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Optical Super-Resolution Imaging Properties of Microscale
Spherical Lenses with Different Sizes

Cao Lingling, Yao Ling,Ren Jie, Ye Yonghong
(School of Physics and Technology , Nanjing Normal University , Nanjing 210023 , China)

Abstract ; Two-dimensional hexagonal close-packed colloidal crystal samples are prepared by a self-assembly method. The
image properties of silica microscale spherical lenses of different diameters 1.97 wm,3.35 pm,4.87 pm and 7.27 pm
are studied. We found that the microscale lens can magnify the colloidal crystal samples and the image contrast is greatly
improved when the microscale lenses are semi-immersed in ethanol. Our experimental results indicate that small size
lenses can receive more high-frequency Fourier components of the object and the semi-immersed microscale lenses can
also efficiently intercept more high frequency components. Moreover , the magnification of the microscale lenses is different
for different Fourier components of the object.
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Fig.1 Schematic of the experimental setup Fig.2 SEM images of sample A and B
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Fig.3 Optical images of sample A through the microspheres
with different diameters (a)1.97 pm, (b)3.35 pm, (c)4. 87
pm, (d)7.27 pm. The frequency spectra of the images are

shown in the inset of Fig.3. The scale bar is 1 pm
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Fig.5 Optical images of sample A through the microspheres

semi—immersed in ethanol with different diameters (a)1. 97
pm, (b)3.35 pm, (¢)4.87 pm,(d)7.27 pm . The frequency
spectra of the images are shown in the inset of Fig. 5. The

scale bar is 1 pm
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Fig. 4 Optical images of sample B through the microspheres
with different diameters (a)1.97 pm,(b)3.35 pm, (c)4.87
pm,(d)7.27 pm . The frequency spectra of the images are

shown in the inset of Fig.4. The scale bar is 1 pm
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Fig.6 Optical images of sample B through the microspheres

semi—immersed in ethanol with different diameters (a)1. 97
pm (b)3.35 pm (¢)4.87 pm (d)7.27 pm . The frequency
spectra of the images are shown in the inset of Fig. 6. The

scale bar is 1 pm
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Fig.8 Schematic of microsphere’s
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Table 1 Comparisons of the magnification M of the images between the experimental data and the calculated data

GREA BOERER/pm HORRSERE  BOCRERECRTER) OIS ORI CGRITER)
A 1.97 2.01 1.72 2.74 2.07
A 3.35 1.95 1.65 2.72 2.03
A 4.87 — 1.65 2.73 2.02
A 7.27 — 1.63 2.76 2.04
B 1.97 3.42 1.59 2.74 2.07
B 3.35 3.34 1.61 2.72 2.03
B 4.87 3.41 1.59 2.73 2.02
B 7.27 3.40 1.71 2.76 2.04
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Fig.9 The focal plane of the object space from the center of the microsphere(f) calculated by (a)

Trace Pro, (b) COMSOL Multiphysics
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