Growth of nanostructured w-phase titanium films
deposited by biased HiPIMS
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Aim and Scopus

Ti films have been extensively studied and exploited in various fields such as in aerospace, production of medical implants, microelectronics and as
adhesion layer for Ti oxides and nitrides. Despite the huge interest on this topic there are few works related to Ti metallic films deposited by HiPIMS.
In the present work we report the deposition of Ti films at various bias voltages.

Deposition Parameters Main pulse (ADC1) Effect of Bias Voltage on Ti deposition with HiPIMS

2,00E+02

dTarget: Ti - 2" diameter 0,00E400 v JSEM analysis:
dSubstrate: Si (100) 200502
JAmbient gas: Ar

dBackground pressure: 3 - 6 E-07 mBar

oV

-4,00E+02

Voltage [V]

-6,00E+02
-8,00E+02

-1,00E+03 .
Time [us]

JWorking pressure: 5 E-03 mBar Current on target

JdGas flux: 80 sccm
*t on=50us . ADCI:

* t_off = 2800 us » Voltage =790 V

* Duty cycle =1.75 % * Current=05A : ——

o F — 350 88 H  Power =450 W ) I B Ti o-phase
requency : Z e

o ADC2 o 100 150 200
Moyt
W \M

e { tot = 30 min — 240 min . Voltage =0-300V Time [us]
500 00 2500
\:iﬂ Temperature [K]
Nucleation of hexagonal o phase!!

e w Max at 100 V

36 40 42

20 degrees At200-300V 9 lOW CfYStallinity

[a—
2

BN

Hysteresis

Pl i

Pressure |GPa]

Intensity (a.u.)

JXRD analysis: ~~ « Cauliflower growth
* Mainly oriented along
o | (002) and (102)

JADC:
e t tot =60 min
* Voltage =440V
EE i'rEZZa W e Current=1A
 Power =450 W

Intensity (a.u.)

)

/[
— 1 LA L L — 1 T 7/ 1T 1
33 34 35 36 37 38 39 40 52 54 56
20 degrees

Effect of Bias Voltage & Deposition time: structure Annealing

T

Disappearing of  phase!

O
:_- mega 0,35

—— 30 min (002) S JXRD analysis: JSEM analysis:
— 60 min
—— 120 min 12 : ——(002/100 —=-101/100 — ‘, ——
L | —— 240 min - no ann. (100) 0,55 e « B B 41
—~ 10 ——230°C o A4
3 Oriented growth ——450°C 0,45
. Bias=0V L% (001) (100) (101) (101) : & I Alpha
5

8
e t=30—240 min 6 3 O
- fﬂ
> [ (o1 S
\ o] & G 025
MMW“WWWM 2 £ WW"‘M <MC 0’15
:"‘%WWW ® phase
0 ® ° ° ® .-
4 P kv 0,05
(101) 35 -0,05 0 90 180 270 360 450
(101) 3 TEMPERATURE [°C]
L:;:, 2,5
* Bias=50V z 2
* t=30—240 min k3 : 2
e Stresses
1
22 JEDX analysis dSubstrate curvature analysis
0
(o) 2,5 . S —
Deposition Rate 0
—~ (100) (002) (101) ’ 0 40
g — -500
gl ol
* Bias=100V 7 >
* t=30-—240 min g g
= n

- (001) . ’ — -
4 M| £ ' |
| Wm%m':mgw k] ’u‘. MW‘W < 1 -
] I VM\“ “‘W n M '
I "w 0,5 ‘3, )
I =@=100 V bias =@=(0V bias =@=DC
0 50 100 150 200 250 300

Dep. Time [min.]

S % 3 o 4z 0 30 60 90 120 150 180 210 240
26 degrees Bias Voltage [V]

Time (min) Chason, E., et al. Journal of Applied Physics 119.14 (2016): 145307.

Conclusions

Holes filling HiPIMS + DC deposition
. (sucrose solution)

Investigated the role of energy of depositing Ti species

crystallographic oriented growth of a-Ti (hcp phase) : Free standing Ti film
nucleation of a simple hexagonal phase ®-Ti, is promoted. i \ Be= T 2 300 nm thick!
®-11i phase <«+— elongated grains S
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