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Real-Time Measurement of Beam Quality Factor M? Based on
Defocus Gratings

Geng Yifeng Xu Xiaojun Xi Fengjie
(College of Optoelectronic Science and Engineering , National University of Defense Technology ,

Changsha . Hunan 410073, China)

Abstract Crossed phase defocus gratings are designed and a new technique for real-time measurement of beam
quality factor M? is achieved. We can get the beam spots at 9 various positions to be measured simultaneously by
using the defocus gratings closely connecting with a short-focal-length lens. The lens provides the majority of the
focusing power and the grating provides 9 separate optical axes and effectively modifies the focal length of each axis.
The value of M’ is determined by calculating the beam diameters using the second moment method and curve-fitting.

A He-Ne laser beam is measured by using the gratings designed and a M? value of 5.775 is achieved. Compared with

a conventional measurement , the error is 5.1%.
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Fig. 1 Schematic for the principle of defocus grating

K5 AR O M N R O R L B B AR
R RAERE ) L BRI AR 2 A e, B
BEAN Al X A B A BOR L 1 2 EL AR ) A SR R
FEIE R AT AR B — (1RO T GE B AP TED -
Xt 3 A~ 1 [ B A%

A ¥ TR A T 58 B il 14 1A DRI R0 i L O
B 2 7= A 9 A B R ) A5 kA B 1 e A 3
FER AT DA B — (AR 7 T B X 9 A - T [ e
B AR S W]l T I O BE 4 R
3 AT E AR MO AR A TR A i AR S R P L kT A5 Ok B
SR FH B 0 5 o B T L P 2 X 2 L 15 )
ORI M BT A A Al B RR Y O [ %
e=<0. 87) UL I 6 58 43 A1 19 W6 3= b 5 1) 43 31 3 B
WETE 4 i B P Al O 1) O R T A T ME
M

3 AR IE S A AR G B BT

FRCAE DM S BT bt Bl A SV b R
i AR £, AR o AR EL RS 0
AT SRR 2 L o A R I R BRI
BE 4 A1 AE R0 O SR 0 A% B A8 LA L CCD E & A
JEBE I /INIE 3 T s 114 S BT TR e AR S Y
ERUAENE f, MBS R AETE £, TR L AR A A%
i A X R ARk A E EATHE .

CCD FOGEBEZ a] f4 5 B el A O i i sl
o HEE , AL SEM R CCD B K /INif R Y B 8] 1Y 1 25
T THEE Bl i oo o 25 A 6 B 1 WA (LD 5 RS
A A A X CCD 1Y 3l 25 78 2SR AR & 7T 3 i
BTGB A0 AT S 2850 38 R 52 X A X L 2 SR T AR AL
RUHCER M s A

BT G = i o P E TR B A i A A
B4y Bk £ =12120 mm., f,, = 36360 mm; J§ 4 1
RS Bl B 23 30 O o) = 90 mm, 2, =270 mm; PG
FLH.0RG —1 BT HUEZ L5 H
10%:20%:40% . 33% :33% :33% . S 4b, B B
F f,=200 mm, A 742 D=30 mm, #5363 H 0>
ZIEBIES d=1.6 mm,

4 5z 5

SEG T He-Ne 380648 A% L3, K
Sk 632. 8 nm, SCEGREE QA 2 Frn R IE S R4
J 4537 1 DA R0 A6 0% B AR T E B LI B Y
CCD H 4/ —ig, ROt RS =W Ly KG A
BB R G0, % CCD 4500 1 6 BE F 17 40 3, B w] 75
) 75 0 ' TP O R T

UGS B OEBEERE W 3 B, LA d AR R
B, 2 ACFOEBE ] AR XL B LA R AR
e 1 FroR %t R 3 HORBE I A M A T A2

m.
——
m.
m .
m.
m .
m e
m e

m- I
-
ﬂ ™

He-Ne laser attenuator expander gratings and lens CCD computer

CREES EE 1

Fig. 2 Experimental setup
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Table 1 Beam diameters of various positions based on

defocus gratings

d/mm =z/mm/|d/mm =z/mm]|d/mm =z /mm
0.082 —0.72 0. 056 —0.18 || 0.081 0. 36
0.069 —0.54 || 0.047 0 0. 069 0. 54
0.079 —0.36 || 0.053 0.18 || 0.080 0.72
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Fig. 3 Experimental beam spot
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Fig. 4 Plot of beam diameters and positions
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Table 2 Beam diameters of various positions measured

by conventional method

d/mm z/mm||d/mm z/mm]|d/mm =z /mm
0.917 0 0. 885 40 0.910 80
0. 950 10 0.909 50 0.910 90
0. 897 20 0. 879 60

0.873 30 0. 895 70
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