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Abstract Multilayer dielectric diffraction grating is the most important optical element in spectral beam combining
system. The surface distortion of grating under high power laser irradiation will change its diffraction characteristic,
which will influence the beam quality and diffraction efficiency of the combining system. We establish an
experimental setup of Twyman-Green interferometer to measure the interference fringes on the diffraction grating
surface, under the high power laser irradiation. Based on the image processing and Zernike polynomial fitting
method, the grating surface profile is reconstructed. With the high power laser heating the grating and another laser
measuring the beam quality and diffraction efficiency degradation, the results show that the grating surface

deformation distribution conforms to Gaussian model, when the irradiance power density is 3 kW/cm®, the
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maximum distortion is evaluated to 127 nm, which leads to the diffraction beam quality factor M* degradation. The
degradation is mainly due to the increase of angle divergence after diffraction. The change of diffraction efficiency is
less than 1.8% , which is basically unchanged.

Key words measurement; spectral beam combining; multilayer dielectric diffraction grating; interferometry;

grating diffraction characteristic
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Fig. 1 Schematic of multilayer dielectric diffraction grating
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Fig. 2 Twyman-Green interferometer system for measuring surface distortion of MLD grating
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Fig. 3 Interference fringes under different irradiation power densities. (a) No irradiation; (b) irradiation power density of

3 kW/cm?; (¢) no irradiation with image process; (d) irradiation power density of 3 kW/cm®with image process
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Fig. 4 Fitting results of surface distortion of grating. (a) Three-dimensional plot; (b) x-y plane plot

4 R, YHEMR Z D 2% N 3 kW /em® B, 185 4 SO I X385 9 11 S il 2 1 7 38 7 ) I
B . e KR 127 nm. 29 0.24. [ 4(h) A3 B 2 1 B A2 w5 5 O v 307 20 A 5 8 D SRO06 20 301 v 7
WA G TR I RRE — B, S5 8 el 2R R A v B A 5 e R D AR OO R A B A — B T
He-Ne BOEEH B AR/ T 58 BOGIEOE R, A RESR I 2 8 4R I8 X B g R A2 . P, 3833 X He-Ne 06
HE— 2B R R DG 4 0] 2R Gk I DG b2 e R R AT FL AR B 4 L T LA S B R L A Gl R i A
TR

3 Gl R A S R

Z 2 AL AT S A A e D AR ORI el T R W i) A A 2 (o DI R T e R R R R S A R
FEAZ T O R e AT AR . AR SCHRE 16 14 1 (19 MILD SEH I8 A48 SIS AR Se MR A2 i bl 2 1 vk
T R 39 54 2 Al 19 2 68 D TR A 30 7 A A2 08 A A D582 W) T 3 37 01 BRE 1 8 4 A1 LA B 't TR T AR
Yy kW S EAT O R BB AL . FEE T O D A0 B IR AT SR 00 R AT S O Al R TR AR X
TS BT i FAT S R B W AN BT 5 BT .

infrared L2
thermal camera 1058 m‘ A N

HR reflector
grating

Lo beam splitter

S 2

computer laser quality monitor
Pl 5 Sl vy Dy o4 et IR A0 S o 1 M 0 2
Fig. 5 Experimental setup of grating diffraction characteristic under high power irradiation
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Fig. 6 (a) Temperature on grating surface and beam quality versus the irradiation power density;

(b) waist diameter and far field divergence angle versus the irradiation power density
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Fig. 7 Diffraction efficiency of the grating versus the irradiation power density
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