PIre60Y BO «YaMmypTCKUMN rocyaapCTBEHHbIM YHUBEPCUTET

XapaHxeBcKum EsreHmni Buktoposuy
Kpusunes Muxann mutpmuesmny
[aneHKo NeTp KOHCTAaHTUHOBKY

BHEAPEHWUE AAAUTUBHbIX TEXHONOTUI ANA
NONYYEHMA HOBbIX ®YHKLUOHANBHbBIX U
KOMMNO3ULMUOHHbIX MATEPUAIOB HA
MPOMBILUNIEHHBIX NPEANPUATUAX YOAMYPTUU
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OnbIT CO3A4AHMA UHHOBALMOHHOU NPOAYKLUN
U TEXHONOTUU Yaly

1. MpoeepgeHne HAP no HanpaBneHuam:
Ad0OumuesHbie mexHoso2uu
Komno3uyuoHHble mamepuassi
Hakonumenu sHepauu

2. Co3paHue MmanbiXx MHHOBALMOHHbIX npeanpuaTtuii (MUM) no ncnonb3osaHuio
pe3ynbTaToB Hay4YHOM AeATe/IbHOCTU ANA CO34aHUA MHHOBALUUMN
Pazpabomka npodyKkuuu u mexHono2aul (na3epHsie mexHosa02uU, mexHoao02uu
a0oumuBHO20 rnpou3eo00cmed, KOMNo3UYUOHHbIE Mamepuasol)
Pa3pabomka anekmpoHHbix npubopos8 Ha ocHose damyukos 0149 buocucmem

3. Co3paHue MHHOBALMOHHDbIX NPeAnpPUATUIA U OpraHU3aLMa NPOM3BOACTBA
WHHOBALMOHHOM NPOAYKLMU HA NnpeanpuaTuax YP

HayHHO-TeXHOI'IOFMHeCKVIe LEHTPLI
216-$3 «O6 MHHOBAUMOHHbIX Hay4yHO-TEXHONOrMYEeCKMX LleHTpax»

Mpon3BOACTBEHHbIE NPEANPUATUA
MalnHocTpouTeNbHbIe KNacTepbl

®duHaHcosas nodoepxcka HUP 8 pamkax npoekmos
POOU, MuHobpHayKu, Pockocmoca,
®doHOa codelicmesus pazsumuro Masbix popm rnpednpuamull 8 HAYyYHO-mexHu4eckol cepepe



MeToAabl ceneKTMBHOIO s1a3ePHOro cnekaHua U naaBieHunA
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AByxnyyesana yctaHoBKa anAa 3D nevatu
usaennm U3 metTaaindyecKkmnx NOPoOLLKOB:
KOMNO3UUUOHHbIE MmaTepUuasibl, MeaHble CNNaBbl,
TyronnasKkue coeguHeHunA

Kt
Mpob6naembl C/NNM: L, = —
1. OcTaTo4yHaA NOPUCTOCTb P Cp

2. OI'paHMHEHHOE YUCNO MaTeEPUNANOB

K — KoadpPpmumeHT TennonpoBoaHOCTH
3. TpeboBaHMA K NOPOLLKAM

T— AMNTENBHOCTb UMNYNbCa
P — NNOTHOCTb
Cp —YyAae/ibHaA TeENN10EMKOCTb

KombuHupoBaHHanA aBynyyeBasn na3epHan YCTAHOBKa
(HenpepbIBHbIN — KOPOTKOMMMNYbCHbDINM Na3epbl)

T4 T1 - TemnepaTtypa
T2 NNaB/leHNA MeTan.
MaTpULbl
T2 — TemnepaTtypa
nnassieHnA
T1 TYronnaBKmx
coeiMHEeHUM

»

| —
N
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lpagueHTHble PYHKLMOHANbHbIE NOKPbLITUA HA OCHOBE
KOMMO3ULUOHHbIX MaTepPMUanoB C MeTa/l/IMuecKon maTpuuei

MHorocnoliHble TBepAOCnaaBHbIe MOKPbITUA Ha OCHOBe Kapbuaa sonbdpama

COM-un3obparkeHre NOBEPXHOCTN nocne
HaHeCceHWs NepBOro c/108 TBEPAOCNNABHOIO
NOKPbITHA: @ — 0630pHOE M30bparKeHne BO
BTOPUYHbIX 3/IEKTPOHAX; 6 — coBMeLLLeHHoe
n3obparkeHne Bo BTOPUYHbIX U 06paTHO
pacCeAHHbIX 3/1IEKTPOHAX y4acTKa
, NOBEPXHOCTU B6IM3UN N30/IMPOBAHHOM
et : e LMAMHAPUYECKOM NOopbI

»
SEM HV: 20 kV WD: 1512 mm | | [ VEGA3 TESCAN SEM HV: 20 kV WD: 15.06 mm VEGA3 TESCAN
View field: 1.08 mm Det: SE 200 pm View field: 108 ym Det: SE + BSE 20 pm
SEM MAG: 200 x  Date{m/dly): 03/26/12 ) SEM MAG: 2.00 kx Date(m/dly): 03/26/12

COM-un3obpakeHne NoBEPXHOCTM Nocne
HaHeceHMA NATOro C/210A TBepAOCNIaBHOIO
NOKPbITUA: @ — 0630pHOE n306parkeHne BO

BTOPUYHbBIX 3/1eKTpoHax x2000; 6 — yBennyeHHbIN
y4yacTok B6a13n mukpoTtpeLmnHbl x7000

e |
SEM HV: 20 kv WD: 14.87 mm SEM HV: 20 kV WD: 14.90 mm {11 | VEGA3 TESCAN
View field: 108 ym Det: SE 20 ym View field: 30.7 ym Det: SE 5 um 5
SEM MAG: 2.00 kx Date(m/dly): 0323112 SEM MAG: 7.05 kx  Date(m/dly): 03/23112
6)




MHorocnoiHble TBepAaocniaBHble NOKPbITUA HA OCHOBe Kapbuaa Bonbdppama

Mnactnyeckas gebopmaumsa TBEpPAOCNIAaBHOIO NOKPLITUA ToAWMHOM 120 MKM nocsie yaapHoro
AencTema nHaeHTopa. CTpenku yKasbiBatloT Ha MECTO Havasia 3HauYnUTeIbHOM NAACTUYECKOM
Aedopmaymm, HauMHasA ¢ KOTOPOro MeTana NOAHUMAETCS OT NOBEPXHOCTU




lpapguneHTHble PYHKLUMOHANbHbIE NOKPbITUA Ha OCHOBE

KOMNO3UUUNOHHbIX MaTepunuanos C MeTaNNINyecKomn ManMLI,Eﬁ

lpagueHTHbIE yrnepoa-coaepKaliue NoKpbITUA

sp® Diamond-like

MeTtoabl HaHeceHua AMM (PVD, CVD):

ta-C W ta-C:H
» Tepmuyeckoe (DC) HanbineHue;
* pagmoyactoTHoe (RF) HanbineHue; ' HC polymers
* MIOHHO NlyyeBOe HanblNeHNE; sputtered a OCH) ST 7 i .
* 5/1IEKTPOYroBOE OCaXKAEHUE; graphitc . |
* UMNY/ICbHOE N1a3epPHOEe OCaXKAEHUE; \g R AN
* N1a3MO-XMMUYecKoe HanblaeHue CVD. sp? — —H

OCHOBHO He0CTaTOK BCEX METOA0B —
3HauYUTE/NIbHbIE BHYTPEHHME HAaNPSAXKeHs,
NPMBOASALLNE K OTCIaUBAHUIO MOKPbLITUA.

[1] J. Robertson, Mat. Sci. Eng. R. 37, 129 (2002)



lPapueHTHbIe yraepoa-coaepiKalime NoOKpbITUA

Mogaenb coctaBa yrnepogHoro noKpbITUA Ha UcnbiTaTenbHbI cTEHA,
NOBEPXHOCTU CTaNu, nonyvyeHHoro metogom BJ1C .

Peakasn
rpaHuua

5-7 UM
%

~

I . - 2-5 MKM

| AvdbcpysHas

rpaHu1ua
[NechopmyvpoBaHHLIA heppuT + NepnuTt

Fe-0,2%C
KIIA,% o
Pe3ynbTaTbl UCAbITAHUN
45% /"':_‘:-?::_\ peayKTopa € pasINyHbIMU
m\ 4 T3, OMOpamMM CKOMbXKEHMA:
4% S / 2] 1 — KOMMepueckme
k4 iL MeTandTOpPONNaCcCTOBbIE OMOPbI;
N 7 ’/ JEPS T e 2 — cTanbHaA onopa ¢
0% "/ , e el " yIepoacoaepKaLLMm NOKpLITUEM
T T (meTog, BNC);
25% 3 — onopbl U3 YyryHa;

200 400 600 200 1000 1200 1600 Mm.w,HMI 4 — cTanbHble onopbl
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MpucnocobneHne gns HaHeCeHUA NOPOLLKOBOM KOMMNO3ULNK
1-ocHOBaHMeE NOALWMUNHUKA CKONbXKEHUA, 2-HaHeCeHHan NopPOLLKOBas
KOMMo3uumsa, 3- oOCHoBaHWe, 4-BbipaBHMBAIOLWMI HOXK, 5- MaTpuua
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250MKkm
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a) 6)

COM-un3obparkeHne nosepxHoctn 6abbuToBoro
KOMMO3WULMOHHOIO NMOKPbITUA MOC/e Na3epPHOM HannaBKMu.
YeennyeHune 500x
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NMoKkoneHue 3: JlazepHaa HannaBKa KOMMNO3ULMOHHbIX MaTepuanos

Ta6auna 1 -CBoiicTBa CTPYKTYPHBIX coCTaBJsIIOIMX 0a00uTa b83

TBepaocTb Temnepatyp
CTpyKTYypHas o, Ki/M? MHTepmeTana MuKpoTeepaoc a
cocTaBaAoLWan naos HB, Tb KpuCTannums
Krc/mm?2 auum, °C
o-da3sa 7,25 - 22 242
B-¢daza (SnSb) 6,96 54 95 273
y-dasa (Cu,Sn) 10,91 383 320 375

Tadoauua 2 - XuMu4YeCcKMid M IUCIePCUOHHbII COCTaB MOPOIIKOBbBIX
COCTaBOB

[lokpeimue

OcHobHou Momepuan

No CoaeprKaHue 31eMeHTOB, ®paKUMOHHBIN f..(>kupKocTHoe
cmecu Bec. % cocTas no TpeHue)
683 MOS, Cu KOZIMYeCTBY 4acTumy, 1 54 0,15 110
1 oCHOBa 1 5 40-70 MKM 2 73 0,18 155
2 OCHOBa 1 20 -//- 3 75 0,22 160
3 OCHOBa 1 30 -// - 4 66 0,31 121
4 OCHOBa 1 40 -//-
2 AIIEOHGE L3 SEHLE
7 3 5
E| ! [
;
5 T
IR
ol g e,
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MokoneHue 2: J/lazepHana HannaBKa 6a66uta 683

u ero moguduKaumua yrnepoaHbiMmM HAHOCTPYKTYpPaM#M

2,5
Fadt N3meHeHne momeHTa TpeHuA
= ? Npu CYXOM TPEeHUU B
T
£ 15 3aBMCMMOCTU OT BPpeMeHU npu
I —— llccneayemoe
£ MokpbITHE Harpyske 15 Mlla
i 1 —8— MokpbiTHe MU S
0,5 ]
4]
5 15 25 35 45 60 75 85 95 105115 MUWH
2,5
2 / N3meHeHne momeHTa TpeHuA

NP CyxXxom TpeHUn B
—e— Vccneayemoe 3aBUCUMOCTU OT BE/TMYUHDI
NOKpbITHE
KOHTAKTHOIO HanpAxeHnA

1,5

1 —8—okpbiTve MU S

5 10 15 20 25 27 30 Mna

MomeHT TpeHus, H*m
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HepaBHoBecHasa cTpyKtypa B cucteme Fe-50 mac.%Cu:
v+L COM, PCA

«-—W"J 1 HV: 20.0 kV WD: 15.00 mm

MHTEHCMBHOCTb, OTH. ef.

h J . \ (@) ' NOPOLLOK

1094

L+eg

Tte £
006 oty 850

(vl ot e
700 | | | |
0 20 40 60 80 Cu, at.%
Fe-50%Cu
(6) BNN

¢ field: 414 pm Det: BSE 100 pm
MAG: 2.09 kx  Date{m/dly): 03/27/15

‘ . l a-Fel

‘ | Cu

‘ | | | v-Fe

T T T T
30 40 50 60 70 8 90 100 110 120 130

26, Co(Kw), rpan.

O6anacts | Puc. | Fe Cu | O

Al 4.76 | 35£4 | 6444 | 1

01 mm | VEGA3 TESCAN

Bl 476 59:':4 40:':4 1 : : . ‘ 1 ‘ -.'.;.\-, ot 217 ym ' Dot 55 sgm (r)

12 SEM MAG: X Date(midiy): 041315 SEM MAG: 10.0 kx Date(m/dly): 04/1315




AucneprupoBaHue OKCMA0B XpOMa B CTaZiIbHOU maTpuue metogom BJIC: MM

[M9M-n3o06parkeHne CTPYKTYpbl y4acTKa B 30He HepacTBopeHHoro Cr,0; nocne
Nna3epHomn 06paboTKU: @ — CBETNIOMNONbHOE U306parkeHMe CTPYKTypbl; 6 —
3/IeKTPOHOrpamMmma y4acTtka, cogeprawan pednekcol wnuHenn FeO-Cr,0;; B —
TeMHononbHoe n3obparkeHne (210) FeO-Cr,0;,

ctanb 20

13



OTKPLITOE AKUYUMHWONEFPHOE OBIHECTEBO

DITEIROHHILZY

OCHOBHbIe COBpeMeHHbIe TUMbl HAKONUTENEN SHEPrumn
ANA NPUMEHEHUA B YCTAaHOBKaX BO306HOBNAEMOMN SIHEPreTUKu

TUA CynepKoHpaeHcaTopbl ¢ A19C
- |6 BoiBoabl —>| +

+

Mpadut 3nekTponunt LiCoO, AKTUBUP. INEKTPOAUT AKTUBMP.
Yyronb Yronb

C- Cc+
C- o —VWAH

C-=C+=C
Ceen=1/2C

C->(C+
Ceen = C+




OTKPLITOE AKLUHWONEPHOE OBIHECTEBO

DITEFRKOHHLZY

NocTtaHOBKa Npoo6nemsbi:

WoHHoe conpoTtusnexne
+ cenaparop + anekTponuT =

e it I

=
conpocTuBneHne l [AeonHoi [BoitHoi

Mepexoa tonbra - nposog; JNEKTPULECKNN Cron ANEKTPUYECKUIA CNOit
nepexoa conbra - yrnepoaHbin Cenaparop

cnow; ) (
nepexoa Mexay Jactuuamm
yrnepoga

\/=\/L

.

AnekTpoa AnekTpoa AnekTpoa

OneKTponpoBOAHOCTL WoHHas npoBoaMMOCTb OnexTponpoBoaHOCTE
snexTpoaa anekTpoaa
s D ~
5 - —a— 0.06 mg/cm®
g it e 0.4
S o ——0.8
g g ) —v—13
o O W 300 *—2.1
- 7= Y
z L 3 —e—3.1
s g S o e~ —»—3.38
m © 200 |- A\ \\
g 3 =4
- \i.
8 I 3 \
— 100 | °
—
§ S g N§ —,
— \
o F [75) \\ — e e
T ——3 ——
m o 0E L 1 1 A T
0

50 100 150 2
Scan rate (mV/s)

MaTepuarbl Nf1IeKTpoaoB

EMKOCTb B 3aBUCMMOCTH OT CKOPOCTU N3MEHEeHWA

norTeHuuana
140.0
120.0 ‘\
100.0
o \\\
™ 80.0 ——
2
18] 60.0
40.0
20.0
0.0 T T T T T
0.000 0.050 0.100 0.150 0.200 0.250 0.300 0.350
du/dt, Vis
60 1 YacTtoTHas xapaktepuctuka CK
o
e \
5 40
g
Q
g 5 \
=
w
20 \
10 \ / \\kg
0 : ‘ ' ' R R
0.01 01 1 10 100 1000 10000 100000
YactoTa, Hz
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dHTa/10Bblé KOHAEHCATOPbI

TaHTanoBble KOHAEHCATOPbI:
Mo KOHCTpYKuUMU:

255 L 3.8 max
- B TrepmeTMYHOM Kopnyce r " o
o e — —
- YU - KoHpeHcaTopbl L .

Mo ncnonHeHuto:

- OKCUAHO- NONYNPOBOAHUKOBbIE
- C NOJIMMEPHbIM KaToA0M

- C pyTEHUPOBAHHbIM KaTOA4OM

% glass - metal seal

+«— welded construction

fluorolastomer cushion

tantalum anode pellet

cathode / seperator (2)

&

3.0kV 5.4mm x100k SE(U) 5/16/05 e o = 5 S4800 2.0kV 7.6mm x100k SE(U)



MapameTpbl B/IC RuO,

Cxema ocyuiecTsneHmna npouecca

[exnopupoBaHue

OKUCneHne
T>4000 °C

[Nnaenenue Q

TaHTanoBoOW MaTpuubl W
T>3200°C
MaTtpuua (Ta)
T°C

MapameTpbl BJIC

Parameters

MouwHocTb (BT)
CKOpOCTb CKaHMpPOBaHMA (MM 1)
CKopocCTb NepemeLeHus ayda(mm ct)

Yactota umnynbcos (KI)

Cxema CKaHMpOBaHUA

laser

A0,

/.
Ta

Values examined

56, 40, 20

300, 600, 900, 1200, 1500
10, 20, 40, 100, 200

20, 40, 60, 80, 100

17



PesynbTathl BJ/IC RuO,

CoM 3nemeHTHbIN cocTaB EDAX

©0,ZUN
5,58K
4,96K
4,34K

3,72K

3,10K Ta Ma

2,48K
,86K

1 Ta LB2

O Kal

1,24K Ta Lp3

Ta La Talpa

0,62K
Talp

0,00K = ‘ e
0,0 13 2,6 39 5.2 6,5 7.8 91 104 11,7

Lsec: 30.0 0 Cnts 0.000 k3B Det: Octane Prime Jer.

H‘Q" pressure |mag [ | det WD —_— "\f}o’pl’ﬂ f—
30.00 kV|1.08e-5 Torr| 500 x |ETD|12.5 mm Ta-Ru tested

dN1eMeHTHbIN cocTaB, aT.%

9nemeHT | ATOMHbIN % MOANH. UHT. % oWwnboK

65.68 180.27 11.33

24.23 1676.60 2.68

3.61 175.01 10.59

pressure }'nag O | det WD 4 um 3 18
0 kV|9.14e-6 Torr | 20 000 x |[ETD [12.5 mm Ta-Ru tested




MepcneKkTusbl pa3BUTUA a44AUTUBHDIX
TeXHONOormm

Paspabotka KOMOMHMPOBAHHOW ABYX/IYYMEBOU  MALLMUHDI
NO3BO/IUT pacwuputb obnactb npumeHeHna metoga C/MN pnsa
aAauTUBHOTO NpousBoacTea 3D U3aenu us NOPOLLKOB:

* Mepab, meaHble cNNaBbI
* KomMnosuuyuoHHble maTtepurasibl C MeTaIZIMYEeCKON MmaTpuuen
e YXaponpouHble U XXapoCTOUKMe cnaasbl

* Cnnasbl ¢ 60nbLLUOK pa3HMLUEN B TeMnepaType naaBnAeHUn
KomnoHeHToB: Ta-Cr, n 1.4.



BO3MOXHOCTU cOTpyAHUYECTBA C
NPOMbILW/ZIEHHbIMU NPeanPUATUAMMU

 BHeapeHue rotosbix TexHonorni (pyHKUMOHANbHbIE
NOKPbITUA, CBEPXTBepAble maTtepuasabl, aHTUGPUKLUOHHDbIE
MaTepuanbl, CBepxTeepable maTepuasbl C CBEPXHU3IKUM
K03pPULUNEHTOM TPEHUA, AHTUKOPPO3UOHHbDbIE NOKPbITUA,
YKaponpouHble U Kepamuuyeckmne nNoKpbITUA)

* [poBepeHne HUOKP B 0bnacTax aaaUTUBHbBIX TEXHOIOTUN,
PYHKLUMOHANBHBLIX NOKPbITUU, HOBbIX MaTepuanos)

e JKcnepTu3sa NPOEKTOB U TexHosorni B chepe
MaLLUHOCTPOEHUA, MaTepuanoBeaeH1a Ha npeameT
BbISiB/IEHNA NPUYNH HECOOTBETCTBUA TPeboBaHMAM KauecTBa

npoAayKuun.



[Mpumep sKOHOMUYECKoro 3dpdeKTa:
AHTUPPUKUMOHHbDbIE maTepuanbl

* CywecTteytowan TexXHonorus -
KOMMO3ULUOHHbIN 6poH30NONMMEpPHDbIN
matepuan (PPT).

* 3ameLlaeTca AHTUPPUKLUOHHDBIM
KOMMO3MLUUOHHbIM  MaTepuasom Halluew
pa3paboTtkn. MUHBecTULMKM B NpoeKT okono 10
MAH.pyb6., CPpOK ocBoeHuna 3 mecaua, CPOK
OKYynaemocCTU OKono 2,5 ner.



Mpumep sKOHOMUYecKoro 3pdeKrTa:
INEKTPOTEXHUYECKAA NpoayKumnAa

[MpoussoacTBO 3/IEKTPOHHbIX NeHT
CynepKoHAEHCAaToOpOoB Ha OCHOBe
AKTUBUPOBAHHOINO yrma WAUM  AUOKCMAA
pyteHna. Uueectuumm okono 500 Tbic.ponn.,
CPOK OKYNnaemocCTun OKono 3 ner.



Cnacubo 3a BHUMaHue!

duHaHcoeas noddeprcKa 8 pamKax npoekmos POPU (3 npoekma no AT),
MuHobpHayku (1 npoekm) u Pockocmoca (K3 «lepumekmuka» u «kKuHemuka»)
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