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Abstract In this work, we fabricate IGZO TFT devices on
flexible substrate at room temperature. The IGZO/TiO, TFT
has small subthreshold swing of 0.16 V/dec, but suffers large
gate leakage and negative threshold voltage. However, the
TiO, TFT with Y,03 buffer layers shows improved char-
acteristics including a low threshold voltage of 0.55 V, a
small sub-threshold swing of 0.175 V/decade and high field-
effect mobility of 43 cm?/Vs. Such good performance can
be attributed to the enhanced capacitance density and low-
ered gate leakage owing to the integration of large band gap
Y;,03 and low-temperature higher-« TiO;.

1 Introduction

The zinc oxide-based thin film transistors (TFTs) have been
studied extensively due to its promising application on
low-cost and large-area display. Furthermore, amorphous
InGaZnO («-IGZO) TFTs [1-11] present the potential for
the fabrication of high drive current on plastic substrate
after Nomura et al. reported the flexible TFTs using «-
IGZO channel [1, 2]. Even so, currently developing flex-
ible TFT still suffers large operating voltage and low de-
vice mobility. In addition to the above mentioned issues,
low threshold voltage and small sub-threshold swing are
also necessary for high speed operation. Fortunately, these
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transistor characteristics can be improved by modify the
device process, such as IGZO composition, channel thick-
ness, and high-« gate dielectrics [12—14]. It is worth to
note that high x materials cannot have high dielectric con-
stant (« value) at room temperature (RT) process due to
incomplete dielectric activation. The low « value caused
by high intrinsic defects and large leakage current cannot
be overcome at room-temperature process, even adopting
commercial dielectrics such as ZrO; (« ~ 18) [15] and
HfO, (k ~ 16) [16]. However, a low thermal budget of
<300°C for TiO; annealing to reach a very high « value
of >50 has been demonstrated in MIM capacitors [17,
18]. To investigate the feasibility of the RT flexible de-
vice, we fabricated high performance IGZO TFT utilizing
single-layer TiO, and trilayer Y,03/TiO2/Y>03 on flexi-
ble substrate. The room-temperature-processed trilayer TFT
can simultaneously achieve a small sub-threshold swing of
0.175 V/decade, a low threshold voltage of 0.55 V, and a
high field-effect mobility of 43 cm?/Vs under a drive volt-
age below 2 V.

2 Experiments

The TFT device was fabricated on the 300-nm thick insu-
lating SiO, grown on a flexible PC (polycarbonate) sub-
strate. A 35-nm-thick TaN bottom gate electrode was de-
posited by sputtering. Subsequently, the TiO; (56 nm and
112 nm) and Y,03/Ti02/Y>03 (33 nm/30 nm/33 nm) were
deposited using electron beam evaporation at room temper-
ature. Such a physical vapor deposition with low thermal
budget is preferred for the application of the gate dielec-
tric stack, especially for ultrathin interface formation [19] or
low-temperature flexible process [20]. Then the 25-nm thick
IGZO active layers were deposited using radio frequency
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(RF) sputtering from an IGZO target in a gas mixture with
30 % O;. Finally, 300-nm thick Al was thermally evapo-
rated to form source and drain metals where the channel size
was 521 ym x 32 um. The metal-insulator-metal (MIM)
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Fig. 1 C-V and I-V characteristics of Al/TiO,/TaN MIM capacitors
with 56-nm and 112-nm thick TiO; on flexible PC substrate

Fig. 2 (a) CET verse gate 10°

capacitors were also fabricated side-by-side to character-
ize the gate capacitance and leakage current. The deposited
TiO, and Y,03 and IGZO films were characterized by
atomic force microscopy (AFM), transmission electron mi-
croscopy (TEM), and energy dispersive X-ray (EDX). The
finished TFT devices were characterized by current—voltage
(I-V) and capacitance—voltage (C—V) measurements us-
ing an HP4156C semiconductor parameter analyzer and an
HP4284A precision LCR meter, respectively.

3 Results and discussion

Figure 1(a) and 1(b) show the capacitance—voltage (C-V)
and current—voltage (/—V') characteristics of Al/TiO»/TaN
metal-insulator-metal (MIM) capacitors with different thick-
nesses. The capacitance densities of 5.7 fF/um? and
2.9 fF/um? at 100 kHz are obtained for 56-nm and 112-
nm thick TiO; MIM capacitors, respectively. This means
that the very high « value of 38 can be extracted from
these TiO, dielectrics processed at RT. The large gate ca-
pacitance density may benefit transistor characteristics es-
pecially for increasing drive current and lowering operation
voltage. Besides, the leakage currents of 6.4 x 107 A/cm?
and 4.8 x 107> A/cm? at —1 V are also measured for 56-nm
and 112-nm thick TiO,, respectively. The large gate leak-
age should be originated from oxygen vacancies in n-type
TiO, with narrow band gap (3.05 eV) [21]. The reaction

leakage (CET-J,) characteristics
of TiO; and Y,03 MIM
capacitors. (b) AFM images of
TiO, and Y, O3 dielectrics on
TaN substrate
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equation is expressed as the following: VTZ:OX +2e~ + Ti—
O, — Ti-O%. Here, the VTzitOX is the oxygen vacancy in
RT-TiO,, which is responsible for leakage paths under bi-
asing. Although the intrinsic leakage issue can be further
reduced by increasing dielectric thickness, this may scarify
the capacitance density.

Figure 2(a) shows the plot of capacitance equivalent
thickness (CET) versus gate leakage current for RT TiO;
and Y;03. The RT-processed Al/TiO, gate stacks show
high gate leakage of >10~* A/cm? as the extrapolated CET
scales down to 3 nm. However, the Y,03 with large band
gap of 6 eV [21] shows a leakage current of <10~7 A/cm?
at 6-nm CET that is 500x lower than that of TiO,. Also,
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TaN
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b

Fig. 3 (a) Photograph and (b) cross-sectional schematic structure of
flexible and transparent IGZO TFTs using TiO; and YTY dielectrics

Fig. 4 EDX analysis of
amorphous IGZO active layer

the gate leakage at —1 V for Y,0O3 MIM capacitor still can
maintain >2 orders of magnitude lower than that of TiOy
one when the CET is continuously scaled down from 6 nm to
3 nm. In other words, the TiO, can reach higher « value, yet
leakage issue is not allowed for the low-power application.
The introduction of Y, O3 is a powerful scheme for lowering
off-state power, in contrast to single-layer TiO;. In addition,
it is preferred to have a flat gate stack to prevent bottom gate
leakage from rough plastic substrate for flexible TFT appli-
cation. From the AFM analysis shown in Fig. 2(b), the sur-
face roughness (root mean square; Rms) for TiO; and Y03
dielectrics on TaN substrate are only 0.73 nm and 0.81 nm,
respectively.

To perform a deep investigation on transistor character-
istics, we fabricated flexible IGZO TFT using the TiO; and
trilayer dielectric with Y,Oj3 buffer layers. The photograph
and schematic structure of flexible and transparent IGZO
TFT are shown in Fig. 3(a) and 3(b). Noteworthy is that
the TFT characteristics can be controlled by the composi-
tion of the IGZO active layer. In Fig. 4, the corresponding
EDX analysis of IGZO thin film confirms the presence of In,
Ga, and Zn elements, where the composition ratio is close to
that of sputter target. In addition to composition control of
IGZO, the channel carrier concentration is also determined
by oxygen vacancies in IGZO layer and thereby the oxygen
concentration control is important for RT process.

The output I;-V,; and transfer I;—V, characteristics of
TiO, and Y,03/TiO3/Y,03 (YTY) TFTs were shown in
Fig. 5(a) and (b), respectively. The IGZO/TiO, TFT shows
a small subthreshold swing of 0.16 V/decade and very low
operating voltage of 1 V, but suffers small I,/ o ratio of
<10 and negative threshold voltage of —0.3 V. This small
subthreshold swing is ascribed to both interface charge den-
sity and high gate capacitance:

Sub-threshold Swing

KT Caep + Ci
=—x1n10x<1+ﬂ> (1)
q CHk

Speckrum 1

Element Weight% Atomic%
0K 22.18 57.93

SiK 3.17 4.72
TiK 1.04 0.90
ZnK 14.97 9.57
Gak 23.52 14.10
InL 35.12 12.78
Totals 100.00
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Fig.5 (a) I;—Vy and (b) I,V characteristics of flexible TFT devices
using single-layer TiO, and trilayer structure with buffered Y,0O3

where Cqyep is the depletion capacitance density of a-IGZO,
Cj; is the capacitance density from charged interface traps
and Cyg is the gate capacitance density. The high Cyk by
using TiO; (x ~ 38) may be useful to lower subthresh-
old swing. The high capacitance density is also supported
by good CET scaling trend (Fig. 2(a)) that is favorable for
reaching large drive current under the fabrication of RT TFT
device.

To further improve device performance, the Y,03 was
used as buffer layer at the interfaces of IGZO/TiO; and
TiO,/TaN. From the measured results, the YTY TFT ex-
hibits the improved performance including subthreshold
swing of 0.175 V/decade, I,/ Ioff ratio of 9.5 x 10%, thresh-
old voltage of 0.55 V and field-effect mobility of 43 cm?/Vs.
Such high mobility is also related to the amorphous structure
of TiO; and Y03 with small surface roughness (Fig. 2(b)).
Additionally, the small gate swing is further supported by
low drive voltage (V,—V;) below 2 V, which is important
for flexible display applications with a low operation power.
The flexible RT TFT still exhibit a very high mobility that
is comparable to Si-based IGZO TFT even without an ad-
ditional passivation layer. From above experimental results,
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we can understand that a comprehensive consideration for
gate stack process is very important to implement a fully-
RT-fabricated flexible TFT.

4 Conclusion

The flexible IGZO/TiO, TFT using Y,O3 buffer layers
shows a low threshold voltage of 0.55 V, a small subthresh-
old swing of 0.175 V/decade and a high field-effect mobility
of 43 cm?/Vs at a very low drive voltage of Vo=V <2 V.
This device has the potential for the application of high-
speed low-power flexible ICs.
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