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INTRODUCTION
Transparent conducting oxides (TCOs)
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INTRODUCTION
Nb:Ti0, thin films as TCOs

* High cost of comercial TCOs(ITO: indium tin oxide)
e Alternative materials:
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 Brazilis the largest producer of TiO, in Latin America(~ 1% of the world's
production)and the largest producer of Nb in the world, with ~ 90% of the
world's resources.
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& EXPERIMENTAL SETUP
Orce  Nb:Ti0, thin films

« Depositions were made in glass by magnetron sputtering with the
following experimental parameters:

sample | T(°C) | 1 (A) | P (kw) GaSA‘;'OW rate (éccm) o (mtorr)
2

Tio, | 300 | 2.0 | 10 | 15 4k 6.0

Nb:TiO, | room | 2.0 | 10 | 15 44 6.0

Nb:TiO, | 300 | 20 | 10 | 15 b 5.0

 Depositions made with floating potential at the substrate
« Deposition time was adjusted to keep thickness at 100 nm
 Onetargetwith four Nbinsertsin the erosion zone:

Nb inserts

Ti(97%)+Nb(3%) { Titarget




‘&5  EXPERIMENTAL SETUP
Orce  Nb:Ti0, thin films

« After depositions, films were evaluated by:

» Optical spectrophotometry

» Mechanical profilometry(to evaluate the thickness of 100 nm)
» Four point probes

» X-ray diffraction

» X-ray photoelectron spectroscopy
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RESULTS AND DISCUSSIONS
Optical spectrophotometry

Cut-off wavelenghtin the UV region!
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RESULTS AND DISCUSSIONS
Four point probes

Sample p(Q-cm)
Nb incorporation Ti0, (300°C) 5.7.10%
decreased one
order of
magnitude.

Nb:TiO,(room) 2.7-102

Nb:TiO,(300°C) 2.8:1072




RESULTS AND DISCUSSIONS
Four point probes

Sample p(Q-cm)

Ti0,(300°C) 5.7-105 [ _ .
Nb incorporation
combined with

_ vacuum

Nb:TiOz(room) |  2.7-102 — annealing
decreased five
orders of

Nb:Ti0,(300°C) | 2.8:102 |~ magnitude
(synergistic

effect).
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RESULTS AND DISCUSSIONS
X-ray diffraction

Nb:TiO, (300°C)
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Sample 26 (deg) | FWHM (degq) | Crystallite size (nm) :
» Shift to lower angles
TlOz(SOOOC) 25.55 0.70 12.2 means that the
Nb:TiO,(room) | 25.17 0.55 15.5 crystal lattice has
increased.
Nb:TiO,(300°C) | 25.23 0.31 27.4
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RESULTS AND DISCUSSIONS
X-ray photoelectron spectroscopy

» Normalized with respect

tothe amount of Tiin
» Ti*: titanium dioxide (TiO,) each sample.

» Ti®*: suboxide (eqg.: Ti,0)
» Ti?": suboxide (eg.: TiO)

\ 4

Ti(%)
Tide | Tis+ | Tize
Ti0,(300°C) | 0.0 [95.9| 4.1 0.0
Nb:TiOz(room) | 0.1 |95.4| 4.2 | 0.4
Nb:Ti0,(300°C) | 0.3 |91.0|5.6 | 3.4

Sample Nb (%)

Nb:Ti0, (300°C) Nb:Ti0, (300°C)
;
- ) 2]
| Ti 2p Nb 3d
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Ti4+ 2p3/2 45837 125 63.42 0INB>* 207
% 3 ¢ 2p1/2 46417 1.80 27.58 20 [0 .
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RESULTS AND DISCUSSIONS
X-ray photoelectron spectroscopy

Ti(%)
Tiee | Tid | Tizr
Ti02(300°C) 0.0 |95.9] 4.1|0.0
Nb:TiO2(room) 0.1 |[95.4|4.2|0.4
Nb:Ti02(300°C) 0.3 91.0 | 5.6 | 3.4

Sample Nb (%)

» The addition of Nb
increase surface defects

> Ti%: titanium dioxide (Ti0,) (oxygen deficiency).

» Ti®*: suboxide (eg.: Ti,04)

» Ti%*: suboxide (eqg.: TiO)
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RESULTS AND DISCUSSIONS
X-ray photoelectron spectroscopy

Ti(%)
Tie+ | i3+ | Tizr
Ti02(300°C) 0.0 |959] 4.1|0.0
Nb:TiO2(room) 0.1 |[95.4]4.2|0.4
Nb:Ti02(300°C) 0.3 91.0 | 5.6 | 3.4

Sample Nb (%)

» Vacuum annealing
improve surface defects
(oxygen deficiency)

A

» Ti*: titanium dioxide (TiO,)
» Ti%*: suboxide (eq.: Ti,05)
» Ti%*: suboxide (eqg.: TiO)
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RESULTS AND DISCUSSIONS
X-ray photoelectron spectroscopy

Ti(%)
Tie+ | i3+ | Tizr
Ti02(300°C) 0.0 |959] 4.1|0.0
Nb:TiO2(room) 0.1 |95.4]|4.2|0.4
Nb:Ti02(300°C) 0.3 91.0 | 5.6 | 3.4

Sample Nb (%)

» Sample produced with
vacuum annealing
presented higher Nb

> Ti*: titanium dioxide (Ti0,) concentration.
» Ti®*: suboxide (eg.: Ti,04)
» Ti%*: suboxide (eqg.: TiO)
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FINAL REMARKS

e Theincorporation of Nb do not changes the optical transmittance of TiO, thin
films;

e Nb decreases the electrical resistivity of TiO, thin films;

e Nbincreasesthe lattice constants and surface defects;

e [Deposition of Nb:TiO, with heated substrate promotes a synergistic effect able
to reduce the electrical resistivity near to that obtained with comercial TCOs

with the optical transmittance similar to TiO,.

e NEXT STEPS: produce thinner layers with higher Nb concentration(~ 3%).
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