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Fig. 1. Schematic of imaging microlens array system.
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Fig. 2. Beam analysis of single microlens aperture.

WS R B KA NG, 0% 5 5o R
ST PLa, HAT LA BEGG S AN TRHUES
FEFI LA, ST b, B AEM S = fitanb,
LA, #5628 78 & 10 & RIEEI AN he. R ¥E K29
JUFT R &R, Hho = hot + ho2, hoz/h1 = a12/f1,

184201-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 18 (2018) 184201

ho1 lai2 — fi lai2 — f1|Pa/2
= , % ho = +
Pra/2 fi fi
aizhy  |aiz — filPLa/2 + aia fi tan®
fi ‘

S ho < Po /2. T A EI 5 — T
BB T B, TSRO0 I B B A
Hoy B 4 0 5 S 0 (1 3 o 6 SRR ),
TS I NS 48y 660965k 73 4 R 5 7 3 A
5 4T 4, B S H .

Focus plane

B3 HEHE BN S B B OE Bl 51 S R R G0 &
& [22]
Fig. 3. Scheme of imaging microlens array system with

non-collimated beam [22].
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distance transmission; (b) long distance transmission.
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Fig. 5. Measured pump field of LD array: (a) The
pump field transmits 5 mm; (b) the pump field trans-
mits 70 mm; (c) the pump field transmits 170 mm.
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(a) Total-irradiance map X N i (b) Total-irradiance map X} T NP i
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Fig. 6. Simulated pump field of LD array: (a) The pump field transmits 5 mm; (b) the pump field transmits 70 mm;
(c) the pump field transmits 170 mm.
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Table 2. Parameters of microlens array in contrast experiment.
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Fig. 7. Output pump field of pump coupling system 1: (a) Measured results; (b) simulated results.
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Fig. 8. Output pump field of pump coupling system 2: (a) Measured results; (b) simulated results.
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Abstract

In order to improve the performance of laser diode (LD) array pumping field in high-power solid state laser, an LD
array pumping coupling system based on microlens array is used to achieve a high-uniformity pumping source with a
longer transmission distance.

The homogenizer has two structures based on microlens array, which are called diffracting homogenizer and imaging
homogenizer. In this paper, we mainly study imaging microlens array due to its advantages of simple structure, better
output homogeneity, flexibility of changing pumping field size, and insensitive to change in the input beam.

First, the mathematical expression of the intensity distribution of target surface is derived based on the theory
of geometrical optical. According to the geometrical optical formula, we obtain the relationship between the intensity
distribution of target surface and system parameters, i.e., maximum incident angle of LD array, the distance between two
microlens arrays, and the aperture and focal length of microlens. The boundary condition of microlens Fresnel number
is derived based on the LD array beam parameters.

Second, the influence of the number of microlens array elements on the output field homogeneity is studied theoreti-
cally by the mathematical statistics method. As the input beam is considered to be divided randomly, the central limit
theorem is employed to derive the mathematical expression of calculating the integrated output field non-homogeneity.
The formula shows that the non-homogeneity is in inverse proportion to the root of the number of microlens array
elements and the related maximum and minimum value of input field intensity distribution. And the spatial period of
microlens array is designed to be unrelated to the spatial period of LD array to reduce the coherence of LD beam.

According to the luminescence field parameters of an LD array consisting of 25 bars, an LD coupling imaging
microlens array homogenizer test system is designed and constructed based on the theoretical analysis above. Another
contrast system with a different microlens array which is not optimized is constructed at the same time.

The coupling characteristics of two coupling systems with different microlens arrays are compared. The simulation
and experimental test are carried out. The experimental result accords well with the simulated result, and thus proving
the correctness of the theoretical studies. The coupling system with optimized microlens array shows better homogeneous
effect with an output field non-homogeneity of 7.9%, and a coupling efficiency of 90.7%, proving the feasibility of the

system for LD array pumping field homogenization.

Keywords: microlens array, pumping coupling, geometrical optics, mathematical statistics
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