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The authors report on the dielectric and leakage current properties of room temperature grown
MgO-Bay ¢St 4TiO3 (MgO-BST) composite thin films to be utilized InGaZnO, thin films transistors
(TFTs) fabricated on a polyethylene terephthalate (PET) substrate. The InGaZnO, TFTs with
MgO-BST gate dielectrics exhibited low operation voltage of 4 V, high on/off current ratio of
4.13x 10% and high field effect mobility of 10.86 cm?/Vs. These results verify that a room
temperature grown MgO-BST gate dielectric is a good candidate for producing high performance

InGaZnO,4 TFTs on plastic substrates. © 2008 American Institute of Physics.

[DOL: 10.1063/1.2954014]

Recently, InGaZnO, films have been the focus of much
interest as an active channel material for applications in
transparent and flexible thin film transistors (TFTS).lf3 In
particular, InGaZnO, TFTs offer n-type semiconductor char-
acteristics with a high mobility of more than 10 cm?/V s and
a reasonably high on/off ratio.* Although InGaZnO, offers
several attractive features, high voltage operation of
InGaZnO, TFTs is still a major barrier for the realization of
flexible, mobile, and battery-powered applications.5 There-
fore, it is important to use suitable gate dielectrics to drive
low voltage operation of InGaZnO, TFTs fabricated on plas-
tic substrates. In order to obtain a high on current at low
applied bias, high permittivity gate dielectric or thickness
reduction of the gate dielectric are required in order to in-
crease the capacitive coupling of the gate electric field to the
InGaZnO, layer. However, the requirement of maintaining a
high capacity can no longer be accommodated by thickness
reduction of gate dielectrics, particularly on plastic sub-
strates, which have inherent high surface roughness and poor
flatness. While there have been some early promising results
for high-k gate dielectrics with InGaZnO, channel layer, i.e.,
Y,0; (Refs. 1-4) and HfO,,® room temperature grown
high-k gate dielectrics are expected to suffer from poor leak-
age current characteristics at high voltage of >5 V, which is
detrimental to InGaZnO,4 TFTs operation.

In this work, we investigate on structural and dielectric
properties of a room temperature grown composite gate di-
electric of MgO-BaSr;4TiO; (BST) for application in
high performance InGaZnO, TFTs on plastic substrates. Al-
though Kang et al. reported the role of 3% Mg acceptor
doping in BST films, the phase was based on complete solid
solution due to small amount of Mg doping.7 There has been
very little in-depth study of the dielectric behaviors of
composite-gate dielectrics, i.e., excess MgO doped BST. Fur-
thermore, no reports on excess MgO doped BST composite-
gate dielectrics have provided clear evidence of the forma-
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tion of a nanocrystalline phase, which would lead to
improved leakage current characteristics, even when pro-
cessed at room temperature. In this regard, the suitability of
MgO-BST composite films as a gate dielectric for producing
high performance InGaZnO, TFTs on a plastic substrate is
discussed.

Disk-type undoped BST, (10, 20, and 30 mol % MgO)-
BST, and InGaZnO, targets were prepared by a conventional
mixed oxide method for pulsed laser deposition (PLD) and
sputtering deposition. 300 nm thick undoped BST and
10 mol % MgO-BST (MgO, ;BST;,), 20 mol % MgO-BST
(MgO,,BST(g), and 30 mol % MgO-BST (MgO,3BST,-)
thin films were deposited at room temperature using PLD
and a sputtering method, respectively. For PLD deposition, a
KrF excimer laser source (A=248 nm) was employed with a
repetition rate of 10 Hz and a fluence of 1-2 J/cm?. For
sputtering deposition, operating conditions of 80 W power,
60 mTorr working pressure, and a pure Ar gas atmosphere
were used to deposit MgO-BST composite thin films.

For the dielectric and electrical measurements, a metal-
insulator-metal (MIM) structure was formed on Pt coated
Si substrates. Detailed measurement set-up is described
elsewhere.” The microstructures were analyzed using a trans-
mission electron microscope (TEM) (Tecnai 30 S-Twin) op-
erated at 300 kV.

In order to investigate the suitability of MgO-BST com-
posite thin films as a gate insulator, InGaZnO, TFTs were
fabricated on a PET substrate. A 100 nm thick Cr gate elec-
trode was deposited by dc magnetron sputtering using a
shadow mask. Then, MgO,;BST,,; gate dielectrics and
40 nm thick InGaZnO, channel layers were deposited at
room temperature by rf magnetron sputtering. Al source
and drain were deposited by evaporation through shadow
masks to obtain channel lengths of 50 um and width of
2000 pm. The detailed TFTs experimental setup is described
elsewhere.’

Figure 1 shows the dielectric constant-electric field char-
acteristics of 300 nm thick BST and MgO-BST composite
films deposited by PLD as a function of MgO content. The

© 2008 American Institute of Physics
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FIG. 1. (Color online) Dielectric constant-electric field characteristics of
pure BST and MgO-BST composite thin films deposited by PLD.

pure BST thin films exhibited relatively high dielectric con-
stants of 32.5. The effective relative dielectric constants of
the 10, 20, and 30 mol % MgO-BST composite films are
reduced to 24, 21, and 18, respectively due to the lower
dielectric constant (~9.96) (Ref. 8) of MgO. The measured
dielectric constants are similar to those evaluated from a se-
ries connection of MgO and BST as shown in the TEM im-
age of Fig. 3(b). The dielectric constant can be calculated by
the following equation:9

1/enmgo-sT = VBst/€BsT + VMgo/ Emg0> (1)

where eggr and ey,o are the dielectric constants and Vggr
and Vyy,0 are the volume fractions of BST and MgO. The
dielectric constants of MgO, ;BST,o9, MgO,,BST;35, and
MgO,3BST,; films evaluated by Eq. (1) are 25.7, 21.3, and
18.4, respectively. The values of the calculated dielectric
constants correspond relatively well with the measured di-
electric constant values. Although higher MgO content re-
sults in a lower dielectric constant of the MgO-BST compos-
ite films, the dielectric constant (~18) of MgQO,;BST 5 thin
film remains high enough to achieve low voltage operation
of less than 10 V in InGaZnO, TFTs.

Figure 2 illustrates the current density-electric field char-
acteristics of PLD grown BST and MgO-BST composite thin
films measured in a MIM configuration. The magnitude of
the leakage current density at a given electric field indicates
that there is obvious dependence on the variation of MgO
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FIG. 2. (Color online) Leakage current characteristics of pure BST and
MgO-BST composite thin films deposited by PLD.
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Pure BST

FIG. 3. (a) HR-TEM image of pure BST thin films. The inset exhibits a
selected area diffraction pattern of the BST thin films. (b) HR-TEM image
of MgO-BST composite thin films. The inset shows the lattice fringe of
MgO nanoparticles.

content. With increasing MgO content, the leakage current
markedly decreased. A remarkable reduction in the leakage
current density could be achieved with a MgO,, ;BST ; ratio.
MgO, i.e., a wide bang gap insulator, is expected to reduce
the leakage current density due to its low dielectric constant
and low-loss value. As shown in Fig. 2, the measured leak-
age current density of the MgO,;BST; composite film re-
mained on the order of ~2X 1078 A/cm? even up to an ap-
plied electric field of 0.5 MV/cm, thus demonstrating
significant improvement in leakage current characteristics.
On the other hand, the undoped BST thin film showed poor
leakage current properties, i.e., low breakdown strength at
0.3 MV/cm, as shown in Fig. 2. Based on the above results,
optimum device operation could be anticipated with the use
of Mg0O,;BST,, composite films, which have a reasonably
high dielectric constant (~18) and offer enhanced leakage
current characteristics. Therefore, we have fixed the compo-
sition of the composite gate insulator, i.e., MgO,;BST,
and optimized the process parameters using sputtering to
provide large area device performance for the fabricated
InGaZnO, TFTs. The dielectric constant of MgO,;BST
thin films deposited by sputtering was reasonably high at
20. This is comparable with that (18) of PLD grown
MgO,;BST; thin films. In particular, markedly improved
leakage current characteristics were observed in room tem-
perature grown MgO,;BST,, thin films deposited by sput-
tering. The measured leakage current density remained on
the order of ~1 X 107® A/cm?, even up to an applied electric
field of 2 MV/cm (not shown). As shown in Fig. 2, the leak-
age current of the MgO,;BST, thin films is significantly
reduced by several orders of magnitude as compared to that
of pure BST thin films. This may be attributed to the exis-
tence of excess MgO, which would disperse randomly in the
amorphous BST matrix. Thus, MgO plays an important role
in blocking charge transport in the BST matrix.

In order to confirm this, we conducted a TEM analysis.
Figure 3(a) shows a high resolution TEM (HR-TEM) image
of pure BST thin film. The inset exhibits a selected area
diffraction pattern of a BST thin film. It is verified that the
pure BST films have an amorphous structure. On the other
hand, the HR-TEM image of the MgO,;BST,,; composite
film shows a locally dispersed nanocrystalline phase in an
amorphous matrix, as shown in Fig. 3(b). The diffraction
ring pattern confirms that the crystalline phase was MgO.
The d-spacings calculated from each rings are 2.46, 2.12,
1.48, and 1.25 A and they are well matched with (100),
(200), (220), and (311) of MgO, respectively, as reported in
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FIG. 4. (Color online) (a) A schematic diagram of an InGaZnO, TFT with a
MgO,;BST,; gate dielectric on a PET substrate. (b) Top view of the
InGaZnO, TFT fabricated on a PET substrate taken by optical microscopy.
(c) Output characteristics: drain-to-source current (Ipg) as a function of the
drain-to-source voltage (Vpg) at various gate-to-source voltages (Vgg), [a
channel length (L) of 50 um and a channel width (W) of 2000 um]. (d)
Transfer characteristics: drain-to-source current (Ipg) as a function of the
gate-to-source voltage (Vgs). Vs was swept from =5 to 10 V at Vg of 4 V.

Ref. 10. The inset of Fig. 3(b) presents a magnified view of
the local nanocrystalline phase of MgO. Two planes exhib-
ited perpendicular alignment. The interplanar spacing is
about 2.11 A, which corresponds to the (200) planes of
MgO. Therefore, the uniform distribution of MgO nanopar-
ticles could suppress leakage current flow in the BST matrix
due to their excellent insulating characteristics. This means
that a potential barrier could be built at the localized MgO/
BST interfaces due to the different band gap between
MgO (~7 eV) (Ref. 11) and BST (~4.3 eV)."? The good
leakage current characteristics of MgO,;BST,; gate dielec-
trics would be beneficial to the InGaZnO, TFTs perfor-
mance. To verify this, we fabricated bottom gate and top
contact InGaZnO, TFTs using room temperature grown
MgO,3BST,; gate dielectrics on PET substrates. A sche-
matic diagram and photoimage of the TFTs are presented in
Figs. 4(a) and 4(b), respectively.

Figure 4(c) shows the drain-to-source current (Ipg)
as a function of the drain-to-source voltage (Vpg) at various
gate-to-source voltages (V) of InGaZnO, TFTs with
MgO(3BST,; dielectrics. The InGaZnO, TFTs exhibit
n-channel behavior operating in accumulation mode, since
electrons are generated by the positive gate voltage (Vs).
The TFTs do not conduct at a gate voltage of O V. In par-
ticular, a superior gate-modulated characteristic with good
drain-to-source current saturation was observed, as shown in
Fig. 4(c). Ipg increased with an increase of Vg at low drain
voltage and showed saturation behavior at moderate drain
voltage due to pinch off of the accumulation layer in the
InGaZnO, channel layer. The high capacitance of the
MgO, ;BST 7 gate dielectrics resulted in low voltage opera-
tion of less than 4 V. The TFTs with MgO,;BST,; gate
dielectric exhibited high on current of 300 uA at Vgg=5 V.

Figure 4(d) shows the transfer characteristics of
InGaZnO, TFTs with MgO,;BST,, gate dielectrics. The
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gate voltage was swept from -5 to 10 V at a fixed Ipg of
4 V. Under these conditions, Ipg can be influenced by the
field effect mobility (ugg), the gate dielectric capacitance
(C)), the aspect ratio of the device (W/L), the gate voltage
(Vg), and the threshold voltage (Vy,), as shown below.

w
\’/E = ZCiM(VGS = Vin). (2)

As indicated in Eq. (2), the saturation mobility can be de-
rived from the slope of the (Ipg)!/? versus Vg curve while
the threshold voltage (V) of the device can be estimated by
extrapolation of the linear portion of the curve to zero drain
current. As shown in Fig. 4(d), the on current and off current
of the InGaZnO, TFTs were measured as 4.18 X 10 and
1.01 X 107'% A, respectively, giving an on/off current ratio of
4.13X 10° The measured Vy, and upz were —0.34 V and
10.86 cm?/V s, respectively. The subthreshold swing (SS)
was 0.46 V/decade. The SS value is slightly larger than that
of InGaZnO, TFTs using SiN, dielectric (~0.2 V/decade)
deposited at 300 °C and annealed at 350 °C."*!* This result
may be attributed to the interface trap between semiconduc-
tor and high-k gate dielectric. We could expect further en-
hancement of SS value by interface improvement.

In summary, we investigated the role of excess MgO in a
BST matrix as a gate dielectric. A remarkable reduction in
leakage current density could be achieved in MgO,;BST
composite thin films due to the suppression of charge carrier
transport. InGaZnO, TFTs with MgO,;BST;,; composite
gate dielectrics showed low voltage operation of 4 V due to
the high dielectric constant of MgQO(3;BST,;. The TFTs
showed high field effect mobility of 10.86 cm?/V s and a
moderate on/off ratio of 4.13 X 10°. The subthreshold swing
and threshold voltage were 0.46 V/decade and —0.34 V, re-
spectively. These results demonstrate the potential use of
room temperature grown MgQO, ;BST,, ; composite thin films
as a promising gate dielectric for producing InGaZnO, TFTs
fabricated on plastic substrates.
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