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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-governm

ental _in liaison with ISQ_ also take part in the work 1ISO_collabhaorates closely with the

International

International

The main tagk of technical committees is to prepare International Standards. Draft International Stan
adopted by fthe technical committees are circulated to the member bodies for voting.VPublication &

International

Attention is d

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 24013 W
Electro-optic

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of

as prepared by Technical Committee ISO/TC 172, Optics<@nd photonics, Subcommittee
b/ systems.
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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 [International Standard describes methods to determine the relative phase retardatign of optical
components with respect to the x- and y-axes of the polarization and s- and p-polarization;~tespgctively. This
Interpational Standard is necessary for optics manufacturers, suppliers and customers of such pptics for the
detemmination of the influence of phase retardation of optical components.

© 1SO 2006 — All rights reserved \"
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INTERNATIONAL STANDARD 1ISO 24013:2006(E)

Optics and photonics — Lasers and laser-related equipment —
Measurement of phase retardation of optical components for

polarized laser radiation

1 $cope

This |International Standard specifies test methods for the determination of the optical"phase netardation of

optical components by polarized laser beams.

2 ormative references

The following referenced documents are indispensable for the application of this documen
refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO 11145, Optics and photonics — Lasers and laser-related equipment — Vocabulary and sym}y

ISO 12005, Lasers and laser-related equipment — Testmethods for laser beam parameters — R

ISO 14644-1:1999, Cleanrooms and associated controlled environments — Part 1: Classifi
clearlliness

3 Terms and definitions

For the purposes of this document; the terms and definitions given in ISO 11145 and ISO 12005 3

4 S$Symbols and abbreviated terms

Symbols used and units of measure

t. For dated
b referenced

ols
olarization

cation of air

pply.

Symbol Unit Term
P 1 degree of linear polarization
[/ rad angle of analyser
ay V/m amplitude of electric field in x-direction
a, Vim amplitude of electric field in y-direction
a,b V/m principal axes of the vibrational ellipse
) rad phase difference
AB rad phase retardation
E Vim electric field vector
. 1 absorptance in x-direction
a, 1 absorptance in y-direction
v rad angle of the principle axis of the vibrational ellipse

© I1SO 2006 — All rights reserved
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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 expégcted phase retardafion 1s near w/Z: In this case a linearly polarized beam shall be used.f¢r the
test.

Figure 1 shows the measuring set up.

O

a) Optical'path for reflective samples

1 2 I;I 4
i

b) Optical path for transmissive samples

Key

laser

polarizer (linear or circular)
sample under test
analyser

detector

alignment laser

N o ok ON -~

positional sensitive detector

Figure 1 — Schematic drawing of the measuring set up
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A laser 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.

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
manyfacturer's instructions for normal use

The ¢nvironment of the testing place consists of dust-free filtered air with less than 60 % relative humidity. The

residpal dust is reduced in accordance with, for example, the clean-room ISO class7 a
ISO 14644-1:1999.

A lingarly polarized laser shall be used as the radiation source. To keep errors as\low as possil
powdr stability should be as high as possible.

Wav
corre
for th
chos

6.2

The accuracy of the measurement is strongly influenced by a clear definition of the state of polar

laser

spond to the values specified by the manufacturer for the use of,the)test sample. If ranges
ese three quantities, any combination of wavelength, angle of incidence and state of polariz
bn from these ranges.

Laser beam preparation

beam. Therefore it is necessary to prepare thepolarization state of the probe beam (linearly

5 defined in

le, the beam

length, angle of incidence and state of polarization of the laser radiation used for the measiirement shall

bre accepted
ation may be

ization of the
or circularly)

carefjlly.

If thel expected phase retardation is near /2, a linearly polarized beam shall be used. The quantity (1 — p),
wherg p is the degree of linear polarizatioh, shall be less than 10-3. This shall be verified py using the
analyser without the sample in the beam_path.

NOTH 1 Such a state of polarization® can be achieved by using a linearly polarized laser beam in combination with
additipnal polarizing elements.

If the| expected phase retardation is near zero, a circularly polarized beam shall be used. The degree of linear
polar|zation p shall bestess than 10-3. This shall be verified by using the analyser without the dample in the

beam

NOTH
additi

All of

path.

2  Such-a(state of polarization can be achieved by using a linearly polarized laser beam in co
bnal linearly~polarizing elements and a n/2 phase retarding element.

tieal*elements shall not increase the quantity (1 — p) in the case of a linearly polarized beam

mbination with

and pin the

case

rs in the test

of-a r‘irr‘ularly pnlari7pd bheam hy mare than 10-3_Far this reason the use of fnlding mirrd

setup is discouraged and all other optical elements shall be used under normal incidence.

6.3

6.3.1

Sample adjustment and system calibration

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.

© I1SO 2006 — All rights reserved
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Additionally, in the case of a linearly polarized probe beam, the angle between the plane of vibration of the
incoming laser beam and the plane of incidence shall be (/4 + 2) mrad.

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 plane of vibration and the plane of the optical table shall be
adjusted to be n/4. This can be achieved by adjusting the linear polarizer initially so that the plane of vibration
is parallel to the optical table. This can be checked by using a Brewster window, the turning axis of which is
perpendicular to the opfical table. Tf under these conditions the reflected minimum power is propadating
parallel to the optical table, then turning of the linear polarizer by n/4 finally provides the desired angle of the
linearly polarjzed beam.

When the alignment has been calibrated according to the procedure described above, the correct alignment of
the additiongal samples can be simplified by using an additional laser with high pointing stability gnd a
positional sepsitive detector (see Figure 1). In this case the additional laser beam hits the component ynder
near-normal [incidence and the adjustment of the sample under test is performed so.that the reflected|laser
beam hits th¢ positional sensitive detector at the same position.

6.3.3 Trangmissive samples

The sample ghall be mounted under the angle of incidence according to.the manufacturer's specification. The
deviation from the intended angle of use shall be less than 2 mrad.

6.4 Detection system

6.4.1 Gendral

The detectiop system consists of a polarization analyser and a power detector.

6.4.2 Polafization analyser

To determing the state of polarization of the laser beam after passing the test sample a polarization analyser
mounted on @ rotary stage is necessary.

The analysef shall be capable of.characterizing the state of polarization of the laser beam after passing agross
the additiona| polarizer with the-specified accuracy (see 6.2).

6.4.3 Powg¢gr detector

To ensure that the entire beam hits the detector area, the detector width should be at least twice the peam
diameter.

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 this directly influences the accuracy of the measurements.

NOTE Silicon detectors for the visible and near infrared spectral range as well as pyroelectric detectors for the
infrared spectral range may meet these specifications.

4 © I1SO 2006 — All rights reserved
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7 Test procedure

71

711

Test procedure for zero phase retardation

General

If the expected phase retardation is near zero, 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).

wher

In th
posit

713

If the]
deteq

E?(45°) - E?(135°)

COS O =
2,/E2(90°) E2(0°)
b 2 s the detector signal magnitude.

Simple test procedure for zero absorptance difference

b case of no absorptance difference, it is sufficient to measure the ‘detector signals at

ons, 45° and 135°. The phase difference is then given by
E*(45°)
2 o
COS O _E08Y) 2(135 )
E~<(45°)
5 +1
E“(135°)
Test procedure for non zero absorptance difference

re is a difference in the absorptance for-the two polarization components it is sufficient to
tor signal at four analyser positions; 0%, 45°, 90° and 135°. The phase difference is given by

The relative difference in the absorptance is then given by

7.2

7.21

If the]

a aq 1—(ZX

2
[E%(90°) _ [a_zj ay _ [1-ay

E?(0°)
Test procedure for n/2 phase retardation
General

expected phase retardation is near n/2, the polarization of the probe beam shall be lineg

test,

(1)

wo analyser

(@)

measure the
Equation (1).

r. Before the

he“state and the degree of this linear polarization shall be measured and recorded. The |

itial state of

polarization is characterized by a curve fit to the function given by Equation (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

positi

7.23

ons, 45° and 135°. The phase difference is then given by Equation (2).

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 Equation (1).

©I1SO

2006 — All rights reserved
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The relative difference in the absorptance is then given by Equation (3).

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
Equation (1). The phase retardation shall be evaluated by subtracting the phase difference before the sample

from the pha

A5 = §aﬂar eompla — 5knfﬁrn eampla

8.2 Evalu

8.21

The phase r¢tardation caused by the test sample is given by the difference of the measuréd phase diffe

of the probe

passing the test sample [see 7.1.2, Equation (2)].

8.2.2 Evalyation for non-zero absorptance difference

The phase r¢tardation caused by the test sample is given by the difference of the measured phase diffe

of the probe
passing the
according to

8.3 Evalu

8.3.1

The phase r¢tardation caused by the test sample is given by the difference of the measured phase diffe

of the probe

passing acro

8.3.2 Evaluyation for non-zeroabsorptance difference

The phase r¢tardation caused\by the test sample is given by the difference of the measured phase diffe

of the probe
passing the
according to

9 Testr

Evalyation for zero absorptance difference

Evalyation for zero absorptance difference

se difference after the sample.

(4)

ption for zero phase retardation

beam [without test sample, see 7.1.1, Equation (1)] and the measured-phase difference

beam [without test sample, see 7.1.1, Equation (1)] and the measured phase difference
test sample (see 7.1.3). Additionally, the relative _absorptance difference can be deter
Equation (3).

ption for n/2 phase retardation

beam [without test sample,«see 7.1.1, Equation (1)] and the measured phase difference
5s the test sample [see 7.1/2,)Equation (2)].

beam [without-test sample, see 7.1.1, Equation (1)] and the measured phase difference
test sample (see 7.1.3). Additionally, the relative absorptance difference can be detern
Equation.(3).

fence
after

fence
after
nined

fence
after

ence
after
nined

oy

port

The following information shall be included in the test report:

a)
1) test
2)
3)
4)
6

General information

has been performed in accordance with ISO 24013:2006;

date of test;
name and address of test organization;

name of individual performing the test.

© I1SO 2006 — All rights reserved
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b) Information concerning the test sample
1) type of sample;
2) manufacturer;
3) manufacturer’s model designation;
4) serial number.

c) Test conditions

ISO 24013:2006(E)

1) laser wavelength(s);

3

2) laser parameter settings:

— output power or energy;

— current or energy input.
3) mode structure;
4) polarization;

environmental conditions:

LR
~

— temperature;

— humidity;

— room illumination.

d) Information concerning testing and evaluation
1) test method used;

) detector and sampling-system:

AO-

— response time of the detector system;
— triggerdelay of sampling (for pulsed lasers only);

— measuring time interval (for pulsed lasers only).

3) beam forming optics and attenuating method:

~— type of attenuator;

— type of beam splitter;

— type of focusing element.

4) other optical components and devices used for the test (polarizer, monochromator, etc);

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 Ag;

7) uncertainty of measurement.

© I1SO 2006 — All rights reserved
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Annex A
(informative)

Theoretical background

A.1 Description of a polarized wave

An arbitrarily|polarized electro-magnetic wave with the field vector E propagating in the z-direction is desgribed

by

-

COS(7 + 0q)

x

cos(z +05)

N &M
<
Il
o o 9
N

N

where

a;andap  are the amplitudes in the x- and y-directions;

T is the variable part of the phase factor;

opand &  are the constant part of the phase factor.

(A1)

The state of [polarization is generally represented by the vibrational ellipse for the electric vector as shown in

Figure A.1.

2a,

Key

a  principal axis of the vibrational ellipse
b principal axis of the vibrational ellipse
a, amplitude of electric field in x-direction

a, amplitude of electric field in y-direction

X, y
&n

coordinate axes of the absolute coordinate system
coordinate axes of the principal coordinate system

angle between the principal axis of the vibrational ellipse
and the x-axis

Figure A.1 — Vibrational ellipse of a polarized wave

© I1SO 2006 — All rights reserved
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In the general case the polarization is represented by an ellipse with the two principal axes a and b where the
principal axis & is rotated about the reference axis x about the angle w. The state of polarization is either
described by a, b and y or by a4, a, and 6, where 6= ; — ;.

A.2 Analysing the state of polarization
For analysing the state of polarization an analyser is rotated through the beam to be characterized. The

analyser transmits only the part of the electric field orientated in the same direction as the analyser as shown
in Figure A.2.

y
A
a
2N
\
\
\
\
\
\
\ A
\ /
\
\\
B
\
\C \
\
\
(0] X
> X
a,
Key
aj ]mplitude of electric field in x-direction B point of intersection of the perpendicular to A to a4 with A
a, mplitude of electric field in y-direction C  point of intersection of the perpendicular to A to a, with A
X, y ¢oordinate axes of the absolute coordinate system O origin of the coordinate system
A direction of the analyser ¢  angle between the analyser and the x-axis
Figure A.2 — Transmitted light at an analyser

Of the electric field with the amplitudes a4 and a, in the x- and y-direction respectively, only thef components
parallel to the analysef~are transmitted. The angle between the analyser and the x-direction i$ given by ¢.
Thesge components.are OB and OC that are given by

DB = a4c08¢ OC = a5y sing (A.2)
The medsured signal on the detector after the analyser is directly proportional to E2. It is obtaihed from the
interference of these two monochromatic waves with the phase difference, &, by

E? =E? + E3 + 2|E?E3 coss (A3)

With the amplitudes given by Equation (A.2) this yields

) 2
ET9) _ cos? ¢+ [a—2] sin? ¢ + 22 sin(2¢)cos 5 (A.4)
a12 a4 a1

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

© I1SO 2006 — All rights reserved 9
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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 n/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 n/2) but from a change in the amplitudes of the two components of the
electric field [vector. The maxima of the detector signal are at 0° and 180° for a greater absorpiion ih the
y-direction afle at 90° and 270° for a greater absorption in the x-direction.

y

ay,=0%

Key
X, y coordinate axes of the abspluté coordinate system

a, absorptance in y-direction

Figure A.3 — Influence of absorptance difference on vibrational ellipse

10 © IS0 2006 — All rights reserved
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3 A
QE ay,=0%
- 4
1 N——_ T Ne—— ——=7]
N\
0,998 — \ / o ; , \ / ;
B \ ‘_ay—0,1 /o.. / \ . ) /
oo -\ \. ./ / N\
0,994 - \ / / , /
- \ay =05 %/ \ /
0,992 - "\ /', "\ /',
099 |- 7/ N
0,988 ay,=1%
0,986
0.984 i I | I | I | I | I | i | I | -
0 50 100 150 200 250 300 350 ¢
Key
P/P 4 normalized detector signal
@ angle between the analyzer and the x-axis
ay absorptance in y-direction
Figure A.4 — Influence of absorptance difference on detector signal
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 injcident wave. Since the ratio of the amplitudes in the x- and y-direction remains constant th¢ angle, v, of
the incident wave does not{change. The phase retardation A¢ induces a deformation of the vibrgtional ellipse
as sgen in Figure A.5.

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

NS = 5after sample ~ 5before sample

Acco

rding.to Figure A.6 the maxima of the detector signals are recognized at 45° and 225°

(A.5)

for a phase

retardation larger than zero while the maxima are located at 135° and 315° for a phase retardation smaller

than zero.
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