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Abstract Traditional beam-quality measurement methods face problems such as excessive time consumption and
low efficiency of optical field information acquisition on the equidistant propagation plane; to combat these, a non-
equidistant and bidirectional propagation method to determine beam quality is proposed. A non-equidistant and
bidirectional propagation model is established by updating the condition of non-equidistant propagation step, while
the iteration of the propagation step in the fitting of laser propagation profile is realized to determine beam quality.

Experimental results show that the error of beam-quality measurement is + 1. 9% in the non-equidistant and

bidirectional propagation model. The proposed method can effectively improve the efficiency of laser beam-quality

measurement.
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Fig. 1 Schematic of intensity distribution characteristics
of Gaussian beam propagation
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Fig. 2 Schematic of spatial positions of initial propagation

surface and target plane
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Fig. 3 Schematic of laser propagation area classification
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Fig. 5 Schematic of a new set of light-field distribution at target plane

[) B, ARG — 8T 1 H A - 1 6 37 58 B O A 18]
18 AR A T BOCAL R ER AL 2k €, 310 5053 B A 3
[ 2, IR K As, ERTHOE IR,

DA B R AT 10 36 . 2 BOGAERE B bR i A
BON/NT 10, H Area 2 T EDA 1 A HAsF 1, UL
452 1E AL 3 2D K TR .

4 FLREER S EEE M

AP 45 5 UL ) A% B 1 Ol o 5Tt DU S L AN 6
Fiim e B B i ORAS A R B ek
i . BeamWave-500 GG R A HTAL (BW) . M?*-200s
S AR (BQMD M AL R A . Ot
i RGO R 48 B BE I 43 0 B 4 i) E A #]
BW 1 BQM, LA BW >k 3k BUW) Ui A& 46 V1 Z, 4 i)
G E B UL BQM & 193806 M® | Ei R BE R A
B AR EAE

TP EE RSB T e HmE KN
632.8 nm; FIHH N 3£ F Spiricon A F B E I H &
LBS-100 %1, AR K/NH 19 mm X 19 mm, T4E

@ Intensity /pixel

120
110

100

=90
- 80
70
60
50

K7 W6 AL R R

o
. o g

HNL: He-Ne laser

AT attenuator

_BS: 50:50 beam splitter

BW: Beam Wave-500 laser beam analyzer
BQM: M?-200s beam quality meter - i

(&l 6 3R 5 IR L 4% 1 1 O SR A O B s R
Fig. 6 Schematic of optical path for beam quality

measurement by non-equidistant and bidirectional propagation
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Fig. 7 Diagrams of light-field information at initial plane. (a) Intensity information; (b) phase information
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Table 1 Variation of propagation step

Propagation width Az /mm

Number of transmissions

Area 1 Area 2
Second spread 73 88
Third spread 66 97
Fourth spread 60 107
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Fig. 8 Fitting maps of laser propagation profile curves. (a) Initial propagation curve; (b) second propagation curve;

(c) third propagation curve; (d) final propagation curve
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Table 2 Fitting variance of laser propagation profile

curve and beam-quality parameters

Step size Curve Rayleigh i
reduction  standard M:? length
error /%
factor e deviation Zx/mm
1 0.1701 1.029902 105.6341 0.780115
1.1 0.1350 1.013378 101.1075  2.372063
1.2 0.1589 1.018891 102.6250 1.840931
1.3 0.1739 1.015813 102.0595  2.137523
1.4 0.1354 1.017606  102.6632  1.964775
1.5 0.1116 1.018222  102.5693 1.905362
1.6 0.1468 1.015060 102.3856  2.210039
2 0.1603 1.020228 103.3881 1.7121
M?-200s 0 1.0380  100.0000 —
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Table 3 Comparison of measurement time between M?-
200s beam-quality meter and non-equidistant and
bidirectional propagation method

Measurement time /s

Number of —
, Non-equidistant and
measurements M?-200s S ]
bidirectional propagation

1 232.48 50.62

2 229.57 51.31

3 230.71 51.23

4 227.97 51.43

gLk
Measurement time /s
Number of —
) Non-equidistant and
measurements M?-200s o . )
bidirectional propagation
5 234.62 52.19
6 230.18 50.79
7 229.67 51.55
8 231.59 51.38
9 228.77 50.71
10 232.35 51.11
Average 230.79 51.23
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