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The fabrication and electrical characterization of InZnO:N thin film transis-
tors (TFTs) were investigated in this work. The InZnO:N film was deposited on
SiO2/p-type Si substrates by radio frequency magnetron sputtering as the
active layer of the TFTs at room temperature. In order to optimize the per-
formance of the InZnO:N TFTs, the effect of the oxygen contents in the
preparation of the active layer is investigated. We found that an appropriate
O2/Ar gas flow ratio is very beneficial for the InZnO:N TFTs, and when the
O2/Ar gas flow ratio is at 1/30, the transistor exhibited a high field-effect
mobility of 39.3 cm2/Vs, a threshold voltage of 2.4 V and a ION/OFF ratio of
1.1 9 107.
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INTRODUCTION

In the past decades, amorphous silicon (a-Si) and
poly silicon (p-Si) thin film transistors (TFTs) have
been widely applied in flat panel displays. Never-
theless, they are non-transparent in the range of
visible light. Meanwhile, the field-effect mobility of
a-Si TFTs are generally less than 1 cm2/Vs of field-
effect mobility and the p-Si TFTs suffer from non-
uniformity against large-area preparation.1–4

Recently, the metal oxide-based TFTs have
attracted particular attention to solve these prob-
lems due to their advantages such as high optical
transparency in the visible light region and higher
field-effect mobility. Among the metal oxide-based
TFTs, the InGaZnO TFTs have been widely
explored and basically industrialized, due to their
high field-effect mobilities (>10 cm2/Vs).5–8 But,
their field-effect mobilities still can’t meet the
demands of the next generation of displays, which
is expected to have the characteristics of high

resolution, high speed, large size, and three dimen-
sionality (3D).

It is well known that the In-doped ZnO films have
benefits of carrier transport and enhancement of
field-effect mobility. The 5s orbital of metal ions
with an electronic configuration of (n � l)d10ns0

seems to play a dominant role in providing good
conductivity.9–11 And N, as a suitable candidate for
substituting O (NO), was used to improve the
electrical properties of ZnO TFTs by intentional
adding into the active layers. However, there have
been low saturation field-effect mobilities lSAT (2–
20.9 cm2/Vs) for ZnO:N TFTs in the earlier litera-
ture.12–14 Nevertheless, so far, there are no reports
about InZnO:N TFTs.

In this work, we fabricated bottom-gate-type
InZnO:N TFTs by radio frequency (RF) magnetron
sputtering. Furthermore, the effect of the oxygen
contents in the preparation of the active layer on the
electrical properties of the InZnO:N TFTs was
investigated. And when the O2/Ar gas flow ratio is
1/30, the InZnO:N TFTs exhibited better electrical
characteristics with a high field-effect mobility of
39.3 cm2/Vs, an ION/OFF ratio of over 107 and a VTH

of 2.4 V.
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EXPERIMENT

A diagram of the N-doped InZnO TFT structure
employed in this paper is shown in Fig. 1. First,
250-nm-thick SiO2 layers were deposited on Si and
acted as the gate dielectrics. The 30-nm-thick
InZnO:N films were deposited as an active layer
on SiO2/p-type Si substrates by RF magnetron
sputtering. The RF sputtering power was 100 W,
and the sputtering time was 900 s. The deposition
was done at room temperature in a mixed atmo-
sphere of Ar and O2 with the O2/Ar gas flow ratio
varied as 0/30, 1/30, 2/30, 3/30, 4/30, and the Ar gas
flow was fixed at 30 standard cubic centimeter per
minute (SCCM). The deposition process was per-
formed at a working pressure of 2 9 10�2 Pa. The
InZnO:N targets were prepared with the ZnO-
In2O3-Zn3N2 ceramic target with 1% molar ratio of
N/Zn and 50% molar ratio of Zn/In. The source was
100-nm thick aluminum (Al) layers and drain
electrodes were thermally evaporated onto the
active layer through a shadow mask with the gate
length (L) and width (W) of the fabricated InZnO:N
TFTs were 70 and 140 lm, respectively. And 100-
nm thick Al also was patterned on the back side of p-
Si to serve as gate contact. The electrical charac-
teristics were measured by a Keithley 4200-SCS at
room temperature in ambient air.

RESULTS AND DISCUSSION

Figure 2 shows the output characteristics of
InZnO:N TFT with the O2/Ar gas flow ratio of 1/
30. The curves are very stable and smooth. The
device exhibits typical field effect transistor charac-
teristics and is an n-type transistor for the increased
drain current with positive gate voltage. Further-
more, many other characteristics were observed
which is very desirable for practical applications of
transistors, such as clear pinch-off, high on-current,
saturation characteristics at higher drain-source
voltage.

Figure 3 shows the transfer characteristics of
InZnO:N TFT with an O2/Ar gas flow ratio of 1/30

at a drain voltage of 40 V. The field-effect mobility
(lSAT) and the threshold voltage (VTH) were calcu-
lated by linearly fitting the square root of the drain
current (IDS) versus gate voltage (VGS) curve,
according to the expression:

IDS ¼ CilSATW

2L
VGS � VTHð Þ2; for VDS � VGS � VTH

ð1Þ

Ci ¼
e0eSiO2

tSiO2

; ð2Þ

where Ci is the capacitance per unit area of the gate
insulator, W and L are the channel width and
length, respectively, e0 is the permittivity of free
space, eSiO2

is the relative permittivity of SiO2, and
tSiO2

is the thickness of SiO2. The IOFF and ION/OFF

ratio are measured to be 3.0 9 10�10 and 1.1 9 107.
From the calculations, we get a VTH of 2.4 V and a

lSAT of 39.3 cm2/Vs for InZnO:N TFT. That is better
than the highest field-effect mobility lSAT of
17.9 cm2/Vs InZnO TFT in the earlier report which
was fabricated by RF magnetron sputtering.15 It
has been reported that in N-doped ZnO thin films,

Fig. 1. Cross-sectional schematic diagram of the InZnO:N TFTs
structure.

Fig. 2. Output characteristics of InZnO:N TFT with VGS = 0 to 40 V.

Fig. 3. Transfer characteristics of InZnO:N TFT with VDS = 40 V.
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the nitrogen atoms could substitute for oxygen as
acceptors and then serve as fixed negative charges
in the lattice.16 A similar effect should happen in
InZnO:N thin films as well, improving the field-
effect mobility of InZnO:N TFTs.

Figure 4 shows the evolution of the threshold
voltage (a), field-effect mobilities (b) and ION/OFF

ratio (c) at different O2/Ar gas flow ratio. When the
O2/Ar gas flow ratio increases from 0/30 to 1/30, the
VTH of the TFT decreases from 5.4 V to 2.4 V, the
field-effect mobility of the TFT increases from
31.0 cm2/Vs to 39.3 cm2/V s, and the ION/OFF ratio
also rises from 1.0 9 107 to 1.1 9 107. When a small
quantity of oxygen incorporates into the InZnO:N
film, the compositional change of In, Zn and oxygen
elements reduce the intrinsic defects in the film,
leading to the increase of channel carrier concen-
tration.17 And then with O2/Ar gas flow ratio
increases from 1/30 to 4/30, the field-effect mobility
and the ION/OFF ratio decreases from 39.3 cm2/Vs to
1.3 cm2/Vs and 1.1 9 107 to 6.8 9 106, and the VTH

rises form 2.4 V to 15.8 V. These results are pre-
sumably related to the dramatic increase of resis-
tivity with increasing of oxygen partial pressure.
These results can be explained in that increasing
oxygen partial pressure reduces oxygen vacancies to
act like donors;17,18 the research of Carcia has
similar results.19

CONCLUSION

The preparation and electrical characterization of
InZnO:N TFTs employing RF magnetron sputtering
were investigated in this paper. Good performance
is obtained with the field-effect mobility of 39.3 cm2/
V s, a VTH of 2.4 V and a ION/OFF ratio of 1.1 9 107

by the O2/Ar gas flow ratio at 1/30. The effect of the
oxygen contents in the preparation of the active
layer on the electrical properties of the InZnO:N
TFTs was investigated. As the O2/Ar gas flow ratio
increased from 0/30 to 1/30, the field-effect mobility
and the ION/OFF ratio were increased, and the
threshold voltage was shifted to the negative direc-
tion, due to the increase of carrier concentration in
the active layer. When the O2/Ar gas flow ratio
increased from 1/30 to 4/30, the electrical property
decreased due to the increase of resistivity in the
InZnO:N film.
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Fig. 4. Evolution of the threshold voltage (a), field-effect mobility (b)
and ION/OFF ratio (c) with different O2/Ar.
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