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improved analytic hierarchy process according to nine scale evaluation matrix, and the beam positioning stability
change conversely with the focuses

compared with those of error budget
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Angular multiplexing excimer master oscillator power-amplifier laser (MOPA) system is simplified by
requirement of optical components which affects system stability is acquired. Results show that the error budget
stability

Relations between the drifts of optical components and the deviation of
corresponding imaging plane are derived by transfer matrix and ray tracing. The index weight is determined by

values of optical components is related to the focus of image-relaying and the distance from object plane. The values
The optical components stability in laboratory environment is measured and
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Fig.1 Diagrams of image-relaying used by system. (a) 4 f structure, (b) infinite distance structure, (¢) 2f

single lens structure
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Fig.2 Diagram schematic of image-relaying of angular multiplexing MOPA laser system
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Fig. 3 Optical diagram when the reflector locates outside of image-relaying structure

F B O 2 i) DA A 3
: , 1o 1o |
[P oA R PR 1IN O S
 Ax=0 0] PIF5 5],
/ faange (Sl
[AQ;}:: A ( 7 )‘ | o)
a0 p—%+aw—%—ﬁ;%ﬁﬂ]zm
Fr LA P, AR AL YE R ALFE R
A = f, + 200 - (%) (3)

(7 B U 24 A 2 D' 22 ST B0 3l T 5 B0 A L AL 3 25 R DR AL B RS RN R 1 k. R 1L A
S 53 R B AG B S H W 5 — AN A BB AR, L S B B AR AL R 5 A 5 — A B B R R B
1 OGHA IG5 AR AR R A2 G R

Tablel Relations between the drifts of optical components and the deviation of corresponding imaging plane

Optical components Position Drift Deviation of imaging plane
Outside of case 1 or case 2 AO Az =f, '2A0<f1/._L>
Reflector , .
Inside of case 1 or case 2 NG Ax' = f,°270
Outside of case 3 A0 Ax'=(2f—L)*2A0
First lens of case 1 or case 2 Ax Ax'=fyeAx/ f)
Lens Second lens of case 1 or case 2 Ax Ax'=freAx/ fr=Ax

Lens of case 3 Ax Ax'=2Ax

Object aperture Front_end Ax Ax'= foeAx/ fo

2.3 RFERMAFTHRESEER
2.3.1 ¥em Z ALk £ 4B
A TAT 6 B AV 1 22 W] 4 SR O IV LT B O SRR B 1R 25 RO 25 TO AR 25 M T 3 B0 O IR 07 15 22 T R
Gy TRTFR A HE B DR 25 RS 1R 22 . B SR TE M B o A v I R 1 25 R A — 8 A9 2 ) (L O AR 25 IV 3 2 T 7% 1%
22 T LK fE B 22 PR RS R 22 B AR S M7 5 BOAH T . R B g i s A ka0
Ootal = OAlignment 1~ Olrift << Ofarger » 4)

X oot » O atigment » O F orarged 70 B ST R A2 500 22 4T HL B A VE 00 22 L R SR8 )™ A 1) it 22 0TI D 3R

031401-3



48,031401 MM SEYBIEHE www. opticsjournal. net

FE A 2
2.3.2 HMRERAFHEFAFAHERERT

W R GG AL B DR [F) 23 Ry JLAS B ARl 4 238 0 A5 AR ) e ™ AR i S R A% . ORI 0 I
JE R v T T 22 )RR 40 D /DM s e 258 T 1~ 9 R i AR B2 74 3 T (0 O R

R FH B PR J2 U 3 A 05 0 2 4% A ASE HORC R PR 1 AR 4 5 11 1% 3 I R A B X ) DR e B 0 AT
JE A5 B LGRSO B — SO R L 2SR A RS A R . AR B JUAREE IR AR BE Y A= (a0l p
MR M A S BB B (ay) =1/Cay) s H(a) =1, 4 B=1In(A), W B 2 KX FR4E M, B (b, ) =
—(b;) s H (b)) =0, AH%F C i 2

,
e = 25V by + 0 (5)
P i=

I C %5 B (RS AR  BAEE C 2 1O =3 2 (e, —0,)" B/b. 4 A” = TR A” 12 A B9l
—BCPERLIE S AR A 0 R A (LR 06 I 19 01— R it 90 95 AR it 245K

)
w; :l/za;. (6)
TR S5 R AT AT — BRI RO TR AR
S-S L) [IEVEF /N
o, = wis’. )

AR (7R AT A5 B 45 MR R 22 7 Bl o Horb o, D5 MU 22 o w, N E j A BREBRASUEE R 80 0 O R 22
AT G2 ST I8 3l FUAR B 48 7 A% 15 22 14 O R S RIAT 45 3 &S o fF oy (e

3 SRSt
3.1 AFRRMAZTHRESELER

PRI E IR 22 30~50 pm f SR ZOR BEAT 20 BC L B IBCT FRAEL. AR A8 [ A A0 R B0 3 B A WF i 22
B, 43 T o B 25 19 EL ] — S8k 2096, IEAS 1R 22 20 L EL 81 A 80 20 o A9 B o B iR 22 40 i 13. 41 pm, ISR
#°4 26.83 um,

FIHT T 245 B 45 D BEHCRIDG 2 008 43 B i 152 25 3, D62 D0 MR 1 43 IO LUK & T TT S se i e i 2
FE AR RIO B], 25 R A3 2,3 FR o MOy OB L OB B .

Z¢ 2 Pre-amplifier I Fll Pre-amplifier IT 9 RS Ht 5 24 Jo 74 43 Tt (8

Table 2 Stability budget values of optical components of Pre-amplifier I and Pre-amplifier II module

Optical components Log Loy M; Mg Lo L,
Lens focus 297 cm 297 cm / / 297 cm 297 cm

Distance from object 30 cm 30 cm 207 cm 189 cm / /

Stability requirement 15.9 pm 15.9 pm 9.3 prad 9.8 prad 15.9 pm 15.9 pm
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Table 3 Stability budget values of optical components of angular multiplexing encoding module

Optical components M,; L, M,q M,, M, M, L
Lens focus / 720 cm / / / / 119 em

Distance from object 400 cm / arbitrary arbitrary arbitrary arbitrary /

Stability requirement 4.8 prad 9.2 pm 2.9 prad 2.9 prad 2.9 prad 2.9 prad 4.2 pm
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Fig. 5 Beam stability of test reflector (a) and lens (b)

P 5 Ca) 2 592 36 2 ot ek M TR S 5 B Ol RO s P o il £, T LU MR R 5 EOL AR AL 9 prad 7 SE 5
AT R R CRL A IR U B AR 5 A A T WA S R BE 55 ) T 18 b R e Y S B AR R R M 2
M5 (h) s Bl 45 5T J0 L i 4R FOC RIS & 3 pm A2y, BUA B RS E PEREAE I R FR AR ZEOR . BT L TR
EXF 3 RS S B AN BE G i B SR A 5 0 PR B R AT R R AL T A IR R B R | S A B R DA N B S AR Y
AL .

LI I

LA U AR R LA 6 TS 10 J22 0 507 7 o 2 AT D 0 26 53 906 MOPA R 2
5 BRI 0 PRAETT T U822 4 A5 S O b TSR . 1 92 S0 LT 01 35808 40 L B8 ARG 95 o
R AEAT 2 YT X0 M U A6 52 SR O 0T 0 (R0 7 606 D 8 2 BT A B . e 2
AR A 737 802 00 P RO (48 th AR 00 T A e B SO B R AL R A T2 5%

5 x X
1 David Hammer, Freeman Dyson. Inertial Confinement Fusion(ICF) Review[ R]. 1996, JSR-96-300
2 David J. Trummer, Richard J. Foly, Gene S. Show. Stability of Optical Elements in the NIF Target Area Building [ R].
1995, UCRL-JC-29682]

031401-5



48,031401 MM SEYBIEHE www. opticsjournal. net

3 L. Pittenger. National Ignition Facility SubSystem Design Requirements Target Positioning Subsystem [R]. 1995, SSDR
1. 82, UCRLAD-1269S5Rev2

4 Stanley C. Sommer, Erlan S. Blis. Beam Position error budget developed for NIF. Lawrence Livermore National
Laboratory [R]. 1996, UCRL-JC-129755

5 Zhao Dongfeng, Dai Yaping. Yi Xianhua et al.. Error analysis for the optical system of target area on high power laser
facility [ J]. Chinese J. Lasers, 2004, 31(12): 1425~1428
AW, BOE . TR L BT BEOCIY L RE MR E I P E# k. 2004, 31(12): 1425~1428

6 Shi Zhiquan, Wei Xiaofeng, Ma Chi et al.. Beam position stability analysis in the large solid state laser system [J]. High
Power Lasers & Particle Beams, 2000, 12(S); 167~170
U A, BRBENE, O O AE. RAEIE RO RE M RE T ] BB L B AT R, 2000, 12(S): 167~170

7 L. A. Rosocha, J. A. Hanlon, J. McLeod e al.. Aurora multikilojoule KrF laser system prototype for inertial
confinement fusion [J]. Fusion Technology, 1987, 11(3): 497~531

8 A. M. Hunter, R. O. Hunter. Bidirectional amplification with nonsaturable absorption and amplified spontaneous emission
[J]. IEEE J. Quantum Electron. , 1981, QE-17(9); 1879~1887

97J. R. Lius X. Q. Zhao, A. P. Yie al.. Experimental study on a long-pulse excimer laser system [C]. SPIE, 2005,
5627 242~246

10 J. Paisner, J. Boyes, S. Kumpan et al.. Conceptual Design of the National Ignition Facility [R]. 1995, USRL-JC-117365

11 R. E. English, J. Miller. Optical System Design[ R]. 1996, UCRL-LR-105821-97-3, 112~124

12 Bai Xuemei, Zhao Songshan. Discussion of weight determined by index importance [J1. Jiangsu Statistics, 2008, 3.
22~24
IS, AN L. R A B A e A 1 IR ], i A gt 2008, 3. 22~24

13 Li Yinguo, Li Xinchun. Weight determination of comprehensive evaluation model [J]. J. Eastern Liaoning University
(Social Sciences), 2007, 9(2): 92~96
BRI, BHE. AP ERAER ErEM AL SRFRFRGESHFIR), 2007, 9(2): 92~96

14 Zhang Chengxiang, Qiu Dehui, Geng Guoging. Angel measuring system based on CCD image processing [J]. Computer
Automated Measurement & Control, 2004, 12(1): 32~34
SRR, BREEAL, BKIE K. T CCD BR AR B A BE M REGELT ], 3t S aual & 53 4], 2004, 12(1): 32~34

15 Wang Dahui, Zhao Jun, Zhao Xueqing e a/.. Measurement and analysis on structure stability of optical mirror mounts [J].
Chinese J. Lasers, 2010, 37(sl). 308~311
FERME, B E, SR E OUECER RSN Rl F B#k, 2010, 37(s1): 308~311

031401-6



