3T 3 H oot Vol. 37,No. 3
2010 4F 3 A CHINESE JOURNAL OF LASERS March, 2010

XEHS: 0258-7025(2010)03-0809-06

N VAR E S M B 52 w4

Yot ] 2 1 N 1 g1
Lxs! TEE Fmy' o A BEAM B &
BB TSP I FRAR 61004157 b i K25 Ui TR 49 [ Bk e B L3 200072)

WE ASNRHERET, KORESLHAMR (CPP) JGMR & F k7 b BB M AT ot =8 . h FH =
KA G118 3 TR) JA] 0 L ORE AL Ao BE A i AT AR ALE DR AR T 9 A3 0 T W AR AR I R SR . R R /N AR R 0 BE R T AR
S5 G T LR B 52 PR AR T 37 S/ S S D I AR L R T R 25 A M PR T kL R T BT X BDE £L AR A B
BlG R B W T AL DR A I B SC T — B 330 mm X 330 mm Y 3% S A {5 AR TT 14 3 G I m A A I, S
U5 45 S 3 W B0 I 2 K ik G0 JR DT A OKRT AR DN 380 1 DB W B R 3 e/ e, A R AT PEORS AR T 6 nm[ B 5 AR
(RMS) ], it i Bt 40U AR BE T B 25 R 5 w3 D B R G P 10 3 3 A2 B AR R ARG I 485 SR 3R A5 T 4 1) — 3k .
KR WA KOOSR B ETRL I 5 5 fL AR PR 5 % LA AR

hEHES 0436 XEktRiIRES A doi; 10.3788/CJL20103703.0809

Wavefront Testing of Large-Aperture Continuous Phase Plate
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Abstract Continuous phase plate(CPP) is critical diffractive optical element used for beam shaping in high-power
laser system. But the large-aperture interferometer is unsuitable for testing it for its spatial period with several
millimeters and the large phase gradient. A sub-aperture stitching method by small-aperture and high lateral-
resolution interferometer is proposed to realize wavefront testing of CPP. A novel interpolation algorithm is
developed for circular aperture and the equipment is set up. It tests a CPP with size of 330 mm X 330 mm. The
experimental result shows that the maximum testable slope of this CPP reaches 3 pm/cm with millimeter period.,

while the testing repeatability is 6 nm(root mean square) .

The simulated spot diagram result of far field based on

tested wavefront is in good agreement with tested result in high-power laser system.
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Fig. 1 System transfer function of the interferometer at different defocus positions. (a)transmitted

wavefront of step-height element; (b) computed fsrr of the system
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Fig. 2 Schematic diagram of weight value of overlapping

area. (a) two subapertures with overlapping; (b)

weight in overlapping area
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Fig. 3 Simulation of stitching algorithm. (a)subapertures; (b)stitching result; (b)stitching error
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Fig. 5 Diagram of subaperture stitching system
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interferometer; (b)result of sub-aperture stitching system
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Fig. 7 Tllustration of stitching interferometry showing a sixteen-aperture configuration. (a)arrangement for all measuring

positions; (b) subaperture wavefront; (c¢) stitched wavefront in effective clear aperture(310 mm><310 mm); (d) slope of (¢)



33 SeNTREAE . ORI AR R A8 A A 813

RS W R R Rl EE U N -l i a - R X
RMS HERE M 22K 5. 882 nm,
F 1 PHEEE MR LS

Table 1 Repeatability of stitching testing

Z.
o

© o0 NN O Ol W DN =

RMS /nm
386.1
395.
377.
381.
392.
376.
386.
384.
384.
388.

_ —_ [0 — Ne) ~ 1 ol w

[
o

3.2 CPP & p Rl

Xof L7 Cod T AR I 2] 3 T o AR S U A O

L hm AJER 2 CPP ot Jf e REER G L
FEBEM LSRR

I, =| 7 /T exp(id,,) |*, 3

AP AOGER 1 5 12 B & i 43 A, @,y CPP

B S RT A AL A S R W E S B AT LR

g ®

-0.6
-04

-0.2
B

0.2
0.4
0.6
0.8

1'(11.0 -06 -02 02 06 1.0

& /mm

o BTN TR 25 A R L 25T AR B 0 48 B AR AR AN
PR H TR KNFIERIEARSF — B Jey
] 1/e F& 4354 0. 347 A1 0. 282 mm, fig & A i %
1 79.6%,

-05
-0.4
-0.3
-0.2

g-01

E 0

= 0.1
0.2
0.3
0.4

0.5
-056  -03 -0.1 0.1 0.3 0.5

2 /mm

& 8 CPP 7 AR M AL TF M= BF
Fig. 8 Focal spot of CPP with ideal input

TE 2 D A WOER B A R A S5 1 Rt T
I CPP i Ja R REIE &, WWE 9. i B Al L. i
TR R WG A B 52 5| A CPP Z i £8 3 5 T A1
MEJEIR . 51 A CPP ZJ5 a5 A &It M ZE R 4
JE LR B TR ORI UL 51 A CPP X £5 B 48 5
IV B A

-1.0

_0.8|®

-0.6
-0.4

-0.2
£
>

0.2
0.4
0.6
0.8

1'91.0 -06 -02 02 06 1.0

2 /mm

9 5IA CPPHijG ZMBHOEMIZEHESE . () J8 CPP ILff; (WA CPP JLff
Fig. 9 Spot diagram of 3w laser without and with CPP. (a) without CPP; (b)with CPP

4 45w

O R 11 A5 1 52 A A7 A G A /0 2 (] R I L KA
LR JBE 1 0 R AE B2 R /N DR & e BE R T
IXEs A TR PR H R S0 35 S D mr AR . s T
B WAL H B IR T T A R G AL b eR A
P T O E R I AR . R T R 223 F
Bk BT TR BUR AL AR 1 B S B Ok L A
P T FALAR E B XA AR 0 ) R, B S8 TR
T 25 ", S 0 2 L 3% B B R R G ) ) e e Y
H 3 pm/cm,RMS £ I FZ R T 6 nm, LB T —
e 330 mm X 330 mm (14 % L AH AR T 1 37 5 I T

ARG . 222 T B T HAt P AR SR OC R TR A
U0 S50 3D 90 s ] S A /0N AR LR B R ot
JUAFAGLIN

s & X #

1J. Lindl. Development of the indirect-drive approach to internial
confinement fusion and the target physics basis for ignition and
gain[J]. Phys. Plasmas, 1995, 2(11); 3933~4024

2 J. Neauport, X. Ribeyre, J. Daurios et al.. Design and optical
characterization of a large continuous phase plate for laser
integration line and laser megajoule facilities[ J]. Appl. Opt. .
2003, 42(13) . 2377~2382

3J. A. Menapace, S. Dixit, F. Y. Genin ea al..
Magnetorheological finishing for imprinting continuous phase
structure onto optical surfaces[ C]. SPIE, 2003, 5273 220~230



814 i ]

4 M. C. Rushford, J. A. Britten, S. N. Dixit et al.. Wet-etch
figuring for precision optical contouring[J]. Appl. Opt. . 2003,
42(28): 5706~5713

5 Chen Bo, Wang Hanzi, Wei Hui e al.. Design of fully
continuous phase plates for beam smoothing in ICF[]]. Acta
Optica Sinica, 2001, 21(4); 480~484
B . EBEF. B OME . ATBRMARBBRSE TS
SR BT Uik [0]. B F 3R, 2001, 21(4): 480~484

6 Yang Chunlin, Xu Qiao, Wen Shenglin. Phase plates for beam
smoothing based on the random input[J]. Acta Photonica Sinica ,
2009, 38(2): 382~386
AN, I IF. WEAR. BT REOL S A 0 S A) T AR AL A 5
[J]. &F 54k, 2009, 38(2): 382~386

7 Tan Qiaofeng, Yan Yingbai, Jin Guofan. Autocorrelation
coefficient and performance parameter of diffractive optical
element for beam smoothing [ J]. Chinese J. Lasers, 2005,
32(2): 200~203
W, REEE, B EE. AT ARSI S I AR RS
PERESH[I]. + Bk, 2005, 32(2): 200~203

8 Zhang Wei, Shu Fangjie, Zhang Xiaobo et al.. Spatial frequency
spectrum optimization method for design of diffractive optical
elements in uniform illumination[J]. Chinese J. Lasers, 2007,
34(10): 1388~1392
gk #LLRP VAN IR SF. #45) MR R ATT SO 2 4 4R 1 s 1) A
WA 7L ).k Bk, 2007, 34(10): 1388~1392

9 Tan Qiaofeng, Yan Yingbai, Jin Guofan. Optimization of

diffractive optical element used with smoothing by spectral
sispersion technique [ J]. Chinese J. Lasers, 2007, 34 (6):
781~785
I, REEE . AR 5T S W BRI AT ST O
AR LT]. P Bk, 2007, 34(6) ; 781~785

10 B. T. Kimbrough. Pixelated mask spatial carrier phase shifting
interferometry algorithms and associated errors[ J]. Appl. Opt. ,
2006, 45(19) . 4554~4562

11 M. Otsubo, K. Okada, J. Tsujiuchi. Measurement of large
plane surface shapes by connecting small-aperture interferograms
[J]. Opt. Eng., 1994, 33(2): 608~613

12 Chen Shanyong., Dai Yifan, Xie Xuhui et al.. Approach to
accuracy evaluation for subaperture stitching interferometry[ ] ].
Acta Optica Sinica, 2008, 28(5): 883~888
Rt B8 B — WL MR A, AL AR R T U5 I Ak 0 RG B2 A 3T O
w0, A F$|, 2008, 28(5): 883~888

13 Chai Liqun, Xu Qiao, Shi Qikai. Study of numerical computation
of wavefront fradient of optics [J]. High Power Laser and
Particle Beams, 2005, 17(6): 841~844
ST e v B Pl DG T R R B Y B T B O vk
[J]. 8k 5 8EF k., 2005, 17(6); 841~844

14 Zhang Wei. Design and applications of large aperture diffractive
optical elements in“ Shenguang”deviee[ D]. Hefei; University of
Science and Technology of China, 2007. 15~17
IS P B3 N N TR [ B e TV o 2 S = U AL R T
[D]. &0 EA AR K, 2007, 15~17



