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PaspabotaH WHCTpyMeHTaNbHbI MOAXOA K O6beAuHEHUI0 KOHGOKa/IbHOM  MUKPOCMEeKTPOCKONUn
1 3D ckaHupyoLWein 30HAO0BOM HaHOTOMOrpadum B OQHOM YCTPOMCTBE. TakoM MOAXOH COXPAHSIeT Bce
NpenMyLLLeCcTBa CKAHUPYIOLLEN 30HA0BOM MUKpocKonum (C3M) 1 onTUYECKOo MUKPOCMEKTPOCKOMMWK, NO3BOASAS
nony4yatb MHOronapameTpuyeckyto 3D-xapakTepucTuky € UCMoJsib3oBaHMeM ob6omx meTogoB. C MOMOLLbIO
paspaboTaHHOW CMCTEMbI BbINOJIHEHO KOppensTMBHOe uccnepoBaHve 3D-Mopgonorum u ¢payopecueHTHbIX
XapaKTepUCTUK TMEPUAHBIX (POTOHHBIX CTPYKTYp C ynpasisieMblMU ¢JIyOpecLeHTHbIMU CBOMCTBAMM Ha
OCHOBE MOJIMMEPHON CeTW, JIerMpoBaHHOW MOJIyNPOBOAHUKOBbIMA KBAHTOBbIMU TOYKaMu. PesynbTatbl
3TOM paboTbl MOryT 6biThb UCMONBb30BaHbI ANs 3PPeKTUBHOrO Npeo6pasoBaHus 2D B 3D ans 60MbLUMHCTBA
MEeTOZ0B ONMTUYECKOM 30HA0BO HAHOCKOMMWM C BbICOKMM paspelueHneM (CBOM, TERS, ACM-UK u ap.). Takoe
npeobpasoBaHue NpuBefeT K MOSB/IEHUIO YHUKA/IbHbIX METOA0B, CMOCO6HbIX 06beAMHUTb MpeuMyLLecTBa
C3M (HaHomacwTabHoe wu3MepeHMe MOpPGOJOrMU M LUIMPOKOrO CrnekTpa ¢uNYeckux mnapameTpoB)
M ONTUYECKO MMUKPOCMEKTPOCKOMUU C MpPOCTPAHCTBEHHbIM paspelieHMemM C3M (HaHomacwTabHoe
XMMUYECKoe KapTUpOBaHUWe U onpefesieHne ONTUYecKUX CBOMCTB) Npy peannsauum 3D-usMepeHui.
Instrumental approach to combination of confocal microspectroscopy and the 3D scanning probe
nano-tomography in a single device is developed. This approach retains all the advantages of scanning
probe microscopy (SPM) and optical microspectroscopy, allowing to obtain multi-parametric 3D
characteristic using both methods. Using the developed system a correlation study of 3D morphology
and fluorescence of hybrid photonic structures with controlled fluorescent properties based on polymer
networks, alloyed by semiconductor quantum dots is executed. The results of this project can be used
for effective 2D to 3D conversion for most of the methods of optical probe high resolution nanoscopy
(SNOM, TERS, AFM-IR etc.). Such a transformation will lead to the development of unique methods that
can combine the advantages of SPM (nano-scale measurement of the morphology and a wide range
of physical parameters) and optical microspectroscopy with a spatial resolution of SPM (nano-scale
chemical mapping and determining the optical properties) in 3D measurements.
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CONTROL AND MEASUREMENT

a TaKsKe ITHPOKOro Kpyra 6H0I0ruyuecKUX MaTepHaoB.
CyTb KOPpeJSIIUOHHON MUKPOCKOIIUU ~ COBMECTHOe
IpUMeHeHHe Pa3TMYHOI0 TUIIa MUKPO- U CIIEKTPOCKO-
KM, JAOIIMX Ka4eCTBeHHO Pa3IMYHYI0 U B3aKUMOJI0-
MIOJTHSIONTYI0 MHPOPMAIIHIO Ha OfTHOM M TOM Ke y4acTKe
Hccemyemoro obpasia. JlaHHBIH IIOAXO0M OTKPbIBaeT BO3-
MO>KHOCTb HAHOMAaCIITabHOTO orpe/e/ieHu s 06beMHOK
Mopdornoruu, usHIecKUX apaMeTpPoB K XMMHUYeCKOro
COCTaBa, a TaKKe B3aMMHOM KOPpe/IsiLIH [10/1y4yaeMBbIX
XapaKTepUCTHK obpasna [1-3].

Kpyr 3amay, peuraeMbIX C IIOMOIIBI0 KOPPeISAIMOH-
HOM MHUKPOCKOIIMM, BeChbMa IIMPOK. B KauecTBe IpHU-
Mepa Lenecoobpa3Ho MPUBECTHU Ba Haubosee momy-
JISIPHBIX HaIIpaBAeHUs: UCCIe0BaHUS B 06/1acTH HayK
0 MaTepHaJjiaX, HallpaB/leHHbIe Ha XapaKTepH3allHIo
M KOHTPOJIb KaueCcTBa HAHOTMOPUTHBIX KOMIIO3UTOB (4],
1 bHosIoruyecKye UCCIel0BaHM S, HAITPUMeD, JIs oIlpe-
IeneHUs: 06beMHOT0 pacIpesieNieHUs GyopecieHTHBIX
MapKepoB B SKUBBIX TKaHSX C U3MepeHHeM HaHOMac-
mtabHoM Tororpadry uccnexyeMsix 06bexToB [1].

KoppenslMoHHasi MUKPOCKOMUS SBISeTCS KOM-
IIeMeHTapHBIM 06beJUHeHHeM Pa3THYHBIX METOIOB
MMKPOCKOIIMH M /U CIIeKTPOCKOIUH, JAIOIMX Kade-
CTBEHHO Pa3JINYHYyI0 HHPOpMAIIHUIO 06 HCcCIegyeMoM
obbekTe. [IpH 3TOM uallle BCETO HCIIOAb3yeTcs 06beu-
HeHUe 3/1eKTPOHHOM MUKPOCKOIIKHU (OM) U OIITHYeCKOk
MHKPOCIIeKTPOcKoHH (OM), a TaKKe pa3/IMYHBIX II0[X0-
T0B 1151 TI01yueHH s 3D-UHPOPMALIMH 3THMH MeTOAAMH
(1, 2, 5, 6]. OMHaKO, HU3KUK KOHTPACT Ha buonoruye-
CKHX U IIOJTUMePHBIX 06pasiiax, MoBpeskAeHHU s 00pa3LoB
37IeKTPOHHBIM I1yUKOM U HEOOXOAHMOCTb HCIIONB30BaTh
IBYMepHbIe IIPOeKIMH OIPAaHHUUYHNBAIOT BO3MOKHOCTH

hree-dimensional nanoscale

M U ee IPUMEHKUMOCTb JIJIsl aHAIK3a psifa bronoruye-
CKUX 00BeKTOB K MSTKKX MaTepraJIoB [7-9]. Bo MHOruX
CIy4dasix IpeAIloYTHTe/IbHBIM OKa3bIBaeTCs UCIIONB30-
BaHHe CKAaHHUPYIOIIeH 30HI0BOK MUKPOCKoIIUH (C3M),
IIOCKOJIBKY OHA MMeeT Hepa3pyIIAMHUHU XapaKTep
U SBJISI€TCA B IIePBYIO ouyepelb METOLOM XapaKTepHu3a-
LIMH IOBEPXHOCTH. C3M aeT MHGOPMALIMIO O PacIIoyo-
>KeHUH, AapPXUTEKType U Pa3TUYHBIX CBOMCTBAX (MeXaHHU-
YeCKHX, JMeKTPUIeCKUX, MATHUTHBIX) HAHOCTPYKTYP
HeII0CpeICTBEHHO C ITOBEPXHOCTH 06pasIia, 4To JesaeT
3TOT METOJ, Ype3BbIUakHO II0JIe3HBIM [JIS HCCIel0Ba-
HUS yIBTPACTPYKTY Pl CAMBIX PA3THIHBIX 06beKTOB [10].
ObpenrHeHYe 30HO0BOM U OIITHYECKON MUKPOCKOIIUH
LI POKO IIPUMEHSeTCs B HacTosIlee BpeMs IJIs pas3iny-
HBIX OHOIOrMyuecKUX IIPUIOKeHUH [3, 11], omHaKo I71aB-
HBIM HeJOCTAaTKOM JAHHOTO KOPPeNSTUBHOTO MEeTOAa
OCTaeTCS HeBO3MOXKHOCTD HCC/IeIOBAHM S HAHOMACIITA6-
HBIX TP€XMEPHBIX CTPYKTYP.

3HAYUTeIbHBIM IIPOPBIBOM B 06sacTU 3D-aHanu3a
c ucronp3oBanrueM C3M 6bLI0 CO3IaHKe YHUKAIBHOMN
amnrnapaTHoM KombuHanuu [12-14], 06beINHSIOMEH TeX-
HUKY C3M U yasTpaMHUKpoToMUHU (YMT), YTO I103BOJIUTIO
MHOT'OKPATHO BBIIIO/IHSITh CBEPXTOHKHeE (10 20 HM) Cpe3bl
C TIOBepXHOCTH 06pasiia ¢ mocaeyonUM [I0Ty4eHHeM
C3M-u306paskeHU N, BOCCTAHABIUBAS, TAKKM 06pa3oM,
3D-mopédooruio obpasua (rmoxgxon “cpe3 v Bup'). JaHHas
MeTOJHKa, Ha3BaHHas CKAaHUPYIOLeH 30HI0BOM HaHO-
ToMmorpaduen (C3HT), MokeT 6bITh UCII0JIb30BaHa [JIS
KccaenoBaHus 3D-paciipee/ieHUs TAKUX QU3HMYECKUX
[1apaMeTpoB, KaK MOAY/Ib YIIPYLTOCTH, BA3KOCTh, MAaIrHUT-
Hble CBOMCTBA U 3/IeKTPOIIPOBOAHOCTS [13], Ipy KOMHAT-
HOH TeMIIepaType HU/IH B KpUOKaMepe MUKpoToMa [14].

correlation analysis of the

optical, spectral and mor-
phological properties is effec-
tive in the study of the internal
structure and elemental analy-
sis of various nanocomposites,
semiconductor nanomaterials
and devices based on them, as
well as of a wide range of biologi-
cal materials. The essence of cor-
relative microscopy is combined
use of various types of micro- and
spectroscopy, giving qualitatively
different and complementary
information on the same area of
the test specimen. This approach
opens the possibility of nanoscale

determination of the volumet-
ric morphology, physical param-
eters and chemical composition,
as well as of the mutual correla-
tions of the obtained characteris-
tics of the sample [1-3].

The range of tasks of correla-
tion microscopy is very broad.
As an example, it is reasonable
to note two most popular areas:
research in the field of materi-
als science aimed at the charac-
terization and quality control of
nano-hybrid composites [4], and
biological studies, e.g. to deter-
mine the spatial distribution
of fluorescent markers in liv-
ing tissue with measurement of

nanoscale topography of investi-
gated objects [1].

Correlative microscopy is
a complementary combina-
tion of different methods of
microscopy and/or spectroscopy,
which gives qualitatively dif-
ferent information about the
object. Combination of elec-
tron microscopy (EM) and opti-
cal microspectroscopy (OM), as
well as different approaches to
obtain 3D information by these
methods is most often used
[1, 2, 5, 6]. However, low contrast
of biological and polymer sam-
ples, damage of samples by the
electron beam and the need to
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B oTnu4Me OT 3/1eKTPOHHOM TOMOIpadHH, 3Ta TEXHOJIO-
THs He UMeeT IPUHLIMIIMA/IBHBIX OTPAaHUYeHHH I10 TOJI-
I[MHe aHaIM31PyeMoro obpeKTa.

TeMm He MeHee, C3HT obnamaer CyLIeCTBeHHBIM HeJl0-
CTaTKOM - OTCYTCTBHEM BO3MOXXHOCTH HaHOMAcIITab-
HOI'0 aHajaM3a XMMHUYECKOTO COCTaBa MCC/IeAyeMBbIX
HAaHOCTPYKTYp. PaHee aBTOpaMu Oblja MpeAIPUHSTA
TIOIBITKA CO3AaHMS 3KCIIepHMeHTalIbHOMU IIPOLIeyPHI,
IpeflyCMaTpUBAIOLIe! IIoIlepeMeHHOe HCII0/b30BaHHe
ycTaHoBOK C3HT u C3M/OM c cornacoBaHHeM IoJIek
3peHUs IPUOOPOB Yepe3 MonydeHUe pedpepeHcHOro C3M-
n3obpaskenus [15]. HemocTaTKOM yKa3aHHOM MeTOIHUKU
SBJISI€TCSI OTCYTCTBHE eIHOM 9KCIIePHMeHTalbHOM YCTa-
HOBKH, I103BO/ISIOIIEN OLHOBPeMeHHO 1ony4aTs C3M- u
OM-maHHBIe C MOCTIeAYIOIIUM MUKPOTOMKHPOBAHHEM
obpasiia U IMpelu3MOHHBIM IIPHUBe/IeHHeM ero B UCXO/-
HoOe TI0JIOKeHHe, He BBIHUMas U3 npubopa. Co3gaHue
TaKOM YCTAHOBKU TpebyeT CyIleCTBeHHOM I1epepaboTKU
Bcell pa3paboTaHHOM paHee cucTeMbl C3HT U co3maHus
CIieliMaIM3UPOBaHHOI0 KOHPOKAIBPHOrO OJ10Ka.

C3HT/OM-YCTPOWCTBO

B maHHOM paboTe MEI IpeAcTaBisieM 06befUHEHHYIO
cuctemy C3HT/OM. OcHoBou cuctemsl C3HT sBas-
eTcs yIbTpaMUKpoTOM Reichert-Jung Ultracut E (Leica
Microsystems, ABCTpHS), aflaliTUPOBAHHBIN IIOJ,
HCII0JIb30BAHHE CIIeI[HaJIbHO pa3paboraHHOi C3M-
rosioBsl. [Iog06HOM afanTalluk MOKeT ObITh MOABEP-
THYT IPAKTUYeCKH 000K KOMMEPUYECKHU AOCTYITHBIN
MHUKPOTOM. [I/Isl pellleHUsI ABYX Cyl[eCTBEHHHIX IIPO-
6eM, IPemnsTCTBYIOMUX CO30AHHNI0 KOMOHMHUPOBAaH-
HOHU MeTogUKHU C3HT/OM - OTCYTCTBUS ONTHYECKOTO

IOCTYIIa AJIsl BLICOKOAMIEPTYPHBIX 06beKTHBOB K BBICO-
KOT'0 yPOBHS IIyMa, — 6bly1a pa3paboTaHa crieluanusu-
poBaHHas cKaHupyomas C3M-crucremMa, U306paskeHHAsI
Ha puc.l.

JlaHHas cucteMa (puc.l, c/ieBa) COCTOMT U3 CKaHUPYIO-
IIero YCTPOHCTBA U YCTPOMCTBA [10ABoOAA C AedieKToMe-
TpoM (C3M-To10Ba). CKaHUPYIOIee yCTPOHCTBO COCTOUT
K3 IJIOCKO-TIAPaJIIeNIBHOTO OBICTPOAeNCTBY oM ero XYZ-
[1be30II03UI[MOHEepa C AMAMNAa30HOM CKaHUPOBAHUSA
50x50%x5 MKM, CHabO3KeHHOro OIITUYeCKUM CEeHCOpOM
JUISL yaep>KaHUS U KOHTPOJIA IlepeMeleHUs B PeXKUMe
nuHeapusauuu (close-loop). IIbe30ckaHep M0O3BOISET
KCIIO/Ib30BAaTh CKOPOCTH CKAHUPOBAHM A [0 5 ['1], TaK Kak
KMMeeT JOCTaTOYHO BHICOKHE Pe30HaHCHBIe YaCTOThI: 5 ']
o XY u 50 I'y mo Z. ITbe30mo3uIIMoHep KeCTKO 3aKpe-
IJIEH Ha IIOABUXXKHOM KoHconu YMT u repemeniaeTcs
BMeCTe C Hel B mmpouecce paboTsl YMT. B LieHTpe mbe-
30CKaHepa HaXO4UTCS CUCTeMa JKeCTKOrO KpeIlleHUS
obpasia, He I103BOIAIONIASI €My CMeLIAThCs B IIpoLiecce
cpe3a YMT. IlogBuskHast KoHconb YMT c obpasiiom mepe-
MeIllaeTcsl M3 BePXHeHU TO4YKH, Ife oHa QUKCHUpyeTCs
nons npoBefeHUss C3M/OM-U3MepeHHU, B HHKHIOIO
TOUKY, Cpe3ast obpasel] aMa3HbIM HOXoM Ultra AFM 35
(Diatome, IlIBernapust). TakuM o6pa3om, Z-KOOPAHUHATA
XY-1I7mockoCTH 06pasna, SBISOMeNcs Kak GoKaaIpHON
[IJIOCKOCTBI0 OM-00BeKTHBa, TaK U IIJIOCKOCThIO C3M-
CKaHHMPOBAHMS, II0CJIe Cpe3a IIOJIHOCTHIO OIlpele/sieTcs
IoJIokKeHueM Hoxka YMT, 4To 06ycnaBnHBaeT Heobxomu-
MOCTb Pa3paboTKH CIelIuaTN3HPOBAHHOIO eP>KaTes
IJ1s1 perynupoBaHus XY-IIOCKOCTH obpasua. Och Z B
TaHHOM CHCTeMe COOCHA ITOABHKHOM KoHConu YMT u B
BepXHel TOUYKe COBIIa/IaeT C OChIO OIITUYECKOr0 TPaKTa.

use two-dimensional projections
limit the ability of EM and its
applicability for analysis of sev-
eral biological objects and soft
materials [7-9]. In many cases
preferable is use of scanning
probe microscopy (SPM) because
it is non-destructive in nature,
and is primarily a method of
characterization of the surface.
SPM provides information on the
location, architecture and vari-
ous properties (mechanical, elec-
trical, magnetic) of nanostruc-
tures directly from the surface
of the sample, which makes this
method extremely useful for the
study of the ultrastructure of a
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wide variety of objects [10]. The
combination of scanning probe
and optical microscopy is widely
used at present for various bio-
logical applications [3, 11], how-
ever, the main drawback of this
correlation method is the inabil-
ity to study nanoscale three-
dimensional structures.

A major breakthrough in the
field of 3D analysis using SPM
was the creation of unique hard-
ware combination [12-14] which
integrates SPM and ultrami-
crotome (UMT) techniques that
allowed to repeatedly perform
ultrafine (down to 20 nm) slices
of the sample surface with the

subsequent SPM study, restor-
ing, thus, the 3D morphology
of the sample (Slice and View).
This novel scanning probe nano-
tomography (SPNT) can be used
to study the 3D distribution of
such physical parameters as elas-
tic modulus, viscosity, magnetic
properties and electrical con-
ductivity [13], at room tempera-
ture or in cryochamber of micro-
tome [14]. In contrast to electronic
tomography, this technology has
no restrictions on the thickness
of the analyzed object.

However, SPNT has a signifi-
cant drawback - the lack of oppor-
tunities for nanoscale analysis of
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C3M-ronoeka MoaBuxHas
SPM head KOHCONb YMT
Movable

UMT console

[vog pednektomeTtpa

A Nasep gedpnekromerpa
Deflectometer diode

Deflectometer laser

XYZ nbe3onosnumoHep
C 3aKpenieHHbIM 06pasLoM
XYZ piezo positioner with fixed sample

UMT blade

[Aepxarenb kaHTunesepa
Cantilever holder

Puc.1. Cxema paspabomanHol C3HT-cucmembl. Caesd — cxemamuyeckull 8Ud 60Ky KOMBUHUPOBAHHO20 ycmpolicmed CKaHUpo-
8aHUS € N0OBUXKHOU KOHCOAbIO YMT U Hoxkom, a makske C3M-zonosol. Cnpasa — ppoHmanbHoe ¢omo ycmpoticmea YMT / C3M
Fig.1. Scheme of designed SPNT system. At left is a schematic side view of combined scanning device with movable UMT console, blade

and SPM head. On right is frontal photo of UMT/SPM device

C3M-ronoBa (puc.l, cipaBa) npeacTasisieT coboi
CheMHBIH fiepskaTeb C3M-30H7a U led/1eKTOMeTp, COCTO-
SIUIE U3 I107yIIPOBOSHUKOBOIO Jla3epa U YeThlpeXceK-
I[MOHHOT0 $pOTOAMOA, Pa3HeCeHHbIe TAKUM 06pa3oM,
YTOOBI 1ATh BO3MOSKHOCTH IIPUOTH3UTH U CHOKYCHPOBAThH
Ha obpasie o6bekTUB (50X Mitutoyo Plan Apo Infinity
Corrected Long WD Objective, Mitutoyo, SIonust) ¢ pabo-
YKUM paccTosiHheM 13 Mm. TakuM 06pa3oM, pemraercs

IepBast U3 BblIIeyKa3aHHBIX IIPobeM. C Iie/bI0 IIYMOIIO-
naBneHust C3M-ronoBa B MoMeHT C3M/OM-u3MepeHU
3aKperl/ieHa HelloCpeCTBeHHO Ha II0/IBH>KHOM KOHCOIH
YMT u HaxXoAHUTCs B BepxHeH "paboueir” Touke. [lns
ouepenHoro YMT-cpesa C3M-roioBa OTBOSUTCS, OTCO-
equHseTCcs oT KoHconu YMT, ocTtaBasich Ha oropax, a
IOC/IeHSAS, IIPOAOJIKAs IBUKEeHHEe BHU3, [IPOM3BOIUT
Ccrenmyomuil cpes obpasiia. Takoi moaxox obecrieurBaeT

chemical composition of the stud-
ied nanostructures. Earlier, the
authors have attempted to create
an experimental procedure with,
involving the alternate use of
SPNT and SPM/OM devices with
the coordination of the fields of
view of the instruments through
the reference SPM image [15]. The
disadvantage of this method is
the lack of a single experimen-
tal device, allowing to receive at
the same time both SPM and OM
data with the subsequent slicing
of sample in microtome and pre-
cise moving to its original posi-
tion, without removing it from
the device. Such device requires

substantial redesign of all previ-
ously developed SPNT system and
the creation of a specialized con-
focal unit.

SPNT/OM DEVICE

In this paper, we present an
integrated SPNT/OM system.
The base for SPNT system is the
ultramicrotome Reichert-Jung
Ultracut E (Leica Microsystems,
Austria), adapted to the use of
a specially designed SPM head.
Similar adaptation is possible for
virtually any commercially avail-
able microtome. To address two
significant problems that hinder
the creation of a combined SPNT/

OM method, which are the lack
of optical access for high-aperture
lenses and high noise level, we
have developed specialized SPM
scanning system depicted in Fig.1.

This system (Fig.1, at the left)
consists of a scanning device
and a supply device with deflec-
tometer (SPM head). The scan-
ning device consists of a plane-
parallel high-speed XYZ piezo
positioner with a scan range of
50x50x5 pm, which is equipped
with an optical sensor to hold
and control movement in the
close-loop mode. The piezoscan-
ner allows to use a scanning
speed of up to 5 Hz, as it has a

#7 /69 /2016 NANO INDUSTRY
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KoH

OKanbHbIA MOAY/b
Con

ocal module

XYZ nbe3onosunumoHep
XYZ piezo positioner

Ob6beKTUB

MoHoxpomaTop 1 M3C
Monochromator and CCD

Puc.2. Cxema C3HT/OM-cucmembl. Caeda — 3¢KU3 OCHOBHOU
udeu cucmembl C3HT/OM. Cnpasa — cxema KOMOUHAUUU KOH-
¢$okanbHo20 ycmpolcmeaa, o6sekmusa u C3HT. BHU3y — obwul
cxemamuyeckul eud cucmembl C3HT/OM

Fig.2. Scheme of SPNT/OM system. At left is sketch of basic idea
of SPNT/OM system. On right is scheme of combination of con-
focal device, lens and SPNT. Below is overall schematic view of
SPNT/OM system

3Ha4uMTe/bHOe CHHUKeHHe Beca MexaHH3Ma YMT B mpo-
Liecce Cpe30B U HeobX0IHMYIO IIPOCTPAHCTBEHHYIO pa3-
BSI3KYy MEX]y fepkaTesleM KaHTHIeBepa U HoskoM YMT

B MOMEHT cpe3a. PaspaboTaHHas HAMHU CHCTeMa I103BO-
JISIeT OCYINEeCTBIIAThH XY-TI03UIIHOHUPoBaHKe C3M-TO/I0BEI
C TOYHOCTBIO MeHee 1 MKM MesKAY IIMK/IaMH cpe3oB YMT.

CxeMa obbelMHEeHUS MoAepHHU3NpoBaHHON C3HT-
YCTAHOBKH M ONTHYECKOM 4acCTH pa3paboTaHHOro
YCTPOKCTBA IIpUBeieHa Ha puC.2. O6belMHEeHHe 3aKIII0-
YaeTcst B 106aBlIeHUU K OITHCAHHOM CXeMe BBICOKOAIIep-
TypHOro o6beKTHBa (PHC.2, 1eBasi laHesb). [/1s1 yooBIeT-
BOPeHUsI BceX Tpe6OBaHUI K ITO3ULIMOHHUPOBAHHIO, 00B-
eKTHB yCTaHaB/IHUBaeTCA Ha IVIOCKOIIapasllebHbld XYZ-
I1be30II03KIMOHEep C OTBEPCTHEM B LIeHTPe U CIIeLIHa/IbHO
pa3paboTaHHBIM [IePeXOJHUKOM AJIS TOPHU30HTAIBHOIO
KpeIllleHHsI, YTOObI LIeHTP MacC 00beKTHBa HaXOHUJICS
B paliOHe BepXHeH IIJIOCKOCTH CKaHepa. KcIonbp3oBancs
CKaHep C JMala3oHoM CKaHUpoBaHHUA 100x100x50 MKM,
CHa6KeHHBIM e MKOCTHBIMH JATYMKAMHU JJ15 YAePKaHUS
Y KOHTPOJIS IlepeMelneHust. TakuM 06pa3om, MBI IOy~
YHJIM BO3MOXKHOCTD IIpelid3uoHHoro (0,1 HM) mo3uIu-
OHUPOBaHMUS LIeHTpa I0JIs 3peHH st 06beKTHBA U 010"
SKeHH S ocTpus 30HOa C3M Ha y4yacTke 100 x100 MKM.
JlMana3oH Z-T03ULIHOHH POBAHMSI 06 BEKTHBA COCTABIISET
50 MM ¢ marom 0,1 HM. [1be30I03UIIKOHED YCTaHOBJIEH
Ha MOTOPHU3UPOBAaHHBIN 1D THUHENHBIN PeTPAaHCISITOP
8MT177-100 (Standa, JIuTBa) C fHAIa30HOM IBHKEHHUSI
100 MM 1 paspemeHHeM 1 MKM/IIAT AJIs1 BO3MOXKHOCTH
OTBOAMTD €0 B aBTOMAaTHUYeCKOM PesKMMe U IO BOIUTD
obpaTHO, He BBIXOAS U3 paboder 0671acTH MperU3u-
OHHOM QOKYCHPOBKH 06beKTHBA (50 MKM). O6BbeKTHB
COBMelIeH C KOHPOKa/NbHBIM MOAY/IEM, BXOAALIUM B
cocTaB QayopeclieHTHOH / paMaHOBCKOM / KOH)OKa/Ib-
HOM cucTeMsl (puc.2, cripaBa). Kak Ioka3aHo B HUXKHeHN
YacTH PUC.2, JaHHAs KOHOKaNIbHAS YacTh 06beJrHeHa

high enough resonant frequen-
cies: 5 Hz for XY and 50 Hz for Z.
Piezo positioner is rigidly fixed
on the movable console of UMT
and moves with it during UMT. In
the center of the piezoscanner is
system for rigid mounting of the
sample, which does not allow it
to be displaced in the process of
UMT slice. The movable UMT con-
sole with the sample is moved
from the upper point where it is
fixed for SPM/OM measurement,
to the bottom, cutting the sample
with a diamond blade Ultra AFM
35 (Diatome, Switzerland). Thus,
the Z coordinate of the XY-plane
of the sample, which is the focal
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plane of the OM lens and the
plane of the SPM scan, after the
cut is completely determined by
the position of the UMT blade,
which necessitated development
of a specialized holder to control
the XY-plane of the sample. The
Z-axis in this system is coaxial to
movable UMT console, and coin-
cides in upper point with the axis
of the optical path.

SPM head (Fig.1, right) is a
removable holder of SPM probe
and a deflectometer consisting
of a semiconductor laser and a
four-section photodiode, which
are spaced in such a way as to
give the possibility to zoom in

and focus on the sample the lens
(50X Mitutoyo Plan Apo Infinity
Corrected Long WD Objective,
Mitutoyo, Japan) with a work-
ing distance of 13 mm. Thus, we
solve the first of the above prob-
lems. For the purpose of noise
reduction, SPM head is mounted
during SPM/OM measurements
directly on the movable UMT
console in the upper "working"
point. For the next UMT-cut the
SPM-head is taken away, discon-
nected from the UMT console,
remaining on support, and the
latter, continuing the downward
movement makes the next slice
of the sample. This approach
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¢ moHoxpomaropoM Andor Shamrock 750 ¢ CCD-kamepo#t
Andor DU971P-BV (Andor Technology), a Tak>ke ¢ 1a3epom
(488 HM) GN-519M Ar* (Plazma, Poccust), KOTOPBIH QHITB-
TpyeTcs KpaeBbIM ¢risTpoM Semrock 488-nm RazorEdge
(Rochester, CIIIA). [ins Bo36yskaeHUS GpyopecLieHIINU
obpa3slia UHTEeHCUBHOCTb JIa3€PHOT'0 U3JIy4eHU s COCTaB-
nasia 200 MKBT, 4TOo QUKCHPOBAIOCh U3MEpUTeIeM
MHTeHCUBHOCTU LaserMate-Q (Coherent, CIIIA).

ITpu uccnegoBanuu C3M-Tororpaduu MCIIONIb30Ba-
JIaCh CKOPOCTh CKAaHWPOBaHHUA 1 T'11 IIPH IIJIOWAM CKAHH-
poBanus 512x 512 ToYek, a s KOHOKAIbHEIX dryopec-
LIeHTHBIX U3MepeHHH IUIOWa b CKAHUPOBAHHUS COCTAB-
ns1a 50x50 Touek Ipu BpeMeHH HakormaeHus 0,3 ¢ Ha
TOYKY.

Hcmonb3yeMass KOHQUTypaLiks I103BOJIsET peajiu-
30BaTh Ha JAHHOM yCTAHOBKe IPAaKTHYeCKH BCe MeTO-
JuKH C3M: KOHTAKTHYIO U IOJYKOHTAKTHYI0 ACM,
7laTepaIbHYI0 CUJIOBYI0 MUKpocKonuio (JICM), Maruur-
HYIO CHJIOBYI0O MUKpockonuio (MCM), da3oByro Bu3ya-
JIA3aLHI0, 3/IeKTPHUeCKHe U3MepHUTe/IbHble TeXHUKH
u 1p. [10]. BoccTaHoB/IeHHe 3D-MOpPJOTIOrUU U pacIpe-
JeneHus QU3HUYeCKHX IIapaMeTpOB B BHJE BOKCE/Ib-
HbIX 3D-M306paskeHUN IPOBOLHUIOCH C IIOMOIIBIO IIPO-
rpaMmHoro obecrieuenust ImagePro Plus 6.0 ¢ dyHKIIMek
noctpoeHus 3D-usobpaskenunt (Media Cybernetics,
CIIA).

NOArOTOBKA OBPA3LIOB

B manHoOM paboTe Hccaes0BaIHuCh MOPPOIOrHUeCKHe
Y OIITUYeCKHe CBOMCTBA HAHOTHOPUAHOr0 MaTepHara,
OCHOBAaHHOIO Ha BHeAIPeHUH Q/1yopecLieHTHBIX IOy~
IIPOBOHMKOBBIX KBAHTOBBIX To4eK (KT) B IOTMMepHYIO

ceTKy ¢ 3¢PpeKTOM MMaMsTH, KoTopasi 06pa3oBaHa IIyTeM
doTomonumepusanuu Monomepos (diacrylate RM257,
monoacrylate A4CB) u poTonHuIHaropa (Irgacure 651)
B ITPUCYTCTBUU CMECH HEMATHYECKHX SKUIKHMX KPUCTaAJI-
noB (KK) E48 u xupanpHoro gonanta HexSorb. Takum
obpasoM, co3naTcs GOTOHHBIe CTPYKTYphl KT/monu-
MepHas ceTb (KT/IIC), rme dpnyopecuieHTHbIe KT B KOH-
LIeHTPalM K 10 HECKOJIBKHX BECOBBIX IIPOLIEHTOB HaX0~
ISTCS B CBOe0OPa3HOM OPerroBcKoi pemeTke C Marom
200 HM. [TMK 6PerroBCcKOro celeKTHBHOIO OTPasKeHH s
CBeTa HaxOAMTCA Ha 580 HM. B maHHOM paboTe HUCIIONB-
30BaIuCh prnyopectieHTHbIE KT ¢ TMKOM (pryopecleHIIMy
575 HM. [TofpobHOe omHcaHKe CHHTe3a JAHHBIX CTPYKTYP
npuBeieHo B pabore [16].

PE3Y/IbTATDI

Cuctema C3HT/OM 6bL1a UCIIOB30BAHA AJISL HCC/IEI0BA-
Hus rubpunHbIx cucteM KT/IIC. Lleplo JaHHOTO KCCIe-
JIOBaHUS ABJISAIOCH YCTAHOB/IEHHE KOPPeISLIUHU MEXKIY
ocobeHHOCTSIMU MopdonIOoruu 06pasioB U MPOCTpPaH-
CTBeHHBIM pacIIpefie/ieHHeM M0y ITPOBOJHHUKOBLIX Gp/Iyo-
pecuupylomux KT B 3TUX CTPYKTypax. B xome vccienosa-
HUM 66111 1TonydeHsl 2D- u 3D-manHble ACM (puc.3a, 3 b),
a TaKk>Ke KOHPOKATIbHBIE GIyopecLieHTHBIe H300paskeHHU
Ha BbI6paHHBIX 2D ACM-CKaHax.

Ha puc.3b npuBeneHo Hanboee TUIIMYHOE U3 3TUX
KOHQOKa/NbHBIX G1yOopecLieHTHBIX M300paskeHu, CO0T-
BeTcTByWINee 2D ACM-cKkaHy, IIpeAcTaBJIeHHOMY Ha
puc.3a. M3 cpaBHeHHUS pHC.3a U 3b IBCTBEHHO C/lefyeT,
YTO paclpefesieHHe Gpr1yopeclieHTHON HHTeHCHBHOCTH
Jlajieko He BO BCeX C/1y4asix COOTBETCTBYeT TOIOrpadu-
4yeCKUM 0c0beHHOCTSIM. ObIast HepaBHOMEPHOCTD Gy~

provides a significant weight
reduction of the UMT mechanism
during slicing and the spatial
separation between the cantile-
ver holder and UMT blade at the
time of the slice. The developed
system allows XY positioning of
the SPM head with an accuracy of
less than 1 pm between cycles of
UMT slices.

Join scheme of the upgraded
SPNT system and optical parts
of the developed device is shown
in Fig.2. The integration con-
sists is addition to the described
scheme of a high-aperture lens
(Fig.2, at the left). To meet all
requirements for positioning, the

lens is mounted on plane-par-
allel XYZ piezo positioner with
a hole in the center and a spe-
cially designed adapter for hori-
zontal mounting so that the cen-
ter of mass of the lens was located
in the upper plane of the scan-
ner. The scanner with a scan
range of 100x100 x50 pm and
capacitive sensors for the reten-
tion and control of movement was
used. Thus, we have the opportu-
nity of precise (0.1 nm) position-
ing of the center of the field of
view of the lens and the position
of the tip of the SPM probe on an
area of 100x100 pm. The range of
Z-positioning of the lens is 50 pm

with a step of 0.1 nm. Piezo posi-
tioner is mounted on a motor-
ized 1D linear repeater 8MT177-100
(Standa, Lithuania) with the
range of motion of 100 mm and a
resolution of 1 pm/step to be able
to move him away in automatic
mode and to bring back with-
out leaving the working area of
the precise focusing of the lens
(50 pm). The lens is combined with
confocal module, which is a part
of the fluorescent/Raman/confo-
cal system (Fig.2, on the right). As
shown in the lower part of Fig.2,
this confocal part is combined
with Andor Shamrock 750 mono-
chromator with Andor DU971P-BV
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b O
2 MKM / pm

Puc.3. AlaHHblie C3HT/OM: a - C3M (ACM) monozpagus; b — KoHpokanbHoe GayopecueHmHoe u3obpaxeHue; ¢ — 3D-C3M (ACM)

mopgonozus

Fig.3. SPNT/OM images: a - SPM (AFM) topography; b - confocal fluorescent image; c - 3D SPM (AFM) morphology

OpeCLIeHTHON MHTeHCHBHOCTH, yCpeAHEeHHas I10 IIATH
dnyopecrieHTHBIM 2D-11306paskeHUSIM, COCTaBH/Ia OKOJIO
500%. I1pu 3TOM BaskHO, 4To obpasyemas I1C mepuonu-
YyecKas CTPYKTypa IPaKTHUYeCKH He MMeeT Cepbe3HbIX
nedexToB Bo BceM 06beMe obpasiia (puc.3c). TakuM obpa-
30M, JJ151 CO3MaHHUS 3G eKTUBHBIX POTOHHBIX YCTPOKCTB
Ha 6ase rubpunusix cucteMm KT/TIC, B KOTOPBIX peaitu-
3yeTcsa 3¢ PeKTUBHAL MOAYIALUA ¢nyopeceHINH KT
IepHOANYeCKO pelleTKoM Ha ocHoBe I1C [16], Heobxo-
JHMMO CYIIeCTBeHHO YIy4IlaTh CTafAuIo BHeApeHus KT B
IOJTMMEPHYIO MaTpPHUILy AJ151 obecTieueHH s pABHOMEPHOTO
ee 3aI10/IHeHH I ¥ PABHOMEPHO [IPOCTPAHCTBEHHOM CBe-
THMOCTH GOTOHHBIX YCTPOKCTB.

OCHOBHBIM Pe3y/IbTaTOM JaHHON PaboThl SIB/ISETCS
pa3paboTKka M ampobaljus B peabHBIX HCCIe[0BA-

HHUAX eJUHOIO allllapaTa [ peaqnu3alliid MeTOLUKHU
C3HT/OM. MHoroobpa3sue Bo3moskHocTeil C3HT/OM
06ycioBeHO 3PeKTOM CIOKeHHU ST BCErO CIIeKTPa BO3-
MokHOCTeH C3M U OIITHYeCKOH MUKPOCIIEKTPOCKOIIHH.
MHoOroo6eInaIes BeISIUT IOTeHIIMaIbHasd BO3SMOXK-
HOCTb aJalITALIMU Pa3paboTaHHOM CUCTEMBI /IS COYe-
TaHUs MeTooB C3HT/OM U onTHU4YeCKOM MUKPOCKOIIUH
JU1S IIpeofioyleHU sl AMOPAKLMOHHOrO IIpefeia. JlaHHoe
HaIIpaBJieHHe MOSKHO CUUTATh Hauboee akTyaIbHBIM,
[IOCKOJIBKY OCHOBHBIM HEJOCTaTKOM COBPeMeHHOM pea-
nu3aunu C3HT/OM siBnsgeTcs 4Ype3BbIYaliHO HU3KOe, 10
cpaBHeHUIO ¢ C3M, IpoCTpaHCTBeHHOe pa3pelreHue OM,
He I103BOJISIONee YyCTAHABIMBATh TOYHYIO KOPPeISALIHI0
Mexxay Mopdonoruen U JaHHBIMU OM. YKe ceiidac B
pa3spaboTaHHOM cucTeMe be3 CyIiecTBeHHBIX MOANHKA-

CCD-camera (Andor Technology)
and with GN-519M Ar+ 488 nm
laser (Plazma, Russia), which
is filtered by Semrock 488-nm
RazorEdge filter (Rochester, USA).
For fluorescence excitation, the
intensity of the laser radiation
was 200 pW, which was recorded
by LaserMate-Q intensity meter
(Coherent, USA).

SPM topography was investi-
gated at a scanning speed of 1 Hz
with a scan area size of 512x512
points, and during confocal fluo-
rescence measurements the scan-
ning area was 50 x50 points at
accumulation time of 0.3 seconds
per point.
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The mentioned configuration
allows to implement at this facil-
ity almost all SPM modes: contact
and tapping AFM, lateral force
microscopy (LFM), magnetic force
microscopy (MEM), phase imag-
ing, electric measuring modes,
etc. [10]. Modeling of the 3D mor-
phology and distribution of the
physical parameters in the voxel
3D images was performed using
the ImagePro Plus 6.0 software
with the 3D imaging function
(Media Cybernetics, USA).

SAMPLE PREPARATION
In this project, we investigated
the morphological and optical

properties of nano-hybrid mate-
rial based on the introduction
of fluorescent semiconductor
quantum dots (QD) into a poly-
mer mesh with shape mem-
ory effect, which is formed by
photo-polymerization of mono-
mers (RM257 diacrylate, A4CB
monoacrylate) and photoiniti-
ator (Irgacure 651) in the pres-
ence of a mixture of nematic lig-
uid crystals (LC) E48 and the chi-
ral dopant HexSorb. Thus, a pho-
tonic structure QD/polymer net-
work (QD/PN) is created, where
fluorescent QD in a concentra-
tion of several weight percent
are in a kind of Bragg grating
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LI K/IF04YeBbIX 67I0KOB MOTYT 6BITh MCII0/Ib30BAHBI TAKHE
IIporpeccUBHbIe MeTOAMKHU BbICOKOpa3peramern OM,
KaK CTOXaCTHYecKas ONTHYecKasi peKOHCTPYKIIHOHHAA
MuKpockonus (STORM) [17], doToaKTHBUPYIOLIAS JIOKA-
nMH3alMoHHAas MUKpockonus (PALM) [18] 1 MUKpOCKO-
KIS HAa OCHOBE II0JJaB/IeHU S CTIOHTAHHOTO UCIYCKAHU S
(STED) [191.

HblHemHs g BepcUsi pa3paboTaHHOM CUCTEeMBI TI03BO-
nsieT peann30BaTh 3D-BePCHHU TaKUX 30H/I0BO-ONTHYe-
CKHX MeTOJI0B KaK CIIeKTPOCKOIIH S KOMOMHAI[HOHHOTO
paccestHUSI C ycuIeHHeM HakoHeuHuKa (TERS) [20] 1 pac-
cerBaIoNIasi 6M>KHEII0IbHA S O THYeCKast MUKPOCKOIIH S
(s-SNOM) [21]. HesHauHTeIbHbIE K3MEeHEeHU I, CBI3aHHBIe
C CHCTeMO¥ JIa3epPHOTro BO30Yy>KAeHU I, IOTPeOyI0TCs AJ1s
WCII0/1b30BaHU S 3D-BepCcH U HOBel e MeTOgUKHU $oTo-
VH/IyLIMPOBAaHHOM CHJIOBOM MUKpocKonuu (PiEM) [22].
3Ha4YUTeIBHO 60/lee cepbe3Hble, HO BIIOJIHE peanr3yeMble
M3MeHeHHUs I0TpebyIoTCs B ClIydae peobpasoBaHus 2D
B 3D ACM-UK [23].

3AKNIIOYEHUE

Pa3paboTaH u onpoboBaH B IPAaKTHYECKUX HCCIe0Ba-
HUSX eJUHBIN KOMIUIEKCHBIH allllapar [J1s peanu3alii
MmeTonuku C3HT/OM. [JaHHas MeTOAHUKA OTKPHIBAEeT
IIMPOKKe I1epCIIeKTUBBL B 00/IaCTH MHOrOIapaMeTpHU-
YeCKOro KOppesIsiIiHOHHOI0 06 e MHOI0 aHa/IK 33 KOMIIO-
3UTHBIX HAHOCTPYKTYPHUPOBAaHHBIX MaTepHasoB (BKIIO-
4as 6roMaTtepuassl) 1 obbequHseT B cebe TeXHUKY C3M,
OM u YMT. Takoe 06beIH HEHHe [103BO/ISIET MHOTOKPATHO
MIPOM3BOAUTH CBEPXTOHKHUE (0 20 HM) Cpe3Bl C II0BepX-
HOCTHU obpaslia ¢ Ioc/Iely oMM 101y YeHHeM II0CIef10-
BaTe/pHOT0 Habopa 2D-IaHHBIX IPaKTHUYECKH BO BCeX

pexkumax C3M U B OOJBIIMHCTBE PeKHMOB KOH)O-
KaJIBHOM MHKPOCIIEKTPOCKOIIKH (II0AX0Z "cpe3 U BUA'").
O6bequHEeHHe [I0TyIeHHBIX JAHHBIX B €[UHBIN MacCHB
I103BOJIeT IMpoBeCcTU 3D-xapaKkTepu3alnui Mopdosio-
MM, XMMHYECKOI0 COCTaBa, MeSKKOMIIOHEHTHBIX B3aH-
MOZIEHICTBU M, MeXaHHUUeCKUX, 3TeKTPUUecKHX, MarHUT-
HBIX U IPYTHUX CBOMCTB B 06beMe MHOTOKOMIIOHEHTHBIX
MaTepHasoB.

Hauboree mepcrieKTUBHBIM ITPeCTABISIETCS BO3MOSK-
HOCTbB UCII0/Ib30BaHUA MeToguku C3HT/OM mis npe06-
pasoBaHus 2D B 3D c peanu3aliiel TaKUX 30HI0BO-OITH-
YeCKHX TexHHK, Kak TERS, s-SNOM, ACM-UK u fpyrux,
MI03BOJISIIOLIMX [TOBBICUTH Pa3pellalollyio CrioCo6HOCTh
OM go ypoBHs C3M.

Pa3zpaboTaHHast MeTOKKa orlpoboBaHa /IS UCCIem0-
BaHMS MOPPOTIOTHYeCKHUX U OIITHYeCKUX CBOMCTB HAHO-
TUOPUIHOrO MaTepHala, OCHOBAHHOTO Ha BHEIPEHUU
GryopeclieHTHBIX II01YIIPOBOAHUKOBBIX KT B Imonumep-
HYIO CeTKy C 3¢PeKTOM IaMATH, IIOIYYeHHYIO IIyTeM
doToIONHMMepU3aLIMK MOHOMEPOB B IIPUCYTCTBUH CMeCH
HeMaTH4eCcKUX JKK 1 XHPaIbHOI0 AOMAHTA. [JaHHbBIE KOM-
MIO3HUTHBIE CTPYKTYPhl KUMEIOT 3HAUMTe/IbHBII ITOTeHLIHAJT
I IIonydeHUsI GOTOHHBIX YCTPOUCTB € 3G eKTHUBHOM
Monynsuuer dnyopectieHIHH KT epuogyyeckor peleT-
Ko Ha ocHOBe I1C, YTO MOKeT 6BbITh HCII0/Ib30BAHO [IJ151 CO3-
JaHUS OLHOPOTOHHBIX HCTOUHMKOB CBETA, CHICTeM XpaHe-
HUS U 0Tob6paskeHUsT HHYOPMAIHH, A TAKKe YCTPOHCTB
C HA3KOIIOPOTOBOM JIa3ePHOM FeHepallheH.

Hccaedosaue noﬂaepmaﬂo epanmom MuHucmepcmaa 0bpa3o-
8aHus u Hayku PP (14.587.21.0021, REMEFI58715X0021) u mextoAo-
2uyeckoll nAamd)opMoa Nano'Mat IHaMnaHb-ApBEH, Dpanuyus.

with a pitch of 200 nm. The peak
of Bragg selective reflection of
light is at 580 nanometers. In
this project we used fluorescence
QD with a fluorescence peak of
575 nm. A detailed description of
the synthesis of these structures
is given in [16].

RESULTS

SPNT/OM system was used to
study QD/PN hybrid systems. The
aim of this study was to establish
correlations between features of
the morphology of the samples
and the spatial distribution of
the semiconductor fluorescent
QD in these structures. During
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the studies 2D and 3D AFM data
(Fig.3a, 3b) and confocal fluo-
rescent images on the selected
2D AFM scans were obtained.
Fig.3b presents the most typi-
cal of these confocal fluorescence
images corresponding to the
2D AFM scan, shown in Fig.3a.
Comparison of Fig.3a and Fig.3b
show that the distribution of
fluorescent intensity not in all
cases corresponds to topograph-
ical features. General uneven-
ness of the fluorescent intensity
averaged over the five fluores-
cent 2D images was about 500%.
It is important that the periodic
structure of PN has virtually no

serious defects in the whole vol-
ume of the sample (Fig.3c). Thus,
to create photonic devices based
on hybrid systems QD /PN with
effective modulation of the QD
fluorescence by periodic grat-
ing based on PN [16], it is nec-
essary to substantially improve
the stage of introduction of QD
in the polymer matrix to ensure
uniform filling and uniform
spatial luminance of photonic
devices.

The main result of this proj-
ect is the development and test-
ing in real research of a single
device for SPNT/OM methods.
The diversity of opportunities of
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SPNT/OM is caused by effect of
composition of all range of possi-
bilities of SPM and optical micro-
spectroscopy. The potential pos-
sibility of adaptation of the
developed system for the com-
bination of the SPNT/OM meth-
ods and optical microscopy to
overcome the diffraction limit
looks promising. This trend can
be considered the most relevant
because the main disadvantage
of modern version of SPNT/OM
system is extremely low (com-
pared to SPM) spatial resolution
of the OM, which does not allow
to establish the exact correlation
between the morphology and the

data of the OM. Already now,
without significant modifica-
tions of key blocks of the devel-
oped system such advanced high-
resolution techniques of OM, as
stochastic optical reconstruction
microscopy (STORM) [17], photo-
activated localization micros-
copy (PALM) [18] and stimulated
emission depletion microscopy
(STED) [19] can be used.

The current version of the
developed system allows to
implement a 3D versions of such
probe and optical methods like
tip-enhanced Raman scatter-
ing, (TERS) [20] and scatter-
ing scanning near-field optical

microscopy (s-SNOM) [21]. Minor
changes associated with laser
excitation are required for use of
3D version of photoinduced force
microscopy (PiFM) [22]. Much
more serious, but quite feasi-
ble changes will be necessary in
the case of conversion of 2D to 3D
AFM-IR [23].

CONCLUSION

The single integrated device
for SPNT/OM methods is devel-
oped and tested in practi-
cal researches. This technique
opens wide perspectives in the
field of multi-parameter cor-
relation volumetric analysis of
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KOHTPOJIb U USMEPEHUSA

CraTtbst A4ynpuHa, P.raepuiosa, C.leHepanosa 1 C.Huknooposa "HekoTopblie nepcrnekTUBHbIE
KOHCTPYKLMUN MNbe303/IEKTPUYECKMX reHepaTopoB 3Heprun”, onyonnkoBaHHas B 2016 rogy B XKyp-
Hane "HaHouHaycTpua' Ne2 (64) Ha cTp. 4856, noarotosaeHa 3A0 "HIMLL CneunekTpoHCUCTEMbI"
COBMECTHO C HIMK "TexHoNornyeckmm LeHTp" npym GMHAHCOBOW Noaaep>kke MMHOBpHayku PO B pamKkax
cornatueHms N214.579.21.0086 oT 21.11.2014 1. (yHMKaibHbIA naeHTUdKnKaTop npoekTa RFMEFI579X0086).

CraTbs V.BacunweBa, C.leHepasioBa, O.KpacHobaeBa, AYyrnpuHa "UccnepoBaHme XxapakTepUCTUK
K0J1Ie6aHUM >Kes1e3HOA,0POXKHbIX FPY30BbIX BAFrOHOB C LieJ/1bio OnpeaesieHUs TeXHU4YeCcKux Tpebo-
BaHWUI K KOHCTPYKLMU aBTOHOMHbIX NMbe303/IEKTPUYECKMUX FreHepaTopoB ToKa", 0ny6/aMKOBaH-
Has B 2016 roay B >kypHane "HaHouHaycTpusa" N23 (65) Ha cTp. 72-77, noarotoeaeHa 3A0 "HIML|
Cneu3nekTpoHCUCTEMBI" cOBMeCTHO € OAO "HUWMXKT" n HIMK "TexHoNornm4yeckmni LeHTp" npu
dunHaHcoBoM nogaepxkke MrHobpHayku PO B pamkax cornaweHmst N2 14.579.21.0086 ot 21.11.2014 .
(YHMKaNbHbIM naeHTUdUKaTop NnpoektTa RFMEFI579X0086).

Cratbs M.Bacunbesa n AYynprHa "Pa3paboTka aBTOHOMHOIO Mbe303/1eKTPUYeCcKoro reHepa-
Topa Toka A1 HAaBUraLMOHHOM NOAAEPXKU XKee3HOAO0POXHOro TpaHcnopTa”, ony611MKoBaH-
Hasa B 2016 roay B >kypHane "HaHouHaycTpusa" Ne4 (66) Ha cTp. 5259, noarotosnieHa 3A0 "HIML|
CneusnekTpoHCHCcTEMbI" Npy GUHAHCOBOW Noaaep>Kke MMHoBpHayku PO B paMkax COrialleHums
N2 14.579.21.0086 0T 21.11.2014 1. (yHMKaNbHbIA naeHTUGUKaTop npoektTa RFMEFI579X0086).

CraTbs N.BacunbeBa 1 AYyrnpuHa "Pa3paboTka nNbe30o3/1eKTPUYeCcKoro reHeparopa Toka anas
ob6ecneyeHUss aBTOHOMHbIM NMUTAHUEM FPY30BbIX BaroHOB U naatpopm”, onybanMKoBaHHas
B 2016 roay B XxypHase "HaHouHaycTpua" Ne5 (67) Ha cTp. 86—92, noaroTtossieHa 3A0 "HIML,
Cneu2nekTpoHCUCTEMbI" NpY GUHAHCOBOM Noanep>kke MUHoObpHaykmn P® B pamKkax coraatle-
HMA N2 14.579.21.0086 0T 21.11.2014 1. (yHMKabHbIA naeHTUdunKaTop npoekta RFMEFI579X0086).

nanostructured composite mate-
rials (including biomaterials) and
combines SPM, OM and UMT. This
combination allows to repeatedly
perform ultrathin (20 nm) slices
from the sample surface followed
by obtaining a consistent set of
2D data in all SPM modes and in
most modes of confocal micro-
spectroscopy (Slice and View). The
compilation of the obtained data
in a single array allows to con-
duct 3D characterization of mor-
phology, chemical composition,
interactions, mechanical, electri-
cal, magnetic, and other proper-
ties in the amount of multicom-
ponent materials.

HAHO UHAVCTPUA #7/69/2016

The most promising is the abil-
ity to use the SPNT/OM methods
for 2D to 3D conversion with the
implementation of such probe
and optical techniques, as TERS,
s-SNOM, AFM-IR and others,
allowing to increase resolution of
OM to the level of the SPM.

The developed method was
tested to study the morpholog-
ical and optical properties of
nano-hybrid material based on
the introduction of fluorescent
semiconductor QD into poly-
mer mesh with a memory effect
obtained by photopolymeriza-
tion of the monomers in the pres-
ence of a mixture of nematic LC

and a chiral dopant. These com-
posite structures have consider-
able potential for creation of pho-
tonic devices with efficient mod-
ulation of the QD fluorescence by
periodic lattice on the basis of PN
that can be used to create single-
photon light sources, systems for
storage and displaying informa-
tion, as well as devices with low-
threshold laser generation. [ |
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