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AnmMa3onoAoBbHble YyrnepoaHbIe NAIEHKU HA KPEMHUU U CTEKNE NONMy4Yanyu NasepHO-NNasMeHHbIM METOAOM. B akcnepumen-
Tax MCNonb30Bancs UMNYNbCHbIA HEOAUMOBDIA Nasep (4NMHa BoNHbI 1,06 MKM) ANA 06Ny4eHNA HECKONbKNX TUNOB YrNepoaHOH
muwern. MeTos 3NeKTPOHHOrO NapaMarHUTHOrO pe3oHaHca NPUMEHANCH ANS U3y4EeHUS CTPYKTYPbl AaHHbIX NOKPbITUA. [na
Bcex 06pasLoB BbISBNEH CUrHAM CO 3HaYeHWeM g — chakropa, pasHbiM 2,0023. MokasaHo, YTo ysenuyeHue TemnepaTypbl noa-
NOXKW NPUBOAMT K neperpynnupoBke MEX3epeHHbIX POCTOBbIX AetheKToB, YTo crnocobeTeyeT PopMUPOBAHUIO MeHee AedexT-
HbIX NNEeHOK. BblsBNEHa 3aBUCUMOCTb NapamMarHUTHbIX CBOWCTB (hOPMUPYEMbIX anmMasonofobHbIX NNeHOK OT COBEpLUEHCTBA

CTPYKTYpbl UCTOMHMKA rpacuTa.

BBepgeHue

OrpoMHble NOTOKW 3HEPruM 3auacTtylo Co3AaloT
Henpeogonumble npobnembl npu paboTe MOWHBIX
3NEKTPOHHbIX YCTPONCTB 63 3hDEKTUBHOIO OXNax-
Aenunsi. OgHMM M3 cnocoboB NOBLILWEHUS OTBOAA
Tenna fABNAETCA Hanbineuuwe anmasonopobHown yr-
nepoaHon nneHku (AYI) Ha yCTPOWCTBO WM Xxe
dopmupoBaHme (PyHKLMOHANBHBIX INEMEHTOB HENo-
CPEeACTBEHHO B anMmasHon marpuue. NomMumo Bbico-
KO TENMONPOBOAHOCTU anMas UMEET HU3KUA Kodd-
ULIMEHT TEPMUYECKOTO PACLUUPEHUS, CPAaBHUMBIW C
KoachbUUMEHTOM ANA KpeMHUs. [JaHHble Npubopbl
OyayT Takxe HesaMeHUMbI NpWU aKcnnyaTauuu B yc-
NOBUAX PaANALMOHHOrO BO3AEWCTBUS U XUMUYECKM
arpeccuBHoOn cpepe.

Mo3TOMy CUHTE3Y YrnepoaHbIX NNEHOK Pa3nUYHO-
ro CTPYKTYPHOTO COCTOSIHUSI U COCTaBa yaenseTca no-
CTOSIHHOE BHWUMAHWE W Na3epHO-NNA3MEHHOE OCaX-
DeHVe B BaKyyme 3aHUMAeT He nocnegHee MecTo
cpeaun pasnuUuHbIX METOAOB MOMyYeHWUs anmasono-
[0BHbIX NneHok. B aaHHOM cnyyae ocyuiecTensieTcs
KOHTPONb AedeKTHO-NPUMECHOTO COCTaBa OCax-
Aaemoro martepuvana v WUCNonb3yeMowW NOANOKKM.
Llenbio HacTosiwien paboTel ABNSETCA U3ydeHue
BNUAHWUE CTPYKTYPbl UCTOMHUKA aTOMOB yrnepoaa, a
TaKKe SHEPruM UMNynbca WU3NY4YEeHWUs HEeoAMMOBOTO
nasepa WU COCTOSIHMS NOANOXKW HA NapamarHUTHbIE
cBOWCTBa (hOPMUPYEMBIX NNTEHOK.

Mopapok npoBeaeHUA IKCNEPUMEHTA

Ana ocaxaeHua anma3onofobHbIX yrnepoaHbix
nnexok npumensincs YAG:Nd* nasep cupmebl Lotis-
TIl ¢ yacToTOoih cCnepoBaHWA NAasepHbIX UMMNYMbLCOB
5Tu. flazepHoe wusnyyeHne ANMHOA  BONHbI
A =1064 HM W ANUTENBHOCTBID MMNynbca T= 20 HC
hoKyCMpoBanoch C NOMOLWIBIO NMWH3bI HA MULLEHb, B
Ka4yecTBe KOTOpOoW UCnonb3oBaH rpacdut mapku YIB-
1-TMO, cTpykTypa koTOoporo 6nuska Kk MOHOKpUCTan-
nuyeckomy npupoaHomy rpacuty (obpasubl Nel) u
rpacput MM OCH-7-3 (o6pasubl Ne2). U3 paHHon
MapKu rpacduta, HO NpeaBapUTENbHO OTONCKEHHOTO
B Bakyyme npu Temnepatype 2000 °C B Teuenue 2
Yacos 6binv nonydeHbl U NneHkn Ne3d. O6pasubl Ned
cdopmupoBanuce U3  aHanorMyHo obpaboTaHHoro
rpacpura, TONbKO OTXUI NMOCNEAHEro NPoBOAMNCA B
aTmocdepe WMHepTHOro rasa. BbibpaHHasi MULIEHb

yCTaHasnueanacb noa yrnom 45° k ocu nyuyka sos-
OEVNCTBYIOWETO W3NYYeHUst B BaKyyMHYIO Kamepy C
[aBneHWeMm oCTaTouHbIX ra3os (1,7 — 2,6) 10" Ma. B
HanpaBnNEHUN HOPManNn K NOBEPXHOCTU rpadmTa
pacnonaranucb CTEKNSAHHbIE U KPEMHWEBblE MOf-
NOXKKW, KOTOpble HarpeBamMcb Ao TemnepaTtypbl 500
K. TINOTHOCTb MOWHOCTU Na3epHOro U3Ny4YeHus co-
ctaensna (2,4 - 3,6) -10° Br/cm’.

PesynbTaTtbl M 06CcyxaeHue

[edekTHy0 CTPYKTYpy, kKaKk hOpMUpyeEMBbIX nne-
HOK, TaK U UCNONb3yembix MOAMOXEK ANArHOCTUPO-
Banu metogom 3MP. [nsa Bcex obpasuos AYI sb-
AIBNEHO HanW4ue OAWHOMYHBIX CWUrHanoB, PErucTp-
pYeMbIX kak Npu KOMHATHOW TemnepaType, Tak u npu
Temneparype xuakoro asorta. B oboux cnyvasx cur-
Han NPaKTU4ECKW He HacbiaeTcs BNNOTb A0 MOU-
HocTu CBY-usnyyenus, pasHont 100 MBT. CHuxenve
Temnepatypsl Ao 77 K yBenuimBaeT MHTEHCUBHOCTL
CUrHana npu HEOAHO3HAYHOM NOBEAEHUMN LUUPWHDI
nuHum 3P, AONONHUTENbHLIX CUTHAmNMos8 Mpwu 3ToM
BbIBNEHO HE ObiNo, CneaoBaTenbHO NapamarHuT-
Hble LIEHTPbI CBA3aHblI Npexae BCEro ¢ aedexramu
HenpumecHoro Tuna. NMoMMMO OCHOBHBLIX POCTOBbIX
AeceKToB B anMasHon maTpuue — Aucnokauun, He-
06X0AMMO yuUTBIBaTb WU PasNUYHbLIE TOYEuHble Je-
cexTbl [1].

BenuunHa g-dakTopa nNeHoK, ChOpMUPOBAHHBIX
Ha SiO, noanoXkax, He3aBUCUMO OT TemnepaTypbl
OCaXAEHUA, UCTOYHUKA rpacduTa Unu CoBepLLIEHCTBa
CTPYKTYpbl UCTOUHUKA rpaduta, 6nuska K 3HaYeHuo
g-dakTopa cBoO6OAHOrO INEKTPOHA, YTO XapaKTEPHO
Ans anmasHbiX Matepuanos. AHanoruyHas Benuun-
Ha g-cakTtopa HabniopaeTcs u ANa NNeHoK, nomny-
YEHHbIX Ha KPEMHWUEBOW NOANOXKE, HO TONbKO B
cnyyae ee Harpesa. [Ins 06pa3uoB Xe NOoNyYeHHbIX
6e3 nogorpeBa Ha CnNEKTpe PErucCTpUpYIOTCA CUrHa-
nbl ¢ g = 2,0045. OcaxaaeMblii anmasHbll KOHAEH-
caT MOXeT 4YacCTU4HO HacneaoBaTb AEMEKTHOCTL
CTPYKTYPbl NOAMOXKM [2], HO Mbl nonaraem, yto Bo-
nee CyweCTBEHHYID NOrPELHOCTb MOTYT BHOCUTh
coGCTBEHHBIE AEEKTBI KPEMHUEBOW NMOBEPXHOCTU C
OrM3KUMK 3HAYEHUAMU KOHLIEHTPALUUK AedeKToB 1 g
= 2,0055.

AbconioTHas koHueHTpaums MU B nneHkax pac-
cunTbiBaETCH ¢ O6OMbLION NOrPELHOCTBIO, U3-3a IPy-

7- me. OvHapoowas kongepern us « Bzaumodeiicmeue uzivuenuii c meepost  menomy, 26-28 cenmadpsa 2007 2. Munck be apyce
7-th International Conference «Interaction of Radiation with Solids», September 26-28 2007, Minsk Belarus



243

Cexyun 4. ““[lvuxosvie Memoosl popmuposarust HaHoMamepuaro8 u Hanocmpykmvp "'

Goro onpegeneHnss TONWMWHLI KAXA0r0 KOHKPETHOro
obpa3ua, a, cnegoeartenbHo, n o6vema dopmupye-
moro matepuana. Ha puc. 1 npeacrasneHsl 3aBucu-
MOCTW Yucna aedekToB B uccnegyembix obpasuax,
NOMYYEHHBLIX U3 PAa3NUYHbLIX MApPOK UCXOAHOTO WIn
npeaBapuTENbHO OTOXOKEHHOTO rpaduTa Ha CTek-
NAHHBIX NOANOXKAX.

Puc. 1 KoHuenTpauuu ML, B nnexkax, ocaxaeHHbix 6e3
nogorpeBa (kpuebie 1,3) U C NOAOrPEBOM NOANOXKKN (KpU-
Buie 2,4); 3aperucTpupoBaHHble NPWU KOMHATHOW Temnepa-
Type (kpuBble 1,2) U Npu TemnepaType XUAKOro asoTa (kpu-
goie 3,4). MNOTHOCTL MOWHOCTW NA3EPHOrO WU3NYYEHUA
2,810° Br/cm’. KonnuecTeo BO3aedCTBYIOLMX UMNYMLCOB
2000.

MNpun oTpaboTke ONTUMANBHbLIX PEXUMOB Ocaxae-
HUA anMasHbiX NIEHOK HaMW He 6biN0 BbLISBNEHO
3aBmcumocTn napametpos JlMP curHanoB OT KOMM-
YecTBA UMNYNbLCOB NA3epHOro M3nNy4yeHus B Auana-
3oHe ot 1000 po 4000. Wcnonb3yemble ycrnoBus
OCaXAEHUA He BLIABUNKN TaKXe ABHOW 3aBUCMMOCTM
KOHLEHTpALMW NapaMarHUTHbIX LEHTPOB OT MOLLHO-
CTU Na3epHOrc M3Ny4eHus B UCCneayeMom auana-
jone. PaHee [2] Hamu ans obpasyos, CUHTE3NpO-
BaHHbIX HA CTEKNAHHBLIX NOANOXKAX, KOTOpble pa3o-
rpeBanuch Ao Temnepatypbl 473 K, 66100 BbIABNEHO
yBENMYEHNE KOHLUEHTPaUUWM NapamarHUTHbIX LEeH-
TPOB C POCTOM 3HEpPriM Na3epHOro U3nyveHus
snnote Ao 8 [x. Hanbonee uyBcTBMTENBLHBIMK Na-
pamarHuTHble AedekTbl OKasanuCb K WU3MEHEHWIO
TemnepaTypbl NOANOXKN. Kak MOXHO BUAETL HA puUC.
2 yBenuyeHne TemnepaTypbl NOAMNOXKA NPUBOAUT K
YMEHBLLEHUIO LUMPUHBI NIMHUWA NNEHOK, NONYYEHHbIX B
ycnosusix Bakyyma. llogorpes noanoxku BO BPeEMS
ocaxaeHns ABNAETCA AONOMHUTENbHLIM UCTOYHNUKOM
3HEpruM, NOITOMY aKTUBM3MPYET nepexom U3 MeTa-
ctabunbHoi pasbl B rpacMToBYI0 OCaXAAEMbIX
aToMoB yrnepoga. McknioueHne CocTaBnsiloT TOMbKO
obpasupl, nonyyeHHble U3 rpacuta, npeaBapuTenb-
HO OTOMOKEHHOTo B aTMocepe aproHa. BHeapeHHble
HOHbl MHEPTHOTO rasa YMEHbLUAIT CTPYKTYPHOE CO-
BEpLLEHCTBO rpachuTOBOA MULLEHMW, CneaoBaTenbHo
AnA Toro ytobbl BLIGUTL aTtom yrnepoga u3 marte-
prana MuweHn TpebyeTcs 3HAYMTENbHO MeHblue
3HepruM, 4TO B ONpefenieHHOW Mepe HuBenupyet
nocneacTsns noaorpesa nNoAnoXku. [pumecHble
aToOMbI TaKXe YBENUYUBAIOT BEPOATHOCTb 06pa3oBsa-
HUS1 TOMEYHbIX AedEeKTOB B OCaXAAEMOM Martepua-
e, 4TO He TOMNbKO NOBLILLAET LWWPUHY NUHWK BCREA-
CTBME POCTa CTeneHW HeOAHOPOAHOCTU NOKAnNbHOIo

okpyxeHus NU, HO MOXeT NnpuBecTU U k rpaduTu3a-
uun.

Puc. 2 3aBNCUMOCTHN WnpUHbl NuHUKM OMNP nneHok, ocax-
AeHHbIx 6e3 nogorpeBa (kpuebie 1,2) U C NOAOrPEBOM
CTEKNAHHON NOANOXKKN (KpuBbie 3,4); 3aperucTpupoBaHHbIe
npu KOMHAaTHOW TemnepaType (kpusble 1,3) U npu Temnepa-
Type XuaKkoro asota (kpusbie 2,4). MNOTHOCTb MOLLHOCTU
nasepHoro uanyuexus 2,8-10° Br/cm’. Konuuecteo sosaeil-
CTBYOLLMX UMNynbcos 2000.

OTHOCUTENBHO y3Kas LIMPUHA FIMHUM MOXeT ObiTb
Bbl3BaHa NPEUMYLLECTBEHHO  B3aUMOAENCTBUEM
ANCNOKAUWIA, yBENUYEHUE LUMPUHBI NUHUK B anmas-
HOW MaTpuue NPOUCXOAUT NPWU BOBMEYEHUN TOYEY-
HbIX AedexToB BO B3aUMoaencTemne

3aknoyexue

Takum oOpa3oM, B xoae BbINOMNHEHWUA AAHHOW
paboTtbl 6bIN0 NOKa3aHO, YTO CNEKTPbl MCCeAOoBaH-
HbIX MaTepuanoB 06ycnoBneHbl HanuuMem paso-
pBaHHbix C-C cBfi3el, a yBenuyeHne temnepatypbl
NOANOXKW NPUBOAUT K NeperpynnupoBKe MeX3epeH-
HbIX pOCTOBbIX AedekToB, 4TO cnocobereyeTt dop-
MUPOBaAHUNIO MeHee AedEKTHbIX NNEHOK.

Bonblune 3HauyeHus WUpuHbl NuHun 3P, nomu-
MO BMUSAHUS NOANOXKW, MOryT BbiTb CBA3aHbl C yBe-
nu4eHneM CTeneHn HeoaHOPOAHOCTU NOKanbHOro
OKPYXEHUA NapamarHUTHbIX LEHTPOB, HAXOAALWMNXCA
B OKPYXEHUN MEXCNOEBbIX U MEX3EPEHHbIX pOCTO-
BbIX Ae(EeKTOB, @ TaKXKe HANWYUA BKNIOYEHUW Hear-
MasHbix opM yrnepoaa.

Kpome TOro, npumecHbie aToMbl nonagas B npu-
NOBEpPXHOCTHyl0 obBnactb ocaxaaemoro cnos, no-
BbILIAIOT €ro BHYTPEHHEE HanpsixeHue, 4to cnocob-
creyet npeobpasoBaHuio sp2 CBSAI3aHHOro yrnepoaa
B Sp~ —rMbpnan3npoBaHHOE COCTOSIHUE.

Pabota BbinonHeHa npu noppepxke benopyc-
ckoro pecnybnukaHckoro doHaa yHaaMEHTanNbHbIX
uccnegosanum (npoekt ©06-198).

Cnucok nutepartypbl

1. CamcoHeHko H.Q., 3ox B.LL. , CamconeHko C.H., Cenb-
ckan W.B. TemnepatypHoie acdektel 3MP HEKoTopbix
NPUMECHBIX N CTPYKTYPHBIX A€(EeKTOB B NPUPOAHBLIX anma-
3ax // CeepxTBepable maTepuansl. — 2000, Ne1. -c. 53-61.
2. AHapees B.4. HavanbHana T.A., Co3un KO.U. u ap. Ou-
arHoOCTUKa MUKPOCTPYKTYpbl U (Pa30BOro COCTaBa anmas-
HbIX N anMa3onoaobHeIx NneHok // TexHuka CpeacTB CBA3N.
~1991.— Bein.4, Cepus TexHonorua npoussoacTea u o6o-
pyaoBaHue. — ¢.18-30.

7-8 MexCOYHapOOHAR kongepenyus « Biaumodeticmsue uznyyenuii c meepOoim mesomy», 26-28 cenmabps 2007 2., Munck, Benapyce
7-th International Conference «Interaction of Radiation with Solids», September 26-28, 2007, Minsk, Belarus



244

4. “Iyuxosoie Memoosr popmuposanuss  omMamepuanos u HaHocmpykmyp "

3. Asapko U.W., Nonuapoe B.K., Oaxaes B.b., NapToika A., Proc. lll Int. Symp. “New electrical and electronic technolo-
Netpos C.A., Nysbipee M.B., Toncteix M.B. 3MNP- gies and their indastrial implementation”. Zakopane, Po-
ANArHOCTMKa anma3sonofobHbIX NNEHOK, NONy4eHHbIX NM- land. —2003. — ¢.-23-25.

NyNbCHbIM Na3epHbiM OcaxpeHnem B Bakyyme // Symp.

EPR INVESTIGATIONS OF DIMOND-LIKE CARBON FILMS FORMED AT LASER RADIATION
INTERACTION WITH DIFFERENT GRAPHITE TARGETS
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Diamond-like carbon films have been produced on glass and silicon by laser-plasma method. The neodymium laser (wave-
length 1.06 pm) was used for irradiation graphite targets of several types. Method of electron paramagnetic resonance was
used to study these films. The value of g-factor was equal to 2.0023 for all the samples. It has been shown that temperature
increasing of a substrate lead to regrouping of growing defects between grains. It makes for a forming less defect films. It has
been determined dependence of paramagnetic films properties from a perfection of a graphite structure.

The aim of the present paper was to investigate the thin diamond-like films formed by puised laser deposition method para-
magnetic properties and their dependence on the structure of the carbon atoms source, pulse energy of the laser and the state
of the substrate.

The g-factor of the films in study, formed on SiO. substrates, was close to that of free electron, which is a characteristic of
diamond materials. This value did not depend on the deposition temperature, the type of the graphite source or the perfection of
the structure of the source. An analogous value of g-factor was observed also for the films deposited on silicon substrates but
only at their heating. The samples deposited without heating on silicon substrate the g-value of the registered ESR-signal was
2.0045. The diamond condensate deposited might partly follow the defects of the substrate [2], but we consider that self defects
of the silicon substrate having close values of the defects concentration and g=2.0055 play a major role in the formation of the
defects.

While working off the optimum performance of the diamond films deposition there was no ESR-signal dependence found on
the number of laser pulses in the range of 1000 to 4000 pulses. There was no any explicit dependence found of the paramag-
netic centers concentration on the energy of the laser pulse under the deposition conditions studied either.

It is shown in the present paper that the spectra of the materials in study are conditioned by the presence of the dangled C-
C bonds and the temperature of the substrate increase causes rearrangement of the intergranular growth defects. This latter
promotes the formation of less defective films. High values of the ESR line width may arise due to the increase of the heteroge-
neity of the local environment of the paramagnetic centers being positioned among interlayer and intergranular defects. Another
reason for the wide ESR-line may be the presence of non diamond carbon forms inclusions. Moreover, the foreign atoms, falling
into the surface region of the deposited layer, increase its inner tension. This causes the transformation of sp -bonded carbon
into sp’-hybridized state.
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