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aspherical surfaces, this paper proposes a null compensation testing method based on CGH. Based on this
method, the separation of the diffraction order in the coaxial aspherical compensation design can be
effectively realized, and the null compensation design of the mirror to be measured can also be realized.
Combined with engineering examples, this paper realizes a null compensation testing design for a coaxial
high-order aspherical mirror with a 260 mm aperture. The CGH design results show that the theoretical
design testing residual (RMS value) can reach 0 nm based on the designed method. The practical testing
of the coaxial high-order aspherical mirror is also completed. To further analyze the testing results, error ana-
lysis is carried out on the error source in the testing process, to verify the reliability and accuracy of the

method.
Key words: optical testing compensation computer generated hologram high-order coaxial aspherical sur-
face
1
computer generated holo-
AR VR gram, CGH
Zhou P
Burge CGH
[
2
0.2~2m CGH
peak-to-valley val- 3]
ues, PV 10~50 pm CGH“ Yang Ho-
Soon CGH
PV Bl
1~30 pm
CGH
(6] Stuttgart Peterhansel
S CGH
computer generated hologram, CGH 7

CGH
i8]

Offner CGH
[

[10]



239

[11]

CGH

[12]

CGH

[13]

CGH

[14]

CGH

[15]

CGH
[16]

CGH

CGH

CGH
F#

CGH CGH

CGH

CGH

2 CGH

CGH
+1

CGH
CGH
CGH
CGH
CGH
1 CGH
CGH
CGH

CGH

m, m’ m m’ +1

CGH
Interferometer Slit 1/

Spheric wavefront 7

Aspheric wavefront—
p ~_
™~

1 CGH
Fig.1 Schematic diagram of CGH compensating concave
mirror

CGH
CGH

+1

1~ 2 1

= =
1+[1 (k+ 1))

+AST+H AL A A

=xX+y* A A

z Xy

CGH



240

18
1 CGH CGH
Tab.1 Basic parameters of the high-order aspherical
mirror
4
2 AKOQJ
D/mm 260 4
r -4.62x102
k 1.192x10*
2
A, 2.936x101 ) ) )
Tab.2 Basic parameters of the detection optical path
A 2.875x107%

Fig. 2 Schematic diagram of optical path parameters

2 F
CGH L, CGH
L
CGH
3

z'u "'wf
7'M CGH%of

3 CGH
Fig. 3 Schematic diagram of the regional distribution of
CGH
CGH 3
CGH

100 mm 15.07 mm
CeH L;=93.76 L,=496 mm
F(0, -4) mm

CGH 76.5 mm 1mm
CGH CGH

) 5
) 1

4 J(0, 132.14), Q(132.14, 0), K(0, -132.14),
A(-132.14, 0) mm
CGH
CGH
3

3
Tab.3 Optical design results of main area

25.07 mm
/mm 260
/(Ilp-mm™?) 76 117.5
F(0, -4) mm
Zernike rms0.0000A@632.8 nm
4
CGH
76 Ip/mm, 117.5 Ip/mm

5 1 100



2 yoo 241

10 \ CGH
1.85¢10° CGH

™~ 1.67%10'
1.49%¢10
N\ 1.31x10
1.13x10
\ 9.55¢10
7.75<10
. 5.95¢10
N 4.15¢10'
2.35x10
5.55x10 (-1,-1)
Waves

i
i 0 10 9

X-pupil (rel. units) (-1, 0), (-1, 1), (0, -1), (0, 0), (0, 1), (1, -1),

4 (1,0),(1,1) 9
Fig. 4 Fitting residuals for the main region 7~ 8

Y-pupil (rel. units)
o

25.1 L 2.20k10
- 1.90x1C
1.60<10°
1.30x10¢°
1.00x10¢°
7.00x1¢
4.00x1C?
1.00x16
i

y/mm
o

-

2
2
2

x10°
x10°
E UD

i 0 25.1
x/mm

5 CGH

Fig. 5 Stripe diagram of the main region /

Fig. 7 Optical path diagram of diffraction order separation
CGH

CGH

1 25.2 mm
3147 mm 2 5 3
< 257 Ip/mm
1.95um 4 CGH 6
1 5000

Scale: 36.000 0 mm

32.6 . 1.20x10°

1.00x10*

8.50x1C°

7.00x1C?

5.50%x10°

0 4.00%x10° Scale: 36.000 0 mm

2.50%1C°

1.00%10° 8

i5.00x10? Fig. 8 Schematic diagram of diffraction order separation

i2.00x1C°
E UDG

y/mm

i 0 32.6
x/mm

6 CGH
Fig. 6 CGH assisted alignment area stripe design



242

18

CGH

"~

AN
9 CGH
Fig. 9 Optical path diagram of primary mirror CGH com-
pensation testing

9
10
0,2 2,0
1,1 Lindlein
N CGH
0,2 2,0 (]
05 2
0,2 2,0
CGH
CGH
CGH
CGH
CGH
CGH
11
CGH
5

10
Fig. 10 The detection results of the coaxial high-order as-
pherical primary mirror surface

11 CGH
Fig. 11 Transmission wavefront aberration of CGH sub-
strates

4 CGH
Tab.4 CGH error sources of the primary mirror

(rms/h\)

0.00000

0.00010

0.0027 Z9

0.0023 0x=0y=30 nm
0

0.00355 RSS

CGH RMS CGH
0.0001A

CGH
0.01A 11
0.0032A



yoo 243

(Root-
Sum-Squares RSS 3
CGH RMS 0.00355\
29 RMS: s :(RMSiTANB +RMS§F.IB +
11 RMS?, +RMS_ +
Zernike RMS RMSz}SiaBSB Y2 A A
0.002 7\
CGH 4
CGH
CGH CGH
15.07 mm CGH
CGH
RMS 0.0023A
XY zZ XYZ
Roll Pitch  Yaw
Y X Y
V4 CGH
VA
CGH

[1]

[2]

[31

[4]

[51

(6]

[71

(8]

(91

[10]

ZHOU P, BURGE J H. Fabrication error analysis and experimental demonstration for computer-generated holograms
[J]- Applied Optics, 2007, 46 5 : 657-663.
LI SH J, ZHANG J, LIU W G, et al.. Measurement investigation of an off-axis aspheric surface via a hybrid
compensation method[J]. Applied Optics, 2018, 57 28 : 8220-8227.
LIANG Z J, ZHAO H Y, YANG Y Y. Solving optimal carrier frequencies of a CGH null compensator through a double-
constrained searching method based on iterative ray-tracings[J]. Applied Optics, 2022, 61 16 : 4699-4709.
SHEN H, ZHU R H, GAO ZH SH, et al.. Design and fabrication of computer-generated holograms for testing optical
freeform surfaces[J]. Chinese Optics Letters, 2013, 11 3 : 032201.
YANG H S, SONG J B, LEE | W, et al.. Testing of steep convex aspheric surface with a Hartmann sensor by using a
CGHI[J]. Optics Express, 2006, 14 8 : 3247-3254.
LIUH, LU ZH W, LI FY, et al.. Design of a novel hologram for full measurement of large and deep convex aspheric
surfaces[J]. Optics Express, 2007, 15 6 : 3120-3126.
PETERHANSEL S, PRUSS C, OSTEN W. Phase errors in high line density CGH used for aspheric testing: beyond
scalar approximation[J]. Optics Express, 2013, 21 10 : 11638-11651.
CUIJ P, ZHANG N, LIU J, et al.. Testing the mid-spatial frequency error of a large aperture long-focal-length lens with
CGHI[J]. Optics Express, 2020, 28 7 : 9454-9463.
LI M ZH, HU H X, ZHANG X J, et al.. Modeling and suppressing the wavefront degeneration in a CGH interferometric
null test[J]. Optics Express, 2022, 30 23 : 41508-41523.

, . [ 2024 61 4 0422001.
XU Q Y, KONG L CH. Error calibration method of null correctors for large-aperture aspherical mirrors[J]. Laser &


https://doi.org/10.1364/AO.46.000657
https://doi.org/10.1364/AO.57.008220
https://doi.org/10.1364/AO.455315
https://doi.org/10.3788/COL201311.032201
https://doi.org/10.1364/OE.14.003247
https://doi.org/10.1364/OE.15.003120
https://doi.org/10.1364/OE.21.011638
https://doi.org/10.1364/OE.388625
https://doi.org/10.1364/OE.470808

244 18
Optoelectronics Progress, 2024, 61 4 : 0422001. (in Chinese).

[11] , , . 1 2022 15 2 161-
186.

LIANG Z J, YANG Y Y, ZHAO H Y, et al.. Advances in research and applications of optical aspheric surface
metrology[J]. Chinese Optics, 2022, 15 2 : 161-186. (in Chinese).

[12] , , . 1 2024 51 11
1101030.

HU CH, WEI CH Y, WAN S L, et al.. Measurement of large aperture long focus off-axis paraboloid mirror based on
computer generated hologram[J]. Chinese Journal of Lasers, 2024, 51 11 : 1101030. (in Chinese).

[13] , , CGH ( )IME 2022
51 9 20220384.

ZHANG Y X, LI F ZH, YAN L S, et al.. Long focal length aspherical mirror testing with CGH and auxiliary lenses
(invited)[J]. Infrared and Laser Engineering, 2022, 51 9 : 20220384. (in Chinese).

[14] , ) .o ( Bl
2023 52 9 20230476.

WANG ZH M, LI M J, YU Q Y, et al.. Research on high precision testing method for mirror optical axis of two-sided
community aspheric mirror (invited)[J]. Infrared and Laser Engineering, 2023, 52 9 : 20230476. (in Chinese).

[15] , , , oo [J1. 2022 51 9 20220190.
LIU J N, CHEN A H, LI ZH Y, et al.. High-precision shape measurement technology for convex aspheric with small
aperture and large convex asphericity[J]. Infrared and Laser Engineering, 2022, 51 9 : 20220190. (in Chinese).

[16] . , .o ( ML 2022
51 9 20220576.

SU H, WANG X K, CHENG Q, et al.. Sub-aperture stiching and CGH mixed compensation for the testing of large
convex asphere (invited)[J]. Infrared and Laser Engineering, 2022, 51 9 : 20220576. (in Chinese).

[17] LINDLEIN N. Analysis of the disturbing diffraction orders of computer-generated holograms used for testing optical

aspherics[J]. Applied Optics, 2001, 40 16 : 2698-2708.

1990—
2021

1988—

2011

E-mail 20190009@ruc.edu. E-mail gx_liug@sun
nyoptical.com

1990— 1988 —

2018 2015

E-mail

E-mail gcl@sunnyoptical.com yanlisong@hust.edu.cn



https://doi.org/10.37188/CO.2021-0143
https://doi.org/10.37188/CO.2021-0143
https://doi.org/10.3788/IRLA20220384
https://doi.org/10.3788/IRLA20220384
https://doi.org/10.3788/IRLA20230476
https://doi.org/10.3788/IRLA20230476
https://doi.org/10.3788/IRLA20220190
https://doi.org/10.3788/IRLA20220190
https://doi.org/10.3788/IRLA20220576
https://doi.org/10.3788/IRLA20220576
https://doi.org/10.1364/AO.40.002698
mailto:20190009@ruc.edu.cn
mailto:20190009@ruc.edu.cn
mailto:gx_liuq@sunnyoptical.com
mailto:gx_liuq@sunnyoptical.com
mailto:gcl@sunnyoptical.com
mailto:yanlisong@hust.edu.cn

	1 引　言
	2 CGH设计方法模型
	3 同轴高次非球面检测实验及误差分析
	4 结　论
	参考文献

