Al 1M Hr ot Vol. 41, No. 1
2014 4E 1 A CHINESE JOURNAL OF LASERS January, 2014

17 SR 2 B B A1 R 1 i B S O e R 24

AEES How BRAY? Z2ER' F R OAZE
(BRI LIRS 5 61000)
BB 100049

TEE AR T b AT S T B I 0 ] TR P 2 T AT S SRR A T ST Ak 1 T Uk SRR T AT S B A I 0 A S B
1o S A R G R T B R MEA ., AR T AR AT I G R T B 2 WA AL 0T B GE SRR A L A T R R
WO B TR B 4 8 T 6 A 20 BB A LT Al AR T S B R B R ST R S R X AT T SR
WE. MATHHEGE SN L2 0. 125 mm, A X LR 0. 1. A8 & B 8 I, 0 45 A5 BEAE PR 4m 7 ml 9 AN 24 50 1 2k
12. 34 % RERFI TR N 96. 6 % 48 3 7 15 (ARSI M 5. 42% BRI I 2 95. 74 %0, S 45 51 5 HUE B L
ZR Y G IR T AT OB B DGR AL R LB R AT

KR WA EREREDLER MUBEKE LIRSk

hESEE TN245 XEkARIRAD A doi: 10.3788/CJL201441.0102005

Homogenization of the Semiconductor Laser Planar Array
Using Diffractive Micro-Lens Array

Liu Zhihui'* Yang Huan' Shi Zhendong'* Li Guojun'
Fang Liang' Zhou Chongxi'

! State Key Laboratory of Optical Technologies for Nano-Fabrication & Micro-Engineering, Institute of Optics

and Electronics, Chinese Academy of Sciences, Chengdu , Sichuan 610209, China

? University of Chinese Academy of Sciences ., Beijing 100049, China

Abstract In order to solve the problem that high fill factor and accurate surface shape of the refractive lens are

difficult to realize, a new approach for homogenization of semiconductor laser planar array by using diffractive micro-

lens array is proposed. Diffractive micro-lens array with phase steps based on the theory of scalar diffraction is

designed. The equations of intensity distribution from the input plane to the output plane are derived. The numerical

simulation and experiment of the non-imaging homogenization system of diffractive micro-lens array are carried out

successfully. When the diameter of the micro-lens is 0. 125 mm, relative aperture is 0. 1 and phase step number is 8,

in fast axis, the non-homogeneity is 12.34 % and the energy efficiency is 96.6 % ; in slow axis, the non-homogeneity

is 5.42% and the energy efficiency is 95.74% . The result of the experiment agrees well with the simulated result,

proving the feasibility of the system of the diffractive micro-lens array for beam homogenization.
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Fig. 1 Principle of non-imaging homogenization

system with diffractive micro-lens arrays
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Table 1 Parameters of the non-imaging beam homogenization system

Element Parameter Value

Wavelength /nm 808

Radius of waist /mm wr =0.65,ws=4.5

Super-Gauss factor Gr=1., Gs=10
Source

Width of single bar /mm

Wr=1.5, Wg=10

Half divergence angle /() Or =35, 0s=38
Number of bars 60X 8
Diameter /mm 0.125
) ) ) Relative aperture 0.1
Diffractive micro-lens array
Phase steps 8
Number of micro-lens Wy/D
Field lens in fast axis Focal length in fast axis /mm Fr=300
Field lens in slow axis Focal length in slow axis /mm Fs=375
Speckle in focal plane Size /mm 30X 100
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Fig. 2 Intensity distributions in focal plane from the numerical simulation. (a) In fast axis; (b) in slow axis
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Fig. 3 Experimental device of the non-imaging

beam homogenization system
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Fig. 4 Intensity distributions in focal plane from the experiment. (a) 2D intensity distribution of the focal spot; (b) intensity

distribution in fast axis; (c¢) intensity distribution in slow axis; (d) 3D intensity distribution of the focal spot

4 4% ®

BT T A7 5 7 0 M ) G B SR OO R A
TCRGEIFIEAT T BE M 5 MBI 0 A 401
TS5 B o 2 ) L 26 e P 1 R O Fr S 00 L A BE
MUY 1 B9 R 3 5T S 12, 34 %%, B d A FE 3
96. 6% 5 B Al Jy 171 (19 S 9 5 HE 20 0 5. 429, R A
FHSEH 95. 74 % . fF S 8G5 BE W 91 7 2 T 26 1) G 119
R HE U B P I A P T 2T L
PRTEBERI A PE . 20 0 B AT IR BERY 5 1
AT 5 405 5 01 4 72 B $00 8 A 28 6 R AT
P 28 . e B0 S I E S T AT S )
ek AT 40 2 G0 0 T AT 1+ S R R S 06 2 T Pk 1
S ok AT AR T — B B R L 5 B T R TR
H—E 5 S5 X

5 £ X W

1 Zhou Chongxi, Liu Yinhui, Xie Weiming., et al.. Analysis and
design of fiber coupled high-power laser diode array[ J]. Chinese J
Lasers, 2004, 31(11): 1296—1300.

AR, XM, WY, S RThRE SR EOLE DL ROL
SHEABIIELT]. HEBOE. 2004, 31(11): 1296—1300.

2 M Traub, H D Hoffmann, H D Plum, et a/.. Homogenization of
high power diode laser beams for pumping and direct applications
[C].SPIE, 2006, 6104 61040Q.

3 K Frank, W Holger, B Peter, et al.. Successful diode laser
material processing using application specific micro-optical beam
shaping[ C]. SPIE, 2007, 6824 682403.

4 Fei Bing, Wang Youzi, Liu Tao, e al.. Variable beam
divergence design method for high power diode laser[J]. Laser &
Optoelectronics Progress, 2012, 49(7): 071401.

Hoovk. BT X W, A RIR SR B A RO
BRG] WMot 5oth 7% 3, 2012, 49(7).
071401.

5 A Buttner, U D Zeitner. Wave optical analysis of light-emitting
diode beam shaping using micro-lens arrays[ J]. Opt Eng, 2002,
41(10): 2393—2401.

6 Yin Zhiyong, Wang Yuefeng, Yin Shaoyun, et al.. Design of
semiconductor laser shaping system based on hyperbola substrate
microlens array[ J]. Chinese ] Lasers, 2013, 40(6): 0602016.
B B, ERWE, FHR R, . TR0 T I 0 108 B FE S Y
RO R I R g it (], b ok, 2013, 40€6):
0602016.

7 Xiao Yanfen, Zhu Jing, Yang Baoxi, e al.. Design of micro-
cylindrical-lens array used for illumination uniformization in
lithography systems [ J ]. Chinese ] Lasers, 2013, 40 (2).
0216001.

HHOY, & . BEE. . HTORZILIR B 540 B SR T
BB ], R E G, 2013, 40(2): 0216001,

8 R Voelkel, K J Weible. Laser beam homogenizing: limitations
and constraints[ C]. SPIE, 2008, 7102: 71020].

9 Jin Guofan, Wu Minxian. Binary Optics{ M]. Beijing: National
Defense Industry Press, 1998. 89—94,

S EF . R, ZoodetE (ML dbat. ER Tl kL, 1998,
89—94.

10 Yin Zhiyong, Wang Yuefeng, Jia Wenwu, e al.. Performance
analysis of beam integrator system based on microlens array[ ] ].
Chinese J Lasers, 2012, 39(7): 0702007.

BAE, iR, B0, & ERTHOESEKEI MRS RS
PERE BT, P EEOE. 2012, 39(7): 0702007,

11 ] W Goodman. Introduction to Fourier Optics{ M]. Qin Kecheng,
Liu Peisen, Chen Jiabi, e al., Transl, 3rd edition. Beijing:
Publishing House of Electronics Industry, 2006. 60—61.

WES. MEHOLFEFIRIMI By, X, PREEE, SE
55 3 M. JLAT: B Tl AL . 2006, 60—61.

12 Qiu Yue, Qian Liejia, Huang Hongyi, e al..
illumination uniformity by suppressing the diffraction of a lens
array[ J]. Chinese J Lasers, 1995, 22(1): 27—31.

o B BRI, Bk — . AL IHAT I O 1 0 O B A B Y R
HESB ST MELT ], RO, 1995, 22(1) . 27—31.
=EREE: L #

Improve

0102005-5



