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Effect of intracavity perturbation on modes of virtual
confocal resonators and Zernike aberration fit

ZHANG Xiang ,CAI Qing
( Department of Optoelectronic Technology , Chengdu University of Information Technology , Chengdu 610225, China)

Abstract: In order to improve the output beam quality and energy for high power lasers, firstly, the influence of intracavity
aberrated perturbation on the eigenmode of unstable resonators was analyzed. Then,the effect of intracavity phase-tilted perturbation
on the mode intensity and phase distribution for passive positive-branch confocal unstable resonators was calculated by means of
numeric iterative method. Finally,the phase property of the output beam was analyzed based on Zernike mode-reconstruction theory
so that the front 35-order Zernike aberration coefficients, the point spread function (PSF) and the integrated relative far-field
intensity were obtained. Now the laser beam quality was fully illustrated. The results illustrate that in a confocal unstable resonator
with a small Fresnel number,small phase-tilted pertiifbation has not only a remarkable influence on the output beam intensity but
also the phase structure,and it makes higher order Zernike aberration such as A5 ,A; and A, increase in the beam phase structure.
The results are of some reference to further investigation on the intracavity aberration compensation for high power lasers.
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Fig. 1 Positive-branch confocal unstable resonator with an intracavity phase-

perturbation plane
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Fig.2 The intensity and phase distribution of the output beam by introdu-
cing a A/8 intracavity phase-tilted perturbation
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Fig.3 The front 35-order Zernike coefficient by decomposing the aberated

wavefront for A/8 intracavity phase-tilted perturbation
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Table 1 The frontal 10 rank Zemike aberrations for A/8 intracavity phase-tilted perturbation

No. Ay 4, 45 Ay 45 Ag 4 Ag 4y Al
0°/90° 45°/135° high order high order spherical
aberration name x tilt ytilt  defocus % coma y coma . .
astigmatism  astigmatism astigmalism  astigmatism aberration
Zernike coefficient
-0.172 0.002 0.041 -0.002 0.024 -0.001 0.028 0.001 0. 006 -0.029

for the perturbation
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Fig.4 Zemike aberration coefficient A, versus the iniracavily phased-tilted

perturbation
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Fig. 5 The distribution of point spread function and the circle energy for the
output beam by A/8 phase-tilted perturbation
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Fig.6 The distribution of the circle energy for the positive-branch confocal

resonator induced by A/2 phase-tilted perturbation

A4k 2 S w1 BAR o5 o2 I O BT (I BE 2 iih 2
1, BEE, 7€ 0. 84 FREEIAL A9 YA BB O 3. 75 fE AT TR
FRo B AR P L TR AR, Bl AR
N A2 B ARSI St B T R B35,

P A0 A T JEE B BRI 2h Xt jE 3L AR 4R
RS DR A B B AN, Rt EIRRR
R RS AROGE % FIREEY, i H AT SC ek
B HH R I A 2% S Bl A 1 22 PR s 3 DGR R R R TR
JE, A AT 89 Zemike fRBMEARHER 2 R EH
MR EEGREZ —. FHERSABRI = 5E8
BEFARNL i e A = B AR , SO0 5 RE R D R BOL 2%
VERE N & DR IE RS NE B S8 IR sh IR IE

5 & it

K ABEEAGEEIE AT 1 RE A ERHR 2= 13 %
TR R 3 E A AR sy b B R 5 BE ANAR L0 A B 5
M, #E— K Zernike BEXFEXN SERARA AT T B2
WG, B TR 35 By Zemike BERE, #4731
FAS RS B R B A1 A EF [ B B0 A Bl R 5E, AT
AT LA R SR AR 2 T . 8RR, M/
TR AR M, i AR D 2 T RE R L PR
FOARE 23 A 7= A B R Wi, b ety S D638 ANAR 432 73
YRR S, ML A6 A — LR B Zemike
B, MBE A, R RE A, 2 A4, FIBRE A5 d
HEE K. TR S RS R 47 E
WA, LI, 7 R RO AR AF B E B R 2R AL IE I R
S5 IR IE AR AR LE BURME

2 & X M

[1] ZHOU B K,GAO Y Zh,CHEN T R, et al. The principle of laser
[M]. 5th ed. Beijing: National Defense Industry Press,2004 : 88-98
(in Chinese).

[2] LUBEIGT W, VALENTINE G, BURNS D. Enhancement of laser per-
formance using an intracavity deformable membrane mirror [ J]. Optics
Express,2008,16(15) :10943-10955.

[3] VDOVIN G,VADIM K. Intracavity control of 2 200W continuous-wave
Nd: YAG laser by a micromachined deformable mirror [J]. Opt Lett,
2001,26(11) ;798-800.

[4] ZHANG X,YANG W,XU B, et al. Experimental research for malad-
justment properties of passive confocal unstable resonator [ J]. Opto-

electronics Engineering,2006,33(5) :48-52(in Chinese).

(F#:% 663 1)



$£33% H6

B BEIEAT SRR G B MR 5 663

HEEE RPN HREAAG) 115 0 S e
JETERIA T LSRR 4 HI A R 12.4% ,7. 7%
o NMTEM G B EAHE EA SR AT LAd T 755
tan’ (i — 6,)
B tan’ (i + 6,) ()
e MTEBG 2 A E b BB AT LA d T R A3E]
sin’ (i - ,)
" sin® (i + 6,) (8)
MR (7) 2L (8) FI % o Jofll e ML B)Z
P b B SRR Sk 4k 2949 0. 16% ,0.036% o AT
W, BFOETERE & 2 B SR IR E RS, H i, i 22
WA T _E R 20 R B B G BT
B R AT AT A, AR B o G Y HeAE 85% LA
b e SEFEH HAE 90% LA |, 58 AT R AR G A
4

3 & #

RS AT A SR R R B ok A - B A
T RGBT S T vkl A S EA R RSB T
FATRIOCH R TI Z s RES B REAR A X 5
A BIERIR, REF T 5 2ok A AR R L A%
AR 2 Y —SE P BE , ANTH B EE B AT L . U, R BR
RAHEGAR IR — D RPN, E—ERHT,
Fl T LA BOFAT 0 ARGS9 2B I A

& * X M|
[1] IIN G F,L1] Zh. Laser metrology { M]. Beijing: Science Press, 1998

[

R

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(10]

(1]

[12]

[13]

219-226(in Chinese).
Ll G H,WU F Q. The design of the double reflection parallel beam
splitter [ J]. Journal of Optoelectronics + Laser,1990,1(1) :4347 (in
Chinese ).
L1 G H,WU F Q. Study on super high transmittance polarizing prism
[ I]. Chinese Journal of Lasers,1989,16(5) :313-315(in Chinese).
WU F Q,LI G H,SONG L K, et al. Study on efficient polarizing prism
[I]. Chinese Journal of Lasers,1995,22(1) :37-39(in Chinese).
LI G H,WU F Q. The design of the parallel beam splitter [ J]. Ap-
plied Laser,1988,7(4) :215-217(in Chinese).
WU F Q,YU D H, LI G H. The design of a parallel beam splitting de-
vice with adjustable beam-displacement [ J]. Jounal of Applied Op-
tics ,1993,14(6) :22-24 (in Chinese).
REN Sh F,WU F Q,ZHAO P. Design of parallel beam splitter whose
shear difference is insensitive to incident angle [ J]. Optical Tech-
nique,2005,31(5) :749-750(in Chinese).
REN Sh F,WU F Q,ZHAO P,et al. Combination of iceland and glass
ternary parallel beam splitter [ J]. Laser Technology,2006,30(3) :
311-312(in Chinese).
YAO L Y,ZHENG W Ch,GU X M, et al. Optical material and acces-
sories [ M ]. Beijing; Weapons Industry Press, 1995:1-80 (in Chi-
nese).
REN Sh F,WU F Q,TANG H J,et al. Ternary super high transmit-
tance of o light polarizing prism [‘]]\A Optical Technique,2006,32
(2):216-218(in Chinese).
REN Sh F,WU F Q,TANG H ], et al. Combination of iceland and
glass super high transmittance of o light polarizing prism [ J]. Laser
Journal ,2006,27(1) :29-30(in Chinese).
WU F Q,REN Sh F,TANG H ], et al. Combination of iceland and
glass super high transmittance of e light polarizing prism [ J]. Journal
of Applied Optics,2006,27(2) :116-119(in Chinese).
LI G H,ZHAO M Sh,WU F Q. Study of a measurement system for
high extinction ratio [ J]. Chinese Journal of Lasers,1990,17(1):
51-53(in Chinese).

(E#% 660 7)

[5] LI B Ch. Experimental optimization of the output performance of a all-
solid-state pulsed Nd: YAG laser [ J]. Laser Technology, 2007, 31
(2) :144-146 (in Chinese).

[6] WANG N,LUY T,KONG Y. Analysing the light intensity distribution
of super-Gaussian mirror resonator by fast fourier-transform [ J]. Chi-
nese Journal of Lasers,2004,31(11) :1317-1322(in Chinese).

[7] DU Y Y. Stimulation of confocal unstable resonators using thin gain
sheet [ J]. High Power Laser and Particle Beams,2000,12(3) ;301-
305(in Chinese).

[8] LU B D. Solid-state laser [ M ]. Beijing: Beijing University of Posts
and Telecommunications Press,2002;113-138(in Chinese) .

[9]

[10]

[11]

[12]

[13]

SUJECKI S. Stability of steady-state high-power semiconductor laser
models [J].J O S A,2007,B24(5) :1053-1060.
SIEGMAN A E,MILLER H Y. Unstable optical resonator loss calcu-
lations using the Prony method [ J]. Appl Opt,1970,9 (12) :2729-
2736.
OUGHSTUN K E. Intracavity adaptive optic compensation of phase
aberrations. | ;analysis [J].J O S A,1981,71(7) :862-872.
CUBALCHINI] R. Modal wave-frorit estimation from phase derivative
measurements [J].J 0 S A,1979,69(7) :972-977.
Z0U W Y ,ROLLAND ] P. lterative zonal wave-front estimation algo-
rithm for optical testing with general-shaped pupils [J].J O S A,
2005,A22(5) :938951.



