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High Precise Testing of Asphere with Computer-Generated
Hologram and Error Evaluation
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Abstract Computer-generated hologram (CGH) is more and more popularly applied in the high-precision testing of
asphere as high-accuracy null compensator. The errors of design, coding, fabrication and alignment restrict the
testing precision. A practicable method to test the asphere precisely is presented, and the calibration of CGH
substrate, the calibration of reference surfaces, as well as distortion correction to improve the testing precision are
accomplished. In order to obtain the measurement precision, in addition to the traditional root square sum (RSS)
error analysis. the testing precision is directly evaluated through experimental comparison with the method of
aberration free image conjugate point. The experimental result shows that the testing precision of asphere with CGH
could reach 3.9 nm [root mean square (RMS) ].
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Fig. 2 (a) Layout of functional areas of CGH; (b) schematic of tilt alignment; (c¢) schematic of defocus alignment;

(d) schematic of measuring the asphere with CGH
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Table 1 RSS error analysis of testing asphere with CGH

Contributor Surface error /nm

Design residual 0
Wavelength uncertainty of 0. 01 nm
Encoding error

Patterning error!

Substrate thickness®

Substrate wedge®

o o o o o O
32 S SR NUC N

1A transmission power
CGH tilt* 0
CGH defocus’ 0.8

Residual after subtracting substrate’s
transmitted wavefront error (TWE)®

(e}
©

Transmission sphere calibration 0.
Measurement noise 0.

Total RSS 1.

co U1 Ul

"This is conservative. There is about 12 nm RMS as-measured
writing error over the minimum fringe spacing of 10 pm. *As-
measured thickness was used in design prior to fabrication, and
the measurement uncertainty is about 0. 002 mm. * Uncertainty of
1. 5 prad or 1A surface-surface tilt [ringes.'Assuming tilt
alignment wavefront of 1A peak-to-valley (PV) ;° Assuming focus
alignment wavefront of 0. 34 PV.%Assuming 3. 4 prad TWE

slope error and 0. 2 mm mapping error.
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Fig. 3 (a) Schematic of CGH substrate calibration; (b) result of CGH substrate calibration. The PV is 192 nm,
and RMS is 5.8 nm

BEML/INBR S 249207 L = A0 B R e i - B vk
ST TR AT 4 X bR E .

3) CGH Hyidy.

CGH i K B B AL BRI 1 00 5 i ok B . A
JEAF TSR E B D) BEFR . AT DL o T 9 B K
R CGH Ayt & 1 g 5 n 18 4 Fros . HAR I
TR BT QR A E 2 ) FFR T ZE R
B 4 Ca) &1 el ) A0 AR 3] & B0 ok 98 75 CGHL iy fuit %% feff
SR T ) 2 B b s @ R AT 2 (b) BT 7R 1 J7 58
P A Al TET 4 Ca) P LI 85 £ 0 19 Rk CGH Y
BN T W R AR SR s OF A E 2(dD T
JR Y7 AR B 4 (b) Hues KA T B 1R Sk R
JEBR ATl A0 DX T 95 1 1 S SR b s DTS2 3%
EBR T B Z ARG . & 4 () SMEAT # I Sy CGH
AT RHIE 45 T 95 B AR T 95 B I A 80R] L
M7 CGH WAL E I8 1 B 23R K i

4) WA R IE

XF TR A T WA 2R G A e A — R L
BN 0.5%), fASE i+ CGH M H i E#H T
HEAT AR AME IR 20 B B TR Ak
HIL, ImA CGH ZJ& , T WAL R 58 0 & it i 2 7™

K4 FIH CGH by % B8 45 2 835 CGH FnaE Bk .
(a) CGH 1 fii 4 5 & 1 F1 g 45 8 4% 28 18 T 95 [l

(b) CGH Ry I % P A0 Al 2R i i 9
Fig. 4 Using the alignment pattern to align the CGH and
asphere. (a) Interferogram of tilt-alignment
pattern and power-alignment pattern; (b))

interferogram of tilt-alignment pattern and asphere
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Fig. 5 (a) Distortion of CGH; (b) testing result after correcting distortion. The PV is 236 nm, and RMS is 12. 6 nm
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Fig. 6 (a) Layout of the method of aberration free image conjugate point; (b) layout for calculating the angle factor
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