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Pedepar:

1. AHOTAILIS Iy6 M.M. JlocnimpKeHHsl TEPMOCTIKAX OMIYHMX KOHTAKTiB O HaMiBIIPOBiIHUKOBOTO aJIMa3y. —
Kgasnigikaniiina HayKoBa npalisl Ha [paBax pyKonucy. JlucepTraiis Ha 3100yTTsl HAyKOBOTO CTYII€HsI JOKTOpa
dinocodii 3a cnenianpHicTIO 172 — TesekoMyHiKalii Ta pagiotrexHika. IHcTUTYT disuKy HaNiBIPOBITHUKIB iM. B. €.
JlamkapboBa HanioHanbHOI AKageMii Hayk YKpainuy, Kuis, 2020. Juceprauis NprucBga4€Ha JOCTiIKEHHIO
6araTomapoBUX TEPMOCTIMKAX OMIYHUX KOHTAKTIB [0 aJIMa3y, HalliBIIPOBiIHUKOBOTO MaTepiajy NepPCIeKTUBHOTO
D11 BUCOKOYACTOTHUX TPAH3UCTOPHUX CTPYKTYP, NOTY>KHUX MiKPO€JIEKTPOHHUX NPUJALiB Ta IPUIaLiB
€KCTPEMAaJIbHOI €JIeKTPOHIKH (IeTEKTOPY PEHTT€HiBChKOTO Ta SI€PHOT0 BUIIPOMiHIOBaHb, TEMIIEPATypHO- Ta
pazialifHOCTINKI MiKpoesIeKTpOoHHI npuiann). CTBOPEHHS i MaliOyTHS IPOMUCJIOBA peaisallisi JaHUX
MIKPOEJIEKTPOHHYX NPUJIAZIiB MOKJIMBA JIALIE 32 YMOBY CTBOPEHHS HAMiMHMX OMIYHMX KOHTAKTIB. 3 aHasi3y

JliTepaTypHUX JaHUX BCTAHOBJIEHO, 1110 HANOIIbII IOMUPEHUM € JIeTyBaHHS 60poM. [ToB's13aHo 11e 3 BifTHOCHO



HU3bKOIO eHeprielo akTuBalii 60opy = 0,37 eB y nopiBHsHHI 3 a30TOM = 1,7 €B, BUCOKMMU 3HAYEHHSIMU PYXJIUBOCTI Ta
PO3YMHHOCTI B asiMa3i. [1iciig NopiBHSIHHS KOHTAaKTHUX OIOPIB JJ151 O4HAKOBOTO TUITy MeTasli3allil 1 [oJli- Ta
MOHOKPHUCTaJIIYHUX IIiIBOK BCTAHOBJIEHO, 1[0 IIPM HU3bKUX PiBHAX JieryBaHHA < 1018 ¢cM 3 MOHOKPHUCTaJIIYHi IJ1iIBKU
MaIOThb Ha [IBa MOPSIKA MEHIIMI KOHTaKTHUI omip. [1pu 36inbleHHI KOHLIEHTpalii faHa pisHUL HiBEIIOEThCS. 3
ypaxyBaHHAM 3aJIEXKHOCTI 3HaY€HHS KOHTAKTHOT'O OIIOPY Bill PiBHSA JIETYBaHHSA Ta TEMIIEPATYPU Bilmay,
BCTaHOBJIEHO, 1110 HANOiJIbIll IEPCIIEKTUBHUM KOHTAaKTOYTBOPIOIOYMM IIAPOM CJIYTYE TUTAH, SIKUH y IIpoLeci
TeMIIepaTypHOi 06po6KuU f03BoJIsie yTBOpeHHs (a3 TiC 3 HU3bKUM NUTOMUM KOHTAaKTHUM OIIOPOM. JloCIiI>KeHo
MOP(OJIOTrivHi BIaCTUBOCTI CHPOPMOBAHMX KOHTAKTIB. [IpoBesieHO Oxxe-NpodinioMeTpilo Ta X-IIPOMEHEBY
IM(ppaKTOMETPil0 KOHTAKTHUX CTPYKTYP IO Ta MicJsi TepMivyHOI 06pOOKU. BCTaHOB/IEHO, 1II0 B KOHTAKTHIlN cHUCTeMi
Au/Ti/C npucyTHill 3HaUHUI BMICT KUCHIO JIO Ta ITicJIsl TEPMIUHOrO Bifany, o MOXKe CBIIYMTH PO NpodieMu
BaKyyMy IIDU HalMJIEHHI KOHTAKTYy. ITic/id Bifnany BMiCT KMCHIO B KOHTAKTi 3Ha4HO 36ib1yeThCs. [IoB'a3aH0 1€, B
CBOIO 4epry, 3 1udysiero KUCHIO Kpi3b map 30J10Ta. B pe3ysbTaTi 4oro npu 36iibleHHi Temneparypu Bignany 1o 800
°C criocTepiraeTscs Aerpajalisi OMiYHOro KOHTaKTy. B pe3ysibTari JOCipKeHHS KOHTAaKTy METOAOM X-IIPOMEHEBOI
nudpaxromeTpii He criocrepiranocs nikiB ¢as TiOx Ta TiC mo Ta nicig Bignany. Mo>kJIMBO NPUITYCTUTH, 11O AaHi
KOMIIO3UTH 3HAXOJAThCSI B aMOPGHOMY 260 HAHOKPUCTAJIIYHOMY CTaHi. Po3po6seHo meTon onTumisarii
KOHTaKTHOro mapy Ti B KOHTaKTax 3 BUKOPHUCTAHHIM IOIATKOBOro nudysiitHoro 6ap’epa Mo. Ontumisariis
KOHTaKTHOro mapy Ti 03BoJisie yTBOPUTH IIiCJIs LIBUJKOTO TePMiYHOro Binnany npu 800 °C ToHKuM map 3i
crniBeigHomeHHaM Ti:C, sikuit fopisHIoe 1:0,96. BcTaHOBIEHO, 1O Y BUNIaAKax ABoLapoBoi meTanizauii Ti/Au
KOHTaKTHOTrO mapy Au ToBmuHOI0 100 HM He JOCTaTHLO [J151 YHUKHEHHS Ouy3ii Byriero Ha MNOBEPXHIO, a KUCHIO —
BIJIN6 KOHTaKTy. B pe3ysbpTaTi yoro npu msuaxomy repmivHomy sianasni (LLITB) nonan 600 °C BinbyBaeThcs
Ierpanauis KoHTakty. JlogaTkoBuil nudysiliHuil 6ap’ep Ha oCHOBi Mo ToBImMHOW 60 HM NepelKoKae gerpasallii
KOHTaKTy 1o temnepatypu LITB 800 °C. BcraHOBEHO, 1110 OMIYHUI KOHTAKT Y CTpyKTypax Au/Ti/C Ta
Au/Mo/Ti/C dopmyeTbCs B IIPOLECi MArHETPOHHOI'O HAMMJIEHHS Ha Hifirpity go 350 °C anmasHy migkaanky. s
KOHTaKTHOi MeTanizauii Au/Ti/C onTumasnbpHa Temneparypa Bianany 600 °C. KoHTakTHU OoNip B JaHOMY BUINIAIKY
CTaHOBUTS OC = 6,3-10-3 Om-cM2 npu KoHLeHTpauii sieryBanHs Na = 2,5-1019 cm-3. IIpu 36ibl1eHHI TemnepaTrypu
BifiTIasly CrioCTepiraeThCsl Aerpagalisi KOHTAKTY i, SIK HACHiJIOK, 30ibIIeHHS] KOHTAaKTHOTO onopy. [Tokazana
MOJKJIMBICTb BUKOPUCTAHHS PaJliaJIbHOrO OMIYHOTO KOHTAKTy y POJIi iIHTETPOBAHOTrO TepMOceHcopa. [1pu Hu3bKux
[IPUKJIAJEHUX HAIIpyraxX npoBigHicTh y mianasoHi temneparyp 20-400 °C 3MiHIOETbCS Ha ABa MOPSOKY, 10
IOCTaTHBO IJIs1 pOOOTHU cxeM 3axucTy. CTBOpEHa KOHTaKTHA CTpyKTypa Au/Mo/Ti/C xapaKkTepusyeTbCst
301IbIIIEHOI0 TEPMOCTA61IbHICTIO KOHTAKTIB 110 800 °C. KoHTaKTHHM Omip y ZaHOMY BUIIQAKY CTAaHOBUTH OC = (6,12 +
3,78):10-5 Om-cM2 nipu KoHUeHTpauii sieryBanHs Na = 1,3-1019 5o 6,6-1019 cm-3. [IpoaHasnizoBaHO OTpUMaHi
pe3yJIbTaTU Y IOPIiBHSAHHI 3 YK€ iCHYI0OUMMHU KOHTAKTHUMU MeTasli3aligMu Ta NiATBEPIYKEHO IIEPCIEKTUBHICTD
CcTBOpeHOI MeTasizanji. [JaHa KOHTaKTHa cucTeMa OyJia BUKOPHCTaHa y PoJii MIKpOCMYTOBUX JIiHil nepenadi
riopuaHux iHTerpasbHux MikpocxemM HBY Ha anmasHUX MigKIaakaX BUCOKOI TEJIONPOBIIHOCTI, SIKi MpaljoBaju B
nianasoHi remneparyp Big 20 °C no 400 °C. TaHreHc KyTa BTpaT He nepesuinye senndnny 10-4. Excrtyararis
nepenasanbHOi s1iHil HBY npu Temneparypax (25-400) °C rmokasasa cTabiibHICTh iMIIeJaHCHUX XapaKTEPUCTUK

npuctporo. Kio4oBi cs10Ba: OMiYHUI KOHTAKT, ajiMa3, IIBUIKA TEPMiYHA 06pO6Ka, TibpuaHa iHTerpasibHa cXema.

2. ABSTRACT Dub M. M. Investigation of heat-resistant ohmic contacts to semiconductor diamond. - Manuscript.
The Ph. D thesis for a scientific degree of the doctor of philosophy, field 172 - telecommunications and radio
engineering. V. E. Lashkaryov Institute of Semiconductor Physics NAS of Ukraine, Kyiv, 2020. The dissertation is
devoted to the research of multilayer heat-resistant ohmic contacts to diamond, as semiconductor material
perspective for high-frequency transistors, powerful microelectronic devices and extreme electronic devices (X~
ray and nuclear radiation detectors, temperature- and radiation-resistant microelectronic devices). Creation and
future commercialization of these microelectronic devices is possible only under the condition of formation of the
reliable ohmic contacts. From the literature data analysis, it was established that the most common is boron
doping. This is due to the relatively low activation energy of boron = 0.37 eV as compared to nitrogen = 1.7 eV, high
values of mobility and solubility in diamond. After comparing the contact resistances for the same metallization
type for poly- and monocrystalline films, it was found that at low doping levels > 1018 cm~-3, monocrystalline films



have two orders of magnitude lower contact resistance. With increasing the concentration, this difference is
leveled. Taking into account the contact resistance value from the doping level and annealing temperature, it is
established that the most promising contact-forming layer is titanium, which in the process of heat treatment
allows forming the TiC phases with low resistivity. We investigated the morphological properties of the formed
contacts. Auger profilometry and X-ray difflactometry were performed for contact structures before and after
thermal treatment. It was found that the Au/Ti/C contact system has a significant oxygen content before and
after thermal annealing, which may indicate vacuum problems during the contact deposition. After annealing, the
oxygen content in the contact was increased significantly due to the diffusion of titanium through Au layer. As a
result, the degradation of the subcontact region and as a consequence of ohmic contact is observed, when the
annealing temperature increased to 800 °C. Aforementioned can be explained by the significant oxygen content in
the contact area. As a result of X-ray diffractometry, the peaks of the TiOx and TiC phases were not observed
before and after annealing. It is possible to assume that these composites are in an amorphous or nanocrystalline
state. The received method for optimizing titanium contact layer using an additional Mo anti-diffusion barrier.
Optimization of the contact layer Ti allows to form a thin layer with a ratio of Ti:C equal to 1:0.96 after rapid
thermal annealing at 800 °C. It is ascertained that in the cases of two-layer metallization of Ti/Au, Au contact layer
with a thickness of 100 nm is not enough to avoid the diffusion of carbon to the surface, and oxygen - deep into the
contact. As a result, when the RTA is above 600 °C, the contact degrades. An additional diffusion barrier based on a
60 nm thick prevents contact degradation up to 800 °C. We investigated the electrophysical properties and
current transfer mechanisms of ohmic contact. It was established that the ohmic contact in the Au/Ti/C and
Au/Mo/Ti/C structures is formed by magnetron sputtering on a diamond wafer heated to 350 °C. For Au/Ti/C
contact metallization the optimal annealing temperature is 600 °C. The contact resistance in this case is oc =
6.3-10-3 Ohm-cm2 at the doping concentration range Na = 2.5-1019 cm-3. There is the degradation of the contact
and as a consequence of the increase of the contact resistance after increasing of the annealing temperature. We
demonstrated possibility of utilizing a radial ohmic contact as integrated thermal sensor. The conductivity in the
temperature range 20-400 °C varies by two orders of magnitude at low applied voltages, which is sufficient for the
operation of protection circuits. Fabricated contact structure of Au/Mo /Ti/C was characterized by the increased
thermal stability of contacts up to 800 °C. The contact resistance in this case is oc = (6.12 + 3.78)-10-5 Ohm-cmz2 at a
doping concentration of Na = 1.3-1019 to 6.6:1019 cm-3. We analyzed the obtained results in comparison with the
already existing metallizations contacts and confirmed the prospects of the created metallization. The heat-
resistant ohmic contact system Au/Mo/Ti to diamond was used in the formation of microstrip transmission lines
of hybrid microwave integrated circuits on diamond substrates of high thermal conductivity, which operated in
the temperature range 20-400 °C. The loss-angle tangent is not more than 10-4. Operation of transposition line at
temperatures of 25-400 °C showed the stability of the impedance device characteristics. Key words: ohmic
contact, diamond, rapid thermal annealing, hybrid integrated circuit.
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