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To investigate the e ect of oxygen on the optical and the electrical properties of amorphous
InGaZnO (a-IGZO), we prepared thin lms by RF magnetron sputtering in various oxygen atmospheres at room temperature and the thin- lm transistors (TFTs) were evaluated. The oxygen
concentration during the deposition process a ected both the optical band-gap and the mobility of
a-IGZO-based devices. As the oxygen concentration in the processing chamber during deposition
was increased, the optical band-gap and the saturation mobility decreased concurrently. The highest optical band-gap and the best device performance were obtained from the a-IGZO lm deposited
in an atmosphere of 10 % oxygen. The a-IGZO lm deposited at this condition exhibited an optical
band-gap of 3.29 eV and the transistors fabricated with this lm revealed a saturation mobility of
2.6 cm2 /Vs, a subthreshold swing of 0.93 V/decade, an on-o current ratio of 107 and a threshold
voltage of 13.9 V.
PACS numbers: 73.61.Jc, 81.15.Cd, 73.40.Qv, 85.30.Tv
Keywords: Oxide semiconductor, Amorphous InGaZnO (a-IGZO), RF sputtering, Optical properties, Thinlm transistor, Electrical characteristics
I. INTRODUCTION

The thin lm transistor (TFT) has been widely
adopted as a switching element of at panel displays,
such as active-matrix liquid crystal displays (AMLCDs) and active-matrix organic light emitting diode
(AMOLED) displays. Among the materials used for
the active channel layer, the most common are hydrogenated amorphous silicon (a-Si:H) and polycrystalline
silicon (poly-Si) due to their large-area producibility and
high eld-e ect mobility [1]. However, these materials
have several drawbacks. The a-Si:H TFT's drawbacks
include low eld-e ect mobility (less than 1 cm2 /Vs),
which limits the driving speed of devices and high lightsensitivity, which reduces the aperture ratio of the pixel.
On the other hand, the poly-Si TFT requires a relatively
high processing temperature or additional laser power to
crystallize amorphous silicon, which not only increases
the cost of production but also degrades the image quality of display devices due to the non-uniform characteristics of poly-Si grains.
Transparent amorphous oxide semiconductors
(TAOSs), such as amorphous zinc-tin oxide (a-ZTO)
 E-mail:

duck@hanyang.ac.kr; Fax: +82-2-2299-7148

[2, 3], amorphous indium-zinc oxide (a-IZO) [4, 5],
amorphous indium-gallium-zinc oxide (a-IGZO) [6{10]
and others, have attracted much attention recently as
alternatives to overcome the problems in conventional
channel materials. In particular, a-IGZO is regarded
as the most promising material among the TAOSs.
It can be deposited in its amorphous phase at a low
temperature by using physical vapor deposition methods, such as pulsed-laser deposition (PLD) [6{8] and
RF magnetron sputtering [9, 10]. Therefore, the low
production costs and the high uniformity of a-IGZO
TFTs make them advantageous for use in large-area
displays. Moreover, these TFTs show favorable qualities
of device performance, such as a high mobility (12
cm2 /Vs) and good subthreshold swing (0.2 V/decade)
[9].
In this study, a-IGZO thin lms and TFTs were prepared by RF magnetron sputtering at various oxygen
ratios [O2 / (Ar+O2 )] to investigate the e ect of oxygen
content on the optical and the electrical properties of
a-IGZO. In addition, this study explores the correlation
between the optical band-gap and the device characteristics as a function of the oxygen content to evaluate the
lm quality and to more easily optimize the deposition
conditions for the a-IGZO lm.
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Fig. 1. Schematic structure, (a) cross-section and (b) top
view, of a bottom-gated a-IGZO thin lm transistor with
channel width W = 40 m and channel length L = 10 m.
II. EXPERIMENT

To examine the optical properties, we deposited aIGZO lms with a thickness of 100 nm on quartz substrates with a sintered IGZO target (In2 O3 : Ga2 O3 :
ZnO = 1 : 1 : 2 mol.%) by RF magnetron sputtering. Deposition was carried out at room temperature
using an RF power of 40 W and a working pressure of 5
mTorr, which was maintained by mixing argon and oxygen gases. To verify the e ect of oxygen, we deposited
a-IGZO lms at di erent oxygen concentrations [O2 /(Ar
+ O2 )], which were varied from 0 % to 40 %. These lms
were then analyzed by using a UV-visible spectroscope
(Agilent 8453).
Bottom-gated a-IGZO TFTs were fabricated on glass
substrates with a size of 25  25 mm in order to study
the electrical characteristics. A molybdenum (Mo) layer
with a thickness of 100 nm was sputtered as a gate electrode. Subsequently, a layer of SiO2 with a thickness of
200 nm was deposited as a gate dielectric layer by using
plasma-enhanced chemical-vapor deposition (PECVD)
at a substrate temperature of 250  C. An a-IGZO active
layer with a thickness of 50 nm was grown by RF magnetron sputtering at room temperature at an RF power
of 40 W and a working pressure of 5 mTorr in an atmosphere of argon and oxygen gases. The oxygen content
in the mixture was changed from 0 % to 30 %. Lastly,

Fig. 2. (a) E ect of oxygen ratio on the optical transmission spectra; (b) Tauc plot illustrating the relationship
between ( h )2 and h of a-IGZO lms deposited by RF
magnetron sputtering. The inset of (b) displays the optical
band-gap values obtained by using the Tauc method.

the source and the drain electrodes were processed with
a 100-nm-thick Mo layer.
Figures 1(a) and 1(b) provide schematic diagrams of a
bottom-gated TFT with a channel width of 40 m and a
channel length of 10 m. TFT patterns were de ned
using photo-lithography, wet etching and lift-o techniques. To characterize the device performance, we examined the a-IGZO transistors by using a semiconductor
parameter analyzer (Agilent E5270B) and to clarify the
di erences in the a-IGZO properties, surface roughness
and chemical analyses were performed by using atomic
force microscopy (AFM, XE-150) and X-ray photoelectron spectroscopy (XPS, PHI 5800), respectively.

III. RESULTS AND DISCUSSION

Figure 2 shows the optical properties of a-IGZO lms
sputtered in di erent oxygen atmospheres. The trans-
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Table 1. Estimated optical band-gap of a-IGZO lms sputtered in various oxygen atmospheres.
Oxygen ratio
[O2 /(Ar+O2 )]
(%)
Optical band-gap
(eV)

0

10

20

30

3.04

3.29

3.26

3.23

40
3.22

mission spectra of Figure 2(a) indicate that a-IGZO lms
exhibit an optical transparency of greater than 80 %
in the visible range. The peak wavelengths of the aIGZO lms deposited in an oxygen-containing ambient
are greatly shifted to shorter values in comparison with
those of the lm deposited without oxygen. Figure 2(b)
shows the relationship between ( h )2 and h . The optical band-gap for the a-IGZO lm is determined by using
the Tauc model [11,12] in the strong absorption region:
( h )  (h

Eg )n ;

(1)

where h is the photon energy, Eg is the optical bandgap (or Tauc gap) and the constant n is usually equal to
2 for amorphous semiconductors. The absorption coecient ( ) can be obtained from the transmittance data by
using the relation = (1=d) ln(1=T ), where d and T are
the thickness and the transmittance of the lm, respectively. Consequently, Eg can be obtained by extrapolating from the linear region onto the photon energy axis in
the Tauc plot. Table 1 summarizes the optical band-gap
data. The optical band-gap of the a-IGZO lms conrms that the oxygen concentration in the gas mixture
has an e ect on the optical properties of a-IGZO. The
lowest Eg is obtained from the lm deposited without
oxygen while the highest Eg is observed in the a-IGZO
lm grown in 10 % O2 . As the oxygen content increases
from 10 % to 40 %, Eg decreases slightly from 3.29 eV
to 3.22 eV. These observations suggest that the optical
band-gap of the a-IGZO lm can be controlled by the
oxygen content during the deposition process. The number of defect states (or tail states) that absorb the photon
energy is believed to decrease with the oxygen content
and to reache a minimum when the lm is sputtered at
approximately 10 % oxygen.
Figures 3(a) and 3(b) present the transfer characteristics of TFTs fabricated using a-IGZO in di erent oxygen
atmospheres and measured at Vds = 10 V. A degenerative behavior is observed in the case of a-IGZO TFT
deposited in a 0 % oxygen ambient. The drain current
is independent of the gate voltage, as shown in the inset
of Figure 3(a). The saturation mobility (sat ) and the
threshold voltage (Vth ) are derived from the slope and
the intercept of a linear tting on the Vgs axis in Figure
3(b) by using the equation

Ids =

W sat Ci
(Vgs Vth )2 ;
2L

(2)

Fig. 3. Transfer characteristics of a-IGZO TFTs with W
= 40 m and L = 10 m at Vds = 10 V. (a) shows a typical
transfer plot [log(Ids ) vs. Vgs ] and the inset of (a) indicates
the drain current
of the TFT fabricated in 0 % oxygen atmop
sphere; (b) ( Ids ) vs. Vgs plot for estimating the device parameters. The threshold voltage and the mobility extracted
are summarized in the inset of (b).

where W is the channel width, L is the channel length
and Ci is the gate insulator capacitance per unit area.
Table 2 lists several important device parameters. The
results show that the oxygen content in uences the
threshold voltage and the saturation mobility of the devices. As the oxygen content is increased during deposition of the active layer, the Vth shift increases from 13.9 V
to 17.2 V while sat decreases slightly from 2.6 cm2 /Vs
to 2.0 cm2 /Vs. In general, due to the frequent scattering of carriers, the mobility is inversely proportional to
the structural disorder (or structural randomness) that
originates from a deviation in the bond lengths and the
bond angles in the amorphous phase. At the same time,
this disorder produces many tail states in the vicinity of
the band edge and leads to a reduction of the band-gap
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Table 2. Comparison of various device parameters of a-IGZO TFTs as a function of the oxygen ratio during the RF sputtering
process.
Deposition
conditions
40 W
5 mTorr

Oxygen
ratio
10 %
20 %
30 %

sat

(cm2 /Vs)
2.6  0.76
2.2  1.02
2.0  1.12

Table 3. Surface roughness data and chemical compositions, obtained by using AFM and XPS, of a-IGZO channels
deposited in di erent oxygen ratios.
Oxygen RMS roughness
ratio
(nm)
10 %
0.25
20 %
0.33
30 %
0.48

Chemical composition (atomic %)
In
Ga
Zn
28.3
47.8
23.9
27.1
49.7
23.2
25.1
50.7
24.2

[13]. As shown in Table 1, the oxygen content during aIGZO deposition a ects the optical band-gap. When the
oxygen ratio in the gas mixture is increased, the value of
Eg decreases. However, the structural disorder is likely
to behave oppositely. Therefore, sat degrades gradually
with increasing oxygen content. On the contrary, Vth increases with increasing oxygen content. Presumably, it is
associated with the suppression of the carrier concentration generated by the oxygen vacancies in the active layer
[7,14]. Thus, a higher gate voltage is required to turn on
the a-IGZO channel processed at a higher oxygen concentration. The subthreshold swing (S) and the on-o
ratio displayed in Table 2 are approximately 1 V/decade
and above 106 at 10 % O2 , respectively. These device
parameters are highly acceptable for display switching
elements, with the exception of the threshold voltage,
which has to be further reduced.
Table 3 shows the surface roughness and compositions
of a-IGZO lms deposited in di erent oxygen partial
pressures. The deposited lms have at surfaces with
surface roughnesses less than 0.5 nm and the RMS roughness tends to increase with the oxygen content. Presumably, a high oxygen concentration in the plasma deposition atmosphere changes the atomic arrangement of
a-IGZO and the roughened IGZO lm degrades the mobility. The chemical composition of the a-IGZO lms
also changes with the oxygen content. The concentrations of Ga increases, of In decreases and of Zn is almost
constant with increasing oxygen contents. Since the Ga
atom has a high ionic potential (+3 valence and small
ionic radius), it tightly attracts the oxygen ions, which
cannot escape from a-IGZO [15]. Therefore, it should
play an e ective role in reducing the carrier concentration generated from the oxygen vacancies. These results
agree with the electrical behaviors.

S

(V/decade)
0.93  0.09
1.10  0.07
1.16  0.12

Ion=off

ratio
1.1  107
2.7  107
0. 9  107

Vth

(V)
13.9  1.3
15.3  1.5
17.2  1.0

As shown previously, the optical and the electrical
properties of a-IGZO are examined as functions of the
oxygen content during the sputtering process. Consequently, the correlation between the optical band-gap
and the device parameters can be drawn. Such a result
implies that the measurement of the optical band-gap
can be an e ective indicator for evaluating the quality
or the properties of a-IGZO lms. Furthermore, the optimal process conditions for device fabrication can also
be predicted.
IV. CONCLUSIONS

We investigated the e ect of the oxygen content on
the optical and the electrical properties for an a-IGZO
semiconductor during the sputtering process. Our results suggest that the optical and electrical properties of
a-IGZO are a ected by the oxygen concentration. As the
oxygen content in the sputtering chamber for a-IGZO
deposition is varied from 10 to 30 %, both the optical
band-gap and the saturation mobility tend to decrease
while the threshold voltage increases. In this work, we
obtained the highest optical band-gap (3.29 eV) and the
best device characteristics (sat = 2.6 cm2 /Vs, S = 0.93
V/decade, Ion=off = 1.1  107 and Vth = 13.9 V) when
the a-IGZO thin lm was deposited in a 10 % oxygen
atmosphere. We established the correlation between Eg
and sat . We also revealed that the device parameters
are related to the optical band-gap of a-IGZO and that
such a correlation can be used to predict the characteristics of the TFTs.
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