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Irradiance superposition characteristic of distorted beams
in far field

Wu Chao, Zhao Yahui, Zhang Rongzhu
(College of Electronics and Information Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Irradiance superposition of laser array in far filed is an effective way to achieve output laser
beam with high power and high beam quality. However, the wavefront of laser beams will distort in the
process of transmission. Because of the distortion of wavefront, in the far-field the irradiance distributions
are not smooth anymore. Based on the Huggens-Fresnel principle, the incoherent beams combination
model of random phase distorted Gaussian beams with 2D rectangular symmetry array was established.
The variation of far-filed focus quality in beams combination was simulated. The relationships between
PSD as well as RMS in the far field and the number of combination beams were calculated. The
analytical and numerical calculation results were given to illustrate that incoherent combination of
Gaussian beams not only can raise the output power, but also improve the quality of output laser.
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Fig.1 Combination model for distorted beam
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Fig.2 Phase distribution of distorted wavefront
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Fig.5 Intensity distribution of distorted Gauss beams combination
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Fig.6 Focus of distorted Gauss beams combination

M AT RIE Y, AR T B s 55 3 00 A
HEAT R A, FEARBE A AL B A X R W ALAT B

RN G BE A 6 TR 5 (R ) B2 o5 3 20 3 (R
OB 4 L AR OO ST R T Bz — 12, o
K

o (9)

S P G BE R R, P ol s 7 T e BB 2k A2
r R G A DR
I IR 1x1 2%x2  4x4 AR G A RS FR
B RE AR T EE AN A 7 TR
BN Lmm B, 1x1 2x2 4x4 F A
B S5 A BRE Y fE £ 4 P EE 43 %)y 0.381,0.628 ,0.668
NEL 7 Ha] UA Bl G RO SROERCR A S e A
RS T, B4R TG A RORERE RN P T
A T
.0k
0.8 —1=1 heam

---2x2 beams
— 44 heams

= =
-4 =

0,6

= 3
B 1

Energy focus ability
=
in

A
[ e
RN

L)

[} 21 ax10? a=10" B=14"

xm
A 7 $EBERY Al P
Fig.7 Energy focusability of focus
K 8 R UG L RMS 52 54 i BA

I4=10"

32077

010"

2.B%107

RMS/

ZAE=107T

2.4%0"

2.2=10 g 30 a0 &0 R0 i00

Mumber of combination beams
8 RMS fH 5 & MG B 19 ¢ & il 4k

Fig.8 Variation curves of RMS with number of combination beams

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

% 8 R ALK o KR R A A AT R 2441
LA RS 6 SR R L TR M 22(4): 497-509,
ﬁiﬁ[ﬁﬁﬁd\ﬂ: 10 kit Fﬁ%éﬁiﬁ‘ﬁﬂiﬁiﬁ’]iﬂﬂ :@% [2] Fan T Y. Laser beam combining for high-power, high-

RMS M 3.20x107% A 7R B & s sk /N 5] 2.25%107% A5 24
A HOEHR KT 10 B, RMS {578 2.30x103 A £ 47,
AR AR B SRR T O A I T A R A
K, XA BUE R SAHR G R, UEHIBEE 2 5 6 6
FOBCR YN, T2 G B R B AR AR AR B R A1 O
W ) B AL A AR AR D

9 2k PSD fH 56 MO HREUR I R . MWEH
AL e ARSI R 4, B2 [ A5 /N T 1 mm B
PSD [l £k AR RAR - 22 5 75 A8 43, B 23 ] AR K
1mm= i /NF 4mm-t B, BEE A O A R ) 1
T, PSD i1 £k 2 A% F Ay e 2 0 of /)N | 9 L oA il -
o RUDEAA B A 2 = oL o (4
BETT ST, 4 e O B

=

- e =
g i

= =

L e N

E o

= 1#1 begam LY A |

- i i 2 o 'II 4

g -==2a2 brams W

& 10 Ax4 beams A

g

g w*

-3

m

; !IJ H-

g ﬁ&

! 1 10
Spectral frequency/mm

[ 9 PSD fH5 & G Al 1y 56 R th 4k

Fig.9 Variation curves of PSD with number of combination beams
3 & 18

SCHE T SCEUE T - R TR H R B O OR HOGR
FIAEA 6 B ik, 9T T Z4ERE S B AT AH A B
GALEOT=T S o0 N | 35S I e R S O IvE 71 ) 537
Frit, LA ERERE R AR TP EE I3 RMS i1 PSD Fifi &
BOGH AR 1 AR Tt 2

BTSSR RN, 25T R WA Y e
MR A UG BB A, EEE e
S, GG YIRS S 56 RGN . Y
RMS B % G BB 138 I 2 i e T —Fa g (E

SE

[1]1  Zhou Shouhuan. The heat manag ement of the solid -state
lasers [J]. Chinese Journal of Quantum Electronics, 2005,
22(4): 497-509. (in Chinese)

JEI AL T A ROG AR T A ). T A, 2005,

[3]

[4]

[5]

(6]

[7]

(8]

[]

[10]

[11]

[12]

radiance sources [J]. IEEE J Sel Top Quantum Electron,
2005, 11(3): 567-577.

Cheng Yong, Liu Yang, Xu Lixin. Recent progresses and
development of fiber laser combining technology[J]. Infrared
and Laser Engineering, 2007, 36(2): 163-166. (in Chinese)
PO, XU, VFSLHT. WOCH T & B AR P SR SR [J]. £
S5 06 T /&, 2007, 36(2): 163-166.

Zhao Na, Tang Chun, Xie Gang, et al. Numerical simulation
on coherent combination of multi-beam super-Gaussian laser
[J]. High Power Laser and Particle Beams, 2007, 19(11):
1779-1782. (in Chinese)

R, S, IR, S5 dORE R TOL AR T R A
P[], SRWOE S RT3, 2007, 19(11): 1779-1782.

Yu Daoyin, Tan Hengying. Engineering Optics [M]. Beijing:
China Machine Press, 2006: 382-383. (in Chinese)

ARIE AR, IRMESE., TR e [M]. dbnt: HLAR Tl H iat,
2006: 382-383.

Su Xianyu, Li lJitiao. Information Optics
Science Press, 1999: 3-5. (in Chinese)
TR, 2RI, (5 B IM]. JET: Bl iR, 1999: 3-5.
Zhang Rongzhu, Shi Qikai. Jiang Tengjiao, et al. RMS

[M]. Beijing:

gradient analysis of the high power laser system components
[J]. High Power Laser and Particle Beams, 2003, 15(2):
129-131. (in Chinese)

AT, AR, LB, & SRIMOL R 86 T BT AR
DEBS BE A [3]. 3RO 5 kLT 5, 2003, 15(2): 129-131.
Zhang Rongzhu, Cai Bangwei, Yang Chunlin, et al. Numerical
method of the power spectral density [J]. High Power Laser
and Particle Beams, 2000, 12(6): 661-664. (in Chinese)
SREBEAT, I, M, 5. PRI 0 BE T R O
[J]. #E#OE 5k F 5, 2000, 12(6): 661-664.

Manes K R, Simmons W W. Statistical optics applied to high-
power glass lasers[J]. J Opt Soc Am A, 1985, 2(4): 528-538.
Sheng Zhou, Xie Shigian, Pan Chengyi. Probability Theory
and Mathematical Statistics [M]. 4th ed. Beijing: Higher
Education Press, 2008: 76-83. (in Chinese)

AR, wAUT, WKL MR ST [M]. 4.
Ao SEHUR A, 2008: 76-83.

Goodman J W. Statistical Optics[M]. New York: John Wiley
& Sons, 1985: 34-37.

Lv Baida, Ji Xiaoling, Luo Shirong, et al. Parametric
characterization of laser beams and beam quality[J]. Infrared
and Laser Engineering, 2004, 33(1): 14-17. (in Chinese)
BT, Z2/0N, BIOR, 45 OGRS 80 OGO R
[J]. £L4M 530 T, 2004, 33(1): 14-17.

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com


http://www.pdffactory.com

