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Fig. 1. Indentation load vs. depth curve.

Vol. 14, No. 1, March 2009

=
o
.':T‘

max hf (2)

P
hc:hmax_ €

e G)

Py AU 3= #S YE M, €= nano indenter?)
tip & FAAIFE 1.0349) Berkovich tipS AFE-EFR.0H,
= stiffness= el HAZ vEstq & 5 Uk
A7AN T3 AEe Ty A B8l vIAL AR St
g 4 Ut
0.9065x 10’

H,[kgf/mm?] = =

xHr[GPa] “)

1714 Hy;[GPa]= nano intentation®]] &J3jA] 71+ A=
ole}.

Al

AlS|HpE

oH

i

Magnetron®] | 7]& BItH S 2 b unbalanced mag-
netron sputtering z};(]_g_ AA - ARG FR)E ARSI
o, o] A= T, w715, HATHFA T, A4
g 5 A FWHOME} F=3ol A
o2 A wol| AE-FH= oHFH ZA)9] 3 T/ sus304
BAE ARERoH, 55¢ Bl Tix /\]‘*Q“O}—l— s
HAo} AHAE ARESE sus3042A)] 9ol TiNgHE Zﬂzﬂl
=

ABA = B0l A 20X20 mm F7|Z ATk
gk &, AlERES Al X Tl 27] 918 AF 2 mmo)
TS WATE =g IRRbe] FASAE fleiA HEE
013 S 2020 mm Aedste] 22 Aol F2Fe}th.

19E 1342 4 A G37EF oAE SollA 108
=3 AlHE shoh Al Bz AZE 55 mm
A3} 2.1, base pressure= 1X107° torr 7}A] vl 7]
o= |2 175 scemd} A4 72 350 scemE
713L A2 4 pulsed DC power 750WE ¥5 3}
Zetzuls AT o] working pressure= 1X 1073
~5X% 107 torre]™, DC bias A¥-S S0VE 1 AAH =
AR 33, 54, 73, 9ol HHEHEAIE oF 1.0 pm,
2.0 um, 3.0 p, 4.0 pumo] AT},

HhebEAlol] mE AAPHSEE o] 918 XPS Ti 2pE &
O ZpAletAl Bkl o™, TiN ZERFsE o] 318k
I AEHE £A5H7] 98t XPSE ARE-SHAATE. BFt
FHe] o 7HA] ARslES BEeES AlASH] S8l of
10% &<t A3 3, XPS survey scan?} depth profileS
Ssick. el ARE 295 o) tololRs e

o

[<)
Al 3R] E9 A7)E Y ZolE S F=E

[o

o

r“‘_k_m

A

P

40{, %

ey e ot o AL
M

J. Korean Oph. Opt. Soc.



UBM Sputtering System®l| ©] g+ TiN=He] 243} 7 T o

[ Q
o
re
-

59

40
35
30
x5 __1.0pm
2.0um

Experiment

20
15
10

YHALZ (%)

Oum
4 Opln

350 550 750

TH(nm)

(a) (b)

Fig. 2. (a) color change pattern and (b) measured reflectance of TiN thin film on sus304 with respect to about 1.0 um(A),
2.0 um(B), 3.0 um(C), 4.0 um(D), respectively.
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Fig. 3. High resolution XPS scans of the films of thickness (a) 1.0 um, (b) 2.0 um, (c) 3.0 um, (d) 4.0 um, respectively.
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Table 1. Relative percentage of the components of high resolution Ti 2p peaks of the films of thickness (a) 1.0 um, (b) 2.0 um, (c)

3.0 um, (d) 4.0 um, respectively

Peak FWHM
Name BE eV At. % SF
Ti2p
Scan A | 459.17 155 [ 27.49 7.91
Ti2p
Scan B 457.3 3.2 | 37.82 7.91
Ti2p
Scan C | 464.72 22| 12.83 7.91
Ti2p
Scan D | 461.97 3| 16.62 7.91
Ti2p
Scan E | 455.49 1.24 5.24 7.91

(a)

Peak FWHM
Name BE eV At. % SF
Ti2p
Scan A | 459.08 1.76 | 28.25 7.91
Ti2p
Scan B | 455.58 171 | 15.88 7.91
Ti2p
Scan C | 464.62 2.54 | 12.81 7.91
Ti2p
Scan D | 461.63 3.13 | 20.11 7.91
Ti2p
Scan E | 457.34 1.9 | 22.96 7.91
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Peak FWHM
Name BE eV At. % SF
Ti2p
Scan A | 459.12 1.76 | 42.72 7.91
Ti2p
Scan B | 455.52 1.51 10.43 7.91
Ti2p
Scan C | 464.51 2.37 | 13.78 7.91
Ti2p
Scan D | 461.89 23| 10.34 7.91
Ti2p (a)
Scan E | 457.26 236 | 22.74 7.91

(b)

Peak FWHM
Name BE eV At. % SF
Ti2p
Scan A | 459.17 1.8 | 40.49 7.91
Ti2p
Scan B | 455.54 1.57 | 12.88 7.91
Ti2p
Scan C | 457.33 219 | 22.74 7.91
Ti2p
Scan D | 464.47 248 | 13.64 7.91
Ti2p
Scan E | 461.82 2.23 | 10.25 7.91
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Table 2. Relative percentage of the components of high
resolution Ti 2p3/2 peaks of the films of thickness (a)
1.0 um, (b) 2.0 um, (c) 3.0 um, (d) 4.0 um, respec-

tively
1.0 pm 2.0 um 3.0 um 4.0 um
TiO, 27.49(39) | 42.72(56) | 28.25(43) | 40.49(53)
TiONy | 37.82(54) | 22.74(31) | 22.11(33) | 22.74(29)
TiN 5.24(7) 10.43(14) | 15.88(24) | 12.88(17)
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Table 3. Berkovich indenter hardness and Vickers hardness
from the films of thickness (a) 1.0 um, (b) 2.0 um, (c)
3.0 um, (d) 4.0 um, respectively

Hir H,
1.0 pm 19.0 1763
2.0 pm 19.4 1791
3.0 pm 20.1 1854
4.0 pm 19.3 1780
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Fig. 4. Vickers hardness and TiN relative percentage from the
films of thickness (a) 1.0 um, (b) 2.0 um, (c) 3.0 um,
(d) 4.0 um, respectively
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The Study of Color and Hardness of TiN Thin Film by UBM Sputtering System
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Purpose: TiN films were deposited on sus304 by unbalanced magnetron sputtering system which was designed
and developed as unbalancing the strength of the magnets in the magnetron electrode. The color and hardness of
deposited TiN films was investigated. Methods: The cross sections of deposited films on silicon wafer were
observed by SEM to measure the thickness of the films, the components of the surface of the films were
identified by XPS, the components of the inner parts of the films were observed by XPS depth profiling. XPS
high resolution scans and curve fittings of deposited films were performed for quantitative chemical analysis,
Vickers micro hardness measurements of deposited films were performed with a nano indenter equipment.
Results: The colors of deposited films gradually changed from light gold to dark gold, light violet, and indigo
color with increasing of the thickness. It could be seen that the color change come from the composite change of
three compound, TiON,, TiO,, TiN. Especially, the composite change of TiO,N, compound was thought to affect
the color change with respect to thickness. Conclusions: Deposited films had lower than the value of general TiN
film in Vickers hardness, which was caused by mixing three TiN, TiO,, TiOxN, compound in the deposited films.
The increasing and decreasing of micro hardness with respect to thickness was thought to have something to do
with the composite of TiN in the films.

Key words: UBM sputter, TiN coating, XPS, hardness
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