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Abstract : In this paper, major developments in Surface Plasmon Microscope( SPM) technology are reviewed.
Theory, experiment setup and application examples are presented. Two SPM technology trends, i.e. , enhan-
cing lateral resolution close to optical diffraction limit and combining with electrochemical/mechanical micro/
nano manipulation methods, are suggested and discussed.
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Fig. 1  Simulation result of a typical Kretschmann SPR
excitation method. P-polarized light incidents
the gold surface coupled by a prism. Magnetic

H_ components are shown on the plot
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Fig.2  Propagation of SPW and its effect on SPR image

resolution
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Fig.3  Prism-based SPM®). (a) Typical structure of
prism-based SPM. (b) Optical microscope im-
age of a silver test structure. (c¢)SPM image of
the same structure. (d) SPM image of living
goldfish oligodendrocyte on an aluminum sub-

strate.
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Fig.4 Typical schematic diagram of SPM based on ob-

jective
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Fig. 5 Comparison of two types of WSPM™2!!  (a)

Oblique incident WSPM. (b) axial symmetry
SPM. (c¢) SPM image of oblique incident
WSPM. (d) SPM image of axial symmetry

Au: 500 nm ““J""ﬂé Tl
A: 632.8 nm
NA: 1.45

IR : 6 pm

WSPM. Experiment conditions are shown in the

middle of (¢) and (d).
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Fig. 6

the reflected light at the exit pupil plane of the
objective lens. The dark ring represents SPR
phenomenon. ( ¢ ) Effective refractive index

distribution of the patterned lipid bilayer ob-
served by the SSPM.
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Fig.7 Optical systems of switchable WSPM/SSPM %]
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Fig. 8  Schematic diagram of the nanostructure metal
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Fig.9 (a) Schematic illustration of an electrochemical
current imaging technique, where RE, CE, and
WE are reference, counter, and working elec-
trodes, respectively. (b) Cyclic voltammograms
measured by the conventional electrochemical
method ( red line) and by the electrochemical
current imaging technique (open circles) of a
bare gold electrode. (¢, d, e) Electrochemical
current images of a fingerprint at different poten-
tials recorded during continuous cycling of the e-
lectrode potential between 0. 10 V and 0. 28 V
at a rate of 0.1 V/s.

i, 07 HS P Wang %8 A XIF & T HLAL22RH
Pt SPM, FAFFE T 40 8 T H 2 L A A0 i ) A
G st B2, B PH B R O A 2 2pS'0 L 5
Hh RTINS i AR A B i A
T AT 20 e 4R B AR R X — FR B G
FRLERRI PR SPM S HL2E | J1 S TR
56, T AT S AR — S B 1 R
PER AbRIC A I E] A s B
4.2 KM EHFHERILE

Br T FH T 404 RAF5T , k2% SPM gk N



698 AlES DR

B1%

FHTF AR R A F A AL AR PE R 5T 1.6 x 10
AN EAYH AL () FELAE AR B N S PR ) B SR A3
28, IR RIS LA gl ORISR A 1 PR 22 it 2 el
Ak LAk 2 HL % . A. R. Halpern F| Ji] SPM 5 i
NLEE T [ XE 76 99 K W0RE_ ) DNA 43119 42 38 3
TR, ZSLEER T B R LRk 4 9 K s
ZIE AT DNA 43 F 22585 | e i e i i /8 . 3
—WFgEF T SPM AT LLFH T A 9 2 i 4 oK 0k 1Y)
HEREA ST,

K. Watanabe 2 A FHFTH 5 SPM LI 1 %
I B 11 55 43 kS AR, TR 1 8 1 3 0 6 3k 3
170 nm, JERE4ME%H 0. 33 nm, $75H8E R B H
1 x10 7 RIU" | T. Roland % AR H—AM4h 222
T SPM KBTI 1 94 K B0k, B4R 7E 10 ~
200 nm XA sbgb R SPM S n] AL
FEGK IR (a0 2 R W) BEIE R 43 R AE ) b
RO A F T H,

5 “%RiE

Zo0bT 20 AR, SPM A TE S HER B
T TARKAHE S S48 SPM 3 B PERE T &
W AS RGOS BB Y R, SPM LUK
Gebmic A 1] | e R SO, TR AT
BT RAER IR PERAL D7 s 105 1 e
1o A, SPM AR LA R 5 8 7 AR AT e

SENWK:

[1] RAETHER H. Surface plasmons on smooth surfaces| M].

[2] HOMOLA J. Surface plasmon resonance sensors for detection of chemical and biological species|J].

2008,108(2) :462-493.

Al A BRI ) 5 2L

(1) ZE4R R 20 W (4 [ s, SR 53T R R A
B, HHT SPM A 0] 43 BE 3 2 258 25 200
nm' " AR, 5 R PSR R AL 4 x
10 " RIU, b b BE A SPR AU AR 225 2 ~3 Mg
gee o ONEE BT, 4 BER AT S R R A
S X P, AR SPM T BT R R
JE T ZEXT SPM 11 J5 5 JRE B 0™ A% 1 B8 S BT
M. G. Smoekh Y V (z) B3 Hr #8477 — 4% 7 fiE
1) EL I

(2) X 4 J@ WS4 oK i T 60 SPW iR 45 #%
% T B SPM G4 R G5 LIS 6 T AR A A hir
TR 4 i 2 1 A0 S Xt 4 i R T R AT 40 K
T, LASEBRXT SPW 145, SPW RE % B R il 7
—A~280 nm ZEA5 R PR A (] DABE O AT 2
FEAE , IR H R 40 HE R 10 ] B O A T 5 230 R A
JE 1 55 Ah— Tl B B2 JEL I T LA T LR FH A I K
EALAE R SR B, DI RO % 52 2% R

(3) SPM 5 HoAh 2 1 il 38 B - BEMR S &
QET A, SPM JGHGE G I H] 32 T AH BLAE
(RSB RIFST, B A0 4 RORG B 55, O E B 32 5 1
WFoE BAR . FATH G SPM S5 2% i fk
2 AFM RN 2428 SN FOf G s T Be g i, &l
FoRU R —E P R R R G0, NI AE A AL A0 Kb
BHRFPERTIE T3R5 3 2 i8R 1) 25

Berlin ; Springer Press,1988.

Chemical Reviews ,

[3] LIEDBERG B,NYLANDER C,LUNSTR M I. Surface plasmon resonance for gas detection and biosensing[ J]. Sensors and

Actuators ,1983 ,4:299-304.

[4] YEATMAN E M. Resolution and sensitivity in surface plasmon microscopy and sensing[ J]. Biosensors and Bioelectronics ,

1996,11(6) :635-649.

[5] ROTHENH USLER B,KNOLL W. Surface plasmon microscopy[J]. Nature,1988,332(6165) :61.

[6] GIEBEL K,BECHINGER C,HERMINGHAUS S, et al.. Imaging of cell/substrate contacts of living cells with surface plas-
mon resonance microscopy| J]. Biophys J. ,1999,76(1 Pt 1) :509-516.

[7] WATANABE K,MIYAZAKI R,TERAKADO G,et al.. High resolution imaging of patterned model biological membranes
by localized surface plasmon microscopy[J]. Appl. Opt. ,2010,49(5) .887-891.

[8] SHAN X,PATEL U,WANG S,et al.. Imaging local electrochemical current via surface plasmon resonance[ J]. Science,

2010,327(5971) :1363-1366.



%55 W BN I o PRI A B TR R R LR A 699

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

JAMIL M M,DENYER M C,YOUSEFFI M, et al. . Imaging of the cell surface interface using objective coupled widefield

surface plasmon microscopy[ J]. J. Struct. Biol. ,2008,164(1) ;75-80.
WANG W, WANG S,LIU Q,et al. . Mapping single-cell-substrate interactions by surface plasmon resonance microscopy
[J]. Langmuir,2012,28(37) :13373-13379.
WANG W,YANG Y, WANG S, et al.. Label-free measuring and mapping of binding kinetics of membrane proteins in
single living cells[ J]. Nature Chem. ,2012,4(10) :846-853.
SHAN X,D EZ-P REZ I, WANG L, et al. . Tmaging the electrocatalytic activity of single nanoparticles[ J]. Nature Nano-
technology ,2012,7(10) :668-672.
HALPERN A R,WOOD J B,WANG Y, et al.. Single-nanoparticle near-infrared surface plasmon resonance microscopy
for real-time measurements of DNA hybridization adsorption[ J]. ACS Nano,2014,8(1) :1022-1030.
ROLAND T,BERGUIGA L,ELEZGARAY J,et al. . Scanning surface plasmon imaging of nanoparticles[ J]. Physical Re-
view B,2010,81(23) :235419.
WANG W,FOLEY K,SHAN X, et al.. Single cells and intracellular processes studied by a plasmonic-based electro-
chemical impedance microscopy[J]. Nature Chemistry ,2011,3(3) :249-255.
KRETSCHMANN E. The determination of the optical constants of metals by excitation of surface plasmons[J]. z
Phys. ,1971,241(4) :313-324.
HOMOLA J,YEE SS,GAUGLITZ G. Surface plasmon resonance sensors : review[ J ]. Sensors and Actuators B: Chemical ,
1999 ,54(1) :3-15.
LIU C,CUI D,LI H. A hard soft microfluidic-based biosensor flow cell for SPR imaging application[ ] ]. Biosensors and
Bioelectronics ,2010,26 (1) :255-261.
KANO H,KNOLL W. Locally excited surface-plasmon-polaritons for thickness measurement of LBK films[J]. Optics
Communications 1998 153 (4) :235-239.
HUANG B, YU F,ZARE R N. Surface plasmon resonance imaging using a high numerical aperture microscope objective
[J]. Analytical Chemistry ,2007,79(7) :2979-2983.
STABLER G,SOMEKH M G,SEE C W. High-resolution wide-field surface plasmon microscopy[ J1. J. Microsc. ;2004 ,
214 (Pt 3) :328-333.
ZHANG J,PITTER MC,LIU S, et al.. Surface-plasmon microscopy with a two-piece solid immersion lens: bright and
dark fields[ J]. Appl. Opt. ,2006,45(31) ;7977-7986.
KANO H,KNOLL W. A scanning microscope employing localized surface-plasmon-polaritons as a sensing probe[ J]. Op-
tics Communications ,2000,182(1) :11-15.
SOMEKH M G,LIU S G,VELINOV T S, et al.. Optical V(z) for high-resolution 2pi surface plasmon microscopy[ J].
Opt. Lett. ,2000,25(11) :823-825.
SOMEKH M G,LIU S, VELINOV T S, et al.. High-resolution scanning surface-plasmon microscopy[ J]. Appl. Opt. ,
2000,39(34) :6279-6287.
ZHANG B,PECHPRASARN S,ZHANG J, et al.. Confocal surface plasmon microscopy with pupil function engineering
[J]. Opt. Express,2012,20(7) :7388-7397.
SOMEKH M G,STABLER G,LIU S, et al.. Wide-field high-resolution surface-plasmon interference microscopy[J].
Opt. Lett. ;2009 ,34(20) :3110-3112.
WATANABE K,MATSUURA K,KAWATA F et al.. Scanning and non-scanning surface plasmon microscopy to observe
cell adhesion sites[ J]. Biomed Opt. Express,2012,3(2) :354-359.
TOMA M,KNOLL W, DOSTALEK J. Bragg-scattered surface plasmon microscopy: theoretical study[J]. Plasmonics,
2011:1-7.
BARNES W L,PREIST T W,KITSON S C,et al. . Photonic gaps in the dispersion of surface plasmons on gratings[ J].
Phys. Rev. B Condens Matter 1995 ,51(16) :11164-11167.



700 DL 57 %

[31] DOSTALEK J,ADAM P,KVASNI K A P,et al.. Spectroscopy of Bragg-scattered surface plasmons for characterization of
thin biomolecular films[ J]. Opt. Lett. ,2007 ,32(20) ;:2903-2905.

[32] LINDQUIST N C,LESUFFLEUR A,IM H,et al.. Sub-micron resolution surface plasmon resonance imaging enabled by
nanohole arrays with surrounding Bragg mirrors for enhanced sensitivity and isolation[ J]. Lab. Chip. ,2009,9(3) ;382-
387.

[33] BOUDREAU N,JONES P. Extracellular matrix and integrin signalling: the shape of things to come[ J]. Biochem. J.
1999,339.:481-488.

[34] BARCZYK M,CARRACEDO S,GULLBERG D. Integrins[J]. Cell and Tissue Research,2010,339(1) :269-280.

{EZEE T

—
-

I ‘f“_z, S (1977—) 3B TP A RIBESE 51, 1998 4F T A R A% 4R 15 2 20,2003 4 T o [E A}
?’ SFBE LTI ARAH I 20, 32 AL s S T A T T BT SE . E-mail : hycai @ mail. ie.

LY

ac. cn



