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High-precision shape measurement technology for convex aspheric

with small aperture and large convex asphericity

Liu Jiani', Chen Anhe', Li Zhiyong', Xia Fangyuan', Liu Bingcai’, Li Shijie’
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Xi’an Technological University, Xi’an 710021, China)

Abstract: Convex aspherical mirrors are widely used in reflective optical systems, but high-precision shape
measurement technology is always a difficult problem in optical manufacturing. In order to achieve high-
precision detection of convex aspheric with small aperture and large asphericity, a null test interference detection
technique based on computer generated hologram (CGH) was proposed. Firstly, the detection principle and
method of this technology were described in detail, and the key technical points in the processing of testing CGH
and alignment CGH design were given. Then, combined with engineering application, the corresponding CGH
was designed and manufactured for convex aspheric with the aperture of 15 mm, the vertex curvature radius of
11.721 mm and its asphericity of 72 um, and the null test interference detection experiments based on CGH were
completed. Finally, the accuracy of the proposed method was verified by cross-comparison with Luphoscan
detection technique. This technology provides an effective method for high-precision testing of small aperture
convex aspheric and has significant engineering application value.
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Fig.1 Schematic diagram of testing convex aspheric with CGH method
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Fig.2 Convex aspheric parameters and simulation results. (a) Convex
aspheric parameters; (b) Simulation results of vector height and

asphericity
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Fig.3 Optical path structure parameters of convex aspheric detected by
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Fig.4 Test CGH design results. (a) Residual wavefront; (b) CGH phase

and fringe frequency distribution

222 AR A ARG
YAMEEINA 4 B8 UG, R I b A oo
Z IR B SO S0 e . iz R g EEARET
WAL, CGH A U ™ A BRI = AN Jo i, Kl R Ge i)
WEALHE TS CGH Z [H] i % #EF CGH 5 i 2k
T 22 ) A X A T S8 0 o A P 8 3 A X A e 4
BT ALY CGH Z [ iy, it T3 &80
XHEERRIC, HX RS AT IR B9 oK B K . i CGH 5
BRI DA, AT AR HE R 45 R 5] AR 2

202201904



s Gk A2

% oM www.irla.cn 51k
B2 T LI 5% . 2 CGH 5™ ARk &AL T < g By 2 phase and line frequency vs aperture
SELXHHEN, AT RGP T AR, %% 4300 [© o
182, 3 i 01 A BRI 1T B TS, 3k 2152 22 P 0
SR, BT CGH 5 A Fe ek 0 j
W 2 3800 290 E
S BRIE 2 LA, TR R s oo © 00 0
2 18] 0 BEL 135 28K, 6 CGH 1 22 ot i o JF: o e B 3200 260
A L F G5 B 6 L4 L 0 AR S g g7 S P g g S S
AL AR BG5BT AN 5 R Aperture/mm
X UHERRIC 4 B4 e 43 AT ST gk, HOFT AT P S RiERRIC AR TAR. (a) BIAER2; (b) CGH A5 4
F1 42 43~50 mm #8435, A4 1282 4580, B R 540 VR

. . \ e N . Fig.5 Alignment CGH design results. (a) Residual wavefront; (b) CGH
JE491 R 328 line/mm, Fe/NRECTEFEZ) 3.0 um., 16 g g g (a) (b)

4 JER A LS T A P AT IR 22 PV <0.000 14, RMS <
0.000 14, Wl 5(a) 7w, B 1R25 7] L 2SI

phase and fringe frequency distribution

2.3 CGH B{FigitE R 5#)E
iR SR 40, 1% CGH o R 4L ik, 45
S FH 4 B R O TR 43, DA SIZ B0 AN T] 1) T g o

N 1.93E-005 CGH J& T It &5 W B A ol sf ook, — R 61
PRoro0s BUEOE S T2 AT T . TR, 4 CGH AR 1Y
£ et TR BE T P L A R (35t
E LTSE00S e 20,005 mm) B AR (82 RMS<S nm). 7
£ Lo -oos FHI CGH R A2 A, B R AR AR, #E 54
1.54E-005 TE HL T SRR G R S8 AR, SR K 2k SUIE 5 DL 3
Waves CGH MR b o T 58 R moks B2 5 B —ot &
- B 5 T O R £ B 4 <%, B A
0.632 8 um at 0.000 0° CGH 11 il 38 K5 B2 AT S 280% o % CGH R % 1t
Peak to valley=0.000 0 waves, RMS=0.000 0 waves. E%Uiﬁ%%ﬁﬂ% 1 FE 6 R , ;H\:jj f¥1] 8 T 725 (g [0
&1 CGH BT ERSHESH
Tab.1 CGH design result and its manufacturing parameter
Parameters Test CGH Alignment CGH Manufacturing error
CGH substrate material Corning 7980 -
Thickness error: 0.002 mm
CGH substrate size 101.6 mmx101.6 mmx>4.970 mm
Transmission wavefront (RMS): 4.98 nm
Diffraction type Phase Amplitude -
Diffraction order +1 +3 -
Width ratio 0.5 -
Step height 460 nm - Step uniformity: 1.3%
Aperture range 0-42 mm 43-50 mm -
Fringe number 5260 1282 -
Minimum fringe width About 2.4 pm About 3.0 pm -
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Fig.6 Diagram of CGH design simulation and processing object
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Fig.7 Measurement of convex aspheric by CGH method. (a) Test site;

(b) Test result of surface shape
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