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Abstract 
The effects of In and Ga contents on characteristics of 

InGaZnO (IGZO) films grown by a sol-gel method and their thin 
film transistors (TFTs) have been investigated. Excess In 
incorporation into IGZO enhances the field effect mobilities of the 
TFTs due to the increase in conducting path ways, and decreases 
the grain size and the surface roughness of the films because more 
InO2

- ions induce cubic stacking faults with IGZO. Ga 
incorporation into results in decrease in carrier concentration of 
films and off-current of TFTs since Ga ion forms stronger 
chemical bonds with oxygen than Zn and In ions, acting as a 
carrier killer. 
 

1. Introduction 
Recently, an application of solution process to the oxide 

semiconductor thin film transistors (TFTs) has been the 
significant attention for the large are device applications of the 
information display, solar cells, and sensor [1-6]. It is because the 
oxide materials such as ZnO [1], InZnO (IZO) [2], ZnSnO (ZTO) 
[3], and InGaZnO (IGZO) [4-6] exhibit the higher performances 
including mobility, stability, and optical property than 
conventional silicon at an amorphous phase. In a previous study, 
we presented solution-processed nanocrystalline (nc)-IGZO TFTs 
fabricated at low temperature (below 450oC) and proposed a 
formation mechanism for the IGZO film from sol-gel solution [4]. 
In case of the IGZO compound system, it was suggested that a 
variation of In and Ga contents of the IGZO sol-gel solution was 
necessary to control the electrical characteristics of the TFTs. This 
was because it has generally been known that heavy metal indium 
cations share electrons in 5s-orbitals and act as electron pathways 
contributing to an increase in carrier mobility of TFTs [7]. 
Moreover, Ga is a key element to control the carrier concentration   
because the oxygen affinity of Ga is higher than those of In and 
Zn, and Ga2O3 suffers a difficulty in break the bond with oxygen. 

Therefore, in this study, we tried to control the performances 
of the IGZO TFTs using the variation of In and Ga concentration 
and investigated the effects on electrical, structural, and chemical 
properties of solution-processed films and TFTs with different In 
and Ga contents.  

 
2. Experiments 

A IGZO sol was produced by dissolving 0.5M of zinc acetate 
dihydrate [Zn(OAc)2·2H2O], indium nitrate hydrate 
[In(NO3)3·xH2O], and gallium nitrate hydrate [Ga(NO3)3·xH2O] 
in 2-methoxyethanol. IGZO films with different In and Ga 
contents were spin-coated and then thermally annealed in a 
furnace. Hall measurements were carried out to obtain electrical 
properties of the films using the van der Pauw configuration. The 

transfer curves of TFTs were measured in the dark at room 
temperature with a semiconductor analyzer. The structural 
properties of sol-gel derived IGZO films were examined by 
transmission electron microscopy (TEM). We analyzed and 
identified the chemical bonds of IGZO using X-ray photoelectron 
spectroscopy (XPS) measurement.  

 

3. Results and Discussions 
 

The spin-coated IGZO films were prepared on the SiNx gate 
insulator layer to investigate electrical properties as a function of 
In mol ratio. As the In mol ratio increases, the average electron 
concentration rises from 3.43×1014 to 1.48×1016 cm-3, and the 
average electrical resistivity decreases from 2.07×104 to 7.22×101 
Ωcm. Table I shows the transfer characteristics of the TFTs with 
solution-processed IGZO films as active channel layers for the 
different In mol ratios. All the TFTs exhibit good operating 
performance, with on/off ratios (Ion/off) of ~106. The field effect 
mobilities (µFE) of IGZO (1:1:2), IGZO (3:1:2), and IGZO (5:1:2) 
TFTs in the saturation region were extracted as 0.56, 0.90, and 
1.25 cm2/Vs, respectively. Also, subthreshold gate swing (S) 
values of 2.81, 1.16, and 1.05 V/decade were obtained for IGZO 
(1:1:2), IGZO (3:1:2), and IGZO (5:1:2) TFTs, respectively.  

 
TABLE I. Drain current – gate voltage transfer characteristics of 
~40 nm-thick solution-processed IGZO TFTs depending on the In 
concentration 

In:Ga:Zn 
mol ratio 

µFE 
(cm2/Vs)

Ion/off 
ratio 

Vth 
(V) 

S 
(V/decade) 

1:1:2 0.56 ~106 15.84     2.81 
3:1:2 0.90 ~106 3.52 1.16 
5:1:2 1.25 ~106 -5.09 1.05 
 
Figure 2 shows plain-view TEM images of IGZO samples 

with (a) 1:1:2, (b) 3:1:2, and (c) 5:1:2 mol ratios. All the samples 
were prepared at 400oC. IGZO (1:1:2), IGZO (3:1:2), and IGZO 
(5:1:2) have grains sizes of ~27.2, ~14.7, and ~7.6 nm, 
respectively. The grain size decreased with increasing indium 
content. This may be related to the solubility limit due to 
incorporation of indium into the IGZO [8,9]. The decrease in the 
grain size caused by the additional indium incorporated into the 
IGZO reduces the surface roughness, thereby decreasing trap den- 
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Fig. 2. TEM images and of sol-gel derived IGZO films for 
In:Ga:Zn ratios of (a) 1:1:2, (b) 3:1:2, and (c) 5:1:2. 

 
sity (Nt), increasing S, and improving the electrical performance of 
the transistor.  

Hall measurements on spin-coated IGZO films were 
performed to investigate the effect of Ga ratio in IGZO. As the 
Ga/Zn ratio was increased, the average electron concentration was 
decreased from 1.98×1018 to 7.61×1014 cm-3 and the average 
electrical resistivity was inversely increased from 2.77 to 
4.14×103 Ωcm. These electrical trends may be due to the variation 
of oxygen vacancy in solution-processed films, leading to increase 
in electron concentra chemical bonds with oxygen than Zn and In 
ions, and Ga2O3 has larger formation energy of oxygen vacancy 
than ZnO and In2O3 [10,11]. Therefore, it could be inferred that 
electron concentration was decreased with increasing Ga content 
in the film.  

 
TABLE II. Drain current – gate voltage transfer characteristics of 
~40 nm-thick solution-processed IGZO TFTs depending on Ga 
concentration 

In:Ga:Zn 
mol ratio 

µFE 
(cm2/Vs) 

Ion/off 
ratio 

Vth 
(V) 

S 
(V/decade) 

3:0:2 3.32 ~102 -10.32     17.43 
3:0.6:2 2.29 ~103 4.28 3.35 
3:1:2 0.86 ~106 6.89 0.63 

From Table II, it was observed that the TFT without Ga content 
operates in the depletion mode with deep threshold voltage (Vth) 
of -10.32 V since spin-coated active channel film without Ga 

element is very conductive as a conductor. As Ga content is 
increased in the IGZO, the Vth is shifted to the positive direction 
and off current of the TFT is dropped below 10-10 A of IDS, 
resulting in the improvement Ion/off. At Ga/Zn ratio of 0.5 (below 
1016 cm-3), the TFT device shows the optimized performance. The 
µFE, Vth, Ion/off, and S were estimated to be 0.86 cm2/Vs, 6.89 V, 
~106, and 0.63 V/decade, respectively. 

To explain the variation of carrier concentration with different 
Ga contents in relation to oxygen vacancy in IGZO, the oxygen 
binding energy of O1s in IGZO was measured using XPS. This 
analysis method had been used to investigate the origin of carriers 
in IGZO as reported in our previous studies [5,12,13]. By 
Gaussian fitting, these O1s peaks could be consistently divided to 
be three peaks, centered at ~ 530.5 eV, ~531.5 eV, and ~532.5 eV, 
respectively. According to previous studies, the peak with lower 
energy of 530.5 eV which denotes OL represents O2- ions 
combined with Zn, Ga, In ions in the IGZO compound system, 
indicating the stoichiometric ratio between and metal cations and 
oxygen anions. The medium binding energy (OM) at ~531.5 eV is 
associated with O2- ions which are in oxygen deficient regions 
within the matrix of IGZO. Therefore, the change in the intensity 
of this peak may be largely connected to variation in the 
concentration of oxygen vacancy. The higher binding energy (OH) 
around 532.5 eV is related loosely bounded oxygen on the IGZO 
surface, including absorbed H2O, CO3, or O2. In this XPS 
analysis, OH peak was not considered, largely because this peak 
could be completely removed when the film is annealed or etched 
slightly by plasma treatment. Using above mentioned peak 
distribution, we tried to correlate the carrier concentration of the 
film with the area ratio of the OM to OL (OM/OL) for IGZO films 
with different Ga contents. As shown in Table III, the carrier 
concentration of the film increases as OM/OL ratio increases. This 
is critical evidence that variation in the carrier concentration of 
IGZO is attributed to the change in the oxygen vacancy of IGZO 
depending on different Ga contents. In other words, the 
incorporation of Ga content in the IZO matrix plays the role in 
effective control of the oxygen vacancy which acts as a donor.  

 
TABLE III. Variation of the area ratio of medium energy XPS 
peak (OM) to lower energy XPS peak (OL) of the 1s region and 
carrier concentration of solution processed IGZO films with 
various Ga/Zn ratios. 

In:Ga:Zn 
mol ratio 

The area ratio of OM 1s 
peak to OL 1s peak 

Carrier concentration 
(cm-3) 

3:0:2 0.57 1.98±0.09 × 1018 

3:0.6:2 0.37 2.38±0.06 × 1015 

3:1:2 0.20 7.61±2.98 × 1014 

 

4. Conclusions 
In summary, solution-processed IGZO films and their TFTs 

have been fabricated and characterized as a function of In, and Ga 
contents. A systematic investigation on the effects of In, and Ga 
content variations has been carried out using electrical, structural, 
and chemical analyses. Excess In affects the crystal growth of 
IGZO and leads to a decrease in the grain size and surface 
roughness, improving S value of the TFTs because of the reduced 
trap density. In 5s orbital sharing also increased the µFE, and the 
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on current of TFTs. In case of the Ga ratio variation in the IGZO, 
as Ga ratio increases, the carrier concentration of the films was 
decreased and the Vth of TFTs was shifted to the positive 
direction. It is because Ga ion has a lower oxidation potential than 
other Zn, and In ions in the IGZO. 
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