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Important properties of coating for protection agaiLlE
Good adhesion to substr
High resilience and toughness
High fatigue strength
Lower residual stress
K High thickness (5-25 pm) with dense microstructur}e

I

Functionally graded architectures with multifunctional properties

Is it possible to achieve above properties by using
HIPIMS/MPPMS ?7?

Yet to be EXPLORED !!!




HIPIMS/MPPMS (lonised PVD)
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Strategy to reach the objective

Nanocomposite &

HIPIMS/MPPMS Functionally graded

architecture

D LIE resistant coating1




Advantage of HIPIMS 1: Interface engineering by HIRMS
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Ehiasarian et.al. J. Appl. Phys.
101, 054301 (2007)




Advantage of HIPIMS 2. Deposition on complex shaped substrates

Deposition rate
(flank): 1.45 ym/h
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Deposition rate J?
(rake): 1.03 ym/h 4 oS

Ref. K. Bobzin et. al, J. Mater. Process. Technol. 209 (2008) 165.



Advantage of HIPIMS 3: thin Film Microstructure

1 T* = normalized temperature and potential energy l
recrystallized grain structure

derived from Thornton’s diagram, 1974
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transition from tensile (low £*) to

compressive stress (high E*) line separating

net deposition

region of possible region not £+ and net efching

low-temperature accessible TSI
low-energy ion-assisted dens E? = normalized kineticenergy
epitaxial growth reduction of deposition by sputtering

Biasing is to control the energy of incoming ions. SRS

Low kinetic energy (10 eV — 100 eV ) of arrival ion
during ion assisted grow

Ref: A. Anders, Thin Solid Films 518 (2010) 4087
4090



Advantage of HIPIMS 4. Tailoring Phase composition and graded
architectures
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Example of earlier work on HIPIMS

Dense amorphous top layer (no grain
boundaries) therefore highly corrosion
(oxidation) resistant

nc-TIAIVCN . & S £ 2 Nanocomposite zone providing high
Y _' £ wear resistance
TIAICN/VCN X = R High toughness nanoscale multilayer at
| N the bottom enhances the load bearir
capacity

TIAIN base layer for smooth hardnes
transition and stress management

V implanted by HIPIMS
coating/substrate interface delivering
50 nm strong adhesion

TEM cross section of nanostructured TiAICN/VCN coating

Ref: G. Kamath, P. Hovsepian and A. Ehiasarian, SVC 2011



What has been done earlier ?
Optimization of TiN and TiSIN by Pulsed DC

: Thicknes Young’s Power
: Techniqu Hardness _
Coating o (GPa) modulus Ar:N, _ '
(Hm) (Gpa) mos
TiN PDC 8 25 ~ 301 31 0 0
TiSiN PDC 1 32 ~ 300 31 400 50
TiSIN PDC 1 37 - 30 31 400 10C

TiSIN-Pul

3.0kV 13.2mm x6.00k SE(M) 5.00um

5.0kV 9.3mm x90.1k SE(M)



Depositionparametersfor TiSiN and TiN
by MPPMS and Pulsed D(

TiN TiSiN
Power supply Pinnacle MPPMS PULSED DC MPPMS
Pressure 5.2 mTorr 4.5 mTorr 5.2 mTorr 4.6 mTorr
Ar : N, flow ratio 3: 1 sccm 16:1 sccm 3: 1 sccm 16 : 1 sccm
Applied Ti 400 W 300 W 400 W 300 W
power ,
Si 0 0 150 75

Cathode voltage -350 V -600 V -350V -600 V

average average average average
Bias voltage -100V -75V -100 vV -70V
Pulse length 3 us 1300 ps 3 ps 1300 ps
Frequency 300 kHz 75 Hz 300 kHz 75 Hz
Dep. rate 0.13 nm/s 0.15 nm/s 0.18 nm/s 0.20 nm/s



Hardness(GPa)
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Mechanical properties of TiSIN
by MPPMS and Pulsed D(

TiSiN by MPPMS
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SEM microstructure of TiSIN deposited by HIPIMS
TiSIN by HIPIMS
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Mechanical Properties and Stress of TiN and
TISIN deposited by HIPIMS
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TIN/TISIN multilayer deposited by HIPIMS

TIN/TISIN by HIPIMS
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Conclusion ;

TIN and TiSIN is successfully optimized by HIPIMS for optima
mechanical properties.

. About 5 pum thick TiIN/TiISIN multilayel coating: were deposite by
HIPIMS on Ti-alloys substrates.

Near future work include :

. Deposition of thick ( > 10 pm) TIN/TiSIN multilayer on varisu
substrate anc characterizatic of microstructure mechanice anc
tribological properties .

. Incorporat carbon durinc the growtr of TIN/TISIN multilayel in ordei
to improve the coating’s elasticity (and LIE resistance?).



