
detector for the test analyzer is in danger of wavelength dependence\the lin
of the reference wavelengths.

an\onereference way

ity

st shoulg®be pe

Optical
fibre

Light
source

[F—]

Variable
attenugtor

Test

0%

analyzer

elength
formed

ﬁ

Optical
power meter

Figure 7 — Configurationfe

6.3.3.

a) Light source
dBm) which

gource with an output of 0,1 mW (-10 dBm) to 1 mW (0
bandwidth sufficiently narrower than the resolution presgribed
ht sources shown in Table 1, a laser diode (LD) (SMSR > 40

dB; (also with SMSR > 40 dB) are recommended.

power

c) Opticalspower-meter: use an optical power meter that can accurately cover the power,
wgvelength and temperature ranges measured in the test.
6.3.3.2 Test procedure for determining DPL linearity error

a) With the test set-up shown in Figure 7, set the resolution bandwidth of the test analyzer so
that it is far larger than the spectral bandwidth of the light source used for the measurement.
Adjust the variable attenuator so that the power level of the light sent to the test analyzer is
the same as that used for the power level calibration test under reference conditions.

The readings from the test analyzer and the optical power meter at that time are defined as
Posa and Preg, respectively, and the ratio of the two as Py ref-

PLiNref = Posa / Prer (23)
Then, change the power level of the light sent to the test analyzer, using the variable

attenuator. The power level is defined as P;. The readings from the test analyzer and the
power meter are defined as Poga;and Prepj respectively, and the ratio of the two as Py ;.
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Puin = Posaj! PrefF (24)
The linearity error at a power level of Pj, AP, (Pj), is given by equation (25).
AP N(P) = PNy ! PLiNyrer — 1 (25)

c) Repeat this procedure with different light power levels (change Pj) for at least five points
within the input power level range specified in the test analyzer.

d) Let AP\ max Pe the maximum value of AP \(Fj) obtained, and AP |y yn the minimum.

6.3.3.3 Calculation of uncertainty due to DPL linearity error

The deviation of measured values dependent on the light power levels
equatijon (26).

N IS_giMen by

AP N = (BPL N max + APLN MIN/2 (26)

The upcertainty of linearity, g, p| |, iS given by equation (27).

oapLIN = (AP N Max — AP (27)
6.3.4 Temperature dependence
Figurd 8 shows the test configurati brmed
under|reference calibration conditions
NOTE |The light source used must be at the rg elength
and thg detector for the test analyzer is in dapger ce, the

tempergture dependence test shomld be performed at\eack

Optical reeeeeeeeecmmiiiiaaaaaans

Optical
i fibre

Light
source ttenuator D

Test
D analyzer

Temperature-controlled
chamber

figuration for determining the temperature dependence
of displayed power level uncertainty

6.3.4. Equipment for determining DPL temperature dependence

a) Light source: Use a stable light source with an output of 0,1 mW (=10 dBm) to 1 mW
(0 dBm) which has a spectral bandwidth sufficiently narrower than the resolution prescribed
for the test analyzer. The light sources shown in Table 1, a laser diode (LD) (SMSR > 40
dB: see 3.19) or a fibre laser (also with SMSR > 40 dB) are recommended.

b) Variable attenuator: use a variable attenuator that can be adjusted over the optical power
range used in the test.

6.3.4.2 Test procedure for determining DPL temperature dependence

a) With the test configuration shown in Figure 8, set the resolution bandwidth of the test
analyzer so that it is far larger than the spectral bandwidth of the light source used for the
measurement. After the temperature of the test analyzer is stabilized as specified under
reference test conditions, adjust the attenuator so that the power level of the light sent to
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the test analyzer is the same as that used for the calibration under reference conditions.

The reading provided by the test analyzer at that time is defined as Ppga Trer-

b) Then, change the temperature of the temperature-controlled chamber. Sufficient time (for
example 2 h) must be allowed for the OSA undergoing calibration to reach thermal
equilibrium at each temperature used. The new temperature is defined as TJ and the test

analyzer reading is defined as Ppgp;.
The sensitivity error at temperature TJ AP(7'j), is given by equation (28).

AP(Tj) = Posaj ! Posa, Tref — 1 (28)
c) Repeat this procedure with different temperature settings (change TJ-).
d) Le[APryp, max DE the maximum varue of AP(T;Jobtamed, and APtyp vy 11e mimimam.
6.3.4.8 Calculation of uncertainty due to DPL temperature depe
The dgviation of measured values dependent on the temperature, AR uation
(29)
APryp = (APyp max + APTmpiM (29)
The upcertainty due to temperature dependence, opfpmp~S giveNns ation (30):
(30)
6.4 [Calculation of expanded uncertair
When| the test analyzer is only used 5._conditions, the expanded uncentainty,
Upef [can be calculated by equati 3
(31)
When|the test a@ power
level yincertainty o %y» Should be calculated using equation (32) with the
results of equations 7) and (30) when all the calibration procedurg¢s are
performed under
2+ 0pppoL? * OppLIN * Opprvp?) 12 (32)
where|
Oppref is (the grtainty of the test analyzer under reference conditions;
Oap) is the untertainty due to wavelength dependence;
OapPdL is the uncertainty due to polarization dependence;
OAPLIN is the uncertainty due to linearity;
OAPTMP is uncertainty due to temperature dependence .

The expanded uncertainty, Up.,, with a coverage factor k is expressed by the following

equation:

UPcu =tk OAPcu

(33)

The accumulative displayed power level deviation, APcu, is given by equation (34) with the

results of equations (14), (16), (21), (26) and (29).

APgy = APrgs + APy + APpg + APy + APryp

(34)
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The deviation, uncertainty and expanded uncertainty of the displayed power level, AP, op and
Up, at the displayed power level indicated by P(mW) are given by the equations below, when
the aim is to obtain these values in absolute power units.

AP =AP,, P (mW) (35)
OP = GAPCU P (mW) (36)
Up=Upg P (MW) (37)

When the deviation or uncertainty must be expressed as dB units, use the following equation to

convert to dB units:

10 logqo(1 + X) (dB) (38)
where| X = AP, Or Oppg,-
NOTE |If the displayed power level should be corrected on the basis aof th } is is flypically
implemented by making software corrections to the instrument, mathematical N\sQrrections to the resplts, or
instrument hardware adjustments. Once the adjustments have been made, it is advisable.to repeat the test fo verify
that theg correction has operated correctly. See Annex C.
7 Wavelength calibration
71 Overview
The fgctors making up the uncertainty ig'the wavele of the test analyzer consist of
1) thHe intrinsic uncertai d in the test under reference condlitions,

apd
2) partial unceriainti [ engthn dependence and temperature dependengce as
fqund in @ ; itions.

Calibr gfe described in 7.2 to obtain the intrinsic uncertajnty is
mandatory. How ali i operating conditions described in 7.3 is not mandatory.
If the yZeni Jd beyond the reference conditions, it must calibrated within the
range xndit . The wavelength is that in a vacuum.
7.2 AV.E alibration under reference conditions
Altern fop the calibration under reference conditions are shown in Figureg 1, 2,
and 3] In the Figure”1 set-up, a gas laser whose wavelength is known is used for the light
sourcg. €igure 2 shows a set-up in which a broad band source may be used in conjunctign with
a tra issi i i ssion.

Figure 3 shows a set-up in which a laser diode (LD) whose wavelength is unknown is used for
the light source. This test is performed under reference calibration conditions.

7.21 Equipment for wavelength calibration under reference conditions

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 wavelength uncertainty prescribed for the test analyzer.

The recommended light sources are lasers such as those listed in Table 1, a laser diode
(LD) or laser (which may be tunable) which has a single-mode spectrum. In addition, a
broadband source may be used in conjunction with a transmission device with known
(traceable) wavelengths of peak (or null) transmission. The transmission device may be, for
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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
wavelength stability, and a spectral bandwidth, and power stability sufficient for the
uncertainty of wavelength required for the test analyzer.

b) Wavelength meter: an instrument for measuring the wavelength of the light source. Its
precision must be sufficiently better than the precision required in the wavelength test. This
instrument is used when a laser diode (LD) with an unknown wavelength is used as the light
source (Figure 3).

7.2.2 _ Test procedure for wavelength calibration under reference conditions

a) UJing the test set-tup shown in Figures 1, 2 or 3, set the displayed wayelength range|of the
tegt analyzer so that it includes the wavelength of the light source afound-the ¢entre |of the
digplay. In addition, set the wavelength resolution of the test apalyzer so tHat ik sqtisfies
equation (39) and is better than the tested wavelength uncertaint

Reer > 10+S / N (39)

where

is the set resolution bandwidth (spec
analyzer under test;

st he optical spgctrum

is the displayed wavelength
is the number of display poi

2, let the value of the known
act be ARgr, and when using tHe test
wavelength of the light soufce as

S
N
When using the test configuration
wgvelength of the light source or
copfiguration shown in

th respect to ARg f hi let the” centre wavelength measured by the test
anplyzer be Agsai-

8 and calculate the average wavelength.

m
OsAa = 2 Aosai /M (40)
i=1
wh S surements used.
7.2.3 : ations avelength uncertainty under reference conditions
From
AAref = AOSALy ~ AREF (41)

Calculate the standard uncertainty 0,og Of the measured Aggp; values using equation (42).

Si08n = [ D (hosai — dosan, )2/ (m = 1) | 12 (42)
i=1

The uncertainty 0,4, Of the test analyzer with regard to wavelength under the reference
calibration conditions is given by equation (43).

Opref = (OpREFZ + Tj08a2) 172 (43)

where
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o)rReF is the uncertainty of the light source wavelength;
0,0sA is the standard uncertainty of the values measured during the test.

NOTE The uncertainty of the light source wavelength, o\rer, can be ignored if a laser or transmission device with
a stable wavelength is used as the light source and its performance is sufficiently better than the wavelength
uncertainty of the test analyzer. When an LD is used for the light source, measure the wavelength several times
with the wavelength meter and let the uncertainty of the light source be its standard deviation, o \rgf.

7.3 Wavelength calibration for operating conditions

The calibration described in this subclause is not mandatory. Perform the calibration procedure
when the test analyzer is used beyond the reference calibrations.

Indiviqual factors in wavelength uncertainty for the operating conditions consist of the
follow|ng:

1) wayelength dependence and
2) tenpperature dependence.

7.31 Wavelength dependence
Figurgs 1, 2 and 3 show the test configurations for de These

are the same as those used for calibration undg ‘ nditions. This fest is
performed under reference calibration conditions wi hgths.

an the
h and
r.

laser
Iso, a
nown
be for
-abry-

have
br the

ce. Its
. This
hs the

instrument for measuring the wavelength of the light sour
iciently better than the precision required in the wavelength tes

Test procedure for determining wavelength dependence

When using the test configuration shown in Figures 1 or 2, let the value of the known
wavelength of the light source(s) or transmission artefact(s) be Aggg;, and, for the test
configuration shown in Figure 3, let Aggg; be the wavelength of the light source(s) as
measured by the wavelength meter.

a) Input light from the light source into the test analyzer and read the indicated value AOSAj.
Then, determine the wavelength deviation AA/U- with respect to /\REF’J- using equation (44).

AAj; = Aosaj— AREF,j (44)

b) Next, change the source wavelength and perform the same test, again determining the
deviation using equation (44).
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c) Let AA) yax be the maximum value of the deviation values obtained and AA, )y the
minimum.

7.3.1.3 Calculations of wavelength uncertainty due to wavelength dependence

By using the deviation of measurement values for several wavelengths, determine the deviation,
AA, and uncertainty, g,,, due to wavelength dependence by using equations (45) and (46),
respectively.

Ay = (DA max * DAy min ) /2 (45)
Opmr = (DA max — DAy min) / 243 (46)
7.3.2 Temperature dependence
Figurs ce of
wavelg th the
exceplion of temperature.
Light
source D
b light
ability
D) or a
evice.
7.3.2 ce&dure for determining temperature dependence
Under| reference calibration conditions and within the temperature range prescribed for the test
analyzer, measure the wavelength of the light input from the light source jor at least five

temperature points (TJ-).
a) Letting the wavelength of the input light be Azgg and the indicated value on the test
analyzer be AOSAj , determine the deviation in wavelength by equation (47).
AAti = Aosaj - AREF (47)

b) Next, change the temperature and repeat the test and deviation calculation. Sufficient time
(for example, 2 h) must be allowed for the OSA undergoing calibration to reach thermal
equilibrium at each temperature used.

c) Let Ady yax be the maximum value of AAy; obtained, and AAy yy the minimum.
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7.3.2.3 Calculations of wavelength uncertainty due to temperature dependence

By using the deviations of measurement values at several temperatures, determine the
deviation AA; and uncertainty o, ,1 due to temperature dependence, using equations (48) and
(49), respectively.

ot = (BAT max — DA min) / 2/3 (49)

7.4 Calculation of expanded uncertainty in wavelength

When| the test analyzer is only used under reference conditions, the e ed unceftainty,
U,ref: £an be calculated by equation (50) with a coverage factor k.

Upref = £K Oppret (50)

The overall wavelength uncertainty is calculated using the \ungerfaintyx undgéer refgrence
calibration conditions and the uncertainty under operating. cond iong<which are detefmined
through individual uncertainty tests of the wave and tempdrature
dependence, when the test analyzer is used beyond

Cumujative wavelength deviation AA_, j Llts of

equations (41), (45), and (48):

(31)
The U Ilative
disper

(52)
The ¢ owing
equati

(33)
NOTE length\should be Corrected on the basis of the calibration results, this is typically implegmented
by mak| hrdware
adjustm hnex C.
Once th perated
correctly.

8 D cumantation
oo Trtaton

8.1 Measurement data and uncertainty

Calibration certificates claiming to be in compliance with this document shall include the
following data and their uncertainties, and the uncertainties shall be stated in the form of
estimated confidence intervals by multiplying the relevant standard deviation by k.

a) Resolution bandwidth (spectral resolution) test result, if measured. For example, difference
ratio, AR The wavelength is that in a vacuum. See the detailed requirements in Clause 5.

b) The displayed power level deviation, AP, and its uncertainty, +ko,p.,, for example, in
mW or dB. See the detailed requirements in Clause 6.

c) The wavelength deviation, AA,,, and its uncertainty, +kop,,,, for example, in nm, in a
vacuum. See the detailed requirements in Clause 7.
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8.2 Measurement conditions

The calibration method(s) and the method(s) of obtaining the measurement results shall be
stated.

Each specification should also be accompanied by a statement of the instrument state(s) and
the measurement conditions to which they apply. The most important parameters are:
calibration date, displayed power level, horizontal and vertical display resolution, temperature,
humidity, atmospheric pressure and displayed wavelength range.

NOTE The calibration results only apply to the set of test conditions used for the calibration process.

@%
o
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Annex A
(normative)

Mathematical basis for calculation of calibration uncertainty

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

ests a

The foIIowmg |s based on the ISO Guide to the expresswn of uncertamty in measurement. This

A.1

A devjation characterizes a known error in a measurgment resulty at the term "en
equivalent to "deviation".

It is ugeful to distinguish between measure indi , for example, wave
or per| cent, and measurement results a for e ample optical power in
In both cases, the deviation or erro

Corregtion is possible

Uncertaing

ults should be characterized as an uncertainty of t
ion of measurement samples is usually assumed.

As thle fitst step, determine the experimental standard deviation, Si,,c.a, Of a
measUirefment situation from a large number of measurements, m. The centre of the distri

actual
+|which

ments

edge.

jcates a

ror" is

ength
dBm.
actual

(A.1)

ype A.

It is
esults
vidual
rtainty

ypical
bution

is assumed to coincide with zero that IS, the reference standard value.

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

StypeA = [i(y, Vo) 2 (M =1) ]1/2
i=1

where
Yi is the measurement sample of a series of measurements;
Ymean IS the mean value of the data;

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

(A.2)

iation;
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As the second step, determine the uncertainty of the individual case, o,,.a from a smaller
number of measurements, n. Often, n = 1, to save measurement timé. The result is the
standard uncertainty type A:

otypeA = StypeA / n1/2 (A.3)

Otypea €XPresses the uncertainty of the mean, which assumes an averaging of results for the n
measurement samples. Note that the two steps may be combined in to a single step, by
making m = n. Additional statistical techniques for example t-statistics may be required.

Uncertainties type A may be expressed in linear form, for example, in per cent, or in
logarithimic—formmmdB—Fheirmathenmaticat-treatmentTs—denticatastong—=as—the—uncertainties
are small.

A.3 | Uncertainty type B

An uncertainty type B usually quantifies an unknown fixed ¢
resultfand the "true" value of a measured quantity. These u
width |of an uncertainty band, as illustrated in Figure
assunjed to have a uniform (rectangular) distribution.

ement
described ppy the
ment resulis are

Center line represents a :
deviation > 0 ‘ tainty band

UtypeB \E4Uty B
(a) Deviation [ AN

s uncertainy ~ \Kb >

./
(b) Symm / distribution
uncertain & \/y

replacin
v Offset
Deviation = 0 (for example, in % or in dB)

Déviation and uncertainty type B, and how to replace both
with an appropriately larger uncertainty

Rectangular

This doeument suggests specifying the half-width, U,, .5, of the band of relative uncertdinties.
The uncertainty band can be calculated by multiplying the tolerance band of the influencing
condition, for example, of the temperature, with the instrument's worst-case dependence on
this condition. These calculations should be based on known physical relations, manufacturer's
specifications, data provided in calibration certificates or on a sufficiently large number of
characterizing measurements of the same type of instrument. In these measurements, type A
uncertainties are to be kept as small as possible, for example, by averaging.

As indicated in Figure A.1, it is possible to omit the deviation by specifying a wider and
symmetrical uncertainty band. The expanded uncertainty band can alternatively be expressed
by an equivalent standard uncertainty, 0y ep:

Uncertainty type B (half-width):
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Uyypes = half-width of condition’s tolerance band x instrument's sensitivity (A.4)
Standard uncertainty type B (calculated):
UtypeB = UtypeB 1312 (A-5)

Type B uncertainties may be expressed in linear form, for example, in per cent, or in
logarithmic form, in dB. Their mathematical treatment is identical as long as the uncertainties
are small.

A.4 Accumutationof-uncertainties

The "¢ombined standard uncertainty" is used to collect a number, i, of/individual Acertainties
into g single number. The combined standard uncertainty is b3 tafistical
independence of the individual uncertainties; this provides a root-s JUE tgndard
deviatjons. In compliance with the ISO Guide to the expression of\ inty in meastrement,
the following formulae shall determine the cumulative deviatio i gndard
uncerfainty and expanded uncertainty.

Cumulative deviation (erro (A.6)

Combined standard uncertajnt

(A7)

i is the curren
is the (ilcu ainty representing systematic (type B) uncerntainty,

2
<
©

)

o

(see f
OtypeAl) is the stand ANty acterizing a random (type A) uncertainty (see fgrmula

B un&ertainties;
A uncertainties.

NOTE g firgt partN\ef equation (A.7) collects all type B uncertainties, and the second part collects all|type A
uncertajintie aceeRta hle to ignore uncertainty contributions to this equation which are smaller than 1/1D of the
largest pecaysesgdaring them will reduce their significance to 1/100 that of the largest contribytion.

then the, combined standard deviation, 044, can be re-inserted into the formulae (A.¢) and
(A.7).|Despite its partially type A origin, ggy should be considered as describing a fype B
uncertainty.

When ittes_above are to be used as the basis for further uncertainty computi/tions,

Combined standard uncertainties, as well as type A and B uncertainties, may be expressed in
linear or logarithmic form, with no difference in mathematical treatment. See Clause A.2.

Expanded uncertainty: Ug,, = 2K Ogq (A.8)

exp

where k is the coverage factor.

If the number of measurements made in determining type A uncertainties is large, and an
estimated confidence level of 95 % is chosen (default), then k = 2; if an estimated confidence
level of 99 % is chosen (this should be specifically stated), then k = 3. Larger coverage factors
are to be used when the number of measurements made in determining the type A
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uncertainties is small, for example, <10. See ISO Guide to the expression of uncertainty in

measurement.

A.5 Reporting

In calibration reports and technical data sheets, combined standard uncertainties shall be
reported in the form of expanded uncertainties, together with the applicable confidence level.

The default confidence level is 95 %.

A deviation shall be specified if necessary.

o

Deviation: Ay = Ay *

@%

(A.9)
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Annex B
(informative)

Examples of calculation of calibration uncertainty

Examples of the calculation of calibration uncertainty related to displayed power level and
wavelength are shown in the following.

B.1 Displayed power level calibration

B.1.1 Uncertainty under reference conditions: oppef

The (ncertainty of the test analyzer, opp With regard to dis under

referepce calibration conditions is calculated using equation (13):

(B.1)

meter

Pospae = 0,190 mW
Posa7 = 0,197 mW
Posag = 0,213 mW

Prdig/=-0,201 mw PosAg = 0,215 mw
P = 0202 m\A/ D = 0220 m\A/
refto— or=o= v TOSATO oYY

The difference ratio between the OSA result and the power meter result is calculated using
equation (10).

APgiff1 = 0,05 APgiff2 = 0,015
APgisf3 = 0,010 APgisf4 = 0,075
APgiff5 = —0,02 APgiffe = —0,045
APgisr7 = =0,015 APgisfg = 0,06

APyiffg = 0,07 APygiff10 = 0,089
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The mean and standard deviations of the difference ratio are calculated using equations (11)

and (12).

m

APy = Z(APdiﬁ, i)/ m=0,289/10=0,0289 (B.2)
i=1
m
Oapgiff = [Z(APdiﬁ, i — APgig )2/ (m =1 )] 12 =(0,01917 /9 )12 = 0,0462 (B.3)
i=1
The s{andard deviation of the difference (oppqisf = 0,0462) is larger than the Ungertainty |of the
power meter (0ppy = 0,02). This means it should be considered as a type of the
test apalyzer.
From pquation (13), the uncertainty o, pef iS,
Oppref = (Oppm? + Oppait?) 112 = (0,022 + 0,048 (B.4)
The displayed power level deviation is found from equa
(B.5)
B.1.2
The fpllowing example shows the uncertainty ‘sals brmed
indiviqually on four factors, that is, wavelen i
B.1.2/
The wavelength d i of the
test apalyzer ar@ ptical power meter (PREF,j) for the wavelgngths
showr below:
AZ = PREF2 = 0,1205 UW
)\3—70 PREF3=0’1230 IJW
A4— 0 NMm Pos4:0,1532 UW PREF4:0’1470 UW
A7[F4600 nm Posa7 = 0,1207 yW Prer7 = 0,1155 pW

From equation (15):

AP(A}) = Posaq | Prepq — 1 = 10,1225/ 0,1202 — 1 = 0,01913
AP(Ay) = Posas ! Prepa — 1 = 0,1307 / 0,1205 — 1 = 0,08465
AP(A;) = Posas ! Prers — 1= 10,1310 /0,1230 — 1 = 0,06504
AP(A)) = Posaa ! Prepa —1=0,1532/0,1470 — 1 = 0,04218
AP(As) = Posas ! Prers — 1= 0,1605 /0,1758 — 1 = —0,08703
AP(A¢) = Posag ! Prere — 1 = 0,1520/ 0,1620 — 1 = —0,06173
AP(A;) = Posa7 | Prer7 — 1= 10,1207 / 0,1155 — 1 = 0,04502
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From these values:

AP, max = AP(A,) = 0,08465
AP min = AP(A5) = —0,08703

From equation (16):
APy = (AP max * APy min) / 2 = (0,08465 — 0,08703) / 2 = —-0,0012 (B.6)

The uncertainty due to wavelength dependence, opp,, is given by equation (17).

oapr = (AP ymax — AP yin) / 243 = 0,1716 / 24/3 = 0,049 (B.7)
B.1.2.R Polarization dependence
The polarization dependence will be derived using the following ¥atues\of 5y mN()\j)
measured by rotating a 1/2-wavelength plate to move the light squrce pglan D rom 0
through 180 degrees.
A»] =850 nm PMAx(A—I) =
From [equations (18) and (19), variations M\P riation

PAVE(AZ) = 0,199 mW

0,193/ 0,1995 -1 = -0,0326
From

AR
AR

The deviationyaf* measured values depending on the polarization and wavelength, APgq,, is
given

APpn| = (APpn| MAX + APpn| ,I\/IIN) /2= (0,0326 — 0,0326) /2=0 (BB)

The uncertainty of power level variations due to polarization, o,ppg, , iS given by equation (22).

9appoL = (BPpoL max — APpoLmin) / 243 = (0,0326 +0,0326) / 24/3=0,0188  (B.9)

B.1.2.3 Linearity

The linearity will be derived using the following values for the ratio P\ o of the value
measured by the test analyzer to the value obtained from the power meter, and the ratio PLiN,j
of the value measured by the test analyzer to the value obtained from the power meter when
the power level is varied using a variable attenuator. The linearity error AP (P) at the power
level P is given by equation (25).
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PLiN,ref = 1,025

PNt =0,998 AP n(P4) = —0,02634
PNz = 0,985 AP n(Py) = —0,03902
PNz = 1,011 AP\ (P3) = —0,01366
Plng = 1,009 AP n(P,) = —0,01561
P ins = 1,055 AP (Ps) = 0,02927

From these values:

PAS 62129 © IEC:2004 (E)

AR LIN,MIN = —0,03902

The deviation of measured values, AP |\, is obtained from equation (26

The upcertainty of linearity, opp| |\, iS Obtained from equatiop

B.1.2.

ollowing values. These are the refée
ified by the reference calik
ed by the test analyzer at the v

B.10)

B.11)

rence
ration
arious

temperatures shown, for li ictar laser A = 1 310 nm with an input
optica] power of 0,200 e fest under reference conditions). The
sensit|vity error at a tempexg " by equation (28) as follows.
PQsa, Tref =0,200
T1= 10 °C Q AP(T1) = 0,010
T2=15°C AP(T2) = 0,020
T3=20°C 0SA3 = 0,199 mW AP(T3) = -0,005
T4 =25 °L PosA4 = 0,197 mW AP(T4) = -0,015
T = Posas = 0,200 mW AP(Tg) =0,0
Tg = Posag = 0,207 mW AP(Tg) = 0,035
From these value
ARtiemax = 0,035
APryp min = =0,0T5
The deviation of measured values, APt),p, is obtained from equation (29):
APryp = (APryp max + APrvp,min) / 2 = (0,035 - 0,015) /2= 0,010 (B.12)
The uncertainty due to temperature dependence, opp7\p, iS Obtained from equation (30):
opptvp = (BPrip.max — APrup vin) / 243 = (0,035 + 0,015) / 24/3 = 0,0144  (B.13)
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B.1.3 Expanded uncertainty calculation

The following example shows the expanded uncertainty calculation when calibration is
performed under operating conditions.

The accumulative displayed power level deviation is found from equation (34):
APgy = APrgs + APy + APpg + AP\ + APryp

= 0,0289 - 0,0012+ 0 — 0,0049 + 0,010

=0,0328 B.14)

The uncertainty of the displayed power level is obtained from equation

oAPcu = (cAPref2 + cAPA2 + APPOL2 + o APLINZ & o}

B.15)

Accor 2 mW

B.16)

B.17)
The e b % is
obtain

B.18)
AP an
B.19)

B.20)

B.2 | Wavelength’calibration

B.2.1 Uncertainty under reference conditions: oy, ef

The uncertainty under reference conditions of the test analyzer, op,. With regard to
wavelength is calculated using equation (43):

Oppref = (OAREFZ + O\0sa2) /2

where

0,rer is the uncertainty of the light source's wavelength
0,0sA: is the standard uncertainty of the values measured during the test
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Using the following ten values of centre wavelength Aqg,; for a He-Ne laser with a wavelength
of Aggg = 633,0 nm measured by the test analyzer, we can find the uncertainty:

Aosaq = 632,9 nm Aospg = 633,0 nm
Aosaz = 633,0 nm Aosa7 = 632,8 nm
Aosas = 632,8 nm Aosag = 632,7 nm
Aosas = 632,8 nm Aosag = 632,8 nm
Aosas = 632,9 nm Aosa1g = 632,7 nm

From equation (42), the standard deviation of the measured values is calculated as follows:

Calculate the standard uncertainty 0,5, Of the measured Agg,; values usi

m
O)08A = [Z(/\OSA, ~Aosapy )2/ (m =1
i=1

The w
allow

Opdref

The a

The d

B.2.2

The fgllowing 'eXa
dependence are catlibfated.

72, which is good eno
under reference conditions,

ple\shows the uncertainty calculation when the wavelength and tempg

ation\(4

D).

B.21)

Ligh to

B.22)

B.23)

B.24)

rature

B.2.2.4——Wavelength-dependence

The wavelength dependence will be derived using the following centre wavelength values

measured for five light sources having wavelengths other than A

Aosat1 = 650,4 nm Argp1 = 650,6 nm
Aospaz = 780,5 nm ARgfF2 = 780,3 nm
Aosaz = 850,2 nm Argr3 = 850,1 nm
Aosas = 1310,5 nm  Agggys = 1310,7 nm
Aosas = 1552,1 nm  Agggps = 1552,0 nm

The deviation of the measured value for the individual light source is calculated from equation

(44), for each wavelength.


https://iecnorm.com/api/?name=451824f50e9d054d0dbddbc1f874e8a5

PAS 62129 © IEC:2004 (E) - 37 -

AAyq = 650,4 — 650,6 = 0,2 (nm)
AAy, = 780,5 — 780,3 = 0,2 (nm)
AAj5 = 850,2 — 850,1 = 0,1 (nm)
AAy, = 1310,5 — 1310,7 = -0,2 (nm)
Adys = 1552,1 — 1552,0 = 0,1 (nm)

From these values:

AAA,MAX = 0,2 nm,
AAA,N”N = —0,2 nm

The upcertainty of the wavelength dependence error, 0,,,, is given by equa
O = (BAy max — DAy miN) / 243 =04/ 243 =0 B.25)
Also, the deviation due to wavelength dependence is given by eg
B.26)
B.2.2.p Temperature dependence
The fpllowing centre wavelength values He-Ne
laser
AREF 7
T1| =
T2
T3 =
T4
TH =
T6
AN
AN
AN
AN
ANrs =633,1 —633,0 = 0,1 (nm)
ANrg(#633,2 - 633,0 = 0,2 (nm)
From equations (49) and (48):
Opar = (BA7 max — A7 i) 2v3 = (0,2 +0,3)/ 24/3 = 0,144 (nm) (B.27)
AAr = (DA max *+ DA viN) /2= (0,2-10,3) /2 =-0,05 (nm) (B.28)

B.2.3 Expanded uncertainty calculation

The following example shows the expanded uncertainty calculation when the calibration is
performed under operating conditions.
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We can find the accumulated uncertainty using equation (52):

Opapcu = (OAArefz + GAAAZ + GAATZ )1/2
= (0,1072 + 0,1152 + 0,1442)1/2
=(0,045)12=0,213 (nm) (B.29)

The wavelength deviation can be found from equation (51):

A, = Dot T BOK, ¥ AT = —0,10 ¥ 0,0 = 0,05 =-0,2T_(n B.30)

Accordlingly, we obtain the expanded uncertainty, U,., with a coverd 2| for a

confidence level of 95 %:

Ujew = £k Oppe = +2 X 0,213 = 0,43

&

B.31)
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Annex C
(informative)

Using the calibration results

C.1 General

c.1.1 Scope

Calibrpted measurements may be required for conditions that differ from ich the

instrument was calibrated. For example, the measurement of a sour h that

falls hetween two wavelength calibration points. Therefore, it is y the

interpplation techniques outlined in this annex.

Interpplation of calibration results will only be valid for certgi ns will

apply to the ranges over which the interpolation is valid.

C.1.2 Parameters

The method outlined in this annex can b

1) callbration of the wavelength scale

2) callbration of the instrument resolution

3) callbration of the instrument displayed p ;

4) callbration of the instr

The method outlined inpthis

5) polgrization dependg

C.1.3

The ilt

1) Th at the
intgrpolatign modsg| i

2) Prgdigtiom 0 pf the
callbratian poigts

3) Ceftain OSAMdesig 0 use
different~detectorg” to cover the wavelength range of the instrument. Interpolatjon of
callbration corrections across such changes in the instrument state is not allowed.

4) If a—pelyremiafit-medelis—used-thenthedegree—of-thepelyromialsheuldbe-—significantly

less than the number of calibration points.
5) The validity range of any interpolating function must always be provided.

6) If the distribution of calibration points is not uniform then it may be necessary to weight the
calibration values when fitting the interpolation model. A statistician or other suitably

qualified staff should certify that the choice of weighting values is justified.

C.2 Additive corrections

C.2.1 Parameters

In this subclause all examples and symbols will relate to the calibration of the wavelength scale

of an OSA using a linear fit.
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C.2.2 Measurements close to a calibration reference wavelength

If the OSA is used to measure a wavelength sufficiently close to one of the reference
wavelengths used in the calibration, then the measured wavelengths can be corrected to give
an approximation to the vacuum wavelength A, by rearranging equation (44) as shown:

AC:AOSA_AAA_/ (C1)

where
Aosa is the wavelength measured by the test analyzer;
DAy is the wavelength deviation obtained from the calibration results.

The upcertainty in the corrected wavelength, g,., is found by summing t suremept and
corredtion contributions:

Oxc = (0aN,2 *+ Ohosa?) (C.2)
where
O, is the uncertainty of the test analyzer due to wavelen
Oj0sa | is the standard uncertainty of the values meaSured dwing
C.2.3 Measurements at other wavele
In geperal, only a few reference wa v ; d wide
waveléngth range. In this case it may be ax 3(i describeé the wavelength deviation by
(C.3)
where again
ideally b true
vacuu
(C.4)

where elength. The term €(A,q,) represents an additional erfor the
form ¢ S e particular instrument. For example, in an instrument using a
sine-b < i Ny TN épresent a periodic sine-bar error. This term also includes type
A (ran 3 3 i

Fitting i sults to equation (C.3) using a least squares procedure will give AS,,
and A

NOTE |Provided sufficient reference wavelengths are used, the wavelength differences can be fitted to an gquation
of higher order. Systematic or functional features in €(A) will emerge as higher order term(s) and can therefore be
used to correct the measured wavelengths. Appropriate care must be taken to choose a fit equation appropriate for

the characteristics of €(A) and for the number of reference wavelengths used.

The r.m.s. error due to the imperfect fit g;, can be calculated from the residual errors at the
reference values:

Oer = [Z (A = Adosa(Mosa, i )21 (n— 2)]1/2 (C.5)

n
i=1

NOTE The number of data points n — 2 arises from two parameters, that is, the slope and intercept being fitted.
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The wavelengths measured by the OSA can be corrected by subtracting AA(Aqga) from Agga-
Ag = Dogp — DA(Apsa) (C.6)
The uncertainty in the calculated wavelength error/correction, o, is given by
opn = [040sA? + Oprer? + 02 1172 (C.7)

where o,ref is the uncertainty in the reference wavelengths used in the calibration. As several
wavelengths are used, GAREF2 may be taken as the average of the (oAREF.) used in the

Callbr hnn |'F |nenr/gno r\mnaelr\n ||nno ara ||enrl 'Ff\r i‘hn f\"jlll’\r'ﬂ"lf\n +hnn l'hlo +r\rm \:|“ be

negligjble.

C.3 | Multiplicative corrections

C.3.1 Parameters

In thig subclause all examples and symbols will relate to the
scale pf an OSA as a function of wavelength.

8 displayed [power

C.3.2
If the OSA is used to measure a power clk e nCe wavelengths used|in the
power| calibration, then the measured pqwenca give an approximation |of the

true ppwer P.. Equation. (10) can be rearta
(C.8)

The upcertainty in the corre te s de ermlned by combining the uncertainties in
the me¢asured power and

NOTE |The measu d v ajpfies are additive, whereas the uncertainty in the digplayed
power ip multiplicatives

APdiff* * Oposa® | Posa®) 12 (C.9)

C.3.3

In general, on e i y calibrations may have been used spread over a wide wavejength
range| In this_case; N

APt Aosa) = ASp. Aggg + AP, C.10)

osa)

where'ASpis—a—seate—+tactor—which—ideallyshowld—be—zero—and-A—is—an—efiset-whieh again
ideally should be zero. The relationship between the measured power and the true power is
given by:

’Dtrue( Aosa) = POSA / (1 + APdiff( Aosa) + I’:P( Aosa) ) (C-1 1)

The term ep(A,q,) represents an additional error the form of which may depend on the
particular instrument. For example, in an instrument using a cooled photodetector this might
represent the derivative of the detector response. This term also includes type A (random)
uncertainty contributions.
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Fitting the calibration results to equation (C.10) using a least-squares procedure will give ASp,

and AP,. The r.m.s. error due to the imperfect fit g

ep?
errors at the reference values:

Ogp = [Z(Apdiff,)\i — APgitt (AA)) 2 1 (n = 2)]1/2
i=1

can be calculated from the residual

(C.12)

NOTE The number of data points n - 2 arises from two parameters, that is the slope and intercept being fitted.

The power measured by the OSA can be corrected as follows:

Pc (Aosa) = Posa / (1 + APyis(Posa))

The upcertainty in the calculated power correction is similar to equatiqn

term fpr the fitting error o
opc (Aosa) = Pc (Aosa) [oaPdiff? + Ogp? + Oposa

C.4 | OSA calibration results (additive correcti

In thg following example the procedure outli
wavelength scale of an OSA. The refe e w
Annex D).

Table C1~0OSAc

is used to calibra

kr pfon gas emission line

REF 0 OSh - Ac - Ager OAAC
[\(n (nm) Arer (pm) (pm)

88 pk—pk 14,2 pk—-pk

W18226M N118D72N | 540 0,8 15
Q 1818102\ | 4317532 [\ -570 7,0 £15
1363795 [ rass 28y | 564 7,0 15
1443,024~ \1442.495 579 5,9 15
1473846 | 1473251 595 47 15
\15\1\4,37\&/ 1523,786 -592 7.1 +15

X 1533)915 | 1533,308 607 6,2 15
1678,971 | 1678,343 628 1,8 15

<584,4> <-0,8>

C.13)

itional

C.14)

e the
5 (see
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