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Measurement method of beam quality factor £ for high energy laser

YIN Wanhong', DONG Zaitian', ZHANG Yunlong', WANG Wentao’, LIU Lei’, CHEN Haoyuan',
DUAN Yuanyuan', WU Lei', LI Gaoping', YU Dongyu', WU Pei', YU Bing', SUN Pengcheng'
(1. Primary Optical Metrology Station of National Defense Science and Technology Industry, Xi'an Institute of Applied
Optics, Xi'an 710065, China; 2. Key Laboratory of Solid-State Laser Technology, The 11th Research Institute of
China Electronics Technology Group Corporation, Beijing 100020, China)

Abstract: The measurement system of high energy laser beam quality factor § is mainly used for state
debugging and comprehensive performance parameters diagnosis of laser system, while these parameters can
evaluate the laser output performance and the far-field spot focusing ability of the laser system. Aiming at the
defect that the beam quality factor § close to the diffraction limit occupying too few pixels in the area array
detectors, a measurement method was proposed based on microscopic magnification with high-precision
scanning slit, and the relevant scheme was analyzed and calculated. In addition, a verification scheme of
measurement results using the combination of fixed aberration elements and collimator light sources was
designed to analyze the uncertainty of measuring device of developed high energy laser beam quality factor £,
and the measurement uncertainty was better than 10%.

Key words: high energy laser; S factor; measurement method; microscopic magnification; scanning slit
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Fig.1 Schematic diagram of orthogonal slit scanning in
rotary roller-type
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Fig. 2 Schematic diagram of measuring device of high ener-

gy laser beam quality factor
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Table1 Spot diameter and its number of pixels corre-

sponding to horizontal direction of camera

FOGIE 1.3 pm

HESAR R R

EBE HA%/um (ECIRES 33
1 50.75 3
2 101.50 7
3 152.26 10
4 203.01 13
5 253.76 17
6 304.51 20
7 355.26 24
8 406.02 27
9 456.77 30
10 507.52 34
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Table 2 Spot diameter by microscopic amplification method

and its number of pixels corresponding to hori-

zontal direction of camera

T L e k20
¥ EARam G MIBLE S O ARPLLE

HARam GFE HARwm SR

1 50.75 203.01 13 1015.04 68
2 101.50 406.02 27 2030.08 135
3 152.26 609.02 41 304512 203
4 203.01 812.03 54 4060.16 270
5 253.76  1015.04 68 507520 338
6 304.51 1218.05 81 6090.24 406
7 35526  1421.06 95 710528 474
8 406.02  1624.06 108 812032 541
9 456.77  1827.07 122 913536 609
10 507.52  2030.08 135 10 150.40 677
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Table 3 Relationship between minimum spatial resolution

and roller rotation frequency as well as digital

sampling clock
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Fig.3 Physical picture of measuring device of developed

high energy laser beam quality factor f
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Table 4 Verification results of beam quality factor #

JCHR TR (AL, TR P, XTI 22
1.79 1.65 8%
3.56 3.25 4%
527 5.14 3%
7.93 7.86 1%

4 MERHWEE T
R REBOE G BT B I T 52 SO SRR K
A 5 [FLRE ST B B A 25 2 A O
He, AL o b, SRR AT AL
2 22 0% (075 T 25 Ak, PR T T DA AS I I 5
o
i%%ﬁﬁﬂﬁ%w£?ﬁ¢dw$WM%
ORI 2 GE ML T I (0 SR 58 L ok B R,
fﬁm%§EM£ﬂmﬁ 3R %% O ok %
J@Mﬁ%ﬁM%%&%ﬁﬁﬁ%wﬁ
%mﬁﬁJﬁﬁuﬁ%ﬂkDﬁwmﬁﬁﬁ%u
oo U BT S, LI 1 3 AR B A0 15t
(R
D

p= ﬂde@-“;, (7)

195 RE PO 6 TR Il i SR FH AR Y S i35 1 e
P B S AR AR A 5 A9 77 3 T I T AR 4Ok
S I MG 2 B R 3 2 P S5 45 B 1 AT 7 R 4
ALK S0k 2 48008 DI o 5T N 445 R 4 R e 24 TR
F AT LN

e THT 73 B I 5 R P e O 5 2R A A% R
ZEER, TEZ M AT N B ) 268 T, SR
PHTHENREER 4. BMDLR TR D, B
e R G AEHE £ BB A I BE RICR A% 2L o i
SAZEA SR, LB f 7RI R2E i E

91d5d1 =Cc=

LM d, D, AR TR 22 U E, OF HLW A
Wd. D, foa MR ERZER B . ARYE TS AN
MRz R T515, SEAHUTR B 1 B AN 5 JEE 2
RN (8) B o

0 0 0 0 0
”FJQQ *@Q *@q *@9 +(qm
D22 + d*u? + atu? + (d—D)2u2 + (d—D)2u2

d D @ 7 f 1 1
(8)
P X (8) X TR AL A+l A D B T o B PRI T
B AT AN A E VY, IR AR D BN E VT E
PrifE, A SR R P A 3 ol o 0 2 SR A T 40 BT R
SEASFNI, B RANHE BER IR T 0 IR 45 | B
200 A B A UL B AR AR . AT H Th I i
S GI BYAS B A2 BE R T DL 2 IR A A 3
B H AR RESFHUEN . ORI K ERBImTIA
) I 2 AN i R SR PR UE A0 15 B, e
IR GG | A AN KR 22 00 A5 20 . 0
FEFEVPEE S R NER 5 R

“cfa

R5 ARREPEFUNEREIHEEITES
Table S Measuring device uncertainty assessment results of

beam quality factor
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