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A field-compensation method applied for Savart birefringent Fourier transform spectrometer is presented. By
using a combination of Savart plates fabricated from positive and negative birefringent materials, the useful
solid angle of field of view can be increased by a large amount in broad spectral coverage. Compared to the
conventional Fourier transform spectrometers, the compensated field angle has optical throughput higher by
one order inmagnitude. To demonstrate the effectiveness, a design example operating at 400–1100 nmwith a
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1. Introduction

Fourier transform spectrometers (FTSs) have huge potential in a
wide variety of applications, such as chemistry, biomedicine,
agriculture, astronomy and remote sensing [1,2]. A FTS offers many
advantages over other forms of spectroscopic measurement. Most
prominent among these is the Jacquinot (high optical throughput)
advantage. At the same resolutions, the optical throughput of a FTS
based on a Michelson interferometer is almost 200 times greater than
that of a dispersive spectrometer [3]. High optical throughput
increases the instrument sensitivity and allows the recording of
high resolution spectra at low light levels.

However, in a FTS based on Michelson interferometer, precision
scanning mechanisms and highly stable designs are usually essential
for the spectra measurement of light, especially in the UV and visible
regions. This implies high cost, complexity and substantial bulk. To
solve these problems, a number of compact and robust designs have
been proposed that produce interferograms with no moving parts,
such as Sagnac-based [4,5], Wollaston prisms based [6–9] and Savart
polariscope based [10,11] FTSs. The latter two are also always called
birefringent FTS.

Nevertheless, the previous static designs did not exhibit the full
extent of the Jacquinot advantage because of the limited field of view
(FOV) of the instruments. The optical throughput E of a FTS is defined
as E=ΩA, where Ω is the solid angle of the FOV for the spectrometer,
A is the area of its input aperture. For a typical static FTS based on
Wollaston prisms, the FOV is normally only about a third of the
Michelson-based FTSs [6]. To overcome this shortcoming, several
designs of Field-widened birefringent FTS have been reported.
Courtial et al. find that a ±15° FOV can be obtained when an
achromatic half-wave plate is included between two Wollaston
prisms [12]. Boer et al. increase the FOV of a FTS based on Wollaston
prism by more than ±35° using liquid-crystal technology [13].
Françon et al. propose amore than±10°wide-angle FTS based on two
Wollaston prisms made of different crystals of opposite signs, and
demonstrate amodified Savart polariscope for large angle of incidence
by using a half-wave plate to estimate the second term related to
incidence angle in the optical path difference (OPD) [14]. Zhang et al.
report their designs to increase FOV of a FTS based on combined Savart
polariscopes with different optical axes up to ±14° by cancelling the
first term related to incidence angle in the OPD [15].

In this paper we propose an alternative field-compensatedmethod
to increase the accepted solid angle of a static birefringent FTS based
on Savart plates. It is demonstrated that in a combination of two
Savart polariscopes fabricated from positive and negative birefringent
materials, the FOV of the described instrument can be increasedmuch
wider in an ultra broadband spectrum than that of any previous
design. This in turn increases the optical throughput by one order of
magnitude compared to that of a conventional Michelson-based FTS
with the same resolution.
2. Theory

The concept of a general static FTS is presented in Fig. 1. It consists
of a collimator, a beamsplitter, an imaging lens and a linear detector
array. The light to be measured is collected and collimated by the
collimator and then resolved by the beamsplitter into two equal
amplitude components that have a lateral displacement. Then the two
coherent components are focused by the imaging lens to a common
location at the linear detector array where they interfere. Compared
with the FTS based on Michelson interferometer, the static FTS
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Fig. 2. Ray tracing of a Savart polariscope.
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produces an interferogram in space on the detector array plane rather
than in time according to the mirror scanning.

The key component in the static FTS is the beamsplitter and the
maximum possible FOV of a static FTS is mainly determined by it. In
order to show how two Savart polariscopes fabricated from materials
with opposite signs of birefringence can increase FOV, we first briefly
recall the previous designs of the Savart polariscopes.

2.1. Previous Savart polariscopes

A conventional Savart polariscope is made up of two identical
uniaxial crystal plates cut at 45° to the optic axis and cemented
together with their principle sections perpendicular to each other. As
shown in Fig. 2, a Savart polariscope can be used as a polarization
beamsplitter, introducing a lateral displacement between the two
orthogonally polarized components (ordinary ray O and extraordi-
nary ray E) of the incident light. When the Savart polariscope is placed
between two polarizers and illuminated with white light, interference
fringes can be obtained after the second polarizer. This is due to an
OPD between the two polarization components that varies with the
incidence angle of light.

The OPD produced by the first and second plates of the Savart
polariscope can be given, respectively, by [16]
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with a=1/ne, b=1/no, and C=[(a2+b2)/2]1/2. Here ne and no are
crystal indexes for the extraordinary and ordinary component
respectively; i is the incidence angle; ω is the angle between the
incidence plane and the principal section of the first Savart plate; t is
Fig. 1. General static FTS.
the thickness of a single Savart plate. Thus, the OPD introduced by the
Savart polariscope can be expressed as [16]
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Here the coefficient of the sin i term is the lateral displacement
produced by the Savart polariscope, and it can reach the maximum
when ω takes the value of 45°. It should be pointed out that a Savart
polariscope produces fringes in the far field. Since the fringe pattern is
detected on the focal plane of a lens following the polariscope, equal
angles of incidence map the same line fringe in the detector arrays. In
the center of the fringe pattern where the incidence angles are small,
the sin i term in Eq. (3) produces fringe patterns of constant spatial
frequency. But in the margins where the incidence angles are large,
the second and higher power terms of sin i are not small anymore, and
this will bring out hyperbolic fringes which is shown in Fig. 3. The
angles of incidence are limited by this distortion. And the FOV can be
defined usefully as the range of input angles i which obey the
following λ/2 condition [12] as
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where λ is the wavelength of the input light.
The fringe patterns produced by the conventional Savart polari-

scope above are not perfectly straight, even for small incidence angles.
In order to obtainmore nearly straight fringes andwider FOV, Françon
[12] demonstrated a modified Savart polariscope which illustrated in
Fig. 3. Formation of interferogram fringes of a Savart polariscope in the fringe plane.
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Fig. 5. Novel design of the Savart polariscope described by the present authors.
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Fig. 4. With an exact rotation angle of the half-wave plate, the OPD of
the modified Savart polariscope is given by

Δ = 2t
a2−b2

a2 + b2
cosω sini: ð5Þ

There is no term in sin 2i; the sin 4i term is almost always
negligible. The FOV to acquire straight interference fringes can be very
large theoretically. However, since the rotation angle of a half-wave
plate is variable with the incidence angle and wavelength regions of
the input light, the FOV of the modified Savart polariscope is still
restricted severely.

2.2. Combination of two Savart polariscopes

Fig. 5 shows the structure of the presented Savart polariscope.
Compared to the previous structures, the developed Savart polari-
scope is comprised by two conventional Savart polariscopes fabricat-
ed from positive and negative birefringent materials respectively.

Employing Eq. (3) in Section 2.1, the OPD given by the described
Savart polariscope can be written as

Δ = ΔP1−ΔP2 + ΔN1−ΔN2
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here the fourth and higher power terms of sin i have been neglected
for they are too small relative to the quadratic term. The subscript
letter P and N in the equation denote the positive and negative
uniaxial crystal respectively. From Eq. (6), we can see that the term in
sin 2i can be set to be zero when the thicknesses of the two Savart
polariscopes are chosen obey the following condition as
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In this way, the straight line fringes can be acquired in a much
wider FOV, because only the term in sin i is remained in the OPD of the
Savart polariscope. Although the coefficient (lateral displacement) of
Fig. 4. Modified Savart polariscope presented by Françon.
sin i become smaller, the FOV (sin i) could be remarkably increased.
Thus the corresponding OPD can be very large. Note that because of
the dispersiveness of the material, the thickness ratio described in
Eq. (7) could set the sin 2i term to be zero only at a single wavelength,
but the λ/2 condition still holds good in an ultra broadband spectra.
Both of these will be demonstrated with a design example in
Section 3.

3. Analysis and discussion

3.1. FOV of a FTS based on Michelson interferometer

For a conventional FTS based on a Michelson interferometer, the
condition on the FOV can be defined as [17]

iM≈
ffiffiffiffiffiffiffiffiffiffiffiffi
2λ

Δ max

s
; ð9Þ

where iM is the acceptance incidence angle; λ is the wavelength of the
input light; Δmax is the corresponding OPD given by the FTS.

For a Michelson-based FTS, with a maximum OPD of 45 μm, iM
varies from ±7.64° at 400 nm to ±12.67° at 1100 nm.

3.2. FOV of a FTS based on a conventional Savart polariscope

As discussed above, the FTS based on a conventional Savart
polariscope has a very limited FOV, because of the distortion in the
interferogram caused by the sin 2i term of the OPD. From Eq. (4), its
acceptance incidence angle iCS can be written as
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where λ is the wavelength of the input light, and t is the thickness of a
single Savart plate.

For a FTS based on a conventional Savart polariscopemade up of two
9-mm-thick calcite plates, iCSvaries from±1.34° at 400 nmto±2.33° at
1100 nm. The corresponding maximum OPD is from ±35 μm to
±54 μm. Here the refractive indices of the calcite corresponding to
the wavelength range from 400 to 1100 nm were calculated using the
Sellmeier equation expressed as [18]

n2
o = 2:69705 + 0:0192064= λ

2−0:01820
� �

−0:0151624λ2; ð11aÞ
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n2
e = 2:18438 + 0:0087309= λ

2−0:01018
� �

−0:0024411λ2; ð11bÞ

where the operating wavelength λ is in μm.
Fig. 6 is the calculated FOV interferogram for the FTS based on the

conventional Savart polariscope. Where angle α and β are the
projections of the incidence angle i onto the principle sections of
the first and second crystal plates of the Savart polariscope,
respectively. As described in Section 2.1, the second and higher
power terms of sin i in Eq. (3) bring the hyperbolic fringes in the
margins of the interferogram. Only the central fringe is available and
the corresponding FOV can be read out directly. It should be indicated
that to make the interferogram clear, only fringes produced by sin 2i
are shown.

3.3. FOV of a FTS based on the combination of two Savart polariscopes

As discussed in Section 2.2, the FOV of a Savart polariscope can be
increased with the addition of a second Savart polariscope which
fabricated frommaterial with opposite signs of birefringence to that of
the first one. In order to show the efficiency of this method, a design
example operating in 400–1100 nm is proposed.

In the double-polariscope design presented here, as shown in
Fig. 5, the first Savart polariscope consists of two 2-mm-thick calcite
Savart plates and the second Savart polariscope is fabricated from
yttrium vanadate (YVO4). YVO4 is a positive uniaxial crystal for which
the refractive indices corresponding to the range 400–1100 nm can be
calculated using the Sellmeier equation given as [19]
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Substituting Eqs. (11a) and (12b) into Eq. (7), the optimum
thickness of a single crystal plate for the second Savart polariscope tP
can be obtained. Here we choose tP=3.52 mm which is optimized at
Fig. 6. Calculated FOV interferogram for the FTS described in Section 3.2: (a) at 400 nm,
(b) at 632.8 nm, (c) at 1100 nm, (d) polychromatic light 400–1100 nm.
the wavelength 632.8 nm. The total thickness of the two Savart
polariscopes is only 11.04 mm.

Using a similar λ/2 condition as described in Section 2.1, the
acceptance incidence angle of the developed FTS iMS can be written as

iMS≈ arcsin
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For the design example described above, iMS varies from±42.49° at
400 nm to±44.67° at 1100 nmand in a broadband (460–900 nm), the
FOV of the developed FTS is only limited by the numerical aperture of
the optical components of the FTS. Fig. 7 is the calculated FOV
interferogram for the developed FTS. By comparing with Fig. 6, it is
observed that the FOV of the developed FTS has been increased much
larger than that of the conventional Savart polariscope based FTS. Fig. 8
shows the OPD produced by the developed FTS at 632.8 nm. It can be
seen that the OPD of±45 μmis obtained at an incidence angle of±19°
at 632.8 nm. In practice, the FOV of the developed FTS can be increased
even wider with the combination of two thinner Savart polariscopes.
For example with tN=1 mm, tP=1.76 mm, the FOV of the resulting
instrument can be increased to ±72.78° at 400 nm and ±83.85° at
1100 nm. Its corresponding OPD of ±45 μm can be obtained at ±40°
at 632.8 nm. To the best of our knowledge, no previous FTS could have
such a large FOV with the similar OPD.

We now consider about the optical efficiency of the input light. For
a Michelson-based FTS, half of the light is reflected back to the source
and so its maximum optical efficiency is 50%. The developed FTS here
may be regarded as a typical birefringent interferometer and hence
has a maximum efficiency of 25% for unpolarized light and 50% for a
linearly polarized source [7]. With a general consideration of the FOV,
input aperture and optical efficiency, optical throughput of the FTS
based on the combination of two Savart polariscopes is nearly one
order of magnitude higher than that of a conventional Michelson-
based FTS.
Fig. 7. Calculated FOV interferogram for the FTS described in Section 3.3: (a) at 400 nm,
(b) at 632.8 nm, (c) at 1100 nm, (d) polychromatic light 400–1100 nm.
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Fig. 8. OPD introduced by the developed FTS at 632.8 nm.
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4. Conclusion

We have proposed a novel design of a static FTS that combines two
Savart polariscopes fabricated from positive and negative birefringent
materials. We showed that, with the second compensation Savart
polariscope, it can have a much larger FOV that is limited only by the
numerical aperture of optical components. Comparing with the
conventional FTS based on a Michelson interferometer, the most
remarkable advantage of the proposed instrument is a simple,
compact, miniature, and static (no moving parts) along with a very
large optical throughput. These are important benefits for many
practical applications, for example, the fieldwork and space applica-
tions where illumination is weak and the system size and weight are
critical.
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