O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI
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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Indp cneuniasnizoBaHoi BY€HOI paau (pa30Boi cleniaiizoBaHoi BY€HO1 pasu): /1 35.052.12
ITloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujonanbHuii yHiBepcuteT "JIbBiBCbKa MOTTITEXHIKA"
Kopg 3a €IPIIOY: 02071010

Micue3HaxoaKeHHS: ByJ. C. Bangepy, 12, M. JIbBiB, JIbBiBCbKa 00151., 79013, YKpaina

dopma ByracHoCTI:

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10
BHUKOHaHO AHCepPTallilo

IloBHe HaliIMEeHYBaHHSI IOPHAUYHOI OCOOH:

Kopg 3a € IPIIOY: PLO00000

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: MiHiCTEPCTBO OXOPOHU 310POB'S

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemMaTHYHHUX PyOPHK: 47.13.11

Tema gucepranii:
1. TexHoJorig MaTepiasiB Ta TOBCTOIIIBKOBMX CTPYKTYP BUCOKOI TEIJIONPOBIIHOCTI HA OCHOBI c-BN

2. Technology of High Thermal Conductivity Materials Based on Cubic Boron Nitride (c-BN) for Thick Film
Structures

Pedepar:

1. B pucepTauiiiniil poboTi po3p06s1€HO TEXHOJIOrII0 CUHTE3y MiKPOIIOPOIIKiB Ky6iyHOro HiTpuAy 60py (c-BN).
Ky6iuHa cTpyKTypa NOpOUIKiB NifTBEPIKEHA JOCIiI)KEHHSIMHU €JIEKTPOHHOI MiKPOCKOIIii, PEHTT€HIBCbKUM,
paMaHiBCbKOIO, iH(p)pauepBOHOIO CIIEKTPOCKOIIEI0 Ta TapAaMarHiTHUM pe30HaHCOM. Briepie po3po6yieHo
TEXHOJIOTIIO [lieJIeKTPUYHUX TeIJIONPOBITHUX TOBCTUX IJIIBOK Ha OCHOBI Ky6iYHOr0 a30Ty 60py CyMiCHUX i3
aJIyHJIOBOIO KEPaMiKo10, KepaMidyHOIO (POJIbIOI0, KPEMHIEBUMU Ta METAJIEBUMMU NifKiankamu. [IokazaHo BILINB
KOMIIO3UTIB CKJIa, OPraHivyHOi 3B'513KM, @ TAKOK TEXHOJIOTii TEPMIYHOI OOPOOKM HA TEIJIONPOBiIHICTh OTPMMAHUX
n1iBoK. TernyonpoBifHiCTe OTPUMaHUX ILIiBOK CTaHOBUTH Bif, 80 no 150 Bt /MK. Po3pobieni cymicHi c-BN HOBI
MIPOBIIHUKOBI MMacTu: CPibHi, MasanieBo-cpibHi, MIATUHOBI, IJIATUHOBO-CPiOHi Ta 30J10Ti, SIKi HE MICTITh KaAMilo Ta
PE3UCTMBHI NIaCTU: HA OCHOBI JJBOOKUCY PYTEHIIO Ta HA OCHOBI MOJIiOA€HOBOrO CcKJIa. CyMiCHICTb JAHMX NACT 0
mwapis c-BN nigTBepikeHO pe3ysibTaTaMu (Pi3sMKO-XiMIiUHUX, CTPYKTYPHUX Ta €JIeKTPUYHUX JOCIIiIPKEHb.

Po3po6seHi NpoBigHMKOBI MacTH3abe31e4yi0Th CTBOPEHHS IIJIiBOK B JianasoHi onopy 3-28 mOM /o [1py PO3ZiibHIN



3patHocTi 150x200 MkM, 100% snymxkeHHsM, aaresieto 18 H /4 MM2. PyTeHieBi pe3uCTUBHI IACTU XapaKTePU3YIOThCS
IianazoHoM omopy Big 10 Om /o no 1 MOM /o 3 TemniepaTypHuM KoedinienTom onopy Biz -100 o 100410-6 /K, a
IIaCTH Ha OCHOBI M0J1i6eHY AianazoHom onopy 30 Om /o no 100 kOM /0 3 TeMIiepaTypHUM KoeillieHTOM OIopy Bif -
300 go +200410-6 /K. Po3pobseHi maTepiany 3a6e3nedyoTh JOOPY CyMiCHICTB Iif ab6o Haf mapom c-BN B
6araTouapoBiil CTPyKTypi.

2. The investigation of new materials of high thermal conductivity becomes a serious need because of increasing
integration of electronic devices together with their increasing miniaturization. Thick film materials (pastes) based
on cubic boron nitride micropowder, bismuth-boro-silicate glass and ethylcellulose organic vehicle were
elaborated. This technology is a novel world solution. The best results were achieved when the pastes consisted of
67.5 wt. % of c-BN micropowders and 7.5 wt. % and 25% of organic vehicle. The pastes were elaborated in two
versions: airfireable when deposited on alumina, LTCC foil, silicon and for firing in inert atmosphere (nitrogen)
when deposited on metal substrates. The parameters of the firing process was also optimized in respect of layers
properties. The layers obtained from these materials were dense, with 5% open porosity and 15% of closed
porosity, and good adhesion to the substrates. This was confirmed by SEM, X-ray analysis, TV-picture analysis,
Ramann spectroscopy,IR and EPR. The layers exhibit dielectric properties e = 32, tgd = 0.12 and resistivity 13x103
MW and high thermal conductivity in the range 80-150 W /mK for the layers of 100 um thick depending on the
kind of powder and the glass content. The synthesis of c-BN micropowders was also elaborated. The
micropowders of cubic boron nitride were synthesized in high pressure /high temperature technique. The
synthesis was carried out at temperatures about 1450 oC and under pressures about 4-5 GPa via phase
transformation in hBN (hexagonal boron nitride) precursors of different types in presence of different sorts of
"cathalysts" additionally to nitrogen rich Li3N. The cubic structure of the powders was confirmed by X-ray and IR
analysis, Ramann spectroscopy and EPR. The composition of glass and organic vehicle was also elaborated. The c-
BN layers should show good compatibility with other thick film layers situated over and under c-BN layer in
multilayers, especially conductive and resistive ones. Elaboration of these compatible resistive and conductive
pastes was necessary to broaden the range of applications of c-BN layers. The conductive pastes: silver, palladium-
silver, platinum, platinum silver and gold were elaborated. The pastes are lead and cadmium free fulfilling the rules
of EC.
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Micue3HaxoaKeHHS:
dopma ByracHoCTI:
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Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Bepbuupkuii Boogumup ['puroposuy

2. Bepounpkuii Bosopumup I'puropoBud
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Penensentu

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasibHUMH 3a HiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

JlykisiHenp bormaH AHTOHOBUY

Jlykisneup borgan AHTOHOBUY
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