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Abstract 
We investigated the degradation of  In2O3-Ga2O3- 

ZnO (IGZO) thin-film transistors (TFTs), which is 
promising device for driving circuits of next-
generation displays. We performed the electronic 
stress test by applying gate and drain voltage. We 
discussed the degradation mechanism  by thermal 
analysis and device simulation. 
 

 
1. Introduction 

 
In recent years, oxide semiconductors1-2) have 

attracted considerable attention as promising materials 
for driving thin-film transistors (TFTs) of new 
displays such as organic light-emitting displays 
(OLEDs). The positive features of this material 
compared with amorphous silicon TFTs are 
fabrication temperatures lower than 200 oC and 
electrical properties such as high mobility and low 
threshold voltage. Such high performance enables us 
to design a peripheral circuit. Furthermore, owing to 
their wide band gap, they are regarded as suitable 
materials for “transparent electronics”.1-2)  

On the other hand, several papers3) have shown the 
poor stability of oxide semiconductor TFTs against 
electric stress. Therefore, reliability is a serious 
problem for the realization of a new display using 
oxide semiconductors. However, no studies have 
analyzed the degradation systematically. One obstacle 
to analyzing the degradation is the uncertainty in the 
trap density of states in the energy gap of a In2O3-
Ga2O3-ZnO (IGZO) film. In particular, few reports 
have addressed TFT degradation during circuit 
operation.4) 

In this study, we evaluated the reliability of oxide 
semiconductor TFTs with amorphous IGZO by 

applying gate and drain voltage stress. And, we 
investigated the difference between degradation 
caused by only gate voltage stress and both of gate 
and drain voltage stress. A thermal imaging system 
was used to analyze a thermal distribution during the 
stress. In order to clarify the degradation mechanisms, 
we tried to reproduce this degradation phenomenon 
using device simulator (ATRAS). We assumed a trap 
density of state and try to reveal the distribution of 
trap density in the IGZO thin film. 

 
 

2. Experimental  
 

A schematic cross-sectional image of a IGZO TFT5) 
is shown in Fig. 1. Mo metal was deposited on a glass 
substrate by sputtering. After the patterning of the gate 
metal by wet etching, a SiNx (ε= 7.0) film with a 
thickness of 400 nm was deposited as a gate insulator 
by plasma-enhanced chemical vapor deposition 
(PECVD) at 300 oC. Then an IGZO film with a 
thickness of 70 nm was deposited in a mixture of 
argon and oxygen gases. After patterning the active 
layer, the source and drain electrodes were formed by 
the lift-off process. A In2O3-Ga2O3- ZnO source/drain 
was fabricated by rf sputtering. Finally, the fabricated 
TFT was annealed for 1 h at 350oC in N2 ambient. 

  
Fig. 1. Cross-sectional image of the IGZO thin-

film transistor. 
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For the TFTs, various gate and drain voltages were 
applied as electric stress and changes in electrical 
properties were examined to evaluate reliability at 
room temperature. 

To analyze the degradation mechanism, thermal 
analysis using a thermal infrared imaging system 
(Infra Scope II) was performed. By stressing the TFT 
on the stage using semiconductor parameter analyzer, 
we measured surface temperature of the sample. InSb 
charge-coupled device (CCD) was used as the infrared 
detector, with a temperature sensitivity is 0.1 K. 

We tried to reproduce changes in the electrical 
properties observed experimentally using the device 
simulation software ATLAS. In this case, we assumed 
a trap density in the band gap of IGZO film with the 
TFT structure shown in Fig 1. The user-specifiable 
parameters are Gaussian state or tail-state trap density 
and donor or acceptor trap density within the energy 
gap. We can also set the characteristic decay energy of 
the tail state, half bandwidth, and energy levels of the 
Gaussian state within the energy gap.6) The a-IGZO 
structural disorder is expressed as tail state as 8) 
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Here, E is the trap energy, and Ec and Ev are 

conduction band energy and valence band energy, 
respectively. NTA is the acceptor trap density at the 
conduction band edge, and NTD is the donor trap 
density at the valence band edge. ETA and ETD are the 
characteristic decay lengths of energy at the acceptor 
and donor tails. Tail states are attributable to the 
distribution of bonding angles or lengths. 

The oxygen vacancies of a-IGZO were generally 
defined as the Gaussian distributed donor trap density 
located near the conduction band edge. In this paper, 
we proposed Gaussian-distributed acceptor trap 
density located near the valence band edge as a new 
state of trap density of a-IGZO. The trap distributions 
are represented as 8) 
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Here, EGA and EGD are the energies of the Gaussian-

distributed acceptor and donor trap densities. NGA and 
NGD are the peak trap densities, WGA and WGD are the 

energies of the half bandwidth of the Gaussian 
distribution. The subscripts T, G, A, and D stand for 
tail, Gaussian, acceptor, and donor states, 
respectively.8) 

We used calculated values of the energy gap and the 
half bandwidth of ETD reported in the literature.9) In 
addition, we proposed a new density of state (DOS) 
model to reproduce our experimental results assuming 
another type of trap. 

 
 

3. Results and discussion 
 

We have already reported the gate voltage 
dependence of TFT degradation.6) The threshold 
voltage shifted parallel to positive direction with 
increasing gate stress voltage as shown in Fig. 2 (a). 
After stress imposition, threshold voltage recovered 
without any annealing. To study the degradation of 
TFTs during operation in peripheral circuits, the 
effects of drain bias are very important. Changes in 
electrical properties under Vg=Vd=20 V stress are 
shown in Fig. 2 (b). The amount of the shifts in 
threshold voltage was not changed or decreased 
compared with the case of gate only stress. In addition, 
S changed after 10000 s of bias stress. 

We measured transfer curve changes under various 
drain voltage stresses at a fixed gate voltage stress of 
20 V and the amount of threshold voltage shift plotted 
with respect to stress time when drain voltage was 0, 
10, 20, or 30 V. In each case, electrical properties 
showed only parallel shifts without S value and field 
effect mobility changes for 1000 s of bias stress. The 
amount of threshold voltage shift decreased with 
increasing drain voltage stress, and electrons were 
trapped not at the interface but at spatially deep places 
in the channel layer of a-IGZO thin film.  

Transfer curves shifted to positive directions 
accompanied by S changes for 10000 s of bias stress. 
This degradation mode under gate and drain bias 
stress is different from the case of gate only stress. For 
example, the amount of the shift in the transfer curve 
decreased under gate and drain bias stress compared 
with the results of gate only stress; therefore, 
degradation occurred in both the positive and negative 
directions. 

These results suggest that there is a possibility of 
the transfer curve shifting parallel to a positive 
direction by gate voltage and to a negative direction 
by drain voltage at the same time under gate and drain 
voltage stress. Therefore, we estimated two 
degradation modes which shift positively and 
negatively. 
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We analyzed thermal distributions in TFTs during 
gate and drain voltage stress. The thermal 
distributions under various drain voltage stresses (0, 
10, 20 V) at a fixed gate voltage stress (20 V) are 
shown in Fig. 3. For the TFT size used in have, 
W/L=150/8 µm, thermal heating became much more 
pronounced than for W/L=90/10 µm used in electrical 
property measurements. The substrate temperature 
was set to 60 oC. 
A marked increase in maximum temperature was 
observed with increasing drain voltage stress under 
fixed gate voltage stress. Therefore, we confirmed 
Joule heating due to the drain current on the TFT 
channel layer. We thought that this thermal heating 
caused the threshold voltage shift when drain voltage 
stress was applied. In the degradation of Si TFT, the 
degradation of threshold voltage shift was accelerated 
by thermal heating in the TFT channel layer.17) 
Despite these results, the amount of 
threshold voltage shift decreased under 
drain voltage stress as we previously explained in Fig. 
2. Therefore, the transfer curve shifted parallel to the 
negative direction caused by drain voltage stress. 
 

 
 
 
 
 
 
 
 

 
Fig. 2. (a)Degradation of transfer characteristics 

by gate voltage stress of 20V. (b) Changes in 
transfer curves under the stress of gate and drain 
voltage Vg=Vd=20 V. Channel size was W/L=90/10 
µm. 
 

 
 
 
 
 
 
 

 
Fig. 3. Thermal images obtained by thermal 

infrared imaging system (Infra scope II ). Vg=20V 
and various drain voltage was applied. Gate size 
were W/L=150/8 µm. (Substrate Temp=60℃) 

 

We assumed that two degradation modes occurred 
under the conditions of applying gate and drain 
voltage stresses. 

1. Threshold voltage shift in the positive direction 
due to positive gate voltage stress. 

2. Threshold voltage shift in the negative direction 
due to drain voltage stress. 

Thus far, a few DOS models of IGZO-TFT have 
been proposed. In the previous model, transfer curves 
shifted parallel in the positive direction with 
decreasing NGD close to the conduction band. 
However, it is difficult to explain why the trap density 
decreased with increasing stress time. Therefore, we 
proposed a new DOS model. This model included an 
NGA close to the valence band in addition to the 
previous DOS model. 

The energy level of the NGA was set to 0.1 eV, and 
NGD was set to 2.7 eV. The energy level of NGD was 
the measured value. The attenuation length both of the 
NTA and the NTD trap density from ref. 13 was used. 
These tail state densities are in positions similar to the 
case of the silicon TFT.  

Between the off-region and the threshold voltage 
region, the Fermi level and the intrinsic level are 
approximately the same level. The Fermi level moves 
up to NGD below the threshold voltage; then, it go to 
NTA in the ON region. Therefore, NGD change imposes 
an S change, and NTA change imposes field effect 
mobility and on current changes. To put it another way, 
S changed in the experimental results because NGD 
changed. Field effect mobility and on current were not 
changed because the density of NTA was constant. 

When we assumed the model and increased the 
amount of NGA, we obtained the theoretical results 
shown in Fig. 4. At this time, the value of NGD was 
3×1017 cm-3eV-1. We succeeded in reproducing the 
parallel shift of the transfer curve to the positive 
direction by increasing only the amount of NGA. When 
the other parameters were changed, S values and on 
current or saturation current were varies from the 
experimental results.  

Next, we reproduced the shift in the negative 
direction of the transfer curve. We assumed the DOS 
model. When the NGD trap density close to the 
conduction band edge increased, the transfer curve 
shifted parallel to the negative direction without any 
change in on current or saturation current. However, 
the S value changed at high NGD trap density, similar 
to the case of 10000 s bias stress in the experimental 
results shown in Fig. 2 (a). 

NGD trap density is presumably due to oxygen 
vacancies (VO) and it is noted that VO was easily 
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increased by the effect of thermal heating. In general, 
VO makes a donor trap in IGZO. We explained the 
relationship between Joule heating and drain voltage 
stress. Therefore, NGD trap density (VO) increased 
with increasing Joule heating caused by drain voltage. 
It would appear that NGD and NGA have different 
origins, and so it is absolutely essential to investigate 
the origin of NGA. 

The amount of shift depended on the trap density at 
both NGA and NGD. In these simulations, transfer 
curves shifted parallel to the positive direction as NGA 
increased and to the negative direction as NGD (VO) 
increased. 
 

 
 
 
 
 
 
 
 
 
 

Fig. 4. Simulation results of parallel threshold 
voltage shift when increasing NGA close to the 
valence band edge. 

 
 

4. Summary 
 

We investigated the degradation of oxide-
semiconductor TFTs under DC stress conditions to 
achieve the driving circuit for next-generation 
displays. We examined the drain voltage dependence 
in addition to the gate voltage dependence. The 
amount of threshold voltage shift under gate and drain 
voltage stress is smaller than in the case of only gate 
voltage stress. From transfer curve changes, we 
assume that the transfer curve shifts parallel to the 
positive direction by gate voltage and to the negative 
direction by drain voltage simultaneously under gate 
and drain voltage stress. We confirmed the occurrence 
Joule heating due to the drain current in the TFT 
channel layer. We thought that the increase in VO by 
this thermal heating caused threshold voltage shifts 
when drain voltage stress was applied. Therefore, 
transfer curves shift to the negative direction as a 
result of Joule heating from TFTs. We analyzed the 
degradation mechanisms by device simulation. NGD 
trap density (VO) increased with increasing Joule 
heating caused by the drain voltage. It would appear 
that NGD and NGA have different origins, and so it is 
absolutely essential to investigate the origin of NGA. In 
these simulations, transfer curves shifted parallel to 

the positive direction as NGA increased and to the 
negative direction as NGD (VO) increased. Therefore, 
we could reproduce the transfer curve shifts seen in 
the experimental results when we assumed the trap 
level. 
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