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Xopolwo oTpaboTaHHbIN M LWUIMPOKO UCMO/Ib3yeMbl COCO6 NncciefoBaHUS MOBEPXHOCTU

B HAHOMETPOBOM AMana3oHe — pacTpoBasd 3JIeKTpOHHasa Mukpockonus (POM). OgHako
aHanMTU4Yeckue BO3MOXHOCTU POM orpaHuyeHbl Usy4yeHMeM CTPYKTYpbl MOBEPXHOCTHU
o6pasuoB. [1ns ux pacwmpeHmsa POM KOM6UHUPYeTCS C APYrMMUN USMEPUTEsIbHbIMU MeTofaMu,
YTO MO3BO/ISIET MNONYYUTbL 60osblue MHPOopMaLum 06 nccnegyemom obbekte. Hanpumep, POM
MOXEeT AO0MNOJIHATLCA SHEProAMCNEepPCMOHHOM peHTreHOBCKOM cnekTpockonuen (34C), koTopas
No3BOJISeT BbIMOJIHATb 3/IeMEeHTHbIW aHa/iuM3 maTepuana obpasua. Takxe Bce 60nee wnpokoe
npuMeHeHUe B UCCief0BaHUAX HAXOAUT KOM6UHauus POM 1 pamMaHOBCKOW CMEKTPOCKONUMU
(PC). MocnepHsAa faeT BO3MOXHOCTb U3y4YaTb MOJIEKY/IIPHYIO CTPYKTYPY BeliecTBa.

Scanning Electron Microscopy (SEM) is a well-established and common method for the analysis of
sample surfaces in the nanometer range. However, the analyzing capabilities of SEM are limited
to the surface structure. To overcome these limits, SEM is often combined with other analyzing
techniques that are suitable for the detection of additional sample characteristics. An example
of such an SEM attachment is EDX (Energy-dispersive X-ray spectroscopy), which provides
information about the elemental composition of a sample. Although not as frequently used as
the well-established EDX-SEM combination, Raman-SEM is becoming increasingly popular for

comprehensive sample analysis. Raman spectroscopy can detect the molecular composition.

6pr9HOe coueTaHue PC 1 POM [103BOJISIET HONY-

YaTh 10 OJJHOMY PaMaHOBCKOMY CIIEKTPY AJIS

Ka’KJIOTO II0JI0KeHHU s obpasua 6e3 co3maHUus
KOHQOKAJIIbHBIX PAMaHOBCKUX HU300paskeHUN. HoBas
KoppesslHoHHas TexHonorus RISE (Raman imaging
and scanning electron - monyyeHue paMaHOBCKUX
1306paskeHHMH U CKAaHUPOBaHHUe 37IeKTPOHHBIM IIyU-
KOM) BIIePBBIE [T03BOJIMJIA COYeTaTh B OAHOM IIpHUbope
(puc.1) POM u KoH)OKaIbHYIO pAMaHOBCKYI0 MHUKPO-
ckoruio (KPM). HusKe pacCMOTpPeHBI OCHOBHBIE 0CO-
O0eHHOCTH HOBOM KOMOHMHHUPOBAHHOMN TeXHOJIOIHUHU
Y IIPUMepHI ee IPaKTHUYeCKOTro IPUMeHeHHU .

TEXHO/NOTMN U ObOPYAOBAHUE

POM xapakTepu3yeTCsS BBICOKHMM pas3pelleHHeM,
[I03BOJISISI KCCTIe0BATh TOIIOIPadUIo0 U MOPPOTIOTUI0
MaTepHasoB. [I/1s IonydeHUs n306paskeHU S II0BEPX-
HOCTb 06pasla cKaHUPyeTcsl CGOKYCHPOBAHHBIM

BBICOKOSHEPreTUYeCKUM IyYKOM 37IeKTPOHOB C QUK-
caljfed JaTYHMKOM OTPa’KeHHBIX U BTOPUYHBIX 3/1€K-
TPOHOB. BTOpHUUYHEIE 3JIEKTPOHEI JAIOT KHGOPMALIKUIO
o Mopdosnoruu u Tornorpaduu obpasia, o6paTHOOTpa-
>KeHHBIE 37IeKTPOHBI ~ 06 ONHOPOLHOCTHU CTPYKTYPHL.
Pa3pemenne POM cocTaBisieT okono 1 HM [1].

KPM 6a3upyeTrcs Ha CIIeKTPOCKOIHMYECKOM aHa-
NH3e MOJIeKYISIPHON CTPYKTYpHI obpasna. PC MoskeT
IPUMEHSTHCS O/ UCC/IeJOBAHUS TBEPIABIX, KUJ-
KUX U ra3006pa3Hbx 00beKTOB. DddeKrT KoMbrHa-
LIMOHHOTO paccessHUS IIPOSIB/IsIeTCS IPH B3aKMOJen-
CTBUU CBeTAa C XUMUYECKHUMHU CBA3SIMHU B MaTepH-
ane. KomebaHMS B XUMHUYECKHX CBSI35IX BBI3BIBAIOT
M3MeHeHHe YaCTOThl SHEePIUU OTPa>KeHHOI0 U3J1y-
YeHH s, KOTOpoe oIlpenensercs CrenuduIecKUM
IS KasKA0TO XMMHYECKOr0 BellleCTBA PAMaHOBCKHUM
criekTpoM. KoMbHMHAIIMOHHOe paccesiHHe, KakK IIpa-
BHUJIO, UMeeT HU3KYI0 HHT@HCUBHOCTD, II03TOMY /15

WITec GmbH (FepmaHus)

HAHO MHOYVCTPHA #2/56/2015



CONTROL AND MEASUREMENT

IIO/Ty4eHHU s PAMaHOBCKOIO CIIEKTPa TPeby0TCs BBICO-
KOYYBCTBHUTe/lIbHble IPUOOPEI. [IOMHMO HAEHTH-
duKa MM XUMHYEeCKUX KOMIIOHEHTOB obpasua, PC
[03BOJISIET U3MEPSTh UX KOJTUYECTBO, OIIPELEIsITh
XapaKTePUCTUKU HANPSKeHHO-LedOPMUPOBAH-
HOTO COCTOSIHUSL ¥ KPUCTAJIJIMYHOCTH. B 4acTHOCTH,
10 IMKOBOHM MHTEHCUBHOCTH KOMOUHAIIMOHHOTO
paccesiHUSI MOKHO OLIeHHUBATh OTHOCHUTEIbHOE KOJIH-
YeCTBO KOHKPETHOTO XMMHUYEeCKOr0 COeJUHEeHHUS,
CABUT IIHMKa YKa3blBaeT Ha HAIIPS>)KeHHO-AepOpMHU-
POBaHHOE COCTOSIHHUE, a INMPHUHA ITUKA CBUIETE/b"
CTBYeT O CTeIleHHU KPUCTA/IMYHOCTH UIK aMOppHO-
CTH BellecTna [2, 3, 4].

KPM obbemunser PC ¢ KOHPOKATBHOH OITHU-
yeCcKOM MHUKpOCKoIHeH. B pexkume KPM obpaser
CKaHHUPYeTCs MoC/ael0BaTe/IbHO, TOYKa 3a TOYKOHU
U TUHUA 33 JUHUEH, IpUYeM AAaTUYUK Ioay4daeT
HMHGOPMALIUIO TOMBKO U3 POKATBHOMU IJIOCKOCTH
OIITHYeCKOH CHCTeMBl. Biiaromapst aToMmy OJIsT KasK-
JOM CKAaHHMPOBAHHOKM TOUKHU CObMPpaeTcs CIeKTpo-
CKOmHYecKas HHPOpMaLMA 0 XMMHYECKUX KOM-
noHeHTax. KoHpoKasbHbIe PAMaHOBCKHME MHUKPO-
CKOITBI 06eCIIeYBAIOT IIPOCTPAHCTBEHHOE pa3pelle-
HHe, OTpAaHHUYEHHOE TOJIbKO TUPPAKIHOHHBIM IIpe-
JleJIOM CBETOBBIX BOJIH, U XapaKTepPHU3YIOTCS XOPO-
IIMM pa3pelleHHeM II0 I1ybHHe, YTO I103BOJISET

ntil now Raman-SEM micro-

scopes enabled the acquisi-

tion of single Raman spec-
tra at defined sample positions but
did not facilitate the generation of
confocal Raman images. By con-
trast the newly developed correl-
ative RISE (Raman imaging and
scanning electron) microscope
enables for the first time the acqui-
sition of SEM and confocal Raman
images within a single instrument
(fig.1). This article gives an over-
view of this new correlative imag-
ing technique and provides two
example applications.

MATERIALS AND METHODS
SEM is a high-resolution surface
imaging technique that can deter-
mine a sample’s topography and
morphology. In order to generate
an image, a focused beam of high-
energy electrons scans the sample.
Through electron-sample inter-
actions, backscattered and sec-
ondary electrons emerge and are
detected. These electron signals
are commonly used for imaging
samples regarding their morphol-
ogy and topography (secondary
electrons) and their contrasts in
composition (backscattered elec-
trons). The lateral resolution can
be down to about 1 nm [1].
Confocal Raman imaging is a
spectroscopic technique for the

analysis of molecular compounds
within a sample. Raman spectros-
copy can be used to study solid,
liquid, and gaseous samples. The
Raman effect is exhibited when
light interacts with the chemi-
cal bonds in a sample. Vibrations
in the chemical bonds cause a
specific energy shift in the back-
scattered light. Those frequency
shifts produce a material-specific
Raman spectrum. Raman scatter-
ing is typically very weak, there-
fore optimized instrument com-
ponents for maximum light trans-
mission are essential to obtain
high-quality Raman spectra.
Besides the chemical components,
Raman spectroscopy can measure
additional sample characteristics
such as the relative amount of a
specific component, stress and
strain states, or crystallinity. The
Raman peak intensity provides
information about the relative
amount of a specific compound,
a peak shift indicates stress and
strain states, and the peak width
indicates the degree of crystallin-
ity and allows the microscopist to
distinguish between crystalline
and amorphous materials [2, 3, 4].

The confocal Raman imaging
technique combines Raman spec-
troscopy with a confocal micro-
scope. In confocal Raman imag-
ing mode the sample is scanned

point-by-point and line-byline,
and only information from the
focal plane reaches the detector.
In this way information about the
spatial distribution of the chemi-
cal components within the sam-
ple is gathered and imaged. High-
resolution confocal Raman micro-
scopes acquire the information of
a complete Raman spectrum at
every image pixel and achieve a
lateral resolution at the diffrac-
tion limit of the light employed. A
confocal Raman microscope setup
is further characterized by a good
depth resolution, which facili-
tates 3D Raman images and depth
profiles [5].

Correlative Raman-SEM imag-
ing (RISE microscopy, WITec,
Ulm, Germany and Tescan Orsay
Holding, Brno, Czech Republic)
combines an SEM and a confo-
cal Raman microscope. The con-
focal Raman microscope is inte-
grated into the vacuum cham-
ber of the electron microscope.
Non-destructive Raman and
SEM measurements are consec-
utively performed at two differ-
ent positions inside this cham-
ber using an automatic transfer
stage. Calibration of the sample
position ensures scanning of the
same sample area in both SEM
and Raman modes. In Raman
imaging mode a 100x/NA=0.75
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Puc.1. B Hosom RISE-mMuKkpockone cosmeuieHbl pacmpossil
3AEKMPOHHbIL MUKPOCKON U KOHGOKAAbHBIU pAMAHOBCKUU MU=~
Kpockon (pomo komnaHuu Tescan)

Fig.1. The newly developed RISE microscope integrates a SEM
and a confocal Raman imaging microscope within a single instru-
ment (image courtesy of Tescan)

I0/1y4aTh TPeXMepHble H300paskeHUs U ITyOUHHbIe
npodumnu [5].

KoppenauuonHas TexHosorus RISE, obbemu-
Hsaronas KPM u POM, pa3paboraHa HEMEILIKOHM KOM-
nanuer WITec 1 yemncKUM xonauHrom Tescan Orsay.
B npubopax, peanu3yOUUX 3Ty TeXHOIOTUIO, KOH-
dOoKa/JbPHBIH PaMaHOBCKHMIH MHUKPOCKOI HHTeIrpH-
POBaH B BaKyyMHYIO KaMepy 3JIeKTPOHHOI0 MHUKPO-
ckoria. M3MmepeHH S BBIIIOTHAIOTCS II0C/IeL0BATEIBHO
B IBYX Pa3/JIMYHBIX [MO3HULIUAX C aBTOMAaTUYECKHUM
nepemeimeHueM obpasna. KaaubpoBka ero mosu-
LIMU I103BOJIsIeT CKAHUPOBATh OHY U Ty ke 06/1acTh
B oboux pexxumax. B pexxume KPM ucrone3yercs
06bekTHB 100x/0.75 dupMBl Zeiss. CreliranbHOe IIPo-
rpaMMHoe obecriedeHue RISE CIy>KUT [/1s yIIpaBie-
HHS HACTPOHMKOM Iprbopa 1 06paboTKYU pe3yIbTaToB,
BKJIIOYasl KOPPeAsLMOHHBIM aHa/IHM3 U HaJIOKeHHe
usobpaskenurt KPM u POM.

nOAroTOBKA 3KCNEPUMEHTOB

ITepBBI HCCIIeAyeMBIE 06BbeKT — IpadeHOoBas IJIeHKa,
HaHeCeHHAas Ha KPeMHHEBYIO IIJIACTHHY MEeTOL0M
XUMHUYECKOT0 0CAKIEHHUS U3 ITapoBor a3, - ObLI
yCTaHOBJIEH B KaMepy mnpubopa I/ HU3MepeHUs
B pe>KHMe BBICOKOTO BaKyyMa 6e3 JOIOTHHUTENbHON
npobonoaroToBKHU (B YaCTHOCTH, 6e3 HaHeCeHHUS
JOTIOTHUTEJIBHOTO ITPOBOSIIIEr0 YITIePOLHOTO HUJIH
30JI0TOrO MOKPBITUSA). [padeHOBas IIEHKA COCTOSIIA
M3 HEeCKOJIbKUX CJI0eB, KasKAbIH TOJIIWHOMN B OJUH
aToM. [lJIs UcclleJOBAaHU I HACTOBKO TOHKUX IIOKPHI-
THUH 11e/1eco06pa3HO UCII0Ib30BATh PEXKUM BTOPHY-
HBIX 3JIeKTPOHOB, TaK KaK OHHM XapaKTepHU3YIOTCs

Zeiss objective is employed. With
this objective the sample area is
scanned during Raman image
acquisition. Instrument control is
carried out through the RISE soft-
ware interface. Image post-pro-
cessing as well as the correlation
and overlay of SEM and Raman
images are performed with the
same software.

SAMPLE PREPARATION

A CVD (chemical vapor deposi-
tion) graphene film on a silicon
wafer was mounted on a SEM
stub and inserted in the SEM
chamber for further examination
in high-vacuum mode without
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any further preparation (no con-
ductive carbon or gold coating
was applied). Multi-layer gra-
phene films have a thickness of
only a few atomic layers of car-
bon. Such thin films can be
imaged best in secondary elec-
tron SEM mode because second-
ary electrons have a low penetra-
tion depth resulting in a stronger
detectable image contrast.

In a second sample, polymer
solutions were prepared from
poly-methyl metacrylate (PMMA)
and poly-styrene (PS) by dissolv-
ing 10 mg of the polymer in 1 ml
toluene. Blends were prepared by
mixing 2 ml of the PMMA toluene

solution and 1 ml of PS toluene
solution. A droplet of the solu-
tion was placed on a clean glass
cover slide and dried in ambient
conditions. A blend film with a
thickness of several hundred nm
is formed on the glass substrate
after the evaporation of the sol-
vent. The glass substrate with
the blend film was mounted on a
SEM stub and inserted in the SEM
chamber without any further
sample preparation or coating.
To allow uncoated specimens for
Raman analysis it is beneficial
to measure the samples in in low
voltage SEM mode or gas atmo-
sphere such as nitrogen. This is
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Puc.2. Viccnedosarue memodom RISE 2paeHosoli naeHKU 8 8bICOKOM 8akyyme: a — de¢pekmbl zpadeHosol cmpykmypbl Ha POM-
U306paxkeHUU; b — 0CHOBHbIE cnekmpbl KOMOUHAUUOHHO20 paccesiHusi pasAudaomcs WupuHol U ebicomol nukos; Ha KPM-u306paxkeHuu
CUHUM 0603Ha4eHbl 06Aacmu 00HOCAOUH020 2padeHad, 3eAeHbIM U KpACHbIM — MHO20CA0UHO020 2padeHd, Kenmbli — KpeMHUEesast 0CHo8a
Fig.2. RISE microscopy of a graphene film in high vacuum: a - SEM image of the graphene film revealing defects in the surface structure;
b - main Raman spectra identified by differences in the peak width and intensity; ¢ - Corresponding color-coded, confocal Raman image.
Blue indicates a single layer, green and red areas are multi-layer, the silicon substrate is shown in yellow

MaJjIo¥ I1y6MHON NPOHUKAHHUS, UYTO obecriedrnBaeT
JTyYIIHE KOHTPACT M300paskeHHU .

Bropo# ucciaenyeMsisi 06beKT — PacTBOp IOJIH-
MepoB - OBl IOJIy4eH K3 MOJHMMeTHIMeTaKpU-
nata (IIMMA) u monuctupona (IIC), pacTBopeH-
HBIX B Tonyose (10 MT mosumepa B 1 MJI Tonyosa).
[Ipu mpurorosaeHuH obpasua 2 mia pactsopa [IMMA
6p110 cMemaHo ¢ 1 M pactBopa IIC. Kamis pactBopa
Obl7Ia [TOMellleHa Ha CTEeKJIO U BBICYIIeHA ITPU KOMHAT-
HOU TeMIlepatype. [locile HclIapeHUs PAacTBOPUTeS
Ha IIOBEPXHOCTH CTeK/a 06pa3oBanach MoJMMepHas

IIJIeHKA TOJIIHUHOM B HECKOJIbKO COTEH HaHOMETPOB,
1 obpasel] 6611 IIOMeIlleH B BAaKYyMHYI0 KaMepy IpH-
bopa. HccnemoBaTh TaKol obpaser] 6e3 HaHeCeHUS
CIleLiMaJIbHBIX TIOKPBITUI Lie71ecoo6pa3Ho IIPU HU3KOM
yCKOPSIOILeM HaIlPSOKeHUHU U B CIIeLIHaJIbHOM aTMOC-
depe, HampuMep B a30Te. ITO ellle OFHO OTIMYHe KOM-
6uHanuu POM-KPM ot POM-I/IC, TaK KaK A/ SMUC-
CHUH PEeHTreHOBCKOIO M3/Iy4YeHHUs TpebyIoTcsl BBICO-
KHe YCKOPSIIYe HAaIlPsSsKeHUss, POM-uccieqoBaHue
BBIIIOJIHSIETCS B Pe>KKMMe BTOPHUHBIX 3JIeKTPOHOB,
KOTOpbIe pacCerBaIOTCs IPeuMYyILleCTBeHHO YIIPYTo,

another difference to EDX anal-
ysis that needs relatively high
voltage to excite the X-rays. The
SEM analysis was performed by
detecting the backscattered elec-
trons. Backscattered electrons
are largely elastically scattered,
and heavier atoms deflect more
electrons producing a stronger
signal.

INVESTIGATION OF A GRAPHENE FILM
Graphene films are stable, ther-
mally and electrically conductive
molecules. These characteristics
account for the great interest in
graphene for many applications
in electronics, photovoltaics, and
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the development of new mate-
rials. An area of 12 x 12 pm? was
first imaged in SEM mode. The
graphene surface was analyzed,
and defects such as wrinkles
and stratifications were detected
(fig.2a). Further characteriza-
tion of the film defects by EDX
would not be beneficial because
the detectable carbon X-ray sig-
nal from such thin films is not
sufficient. The graphene film
was analyzed instead in Raman
imaging mode. A hyperspectral
data set was generated contain-
ing the information of thousands
of Raman spectra. The main spec-
tral components of the data set

were identified by the RISE soft-
ware. The resulting Raman spec-
tra provide information for a
more detailed characterization of
the graphene film: differences in
the peak width and peak inten-
sity can be observed among the
spectra. Those spectral differ-
ences arise from the defects in
the graphene film. On the basis
of the differences in the D’-peak
intensities of fig.2b, several
graphene layers can be distin-
guished from each other. In the
corresponding colorcoded Raman
image, these layers are repre-
sented by different colors reveal-
ing areas with single-layered
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Puc.3. Viccnedosanue memodom RISE cmecu MMMA u TC: a - Ha POM-
U306paykeHuU 8UOHbI pasAuYus monozpaguu nogepxHocmu, b - cnex-
mpbl KOMBUHALUOHHO20 paccesiHus MC (3eneHbil) u MTMMA (kpac-
Hbill); ¢ — KPM-u306paxkeHue HazAs10Ho nokasvlieaem pacnpedesneHue
noaumepos e cmecu; d — cosmeueHue POM- u KPM-u3obpaxceHull Oe-
MOHCMpUpyem c8s13b Mexdy cmpyKmypol U XUMUYeckum cocmasom
nosepxHocmu

Fig.3. RISE microscopy of a PMMA-PS polymer blend: a - the SEM
image of the polymer blend shows different surface topography within
the sample; b - Raman spectra for PS (green spectrum) and PMMA
(red spectrum); ¢ - the color-coded confocal Raman image reveals the
distribution of the two polymers within the blend; d - Raman-SEM
image overlay demonstrating the correlation between surface struc-
ture and the appearance of the two different polymers

IIpyu4veM Ts>KeJlble aTOMBL OTKJIOHSIOT 6omblre 3JIEKTPO-
HOB, 4TO obecrieurBaeT 6oj1ee CUIbHBIN CUTHAJL.

MCCNEAOBAHUE TPAOEHOBOW NJIEHKU
IpadeHOBBIEe IJIIEHKH COCTOST M3 CTAOHIBHBIX
MOJIeKYJI C BBICOKOH TeIlJIO- K 371eKTPOIPOBOJHO-
CThIO. DTHU CBOMcTBA rpadeHa obycnaBIMBAIOT
BBICOKH M HHTepeC K ero MCIO0Jb30BaHHUIO B 37I€K-
TpoHHKe, $OTOBOABTAMKE U pPa3paboTKe HOBBIX
MaTepHasoB.

POM-ucciegoBaHue yyacTKa pasMmepoMm 12 x 12 Mrm
BEISIBUIO OedeKTh IrpadeHOBOU CTPYKTYPH,
B YAaCTHOCTH, MOPUIMHBI U HaclIoeHHUs (pHUc.2a).
JanbHellee KUccilefoBaHUe fedeKTOB IPOBOAUIOCH
meTogoM KPM, Tak Kak npumMmeHeHue I/IC Hellee-
coobpa3Ho M3-3a MaJION TONIIHHEI IVIEHKHU, He obe-
CIeYHBaIOIler SMHCCHIO PEeHTITeHOBCKOIO HM3/Iyyve-
HUS JOCTATOYHOM CUJ/Ibl. [HIlepcleKTpa/bHble JaH-
Hble, cofepsKallie HHPOPMALIUIO O ThiCAYaX CIIeK-
TPOB KOMOMHAIIMOHHOIO paccessHUsI, OB IIpoaHa-
JMU3UPpoBaHbI ¢ moMoIbio I1O RISE, KoTopoe BhISIBHJIO
OCHOBHBIE CIIeKTPajIbHble KOMIIOHEHTHI. [lo/y4yeHHbIe
CIIeKTPBl KOMOMHALIMOHHOIO pacCesiHUS IIpefoCcTa-
BUJIU JOIOJHUTENbHYI0 HHGOpMaI K0 06 Huccie-
nyeMoll TpadeHOBO IIJIeHKe, B YaCTHOCTH, Pas/u-
YK B IIMPHUHE U BHICOTE IIMKOB CIIEKTPOB XapaKTe-
pu3oBanu medekThl CTPYKTYphl. Hampumep, pas-
Has BBICOTA mHuKa D' Ha puc.2b cBUmeTenbCcTByeT
0 Pa3/IMYMNU CBOMCTB HECKOIIBKUX I'PadeHOBBIX CI0EB.
HM3o06paskeHHe pa3mepom 90 x 90 Touek (8,1 ThIC. CIIeK-
TPoB KOMOMHAIIMOHHOTO paccessHUs) ObLIO MOy~
YeHO MeHee YyeM 3a 7 MUH. Ha puc.2c mpeacTaBjieH

graphene (shown in blue) and
areas with multi-layered gra-
phene (shown in green and red).
The silicon substrate is shown in
yellow. The Raman image con-
sists of 90 x 90 pixels yielding
8,100 Raman spectra, and the
total acquisition time of the com-
plete Raman image was less than
7 minutes. By overlaying the SEM
and Raman images, information
from both imaging techniques
can be correlated (fig.2c).

ANALYSIS OF A PMMA-PS-POLYMER
BLEND

For the investigation of the poly-
mer blend, some measurement
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parameters were adjusted to the
sample’s requirements. For the
SEM analysis a small working
distance to the sample (~8 mm),
a pressure of nitrogen of 20 Pa,
and an accelerating voltage of
10 kV were chosen. The SEM
image reveals two separate areas
distinguished by their topo-
graphical differences: parts of
the blend had a smooth sur-
face, whereas other parts exhib-
ited a fine two-phase structure
(fig.3a). However, from the SEM
image alone it was not possible
to make a clear statement about
the identity of the blend compo-
nents. An EDX analysis would

not distinguish the different
phases because the same ele-
ments are present in each phase.
However, when analyzed in con-
focal Raman imaging mode,
the two polymers can be iden-
tified by their specific Raman
"fingerprint”. Thus two dis-
tinct spectra identify PMMA and
PS (shown in red and green in
fig.3b, respectively). The hyper-
spectral Raman image with the
same color-coding reveals the
distribution of the two compo-
nents within the sample (fig.3c).
In some parts of the Raman
image a mixture of the colors of
the two polymers is apparent,



CONTROL AND MEASUREMENT

pe3y/ibTaT o6beIMHEeHU S IOy YeHHON HHPOpMaLIuU
mnyTeM coBMelleHHUs POM- 1 KPM-u306paskeHUH.

NCCNEAOBAHUE CMECKM MMMA U NC

HccnemoBaHue CMeCH IIOIMMEPOB MeTomoM POM mpo-
BOMJIOCH ITPH pabodeM pacCTOSTHUU OKOJIO 8 MM, [aB-
nmeHuH a3oTa 20 I1a 1 yckopsoieM HarpsskeHuH 10 KB.
Ha mony4yeHHOM H300paskeHHUH OTYET/IHMBO pas3jiv-
YHMBI 1B TUIIA 06/IaCTeN: C IIaIKOM ITOBEPXHOCTHIO
U 1ByXa3sHOM CTPYKTypoH (puc.3a), ogHako POM He
I103BO/ISIeT UAEHTUPHUIIMPOBATH KOMIIOHEHTEI 3THX
obacreri. BosmoskHocTer IC TaksKe HEIOCTATOYHO,
TaK KaK 3TOT MeTO[] He pasjnyvaeT Gpa3bl XUMHYECKHX
coenrHeHUN. KPM 1o3Bo/IMIIa ONIpefenuTh XUMHU-
YeCKHH COCTaB 3JIeMEHTOB CTPYKTYPhI 06pasiia o ux
criexktpam (puc.3b). KPM-u3obpaskeHue, IIOKa3bIBA0O-
Illee pacIipesie/ieH e IOJIKMepOB 10 II/Ioma u obpasna,
IIpeJICTaBJIEHO HAa PUC.3C. XOTSA U3BECTHO, YTO JaHHbBIE
[I0/IMMEPBI He CMeIIHMBAKTCs, Ha HEKOTOPBIX yYacTKaxX
LIBeTa HaKJIaJbIBAIOTCSI APYT Ha Apyra, YTO MOXKHO 00b-
SICHUTD CJIMIIKOM MaJjibIM AJ1s1 KPM pa3Mepom sjieMeH-
TOB. DKCIIePUMeHTAJ/IbHbIe JaHHbIe CBUETe/IbCTBYIOT,
YTO JIaT€pHajIbHOe pa3pelleHHe KOHPOKATFHOIO paMa-
HOBCKOI'0O MHKPOCKOIIA COCTaBJISIET OKO0JI0 360 HM, a pas-
peleHHe 110 I1ybrHe - okosio 1,5 MKM. Kak ciieicTBue,
obnacTH, comepskallle YacTHUIbl MEHBIIHX Pa3MepoB,
YeM MOKeT PaCcIIo3HaTh MUKPOCKOII, HMEIOT Ha M306pa-
SKeHUH CMeIllaHHBIH IBeT.

Pa3mMep HCCIeJOBAaHHOIO y4acTKa obpasiia cocTas-
nsieT 50 x 50 MKM. PaMaHOBCKoe 1300paskeHHe COIePsKUT
300 x 300 Touek (90 TrIC. CIIeKTPOB KOMOUHAIIMOHHOIO
paccestHUSI), Kaskasl M3 KOTOPBIX M3Mepsiach 3a 50 Mc.

CoBMmernieHue POM- u KPM-u306paskenuii (puc.3d) mo3so-
JseT CBsSI3aTh HMHQOPMAILIHMIO O TOIIOJIOTHH HCCIIe/lye-
MO CMeCH IIOTMMEPOB K ee XUMHYeCKOM COCTaBe.

BbIBO/ibl

TexHonmorusgs RISE, ob6pepguHsmomasgs KPM
U POM, - HOBBIM MeTO[, KOMIIJIEKCHOI'O UCC/IeIOBAHU S
CTPYKTYPHBIX U XUMHUYECKHUX XapaKTePUCTUK MaTe-
puanos. CorocTaBneHHe HHGOPMALIUH, [10Ty4YeHHOM
C UCII0JIb30BaHHEM [BYX IIPOBePEeHHBIX IPAKTHUKOU
TeXHOJIOTUU U3MepeHM s, OTKPbIBAET Iepe]] UCCIe0-
BaTeJISIMU HOBbIe BOSMOSKHOCTH. PacCCMOTpeHHbIe IIPH-
MepBl HCC/Ie0BaHU I 00pa3IoB rpadeHa U CMeCH IT0TH-
MepOB IIOATBePAMIH, YTO RISE-MHUKPOCKOIIUSA YIaYHO
JIOIIONIHSIET APYTrHe KOppeIsllMOHHbIe MeTOOAUKH. RISE-
MHUKPOCKOIIUS MOXKeT 3pPeKTUBHO HCII0JIb30BaAThCS
B MaTepHUaIoBeJeHUH, HAHOTeXHOJIOTHX, [e0JIOTHH,
bronoruu, papmareBTHKe.
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although it is known that the
polymers do not mingle. A rea-
son for this could be that those
areas contain relatively small
polymer phases, which can-
not be spatially resolved by the
Raman imaging system. The
confocal Raman microscope as
part of the RISE microscope pro-
vides an experimentally proven
lateral resolution around 360 nm
and a depth resolution around
1.5 pm. As a consequence, the
colors of the areas that contain
particles much smaller than the
spatial resolution appear min-
gled in the Raman image. The
Raman image shows an area

of 50 x 50 pm? and consists of
300 x 300 pixels resulting in
90,000 Raman spectra. The inte-
gration time was 50 ms per spec-
trum. The overlay of the SEM
and the Raman images links the
structural characteristics of the
polymer blend with the appear-
ance of PMMA and PS (fig.3d).

CONCLUSION

This article describes the RISE
microscopy technique, a new
imaging method for compre-
hensive analyses of structural
and chemical sample character-
istics. Though well-established
as stand-alone techniques,

combined Raman-SEM analy-
sis provides a novel capability
by correlating the information
from both measurements. Two
example applications of RISE
microscopy were demonstrated:
graphene layers and a two-phase
polymer. RISE microscopy pro-
vides new sample information
and complements other well-
established correlative SEM
imaging techniques. Thus RISE
microscopy is suited to applica-
tions in surface science, mate-
rials science, nanotechnology,
polymer science, geo science,
life science, and pharmaceutical
research. [ |
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