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NEAR- FI ELD SCANNI NG RAMAN M CROSCOPY USI NG REFLECTI ON SCATTERANGUSEEMAETRY 5
' BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present invention
relates generally to a near-field scanning 10 Ranman spectroscope and nore
parti cuM YBYIaperturel ess near-field scanning Raman REFésiR08eopy of the
reflection type. DESCRI PTION OF RELATED ART Raman spectroscopy is a

techni que that has been used for many 15 years to neasu '

vi brations, which can then be used to determne the strgml‘wmmmmmu‘uem cal
bondi ng of a sanple. Light which shines on a sanple expellences a

wavel ength shift due to the vibration of the nolecul es. |nfoPHEYi on can be
determ ned fromthe spectrum of wavel engths that occur- as to the make-up
of the sampl APBRIGRELERS NEARFIELD SEANNUG RAMMAN, MICROSCO AL | on of
the constituent atons. Wiile this well-known system has been utilized to
great advantage for USINGeRERIECHON SOATTERINGGBEOMBTRY the micron
range. It is desirable to extend the range in which this neasurenent can
be used g or purposes of exam ni ng nano-devi ces, quantumdots 25 and single
nmol-ecul es of bi ol ogi cal sanples.

BACKGROUND OF THE INVENTION Il it

*G00002*
FIELD OF THE INVENTION
J The present invention relates generally to a near-field scanning
10 Raman spectroscope and more particularly to apertureless near-field

scanning Raman spectroscopy of the reflection type.

4

DESCRIPTION OF RELATED ART
Raman spectroscopy is a technique that has been used for many
15 years to measure molecular vibrations, which can then be used to
determine the structure and chemical bonding of a sample. Light
' which shines on a sample experiences a wavelength shift due to the
vibration of the molecules. Information can be determined from the
spectrum of wavelengths that occur as to the make-up of the sample
20 and to determine the chemical bonding and information of the
constituent atoms. While this well-known system has been utilized to
great advantage for decades, it has a spatial resolution in the micron
range. It is desirable to extend the range in which this measurement
can be used for purposes of examining nano-devices, quantum dots

25 and single molecules of biological samples.



19 August 2005, WD 021068919 PCT/ S&2/00026 2 Recently, Raman spectroscopy
has been conbined with near-field scanning optical m crosctppupust200im a

‘'t echni que known as near-field scanning Raman m croscopy (NSRM. This is
based on the principle wused in near-field scanning optical m croscopy
(NSOM) owvowshesgioan 5 optical fiber having a small apert urer/sGoxi@ors/er | aser
| i ght and keeping the fiber at a clbse constant distance (on the order of
tens of nanoneters) above the sanple surface. By using such an optical
fiber, it is possible tolimt the |laser spot size and scan the fiber tip

across the JaegiRlyURBASEn SPRUFREBbYIRAs RN cHingbiled Swithl healrefleld0 using
a mcroscopic objective or a |ens. e collected light is coupled to a

Raman spect r Rl eh At dfer RPRAHE 3 ACRiBREERwhoss nEaFITag Nt on

t he sanpl e. I'mage I's constructed using t spectr a. s type of .

devi ce has been described in a serie 1 she 15 art.icles. inc]uding
S. Webster, qﬁaﬂ_mgg‘-cém THCRPSCRRY c@éﬁ%ﬂﬁ%ﬂlﬁa’rﬁaﬁaﬁar% ctbﬁypﬂé’i%fea
scanning near field optical probe, Vibrat.  Spectrosc. 18 (1998) 51, E J.
Ayars and H.usedHin|rear-8eld seanninghaptisak microsqonyt (NSEM) rérasing an
spectroscopy, Appl. Phys. Lett. 76 (2000) 3911, C G Jahncke, M A. Paesler
and H. D. SHal dgstical Hitvernh2¢ingregimadl apértubeso delieed lasanlight andt keeping

m croscopy, Appl. Phys. Lett. 67 (1995 2483, M N Islam X K Zhao, A

A Said, S SheMithd! a8 closeFcoNatdnt HistAnetf (di ety aRibhicghedesobut i on
fiber-optic probes for near field inmaging and spectroscopy, Appl. Phys.

Lett. 71 (191?a7.t)lometers) above the sample surface. By using such an optical

; fiber, it is possible to limit the laser spot size and scan the fiber tip ,J
across the sample surface. 'i‘hc resultant Raman signal is collected |
10 using a microscopic objective or a lens. The collected light is coupled
to a Raman spectrometer where the Raman spectra are recorded for
each point on the sample. An NSRM image is constructed using the
spectra. |
This type of device has been described in a series of published
15 articles including S. Webster, D.A. Smith and D.N. Batchelder,
Raman microscopy ‘using a scanning near-field optical probe, Vibrat.
Spectrosc. 18 (1998) 51, E. J. Ayars and H.D. Hallen, S‘urfacé
enhancement in near-field Raman spectroscopy, Appl. Phys. Lett. 76
(2000) 3911, C.L. Jahncke, M.A. Paesler and H.D. Hallen, Raman
20 imaging with Near-field scanning optical microscopy, Appl. Phys. Lett.
67 (1995) 2483, M. N. Islam, X. K. Zhao, A. A. Said, S.S. Mickel and
C. F. Vail, High-efficiency and high-resolution fiber-optic probes for
near-field imaging and spectroscopy, Appl. Phys. Lett. 71 (1997)

2886, T. Yatsui, M. Kourogi and M. Ohtsu, Appl Increasing



2886, T. Yatsui, M Kourogi and M Ontsu, Appl. Increasing 19 August 2005
WO 02/ 068919 PCT/ SQD2/ 00026 3 throughput of a near field olst Aagdst 200fer

. probe over 1000 tinmes by the wuse of a triple-tapered structure, Phys.
Lett. 73 (1998) 2090, and Y.H  Chuang, K G Sun, C J. Wang, J. Y. Huang
and C. WO @0e891A sinple chem cal etching technique for rEpsComwoeds! e
fabrication of robust 5 scanning nedr-field fiber probes, Rev. Sci.
Instrum 69 (1998) 437. Because this type of system provides the inconing
| aser light through a very small aperture in the optical fiber, the |ight

i's extremekirosgiput RFs@ircargidldneptical fiber bfobed ovabri @O0 @iheb ey thes Wi th
a higher throughput, the strength of the light is still quite low In 10

addition, ! hReRyRiplediaplordd strolchies Pl Yot (199BFAl090, | Bpd vilian 1 10

107 photons). A’typica man spectru es seve nutes to collect

using this e of near-Jiel eghni que, ing it ohihkitive 1o
construct a W’i@a@esﬁﬂ’sévgwaﬂﬁ’ ‘Exgﬁ%wbl R’Hgﬁ&“' 3@6&%’% in
sone of the references cited above, took nmore than 9 15 hours to coll ect
data. An al chepdeql etelypgodeqiutigue hfort irgprodugbie; fatuieationf ofnrobust
apertureless netal tip. A systemof this type has been discussed in R M
St ockl e,5 Yschnntuhnedt-fieketfibet probesRRe¥eSchi Instiannes &9 ¢12998#8@L anal ysi s
by tip-enhanced Raman spectroscopy, Chem Phys. Lett 318 (2000) 131. 20 In

this systemBdcagiski ghis itypBObf P&teRE hidvided Nehd | ifdorhimy fideri Bghead a
metal tip is placed within a focused I'ight beamin order 1o enhance the

Raman si gnaly, by, SeVET hey XT8N QperTRID i die dpticallHesY ethd Nt is
L extremely weak. Despite extensive efforts to fabricate fiber tips with a
higher throughput, the strength of the light is still quite low. In
10 addition, the Raman signal is intrinsically weak (typically less than 1
in 107 photons). A typical Raman spectrum takes several minutes to
collect using this type of near-field technique, making it prohibitive
to construct a Raman image this way. For example, Raman images
reported in some of the references cited above, took more than 9
15 hours to collect data.
An alternative approach to the fiber tip is the use of an‘apertureless
metal tip. A system of this type has been discussed in R. M. Stéockle,
Y. D. Suh, V. Deckert and R. Zenobi, Nanoscale chemical analysis by
tip-enhanced Raman spectroscopy, Chem. Phys. Lett 318 (2000) 131.
20 In this system, the light is not provided from the fiber tip, but instead
a metal tip is placed within a focused light beam in order to enhance
the Raman signal by '.sevcral orders of magnitude. It is believed that

this enhancement is a result of local field enhancement by the metal

tip which is either due to the enhancement of the electromagnetic



this enhancenent is a result of |ocal field enhancenent by the netal
which is either due to the enhancenment of the el ectromagnetligcAdgustRgnsst

2005 WO 02/
poi nt ed net

068919 PCT/ SG02/ 00026 4 field in the vicinity of sharply

al needle, or due to the excitation of surface plasm by the

tip

4

| aser eMszoX@sHEYneti ¢ wave, or increased pol arizabilityprof/sGemoesrmnpl e due
to the interaction between the tip 4@nd the sanple. This type of system has
t he

been used t
sanpl e nust

o record 5 Raman i mages using a transm ssion node. That is,

be either transparent or very thin so that the |ight can

travel thefeldiguie vidihitg bhishdrphe pdint&t hnetilenéédie, i duesStephé or war d,
it has the drawback that many sanples are not transparent, and that

of ten desirapliga gk 4

technique is not suita
desirable in man ases.. RY. THE |.NVENTI Accqr di ngl ne obj ect
of the pres&ﬁreﬁ%?ém?%@ 1 ‘bﬁ'% gample ‘éeéggélhtﬁu'r'ﬁ%%‘g@?fgyre- FErd

scanni ng Raman m croscopy system _Another object of the present
i s to provi tle sdimand| thesgampleeTdis dxpaiof sydeanhas dasse Bspdtpsteserdsi ng

ora reflettion type geonetr |

It

shfifee! PlASHATBY e AGEA! didtdmablichic! ¥Be Obr 10

S

i nvention

reflection geonetry. A still further object of the present inventionis to
provi de &n Ramean unelgessusitgy aftrahsnassion ngpdearfhmtnise the capypleysiust usi ng
20 reflection geonetry. A still further object of the present invention is

to provide engfifrerSERSpdtaitN ol "R AHIRCRBI €HAt Ui diglfaicahl qtdlvel

enhancenent

10

15

20

therethrough. While this type of technique is a major step forward, it
has the drawback that many samples are not transparent, and that
it is often desirable not to take thin samples. Accordingly, this type of
technique is not suitable for a reflection type geometry which is

desirable in many cases.

SUMMARY OF THE INVENTION
Accordingly, one object of the present invention is to provide an
apertureless near-field scanning Raman microscopy system.
Another object of the present invention-is to provide a novel near-
field scanning Raman microscopy system using reflection geometry.
A still further object of the present invention is to provide an
apertureless near-field scanning Raman microscopy system using
reflection geometry.
A still further object of the present invention is to provide a nano-

scopic Raman imaging technique using near-field enhancement.

n""\‘
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19 August 2005 WD 02/ 068919 PCT/ SG02/ 00026 Anot her object of the present

I nvention is to provide an apertureless near-field scanni ng ARagmsn2005

. mcroscopy systemusing a bent netal tip to enhance the near-field signal.
Briefly these and other objects of the present invention are achieved 5 by
provi di W@ &/0bgder beam focused by a m croscopi ¢ obj ecti viCT/SGoa/o®eal | spot
on a sanple with a bent netal tip tdguching (contacting wth or close to)
the surface Within the spot of light. The presence of the netal tip
enhances the near-field signal so that the quality of the Raman spectrum

i s i nprovedaAsth&Oobjidt dittle piéFericm@endion isOto Providlel fAtapgditunedess rumis
much smal |l er. Further scope of applicability of the present invention wll

't shout o Rerunat SPARH KRR mAGRSOR) h8h R HORE ey dPrever

exanpl es, Ile indicatin ef erred.enbodi nents of the invention, are 15
gi ven by wa S?h?Pf:ﬁiﬁFéﬁg"d}r%ﬁﬁﬁﬂgnﬁlnce various changes and nodifications
within the spirit and scope of the invention will becone apparent

to- - .t hose Brieflycthase and atherroigctspk the pieseat deveition jass acbreyad

. DESCRI PTI ON OF THE DRAW NGS 20 The present invention will beconme nore fully
under st &od by gurovidingetaldsed Deanr feptused dyvanmierascopéd mbjestivet be a
acconpanyi ng drawi ngs which are given by way of illustration only, and

thus are nofmlaliTshat iofe a Qhnifie Ri@sSaNbeh YRS Oflp RNEMART @bAtackthgugust
2005 WO 02/ 068919 PCT/ S@2/ 00026
with or close to) the surface within the spot of light. The presence of
the metal tip enhances the near-field signal so that the quality of the
Raman spectrum is improved and so that that time necessary to
10 collect the spectrum is much smaller. |
Further scope of applicability of the present invention will become
apparent from the detailed description given hereinafter. However, it
should be understood that the detailed description and specific
examples, while indicating preferred embodiments of the invention, are

15 given by way of illustration only, since various changes and

modifications within the spirit and scope of the invention will become

LS

apparent to-those skilled in the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The present invention will become more fully understood from the
detailed description given hereinbelow and the accompanying drawings
which are given by way of illustration only, and thus are not limitative

of the present invention, and wherein:



6 FIG 1 is a schematic diagramof a first enbodi nent of the present
invention, FIG 2 is a schematic diagramof a second enbodilfehtgust2@0ie
‘present invention; 5 FIG 3 is a diagramshowi ng the nounting of a mrror,
used in the second enbodi ment of the present invention; FIG 4 is a graph
showi ng whaniémensity of the neasured Raman signal undepctMGonenogs tions;
FI GS. 5A and 5B show the sanple usedéin the second experinent, 10 using
the present invention; FIG 6 is a graph showi ng the Raman intensity
mappi ng of the device sanple shown in FIGS. 5A and 5B; FIG 7 is a diagram
show ng t he P .argkes scheashtic dagidit| 6ft 4 dirst dThbSdiniénaod 8 ?P&@ﬁthe
results of the sinmulation; 15 FIG 9 is a graph show ng the relationship
bet ween the_ngPﬂﬁgﬁnent factor and the distance; FIG 10.is a graph
showi ng the relatiohshi p between the enhancenment factor and the incident
angl e; FIGS. and 11B shaw an arrangenent of the.tip us in the 20
G Poct i on o A AGCHIEHANE SR eRep ST Pee Rk PO P & RSN GENTS
Referring now to the drawi ngs wherein |ike reference nunerals designate .
i dentical conwvespoRndi ng parts throughout the several views, 0 19 August
2005

S FIG. 3 is a diagram showing the mounting of a mirror used in the

second embodiment of the present invention;
FIG. 4 is a graph showing the intensity of the measured Raman

signal under two conditions;

FIGS. 5A and 5B show the sample used in the second experiment,
10 using the present invention;

FIG. 6 is a graph showing the Raman intensity mapping of the device
sample shown in FIGS. 5A and SB;
FIG. 7 is a diagram showing the parameters used in a simulation;
FIGS. 8A and 8B show the results of the simulation;
15 FIG. 9 is a graph showing the relationship between the enhancement
) factor and the distance;
FIG. 10 is a graph showing the relationship between the
enhancement factor and the incident angle;
FIGS. 11A and 11B show an arrangement of the tip used in the

20 direction of scanning.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to the drawings wherein like reference numerals

designate identical corresponding parts throughout the several views,



WD 02/ 068919 PCT/ S&2/ 00026 7 and nore particularly to FIG 1 thereof,
wherein a first enbodiment 10 of the present invention is Shawgust 2005 hi s
."system a scanning stage 12 is provided onto which a sanple 14 is pl aced.
A netal tip 16 is placed very near the sanple and extends upwardly at an
angl e 5Woomeess1e sanple. The tip then is cantil evered alpousicobesdzontal |y
and its far end is connected to a driving piezo device 18 which causes the
netal tip to vibrate up and down when driving voltage is applied. A snall

| aser di ode 20 projects a beamonto the tip which is reflected and

recei ved by adiHRfFeapArtiRIIGAYOlo RIG M dlerésl) WRaRH S St EhalbdiAtheonal

anplitude or the bendi ng degree of the cantilever. The . piezo driver, the

t dt I t t t

\?vh?gﬁ SII:]I versi%t ﬁlﬁg aB? %q{te oﬂtg{)rﬁtlglghq ane?ﬁsggﬁ %YSQF%OQSE%_\[\S{%%C’ nove
th I d d th t ded h
Gnadran deltiol2 (B tome é&trof%%yme&“&@égﬁ‘m‘a@@ﬁﬁﬁ%‘s P ne

information and is not the main |aser provided for the spectrogra hIC

anal ysis. The placed |vesgrneargithe sampleppodi gutenidso mpaandly safd ais agiglect ed to
the sharp tip end. The laser providing this beamis not shown in the

Fi gure. Fhe florarthiessdrapls €thelsiphghen s camtileopeed hlmoskt Horontallyaid 20 a
smal | spot is obtained around the tip end on the sanple. The scattered

light is colijd gRt&l weeﬁalacée@em%eraﬁﬁgrgﬁeapuewcevm %hich cd95és te Raman

signal light 28. This is analyzed in the Raman spectrorreter 30 and the

results SeNtnédl ttp[()a tS¥ib xua'{t%rug f}mJ dowi & e%edll'ngnnAugoftagc 1S apphed A

o ::_}

# -small laser diode 20 projects a beam onto the tip which is reflected
and received by a quadrant detector 22 which can measure the
.10 vibrational amplitude or the bending degree of the cantﬂever. The
piezo driver, the stage and the quadrant detector are all connected to
a controller 32, which drives the X-Y (along horizontal plane) scan of
the sample and move the sample up and down in accordance with

information provided by the quadrant detector. Laser diode 20 is only

15 used for this positioning information and is not the main laser

R

provided for the spectrographic analysis.

'I‘-hé main laser light 24 is provided from above and is directed to the

sharp tip end. The laser providing this beam is not shown in the

Figure. The beam is focused using a microscope objective 26 so that
20 a small spot is obtained around the tip end on the sample. The

scattered light is collimated through the microscope objective 26 to

form the Raman signal light 28. This is analyzed in the Raman

spectrometer 30 and the results sent to the computer 34 for storage



WO 02/ 068919 8 PCT/ S&2/ 00026 and anal ysis. The conputer is al so connected

to the controller so as to receive information regarding tiveAhmsa20dsn of
‘the sanple. A second enbodinent is shown in FIG 2 where the light is .
focused fromthe side and the tip is vertical. As shown in FIG 2, stage
12 5 cwoaevsendto hold sanple 14 but tip 16 extends in BCWSGGxwede
direction fromthe sanple. The |ight beam 24 is focused by lens 36 to a
small spot around the tip end on the sanple. The reflected Iight 28

- carrying the Raman information is reflected to the other side where it is
focused by hgAsasflysiEiaHoeaipaaer lik Hlbo icoririitied @bt tHeocentdlispant aonet er
30 in the sane manner as in FIG 1. In this arrangenent, the netal tip can
dlever and the

pe brought F(er%‘gﬁ}'ém@ﬁ%%’?zﬁg%E%E?ﬂoa%mgsa&ﬁgﬁ or by using

Raman si gna can using lIens 36 1 nstead
both lens 3§ and 38. ElIG. 3 sho a_ nodi ticatdi on of the.epbodigrent of FIG
2°to il i fysecend rEbadiment S Shwhir R 3 Whits 4R ERRIRIOE e .l

but it is desirable to avoid using an oblique objective, which requires a «
speci al |y d&smarthe sider andothe SinyisvertraltAs shawm 18 Fiigd, staest bace.
Instead, a mrror 40 is attached to the nount for the tip so that the

conver gifig kceatinuesam Reld sameld ddtledt tipt b6tdxtendp inhraomertiealadirectien | n
this arrangenent, the bottom edge of the mrror is very close to the tip,

perhaps | esgrdiathe l§dpld!Ufhe fight Barh R3S foShiséd 65 Ichs336ttocamahsi s of
the Raman shifted light is based on a reflection géonetry. This

arrangement sr}])% Sriif the tip end on the sample. The reflected light 28

S carrying the Raman information is reflected to the other side where it
is focused by lens 38. The condensed light is then sent to a

10 spectrometer 30 in the same manner as in FIG. 1. In this
arrangement, the metal tip can be brought to the sample surface by
a tuning fork or cantilever and the Raman signal light can be
collected using lens 36 instead, or by using both lens 36 and 38.

FIG. 3 shows a modification of the embodiment of FIG. 2 to simplify

15 the apparatus. In this Figure tip 16 remains vertical, but it is

desirable to avoid using an oblique objective, which requires a
specially designed microscope and an objective with a longer
distance. Instead, a mirror 40 is attached to the mount for the tip so
that the converging laser beam 24 is reflected onto the tip from the
20 side. In this arrangement, the bottom edge of the mirror is very close
to the tip, perhaps less than lmm.
Thus, as seen in each of FIGS. 1-3, the analysis of the Raman shifted
light is based on a reflection geometry. This arrangement has a great

advantage over aperture type reflection systems because the




advant age over aperture type reflection systens because the 19 August 2005
WO 02/ 068919 PCT/ SG02/ 00026 9 incoming light is nmuch nore I9oAdegisti2005ecause’
‘it 'does not have to be carried through a very small aperture. As a result,
the strength of the reflected light is considerably stronger. This
arrangewsnévabao allows reflection type geonetry rat herpdiify2lob@@sn ssi on
type geonetry in an apertureless system This is largely due to
enhancenent of the signal fromlocations near to the tip end as opposed to
| ocations which are farther away. That is, it is not possible to focus the

light to ajRYMin@RgRIH Imdch hi6reShdRedlil WeRatise i€bes! HoPhdeE thdhe ecei ve
clear signals, it iS necessary that the near-field signal be conparable

with 10 or t far-fi.el |_gnal r - do.this, it is
necessary t %{Rg(ﬂgﬁ#e@?ﬁ%?& Sg‘lr‘%lrllg(lf)cgtehﬁ]gh%gnac laglslg(’ ?‘ﬁétstt??négln%@c easi.ly
and qui ckly detected. The near-field enhancepent factor using the present
ar r angenent T¢flected lightdg qansiderably strongey, Thisrgsrangementalpallaysi gnal .
This is due to one or nore of the followi ng factors: 15 Enhancenent of the
el ectric fiedfleciion ypemgeameatiy midker thanhransmissiaf type hgequetny Dy
excitation.of surface plasma in the presence of an el ectromagneti c wave;

Proxim ty ohnaapeitairelesd ¥ysténd MEhisaisgRirgeBmdhie b tdrillandémany esfy tiseral |
di stance increases the polarizability of the sanple; The incident angle of

the laser; gpnHierBRl 36643508 h&r td'8hk2ED eRAUASCopposed to locations
which are farther away. That is, it is not possible to focus the light to
a point as small as the size of the tip end. In order to receive clear
signals, it is necessary that the near-field signal be comparable with
10 or stronger than the far-field signal. In order to do this, it is
necessary that the near-field signal be enhanced so that it can be
easily and quickly detected. The near-field enhancement factor using
the present arrangement is estimated to be at least 104 times the un-
enhanced signal. This is due to one or more of the following factors:
15 Enhancement of the electric field at the metal tip due
2 to the nature of a sharp tip or excitation of surface
plasma in the presence of an electromagnetic wave;
Proximity'(')f a metal tip with the target sample within
20 a very small distance increases the polarizability of
the sample;
The incident angle of the laser;
25 The polarization of the laser source;

The power of the laser source;

The bending of the metal tip to allow the lasers to
30 reach the tip without obstruction;

The ability to focus the light to form a small diameter
spot; and



The power of the | aser source; The bending of the netal tip to allow the
| asers to 30 reach the tip without obstruction; The abilitip Aaguso2¥UB t he
‘light to forma snmall dianeter spot; and 19 August 2005 WO 02/ 068919 -
PCT/ SG02/ 00026 10 The coating of the metal tip with material which
enhancewohmoeasmar --fi el d when used with certain wavel engroT/SGo2/4lbed e nmany
different arrangenents of specific iMdstrunents is possible, one exanple
that has been utilized includes a standard Nanonics NSOM system and a
Reni shaw Raman spectroneter. Nanonics NSOM system uses a bent tip
(cantilevered tifhe Wola¢thg BIKehet Afetatatipl Rgtieadtyany whigtact . The

conpact design alhphckS the Gfsi-fiBlEMRlenONusdd t WS Pe&ithaiet er and NSOM
by putting the | ad under the m croscope objective (N kon, x50,
WD 13.8nm and Ni g %ggo ‘the Reni shaw system as shown in FIG 1. An

argon ion |aser (488 nmline) is focused onto the netal tip, which is made

fromtungsten wire throu & el ectrochem cal et ching (aﬁgm’,lar 15 to the
met hod u2ed Whi&TmRany, ;Sﬁ BEGTH | RTROEFINERES, QbatREFUIF t AnSUMIRERtS; HE ough

RF-sputtering. The interaction between the tip and the |aser enhances the
| ocal el ect rposaiblé,; end rzamplhethatp haghibeleni mtilined inglhdeses staandradan
signal nearby. The sane objective lens collects the Raman signal fromthe
| aser spot iNaridifichapiSOM t$ydtbgh 08AGEW YRenishaw Raman spectrometer.
| Nanonics NSOM system uses a bent tip (cantilevered .tip), which
makes the scanning head very compact. The compact design allows
10 the easy integration of the spectrometer and NSOM by putting the :)
scanning head under the microscope objective (Nikon, x50, WD
13.8mm and NA 0.45) of the Renishaw system, as shown in FIG. 1.
An argon ion laser (488 nm line) is focused onto the metal tip, which
is made from tungsten wire through electrochemical etching (similar
15 to the method used in STM tip preparation) and then coated with
silver through RF-sputtering. The interaction between the tip and the
o laser enhances the local electrical field near the tip, which in turn
“ enhances the Raman signal nearby. The same objective lens collects L)
the Réman signal from the laser spot in the backscattering geometry,
20 which includes both the far-field and near-field Raman signal, which
are coupled into the spectrometer by coupling optics. The Renishaw
spectrometer is driven by Dynamic Data Exchange technique, which
allows third party software to control it. The NSOM system is
controlled by a Burleigh controller and the software controls the

25 Renishaw spectrometer as well, while running an AFM scan. During

a scan, the tip is fixed relative to the laser spot while the sample



20 which includes both the far-field and near-field Raman signal, which
are coupled into the spectroneter by coupling optics. The REhAsfasn2005
."spectronmeter is driven by Dynam c Data Exchange techni que, which allows
third party software to control it. The NSOM systemis controlled by a
Bur | ei givQc3968%? | er and the software controls the 25 Remcatsam/memect r onet er
as well, while running an AFM scan. 1buring a scan, the tip is fixed
rélative to the |aser. spot while the sanple 19 August 2005 WD 02/ 068919
PCT/ S&2/ 00026 11 runs a raster scan. After the scan, the Raman spectra

obt ai ned pofumis absaster staar Affarogessech, theaRadidraypleathohtaiigdpoigyel oped
by ourselves. In this configuration, the tip apex is not shadowed as the

nal T angi o OF DR RS pRREEEY, By o RO Rl ltopt by ° (1°

hal f angle o I n~addi ti not

erpendicul ar_tq the. s | e surface. ing this arra ment first
gxpgri nent %gse- %?ﬁ'gﬂrglanpsoﬁorél F%UO%:Jaﬁ gi@ %pﬁ’fﬁt"éﬁg{il?Wﬁg Ctiel d
enhancement, of the NSRM A bl ank silicon wafer was placed on the scanning
stage of tht&ssyhicamm 19 ayfprusedd beamewithra ronvssgingangleodlRa. 7aawhilscor ded
by the Raman spectroneter for two tip positions. The first position has
the tip9toththibadl angle of ¢battiptisnenlyi abowt 4¢1 s caddilionhdhsitip dsmatur f ace
to record the Raman spectrum i ncludi ng both the near-field and the
far-field cpepgmislitalarTtetsesantplecsiniface) is with the tip lifted from 15

the surface to record only the far-field Raman spectrum FIG 4 is a graph
whi ch showsykhify thRVabadlerhhe SRS eXPBlimeltewal! példiA&d on a pure
Si single crystal to show near-field enhancement of the NSRM. A
blank silicon wafer was placed on the scanning stage of the system
10 and the silicon Raman peak at 520cm! was recorded by the Raman
spectrometer for two tip positions. The first position has the tip
touching (i.e., contacting with or close to) the silicon surface to
record the Raman spectrum including both the near-field and the
far-field components. The second position is with the tip lifted from
15  the surface to record only the far-field Raman spectrum. FIG. 4 is a
graph which shows the results of this experiment. The solid line
indicates the situation where a tip touches (contacts with or is close
to) the sample while the dotted line indicates the situation where the
tip is lifted. It can be seen that about 35% of the total signal in the
20 first situation is due to the near-field component. It is possible to
estimate the enhancement factor, since the laser spot size is about
3um and the penetration depth of the 488nm laser into the Si

sample is about 0.5um. If the diameter of the metal tip is 100nm,

and the near-field enhancement occurs at a depth of 20nm of Si



I ndicates the situation where a tip touches (contacts with or is close 1t0)
the sanple while the dotted line indicates the situation WhEr Auguse20@5 p is
‘lifted. It can be seen that about 35%of the total signal in the 20 fifst
situation is due to the near-field conponent. It is possible to estinmate

t he enh2WNO®M2®691Y act or, since the | aser spot size is abop€T/S8ii/e0026d t he
penetration depth of the 488nm | aser12into the Si sanple is about 0.5m |If
the diameter of the netal tip is 100nm and the near-field enhancenent
occurs at a depth of 20nmof Si 19 August 2005 WO 02/ 068919 PCT/ SG02/ 00026

12 sanpl e, thamph)aneemilancerhengds fabger thdn TOH.SThi -fhirdieldsksignall cones
froma volune of n(3000/2)2x500nnB8 while the near-field signal cones from

a much snal | I émmg/ 4. (gg{;la n a t hen
be estimate as¥€ HHEV% —‘Ft(ll%lg%@fmﬁ re %) )bfb nglﬁlgﬁl ghklﬁ%ggﬁaare t he.
measur ed near, and far-field Raman int n5|ty, rese‘?ctlvel In addition to
this cal cul 23BBAl comesolrom a mych & yoluirae of {194y 2)%20mamgn Thee
sanpl e plane using a field propagator nethod taught by Qivier J.F.
Martin, Christian G rard and Al ain Dereux, Generalized ED fi eI d opagat or
for elvect ronEiRRFINSBAL @smrngaanﬁmdqﬁ c%matﬁén%%t,—x;,ﬁ— 2ipsyharsrt. 74
(1995) -65626. This nethod starts from Maxwel | equat 1/on and obtains the
electrical field as follows: E(r) _ Jdr "S(" Lr') -k2d~w. g,(i,w].
EO(), whé&re k=Ds3% handhile(hthBa)l dne thecmeas(ked-neakliand Hr-field Wamant he 15
G een's tensor associated with the whole (scattering and
intensity, respectively.
In addition to this calculation, it possible to compute the electrical {)
field on the sample plane using a field propagator method taught by -
Olivier J.F. Martin, Christian Girard and Alain Dereux, Generalized
10 field propagator for electromagnetic scattering and light confinement,
Phys. Rev. Lett. 74 (1995) 526. This method starts from Maxwell’s

equation and obtains the electrical field as follows:
E@)= [16(-P) - GER.0)- ¢, F.0)} B,
where k is the wave number in vacuum (k=|1?[) G(r:iro) is the

15 Green’s tensor associated with the whole (scattering and L)
background) system. E"(;”) is the incident electrical field and s,(}n) is
dielectric contrast of the scattering object (metal tip in this case) to
the background.

The main task is ‘to obtain the Green’s tensor, which can be

20 expressed analytically for a homogeneous background (G°(r co))

The Green’s tensor associated with the whole system can be obtained

through Dyson’s equation:



background) system EO(O) is the incident electrical field and c,(rll" is

dielectric contrast of the scattering object (netal
."the background. The main task is to obtain the Green's tensor,

20 expressed analytically for a honpbgeneous background (QO(rwW,r'"' !
The G edv082/06m90r associ ated with the whol e system can feEr/sd2monsd

t hrough Dyson's equati on:
PP GLi

equati on,

neshes.

5 wavel engt Ho.oF Gigsrma

tip in M9hAhsgwad@)s to
whi ch can be
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= Q; - k2 L GcPGP.1A P=1 This is the discretized Dyson's

where Ap is the volunme of pth nmesh, Nis the total nunber

of

The incident beamused in the sinulation is a parallel beamwth a

,&;ﬁp_elhs-i ty of 1. The tip is a conical silver

tip,

with a half angle of 8 and the size of tip apex X/ 80 (around 6nmfor
488nm | aser), as shown in FIG 7. In the sinulation, the influence of

sanpl e on t Ahiglisdhe didcrétiztd Dysonds)leguation, FvicSe 33 BnthSlvothme bhie

simulation results with p-polarized and s- 10 pol arized incident beans

respectivel
i ncident beamis much greater
Ther ef or e,
take the full

5

10

15

20

wavelength of 488nm and intensity of 1. The tip is a conical silver
tip, with a half angle of 15° and the size of tip apex A/80 (around
6nm for 488nm laser), as shown in FIG. 7. In the simulation, the
influence of sample on the electrical field is neglected.

FIGS. 8a and 8b show the simulation results with p-polarized and s-
polarized incident beams respectively. Obviously, the near-field
enhancement factor for p-polarized incident beam is much greater
than the that for s-polarized incident beam. Therefore, p-polarization
is preferred for near-field enhancement. If we take the full width at
half maximum (FWHM) of the peak in FIG. 8a as the spatial
resolution of the apertureless NSOM, the spatial resolution is about
one and a half of thf; tip size, as shown in FIG. 8a. To simulate the
spatial resolution in z-direction, we calculated the near-field
enhancement factor under different distance between the
observation plane and tip end. As shown in FIG. 9, the enhancement
factor decays rapidly with the increase of the distance. So near-field
signal comes from a very thin layer of the sample.

Besides polarization, we have also simulated the effect of incident

angle on the enhancement factor, shown in FIG. 10. From the

pt HRshQUSliy thé bstal Rimbéebfimedmeancenment factor for p-polarized
than the that for s-polarized incident beam

mgmirg{igégg RAm el iH Bid Snl L0835 el dusl RRRe Wth-a ! T Ve

*



hal f maxi mum (FWHM of the peak in FIG 8a as the spatial 15 resol ution of
the apertureless NSOV the spatial resolution is about onel®Adgwst BOS of
‘the tip size, as shown in FIG 8a. To sinmulate the spatial resolution in _
z-direction, we calculated the near-field enhancenent factor under

di ff er ertWO@d2/@a8%3ce between the observation plane and ti pCesdozémehown in
FIG 9, the enhancenent 20 factor ddtays rapidly with the increase of the
di stance. So near-field signal cones froma very thin |layer of the sanple.
Besi des pol arization, we have also sinulated the effect of incident angle

on the enhangevionss feaalts) thelkdestrical dompdfentatong ke 18 Axggiplayd0fh WO
02/ 068919 PCT/ S&)2/ 00026 14 previous results, the electrical conponent

along the tipgktant’! AE A ARG HEM EAhSARMEGR. - Tkt d whllancersdd. One -
woul d expectl- maxi mum enhancenent 1when t gdl nci dent angle tends to n/2. But.

t he maxi num enhanceneni does not occur, at. n[2. The |ncident 5 gle .at
wht ch the. oARERER N EnPaRCr B e et s dRGIdens PREIHEOTD S0 BIAeBEY | n a
second experinent, the systemwas used to show the inproved spati al .
resol uti on whehmaxémawer enhahesmeritp doEs Gnosaoghuwaitar £2 oSthe dacidemt of a
silicon device sanple while FIG 5b is an AFM inage 10 obtai ned using the

present systsiple AbhicH!theddnhafcéinlent @8ath8Smhkimafd eaaRes Wieh the2 | i nes
are 380nmin wdth, 350nmin depth and 30nm higher than the silicon |ines.

In the experg @6mei‘ryt.0t al of 128 Ranman spectra were recorded with one
second integration trnme

In a second experiment, the system was used to show the improved

" spatial resolution with the apertureless tip. FIG. 5a shows a cross-

P

section of a silicon device sample while FIG. Sb is an AFM image
10 obtained using the present system. The width of the silicon lines is
300nm and the SiO2 lines are 380nm in width, 350nm in depth and
30nm higher than the silicon lines. In the experiment, a total of 128
Raman spectra were recorded with one second integration time
-across the lines. The Raman intensity, peak, width and frequency at
15 each point on the device were derived by fitting the spectra with
Gaussian profile using an Array Basic program. In FIG. 6, the )
Raman intensity of Si is plotted against the serial number of the
Raman spectra that corresponds to different positions on the device
shov.vn in FIG. 5b (i.e., numbers 1 and 128 are at the left and right
20 mest points, respectively). The two curves shown in FIG. 6 are the
two Raman mappings of the same Si lines with different tips,
showing good reproducibility of the method.
It should be noted that the far-field component of the Si Raman peak

comes from the entire illuminated region (3um) which is much larger



. the far-field Raman i nten

across the lines. The Raman intensity, peak, w dth and frequency at 15 each
poi nt on the device were derived by fitting the spectra w t0 AGguss20@h
Jprofile using an Array Basic program In FIG 6, the Raman intensity of Si
is plotted against the serial nunber of the Raman spectra that corresponds
to diffaveaveewei ti ons on the device shown in FIG 5b (pcEsGowuenisers 1 and
128 are at the left and right 20 np9§ points, respectively). The two curves
shown in FIG 6 are the two Raman mappings of the same Si lines. with
different tips, show ng good reproducibility of the nethod. It should be
noted that tthenf eie fdigd ot SHPOBERIr GO, NEnSk. RAWRY) Qe KarqIB@SRARA t he
entire illumnated region (3m which is much larger 19 August 2005 WD

02/068919 PG{eadhs/ %Q%@\de@énal@ﬁ@ &)I?etﬁéz‘g)ogfti&?e?ﬁi tRE- %lo%iéviékets%s Thus,

Ity I's independent o e position o - Si

device as rated b he [ eat urel ess. n cko- Raman nmappi n t he

ot her hand, E\E&rﬁ%tg%&#el?% t@‘&d%%@h&eimlw%@wwgﬁgoﬁbg%%om

- 100nm) near the tip only, which shows the variation with the position on
the device. otheg h eeneamfiekdicompenent icomen dipm @ smal wgion a cl ear
mani f estati on of the near-field enhancenment while the far-field Raman .
cont ri bubes (abasen$O8nmpneagthetip ohy whictnghows thienarinyionawidbtia ned
when the tip is on silicon lines, corresponding 10 to valleys in the inage

and weaker igyisisn on (e @bvireNERAUY) tht Rambn"Bitensity varatidie shead] ty
understood that the near-field conmponent 1is strong when the tip is on

silicon, whigig id id & BRIG aMiethfién dPtHeé near-field enhancement while
<)
)

the far-field Raman contributes a constant background. The stronger
intensity was obtained when the tip is on silicon lines, corresponding

10 to valleys in the image and weaker intensity is obtained on SiO;
lines. This can be readily understood that the near-field component
is sfrong when the tip is on silicon, while it is absent when the tip is
on the oxide since the oxide is too thick to allow any near-field
enhancement of the silicon peak.

1S A more detailed description of the operation of the device follows in

regard to the arrangement of FIG. 1. The metal tip 16 is brought to

-

the sample surface by the cantilever. A red or infrared laser beam
emitted from laser diode 20 is focused onto the cantilever and then

- reflected onto the quadrant detector 22. The position where the
20 reflected laser hits the quadrant detector can be determined
according to the output of the detector. During a scan, the distance
between the tip and the sample surface is kept constant which is
realized by AFM methods, contact mode or tapping mode. In the

tapping mode, the cantilever is driven by piezo device 18 in the



on the oxide since the oxide is too thick to allow any near-field
enhancenent of the silicon peak. 15 A nore detail ed descri ptd Angwt 200t
‘operation of the device follows in regard to the arrangenent of FIG 1.
The netal tip 16 is brought to the sanple surface by the cantilever. A red
or infrawedodesgup beam enmitted fromlaser diode 20 is fecusedonze the
cantilever and then reflected onto tdhe quadrant detector 22. The position
where the 20 reflected |aser hits the quadrant detector can be detern ned
according to the output of the detector. During a scan, the distance

between the {iRafiBdlal NEmIAALE SHAICACSs & Kﬁe&s&@ﬂ%rarthewat%@foﬂc%al | zed
by AFM net hods, cont act m)de or tapping node. In the tapping node, the

cantil ever e [ /068919
PCT/ SQ02/ ooogﬁg’&éfé? g)"‘é{) ona é%f‘f’elgé‘%% %d@@g@af gt‘weﬁg ftomic
force betwe e tip and the e as detected by the quadrant detector
22. In the cgﬁt a{}{ the §on t?%“&lf&dgﬁtq‘é%‘ilr@& Ctﬁgffgy‘él%tetcﬁ eReinggegr ee
of the cantilever which is also a measure of the atomic force 5 between .
the tip and dhgresaabthe cantilesar which ip@lso at meaRumerofeths atarin foreeer beam
24 is nmuch stronger than the |aser used for the force sensing. |If sone of

the scatg erbdt\bé@hthértqunﬂetk@@dmpld,on | aser enters the quadrant detector
22, the force detection will be severely effected. To avoid this, a band 10

pass filter h§omh Rﬂ\ddjﬁbo?éf thé Jt}ﬁaﬂu@ﬂﬁ@zmoﬁghf ah? P 9§ kmu%flat tered

light. On the nd, al t’hough e | aser use orce

stronger than the laser used for the force sensing. If some of the

scattered light from the excitation laser enters the quadrant detector

22, the force detection will be severely effected. To avoid this, a band
10 pass filter is placed just before the quadrant detector to block
scattered light. On the other hand, although the laser used for force
sensing is weak, compared with the excitation léser, it is still
stronger than the reflected Raman signal, so it would have a
deleterious effect on the signal to noise ratio of the acquired
15 spectrum if it enters the spectrometer. So a short pass filter or notch
filter is placed before the entrance of the spectrometer to avoid this
- type of problem.
The polarization of the excitation laser has a great effect on the near-
field enhancement. A half wave plate is placed into the excitation
20 laser beam. The polarization direction can be rotated by adjusting
the half wave plate. To avoid movement of the laser beam while
adjusting the plate, the plate should be adjusted perpendicular to
the laser beam. In addition to polarization, the incident angle of the

excitation laser is another factor effecting the near-field



sensing i s weak, conpared wth the excitation laser, it is still stronger
than the reflected Raman signal, so it would have a del eterd AuguseRf@ct on
. the signal to noise ratio of the acquired 15 spectrumif it enters the
spectronmeter. So a short pass filter or notch filter is placed before the
ent r ancevo2/odse19spectroneter to avoid this type of probpermsciitee
pol ari zation of the excitation | asen7has a great effect on the near- field
enhancenent. A half wave plate is placed into the excitation 20 |aser
beam The polarization direction can be rotated by adjusting the half wave

plate. To avahdnmRue)t Whehdid REREF QM Whphealddoudihé Ngp thEspHaE e, the

pl ate shoul d be adjusted perpendicular to the |laser beam 1n addition to

pol ari zati ory > LG the . .excitation, aser,i s anather factor
Gt octing ¢ RETEEEeCIE aP TR Rlei SriphobhBcbE N iRs) bioofBanasr 17
enhancenent. .\When .t he | aser,beamis parallel to the tip axis, the
enhancenent SPQWALOR 0L EXPEIINENLhi ch can be shown by conputer sinul ation
or experiment. Two approaches can solve this problem One is to set the tip
oblique 5 {lva pppseaghes sanfsodee thig prabloax Ouc ds tersatgttyetipeoblyquae shown
in FIGS. 1la and 11b. If a left-right scan is used, the oblique

configur&ti aa the shimplayutface andlelsetiwidkoscattéfingigedmneast askhotas @h Ut i on
and may cause the tip to be damaged as well. In this case, the

configurati Gy, 3}ab asrrti)u'l‘ibpe[fu%eqeft\-’iylﬁ?ttQ@aﬁ??&q ﬁ?e&, béfek 31911&199 forth

one, based on the sanme reasoning, the cofifiguration o
configuration in lla may have a deleterious effect on spatial

)

.

resolution and may cause the tip to be damaged as well. In this case,

the configuration of 11b should be used. When the scan is a back

10 and forth one, based on the same reasoning, the configuration of
FIG. 11a should be used.

Another approach is to use a perpendicular tip and oblique incident

laser, as shown in FIG. 2. However, rather than using an oblique

objective, which requires a specially designed microscope and an

15 objcctive with a longer working distance, it is possible to use a

- mirror glued to the tip mount as shown in FIG. 3. This configuration

does not require much of an increase in the working distance of the

objective so that the existing Nikon objective (NA 0.45 WD 13.8mm)

can still work in this case. There is no difficulty in aligning the laser

20 spot to the tip. In either of the two approaches, the polarization of

the excitation laser should be well adjusted to obtain maximum

enhancement. Because the incident angle has a great effect on the

enhancement, the angle between the tip and the incident laser
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| la should be used. Another. approach is to use a perpend

icular tip

oblique incident laser, as shown in FIG 2. However, rEt Aagust Ra05 usi ng
‘an oblique objective, which requires a specially designed mc
an 15 objective with a | onger working distance, it is possible
mrror gko@gdedsset he tip mount as shown in FIG 3. This ceatkayaihn does

require much of an increase in tige working di stance of the

so that the existing N kon objective (NA 0.45 WD 13.8nm) can
this case. There is no difficulty in aligning the |aser 20 spo
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A hi gh resonance frequency can help to suppress noi se.

Thus, thg cafbrd S¥RSitivEGH! thedforéd detédttbn SANigh rHi®name®egudiady banbent,
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m¢c recn 1s sim eren

szilro%.i qu"xe ﬁp need not be bent, as long as it does not obstruct the
light. The metal tip may be metal or metal coated. The tungsten (or
other suitable material) tip is prepared using electro-chemical
etching, which is similar fo but different than STM tip preparation. A
suitable tip can be obtained using a tip etching kit (Omicron), a
cylindrical stainless steel cathode with a inner diameter of 10mm, 2-
3 M NaOH solu_tion, and a 3.5-4.5 V etching voltage. The etching
conditions affect the tip sharpness and length. After being coated
with a silver, the tip is bent into a cantilever using an apparatus
under a microscope. The silver (or other suitable coating material,

with the choice depending on the laser wavelength) coating is

" obtained through RF-sputtering.

In summary, by using this combination of near-field scanning optical
microscopy and Raman spectroscopy, specific information about the
chemical structure of materials can be obtained with nano-meter
spatial resolution. This is critically important for a wide range of
applications including nano-devices, quantum dots, and single

molecules biological samples. Using this system a one dimensional

t han

~




suitable tip can be obtained using a tip etching kit (Qmcron), a

cylindrical stainless steel cathode with a inner dianeter of9 AQgmst2@653 M

"NaCH solution, and a 3.5-4.5 V etching voltage. The etching conditions
affect the tip sharpness and |l ength. After being coated 15 with a silver,
the tipweobessviointo a cantilever using an apparatus ungeqsaoetidoheScope.
The silver (or other suitable coating material, wth the choice depending
on the | aser wavel ength) coating is obtained through RF-sputtering. In
summary, by using this conbination of near-field scanning optical 20

m croscopy ®RinkahRibgiHAG! AASC AP YwoS Bftlehisforhdll ANSRM Inddod lofl Beredinem cal
structure of materials can be obtained with nano-nmeter spatial resol ution.

This is crity ' for | range of appli,cati ons ipncluding
nano- devi ce%,ﬁl&?ﬁlaﬁf t%%%%@tbgﬁg‘ gﬁ%npgg Wba[?le@u?%g Sﬁ%ﬂﬂg@&mw M. Using
this syste .one dinmensional 19 August 2005 WO 02/068919 PCT/ S@2/ 00026

19 Ranan nappi™ %?nbeﬁnt%\k’f:q}?ﬁ\‘a‘ﬁg‘?en'dﬁ“!&\lm(i serjécangageemetrys mhichn

devi ce have been obtained with a one second -exposure tine. This has been
acconpl i she@llggisnmanpirgstosoceui mjthmatraeedinvhiactranaphoeat mep@rggthin occur
wi t hout needing a transparent or very thin 5 sanple. It al so does not

requi re dhatsanipleshnglise diescaat eequiirt lthaktthle saihpld Bitodted withahefdl f ace.
The netal tips used in this aperturel ess system can be used to nake

he | | | )
That are o P B R e P8 LR SpBRERET | e

near-field system can be used to make simultaneous AFM and electrical

mappings such as resistance and capacitance that are critical

| parameters for device applications. The system utilizes near-field
10 techniques which has not been possible in the past for signal to
noise ratios. Previous systems either used an optical fiber tip with a
small (50-200nm) aperture or resorted to transmission geometries
only. The present invention uses an apertureless system in a
reflection geometry. The end result is that an image can be
15 constructed in a very short time on the order of one second per point
compared to nine hours in some of the prior art. Accordingly, this
combination of an NSOM and Raman spectrometer allows the
formation of an apertureless near-field Raman microscope using a
reflection geometry in order to achieve short processing times and
20 without extensive sample preparation.
The invention being thus described, it will be obvious that the same
may be varied in many ways. Such variations are not to be regarded

as a departure from the spirit and scope of the invention, and all



10 techni ques which has not been possible in the past for signal to noise
rati os. Previous systens either used an optical fiber tip W9 August200S |
"(50-200nm aperture or resorted to transm ssion geonetries only. The
present invention uses an apertureless systemin a reflection geonetry.
The end wesdhésois that an image can be 15 constructed i nparx@iMecsnort time
on the order of one second per point2e conpared to nine hours in sone of the
prior art. Accordingly, this conbination of an NSOM and Raman spectromneter
allows the formation of an apertureless near-field Raman m croscope using

a reflecti %cgﬁmmau@m%r&@avdmdas@Io%’oéél%to&r QRARSH 1P thi '%Esc@d 20

W t hout extensive sanple preparation. The I nvention belng thus ri bed,

it wll be g t ¢ nay,..be _varie wa Such

vari ati ons a{B\é(ér%g?dttg mrl&zlé‘g?ég?ﬂth‘ e §eoRt Pgﬁ%e {ﬁﬁ%géﬁnﬁt and scope
of the invention, and all 19 August 2005 WO 02/068919 PCT/.SGX02/ 00026 20 )
such nodi fications as would be obvious to one skilled in the art are
intended to be included within the scope of the following -clainms. 19
August 2005 PCT/ S&2/00026 21 WHAT IS CLAIMED IS: 1 A Raman
spectrographic system conprising: a stage for receiving a sanple to be
nmeasured; a lens for focusing a | aser beamto a small spot size on said
sanpl e;

0
4



an apertureless netal tip placed above said stage and being at |east close
to said sanple within said | aser spot; said |ens collectingi&angist 2005
'scattering reflected light; and a Raman spectroneter for receiving sald
collected light and analyzing said sanple. 2. The system accolf§iH§Go2/00026
Claim1l, wherein said netal tipis c@dted with netal. 3. The system
according to Claim2, wherein said netal is silver. 4. The system accordi ng
to Claim1, wherein said nmetal tip enhances a near-field Raman signal. 5.
The systes&@gig&di ng to daiml, wherein the netal tipis cantilevered. 6.
The syste ' (fi“n‘gMEDdISai m 1, further conprising a | aser diode and

. quadrant detector for determning the position of said netal tip. AVENDED

SHEET 19 Augubt 200RankGT 5p6R2) The:system according to Claim
1, wherein said metal tipis dr%ﬁ%éﬁzﬁ’ecfglﬂiﬂpgé. 8. The system

according to Gl atapelfor We&siging 584, e beamis . perpendicular to a
surface of said sanple and sgi d rrelpl'li?% f’B“PW@% acute angle to the

sanpl e. 9. The kystepf [ 0,Claiml, wherein said netal tipis
vertical to said sanple an gthgsﬁg5%ﬁ%rgoto|%§gallmwmsam s&ipe;angl e

an apertureless metal tip placed above said stage and being at least

close to said sample within said laser spot;

said lens collecting Raman Scattering reflected light; and

- . a Raman spectrometer for receiving said collected light and

i analyzing said sample.

2. The system according to Claim 1, wherein said metal tip is

coated with metal.

3. i i
The system according to Claim 2, wherein said metal is silver

\ 4, The syste i i i ‘
) Y m_ according to Claim 1, wherein said metal tip

‘enhances a near-field Raman signal.

0

S. The system according to Claim 1, wherein the metal tip is

cantilevered.

6. . .
The system according to Claim 1, further comprising a laser

diode and quadrant detector for determining the position of said metal tip

AMERDED SHEEY



to said surface. 10. A near-field scanning Raman spectroneter, conprising:
a stage for receiving a sanple to be nmeasured; an aperturel pggug@gtqboy p

'pl aced

above said stage and being at | east close to said safi9sGa2

-beam focused to a small spot by a first lens on said netal tip and sald
said netal tip enhancing a negar-field Raman signal; a second | ens

sanpl e;
for collecting reflected Raman shifted |ight;

and a Raman spectroneter for

receiving said collected light and analyzing said sanple. 11. The system
according to Claim 10, wherein said first Iens and said second lens are

the same | ensT. ANEII‘HDE@y&HEE'EcéQrﬁ{gl{?tC?a%S CT/ SED2/ 00026 23 12. A met hod

of perform ng aperturel ess near-fi

refl ectidrivge®ysd plezoivid Si ng: focusing a | aser beamonto a snal |
a surface of a sanple; placing a netal tip at |east close to said surface

at a location within said spot; collecting reflected Raman shifted.
and applying said collected [ight to a Raman spectroneter to anal yze
sanpl e.

13. Tge hod according.to Cl aim 12, further conpri sing:
. rT%the stém accon ng to Claim 1, wherein said laser beam is

perpendicular to a surface of said sample and said metal tip forms an

acute angle to the sample,

9. The system according to Claim 1, wherein said metal tip is

vertical to said sample and the focused laser beam forms an acute angle

to said surface.

10. A near-field scanning Raman spectrometer, comprising:

a stage for receiving a sample to be measured;

an apertureless metal tip placed above said stage and being at least

close to said sample;

a light beam focused to a small spot by a first lens on said m;:tal tip
and said sample;

said metal tip enhancing a near-field Raman signal,;

a second lens for collecting reflected Raman shifted light; and

a Raman spectrometer for receiving said collected light and

analyzing said sample.

11. The system according to Claim 10, wherein said first lens and

said second lens are the same lens.

AMENDED SHEEY
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[ [ [ ding to daim 12,
a near-field Raman signal. 14. The met hod accor :
332?2?hn?he | aser beamis perpendicular to the surface and;$ R fi®bahsti P
‘is cantilevered at an acute angle to said surface. 15. The UEEE <#3W¥W?8
according to Caim 12, wherein said focused light is at an ac 9
a surface of said sanple and said netzd tip is perpendicular to sai
surface. AMENDED SHEET

12. A method of performing apertureless near-field scanning
Raman microscopy in reflection geometry, comprising:

focusing a laser beam onto a small Spot on a surface of a sample;

placing a metal tip at least close to said surface at a location within
said spot;

collecting reflected Raman shifted, light; and

) applying said collected light to a Raman spectrometer to analyze

said sample.

13.  The method according to Claim 12, further comprising:

enhancing a near-field Raman signal.

14. The method according to Claim 12, wherein the laser beam is
perpendicular to the surface and the metal tip is cantilevered at an acute

angle to said surface,

15.  The method according to Claim 12, wherein said focused light
is at an acute angle to a surface of said sample and said métal tip is

perpendicular to said surface.
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