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Shaping laser diode beam into three rectangles by a DOE array
to divide input wavefront
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Abstract: The intensity distribution and the divergence of the laser diode (LD) output beam are variable
with the different operating current and individual differences. The design of conventional diffractive
optical element(DOE) to shape LD beam depends on the intensity distribution of the LD input and output
beam, so the tolerance for the input LD beam is very small. A DOE array was put forward to shape the
LD beam into three rectangles. It consisted of many DOE units, and each DOE unit could shape the
corresponding small segment wavefront into needed output shapes, and all light diffracted by all DOE
units was super-positioned on the output plane. Using the above DOE array laser shaped method, three
rectangles intensity distribution were realized from Gaussian beam with the diffraction efficiency of 90.5%
and the uniformity of 96%. When the half divergence angle of the LD varied from 2° to 16° in slow and
fast axis direction respectively, the diffraction efficiency maintain was approximate 90% and its uniformity
was more than 95%. When the defocus of the lens to collimate LD beam varied from -16 pm to 16 pm,
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numerical experiments indicate that uniformity and the diffraction efficiency of the shaped beam by the

DOE array do not vary. The stability of the LD beam shaping system is improved.
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Tab.1 Shaping effect of conventional and array
DOE using Gaussian beam as the

input beam
Kind of efficiency/% Uniformi- Uniformi- Uniformi-
DOE YIZO 1% ty 2/% ty_3/%
Conventional
DOE 94.00 95.94 95.95 95.98
DOE array 90.53 95.96 96.12 95.99
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divergence angle in the slow direction in DOE array shaping

105
44,508 == Efficicney
== 1Iniformity 1
o4 251 .\A == Liniformity_2 L
BT == Liniformity_3 S
Fy s
T 94.00F
: 160 5
B g93,75r #
Aea
ey 45
93.50F g Y

2 4 & 8 10 12 14 16
Divergency angle/ (")

(c) K #L DOE R e A5 P 75 1) - & B 728 Ak 5 | R AT S 25 R
] X
(c) Variation of the diffractive efficiency and the uniformity with the
divergence angle in the fast direction in conventional DOE

shaping

b st

L4 0 -

Efficiency s
=
Tl
B

e AT ey

i == fficiency 45

ART0 == Liniformity_|
==Llniformity_2 430

G368 *Uniformity 3 |

2 4 6 8 14 12 1a 18 -
Divergency angle/{”)
(d) % #L DOE #% I8 7E 18 Bl 77 1] I~ & B 2 AL B R AT S 0% A
et e
(d) Variation of the diffractive efficiency and the uniforminty with
the divergence angle in the slow direction in conventional DOE
shaping
[€ 4 F:%| DOE FI's L DOE #& JE 75 Yl Fin i il 7 1) b % Jee il ffy
AL 5 AT S RN S SC R
Fig.4 Diagram of the diffractive efficiency and the uniformity with
the divergence/angle in the fast and slow direction in DOE

array shaping and conventional DOE shaping respectively

MR E 51 DOE fE 7 AR e 1Y 3 BBl P A 4%
TTH R KT 90% , #1514 K T 95.8%, 1 5 #. DOE
BIRAT BT RCRTE 93%~94% 2 [H] | #4511 K T 95% X
B AVAYAE Bl 77 1) 100~16°22 8], 1M 7618 4l 75 1) |-
AR AR P9 B B 51 AR /N T 95% , B DOE Yt i
[t 7 K O B AR AR LA W B AL SR R W R 5
DOE 1] LA fiff Y J& #7228 A ok 1 6 o T & F R 1Y
[0, S BRT B R AR R e A B G SRR A Ak
P TR R MR EE

UeAh, SRR AR b i T RO S S R
B [ A B R 2 G AR RO TR ESE [ A



620 B D

% 42 %

Y R AR R AR, S BOK I 4 s ity 35 50 M R AT
RORAR 25 L R TR T UE B AR [R] B AR I
BIENBER I S AT 3%, R LDOG IR A5 1
k1 16.8 um, At LABEE T 7EG IR BOE 221k, 1] 5
1551 DOE 1% #IL DOE 78 A [R) B £5 1 iif 14 3% 2 4%
B B R W] . 4% DOE 7E+16 wm P42 517 55
RBRER T 90% 5 M KT 95% ; F:51] DOE HDG A
Z[E A AAFEAE — 5 W B e 22, WE T T X% T B350
DOE e ift , SOGIR JC AR 22 M DU & B 1
DOE i 5 4 i 1) A8 AL A 1] (4 SURR 38 5 AR AL B

G40 = i i i 3 L]
9% . u Ll
04
s W30 =
2 g3 o i Efficiency of conventional | 90 =
g [i3E =
‘= 0251 B Llniformity of =
= DOE aray ;
b= - MITA) &6 =
LS & ~& Unitocrnany of comventional =
DOE
bl.0
- o e
b5 ""--\_._\_'_,_._-'-""

4016 -0.n08 0 Gong  0.00&

Dedocus/mm
<l 5 /%) DOE Fl'# #L DOE #J¥ i, LD 5™ i 2 1] #H B
AR | A0 AR R S 1 Y
Fig.5 Variation of diffractive efficiency and uniformity with the
distance between the plano-convex and LD in DOE array

shaping and conventional DOE shaping respectively
4 2

oK R 20 0 B 50 A7 56 e 22 o0 A 52 B LD 0kt
JCH A HFER AT B A e, SCBL T A v ST R T
S5 TSI 51 DOE 45 1 AH T AT 5
BORFEI LI, P 10 AT S on OO R
BT Ik X A HOC S0 AL AP T H ML DOE A BE A
PR B A RO B A ROCR | a8 o3 Al A2 AL B R T R
B, 8 BE U B 145 R, TR R A A
SPBCR MBI SIMER RIS T, SR VRBOLAS & AR
TE A G553 A A8 — A BT BBl A 30, A

TR UE AR O SO AR L R ENE, dak
THRIEAIDEE TR SERE

SE

[1]  Pan Chunyan, Cui Qingfeng, Tong Jingbo, et al. Optical
design of laser diode beam-shaping system with variable
divergence angle[J]. Infrared and Laser Engineering, 2011,
40(7): 1288-1292. (in Chinese)

[2]  Yu Jianjie, Tan Liying, Ma Jing, et al. Progress on beam
shaping of high-power laser diode arrays [J]. Laser
Technology, 2008, 45(4): 35-40. (in Chinese)

[31 Zhou Zhen, Qi Zhongliang, Qin Yong. Design of driving
method for low power semiconductor laser [J]. Infrared and
Laser Engineering, 2012, 41(10): 2689-2693. (in Chinese)

[4] Hou Ligun, Fan Zhongwei, Wang Peifeng, et al. Thermal
management configuration of laser diode end-pumped Nd:
YVO, laser[J]. Infrared and Laser Engineering, 2011, 40(3):
424-428. (in Chinese)

[5] Zhang Xi, Wu Zhuoliang, Zhao Shanghong, et al. Analysis
on coupling efficiency of external cavity-based spectral

beam combination system with microlens array [J].
Infrared and Laser Engineering, 2012, 41(4): 901-905. (in
Chinese)

[6] Qiu Yue, Fan Dianyuan. Using pure-phase element array to
generate uniform laser focal profiles[J]. Chinese Journal Of
Laser, 1996, B5(3): 253-258. (in Chinese)

[7]1 Li Yuanyuan, Qiu Chuankai, Xin Tingwei, et al. Shaping the
unstable laser beam using DOE array[C]//SPIE, 2010, 7848:
78481x.

[8] Zhou
astigamation-free collimator of diffractive optical elements[J].
Chinese Journal of Lasers, 2000, 27(6): 515-517. (in Chinese)

[9] Mert Serkan, Hulya Kirkici. Optical beam-shaping design

Chongxi. Error analysis to linear laser diode

based on aspherical lenses for circularization, collimation,and
expansion of elliptical laser beams[J]. Applied Optics, 2008,
47(2): 230-241.





