October 10, 2004 / Vol. 2, No. 10 / CHINESE OPTICS LETTERS 615

Optimized design of parallel beam-splitting prism
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A large lateral shearing distance of parallel beam-splitting prism is often needed in laser modulation and
polarization interference. In this letter, we present an optimized design of parallel beam-splitting prism
and list some different cases in detail. The optimized design widens the use range of parallel beam-splitting
prism. At the wavelength of 632.8 nm, the law that the enlargement ratio changes with the refractive index

and the apex angle is verified.
OCIS codes: 260.5430, 230.5480, 230.1360.

The polarizing prism can be simply divided into two cat-
egories, one is laser-polarizing prism whose type is LGP-
Series; the other is polarization beam-splitting prism
whose type is LSP-Series. They are applied widely in
polarization techniques. Parallel beam-splitting prism
belongs to the latter and can be applied in some spe-
cial conditions such as laser modulation, transformation
of polarization state and polarization interference, for its
two output beams propagate in a parallel way. It is often
made of natural crystal calcite with special cut and pol-
ish. Calcite has such advantage as large maximum bire-
fringence (n,—ne), no deliquescence, and steady chemical
composition. Its geometry structure is such a type that
the angle between optical axis orientation and beam ter-
minal face is 45°. One beam can be divided into two po-
larized beams through the prism, whose vibration planes
are perpendicular to each other, but the output beams
propagate in a parallel way. One beam propagates along
the incidence direction, the other has an offset in com-
parison with the former. The offset was named lateral
shearing distance. It is difficult to get a large lateral
shearing distance with a single prism due to the proper-
ties of calcite. In fact, if the length of the prism is 10
mm, the value of lateral shearing distance is only about
1.1 mm. Therefore, in order to get large lateral shearing
distance, we must increase the length of prism but it is
not economical. One can attempt to modify the struc-
ture angle of Wollaston prism to get the same result, but
this method is too troublesome to practice. In this pa-
per, we present a new design that two right-angle prisms
are inserted, forming a compounded type to satisfy the
purpose.

The design is illustrated in Fig. 1, where M; and M,
stand for two equal right-angle prisms with apex angle
a. From

nosinf = nsinf’, (1)
we have
di = ABcosf, dy = ABcosa;
dy =CDcosf, ds=CDcosq, (2)

therefore we can get
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In the above equations, € is the angle of incidence and
@' is the angle of emergence. It is easy to find that the
value of ds/d; is larger than 1, and changes with the re-
fractive index n and apex angle . So by inserting two
right-angle prisms into the optical path and adjusting the
orientation of prism, we can extend the lateral shearing
distance.

Now let us represent the relationship of the value of
ds3/di, a, n, and the transmittance of the beams in de-
tail. Our calculations will be based on the following
mathematical formulas for the transmittance of the two
monochromatic beams. We use the parameters Ry1, Roo,
Re1, Re2 to denote the reflectivities of o-beam and e-
beam on two right-angle prisms, respectively. From Fres-
nel equation they can be written as
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Fig. 1. The optimization design of parallel beam-splitting prism.
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The total transmittance of o-beam is
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and the total transmittance of e-beam is
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Assuming that the value of refractive index n is 1.5147,
we can get the changes of d; /d3, and T with «, which is
illustrated in Fig. 2. Figure 3 is similar to Fig. 2 but for
the refractive index n of 1.6.

a) When the refractive index n is 1.5147, the value of
d1/ds is decreased with an increasing apex a. At the
same time, the transmittance of e-beam shows a slow
increase before it reaches the top point, and then it de-
creases rapidly. Meanwhile, the transmittance of o-beam
shows a slow decrease at first but drops rapidly at the
latter of the process.

b) Selecting the appropriate apex «, we can design a
double-output type prism. In this case, it is needed that
the transmittances of two beams are both high and the
difference between them is small. We design the model
in such a type, the refractive index of glass n is 1.5147,
the value of ds/d; is 2, the apex angle « is 31.8°. Thus
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Fig. 2. The changes of d1/d3 and T with a (n =1.5147).

1.0 1.0
09 1 0.9
08 1 0.8
0.7 1 0.7
06 1 0.6 5
&~ 05 f 05 >
04 ¢ 0.4
03 71 0.3
02 1 0.2
01 y 0.1
0.0 0.0

5 10 156 20 256 30 35 40 45
a (deg)
Fig. 3. The changes of d1/d3 and T with a (n=1.6).
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Fig. 4. The changes of di/d3 and T with o (n=1.7).

the transmittance of e-beam and o-beam are 7,=69.3%,
T,=86.3%, the value of lateral shearing distance is 2.4
mm.

¢) When designing the type of single output, let the
value of d3/d; be 3 and the value of lateral shearing
distance be 3.6 mm. In this case, assuming n = 1.5147,
the apex « is 35.6°, the transmittances of two beams are
T,=54.3%, T.=91%, so it is easy to eliminate the o-beam
and preserve the e-beam.

d) Figure 4 illustrates the changes of d; /d3 and trans-
mittance T with a.

We concluded that as the value of refractive index n
increases, the transmittance has the trend of decrease.
As the value of n is 1.6 and d3/d; is 3, the result of
the apex « is 33.2°, the transmittances of two beams
are 1,=89.3%, T.=54.3%. As d3/d; is 2, the apex « is
29.5°, the transmittances of two beams are T,=65% and
T.=89%.

Assuming that the value of n is 1.7 and d3/d; is 3,
we should let the apex « be 30.7°, the transmittances of
two beams are T,=54% and T,=87%. When the value
of ds/d; is 2, we should let the apex « be 27.2°, the
transmittances of two beams are T, = 60% and T, =
85.5%.

¢) In the process of designing a double output type, we
can conglutinate the two right-angle prisms with glycerin
in order to get the high transmittance. Figure 5 illus-
trates the operation. Based on the analysis of the former
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Fig. 5. The sectional drawing of two rectangular prisms bond-
ing.

case, we get from Eq. (3) that
d3/dy = cos® a/(cos 8y cos fs), 4)

where ; and 6, are the angles of incidence on the first
and the second prism’s surface. Assuming that the value
of refractive index of glycerin n is 1.4311, the result of
Eq. (4) is 2, so the value of « is 32.45°. The values of
@1 and 65 can be calculated from the former equation,
the results are 54.36° and 34.6°, respectively. The above
data should be taken into the Fresnel equation to get

Re1 = 5.035 x 1074,
Rez = 8.054 x 1074,
Res = 2.545 x 1074,
Res = 4.189 x 1072,
Ro1 =1.397 x 1071,
Rg2 = 8.054 x 1074,
Ro3 = 1.576 x 1073,
Ros = 4.189 x 1072,

The total transmittance of e-beam is

To = (1 — Req) X (1 — Reg)
X (1 — Re3) X (1 — Res) = 95.6%;

the total transmittance of o-beam is

To = (1 - Rol) X (1 — Ro2)
X(1 — Ro3) X (1 — Ros) = 85.7%.

It is easy to find that the transmittances of two beams
in this case is higher than the case b).
We can represent the Eq. (4) by « and 8 as
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n' stands for n/n1, n and ny are the refractive indices of
prism and glycerin, respectively. By differentiating both
sides of Eq. (4) with respect to a, we get
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We can get the value of % = 3.76 after taking
a=32.45° into the above equation. So when the error
of a is 0.05°, the influence error caused by A« is only
0.19, this value is small. We can also use the same ap-
proach to calculate the other case b), the influence error
caused by the machining error is much bigger than the
case e), the value of % can reach 8.8. So the case b) is
with low precision.

The parameters of two prisms, such as « and n, should
be same, so we take the approach of adhering two prisms
to integral one to machining, the apex angles of two
prisms are equal to each other. It is interesting to note
that the discussion and analysis only aim at monochro-
matic light, whose wavelength is 632.8 nm.

According to the different request, we can design
different type. The best one among the above designs
is case €). This case can extend the lateral shearing dis-
tance, but it also causes the two beams to have a small
offset, so we should pay attention to it in real applica-
tions. We can also evaporate the antireflecting film on
the surfaces of two right-angle prisms and the calcite to
improve the transmittance.
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