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Fig. 1. Semi-immersion experimental configuration of

microsphere-based nanoscope [°3].

100 nm

(c) (d)
K2 @EdARGTAEMECRERIEEG  (a) B
TR (b) BF 100x WERDEERHE (c) 3 pm Y
2 (d) FRBAEZEEFH 3 pm ik 53]
Fig. 2. Images of the surface of the blue-ray disk gene-

rated by different technical methods: (a) Scanning
electron microscope; (b) optical microscope with 100

objective lens; (c) 3 pm microsphere; (d) 3 pm micro-

sphere semi-immersed in the ethanol droplet 23],

AN[AF Wang 25 BUAE A 1 2—9 um 1 =84k
FERER, Lee s PU B 5L BB ML &
WEFT T R RS R IR & ek (B2 8 30, 50,
100 pm) % P& 73 2 1 5 i

1E 52 58 i #2 o BT FH I FE R 98 180 nm.
R 55 120 nm [ #5 66AE (B3 () FIFE A 98 E R
A 150 nm .14 & A1 600 nm (8] B 8 4 98 K B %=
(B3 (b)). fEkis i 7K 0 BAm 76 0 R T, T 5
Ja 1E R AR T SR,
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Fig. 3. Scanning electron microscope (SEM) images

of (a) blue-ray disc and (b) gold nano-patterns on

quartz (541,

R 45 A7 5 40 PR A BR 1), A Tk s 56 i FH Ol 7
TCBE B 40 HER PR AE 300 nm A2 A7, 76 RE 2% T
TR S5, BEIH AE 1 5% 31 TR AL GEAiT 564 PR
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7 S DU L T REAN [ ) SR AR A B R SR A R AR Y
K%, xTEEE4(d), (), (f) AT AFH 2, T 30 f1
50 pm PIBMER, EBOR AR SARIN, H T A AR ek
) B S TP TS AR 70 B AR 100 wm 30
BRINAT LA RGEE G X A 0, RO TORAR B WL

50 pm

al.

50 pm

KT BB WS, AR A BRI
R, Lee % DU RBUR R S ek (B2
KT 30 pum) AR HELEIER B 2 BT S Bl
G HERRAR, 5 e AR KT Wang 25 BB 7T Bt
2—9 um /NYERIE, R T AHABTI 2 I 5
BT 5K 8 43 R

AR, ABATTIE R BSOK A S S SR A B A
K. B 5 AAFHHERTE IE S 8 B R GCR
RBHAEGREME ML LR, EHLETEH
b, MR HR B R ST . A A B B
B, FEORZR T F, AEBE 2 17 5K R A2 20 20 R0 %) bL
R BE. [FIRE, JBOR ARSI R TR R, 4
o = 3.0/, 30, 50, 100 pm FIREREBOC S E5 71N
6.5, 7.5 A1 8.0f%F. H T AN A ATH IR,
B AG or R AR KRR FE B R T 5 bR AL G e 2
AN T B TR % BORT e e b 3R RS B 5 2. wot
T H A 300 nm AT 5 A R 1) 1257 1€ O 2 B AUBR,
FEFRABE L N 20 7 15 (AER O K Fo VPl 2 S e
WLEE B FIAE S 4l 1IR3 43 nm (BA 300 nm/7 KAk
5.

50 pm 50 pm

50 pm 50 pm

B4 AEBEAMERNENE (2)—(c) FAEEPIRK (d)—(f) FBKER  (a) HE 30 pm, £ 99 pm; (b) H
%50 um, 120 pm; (c) B 100 pm, #6300 pm; (d) B 30 pm, £ 60 pm; (e) HE 50 pm,

140 pm; (f) B 100 pm, HH 200 pm 54

Fig. 4. Magnified optical images with 30, 50, and 100 pm diameter PS microspheres in air: The blue-ray

disc is resolved with (a) 30 pm, (b) 50 pm and (c¢) 100 ym PS microspheres when the optical microscope

is focused 99, 120 and 300 pm below the target surface, respectively; the gold nano-patterned quartz is
observed with the (d) 30 pm, (e) 50 pm and (f) 100 pm PS microspheres 60, 140 and 200 pm below the

target surface, respectively [54]
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Fig. 5. Magnification factor analysis of PS micro-
spheres in the blue-ray disc. « is defined as the a fo-
cal image position below the target substrate divided
by the diameter of the PS microsphere. The circle

spots are sampling positions for super-resolution imag-
ing (547,
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WA IR AR . A Dy b, i R R T A R
BOCT YRR 775 M AR . RIS B A
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FITP7 A 1 1 90 K st S 1) FWHIML 7] T A B B
{137 i 1081,
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R b 20 R T M, #4036 H 5] O PR IR 5 4 ([ O
HH0.25 pm). BT RER RSN (K29 10 pm),
FE SEBG T BT T IR 4 AR BN MR, SR
W UV G20 g il BARDERA: FIH
WOt EE R4 (RS AR K UPG), 7E18Hk

- Objective lens
CRMS
405 nm laser L

Membrane holder

. SN A Y T .
L1

b TR

() (0

6 (a) N2 BMBEMEC THRBUN R B K, AL T8
H CCD ZIAIE S R a6 B P R EEE; (b) 4
IR BER PRI (c) 4 PR BER iU e 168]

Fig. 6. (a) Schematic of observing photon nano jet
(PNJ) by an optical microscope, the lens located be-
tween the objective lens and CCD represents for the
focusing lenses in the optical microscope, (b) top and

(c) side views of a 4 ring microsphere [68],
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Fig. 7. PNJ generated by CRMS with 0 to 6 etched rings on
the illumination side of CRMS: (a) Cross-section view of the
CRMS; (b)—(d) light intensity distribution of CRMS with 0,
2 and 4 rings in the YZ plane; (e) light intensity distribu-
tion along y axis at the highest intensity points of the PNJ;
(f) dependence of FWHM and working distance of the PNJ

on ring number (68],
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Fig. 8. FDTD simulation of PNJs generated by microspheres with ring depth changed from 0 to 1.6 ym (681,

(f)
1.0t (g)
08

No ring

06}

04

02f

0 247.1 nm

-06-04-02 0 02 04 06
x/pm

Intensity/arb. units

1.0 (h}

0.8

1 ring

06
0.4
0.2

2721 nm .—\"\\
0

-06 -04-02 0 02 04 086
x/pm

Intensity/arb. units

1.0 (.)
0.8
0.6

No ring

0.4
02
0

-06-04-02 0 02 04 06
x/pm

9 7£405 nm WOLHESS T (a) 438, (b) SINFN (c) HBHER™ L RDE T YK BE K5I8 45250 (d) 438, (e) 13
AI(f) WIBMERTE Z 5 1-LL 50 nm IR 10 NMEHR; (g), (h), (1) SiKTI7 I 3 Pk 98 i 44 168]
Fig. 9. Experimental results of the PNJ generated under 405 nm laser illumination by (a) 4 rings, (b) single
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ring microsphere and (¢) microsphere only; 10 raw images of light intensity distribution along Z axis for
(d) 4 ring microsphere; (e) 1 ring microsphere and (f) microsphere only are listed; the images are taken with
a separation of 50 nm in Z axis, 10 images are chosen for each configuration to show the change at the focal

plane; the intensity distributions along horizontal direction are plotted in (g), (h) and (i), respectively (0],
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different cover ratios [69].
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Fig. 12. Simulation and experimental results of the
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Fig. 13. Schematic of VOg2-coated microsphere with

direction of illumination indicated [76].
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Fig. 20. (a) FEM simulation results of the light focusing capability of a microsphere, expressed by the ratio L/I, as

a function of the microsphere diameter; (b) FEM simulation results of the normalized waist of the photonic nanojet

w/A, as a function of the microsphere diameter. The dots are obtained from the simulation, while the red dotted
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Fig. 21. (a) The dots represent the experimental magnification factor as a function of the microsphere diameter,

while the solid line is a guide to the eye; (b) the experimental magnification factor M as a function of the light

focusing capability L/l obtained from the simulations. The solid line represents a linear fitting curve with a Pearson’s

correlation coefficient of 0.91 [80],
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is a guide to the eye; (b) the correlation between o and the normalized waist of the photonic nanojet w/A; the solid

line represents a linear fitting curve with a Pearson’s correlation coefficient of 0.88
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SPECIAL ISSUE—Diffraction limit of electromagnetic waves

Super-resolution microscopic effect of microsphere based
on the near-field optics®
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Abstract

In the field of optical imaging, the conventional imaging resolution is about 200 nm due to the diffraction limit.
The higher resolution is urgently needed for further developing scientific research. Therefore, how to break through this
limitation to acquire high quality and high resolution image has become a hot research topic. The microspheres with the
size of tens of micrometers exhibit the ability to improve the imaging resolution of the conventional optical microscope
by locating them directly on the sample surface. Due to its simplicity, the microsphere optical nanoscope technology is
widely studied. This paper introduces the research background of the optical microscope and the research progress of
microsphere optical nanoscope technology. At the same time, approaches to adjusting the photonic nanojet generated
by the microspheres by fabricating concentric ringing, central mask, and surface coating of microspheres are reviewed.
The possible reasons for this improved resolution are discussed. The applications and development of the microsphere

ultra-microscopic technology in the future are discussed.
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