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Development of Surface Plasmon Imaging Sensitized by Semiconductor Quantum Dots

M208) E149

wEmEE % M OB DA KBk THMRR e

Masahiro Shibuta Associate Professor, Department of Engineering, Osaka City University

Surface plasmon polariton (SPP); a charge oscillation at a dielectric-metal interface, is promising
physical phenomenon, which can be utilized in energy conversion, information communication,
medical treatment, sensing, and so on. In order to enhance the SPP-combining technologies, so
called as “plasmonics”, it is essentially important that visualization of a dark propagating SPP
to precisely design and control such plasmonic devices. So far, the SPP propagation has been
imaged by a scanning near-field optical microscopy and photoelectron emission microscopy
(PEEM) coupled with femtosecond light sources. The PEEM technique, particularly, has
advantages for the fast imaging and the precise evaluation of SPP physical properties, although
it needs an ultrahigh vacuum condition and specialized skills to operate the very expensive
PEEM apparatus.

Here we successfully visualize the SPPs propagating at an interface between a thin film
polymer and gold by a conventional optical microscopy in an ambient condition by using a
SPP sensitizer. In our original experimental approach, semiconductor quantum dots (QD) are
overcoated on the plasmonic model sample as the SPP sensitizer, whose notable optical property
enables us to “see” the propagating SPPs through a visible wavelength. The lateral distribution
ofupconversion luminescence from CdTe QD film obviously reflects the SPPs generated at the
metal edge structure, where the characteristic stripe shape patterns appear by an interference
between SPPs and light field resulting beat patterns. The excitation wavelength dependence
precisely evaluates the wave property of SPPs (e.g. SPP dispersion and phase velocity). In
principle, the mechanism of present SPP imaging as the polarization beating is the same with
the PEEM method. Therefore, we newly developed the conventional method to visualize and
characterize SPPs, which will be widely applicable to evaluate the SPP properties in the practical

plasmonic devices.

- YT R EDHTIIIBWTRIEROEE T

CiEgSEE L7 NO=y 2% 2 5B (79 X822
W TIAELDREEETIRETHL, £l A) & LUSHMEIEHEIZEA TS, BUE
TIXEYART) b2 (SPP)E, @BEFEAR L TICSPPORIERNZRZ D BRI 4
EOFHETHHE SN2 EFOEBIRETH Y, BOMEBIIIR TH/ HEICHRO TRIK TH 5
JCEAEME, BB, S/ ATV, £ ZEDPHIGN TS HOD, SPPEIE A Fi & L

— 184 —



The Murata Science Foundation

72N ANF — DZERFE IR Z U ) o=
FREDHAEEHE Vo 72RO KRB 1L K72
TACHEN TRV, L0 b, &85
BRI % 5k 9 5 SPP (&I SPP) % FIH
L7Z2ET - BT NAL 20 EikRe L%
D5 7-D121d, S &N & L72SPPO{Z
i R EMETTEE T A L L HIT. ZOUkE)
AW OPICT A EDRATRTH D, L
UAEHRBISPP IS IR SHEAE CTh L7200, — ik
BT TCIIBITA Z EHEETH D Z EDS,
INEEIOEHBE TR LA A=
T B OREL DR KDHN TV 5,

R TIE, BWELRERTRIEELET 5 F
ERET Ny N SPPHIEA & LCEATA 2
& T, Gtk T TOSPP OB I & bR B
FrHWBNcER S, KDRHEOR
WSPPHEEEHIi O ik A ML $ A 2 L& HIW
9%,

B =

e T I AE DGR TIRETH L KT T
FAEVRT) b (SPP) 13, BRI IEH
WE, F/ AT =R EOFEFIZBWTIR
MROBERTL 7 NO=7 A% LR 5 HBHE
i (79 XE'=27 A) & L COLHBIZED A1
HEATWS, L2>L. SPPIbfE% 380 & L7230k
LAV F — D 2GR U o &1
REOHENER Vo275 ATy 7 bk
DORBIIRIZTHICHFE I N T, LD
VI @8 FHEARGE &R 5 SPP (i
SPP) ZFIH L72TNA A (T FXE=Z Y 7 TN
A4 A) OFEFHR R LE HED L 720 121E, o
Jihie % A s & L 72 SPP MG - RN &2 T
LT 2L L HIT, ZOWBFREEZHS 2T
B LX) SR OIS 2155 2 L AR
KT b (EHFISPPOREHBIIZZ N E TIZ,
T A ML ==V 2R E HWLE

TEEMSEICL ) B ESNTVAED, BETZ2H
W2 L W, S BB S E RS
(<1X107Pa) ZMEE T2 2 & LEMEEA
WEFREOREI LTV DIIRESINS %
L fESRPUHMO S TARE N R R E)
o TBDILAFEICT5IEE L Ty,

COLH)BERENPL. KR TIIREAT
T AEZT ADFERIIANT] R AR ALSPP D A
A =TV TEAM R RO T S KIFIZ %R
fLL. BVt 4 69 28 KET Fy
I (quantum dot: QD) &K & L THWA =
ET REAT TONXFBEMTE & H 72 UL
DEFNA A= 2 T FEOMELIZI) HLAT,

TIREZ Y 7 TN ADFERWEE L LT,
& (Au) AR BICIUHR A A+ 2 € — 2T &
DICHEEISPP e 32 = v VRS A /FRLL .
K 8 it R 15 i A3 [0l B L2 35 1) % T PR RS R0 TR
EEE L THYWo N FEMARERE LTKRY)
~— (XEONEX®) Z AV a— b L7zilk 21
L7z 2O L ICSPPIIEAI & L CRBME:
CdTe QD (frfF3nm) #fHE L. FRYE7 = 4
ML —4— (750-800nm. 100fs) ZH E L
7eEEOREEMES L0 7y Far =T 3
YHOGHEMEG RS L2 2 A, Ry
TREIE I o 72 R 7 MR R HY B L2 B
ENTze COMBERIIEHTISPP & AL D
FHORPEL L5 E— MIRIGLTEY,
R RISPP & A S & ) BEBR 1B 55 2
LTI L7z,

S5, [EHEISPP Ok By Wy BLEE 1 & B &
MICT B2, Y — b ORhE N EKTE
HRBHL 72 2h, hERSRE RS L5
WY — bOMESEL 2B e Gholz. T
DI % NS 5 Z L2 XD . SPPOST BT
(SPP DY Ekpp & U E 00 & DBIR) % IEFELZ
FEMCTELI WO LT Th2. FD5)
HRBI AR & SPP DIRHH B (M AHTREE) % s

— 185 —



Annual Report No.36 2022

@m%@lmxwﬁmgaﬁﬁ%otozwﬁ
BRRFIRIE SNy 32— ay
ﬁ%&%t<‘$$&ui06%ﬂ$m@wﬁ
B DS BRI BRI RE Ch H T L AR L
720 COBNIERIL, R E TITONTE /@
EEZE N COIGTE TR & F 72k % SPP A
A= T LT H B HEo TARWSEIL. 1=
MELSPP OB 2 RIFIZfiFILL. KA T T
POPAMED T CTHEHE L 2255 75
ARy 7 TNA A% iREl - BEAAT LI L%
BIZT 20D THY, U2 RIERIZFE
D70 I LI2E TR 5,

— DU -

— 186 —



