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Simulation of attenuation and compression in beam quality
measurement of high power laser

SHAN Xiaoqin', LI Tianhao’, ZHU Rihong’
(1. School of Electronic and Optical Engineering, Nanjing University of Science and Technology Zijin College,
Nanjing 210023, China; 2. Tianjin Jinhang Institute of Technical Physics, Tianjin 300308, China; 3. School of
Electronic and Optical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Beam quality factor M ? is the main parameter to characterize the transverse-mode property of high
power laser. In view of the problem that beam quality analyzer can only be used to evaluate the beam quality of
small caliber and low power laser, the principle and simulation of attenuation and compression technology of
beam quality measurement of high power laser were studied. The simulation model of attenuation and
compression module was established, and the thermal aberration of optical component under high power laser
was studied by finite element method. The results show that the effect of the thermal aberration on the beam
quality factor is less than 5% when the peak and valley (PV) value is less than 82 nm. If depolarization occurs
when the beam passes through the attenuation component, the beam quality factor will be smaller. The
influence of wavefront distortion caused by compression module on beam quality factor measurement was
analyzed based on Zernick polynomial and beam quality factor calculation model. Through the Zemax
simulation, the influence on beam quality factor measurement is less than 5% when the field of view between
the incident light and the center optical axis of the attenuation and compression module is less than 7 °.

Key words: high power laser; beam quality factor; attenuation module; compression module
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Fig. 1 Schematic diagram of beam quality measurement

WOCLE A b ZS (R I, HALE S XU A At
JIt AAESRAFHOEAE A R 67 AR 19 S 38 20 A, I3
B HOEBEAR TE 2 ), i nl R R AR 1 o5 -5 B
FEAE B AT AU 20 G, MR DL A i 207 R
ARAT RO N T B R 3 % HOfR TS
JEHDER R A5 M2,

2 WRAEHEITHE
21 TRAGARBBEENARRZRFmRIEM
HE

T I R P AHOLE R BUR, FRROL R
EMERLT R e n RO T

SREPICAE, g RO EUR 2D, FIH
COMSOL Multiphysics £ 4:, % FR 7T 77 ¥ XL
SERBOV A HEAT T 05 1, B BEUER 22 I 210k
BB RIR A0 L, IFH AR K M2 T A
T, DT T 530 3 PREOG 25 % o Y o T e A
T MPIIFE R
D5 BB HOEE R WO KA 1080 nm, £

#Kﬁﬁﬁﬁﬁ#éﬁmsmm&ﬁ&ﬁﬁﬁi
B 40 A, BRBE IR E R 20 °C, e oo R
CORNING7980 #5 471 4 3% ¥ ( CORNING7980, ¥ iL
o) o JeETUIRE R R R A [ E , 20k T
PESENE 1 iR,



BEFAOG2 2024, 45(1)  BAU/NER, 26 SOOGS0 TR i I 8 1Y R i 4 R0 BT T + 201 -

F 1 BAXWIE(CORNINGT980)
Table 1 Parameters of fused quartz glass (CORNING7980)
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Fig.2 Simulation results of fused

(CORNING7980) in COMSOL

quartz  glass
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Fig. 3 Flow chart of simulation of thermal aberration on

laser beam quality change
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Fig.4 Effect of laser thermal aberration on laser beam

quality



. 202 - o]

k¥

HASEE 1Y

NHE A . I 4 T S REUR 22 I
(PV){H 4 131 nm B, OG0 6 3 BT & B+ M2
1.00 224 1.10; ML 22 11845 (PV) {H 2l 82 nm
B, O A G AR T & i 1.00 28k 1.05. R,
HR G 1R 05 BT A5, 78 & D) RO Aot e R
R F M v, 25025 T RO I EUR 25 1 16 27
(PV){E/INTF 82 nm B, H %% 6 o it (X
M /N 5%
22 RRAHRIEHFENARRERTMHEE
hE

24 5 D) R A R — 2 A P 3 Ao R A R
SR B 8 s R p A RS R B
B 5 R BOR TR, e e 2506 & A o 2s, A&+
RO ER RN MR S RE,
5 ECRIF S VR 2 A ) D A e T 38 T O R
P M S, O R R A 5 R, AL dE A
TERT5 . 2% 04 i, S S LA 15 4 4
LI

i Ay
PR T SOUET BROT R AR B L
AR e ]

A X pdes I iE L], ARYEZ

ZHHAM VA I R

ME AL
Py MRS ARIE A 5OER, JFE
Nl RUHZAU A T3 HOEAT L R T 02

S T SEHT AV 5 0T 39 52 i Wt A1

i R RO, FRAT SOELT ]
/]

Es mikEHEHERER

Fig. 5 Flow chart of polarization characteristics simulation

T G, 7 B AR 45 58 BOOCET S RO B
B EF H RE AL Hi 1Y (linear polarization mode, LP) £k
i PR AL B B SRR, IF 5 1 i S5 A% B G AR
AERL ) 52 IR M 0 Al . SROE N LA A S HAR
di M 20 um, 32 A dyoh 400 pm, 2585 B0UE LR
NAY 0.06, 11 )2 HUH fLIEah 0.46, 17— LAy Ny
3.49, BWOBI K AN 1080 nm, LP 34T 6 Fh2 A,
754 LPy;. LPgy. LPjje. LPjjo. LPyjo. LPyyo i
P x 715y I ) b AR O Y &R KT L3k #)
i p ot s G H A i A TEASE A8 2 1 5 o 3
e, AT AR R — A SO0 w2 AR . A
T 05 FAT R HOLL R B 5 M2, 38 75 B ARG A
HLHE T Ak ) 52 I 0 20 A1, TR 7 2R L 2T i 1T Y
SRR T I 4 2 S8 M AU, AR AT SO0 2T i AT 3L
Pefr B ZIRME AT . BORIECE — DA IE R

SRR, EHR R GOCBCR 22 % 2, RIS 7 Bt
REE . K2 A TR ES, Wik +
5 G AE 1) 2 BB S O

*2 MEREMMTHEGERESRTIR

Table 2 Parameters of virtual transmission image matrix in

simulation
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Fig. 6 Simulation of beam quality factors under different

polarization states
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Fig. 7 Optical path design of compression module

FEOCH T I i R e, BRI FR G Y il S
PRI 22 25 77 A U T IR AR, 52 I O BT R MY
i A T HESRTHE G R BT R M2, N T
AL EAE AL, K] 8 i . B S B RE I
HEIRMEE, i Zemax FRAF5 B 45 )AL B T
T T 2B AT AT 7 A 1R T T W A2, 4 9 T W A S A )
BRIGE LSRN E, o AR5 M8 A 15 i 59 A 20 AR I
WOCTE A R 28 [ O R & R A A L, P
Tl W S, RN RN B OGO BE R
B, T XA [ 7 B AR O BR FE R 17 AU 2R 005, B
LT HOEHR T &N M, {#H Zemax FAFXT [
A5 A A S AR AT 7 A AR 22 AT B,
BT H T 40 47 e 738 440 o 2R A 7 A AR 25 6 OO
IR St PR (Y 5

IR FRTEAT
Zemax{jj H. A NGl
—— 9E, 51,
WAL e

Weth2z e B X
RN L b
R E
M3 s sE

B8 MEMAREMHRGENHLERRERFRIZEE
Fig. 8 Simulation flow chart of compression module wave

aberration on laser beam quality factor
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Fig. 10 Fitting curves of laser beam quality factor M’ for

compression module under 0° field of view
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