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Abstract 
In this study, high stable oxide thin-film transistors 

(TFTs) have been developed by using several 

approaching techniques, which including a change of 

the channel composition ratio in multi-component oxide 

semiconductors, a change of TFT structure with 

interfacial dielectric layers, a control of interface 

roughness, a channel-doping method, and so on. 
 

 

1. Introduction 

 

In the development of oxide-TFTs as driving 

transistors for transparent active matrix organic light 

emitting device (TAMOLED), an electrical stability is 

the most important subject to be guaranteed. Because 

exact mechanisms about that are not clear, and 

researchers have been tested the behavior using 

simple bottom-gated oxide-TFT structures. In most 

cases, the shift of the threshold voltage showed a 

severe amount [1-3]. Typically, they would be related 

with imperfect channel processing methods and (/or) 

external environmental conditions. From this point of 

view, we tried to fabricate robust oxide-TFTs using a 

staggered structure, which needs no additional 

passivation layer, and takes no energetic 

bombardment of sputtered active materials. 

In order to obtain high stable oxide-TFTs, we 

investigated several sources causing an electrical 

instability. That is to say, the composition ratio in 

multi-component oxide semiconductors, TFT structure 

with various dielectric layers, the interface roughness 

between the channel and the gate insulator, and the 

effect of a channel doping have been evaluated, using 

In-Ga-Zn-oxide (IGZO), Zn-Sn-oxide (ZTO), and 

impurity-doped Zn-In-Sn-oxide (ZITO) oxide 

semiconductors. 

 
 

2. Experimental  
 

We used the typical RF magnetron sputter system 

for depositing oxide semiconductors. Oxide targets 

were supplied from ANP corp. (over 99.99% purity, 

3” or 4” size). The gate insulator ‘Al2O3’ was formed 

by atomic layer deposition, which could be etched out 

by hot phosphoric acid (120 ℃). The basic pattern 

size was 40 μm (width) – 20 μm (length). The 

device performances could be electrically characterized 

by Agilent 4156C semiconductor parameter analyzer. 

 
 

3. Results and discussion 
 

Figure 1 shows the change of the threshold voltage 

of IGZO-TFTs under the constant positive bias stress 

of Vg = 20 V. A, B, and C-type mean the composition 

ratios of IGZO, namely, In:Ga:Zn = 2:1:2, 1:1:1, 2:2:1 

(atomic ratio). C-type top-gate TFT is the most stable 

one, which means that the stability of IGZO-TFT is 

related with the Ga amount in the channel. Nomura et 

al. reported that Ga can prevent the formation of 

oxygen vacancy and reduce the carrier concentration 

[4]. The trend of the electrical stability in Fig. 1 is 

likely to be dependent on the bonding strength of 

oxide semiconductors, but a negative shift needs to be 

analyzed [5].  Recently, a stability trend in ZTO-

Approach to High Stable Oxide Thin-Film Transistors for 
Transparent Active Matrix Organic Light Emitting Devices  

 

Woo-Seok Cheong1*, Jeong-Min Lee1, Jae Kyeong Jeong1,2, Sang-Hee Ko 
Park1, Sung-Min Yoon1, Doo-Hee Cho1, Minki Ryu1, Chun-Won Byun1, 
Shinhyuk Yang1, Sung Mook Chung1, Kyoung Ik Cho1, and Chi-Sun 

Hwang1 
1 
Transparent Display Team, Electronics and Telecommunications Research Institute,  

138 Gajeongro, Yuseong-gu, Daejeon,305-700,  Korea 
Tel.:82-42-860-5841, E-mail: cws@etri.re.kr 

2
Department of Materials Science and Engineering, Inha University,  

Incheon, 402-751, Korea 

 

Keywords: Oxide semiconductor, TAMOLED, Stability 



31-4 / W.-S. Cheong 

IMID 2009 DIGEST • 

TFTs has been investigated, where as a simple tool to 

diagnose the electrical instability, low frequency noise 

measurements can be applied [6]. 

For a low thermal processing, A-type of TFT was 

chosen due to the post-annealing temperature below 

200 oC. Figure 2 is showing the best result from the 

electrical stability under the constant current stress of 

3 μA, and 60 oC, where a Si3N4 interfacial dielectric 

layer was inserted into between the IGZO channel and 

the Al2O3 gate insulator. Recently, a comprehensive 

study on the interfacial dielectric layer in IGZO-TFTs 

has been carried out, where the stable character as 

shown in Fig.2 can be explained by a compensation 

effect between the hole-trapping and the electron-

trapping [7]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  Good quality figure with clear lettering. 
(2 line spacing) 

 

 

 

 

Fig. 1. The change of the threshold voltage under 

the condition of Vg = 20 V, where A, B, and C-type 

mean the channel composition, namely, 

In:Ga:Zn=2:1:2, 1:1:1, 2:2:1 (atomic ratio), 

respectively. 

 

 

The interface roughness between the channel and 

the gate insulator can affect the device stability, as 

shown in polycrystalline Si TFTs [8]. Similarly, in 

IGZO-TFTs we verified the effect of the surface 

roughness on the electrical stability under the constant 

current stress of 3 A, meaning that a electrical field 

on the rough interface can accelerate the degradation 

of devices [9]. Finally, we are conducting an original 

study on a channel-doping method to strengthen 

oxide-TFTs with IGZO, ZTO, ZITO and so on [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The shift of the transfer plots under the 

constant current stress of 3 µA, and 60 
o
C, where a 

Si3N4 interfacial dielectric layer was inserted 

between the IGZO (2:1:2, atomic ratio) and the 

Al2O3 gate insulator. 

 

 

Possible mechanisms on the electrical instability in 

oxide-TFTs can be summarized in Table 1. In case of 

a weak bias (or short stress time), a charge-trapping in 

the gate insulator will be dominant, while in the 

reverse case a generation of deep states in the channel 

will be prevailed, causing the increase of sub-

threshold swing. However, the negative shift under the 

bias stress should be investigated for understanding 

the behavior. In conclusion, high stable oxide-TFTs 

can be realized simply by minimizing the change of 

charges under the stress condition, due to above 

methods. 

 
 

4. Summary 
 

This study showed that the high stable oxide TFTs 

could be obtained by several approaches; control of 

channel compositions, TFT structures with IDLs, 

smooth interface roughness, and channel doping 

method with high oxide-bonding materials.  
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Table1. The possible mechanisms on the electrical degradation in oxide-TFTs 
 

Bias (V) ∆Vth ∆SS Possible Mechanisms 

0 Charge-trapping in the gate insulator 

+ Generation of deep states in the channel + 

- Reduction of defect states near interface 

+ 

-  Hydroxyl groups movements (?) 

- -  Hydrogen (or Hydroxly) in the channel (?) 

 




