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Accuracy Analysis on Paraboloid Calibration with Computer-Generated
Holography
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Abstract Aspheric surface test is one of the priority research areas for high precision optical surface measurement.
Computer-generated holography (CGH) is an important method to test aspheric surface, but its measurement
accuracy is restricted by lots of influent factors. This paper focuses on the error analysis of paraboliod surface test
with a corresponding CGH. Measurement errors are calculated by Zemax software. A paraboliod is practically tested
by a corresponding CGH, and the mainly measurement errors, such as the CGH substrate’s transmitted wavefront
error, coma and sphere a berration are analyzed. The measurement results are compared with confocal ball method.
Analytical and experimental results indicate that CGH design and fabrication can achieve very high accuracy. After the
calibration of CGH substrate's transmitted wavefront, the root mean square (RMS) value of theoretic test accuracy is
better than 4. 2 nm. Defocus of CGH and decentration of paraboloid result in the major measurement error. After fine
adjustment, the RMS value of practical measurement error will be better than 4.5 nm.
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Fig. 3 General view of CGH diffraction wavefronts. (a) External ring; (b) middle ring; (c) internal ring

1208005-2



); CGH s
CGH
o 3 CGH
,RF o
3.2 CGH
CGH
3 N
CGH .CGH o
(RMS) 3 nm, RMS
1.5 nm ;
, CGH
RMS 1.5 nm,
CGH ) N .CGH
;CGH
s . CGH
, RMS
2 nm,
CGH , CGH
R Zemax
,CGH .
1A ( A 632. 8 nm)
RMS 0.5 nm; CGH
3.2.1 CGH
,CGH 0. 32
,RMS 1 nm; CGH )
. CGH
14 | ° P
N/
TN )
= sf N\ /
2 ol o\. ./o
= 1[, \.\ /o/
2 .\o o/.
) -1 0 1 2
CGH position /um
4 CGH

Fig. 4 Relationship between CGH defocus and

measurement sphere aberration

RMS 4 o CGH
2 pm RMS 14 nm, CGH

3.2.2

RMS 2 nm; 0.5pum RMS
10 nm, 5 o

Coma RMS /nm
AN

0 0.1 0.2 0.3 0.4 0.5
Paraboloid decentration /um

5
Fig. 5 Relationship between paraboloid decentration
and coma aberration

’

b

oo = Aot o5+ (D

RMS 3 nm,
RMS 1.5 nm;CGH
RMS 2 nm; CGH

RMS 0.5 nm; RMS
1 nm; RMS
1 nm; CGH
RMS 4,2 nm,
4
CGH ,
.CGH
N CGH
Zygo VeriFire AT+ Fizeau ;
, 70 mm,
100 mm; CGH 150 mm,
80 mm, 6 o

1208005-3



6 CGH
Fig. 6 Picture of CGH
4.1

+77.94

+76.07

-165.98

+78.89

-163.10

7

Fig. 7 Measurement repeatability caused by environment

4 ,
, RMS 0. 25 nm,
. RMS
0.5 nm,
4.2 CGH
3.2 ,CGH
, CGH
. 8 ,
, CGH.TF
RF , CGH
o 9 ,CGH
RMS 6.4 nm, CGH
(a) M ® I
IF RF  TF CGH RF
8 . (@ (b CGH

Fig. 8 Calibrating of substrate’s transmitted wavefront

error. (a) Without CGH; (b) with CGH

+166.00

9 CGH

Fig. 9 CGH substrate’s transmitted wavefront error

4.3

RMS
RMS

1. 34 nm,

1.5 nm R

RMS 0.7~3.6 nm .

12080054

11



Fig. 10
H

0.7~1.7 nm

RMS /nm

10

Measurement error caused by coma

) RMS

o

——with coma
3.5F ——without coma

3 1 ;
Number

[~

11
Fig. 11 Measurement repeatability with/without coma
4.4 CGH
2.2 ,CGH
o 12 ,
RMS 17. 2 nm, RMS 11. 9 nm,
CGH ,
o 2.2
, RMS
16. 6 nm, RMS 5.9 nm,
CGH , 13,
RMS 5.9 nm,
6 nm RMS CGH ,
CGH o
, , CGH
16. 2 nm, 16. 6 nm
CGH
RMS . Zemax ,  CGH
RMS
100 nm ,CGH 1 pm,

RMS 7 nm,

RMS

1208005-5

12 (a) CGH

Fig. 12 (a) CGH measurement results;

(b) sphere aberration

13 (a)

3 (b)

+65.80

; (b)

Fig. 13 (a) Confocal ball measurement results;

(b) sphere aberration

, CGH
RMS CGH
30 nm, CGH
RMS
CGH

’

2 nm,

O. 3 p.m’



. CGH RMS
2 nm; RMS 3 nm; CGH
RMS 0.5 nm;
RMS 0.5 nm; CGH
RMS 2 nm;
RMS 1.5 nm; CGH
RMS 4.5 nm,
, RMS
1.5 nm . CGH RMS
4 nm R
6
CGH
o ,CGH
s CGH
, RMS 4.2 nm, CGH
,CGH
RMS 4.5 nm,
, RMS 4 nm ,
CGH o
s RMS 1.5 nm, CGH
. 2 mm RMS 14 nm,
s CGH R
RMS 2 nm, CGH
,CGH
AOM
s CGH , CGH

1 Zhu Yongjian, Pan Weiqing. Measurement of aspheric surface
[J]. Laser & Optoelectronics Progress, 2010, 47(1): 011202
. . [l
, 2010, 47(1): 011202

2 Chen Xu, Liu Weiqi, Kang Yusi ez al.. Design and tolerance
analysis of Offner compensator [ J]. Optics and Precision
Engineering » 2010, 18(1) . 88~93

s , . Offner
[l . 2010, 18(1): 88~93

3J. S. Loomis. Computer-generated holography and optical
testing[C]. SPIE. 1980, 215: 59~69

4 J. H. Burge. A null test for null correctors: error analysis[ C].
SPIE ., 1993, 1993. 86~97

5J. H. Burge. Advanced Techniques for Measuring Primary
Mirrors for Astronomical Telescopes[ D]. Arizona: University of
Arizona, 1993

6 J. H. Burge. Certification of null correctors for primary mirrors
[C]l. SPIE, 1994, 1994; 248~259

7 Gufran S. Khan, Klaus Mantel, Irina Harder et al.. Design
considerations for the absolute testing approach of aspherics using
combined diffractive optical elements[J]. Appl. Opt., 2007,
46(28): 7040~7048

8 Y. M. Liu, N. L. George. Subaperture testing of aspheres with
annular zones[J]. Appl. Opt., 1988, 27(21): 4504~4513

9 T. Marc. Subaperture metrology technologies extend capabilities
in optics[C]. SPIE, 2005, 5965 59650B

10 Wang Xiaokun, Zheng Ligong, Zhang Xuejun. Testing convex
aspheres by subaperture stitching interferometry[ J]. Acta Optica
Sinica, 2010, 30(7) . 2022~2026
[Jl. , 2010, 30(7) . 2022~2026

11 Ichihara. Interferometer that measures aspherical surfaces,
United States Patent, US 6456382 B2[P]. 2002

12 Feng Yuanming, Wang Xingping, Yang Huan e al.. Study of
wavelength beam combining using off-axial holographic diffraction
optical element[J]. Chinese J. Lasers, 2010, 37(7): 1734~1738

[Jl. , 2010, 37(7): 1734~1738

13 Su Ping, Tan Qiaofeng, Kang Guoguo et al.. B-spline
interpolation of scattered phase data of computer generated
hologram for null test of freeform surface [ J]. Acta Optica
Sinica , 2010, 30(6) . 1767~1771

B [Jl. , 2010, 30(6) . 1767~1771

14 Li Fazhi, Luo Xiao, Zhao Jingli et al.. Test of off-axis aspheric
surface with CGH[J]. Optics and Precision Engineering , 2011,
19(4) . 709~716

Ll , 2011, 19(4): 709~716

15 Xue Donglin, Zhang Ligong, Wang Shuping et al.. Research on
off-axis conic asphere null testing using computer-aided alignment
method[ J ]. Optics and Precision Engineering . 2006, 14 (3):
380~385

[Jl. , 2006, 14(3): 380~385

16 Wang Xiaopeng, Gao Zhishan, Ma Jun e al.. Investigation of
measurement uncertainty of aspheric surface based on null-
computer-generated holography[J]. Acta Optica Sinica, 2011,
31(1): 0112003
[1l. . 2011, 31(1): 0112003

17 Kang Guoguo, Xie Jinghui, Liu Yi e al.. Design and error
analysis of the CGH wused for aspheric test [ J]. Optical
Technique , 2007, 33(5): 654~657

’ ’

LIl , 2007, 33(5): 654~657

12080056



