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Fig. 1. Schematic diagram of final stage amplifying light path in high power laser device.
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Fig. 2. Wavefront data of neodymium glass on Shenguang II A configuration power amplifier section.
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Fig. 3. When the peak-to-valley of wavefront aberrance reaches 0.3\, the influence of wavefront aberrance at

different frequencies on beam relative filling factor with the change of propagation length: (a) Not considering

the thickness of neodymium glass; (b) considering the thickness of neodymium glass.
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quencies on beam relative filling factor with the change of propagation length: (a) When the peak-to-valley of

wavefront aberrance reaches 0.341); (b) when the peak-to-valley of wavefront aberrance reaches 1.36\.

024201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 2 (2018) 024201

B, 27 TC A AU B A 0 2 (K, AR it ol R 11
JRERRZE . AN OO S A O I i e AR ) A ) 4 A
IR A P B T e A T Y TR JSR R F 5
M) P55 A A BT B . 2 9 iy W AR e 75 B A 31 1,36
INF, 2% 18] A A8 2.5-—33.0 mum (4 H 8 ik B i i
i % SR R T L 21%, T TAEfES:
T2 O BB BT I = S RO &, A
A B OGS TR

TEZFEHOR S DR BOLIK B R4, O EE
2% R i 0 A B HE TBOK 28 0 6 A% i 23 [R) S8 U 28 10 45
. TR, R EAN S B K OE %0
PEA RefRH 2 N s M1 P8 e 2%, T B2 FE A TR 3
BAFRAS AT 2 (A A LR A . TS 1 BRI
ek, KRG 5 A L B AL B S 1 o
RO i A R PR R ) AR A, BT S () ROR
AN R 1 SR R (I DL, B 5 (b) R 7% LR L
JERERIE L. M E S (), B5 (a) FIE 5 (b)), KB
TS — ik % 65 oo, RSB i m AL
T v B I T R A8 3 %o ' TR s Wi Jo 2 s ) e /), I
HXP AR FR, A HIEE. B4 (b)
B 5 (a) X EC AT, 7R R AL E DL R, 4T A4
BT AR, IEA AR Z R KRS
N2 J& , 3536 R R LA 5 R B (1 e i
PTF. b, 2E A8 0.12—2.50 mm [ PSD1 Bk
BRI, RS M BN 5, X IR e Wi =
A RL 5% BT, XT3 8] & #124 2.5—33.0 mm
(1 O B, AT A AR EAN R 2 R AR 5
JCAR ()3 T AR 9 B IRt o AR5 B e K = 2 8%,
FE—E FRBE B BRAR T FhoBuas 150 23 % 256 B 17 2R
JIMIE M. 2% pE R 2 MR RN RS i, PSD1 B
FIPSD2 B Hif 15 42 43 7 23 %) 6 R i & % FE R4
4%—6%, KT H BB I B AR 0 e B L B 3
BE I BRAR. o HLOG SRR 5 e 22 A A P Ase i 1 oA
T T 23R AT 1—2 m B, B 5 B HE A Bk
Mot o, 7EJe% oo 53R 2—3 m A,
FEXF LA IR K 2 4 4 84%, 1E 42 1l K 2 o K B H
WOGIE B AT 20 J/cm? MRTR T, JeoothHE
AR5 G B8 BT 7 2R G N\ O a2 42 )
7£16.8 J/cm? Z NA GG oM. Rt R
25t 6 m Mtk Ja, BT ORHTE A B2 A AT
YEH, ARXHE 78 87 i i B T 7 A%, IKsh 3%
KRB B HEAR (A1 G SR 7E 6 m LA B, S aEH
A B T3 mBos ksl 4 o da o 2kne

0.94
"
o
2
Q
& 0.92} —33—400 mm
=4 —2.5—33 mm
= — 0.12—2.5 mm
& 0.01—0.12 mm
2 0.90r
5
o]
5
<
0.88
(a)
1 1 1 1
0 2 4 6 8 10
Propagation length/m
0.94 F~—
0.92 -
-
2
S 0.90}
&
o0
£ 0.88
E
(]
z 086 —— 33—400 mm
5 —2.5—33 mm
© 0.84 —0.12—2.5 mm
(b) 0.01—0.12 mm
0.82 I 1 I 1 I 1 I 1 I
0 2 4 6 8 10

Propagation length/m

KI5 2 5 1 A [ BB I AN [ 538 £ i ey 3 o
RPN (a) AFIEEIIHIEE; (b) 5 B
JERE

Fig. 5. When the beam propagates through five dif-
ferent neodymium glasses, the influence of wavefront
aberrance at different frequencies on beam relative
filling factor with the change of propagation length:
(a) Not considering the thickness of neodymium glass;

(b) considering the thickness of neodymium glass.

3.2 HEEMARED

KPR UL B ASBRT A2 Z, R BE 2 XA X HH
FB T IR, R LR RN, Bl I T
A2 PVARRISE N, I3t R T8 A 772 A i T~
W, P A MR R, Bk, fETo i ain Lt
e PR A ST BT AL, XT3 e e
RO YN B % B DB RE AR B

1 AT M Ak S A PR R S R
Table 1. Influence of different wavefront aberrance on

relative filling factor.

WRTHZE PV AE /X
FXFHEAR TR E K/ % 9 16 18 23 28

0.688 1.376 2.752 4.128 5.504

ML TS5 DR BOC IR 3 B i, A 2 BhHE
PR BUICR AL e 2 (g e s 2, T LLjE &

024201-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y118 Z R  Acta Phys. Sin.

Vol. 67, No. 2 (2018) 024201

KBy [ AR 4y &, TR BT T B O B, T AO
AT VR B, AT DAY — 4 IR AT R AR (21,22,
TE N 5 28 B4 5 K BRI, il TR 4 2 5 R B e S
B RN 28 Bl 0 2 1, DR, RO T BEAR Y v
HERZ T 8 H K MR 65 oA IO T, Je2s ot
R IR RPN Blis 7 b o B W v Rl (5= 1L I o=
REH, RIS 8 K DR 52 o A R I8 A Wi A
2317, HAHE MG R A AR S, A E A
2.5—33.0 mm [ AT B i i IR 2 0K TH KT S TR
HEIR R, SR H AR T &2 T 19%.
X T TARTEGUI A0 BRAE B3 1) 1 Th 2R Ok Ik Bl 2
B, ERVCH TR T 15% M, Rz
BAEE O L PV AEAE T 0.26).

3.3 WEINRHAENBZABAMNER

S EE v I LML A1 35 [ NTF #5480 2% HE A 4
A, AR R T S B A BTN [, H R TE T
R I P10 2R 3 35 SR F B T8O 288 AR A% i 2 ] Y1 %
FIGLER. JEH, N T BERTE B E T BRI
Xof 7 B 8 38 2 VR NGB B 1R 43, L 340K A B 7
A RS (R E N B S EE S B E AL 6 m LA
b e EERE S L T T A G TT A R R
R Sty B B A M B A ) R R I NGB B B N
7460 mm, 7EIXFPHEAT G BN 13 2] TR S H
e 7.

X T KB4 18 AT 75 B ) 2% T A4 497 A Bt
TR RO E R E, BRI R TA
g, K P E U B NG O R A, FEUE
MEOCIR A AR TR 2. R TS
m DR PO A R Be ), TEERVFERE T
B 15% FIRTER N, Nz e oo B T PV
EAE 13N CLR, 25 8 2 AS [F) 6 2 oo 2R U AT W A8 1)
FHVEZ M, AT L PV AE R A & T
0.26\.

4 % #

TERRBOCRE Rah, FELTIREZ KO
I T TR A Beidh /2 M B SRR R 7 oK. T4
T2 O A I 2 AN T B G b T N I R A A
HP IR 8 R R &, ASCRAEAEE
B DI 2 BOG BT A Laser Designer XK H 4%
I 5 IO AN [R] 5 7T R A% Xt 0K 2 2% oA vty ' BR R = 1)

ST BUE AR AT, B ALR I, MR
6 I B AT PV AR /N T 034\ i, A A5k B
{185 T R A 56 s oo R S e A K, AE 6 2E AR
Ik R R R R K N B I W AR ) 7 A
M R DR 2Eu T PV RIS 2 1.36)\ B,
HHOST R U8 B R B % 4 R TR Y R R T B 24 21%,
W 5 3 iR n AR . 2 R KRt
A5 HT ARV B N AE — s R AR T AR A AT
oyt e B R I, AR TR O SR E)
A AR ), mE AR TR AR T AR ML
X AT S R R A B R, TR
1l AR 2 K O B AN RIS 20 J /em? BTE T,
I 2 TUAFHEA B R BE BT T BR N O
(38 B I 7E 16.8 J /em? 2 N ARG ot
X 250y 2 R % B 1 HE AT 18] B G0 SR A% 1 7E 6 m DA |,
WAk H A B TR st SR sh 28 s S ke 1y,
TR DR BOGEE B IR RO, 78 RV 6 U
B NE 1% R T, AR N T PV AE RN
ZAE 026 LUR, I HLBE & 2= oA B 3,
F6EE ORI 5 R ) BRI TR . A Tl AT
Pl 625 e n T X 6 Kk Be 3 TR,
o T 6 ou N T i LK R B 4 R O R
JoR B VA R A S A

S

[1] Zheng W G 2014 Load Capacity and Related Physical
Problems of High Power Laser Devices (Beijing: Sci-
ence Press) pp37—40 (in Chinese) [¥§/7E 2014 &M%
e B I SR 77 e HAH B e A (AL B L) B8
37—40 7]

[2] Stolz C J 2007 Proc. SPIE 6834 683402

[3] André M L 1999 Fusion Engineer. Design 44 43

[4] Blackwell B D, Caneses J F, Samuell C M, Wash J,
Howard J, Corr C 2012 Plasma Sources Sci. Technol.
21 055033

[5] Sukharev S A 1999 Third International Conference on
Solid State Lasers for Application to Inertial Confine-
ment Fusion Monterey, CA, USA, June 7, 1998 pp12-24

[6] Zhu J Q 2006 Chin. J. Nature 28 271 (in Chinese) [4
f#58 2006 HARAZKE 28 271]

[7] Zheng W G, Zhang X M, Wei X F, Yu H W, Jing F, Sui
Z,LiM Z,HuD X, He S B, Peng Z T, Feng B, Zhou H,
Guo L F, Li X Q, SuJ Q, Zhao R C, Yang D, Zheng K
X, Yuan X D 2008 J.Phys.: Conf. Ser. 112 32009

[8] Zhuang D K, Lin Z Q, Guan X P, Zhu J, Ma W X, Liu
F Q, Wang D L 2002 Acta Opt. Sin. 22 582 (in Chi-
nese) [FERZE, MRELHL, B/, Afe, SARHT, XIXGH, EHl
#2002 SR 22 582

024201-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1117/12.773365
http://dx.doi.org/10.1016/S0920-3796(98)00265-8
http://dx.doi.org/10.1088/0963-0252/21/5/055033
http://dx.doi.org/10.1088/0963-0252/21/5/055033
http://nature.shu.edu.cn/CN/abstract/abstract3702.shtml

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 2 (2018) 024201

[9]

[13]

[14]

[15]

Guo A L, Zhu H D, Yang Z P, Li E D, Xie X L, Zhu J
Q, Lin Z Q, Ma W X, Zhu J 2013 Acta Opt. Sin. 33 105
(in Chinese) [F8EM, ARIFAR, M1, ZFRUE, UM%, &
e, PRECEE TR, A 2013 Ju ¥4k 33 105
Manes K R, Spaeth M L, Adams J J, Bowers M W 2016
Fusion Sci. Technol. 69 146

Lin X D 2002 M. S. Dissertation (Chengdu: Sichuan
University) (in Chinese) [#RIFEZR 2002 il 24 718 3C (B
#: W)

Chen B S, Zhang J Y, Zhang Y L, Liu D A, Zhu J Q
2012 Laser Optoelectron. Prog. 49 010002 (in Chinese)
(RFH, SREH, SKHT, X182, Adsm 2012 #oL5uh
TR 49 010002

Liu L Q, Jing F, Peng Z T, Zhu Q H, Cheng X F, Jiang
D B, Zhang Q Q, Liu H J 2001 National Young Aca-
demic Exchange of Laser Science and Technology Gui
Yang, China, Oct. 1, 2001 p387 (in Chinese) [X]22%, 5t
e, 25V, KA, RRBRIE, FRER, TKIER, X4 2001
A EFHOCR A RORTT A AR A 2 E 5B, 2001 410 H
1 HE 387 1)

Zhou L D, SuJ Q, Li P, Liu L Q, Wang W Y, Wang F,
Mo L, Cheng W Y, Zhang X M 2009 Acta Phys. Sin. 58
6279 (in Chinese) [JHNFF, SEMUER, 258, X225, 3L,
TJ5, B, FEICHE, 5K/NR 2009 YHEZ4R 58 6279)

Zhou L D, SuJ Q, Li P, Wang W Y, Liu L Q, Zhang Y,
Zhang X M 2011 Acta Phys. Sin. 60 024202 (in Chinese)

(17]

21]

22]

024201-7

VHNEFE, SEEUER, 258, B0, X255k, KR 2011
PR 60 024202

Zhou L D, SuJ Q, Liu L Q, Wang WY, Wang F, Mo L,
Li P, Zhang X M 2009 High Power Laser and Particle
Beams 21 326 (in Chinese) [AUNS}, SHMKk, x| 225, F
XX, ET5, B, B, KR 2009 BEOL SR TR 21
326]

Huang W F, Li X C, Wang J F, Lu X H, Zhang Y Q,
Fan W, Lin Z Q 2015 Acta Phys. Sin. 64 087801 (in
Chinese) [# 0K, 25275, EITWE, /5040, T, 04,
M 2015 PFEIR 64 087801]

Sun X Y, Lei Z M, Lu X Q, Fan D Y 2014 Acta Phys.
Sin. 63 134201 (in Chinese) [Fhbe#E, TFFR, /5058, U
It 2014 YIFEAEAR 63 134201]

Zheng W, Lii K 2012 Proc. SPIE 8417 841736

Liu H J, Jing F, Zuo Y L, Peng Z T, Hu D X, Zhang C
L, Zhou W, Li Q, Zhang K, Jiang L, Zuo M, Sun Z Q
2006 Acta Phot. Sin. 35 1464 (in Chinese) [XIZL%#, 5t
W, fEE &, A, IR, ER, F4E, PR, KE, %
W, AW, FhERR 2006 YE T AR 35 1464]

Peng X Y 2008 M. S. Dissertation (Shanghai: Shanghai
Institute of Optics and Fine Mechanics) (in Chinese) [
I BE 2008 i 20050 (L LGSk 5 MLWORE 7T
)

Wan D J 2007 M. S. Dissertation (Mianyang: China
Academy of Engineering Physics) (in Chinese) [f%/if&
2007 Wi Ar i (4RkH: T E DA BLEIT )]


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.13182/FST15-139
http://dx.doi.org/10.13182/FST15-139
http://dx.doi.org/10.7498/aps.58.6279
http://dx.doi.org/10.7498/aps.58.6279
http://dx.doi.org/10.7498/aps.60.024202
http://dx.doi.org/10.7498/aps.64.087801
http://dx.doi.org/10.7498/aps.63.134201
http://dx.doi.org/10.7498/aps.63.134201
http://www.photon.ac.cn/CN/abstract/abstract12539.shtml

32 % R Acta Phys. Sin. Vol. 67, No. 2 (2018) 024201

Influence of phase error of optical elements on optical
path design of laser facilities™

Xu Lin-BoY?  Lu Xing-Qiang"t Lei Ze-MinY?

1) (Key Laboratory on High Power Laser and Physics, Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of
Sciences, Shanghai 201800, China)
2) (University of Chinese Academy of Sciences, Beijing 100049, China)

( Received 20 August 2017; revised manuscript received 21 September 2017 )

Abstract

Optical path design of high power laser facilities should consider several optimization measures such as those that
are related to image transmission, ghost avoidance, and stray light management. According to the diffraction optical
propagation theory, we study the the influences of wavefront characteristics of large aperture optical components on
optimizing the design parameters of optical path in view of increasing the output load. The results show that the
arrangement interval of the last stage optical drive can be very useful in improving the output load of the laser facilities
if it is controlled to be over 6 m long. In general, a large aperture optical element with a phase error peak value of
0.34X can reduce the near field beam quality of a high-power laser by about 10% and give rise to a maximum decrease
of about 21% when the phase error reaches 1.36\. Superposition of multiple optical elements with different phase error
distribution characteristics can reduce the negative effect of the mid frequency phase error. However, the nonlinear effect
of large aperture optical components can aggravate the influence of the intermediate frequency phase error on the damage
resistance capacity of the device. Under the premise that the damage threshold of the large caliber optical element is
limited to 20 J/cm?, the using of a laser facility with a compact optical path, with an input laser energy density controlled
to be below 16.8 J/cm?, will avoid damaging the optical components efficiently. A relatively flexible optical layout can
further increase the average energy density of the final output laser and is very beneficial to the enhancing of the output

load capacity of the laser facility.

Keywords: diffraction optics, component wavefront, optical layout design
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