BB BoW SUNNE I G Vol. 33, No. 9
2006 4E 9 B CHINESE JOURNAL OF LASERS September, 2006

NEHE: 0258-7025(2006)09-1214-06

X R 2R X 2 FRIBOR Ay P IR e Rt f
A4 L (R B0,
£ OF, BEE, KREL R OW, A0, THEL B #LF B

G EMRFERTHFEEFEL, W A 610064;° & T PR W BB IR, M) AR 610041)

RE FMAELERE RS S EE-NERESE, % BT %R b 28R AEEE R D R RS’
w9 3 25 TR, X IR TG ST Q BB R ARG #H H ORRE REBMRNBRBEBM KB WAL EL
FRFT T BEEDFHETTEZRBIE, SMEEAERETRARBENRRRHELHEIBHEFTE A
REEBRFHEERRE,FEAMNRAKBHESEHSFTTHRART . BETRERHTIRSEITHRAARSE
B ES R EEAAAENEEMN SN, BUERMSGRER, ZEE N #HT KRB HREFBRRY
R&.

KER  BOLRE AR BEBOR B SR I EE A IR 3 1A Wi R ST

hEHES TN 242 TEARIRE A

Numerical Simulation for Transformation of Annular Laser Beam in
Cassegrain Multi-Pass Amplifier

LI Wei', FENG Guo-ying', CHEN Jian-guo', HUANG Yuan?,
LI Xiao-dong', DING Shi-peng’, YING Ping', SU Juan'
'College of Electronics & Information Engineering , Sichuan University, Chengdu, Sichuan 610064, China
( ? Southwestern Institute of Physics, Chengdu, Sichuan 610041, China )

Abstract Taking account of the transmission characteristics of the diaphragm and the saturation of the gain in the
process of light amplifying, the evolution of the beam inside the Cassegrain multi-pass amplifier is numerically
simulated by using the ray-tracing and split-step fast Fourier-Bessel transform (SSFFT) methods, the annular beam
is coming from Q-switched Nd: glass laser with ring cavity. Preliminary experimental verification has been carried
out. Analysis indicates that the staircase-like features of the input and output mirror reflections are responsible for
the poor quality of the output annular beam, and special attention has been paid on optimizing amplifier
configuration. As a result, a new type of amplifier configuration is proposed, whose input mirror has an anti-super
Gaussian reflection distribution and output mirror has a super-Gaussian reflection distribution. The simulated results
indicate that the use of the mirror couple can improve the quality of the output annular beam considerably.
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Fig.1 Schematic of a Cassegrain multi-pass amplifier
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Fig. 2 Calculated radial intensity distribution of the
output beams after being reflected by 1, 3, 5, 7,

9, 11 times inside the amplifier
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Fig. 3 Calculated radial distributions and corresponding radial structures of the output beam from cavity defined by mirrors

with step reflection functions, at the distance of 0. 1 m ((a),(d)), 5 m ((b),(e)), 10 m ((e),(f)) from the output mirror
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Fig. 4 Experimental radial structures of the output beam
measured at the distance of 0. 1 m (a) and 5 m (b)

from the output mirror
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Fig. 5 Calculated radial distributions and corresponding radial structures of the output beam from cavity defined by mirrors

with anti-super Gaussian and super-Gaussian reflection functions, at the distance of 0.1 m ((a),(d)), 5 m ((b),

(e)), 10 m ((¢),(f)) from the output mirror

3.2.3 BERB S E 5 R A RA N A bt K 5 A i ag
L AF R

JEE 5% B 55T 43 A3 4 550 Ay REE K B A0 ¥ 728 4 1 ) o
1 't 37 W VR I D1 B WAL DY SR NS I P AR 1) o B s
JCIRFERT ST R B B BN 6 Fim . BB LLE
Y, 2 BB o BE AR T (I BRO B B, BE A 5 BE RS i AR
A&, e DGR VB DY 5 % R I B9 A2 1) o B R TR 5
MEZXRNES, XEH TALEHELHBLRA S
JEBARIFE B s 45 A 8 3 I AR, 6347 i iR

A¥5), TE I GERE AT AL B A B B B BRAE , AL N B A3
WEIIAT RENHH BT & EERMIE b
RERAY AL R R0, BMS F R &
A — RS, e 0 B — A R .
4 e B B R S O R 0T B 4 A
i3 K HR L B 75 i o B L P A BE AT B BE B AR 4k
Hb R E R 0, B8 T AL f R R R B 8
xRz 5 AT 24 AT A& B, G A i O 35 4 A O
WS, AR R e LB R,



1218 H [ # ot 33%
g ‘ — 14— E 8 ‘
£ A R R P B T R HUN B Conod ©
:oB 7 4 ;5.“ { ’: %8 . ll"”‘, i ::' v ‘: = 6 Ii“’l' :i“ 4 l’| l'\

» J — i

2 6 R IR - .',m';'x Mo xS TR
X N L I R ".m""' ::rx'l o<y :’,x,l,‘x"l‘, U
= 5 gyt o | £2 ,"xnu“!,:‘ ST N '!Ill,‘,{l' NI
S AR b K SRR B I SR T
5 4 /‘l‘\l“":“\ it I;‘ Y : T304 ] :In”: Nty ) 2 2 V‘"l ty Wy
= 3‘ fuov NN 1] e ?5 wr P :' ;:l vt g B Iy
o— L 1
= = 0.2 ‘t ::::1' N I ::: o2 0L
g 2 0.0 I Ly 1 § U-:)71
A 0 2 4 6 § 10 0 2 4 6 § 100 O 2 4 6 8§ 10

Diffraction distance
in free space /m

Diffraction distance
in free space /m

Bl 6

Diffraction distance
in free space /m

(a) %85 M IEME IR s (b) % L35 (B G IR X B R 10 AL B 5 (o) i b3 0ok 38 BEAT AT BE B8 i 81k
KB 2R RN R B S RE AT (B BR) B B L » SRR R IR B D 8 I S R AR 4 1R 1L
Fig. 6

(a) intensity of the maximum spike of the output beam; (b) radial distance of the maximum spike from the beam centre; (c) central

intensity of the output beam varies with the diffraction distance. Dashed curve (rinning structure) is for the staircase-like mirrors and solid

curve (smooth structure) is for the variable reflectivity mirrors
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