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Investigation of Microsphere Based Thin-film for Super-resolution Imaging
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Abstract: A thin-film was proposed for optical super-resolution imaging, which substitute the liquid layer
with a soft mold in the original dielectric microsphere based super-resolution imaging. The imaging
character of silica and barium titanate glass microsphere immersed in three different liquid were
investigated. And a thin-film was prepared which contains a layer of closely-arranged barium titanate glass
microsphere embedded in a transparent polydimethylsiloxane soft mold. The result shows that the silica
microsphere can discern the sample feature below the diffraction limit only it is semi-immersed in the
liquid with refractive index lies in the range 1. 33~1. 548. However, the barium titanate glass microsphere
should be fully immersed to achieve super-resolution imaging. The experiment is also taken to verify the
feasibility of the thin-film based super-resolution imaging. A grating with period of 278 nm can be clearly
discerned at the illuminated wavelength of 600 nm.
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Fig. 1 The schematic diagram of the thin-film based optical

super-resolution imaging
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Table 1 Experimentally determined magnification
n=1.38 n=1.548
1.67X 1.44 X
2.88X 2.11X

n=1.33
1.8 X
3.96 X

SiO, sphere
BaTiO; sphere
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(b) Optical microscope
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(a) SEM image of the sample

=,
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Fig. 2 The experimental results
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Fig. 3 Magnification vs diameter

A A PR Ol 2R T A% 4 IR A LA 2
ERGRTIBURIINREY I N STTECE ¢ N WL N IR )
A BB AR A5 35 S R R R AL & B A H T LA
6 T B0 A (E M=n/(2—n) =2. 63X,
FDTD-solution 15 F %k {1 /& & F B 3l A R 2% 43 5%
Bk SR i 22 s =6 O RE AL, AT DA R ofE i b 05 R R
59 5 A B AE H. & By FDTD-solution, #f 5% /v &t
J2 X5 TR 43 AL 52 i AL L 7 LA LN [ AL
HIXIBEE N 16 pmX 8 pm, MAZH 10 nm X 10 nm,x
Fy J7 i) b i BB R W A R T T g,
VEFEM AN 98 BE 100 nm, o0 [B] B 300 nm iy XL 4% 1F

H4 fARER
Fig. 4 Simulated structure with FDTD method
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Fig.5 The calculated spectrum of the two slits
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Fig. 6 The simulated result with FDTD method
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Fig. 7 Flow chart of the thin film preparation
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(a) The prepared thin-film

(b) Optical microscope image
of the thin-film

(d) Zoom in the rectangle in (c)

(c) Imaging using thin-film
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Fig. 8 The imaging result with our prepared thin-film
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