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Inverted staggered thin film transistors (TFTs) using magnesium zinc oxide (MgZnO) material as a channel layer have been
fabricated over the glass substrate. A radio frequency magnetron sputtering technique was used to deposit thin films at a very
low temperature of 100 oC. The structural and electrical characteristics were investigated. The semiconductor film shows
slightly enhanced grain size without any crack with few grain boundaries. For the first time the self heating effect on the TFT
fabricated using MgZnO was discussed. The electrical characteristics of MgZnO based device exhibit reduced self-heating
effect compared with undoped zinc oxide. The calculated parameters are carrier mobility 1.08 cm2/V-s, threshold voltage 15
V,  leakage current 10−10 A and current ratio (on/off) 10−5. The low deposition and processing temperatures make MgZnO-
TFTs very promising for the flexible electronics.
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Introduction

Zinc oxide (ZnO) as a semiconductor material in thin
film transistor (TFT) has acquiring observation because
of its better electrical characteristics, low-temperature
process and transparency performance contrasting with
conventional silicon TFTs [1-3]. Hence ZnO TFT
considered potential next-generation flat panel display
devices [4]. These properties are greatly collided by the
intrinsic defects formed in the semiconductor layer.
Presence of these defects reduces the electrical
performance of the transistor. Particularly at very low
temperatures, it causes severe current lag instead of
channel saturation on applying high drain voltages and
gate voltages [5]. In the case of TFTs based on silicon
and high mobility transistors based on GaN, reported
the lagging of output current in the device was due to
self heating effect [6-8]. Thus control of electrical
characteristics by reducing the defects of ZnO
semiconductor material during deposition process may
lead to correct saturation current in the transistor which
in turn reduce the arise of self heating effect in the
device. More works revealed that the doping of ZnO
film with ternary element like Mg, Ga, In, Al etc,
obtained the improved electrical properties of film[ref
9-12]. Particularly with Ga and In high mobility was

achieved. However due to their rareness and cost we
chose Mg material for ZnO TFT. However, to the best
of our knowledge no reports were available on the
study of self-heating effect on MgZnO based TFT. In
MgZnO large bandgap and decrease donor-like defects
make it as an emerging active layer material in thin
film transistors [13, 14]. The ionic radii of magnesium
(Mg2+) are 0.57 Å and that of zinc (Zn2+) are 0.60 Å.
This advantage of almost same ionic radii would not
create any lattice disorder and wide range solubility
was achieved [15]. Apart from this magnesium alloyed
with zinc oxide greatly reduces zinc interstitials and
oxygen vacancies [16, 17]. The chemical characters of
MgZnO make it a better non-toxic material suited for our
atmosphere. Several studies on the improved
characteristics of MgZnO thin film transistors fabricated
at various processing methods and conditions have been
reported [18-21]. In the present work radio frequency
magnetron sputtering technique was employed to
fabricate thin film transistor using MgZnO semiconductor
at very low temperature (100 oC) and voltage-current
characteristics were studied related to the absence of
self-heating effect. 

Materials and Methods

A target in pellet form (MgO: 10 wt % and ZnO:
90 wt %) was used for radio frequency (RF) magnetron
sputtering. The RF pressure, power and substrate
temperature was maintained at 10 milli torr, 80 W and
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100 oC respectively. To reduce the oxygen vacancies
defects to achieve smaller background carrier trap
density of material oxygen gas along with argon gas
was used in the ratio of 3sccm:1sccm. The damage of
the films by bombardment of energetic negative
oxygen ions can be extenuated by maintaining low
deposition rate around 4 nm/min [22]. 

The glass substrate coated with gate metal Indium
Tin Oxide (ITO) was taken. The ITO was used as a
bottom gate contact for the MgZnO TFT. After cleaning
the substrate, SiNx film was deposited. Chemical vapor
deposition process using plasma (PECVD) was
employed to form a dielectric layer under the conditions
of SiH4=200 sccm/NH3 = 800 sccm /N2=35 sccm with
1 torr pressure, 30W power and 100 oC temperature.
The organic impurity was removed over the insulator
layer. Before depositing the semiconductor layer, the
surface of target was cleaned by a pre-sputtering
process. With above sputtering parameters, MgZnO
thin films were deposited. The sample was rinsed
chemically to remove all particulate matter and was
subjected to photoresist coating and soft baking. Then
the mask and sample alignment was done, and UV was
exposed to it. Development was done to obtain source
and drain geometric shapes. Finally by e-beam
evaporation the source and drain metal using titanium
(Ti) having a thickness of 30 nm and gold (Au) having
a thickness of 90 nm was implanted and contacts were
made by lifted-off processes.

The surface morphology of MgZnO film and
thickness of various layers of the transistor grown at
100 oC was measured using a field-emission scanning
electron microscope (FE-SEM). High-resolution x-ray
diffraction (XRD) with a Cu Kα radiation (1.540Å)
measurement was performed to analyze the crystal
quality of the channel layer. We measured the electrical
characteristics of the fabricated devices using a
semiconductor parameter analyzer (HP 4155A). 

Result and Discussions

Fig. 1 is the surface analysis of MgZnO film.  The
film shows polycrystalline structure and larger grain
size with fewer grain boundaries when compared with
ZnO based TFT as reported elsewhere [23]. Though
the surface was rough the two dimensional mode of
growth was not seen, thus the presence of Oxygen and
Argon gas plays effectively in producing high quality
film. Fig. 2 shows the X-ray diffraction pattern of
MgZnO thin film. The pattern shows wurtzite structure
of ZnO with c-axis orientation. As the peak (0002)
occurred at 34.4 o, ZnO material shows strain less
crystal [24] and remaining peaks were related to the
ITO [25]. No second phase was found in this film. The
diffraction peak also revealed better crystalline and the
larger grain size in the materials. Thus it indicated the
substitution of more Zn by Mg in the ZnO crystals. SEM

and XRD results revealed the surface morphology of
low T MgZnO film were improved by proper control of
growth parameters during sputter.

Fig. 3 shows the structure of fabricated MgZnO thin
film transistor possessing an inverted staggered
structure with bottom gated. Fig. 4 shows the SEM
image of cross-section view of the device. The
fabricated TFT devices had a channel layer (MgZnO)
at temperatures 100 oC with a thickness of 156 nm, a
dielectric layer with 182 nm and a gate layer with
198 nm. The growth rate of MgZnO semiconductor
was increased i.e thickness increased as compared with
GaZnO [26] grown at similar sputtering conditions.
Thus strong ionic bond was results in MgZnO film
[27]. Fig. 5 shows the output characteristics of
transistor taken between the drain current ID and drain

Fig. 1. Surface morphology of MgZnO film grown at 100 oC.

Fig. 2. XRD analysis of MgZnO film grown at 100°C.

Fig. 3. Structure of fabricated MgZnO TFT.
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voltage VDS at various gate voltage VGS ranging from
0V to 12V. The channel conductance curves showed a
smooth current saturation, without any lowers in output
current. This indicated that self-heating effect was
absent in the channel layer. D.Han et al [10] obtained
degraded output characteristics in GaZnO TFT stating
the defects present in between the channel and
electrodes layer and the same was reduced by
annealing treatment. A.K.Sahoo [28] and Y.H.Lin [29]
groups produced a-InGaZnO TFT and ZnO:Al TFT
with improper saturation and no explanations were
given. H.Y.Jung et al [30] fabricated LZTO TFT at RF
power of 100W with anomalous behavior of output
characteristics due to interfacial trap and bulk trap

densities. Manojkumar et al. [31] fabricated ZnO TFT
showing the presence of SHE due to interstitials
defects of the channel layer and the same effect was
reduced by NaF doped ZnO TFT. Weng et al. [32]
reported the carrier trap was created in the channel layer
because of more grain boundaries and generate further
defects while moving from the source to drain electrodes.
This cumulative process increase temperature in the
channel path results in degradation of output
characteristics. Here in MgZnO TFT, we suggested that
the absence of heating effect was due to the presence of
lesser grain boundaries due to large grain size and
reduced intrinsic defects present due to MgZnO
materials itself. Hence temperature rise along the
channel path is reduced due to the presence of fewer
grain boundaries. Also, incorporation of magnesium
metal element into zinc oxide suppresses oxygen
vacancies and reduces carrier density found in the
background of MgZnO TFTs [33]. In addition crowding
of current was not seen in the curve due to good ohmic
contact between the semiconductor layer and metal
electrodes. Fig. 6 is the transfer characteristics (ID versus
VGS, at VDS = 10 V) of TFT fabricated at 100 oC. The
current ratio (on/off) and leakage current were calculated
as ~105 and ~10-10A respectively. A threshold voltage
VT and mobility μFE was calculated in saturation region
from ID

1/2 vs VG curve as 15Vand 1.08 cm2/V.s
respectively. The value of channel width (W) was 300 µm,

Fig. 4. SEM image of cross section view of the device.

Fig. 5. Output characteristics of a TFT. 

Table 1. Comparison of device parameters fabricated by various deposition method.

Deposition
method

Dielectric
layer material

Temp 
Threshold

voltage
(VTH)

Mobility
(µFE)

cm2/V.s

Leakage
current (Amp)

On/off ratio References 

Atomic layer
deposition

SiO2 200 oC 8.1 3.6 ~10−10 ~106 [33]

Pulsed laser
deposition

SiO2 300 oC 0.7 6.7 - ~106 [34]

Spin coating SiO2 − 6.0 0.1 ~10-12 ~107 [35]

RF magnetron
sputtering

SiNx 100 oC 15V 1.08 ~10-10 ~105 Present work

Fig. 6. Input characteristics of a TFT.
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the channel length (L) was 10 µm and capacitance per unit
area (CSiNx) was 16 × 10−10 Fm−2. These values show the
operation of preferable enhancement mode of the TFT.
The various device parameters of MgZnO TFTs
fabricated by different deposition methods as reported
in literature were compared with the current work is
given in Table 1.

Conclusions

The study demonstrates the fabrication of TFT
device and the characteristics of MgZnO film grown at
100°C. When MgZnO was used as a channel layer, The
electrical characteristics of the device showed absence
of self-heating effect. MgZnO semiconductor material
film showed minimized defects of zinc interstitials and
oxygen vacancies and larger grain size with fewer grain
boundaries. Because of this carrier trap in the channel
path was significantly reduced which in turn minimized
the temperature rise along the channel path on applying
high voltage. Thus self-heating effect did not affect the
device characteristics. The calculated value of transistor
parameters revealed good performance of the device.
Hence the reduction of heating effect is an important
issue for the proper function of TFT device. 
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