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Polarization Fizeau interferometer based on birefringent
thin film
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A polarization Fizeau interferometer based on birefringent thin film is presented. The interferometer
adopts a birefringent thin film to obtain orthogonally polarized and strictly common-path reference and
test beams. Advantages include ease of implementation on large-aperture interferometer, measuring test
optics from long distance, and achieving high fringe visibility. The phase shift is obtained by combining a
quarterwave plate and an analyzer. The concepts illustrated are verified experimentally.
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The accuracy of Fizeau interferometry can be improved
by polarization phase-shifting technology. The key of
achieving polarization phase-shifting Fizeau interferom-
eter is how to produce spatially separated and orthog-
onally polarized test and reference beams. The most
efficient method is to insert a birefringent crystal with
retardation of 90◦ between the reference plate and test
surface[1]. However, this method is difficult to imple-
ment on large-aperture optical elements because of the
size limitation of the birefringent crystal. For engineer-
ing application, Millerd et al.[2] and Szwaykowski et al.[3]
respectively proposed to combine a beam splitter or a
beam combiner with the tilted test surface to generate
spatially separated and orthogonally polarized reference
and test beams. However, in these two methods, the
interferometers are susceptible to retrace error (i.e., the
test and reference beams are no longer common path and
are not easy to operate). Recently, Kimbrough et al. pro-
posed to use polarization frequency shift device[4]; how-
ever, this method results in low-visibility interferograms
and a complex structure. To overcome these disadvan-
tages, in this letter, we propose a new polarization Fizeau
interferometer based on birefringent thin film.

The diagram of the polarization Fizeau interferometer
based on birefringent thin film is shown in Fig. 1. The
interferometer is composed of a laser (L), a polarizer (P),
a focusing lens (FL), a pinhole (H), a nonpolarized beam
splitter (NBS), two collimators (C1 and C2), a polariza-
tion phase shifter, a reference plate (RP), and the test
surface (TS). The pinhole is placed at the back focus of
the focusing lens, and at the front focus of C1. The sur-
face of the reference plate near C1 is the reference surface
without the film. The surface of the reference plate near
the test surface is alternately coated with birefringent
thin film (BTF) and antireflection film (AF). The BTF is
a sculptured thin film fabricated by oblique-angle deposi-
tion (OAD)[5−7]. The sculptured thin film is anisotropic
in structure and possesses birefringent property[8]. When
used as a polarization element, the film has no size lim-
itation (unlike the crystal) and good surface profile can
be achieved by controlling the surface profile of the sub-
strate and the deposition velocity of the film[9,10]. The

AF cannot only eliminate the reflection beam degrading
the fringe visibility, but also protects the birefringent thin
film to improve its optical stability. In this letter, the re-
tardation of the birefringent thin film is π/2. The angle
between the fast axis of the birefringent thin film and
the transmission axis of the polarizer is 45◦. The polar-
ization phase shifter can be a temporal phase shifter or
a spatial phase shifter. The temporal phase shifter could
be composed of a quarterwave plate and an analyzer[1].
The spatial phase shifter could be composed of micropo-
larizer array[11]. In this letter, we use the former kind.

A collimated linearly polarized light is filtered spatially
by the pinhole, split by the nonpolarized beam splitter
and then collimated by C1. The collimated light is re-
flected to form the reference beam (indicated by black
dot) by the reference surface. The collimated light is
transmitted by the reference plate, and then reflected
by the test surface to form the test beam (indicated by
short line). The test beam passes through the reference
plate twice, and its polarization direction is rotated 90◦.
Thus, its polarization direction is perpendicular to that
of the reference beam. The reference and test beams are

Fig. 1. Diagram of polarization Fizeau interferometer based
on birefringent thin film.
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split by the nonpolarized beam splitter, collimated by
C2, and then enter the polarization phase shifter to form
an interferogram. The interferogram is captured by a
charge-coupled device (CCD).

The birefringent thin film can be integrated with the
reference plate and made sufficiently large. The pro-
posed approach can be used on large-aperture optics and
as a strictly common-path system. Therefore, no retrace
error is introduced in its measurement result. Using a
high-coherence laser source, the polarization Fizeau in-
terferometer has long coherence length; therefore, the
test optics can be located a far distance away from the
main test setup. In theory, without background light,
the measurement results of the polarization Fizeau in-
terferometer can have high interference visibility.

In experiments, the optical layout was arranged as
shown in Fig. 1. The source was a He-Ne laser with
wavelength of 632.8 nm. The extinction ratio of the po-
larizer was 10−4. The focusing lens was a microscope
objective lens with magnification of 10×. The aperture
diameter of the pinhole was 25 µm. The transmission
difference and reflection difference between P-wave and
S-wave of the nonpolarized beam splitter were all less
than 5%. The effective focal length of C1 with aperture
diameter of 32 mm was ∼314 mm. The aperture diam-
eter of the reference plate was 50 mm. The reference
plate was made of K9 and its refractive index was 1.515.
The birefringent thin film was made of sculptured TiO2

deposited at glancing angle of 70◦. Its thickness was
4 654 nm when refractive index of P-wave was 1.560 at
633 nm and S-wave was 1.594. The non-uniformity of
its retardation was measured to be less than 1% with
photoelastic modulator (PEM) polarization modulation
method. The light at the interface between the reference
plate and birefringent thin film only had 0.04% reflectiv-
ity according to Frensnel formula, with a refractive index
1.515 of K9 and the average refractive index 1.577 of
TiO2 thin film. A parallel plate with aperture diameter
of 50 mm was tested. The effective focal length of the
C2 with aperture diameter of 25 mm was ∼90 mm. The
polarization phase shifter was composed of a quarter-
wave plate and an analyzer. The quarterwave plate was
a zero-order crystal quartz quarterwave plate with less
than λ/500 retardation tolerance. The angles between
the fast axis of the quarterwave plate and the polariza-
tion directions of the reference beam and the test beam
were all 45◦. The extinction ratio of the analyzer was
10−4. When the analyzer was rotated, the interference
fringes could be observed to move. The corresponding
interferograms when the transmission axes of the ana-
lyzer were 0◦, 45◦, 90◦, 135◦, and 180◦ (i.e., the phase
shifts were 0◦, 90◦, 180◦, 270◦, and 360◦) are shown in
Figs. 2(a)–(e), respectively.

For measurements, the angles between the fast axes of
the birefringent thin film and the quarterwave plate and
the transmission axis of the polarizer were all adjusted
to 45◦ according to the light-extinction method. Figures
2(a)–(e) verify that phase shifting is generated with the
rotation of the analyzer[12,13]. These results indicate that
phase-shifting interferograms can be achieved when the
polarization Fizeau interferometer is combined with the
polarization phase shifter.

Fig. 2. Phase-shifting interferograms in the experiment.
Phase shift: (a) 0◦, (b) 90◦, (c) 180◦, (d) 270◦, and (e) 360◦.

In conclusion, a polarization Fizeau interferometer
based on the birefringent thin film is presented. By using
the birefringent thin film, the interferometer can obtain
large measurement aperture, long measurement distance,
simple structure, easy operation, and high interferomet-
ric visibility. The experimental results verify the useful-
ness of the proposed interferometer.
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