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Flexible Hard Nanocomposite Coatings

MUSIL Jindrich
(Department of Physics and NTIS, University of West Bohemia, CZ-30614 Plzen, Czech Republic)

Abstract: The article reports on flexible hard nanocomposite coatings prepared by magnetron sputtering. It is shown that the
flexible hard nanocomposite coatings represent a new class of coatings which are simultaneously hard, tough and resistant to
cracking, exhibit high values of the hardness H and effective Young’s modulus E* ratio H/E*=0.1, elastic recovery W,
=60%, compressive macrostress 6<0 and dense, void-free microstructures, and are formed in the zone T of the Thornton's
Structural zone model (SZM); here E* = E/(1-?), E is the Young’s modulus and v is the Poisson's ratio. The magnetron
sputtering, which is a very powerful process used in the preparation of nanocomposite coatings, is described in detail. The
basic principles of the formation of the flexible hard coatings are also described in detail. It is shown that the key parameters
which determine the formation of these coatings are the energy E,= E, + Ey,; delivered to the growing coating by condensing
atoms (E_,) and bombarding ions (£};) (the non-equilibrium heating), the substrate heating controlled by the substrate
temperature 7 (the equilibrium heating) and the melting temperature 7}, of the coating material. The flexible hard coatings
have a huge application potential. Four examples of flexible coatings are given: flexible protective coatings, flexible functional
coatings, flexible over-layer preventing cracking of brittle coating and flexible multilayer coating. Also, the principle of low-
temperature sputtering of flexible nanocomposite coatings is described in detail. Finally, trends for future development of these
nanocomposite coatings with unique properties are given.
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Fig. 1 Schematic diagram of symmetric bi-polar dc pulsed dual

magnetron sputtering®”’
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Conditions: repetition frequency of pulses ;=100 kHz,discharge

current /;=0.5 A and nitrogen pressure py,=0.5 Pa
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Conditions: the films were sputtered using a DC magnetron
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diameter at (1) I;=1 A, i=0.5 mA/cm’, (2) I&=2 A, i=1 mA/en?’, (3)
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Fig. 3  Deposition rate ap of Ti(Fe)N, films and energy Ey;
delivered to them during their growth by bombarding ions as a

function of py,*!
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Table 1 Thickness 4, deposition rate ap, deposition parameters, physical and mechanical properties of sputtered Cr—Cu—O and Al-Cu-N

coatings and the assessment of their resistance to cracking by bending illustrated

Coating h/nm ap/(mmmin') T,/°C Uy/V i/ (mAcm?) o/GPa ne,/at% H/GPa E*/GPa WJ/% H/E* Cracks bending

Cr—Cu-O 2190 18.3 500 Up
Al-Cu-N 2730 63.5 400  -100 1.38

0.1 19.5 32 70 36 0.046 Yes
-1.7 9.6 21.9 180 74 0.122 No

Note: i, is the averaged substrate ion current density over negative pulse of substrate bias Uy, *"'**

E.coliffipd, 75— 77 ] AR 2 A8 B HE ~3 GPa
HE~20 GPa, HMEWKE REW H36%3E K=
74%, H/E'H0.04638 K %0.122, HZWN I H
PN ST AR R 770 Cr—Cu-NIR 28l 45 7F
55 mmx9 mmx0.15 mm Moy [ FH LA AT
ZUPEfE, WNEI10fT R, MotfFLE 4% 10 mmfy [
FEA M, XEHCr-Cu-O%REH A EMERE,
MACu-NIREAMUAAHRAYERE, A REHIERME
W7 HHTEZ CHEEF T i 4 HoAg 3Fh )

Al-Cu-N

40 um 408 i

(a) H/E* <0.1, cracks

E 10 JURYEMoA b #Cr-Cu-OFIAl-Cu-N#% 2 £33 25 ik
B (r=10mm)J5 AR T 51 5

Fig. 10  Surface morphology of Cr—Cu—O and Al-Cu—N coatings

(b) H/E*> 0.1, no cracks

deposited on Mo strip after bending around cylinder of radius

=10 mm*>"
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Fig. 11  Schematic illustration of (A) coating/substrate geometry,
(B) method of bending of the coated Mo strip and (C) photos of
surface morphology of single-layer and two-layer Zr—Si—O coating

(b) Two-layer coating

after bending around the cylinder of radius 7=12.5 mm™”
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Fig. 12 Surface morphology of (a) one-layer, (b) two-layer, (c) three-layer and (d) four-layer Zr-Si—O coating deposited on Mo strip after

bending around fixed cylinder of radius 7=12.5 mm™*”
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Coating C"lgtyﬁ"f hy/om hy/om hy/nm o hy/nm hp/nm o H/GPa EX/GPa Wel% H/E* m‘:;’?:;:f %f‘:;i;“
Coating A L1 3000 3000 12.6 161 50 0.078 Tension Yes
Coating B L1+L2 3000 3000 6 000 17.6 165 70 0.107 Compression  No
Coating C  L1+L2+L3 2500 2500 2 500 7500 12.2 149 56 0.082 Tension Yes
Coating D L1+L2+L3+L4 2400 2400 2400 2400 9600 16.6 157 70 0.106 Compression  No
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Fig. 13 Multilayer coating composed of alternating X-ray

amorphous and crystalline layers
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