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Abnormal Thermal Instability of Al-InSnZnO
Thin-Film Transistor by Hydroxyl-Induced
Oxygen Vacancy at SiOx/Active Interface

Guk-Jin Jeon , Junghoon Yang , Seung Hee Lee, Wooseok Jeong, and Sang-Hee Ko Park

Abstract— We scrutinized the barrier capability of SiOx,
plasma Al2O3 (P-Al2O3)/SiOx, and SiNx/SiOx passivation
layers (PLs) on the environmentalstabilities of back-channel
etched Al-doped InSnZnO (Al-ITZO) TFTs at 85 ◦C with a
relative humidity of 85 % for 30 days. Turn-on voltage (VON)
of SiNx/SiOx-passivated TFTs was dramatically shifted to
the negative direction and became conductive.Compared to
those of SiOx and P-Al2O3/SiOx films, more hydroxyl groups
existed at the PL/active interface of SiNx/SiOx-passivated
Al-ITZO films. Water vapor transmission rates showed that
abnormal behavior was not attributed to barrier capabil-
ity of PL against the water vapor. When all TFTs were
kept at 85 ◦C for 30 days in an air-drying oven, only the
VON of SiNx/SiOx-passivated TFTs shifted negative direc-
tion and finally became conductive. Secondary ion mass
spectroscopy (SIMS) results revealed that this abnormal
behavior originates from the formation of oxygen vacancy
due to highly existed hydroxylgroup at SiOx/Active interface
at an elevated temperature.

Index Terms— Al-doped InSnZnO (Al-ITZO) TFT,
SiNx/SiOx passivation layer, oxygen vacancy, hydroxyl
groups.

I. INTRODUCTION

AMORPHOUS oxide semiconductors (AOS) have drawn
much attention due to their many advantages such as

high mobility, uniformity, stability, and application to the
diverse electronic devices [1]–[7]. Among them, the high-
mobility of oxide thin film transistors (TFTs) is very important
for realizing high-resolution of active matrix-type electronic
devices, not only for displays but for diverse sensors [8].
Despite their demands, achieving high-mobility oxide TFTs
with excellent environmental stability is still challenging.
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Fig. 1. Process procedure to fabricate Al-doped InSnZnO BCE TFT with
various passivation layers.

In the case of a high-mobility oxide TFT, the device char-
acteristics can be significantly affected by the passivation
process [9], [10].

Typically, SiOx and SiNx deposited by plasma-enhanced
chemical vapor deposition (PECVD) are widely used as
passivation materials of oxide TFTs. Many research groups
have studied the effect of the passivation process on the
electrical performance of InGaZnO (IGZO) TFTs. Although
the barrier capability of SiOx is generally poorer than that
of SiNx, it is a common practice to use SiOx in oxide
TFTs as a first passivation layer (PL) due to the control
of Von. For both excellent barrier capability and electrically
stable device performance, a double-stacked layer, such as
SiNx/SiOx, has been investigated for the passivation of IGZO
TFTs [11], [12]. However, the performance of oxide TFT is
significantly affected by the hydrogen, especially during the
SiNx deposition [13]. Despite these findings, there were no
related reports about the effects of external heat and/or water
on the electrical stability of Al-doped InSnZnO (Al-ITZO)
TFTs, which is one of the promising channel materials for
high-mobility oxide TFTs, with SiNx/SiOx double passivation
layer [14].

In this study, we observed a dramatic negative shift of
turn-on voltage (Von) of Al-ITZO TFT with SiNx/SiOx PL
under high temperature and humidity. To clarify the origin
of this abnormal behavior, the relationship between the TFT
characteristics and PL was investigated by decoupling the
moisture and heat.
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II. EXPERIMENT

Fig. 1. shows all of our TFT fabrication processes. We
fabricated BCE-structured high mobility Al-ITZO with three
different PLs such as a SiOx, each pair of P-Al2O3/SiOx
layers and SiNx/SiOx layers. Firstly, An 80 nm-thick Mo
film was deposited on a glass substrate by sputtering and
patterned into a gate electrode. SiOx film with a thickness
of 200 nm was deposited at a temperature of 380 oC to prevent
H diffusion from the GI into the active layer during post-
annealing. The deposition of an Al-ITZO active layer was
conducted by sputtering with an Ar:O2 ratio of 7:3, followed
by wet patterning. A Mo film was deposited by sputtering
and patterned to form a source and drain electrode. The back
surface of all TFTs was treated with N2O plasma in a PECVD
chamber to reduce the carrier concentration of the backchannel
before deposition of a PL.

SiOx PL with a thickness of 100 nm was formed in situ
via PECVD at 300 oC using N2O and SiH4 gases. Some
of the TFTs with SiOx PL were transferred into the ALD
chamber and Al2O3 film with a thickness of 50 nm was
deposited as a second PL by plasma ALD (P-Al2O3) using
trimethylaluminum and O2 plasma. Some of the TFTs with
SiOx PL were passivated by a 50 nm-thick SiNx film by
PECVD using NH3 and SiH4 gases. All TFTs were post-
annealed at 300 oC under vacuum for 2 hours.

The electrical performances of all TFTs were charac-
terized with a semiconductor parameter analyzer (4156A;
Agilent). SiOx/Al-ITZO/SiOx (BCE1), P-Al2O3/SiOx/Al-
ITZO/SiOx (BCE2), and SiNx/SiOx/Al-ITZO/SiOx (BCE3)
were deposited separately on a Si wafer. The films were
analyzed via secondary ion mass spectroscopy (SIMS; IMS 7f;
CAMECA). X-ray photoelectron spectroscopy (XPS) analyses
were performed using a Sigma Probe (Thermo VG Scientific).
The BCE1, 2, and 3 stacks were deposited for SIMS and
XPS analysis subjected to the same annealing processes as
the TFTs.

To analyze environmental stability, all TFTs were stored at
a temperature of 85 ◦C and relative humidity of 85 %. The
channel width/length of TFTs measured after 85 ◦C and 85 %
stress and 85 ◦C stress was 40 µm/20 µm and 40 µm/40
µm, respectively. To analyze barrier capability, passivation
film/Al-ITZO stacks were deposited on a polyimide substrate
with low barrier capability. The water vapor transmission rates
(WVTRs) of the films were measured by an AQUATRAN
Model 1 instrument (MOCON).

III. RESULTS AND DISCUSSION

To evaluate the environmental stability of TFTs with various
PLs, all TFTs were stored in a chamber under a temperature
of 85 ◦C and a relative humidity of 85% for 30 days. As shown
in Fig. 2(a)∼(c), the stability of each TFT varied significantly
depending on the PL. Interestingly, the initial Von of BCE3
TFTs was shifted more negatively compared to those of
other ones due to the increased doing of H during the SiNx
deposition. In the BCE1 and BCE3 TFTs, each Von was
negatively shifted. The transfer characteristics of BCE1 TFT
showed a hump after 5 days. The poor barrier of SiOx PL
allows water vapor diffusion into the oxide semiconductor
to increase the carrier concentration in the backchannel due

Fig. 2. Stability of Al-ITZO TFTs with (a) SiOx (BCE1), (b) P-Al2O3/SiOx
(BCE2), and (c) SiNx/SiOx (BCE3) PLs at temperature of 85 ◦C and a
relative humidity of 85 %. The drain voltage during the measurement of
transfer characteristics was 0.1 V. The channel width and length have
40 µm and 20 µm, respectively.

to the electron doping effect of water molecules [15]. This
increase of the carrier density induces the formation of a back
channel, resulting in the hump. The hump gradually increased
over time but the transfer characteristics almost recovered to
their initial state after post-annealing at 200 ◦C under vacuum
due to out-diffusion of water from the active layer. As shown
in Fig. 2(a), a single SiOx PL could not protect Al-ITZO
TFT from the permeation of water under a high-humidity
environment. Meanwhile, the Von shift in the BCE2 TFT was
0.5 V, even after 30 days due to the robust barrier capability
of the P-Al2O3 second PL (Fig. 2(b)). The TFTs with the
P-Al2O3 PL showed highly stable performance under high
temperature and humidity. On the other hand, the BCE3 TFT
shows an abrupt negative Von shift after 5 days, as illustrated in
Fig. 2(c). The BCE3 TFT was not recovered to its initial state
even after post-annealing at 200 ◦C in a vacuum. SiNx film is
known to be an excellent barrier to water and/or hydrogen, so it
is difficult to conclude that this abrupt shift in BCE3 occurred
by the permeation of water.

Since the passivation layer can affect the backchannel of
the active layer, XPS analysis was performed to investigate
the chemical bonding states at the passivation/active interface.
As shown in (Fig. 3(a)∼(c)), we deconvoluted the O 1s peak
and divided it into four Gaussian curves to analyze the
presence of O-related species [16]–[18]. The area ratios of
the M-O, Vo, and OH peaks shown in Fig. 3(d) indicate the
relative concentrations of three O components. In the PL/active
interface, the O 1s peaks of BCE1, BCE 2, and BCE3 have
the OH ratios of 25.45, 19.23 and 40.93 %, respectively.
Compared to those of BCE1 and BCE2, the OH ratio of
BCE3 is significantly higher. The OH ratio can be increased
when interstitial H (Hi) combines with O, which indicates
the increase of weakly bonded oxygen species [19], [20].
Therefore, the dramatic negative Von shift of BCE3 TFT can
be attributed to an increase of hydroxyl groups.

To exclude the barrier capabilities of the PLs from the origin
of the abnormal Von shift at 85 ◦C, we measured their WVTRs
(not shown here). The SiOx, P-Al2O3/SiOx, and SiNx/SiOx
PLs had WVTR values of 0.282, 0.054, and 0.186 g/m2 day,
respectively, after 60 hours and the WVTRs of all films satu-
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Fig. 3. XPS results of Al-ITZO with (a) SiOx (BCE1), (b) P-Al2O3/SiOx
(BCE2), and (c) SiNx/SiOx (BCE3) PLs. (d) the area ratios of oxygen
species such as M-O, Vo, and OH, respectively.

Fig. 4. Stability of Al-ITZO thin-film transistors with (a) SiOx (BCE1),
(b) P-Al2O3/SiOx (BCE2), and (c) SiNx/SiOx (BCE3) PLs at a tem-
perature of 85 ◦C in an air-drying oven. The drain voltage during the
measurement of these characteristics was 0.1 V.

rated. The application of the Al2O3 film improved the barrier
capability by almost a factor of 10 compared to that of a single
SiOx film. Meanwhile, the WVTR results also showed a higher
barrier capability for the SiNx/SiOx film than the SiOx film,
which suggests that the abrupt Von shift of BCE3 not caused
by only the permeation of water, but can be attributed to the
combined effect of high humidity and temperature conditions.
Therefore, all TFTs were stored for 30 days at 85 ◦C in an air-
drying oven. As shown in Fig. 4, the transfer characteristics of
the BCE1 and BCE2 TFTs showed no significant changes over
the 30 days period (Fig. 4(a)∼(b)). The Von of BCE3 TFT,
however, shifted dramatically in the negative direction after
just 5 days and its transfer curve shows metallic characteristics
(Fig. 4(c)). This confirms that the dramatic Von shift of the
BCE3 TFT was due to the heat.

To determine the origin of the Von shift caused by heat, the
BCE2 and BCE3 films were analyzed by SIMS (Fig. 5). The
BCE2-85 and BCE3-85 films were stored for 16 days at 85 ◦C
in the air-drying oven, and compared to those stored at room
temperature (BCE2-RT and BCE3-RT). For both BCE2 and
BCE3, the amount of H decreased over the entire region of
the active layer (Fig. 5(a)). Assuming that H acts as a shallow
donor, the reduction of H content would not be directly related
to the negative Von shift.

Fig. 5. SIMS depth profiles for the (a) hydrogen and (b) oxygen
(c) hydroxyl group of BCE2 and BCE3 films before (RT) and after storage
at 85 ◦C. The blue, orange, and green regions indicate the SiOx PL,
Al-ITZO active layer and SiOx gate insulator, respectively.

On the other hand, the O content of the BCE2 and
BCE3 films showed different results before and after storage
at 85 ◦C (Fig. 5(b)). While the amount of O in BCE2 did
not change, that of O in the BCE3 decreased over the entire
region of the active layer after storage at 85 ◦C, as did H. The
reduction of O content can cause an increase of Vo in the active
layer. Since some of Vo act as an intrinsic donor in amorphous
oxide semiconductors, it induces an increase in carrier density,
resulting in a negative Von shift as shown in Fig. 4(c). Since
both the O and OH content in the active layer decreased in
BCE3, we suggest that highly existed hydroxyl groups can
induce the formation of oxygen vacancies by the reaction with
the extra H (Fig. 5(b)∼(c)), as reported previously [21]. This
suggestion is very consistent with the previous XPS results,
as shown in (Fig. 3(a)∼(d)).

IV. CONCLUSION

In this work, we suggested that the origin of abnormal
thermal instability for the Al-InSnZnO thin-film transistor with
SiNx/SiOx PL. SiOx PL layer with poor barrier performance
could not prevent water incorporation into the active layer
to yield degraded Von characteristics. To improve this poor
barrier property, we applied the SiNx/SiOx PLs to the Al-ITZO
TFT. Nevertheless, to our surprise, the TFT with SiNx/SiOx
PLs showed huge a negative Von shift under the thermal effect.
According to the conventional mechanism, the negative Von
shift had to be attributed to the role of the shallow donor
by the diffusion of external H. However, the Al-ITZO TFT
passivated by SiNx/SiOx contains relatively high portion of
hydroxyl group in active layer due to the H incorporation
during the SiNx deposition. At an elevated temperature, it
seems to be vulnerable to generate Vo from the reaction of
M-OH and H+ to yield water and Vo.

Unlike the existing concept of the passivation layer, which
only emphasizes the role of preventing the permeation of
external water or oxygen, this study provides a new perspective
that the Vo induced by internally generated hydroxyl groups
can degrade TFT stability.
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