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ABSTRACT 

The analysis of transfer characteristics of InGaZnO 
thin-film transistors (IGZO TFTs) with a 
home-made-numerical calculation program presents 
information of the densities of defect, free carrier and fixed 
charge which are essentially useful for process evaluation. 

 
1. INTRODUCTION 

The TFTs for the FPD application have been actively 
researched and developed, and its performance has 
advanced dramatically. Amorphous silicon (a-Si), low 
temperature polycrystalline silicon (LTPS), and metal 
oxide semiconductor materials have been widely used for 
TFT fabrication. The oxide TFT is especially expected to 
be suitable for large and high-definition display at low cost 
[1-3]. Currently, flexible and stretchable displays have 
been actively developed on non-heat resistant substrates 
such as transparent and low cost resin [4]. The processing 
temperature lower than 300°C has been demanded. The 
fluorine terminated insulator film has been proposed as 
the reliable gate insulator formed below 300°C [5-7]. 
Moreover, analysis of performances of IGZO TFTs 
isolating the factors of defect density distribution, free 
carrier density and fixed charge density is important to 
establish the low temperature fabrication processing. 

In this paper, we analyze experimental transfer 
characteristics of IGZO TFTs fabricated at 250oC by a 
home-made-numerical calculation program. 
 

2. EXPERIMENT AND CALCULATION RESULTS 

2-1. IGZO TFTs 
Figure 1 shows the schematic processing steps of 

bottom-gate top-contact IGZO TFTs. (1) The n-type 
heavily doped (<0.007 Ωcm) crystalline silicon substrates 
coated with 100-nm-thick thermally grown SiO2 were 
prepared as the gate electrodes and gate insulators. (2) 
Next, a-IGZO (In:Ga:Zn =1:1:1) films with a two-layered 
structure were deposited at room temperature by 
Induction coupled plasma (ICP) induced sputtering system 
with different O2 / Ar gas ratio conditions [8, 9]. The 
45-nm-IGZO layers were first deposited directly on the 

thermally grown SiO2 surface with pure Ar gas. The gas 
pressure was 0.9 Pa, the input RF power was 7000 W, 
and target voltage was -400 V. The 5-nm-IGZO layers 
were additionally formed on the first IGZO layers with Ar 
and O2 mixed gasses at an O2 / Ar mixing ratio of 5% by 
rapid O2 injection. The gas pressure, the input RF power, 
and target voltage kept the initial values.  (3) Mo source 
and drain electrodes were formed by photolithography, 
and lift-off process. No passivation film was formed. (4) 
The TFTs with a 10- m channel length and channel 
width 90- m were finally formed. They were heated at 
250 °C for 2 h under the O2 gas atmosphere.  
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Fig. 1 Schematic processing steps of fabrication of 

IGZO TFTs 
 

O2 gas, 250 °C, 2h 
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2-2. Numerical calculation model 
Experimental transfer characteristics of IGZO TFTs were 

analyzed by a home-made-numerical calculation 
programed used with the finite-element method combined 
with statistically thermodynamic conditions with defect 
states which localized at thermal grown SiO2 / IGZO 
(bottom) and IGZO / air (top) interfaces as well as 
distributed spatial-uniformly in the IGZO films [10]. Two 
types of carrier-trap-defect states were introduced.  One is 
the deep level carrier-trap-defect states localized at the 
mid gap in the 3.1-eV-wide band gap with their density 
distribution given by the Gaussian function. The other one 
is the tail-type-carrier-trap-defect states, whose density 
exponentially decreased from the conduction band edge 
to the mid gap with two specific energy constants. The 
donor sites owing to oxygen vacancies were also 
programed uniformly in the IGZO films. Finally, the oxide 
fixed charge was given at the SiO2 / IGZO interface. 
 
2-3. Experimental transfer characteristics and their 
analysis 

After confirming the ohmic characteristics in the output 
characteristics with a drain voltage Vd of 0.1 V and a gate 
voltage Vg of 1 V, the transfer characteristic was measured 
with Vg ranging from -10 to 15 V at Vd of 0.1 V, as shown in 
Fig.2. Low leakage currents less than 10-12 A were 
successfully obtained for Vg lower than -1.3 V. The drain 
current sharply increased from 2.0x10-13 to 2.5x10-8 A as 
the Vg increased from -1.3 to 0 V as shown by 
logarithmically plotted experimental drain current as a 
function of the gate voltage in Fig.2(a).  The drain current 
does not increase proportionally to Vg from 0 to 6 V, as 
shown by linearly plotted experimental drain current as a 
function of the gate voltage in Fig.2 (b). It means that the 
carrier generation ratio caused by gate voltage application. 
The super-linear increase in the drain current suggests 
that the carrier generation ratio gradually increased as Vg 
increased from 0 to 6 V. 

The experimental transfer characteristic was numerically 
analyzed. The slightly depleted characteristic of the 
experimental drain current was well recreated with the 
calculated drain current widely ranging from 1 x 10-13 to 4 x 
10-6 A, as shown by red curve in Fig. 2. The best 
agreement of the calculated transfer characteristic to 
experimental one results in the type of defect states, its 
density, free carrier density, and carrier mobility.  

The fitting process shown in Fig. 2 suggested following 
fundamental properties: (1) The IGZO film was conductive 
with a donor density of 1.5 x 1012 cm-2. (2) The film also 
had tail-type-carrier-trap-defect states with a density of 1.4 
x 1012 cm-2 expressed by double-exponential function as 
5.0 x 1011 exp(-E / 1.2) + 5.0 x 1012 exp(-E / 0.15) (cm-2 
eV-1), where E (eV) is the energy in the band gap 
measured from the conduction band edge, as shown in 
Fig.3. The total density of 1.4 x 1012 cm-2 in 50 nm-thick 
IGZO film corresponds to volume density of 2.7 x 1017 cm-3. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2(a) Logarithmically plotted experimental (black 

curve) and calculated (red curve) drain currents 
as a function of the gate voltage and (b) linearly 
plotted ones. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Calculated energy distribution of density of  

     tail-type-carrier-trap-defect states of IGZO film 
 
(3) The IGZO/air surface with no passivation film had a 
carrier-trap-defect states localized at the mid gap with a 
density of 8.5 x 1011 cm-2 with a peak defect density of 
5.3 x 1012 cm-2 eV-1 and an energy width of 0.18 eV for 
Gaussian distribution. The trapping electron carriers in 
the IGZO film at the IGZO / air surface played a role in 
keeping the slightly depleted transfer characteristic.  (4) 
There was no significant defect state at thermal grown 
SiO2 / IGZO interface, which had no oxide fixed charge 
either. (5) The carrier mobility of IGZO film was 9 cm2 / 
Vs.  
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The sharp increase in the drain current for gate voltage 
ranging from -1.3 to 0 V suggests the SiO2 / IGZO 
interface formed well with low density of carrier-trap-defect 
states in deep energy levels of its band gap. The drain 
current subsequently had a characteristic of super-linearly 
increasing for the gate voltage ranging from 0 to 6 V. For 
zero bias condition, the carrier-trap-defect states in the 
IGZO film was already occupied partially by the electron 
carriers generated by the donor sites. The carrier trapping 
rate for the tail-type defect states gradually decreased 
from 1.5 x 1011 cm-2 V-1 to 0 as the gate voltage increased 
from 0 to 6 V. Consequently, the density of electron 
carriers accumulated at the SiO2 / IGZO interface 
super-linearly increased from 1.9 x 1010 to 1.0 x 1012 cm-2 
as the gate voltage increased from 0 to 6 V. 
 
4. CONCLUSIONS 

The TFTs were fabricated in two layered 50-nm-thick 
IGZO films on thermal grown 100-nm-thick SiO2 insulators 
formed on the heaty doped silicon substrates as the gate 
electrodes. The IGZO films were formed by ICP sputtering 
with pure Ar gas for the first 45 nm and then O2 and Ar 
mixed gasses for the second 5 nm. Experimental transfer 
characteristics at the drain current of 0.1 V had a slight 
depletion mode with the leakage current lower than 10-12 A, 
sharp increase in the drain current from 2.0x10-13 to 
2.5x10-8 A for Vg between -1.3 and 0 V, and super-linear 
increase in the drain current for Vg between 0 and 6 V. The 
numerical analysis of the experimental transfer 
characteristics resulted in the facts of the conductive IGZO 
films with (1) a donor density of 1.5 x 1012 cm-2 and (2) 
tail-type-carrier-trap-defect states with a density of 1.4 x 
1012 cm-2 expressed by double-exponential function, (3) 
the IGZO / air surface with the carrier-trap-defect states 
localized at the mid gap with a density of 8.5 x 1011 cm-2, 
(4) the thermal grown SiO2 / IGZO interface There was no 
significant defect state with no oxide fixed charge, and  (5) 
the carrier mobility of 9 cm2 / Vs. The sharp increase in the 
drain current resulted from the good SiO2 / IGZO interface. 
The trapping electron carriers in the IGZO film at the IGZO 
/ air surface played a role in keeping the slightly depleted 
transfer characteristic.  The super-linear increase in the 
drain current for Vg between 0 and 6 V resulted from that 
the carrier trapping rate for the tail-type defect states 
gradually decreased from 1.5 x 1011 cm-2 V-1 to 0 as the 
gate voltage increased from 0 to 6 V. 
 
 
 
 
 
 
 
 

REFERENCES 
[1] K. Nomura, H. Ohta, A. Takagi, T. Kamiya,  

M. Hirano, and H. Hosono, " Room-temperature 
fabrication of transparent flexible thin-film transistors 
using amorphous oxide semiconductors”, Nature, 
432, 488-492 (2004). 

[2] T. Kamiya, K. Nomura, and H. Hosono, “Origins of 
high mobility and low operation voltage of amorphous 
oxide TFTs: electronic structure, electron transport, 
defects and doping“, J. Display Technol., 5, 273-288, 
(2009). 

[3] T. Kamiya, K. Nomura and H. Hosono, "Origins of 
High Mobility and Low Operation Voltage of 
Amorphous Oxide TFTs: Electronic Structure, 
Electron Transport, Defects and Doping”, J. Disp. 
Technol., 5, 273-288 (2009). 

[4] C. Park, S. Lee and J. Jang,” Stretchable Oxide TFTs 
on PI/SEBS Substrate”, IDW’19, pp401-404 (2019) 

[5] S. Fujita, H. Toyoshima, T. Ohishi and A. Sasaki, 
“Plasma-Enhanced Chemical Vapor Deposition of 
Fluorinated Silicon Nitride”, Jpn. J. Appl. Phys., 23, 
L144-L146 (1983). 

[6] H. Yamazaki, Y. Ishikawa, Y. Ueoka, M. Fujiwara, E. 
Takahashi, Y. Andoh, and Y. Uraoka, “The Influence 
of New SiNx Gate Insulator in a-InGaZnO Thin Film 
Transistors”, IDW/AD’12, pp843-846 (2012). 

[7] Toshihiko Sakai, Masaki Fujiwara, Daisuke Azuma, 
Seiji Nakata, Yoshitaka Setoguchi, and Yasunori 
Andoh, “Deposition of insulator film by inductively 
coupled plasma CVD system with low impedance 
antennas”, IDW’18, pp557-559 (2018) 

[8] D. Matsuo, S. Kishida, Y. Setogucti, Y. Andoh, R. 
Miyanaga, Mami N. Fujii, and Y. Uraoka, " High 
reliability a-InGaZnO TFT by inductively coupled 
plasma sputtering system”, AM-FPD’17, P-L2, 
pp197-198 (2017) 

[9] D. Matsuo, R. Miyanaga, T. Ikeda, S. Kisida, Y. 
Setoguchi, Y. Andoh, M. Fujii, Y. Uraoka, “Deposition 
of Crystalline InGaZnO Film at Low Temperature 
Process by Inductively Coupled Plasma Sputtering 
System”, IDW’18, pp560-561 (2018) 

[10]T. Sameshima and M. Kimura, "Characterization of 
Polycrystalline Silicon Thin-Film Transistors", Jpn. J. 
Appl. Phys. 45, 1534-1539 (2006). 

 

IDW ’20       220


