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Abstract In this study, we analyze the focusing properties of the cylindrical vector beams through a subwavelength
grating lens with a negative refractive index and the effects of grating material and geometric parameters on the
focusing properties. Here, the equivalent negative refraction can be attributed to the subwavelength grating’s
diffraction order of — 1, and the focusing plane-concave lens can be designed using the equivalent optical path
method. Further, we use the finite element method in a cylindrical-symmetric coordinate system to simulate and
analyze the effects of different material refractive indices, equivalent negative refractive indices, and predetermined
focal lengths on the focusing properties. The results denote that the material refractive index significantly affects the
energy efficiency of the focal field, the focus size is minimized by an equivalent negative refractive index of —1, and
the short predetermined focal lengths yield small focus sizes. The proportion of longitudinal electric-field
components in the focal field is the main factor that determines its lateral size. Therefore, the optimum focusing
effect can be obtained by selecting an appropriate negative refractive index of the grating and a material refractive
index and optimizing the design of the plane-concave lens of the negative refractive grating. This study provides a
reference for modulating the focal field of cylindrical vector beams and designing micro/nanostructured devices in
related fields.
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Fig. 1 Profile of plane-concave lens and schematic of focusing process. (a) Cross-section of

plane-concave lens in r-z plane; (b) schematic of focusing process
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Fig. 2 Intensity distributions of focal field with predetermined f=8 pm. (a) Radial polarization incidence;

(b) azimuthal polarization incidence

(@) —n=2
25 \ - =-n=2.20
20l Vo e n=2.36

,\'-,
AN
151 AN

E?

6 7 8 9 10
2 /um

2.6

2.0

151

E?

1.0p

0.5

o, . .
-1.0 -0.5 0 0.5 1.0
r/um

K3 BB f = 8 pm MRTS A 2 =2,2.20,2.36 RRET, () i Bl 5] A9 3758 2341 5 (b) i A 1] (AR 1)) 9 37 58 43 A

Fig. 3 Intensity distributions of focal field with predetermined f=8 pum and different refractive indices of n=2, 2.20, and

2.36, respectively. (a) Intensity distribution of field along axial direction; (b) intensity distribution of field along

lateral direction (radial direction)
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Fig. 4 Intensity distributions of focal field with predetermined /=8 pm and different equivalent negative refractive indices of

ng=—0.8, —0.9, —1.0, —1.1, and —1.2 respectively. (a) Intensity distribution of field along axial direction;

(b) intensity distribution of field along lateral (radial) direction
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Fig. 5 Intensity distributions of focal field with predetermined f=6, 7, 8,

(a) Intensity distribution of field along axial direction; (b) intensity distribution of field along lateral (radial) direction
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