METAbI U NONYNPOBOOAHUKMW:
TEXHOJNOIN' M U NPOLECCHI

MOLYIJ1b 3. TOHKMe NMeHKU N NOKPbITUA

Jlexus 16

Hdedopmaums n paspyLleHmne TOHKUX NIeHOK Npu TEPMUYECKOM HarpyxeHun. BnuaHme
no4aTnMBOW MNOASIOXKKMA Ha XapaKTep ynpyron gedopmaumm nieHok.

Hedopmauma n paspyLieHne TOHKUX NNEHOK NPU MEXAHNYECKOM HarpyXeHuMu.
3aKOHOMEPHOCTUN pPacTPECKMBAHNA U cKarnbliBaHUA NOKPbITUIA. CKpaTy-TeCcT. PacTsaxeHune.
CxaTtune. 3HakonepemMeHHbIn n3rnb. cnblTaHns Ha N3HOC.



JledopManyst ¥ pa3pylieHUss TOHKUX METAJUIMYECKUX TUICHOK
U KEPAMUYECKUX  TIOKPBITUM  TIpU  TEPMUYECKOM U
MEXAaHUYECKOM HArpy>KEHUM HOCAT OOIIMKA XapakTep u
OOyCJIOBIICHBI HAJWYHUEM TPAHUI] pa3/iesia MEXKy IUICHKONW U
MOUIOKKOKM, a TaKXe MEXIYy OTIECIbHBIMU CJIOIMH B
MHOT'OCJIOUHBIX CTPYKTYypax.

N9




Compressiva

-
— -
Substrate

Tensila

= o
Fim
%

Flim
=ubstrate

a — unstrained film and substrate; b — film and substrate are strained differently;
c — filmis stretched to correspond substrate dimensions; d — film is rigidly bound

with substrate, therefore “film-substrate system bends to attain equilibrium of
moments and forces



Different modes of deformation in the film-substrates system
subjected to tensile stresses
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Amin - MUHUMAIILHOE PACCTOSTHUE MEXY COCETHIUMHU TPEIIUHAMH,

h — TonmHa MOKPHITHS,

O — TIpe/ies MPOYHOCTH MTOKPBITHS, 4
T¢ - IpeCIbHAs CIIBUTOBAs MPOYHOCTH TPAHHUIIBI pa3zeiia



Paspymenne nokpoiTuid Al-Si-N Ha HCX0AHOM MOAJI0KKe




Different modes of deformation in the film-substrates system
subjected to COMpressive stresses
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a — initial state;

b — buckling of a film on stiff substrate;

c —wrinkling of a film on compliant substrate;
d — plastic deformation of a film.



Buckling

o)
2h
Film o~
—» «—
O c 2b O c Substrate

F. ’ - -
. ~ . . C substrate: delamination
Freestanding filem: Euler buckling rilm on substrate: delamination
/ - .
and buckling
/

. . . 2 2
Critical compressive stress for buckling: T Ef h
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Buckling relaxes compressive stress

Critical buckling stress is independent of substrate properties and
IS determined by elastic characteristics of the film and dimension

of debonded area
Bending energy favors long wavelength



Different patterns of film buckling
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Buckling patterns of Cu thin films deposiied at roorn
ternperature on Si substrate
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Different patterns of film buckling

Buckling of Ti films on Al (a) and Ti (b) substrates after alternating bending tests.
a — 200 cycles; b — 9 000 cycles. Observed areas are 600x450 mm?.



Wrinkling of elastic film on elastic substrate
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Critical compressive stress
for wrinkling:
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wavelength (independent of stress) and an 1= 27zh[ E J A=h o 1

amplitude:



Equilibrium Wrinkle Patterns




ACM-n300pakeHuss 1eOpMaIMOHHOTO penbeda Ha ToBepXHOCTH IIeHOK Al/PS
nocine orxkura npu temmneparypax 110 (a-B) u 150 °C (r-e) B Teuenue 15 c (1), 1,5
muH (a), 3 muH (0, 1) u 40 gacos (B, €) 12
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POM-n3obpaxeHns NOBEPXHOCTU
antoMmuHnesoro cnniasa AMI'2 B cocTodHuK
NOCTaBKM  MNOCMe  OKCUOMpOBaHMA  Npu
Temneparype 580 °C B TeueHune 10 (a, 6), 30
MUHYT (B) 1 2 Yacos (r)

PasnuyHble MexaHu3Mbl penakcauuu
BHYTPEHHUX HaMnpsbkeHUn B CUCTEME
oKCMaHasi NneHka - MeTannmyeckas
noanioXxka B Mpouecce  oTxura:
a — robpnpoBaHMe OKCUAHOW NNEHKN; O
— WCKpPMBIIEHWE MNOBEPXHOCTU 3epeH

NOO10XKKU 13



Surface instability of a stressed solid
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Main processes of ma
2 Surface diffusion;,
2 Grain boundary diffusion;
2 Grain boundary rnotion

Asaro and Tiller (1972);
Grinfeld (1986);
Srolovitz (1989)......
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Instability of epitaxial films




POM-n300pakeHrsT TOBEPXHOCTH aTIOMHHHEBOTO crutaBa 1570 B COCTOSHMM TOCTaBKH TIOCTE
okcuaupoBanus npu temmeparype 550 °C B teuenue 30 MuHyT () ¥ amoMuHUEBOrO cruiaa AMI™ 2 B
COCTOSIHMU TOCTaBKH Tociie okcuaupoBanus npu temmeparype 610 °C B TeueHue 5 yacoB (T) U KapThl
pacnpe/eIcHIs XUMUYIECKHX dJIEMEHTOB Ha JaHHOM ydactke: Al — 6,1, Mg — B,e 16
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MITEHKaMOACIOoN |

Lo — PAaBHOBCCHOC 3HAYCHUEC XUMHWYCCKOT'O ITOTCHIIHUAJIA,

Y — KpUBU3HA I'PAaHULBI Pa3/ieia, ¥, —

pazzaena, {2 — aTOMHBIN 00beM

OHCPIUA I'paHUIIbI

OOpa3zoBanue CHIMLIKUIOB Meau Ha noBepxHoctH 1ieHok Cu/Cr (a-B) u Cu/Ag (e-3) mocie
orxkura B Teuenne 1 gaca npu 550 (a-B) 450 °C (e-3). Ha pucynkax r u 1 npuBeacHsl ACM-
n300paxkeHus ¥ npoduaorpammsel moBepxHoctH mieHok Cr u Cu/Cr cooTBETCTBEHHO 17



POM-n300paxennst moBepxHOCTH MOKPhITUH Aljg6Sig,N mocne 20 (a) u 25
ukiIoB (0, B) orxxura npu temmeparype 1000 °C B Teuenue 1 MUHYTBI, a TaKxKe
KapThl pacupeqe’eHus: XUMUYECKUX JIEMEHTOB (T-€) Ha ydacTKe, MOKa3aHHOM
Ha pucyHke (0) 18
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POM-u300pakeHre ITOPOKKH TPEHHUS Ha ITOBEPXHOCTH IMOKpHITHS AU-Ni (a)
nocJie TpuOoIOru4YeCcKuX UctbITaHui B TeueHre 2 500 ¢ u kapThl pacnpenesicHus
Au (0) 1 Ni (B) Ha JTaHHOM y4JacTKe

S S L

AW = -0,09 JIx/m? AW = 0,16 JIx/m?

CxeMbl AaII'C3MOHHOI'O U KOI'C3MOHHOI'O OTCJIOCHUS IINICHOK
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KOHTPTENO
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CBeTIONONIbHbBIE [I9M-u3zo0pakeHus 17| KapTHUHBI
mukponudpakiuu cioeB Si-Al-N (a) u Zr-Y-O (0), a Taxxke
POM-u300paxkeHue MNOBEPXHOCTH TPEHUSI JBYXCIOMHOIO
nokpeituss ~ Zr-Y-O/Si-Al-N mocne  TpubOoiormdyeckux
UCTIBITAaHUM B TeueHue 16 MuHyT (B) 20
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