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High-precision CGH substrate figuring by ion beam
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Abstract: Computer-generated hologram( CGH) is widely applied in the high-precision testing of asphere as
high-accuracy null compensator, but the surface figure error of CGH substrate directly restricts the testing pre-
cision. In order to gain ultra-precision CGH substrates, the figuring of high-precision CGH substrates by ion
beam is presented. A square fused silicon CGH substrate with 152 mm side length (140 mm valid aperture )
and 6. 35 mm thickness is figured by different scale IBF removal functions. Through seven iterations, an ultra-
precision CGH substrate with transmitted wavefront PV value 20. 779 nm and RMS value 0. 685 nm is gained
finally. The experiment result shows that figuring high-precision CGH substrates by ion beam has notable ad-
vantage, and it has not only high process efficiency but also ultra-high process precision.

Key words: optical fabrication;ion beam ;computer-generated-hologram ; transmitted wavefront

Y7 H #3:2015-12-03 ; f£1T B #3:2015-12-28
E&WH : {EPH R LI H (No. 2009ZX02205 )
Supported by National Science and Technology Major Project of China ( No.2009ZX02205 )



24

5 0g 4 T RB IE mRg E CGH JE 271

1 7]

e

et E R g i HEAERR T T4 A] LA Aot
JCIFR A, AR AR G S AT, A e vy
ARG AR T, R e A0 6 2090 5 55 AR
RIEAEEOC R, R TR RBUE AL =
BT 3 WER AR AL S PR RE TR A , i 2Rl
AR DT, EAR AR E HA I R iy otee ik
J57  AH St TEEER T TR B A9 A ke T H
I RVRG I X 13 326 e T e AR oo

1 38 A T A A o A P A B
HEEEER, B 5 0 RS B2 AH VT E A R RS B2 R
MELADRIEARBRTET A I TRSBE o wobs B2 Sl Bk v
K ZAAMEE IEAT R, — R AR E T
A4 BB (CGH) /R b s , T30 (UK H Ry 3K
T 2 A1 Ay 5 0 0 = 3 T AR DG P ) A 35K T 9, DA
7 SE BT EER TR A A o e A B M e — i
M2 B3 R i S i s, HOm T R AR Ay A
M, T HL A 1 3k S PR R, AR AR R 2 A v
LA, AR = 5 T R B Y CGH —JB0R T
DG B R 2k A i A, I BT
TS A8 1 ST PR ) - B B B, B AR T 125 1Y
I CSAE S AB HBA B R 22/ AR TR B
oA WR2E IR UL R BE = e R G S0
S A VR R A TR T A ) 50 3 174 i FH AR
Pz CGH AR Ay bt i A 1 A Bk
AR ey, CGH il VA B 4532 i 4 A 3K T )
RrIRE FE , b CGH BRI iR 22 72 CGH /Ry &
BERZE KRG . AF Ry SRS Y R AR R O 2R e
P BRI S S B ) CGH JR R HMERE Bk, 2R
FEH AL /N S e R o S
i B S PRI GHOR AT N L, COH i 23
THSK R A AR e S BOR B W sk 2 g, i e 1
HETE (Ton Beam Figuring, IBF) 2 4 Sy —FhdE
Fe b 20 2 PG I L5 2, AU 2% Je
Tt AR 0, T LS AT I TR R v B R
FeE TR WS PR TIe s 2800 AT 2 T3 3
SERE AL, AR RS T e CGH ZEIEAYIN T
W, AR S T TS 5 RAB IE Rk B CGH RIS

BT T2 IFHEAT T ROREE COH BB 15550
2 CGH AR 2

XFFEAEEE CGH JE N T & , 75 24 1l
MR 2e B FE LR Y % 25 | FE I 5 1% 22 Al
RS,

FE ST 1% 25 & AR 2 ) 001 38 1R 2% , 23 3 AT
ISP AR 8 45 25, JHXT 37 S8 i A 5 g an 1 1
PRt % CGH LR AR 2 6 A H R 8,
W DL B0W 40 CGH 33 S 1 I AT AR 12 25
8(n—1),Hr n gy CGH ZLJEMPTH . FTLA,
XTSI B ) 5% W AR K, 0 25 AE N i fd vp 3>
DEZTIR

Incident Transmitted
wavefront CG wavefront
Pl
[
[
[
[
[
VLN
—> \; \) \ "I —
/ 7
i
(I
[
[
i
0 5 (n—1)

Bl 1 COH JEJ B 15 22 68 375 S 5 ) 5 1
Fig. 1 Wavefront deviation due to substrate surface er-

ror for transmissive type hologram
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Fig.2 Wedge angle of CGH substrate
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Table 1 Main parameters of removal functions

Material peak
Diameter of ion
removal rate/

Material volume

removal rate/

Full width at
Diameter of
half maximum

diaphragm/mm ion beam/mm
(pm + min~") (10 mm’ *min ") FHWM/mm
— 0.273 38.3 15
10 0.246 19.9 7.82
5 0.227 10.6 4.17

AN AE MST 0+ E#EAT, i i
AR TEA TT LA A7 PSP i 9 00, 45
CGH JEJERIWIMR L A&l 4 Fros, BRI PV (A

>k 775. 669 nm , RMS {E°5 169. 517 nm; [ FE i PV
(f 739. 583 nm, RMS {f %y 125.461 nm ( 2 i
&) o

|E surface/Wavefront Map [=] surface/Wavefront Map

I +493.00 I +398.16

nm nm

| | | |

I -282.67 ‘ I -341.42
[ev 775. 669 nn___|[xms 169.517 nm [ev 739.583 nn___ |[xms 125.461 nm
[size x 140.1 mm l[size ¥ 140.1 mm [size x 140.1 mm l[size ¥ 140.1 mm

(a) B3k (b) TR

(a) Upper surface

(b) Lower surface

Kl4  CGH BRIt miL
Fig.4 Initial surface figures of CGH substrate

3.3 ZHERES5ER

SEE I ARANE S BN 8 CGH B GiE  Fa i
T T 2BE 1 5 HE v, T 2B A AR 4 1 B sRLR
FEAEEN 3 ANER LR AR LI
JraaE TN T B SR JOOG I B R A TR
P, BN T45 5 A 30 nm RMS Z= 45 B ( S s 4
SRR SE 6 FH IO bR IR 2EA T T, W S R AR
%), 4 10 mm S bR 25 F IR S TRE 18, s in 145
JIk ) CGH 3L i X 18 ¥ () RG FE 225K i), o 4
5 mm>¥: R B IR 1E 3 S AT .

22 WE T ARSI T45 R anEl 6 i,
TSI 210 PV {6 83. 547 nm,RMS {H}y
16.367 nm; R & PV i} 145. 416 nm, RMS {4
9 28.770 nm BLE, B FUEAE M 10 mm S (R i
TIHE1E, 243 ST ARSI a5 R il 7 iy
R TS - FE1H PV {4 31. 837 nm, RMS
54 3. 829 nm; N PV {f ) 35. 188 m, RMS

(b) g iR
(b) Experiment process

(a) JTAFHER

(a) Element clamping

K5 iR COH RLIRES T AU Tocs id 72

Fig.5 Experiment process of CGH substrate by ion beam

B0 3.924 nm; b B 7 37 59 i T A DU 445 2R o
K 8(a) fif 7, PV {H K 49.602 nm, RMS {H N
5.707 nm, Ff5 A 5 mm S RHE T3 ST E
1B, 42 R4 R WK 8(b) s, 43k 1s
BESTE AT N PV {H 20. 779 nm  RMS {H 0. 685 nm
M AGE CGH JE)IE, M — B3R I T4



24 G ok

JE T B /NG A T OEH, RN e AR
SEOCPEREIN A T A2 P ARSI R T2 e 1) 5 R

Surface/Wavefront Map 2‘590 Surface/Wavefront Map E
/ +57.01 A +101.34
’ nm . nm
-26.64 o | 44.07
[=v 83.547 nm__ |[xms 16.367 nm [ev 145.416 nm__ |[xms 28.770 nm
[size X 143.8 mm__ |[size ¥ 143.8 mm [size X 143.8 mm__ |[size ¥ 143.8 mm
(a) L& (b) TR
(a) Upper surface (b) Lower surface

K6 sy
Fig.6  Results of precision polishing

m surface/Wavefront Msw m surface/Wavefront M?

+15.93 +19.66

nm nm

-15.90

-15.53
[ev 31.837 nm |[rns 3.829 nm [ev 35.188 nn___|[rms 3.924 nm
[size x 140.1 mm [size ¥ 140.1 mm [size X 140.1 mm [size ¥ 140.1 mm
(a) b3 (b) FAKIH
(a) Upper surface (b) Lower surface
y +:
K7 KB
Fig.7 Results of precision figuring
|m surface/Wavefront Map @ surface/Wavefront Map

5 AT +19.26

-30.34 -13.33
[ev 49.602 nm__ |[rns 5.707 nm [ev 20.779 nm___|[rns 0.685 nm
[size x 140.1 mm [size ¥ 140.1 mm [size x 140.1 mm l[size ¥ 140.1 mm
S
(a) B IEH (b BIER
(a) Before figuring (b) After figuring

K8 EGT BT IR 2

Fig. 8 Transmitted wavefront error



24

5 0g 4 T RB IE mRg E CGH JE 275

4 %

ASCER T N B AU IR Sk BE CGH
JERYIN T T2, I DL — 4K 152 mm (585 H 42
140 mm [FJE XI) & 6. 35 mm [ 1E 5 TR 45 A 3
A BT T e S B CGH BRI AN .55 55,

S Xk

Zond BT 7 R T ARB IR (AU 2 feRE 3 4
KB 2 5035 S ATE IE ) S 2R A5 1 33 S i
A PV {H 20. 779 nm .RMS {f 0. 685 nm HJ#8 =k
J¥ CCH BLJiE ., SLBnali 1R W] BB T RIZ IR S
K CGH B iy in T L2 BABARMHE A
A BN 2R T HL AT LABR A e 0 A
138

(1] ZEm. Tl e IRk mE I CGH BBt e AR 220 [ D]. K4 . Fbok2E 2013,

LI C'Y. Design, manufacture and error analysis of CGH for ultra-precision testing aspheric surface[ D]. Changchun: Jilin

University,2013. (in Chinese)

(2] a4, RE, 276, 5 /NE K FUE NGNS moRs AR BRI AR R 22 [ )] 648 5 4R,2013,33(8) :0822022.
ZHANG J,DAI L,WNAG F,et al. Restraint of mid-spatial-frequency aspheric surface by small-tool aaptive polishing[ J].

Acta Optica Sinica,2013,33(8) :0822022. (in Chinese)

[3] BA&,FF Adm, ¥ BRI 2 B SR BRI EOR[T]. o5 45 % £42,2011,19(4) :710-716.
LI F ZH,LUO X,ZHAO J L,et al. Test of off-axis aspheric surfaces with CGH[ J]. Opt. Precision Eng. ,2011,19(4) .

710-716. (in Chinese)

[4] CHANG Y C,JAMES H B. Error analysis for CGH optical testing[ J]. SPIE,1999,3782.358-366.

[5] SEBASTIAN S,MATTHIAS B,UWE D Z,et al.. Freeform mirror fabrication and metrology using a high performance test
CGH and advanced alignment features[ J]. SPIE,2013,86130].

(6]  @Ardg, PR, M. FITHIA4 BURD AR BR AT A9 o A BEAS I 5 IR 22 PPAG [T ] 56 58 504k ,2013,33(6) :0612003.
GAO ST,SUI'Y X,YANG H J. High precise testing of asphere with computer-generated hologram and error evaluation
[J]. Acta Optica Sinica,2013,33(6) :0612003. (in Chinese)

(7] @ik, &3, 4, . A 2B EREARRKE AL [T]. 65 4% % T42,2013,21(8) :1929-1935.
GAO S T,WANG G W,ZHANG J,et al.. Correction of distortion in asphere testing with computer-generated hologram
[J]. Opt. Precision Eng. ,2013,21(8) :1929-1935. (in Chinese)

[8] @i M kG RE AR B AL SR BT FEL D . AL A E R B kv, 2014,

GAO S T. Research on ultra-precise aspheric surface testing[ D]. Beijing; University of Chinese Academy of Sciences,

2014. (in Chinese)

(9] 4. ZET CGH @i BEAR KA BOARWDETE [ D ] Jbat . Rk B ks ,2014.
FENG J. Highly accuracy aspheric surface testing based on computer-generated hologram[ D ]. Beijing: University of Chi-

nese Academy of Sciences,2014. (in Chinese)

[10]  #A. seat b F R ALM]. Jbnt Bl i e, 2001.
YANG L. Advanced Optics Fabrication Technology[ M].

Beijing : Science Press,2001. (in Chinese)

(1] E7%, 54, BAR, F. AERDCHI TR IR R T]. o5 455 £42,2015,8(23) :2220-2228.
WANG F,ZHANG J,PENG L R,et al. Motion-precision control in bonnet-polishing[ J]. Opt. Precision Eng. ,2015,8

(23) :2220-2228. (in Chinese)

[12] MARCEL D,MICHAEL Z,FRANK A et al.. Ton beam figuring( IBF) for high precision optics[ J]. SPIE,2010,7591

75910Y1-9.

[13] LIAO W L,DAI Y F,XIE X H,et al.. Corrective capability analysis and machining error control in ion beam figuring of
high-precision optical mirrors[ J]. Optical Engineering,2012,51(3) :033402. (in Chinese)

[14] B & A, FR#. NS F B IERETE R IuM ], J652%4) ,2014,34 (1) :0122001.
MA ZH L,SUI' Y X. Large optical surface error figuring by ion beam[ J]. Acta Optica Sinica,2014,34(1) :0122001. (in

Chinese )
[15] L&k, 55%, A%

3 L TS AUE IR R BERE B[ ] 56 4R ,2015,35(6) :0622001.



276 o 59 %

MA Z 1.,GU Y Q,PENG L R,et al.. Ultra-gradient mirror figuring by 5-axis ion beam[ J]. Acta Optica Sinica 2015 ,35
(6) :0622001. (in Chinese)

EEEN:

Ly b e (1983—) , I3 Wl LR LN, BB SE B1,2006 45,2009 45w [ 7l R 27 3l AT 2 1 VA
b, EE G RO O C T I T TS o E-mail : mzleumt@ 126. com

(¥ ® %% )IEREF

(R EDE2) A BA T, A4 JFA; TS ISSN 2095-1531/CN 22-1400/04 5 [& A SR JF K AT, BB 44
S EPN 12-140, [E 4 BM6782,

* 2% Scopus i g * R EE AR T
*  PERHE LT
* S FIA E R ) *  REEEE A AT
[ * RERHLIE S 3SR
* RECAFRR) TSR
* P CEFERES]) * TIPECE T A SRR
‘ * RS
* BETXHRE) RGP SR e

EFEER DL RO FROLHE T DA DL OO S5 OtsA DRk
e B S T2 RS DL DA 50K Lk (R shas oL BHR BRI E N
FARB AT H R AT A IR IS5

REWEE RN R SR S B R BIPEIR SG WE ST TSR I, B S e I E B HOR
ety s A BB RN, RS S B i ot K1 1) B AR 5 a7 41 5 68 24 i 2 Bk 08 P A 5 A0 R RIT¥4 I) A
LR 1 s A SR B PR E A SNE A EORBIF T BUR R JEShAS AR R A A M ZR T8 3

FA AL T ERERE

FIpERAL b E R B KA G R LS P B S T

IR OGS W SR B ) o o S S e =

e B R P DGR i

A WAL ; http ;. // chineseoptics. net. cn

W2 ik : chineseoptics@ ciomp. ac. c¢n; zggxen@ 126. com

X A5 :0431-86176852 ; 0431-84627061 1 H..0431-84627061

Zh AV ML < A T AR B WK 3888 5 (130033)



