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An optimum design of static Fourier-transform spectrometer based on Savert prisms is presented in this
paper. A new method of increasing path difference and resolution of spectrometer is given. When the
angle between the crystal optical axis of the first Savert prism and the incident interface is 58° and the
angle between the crystal optical axis of the second Savert prism and the incident interface is 28°, the

maximum path difference will be 0.63 mm, the maximum resolution will be 15.8 cm

field-of-view will reach 6°.
OCIS codes: 120.0120, 120.6200.

Fourier-transform spectrometers based on Michelson in-
terferometers are frequently used in both industrial and
scientific applications!'). But the spectrometer has two
drawbacks. One is that the interferometer requires a
complicated scanning mechanism with exceptionally high
quality and well isolated from external perturbation. The
other is that the measurements of transient phenomena,
such as short laser pulses or explosion spectra, are not
easy to be realized. In order to overcome the difficulty,
SMII (Spatially Modulated Imaging Interferometer) has
been invented in 1980’s!%). In the paper, a kind of SMII,
static Fourier-transform spectrometer based on birefrin-
gent crystal, has been discussed. Its operating principle
is using some polarizer devices to split the object into
two virtual sources. By Fourier transform, spectrum can
be obtained from the interferogram. The instrument is
small, light, stable and integrated. In this paper, We de-
scribe a new optimum design of the spectrometer based
on Savert prism!3.

Resolution and field-of-view are two important param-
eters of a spectrometer. Resolution can be indicated by
wave numberl?

v
R=-L, M
where v is average wave number of two adjacent spectral
lines which can just be separated; Av is wave number
difference between the two adjacent spectral lines, it can
be described by
1
Av = A (2)
where Anax is the largest path difference of the spec-
trometer. We can see from Egs. (1) and (2) that the
larger the path difference is, the higher the resolution
will be.

For the goal of seeking a method to enlarge optical
path difference, we analyze the propagation direction of
o-ray and eray in crystals by ray-tracing method(®=7]
and work out the path difference of two coherent beams.

Figure 1 indicates the propagation path of e-ray and
o-ray in Savert prism. OA and CE are the paths of
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—1 and the whole

o-ray, OB and AF are the directions of e-wave normal,
OC and BD are the paths of e-ray. The unit direction
vector of incident light is Sp(cos ap, cos Bo, cosYo), where
Qo, Po, and ~y are the angles between incident light and
X, Y, Z axis. cosag, cosfy, and cosvyy are direction
numbers. YOZ is the incidence plane, and we can get
v = 90°, so the direction vector of the incident light is
(cos ap, cos o, 0), g + Bo = 90°. In general, light beams
are not symmetrical about system light axis, so in order
to discuss the light beams propagation on both sides of
the axis, we agree to the following rules: from the light
beam to the normal line, if the rotation direction is clock-
wise, the angle between the two vectors is positive; if it
is counter clockwise, the angle is negative.

In the first Savert prism, the crystal optical axis is
in XOY plane and the angle between the optical axis
and OY is 45°. In order to have a general discussion
and produce an optimum design, we suppose the vari-
able angle denoted with &;, and call the device as a
parallel polarization splitter. Its crystal optical axis is
C;1 = (sindy, cos d1,0), 1 C [0,90°]. In anisotropic crys-
tal, a ray will be split into o-ray and e-ray.

O-ray: In the first prism, the direction vector K;, of o-
ray is (cos 10, €0S B16,C0SY10). According to Snell’s law,
we get

n; sin ag = N, Sin a1,
,310 =90° — 1o,
Yo = 0. (3)

E-ray: We suppose the e-wave normal vector is Kq,
(cos a1e, COS P16, COS Y1e). Refractive index of e-wave isl8l

TioTle

?
\/ n2 sin® §; + n2 cos? 6,

(4)

Nie =

where #; is the angle between e-wave normal K, and
crystal optical axis Cq, given by

cos By = cos(K1e,C1)
= COS (1e SIN 01 + Sin a1e COS O . (5)
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Fig. 1. Trace followed by ordinary and extraordinary rays in
the Savert splitter.

From Egs. (4), (5) and Snell’s law, we can get the re-
fraction angle of e-wave

Qe = G cot{(ng - ng) sin 26;
+2n,4n[(n2 sin? 6;
+n2 cos® 6,)/(n? sin® ag) — 1]'/2}

/2(n2sin §; + n? cos?® §y), (6)

where n; = 1 is refractive index in the air.
Then we can get the direction vector of e-ray Sie
(cos Q1et, COS Biet, COS Yiet), Where Qs = Qe + 71, 11 18
e-ray’s wall-off angle in the first prism[®].

The crystal optical axis of the second prism is in XOZ
plane and the angle between optical axis and OZ is de-
noted by d2. The direction vector C2 of the crystal opti-
cal axis is (sin da,0,cosd2). When o-ray and e-ray trans-
mit into the second prism, the o-ray turn into e-ray and
the e-ray turn into o-ray.

O-ray: Its direction vector is (cos azo, €08 20, COS Y20 ),
from Snell’s law, we know its propagation direction is
identical with the o-ray’s in the first prism. That is to
say OA is parallel to CE.

E-ray: The e-wave is in incident plane XOY, and its
direction vector is Kae (COS Q2e, COS B2¢, COSY2¢). In the
same way, we can get the refraction angle of e-wave in
the second prism by

n2(n? — sin® ap)

1/2
(2 = AICCOS .
2e l( (n2 — n2)sin® 6, sin® o + ngng) ]
(7)

The e-ray direction vector in the second prism is Sge
(Sx,Sy,Sz). In order to get Sx, Sy and Sz, we
need to establish a new coordinate system X;1Y1Z; (see
Fig. 1). In the new coordinate, the direction vector of
Sac is (Sx1,5v1,S571); the direction vector of Kge is
(kex1,key1,kez1); the direction vector of crystal optical
axis is (0,1,0). By coordinate conversion!®), we get

—sindy kex
cos 02 ] l key ] . (8
keZ

kev1 sinds 0

kex1 ] l cosds 0
kez1 0 -1 0

The e-ray’s wall-off angle in the second prism is

cos7jz = cos(Kae, S2e)
= kex1Sx1 + kev1Syv1 + kez1Sz1. 9)

From Eq. (9) and considering Kae, Sae, C2 in one plane,

we get

Sx1 = kex1cosny — kextikeyisings
) VE2x1+R2,
Sy1 = (sin® na2 + K2y, cos 2m,

+\/’mkey1 Si'n 2172)1/2

S71 = kez1 cospy — Fevihezisinm,

VES R,
So in the original coordinate, the direction vector of
e-ray is given by

Sx cosdy sindy 0 Sx1
[sylzl o™ _1HSY1]. (1)
Sz —sindy cosdy O Sz1

By Snell’s law, we know the two emergent rays are par-
allel to incident light whatever the incident angle is. In
Fig. 1, two eye points are D and E, respectively, and DE
is the shear difference of two parallel emergent beams.
Now we can get path difference

A=L1—L2=(nO-OA+n2e-AF+DG)
—(n1e - OB+ n, - CE). (12)

(10)

By using the direction vectors obtained above, we can
calculate the path difference with Matlab.

When designing an optimum polarization splitter of
polarization interferometer, we have three purposes. 1)
For higher resolution, path difference should be larger.
2) According to the definition of field-of-view of polariza-
tion interferometer: supposing the path difference is M
when the incident angle is «, and the path difference is
N when the incident angle is 0, if the difference between
M and N is half of the wavelength of the incident light,
then « is half field-of-view. So, for large field-of-view,
the change of path difference should be small when the
incident angle alters. 3) For symmetrical sampling and
symmetrical field-of-view, the path difference should be
symmetrical when the incident angle alters in two sides
of the normal line.

According to o-ray’s and e-ray’s trace analyzed above,
we make a program with Matlab to get a series of A-ag
curves about incident angles and path differences when
the direction of crystal optical axis altered. Parts of
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Fig. 2. The A-ag curves on the different direction of crystal
optical axis. Abscissa axis denotes incident angles (in de-
gree), and vertical axis denotes path difference (in mm). (a)
&1 = 30°, 82 = 30°; (b) 61 = 60°, 62 = 60°; (c) 61 = 45°,
82 = 45°%; (d) 61 = 58°, 5 = 28°.
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curves are presented in Fig. 2. According to the three
purposes listed above, we hope the curves should be flat
and symmetrical, so a satisfying design scheme of polar-
ization splitter is picked out from a lot of curves calcu-
lated. That is, if the angle between crystal optical axis
of the first Savert prism and the incident interface is 58°,
and the angle between optical axis of the second Savert
prism and the incident interface is 28°, the instrument
would be much better. The curve of this design can be
seen in Fig. 2(d).

From Fig. 2(d), some advantages will be seen. Firstly,
when lights transmit into the splitter from both sides of
the normal line in the incident plane, the curve is fairly
symmetrical. So we can get symmetrical sampling and
symmetrical field-of-view.

Secondly, the maximum path difference will reach 0.63
mm and the maximum resolution will be 15.8 cm~!. It is
ten times of the resolution (230 cm™!) mentioned in Ref.
[10], and nearly two times of the resolution (30 cm~!)
mentioned in Ref. [3].

Thirdly, according to the definition of field-of-view of
spectrometer, for the wavelength of 0.6 ym, we can see
from Fig. 2(d) that when the incident angles are within
43°, the path difference alters only 0.3 ym. It means the
whole field-of-view could reach 6°. For infrared and far-
infrared radiation the field-of-view will be wilder. The

experimental work to test the method will be done in
future.

D. Zhang’s e-mail address is hollytree@eyou.com.
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