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Abstract

Mid-spatial frequency errors can lead to self-focusing and power loss in a high-power laser, how-
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ever, the measurement of large size long focal-length aspheric lens mid-spatial frequency wave-
front is a bottleneck problem for a long period. In this paper, the CGH method is introduced to
measure aspheric lens wavefront Power Spectral Density (PSD). With the help of modern lithography,
large size and high precision CGH is manufactured, which can provide reference aspheric wavefront
with high precision, thus realizing a high-precision measurement of the power spectrum density of the
mid-spatial frequency wavefront of a large aperture and long focal length lens. Moreover, this method
can greatly shorten the optical path and reduce the influence of vibration and air disturbance. By
comparing the measurement results with the interference method, the accuracy and convenience
of the CGH method are verified. Furthermore, the measurement uncertainty of mid-spatial frequen-
cy wavefront measurement of the aspheric lens using CGH is analyzed in detail. Theoretical analysis
and practical testing results show that the measurement uncertainty RMS of mid-spatial wavefront
PSD is less than 1nm RMS for an aspheric lens with over 30 m focal length and 410 mm clear aper-
ture.
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Figure 1. Experimental setup of the compensation method
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Figure 2. Experimental setup of the CGH method
[ 2. CGH &M E S8
AT IEBRBAT PSD MNART, T35 0C tH I B-PAT GBI AR g, — R b5 25
ST ES NI, 55— ROE e NES . 2B v SR IR [F% sl 2O o O R 5 b
SENHRKAETW, BT RIERAES, T aRaun, RIATIIEAS 21 7 (R R 2% 17 5 1% S A
2.2. CGH Myt 5%IE

it CGH ML= anlal 3 fos
MR P AR R B, THRARIR R B A LA AT . WP TG S RO AT e 2 & BT .
TR A LR DRSS, BT
no|PQ|+n1|QM|+nO|MN|+¢(r):C (1)

Hrp, COAREL ¢ N4 CGH SN R RIBRT AR ZE . ULl 45

DOI: 10.12677/0e.2022.124019 171 HEHT


https://doi.org/10.12677/oe.2022.124019

B %

#(r)=nyd, +n,d, +nyd, —(n0 |PQ[+n,|QM |+n, |MN|) 2)
RGO 20 A1 7 45 5] CGH IR IR -2 S5, M HBEOCE S . B 1 o %) 2 7 ik /E SRV /R
WA Ao
P Q —M
- . Nr G
My / . S DR ~~~~~~~~~ _
(8] d d, d, P
P
P

.
CGH
Figure 3. Geometric diagram for the design of CGH
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Figure 4. Experimental set up of the Fizeau interferometry method
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Figure 5. PSD measured by the CGH method (&) and conventional interferometry method (b)
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Figure 6. The beam path diagram of the compensation method
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Figure 7. Wavefront (a) and PSD1 (b) of the lens measured by the CGH method
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Figure 8. Wavefront (a) and PSD1 (b) of the lens measured by the compensation method
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Figure 9. The reflective wavefront PSD1 of the hologram
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Figure 10. Error analysis for the CGH test
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