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ABSTRACT

Polarimetry is a powerful tool for the interpretation of the role of the coronal plasma in
the energy transfer processes from the inner parts of the Sun to the outer space. One of
the key lines for observations is H I Lyman  (121.6 nm) among few spectral lines in
the far ultraviolet (FUV), and hence efficient linear polarizers at this line are demanded.
New designs based on (Al/MgF2)n multilayer coatings have been developed to obtain
the smallest possible reflectance in the parallel plane of polarization (Rpar) with a
simultaneous high reflectance in the perpendicular plane of polarization (Rper). Samples
stored in nitrogen for ~8-17 months resulted in efficient polarizers at 121.6 nm, with
Rpar~0.01-0.017 and Rper~0.69-0.725. The designs with a number n=3 to 4 bilayers of
Al/MgF2 result in a wider spectral range of efficient linear polarizers, compared to what
can be obtained with n=2. Coatings following various designs with good polarizing
performance in a 7-to-8-nm wide FUV range were prepared. For the first time, a
transmissive coating polarizer has been developed for this range, which has the benefit
that it involves no deviation of the beam; it is based on another design of (Al/MgF2)3
multilayer coating. The transmissive polarizer has a good transmittance ratio between
the two polarization components and, even though its figure of merit is not as high as
a
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that of the reflective polarizers, it incorporates filtering properties to reject wavelengths
both below and above 121.6 nm; this property might enable a polarimeter for solar
physics with an improved global figure of merit if a filter to isolate the H I Lyman 
line could be avoided.
I. INTRODUCTION
In the solar chromosphere and corona, the magnetic field controls the structure and
dynamics of the atmosphere. In these high-temperature (104 – 106 K) outer layers,
strong resonance lines are formed in the ultraviolet (UV) wavelength region (10 – 100
nm). In the solar chromosphere (i.e., 100 – 101 Mm, above the photosphere) magnetic
fields of the order of 102 – 103 G can be diagnosed by polarimetric observations of the
Zeeman effect in UV lines. In the inner solar corona (i.e., 102 – 103 Mm, above the
photosphere), and in the outer solar and stellar envelopes ( 104 Mm), the Zeeman
effect will not be observable because the magnetic fields are weaker (< 102 G) than
those in the photosphere and in the chromosphere. As a consequence, the Doppler
broadening, due to the higher temperatures of these layers (106-107 K), blends the
Zeeman split components.
In the solar corona and stellar envelopes, line scattering polarization can be modified by
magnetic fields through the Hanle effect. This effect can be observed because Doppler
broadening does not cancel scattering polarization. So, for temperatures typical of the
solar corona and hot stars, the Hanle effect in far UV (FUV, here 90 nm<<200 nm)
line polarization is expected to be a viable diagnostic of magnetic fields in the range of
100 - 102 G [1].
Solar UV polarimetry from space was pioneered by a Swedish-built UV
spectropolarimeter launched in 1976 on a Soviet Intercosmos satellite [2]. The
instrument was designed to record resonance-line polarization in the FUV wavelength
region 120 – 150 nm of the chromospheric spectrum. This was the first demonstration
of the feasibility of FUV polarization measurement in an astronomical source. After
this, the Ultraviolet Spectrometer and Polarimeter (UVSP) of the Solar Maximum
Mission (SMM) [3] provided the first polarimetric measurements in the solar spectrum
below 200 nm. SUMER/SOHO has probed the coronal magnetic fields via the Hanle
effect on FUV resonance-line polarization of O VI, 103.2 nm [4]. The FUSP soundingrocket payload is designed for measurements of the Hanle effect in FUV resonance lines

from hot stars envelopes [5]. The Solar Ultraviolet Magnetograph Investigation (SUMI)
sounding-rocket payload is an instrument that measures the polarization in the UV lines
of Mg II 280 nm and C IV 154.8 nm formed in the transition region and upper
chromosphere [6].
These past missions have sparked interest for solar and stellar FUV polarimetry and
new, more efficient FUV polarizers will be needed for the new missions that have been
recently proposed, such as for instance COMPASS and SolmeX [7] and CLASP [8].
The most interesting FUV wavelength range for the diagnostics of solar and stellar
magnetic fields via spectral-line-polarimetry of the Zeeman and Hanle effects is the 90150 nm interval. In this spectral range many hydrogen-like emission lines are formed in
the hot (104-107 K) astrophysical plasmas, in particular the neutral hydrogen (HI)
Lyman-series lines and the O VI and C IV lines.
Efficient polarizers at H Lyman  at 121.6 nm and at close spectral lines like H Lyman
 (102.6 nm) and O VI (103.2 and 103.8 nm) are necessary for polarimetric
observations of the solar corona. Light emitted and/or scattered at those wavelengths by
ions in the solar corona is partially polarized, and the measurement of that partial
polarization may provide valuable information.
Reflective polarizers for 121.6 nm and shorter FUV wavelengths have been most often
based on the reflection on a plate at an angle close to Brewster angle; at this angle, the
polarization component within the plane of incidence is virtually zero, i.e., Rp0,
whereas the other component, Rs, is desired to be as high as possible, but usually it
reaches modest values. Reflection polarizers are then good at rejecting one component.
Plates must be made of basically transparent materials, most often LiF and MgF2
[9,10,11,12,13], along with few other materials like fused silica [14], micaceous biotite
[15], diamond [5,16], CaF2, pyrex, or corundum [17]. Coatings have been also used to
make polarizers, both by reflection at a single mirror [18,19,20,21] and also at a 3mirror [22,23,24,25,26,27] or 4-mirror [28] configuration to keep the optical axis
unmoved, although the latter configurations result in low-efficiency polarizers that
besides are difficult to align.
The advantage of coatings versus transparent plates is that the designer has some
degrees of freedom to get a high Rs/Rp ratio while increasing Rs above the modest value
that can be obtained with a plate at Brewster angle. Multilayer coatings based on Al and

MgF2 are a good choice for polarizers at 121.6 nm because of the high intrinsic
reflectance of Al, the minimum absorption of MgF2, and their large refractive index
contrast. Kim et al. [29] designed polarizers working at either 121.6 nm or 130.4 nm
and at 45° angle based on an (Al/MgF2)2 multilayers. Bridou et al. [21] designed and
succeeded in preparing various sorts of coatings designed for optimum polarization
performance at 121.6 nm; the coating based on an (Al/MgF2)2 multilayer had the largest
Rs among the different coatings.
Even though polarizers at Brewster angle are good at rejecting one polarization
component when they operate by reflection, this property has been often used in the
reverse way, i.e., by transmission, due to the benefit of not bending the optical axis. In
transmission, since the Tp/Ts ratio is not large, a series of inclined plates are often used
to enhance this number; the drawback of this is that the combined transmittance at the
passing polarization component is usually small. In transmission mode, a pile of plates
of LiF [30,31,32,33] has been most often used, although MgF2 has been also used in
spite of its residual birefringence at 121.6 nm and shortwards [34]. To our knowledge,
transmissive polarizers based on coatings have not been developed for these
wavelengths yet. Further information can be found in the various reviews of devices and
coatings used for linear polarizers in the FUV and extreme UV [35,36,37].
This research presents new polarizers based on (Al/MgF2)3 and (Al/MgF2)4 multilayer
coatings that cover a certain spectral range around 121.6 nm. Section II outlines the
experimental techniques for coating preparation and polarization measurements used in
this research. Section III presents the designs and the reflectance or transmittance
measurements for the two polarization components on various coating polarizers as a
function of wavelength and incidence angle, along with measurements on aged coatings.
II. EXPERIMENTAL TECHNIQUES
A. Coating preparation
(Al/MgF2)3 and (Al/MgF2)4 multilayer coatings (Al is the innermost layer and MgF2 is
the outermost one) were deposited at GOLD in a 50-cm-side cubic, high-vacuum
chamber. The chamber was pumped with a turbomolecular system and a liquid-N2
cooled, Ti sublimation pump. Both Al and MgF2 films were deposited by evaporation
using W boats (MgF2) and filaments (Al). 99.999% pure Al and VUV-grade MgF2 were
used as evaporant materials; the deposition rate was ~1.0 nm/s for Al and ~0.7 nm/s for

MgF2. The base pressure in the chamber was 10-5 Pa.; pressure increased during
deposition to ~10−4 Pa (Al) and ~510-5 Pa (MgF2). Substrates were pieces of polished
float glass (reflective polarizers) or MgF2 crystals cut perpendicular to the c-axis
(transmissive polarizers), which were not intentionally heated or cooled during or after
deposition. The distance between the evaporation source and the substrate was 30 cm.
Film thickness was measured with a quartz-crystal monitor, that had been calibrated
through Tolansky interferometry, i.e., through multiple-beam interference fringes in a
wedge between two highly reflective surfaces [38]. Before the initial measurements,
samples were kept in residual vacuum most of the time after preparation, and the total
exposure to the atmosphere was approximately one week. After the initial
measurements were completed, samples were stored in a box filled with nitrogen and
were kept there for months until they were taken out to measure them again.
B. Reflectance/transmittance measurements
Polarization performance was measured at Bending magnet for Emission, Absorption
and Reflectivity (BEAR) beamline of ELETTRA synchrotron (Trieste, Italy) [39,40,41].
During reflectance or transmittance measurements, we used a 0.5-mm thick LiF crystal
made by Crystec for higher order rejection. Measurements were performed with exit
slits opened at 900x400 m2; with this configuration the spot size on the sample was
400x400 m2 and the bandwidth was 0.060 eV FWHM. The detector was a silicon
diode IRD-SXUV100; the background was subtracted for each measurement. In order
to improve accuracy, each measurement was made up by 5 signal measurements and 5
successive background measurements repeated up to 15 times for each energy point.
Both for transmittance and reflectance measurements, the beam impinged on the sample
from the coating side.
Measurements with polarized radiation are possible due to the polarization properties of
the bending magnet source, which depend on the emission angle. Radiation is linearly
polarized in the storage ring plane and elliptically polarized outside. The polarization
state of the light can be selected with the polarization selector, a double slit device that
can be regulated to define the vertical acceptance of the bending magnet source.
Measurements have been made in linear polarization configuration, i.e. with the
polarization selector centered with respect to the beam source in the vertical direction
(perpendicular to the ring plane). The selector slits were set to have a calculated degree
of linear polarization of the beam of approximately (Is-Ip)/(Is+Ip)=0.99, where Is and Ip

stand for the incident beam intensity with the electric vector perpendicular and parallel,
respectively, to the plane of incidence. This corresponds to a vertical acceptance of 4
mm and to an angular aperture of ±0.17 mrad. Reflectance/transmittance measurements
were performed in two perpendicular planes of incidence, for which the experimental
chamber was rotated 90° around the beam axis. The role of s and p are interchanged
when the chamber rotates 90.
III. RESULTS AND DISCUSSION
A. Reflective polarizers
In the literature, reflective polarizers based on (Al/MgF2)2 multilayers have been
proposed [29] and prepared [21]. The present design of polarizers attempted to get the
largest efficiency in the broadest possible spectral range. This led us to design
multilayers with the largest possible degrees of freedom, i.e., the number of layers with
their thicknesses to be optimized. Fig. 1 displays calculated Rp and Rs of designs with 2,
3, and 4 Al/MgF2 bilayers optimized to have a polarizer in the spectral range around
121.6 nm; the coatings are designed to operate at 65°. The increase in the number of
bilayers results in a polarizer with a larger spectral range of operation. The larger range
of operation not only increases the scope of application of the coatings but it is expected
to result in coatings that are less affected by residual layer thickness errors.

Fig. 1. Calculated log-axis Rp and Rs at 65° versus wavelength for polarizer coating
designs with 2, 3, and 4 Al/MgF2 bilayers

The performance of three reflective polarizers prepared in this research is presented
below. The design of these polarizers is given in Table 1. Sample R1 was designed with
4 bilayers, whereas samples R2 and R3 were designed with three bilayers; each design
was optimized at a specific incidence angle.
Table 1. Optimization angle (from the normal) and optical layer thicknesses (in
quarterwaves) of the present multilayer coatings; 1: innermost bilayer; 4: outermost
bilayer
Optical layer thickness (quarterwaves)
Sample

Opt.
angle

Al

MgF2

Al

MgF2

Al

MgF2

Al

MgF2

1

1

2

2

3

3

4

4

0.005

0.59

R1

69°

0.030

0.26

0.013

0.25

0.010

0.28

R2

60°

0.035

0.33

0.019

0.37

0.006

0.65

R3

65°

0.029

0.28

0.015

0.31

0.005

0.62

T1

78°

0.002

0.13

0.003

0.11

0.003

0.32

Coating polarizers were prepared and measured for successive measurement campaigns
at BEAR-ELETTRA. Hence the results obtained in one campaign helped refine the
designs for the next campaign. For sample R2, Fig. 2 displays contour plots of both Rpar
and Rper (Rpar and Rper are the reflectance measured in a plane that is parallel and
perpendicular, respectively, to the storage ring) as a function of wavelength and angle of
incidence; these are the initial measurements taken on R2 after 7 weeks of storage in
residual vacuum plus ~1 week of storage in air. Measurements were performed in an
extended spectral and angular range in order to explore their full potential as polarizers.
In the Rpar plot there is a central area under 0.01 covering the 119.6-129-nm range with
angles in the ~62-70 range. At this central area, Rper approaches or surpasses 0.70.
There are two secondary low-Rpar areas centered at 115 nm (Rper~0.60-0.80) and at 133
nm (Rper~0.70-0.80) in the 76°-80° range. A wide spectral range of ~113-134 nm can be
covered with this polarizer by selecting the optimum incidence angle.

Fig. 2. Contour plot of Rpar (left) and Rper (right) as a function of wavelength and angle
of incidence (measured from the normal) of sample R2 in the initial measurements
after deposition. The dashed line represents the target wavelength of 121.6 nm.
In ideal conditions, Rpar and Rper would be equivalent to Rp and Rs, respectively. In
practice, full light polarization is only available in the exact storage ring plane;
however, in order to have a sufficient number of photons, a beam with some extension
in the direction perpendicular to the storage ring must be used for measurements, which
results in a beam with some residual elliptical polarization. The degree of polarization
of the incoming beam, as it leaves the ring, may be slightly modified by the beamline
optics and by some slight deviation of the measurement planes with respect to the
storage ring plane (or its perpendicular). Hence the present Rpar and Rper measurements
are expected to be a higher and a lower limit, respectively, of the real Rp and Rs, or in
other words, real Rs and mainly Rp are expected to give an even better performance than
what is plotted in Fig. 2 and in the following figures. A comprehensive description of
the polarization of synchrotron radiation can be found in the literature [42].
Fig. 3 displays Rpar and Rper measured for sample R2 after 8 months of storage in
nitrogen; the aged sample was measured at three incidence angles. Rpar was slightly less
than 0.01 at 121.6 nm for 60° and 65°, with a value of Rper as large as 0.69 at 65°. Best
performance is obtained at 65° in the range of ~120.8-128 nm.

Fig. 3. Linear (left) and log-axis (right) plot of Rpar and Rper versus wavelength for
sample R2 aged of 8 months in nitrogen (plus seven weeks in residual vacuum) for three
angles of incidence (measured from the normal)

Fig. 4. Rpar (left) and Rper (right) as a function of wavelength for sample R3 aged of 13
months in nitrogen. Measurements are at five incidence angles (measured from the
normal)
Fig. 4 displays Rpar and Rper measured for sample R3 after 13 months of storage in
nitrogen; measurements were performed as a function of wavelength at five incidence
angles. At 121.6 nm, Rpar=0.017 and Rper=0.725 were measured at 70°. A value of Rpar
below 0.02 was measured for this sample at some incidence angle in the 117.5-125.6nm spectral range; corresponding Rper stands at 0.70 and above.

Fig. 5. Linear (left) and log-axis (right) plot of Rpar and Rper versus wavelength for
sample R1 aged of 17 months in nitrogen for two angles of incidence (measured from
the normal)
Fig. 5 displays Rpar and Rper measured for sample R1 after 17 months of storage in
nitrogen; measurements were performed as a function of wavelength at two incidence
angles. For this sample best polarizing properties are at wavelengths longer than 121.6
nm. This shift is attributed to films somewhat thicker than the nominal values; this
sample was prepared in an earlier campaign than R2 and R3, and the shift was modeled
to correct the film thicknesses in the later samples. For R1, a value of Rpar below 0.02
was measured at some incidence angle in the 125-132.6-nm spectral range;
corresponding Rper stands in the 0.67-0.75 range. The difference in sample storage time
over the three measured samples is not expected to result in a significant difference on
reflectance.
Aged samples R2 and R3, consisting of (Al/MgF2)3 coatings, result in a somewhat better
performance at 121.6 nm than coatings based on the design (Al/MgF2)2 [21]; compared
with the coatings with two bilayers, sample R2 has a lower Rp with the same Rs,
whereas sample R3 has a larger Rs while Rp is in the short edge of the reported range of
values. The present values are for aged samples whereas information on polarizer
ageing was not given in Ref. 21. Additionally, polarizing properties are found here in a
spectral range that extends both below and above 121.6 nm. As mentioned above, the
extension of the polarizing capacity to a wider spectral range was introduced in the
design with the increase of the number of bilayers.

We evaluate the efficiency of a polarizer in providing linearly polarized light in terms of
the modulation factor:


Rs  Rp
Rs  Rp

(1)

Fig. 6 plots  for the aged polarizers, where Rs and Rp were replaced with Rper and Rpar.
The most valuable ranges are those where  approaches 1, with the largest possible Rs
simultaneously. A useful parameter encompassing these two quantities is called the
figure of merit , which is defined as [43]:

 R

(2)

where R is the reflectance averaged over the two polarizations: R=(Rs+Rp)/2, which will
be referred to as throughput.  provides information on the trade-off between
polarization efficiency and throughput. We want  to be as large as possible, keeping in
mind that the maximum possible  value (for a perfect polarizer) is 1/20.5= 0.71. Fig. 6
displays also  for the aged polarizers.

Fig. 6.  (left) and  (right) versus wavelength for aged samples: R2 (top), R3 (center),
and R1 (bottom)

Using  as an evaluation parameter, the best polarizer at 121.6 nm is R2 at 60°-65° with
=0.972, but R3 is only slightly below that at 68°-70°; however, using  as the
evaluation parameter, sample R3 at 70°-72° with =0.584 is slightly better than sample
R2, with the highest value at 65°. The largest  over the whole set of samples,
wavelength, and angles is 0.982 for sample R2 at 124.0 nm and 65°, whereas the top
measured  value is 0.597 for sample R3 at 123.4 nm and 70°, with close values for the
other two samples at their optimum wavelength and angle.
B. Transmissive polarizers
The same combination of materials was used to design polarizers operating by
transmission. The first benefit of these devices is that there is no deviation of the beam
(except for a minor lateral shift), which can simplify an instrument operating with a
transmissive polarizer. Here we used a MgF2 substrate because the retardation due to
MgF2 birefringence is introduced after the beam has crossed the coating, so that it does
not result in an intensity change on the detector. To use the polarizer in a polarimeter, a
LiF substrate could be used for being non-birefringent; a MgF2 substrate could be also
used if cut with the optics axis along the beam propagation direction in the material.
Fig. 7 displays Tper and Tpar measured for sample T1 after 13 months of storage in
nitrogen; sample design is given in table 1 and the optimization angle is 78°.
Measurements were performed as a function of wavelength at 73° and at 78°. With
transmissive polarizers, the role played by the two polarization components is inverted:
now the perpendicular component is more suitable to be minimized. At 121.6 nm, Tper
and Tpar were in the range of 0.005-0.008 and 0.096-0.11, respectively. Maximum
polarization efficiency is obtained in the ~124-129-nm range. Some shift of the
polarization range is observed between the two measured incidence angles; an
advantage of a transmissive polarizer is that it can be somewhat tuned in wavelength by
rotation, with no essential beam shift and no deviation. Fig. 8 plots  and  for the aged
transmissive polarizer. The definition of throughput and of  and  given in Eqs. (1) and
(2) has been adapted here by replacing R with T and by interchanging s and p. To our
knowledge, this is the first time a transmissive coating polarizer is developed in this
spectral range.
A further important benefit of the present transmissive polarizer is that it displays
filtering properties, with a peak transmittance wavelength not far from 121.6 nm. In the

present design, the filtering was obtained by serendipity, since no requirement for
filtering was included in the design. No measurement was performed outside the
displayed data but calculations predict a 121.6-to-200 nm transmittance ratio of ~7.
Available transmittance filters tuned around 121.6 nm and working at normal incidence
have a somewhat larger transmittance ratio at these same wavelengths, in the order of
20 for a filter with a transmittance peak of 0.20. Beyond 200 nm, the off-band
suppression is most often achieved by the use of solar blind UV detectors systems that
are used in the FUV space instrumentation, with a negligible sensitivity beyond 200 nm.

Fig. 7. Linear (left) and log-axis (right) plot of Tper and Tpar versus wavelength for
sample T1 aged of 13 months in nitrogen (plus two weeks in residual vacuum) for two
angles of incidence (measured from the normal)

Fig. 8.  (left) and  (right) versus wavelength for aged T1 sample

Table 2. Comparison of the performances at 121.6 nm for different types of polarizersa
Coating/

Angle of

Figure-of-

Through-

Modulation

Bulk

incidence

merit 

put

factor 

0.581

0.371

Principle
(Al/MgF2)3

70°

0.954
b

b

(present, R3)

[0.260]

[0.074]

(Al/MgF2)3

0.575

0.355

[0.257]b

[0.071]b

0.552

0.360

[0.247]b

[0.072]b

0.486

0.262

65°
(present, R2)
(Al/MgF2)2
(Ref. 21,

66°

Me0808)
Reflectance

MgF2/SiO2
(Ref. 21,

Bulk MgF243

0.92

68°

0.95
b

Me0811)
Uncoated

0.972

58°

b

[0.217]

[0.052]

0.34

0.12

(Brewster

0.99
b

b

[0.15]

[0.024]

(pseudo-

0.31

0.2

Brewster

[0.14]b

[0.04]b

0.211

0.0591

angle)
55°

uncoated Au43

0.70

angle)
Transmit-

(Al/MgF2)3

tance

(present, T1)

73°

0.866

a: present polarizers were stored 8 to 17 months in nitrogen
b: numbers in brackets include the transmittance of a bandpass filter evaluated at 0.2

Table 2 summarizes the performances at 121.6 nm of the developed reflective and
transmissive polarizers described in this paper. For comparison, the table includes also
the performances of other reflective polarizers: the classical bulk MgF2 at Brewster
angle (Ref. 43), and a single Au layer coating at the so called “pseudo-Brewster” angle
(Ref. 43), along with two multilayer coatings (Ref 20). In table 2, the throughput and
the figure of merit appears both with its real figure and also modified to include the
transmittance of a filter tuned at 121.6 nm; the modified numbers are presented in
square brackets. The filter transmittance has been evaluated as 0.2 (the applied factor
for the figure of merit is 0.2). The present transmittance filter is assumed not to require
such a filter. This makes its performance very competitive even compared to the
multilayer-coating reflective polarizers, with the advantage that transmissive polarizers
do not deviate the beam. In this comparison the assumption that the present transmissive
polarizer does not require a filter is speculative since no measurement was performed at
long wavelengths; on the other hand, there may be room to increase the filtering
properties of the polarizer if this requirement were introduced in the design.
Summarizing, a transmissive polarizer, assuming some room for increasing its filtering
properties and used in conjunction with solar-blind detectors, might match the
performance of a reflective polarizer that requires the addition of a UV bandpass filter.
Conclusions
Linear polarizers with three and four Al/MgF2 bilayer coatings have been developed for
H Lyman  line at 121.6 nm and the close spectral range. The use of a number of
bilayers larger than two results in a polarizer with a larger spectral range of operation.
Polarizers operating both by reflectance and by transmittance were developed.
Polarizing properties have been obtained in a spectral range around 121.6 nm.
Reflective polarizers following three different designs resulted in a high performance in
the ranges of 120.8-128 nm, 117.5-125.6 nm, and 125-132.6 nm; wider polarization
ranges could be possible by tuning the incidence angle. Reflective polarizers aged for 8
to 17 months in nitrogen kept Rpar values in the 0.01-0.02 range with a simultaneous
Rper of 0.69-0.725 at 121.6 nm. The present coatings with three Al/MgF2 bilayers have a
larger figure of merit at 121.6 nm than previous polarizers with two bilayers.
Furthermore, the multilayer-coated reflective polarizers have a considerably larger
performance at 121.6 nm than the classical polarizers used as reference.

A transmissive coating polarizer has been developed for the first time; it involves the
advantage of causing no light-beam deviation. The polarizer has a good transmittance
ratio between the two polarization components and it incorporates filtering properties to
reject the out-of-band, which might result in a better global figure of merit of a specific
polarimeter if an added filter to select the Lyman  line can be avoided. The multilayercoated transmissive polarizer could have a better performance than the classical
polarizers and comparable to those of the multilayer-coated reflective polarizers when
the performances of the latter are reduced by the need of a bandpass filter.
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