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Almaty, Kazakhstan

Amorphous carbon films containing silver nanoparticles
‘H<Ag>) are interesting because of the plasmon
smance in the visible region of the spectrum caused by the
arption of electromagnetic waves of free electrons in the
al nanoparticles [1].

We present the studyresults of the effect of annealing
m the structure and optical properties of a-C:H<Ag> films.
a-C:H<Ag>films were obtained by ion-plasma DC
snetronco-sputtering with thesilver and graphite combined
gt in the gas mixture atmosphere of a (96% Ar + 4% CHy)

2 pressure ~ 1 Pa and a deposition temperature 100°C. Film
fckness was determined by scanning the structure with ac-
v2-C:H<Ag>cleavage, and ranged from 50 to 100 nm, silver
centration in films ~ 1 at. %. Composition and surface

2 with energy-dispersive analysis (EDS). Films structure
sas investigated by means of TEM JEOL JEM 2100 and
man spectrometer Ntegra Therma using laser radiation
h ). = 473 nm.Optical properties were investigated using a
sctrophotometer Shimadzu UV 2000. Annealing was
erformed in argon to 350 °C during 30 minutes.

From the analysis of the energy-dispersive spectra and
“H<Ag> films it was found that they contain only carbon
i silver, they are continuous and don’t contain micron-size
gefects and their thickness are unchanged.Figure 1 shows the
aman spectra of a-C:H<Ag> films before and after
zaling. The Raman spectrum of a-C:H<Ag> films before
zaling shows that the spectra of a-C:H have the form
racteristic of the diamond-like carbon.

Annealing leads to a slight shift of G peak to lower
mergies without change in its intensity. D peak intensity
creases, it is slightly shifted in the high-energy region, and a
pulder appears. Such transformation of the Raman
-ctrum indicates an increase in the proportion of sp
Swbridized bonds in a-C:H <Ag> films structure i.e. there
‘segoingthegraphitizationofthefilmsstructure. Figure 2 shows

sanealing.
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phology of the films was monitored by SEM Quanta3D’

ABOUT THERMAL STABILITY OF a-C:H<Ag> THIN FILMS
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Figure 1 - Raman spectra of the a-
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annealed at 350 °C and(b)

1 z‘; no annealing

120, annealng 300°C -

02
nas b

o

403 400 €00 0
‘Wavelenght, nm

Figure 2 - Optical density Dof the
a-C: H <Ag> films as-grown (a)
and annealed at 350 °C (b)

e optical density D spectra of the films. Study of the absorbance spectra showed that the as grown
have a pronounced plasmon resonance peakin the 447 nm range. After annealing, the peak
Secomes less pronounced and its half-width increases. Calculation of the average size of particles
%y the Mie theory showed that their average size was ~ 2.8 nm and almost unchanged after

Estimation of the distribution of nanoparticles by size in a-C:H<Ag> films also were
srocessed byanalysis of TEM image using ImageJ program. Average size of nanoparticles is ~2 nm,
which is in good agreement with the calculations of the Mie theory.
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Obtained nanostructured a-C:H<Ag> films are promising for use in a wide area, from
optical switch to anti-bacterial coatings.

* This work was carried out on No-4608/GF4 grant of Committee of Science of ESM RK.
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®OPMHUPOBAHUE KOMIIJIEKCOB BOAOPOJA C ®OCP»OPOM B
HAHOCTPYKTYPAX I'HAPOTEHU3UPOBAHHOI'O KPEMHU

1I1.M. Maxkamos, M.IO. Tammeros, A.b. Hopmypoaos, H.T. Cyxaiimanos, @.T. ¥»
Wuctutyt spepuoit husuxkn AH PV3, Tamkenr, Y30ekucras, normurodov@inp.uz

W3BecTHO, 4YTO BOAOPOJ SBISACTCS COMYICTBYIOLIEH IPUMECBIO IIPH H3TOTOR
MOJYNPOBOJHUKOBBIX M3IENHH, HAJIM4YHE KOTOPOro MpPHUBOJMT K 0Opa3’oBaHMIO B
TIOJIYTIPOBOJHHKA TOUCUHBIX HedekToB [1], KOTOpHIE CylmeCTBEHHBIM 00Pa30M MOTYT MOBME
cBolicTBa 6a3oBoro marepuana. I[Ipu 3ToM, W3OBITOK KMHETUYECKOH 3HEPruyM aTOMOB BOJOE
BpEMS TEXHOJIOTMYECKOTO TIpOLiecca YBEIMYMBAET BEPOATHOCTh €ro0 MHUIPAlWH B
(hOpMHPYIOLINX HAHOCTPYKTYP THApOreHH3upyeMoro KpeMmHus. C Opyrod CTOpDOHBI, B Epe
JerupoBaHHOM (GOocOpOM [pH CO3MAHUM P-Tl CTPYKTYP CIEAYET YYMTHIBATH B3aUMOJEH
npuMeceil ¢ BOJOPOJOM, MOCHEAHHE MOTYT CYIIECTBEHHO IIOBIUATH Ha JIIEKTPO(QH3IM=ES
GOTOINEKTPHUECKHE ¥ DPEKOMOWHALMOHHBIE IapamMerTphl Co3laBaeMbix mpuOopos. [om
W3y4eHUe IPOLIECCOB B3aHMOACHCTBUS BOAOPOJA C NPUMECSIMH U AedexTaMu B POpMHPYH
HAHOCTPYKTYpax sBISETCS BECbMa BaOXHOW MpoOneModl (GU3MKM M XMMHH HH3KODas3
CHCTEM. B onanHoif paboTe paccMOTpeHa KOMIBIOTEPHas MOJENb BIWAHHA BC
TIPOHHUKAOMIET0 B 00BbEM KilacTepa KPEMHUSI TIPH THAPOT €HH3ALHH.

B nuteparype UMErOTCA HEKOTOpbIE IKCIEPUMEHTANIbHbIE [2] H TEOPETHYECKHE s
obpaszoBanui0 [3] Mozmenu AedEeKTHBIX LEHTPOB U TEOPETHUECKUX KOMILIEKCOB €
BOJOpOJa B GOPMHUPYIOIIUXCS HU3KOpa3MEPHBIX HAHOCTPYKTYpax.

OcHoBHasg Uenb AaHHOH paboTa HampaBlIeHa Ha PACCMOTPEHHE KOMIIBIOTEPHOM
k1actepoB SixgPH3s ¥ TpOBEJEHHE pacyeTOB MO ONTHUMHU3ALMM CTPYKTYp M OHEpreTss
napameTpoB, (OPMHUPYIOLIMX HAHOCTPYKTYpHl NpPHUMECHOro atoma ¢ocdopa HBOAOpOAR
(r=145) B THUAPOTreHW3UPOBAHHOM KPEMHHHM B paMKax KOMIUIEKCHOTO MeToza &
(OptimizationRationalizedCalculationsApproximationsbyabinitiomethods) [4], B npuds
JOKaJIbHOM IIOTHOCTH EKTPOHHBIX cocTosHuit DFT ¢ 6azucamu B3LYP.

PacyeTsl MPOBOAUINCH C YY4ETOM TOTO, YTO KJIaCTep UMEET TPU KOOPAHHAIMOHHBIX &
NOCTATOYHBIE AJIS TMPABUILHOTO MOJETMPOBAHHS JUHAMHKY HM3MEHEHHS OCHOBHBIX Iapasss
IpH PAacroJOKEHHUH aTtoMa MPUMECH BHYTPH Kiactepa BOJM3HM TEOMETPHYECKOTO LESETM
KayecTBe 0OBEKTa MCCIIeI0BaHNs BBIOpaH KiacTep KpeMHHs, IEHTPHPOBAHHBIN Ha aToMe
¥ Cofiep KaIyii 28 aTOMOB KPEMHUS, C THAPOTeHM3UPOBAHHON MOBEPXHOCTHIO. KitacTep coe
LEeHTpaIbHOro atoma docdopa U JByX KOOPAMHALMOHHBIX chep KpeMHHS U 000TOUYKH H3
BOJIOPOJA.
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