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Abstract: We reported the influence of interface trap density (Nt/ on the electrical properties of amorphous In-
SnZnO based thin-film transistors, which were fabricated at different direct-current (DC) magnetron sputtering
powers. The device with the smallest Nt of 5.68 � 1011 cm�2 and low resistivity of 1.21 � 10�3 ��cm exhibited
a turn-on voltage (VON/ of �3:60 V, a sub-threshold swing (S.S) of 0.16 V/dec and an on-off ratio (ION=IOFF/ of
�8 � 108. With increasing Nt, the VON, S.S and ION/IOFF were suppressed to –9.40 V, 0.24 V/dec and 2.59 �

108, respectively. The VTH shift under negative gate bias stress has also been estimated to investigate the electrical
stability of the devices. The result showed that the reduction in Nt contributes to an improvement in the electrical
properties and stability.
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1. Introduction

Thin film transistors (TFTs) using transparent amorphous
semiconductors are considered as an attractive alternative to
conventional silicon based TFTs. Next generation flat plane
displays using amorphous oxide semiconductors are state of
the art technology, which is attracting huge attention in semi-
conductor industries. TFT’s on flexible substrates is a key com-
ponent to realize flexible electronics, which will be indispens-
able in near future ubiquitous network technology, as they can
be used to develop advanced optoelectronic devicesŒ1�. Good
transparent conducting oxides (TCOs) due to their wide opti-
cal band gap (3.5 eV), good electrical conductivity (103 �/cm),
and high optical transparency (80%)Œ2� have been widely used
in various applications. TFT’s with ZnO thin films as an ac-
tive channel layer were fabricated by atomic layer deposition
(ALD)Œ3� and the radio frequency (RF) magnetron sputtering
techniqueŒ4�6�. Also, gallium doped zinc oxide (GZO)Œ7; 8�, in-
dium zinc oxide (IZO)Œ8; 9�, indium-tin-oxide (ITO) filmsŒ8�

and amorphous InGaZnO (a-IGZO)Œ10; 11� have also been re-
ported. Zinc based TCOs can solve the problems of cost and
demand compared to indium based TCOs, which showed bet-
ter electro-optical properties but with a higher costŒ8�. There
are several reports about transparent TFTs using various TCOs
with low resistivity in the channel region for high performance.
Jang et al.Œ12� reported that the TFTs using AZO as the active
layer with low resistivity shows an on/off current ratio of 104

and a field-effect mobility of 0.17 cm2/(V�s). Paine et al.Œ13�

also showed a-IZO-based TFT devices with a low resistivity of
5.96 � 10�4 ��cm, which perform on/off ratios above 106 and
a sub-threshold slope of 1.2 V/decade. Huang et al.Œ14� inves-
tigated that when the resistivity of TZO thin films is 3 � 10�3

��cm (deposition power 125 W), NiO/TZO heterojunction de-
vices with the turn-on voltage of 1.83 V. However, at low re-
sistivity, there is still a large off-current and a sub-threshold
slope.

InSnZnO (ITZO) has attracted considerable attention as a
promising material to be developed not only for ultra high-
definition displays such as 4k/8k panels and 3D displaysŒ15�,
but also for driver circuits, memory devices and charge cou-
pled devicesŒ16�. Amorphous ITZO (a-ITZO) films which have
a smooth surface, low internal stress and high etchability for
applications to next-generation displays have been investi-
gatedŒ17�. The a-ITZO films deposited on a polyimide substrate
at high temperaturesŒ18� and polyethylene terephthalate (PET)
by magnetron co-sputtering using two cathodes (DC, RF) at
room temperatureŒ19� have been reported in some studies. The
a-ITZO is also one of the promising candidates for an active
channel layer of TFTsŒ20�. For improving characteristics of a-
ITZO TFTs, more investigations and analyses of the a-ITZO
thin films are needed. Therefore, this paper presents the char-
acteristics of TFTs with an a-ITZO active channel layer, which
shows low resistivity but improved electrical performance. The
ITZO films were deposited by different DCmagnetron sputter-
ing, which is the main deposition method because of its high
output and good stabilityŒ21� at room temperature. The interface
trap density (Nt/ is one of the main determinants for transistor
performance. It is found that there is a noticeable interrelation-
ship between the electrical performances andN

Œ22�
t . Therefore,

the influence of the interface trap density (Nt/ existing at the
channel/dielectric layer interface on the electrical characteris-
tics and stabilities of a-ITZO TFTs is clearly established. This
helps in diagnosing fabrication processes and optimizing these
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Figure 1. Schematic cross-sectional diagram of the a-ITZO TFT
bottom-gate structure.

parameters effectively in order to obtain the ascending perfor-
mances of the TFT devices.

2. Experimental

The a-ITZO-based TFT device with the schematic cross
section is presented in Figure 1. In this study, the a-ITZO thin
films were grown onto a p-type-crystalline silicon (p-Si) sub-
strate coated with a 100 nm thick SiO2 gate dielectric layer,
which were fabricated by the oxidation method. Thermal ox-
idation of silicon is achieved by heating the wafer to a high
temperature, typically 900 to 1200 ıC. The p-Si and SiO2

acted as the gate electrode and gate insulator, respectively. All
substrates were cleaned by acetone, iso-propylalcohol and de-
ionized water in an ultrasonic bath for 10 min. A 100 nm-thick
SiO2 insulator for the TFTs was produced on the p-Si gate elec-
trode. Then, a 30 nm thick ITZO layer was deposited on the
SiO2 insulator at different input powers of 80 W, 120 W and
160 W with a 30 : 35 : 35 mol indium oxide (In2O3/ : tin ox-
ide (SnO2/ : zinc oxide (ZnO) composition. All the deposi-
tions were carried out under an Ar atmosphere and the work-
ing pressure was 5 mTorr at room temperature. The final de-
vices were annealed at 350 ıC for 1 h under air ambience. For
the source and drain electrodes, 150 nm thick Al layers were
deposited by thermal evaporation. The S/D electrodes and the
active layer were patterned via the standard photolithography
method using a two masks patterning process. The channel
width (W )/length (L) was 200/200�m for TFTmeasurements.
In this paper, we assign the names of the samples A, B and C
for the TFTs with a-ITZO films sputtered deposited at pow-
ers 80 W, 120 W and 160 W, respectively. A semiconductor
test and analyzer model number EL420C was used to measure
the electrical characteristics of TFTs. The structural properties
of the ITZO thin film were characterized using X-ray diffrac-
tion (XRD, Bruker D8 Discovery). The thickness of a-ITZO
films was measured by an ellipsometer (J.A Woollam, VASE-
VB250).

3. Results and discussion

It can be confirmed that the XRD patterns of all the sam-
ples were in the form of halo patternsŒ18; 19� (data not shown),
indicating that all the ITZO thin films have an amorphous
structure. Figure 2 shows the plot of log (IDS/–VGS transfer
characteristic of all devices with the gate voltage (VGS/ swept

Figure 2. Transfer characteristics log(IDS/–VGS at VDS D 10 V of a-
ITZO TFTs for devices A, B and C.

from�20 to 20 V and the drain voltage (VDS/ fixed at 10 V. The
parameters, sub-threshold swing (SS), turn-on voltage (VON/,
threshold voltage (VTH/, on-off current ratio (ION=IOFF/, and
interface trap density (Nt/ of the devices are extracted from
the plotted curves and summarized in Table 1. The extraction
methods are reported elsewhere by our groupŒ23�.

From Table 1, it is observed that sample A, sputter de-
posited at 80 W, has the smallest on-voltage (VON/ of –3.60 V,
the highest on-off current ratio (ION=IOFF/ of 7.77 � 108 and
the lowest SS of 0.16 V/dec. The VON value is shifted to –7.19
and –9.40 V for samples B and C respectively, at which the
drain current begins to increase sharply above the leakage cur-
rentŒ24�. The improvement in the electrical properties of device
A reveals the termination of defects at the a-ITZO/dielectric in-
terface and in the a-ITZO bulk. The value of the interface state
density (Nt/ is presented asŒ22; 25�

Nt D
SSlog10e

kT

q

Ci

q
; (1)

where q is the elementary charge, k is Boltzmann’s constant,
T is the absolute temperature, t is the thickness of the chan-
nel layer, and Ci is the gate capacitance per unit area. These
results indicate that a lower Nt can improve VON, owing to the
reduction in the trap amount in a-ITZO film and at the gate
dielectric/a-ITZO film interface.

The resistivity of a-ITZO films is evaluated from the
current–voltage (I–V ) measurement plot shown in Figure 3.
The resistivity of the a-ITZO single layer is estimated using
the following equationŒ26�:

� D
V

I

W

L
t; (2)

where V denotes the input voltage, I is the output current,
and W and L denote the width and length of the electrode,
respectively, where t is the thickness of the ITZO layer. From
Figure 4, we can see that the electrical resistivity decreased
from 1.21 � 10�3 to 2.49 � 10�4 � as the DC power is in-
creased from 80 to 160 W. This result can be interpreted based
on the fact that, the oxygen vacancies in the a-ITZO bulk are
the predominant factor for the conduction mechanismŒ27�. The

024007-2
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Table 1. Comparison of the extracted electrical properties including SS, VON, VTH, ION/IOFF, Nt and �.
Device SS (V/dec) VON (V) VTH (V) ION=IOFF Nt (cm�2/ � (��cm)
A 0.16 �3:60 �1:87 7.77 � 108 5.68 � 1011 1.21 � 10�3

B 0.19 �7:20 �5:35 3.51 � 108 1.10 � 1012 2.14 � 10�4

C 0.24 �9:40 �7:81 2.59 � 108 2.11 � 1012 2.49 � 10�4

Figure 3. The characteristic of input voltage–output current for all de-
vices.

Figure 4. The changes in resistivity as a function of sputtering power.

increased sputtering power tends to increase the film deposi-
tion rateŒ21�, which makes the oxidation reaction insufficient
and more oxygen vacancies are created. Oxygen vacancies are
the major source of free carriers in amorphous oxide semicon-
ductor TFTs, which can affect the oxygen concentration within
the active layerŒ28�. Therefore, the enhancement in oxygen va-
cancies leads to the resistivity of a-ITZO being reduced.

The SS is another important advantageous parameter for
the evaluation of TFT, which can predict the total trap density
of the TFT’s performance. Figure 5 depicts the variation of SS
and ION/IOFF of a-ITZO TFT devices with different sputter-
ing powers, ranging from 80 to 160 W. The best SS value of
0.156 V/dec was obtained for sample A with the lowest Nt.
This reveals that improved SS is related to the reduction in the
interface trap density (Nt/ at the interface between the active
layer and the insulatorŒ26�. It can also be clearly seen that, as
Nt increases, SS also increases while the ION/IOFF ratio de-
creases. The carriers could transfer more smoothly without be-

Figure 5. Electrical properties of a-ITZO-based TFTs as a function of
sputtering power.

ing trapped in the defect centers, which led to the large turn-on
current and the smaller threshold voltageŒ29�. This version can
be verified by the on-off current ratio improved from 2.60 �

108 to 7.77 � 108 with the trap density decreased in this pa-
per.

In order to guarantee the effect of the device stability, we
have applied negative gate bias stress (NGBS) VG D –15 V to
the a-ITZO TFTs at room temperature for 104s duration while
the source and drain are grounded. The bias is interrupted at
fixed times to record the transfer curve (shown in Figure 6) of
the transistors, by sweeping VGS from –20 to 20 V. The VTH
at 104s for devices A, B and C are shifted to the negative di-
rection by –2.45, –3.38 and –3.69 V, respectively (shown in
Figure 7(a)). All samples showed that the SS has no obvious
variation with increasing stress, as shown in Figure 7(b). The
parallel shift in VTH without significant change in the SS value
during stress time indicates the simple charge trapping pro-
cess in the gate insulator and/or at the channel/insulator inter-
faceŒ26�. However, in our experiment, we used the SiO2 com-
mercial insulator which has a high quality with low interface
traps. Therefore, the shift in VTH has been explained as being
due to the charge trapping at the active channel/insulator in-
terface. Besides, holes could be easily moved from the chan-
nel to the gate dielectric by stresses such as the applied bias.
However, the low interface trap charges make the holes diffi-
cult to move when stresses are appliedŒ20�. All the above can
be confirmed by the result that sample A with the slightest Nt
showed the least �VTH. When the devices were sputtered at a
lower power, the number of interface traps decreased, there-
fore, the �VTH reduced. Sample A shows both a low SS and
�VTH, insinuating a reduction in defects at the a-ITZO active
layer/insulator interface; this sample demonstrated the best sta-
bility with negative bias stress compared to the other devices.
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Figure 6. Transfer curves as a function of NGBS for devices A, B and
C.

4. Conclusion

In this study, the effect of the interface trap density (Nt/

on the electrical properties and stability of staggered bottom-
gate a-ITZO TFTs has been investigated. The electrical proper-
ties of the a-ITZO TFT devices such as turn-on voltage (VON/,
subthreshold swing (SS) and on-off ratio (ION/IOFF/ are influ-
enced with a different Nt by controlling the sputtering power.
The interface trap density increases as the sputtering power is
increased. In our investigation, the best TFT parameters are
observed with the lowest interface trap density of 5.68 � 1011

cm�2, like VON D –3.60 V, SS D 0.16 V/dec and with an on-
off current ratio of over 108 even the resistivity is low. The

Figure 7. (a) The VTH shift with gate bias stress time for all devices.
(b) The SS shift with gate bias stress time for all devices.

slight threshold voltage shift is observed with device A under
negative gate bias stress, while it exhibits the lowest Nt. From
the results of this study, it is shown that the electrical charac-
teristics and stability of the resulting TFTs can be improved by
reducing the Nt through changing the deposition conditions.
The method such as changing the O2/Ar gas flow ratio or other
experimental conditions to obtain a lower Nt are being studied
and confirmation is underway.
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