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Rigorous vector analysis of diffractive micro cylindrical lenses’
characteristics of focal depth and focal shift

Feng Di, Yan Yingbat, Jin Guofan, T an Qiaof eng
( Department of Precision Instruments, Tsinghua University, Beijing, 100084)

Abstract: The vector diffraction characteristic must be considered to diffractive optical elements w hose features are
on the order of or smaller than the wavelength of the incident illumination. We present the rigorous vector analysis of
diffractive micro cylindrical lenses that are finite in extent using a tw o dimension finite difference time domain (FDTD)
method. Using these effective analysis tools, lens’ characteristics of focal depth and focal shift have been analyzed
rigorously. The results are compared with the scalar theory and the effects of quantified profiles are presented,
respectively. Minimizing the numerical dispersion in the FDT D calculation region, setting the absorbing boundary and
calculating the steady state electromagnetic fields propagation from the FDT D region to the observation plane has been
discussed in detail.
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Fig. 1 a—intensity dstribution along axial direction b—itensity dis
tribution of the steady state electrical field in a 3 D representa

ton
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Fig.2 a—the continwous profiles of micro- cylindrical lenses for F =
0.5 b—intensity distribution of the steady state electrical field

in a3 D representation
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Fig.3 a—intensity distribution along axial direction b—intensity distrbution along vertically axial direction c—intensity distribution along verticak

ly axial direction by using the scalar theory F= 0.5
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Table 1 Therehtionship of focal depth and focal shift with F' number of diffractive micro cylindrical lenses/Hm
continuous profile & level profile
geometric
F focal scalar theory vector theory scalar theory vector theory
nunmber length ) focal shift ) focal shift ) focal shift ) focal shift
’ focal depth focal depth ) focal depth i focal depth Af
0.5 92.0 17.0 +2.0 16.0 + 11.5 17.0 + 2.5 16.5 + 10.0
0.7 128.8 25.5 + 4.5 30.5 +22.5 26.0 + 5.0 30.0 + 21.5
1.1 202. 4 49.0 + 13.5 47.5 + 36.5 50.0 + 11.0 50.0 + 30.5
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