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C NoMOLLbIO 30HAOBOM MUKPOCKOMWUM MOXHO MNPOBOAUTbL Pas/iMyHble U3MEPEeHUs MepCrneKTUBHbIX
MaTepuvasnoB. 3a CYET NMPOCTOTbl METOAA U3MEPEHUsi MOFYT AaTb BHYLUUTE/bHbIA 06beM UHPOpMALMMK:
Mopdonoruto U CTpyKTypy MOBEPXHOCTU, NMPOBOAMMOCTb, WUCC/Iefl0BAaHWE CBOWCTB Martepuana npu
Harpese (Npu UCMoJib30BaHUM HarpeBatoLLLEro CTo/IMKa BO3MOXeH Harpes A0 100°C) [1, 2, 3].

Scanning probe microscopy is a tool for taking various measurements of the promising materials.
Simplicity of the measurement method allows of obtaining an impressive scope of information pertaining
to morphology and surface structure, conductivity, study of material properties at heating (it is possible

to achieve temperature up to 100°C when using a heating table) [1, 2, 3].

OHOCJIOU AU XA/IBKOT€HH/IOB IIepPeXOHBIX MeTajl-

JIOB SIBJISIIOTCSI [1ePCIIeKTUBHBIMU KaHAULATAMU

OJ1s1 CO3/IaHUSI OITO3IeKTPOHHBIX YCTPOMCTB
HOBOIO ITI0KOJIeHHs. ONITUYeCcKHe CBOKMCTBA 3THUX ABY-
MepHBIX MaTepHasoB, OfHAKO, BAPbUPYIOTCS U U3Me-
HSIOTCS CO BpeMeHeM, 4TO 3aTPyJHseT yIIpaBleHHe
OIITO3/IeKTPOHHBIMHU CBOMCTBAMHU. CyIlleCTByeT MHOXe-
CTBO Pa3/IMYHBIX PaKTOPOB, KOTOpPbIe MOI'YT U3MEHSTh
OIITHYeCcKHe CBOKCTBA, BK/II04as JerHpoBaHHe 3aps/I0B,
nedexTsl, fepopMallHIo, OKHC/IeHHe, aficOpOHpOBaH-
Hble MOJIeKY/Ibl 1 HHTePKa/IALHI0 BoAbl. Opesie/ieHHe
MIPUCYTCTBYIOIMX U3MeHEHHI 0OBIYHO He SIBJISeTCS
IPOCTBHIM K TpebyeT MHOTOKPATHBIX M3MepeHUM
C HCIIONb30BaHHEM HeCKO/JIbKHUX 3KCIIepHUMEHTalb-
HBIX MeTOJI0B, UTO CO3/IaeT IIPeIlsITCTBUS IIPU IIOIIBITKE
ONTHMM3HUPOBATE IIOATOTOBKY 3THX MaTepHaJIOB.

Boratas npubopHas 6a3a 1aeT BO3MOKHOCTD POC-
CHMMCKOM HAay4HOM IPYyIIle IPOBOAUTH PA3HOCTO-
POHHHE HCC/Ief0BAaHH S B pAMKaX MeXKIYHapOA4HOTO
[IpOeKTa COBMECTHO ¢ TeXHO/JIOTUYeCKUM yHHUBEpP-
cuteToM UMeHH lllapuda (TerepaH).

HIpaHCKOM HAay4HOM I'PYIIION OB IIOLTOTOB-
JeHBl U IIPeJoCTaBIeHBl 06pa3Ibl AT IpoBese-
HHS HCCIeJOBAaHHUU C IOMOLIbI0 CKAHHUPYIOILET0
30HJ0BOTO MUKpocKoma "®emToCKkaH". B KOHTAKT-
HOM pe>XHMMe aTOMHO-CHJIOBOM MHUKPOCKOIHHU
HCCIeL0BaINCh CBOMCTBA U Tomorpadus obpas-
noB WS, Ha kpeMHHUHU, TiS; Ha 30710Te, a TaKKe
Fe,0; Ha moBepxHOCTHU cTekaa FTO (CTeKJIO C TOKPHI-
THeM K3 OKCHU/JA 0JI0Ba, JIETHPOBAHHOI0 GTOpOM).

CTpyKTypHO WS, MOTYT IIPeCTaBIsATh COOOM Kak
OTZeJIPHO B3STble UellyMKH, TaK U CJIOU 4ellyek.
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Puc.1. M306pakeHus 8bicombl U ceveHust 8blbpaHHol obaacmu 0bpasu,a oucyabuoa 80abdpamad. PaccmosiHue mexxoy KpacHbimu
moyKkamu no eepmukau cocmagasiem 24 Hm
Fig.1. Image of height and section of the selected area of disulphide tungsten sample. The distance between red points is 24 nm by height

WS, 61aromapst KpUCTAIMYECKOMY CTPOEHHIO, CX0-
>KeMy € TpaduToM, sBisieTcsi 3 PeKTHUBHOU TBePIOH
CMa3KOH [JIs y3/I0B TPeHU S IIPU IIOBBIIIEHHBIX TeM-
IepaTypax 1 KOHTaKTHBIX Harpyskax. Habmomaemas

ransition metal dichalcogen-

ide monolayers are the pro-

spective structures to manu-
facture optical devices of new gen-
eration. However, the optical prop-
erties of these 2D materials may
vary and change over time, which
makes it difficult to control the
optoelectronic properties. There
are numbers of different factors
that may change optical proper-
ties, including doping of charges,
defects, deformation, oxidation,
adsorbed molecules and interca-
lation of water. Determination of
the existing changes is usually
not a simple task requiring mul-
tiple measurements use of sev-
eral experimental methods which
makes it difficult to optimize a
preparation of these materials.

A significant instrument base
enables the Russian scientific
group to conduct comprehensive
research in the framework of an
international project in conjunc-
tion with the Sharif University of
Technology (Tehran).

The Iranian scientific team pre-
pared and provided samples for
research using a FemtoScan scan-
ning probe microscope. In the con-
tact mode of atomic force micros-
copy the properties of the topog-
raphy of WS, samples on silicon,
TiS; on gold, and Fe,0; on the sur-
face of FTO glass (glass coated with
tin oxide doped with fluorine) were
studied.

Structurally, WS, can be either
individual flakes or layers of flakes.
WS,, due to its crystalline structure
similar to graphite, is an effective
solid lubricant for friction units at
elevated temperatures and contact
loads. The recorded height of the
WS, film on the silicon surface vis-
ible in an atomic force microscope
is24nm.

Scanning probe microscopy
measurements were not limited
to WS, monolayers but were also
applied to other 2D materials with
optical transitions. In particu-
lar, the conductivity of TiS; was
measured on gold. In so doing,

B aTOMHO-CHJIOBOK MHKPOCKOII BBICOTA IJIEHKH

WS, Ha MOBEePXHOCTHU KPeMHHU S COCTABIISAET 24 HM.
Mi3MepeHUS C IOMOILIBIO0 CKAHUPYIOLIEeH 30HA0BOK

MHKPOCKOIIMHM He OrPAHMYMBAIIKCh MOHOC/IIOSMH

conductive cantilevers were used.
According to the data obtained,
when correlating the images
of height and conductivity, an
increase in the conductive proper-
ties is noticeable when the layers of
titanium trisulfide drop.

Probe microscopy allows of a
precise control over quality of the
deposition of samples on sub-
strates, in particular, when Fe,0,
is applied to the surface of FTO
glass. Thanks to the FemtoScan
Online software [4, 5], it is pos-
sible to use various color palettes
and represent not only 2D, but 3D
images of the scanned area.

Our results obtained with the
aid of the scanning probe and cap-
illary microscopy demonstrate the
promising properties of WS, and
TiS, for optoelectronic and nano-
photonic devices. [ |

The study was carried out with the finan-
cial support of the Russian Foundation for
Basic Research in the framework of the sci-
entific project No. 17-52-560001.
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WS,, a TakXe IPHMEHSIJIHCh K OPY-
rum 2D-MaTepurasaM C ONTHYECKUMHU

HM
rnepexogaMHu. B vacTtHOCTH IIpOBOAHIIKICH
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30H/10Basi MUKPOCKOIIHS TI03BOJISIET OCY-
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HOCTHU IIpU HaHeceHUH Fe,0; Ha moBepx-

o HOCTh cTek1a FTO. biaaromaps mporpaMmm-

HOMY obecriedeHuo "PeMTOCKaH OHJIANH"
[4, 5] MOXXHO HCIIO/B30BATh Pa3/HUUHBIE
LIBeTOBble MaJIUTPBl U IIPeACTaBAATh He
0,012 TOJIBKO 2D-, HO 3D-H306pa>KEHHe OTCKaHU-
POBaHHOM 0671aCTH.

Hamwu pes3synbTaThl, HOJydeHHEIe
0.006 C IIOMOINBI0 CKAHHUPYIOIIEN 30HI0BOM
U KaIlU/UISSPHOKM MHKPOCKOIIKH, IeMOH-
CTPHUPYIOT INepClIeKTHUBHBIE CBOMCTBA
WS, u TiS; 471 ONITO3/IeKTPOHHBIX U HAHO-
$OTOHHBIX YCTPOMCTB.
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Puc.2. Vi3mepeHue nposodumocmu TiS; Ha 3010me. BepxHee U306paxkeHue — 8bi- HccaedosaHue sbinoarero npu unacosoil noddepskke

coma, HUXXHee — npogodumocmb. Momexuyuan 30H0d — 1B omHocumensHo 3emau PO 8 pamkax Hay4Ho20 npoekma 17-52-560001.

Fig.2. Conductivity measurement of TiS; on gold. The top image is the height,

the bottom is the conductivity. The probe potential relative to ground is 1 V JIUTEPATYPA / REFERENCES
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