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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 [[TEC) on all matters of electrotechnical standardiZzation.

International |Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part’3:

Draft International Standards adopted by the technical committees are circulated to the member bodies|for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting|a vote.

International| Standard 1SO 12005 was prepared by Technical Committee ISOI/TC 172, Optics ahd optical
instruments, [Subcommittee SC 9, Electro-optical systems.

Annex A of this International Standard is for information only.
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Introduction

This International Standard defines a relatively quick and simple method, requiring minimum equipment, for
determining the state of polarization of a laser beam.

This method is suitable for most of the current needs with well-polarized laser beams. However, if more
completeness in the determlnatlon of the polarlzatlon status is needed the use of a more sophlstlcated analysing
device is ' Tar [ ati
devices is|given in annex A, together Wlth a description of the Stokes parameters which are neededhin’fhat case.
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Lasers and laser-related equipment — Test methods for laser
beam parameters — Polarization

1 Scope

This Interpational Standard defines a method for determining the polarization status and, whenever
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NOTE This is a fundamental phenomenon which can be explained by the concept that electromagnetic radiation is a
transverse wave motion, i.e. the vibrations are at right angles to the direction of propagation. It is customary to consider these
vibrations as being those of the electric field vector.

3.2

state of polarization

classificati

3.3

on of polarization as linear, random, circular, elliptical or unpolarized

direction of vibration
direction of the electric field vector of an electromagnetic wave
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3.4
plane of vibration
plane containing the electric field vector and the direction of propagation of the electromagnetic radiation

3.5

ellipticity

b/a

(elliptically polarized radiation) ratio of the minor semiaxis b of the ellipse to the major semiaxis a of the ellipse

NOTE The ellipse is described by the motion of the terminal point of the electric field vector in a transverse plane to the
direction of radiation propagation (see annex A).

3.6
ellipticity angje
£
angle whose[tangent is the ellipticity

NOTE The ellipticity angle is constrained to —45° < ¢ < + 45°. When ¢ = 45° the polarizationcis eircular, and ywhen ¢ = 0°
the polarizatioh is linear (see annex A).

3.7
azimuth
(i)
angle betweg¢n the major axis of the instantaneous ellipse and a referenee\axis perpendicular to the direction of
propagation

NOTE Sep annex A.

3.8
linear polarizer
optical device whose output is linearly polarized, without\fegard to the state and degree of polarization of the
incident radiation

3.9
extinction ratjo
(linear polarizer) measure of the quality of the linear polarizer

NOTE If gerfectly linearly polarized radiation is incident on a polarizer, then the extinction ratio of the polarizer i§ given by:

L. . Tmi i
extinctiof ratio = —min_ = Pmin_

Tmax pmax
where

Thax (Pmdy) 1S the maximum transmittance (reflectance) and

Trnin (Prnir) AS.the minimum transmittance (reflectance)

of power (energy) through (of) the linear polarizer.

3.10

quarter-wave plate

optical device which resolves an incident totally polarized beam of radiation into two orthogonally polarized
components and introduces a 90° phase shift between them

3.11

Stokes parameters

set of four real quantities which completely describe the polarization state of monochromatic or quasi-
monochromatic radiation

NOTE The parameters are, collectively, known as the Stokes vector, a 4 X 1 vector (see annex A for a complete
description and formulae for Stokes parameters).
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4 Test method for state of polarization
4.1 Principle of measurement

The first test for laser beam polarization determines whether the beam is linearly polarized. This involves recording
the maximum and minimum levels of the transmitted radiation while the angular orientation of the linear polarizer is
varied. See Figure 1.

If the beam is not linearly polarized (according to the criteria given in 4.5), it is tested for elliptical or circular
polarization. For this test the beam is measured after transmission by both a quarter-wave plate and a linear
polarizer. See Figure 2.

If not in any of these states, the laser beam is only partially polarized or unpolarized.

4.2 Equipment arrangement

See Figurgs 1 and 2 for the experimental set-up.
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Figure 1 — Schematic arrangement of the test for linear polarization
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Figure 2 — Schematic arrangement of the test for elliptical,or circular polarization
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4.3.3 Quarter-wave plate

The quarter-wave plate is selected for the wavelength to be tested, such as to introduce a (A /4 £ A /200) optical
path difference between the two resolved orthogonal polarized components. The plane of vibration of the fast

component (l

owest refractive index) shall be indicated on the mount.

4.3.4 Optical attenuator

An attenuato

ris used to reduce the laser power density.
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Optical attenuators shall be used when the laser output-power or power density exceeds the detector's working
(linear) range or the damage threshold. Any wavelength dependence, non-linearity or non-uniformity of the optical
attenuator shall be minimized or corrected by the use of a calibration procedure.

4.4 Test procedure

4.4.1 General

Set up the experimental apparatus as illustrated in 4.2.

Ensure there is no reflective feedback into the laser by adjusting the angle of the components and their position

a|0ng the r\pfir‘nl p:\th_ If :\tfnnlmfing nptir‘e are ||cnr~|7 test inrlnpnnrlnntly to—ensure fhn\]/ have-no—effect on the
polarization.

4.4.2 Megsurement 1 (see Figure 1)
Define and record the orientation of a reference axis perpendicular to the beam axis.
a) Rotatethe polarizer to obtain the maximum and minimum readings at the detector:

b) Record these readings and the angular orientation of the polarizer during thesxmaximum and minimum readings
of the detector.

c) Calculdte the contrast from the beam powers P (energies Q) in two grthogonal directions:

I:)X_F)y or Qx_Qy
P+ Ry Qx +Qy

contrast =
The ® and y directions are chosen so that the beam power (energy) is attenuated maximally for minimally,
respeftively, after transmission through the linear.polarizer.

d) Repeafthe measurement at least 10 times and-calculate the average contrast. If it is less than 0,9 [proceed with
measufement 2.

4.4.3 Megsurement 2 (see Figure 2)
a) Rotatg¢ both the quarter-wave plate and the polarizer independently to obtain maximum and mininpum readings
at the| detector. Repeat the (procedure to ensure that the absolute maximum and minimum measyirements are
taken|as a function of the.angular orientation for both the quarter-wave plate and the polarizer.
b) Recofd these maximum and minimum readings.

c) Calcujate the contrast as defined above for measurement 1 from the measurements obtained.

d) Repegt the measurement at least 10 times and calculate the average contrast.

4.5 Analysis of the results

If the average contrast from the data in measurement 1 is greater than 0,9, then the laser beam is linearly
polarized and the degree of linear polarization is equal to the contrast. The azimuth is given by the angular
orientation of the polarizer during the maximum reading.

If the average contrast from the data in measurement 1 is between 0,1 and 0,9 and the average contrast from
measurement 2 is less than 0,1, then the laser beam is partially linearly polarized. The degree of linear
polarization is equal to the contrast from measurement 1.

If the average contrast from the data in measurement 1 is less than 0,1 and the average contrast from
measurement 2 is greater than 0,9, then the laser beam is circularly polarized
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If the average contrast from the data in measurement 1 is less than 0,1 and the average contrast from
measurement 2 is between 0,1 and 0,9, then the laser beam is partially circularly polarized. @ The degree of
circular polarization is equal to the contrast from measurement 2.

If the average contrast from the data in measurement 1 is between 0,1 and 0,9, and the average contrast from
measurement 2 is greater than 0,9, then the laser beam is elliptically polarized . Determination of the azimuth and
of the ellipticity of the ellipse can be made with the use of a polarization-analysing device which gives access to the
four Stokes parameters (see annex A).

If the average contrast from the data in both measurement 1 and measurement 2 is between 0,1 and 0,9, then the
laser beam is partially elliptically polarized . Determination of the azimuth and of the ellipticity of the ellipse can be

made with tile—useof a potarizatiom-anatysing device whict gives access to the fourStokes parameters (see
annex A).
If the averagg contrast from both measurements is less than 0,1, then the laser beam is classified as unpglarized .

When in this [case the power fluctuations in the two fixed directions are

O less thap 10 %, the laser shall be classified as unpolarized according to this Intefnational Standard,;

O greater than 10 %, the laser shall be considered to be randomly polarized.

NOTE Some lasers measured as unpolarized may actually be linearly polarized in two fixed orthogonal dirgctions. The
amount of endrgy in each direction may be changing during the time of observation Selected by the user for the application.

It is assumefd that the radiation has uniform polarization properties ever its cross-sectional area. Radiation that
exhibits random and spatially unresolvable variations in the state.af polarization (and over its aperture qr direction

behaves as linpolarized to the detector) should be retested, using smaller apertures (as required) to determine the
spatially distfibuted state of polarization.

5 Test report

5.1 Genergl and test conditions

The following general information shall bé‘included in the test report.

a) Manufadturer's model designation-of the laser;

b) laser mgdium, wavelength-or wavelength range tested at, mode structure (if known), and power level
c) laser pajameter settings;

d) orientatipn of the-reference axis;

e) response time of the detector system;

f) date of test;
g) nhame of test organization;

h) name of individual performing the test.

5.2 Test results
The following test results shall be included in the test report.

a) Measurement results or readings, in accordance with Table 1;
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Table 1
Average contrast Angle polarizer Angle quarter-wave plate
Ymax Ymin Ymax Ymin
mean s’ mean s’ mean s’ mean s’ mean s’
Measurement X X X X
1
Measurement
2

1) s starndard deviation

b) state pf polarization;
c) degree of polarization (if linear or circular);

d) azimdth of the polarizer component (if linear).
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Annex A
(informative)

Complete description of the polarization state of a monochromatic laser

beam

©1SO
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. 45°), the polarization is circular.

(S1), third (S;) and fourth (S3) Stokes parameters give an alternative description of the

component tihrough:

SEEY:
=53
=53

Finally, the S

0S (29) cos (2¢)
in (2@) cos (2¢)
in (2¢)

tokes vector cambe written as a function of the total beam power P, the degree of polariza

the azimuth and ellipticity angles @ and ¢, namely:

S=P[1,

Conversely H

p cos (2d)cos (2¢), p sin (2®) cos (2¢), p sin (2¢)]

.- @ and ¢ can be determined from the Stokes vector, using the following relations:
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