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Effect of Alumina Buffers on the Stability of
Top-Gate Amorphous InGaZnO Thin-Film
Transistors on Flexible Substrates
Kyung-Chul Ok, Saeroonter Oh, Member, IEEE, Hyun-Jun Jeong, Jong Uk Bae, and Jin-Seong Park

Abstract— Flexible top-gate amorphous InGaZnO thin-film
transistors are fabricated on polyimide substrates. The effect of
the alumina buffer layers on the device performance and stability
is demonstrated using two types of atomic layer deposition
reactant sources: 1) ozone and 2) water. Alumina buffers formed
by water reactants have better barrier properties against the
ambient than those formed by ozone. Furthermore, less charge
trapping at sub-gap density-of-states occurs with higher film
density of the buffer layer. Stability characteristics under negative
bias temperature stress are enhanced by optimization of the
buffer layer formation on flexible substrates.
Index Terms— Amorphous InGaZnO (a-IGZO), thin-film
transistor (TFT), alumina buffer, atomic layer deposition (ALD).

I. I NTRODUCTION

F

Fig. 1.
(a) Cross-sectional diagram of top-gate structure a-IGZO TFT
with Al2 O3 buffer layers on a PI substrate, and (b) photo images of
2.5 cm × 2.5 cm PI substrate with TFT devices after de-bonding. After
de-bonding from the carrier glass, the initial radius of curvature (R0 )
is 27.5 mm.

LEXIBLE active-matrix devices are gaining interest in
the emerging display market due to the strong need
of thinner, lighter, unbreakable characteristics on curved or
rollable surfaces [1]–[3]. Amorphous InGaZnO (a-IGZO) thin
film transistors (TFTs) are suitable for flexible applications due
to its excellent uniformity, good electrical performance, and
device stability at a low process temperature [2], [3]. Flexible
substrates are required to withstand standard glass-based TFT
process temperatures. Polyimide (PI) substrates are widely
suggested due to their good thermal stability (> 350 °C) [3].
Furthermore, gas-diffusion barriers between the flexible substrate and devices are necessary to block water molecules
from the ambient permeating through the PI substrate [4].
Alumina (Al2 O3 ) buffer layers are intensively studied due to
their robust barrier properties against the atmospheric ambient
including H2 O and O2 [4], [5]. Atomic layer deposition (ALD)

of Al2 O3 films uses either ozone (O3 ) or H2 O as the oxidizing reactant source. O3 source is known to have less
byproducts and hydrogen impurities than the conventional
H2 O source [6]–[8]. Although many studies report the use of
ALD to form buffer layers in flexible TFTs, there has been a
lack of focus on the effect on stability characteristics between
various buffer conditions.
In this letter, we will discuss the effects and role of Al2 O3
buffer layers in flexible top-gate a-IGZO TFTs, using different
ALD reactant sources, H2 O and ozone, respectively. We will
focus on the buffer-dependent stability characteristics of
a-IGZO TFTs on PI films after release from the glass substrate.
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Fig. 1 shows a schematic diagram of a top gate
a-IGZO TFT structure on a flexible-PI-coated carrier glass.
A 100-nm-thick silicon nitride (SiNx ) film was deposited
by means of plasma enhanced chemical vapor deposition (PECVD) as the first diffusion barrier. Then, 40-nm-thick
Al2 O3 films were deposited by ALD using different reactant
sources: H2 O and ozone. The Al2 O3 films act as a second
diffusion barrier which can also reduce the mechanical internal
stress and hydrogen-related defects from the SiNx buffer
layer. Source/drain (S/D) electrodes are formed by depositing
150-nm ITO followed by a post-deposition annealing step
at 250 °C. After patterning the S/D electrodes by wet etch,
a 30-nm a-IGZO semiconductor film is deposited by means
of RF-sputtering at RF power of 100 W and O2 /(Ar+O2 )
ratio of 5%. After patterning the a-IGZO layer using diluted

II. D EVICE FABRICATION
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Fig. 2. Transfer characteristics of a-IGZO TFTs with Al2 O3 buffer formed
by (a) by H2 O ALD process and by (b) ozone ALD process. The slight
negative Vth shift (Vth < 0.5 V) and mobility increase after de-bonding can
be explained by the release of internal stress.
TABLE I
K EY D EVICE PARAMETERS OF F LEXIBLE a-IGZO TFTs. AVERAGE AND
S TANDARD D EVIATION VALUES OF 5 TFTs A RE G IVEN

acid, 100-nm Al2 O3 was deposited at 200 °C by ALD
to serve as the gate insulator. A sputtered ITO film with
150-nm thickness was used as the gate electrode. The
maximum processing temperature was 250 °C. The channel
width (W) and length (L) are 40 μm and 20 μm, respectively.
After TFT fabrication, the PI films were released (de-bonded)
from the glass carrier. Electrical device performance was characterized by a HP 4155A semiconductor parameter analyzer
and instability measurements were performed in 30% humidity
and in vacuum (3 mTorr), respectively.
III. R ESULTS AND D ISCUSSION
Fig. 2 shows the transfer characteristics of a-IGZO TFTs
with Al2 O3 buffer formed by H2 O and ozone ALD processes,
respectively, before and after de-bonding. No significant degradation occurs implying that the de-bonding procedure was
not damaging to the devices. Table 1 lists key device parameters of the two buffer types after de-bonding. Saturation
mobility (μsat ) and subthreshold slope (SS) are worse for the
device with the ozone-processed buffer. Difference in device
characteristics originate from the different buffer layers that
are in direct contact with the active layer. Two mechanisms
are possible: 1) hydrogen released from the underlying layers
including SiNx , 2) defects created by H2 O or O2 from the
ambient permeating through the PI and buffer layers.
To systematically investigate the effect of the buffer layer on
stability characteristics, we measure the devices under negative
gate bias temperature stress (NBTS, VGS = −20V at 60°C)
in relative humidity (RH) 30% air, and vacuum conditions.
Fig. 3 (a), (b) shows the change in transfer curves under

Fig. 3. Evolution of transfer curves under NBTS (VGS = −20V at 60 °C)
in RH 30% for the devices with (a) Al2 O3 (H2 O) buffers and (b) Al2 O3
(ozone) buffers, respectively. (c) and (d) are the same but in vacuum
condition. Saturation transfer curves (VDS = 10V) are shown for devices with
W/L = 40 μm/20 μm.

NBTS in RH 30% for the devices with Al2 O3 buffers
processed by H2 O and ozone, respectively. The device with the
Al2 O3 (H2 O) buffer shows only Vth = −0.46 V, while the
device with Al2 O3 (ozone) buffer shows Vth = −5.32 V
and SS degradation of 0.2 V/decade. On the other hand,
Fig. 3 (c), (d) shows the evolution of transfer curves
under NBTS in vacuum where the ambient effect can be
ignored [10]. By excluding the ambient effect, the device
with the Al2 O3 (ozone) buffer is largely improved to
Vth = −0.49 V. The device with the Al2 O3 (H2 O) buffer
also shows marginal improvement to Vth = −0.14 V.
In vacuum conditions, the effect of ambient water absorbed
by the PI lessens, while degradation from interface traps
and donor-like defects remain the same. SiNx layers include
large amounts of hydrogen that can potentially worsen device
performance by introducing charge trapping sites [11]. The
Al2 O3 (H2 O) buffer exhibits better resistance to both hydrogen
and ambient effects.
In order to investigate the material properties of each Al2 O3
film, X-ray reflectivity (XRR) and spectroscopic ellipsometry (SE) analysis is performed to obtain the film thickness,
density, and surface roughness. Fig. 4 (a) shows the XRR
measurement and data fitting of the two Al2 O3 films. Extracted
film thickness values are 40-nm, which agrees with SE results.
The densities of the Al2 O3 (H2 O) and Al2 O3 (ozone) films
are 3.14 and 2.97 g/cm3, respectively. SE analysis also shows
relative index values of 1.63 for Al2 O3 (H2 O) and 1.59 for
Al2 O3 (ozone), which implies that the Al2 O3 (H2 O) film has
a higher film density by the Lorentz-Lorentz relation [10].
The Al2 O3 (ozone) film in this work showed relatively lower
values of density and higher roughness, which may have lead
to degradation of device characteristics and reliability.
To understand the effect of the defects generated from the
PI and buffer layers on reliability, we extract the electronic
states within the band gap. The density-of-states (DOS) for
a-IGZO semiconductor was extracted by the Meyer-Neldel
rule (MNR) method [12], using measurement temperatures
of ranging from 25°C to 125°C. Fig. 4 (b) shows the
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IV. C ONCLUSION
We have investigated the reliability degradation caused
by the ambient, and the charge trapping at PI/SiNx -induced
sub-gap states. Formation of Al2 O3 buffer layers with high
film density and low surface roughness significantly improve
the device characteristics and reliability of flexible a-IGZO
TFTs due to better resistance against water molecules from
the ambient. This work provides guidelines on the evaluation
method of novel buffer materials and processes for flexible
applications. Furthermore, this work can give insight on the
desirable material properties of not only ALD Al2 O3 , but
Al2 O3 formed by other synthesis methods as well.
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