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Vector analysis of Focusing Performance of Multilevel Circular
Diffractive Microlens
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Abstract A rigorous vector analysis model based on body-of-revolution (BOR) finite-difference time-domain
(FDTD) method is presented, many design examples of multilevel circular microlens are analyzed by this model, and

the influence of design parameters and fabrication error on the focusing performance of the designed microlens is

microlens with alignment error or system etching error are designed, which generate the above error in the third
influence on the focusing effect of multilevel microlens.
Key words

investigated. The results show that the electric field magnitude on focus increases, and the focal radius and focal
etching process of fabricating eight levels. Analysis result shows that the alignment error has passive influence on the

depth minish when the zone number is increased but other parameters such as focal length and incident wavelength
are constant. The focusing effect is intensified when adding step number only, but after the step number adds to

8~10, the focusing effect tends to be stable. It's suggested that the step number is set as 8~10 in actual fabrication.
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When binary mask is used to lithograph the multilevel, fabrication error is easily generated. Two kinds of multilevel
=]

focusing effect of multilevel microlens. so it should be avoided in fabrication, but the system etching error has little
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Fig. 1 Fresnel diffractive microlens
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Fig. 2 Radial cross section of multilevel circular diffractive microlens
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Fig. 5 Electric fields magnitude on the focal plane of

microlenses with different zone number
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Table 1 Calculated relationship of maximal electric field magnitude., focal radius, focal depth with zone number

Zone number 6 10 12 14 16
Microlenses diameter /pm 70. 32 81.58 91. 66 100. 84 109. 48 117.58
F number 1.42 1.23 1.09 0. 99 0.91 0. 85
Maximal electric field magnitude /(V/m) 34.98 44. 06 52.05 59. 27 70. 28 83.82
Focal radius /pm 2.92 2.72 2.22 2.18 1.98 1. 80
Focal depth /pm 10.73 8.7 6.98 6. 86 5.73 4.62
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Fig. 6 Electric fields magnitude along the optical axis of microlens with different zone number
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Fig. 7 Electric fields magnitude on focal plane of microlenses with different step number. (a) Electric fields magnitude

on focal plane, (b) zoomed on the top curve of Fig. 7(a)
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Table 1

Calculated relationship of maximal electric field magnitude, focal radius, focusing efficiency with

step number of microlens

Step number 4 6 8 10 12 16 20 30
Maximal electric field magnitude /(V/m) 49, 36 51.15 52.39 52.62 53.29 53.50 53.57 53.60
Focal radius /pm 2.67 2.79 2.73 2.74 2.75 2.75 2.75 2.75
Focusing efficiency /% 81.51 84. 28 83.97 83.55 83.69 83.95 83. 86 84.01
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Fig. 8 Microlenses for alignment error analysis. (a) Designed microlens, (b) alignment error microlens with 33% shift,

(c) alignment error microlens with 67 % shift, (d) overlapped figure of the three microlenses
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