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Abstract The causes and characteristics of the intracavity aberrations in unstable thin-disk laser are introduced.
And an active correction technique is proposed to correct the aberration in the cavity by the combination of defocused
and two-dimensional(2D)deformation mirrors. Based on the simulation and optimization design, the dynamic range
of the defocus correction deformation mirror can reaches to 18.52 pm (peak-valley value). The static surface of the
2D mirror is less than 0.04 pm (root mean square error), the single driver dynamic range greater than 6 pm (peak-
valley value), and the coupling coefficient is in the range of 30% to 35%. These two kinds of deformable mirrors
are placed in the laser cavity for active closed-loop correction. The beam quality was improved to 19. 5 after
defocusing correction, and then improved to 6.5 after 2D deformable mirror correction. The wavefront aberration is
reduced from 1.504 pm (root mean square error) to 0. 185 pum (root mean square error). The beam quality
increased by 3 times and the root mean square error increased by 8.1 times. Experimental results show that the
combined correction mode can effectively improve the intracavity aberration in unstable thin-film laser, and its
technical route is feasible.
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Fig. 1 Schematic of the thin-disk distortion measurement
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Fig. 2 Static wavefront mode analysis of the thin-disk
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Fig. 3 Mode analysis at different pump powers. (a) Distortion mode analysis; (b) distortion pattern analysis
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Fig. 4 Driver layout and simulatioin. (a) Driver layout diagram; (b) simulation analysis grid
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Fig. 5 Stress and strain caused by the lens. (a) Strain; (b) stress

TEAL A BT MR 4 31K 20 45 19 3K 3 fiE 1 A i it
il A BB B 01 500 M B R R R L O A i
AR 12 B 2R 5 Bt S 7 B0 A i Al A TR E L S

GO 7 I8 4 i 7 3 B B A T A T
AR . 33 2 5 07 20RO fL it B0 i T B
WREEH 5 mm, WK 9. 59 pm, A1 K

1001004-3



H | i ot
7.65 MPa, N &5 BIR A . 0 HLE R it A WO BB, HAB R 22 2 AT

MARE. K6 RmIEm N, B 6(b) 25 EOFE L b IF R T AR ERIERERITS
AT (5 J&] b A R N A AR A R XY T AR I ] 7 J2 % BF o %) 8 £ AR T R 2R AT 1 B I
10 0.60
s @ 2N 0.55 o
g 6 / \ 50.50
% 4 / \ § o %
P ~—
//. . . . . . .\ 630 PPN
% 100 20 30 40 50 60 70 80 0 50 100 150 200 250
Node Node

F6 (i BLE5 R . Ca) T R M2 5 (b) 18 Ja] b 7 Ak 9 R 78

Fig. 6 Simulation results. (a) Surface response curve; (b) strain on the circumference
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Fig. 8 Zernike pattern analysis. (a) Surface response with 100 V voltage; (b) Zernike model coefficient
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Fig. 9 Driver layout and simulation. (a) Driver layout; (b) driver capability simulation; (c¢) coupling coefficient
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Fig. 10 Experimental results. (a) 2D deformation mirror; (b) temperature rise during the light out process;
(c¢) variation of the surface produced by the water pressure

FEAS TG B F AT X HAH G ARFRARIEAT T 33 @I AE+40 V LR T =AM IR 3. 13 pm, i
o K112 RS B 112 mEk sSCH#EEAE 32.5%~37. 9021, Mists BRAE,
+40 V HLERY 33 B m K K 11 T RLE HEAZ T BE AR bR 5 2 BT A B S 0 B4
PERE 32 RIGRILENFSEIE N 0. 04 pm(RMS),  HEAY G,

11 AJE AR, () AT IE 5 (b) 33 3835 mi 1z &

Fig. 11 Deformable mirror performance test. (a) Static surface; (b) response diagram for 33 channel
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Fig. 12 Composition of active correction system. (a) Control block dragram; (b) physical objects
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Fig. 13 Optical path diagram of active correction test in the thin-disk laser cavitary
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Fig. 14 Layout of active aberration correction in the thin-disk laser cavity
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Fig. 16 Results of the intracavitary active correction.

(a) Far field distribution by defocused deformation works;

(b) wavefront distortion by defocused deformation works; (c¢) far field distribution after two deforming mirrors are

corrected simultaneously; (d) wavefront distortion after two deforming mirrors are corrected simultaneously
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