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Influence of Manufacture Error on Optical Performance

of Micro Lens Array
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Abstract Influence of manufacturing errors of micro lens array on optical imaging performance is discussed to
quest what distributive surface errors may benefit the improvement of optical performance. Transformation matrix
between surface error and corresponding wavefront aberration is established, which achieves high deviation
accuracy between simulated and computed wavefront aberrations. Zernike polynomials with orthogonality are
utilized as the interface between optics and manufacturing, representing the surface error and wavefront aberration
of the finished optical surface with the slow slide servo, acting as the interferogram data imported into the designated
surface of 7 sub eye optical system afterwards, thus reflecting the change of distortion, spot diagram, point spread
function (PSF) and modulation transfer function (MTF) at different locations quantitatively. Results show that errors
with the same distribution but gradually increasing peak—valley (PV) values make the distortion and MTF change
with gradient, and two—dimensional distribution of PSF has a remarkable correspondence with field; left and middle
distributive wavefront aberrations with the same PV value improve the distortion, spot diagram and MTF at specific
relative locations, but worsen optical performance at other locations. With overall consideration of various optical
parameters, right distributive surface error benefits the improvement of optical performance, which provides surface
shape compensation model for ultra—precision manufacturing process of freeform optics.
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Fig.1 Research object. (a) Structural distribution of micro—lens array; (b) surface error distributions of parts of sub eyes measured by interferogram

() 1.0 1.0 1.0
0.8 0.8 0.8
0.6 0.6 0.6
0.4} 0.4 0.4
02 = 0.2 02l
0 s 0 0
-0.2 ! -0.2 -0.2
~0.4)" ~0.4 ~0.4
-0.6 ~0.6} . -0.6
-0.8 . -0.8] Mo -08
-1.0l 5 : . —1.0 -1.0
210 05 0 05 10 -1.0 -05 0 05 10 -1.0 <05 0 05 10

2 (a) Zygo T WA B A5 2 By £ 22 73 45 1815 (b) Matlab 7 Zernike £ 505 75 21 59 73 Aii [
Fig.2 (a) Distribution diagrams of surface or wavefront measured with Zygo interferometer;
(b) distribution diagrams by Zernike polynomial coefficients fitting with Matlab
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Fig.3 Structure diagram of error analysis model
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Fig.4 Deviations between simulated and computational wavefront aberrations. (a) Incorporated surface error;

(b) computational wavefront aberrations; (¢) deviations between simulated and computational wavefront aberrations
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Table 1 Deviation values between simulated and computational wavefront aberrations corresponding to three surface error distributions

Surface error value Deviation value
PV /pm RMS /pm PV /nm RMS /nm
Surface error 1 0.100 0.0386 17.486 2.133
Surface error 2 0.100 0.0176 4.294 0.584
Surface error 3 0.100 0.0191 7.465 0.801
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Fig.9 Variation of distortion caused by three surface error distributions
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