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®U3UKO-TEXHUYECKHUE CBOVCTBA ITOJJUMEPHBIX IIOKPBITHUH,
IHOJYYEHHBIX B IINTASME BAPBEPHOI'O I'A30BOI'O PA3PSA A
ATMOC®DEPHOI'O JABJIEHUA

PHYSICO-TECHNICAL PROPERTIES OF POLYMER COATINGS,
DEPOSITED AT ATMOSPHERIC PRESSURE IN THE BARRIER GAS
DISCHARGE PLASMA

JlanuiaeB M.H.l, borocios E.A.l, IHonbckuit IO.E.l, BaxuroB I/I.P.z,
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YKasanckuii nayuonanshoiii uccredosamensckuti mexwuuecku yHugepcumem um. A.H. Tynonesa —
KAHU, Poccuiickas @edepayus, 420111 2. Kazans, yn. K. Mapkca 10, E-mail: danilaev@mail.ru
2Kasanckuii geoepanvuniii ynugepcumem, Poccuiickas @edepayus, 420008 2. Kazamw,
yi. Kpemnesckas 18, E-mail: amir@gumarov.ru
3HHcmumym nepcnekmugenwix uccieoosanuti AH PT, 2. Kazanw, 420111 yn. Jleso-bBynaunas, 36a,
Itagirov@mail.ru

2
B pabote ompeneneHsl nmapaMeTpbl paspsjaa (IWIOTHOCTh TOKa He Oosee 25 MA/cM”, MOIITHOCTh HE
6omee 200 Br), obecrieunBaromux GopMUPOBaHUE TIOTUCTHPOILHOM IICHKH C BOCTIPOU3BOAMMBIMU
CBOWCTBaMH (TOJIIUHA, OTHOPOJHOCTh U YHCTOTA IIOKPBITHS).

The discharge parameters (current density not more than 25 mA/cm2, output power not more than
200 watts), providing formation of polystyrene films with reproducible properties (thickness,
uniformity and purity of the coating) are shown in the presentation.

Bo3MOXHOCT MOSTydeHHsI B IJIa3Me Fa30BOTO pa3psijia MOJTUMEPHBIX MOKPBITHI
c TpeOyeMbIMH CBOWCTBAMM Ha T[OBEPXHOCTH  PA3JIMYHBIX  CYOCTpPaTOB;
CTUMYJIMpOBaia POCT UCCIENAOBaHUM B 3ToM HampasiieHuu [1,2]. Ilpu sTomM BakHO
00ecreYnTh BOCIPOU3BOJAUMOCTh (U3UKO-TEXHUUECKUX CBONCTB TMOJUMEPHBIX
MOKPBITUN, HAaNpUMEpP, TOJIIUHBI, OJHOPOJHOCTH, CIUIOIIHOCTH U YHUCTOTHI
NOKphITUA. B manHON paboTe oOmnpenesiieHO BIMSHUE OCHOBHBIX TapaMeTpOB
(hopMUpOBaHUS TTOJTMMEPHBIX TJICHOYHBIX MOKPHITUN B MJIa3Me OapbepHOr0 ra30BOrO
paspsiia  atMOC(EepHOro  JaBJCHUS Ha  TOJIIMHY  MOJUMEPHBIX  IUJICHOK.
dopMupoBaHUE MOJUCTUPOIHLHON TJIEHKU OCYIIECTBISIOCh HAa MPEIMETHOM CTEKIIE
B TUIa3MOXHMMUYECKOM peaKkTope, MpHUBEJACHHOM B pabote [2]. B pesynbpTaTe Hammx
HCCIIEIOBAHMI MMOKA3aHO, YTO CKOPOCTh POCTA MOJIMMEPHOTO MJIIEHOYHOTO MOKPBITUS
JUHEWHO 3aBUCUT OT IUIOTHOCTHM TOKa, KOTOpas MU3MEHsIach B Juamna3zoHe (7-—
25 MA/cM’), 1 OTIpeensieTcst KOHIEHTPAIHel MOHOMepa.
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CHUHTE3 N-IOIMUPOBAHHBIX T'PA®EHOB B IIJIASMOCTPYIHHOM
PEAKTOPE

ONE-STEP SYNTHESIS OF N-DOPED GRAPHENE IN A PLASMA JET
REACTOR
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HccnemoBana BO3MOKHOCTh KOHTPOJISL JIETHPOBaHHWS TrpadeHa a30ToM TpU €ro CHHTE3E B
IUIa3MOCTpyHHOM peaktope. C TIOMOIIBIO PEHTTEHOBCKON (DOTOAIEKTPOHHON CIIEKTPOCKOIHU
MOKa3aHO, YTO IIPH PA3JI0KEHUHU YTIEBOJOPOAOB (MPONaH-0yTaHOBOW CMECH, METaHa, alleTHIICHA) B
CTpye a30THOM TUTa3MbI B Tpa)eHOBBIX CTPYKTypax oOpa3yrorcs pasiuunbie cBsi3u C-N, koropsie
BHOCSIT CTPYKTYPHYIO HEYCTOHYHBOCTb.

The possibility of controlling doping of graphene with nitrogen during its synthesis in a plasma jet
reactor has been studied. Using X-ray photoelectron spectroscopy, it has been shown that in the
decomposition of hydrocarbons (propane-butane mixture, methane, acetylene) in a jet of nitrogen
plasma, different C-N bonds are formed in graphene structures, and they introduce structural
instability.

[lnazmennass  oOpaboTka  sIBIAETCS  OJHUM M3  MPOCTBIX  CIIOCOOOB
CTpyKTypupoBanusi rpadena. I[IpoBeeHHOE € TOMOIIBIO IJIa3Mbl XUMHUYECKOE
JerupoBaHue sBIAeTCS A(PPEKTUBHBIM CIMOCOOOM TPUTOTOBIICHUS TpadeHa C
KOHTPOJIMPYEMBIMUA ONTHYECKUMHU, XUMHUYECKUMHU M DJIEKTPOHHBIMU CBOMCTBAMHU.
[Ipu pyHkuroHansHON MoaupUKaLuK rpadeHa a30TOM MOTYT ObITh C(POPMUPOBaAHBI
YYaCTKM C BBICOKOW KATaJIUTUYECKOW AKTUBHOCTBHIO, YTO BAXHO ISl Pa3IUYHBIX
NpUMEHEHUH B obsactu »Hepretukd. OCHOBHas 1eJb HacToswed padoThl —
ONPEAECICHUE  AKCIECPUMEHTAIBHBIX  YCIOBUM, TIPU  KOTOPBIX  MPOUCXOIUT
oOpazoBanue cBszeii C-N ¢ 3agaHHBIMH OTHOCUTENIBHBIMH KOHIICHTPAI[USIMHU.
WNnentudukanus XUMHYECKUX CBA3€H ocyllecTBisuiach MeTogoM PDOIC 0CHOBHBIX
YPOBHEM, BaJICHTHOM 30HBI I 0’KE-CIIEKTPOCKOIHNH C PEHTT€HOBCKUM BO30YKICHUEM.
Ha ocHoBanum aHanm3a CHEKTPOB, MOJYyYEHHBIX B 0e3a30THOW armocdepe U B
a3oTHoM mmazMe npu 350 TOpp, OMNpeNeNeHbl CTENEeHb SpZ-FI/I6pI/II[I/IBaHI/II/I u
GyHKIMOHAMM3auu  TPaQEeHOBBIX  CTPYKTYp. ITO  TMO3BOJSET  YCTAaHOBUTH
KOPPEJIAINUIO ONTUMAIBHBIX YCIOBUN CHHTE3a IpadeHoB ¢ uxX cTpykrypoil. [lokazana
M30UpaTENHHOCTD 51 YIIPABIIAEMOCTD TUIA3MEHHBIX TEXHOJIOTU I TS
KpymHOMAcIITa0HON OBICTpO (pyHKITMOHANM3AIMK TpadeHa s COBPEMEHHBIX
IIPUMEHEHUM.
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CHUHTE3 U MATHUTHBIE CBOMCTBA TOHKHUX ILUIEHOK Pd,_Fe,,
IHOJYYEHHbBIX METOJAMHU MATHETPOHHOI'O PACIIBIJIEHWA U
MOJIEKYJIAPHO-TYYEBOHU IIMTAKCUHAN

MAGNETIC PROPERTIES OF Pd; Fe, THIN FILMS SYNTHESIZED BY
MAGNETRON SPUTTERING AND MOLECULAR BEAM EPITAXY
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CaepxTonkue (20 HM) IUICHKH CIUiaBa nayiaauii-kene3o PdixFeyx (x=0.01-0.2) Obuin BbIpalieHb
METOJaMH MOJICKYJISIpHO-TTy4eBoii snutakcud (MBE) u marnerponHoro ko-ucmapenus (MS)
MUIICHEeW W3 MaIafus U JKele3a B CBEpXBbICOKOBakyyMHO# ycraHoBke (SPECS, BESTEC). B
KaueCcTBE MOJIOKEK MCIOIb30BAINCh MOHOKPHUCTAIBI KPEMHHSI U OKCHJ]a MarHus. Y CTaHOBIEHO,
YTO HAMAarHMYCHHOCTb U Temreparypa KiopH mieHOK CHCTEMaTHYECKH BO3PACTAIOT C YBEIIMYCHUEM
B HUX KOHIICHTPAIINH XKeJe3a.

Ultrathin (20 nm) Pdj«Fex films with x = 0.01 - 0.2 were synthesized by means of the molecular
beam epitaxy (MBE) and magnetron sputtering (MS) techniques under ultra-high vacuum
conditions (SPECS, BESTEC). Magnesium oxide (MgO) and silicon single crystals were used as
the substrates for MBE and MS depositions, respectively. It was found that the magnetization and
Curie temperature of the films grew systematically with an increase of iron concentration.

st uccnenoBaHMs KPUCTAIUIMYHOCTH TOBEPXHOCTH TOMJIOKEK M TUICHOK
MCIIOJIb30BaJIaCh METOIUKA AU(PPAKIUU MeIeHHBIX ekTpoHoB (SPECS Er-LEED-
3000-D). Conepxxkanne Fe B CHMHTE3MPOBAHHBIX CIUIaBaX OIMPEACISIIOCh METOJA0M
PEHTIeHOBCKOM  (poToaniekTponHoi cnekTpockonuu (POOC, SPECS), Tonmmna
IUIGHOK KOHTPOJHUpOBasiach CTHIycHbIM mpodumomerpom Dektak XT (BRUKER).
WccnenoBanusi MarHUTHBIX CBOWMCTB OOpaslloB MPOBOAMINCH Ha BHOPAIMOHHOM
maraerometpe (Quantum Design PPMS-9) B nuana3one temneparyp 2.5-300 K.

KoapuutuBHoe 10Jie SMUTAKCUATIBHBIX TIJICHOK, MOTy4eHHbIX MeTogom MBE, B
HECKOJILKO pa3 MEHBIIIE M0 CPABHCHHIO C IUICHKaMH, MOJTYYEHHBIMH MeToaoM MS.
Huskoremneparypuble  MarHuTHble u3MepeHuss (npu S5K)  snuTakcuanbHO-
BBIPAIICHHBIX IUICHOK MMOKA3aJIi 3HAYCHUE KOIPITUTUBHOTO OIS paBHOE 7 dPCTE.

PaboTta BeimonHeHa npu nomnepxkke PODU (14-02-00793 a) u OLKIT XU
KoY.
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ELECTRICAL PROPERTIES OF TITANIUM NITRIDE FILMS
SYNTHESIZED BY REACTIVE MAGNETRON SPUTTERING

Mohammed W.M., Gumarov A.l., Vakhitov I.R, Yanilkin I.V.,
Nikitin S.1., Tagirov L.R., Yusupov R.V.

Kazan Federal University, Kremlevskaya str. 16a, 420008 Kazan, Russia
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A use of the four-probe resistance measurements as a tool for characterization of a quality of
titanium nitride thin films deposited by the reactive dc magnetron sputtering will be discussed in the
report. Few series of ~ 50 nm thick films on various substrates as fused silica, monocrystalline
silicon and magnesium oxide have been deposited with several degrees of freedom (substrate
temperature, magnetron chamber atmosphere and working pressure etc.) varied in a wide range.
Electrical resistivity correlation with the films properties will be reported.

Titanium nitride (TiN) is a material that for a long time is used in many
technological, medical and scientific fields due to its outstanding properties.
Recently, it has been found that TiN thin films may serve also as the plasmonic
materials that can hold the temperatures much higher than the classic plasmonic
elementary compounds like gold, silver or copper [1].

Titanium nitride (TiN) films were deposited by the reactive dc magnetron
sputtering with the power of 150 W on the cleaned silicon, fused silica and crystalline
magnesium oxide substrates at room temperature. Titanium metal target with a purity
of 99.99% was used for deposition. Before the deposition the pressure was set to
5.10 mbar inside the chamber with argon and nitrogen gas partial pressures of Ar:
N, = 0:10, 2:8, 4:6, 6:4 and 8:2. The film compositions were tested with X-ray
photoemission spectroscopy both before the samples were taken out of the deposition
setup and after leaving them for some time in the air.

The resistivity measurements were performed using the van der Pauw four-
point probe system. One of the problems that had to be solved was a development of
the way to create the resistive connection which was not the case for, e.g., aluminium
or gold wire ultrasound bonding. We have found that the best choice is the
indium/gallium alloy.

Results of the correlation study between the structure, composition, deposition
conditions with the resistivity value of the films will be reported and discussed.
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