depnepanbHOE rocyaapcTBeHHOE BoAKETHOE yUpeKaeHNe HayKn
NHCTUTYT GM3MKM NPOYHOCTU U MaTepmnanoBeaeHns CMBUPCKOro oTaeneHus
PoccnicKkom akagemmn Hayk

MEXAYHAPOOHAA KOH®EPEHLUHA
MNepcneKkTnsHble maTepuanbl
C MepapXrnuecKoun CTPYKTYpou
ANA HOBbIX TEXHONOMMMU
N HAA,EXHbIX KOHCTPYKL UM
9 - 13 okTAb6pAa 2017 ropa
TomcK, Poccua

TE3UCbI IOKNAZIOB

Tomck — 2016



Tesucel 10k1a/10B Mex1yHapoaHOM KOH(DEpEeHITNH
«IlepcnekTuBHBIE MaTEepUabl C UEPAPXUYECKOU CTPYKTYPOH
JUISL HOBBIX TEXHOJIOTUN U HAIEKHBIX KOHCTPYKIIHM»

9 - 13 okTs6ps 2017 roma, Tomck, Poccust.

HN®DIIM CO PAH, 2017. - 607 c.

«MeponpusTie npoBeaeHo npu (pruHaHcoBOM noanepxke Poccuiickoro ponga
dbyHIaMeHTaNbHBIX uccaenoBanuid, [Ipoekt Nel7-08-20349\17

OUWucTuTyT dusuku npounoctu u marepuanoeaenuss CO PAH, 2016



OrnpeneneHrne MeXaHUUECKUX XapaKTEPUCTUK HAHOMATEpPUaIoB IIPH
PACTSDKCHUH U CKATUH

Qununnos A.A., Pomun B.M. 391
VYmpasienue Mmophoaoruei TOBEPXHOCTH M XUMUYECKHM COCTaBOM CITJIaBa Ha
ocHoBe Ti-Ta, chopmupoBanHbiM Ha TiNi IOIOKKE UIATUBHBIM METOJIOM C
MCITOJIh30BAHUEM DJIEKTPOHHOTO ITydYKa

I'youmosa E.1O., lllabanuna O.U., Meticnep C.H.,

Axroenes E.B., Meticnep JI.JL 392

Structural disorder and kinetic properties of graphene at low temperatures

Bobenko N.G., Egorushkin V.E., Melnikova N.V., Ponomarev A.N.,
Belosludtseva A.A., Barkalov L.D. 394

PuGonorueckne XxapakTepuCcTUKA U 0COOSHHOCTH pa3pyieHus mokpsitus T1-C-Mo-S
Ha Pa3HBIX MMOJIOKKAX U TIPU PA3HBIX HATPY309HO-CKOPOCTHBIX PEKUMAX TPEHHUS

Illyoun A.1O., [lomexaes A.U., Casocmuxos B.M.,
Tancanos C.B., Heanosa A.M. 396

OKCTpyAUpPYEMBIE TIOJUMEP-TIOJIMMEPHBIE KOMIIO3UTHI Ha
OCHOBECBEPXBBICOKOMOJIEKYJIIPHOTO TIOJIMATUIIEHA

Illanun C.B., Kopnuenxo JI.A., Anexkcenxo B.O., Bycnosuu JI.I'., /lonyos FO.B. 398
Biugaue TepMoMexaHMYEeCKUX 00pabOTOK U MOAU(HUKAIIMU TTOBEPXHOCTH HA
MapTEHCUTHBIE MPEBPAIICHUS U 1€POPMaLlMOHHOE ITOBEICHUE
BHYTPHUCOCYAUCTBIX CTEHTOB M3 HUKEJINJA TUTaHa

Jlomxoe A.U., Kawun O.A., Kpykosckuu K.B.,

I'puwxos B.H., Kyopsuwos A.H. 399

NHnyurpoBaHHas BOJOPOJAOM pellaKCcalusl yIbTPaMEIKO3EPHUCTON CTPYKTYPbI
B AYCTEHUTHOMN HEPXKABEIOIIEH CTAIIN
Acmadghyposa E.I'., Maiiep I'.I'., Menvnuxos E.B., Mockeuna B.A.,
Pamouxka U.B., Muwun U.I1., 3axapos I'.H., Acmaghypoe C.B. 400

DuU3NKO-MEXaHUUECKUE U TPUOOTEXHUUECKUE XapAKTEPUCTUKU MOJTUMEPHBIX
HaHOKOMITO3UTOB Ha OCHOBe nonudgpupapupkerona (II1233K)

Heyen J[A., llanun C.B., Anexcenko B.O.,

Kopnuenxo JI.A., Heanosa JI.P. 402
N3MeHeHne Mexann3ma pa3pyleHuss KOppO3UOHHOCTOMKONW ayCTEHUTHOM CTalH
MIPU HABOJIOPOKUBAHUU

Acmagpyposa E.I"., Maiiep I'.I"., Menvnuxos E.B.,

©@opmyna A.C., Mockseuna B.A. 403
Mopenb 3BOIOLUHUH TOJIIIMHBI HOPOIIKOBOIO CJIOS B YCIOBHUSAX JIA3€PHOTO CIUIABICHUS

Coobonesa I1., Kuazesa A. 405
BiusiHue ckopocTH CKOJIBKEHUSI U Harpy3KH Ha COMPOTUBIICHUE U3HAIIIMBAHUIO
TBEPJOCMA304YHbIX KOMIIO3UTOB HA OCHOBE CBEPXBBICOKOMOJIEKYIISIPHOTO MOIUAITUIICHA

Anexcenko B.O., bycrosuu /I.I'., I[lanun C.B.,

Kopruenxo JI.A., Meanosea JI.P. 406

26



4. Hay4yHble OCHOBbI pa3paboTKM MmaTepmasioB C MHOFOYPOBHEBOW MEPapPXMYECKoM
CTPYKTYPOI, B TOM YMCNE AN1A IKCTPEMAIbHbIX YCNOBUIM SKCNIyaTaLmm

u Ry=(0.250+0.085) mxm, Smp=27 MmxMm. B obOpasmnax ¢ Ti-Ta moBepXHOCTHBIM
CIUTaBOM (OpMUpPYETCS OJIHOPOJHAs TMOBEPXHOCTh IO MOP(OIOTHUYECKOMY
MPU3HAKY OTHOCHUTEIBHO HCXOJHOTO COCTOSHHUSA, TMapaMeTphl IIEPOXOBATOCTH
coctaBisiioT: Ry=(0.232+0.074) mxMm, Smi=48 Mkm u Ry»=(0.351+0.176) MkmMm,
Sm2=50 MKM.

Takum oOpa3om, B pabore (1) ObuT ompeAciieH PEXUM MpeIBaAPHUTEIHHOM
HCOIT o0paGoTku cruiaBoB Ha ocHoBe TINi, KOTOpBI NPUBOAWT K
Tonorpaduyeckoil OAHOPOJHOCTH TMOBEPXHOCTH; (2) MOKa3zaHa BO3MOXKHOCTH
dopmupoBanus Ti-Ta TOBEPXHOCTHOTO CIUIaBa C 3aJaHHBIM XHUMHUYCCKUM
cocTaBoM H  Mopdosorueid  MOBEPXHOCTH  AJJAUTHBHBIM  METOJIOM  C
WCITOJIb30BAHUEM AJIEKTPOHHOTO ITyUKa.

HccnenoBanusi  QU3NKO-XMMUYECKHX CBOMCTB cruiaBa  TINI  mocre
npenapurensHoi HCOII o6paboTku mnpoBogwinch B paMkax IIporpammsl
byHIaMEHTATBHBIX HAYYHBIX HCCIEIOBAaHWI TOCYIapCTBEHHBIX aKaJeMHUU HayK
Ha 2013-2020 roaer (mpoekt 23.2.1); ¢ Ti-Ta MOBEpXHOCTHBIM CIUIABOM Ha
nouioxkke TINI — mpu ¢unaHcoBo# momuepkke rpantom PH® Nol5-13-00023
(ot 18.05.2015).
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A theoretical study of the DOS, resistivity and thermal conductivity of a
metallized epitaxial graphene with impurities and structural inhomogeneous of
the short-range order type is performed. The authors of [1] estimated such
characteristics as the electron-phonon relaxation length, the corresponding
relaxation time, and the diffusion coefficient. Table 1 summarizes their
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estimations, the data from [2] and the results of our calculations of relaxation
time, mean free path, and diffusion coefficient. One may see that all values are of
the same order of magnitude, which indicates the importance of electron
scattering on the short-range ordered domains. At low temperatures, this
scattering may be more important than electron scattering on phonons.

We have shown that only in the presence of the structures forming large-area
‘cells’ in the graphene layer there is a temperature dependence of relaxation time,
DOS and resistivity, which is sensitive to the concentration of defects and the
types of short-range order (structural inhomogeneities).

Adsorption of gases and deep graphene penetration into the substrate lead to
the appearance of atoms of a different kind in the first coordination sphere. As it
follows from our results, this case corresponds to the negative short-range order
parameter value. The structures with this atomic arrangement are known as
ordered ones. If the impurity or doped atoms are in the second coordination
sphere, then the short-range order parameter is positive and graphene is stratified.

We have also shown that in the cases of graphene ordering or stratification
the electron relaxation time behaves itself in a different way. It decreases in the
former case, when the temperature rises, and decreases in the latter. The mean
free paths and diffusion coefficients calculated here are of the same order of
magnitude as estimated in [1] for electron-phonon scattering. That is why at low
temperatures the electron scattering on the short-range order structures may be
even more important than that on phonons. The same result has been confirmed
with our calculation of thermal conductivity and [3].

In the case of stratification, the calculated contribution to the DOS is
positive. This suggests that the presence of impurities or the doped atoms may be
responsible for the metallization of graphene in the case where the gap at the
Fermi level is closed. When the short-range order parameter is positive, the
temperature behavior of resistivity is typical for metals [4]. In the ordered
graphene, the contribution to the DOS from electron scattering on the short-range
order type structures, changes its sign to the opposite one, which results in the
opening of a gap in the DOS; the respective contribution to electrical resistivity
decreases when the temperature rises. The depth of the minimum in the DOS
depends on temperature, thus it increases with T in a metallized graphene and
decreases in a gas-saturated graphene, which is also validated by the experimental
data [5].

Thus, the conditions for the appearance and disappearance of a gap in DOS
are obtained for the case where the location of defects changes. A temperature
dependence of relaxation time, DOS, resistivity and thermal conductivity is
described only in the presence of the structures forming large-area ‘cells’ in the
graphene layer.
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Quantity Estimations for Data from [2] Calculations at
electron-phonon T<100 K [this
relaxation [1] work]
Relaxation time t 0.36-1.08 104 | 104-10%25s ~10 s
Mean free path 40-100 nm 10-100 nm ~10nm
length L=vet
Diffusion 18-50 cm?/s 50-5000cm?/s ~50cm?/s
coefficient
D= VZFTQ

Table 1. The data from [1] and [2] and our calculations of relaxation time,
mean free path length and diffusion coefficient.
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N3 oOmux mnosioxkeHuil (U3MKU UM TPUOOJIOTMU OYEBUIHO, YTO OCHOBHBIE
TPUOOTEXHUYECKUE XAPAKTEPUCTUKH MOKPHITHH (KO3 PUIMEHT TpeHus u
MU3HOCOCTOMKOCTh) OYJyT 3aBUCETh OT METOJIOB U PEKHUMOB UX OCAXKIACHUS, OT
MaTEpUaIoB IMOJUIOKKH, Ha KOTOPYIHD OHHM OC@XIAKTCA, OT MeToJa M
UCIIOJIb3yEMOT0 KOHTpTENIa MPU (PPUKIIMOHHBIX HCHBITAHUSIX, OT HArpy304HO-
CKOPOCTHBIX peXHMOB TpeHus [1,2,3]. AHamu3 JuTEepaTypHBIX JTaHHBIX
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