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2. Electrochemical formation of functional coatings for microelectronics

Pedepar:

1. O6'eKT BOCiIKEHHS - MPOLIeCH €JIEKTPOXiMiYHOTO CUHTE3Yy TOHKOLIAPOBUX (QYHKILIOHAJIbHUX IIOKPUTTIB Cpibia,
30J10Ta Ta CIIaBiB Mo Ta W, SIK 3aMiHU 30J10Ta, AJI51 MIKpOEJIEKTPOHIKU. MeTa NOCiIpKEeHHS 0JISIrae y BUPilleHHi
HAyKOBOI NP0O06JIeMU TEXHIUYHOI €JIeKTPOXiMii IO CTBOPEHHIO OCHOB €JIEKTPOXiMiUHOTO CUHTE3Y (PYHKILIOHAJIbHUX
Marepiais (Ha IPUKIAi IOKPUTTIB CpibJia, 30710Ta B TEXHOJIOTII MiKpOEJIEKTPOHIKM) HA OCHOBI PO3BUTKY YsIBJIEHb
IIPO BIJIMB €JIEKTPOXIMIYHOI KIHETUKM Ha CTPYKTYPOYYTJIUBi BIACTUBOCTI OCALiB i MPOrHOCTUYHY MOXXJIMBICTh
KEPYBaHHS HUMU i3 3aJIy4EHHSIM TEOPii €JIEKTPOAKTUBHUX KOMIIJIEKCIB Ta TiMIOTe3U IIPO KOPEJALiNHUN
B32€MO3B'SI30K (PYHKIiOHAJIbHUX BJIACTUBOCTEN 3 PYHAAMEHTAJIbHUMU KiHETUYHMMU XapaKTePUCTUKaMU. MeToau
IOCJIiIKEHHS - BOJIbTAMIIEDOMETDIsl, XPOHOIIOTEHLIIOMETPIisl, MATEMAaTUYHE MOJE/IIOBAHHS, CIIEKTPOPOTOMETPIs,

OIITUYHA Ta €JIeKTPOHHO-MiKpOCKOIIiYHa MeTasnorpadisi, pEeHTT€HOCTPYKTYPHUII Ta MIKPOPEHTTeHO-CIIEKTPaJIbHUM



aHai3, npo@inorpadis, enekTpoxiMiyHa iMIIeJaHCHA CIIEKTPOMETPIs, €JIEMEHTHU aHajli3 MPOAYKTIB KOPO3ii,
METOAM BUMIPIOBAaHHS €JIEKTPOIIPOBiTHOCTI, MiKPOTBEPOCTI, aAresii, 3HOCOCTIMKOCTi, MOPCTKOCTI, IOPYBATOCTI,
MiLIHOCTI I1asieMOCTi, Y/IbTPa3ByKOBOI MiKPO3BapKH PO3BapKH, Ta iH. TeopeTrnYHi i MpaKTU4Hi pe3yJIbTaTu:
BusBieHu fianasoH CTIMKOro npouecy GyHKIiOHAJIbHOIO OCaIKeHH (MiHiMaIbHOI AMHAMIYHOI HECTabiIbHOCTI
cucreMn) (es1eKTpoximiunuii onip cknagae 4RT /?nFjrp npu nonspusatii crpymom j=0.420.6jrp), ne peasnisyerbcst
HaNOi/IbII CIIPUSTIIMBA €HEPreTrKa MepeBa)KHOr0 3pOCTaHHS paHell KpUCTaJliB Npy MiHiMasbHi poOOTi yTBOPEHHS
IIOBEPXHI, 110 103BOJISIE OTPUMYBATU 0CATY €JIEKTPOJIITUYHOTO 30J10TA i cpiba, Pi3suKo-XiMiuHi BIaCTUBOCTI SIKUX
CTabisbHi. 3HANeHa HOBA 3aKOHOMIPHICTb €JIEKTPOXiMiYHOI KIHETHUKU - PO3Psif, Pi3HUX KOOPAMHALIHYX iOHIB
aprentymy(l) Ta aypymy(l) BinOyBaeTbCsl 3a 3araJlbHUM MeXaHi3MOM. SIK KOpeJISILiitHUI nmapameTp [Jis
IIPOTrHO3yBaHHS QYHKIiOHAJIBHUX BJIaCTUBOCTEN NOKPUTTIB CPpibiia i 30510Ta 3alpONOHOBAHUI B3a€MOY3IOIKEHN
napaMerp, Lo SIBJIsIE COOOI0 €JIEKTPOXIMIUHMIM OMip CUCTEMH, IPUPOAY KOMIJIEKCHOTO iOHA i yMOBU YyTBOPEHHS
EAK. 3HaiifieHi HOBi TeXHi4Hi pillleHHs: pO3pO06JIeHi albTePHATUBHI IIJISIXM 3aMiHM KOHTaKTHOTO 30JI0Ta CIIJIaBaMu
Ha OCHOBI TYTOIUIABKUX METAJIIB 3 METaJIaMU MiIIPYIY 3aJ1i3a; HOBUI CEJIEKTUBHUN METOJL €JIEKTPOXiMiYHOI
pereHepallii cpibJia; ONITUMI30BaHi €J1eKTPOJIITH (OO PYHTOBaHUI CKJIaZ, €J1eKTPOJIiTY, nprupoga EAK, nianazox
CTIJIKOTO eJIEKTPOOCAIKEHHS, PEXKUM €JIeKTPOJIi3y), BUpilleHi Ipo61eMu KOHTAaKTHOTO OOMiHy, acuBallii aHOB,
30iIbLIIEHHS TEPMIHY CIIYyKOU OyPepHUX eJIeKTPOJIITIB; SIKi BIIPOBAI’KEHI B TEXHOJIOTISIX HAHECEHHSI KOHTAaKTHOTO
IIPOBiZIHOTO 1Iapy 30J10Ta, CpibJia i criasiB BosibdpaMy i MOJIiOEHy, HAa MeTasleBi IOBEPXHi, HAIIBIPOBITHUKY i
KepaMiKy, B KOHKYPEHTO3[IaTHUX BUP06axX MiKpo- i HAHOEJIEKTPOHIKH, 3 iCTOTHUM 3HIKEHHSIM (10 15%)
Bin6pakoBaHoi npoxaykuii. HoBusHa: HaykoBi pe3ysbTaTi, 1[0 OTPMMAaHi Py AOCTiIKEHH] KOPeJISILIiHOrO 3B 13Ky
MDX €J1IeKTPOXiMi4YHOIO KiHETHUKOIO i CTPYKTYpPOIo Ta MOp(oJIoTieto 0caiiB, BCTAHOBJIEHI YMOBU CTIHKOI'O PEXUMY
IIPOLIECY €JIEKTPOOCAIPKEHHS METaIeBUX IIOKPUTTIB 3 PyHKIiOHAJILHUMU BJIACTUBOCTSIMH, 3aIIPOIIOHOBaHI
IIPUHLUIN NiZ60PYy KOMIIOHEHTIB €JIEKTPOJITY, KpUTEPil OL[iHKY Ta IPOTHO3YBaHHS BJIACTUBOCTEN OCAalliB € HOBUMU
Ta OpUTiHaJILHUMU. Pe3ysbTaT BIIPOBA/IKEHO B TEXHOJIOTISIX KEPOBAHOTO €JIEKTPOOCAIPKEHHS (PYHKIIOHATIbHUX
rajbBaHiYHUX NOKPUTTiB. Cpepa (rajsy3b) BUKOPUCTAHHS - TEXHOJIOTisI HAHECEHHS rajbBaHIiUHUX [1IOKPUTTIB
MIKPOEJIEKTPOHIKM, MIKPOCUCTEMHOI TEXHIKY, €JIEKTPOXiMiuHE MaTepiaso3HaBCTBO. Killo4oBi coBa:
dyHKLiOHATBHE IOKPUTTS, CPi6JI0, 30JI0TO, KOOPIMHALIIHA CIIOJYKa, €JIeKTPOBiIHOBJICHHS], KIHETHKA, MEXaHi3M,

€JIEKTPOXiMiYHUH OTip.

2. The object of study - the processes of electrochemical synthesis of thin functional coatings of silver, gold and
alloys of Mo and W, as a replacement for gold, for microelectronics. The purpose of the study is to solve scientific
problems of technical electrochemistry to establish the foundations of the electrochemical synthesis of functional
materials (for example, coatings of silver and gold in the Microelectronics Technology) based on the development
of ideas about the influence of electrochemical kinetics at structure and properties of deposits and predictive
control of using the theory of electrochemical active complexes and hypotheses about the correlation relationship
of functional properties of the fundamental kinetic characteristics. Methods of research - voltammetry,
chronopotentiometry, mathematical modeling, spectrophotometry, optical and electron microscopic
metallography, X-ray analysis, profiling, electrochemical impedance spectrometry, elemental analysis of the
corrosion products, methods for measuring the electrical conductivity, microhardness, adhesion, wear resistance,
roughness, porosity, strength, solderability, ultrasonic microwelding, etc. Theoretical and practical results: The
thesis deals with the solution of the fundamental problem of the modern electroplating technology of functional
materials by the controlled synthesis of metal silver and gold coatings with tailor-made properties for
microelectronics. The range of the stable process of functional deposition (minimal dynamic instability of the
system) (the electrochemical resistance is 4RT /anFjlim under polarization with current j=0.4-0.6jlim) where the
most favorable energetic of preferential crystal face growth at the minimal work of surface formation is realized
has been determined; this allows one to obtain in any electrolyte deposits of electrolytic gold and silver whose
physicochemical properties are stable. A new law governing electrochemical kinetics has been established: the
discharge of different coordination silver (I) and gold (I) ions occurs by a common mechanism. A self-consistent
parameter, which is the electrochemical resistance of a system, the nature of complex ion and electroactive
complex (EAC) formation conditions, is proposed as a correlation parameter for the prediction of the functional



properties of silver and gold coatings. New engineering solutions have been found: alternative ways of replacing
contact gold by alloys based on refractory metals with iron subgroup metals have been developed; a new selective
method for the electrochemical regeneration of silver has been developed; electrolytes have been optimized (the
electrolyte composition, the nature of EAC, the range of stable electrodeposition, electrolysis conditions have been
justified); the problems of contact exchange, passivation of anodes, increasing the service life of buffer electrolytes
have been solved; these electrolytes have been introduced in technologies for the deposition of conducting
contact layer of gold, silver, tungsten and molybdenum alloys and competitive articles of micro- and
nanoelectronics with considerable (up to 15%) reduction of rejected products. The scientific results obtained in the
study of correlation between the electrochemical kinetics and the structure and morphology of deposits, the
conditions established for sustainable regime of electrodeposition of metal coatings with functional properties,
proposed principles for selection of components of the electrolyte, the criteria for estimation and prediction of
deposition properties are new and original. Results are introduced in the technologies controlled functional
electroplating. Sphere (region) use - technology of galvanic coatings for microelectronics, microsystems
engineering, electrochemical material science. Keywords: functional coating, silver, gold, coordination compound,

electroreduction, kinetics, mechanism, electrochemical resistance.
Jep>kaBHHH peecTpaniiiHuil Homep [iP:

IIpiopuTeTHHI HanIpsIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTETHUI HAIIPSIM iHHOBaLilHOI AiJIBHOCTI:
ITizcyMKH BOCTiI>KEeHHS:

Iyo6sikaii:

HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasiIbHO-€KOHOMIYHA CIIPSIMOBAHICTh:

OxoponHi gokymeHTH Ha OIIIB:

BrnpoBaaykeHHs pe3yJIbTaTiB AHcepTalii:

3B'A130K 3 HAYKOBHMH TEMaMH:

VI. BizoMmocCTi Ipo HayKOBOr0 KePiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Ky6nanoscokuil Banepiit CeMeHOBUY

2. Kublanovsky Valeriy Semenovich

KBasigikanis: 02.00.05

InenTudikarop ORCHID ID: He sactocoyerbcs
JoparkoBa iHdpopmamnist:

IloBHEe HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3HaxoAKeHHSI:

dopma BiracHoCTI:



Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I1o-6aThKOBI:

1. baiipauynuit bopuc IBaHoBrY

2. baitpaynuit bopuc IsanHoBuY

KBasigikamis: 02.00.05

InenTudikarop ORCHID ID: He sactocoyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3HaxoO KeHHS:

dopma ByracHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Besivenko Onekcanap bopucosuy

2. Besniuenko Onekcanup bopucosny

KBasigikanisi: 02.00.05

InenTudikarop ORCHID ID: He sactocoyerbcs
JoparkoBa indpopmamuist:

IloBHEe HaHMEHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KEeHHSI:

dopma BiracHoCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's Ilo-6aTbKOBI:
1. Jlapin Bacusnb IBaHOBUY

2. Jlapin Bacuib IBaHOBMY

KBasigikamis: 05.17.03



InenTudikarop ORCHID ID: He sactocosyerbcs

JoparkoBa iHdpopmamnist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kop 3a €IPIIOY:

Micue3HaxoaKeHHs:

dopma By1acHoCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

PeuenseHtu

VIII. 3akir04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI
TOJIOBH pagu

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBi
rOJIOBYIOYOTO Ha 3acCifiaHHi
BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 pEeECTpallil0 HAyKOBOIi

OisIJIbHOCTI

Naninos ®emnikc Mocunosud

Naninos ®emnikc Mocunosuy

FOpuenko T.A.



