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A Study on the Improvement of Characteristic Properties of
Protective Layers Prepared by Ion Beam Assisted

Magnetron Sputtering Method

Jong-Won Choi

Dept. of Materials Engineering, Graduate School of Korea
Maritime University, Busan 606-791, Korea

ABSTRACT

Iridium-based noble metal films, which show a relatively high oxidation
resistance and high melting temperature, have been widely investigated
as glass mold coatings due to its excellent reliability and performance
in long-term high temperature usage. Recently, there has been an
increasing interest in improving oxidation resistance and mechanical
properties by the application for diffusion barrier layer and change of
the alloy element content.

In this work, we Iinvestigated the thermal stability and mechanical
properties of the Ir-based films prepared by ion beam assisted
magnetron sputtering method. The microstructures and surface
morphology were analyzed by X-ray diffraction and Scanning Electron
Microscopy. Auger depth profiling is used to examine chemical
composition variation with the samples annealed at high temperatures.
Ball on disc type wear test was used to examine wear amount with
respect to alloy element contents. The micro hardness test has been
also utilized to take the mechanical properties of the samples.

In summary, two different sets of Ir based films(Ir-Re/Cr/Sub.,

Ir-Re/CrN/Cr/Sub.) were successfully deposited by ion beam assisted



magnetron sputtering method. The Ir-Re/CrN/Cr sample showed more
oxidation resistance than the Ir—-Re/Cr sample, but higher than 500TC,
both Ir-Re/Cr and Ir-Re/CrN/Cr samples were formed oxide phase, such
as chromium oxide. Hardness values of the two different sets of Ir
based films were decreased with increasing annealing temperature, while
the values of the Ir-Re/CrN/Cr films were higher than these of Ir-Re/Cr
films under high temperature conditions. Moreover, wear resistance are
much improved with application for CrN barrier layer.

The mechanical properties of the Ir-based films by the change of the
alloy element content show that the hardness value is decreased with
Re contents under high temperature conditions. This must have been
due to increasing structural defects by the volatilization of Re2O7;. But
wear resistance improved with increasing Re content at room

temperature.
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Electroplating Deposition

Wet Process Electroless Plating Deposition
Anodic Oxidation Deposition
Sol-Gel Deposition

Dry Process —- chemical Vapor Deposition —

Thermal

lon Beam
Electron Beam
MBE, ICB, ICBP

— Physical Vapor Deposition —

DC,RF
—Sputtering — Magnetron
Reactive

— Oxidation Deposition (Thermal, Pyrogenic etc....)

Fig. 1. Classification of techniques for surface treatment.



Table 1. Properties of coating materials for protecting films.

TiN CrN TiAIN DLC
Hardness
1800-2200 1800-2000 2700 1400-8000
(Hv)
Coefficient of
o 0.6 0.25 0.7 0.15
Friction
Oxidation
Temperature 550 700 700 350
()
Color gold-yellow silver-grey  reddish-brown black
wear oxidation wear and
L ; I wear ]
Application resistance resistance ] chemical
. T resistance .
/decoration /lubrication resistance
Coating PECVD/Arc
Sputter/Arc Sputter/Arc Sputter/Arc
Process /Ion beam
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Table 2. Physical properties of CrN thin film.

Crystal structure fcc

. non-columnar
Microstructure . .
equiaxially grained structure

Modulus of elasticity[GPal 400

Knoop microhardness

3000-3500
- 200 g Load, [HK]
Coefficient of friction
- Diesel fuel lubricated 0.09-0.12
- Dry nitrogen 0.18-0.22
Surface roughness, Ra [mm] 40-70

Coating wear rate
- Ball on disk test, 100 g 2x107°-6.7x107°
440C steel ball, [mn®/N-m]

Coefficient of thermal expansion 2.3 [20-800TC]
[X107%/K] 7.5 [850-1040TC]
Scratch Test Critical Load [N] 115-120
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Table 3. Physical and thermal properties of noble metals.

Metal 7, D ys ax10° C, A Hardness Crystal
T g/cm® K™ J/g K W/em K (Hv)  structure
Ir 2447 22.5 6.4 0.131 1.47 1760 FCC
Os 3033 22.5 5.1 0.130 0.876 - CPH
Pt 1769 21.5 8.8 0.133 0.716 549 FCC
Re 3186 20.8 6.2 0.137 0.479 2450 CPH
Ru 2334 12.1 6.4 0.238 1.17 - CPH

7, - Melting point in T

p,. : Density at 25T in g/cm®

a : Coefficient of linear expansion at 25C in K '(the quantity listed is 10°% a)
C," Specific heat capacity at constant pressure at 25C in J/g K

A : Thermal conductivity at 27C in W/em K
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pressurewithinthe source
(3 z : Inpingement rate of vapor
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(® A\ :Bdlidicflight tothe subgtrate
Effusion Cell ®j; : Incident flux a the bdrate
@j, : Condensation flux

(® v, : Resting filmdepodtionrate

To Vacuum
Pump

Fig. 2. Vapor deposition of a thin film. An illustration of the chain of concepts
and principles leading from the temperature of an evaporation source to

the film deposition rate.
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05 SYBSTRATE
TEMPERATURE [T/Ty, |
ARGON

Fig. 4. Schematic representation of the influence of substrate temperature and
argon working pressure on the structure of metal films deposited by

sputtering.
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Fig. 5. Interaction of ions with surface.
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Fig. 6. Schematic representation of the plasma localization and confinement for

the modes of operation:

magnetron.

(a) balanced magnetron and (b) unbalanced
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Fig. 9. Schematic diagram of ion beam assisted magnetron sputtering system.
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(a)

(b)

Fig. 10. Schematic diagram of protecting film deposition: (a) Ir-Re/Cr/substrate
and (b) Ir-Re/CrN/Cr/substrate.
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Fig. 11. Flow chart
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- To remove the surface native oxide
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— Using the Ir-Re alloy target

for IBAD method of Ir-Re/Cr/substrate

Ir-Re/CrN/Cr/substrate.
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Fig. 12. Three—gun sputter system for change of Re contents during deposition

and schematic diagram of the film.
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(2) AFM (Atomic Force Microscope, Nanoscope Illa, Digital Instruments Inc.)
Az T3 8 Abolo] H4as AR olgalo] TWS EAF ARM
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= [}
2 olgstol wiute EW P4k AW HEE 24,

¢

(3) X-A 3]4d A (X-ray Diffractometer, D/Max-3C, Rigaku Inc.)

dxje] /5 whabe] AEA W 935 A wkgo 9% sIFE I & #F
371 918t XA 34 BEAAES st SA > CuKa(1.5405 A, 40 kV/30
nd), =74 WYE 10°~90° scan speed/interval - 4/0.02, scan axis 2

theta/theta® A A3t =A3}9 ),

(4) =AFAAF &7 (Scanning Electron Microscope, JSM-5410, JEOL Inc.)
g /%5 b ¥ 34 WEE AEsy] st FAREA dAnA S
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(5) A AR B34 B2 (Auger Electron Spectroscopy)

v3Rge B, 34 S AR 5A4E olslstr] fldl auger
depth profile #4 2 ¥ A¥ 48 283

(6) M| 27 %= =4 (Vickers Hardness Test, DMH-1, Matsuzawa Inc.)
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(a)

(c)

Fig. 14. SEM images of the Ir-Re/Cr/Si films after annealing at various
temperatures (under 0.5 Torr pressure for 2 hr): (a) as—deposited, (b)
500C and (c) 600C.
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(a)

(b)

(c)

Fig. 15. SEM images of the Ir-Re/CrN/Cr/Si films after annealing at various
temperatures (under 0.5 Torr pressure for 2 hr): (a) as—deposited, (b)
500C and (c) 6007C.
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Fig. 16. AES spectra of the protecting films after annealing under 0.5 Torr
pressure at 600C for 2 hr: (a) Ir-Re/Cr/Si and (b) Ir-Re/CrN/Cr/Si.
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17. XRD patterns of the protecting films after annealing at various

temperatures (under 0.5 Torr pressure for 2 hr): (a) Ir-Re/Cr/Si and

(b) Ir-Re/CrN/Cr/Si.
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(a)

Fig. 18 SEM images of the Ir-Re/Cr/Si films after annealing at various
temperatures (in air atmosphere for 30 min): (a) 500C, (b) 550C and
(c) 600TC.
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Fig. 19. SEM images of the Ir-Re/CrN/Cr/Si films after annealing at various
temperatures (in air atmosphere for 30 min): (a) 500C, (b) 550C and
(c) 600TC.
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Fig. 20. XRD patterns of the protecting films after annealing at various

temperatures (in air atmosphere for 30 min): (a) Ir-Re/Cr/Si and (b)

Ir-Re/CrN/Cr/Si.
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Fig. 21. AES depth profiles of the Ir-Re/Cr/Si films after annealing in air at
600C for 30 min: (a) as—deposited and (b) 600C.
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Fig. 22. AES depth profiles of the Ir-Re/CrN/Cr/Si films after annealing in air
at 600C for 30 min: (a) as—deposited and (b) 600C.
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Fig. 23. Vickers hardness of protecting films after annealing at various

temperature (in air atmosphere for 2 hr).
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Fig. 24. Frictional behavior of protecting films: (a) Ir-Re/Cr/Substrate and (b)
Ir-Re/CrN/Cr/Substrate.
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Fig. 25. Cross—sectional profiles of wear track for protecting films: (a)
Ir-Re/Cr/Substrate and (b) Ir-Re/CrN/Cr/Substrate.
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Table 4. EDS analysis of protecting films by different sputter power ratio.

Ir Re Ir/Re Target . .
Re content in deposit
No. Sputter Sputter Power (at.%)
at.
Power (A/W) | Power (A/W) Ratio 7
1 0.5/210 0.5/220 1/1 44
2 0.66/290 0.33/140 2/1 24
3 0.75/325 0.25/100 3/1 15
4 0.75/ . Ir only 0 (Ir only)
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Fig. 27. AFM surface morphology and roughness of the protecting films by

different Re contents in deposit.
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Fig. 28. XRD patterns of the protecting films (15 at.% Re) after annealing at

various temperatures (in air atmosphere for 30 min).
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Fig. 29. XRD patterns of the protecting films (24 at.% Re) after annealing at

various temperatures (in air atmosphere for 30 min).
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Fig. 30. XRD patterns of the protecting films (44 at.% Re) after annealing at

various temperatures (in air atmosphere for 30 min).
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Fig. 32. Vickers hardness of protecting films after annealing in air at 600C for

30 min.
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