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Abstract The effects of intra— cavity aberration compensation based on negation of phase or calculation of
geometrical optics in positive—branch confocal unstable resonator is not ideal because of the different sizes of
oscillation laser (plane wave and spherical wave) on optical elements and light deflection caused by the aberration.
A non-conjugated intra-cavity aberration compensation method based on the relaxation iterative approximation
algorithm using a collimated probe beam wavefront as the reference is presented. In experiment,the effects of
compensation referenced single pass probe and round-trip probe are compared. It can be found that the beam
quality of output guided light cannot be improved in the compensation using single pass probe. The round—trip probe
wavefront can begin to stabilize and the root mean square (RMS) of residual error is less than 0.1 um after 7~9
iterative steps, when the value of RMS of the random intra—cavity aberration is 0.3~0.4 um. The B value of output

guided light, which is as the evaluation criterion, can be decreased from 11.2 to 2.6 with the compensation. By
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analyzing of the relationship and difference between the guided light and the oscillation laser, it can be inferred that

the beam quality of output laser in an active unstable resonator will be improved using this aberration compensation
method.

Key words laser optics; aberration compensation; deformation mirror; unstable resonator

OCIS codes 140.3300; 140.3580; 220.1010

1 5 5

A L AT e R B, 7 1 TR 25 IR~ B b T DS B 5 6 o OGRSt
R P E A R OO T L R T S L IS MBS R F O A T RIME S MOE B r, g
A Sfe AR A LE 28 T 7 I8 (R SON 2 T O 3 76 T B LA 2 e B A R A
5 T VO 8 5 A2 O 5 P SR PR A R 5 L4 R T T O 2% B o T 8 25 4 I
FA T T 2 A | 2 (6 PR 4 35 MOK 72 R 4R 2% | WA 75 % T 4 BR300 A 4 2t
TR, 72 B e 1 DA D T R A 2 R I 1) 0 A R R R AR L SRR B WA O B - T L 4k
B W FE SRR B8 G G b, B A R T4 5 3000 R X~ R X 390 B T T O T 0 5 2 i 2 T
1 Job 0 4 95 0 LT 2 B A L DT 35 — L4 I 35 1A 11 000U 50 1 5 0 35 T 7 2 1K 28 O B
S 3 L H TR P OB TE P ¢ B T, 24 R N A A E A SR O WS 2 e O O R TR A
e 5 ) PR R I I B SR BRSO 1 48

T L3 3o 7 I DAY R R 25 T P, U /0 e R 02 W 2 e s A B A B 3 WL FR R 5
M 5 RS T B8 (DM)%8 . H e A0 5 T LA 98 8 [0 2 0 4 o 20632 25 W) 43 A , LU B 80 1 2 T 4 R 3
] e A T A 2 AT MR L S Rl 2 R B T R T O B T ST B O R A L 28 T R O
L L B 2 S (G RO B P 5 D7 4R 6 B 96 47 5 2 W A8 R, TR Sy L6 13088 25 1 R <1 A8 10 mm £ Yh:
YAG 8 H 2 8388 2 A otk 7 L ) 4062 2R G50 10 F W F A7 J7 A I, 5 B R B | B A £
7 4 (3t 1 2 2 T P 225 OB R I T Yhe YAG 8 1 118/ JEE FE T T L 47 1 A I e o i
R TR BT L 2 B 2 S 05 R 0 S B T MR A E P M P B 3 7 A 2 4
A LA ARGT 1 T 5, TR IR 0 7k LA 7 BRI S T RO SR T OB L (2 B
2 A TR B 38 35 A0 T B (0 AR 1% 28 90 %0 4% 388 26 A0 0 RIR % 0 Pk 4R 0 190 2 3 3 DRI 1 B0 1L il f
FHA 5 R0 B 50 0 B B0 8 45 98 25 A R 01015 9 40 A L UL AR 8 Hh b 2 8 97 20 10 A0 3L 2252 43
Mo WO AR R IRTGE A A PRI 2 A TN T B RE ) LB T LA T S S R e A
A5 B2 A R B T 5, 3 EL AR R A A T AR5 A A B T A PR S . TR KRR L TR
SE 00 P T 2 MR BB RS TE I RT3 L 4Rk A T2 % 2 30 6 2 2% 0 e SR ol L LR A 7
TE B B B 25 90 B P 722 A 7l B AR B 4 3R 43 A R 32 T R S0V RI O £ 2 S 3 e
T T S 9 TE TR T8 A AR AL 7 S AR P R T A R P G S T 50 R T B o
e TE B S > , 36 R 9 50 52 6 3 (LLNL) ) FE 0 10 6 000 5 54 5 0B A 2 0 ) R A8 1 A 0
S B AT IR P B IE ), 1T 548 T T 86 S TR R B 0 2 B ) (OO A 2 T VR AN S B . TR R 1R 9% JE A A
HETE PR AR SE B | LA AR 22 A0 A R 55 O 5 A A I 72 A AT T B 0 5 A5 ) O 2 6 IE 43 R
M T DA A I 1A 0 2 7 9 5 20832 43 5 00 2 A TR 125 43 s IR IB B X I 6 R

TE AR ST 4 A R I 1A R TR TR L R i PR 4 7 T 1 i R, 3 D 5 i
S B A 2 SEAT RN B 0 T U K 0 A I A A e 2k 9 T T X R JOKE R M A 1A B i
WA ST M L A% SO 7 6 I AT

2 PRI

7 SR 1 AR M S SR O 0 S 5™ 0 A R M, FIAELR A5 L% g ol — o 80 F B 5 B o1
T 2 AP 1 ) T8 PR A Ay T 0 0 T 1 5 A 8 O T R 2262 428 1 B T T 7 s
SR 5 L DA B W I O AR TR o 3 — SR IR O B3 M = Ry /R, FE vt R Ry 43 310 Ay 97 T 5 0 7 T 5
e 2302 28, 24 T 5 1 2 S T T 6 1 28 1 1/ BN o T — 00T A 305 P S 22 He S 1M BRI T T B OK:

1002009-2



bR Wt

B i o A AL SRR VE R S BRI G T AR PN D G A S S 1 T TR, A R TR B R
35 g S IR B TR 38 - 55 1 TR B P TR B S S X — e ST an LRS- T R AU AR . H R
AR D\(r,0) R 2ZZTTOF I ANIET 1(b) BT 7R, T A M P A9 R D0 D' SR T 23 77 AR 1R 22 o e A2 1R 22
A TR SR T L B A BUAMEE SRR 22 0 Al @,(r,0) = =@, (r,0) EAEARRRIE N, TN R 4R35 HOE LA [F]
DR i i 18 22 TOAF , By a2 56 RN P RAL o AR 2 WS A 2 00 S A% A O 1) ) B B, T A LARTOE 2% 07
ok — [l AT RLFE H SR DN G SRR P 23501 2R T IR T 5 X Ul 2o 1 22 e (L O TR 1
FEASTA] , BV PO B N T LA 948 22 20 A 3 TR 22 T AR A A [R] FLAR G [, OB A w23 A

@’(r,0)=¢,(r,0)—¢>]{(1—£— Lﬂ‘ljr,ﬁ}, (1)

P Lo ARRR I WA, 20 D0 45 22 0 1 0 11110 458 19 8 o 7 M PRy A B T TR 5 2 AR G 37 SEE SR 70 A1 Ol @, (r,6)
AR TT A o S R OB T ) A DR
D"(r,0)= D,(r.0)+ D(A,r.0)+ D,(r.0) + D (A,r.,0) (2)

X,

M1 M2

compensation aberration
element element

M1 2, EA L 1\;2
B 1 e AR AR R s A P AR T4 b A 25 4 s R

Fig.1 Schematic layout of non—conjugation aberration compensation in positive—branch confocal unstable resonator
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Fig.2 Wavefront of output round—trip probe with compensation Fig.3 RMS of output round—trip probe wavefront versus RMS of
based on negation and geometrical optics aberration element with compensation based on geometrical optics
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Fig.4 Wavefront of output round—trip probe in different steps of iteration. (a) RMS of probe beam wavefront with steps from 1 to 7;

(b) RMS of probe beam wavefront with steps from 8 to 14
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Fig.5 Changes of RMS of output round~trip probe wavefront in iteration
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Fig.6 Schematic layout of aberration compensation experiment based on (a) single pass and (b) round—trip probe.
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Table 1 Parameters of experiment

Parameters Values
Curvature radius of concave mirror (M1) R, /m 8.6
Curvature radius of convex mirror (M2) R, /m 4.3
Length of resonator /m 2.15

Size of output probe beam /mmXmm 50%50

Size of DM aperture /mmXmm 80x80
Length of DM1 to convex mirror /m 0.4
Length of DM2 to concave mirror /m 0.6
Number of actuators in DM 67
Aperture of output mirror (meridian) /mm 19.9
Aperture of output mirror (sagittal) /mm 22.2

K7 AR BAREIL AETT o () HARZRM; (b) TG (c) 5k 22; (d) 9K 3 HL IR o) A

Fig. 7 Surface and residual of deformable mirror. (a) Target surface; (b) Measured surface; (c) residual; (d) roltage of actuators
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