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Large aperture laser shaping research based on aspheric homogenizer

ZHANG Hao, FAN Hongying, ZHAO Qi, JIANG Zewei, MENG Qing’ an, OUYANG Gang, CHEN Hao
(Southwest Institute of Technical Physics, Chengdu 610041, China)

Abstract: In order to optimize the measurement of the responsibility and angle parameters of the large-aperture laser
detector, and to reduce the discrepancy generated from the central-peak weak-edge profile of gaussian beam, a large-aperture flat-
top laser beam generator was designed based on aspheric lens shaping and high-magnification collimating systems. A
comprehensive shaping technology based on intensity distribution, aspheric coefficients, and optical path difference was
presented. The results show that the aspheric coefficient of a Kepler aspheric lenis less than 20 pm, effective width is 5 mm, and
the energy uniformity of the flat-top output beam is greater than 92. 8%. And a 40™ high quality collimating system was designed
to match the aspheric lens to realize a flat-top beam of 150 mm aperture in 2 m distance. The measurement results show that the

energy uniformity of the 150 mm flat-top beam is greater than 94.2%. This research is helpful to the engineering design of laser

measurement and calibration system.
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Fig. 1 Schematic of dsphcnc lenses
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Fig.3 Layout of variable beam expander
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Table 1  Structure data of variable beam expander

surface No.  radius/mm  thickness/mm  aperture radius/mm  glass

1 76.21 2.1 6 H-K9L
2 -56.75 8~32 6 air
3 -20.99 1.8 6 H-K9L
4 20.51 56~79 6 air
5 111.17 2 6 H-K9L
6 -116.95 6 air
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Fig.4 Wave aberration of variable beam expander
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Fig.5 Wave aberration of aspheric lenses
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Table 2 Structure data of aspheric lenses

surface type radius/mm thickness/mm glass conic Ay Ag Ag A
standard infinity 2 CaF,
asphere -56. 66 301. 403 air -41.1258 1.771x107*  -9.478x10™°  2.515x107’ -2.669%107°
asphere 76. 64 2 CaF, -452.360 3.195x107 1.683x107°  -2.627x107° 2.618x107°
standard infinity 1.5 air
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Fig. 6 Intensity distribution of incident beam
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Fig.7 Intensity distribution of flat-top beam
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Fig. 10 Intensity distribution of laser spot

PL(8) 2 SO TR 2 B

/i(lj -*/m

J=1- - (8)
1




344 Wt R

2023 4 5 H

o, J REBE A s m SR OCBERAE GG L OB
S BT 1 SRR IR, R 2 dEFIH
Rem HINEG X L 20 mmx20 mm 8] 5 %F 4 YOG BE
150 mm B PNHEFT T HHE K DR 45 51 4%
A8, TS, B2 3 Y WG BB o)t
H94.2% .,

4 % it

PLR BRI 5a h it H By, 2 TRk
BRI IE 7 48, 16/ AR AR BR 1 B 4 ' AR Y
BORMFER b KAk ki 45 A1 BR 1 B MO Lo e 2441
AV BB, 56 BLER G AL BRI DAk 45 5 T4 1 42
5 mm, WAR2E )5 0. 054, AEBRTATEE A 16 wm, )t
53 X)) A X A i B A R, L AR R v B e B
W SEBR N TR, Bt 40" MR Y R R G 514k
JEHRIATY W, ARG K DR AEEH i T 58 ik
J& R R G TR S BRI SR I UE T O AUEIERUR
TIEERF RTHEIY RGAE 2 m U B AR R 3
A1, 150 mm FARNIISIME R 94. 2%, F—H5%F &
GLiEAT TR, DUHE) B0 HI R S i 2
PRiE

5 £ x #
[1] YANG X J, ZHOU B, YING J J, et al. Test method of detection sen-

sitivity of starring laser detecting systems [ J ]. Laser Technology,
2010, 34(1): 132-134(in Chinese).

TS, FUK, N, A BEMOEIRIN 2R S8 040 2 AR
FIELI]. #EHR, 2010, 34(1) : 132-134.

[2] DONG M F, SONG X X, LI Sh. The designation and experiment of
the DOE applied to shape the laser beam to square frame shape[ J].
Laser Technology,2005,29(2) : 169-171(in Chinese) .

HAGIE , AOPTHE, . WOLWRIE ) IE 7T HEJE G DOE fy
B RSEER[ )], BOEHOR, 2005,29(2) : 169-171.

[3] PANG H, YING Ch F, FAN Ch J, et al. Design diffractive optical
elements for beam shaping with hybrid algorithm[J]. Acta Photonica
Sinica, 2010, 39(6) : 977-980(in Chinese) .

PEME, NIRIAR , AR TL, 5. TR it st oot ey
RAFEI]. J6F2#H,2010,39(6) :977-980.

[4] YU X Ch, HU J Sh, WANG L B. New methods for improving the
quality of laser beam shaping[J]. Chinese Journal of Lasers, 2012,
39(1):0116001 (in Chinese) .

TR, HZETE, B, AR B B ik (T].
WO, 2012,39(1) :0116001.

[5] LOUY Y, ZHENG X L, ZHANG Sh Ch, et al. Flat-top beams spa-
tial shaping with digital micromirror device [ J].
2016, 40(6) : 916-920(in Chinese).

ZHEH T R sk, A5 BT RO U R B 1T TOG T2 1)

Laser Technology,

(6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

HIL[J]. WOLHA, 2016, 40(6) : 916-920.
DOU R Sh, LIN H, HU J Ch. Programmable lens and lenslet array
by operating a liquid crystal device[ J]. Acta Optica Sinica, 2005, 25
(7):1107-1111(in Chinese).
SATA:, M, BIAR. SEHIB AR A R B B OB
FEFN[T]. Sese2idk, 2005,25(7) :1107-1111.
YU X Ch, HU J Sh, WANG L B. Laser beam shaping based on liq-
uid-crystal spatial light modulator[ J]. Acta Optica Sinica, 2012, 35
(5) :0514001 (in Chinese).
TSR BT, EE 5. B TR A A Tl I o 4% 9 OGO OB
[7]. Je24i,2012,35(5) :0514001.
YAO X, WEN L Sh, SU J Q, et al. Design of long focal-depth optical
element for plasma diagnostic system in ICF drivers[ J]. High Power
Laser and Particle Beams, 2006, 18(8) :1292-1296(in Chinese).
WK, IRAR M , SERICER, 45 L HT T ICF %5 85 IR 12 I8 R S i K 4k
GG2ATTRT [ T] . #0650 F 2R, 2006, 18(8) :1292-1296.
YANG X T, FAN W. Spatial laser beam shaping using birefringent lenses
[J]. Acta Optica Sinica, 2006, 26(11) ;1668-1674(in Chinese).
Wyl , J0 . AT B A IO R s I [ 1], S
4R, 2006,26(11) : 1668-1674.
HUANG Sh,DENG L M, YANG H, et al. Homogenization design of
laser diode based on ZEMAX[ J]. Laser Technology,2014,38( 4) .
522-526(in Chinese) .
W, XBE, B, % SR T ZEMAX B9 SHREOGRE 5%
T, BWOEHAR, 2014,38(4) :522-526.
LIU C, ZHANG 8. Study of singular radius and surface boundary
constrains in refractive beam shaper design[ J].
2008, 16(9) :6675-6682.
SHANG J L, ZHU X, CHEN P, et al. Refractive optical reshaper
that converts a laser gaussian beam to a flat-top beam[ J]. Chinese
Journal of Lasers, 2010,37(10) :2543-2549(in Chinese) .
WS AR BRI, A5 — b T SR OO O R TR E &%
[J]. ok, 2010,37(10) :2543-2549.
LI D J, LIANG SY, CAO J J. Spatial laser beam shaping using as-
pheric Galilean beam expansion system [ J]. Laser Technology,
2008,32(4) :427-429(in Chinese) .
PR R A ARERT IR Y R S S O R =
T[], BOEHA,2008,32(4) ;427-429.
FAN Z M, LI Zh, QIAN L X. Aspherical lens laser beam shaping
system[ J]. Infrared and Laser Engineering, 2012,41(2) ;353-357
(in Chinese).
JEHGI 2 ERE Y. JEERIENE A OO R IE R[], 4
SMSHOETAR,2012,41(2) :353-357.
FENG K, LI J S. Design of aspherics lenses shaping system on
Gaussian beam [ J]. Opto-Electronic Engineering, 2013,40(5)
127-132(in Chinese).
WEL 2. RWOERAERR IR RIE RE Mt [T]. St T
##,2013,40(5) :127-132.
CHEN K, CHEN M, LI G, et al. Numerical simulation and analysis
of convex two-aspheric mirror system that converts a Gaussian to a

Laser & Infrared, 2010, 40(10) :1043-1047 (in

Optics Express,

flattop beam[ J .
Chinese) .

WREIL, W5, 2=, 45 W TG ROBEE S~ OO B 1 X0 e R 1 52
PIRERAN 54307 [ 1] . OB E 4056 ,2010,40(10) £ 1043-1047.



