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Design of aspheric collimation system for semiconductor laser beam
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Abstract

In this paper, semiconductor laser beam collimation lenses system has been optimum simulated and designed. The
new design methods for aspheric cylinder lenses collimation system have been discussed in detail and the system
parameters are calculated and optimized by using a geometrical ray optics approximation. The optical system has been
further simulated by software MATLAB, and the simulation results showed that the emergence angle can be
collimated effectively, and the output beam can be expanded to a circular spot in centimeter level beam radius.
r 2009 Elsevier GmbH. All rights reserved.
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1. Introduction

Because of the rapid development of the optoelec-
tronic devices, semiconductor lasers have been widely
used in many fields such as laser processing, medical
applications and optical communication. However, the
edge emitting semiconductor lasers have different
origins and angles of divergence in the two transverse
directions [1], as shown in Fig. 1, resulting in the
inherent astigmatism and elliptical beam shape. This
characteristic of output beam of the edge-emitting
semiconductor laser is a drawback for many applica-
tions requiring laser sources. How to improve the
quality of the edge-emitting semiconductor laser beam
becomes a widely concerned problem.

There are two kinds of technique to improve the beam
quality of the semiconductor laser. The first one is to
alter the beam quality internally, such as adding external
cavity to the LD or optimizing the structure of the LD
cavity [2]. The second one is to improve the beam

quality exteriorly, the common method is to add optical
elements in front of the laser beam, which is the
approach discussed in this paper. In general, lenses or
prisms are mostly employed to reshape the beam [3,4].
Because of simple structure and easy fabricating, the
cylindrical lenses have been used in many practical
applications for beam collimating of LD [5,6]. The
aspheric lens is another shaping system that is used to
collimate the beam of LD, and the theoretic perfor-
mance could be perfect [7,8].

In this paper, an optical system comprising two
aspheric cylindrical lenses is designed to collimate the
elliptical semiconductor laser beam using analytical
equations and MATLAB simulation.

2. Collimation system design

2.1. Geometrical ray optics versus physical optics

Optical design of beam shaping systems can be
achieved using either physical or geometrical optics.
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For single-mode Gaussian beams, calculating the para-
meter b0 will help determining whether geometrical or
physical optics methods should be used, the parameter
b0 is defined [9]

b0 ¼
2
ffiffiffiffiffiffi
2p
p

r0Dout

f l
(1)

where l ¼ 870 nm is the wavelength of semiconductor,
r0 is the beam radius or waist, Dout is half-width of the
desired output dimension, and f is the focal length of
the focusing optic system, or the working distance from
the optical system to the target plane. In general, if
b0o4, a beam shaping system will not produce
acceptable results. When 4ob0o32, diffraction effects
are significant and should be part of design of beam
collimation system. When b0432,geometrical methods
should be adequate for design of beam collimation
systems [10].

In this paper, we calculated b0 values for all the
surfaces, and based on these values, we will discuss
collimation system by geometrical optical principle.

2.2. Theory for collimation system design

This design method employs two aspheric cylindrical
lenses, the input surface S1 and the output surface S2 are
both aspheric surfaces and the two surfaces between
them are planes, as shown schematically in Fig. 2.

The surface S1 has refractive power in the x–z plane
and is flat in the y–z plane so as to collimate the beam in
perpendicular transverse directions. Meanwhile, the S2

surface is flat in the perpendicular direction allowing the
beam to propagate through with no refraction in this
direction, while the surface in parallel direction colli-
mates the beam. As a result, the output beam has the
desired circular, collimated, and expanded beam shape.

2.3. Equations for the input surface S1

The input surface S1 is an aspheric cylindrical surface,
and the calculations in x–z plane are shown in this
section. The variables used to calculate lens parameters

in x–z plane are presented in Fig. 3.

n0r? ¼ n0l1 þ n1s1 (2)

From a trigonometric relation, we have

cos y? ¼
l1 þ s1

r?
(3)

Simultaneously solving Eqs. (2) and (3), we obtain

r? ¼
l1ðn1 � n0Þ

n1 cos y? � n0
(4)

According to the theory of analytic geometry, Eq. (4)
is a polar equation of hyperbola. And transforming it
into rectangular coordinates form, we obtain the
equation of the surface S1

ðz� n1l=n1 þ n0Þ
2
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¼ 1 (5)

where the hyperbola parameters a1 ¼ n0l/(n1+n0),

b1 ¼ l
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
n1 � n0=n1 þ n0

p
, e1 ¼ n1/n0, and the near virtual

source lies on the outer focus of a hyperbola plane.

2.4. Equations for the output surface S2

The output surface is also an aspheric cylindrical
surface, and the y–z plane calculations are shown in this
section. Fig. 4 shows the schematic of the surfaces in the
parallel transverse direction (y–z plane) and the vari-
ables used to calculate lens parameters. We use Fermat’s
principle and trigonometric relationships to determine
the surface equation. The parallel transverse direction
divergence angle yJ, the final output beam radius h (h is
equal to the same height as the output ray in
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Fig. 1. Free-space radiation pattern of a semiconductor laser
with an elliptical beam profile.
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Fig. 2. Schematic of the collimation system.
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Fig. 3. Schematic of aspheric lens in the perpendicular
direction (x–z plane).
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