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Rigorous Vector Analysis of Diffractive Micro-Cylindrical Lenses’
Characteristics of Focal Depth and Focal Shift

FENG Di, YAN Ying-bai, JIN Guo-fan, WU Min-xian

(Department of Precision Instruments, State Key Laboratory of Precision Measurement Technology

and Instruments, Tsinghua University, Beijing 100084, China)

Abstract It is necessary to study characteristics of axial intensity distributions, such as focal depth and focal shift,
which influence the maximum energy efficiency obtained and the assembling error at the receiving plane. The
rigorous electromagnetic characteristic must be considered for diffractive optical elements (DOEs) whose features are
on the order of or smaller than the wavelength of the incidence illumination. The rigorous electromagnetic analysis of
diffractive micro-cylindrical lenses that are finite in extent using a two dimensional finite-difference time-domain
(FDTD) method is presented. Compared with the scalar theory, the axial intensity distributions of lenses with
different F-numbers are analyzed rigorously, considering different incidence polarizations (transverse electric
polarization and transverse magnetic polarization) and different profile structures (continuous profile, 16-level
profile and 8-level profile) of lenses, respectively. It is shown that focal shifts calculated by the rigorous method are
larger than those made by the scalar theory, and focal depths calculated by these two methods are consistent
basically, furthermore, focal depth and focal shift increase when F-number increases for both the rigorous
electromagnetic method and the scalar method.
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Fig.2 (a) Intensity distribution along axial direction of diffractive micro-cylindrical lenses;

(b) Intensity distribution of the focal region
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(a),(c) intensity distribution of the focal region in a 3-D representation for TE polarization incidence;
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Table 1 Relationship of focal depth and focal shift with F-number of diffractive micro-cylindrical lenses (unit: pm)

Geometric Focal shift Af Focal depth d;
F# focal length Profile Vector Vector
Scalar Scalar

fo ™ TE ™ TE
8 0.0 6.5 5.0 7.0 7.5 7.0
1/5 24 16 0.0 7.5 6.0 7.5 7.5 6.5
con 0.0 8.0 6.5 7.5 7.5 6.5
8 1.0 6.5 7.0 20.0 21.5 23.0
3/5 72 16 2.0 8.5 8.5 20.0 23.0 23.0
con 2.0 9.0 9.5 19.5 22.0 23.5
8 6.0 12.0 12.5 40.5 42.5 40.5
1 120 16 7.0 15.5 16.0 40.0 42.0 40.5
con 7.0 16.0 18.0 40.0 41.5 39.5
8 38.0 49.5 58.5 111.0 107.0 99.5
2 240 16 42.0 55.0 63.0 105.5 102.5 95.5
con 44,5 59.5 65.5 103.5 99.5 95.5
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