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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Normally it is desirable that the state of polarization be not influenced by the optical components used.
For the generation or maintenance of specific states of polarization the influence of optical components
on the beam polarization is crucial. For generating circularly polarized radiation from linearly polarized
radiation /2 phase retarders are used.

This document describes methods to determine the relative phase retardation of optical components
with respect to the X- and Y-axes of the polarization and s- and p-polarization, respectively. This
document is necessary for optics manufacturers, suppliers and customers of such optics for the
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Op

tics and photonics — Lasers and laser-related

equipment — Measurement of phase retardation of optical
components for polarized laser radiation

1 Scope
This|document specifies test methods for the determination of the linear optical phaserretardation of
optidal components by polarized laser beams.
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
unddted references, the latest edition of the referenced document (including any amendments) applies.
ISO 11145, Optics and photonics — Lasers and laser-related equipment — Vocabulary and symbols
ISO 12005, Lasers and laser-related equipment — Test methodsfor laser beam parameters —|Polarization
3 Terms and definitions
For the purposes of this document, the terms and>definitions given in ISO 11145 and ISO 12005 apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following dddresses:
— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at https://www.electropedia.org/
4 $ymbols and abbreviated terms
Table 1 — Symbols used and units of measure
Symbol Term Unit
2 degree of linear polarization 1
¢ angle of analyser rad
(1, amplitude of electric field in X-direction V/m
~ Qmplihlr‘n of electricfield in Y-direction V/m
ab principal axes of the polarization ellipse V/m
) phase difference rad
AS phase retardation rad
E electric field vector amplitude V/m
P radiant power w
ay absorptance in X-direction 1
ay absorptance in Y-direction 1
Y angle of the principle axis of the polarization ellipse rad
©1S0 2023 - All rights reserved 1
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5 Measurement principle

The optical component under test is irradiated by a laser beam with a defined state of polarization.
After passing the component the state of polarization of the beam is determined by using an analyser.
The phase retardation is then evaluated from the change of the state of polarization.

There are two cases to distinguish:

a) the expected phase retardation is near zero: in this case a circularly polarized beam shall be used
for the test;

b) the expected phase retardation is near w/2: in this case a linearly polarized beam shall be used for
the test

Figure 1 shqws the measuring set up.

7
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a) Optical path for reflective samples
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]

b).Optical path for transmissive samples

Key
radiation} source

polarizer (linear or-¢ifcular)
sample ynder test

analyser

detector

alignment laser

N O U W N e

positional sensitive detector
Figure 1 — Schematic drawing of the measuring set up

Alaser and a polarizer generating linearly or circularly polarized radiation shall be used in combination
with an analyser and a power detector. For measuring reflective samples an alignment laser in
combination with a positional sensitive detector ensures a reproducible angle alignment of the sample
under test.

2 © IS0 2023 - All rights reserved
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6 Preparation of test sample and measuring arrangement

6.1 General

Storage, cleaning and the preparation of the test samples are carried out in accordance with the
manufacturer's instructions for normal use.

The environment of the testing place consists of dust-free filtered air with between 40 % and 60 %
relative humidity. It is recommended that the residual dust be reduced in accordance with, for example,

the c

lean-room ISO class 7 as specified in ISO 14644-1.
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errors as low as possible, the beam power stability should be as high as possible.
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ization may be chosen from these ranges.

Laser beam preparation

hiccuracy of the measurement is strongly influenced by a clear(definition of the state of
e Jaser beam. Therefore, it is necessary to prepare the polarization state of the probe be
‘cularly) carefully.

e expected phase retardation is near /2, a linearly polarized beam shall be used. T
p.), where p; is the degree of linear polarizationyshall be less than 10-3. This shall bg
b the analyser without the sample in the beam'path.

1  Such a state of polarization can be achiéved by using a linearly polarized laser beam in|
hdditional polarizing elements.

 expected phase retardation is near zero, a circularly polarized beam shall be used.
ear polarization p; shall be less than 10-3. This shall be verified by using the analyser
le in the beam path.

2 Such a state of polafization can be achieved by using a linearly polarized laser beam in|
hdditional linearly polarizing elements and a /2 phase retarding element.

All o

tical elements shall not increase the quantity (1 - p;) in the case of a linearly pol:

and p; in the case ¢f acircularly polarized beam, by more than 10-3. For this reason, the u
mirrprs in the tést setup is discouraged and all other optical elements shall be used umder normal
incidence.

6.3 | Sample adjustment and system calibration
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without the

combination
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se of folding

6.3.1 Reflective samples

The sample shall be mounted very accurately at the angle of incidence according to the manufacturer's
specification. The deviation from the intended angle of use shall be less than 2 mrad. For this purpose
the component shall be mounted on a precision rotary stage. Back reflecting the laser beam into the
laser cavity defines the normal incidence.

Additionally, in the case of a linearly polarized probe beam, the angle between the direction of
polarization of the incoming laser beam and the plane of incidence shall be 1t/4 rad * 2 mrad.

© IS0 2023 - All rights reserved


https://standardsiso.com/api/?name=27ff8046de9f5ca962c8c182f26c7993

ISO 24013:2023(E)

6.3.2 Possible alignment procedure

First, the laser beam shall be adjusted so that the beam propagation is parallel to the surface of the
optical table. Second, the beam reflected from the sample shall be adjusted so that the propagation of
the reflected beam is also parallel to the surface of the optical table for all angles of incidence. Third,
in case of a linearly polarized incoming beam, the angle between the direction of polarization and the
plane of the optical table shall be adjusted to be /4 rad. This can be achieved by adjusting the linear
polarizer initially so that the direction of polarization is parallel to the optical table. This can be checked
by using a Brewster window, the turning axis of which is perpendicular to the optical table. If under
these conditions the reflected minimum power is propagating parallel to the optical table, then turning

of the linear polarizer by /4 rad finally provides the desired angle of the linearly polarized beam.
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6.4 Deteq

lignment has been calibrated according to the procedure described above, theyco
ff the additional samples can be simplified by using an additional laser with high\poi
| a positional sensitive detector (see Figure 1). In this case the additional laser-beam hit
inder near-normal incidence and the adjustment of the sample under test.is.perform
ected laser beam hits the positional sensitive detector at the same position:

hsmissive samples

chall be mounted under the angle of incidence according to the ntanufacturer's specificg
n from the intended angle of use shall be less than 2 mrad,

shall be rotated so that its optical axis is horizontal (parallel to the optical table) w
may be achieved by setting the polarizer so that the direction of polarization is horizd
inalyser to /2 rad, and rotating the sample untilghére is a minimum signal measurd

'tion system
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analyser md
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6.4.3

Pow

n system consists of a polarizatien analyser and a power detector.

irization analyser

e the state of polarization of the laser beam after passing the test sample a polariz
unted on a rotary-stage is necessary.

r shall be capahle of characterizing the state of polarization of the laser beam after pa
dditional pelarizer with the specified accuracy (see 6.2).

rer detector

To ensure thatthe entire beam hits the detector area, the detector width should be at least twic
beam diameter.
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hting
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ntal,
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htion
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e the

A high dynamic range of the signal to noise ratio is required for the low noise detector since this directly
influences the resolution. Furthermore, the detector characteristics shall be linear over a wide signal

range since

NOTE

this directly influences the accuracy of the measurements.

the infrared spectral range can meet these specifications.

Silicon detectors for the visible and near infrared spectral range as well as pyroelectric detectors for
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7 Test procedure
7.1 Test procedure for zero or m phase retardation

7.1.1 General

If the expected phase retardation is near zero or m, the polarization of the probe beam shall be circularly
polarized. This shall be achieved by using a linearly polarized laser in combination with a quarter-wave
plate or similar means. Before the test the state and the degree of this circular polarization shall be
measured and recorded. The initial state of polarization is characterized by (see also Annex A).

(o5 P(45°)-P(135°) 0

24P(90°)P(0°)

where Poc EZis the detector signal magnitude.

o

7.1.1 Simple test procedure for zero absorptance difference

In thE case of no absorptance difference, it is sufficient to measure the'detector signals at two analyser
positions, 45° and 135°. The phase difference is then given by
_ P(45°)-P(135°)

0s0 =
P(45°)+P(135°)

o

(2)

7.1.3 Test procedure for non zero absorptance difference

If thdre is a difference in the absorptance for the two polarization components it is sufficienf to measure
the detector signal at four analyser positions;.0°, 45°, 90° and 135°. The phase differencg is given by

Formula (1).

The relative difference in the absorptanée'is then given by

b (] s
(0°) |y a; N1l-ag

7.2 | Test proceduredfor /2 phase retardation

7.2.1 General

If th¢ expected phase retardation is near /2, the polarization of the probe beam shall be linear. Before
the test, théstate and the degree of this linear polarization shall be measured and recorded. The initial
statd of polarization is characterized by a curve fit to the function given by Formula (A.4).

7.2.2 Simple test procedure for zero absorptance difference

In the case of no absorptance difference, it is sufficient to measure the detector signals at two analyser
positions, 45° and 135°. The phase difference is then given by Formula (2).

7.2.3 Test procedure for non zero absorptance difference

If there is a difference in the absorptance for the two polarization components it is sufficient to measure
the detector signal at four analyser positions, 0°, 45° 90° and 135°. The phase difference is given by

Formula (1).
The relative difference in the absorptance is then given by Formula (3).

© IS0 2023 - All rights reserved 5


https://standardsiso.com/api/?name=27ff8046de9f5ca962c8c182f26c7993

ISO 24013:

2023(E)

8 Evaluation

8.1 General

The initial phase difference of the probe beam shall be evaluated according to 7.1 and 7.2, respectively,
using Formula (1). The phase retardation shall be evaluated by subtracting the phase difference before
the sample from the phase difference after the sample. If the phase difference is expected to be near

zero or /2,

A6 =6

the phase retardation is given by

after sample — 6before sample

If the phase
A5 = 63f

8.2 Evalu

8.2.1 Eva

The phase 1
difference o
after passin

8.2.2 Eva

The phase 1
difference o
after passiry
determined

8.3 Evalu

8.3.1 Eva

The phase 1
difference o
after passin

8.3.2 Eva

The phase 1
difference o

difference is expected to be near m, the phase retardation is given by

fer sample 5bef0re sample +n

ation for zero phase retardation

uation for zero absorptance difference

etardation caused by the test sample is given by the difference of the measured f
f the probe beam [without test sample, see Formula (1)] and.the measured phase diffe]
b the test sample [see Formula (2)].

uation for non-zero absorptance difference

etardation caused by the test sample is givén by the difference of the measured f
f the probe beam [without test sample, see, EKormula (1)] and the measured phase diffej
g the test sample (see 7.1.3). Additionally, the relative absorptance difference ca

according to Formula (3).

ation for /2 phase retardation

uation for zero absorptance difference

etardation caused by the test sample is given by the difference of the measured f
f the probe beam.-[without test sample, see Formula (1)] and the measured phase diffef
b across the test;sample [see Formula (2)].

uation for'non-zero absorptance difference

etardation caused by the test sample is given by the difference of the measured f

(4)

(5)

hase
ence

hase
ence
n be

hase
ence

hase
ence

[ the'probe beam [without test sample, see Formula (1)] and the measured phase diffe]

g fhao tact H«n vn]r\i— a0 ~hcnyrnmtancn A4 Fcnrnhnn c

after passin
determined

camnla (can 71 21 Addi+s r\v\f\]]]

TIIrc—CctCoT—STTiT 7o) 1O ocIoT TICC—OTTT TcCc—C

1) pPre—56ee

according to Formula (3).

HIVE—aBS0¥ P

9 Testreport

The following information shall be included in the test report:

a) General

information

1) testhas been performed in accordance with ISO 24013:2023;

2) date of test;

3) name and address of test organization;

n be

© IS0 2023 - All rights reserved
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4) name of individual performing the test.
b) Information concerning the test sample

1) type of sample;

2) manufacturer;

3) manufacturer’s model designation;

4) serial number.

IS0 24013:2023(E)

c) Festconditions

1) laser wavelength(s);

2) laser parameter settings:

— output power or energy;

— current or energy input.

3) polarization;

4) environmental conditions:

— temperature;

— humidity;

d) Information concerning testing and evaluation

1) test method used;

2) detector and sampling system:

— response time of the detector system;

— trigger delay of samipling (for pulsed lasers only);
— measuring time'interval (for pulsed lasers only).
3) beam forming'optics and attenuating method:

— typeqfattenuator;

— type of beam splitter;

—/“type of focusing element.

A

other optical componentsand devices used for the test (polarizer,monochromatoen etc);

e ot T

5) other relevant parameters or characteristics of the test which have to be chosen (aperture

setting, reference plane, reference axis, laboratory system);
6) measured phase retardation Ad

7) uncertainty of measurement.

© IS0 2023 - All rights reserved
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Annex A
(informative)

Theoretical background

A.1 Description of a polarized wave

An arbitrar]ly polarized electro-magnetic wave propagating in the Z-direction (see Reference {2]) is
described by the components of the electric field along the X, Y, and Z directions

Ey =a4 fos(7+07)

Ey =a, fos(t+06;)

E; =0 (A.1)
where

a,and q, are the amplitudes in the X- and Y-directions;

T is the variable part of the phase factor;

6;and §, are the constant part of the phase factor.

The state of polarization is generally represented by the polarization ellipse for the electric vectpr as
shown in Figure A.1.

8 © IS0 2023 - All rights reserved
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In thee general case the polarization is represented by an ellipse with amplitudes a and b 3
N, respectively, where the principallaxes £ and m are rotated about the reference a
ectively by the angle 1. The state of polarization is either described by a, b and ¥ or by

and
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Figure A.1 — Polarization ellipse of a polarized wave
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ap

q

Key

X,Y coordindte axes of the absolute coordinate system B point of intersection of the perpéndicular to A fo a;
with A

a; amplitude of electric field in X-direction C point of intersection of. the perpendicular to A fo a,
with A

a, amplitude of electric field in Y-direction O origin of the cogrdinate system

A direction of the analyser ¢ angle betweendhe analyser and the X-axis

Figure A.2 — Transmitted light atan analyser

Of the elecfric field with the amplitudes a; and a, inhe X- and Y-direction respectively, only the
componentq parallel to the analyser are transmitted. The angle between the analyser and the
X-direction |s given by ¢. These components are OB.and OC that are given by Formula (A.2):

OB=a; tos¢ OC=a, sing (A.2)

The measurgd signal on the detector affer the analyser is directly proportional to E2. It is obtained [from
the interfer¢nce of these two monoc¢hrematic waves with the phase difference, 6, by Formula (A.3)

2 _p2|, g2 252
E®=E (+E} +2,EYE), coS8 (A.3)
With the anjplitudes giveirby Formula (A.2) this yields to

E*(9)

2
1

2
cos? ¢+(a—2j sin? ¢+a—zsin(2¢)c056 (A.4)
a

a aq 1

The signal on the detector for different angles ¢ of the analyser is described by Formula (A.4).

A.3 Influence of absorption

In the case of absorbing samples the beam before the analyser should ideally be circularly polarized
for samples with phase retardations both near zero and near m/2. A difference in the absorption of the
electric field between the X- and Y-direction does not affect the phase difference ¢ of the components
of the electric field but changes their amplitudes. Figure A.3 and Figure A.4 show the effect of the
absorption, where the absorption in the Y-direction is assumed to be greater than zero and the
absorption in the X-direction is assumed to be zero.

The change in the modulation of the detector signal after the analyser does not result from a phase
retardation (the phase difference remains at m/2) but from a change in the amplitudes of the two

10 © IS0 2023 - All rights reserved
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components of the electric field vector. The maxima of the detector signal are at 0° and 180° for a
greater absorption in the y-direction are at 90° and 270° for a greater absorption in the X-direction.

Y ay =0 %

1,0

0,5

X-=—0,0

-0,5

Key
X,Y toordinate axes of the absolute coordinate system a\ “absorptance in Y-direction

Figure A.3 — Influence of absorptance difference on polarization ellipse
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Figure A.4 — Influence of absorptance difference on detector signal
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A.4 Influence of phase retardation

A pure phase retardation with the absence of a difference of the absorption does not affect the
amplitudes of the incident wave. Since the ratio of the amplitudes in the X- and Y-direction remains
constant the angle, 1, of the incident wave does not change. The phase retardation Ad induces a
deformation of the polarization ellipse as seen in Figure A.5.

The phase retardation is given by the difference of the phase difference after and before the sample.

Ab = 5after sample — 5before sample (A-S)

According tp Figure A.6 the maxima of the detector signals are recognized at 45° and 225° for a ghase
retardation [larger than zero, while the maxima are located at 135° and 315° for a phase refardation
smaller than zero.

A6 =0°

Key

X, Y coordinate axes of the absolute-coordinate system A& phase retardation

Figure A:5~ Influence of phase retardation on polarization ellipse
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Figure A.6 — Influence of phase retardation on detector signal

A.5 | Influence of absorption and'phase retardation

The simultaneous presence of absorption and phase retardation results in a modulation of
signal and a change of the angle t as shown in Figure A.7. Formula (A.4) includes the infl
absofption and the phase retardation.

the detector
ience of the
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