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Abstract 

Titanium-Zinc-Oxide (TiZO) thin-film transistors 

(TFTs) with bottom gate structure were successfully 

fabricated on flexible substrate at low temperature. Ef-

fects of oxygen partial pressure on performance of 

TiZO TFTs were studied. We found that the oxygen 

partial pressure has a significant impact on the perfor-

mance of TiZO TFTs, and the TFT developed under 

10% oxygen partial pressure exhibits optimum perfor-

mance with low VTH of 2.37V, high μsat of 125.4 cm
2
V

-1
s

-1
, 

steep SS of 195mV/decade and high Ion/Ioff ratio of 

3.05×10
8
. These results suggest that TiZO thin film is a 

promising candidate for high performance fully trans-

parent flexible TFTs.  

 

1. Introduction 

In recent years，thin film transistors（TFTs）fabricated 

directly on flexible plastic substrates have been widely in-

vestigated for new large-area application such as rollable 

display，electronic skins or woven electronic for smart 

textiles due to the thin substrate and the simplified fabrica-

tion process [1, 2]. Furthermore, metal oxide semiconduc-

tors especially IGZO have become subject of intensive in-

vestigation, due to their transparency, low temperature and 

low cost process [3].However, the high driving voltage, 

large gate swing and low device mobility are still the criti-

cal issues when the IGZO TFTs are fabricated on flexible 

substrate. Besides, In is a rare and toxicant element on earth, 

which is detrimental to industrial production. Therefore, 

seeking alternative oxide semiconductors with good char-

acteristics has become the key requirement. 

From the consideration mentioned above, we developed 

Ti-doped Zinc Oxide(TiZO) as the active layer, because Ti 

dopants in Zinc-Oxide can suppress the free carrier genera-

tion and obtain an optimal carrier concentration, which 

optimizing the electrical performances of TFTs [4]. In this 

study, Effects of the oxygen partial pressure on electrical 

characteristics of TiZO TFTs have been studied. The TFT 

fabricated under the optimum condition exhibits excellent 

performance. 

 

2. Experiments 

In this experiment, the conventional bottom-gate TiZO  

TFTs were fabricated on PET plastic substrate by standard 

photolithography and lift-off technique. Figure 1(a) shows 

the schematic cross-sectional view of device. Figure 1(b) 

shows the micrograph of a fully processed flexible bottom 

gate TFT. A 150-nm In-Sn-O (ITO) gate electrode was 

firstly formatted on PET plastic substrate using RF sputter-

ing at room temperature in pure Ar atmosphere. Secondly, a 

200nm SiO2 layer was deposited as the insulator layer by 

PECVD at 80℃. Then a 40nm TiZO layer was deposited by 

RF sputtering continuously at RT in various oxygen partial 

pressure using ZnO target doped with 3% TiO2. The oxygen 

partial pressure (pO2/pO2+pAr) was 0%, 10%, 20% and 

30%, respectively, under the working pressure (pO2+pAr) 

of 1Pa. Finally, the source and drain electrodes were depos-

ited with a 150-nm thickness ITO film. No intentional sub-

strate heating was performed during each deposition step 

and the process temperature was below 100℃. 

 

 

 

 

 

 

 

 

 
 

3. Results and discussions 
The electrical properties of TiZO TFTs were measured 

using probe station and semiconductor parametric analyzer 

(Agilent 4156C). The channel length (L) and Width (W) of 

TiZO TFT were 10μm and 100μm, respectively. Figure 2 

shows the transfer characteristics of TiZO TFTs fabricated 

at various oxygen partial pressure. It can be seen that the 

oxygen partial pressure has significant influence on the 

electrical performance of TiZO TFTs. The devices fabri-

cated in pure Ar atmosphere, by contrast, have insufficient 

performance with a relatively high Ioff, which is highly as-

sociated with the generation of abundant oxygen vacancy. 

Generally, a relatively large amount of oxygen vacancy 

induces the increase of carrier concentration, which will 

certainly result in high conductivity, namely, a high Ioff [5]. 

However, with increasing oxygen partial pressure, Ioff de-

creases dramatically, indicating that oxygen can certainly 

prevent the generation of oxygen vacancy. Table I shows 

the extracted electrical parameters of TiZO TFTs. As dis-

cussed before, the carrier concentration decreases with in-

creasing oxygen partial pressure, leading to the decrease of 

    
Fig. 1 (a) Schematic Cross-sectional view and (b) Micrograph 

of TiZO TFTs (W/L=100μm/10μm) 

(a) (b) 
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Ion. Whereas, the SS, μsat and VTH show a non-monotonic 

change with increasing oxygen partial pressure. The device 

under 10% oxygen partial pressure exhibits optimum elec-

trical characteristics with low VTH of 2.37V, high μsat of 

125.4cm
2
V

-1
s

-1
, steep SS of 195 mV/decade and high Ion/Ioff 

ratio of 3.05×10
8
. As TiZO film with less free carrier ex-

hibits better semiconductor characteristics and effectively 

enhance gate control, the performance of TiZO TFTs are 

significantly improved as oxygen partial pressure increases 

from 0% to 10%. However, when oxygen partial pressure 

increases from 10% to 30%, the device’ performance de-

generates. It can be explained that excess oxygen induces 

significant decrease of oxygen vacancy, leading to degen-

eration of Vth and μsat. Furthermore, excess oxygen can in-

duce abundant interface defects between channel and die-

lectric, which lead to the degeneration of SS and μsat. 

 
 

 

 
 

 
 

 
 

 
 

 

 

 

 

 

 

 

Table I The extracted electrical parameters of TiZO TFTs 

pO2/ 

pO2+pAr 

SS 

(mV/dec) 

μsat 

(cm2/V.s) 

Ion 

(mA) 

Ion/Ioff VTH 

(V) 

0% 658 41.8 1.98 1.64×101 3.20 

10% 195 125.4 0.79 3.05×108 2.37 

20% 356 64.0 0.31 7.51×107 2.86 

30% 460 15.3 0.015 2.32×106 4.79 

 

Figure 3 illustrates the XRD pattern of TiZO film with 

various oxygen partial pressure. A sharp peak was observed 

in the scan range which is almost match the diffraction 

peak position of ZnO, revealing that TiZO film was crystal-

lized in hexagonal structure with a preferred c-axis orienta-

tion. It demonstrated that Ti atoms successfully replaced Zn 

sites in the lattice. Furthermore, the diffraction peak inten-

sity decreases with the increasing oxygen partial pressure, 

indicating that the increasing oxygen partial pressure cer-

tainly suppresses crystallizing of TiZO film. Figure 4 illus-

trates the SEM images of TiZO TFTs with various oxygen 

partial pressure. The grain size deceases with increasing 

oxygen partial pressure. This is because excess oxygen 

accumulated at the grain boundaries and inhibited the 

growth of grain under high oxygen partial pressure [6], 

which also suppresses the crystallization of TiZO film. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 

The TiZO TFTs on flexible substrate at low temperature 

were successfully fabricated on flexible substrate. We var-

ied the oxygen partial pressure and studied its impact on 

electrical characteristics of TiZO TFTs. The TFT fabricated 

under 10% oxygen partial pressure exhibits optimum per-

formance with low VTH of 2.37V, high μsat of 125.4 

cm
2
V

-1
s

-1
, steep SS of 195 mV/decade and high Ion/Ioff ratio 

of 3.05×10
8
. These results suggest that TiZO thin film is a 

promising candidate in transparent flexible electronics. 
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Fig.2 Transfer characteristics of TiZO TFTs fabricated at vari-

ous oxygen partial pressure. 

 
Fig.3 XRD pattern images of TiZO film deposited at various 

oxygen partial pressure. 

  

 
Fig.4 SEM images of TiZO TFTs deposited at various oxygen 

partial pressure. 
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