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1. Introduction 

ZnO-based thin film transistors (TFTs) have attracted 
much attention for their applicability to flat, flexible, and 
transparent display devices [1,2]. In addition, high-mobility 
characteristics have indicated that these devices could play 
roles in both the driving device of AMOLED and the 
switching device of AMLCD [3,4]. Despite of these merits, 
the electrical stability of ZnO-based TFTs can be easily 
degraded, which has been reported due to the temporary 
charge trapping by diverse defects such as interface traps, 
oxide traps and grain boundary traps. This electrical insta-
bility in ZnO TFTs can be also caused by defect state crea-
tion within the ZnO channel under the bias [5]. However, 
most researches on the instability have been based on the 
common dc current–voltage (I-V) measurement. The I-V 
analysis is indirect and not sufficient to discriminate defects 
location and properties. In this paper, we have adopted the 
low-frequency noise (LFN, 1/f noise) analysis method to 
investigate the instability mechanism of ZnO TFTs under 
the positive gate bias stress. The 1/f noise analysis is known 
to be a powerful tool for defect studies and to the quality of 
the channel layer and technological process used to elabo-
rate the structure [6,7]. 
 
2. Experiment 

In order to fabricate ZnO TFTs with inverted staggered 
structures, a Ti gate layer of 100 nm on the SiO2/Si sub-
strate is deposited by RF magnetron sputter at room tem-
perature. After the Si3N4 film of 200 nm is deposited as the 
gate insulator by PECVD at 150 °C, ZnO films as the 
channel layers are deposited by RF magnetron sputter at 
100 °C, respectively. In this experiment, the channel layer 
thickness was varied to 20 nm and 80 nm to fabricate the 
devices with different instability properties. Next, the pas-
sivation layer, insulation film between the channel layers, 
and contact/metal pad are formed. Measurements were 
made on devices with a channel length of 20 μm and a 
width of 50 μm.  

The constant positive gate bias stress in devices under 
test is applied by semiconductor parameter analyzer 
(4156C). The 1/f noise measurements are performed at 
room temperature using a dynamic signal analyzer 
(35670A) preceded by a low-noise current–voltage conver-
ter, a low-noise voltage amplifier (SR570), and Agilent 
4156C.  
 

3. Result and Discussion 
Fig 1 is the I-V characteristics of the fabricated device 

A (20nm) and B (50nm) before and after stress. In case of 
device A, the electrical properties are worse before the 
stress but the amount of Vth shift after stress is smaller and 
recovered after relaxation time, which shows that the insta-
bility properties are different according to the active layer 
thickness. It may be because the process condition influ-
ences on the film quality. 1/f noise of device A and device 
B were measured under the gate bias stress voltage of 30 V 
and the stress and relaxation time of 104 at the fixed VDS of 
1.5 V. As shown in Fig. 2, the drain current power spectral 
density (SID) of both devices deviates from the ideal 1/f 
noise behavior (the exponent values in normal MOS device 
= 0.7~1.3), which can be explained due to deep traps at the 
grain boundaries near the interface [8]. Figure 3 shows the 
normalized drain current power spectral density (SID/ID

2) of 
both devices according to the gate overdrive voltage 
(VGS-VTH) after the gate bias stress and relaxation. The ori-
gin of 1/f noise can be discerned from the gate bias depen-
dency. If the slope of SID/ID

2 approached -1, it was known 
to follow the mobility fluctuation model which is closely 
related to the crystal quality of channel layer, while if it 
approached -2, it was following the number fluctuation 
model, which is induced by trapping/de-trapping of free 
carriers into the oxide trap sites near the interface [9]. The 
slopes of all devices fitted from 6 V to 15 V at a fixed fre-
quency of 20 Hz are about -1. That is, the instability of 
ZnO TFTs can be related to traps existing in the channel 
layer. Figure 4 shows αapp and VB of both devices accord-
ing to VGS-VTH after the gate bias stress and relaxation. 
Here, αapp can be used as a figure of merit to represent the 
grain boundary trap density and the height of the grain 
boundary potential barrier (VB) in inhomogeneous mate-
rials like the poly-crystalline semiconductor [10]. αapp and 
VB of both devices increases after the gate bias stress. As 
shown in Fig. 4 (a), device A under relaxation recovers the 
original characteristics, which can be explained as the fact 
that the free carriers under the bias stress is trapped tempo-
rarily into grain boundary trap sites in channel layer and 
when the stress bias is removed, they are de-trapped out of 
grain boundary trap sites. However, in Fig. 4 (b), αapp and 
VB of device B does not recover the initial properties under 
relaxation. This result is exactly in agreement with the 
transfer characteristics of Fig 1. In Fig 5, the electrical 
characteristics of both devices are summarized. In case of 
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device B, the sub-threshold slope (SS) are degraded under 
bias stress while SS of device A is almost invariable. From 
these 1/f noise as well as I-V analysis, the instability in de-
vice B is regarded to be the result of stress-induced created 
traps rather than pre-existing traps at or near the chan-
nel/gate oxide. It is also possible that the dominant charge 
trapping is in oxide not at the channel/gate oxide interface 
and grain boundary where carriers can be easily de-trapped 
without any thermal/bias annealing [5]. Moreover, as 
shown in Fig. 6, the charge injection into oxide is sup-
ported by smaller breakdown voltage (BV) of device B 
under stress than that of initial device B. That is, the relia-
bility degradation of device B can be explained due to trap 
creation at interface between channel layer/gate oxide and 
charge injection into gate oxide. 
 
4. Conclusions 
 In this paper, 1/f noise analysis is carried out in ZnO TFTs 
under the gate bias stress and relaxation varying channel 
thickness. The SID of both devices deviates from the ideal 
1/f noise behavior, which can be explained due to deep 
traps at the grain boundaries near the interface. All devices 
follow the mobility fluctuation model, which can be related 
to traps existing in the channel layer. αapp of both devices 
according to VGS-VTH after the gate bias stress and relaxa-
tion is investigated. The device A under relaxation recovers 
the original characteristics, which is exactly in agreement 
with I-V measurement results. It means the temporary 

charge trapping at the grain boundary traps is dominant 
under the stress. However, αapp value and the transfer para-
meters of device B do not recover the initial values under 
the relaxation, and SS is dreaded after the gate bias stress. 
Moreover, device B under stress has smaller BV than initial 
device B. That is, the electrical reliability degradation of 
device B can be explained due to trap creation at interface 
between channel layer/gate oxide and charge injection into 
gate oxide. 
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Fig. 1. Transfer characteristic curves 
of ZnO TFTs before and after stress, 
and under relaxation. 

Fig. 2. SID according to frequency 
in ZnO TFTs. 

Fig. 3. SID/ID
2 according to VGS-VTH after the stress bias of 30 V for the stress 

and relaxation time of 104 sec in ZnO TFTs. 
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Fig. 4. αapp according to VGS-VTH under the stress bias of 30 V for the stress 
and relaxation time of 104 sec in ZnO TFTs. 
 

Fig. 5. Mobility and SS of ZnO TFTs 
before and after stress, and under 
relaxation. 

Fig.6. Breakdown voltage (BV) of 
device B under stress and initial 
device B 
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