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Abstract: The fifty engineered-manufacture adaptive optics systems developed for the Shen Guang Il (SGIII) facility,
are introduced in this paper. The system technical scheme, together with the key components — the dismountable
large aperture deformed mirror and the auto-alignment Shack-Hartmann wavefront sensor, are presented. The
characteristic of the wavefront is measured and analyzed. The result of system correction shows that the adaptive
optics systems improved the beam quantity of the SGIII facility, meet the requirement that the laser beam energy is
higher than 95% in the 10-time diffraction limit zone, and ensured the laser transmission in the main amplification
system of the SGIII facility.

Keywords: Shen Guang lll (SGIII) facility; adaptive optics; wavefront correction

Citation: Yang Z P, Li E D, Zhang X J, et al. Adaptive optics correction systems on Shen Guang Il facility[J]. Opto-
Electronic Engineering, 2018, 45(3): 180049

WimHER: 2018-01-16; WEIEImEHA: 2018-02-12
1EEENT: (1970-) E-mail zpyang@ioe.ac.cn
BEEE: (1976-) E-mail liende@ioe.ac.cn

180049-1



DOI: 10.12086/0ee2018.180049

5l
(inertial confinement fusion, ICF) X
=+
2 RZLE
<« _III))
« qIr
ICF
ICF
ICF
(NIF)l-2
400 mmx400 mm
OMEGA EPP
400 mmx400 mm
GEKKO XII*
1985
ICF « 17
« T 19
( )
(5] 3
« 7 1999 « -1 48
ICF
45 PMU04
75 mmx75 mm
13.79 um 2.87
pm 10 pm (691 «
NIl 8 21 BEMNXFRSG
<« _III”
80 mmx80 mm 45 22x22
+5 um
+5 um
X [10-12]
« 117 50 22x22
2

39
180049-2

90°

48

PZT

320 mmx320 mm

39

48

360 mmx360 mm

484



DOI: 10.12086/0ee.2018.180049

39-element deformable mirror Shack-Hartmann wavefront

(360 mmx360 mm) sensor with 20x20
sub-aperture array
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Fig. 1 Schematic of the adaptive optics system of Shen Guang facility
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Fig. 2 Layout of the deformable mirror and the Shack-Hartmann Fig. 3 Analysis of the fitting ability of the deformable mirror
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Fig. 6 The change of the static aberration of the deformable mirror 1 hour after adding voltages
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Fig. 9 Samples of the wavefront of the Shen Guang facility
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Fig. 10 Zernike mode decomposition of the laser beams in A1 of the Shen Guang facility

100
200
300
400
500
600

(@)

700

800
900

. 5 1000
PV=0.608, RMS=2.169 200 400 600 800 1000

180049-6



DOI: 10.12086/0ee.2018.180049

pm
l1h

5l

10

B 11

20

PV=0.687, RMS=0.107

420
440
460
480
500
520
540
560
580
600

450

500 550 600

G- EAUE B AR IE AT /& 69k AT AL k52, (@) FFER: PV=9.6 ym, RMS=2.27 um, beta(95%): 30.1,

beta(DL): 23.2; (b) M3%: PV=0.7 ym, RMS=0.11 um, beta(95%) :6.6, beta(DL): 2.5

Fig. 11 Wavefront and far-field spots of the Shen Guang

facility before and after correction. (a) Open-loop PV=9.6 ym, RMS=2.27

pum, beta(95%): 30.1, beta(DL): 23.2; (b) Close-loop PV=0.7 ym, RMS=0.11 ym, beta(95%): 6.6, beta(DL):2.5

:i: ~
én 'L/l:\,
« -1
370 mmx370 mm (PV) 0.9
(PV) +5.8 pm
RMS 0.13 um
(RMS) 0.02 pm
(PV) 21.7 um
(95%@10DL) « -1

it

S22 3Rk

(1]

[2]

[3]

Sacks R A, Auerbach J M, Bliss E S, et al. Application of adap-
tive optics for controlling the NIF laser performance and spot
size[J]. Proceedings of SPIE, 1999, 3492: 344-354.

Zacharias R A, Bliss E S, Feldman M, et al. National Ignition
Facility (NIF) wavefront control system[J]. Proceedings of SPIE,
1999, 3492: 678-692.

Hartley R, Kartz M W, Behrendt W C, et al. Wavefront correc-
tion for static and dynamic aberrations to within 1 second of the
system shot in the NIF Beamlet demonstration facility[J]. Pro-

(4]

(9]

[10]

(1]

[12]

180049-7

ceedings of SPIE, 1997, 3047: 294-300.

Zuegel J D, Borneis S, Barty C, et al. Laser challenges for fast
ignition[J]. Fusion Science and Technology, 2006, 49(3):
453-482.

Jiang A W, Huang S F, Ling N, et al. Hill-climbing wavefront
correction system for large laser engineering[J]. Proceedings of
SPIE, 1989, 965: 266-272.

Jiang W H, Zhang Y D, Xian H, et al. A wavefront correction
system for inertial confinement fusion[C]/Proceedings of the
2nd International Workshop on Adaptive Optics for Industry and
Medicine, 1999: 8-15.

Zhang Y D, Yang Z P, Duan H F, et al. Characteristics of wa-
vefront aberration in the single beam principle prototype of the
next-generation ICF system[J]. Proceedings of SPIE, 2002,
4825: 249-256.

Zhang Y, Yang Z, Guan C, et al. Dynamic aberrations correc-
tion in an ICF laser system[C]//Proceedings of the 4th Interna-
tional Workshop on Adaptive Optics for Industry and Medicine,
2005, 102: 261-271.

Yang Z P, Li E D, Wang H Y, et al. Adaptive optical system for
a large-aperture Nd: glass laser for ICF[J]. Proceedings of
SPIE, 2004, 5639: 21-27.

Yang H Z, Li X Y, Jiang W H. Comparison of several stochastic
parallel optimization control algorithms for adaptive optics sys-
tem[J]. High Power Laser and Particle Beams, 2008, 20(1):
11-16.

MBS, A, EX. AERAF A GIU AT RS
B AR AR J]. BHOR 54T &, 2008, 20(1): 11-16.
Vorontsov M A, Carhart G W, Cohen M, et al. Adaptive optics
based on analog parallel stochastic optimization: analysis and
experimental demonstration[J]. Journal of the Optical Society of
America A, 2000, 17(8): 1440-1453.

Jiang W H, Yang Z P, Guan C L, et al. New progress on adap-
tive optics in inertial confinement fusion facility[J]. Chinese
Journal of Lasers, 2009, 36(7): 1625-1634.

XX, HFEF, AWK, F.AEEAFHARARBEYRRER
ARIREL R 693 B J]. F Bk, 2009, 36(7): 1625-1634.



DOI: 10.12086/0ee2018.180049

Adaptive optics correction systems on
Shen Guang III facility

Yang Zeping?23*, Li Endel?*, Zhang Xiaojun!?, Fan Muwen?2,
Shi Ningping!2, Wei Ling!2, Long Guoyun?!2

'Key Laboratory of Adaptive Optics, Chinese Academy of Science, Chengdu, Sichuan 610209, China;
Institute of Optics and Electronics, Chinese Academy of Science, Chengdu, Sichuan 610209, China;
*University of Chinese Academy of Sciences, Beijing 100049, China

(360 mmx360 mm) sensor with 20x20

39-element deformable mirror| Shack-Hartmann wavefront
sub-aperture array

@
-

b

AMP1(9) FCU WFL Dps

etUNENEEEEE,
b e —————

n 1T 00000
R ES
|y

SEEsEEEEEEEEEEEEEEEESEsasEEEssssnsnnnan?

T™n o Target

BSG/CPP

Schema of the adaptive optics system of Sheng Guang Ill facility

Overview: The aberration in the inertial confinement fusion (ICF) system degrades the quality of high-power laser
beam, bringing about problems such as decreasing of the laser focusing characteristic, blocking the plasma hole and
decreasing of efficiency of the frequency tripling. The adaptive optics (AO) has been proved to be the key approach to
solve the aberration problem in ICF, with its successful applications in the National Ignition Facility (NIF), OMEGA EP
and Shen Guang I facility. This paper reports the fifty suites of engineered-manufacture adaptive optics systems devel-
oped for the Shen Guang IIT (SGIII) facility.

The system structure of SGIII is briefly described first. Each AO system of SGIII consists of a high-accuracy-controll-
ability and high-damage-threshold large aperture reflective dismountable deformable mirror and a Shack-Hartmann
wavefront sensor. The deformable mirror is composed of 39 PZT actuators with dynamic range of 5 pm. Its maximum
and working apertures are 360 mmx360 mm and 320 mmx320 mm, respectively. The Shack-Hartmann wavefront sen-
sor uses a micro-lens array of 22x22 with 484 efficient sub-apertures in the 6 mmx6 mm square aperture. Its dynamic
range is more than 15 um and its accuracy (RMS) is higher than 0.1 pm.

The deformable mirror is designed to meet the system requirement that PV and RMS of the residual wavefront are
less than 1 pm and 0.2 pm, respectively, for the correction of the aberration of Zernike mode (+4 um@1-10, *1
um@11-15). PV and RMS of the original surface and the dynamic range of the 50 suites of deformable mirrors are tested.
The micro-deformation of the actuators after charging is also investigated.

The Shack-Hartmann wavefront sensor module consists of a Shack-Hartmann wavefront sensor, an electrical attenu-
ator and a four-axis auto-align adjusting rack. The electrical attenuator adjusts the power of the incident laser beam to
the working range of the Shack-Hartmann wavefront sensor. The four-axis auto-align adjusting rack aligns the
Shack-Hartmann wavefront sensor to the incident laser beam. The dynamic range and the accuracy of the 50 suites of
Shack-Hartmann wavefront sensor are tested.

In the end, the AO control scheme is also described in detail. All the sub-modules, including the deformable mirrors,
Shack-Hartmann wavefront sensors and electrical switches, are connected and controlled via network. The C/S archi-
tecture is utilized and the control software can be deployed and run both locally and remotely. The characteristic of the
static and dynamic aberration is analyzed and the correction strategy is illustrated. The result of system correction
shows that the adaptive optics systems improved the beam quantity of the SGIII facility, meet the requirement that the
laser beam energy is higher than 95% in the 10 time diffraction limit zone, and ensured the laser transmission in the
main amplification system of the SGIII facility.
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