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KOHTPOJIb U UBMEPEHMUA

B/INXKHENOJ/IbHAA PAMAHOBCKAA
CNEKTPOCKOMUA: NPEOAOJIEHUE
ANOPAKLUOHHOIO NPEAENA
NEARFIELD-RAMAN - IMAGING BEYOND

THE DIFFRACTION LIMIT
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HekoTopble nccnepoBaTtesnbckue 3a4adym TpebyloT NosyvyeHMs MHPopmMauum o paMmaHOBCKUX
cnekTpax c paspelleHneM HUXe gudppakumoHHoro npegena (MeHee 200 HM). B Taknx cay4dasx
ONMTUMA/IbHO NPUMEHeHUNe MUKPOCKonoB (pu1c.1), NO3BO/IAKOLUX NPeOof0seTb ANPPAKLMOHHDIN
npepen nyreMm o6beAMHEHUS NPEUMYLLECTB Pa3/INYHbIX TEXHOJIOrMI USMEPEHUS.

Some applications require Raman information with resolutions below the diffraction limit
(< 200 nm). Microscope systems which combine several microscopy techniques within
one microscope (fig.1) setup are ideally suited for these purposes due to the possibility to
overcome the diffraction limit by combining the advantages of different imaging techniques.

KOMOMHHUPOBAaHHBIN MeTOJI, KOTOPHIE obecrieyu-

BaeT CBSA3b HHPOPMALMHK O PAMaHOBCKHX CIIeK-
TPax C U306paskeHHUSIMH BbICOKOTO pa3pelleHus, MoJy-
YeHHBIMH C IOMOIIBIO CKAHUPYIOLIeH 6/TH>KHEII0IbHOM
ONTHYeCKOX MUKpocKkoniuu (CBOM). Kak mpaBuio, Bo3-
MOKHO CKaHHPOBaHUe C pa3pelleHreM MeHee 100 HM.
YHUKapHas KOMOKMHALMS BEICOKOCKOPOCTHOTIO CIIeK~
TpomeTpa ¢ 30HA0BoN CBOM-CHCTeMOM I03BONSET
IIOJIy4aTh 3a OJMH LMKJ H3MEPeHHM BBICOKOKAde-
CTBeHHBIe N300paskeHMU S, Colep>KallHe CIIeKTPaIbHYIO
HHPOpMaALIHIO.

BJIPI)KHEHOHI:H&H PaMaHOBCKas CIIEKTPOCKOIIKSA —

MPUHLMN PEAZIU3ALUUA BIMXKHENO/IbHOW
PAMAHOBCKOW CMEKTPOCKOMUU

ITpx M3MepeHHU X Ja3ePHBIH 1y4 GOKYyCHUPyeTCs
CBOM-30HI0M B "6IHKHeM I10Je" (IepeMeHHOM
IoJIe 3aTyXaIOIM KX KojlebaHU ) Ha ITPOTUBOIIOIONK-
HOM cTopoHe auadparmsel (puc.2). Ilo mepe mepe-
MelleHHs1 06pa3lla Mbe30IPHUBOJOM BhIIIOTHSETCS
IocJjeoBaTeJIbHOE CKAHMPOBAHHE C OJHOBpe-
MeHHOM perucTpalnHel CIeKTpaJlbHOU HHPOPMaA-
LHUH K [oJydyeHHeM THIepPCIeKTPalbHOI0 H30-
OpaskeHHsi. ONTHYECKOe pa3pelleHHe CKAHUPOBa-
HHS oIlpefie/sieTcs AHAMeTPOM allepTyphl (MeHee
100 HM). ITogepskaHHe OTKJIOHEHU S 1y4da IIOCTOSH-
HBIM, II0J06HO KOHTAaKTHOMY pexkxumy ACM, obe-
CIIeYMrBaeT CTabUIBbHBIN KOHTAKT 30H/A C [TOBEPX-
HOCTBIO 06pa3ua. Takum 06pa3omM, OZHOBPEMEHHO
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Puc.1. KoHdokanbHbil mukpockon alpha300 RS 045 6auxHe-
NoAbHOU pamaHoscKol cnekmpockonuu

Fig.1. Confocal Raman Microscope alpha300 RS for Nearfield-
Raman Imaging
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Puc.2. MpuHuuNuUanbHas cxema cucmemsl 6AUXKHeNoAbHOU pa-
MaHoscKol cnekmpockonuu komnaruu WiTec
Fig.2. Working principle of WITec Nearfield-Raman Imaging

C 6MIM>XHeNOJBHBIM PaMaHOBCKUM CKaHHPOBa-
HHeM perucTpupyercsd HHGOpMaIlKs 0 TeOMeTpUH

IIOBEPXHOCTH.

3KCNEPUMEHT

B KavyecTBe mpuMepa NPUMeHeHHU S 6IHKHeIo/Nb-
HOH PaMaHOBCKOM CIIeKTPOCKOIIMH PACCMOTPHUM

earfield-Raman Imaging is an

exceptional combined micros-

copy technique which links
chemical Raman information to
high resolution Scanning Nearfield
Optical Microscopy (SNOM). It allows
for the acquisition of complete high-
resolution confocal Raman images.
Typically, lateral resolutions of below
100 nm can be achieved. Through
the unique combination of a high-
throughput spectroscopic system
with the cantilever-based SNOM
technique, an unrivaled sensitivity
and imaging quality can be provided
by a single microscope setup.

THE NEARFIELD-RAMAN IMAGING
PRINCIPLE

The excitation laser light is
focused through the SNOM-tip

BbicoTa 06pasua 10 Hm
10 nm sample height

paduToBas yellymka
Graphite flake

Puc.3. Mapamempei usmepumenpHol cucmembl
Fig.3. Parameters of the Nearfield-Raman measurement

H3MepeHHUs 4YellyeKk, 06pa3oBaBIIUXCS IIPU pac-
cnoeHuu rpaduTa (puc.3).

Ha puc.4 npeacraB/ieHa paMaHOBCKas CIIeK-
TporpaMma B OJJHOM TouKe o6pasia, moayueHHas
OpH cKaHHpoBaHUU CEOM-30HA0OM CO BpeMeHeM

resulting in a "nearfield" (eva-
nescent field) on the far side of
the aperture (fig.2). While the
sample is moved on a piezo-
driven scan stage, the trans-
mitted light is spectroscopi-
cally detected point by point
and line by line in order to gen-
erate a hyperspectral image.
The optical resolution of the
transmitted light is thereby
only limited by the diame-
ter of the aperture (< 100 nm).
Using a beam deflection setup
as in AFM contact mode, it is
ensured that the cantilever
is always in contact with the
sample. In this way the topog-
raphy is recorded simultane-
ously to the Nearfield-Raman
measurement.

HHTErpHpOBaHHSA 5 C Ha CIIeKTP. [lo TUHHUMU CKa-
HUPOBaHMS, 0603HaUeHHOM Ha PHC.5a KPaCHBIM,

EXPERIMENTAL RESULTS

A sample of an exfoliated graph-
ite flake was investigated by Near-
field-Raman (fig.3). An exemplary
Raman spectrum was acquired
through the SNOM-tip with 5 sec-
onds total integration time per
spectrum (fig.4). Along a line
trace indicated in Red in fig.5a
the Raman signal of the graph-
ite flake was analyzed through the
integrated intensity of the G-Band
(near 1600 rel. cm™). The dimen-
sions of the graphite flake can be
displayed by plotting the increase
in the intensity relatively to the
distance. The complete length of
the line trace was 20 pm with 400
measurement points and 1 second
integration time per spectrum
(fig.5b). Through a line trace
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Puc.4. PamaHosckas cnekmpozpamma 8 00HOU moyvke 06pasua
Fig.4. Single Raman spectrum acquired through the SNOM-tip

aHaAM3UpOBaJach HHTerpajbHasd MHTEHCHUB-
HOCTbh PAMaHOBCKHUX Jiyuel B G-Hamna3oHe (OKOJIO
1600 cm™). Pasmephl rpadUTOBEIX YellyeK MOTYT
OBITH OIIpefesieHbl 10 MHTEHCUBHOCTH CHUTHaJa
Ha creKTporpamme. JIMHUS JJIUHON 20 MKM CKa-
HHpoBanack B 400 ToUKax CO BpeMeHeM HHTerpHu-
poBaHUs 1 ¢ Ha criekTp (puc.5b). AHAIU3 y4acTKOB
CIIeKTPOIrpaMMBI, COOTBETCTBYIOIIKMX KpasiM rpa-
beHOBOM 4YeIIYMKH, [IO3BOJSIET BBHISIBUTh TOUKH
CKAHMPOBAHMSA U IIOATBEPAUTH, YTO paspelleHue
coctaBisiio MeHee 100 HM (puc.5¢).

Ha puc.6a mokasaHa rojy4eHHas B Xo/e H3Me-
peHHI TomorpamMma obpasia paccjoeHHOIo Ipa-
duTa. Ha puc.6b npeacraBieHa npopuiorpaMma
BJOJIb CHHEH JHHHUH, CBHETeJbCTBYOIIAs O
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Puc.5. BudeouzobpasxeHue 2pagumosoll yewyliku (a), cnekmpozpamma 8 G-0uanasoHe 80046 KpacHol AuHuu (b) u y8eauyeHHbil y4acmok

CnekmpozpamMmbl Ha Kparo 06pasua (c)

Fig.5. Video image of an exfoliated graphite flake (a), line scan showing the integrated intensity of the G-Band (b) and line trace zoom-in (c)

zoom-in on the edge region of the
graphene flake the single measure-
ment points can be distinguished.
Thereby a lateral resolution of < 100
nm of the Nearfield-Raman tech-
nique can be determined (fig.5c).

Fig.6a shows the topography
image of the exfoliated graphite
simultaneously recorded during
the Nearfield- Raman measure-
ment. The corresponding topog-
raphy curve along the blue line in
fig.6a shows a height of ~10 nm
of the graphite flake and displays
the small size of the graphite
sample (fig.6b).

With the same image scan a
Nearfield-Raman image of the
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G-Band intensity (same sample
area as shown in fig.5a) can be
generated. Due to the extremely
sensitive measurement technique
a total laser power of ~5 pW at the
sample and an illuminated area <
100 nm was sufficient for image
generation (fig.7a). At each image
pixel a complete Raman spec-
trum was acquired with only 0.53
seconds total integration time
per spectrum. The scan range
was 5x1.7 pm and the image
size 100 x 35 pixels. The G-band
intensity (fig.7b) along the red
line reveals the measurable sig-
nal variations between the small
sample and the substrate.

SUMMARY AND CONCLUSION

WITec’s Nearfield-Raman imag-
ing enables the generation of
Raman images with an optical
resolution beyond the diffrac-
tion limit. Thus the distribution
of the chemical and molecular
components can be imaged with
the highest resolution. The tech-
nique pairs unrivaled sensitiv-
ity with the ease-of-use and reli-
ability of the established can-
tilever SNOM-probe technique
within a single microscope sys-
tem and is suitable for all fields
of application, where a detailed
sample characterization is
required. u
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Puc.6. Tonozpamma o6pasya paccaoeHHozo epapuma (a) u npogunozpamma edonb curel aurHuu (b)
Fig.6. Topography image of exfoliated graphite (a) and topography curve (b)
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Puc.7. Tonozpamma 06pasua paccnoeHHozo epapuma (a) u npoguaozpamma 8904b curell auruu (b)
Fig.7. Topography image of exfoliated graphite (a) and topography curve (b)

BBICOTE YeIllyHKH 0K0JIO 10 HM M MaJjbIX pa3Mepax
obpasua.

Ha puc.7a npuBeseHo HU300paskeHHe ydacTKa
obpasiua, mosy4eHHOe MeTOLOoM OIH>KHEII0IbHOM
PaMaHOBCKOM CIIeKTPOCKONUHU (06/1aCTh CKAHU-
POBaHMS Ta e, YTO U Ha PUC.3). BBUYy BBICOKOM
UyBCTBHUTE/NBHOCTH U3MePUTEIbHOHN CHCTEMHBI,
OISl TMoNy4deHHUs HM306paskeHUsT OBIIO mocTa-
TOYHO MOIIHOCTH JIa3€pHOTO0 M3JIy4YeHHUI 5 MKBT
IIpU JHMaMeTpe NiITHa MeHee 100 HM. B Kakgon
TOYKe CKaHUPOBAHHS perucTpanus paMaHOB-
CKOTO CIleKTpa Aaumnack 0,53 c. Pasmep obnactu
CKaHHPOBaHUA cocTaBuaI 5,0x1,7 MKM, pasMmep
IoJiy4eHHOTro u3obpaskeHus - 100 x 35 MHUKCeI0B.
PamaHOBCKag criekTporpamma B G-mualmasoHe
(puc.7b), usmepeHHas BAONb KPAaCHOM JTUHUH,

II0OKa3bIBaeT Pa3HHUIy MeXay obpa3noM U IIon-
JIOSKKOH.

3AKNIIOYEHUE

PaspaboranHas KoMmnaHuern WITec TeXHOIOT Ul 6IHK-
HeIlOJIPHOM PaMaHOBCKOM CIIeKTPOCKOMNHUU I103BO-
7NseT MoJy4aThb PAMaHOBCKHe HM300paskeHHU S C OIITH-
YeCKHM paspelnieHHeM MeHee TUGPaKIMOHHOIO IIpe-
Jena. brarogaps 3ToMy BO3MOKHO C BRICOYAMIIEL TOY-
HOCTBIO aHAJHM3UPOBATh paclHpejeleHUe XUMUYe-
CKHUX M MOJIEKYISPHBIX KOMIIOHeHTOB. TeXHOIOTUS
XapaKTepH3yeTcsl coYeTaHHEeM BBICOKOH UyBCTBUTEIIb-
HOCTH, IIPOCTOTHI HMCIIOJb30BAHUSA U HANEXKHOCTH
30H10BBIX CBOM-cHcTeM, MOKeT OBITH peaJl30BaHa
B OIHOM IIpubope U mpeJHa3Ha4YeHa A5 HCCIe[0Ba-
HUM, Tpebyonux KOMIIJIEKCHOI0 aHaIM3a 06pasiios. M
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