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Correction of beam quality correction of Yb:YAG

laser with double deformable mirrors

Li Guohui'?, Du Yinglei'*, Xu Honglai'?, Xiang Rujian'?, Wu Jing'*, Xie Chuanlin'?, Zhou Zhigiang'?,
Liu Zhangwen'?, Xiang Zhenjiao'?, Zhang Qiushi'

(1. Institute of Applied Electronics, CAEP, Mianyang 621900, China;
2. Key Laboratory of Science and Technology on High Energy Laser, CAEP, Mianyang 621900, China)

Abstract: The basic characteristics of the wavefront aberration of Yb:YAG slab laser were analysed. Combined
with spot shape and power density, a double deformabe mirror combined of water cooled 1D DM of 13 units and
2D DM of 95 units was proposed to correct the wavefront aberration of Yb:YAG slab laser. According to the
characteristics of the output laser, the calibration demand analysis and calibration capability analysis were carried
out. Based on this, the simulation and optimization design of the 1D DM and 2D DM were improved. The beam
quality of the laser was improved from 9.03 to 1.98 in the correction experiment. The beam quality correction
ability of the adaptive optical system with double DM combination mode for Yb:YAG slab laser was verified.
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Fig.2 Spatial and temporal distribution of wavefront aberration in pumped slab laser
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Fig.4 Schematic diagram of hexagonal and “HI” layout of DM actuator

20210800-3



ash 5 kTR

X
o
&

www.irla.cn % 51 %
> >
o =%
po = 10
s 10 2 g
= =
S 6 g 6
2 4 T 4
S 2r = 2
s 0 E 0
: e ———
Z Z — NN TV O-0ONDD ANtV O~ 00
— Ty gy p—

Index of Legendre polynomial

Index of Legendre polynomial
B 5 RS HFIEAA N Legendre (3221 1E5L 2%

Fig.5 Legendre aberration correction residual by “ H “arrangement of

[ 8 VRS ATIIECA14x 1 4R ITEBEN 25 B Legendre (S22 IR IERCR

Fig.8 Correction effect of DM with 14x14 actuators on Legendre

DM actuator aberration

—_

Normalized value of PV
ISTSENCNIS
Normalized value of PV

— e —
NN VMOS0 RND AN N VOIS0
—_ e —

191

Index of Legendre polynomial

Index of Legendre polynomial
B 6 ZIGAEShAR /S HER X Legendre 122545 IE5k 2

Fig.6 Legendre aberration correction residual by hexagonal arrangement

9 MEBhE TR 15} 1SR TE BEIXT 45 B Legendre R 22 RO ML AR

Fig.9 Correction effect of DM with 15x15 actuators on Legendre

of DM actuator aberration

> > 30 Condition number of reconstruction matrix

=] Ay

S 10 - 25+ —+40x40

% 8 ' 2 20t

g 6 [

g 4 = 157

N [

= 2 = 10}

<
R E 5|
ZO —NNTNOS0RND =N T DO 0N 2
= =S23L===23 0 ) ) ) ) ) ) ) ) )
Index of Legendre polynomial 0 01 02 03 04 05 06 07 08 09

1 7 A Sha8 TR 13%13 (TG B4 B Legendre 1§22 (12 iF Hinge value

B 10 BHEEYS A0 RGCHE I M0 R ilhZ
Fig.7 Correction effect of DM with 13x13 actuators on Legendre Fig.10 The curve between hinge value and condition number of AO

aberration system reconstruction matrix

1=0.16, m=—0.22 ] M=0.13, m=—0.15
Ave=0.000, RMS=0.049 4 Ave=0.000, RMS=0.042 0

P11 R[] e (A [ — A I (7 FL2CR ]

Fig.11 The simulation results of different hinge values on the same wavefront correction

- W5 T G2, 13 250 — 4k A5 B TR OF
3 TEREHESIZIT
ST 6 mmx=80 mm S BE K JE 7 1] - 10 ke 6 FE U 7 W 25
1B T, Yb-YAG M A HOR B AT e 95 ME A5 T MR 40 mmx80 mm SEBEN F I AS 5t

20210800-4



i E ok A2

www.irla.cn

TRRIE . TR R, BRI R B K AE
ﬁ%%ﬂ Jo o} 5 T T AT T S H, B A R
T, WV ARG AR AR RIME 2

— YA B A sh AR HEAR Oy U 12 s . A
18] P AN VE sl T B — A 24— A BT, B K By
] 3L 1350, KB AR AIE 2 7 mm. & 13 25
6 BTN ) N AR () ELAE SR, AR O 3.42 pum, [ 1K
12.2 MPa, 32 /N T4 BV I RE 7, 5% T 00 4 JL 3R

e IEI 14 A2 IR TR i — 4R TR 55 ME AL
I AR Sh dn HE A Oy K& 15 Bk, Ko
BETH R ST A 70 mmx 108 mm, K J8 77 1] 75 3h 2% 6] #E
A 6.7 mm, %5 BE 5 o] [A] #5047 7 mm, R 7 AE Y 95 A4
VEZh#% A B Eh A%, 10 JE AR 2l di 0k 5 T E S A
F o B 16(a) /2 0 705 FLEE R, B (b) S N AR 5 FL 45
B, B (o) T AR, IE AT LU N A2 Sy
2.78 um, ¥ 114 18.42 MPa, i & I FH 755K ; 18

F 12 —4AF R
Fig.12 The outline drawing of 1D DM

SMEH

1 Nodal solution
Step=1
Sub=1
Time=1
Seqv  (Avg)
Dmx=0.342E-05
Smn=832.493
Smx=0.122E+08

- e

(@
832.493 0.272E+07 0.544E+07 0.815E+07 0.109E+08
0.136E+07 0.408E+07 0.679E+07 0.951E+07 0.122E+08

1 Nodal solution
Step=1
Sub=1
Time=1
Uz (Avg)
Rsys=0
Dmx=0.342E-05
Smn=-0.108E-06
Smx=0.342E-05

-

(b)
—0.108E-06  0.675E-06  0.146E-05  0.224E—05  0.303E-05
0.284E—06  0.107E-05  0.185E-05  0.263E-05 0.342E—05

€13 (a) —HRALIE TN B0 75 (b) 172
Fig.13 (a) Stress in simulation of 1D DM; (b) Strain

14 —4ABEIMER
Fig.14 The outline drawing of 1D DM

#é%%%%%%e%%i

S53ecescoosscas)

93.8
108

[ 15 95 BITARTE BifE s leAn 77 =X

Fig.15 Actuator arrangement of DM of 95 units

20210800-5



i E ok A2

% 84

www.irla.cn % 51 %

2.781E—-003
2.549E-003
2.318E-003
2.086E-003
1.854E-003

4.637E-004
2.320E-004

2@11&—007 v
e (T (a) ~_&_=qu

OOOoSooo00
oD ol
SEFR=nae=
SRaBoDRZxh

(®) (©

P 16 (a) W 775 (b) Ni%E; (c) WA

Fig.16 (a) Stress; (b) Strain; (c) Flow field distribution

D5, ATARAKE EOR A A 0, BOR X F 38 200 10
17 BB EOT H AR, HAEY 33.5%.

07 BT, T LAk AR 0 Al A ALk
THRBEH B, R, ol AR 25 A A2 T2 B R AR oS
RBORTWE R ZOR . 255 0 HARIT RSt ik
weit, LR AR B 95 BT AR B B AME I
18 BT 7R o Bl T JR 0 T2 i R 90 8 25 T 20 e
SELBE P ERIT ] o

0.003 0
0.002 5
0.002 0
0.001 5
0.001 0 ’/
0.000 5
0 1 ™

0 10 20 30 40 50 60 70

Length/mm

Displacement/mm

17 SehEE BAG R (BCREH 33.5%)

Fig.17 Simulation results when the hinge value is 33.5%

Outlet

Inlet

Kl 18 95 AL EIAMNE K
Fig.18 The outline drawing of DM of unit 95 units

4 TRFEERENK

AR B R rh AR P RES BN E i Y, AU AR
2 570 R AN BCHE (B A S v HUACHH T R S 452, s
T AN EOE AL T A BE I AT I P 19 A8 e
Btk REM IR, T8 (a) S 4R Btk RE A B 7,
Bl (b) i — A Bl B .

Pl 20(a) Sy —HEAL I BT 5 45 38 30 A e R ) 34N
R, 1 (0) S BCEEENNIRES R, 18] (o) BN A 25
T, A i] DU, B B4R W 1 2 2.79 pm, 2
FEAE 9 32% oA, 505 FAERAN 45 IR R A A5 v

4 0.051 pm@RMS., 8] 21 i3 7K J5 % 725 143 1fi
TR, B (a) R K R Fr, & (b) ¥ HIK I
AR AR, (o) IR UK H S BT
B A, WIS, Rk F , K it 3l 72 v sl 3
KT, K 3 i T A8 A i AR /N, HOW AR B R 22,
AR ROE G, HOCHR TR AR Z

P 22 Ry — 4B Bk e dE n K45 . iE ]
(%55 6 A WL N 3.91 pum, 5507 ELAE R BEAKALT; B
[ 5 F A 1 B FE AR BB AERFAE 0.055 pum@RMS

— YA N AR IR AR T R 2 WO A B S

20210800-6



i E ok A2

8 4 www.irla.cn % 51 A

19 2D FI 1D ARG A
Fig.19 The test platform of 2D and 1D DMs

YWhEHGHR: EXDE

EZhE MEEISA 4.66667

El 2t

v [ty |mmf |G | @y |
1 0.42451 0.64910 17.3 370
0.36597 0.54253 19.7 41.0
0.32723 0.47202 24.3 1.0
0.36083 0.53319 26.7 370
0.40772 0.61854 24.3 330
0.44294 0.68265 19.7 33.0

EEFYLS

(b)

20 (a) Z4ARTBERMNL; (b) SLHE(H; (o) MSTAE
Fig.20 (a) Response of 2D DM; (b) The hinge value; (c) Static surface shape

P21 (a) AKTRIRE; (b) KBS AR T AL R (o) $EAE K MR AL i

Fig.21 (a) Hydrostatic test; (b) Surface deformation during water flowing; (c) The change of surface shape during water outlet plugging up

[ 22 (a) —HARTBEEHS 6 SEIEMIRMNREE A (b) #ASTHTE
Fig.22 (a) Test response results of channel 6 of 1D DM; (b) Static surface shape

20210800-7



ISk A2

% 84

www.irla.cn % 51 %

DA B i RS, 50 B T TR A RRUE Sk R B
TR AR IEROR,, D9 LR AR B E H1 e B — —
eI B AT B 10, W HUKAR R & — 48
Bi. YRR B SRS e, B A A PR e
HKAF B A v, PRS2 o T I B A
K IR AR SMIEIRVE T, FEAR PR R4 21K 9
JEE, TS AR B HE AT S Bl v 20, AN S0 LA A
i, AL DR AL PR K R PR AR X AR E , i BE T 45, S

5 T A R Ve 20 RE ) i AT T I, &1 23(a)
HNTEFRVE HIHE L, 18] (b) R BRIET 1 G ER AR O AR
SR RRGT MZR G B AT AR B, IR AT LR, H
PECE BTSN 0.11 pm@RMS, H LA | #B 2 A%
W% 22, (A2 IR B sh ARG BN, X FABOE 42 7 A 1Y
BERBESYRIERN) . B 24 —4 B 55—
HeAIL BT

w=48, h=23, M=0.3 (47, 8), PV=0.65, Ave=—0.0,
RMS=0.11

23 (a) WIRFRSENH S (b) sROGHRT N IR i

Fig.23 (a) Internal circulation cooling device; (b) The change of surface shape under the high power laser irradiation

24 — CHEIE BT
Fig.24 The picture of 1D and 2D DMs

5 WEIFHEIT Yb:YAG BB HAKTEER
IESRIG

7E Yb:YAG & BOLa R B AL IE L8 O
UL AT 1 i), e R e 0 Dl B I BROE AR (19
LR R 22PN B 25 Ay v B A B RIS AT T
ey, R i Ak o v R SR B &%, FERE N B RS 4 L,
(AR I A 7 A -5 B i W A2 0 A T, AT X9 iy g

AR HEAT AR A2 DA B IE D i Y H 8o H 3R
FEIEFT, 5 M — AR TR 5 4 T IF PR A IO
TR B D TR AR, — S AR T A4 R ) 7 A R
AT RS TESEBEK B Ty o) (18I0t W A, 224 0 i Iy A8
W 1E B e RS I, {0 s — 4R A8 T B 45> PO Y IR 30
HL R, P PR A E I, 2 mi N 280 L R 31— 4R AR B % L,
WA R 5 AT 14 TR A AR 22 52 2 — 2R AR T8 e i A PR A A
1E. B 25 FHE 26 Rt s i S brg 2z, SR —
YA IR B A T RS A AE i PR SR S PR AR OE, X 2
VA PR TE A6 200 BEA T A 45 VR R, H g — 5 T i o)
— AR B IR B A Y HL R, 5 — T A 3k A D
R S A s B 2 R B IE R AL 1] 25(a) M)
BT, B (b) b — AR B R IE AR, B’ (o) h
— YA S BRAS IR, A3 Bk 25 th AR IR R ik
TIREIE, B 26(a) S 4748 T B B AL IE SR, B (b)
S AR T B S PR IE RO ASHE R B, BRI 2
5 SR I 45 S AH 22 /0N, X R AR I B 1) I 0
Vi« IR DU A PG R 0 R G R DA R A

T 227 AR A B K DI
P 27 A&l 28 R LR Yb:YAG O R 1E A i

20210800-8



ook T A2
% 8 www.irla.cn % 51 %

e

w=49, h=24, M=1.3 (22, 5), PV=3.39,
Ave=—0.0, RMS=0.49

w=49, h=24, M=1.1 (2, 23), PV=1.88,
Ave=0.0, RMS=0.32

25 (a) JFHRTEAT; (b) — 4R ERRRIE SR, (o) — AR BT BRI R4S
Fig.25 (a) Primitive wavefront; (b) The theoretical adjust result by 1D DM; (c) The actual adjust result by 1D DM

w=49, h=24, M=0.2 (39, 17), PV=0.58, Ave=—0.0, RMS=0.09

w=49, h=24, M=0.3 (44, 0), PV=0.65, Ave=—0.0,
RMS=0.10

€26 (a) AR EBERAEL R (b) — BT PRACIESE SR
Fig.26 (a) The theoretical adjust result by 2D DM; (b) The actual adjust result by 2D DM

NOG2E R G IR IO T IRZE R . 15 27(a) Ky
TR e 1, B (b) AR E S, B (c) N
P, B (d) PRI OGEE; 1B 28(a) I LR
Joz s IR 2, T 28(b) Sy P 20 O 3 J5 s i T 4%
FEERR, P RTIAE PV {E K 4.10 um, ¥ 7484 0.66 um,
R £=9.03, B3R5, PRI AE PV {E 4 0.56 um,

w=49, h=24, M=1.6 (23, 5), PV=4.10, Ave=—0.0, RMS=0.66

B4 0.07 pm, JEHR B4R T+ 2 p=1.98.

Z R HOCEOE A N B GHR, HO A i DL
RO AP 2500, bt iin g ki 5
T A R & TR 1 LR e S o Do o i £ B, SEEPR
318 3 R HA DX e FH AT S A IR T 45 LU KOk B T
2, HEHE XN & D)2 A T I7 TR A S PR &

20210800-9



b Sk A2
% 8 www.irla.cn % 51 %

w=49, h=24, M=0.3 (39, 7), PV=0.56, Ave=—0.0, RMS=0.07

&1 27 (a) JFERIZI; (b) TFIRIEIIGHE; (c) HFRIELTE (d) M FRL D 5E
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