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Measuring Contrast of a Linear Polarizer
This standard is issued under the fixed designation F 1763; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope 3.1.1 contrast: C =t/t,—the ratio of maximum transmis-

1.1 These test methods describe measurement of polariz&on through a polarizert,) to minimum transmission {,)
contrast. A distinction is made between contrast, which is anvhen the polarizer is rotated in a light beam of infinite contrast.
intrinsic polarizer property, and extinction, which is a compari-Contrast is an intrinsic property of a polarizer. _
son between two polarizers. 3.1.1.1 Discussior— Contrast can a_lso be used to descnbe_

1.2 These test methods are applicable to polarizers thdpe degree of linear polarization of a light beam. In that case it
operate in a transmissive mode at near-normal incidencds the ratio of linearly polarized light power in the maximum
Angular or translative offset of the transmitted beam is acceptdirection @) to the minimum ©;). C | =P,/ P, and
able if the entire transmitted beam power can be measured.P,,=P1+ P > An unpolarized or circularly polarized light

1.3 The polarizer size or aperture is not limited by the tesPeam ha<C, =1. A completely linearly polarized light beam
methods, but the operator must appreciate that the contrast wiesC = . o _ _ o
be an average over the beam spot on the polarizer. Contrast3-1.2 extinction, X—the ratio of maximum to minimum
measured at one location on the aperture does not necessafiignsmission of light through a pair of polarizers that are
apply to the entire aperture. rotated with respect t'o each otﬁ_’@ttls an average betwegn the

1.4 These test methods are limited to wavelengths for whicWO measured polarizers and is not necessarily applicable to
the tester can provide a collimated beam, and correctifither polarizer taken alone. _
measure changes in the transmitted beam power. The contrast3-1.2.1 Discussior— If the two polarizers have the same
obtained at one wavelength does not necessarily apply at afipntrast, therX =1t,/2t, = (¥2)C. Extinction can be measured
other wavelength. with unpolarized or polarized light. The inverse &f is

1.5 The maximum contrast obtained by these test methods fsometi_mes rgferred t(_) as extinction ratio. The distinction is
limited by the dynamic range of the source-detector combinasgrfc')ev'dent sinc& varies from 1 to» and¥x varies from 1 to
tion. Zero.

1.6 This standard does not purport to address all of the 3.1.3 leakage transmissiont—the ratio of minimum trans-
safety concerns, if any, associated with its use. It is thénitted light power for a polarizer rotated in a light beam of
responsibility of the user of this standard to establish approJnfinite contrast, to the total light beam power without the
priate safety and health practices and determine the applicaPolarizer.
bility of regulatory limitations prior to useFor hazard state- ty = Prin/ Py @

ment, see Section 7. 3.1.4 transmissiont,—the ratio of maximum transmitted
light power for a polarizer rotated in a light beam of infinite

2. Referenced Documents ) - .
contrast, to the total light beam power without the polarizer.

2.1 ANSI Standard: B
Z136.1 Safe Use of Lasérs b = Pra/Piot @)

3. Terminology 4. Summary of Test Methods

3.1 Definitions: 4.1 Three test methods are described in this standard. The
first method is a direct contrast measurement that requires a
linearly polarized light source with higiC, . The second
method is a comparison with a linearly polarized light source

1 These test methods are under the jurisdiction of ASTM Committee FO1 on, . . : T
Electronics and is the direct responsibility of Subcommittee F01.06 on Silicorrl\NIth known C'—' The third method is an indirect contrast
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measurement that can use an unpolarized or polarized ligit. Apparatus

source of unknowrC, . 6.1 Contrast measurements will utilize some form of the
4.1.1 Direct Contrast MeasuremestThis is the preferred  three assemblies described in this section. These assemblies are
method for measuring C of a single polarizer. This method cagjescribed in a general manner so as to not exclude any
be used ifC_> > C for the polarizer to be tested. It is a simple, particular type of measurement apparatus.
expedient, and accurate test method if a highly linear polarized g 2 source Assembly The source assembly contains the
light beam is available at the required wavelength. The sourcgynt source and associated optics to produce a collimated light
will normally be a polarized laser beam in combination with apegm of poweP,,,, with specified size at the sample polarizer,
high-contrast prism polarizer. A tunable broad-band source cagng a high contrast (for direct contrast measurement). If a
also be used if a high-contrast polarizer is available for thg)rgad band light source is used, the wavelength selection
wavelength of interest. In this test method the polarizer beingechnique and bandwidth should be specified. If a laser source
tested is rotated in the light beam and the maximum angs ysed, it is usually sufficient to specify the center wavelength;
minimum transmissions are used to calculate however, it is sometimes necessary to be more specific such as
4.1.2 Contrast Measurement With CompariseiThis  the particular line in aCO, laser. Slightly converging or
method is used ifC,_ is approximately equal t& for the  diverging source light can be used; however, it must be
polarizer to be tested. The value@f must be known to obtain  appreciated that the angle-of-incidence (AOI) will be compro-
the correcC for the polarizer. In this test method the polarizer mised. Polarize€ may be very sensitive to AOI (for example
being tested is rotated in the light beam and the maximum ang Brewster angle polarizer) or insensitive to AOI (for example
minimum transmissions are used with the value@f to  a metal grid polarizer). It is the user’s responsibility to ensure
calculateC. that any spread in AOI does not compromise the measurement.
4.1.3 Indirect Contrast MeasurementThis method re- 6.3 Polarizer Holder(s)}~The polarizer holder(s) must have
quires three polarizers that have simiarThe polarizers are provision for smoothly rotating the polarizer(s) in azimuth.
measured in pairs to obtain abfor each pair. The thre¥'s  One polarizer holder is needed for the direct and comparison
can then be used to approxima@ for each individual test methods and two are needed for the indirect test method. It
polarizer. In this test method one polarizer is aligned in themay also be necessary to have a means of adjusting the AOI on
light beam in such a way as to cancel effects of the polarizatiothe polarizer and positioning the polarizer aperture in the beam.
state of the light beam on the measurement. The second 6.4 Receiver AssemblyThe receiver assembly collects the
polarizer is rotated in the beam and the maximum andight transmitted through the polarizer(s) an provides a quan-
minimum transmissions are used to calculXtéor the pair. tjtative readout proportional to the light power. It is sufficient to
This test method can be used with any light beam regardless @fieasure the relative power. Absolute power levels are not
the contrast of the light beam. It is the only method that can b@eeded, but are sometimes useful for calculating power density
used when the availabl@ < < C for the polarizer to be tested. (intensity) at the polarizer aperture. Considerable care is
4.2 The parties to the test shall agree upon the following testeeded to ensure that the power reading is not sensitiva to (

parameters: wobble of the transmitted beam as the polarizer is rotated and
4.2.1 Test method to be used, (b) polarization state of the transmitted light beam.
4.2.2 Light source properties including wavelength, power 6.5 Transmitted power levels may vary from the noise level
level, and degree of collimation, and of the detector-preamplifier combination up to several watts for

4.2.3 Measurement parameters at the polarizer including laser source. It is essential to ensure that the power readout

beam size, location in the aperture, and angle-of-incidence. responds in a linear way to the actual power level. This usually
requires calibration of the detector-preamplifier with optical
5. Significance and Use filters of known transmission to confirm linear response.

6.6 It may be necessary to use an optical bandpass filter on
the detector to minimize acceptance of stray light. This can also
& accomplished by amplitude modulating (with a mechanical
hopper) the source light, and using a synchronized, phase
5.2 Polarizer contrast is important in polarimetry systemssensn.ive (lock-in) amp_lifier with the detector. Stray light
ellip;someters optical modulators, shutters, and target signaturgac.hlng the det.ector V.V'” decregse the accuracy of the test. In

' ' ’ [:)artlcular,C obtained with stray light reaching the detector will

discrimination based on polarized rgdlatlon. . . be less tharC obtainable without stray light.
5.3 These test methods are suitable for use in service
evaluation, manufacturing control, or for research and devel-
./. Hazards
opment purposes. They are not recommended for use in ) ] o _ _
acceptance testing until their precision has been evaluated by 7-1 Precaution—Avoid looking into a direct beam or into a

interlaboratory comparison unless the parties to the test corsPecularly beamLasers with beam powers on the order of 1
duct suitable correlation studies. mW and greater can cause injury to personnel. The provisions

of ANSI Z136.1 should be followed if a laser is used. In

particular, do not let the laser beam impinge on the skin. In

general, approved laser safety glasses are worn in the presence
4Leonard, T. A., “Infrared Polarizer SelectiorSPIE Vol 288, 1981, p. 129. of any active laser. However, when performﬂﬂﬂsumem

5.1 Use of C to characterize polarizers is encouraged
because it is an intrinsic property of the polarizer. Us&X t6
characterize polarizers is discouraged because it is an avera?
between two polarizers and not specific to either dne.
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