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The Fabrication and Properties of Schottky Contact between
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Abstract
This work aims to investigate the phenomena of Schottky barrier between Au/TiO, nanotubes.
The microstructure and surface morphologies of TiO, nanotubes were characterized by XRD, SEM and
XPS. Micro-layers of Au were deposited on TiO, nanotubes surface by thermal evaporation. The two
electronic probes were employed to confirm Schottky contact barrier between Au/TiO, interface. The IV

characteristic curves can be explained by the energy band diagram.

Keywords: Schottky Contact, Miro-layer of Au, TiO, Nanotubes

v A

'igaszauiudiaane vangasdivarguiiudia nainidnd anzinermand unInedoquas il
gUan¥EIN 34190 szime lng

2 ueLas., MAINAANT auzInemans WiINedugua¥5Ii QUas1wsId 34190 Uszmalng

* a5, qudisoiagilduuns aaniuisemaluladiFunil wagses iiowavou 34114 mssusynma

' Graduate Student, Program in Ph.D.(Physics), Department of Physics, Faculty of Science, Ubon Ratchathani University,
Ubon Ratchathani, 34190 Thailand

* Asst. Prof. Dr., Department of Physics, Faculty of Science, Ubon Ratchathani University, Ubon Ratchathani, 34190 Thailand

’ Dr., Thin Film Materials Research Center, Korea Research Institute of Chemical Technology, Yuseong Post Office Box
107, Daejeon 34114, Republic of Korea

* Corresponding author: E-mail address: por_chai@hotmail.com

(Received: April 1, 2020; Revised: April 17, 2020; Accepted: April 20, 2020)



. y

NIATUHINN AN mitlsgAvguazamiaiinannsssduiadonying
{ @ { v A

791 23 maud 1 unTIAL-WBIEY 2563 59 Fran lves 1y uazamy

Thaksin.J., Vol.23 (1) January - April 2020

Introduction

TiO, is one of the most studied semiconductors in material sciences because of its low cost,
long-termstability, non-toxicity, and strong oxidizing power. TiO, is an n-type wide band gap semiconductor
that can be absorbed UV light irradiation of wavelength about 315-400 nm. However, there are many
restrictions to utilize bulk semiconductor as these photodevices because of the high manufactory cost,
complicated processing step and photocorrosion. Especially, the bulk semiconductor material corrosions
are occurred when they are exposed to light. This phenomenon results in poor chemical stability. Therefore,
nanostructure materials with a wide band gap, TiO, nanotubes have great interest due easy fabrication,
high photocatalytic activity, available abundant, high chemical stability, high surface-to-volume ratios
and size dependent properties [1-3]. Therefore, TiO, nanotubes can be easily synthesized by anodization
method. One of many applications of TiO, nanotubes is UV detector in Schottky barrier type. Schottky
barrier can be formed if nanolayer metal deposited on semiconductor. Previous studies related to
photodetective Titania nanotubes have mainly focused on the investigation of Titania as self-power UV
detector [4]. However, the reported that explain the phenomena about occurring Schottky barrier between
nanolayer metal deposited on TiO, nanotubes have not been published.

This paper is mainly focused on fabrication of Schottky barrier photodiodes on TiO, nanotubes
surface. The low-cost anodization process was used to synthesize TiO, nanotubes. The Au layers were
deposited on TiO, nanotubes surface by thermal evaporation. Electrical probes were employed to measure
the electronic values. Also, the schematic physical diagrams to explain their mechanism were referred to

the intra-band dynamic Au/TiO, nanotubes.

Materials and Methodology
The 1.5x2.5 cm” pieces of Ti foils were used as substrates to form nanotubes in the anodization
process. In the first step, these substrates were cleaned in acetone, ethanol and deionized water, respectively,
for 15 min in ultrasonic bath. Ti piece was dried by N, gas flow. The setup of apparatus was showed in
fig. 1. It was composed of two electrode such as Ti foil as anode and graphite sheet as cathode. The mixer
solution of 0.3 wt% NH,F, 12% deionized water in ethylene glycol solvent was used as a chemical bridge
solution between two electrodes. After anodization process, the substrate was annealed at 450 °C for 2 hr

with applied temperature constant step at 3.75 °C /min to rearrange the amorphous to crystalline structure.
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Figure 1 An apparatus of anodization process.

Results and discussion

1. Morphology
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Figure 2 XRD spectrum of TiO, nanotubes after annealed at 450 °C.

In Fig. 2, the XRD spectrum of TiO, nanotubes (450 °C) is shown. The XRD structure consists
of the mixing of anatase (260 = 25.3° and 48°) and rutile (20 = 27.4°, 35.1° and 53°) peaks. These results

correspond with other works [5].



. y
NIATUHINN AN mitlsgAvguazamiaiinannsssduiadonying

{ @ { v A o o
791 23 maud 1 unTIAL-WBIEY 2563 61 Fran lves 1y uazamy

Thaksin.J., Vol.23 (1) January - April 2020

20.0kV 14.9mm x70.0k 500nm

Figure 3 SEM top-view image of TiO, nanotubes after annealed at 450 °C.

The top-views SEM images of TiO, nanotubes after annealed with 450 °C are shown in
Fig. 3. The highly ordered nanotubes are obtained with a diameter of 125 nm, wall thickness of 20 nm

and tube length of about 2 pm.
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Figure 4 XPS analysis of (a) Ti 2p level and (b) O 1s level.

The presence of TiO, nanotubes surface is confirmed by the Ti2p and Ols peaks as shown
in Fig. 4(a)., the spin-orbital splitting photoelectrons of Ti2p, , and Ti2p,, are located at binding energies
0f 465.20 and 459.47 eV, respectively. The separated peaks between the Ti2p,, and Ti2p,, level are
of 5.73 eV. The Ols XPS spectra are shown in Fig. 4(b). The XPS data of TiO, nanotubes are in good

agreement with the previous reported literature values [6-7].
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2. Electronic Properties

30
— 25-‘ —TiO, dark
— TiO_ light
g 20 4 , 18
~
< 154
3.
N’
=, 104
)
‘7 54
=
%]
a 04
- ]
= —5'/
)
o ]
o -10 =
=
(5]
S 15+
~—
1)
= 204
[~
25 S—r——————— T

-1 0 1
Voltage (V)

Figure 5 Photocurrent versus voltage curves from applied voltage

from-5Vto5Vof Au/TiO2 nanotubes.

The two electronic probes method under ambient air condition and room temperature was
employed to obtain I-V data. In Fig. 5. at an applied voltage from -5 V to 5 V, the dark current changed
from -8 LA to 13 LA while the photocurrent changed from-15pA to 25 pA under 365 nm UV light. These

show that the fabricated Schottky barrier between Au and TiO, nanotubes is occurred.
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Figure 6 Time-dependent photocurrent of Au/TiO, nanotubes.
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The time response photocurrent densities measured under biased voltage 1 V of Au/TiO, nanotubes
is shown in Fig. 6. It indicates that the time response photocurrent densities are exhibited good stability
and periodic repeat. In order to focus on the photocurrent, the dark current was set at 0. The irradiation
light source (VL-4 LC 4 W) with power density of 350 },lW/cm2 at wavelength of 365 nm was used. The
performance of photosensitive device was determined by two parameters: spectral responsivity (R) and

external quantum efficiency (EQE) that can be expressed by [8]:

I
R =2, (H
P -S
where Iph is the difference between illuminated current and dark current Iph = Luminated ~ Laari» P 18 the light
power density irradiated on devices, and S is the area of devices.
R -hc
EQE = ——> 2
Q ed

where h represents the Planck’s constant, ¢ stands for the velocity of light, e is the electronic charge and
A is the wavelength of the irradiation light.

The illuminated photocurrent density, spectral responsivity (R ) and external quantum efficiency
(EQE) values are 0.94 mA/W. and 0.0032, respectively.

In Fig. 7., the model of AwTiO, surface are shown. It is one of many types of photodetector
called Schottky barrier type UV detector [9]. It is composed of two ohmic contact form from Au deposited
on TiO, nanotubes then Schottky contact occurred between them. These phenomena can be explained by

the inter-band dynamic between Au and TiO, nanotubes in Fig. 8(a) and Fig. 8(b).

hv VvV
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Au Il Ohmic Contact
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Figure 7 The model of Au/TiO, nanotubes showing Schottky barrier.
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Figure 8 The energy diagram carrier transport mechanisms of Au electrode an TiO, nanotubes interface.

TiO,nanotubes is n-type semiconductor. The work function of TiO, nanotubes is about 4.70 eV
[10] while the work function of Au is about 5.40 eV [11]. Therefore, work function value of Au metal is
more than work function value of TiO, nanotubes resulting in the band edge alignment between Au metal
and TiO, nanotube surfaces [12]. In Fig. 8 (a), the chemical potential (uTiO,) of TiO2 nanotubes is between
the donor state (N)) and the conduction band edge (E.). They will initially have different chemical potential.
On contact charge, electrons will flow from TiO, nanotubes to Au metal achieve equilibrium as shown in
Fig. 8 (b). These create a region of unbalance positive charge at TiO, interface giving rise to band bending.
Ifa positive voltage is applied to Au metal surface in Fig. with respect to TiO, nanotube surfaces, the band
edge profile in the vicinity of surface gate will be decreasingly bent upward as more as negative charge
is attract to Au metal surface gate, filling donor states. This phenomenon contributes to I-V curve from

electronic probe measurement.

Conclusions
Schottky barrier can be fabricated by depositing Au on TiO, nanotubes surface. These can be
confirmed by the two electronic probes. The photocurrent graph in I-V curve increase under 365 nm UV
light irradiation. The calculated spectral responsivity and external quantum efficiency from time-dependent

photocurrent graph of Au/TiO, nanotubes are 0.94 mA/W and 0.0032, respectively.
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