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Imaging research based on SiO, microsphere

HAN Xiao, YANG Junjie, LAI Xue, SHAN Xinzhi, SUI Guorong
(School of Optical-Electrical and Computer Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)

Abstract; The far-field super-resolution imaging is a hot spot in the research. It is found that
the microsphere played an important role in the far-field imaging. We design an experiment to
realize de-aggregation of microsphere, and theoretically study imaging characteristics of single
microsphere. According to the experimental research, we can double the resolution of far-field
microscope by utilizing a specific scale of silica microsphere. By using the Nikon microscope
with the halide lamp under the silica microsphere and relevant enhanced-medium, we double
the imaging effect of a 1 200 line optical grating,and it shows the far-field imaging efficiency of
microsphere.

Keywords: far-field super-resolution imaging; silica microsphere; de-aggregation; amplified

imaging

51 &

Wi 21 HZE R AR T . NN RRUSRAR T s A 2R . JEHAE AR o (AOR R 5 A W IR
AP EE U X AR RUEE R LI BRI CAF SR L T s AR . FLE 1873 4R, Abbe® A AT 41
BRI 7RI 0 B BR L 45 T Im e BB B R Sz R AT RO AR ALAR . O TR R R
AR AR T I ) OB B e A T R RO A X

WimBEH: 2014-12-30

EE&WA: LM T R¥EREERF IR H (3212302007)

EEBN: o KA987T—), i WL A, EENFEE BMAR 5062 T2 MG . E-mail: hanxiaol9870322@163. com

BEMEE: FEZRA974—), 5, BIZEE , FENFCHRAI 5 ERAE L ks oG a4 DBmimEoR . g ahiEf it 55 58507
T AIATSY . E-mail; suigr@usst. edu. cn



o 432 b= I O 537 &

B AR AR Z AT PR AR SEBE T 9K B GOKR I A HER . (R X SR A AR A e —
Wi T JCIE ) I A BN AR R AR A 2R ) | R~ T I (0 i 3 B OB B L B e 70
AE A WA 7 RN BRI A BTG, AR AI O X RS L TR SR A BB AL AR
B X A WA 5 FE S« EANER Dy Pl s e 28 W A2 BR T T2 R M A S92 02 7 S Rl AR B3 AR AR w52 B
FEFEE AT DG T I E AR BER . it B R OUfE S T 20t TIROE 73 BEROR T L 2 Ok 5t
PR AR UG T BAERD™ RO Sk ' BRI B BCEOR T SOR O S L R
TR P B BT R S SR B UR AR BRI T R Ay g 7 8 2 B R
feflt Talfg. B X TEMBUSRIBITEIRA A B S TR A REROR BRBURLUE 17 20 A B 4
AR ZHANT LILE 600 nm A UG BRI @A 7ERE i 2 B 40— AL RE TR AURE A I S 3/ 1014322
Yoy R . SR BA R N OE (E G L S T2 A7 A — € I SE 25 1] o

TESERL T A AL e BURL 3R 10 6 A b AR SO I SEBR AT ST T OKERRS 1 200 2 el i il 45 44 1)
B o

1 k&R IE

ARIEICLAT S T A T AR A AR AL, I 1 o fei
1T S ORI R TR B ORI 7 ik
AR 7 T A nCn AR T AR AT S5 R Bk B T 2 1
L B 2 S ROKRER F BT 9556 1. 563 27 IR B L ) kT
SR SR YT SR M LD  AREE /AT 2R Ry

_ rn
/= 2n—1) (D
WYY ¢ AR (DL ERE £ Z AR
11 _ 1 (2) 1 SRR G REE
. ! : ! , Fig. 1 Principle of silica microsphere
H AT A BIOR B ORAR 38 ML AR BE 17 ik 5
! n
M= [ 2—mn
(€))
’ nr
b= n—2

R B AERE SR TETIN  IBE (= —r UAT SR R AREE £ phy v LASR AR R 2 TR i 22 R
AL E I NATTHE S GO WL I PR X £ 6 2 AR foc 7 Wi P

A C3) AL AL R RO A7 R SRR RS BT 5 256 A5 56, FIRHEAR o JGSG s HLREAE AR 3 0 25 A4 08 K 6
R HRERIR BAE AP I ORI R o (LR AR 0 /N RIS B2 AR X7 56 23 e FOAOBREAR - YT
PR AT LAGE i TR o PSSR0 1 FR I 4R R R AR RE T Bl R B R

2 IR

2.1 m&FEZ R
ARAE O UG BE A T I8 37 BAOULI R 52 ) SR AR TR SIS FS0 F5 WL, 2 e 45 44 1] 2 &
2 P BRI WG ook Axio Imager M2 R /RS R IE B WA A B A CR A% 4 100 <,
BUEFLAE N 0. 9, ARG TAEE R, B IHAY CCD AR B% . R 65 by i 20T, s K A
600 nm7edy . AW B IR ERE dh L BN G A Bl ik 2 BTN CCD, BB R 7 B
AW
N = =+ 4



555 ) fh KT SIO, BRI IR T + 433 -

A d HIREDEIRE A NA WY s ddi Lz .
AT THAE ) R ST D6 B[] 43 BE A6 300~400 nm, Ry T [ccp]

SRR T AR AT S L o S OLIURE 5 16 P T AL A9 1 200 28 5 1) 1
Sl FUAPE R S BE B T BB A 0, R R BRI S A fy OPRRE =
TARXT H [ U0 T ) 1 TR A AN L R,

5 BRI 5 B T PRI O AR pmsoes— /]
FIR IS . JEXE eI AT B 75 P IR Al FUT ;
%q:/%ggﬁnk;a\:%ﬁ,ﬁ%g@ﬂ%ﬁ%ﬁ%%j:%o q%%%%ﬁﬁ—: < Y)55100 x ,NA0.9
A B TR IBEARIY ST F . SR B bR AT 74 i 2 2 |
P PR 10 min. 50RE T [ B 375 0 05 26 T B 2 110 Bk Bk ik Hok
BIORE., 05 5 B B M CTE R 2 LD (TG 36) . 46 55 72 L e oy
P AE 30 “CAEATIRIE FHE 30 min, HET IS AR T M 32 B2 E5RHARSEE
T R E B I 5 . 52 OIS YRR . V4 i i i g T2 Structure of far-field microscopy
55 e PR 2 OB, T SR R BT 5, SR TR SR AT AR 1% 0 system

U ISR T N AR UM ESS AR U NI EZIEB i gy € 8

MET AT LA i i 2 5E 70 ¥ 310 nm A1 510 nm 5G]
25 M2 2R 1B RCRIT AN AR HL G B 4 o0 B B/ N 205
(BTSSR AT LSRR RO 9 20 B 15 . [ I S 3 45 SR L EIE 1% 2
B o BRI E— 2
2.2 BEARSHIKMESERE

H P 20 A 0 ) P IOk AT DAAR G i e AR o0 AR T i AL
BRAE ™ A RO HE A5 AT i v JSC A TR A0S 4015 S 8 . kAT
PR 1 575 B 5 ML R L5 X8 7 1 UKL 747 R
P13 5 LA (R 0 B AL A 0 1 BRI OR T 13 (age of rating surface
WAFAE . A — FR A B S50 SEBE 1 RS 11 3R A0 0 P SR ORI P fie 141
BRI PERE R 4 BT UK ORAF A B RORAIURL . A SCR TR A WOR B LA 5. 1 pm 19 SIO, 0K
B HAT A0 1,56, RO TG B BOR BRI 7ERE A OGHE L PRI PS8 AR5 A BAR 5 pm (19—
SR MR AR ) A VAT SR Y0 PR, AR AR v A 65 LI 20 oL BURE SOCAER T . H220 Tkt
KL FRRE A O R L AR AR I SIS T B T 3 B e o R e B DGR AE L I AR L 75 5
4 JIr 7R ) FAUBURL AORR (19 18 37 SRR

AP 4 FTRAE S R TEAR 5.1 pm A T4R: SIO, ERIF A B
PRSP BRAICR . X 5 AT B 7 A — S 1Y A BB
FHERBEA T - 0 P AL T AN BE Tl S A HT LA e #4720 Hr . 38
T — A B BAG A R R OGRS B R S . e R
WAL RRMBE I  JF rp A S S AT R R A R B AR
TG P U TG AR A5 AL A 15 R, » AR e 1 0 3 LT R ol 3R T Y
1o ) AR B, BRI R L T th TE B AR
(o322 7 0 P B DG I AR AT AR DL I A A 5 8 IR DGk S B 2 e B ‘
1, At DA A A T 5 HE 1o 18 T 0 O PR
A% T i 7 Ok SE B 2 A S R BEVS BT B TICORAS I DA T $ 555 i Fig. 4 Image of grating surface
AT PR ARSOR T TOK WA BT G 58 00 AT T with microsphere
X H IR HORAR S5 5 NIAL 5 TR

t 031 um

0.51 um




o 434 - o A CHRYVE

B 5 R T R RO AR ASCR: » 5256 BT FARCRR (9 R 3
AR n=1.56/1. 36 =1. U7, FE 2R BARE T ACA L AR
AR M=1. 345,485 /= — 1. 3457, BUMEREAZ r=2. 50 pm, ]
['=—3.36 pm, BRI AERE AL R T 0. 86 pm ZE 45 13007 . PRA
PRORERLE 1 B AT — 5 AR 22 B LA 194 57 Bt £ s v (L F)
AT B Z BT LR BE 73 M 2 A ) & B IR 2 T HUM 0 R
4R
2.3 IWERSH

LIS X T LA H (R SRR IR AT s e mrsm o ook 2 Bk
SIS A TR SR B AT K Z BT 10 s 1mage of arating surface with
(IR, FLAE AR B 1 R B el L 58 4 RE 8 S BT i o) microsphere immersing into the
Provas R . Beaha it 5 A [R] 52 56 ) Hﬁ[m AR T BT AR absolute ethyl alcohol
R HXF LA R INE 6 Frs

(a) FESHTEIG A BABET B (b) PR BEIRET TR IR AR (¢) B A BESION IR K18

6 FUEXTEE
Fig. 6 The contrast figure of imaging

3 & i

A I X AR S SCRRIAT TS » e 1 BT BEAT 12087 . AES25R T . 15 S5 B 1 AT SRBURL I A 141 2
TERURLGRA T ARG I B A2 . FEBUIEAN b 200 BEAT T AR RO 20 B AR B R e S 58, fEL 52
K BAT IR B B BEACR . Sl i3 TR A BRI A SO SRR AT T TRA T AL
K CEBEATIG I 58 - AR AT T 55 B AR AT A AR SOR - TR s xS 453 1 HU SR [ 27 ) [l o RO
AR SARACR ORI NG IR T R TR B —E A (L.

S Lk -

[1] MAO ZL,WANG C, CHENG Y. Superresolution far-field fluorescence bio-imaging: breaking the diffraction barrier[ ] ]. Chinese
Journal of Lasers,2008,35(9):1283-1307.

[ 2] ABBE E. Contributions to the theory of the microscope and that microscopic perception[ J]. Archiv. Fur Mikroskopische Anatomic,
1843,9:413-468.

[37] YANG ] T,XU W D. Scanned-cantilever atomic force microscope with large scanning range[ ] ]. Chinese Optics Letters,2006,4(10) ;
580-582.

[4] YANG ] T,XUW D. Design of optical tracking for scanned cantilever atomic force microscope[J]. Chinese Journal of Lasers,2006,33
(1) :26-30.

[5] WUSF,ZAHNG J,PAN S, et al. Photon scanning tunneling microscope combined with atomic force microscope[ J]. Acta Optica
Sinica,2005,25(8) :1099-1104.

[ 6] BINNIG G,ROHRER H,GERBER C,et al. Surface studies by scanning tunneling microscopy[ ] ]. Physical Review Letters, 1982,49



54 fh KT SIO, BRI IR T + 435 -

(7]

[8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]
(18]

[19]

[20]

[21]
[22]

(23]

[24]

[25]

[26]

[27]

(1).:57-61.

SYNGE E H. A suggested method for extending microscopic resolution into the ultra-microscopic region[ ] ]. Philosphical Magazine,
1928,6(35) :356-362.

MICHAELIS J, HEFTICH C,MLYNE ] ,et al. Optical microscopy using a single molecule light source[ ] ]. Nature,2000,405(6784) ;
325-328.

ZHENG J Y.YU X M,ZHANG T H., et al. Research of surface plasmon resonance on goldfilm using scanning near-field optical
microscopy[ ] |. Acta Optica Sinica, 2006, 26(8) ;1236-1239.

LIU C,YAN C C, GAO S M. Detection angle and polarization dependences of the interferometric imaging with near-field scanning
microscopy[ ] ]. Acta Optica Sinica, 2006, 26(3) ;425-429.

XY T J,XU J Y.WANG J,et al. Numerical analysis of interaction and perturbation between evanescent field and probe in optical field
detection by SNOM[ ] . Acta Optica Sinica, 2005,25(1) ; 165-469.

TOOMRE D, MANSTEIN D J. Lighting up the cell surface with evanescent wave microscopy[ ] ]. Trends in Cell Biology, 2001, 11
(7):298-303.

ATTWOOD D. New opportunities at soft-X-ray wavelengths[ ] ]. Physics Today,1992,45(8) :24-31.

MATZ M V,FRADKOV A F, LABAS Y A, et al. Fluorescent proteins from nonbioluminescent Anthozoa species[ J ]. Nature
Biotechnology, 1999,17(10) :969-973.

ELANGOVAN M, WALLRABE H,CHEN Y,et al. Characterization of one-and two-photon excitation fluorescence resonance energy
transfer microscopy[ ] ]. Methods, 2003,29(1) ;:58-73.

HELL S W, WICHMANN J. Breaking the diffraction resolution limit by stimulated emission: stimulated emission depletion
fluorescence microscopy[ ] ]. Optics Letters,1994,19(11) ;780-782.

ZHUANG X W. Nano-imaging with STORM][ ] . Nature Photonics,2009,3(7) :365-367.

HEINTZMANN R, JOVIN T M, CROMER C. Saturated patterned excitation microscopy: a concept for optical resolution
improvement[ J ]. Journal of the Optical Society of America A,2002,19(8):1599-1609.

GUSTAFSSON M G L. Doubling the lateral resolution of wide field fuorescence microscopy using structured illumination[ ] |. SPIE,
2000,3919:141-150.

HESS S T,GIRIRAJAN T P K,MASON M D. Ultra-high resolution imaging by fluorescence photoactivation localization microscopy
[J]. Biophysical Journal,2006,91(11):4258-4272.

ZHANG X,LIU Z W. Superlenses to overcome the diffraction limit[ J]. Nature Materials,2008,7(6) ;435-441.

LU D L,LIU Z W. Hyperlenses and metalenses for far-field super-resolution imaging[ J]. Nature Communications,2012,3(11):2176-
2184,

WANG Z B,GUO W, LI L, et al. Optical virtual imaging at 50 nm lateral resolution with a white-light nanoscope[ J]. Nature
Communications,2011,2(3):218.

KU Y L, KUANG C F, HAO X, et al. Superenhanced three-dimensional confinement of light by compound metal-dielectric
microspheres[ ] |. Optics Express,2012,20(15):16981-16991.

HAO X, KUANG C F, LI Y H, et al. Hydrophilic microsphere based mesoscopic-lens microscope ( MMM) [ ] ]. Optics
Communications,2012,285(20) :4130-4133.

KUANG C F,LIU Y,HAO X,et al. Creating attoliter detection volume by microsphere photonic nanojet and fluorescence depletion
[J]. Optics Communications,2012,285(4) : 402-406.

KRIVITSKY L. A,WANG ] J, WANG Z B, et al. Locomotion of microspheres for super-resolution imaging[ J . Scientific Reports,
2013,3:3501.

(I . X))



