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Abstract—We present theory and simulation of an active
GRadient-INdex GRIN device for laser beam shaping by
transformation of a Gaussian beam into a uniform beam in a
controlled manner.
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I.

Fig. 3 and Fig. 4, respectively. The active beam shaper is
illuminated by a He-Ne laser operating at 632.8 nm and beam
width 0.95 mm. For the on-axis gain beam shaper, the input
Gaussian beam is converted to a flat-top beam of 2 mm of
aperture at thickness 8.252 mm and in the on-axis loss case the
shaper length is 4.936 mm.

INTRODUCTION

Beam shaping presented in this work is the process of
transforming the irradiance and phase of a non uniform beam
into a flat-top distribution [1,2]. This task can be carried out by
an active GRIN device consisting in a material with quadratic
gain or loss and refractive index profiles in transverse direction
to the optical axis. There are two main purposes in the present
paper: to present beam shaping condition for active GRIN
materials and to simulate beam shapers for irradiance
homogenization.
II.

THEORY

When an active GRIN material of thickness d is illuminated
by a Gaussian beam, the general condition for beam shaping
can be written as

Figure 1. Diagram of beam shaping system by active GRIN material with
gain or loss.

Im !" n 0q! ( d ) q*( d )#$ = 0 % w ( d ) & '
where n0 is the complex refractive index along the z axis, q (d)

and q! (d) are position and slope of the complex ray at the
output face of the material and Im denotes the imaginary part.
Condition says that the beam-half width w of the beam at z = 0
tends to infinite and the input Gaussian distribution becomes
flat-top distribution at the output of the active device as shown
in Fig. 1. In particular, transformation of a spherical Gaussian
beam into uniform spherical wavefront diverging, negative
curvature radius, or converging, positive curvature radius, is
depicted in Fig. 2.
III.

SIMULATIONS

To illustrate the behavior of active GRIN shapers with onaxis gain and loss, a simulation of the transformation of a
spherical Gaussian beam into a uniform beam is represented in

Figure 2. Beam shaping by active GRIN material: transformation of a
spherical Gaussian beam into a uniform wavefront a) diverging R(d) < 0 and
b) converging R(d) > 0.

gain and loss to determine beam shaping thicknesses less than
1 cm and to show beam homogenization on 2 mm of aperture.
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Figure 3. Evolution of the relative irradiance for an on-axis gain beam
shaper device. Parameter values: a = 1 mm, n0I = -10-5, nI(a) = -10-4, n0R =
1.62, nR(a) = 1.6, g0R = 0.1571352 mm-1, g0I = 0.0003540 mm-1. The beam
shaper length is z1 = 8.252 mm.

Figure 4. Evolution of the relative irradiance for an on-axis loss beam shaper
device. Parameter values: a = 1 mm, n0I = 10-5, nI(a) = -10-4, n0R = 1.62, nR(a)
= 1.6, g0R = 0.1571354 mm-1, g0I = 0.0004316 mm-1. The beam shaper length
is z1 = 4.936 mm.

Simulations have been made for n0R and n0I real and
imaginary parts of n0, nR(a) and nI(a) real and imaginary parts
of the complex refractive index at r = a and g0R and g0I real and
imaginary parts of the complex gradient parameter.
IV.

CONCLUSIONS

In this paper a novel method for laser beam shaping has
been presented. The beam shaper is performed by an active
GRIN material with on-axis gain or loss. This fact would
provide control on the constant irradiance level of the output
laser beam. Light propagation of Gaussian beams in active
GRIN materials has been presented and results have been
simulated and applied to an active GRIN shaper with on-axis
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