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Fig. 1. (a) Schematic of the experimental setup; (b) SEM

(c) AFM images of silver layers with different roughnesses.
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Fig. 2. Optical images of a 250-nm-diameter SiO2 microsphere array observed through the BTG microsphere.

The diameter of the BTG microsphere is 15 pm. The samples are coated by Ag film with different roughnesses:
(a) RMS = 3.23 nm; (b) RMS = 6.80 nm. (c¢) The magnification as a function of the focal image position. The

scale bar is 5 pm.
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Fig. 3. Range of focal image position as a function of
the diameter of BT'G spheres for samples coated with
a Ag layer with different roughnesses (RMS = 3.23,
6.80 nm).

214209-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 21 (2018) 214209

BAT 3 KA R T E A DL B R TR
B AR IR, B4R N 15 um BTG B X B 42
49200 A1 580 nm FIFER B B 1 AR 45 R AT T A
Fo. Bl 42 AR % E PDMS [ BTG fliek W %2
B A£ 9200 nm fERBE S B g g5 R il 4 (a)
Fiiw, FER RS A MRS E RMS = 3.23 nm 4R
JEEIST, BTG i ERAS AT 5 W 73 #% ELAE N 200 nm HI L
BREEF. 1740 B 4 (b) Bt 7w, FF i 22 1 9% G R RS B
RMS = 6.80 nm KRR, BTG 1 BR 1% 55 7] &
BT 73 ¥ B 4% 28 200 nm [ FER R, HAR G A
4 pm. AN, A ERN9 pm I BTG HEk M5 &
#£749200 nm W TERFE S, W 4 (c) Frox, KL
BREEHIAT BT W 4 9%, BAR TGN 2 pm. 8D
14—17 A/s (TR S 1E B A2 200 nm FIEERRE 51
R MY 30 nm B, A5 HEAN 15 pm 1
BTG TR X 1Bk B 21 ik 47 W5, 485 B R AN W] 43
HEEATN 200 nm FIIERFES, Ui B3 7L AR N, 25
JER RS FE I K, ROMAF T ek g, B 5 (a)
FELS (b) 43 5l A2 B R TR EHLRS B2 RMS N
3.23f16.80 nm I, BTG i Bk % B 4% 4 580 nm

(b) Z ~ 11 pm

Z ~ 7 pm Z ~ 8 pm Z ~ 9 pm

K4 EARN200 nm KRR FE R 2R A A E) R R
JERTER I, BTG BBk B AR 45 28, F o 4RI Aoy 2% T L e
£ R (a) 3.23 nm, (b), (c) 6.80 nm; BTG Bk H %A (a),
(b) 15 pm, (c) 9 pm; EIHHRRA 5 ym

Fig. 4. Optical images of a 200-nm-diameter SiOg2 micro-

sphere array observed through the BTG microsphere. The
diameter of BTG microspheres is (a), (b) 15 pm, (c) 9 pm.
The samples are coated with a Ag layer with different rough-
nesses: (a) RMS = 3.23 nm; (b), (¢) RMS = 6.80 nm. The

scale bar is 5 um.
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Fig. 5. Optical images of a 580-nm-diameter SiOg micro-
sphere array observed through a 15-pm-diameter BTG mi-
crosphere. The samples are coated with a Ag layer with
different roughnesses: (a) RMS = 3.23 nm; (b) RMS =
6.80 nm. The scale bar is 5 um.
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Fig. 6. Electric field intensity distribution of (a) a
smooth silver layer and (b) a rough silver layer, coated
on the surface of the microsphere array. The diame-
ter of the microsphere is 250 nm, and the silver layer
thickness is 30 nm. The center wavelength of the in-
cident light is 540 nm.
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Effect of silver film roughness on imaging property of
BaTiO3 microsphere”
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( Received 26 April 2018; revised manuscript received 5 July 2018 )

Abstract

Due to the Abbe diffraction limit, the resolution of a traditional optical microscopy is limited to about half of the
illumination wavelength. Recent studies show that super-resolution imaging through dielectric microsphere has emerged
as a simple imaging technique to overcome the diffraction limit under the illumination of white light. However, for
imaging through microsphere, sometimes it is needed to enhance the reflection of a sample by depositing a metallic
thin film on the top of the sample. Metallic thin films with different surface roughness have different optical properties.
However, the effect caused by the surface roughness of a metallic film on microsphere imaging is rarely studied. In this
paper, we study the effects of silver films with different surface roughness deposited on the surfaces of samples on the
imaging properties of BaTiO3 (BTG) microspheres. Silver thin films are deposited respectively at evaporation rates of
1.5-3 A/s and 5-10 A /s, and the surface roughness values (root mean square (RMS) values) of the obtained silver films
are about 3.23 nm and 6.80 nm, respectively. Using a BTG microsphere to observe a sample with a silver film deposited
on its surface, we find that the surface roughness of the silver film will affect the imaging resolution and the range of
focal image position (RFIP) of the BTG microsphere. When we use a 15-pum-diameter BTG microsphere to observe a
250-nm-diameter microsphere array and 580-nm-diameter microsphere array, the RFIP of the BTG microsphere increases
with the RMS of the silver film increasing from 3.23 to 6.80 nm. Moreover, a 200-nm-diameter microsphere array can also
be clearly discerned. The simulation results obtained by the commercial software COMSOL show that when the surface
of a microsphere array sample is deposited with a rough silver film, the electric field intensity is enhanced not only in the
gaps between adjacent microspheres, but also on the silver particles due to the excitation of localized surface plasmons.
We propose that the scattering effect and the local electric field intensity enhancement caused by the rough silver film
allow more high-frequency information of the sample to be coupled into the BTG microsphere, and thus improving the
resolution and RFIP of the microsphere. As the imaging law of microsphere imaging still needs to be explored, our

research work will be helpful in further revealing the mechanism in microsphere imaging.

Keywords: microsphere, surface roughness, microscopic imaging
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