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Influence of Optical Interference and System Aberration on Laser
Beam Parameter Measurement Precision
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Abstract: The technical problems concerning the parameter measurement of the laser beam by using a CCD array is
studied. A high-precision system for laser beam parameter measurement is developed. Its aberrations and optical
interferences are analyzed in theory, and the laser beam with fundamental Gaussian mode by continuous a LD-
pumped, solid-state mode generator with 1064 nm is measured. The influence of the beam output with different
interference patterns on measurement precision is analyzed and compared with theoretical estimation. Then, the
technical requests for designing the optical system are brought up, which provides reference for developing the

similar instrument.
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Table 1 B, of different optical field distributions

Beam power distributing B
Guass, exp(—7*) or exp(—x*) 0. 707
Exceed Gauss, exp(—r*) or exp(—z*) 0.523
Exponent, , exp(— | r|) or exp(— | z|) 1. 049

RO ESHEERESEER, W%
BERBC, ErH
C, =[P+ Gn+2Dr—Dp +n+2)¢ +
4(n" — Dpgl/[32n(n— 12 1], (5)
Ho p hRER T, BREWE T, f hBERE
B, Ciy RBE p,q MBEEITH Fn KRN C
ARRH
C, = Cy,/ f2. (6)
X FRHEHR G B = 0. 707, 1 (3) XBHH
NFRERETEMGREER FISER
8/2 w w 4 4
M, = B = (2) ~ G e D
HbD=rw hEHMEREBR LR, [ =
f/D KB FEHNALE,w, ATRTH

w, = [Zg/ic ]1/4. (8

IE-IE s B, MEE AT AR g =+ 1;
WRFPLREERELRBEEREYM p =+ 1 EHFEH
BEN p=q=1Fp=q9=—1,0C,; =0.292;
BREHBEREN p=1,9q=—1FHp=—1,9q=1,1
Ciy = 1. 125 00 1 fiirs , s 45 R B 45 45 R ok
BRIRZE

q

o

m'»-g" .w-"""“w’m"""'% ‘Z./M
e———————

(a) Pright

(b) Wrong

1 R LE R LR
Fig. 1 Beam transformation using plano-convex lens
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Table 2 Various MZ-factor error with different optical

power distribution

Require of M? Gauss Exceed Gauss
factor error 5% 10% 5% 10%
632.8 nm 36 22 31 19
f/D
1064 nm 30 19 26 16
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Fig. 2 Beam pattern with interference fringes
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Fig. 3 Interference of refraction beams on optical surface
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Fig. 4 Parameters of interference
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Table 3 Effect on beam width measurement precision of different interference patterns

o Interference Error of X Error of Y Interference Error of X Error of ¥
Condition L S , S o
pattern direction /% | direction /% | pattern /% | direction /% | direction /%
Interference pattern sparseness,
) . o 38.2 10.3 24 8.7
dissymmertrical distribution
Interference pattern denseness,
. . . - . 4 2 4 1
dissymmetrical distribution
Interference pattern denseness,
) o 3 2 3.2 2.1
symmetrical distribution
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Fig.5 Schematic diagram of laser beam parameters
measurement system
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Fig. 6 Operating principle of transform lens
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