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Design and Error Analysis of the Computer-Generated Helogram

Used for Concave Aspheric Surface Testing
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In order to test concave aspheric surfaces precisely, a multifunctional computer-generated hologram
(CGH) which can compensate wavefront in null test, adjust the relative position between CGH and interferometer and

adjust the relative position between CGH and the tested aspheric surface is proposed and designed. It consists of three

090.1760; 090.2880; 120.2880; 220.4840

segments, called main CGH, alignment CGH and fiducial CGH. The principle of testing aspheric surfaces is reviewed
=]

and the design method is introduced. The pros and cons of the auxiliary CGH adjustment method and the common
adjustment method are compared. Then a design example for testing a paraboloidal mirror ($187.72 mm, F number
is 1.71) is presented. The effects of CGH fabrication errors on the accuracy of interferometric measurements are
analyzed. The accuracy of using a CGH to measure the surface is 4. 47 nm. The designed CGH meets the
requirements of high precision aspheric surfaces testing.
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Fig. 1 Phase compensation principle of main CGH

K2 4SRN
Fig. 2 Design layout of main CGH phase
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Fig. 3 Design flow diagram of the main CGH
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Fig. 5 Design layout of fiducial CGH
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Fig. 6 Influence of CGH tilt error on detection Fig. 7 Influence of CGH eccentric error on
accuracy detection accuracy

SO0 A 2 X E 1 PO 00 T2 X 0
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Fig. 10 Influence of interval error between CGH

and the tested surface on detection accuracy
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Table 1 Parameters of CGH

Parameters Main CGH Alignment CGH Fiducial CGH
Hologram type Binary phase hologram Binary phase hologram Binary phase hologram
Material Fused silica Fused silica Fused silica
Operating mode Transmission Reflection Transmission
Diffraction order First Third First
Grating groove depth 0. 351 0. 354 0.352
Smallest grating spacing /pum 28.8 2.4 2.0
Duty cycle 0.5 0.5 0.5
Radius /mm 8. 60 8. 60 4,18
Fringe number 201 209 1057
Visibility 0.568 0. 849 0. 457

# 2 CGH &AL &AL
Table 2 Phase coefficients of the CGH

Phase
C, C, C, C, Cs Cs C; C C, Cio

coefficients

5.667X  —2.431X 1.619X 5.267X —8.631X —6.356X 1.549X —1.026X 2.833X

Main CGH 0. 002 . , ,
10°° 10 10°° 107" 10" 10" 1077 10" 10°%

4.2 fIERESW
S A R DRG B R 22 A A B R A R 22 X o B R ME 42 B ST AR 1% 22 LCCD 51 A
BRZE T W AR E BT K 51 ARY R 28 VPRI 1R 22 I3 I8 4 5 72 W) 0@ 22 1R 98] B PF 51 AR IR 22 56 ,\EP é
5, P 4 A 1 5 22 2 MR R DR JBE 1 B SR BRE DR R T BB SRR TR R 22 Rk R MR 2 S) R R 25 R AL IR
i’%’ﬂﬁm%%ﬂm@(l’i‘lﬁ/lﬁ SIRZEE

110902-4



49,110902 MM SYBIZHRE www. opticsjournal. net

4.2.1 RR@IEE

FL R TG 152 22 2 th 1356 1 0 B 4 22k L 0 2 R RN B 05 A5 DR 2R ot 1 2 T T R 2 . — R IR
BRZE X AT S 0 T e AR A R AT 3 D 2 o RV T T 158 25 S S IS 85 52 i) g R 1 TR A 158 25 L R R p
WH 2 SR HBURH I, 5 5 11 I 25 VG T T 12 2 1) 52 10

IR B s el P %) T B RIS TR 5% 22 B W 19 07 3 Dy < i S I 406 bR € 1 CGH Ry TaE 32 22 15 R
TG A I A R A 2 A T e 2 b R TR R 25 . B T AT R SE I A E TR R 22 R B
T2 I T A 20 Pl O 2 I RN B A5 e PR ER L T LA Ay U0 N e T IR TR 15 22 A I 1) 5 )
4.2.2 AAMAHGHREE

B 35 1) 95 B RN D) B RS e 0 AR 7 R s B TR )R 35 A LR W RE R R RS A DR A AR
AN — 2 X PP I R AR A — B RR MR R Y S R 25 . th I R M R R B S DR AR — R 3L A
AN TR DX 3 2o R R — B0, X B I T ARG IR 25 . 36 B b4k 2 A0 M R 25 b m] DR T PR 2R 1D 1%

AR e FRE OO R TRl - yiE Al

4.2.3 MIEFEERHEHHIRE

Z TR B AN 4 57158 26 02 B TR 20 b ok AR v R 8 B AN R T R Y R B SRR B A S BN S I AR
T o AR TR B AN 349 5 M 15 22 [ A ) LA P o3k ik UG T T2 15 22 532 Wi 1) 76 2 T AR KT ARG I B8 14 532 o
4.2.4 £ AT TR E

XoF SR B M 1) 04 A4 1 4 3 o T 4 1 4 8L TR 2% 0 R A R 25 R T R OSSR A TR A 1
V5 25 o VR HE I TR 1 52 Bk 4% 807 8 i B BRAELO B B 1R 1 . H AT IR T A AR AT 1 I 3% 0 Bk 4% 20 /R e AR
R 22 N ARG INDRS B2 Y 52 ) X T 32 4 G S AR e /)N T W A A R 100 R K BBE R e, WA 4 R 2% (] B AT
HEK

R F 214 I PN I A B 1 00 2 B 22 .2 060 ZIR AR (S R BE 1R 25 0. 5 Y0 R I 15 22 .0. 1 o Z5 804V B
AR B3 A A 1R 25 UE R IRS BE (R 52 KN gk 3 B . 44T 4% SRR CGH Kl @187, 72 mm F
o 117 W AERR B L A MRS BE oA 4. 75 nm,

23 SRR R B A 45 338 22 U

Table 3 Varied error sources affecting detection accuracy

Wavefront errors Wavefront errors
Sources of error Sources of error
(RMS) /nm (RMS) /nm
Residual wavefront error of main CGH 0.164 Pattern distortion of fiducial CGH 0

) ) o Map registration error when correcting
Pattern distortion of main CGH 2.18 . . 3
spherical aberration

Phase depth errors of main CGH 0.2 Measurement noise in the 0" order 0.5

1l

Duty-cycle error of main CGH 0 Measurement noise in the return optic 0.

4 Map distortion when eliminating
Amplitude error of main CGH 0.01 1.0
substrate errors

) ) ) Fabrication non-uniformities when
Pattern distortion of alignment CGH 0 o 2.5
eliminating substrate errors

Uncertainty in test surface measurement 1 Root-sum-squares error 4.75
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