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MaHunynsumm € BbICOKO/10Ka/IM30BaHHbIMU MOASIMU
NOBEPXHOCTHbIX NJ1a3MOH-NonspuToHoB (MIIM) co3paioT
OCHOBY A1 LLMPOKOM 06/1aCTU UX NPUMEHEHMS.

B cTaTbe npeacTaBneHbl pesyibTaTbl UCCIeA0BaHUS
M, Bo36yxaaemMbiXx HA MOHOKPUCTA/TUYECKOMN
HaHOM/IACTUHKE 30/10Ta C MeNIKOCTPYKTYPHOM
N1a3MOHHOW JIMH30M. ccnepoBaHUSA pacCessHHOro
cBeTa NpoBOAUINCH C MOMOLLLIO 6IMXKHENOJIbHOIO
CKaHupyolero ontuyeckoro Mmmkpockona. Nnnn
BO36Y)KAa/IUCb HA pa3HbIX AJINHAX BOJIH C MOMOLLbIO
HOBOrO HenpepbIBHO rnepecTpauBaeMoro B BUAUMOM
AnanasoHe 1a3epHOro UCTo4YHuKa. Bbi6bop BOIHOBOIro
BekTopa MMM, Bo36y>XaeHHbIX HA NOBEPXHOCTU 30/10Ta,
Haxo[uUTCS B XOpoLLUeM COOTBETCTBUM C pacyeTHbIM
ANCNepCUOHHbIM COOTHOLLEHUEM.

BBEAEHWUE

[ToBepXHOCTHBIE IUIa3MOH-TIONspUTOHEl (IIIIII) mpe-
OCTaBISIOT cob6or BO3Oy>kKIeHHble CBSI3aHHBIE KOJle-
6aHMs 37eKTPOMAaTHUTHOIO IIOJISI CBETOBOK BOJIHBI
M 3/IeKTPOHOB IIPOBOAKMMOCTH MeTajla MM IIONY-
[IPOBOAHMKA, PACIIPOCTPAHSIONIHeCs BAOIb TPAaHUIIBL
paslena MeTa/UI-gUYIeKTPUK C 9BAHECLIeHTHBIM 3/IeK-
TPU4YeCKHM II0JIeM, IIepIeHIUKYISPHBIM I[0BEpX-
HOCTH. byaromaps JIOKaJIbHOMY YCHJIEHHIO II0JIS
M BBICOKOM YYBCTBHUTE/NBHOCTH K IIOBEPXHOCTHBIM
HEeOJHOPOJHOCTSIM, a TakKe M JIETKOCTH OCyIeCTBJIe-
HHS MaHUNYISAUKUK ¢ HUMH, T okasanmce rmpeBoc-
XOOHBIM HHCTPyMEHTOM [/ MHOIHX IIPHMeHeHHH.
C KX TIIOMOIIBIO MOXKHO BH3ya/lH3HPOBaTb OIHKHee
none (1], yCHUJIUTh MOBEpXHOCTHOe KOMOMHAIIMOHHOe
paccesiHue (2], TpoBeCcTH 30HIHPOBAHKE, OCYIIeCTBUTH
HaHOIUTOIpadHIo, co3JaBaTb HMHTErPaJIbHbIe CXeMBI
Ha OCHOBE IIa3MOHOB, YCTPOMCTBA MaMATH [3] U T.1.
OnHOMY M3 OCHOBHBIX TpeOOBaHHM, HeOOXOMMMBIX
OJ151 CO3JaHUSI TAKUX MHTeI PUPOBAHHBIX ONITHYECKHX
YCTPOKCTB U JATYHKOB, YAOBJIETBOPSIET BO3MOKHOCTD
doxycrpoBku mnons IIIII, obecrieunBatomen cybmud-
dpaKklMOHHOe pa3pellleHHe, CYIIeCTBeHHO MeHbIlee
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PLASMON FOCUSING
ON SINGLE CRYSTALLINE GOLD
PLATELETS
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The manipulation of highly localized fields of surface
plasmon polaritons (SPPs) forms the backbone for a
vast field of applications. We investigate the SPPs
excited on a single crystalline gold nanoplatelet milled
with a plasmonic lens structure using a scattering
type scanning near-field optical microscope. SPPs
are excited at different wavelengths in the visible
regime employing a new tunable continuous wave
source. Wave vector selection of the SPPs by the gold
structures corresponded well with the numerically
calculated dispersion relationship.

BACKGROUND

Surface plasmon polaritons (SPPs) are electromagnetic
excitations propagating along a metal-dielectric
interface with an evanescent electric field
perpendicular to the surface. Due to their local
field enhancements, high sensitivity to surface
inhomogeneities and the ease with which they can be
manipulated, SPPs are excellent candidate’s in many
fields of application such as near-field imaging [1],
surface enhanced Raman scattering [2], sensing,
nanolithography, plasmonic based integrated circuits,
memory devices [3] etc. One of the major requirements
for such integrated optical devices and sensors is the
possibility to focus the SPP fields to sub diffraction
limit sized spots. A simple approach to achieve SPP
focusing the use of periodic circular slits (plasmonic
lens) etched on metal films to guide the SPP waves
to the geometrical centers of the structure [4,5]. A
CW-laser source is usually employed for exciting SPPs
in such experiments.

EXPERIMENT

In our experiment we investigate the excitation
and focusing of SPPs on a single crystalline gold (Au)
nanoplatelet with a plasmonic lens structure milled
on it. Figure 1 shows a scanning electron microscopy
(SEM) and an atomic force measurement (AFM)
image of a typical platelet. The excitation energies
were chosen close to the SPP resonance according
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IHUGpaKLIMOHHOIO pefena. IIpocTEIM MeToAoM POoKy-
cupoBkH IIIIT oka3anoch UCIOAb30BAHHE IIepUOAUYe-
CKH PaCIIOIOKeHHBIX KPYTOBBIX Iesiel (IIa3MOHHBIX
JIMH3), IIPOTPABIeHHBIX Ha MeTAUIMYECKHUX IIJIEHKAX,
Harpasasomux BoaHbI III1IT K reoMeTpUYeCKHM LieH-
TpaM CTPYKTYpHI [4, 5]. B TaKHX 3KCIIepUMeHTax [JIs
B036y>kaeHUs IIIII1 06bIYHO MCIIONb3YeTCs Ta3epHbIL
HMCTOYHHMK C HEIIPEePhIBHBIM CIIEKTPOM HM3/1yUeHH .

SDKCMNMEPUMEHT

B mpoBefeHHOM 3KCIIEPUMeEHTe HCC/Ie[0BAaI0Ch BO3-
OyskmeHue U ¢okycupoBKa IIIIII Ha MOHOKPHUCTAJI-
JTHMYeCKON HAaHOIUIACTHHKe 3070Ta (Au) C HaHeCeH-
HOI Ha ee IIOBEPXHOCTH CTPYKTYPHOH IIJIa3MOHHOH
nuH30M. Ha puc.l mpencTaBieHBl H306paskeHUs
B CKaHHUpYIOIIeM 31eKTPOHHOM MHKpocKore (COM)
U B aTOMHOM CHJIOBOM MHKpocKore (ACM) Takon
THUIIOBOM IJIACTHUHKHU C IVIA3MOHHOM JIMH30M. JHep-
IUU Bo30OyskeHU s 661K BEIOPAHBL OIIHM3KHUMU K pe3o-
HaHcy IIIIII B COOTBETCTBHUHU C LHUCIIEPCHUOHHBIM COOT-
HomeHHeM (pHuc.2). JMCIepCHOHHOe COOTHOLIeHHe
[IOJIy4eHO MyTeM MOAENIHPOBAHUS AOas 20-HM ILIa-
CTUHKH Au Ha mopioxkke SiO,. IToms IIIIII otobpa-
KaJIHCh MPH IOMOIIU Oe3bIHEePLIMOHHOIO paccerBa-
IOIler0 CKAaHHPYIOIIero ONTHYeCKOro MHKPOCKOIIA
6nrskHero monst (s-SNOM) [6]. DrcniepuMeHTaIbHAS
yCTaHOBKA IIpeJCcTaB/ieHa Ha pUC.3. ICTOYHHUK CBeTa
C COOTBeTCTBYIOLIEH MONgpH3alerd CPOKYCHPOBAH
Ha KOHYHKe S-SNOM, KOTOPBIK OCYIIeCTB/IsIeT pac-
TPOBOe CKaHMpoBaHHe obpasia. PaccestHHBIM CBET
oT obpa3la HampabisieTcsi o6paTHO IO TOMY 3Ke
ONTHYeCKOMY IYTH, [eTeKTOpP ONTHYecKOoIo
OTKJIMKA PacIIONIO’KeH B JajbHeM Ione. Tomorpa-
¢uueckre M ONTHYECKHe H300paskeHUSI TeHepHpY-
I0TCSI OMHOBPeMeHHO. [ BO36y>I(/ILEHI/IH rons ITIIIIT
IIPH HEeCKOJbKUX SHEPrusix Bo3OyskOeHMUs, OIHU3KUX
K pe3oHaHcy IIIIII, TpebyeTcsi MCTOYHHK C HeIpe-
PBIBHOI IepecTPOMKOM [JHMH BOJH B AHalla3oHe
HAaCTPOMKH 0T 450 1o 650 HM. JIa3epHOe yCTPOMCTBO
C-WAVE, cosmaHHoe B KoMIaHuM Hiibner, obecrie-
YMBaeT HACTPOMKY AJIMHBI BOJIHBI B 3TOM AHalla30He,
[I03BOJISIS IIPOBOAUTH HM3MepPeHHSI C OAHUM HCTOY-
HUKOM CBeTa C BBICOKHM CIIeKTPa/IbHBIM pa3pelleH-
TeM. IlepeKk/lodeHHe IAHHBl BOJHBI YIIPaB/SeTCs
C MOMOIIBI0 KOMIIBIOTEPA: AJIMHA BOJIHBI YCTaHaB-
nuBaeTcsl B HacTporKkax GUI u C-WAVE aBToMaTH4e-
CKH Ha 33laHHBble JAJIMHBI BOJH. BbICOKasl BEIXOAHAS
MOIIIHOCTD, XOpOIllee KaueCTBO Jy4a U y3Kas IHPHUHA
JTMHUU I103BOJISIOT II0Jy4aTh M300paskeHHUs C BBICO-
KHM pa3pemeHueM. YcTporcTBo C-WAVE HCKI049aeT
Heob6X0IMMOCTb [IOTIOJHUTENbHON IOCTHPOBKH [J1s1
M3MEeHeHHs ONTHYeCKOro IyTH Jyda IIOoC/Ie Ilepe-
KJIIOUeHH S I/IMH BOJIH.
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Puc.1. DxcnepumeHmaneHble 06pasubl: SEM- u ACM-u306pax<eHust
Fig.1. SEM and AFM images of a typical platelet which are
triangular and hexagonal in shape

to the dispersion relationship as can be seen in Fig.

2. The dispersion relationship has been obtained by

simulations for a 20 nm Au platelet on a SiO, substrate.

The SPP fields were mapped by an apertureless
scattering type scanning near-field optical microscope
(s-SNOM) [6].

The experimental setup can be seen in Fig. 3. A
light source with appropriate polarization is focused
onto the tip of the s-SNOM which raster scans the
sample. The scattered light from the sample is directed
back through the same pathway and is detected in
the far field. Topographical and optical images are
generated simultaneously. In order to map the SPP
fields at several excitation energies close to the SPP
resonance, a continuous wave source with a tuning
range between 450-650 nm is necessary. The C-WAVE
by Hiibner offers wavelength tunability in this range
making it possible to conduct spectrally resolved
measurements with a single light source. Wavelength
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Puc.2. lucnepcuoHHas kpusas 0as MI1I1, pacnpocmpadsio-
wuxcs 800Ab 2paHuubl 20-HM NAGCMUHKU AU Ha N0OA0XKKe Si,
nokpeimot cnoem SiO, moAwuHou 2,5 HM

Fig. 2. Plasmon dispersion relationship for a 20 nm Au platelet
on a Si substrate coated with a 2.5 nm SiO, layer
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PE3YJIbTATDI

C nomompio yazepa C-WAVE B 3KcIIepuMeHTe BO30yk-
Ja/IKMCh U AeTeKTHPOBa/IKCh 1o IIIII Ha HeCcKoIb-
KHX 3Heprusx BO36Y)KIL€HI/IFI B Oguama3oHe oT 530
g0 650 HM [iIuMH BoAH. Ha puc.4. MOXHO YBHUIETH
cursai nond IIIIT opu 630 HM, [OTy4YeHHBIH Ha 4YeT-
BepTOIl TapMOHHKe, a TaKXe Ipodunp BoaH IIIIII.
Korma kaHTHIeBep (30HIOBBIM HAaKOHEYHHUK) pabo-
TaeT B PeXHMe tapping mode ¢ 4acTOTOM OTKJIOHe-
HUS tapping frequency, 6nrskHee mone BOIM3KM HAKO-
HeYHHKa MOIYIHPYeTCs B COOTBETCTBHH C YacCTOTOM
OTKJIOHEHHSI. DTO II03BOJISIET JOCTUYD Hojiee BBICOKOIO
COOTHOLIEHHUSI CUTHA/I'IIYM Ha BBICOKMX FapMOHHMKaX
nyreM QUIBTpallMM HEMOAYIHPOBAHHOTO CHIHala
B COOTBETCTBHUM C IICEBJOTeTEPONMHHBIM PEXKUMOM
IoeTekThpoBaHus [7]. Ha puc.4 xopomio BuaHsl IIIII,
B030y>kIaeMble I10 KpasiM IUIACTHUHKH, a TaKKe BIIH-
SHHe CTPYKTYpHl IIJIa3MOHOBOM JIMH3bl Ha HaIlPaB-
neHue pacrapoctpaHeHus IIINII. [inuHa BomH IIIIII,
IOJIyYeHHBIX Ha OCHOBE 3KCIIePUMEHTaJIbHBIX TaH-
HBIX, HAXOAUTCS B XOPOLIEM COITIACHHU C YMCIEHHBIMHU
pacyeTraMu.

MEPCMNEKTWMBDI
HccnenoBanus mnonen IIIII ¢ ofHOBpeMEeHHOM BO3-
MO>KHOCTBIO MaHHUITYJIMPOBAHUS UMHU SIBJISIIOTCS. BasK-
HBIM aCIIeKTOM [JIs1 TPOBeieHH I MHOTHX SKCIIepHMeH-
TOB B OIIBITax II0 Pa3BUTHI0 MHOTMX HAaHOPOTOHHBIX
YCTPOMCTB M Y/Iy4YIIEHHIO UX CBOMCTB. M3-3a CHMIbHOU
YyBCTBUTE/IBHOCTH IIOJy4YaeMbIX IIOTer OT IIPHPOABL
cpenpl BO3OyskIeHHUSI, ee Pa3sMEPHOCTH U I'eOMETPHUH
B TaKHX 3KCIIEPUMeHTax HeobXOOWMO BeCTH HCCIIe-
IOBaHMS Ha PasHBIX BOTHAx BO3OyKAEHHS, TO eCTh
HCII0JIB30BaTh HCTOYHMUKH C PasHBIMHU IJIHHaAMU
BOJIH.

YerporictBo C-WAVE obecrieduBaeT HACTPOHKY
B BuguMomM (450-650 um) u B UK- (900-1300 HM) gua-
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Detector

Puc.3. 2KcnepumenmanbHas ycmaroska (s-SNOM): nadarouyuli
AyY pazoensemcsl Ha 08a Ay4d C NOMOLbIO CBemodenumenbHol
naacmuHku (BS), 4acmuyHo HanpaeAsiemcst Ha KOHMPOAbHOE
3epkano (MT), u yacmuyHo GoKycupyemcs Ha KOH4UKe 30HAa
yepe3 napabonuveckoe 3epkano (M2). Yacmoma kone6aHuli KaH-
meAueepa Modyaupyem cuzHan bauxkHezo noasl. lone 06pamHo20
paccesiHusi cobupaemcs u demekmupyemcsi 6 pexkume ncesdoze-
mepoduHHO20 npuema

Fig. 3. Experimental setup (s-SNOM): The incoming beam is

split into two beams by the beam splitter (BS) partly sent to the
reference mirror (MT1) and partly focused to the tip via the parabolic
mirror (M2). The tapping frequency of the tip modulates the near-
field signal. The backscattered field is collected and detected using
a pseudo heterodyne detection scheme

switching is computer controlled: The wavelength is

set in the CUI and C-WAVE tunes to the set wavelength

automatically. The high output power, good beam

quality and the narrow linewidths allows capturing

of sharp images. No changes to the optical beam path

were necessary after switching wavelengths owing to
its high pointing stability.

RESULTS

With the help of C-WAVE we were
able to excite and probe the SPP
fields at several excitation energies
ranging from 530 to 650 nm. The
fourth harmonic optical signal of
the SPP field at 630 nm as well as
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Puc.4. CuzHan vemsepmol 2apMOHUKU 6ALUXKHE20 N0AS Npu 8036y KOeHUU Ha 0AUHe
80AHbI 630 HM U coomeemcmaytouuli npoguab auHuu MI-80AH, pacnpocmpaxs-

Fig. 4. The fourth harmonic near-field signal at 630 nm excitation and the
corresponding line profile of the SPP waves near the edges of the platelet

the line profile of the SPP waves
can be seen in Fig. 4. As the tip
is operated in tapping mode the
near-field in the vicinity of the
tip is modulated according to the
tapping frequency. This enables to
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reach a higher signal to noise ratio
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[1a30HaX, KOTOpBIe SIBJSIOTCS Haubosee BasKHBIMH
peXkMMaMH B OOJBIIMHCTBe IIJIAa3MOHHBIX 3KCIIe-
puMeHTOB. KoMIIaKTHasi KOHCTPYKILIMs, BBICOKOE
CIIeKTpaZbHOe Ka4vecTBO Jly4a, LMIHMPOKHUM AHAaIla3oH
HaCTPOMKH, a TAKXKe JIETKOCTb U CKOPOCTh IIepPeKIIIoYe-
HH S JJIMHBI BOJIHEI [e/IaloT ycTporcTBo C-WAVE o4yeHb
yHOOHBIM K IIPOCTBIM B HCIIOJIb30BAHUHU IJISI TAaKHUX
3KCIIePHMEHTOB.
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in higher harmonics by filtering the unmodulated
signal following a pseudo-heterodyne detection
scheme [7]. SPPs excited at the edges of the platelet as
well as the effect of the plasmonic lens structure on
the direction of SPP propagation can be seen clearly in
the figure. The wavelength of the SPP waves obtained
from the experimental data matched well with the
numerical predictions.

OUTLOOK

Probing and manipulating SPP fields at resonance is
an important aspect in many experiments designated
to the improvement and development of many
nanophotonic devices. Due to the strong dependency
on the nature, dimensionality and geometry of the
excitation medium, sources at different wavelengths
are required in such experiments. The C-WAVE
offers a tuning in the visible (450-650 nm) and in IR
(900-1300 nm) range, which are the most important
regimes in most plasmonic experiments. The compact
design, high spectral quality of the beam, wide
tuning range and the ease and speed with which
wavelength switching is achieved makes the C-WAVE
a very convenient and easy to integrate tool for such
experiments.
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