Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

BETF— U REkBE o MR ig RS
R HER Bk Eh IMEE AR KRIK

Super-resolution imaging system based on integrated microsphere objective lens
SongYang Yang Xi-Bin  YanBing Wang Chi  Sun Jian-Mei  Xiong Da-Xi

5] Fi{5 B Citation: Acta Physica Sinica, 69, 134201 (2020) DOI: 10.7498/aps.69.20191994
TEZE 71 View online: https:/doi.org/10.7498/aps.69.20191994
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FRFT BRI AR I HA SCEE

Articles you may be interested in

e SR b e <Pl 62N i AT A T Y A

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

WIFEAEA. 2017, 66(14): 140702 hitps://doi.org/10.7498/aps.66.140702

Recent progress on super—resolution imaging and correlative super-resolution microscopy

YIFI£4. 2017, 66(14): 148703  https://doi.org/10.7498/aps.66.148703

BT MR IR S A  H8 Or PRER T R A
Far—field super—resolution scanning imaging based on fractal resonator

YIBR2EA. 2019, 68(24): 244102  htips://doi.org/10.7498/aps.68.20190620

BT S LA BB B L3 T AR R
Far—field super-resolution imaging based on wideband stereo—metalens

Prezd. 2018, 67(9): 094101  https://doi.org/10.7498/aps.67.20172608

BETLRME UG ZR GRG0 W oA [ J5
Brief retrospect of super—resolution optical microscopy techniques

YrH2Ed. 2017, 66(14): 144209  https://doi.org/10.7498/aps.66.144209

FR0 LU b B FRLU R S0 TS R 0 B
Super—resolution imaging of high—contrast target in elctromagnetic inverse scattering

YrH2E 4. 2018, 67(14): 144101 https://doi.org/10.7498/aps.67.20180266


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191994
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.140702
https://doi.org/10.7498/aps.66.148703
https://doi.org/10.7498/aps.68.20190620
https://doi.org/10.7498/aps.67.20172608
https://doi.org/10.7498/aps.66.144209
https://doi.org/10.7498/aps.67.20180266

#) 32 % 3R Acta Phys. Sin. Vol. 69, No. 13 (2020) 134201

BET— S UREXIRNES PR RE
K900 BEAY KD ERD BEED AR

1) (BERAN TS A sk p, b
2) (hEBEBE M A B TRREORBTTE T, Je S IERBITE L, 5 215163)

200444)

(2019 4F 12 H 30 HYLH]; 2020 4F 4 H 14 HEIE )

I B AR PO B 0 35 PR R S5 A5 B 62 WAMUBE A4 &, AT RATE FDOGE T SE a8 2 9% . H AT KRB0 0F
G TRR B R AR AR R S R, PR T AR A A B ML DR T S SO0 I S B S DX Y 2 A,
BT 2% A A i FH B (0 R B SR R R B Ok, RS RS s R, — o R
T AEY T A ) (R TR B R AT MR RS T — R AR L SR L RS
FF— IR TERY BT B S BERUE R 5, MMk S PR AT T — b 2 5t i i B A B AR B A B IR
BRARG S T X ek . e AR =3 2 1D S ARG v, 25 A B BN R G, S B T R AT P R
Bk 0 8 0 A% . % R G AU BE (40%, NA 0.6) M2y PERE FTR 8 T 4.78 1%, F & v LAFE 2 100 nm
PR SRR AE . Z— b 4R T IS LB = AR G, S A B AL, 3208 T Rkl o BE R R 1 3

P, 72 S ATT S A R i 18 0 B AR D7 T B A T A AL

KEEWR: PR PSR, — B, MPSAR R S

PACS: 42.15.Eq, 42.30.Va, 42.70.Mp, 42.79.Bh

1 5

gt WA 2 BT S R A B, e
[A] 73 HER L 200 nm, E UL AT 58 FRAE
MAFIE. AR, Z R0 P00 B U RH R
A B, AR AN [ 04 G 3, S P IO
AR I3 PRI 1) FI IS 58 AL 07 ¥ AT
SRR, A FEREHLE F A B MR (STORM)M, 5k
WO E A BAOR (PALM)2 H1 fPALM $ A B 45
2) M SGIR BB 7 =X, R A HeR 2L (PSF) Sk
SEER A PR E A BE R, A0 32 R S RURE B AR
(STED)M, 25 #4 5t I8 B & 3 R (SIM) P A1 4 i
SIM Ho A 161 55 SR, b3R8 3 Bt R Rz IR
DI T A BRI, JCEAE G IRBH SC3E 3 B

ail¥

DOI: 10.7498/aps.69.20191994

L.

Wang 55 79 $& 1 T 0k o3 B R B, i
B B OR G032 B FL A ok, R fOskost A S
TCRE R SR AR, B 5065 W e vl LATE DG
T 50 nm o PR UR, WA 1(a) Fios,
SIS HE AR SR A T —Bh BT T 2013 4F,
Li 45 MR ki ok b, S28 T X5 75 nm B B
1Y 6 1% Hao 55 MLI2A Darafsheh 45 13191
PR AR 1R W B8 418 T A TR RS 57 PR R A o
) H R ey = H BB X AR S A T — PSR [
IR 0T 1) 2 4 e ™ 5 M LB R R 1k 5 B
J&i , Darafsheh &5 1617 e g ok qdt FH 5 1, R A
FRE R TR U iR ) 25 e P TR e g TR 5
i FRDR VR FHAS T 3kt 6 25 350 DR S 2 T i i
FAI7 =, TIOR8, I BB A5 7E 4R

* [ G SRS BRI (S 2017YFC0109900, 2018YFC0114800). % FARBIEFES: (S 61405238) FVLI4 =

BRI (S BE2018666) ¥ Bh AL
t BIE1E#E. E-mail: yangsb@sibet.ac.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

134201-1


http://doi.org/10.7498/aps.69.20191994
mailto:yangxb@sibet.ac.cn
mailto:yangxb@sibet.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 13 (2020) 134201

DR A 3R T, XLl 7 = B T Ok 7 2 1 BEAIL
PEFUR SR, Tovk S B E X 52 48 SR, 1
FLREIRE ok SR A s 4, AoRBR ] T %
Ex NiOLGORER(ENSE

AR, ENAMEE T R P4
FAR BN R, 547 T RS SEAFsE. T 508
X REEROL B ], 2013 4, Krivitsky 25 18] 3 i
A I B B8 A A A5 T OB R 1 2 7E 3 3 7k
B b, SCE T RHEIEE 73 nm (44 IE 5 Y
MY PREEFILEE ; Sk [19—21] Hh, BF5E Jea il
FHBAN4E OB AL AFM (HOEE B5RE 42 7.5 pm
FITAER, SEBL T X DVD G4 A0 i 43 48+ AN 21 ik
TR S HELE R A EE; 2016 4F, Wang &5 22 i
BIEA AFM 2%, KR E T E AFM 34590
e, R AFM 9 45 8 47 A R i 4 A X

(a)

Olympus MDPlan

80X, NA-0.9

Virtual images plane

l

<9 pm)

White-light source

Scanning path

Scanner

SiO; microspheres
(2 pm<diameter

) P SRR TR 43 BE AR, (IR 3kt B T
EEXHRESBUBEER, 40P 1(b) FzR; 2018 4F, ik 1)
H KPR N IOR B AR R I, i 2l
T AR BEA TR B R SSBE T 130 nm A8 43
PERAG . s B AT DGR XIS AT 0 B
1%, (BB S MR S e & S B8O R R
PAIR. 2017 47, Yan 45 24 38 i [ i385 B2 1 Bl 4K
1RG0 0 B i 5 ORI i — 1%, S8 T 88 4
BAZ, SR ZGE B 8 3D FTENTT R, K5 BEAS T, 7L
WA ME B R [ B G iR R AR S Bt AT YA
2018 4F, Hr Ny E 37 K2# Chen 55 P2 i F & FC #%
BB SMERES B —IK, FFE T —3 Rk
185, WK 1(c) s, it o] AR ECAS [R) 2 7Y
() B AR [ FR A ek, ) FH A6 30 i LR 5 ik
S5 M. AR RIS (100x, NA

(c) (d)

. Objective lens |
S

OptoNano 200

Objective

Microsphere

K1 (a) HHABHBURSGR B (b) AFM SREHEE ORISR BIEL; (o) WORBM B R #%; (d) WMok ) 2558 OptoNano 200
Fig. 1. (a) Schematic of spread the microspheres; (b) Schematic of AFM probes control microspheres; (¢) The universal lens ad-
aptor for the microsphere; (d)Microsphere assisted microscopy OptoNano 200.
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photonic nanojet formed by BTG microspheres with dia-
meters of 50, 75 and 100 pm; (b) FWHM of the photonic
nanojet formed by BTG microspheres; (¢) The photonic
nanojet formed by 100 pm microspheres at the wavelength
of 470 nm.
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Fig. 3. Schematic and experimental set-up diagram of microsphere imaging system.
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Fig. 4. (a) Physical image of the super-resolution microsphere objective; (b) Fabrication of the super-resolution microsphere object-
ive lens. It mainly includes 1) sleeves, 2) coating of PDMS, 3) adhesion of microspheres, 4) integrated objective lens; (c¢) Physical
image of side-view imaging and position feedback system; (d) Adhesion of microspheres. It mainly includes 1) positioning of micro-
spheres, 2) downward of the lens, 3) adhesion of microspheres, 4) downward of the displacement table.
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Fig. 5. (a) Calibration of side-view imaging feedback system; (b) An example of microsphere lens working at a distance of 12.65 pm.
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Fig. 6. (a) The CPU lattice structure, 400 nm blocks and 200 nm intervals, observed by scanning electron microscope (SEM);
(b) the observation without microsphere lens; (c)—(h) the lattice observed at the working distance of 2.78, 4.63, 5.55, 7.72, 9.57 and
12.65 pm, respectively, with 100 pm diameter microspheres. The left side of each group of images is the microscopic image, in which
the field of view is inside the white circle, the gray value change curve at the diameter (the white line) is shown in the lower right

corner, and the upper right corner is the corresponding side-view images. All of them can effectively distinguish 200 nm lattice fea-

tures; (i) the relationship curve between the magnification factor and the working distance of the microsphere.
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Fig. 7. (a) The BD-ROM f{ringe observed by scanning elec-
tron microscope (SEM); (b) the observation without micro-
sphere lens; (c) the observation with microsphere lens. The
left side of image is the microscopic image, the BD-ROM
fringe can be observed clearly, in which the field of view is
inside the white circle, the gray value change curve at the
diameter (the white line) is shown in the lower right corner,
and the upper right corner is the corresponding side-view
images. The working distance is about 3 pm and the field of
view is about 8.04 pm?.
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Abstract

White-light super-resolution imaging, proposed in 2011, has been achieved by combining the transparent
microspheres of the micron scale with an ordinary optical microscope. At present, in most of the researches
employed is the way of spreading microspheres directly onto the surface of sample, which causes the randomness
and discontinuity of microspheres. It is impossible to achieve the complete imaging of specific regions, which
greatly limits the application scope of this technology. Such an issue can be solved by using microprobes or
micro-cantilevers to precisely transfer the location of microsphere, but for doing so, a sophisticated controlling
system is required, which is costly and not user-friendly. In this paper, a robust, controllable, easy-to-use
integrated design which can efficiently consolidate microsphere and objective together is demonstrated for
super-resolution imaging. The PDMS and customized metal sleeve are used to encapsulate the microsphere
semi-submerged on the ordinary objective lens to achieve an integrated design. In this system, the distances
among the microsphere, objective lens and the sample are controlled accurately by building a side-view imaging
and position feedback system. With the help of a universal microscopic imaging system, the super-resolution
imaging of specific controlled areas is realized. Based on theoretical analysis, the semi-submerged structure of
the 100-pum-diameter BaTiO3 microsphere has a strong focusing effect, which can form the so-called ‘photonic
nanojet’ on a micro-scale in length and on a sub-diffraction scale in waist to possess the ability to break through
the diffraction limit within the range of focal length. At the same time, experiments are carried out for
investigating imaging performances at various working distances in the air. According to the experimental
results, the system can clearly distinguish between the CPU lattice features of 200 nm and the Blu-ray disc
fringe of 100 nm, which means that the resolution of the ordinary microscopic objective lens (40x, NA 0.6) is
significantly enhanced by 4.78x. In addition, with the increase of working distance, the magnification factor
increases gradually, but the image contrast becomes worse, and the super-resolution effect fades. The integrated
design which can match with ordinary optical microscope to achieve super resolution imaging has universality of

installation and operation, and greatly conduces to super-resolution imaging of sub-diffraction limit samples.

Keywords: microsphere super-resolution imaging, integrated objective, side-view imaging feedback system
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