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Abstract—In this paper, we report an analysis of electrical
bias stress instability in amorphous InGaZnO (a-IGZO) thin-
film transistors (TFTs). Understanding the variations of TFT
characteristics under an electrical bias stress is important for
commercial goals. In this experiment, the positive gate bias is
initially applied to the tested a-IGZO TFTs, and subsequently,
the negative gate bias is applied to the TFTs. For comparison
with the subsequently negative-gate-bias-applied TFTs, another
experiment is performed by directly applying the negative gate
bias to the tested TFTs. For the positive gate bias stress, a positive
shift in the threshold voltage (Vth) with no apparent change in the
subthreshold swing (SSUB) is observed. On the other hand, when
the negative gate bias is subsequently applied, the TFTs exhibit
higher mobility with no significant change in SSUB, whereas the
shift of the Vth is much smaller than that in the positive gate bias
stress case. These phenomena are most likely induced by positively
charged donor-like subgap density of states and the detrapping of
trapped interface charge during the positive gate bias stress. The
proposed mechanism was verified by device simulation. Thus, the
proposed model can explain the instability for both positive and
negative bias stresses in a-IGZO TFTs.

Index Terms—Density of states (DOS), electrical instability,
InGaZnO (IGZO), modeling, thin-film transistors (TFTs).

I. INTRODUCTION

T RANSPARENT oxide thin-film transistors (TFTs) are of
great interest for the applications in flat-panel displays,

optical sensors, and solar cells [1]–[4]. Recently, transparent
ZnO-based TFTs have attracted much attention for flexible
displays because they can be fabricated on plastic substrates
at a low temperature and have the ability to be used to produce
highly uniform and large area displays with a low production
cost [1]. In particular, amorphous InGaZnO (a-IGZO) TFTs
have arisen due to their high mobility and reasonable on/off
ratio [1], [2]. However, like other TFTs, the characteristic
variations of a-IGZO TFTs, such as the change of threshold
voltage (Vth), occur from bias stress, and those variations limit
the application of a-IGZO TFTs in display applications, such
as active matrix organic light-emitting diodes, resulting in the
nonuniform pixel brightness [5].
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For commercialization, understanding the electrical stability
of a-IGZO TFTs is important. Although several papers have
explored the electrical stability of a-IGZO TFTs [6]–[8], there
were limited papers explaining the origin of bias stress instabil-
ity with numerical modeling [8]. In addition, only acceptor-like
subgap density of states (DOS) was considered in a previous
report since a-IGZO is an n-type semiconductor [8]. However,
the acceptor-like subgap DOS does not offer a sufficient physi-
cal explanation of carrier transport in TFTs in this experiment.

In this paper, the positive gate bias is initially applied as an
electrical stress, followed by the application of the negative gate
bias stress to the tested a-IGZO TFTs. Additional donor-like
subgap DOS is proposed as an additional conduction carrier
transport mechanism for modeling to explain the change of TFT
characteristics, and the effects of the electrical stress on a-IGZO
TFTs are analyzed.

II. EXPERIMENTS AND MODELING SCHEME

The tested a-IGZO TFTs in this paper were fabricated on a
conventional staggered bottom gate structure [9], [10]. The test
structures were fabricated on a glass substrate with a 250-nm
Mo gate metal deposited by sputtering. The 200-nm SiNX layer
was then deposited as a gate dielectric by plasma-enhanced
chemical vapor deposition. The a-IGZO channel was deposited
by sputtering using a polycrystalline In2Ga2ZnO7 target with
a thickness of 40 nm. Finally, the source and drain electrodes
were deposited via sputtering and patterned via photolithogra-
phy and wet etching. The channel width (W ) and length (L) of
the TFTs were 50 and 25 μm, respectively. The current–voltage
(I–V ) and capacitance–voltage (C–V ) characteristics at 1 MHz
of the TFTs were measured using a Keithley 236 source mea-
sure unit and a Keithley 590 CV analyzer, respectively.

The gate electrode was stressed at 30 V for 104 s with
grounded drain and source electrodes to test the electrical insta-
bility of the a-IGZO TFT. After the stress test, the gate electrode
was subsequently stressed at −30 V for 104 s. Additionally,
another a-IGZO TFT was stressed by directly applying the neg-
ative gate bias for comparison with the subsequently negative-
gate-bias-applied TFT. The transfer (IDS–VGS) curve for the
TFT was measured during the stress test. A commercial ATLAS
device simulator produced by Silvaco, Inc., was used to analyze
the stress mechanism [11]. Four parameterized components
were used to express the subgap DOS, i.e., the acceptor-like
exponential and Gaussian functions and the donor-like expo-
nential and Gaussian functions.
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Fig. 1. Initial transfer characteristics for the tested TFT. (The sweep was
performed at VDS = 2.1 V.)

The acceptor-like states can be modeled by a linear superpo-
sition of the exponential and the Gaussian functions described
in [12]

gA(E) = NTA × exp
(

E − EC

WTA

)

+ NGA × exp

[
−

(
EGA − E

WGA

)2
]

(1)

where NTA is the conduction band edge intercept density, E is
the state energy, EC is the conduction band edge, WTA is the
characteristic decay energy, NGA is the total DOS, EGA is the
peak energy, and WGA is the characteristic decay energy. The
donor-like Gaussian function is described as

gGD(E) = NGD × exp

[
−

(
E − EGD

WGD

)2
]

(2)

where NGD is the total DOS, EGD is the peak energy, and WGD

is the characteristic decay energy.

III. RESULTS AND DISCUSSION

A. Initial Test

Prior to modeling of the gate bias stress test, the initial trans-
fer characteristic is modeled with the ATLAS device simulator.
Fig. 1 shows the transfer characteristics of the tested TFT.

The apparent field-effect mobility (μFE) is determined by

μFE =
Gm(

W
L

)
CiVDS

(3)

where Gm, Ci, and VDS are the transconductance, gate ca-
pacitance per unit area, and drain bias, respectively. For sim-
plicity of comparison between the experimentally measured
mobility and the simulation mobility parameters, the maximum
μFE (μFEmax) and the constant electron mobility (μn) [12]
are used in this paper, respectively. μFEmax is defined as the
maximum value of extracted μFE in the area of the measured
bias. The μFEmax, Vth, and subthreshold swing (SSUB) before
the stress test are 3.7 cm2V−1s−1, ∼1.9 V, and ∼428 mV/dec,

Fig. 2. Transfer characteristics of the tested TFT for positive gate bias stress
test (VGS = 30 V).

respectively. After fitting the initial data, the acceptor-like
subgap DOS parameters are extracted with NTA = 2.46 ×
1018 cm−3eV−1, WTA = 0.07, NGA = 1016 cm−3eV−1,
WGA = 0.86, and μn = 3.7 cm2V−1s−1. For the a-IGZO TFT,
EGA is fixed at EC to represent gradually descending deep-gap
states. These parameters are consistent with other previously
reported values [12], [13].

B. Positive Gate Bias Stress

Fig. 2 shows the plots of [log(IDS) − VGS], and the inset
shows the linear plots of the transfer characteristics before and
after the positive gate bias stresses.

The transfer curves are shifted in the positive direction by
incrementing the positive gate bias stress time with no definite
change in SSUB. In addition, the slope of the inset curves
does not change much despite the increase of the positive gate
bias stress time indicating that the change of mobility can be
ignored [14].

In previous reports, two main mechanisms for the shift in Vth

were identified. One is carrier trapping at the channel/dielectric
interface [15], [16], and the other is the creation of additional
defect states in the deep-gap states at or near the channel/
dielectric interface [17], [18]. A lack of SSUB variation indi-
cates that additional defect states are not generated [6], [8], and
therefore, the modeling of positive gate bias stress is analyzed
by just implying the channel/dielectric interface trap charge
(Qit) without changing the acceptor-like subgap DOS parame-
ters extracted from the initial data. The simulated data fit well
with the addition of Qit, as shown in Fig. 2. Table I represents
the extracted Qit. The positive Vth shift with increasing Qit

is explained by negative charge screening of the applied gate
bias [7]. Thus, an additional gate bias is required to turn on the
device due to the screening of the added trap charges.

C. Negative Gate Bias Stress

After the positive gate bias stress, the negative gate bias is
subsequently applied to the tested a-IGZO TFT. Fig. 3 shows
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TABLE I
SUMMARY OF THE EXTRACTED PARAMETERS FOR POSITIVE GATE BIAS

STRESS TEST (FOR THE INITIAL DATA, Qit IS SET TO BE ZERO)

Fig. 3. Transfer characteristics after negative gate bias stress test (VGS =
−30 V) where data at tST = 0 indicate the data after positive gate bias stress
of 104 s.

the transfer characteristics when the negative bias is stressed
for the tested TFT, and the inset shows the linear plots of the
transfer characteristics.

Vth is shifted negatively when it shows a relatively small shift
in the positive gate bias stress. The increase of the slope at
the linear transfer curves as the negative gate bias stress time
is increased indicates that the current level increases not only
from the shift of Vth but also from the increase of μFE[14].
The comparison of the μFEmax and the constant μn at the
tested experiments is shown in Fig. 4. It is found that μn well
follows the large increase of μFEmax when the stress changes
from a positive to a negative gate bias. Although μFEmax and
μn are a little different in some regions due to the modeling
and measurement errors, the overall trends of μn are well
matched with μFEmax for both the positive and negative gate
bias stress regions to sufficiently support the proposed model.
As shown in Fig. 4, the mobility rapidly increases after the
negative gate stresses are applied. The increase of mobility
can be explained by the previously reported characteristics of
IGZO. It is reported that IGZO has unique characteristics in that
the mobility increases as the carrier concentration increases be-
cause the carrier transport in IGZO is governed by percolation
conduction over the distribution of potential barriers around
the conduction band edge [1]. Considering the relationship
between the mobility and carrier concentration, a donor-like
Gaussian function is introduced which behaves as an additional
conduction carrier due to band bending caused by the gate bias
stress.

Fig. 4. Comparison of μFE max and μn for positive and negative gate bias
stresses.

Fig. 5. Schematic diagram illustrating the proposed mechanism of band
bending on the channel/dielectric interface when applying positive and negative
gate bias stresses.

Fig. 5 shows the proposed mechanism for band bending
on the channel/dielectric interface. In general, the donor state
is neutral if the Fermi level is above the state and becomes
positively charged if the Fermi level is below the state [19].
Kamiya et al. reported that the donor states of a-IGZO are
∼0.11 eV below the conduction band minimum [20]. Fig. 5
shows the two band bending diagrams when the positive gate
bias is applied and the negative gate bias is subsequently ap-
plied. In the positive gate bias stress, each donor state is neutral
because the Fermi level is above the states. However, when the
negative gate bias is applied, the donor states are positively
charged due to band bending. These positively charged donor
states can be thought of as providing additional carriers for the
conduction of the a-IGZO TFT, showing the rapid increase of
μFE during the negative gate bias stress.

In order to confirm this proposed conduction mechanism, the
model for the negative gate bias stress is executed with the ad-
ditional parameters. The acceptor-like subgap DOS parameters
are also fixed due to the lack of significant change in SSUB.

It is assumed that, during the negative gate bias stress, Qit is
detrapped gradually by the opposite gate bias, and positively
charged donor states are increased with increasing negative
gate bias stress time. To confirm the assumption, an additional
experiment is performed by directly applying the negative gate
bias to the tested TFT. As shown in Fig. 6, the SSUB and Vth
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Fig. 6. Transfer characteristics of initial TFT with directly applying negative
gate bias (VGS = −30 V).

Fig. 7. Gate-to-source capacitance (CGS) versus VGS with directly applying
negative gate bias (VGS = −30 V).

almost remain the same in spite of the increase of the negative
gate bias stress time which is similar with previously reported
results [7]. However, it is observed that the current level is
increased. By comparing Fig. 3 with Fig. 6, it can be concluded
that the cause of the negative Vth shift in the subsequently
negative-gate-bias-applied TFT is the detrapping of the Qit

during the positive gate bias stress.
The gate-to-source capacitance (CGS) with directly applying

the negative gate bias is also measured to verify the increment
of positively charged donor states, and the results are shown in
Fig. 7.

It is observed that the maximum value of CGS is increased
as the negative gate bias stress time is increased. It is indicating
that the positively charged donor states acting as the additional
conduction carriers are increased. Thus, it is verified that the
positively charged donor states are increased with increasing
negative gate bias stress time.

The increase of positively charged donor states is represented
by increasing NGD as shown in (2). The increase of NGD

indicates the increase of the total donor states. In reality, it
is assumed that positively charged donor states are gradually

Fig. 8. Simulation of transfer characteristics with and without NGD.

increased with no change of the total donor states as the
negative gate bias stress time increases. Due to the same Fermi
level for all modeled transfer curves at the same VGS because of
the same band bending of the channel/dielectric interface region
in simulation and modeling, NGD increased in this paper can be
represented by more positively charged donor states with fixed
NGD. Thus, the total donor states which can be represented
by NGD are increased to reflect more positively charged donor
states. In order to identify the effect of the increase in number of
NGD on the device characteristics in the absence of an increase
in mobility, the simulation results with and without NGD are
shown in Fig. 8. It is shown that the increase of NGD behaves
as additional conduction carriers. The sensitivity analysis is
also performed using the Silvaco optimizer simulation program
to analyze the effects of mobility and NGD numerically [11].
The sensitivity is calculated as the percentage change in a
target value divided by the percentage change in a single input
value. In this case, each effect of μn and NGD on the transfer
characteristics is calculated. As a result, it is found that the
μn sensitivity is 630%, and the NGD sensitivity is 320% for
the sensitivity simulation of the negative gate bias stress for
5000 s. Based on the result from the sensitivity analysis, it is
found that, even though the effect of μn is larger than that of
NGD, NGD cannot be ignored as a model parameter.

Based on the results shown in Fig. 3, the simulated values
are comparably matched with the measured data. The donor-
like Gaussian function EGD in (2) is set to be 2.9 eV (because
the energy bandgap of a-IGZO is set to be 3 eV), as reported
in a previous work [20]. The extracted values of Qit, NGD, and
WGD are summarized in Table II. In Table II, the difference
of NGD (ΔNGD) in between 1000 and 2500 s is larger than
ΔNGD in between 10 to 1000 s, while the difference of
μn (Δμn) in between 1000 and 2500 s is smaller than Δμn

in between 10 and 1000 s. It seems to be inconsistent that
μn increases as NGD increases. However, in this paper, Qit

and NGD are both considered in the negative gate bias stress
modeling due to the preceding positive gate bias stress test. In
the simulation environment, like increasing NGD, the decrease
of Qit also results in the increase of current because Vth shifts
to a negative position. In Fig. 3, it is shown that the difference
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TABLE II
SUMMARY OF THE EXTRACTED PARAMETERS FOR

NEGATIVE GATE BIAS STRESS

of the Vth shift (ΔVth) in between 10 and 1000 s is larger than
ΔVth in between 1000 and 2500 s. Due to the combined effect
of Qit and NGD in the negative gate bias stress, the tendency of
ΔNGD and Δμn cannot be accurately matched.

IV. CONCLUSION

In this paper, the electrical instability in a-IGZO TFTs has
been analyzed by testing, device modeling, and simulation. The
TFT showed a parallel shift in Vth under the positive gate bias
stress indicating the charge trapping of the channel/dielectric
interface. When the negative gate bias stress was applied, the
increase of μFE was observed, and the mechanism was not
investigated previously. In this paper, a donor-like Gaussian
function has been proposed for the model, and the proposed
mechanism of band bending on the channel/dielectric interface
has been verified by the device modeling and simulation. Con-
sidering the reported IGZO unique characteristics, the tendency
toward increasing mobility under the negative gate bias stress
can be explained by the increase of positively charged donor
states expressing additional conduction carriers. Therefore, it
has been concluded that the proposed model sufficiently rep-
resents the electrical instability of a-IGZO TFTs by simply
indicating the Qit and the subgap DOS parameters.
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