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A Study on Ferroelectric—Based Low Voltage Driving Field Effect
Transistor with Solution Process

Byeong Chan Park

Department of Smart Green Technology Engineering

Pukyong National University
Abstract

The rapid development of metal oxide semiconductor integrated
circuits and the high integration of transistors have greatly promoted
the development of the nano—scale electronic industry. However, in
order to realize high—performance electronic devices in line with the
developing industry, not only high electron mobility but also a thin
thickness of several nanometers suitable for miniaturized transistors
and precision electrical characteristics are required. It is essential to
develop a semiconductor material technology that can be adjusted to.
In the case of conventional SiO, , when the Dielectric Layer is reduced
to a certain thickness or more, a tunneling effect occurs, resulting in a
sharp increase in leakage current and an inability to function properly
as a gate Dielectric layer. Therefore, in accordance with the industrial
issue of high integration of devices, low—voltage ferroelectric field

effect transistors (FE—FETs) or Ferroelectric Random Access memory

Vi



applications (FERAM) using high—k materials with high permittivity are
being developed. A ferroelectric—based transistor device, which can be
realized by replacing a gate insulating layer with a ferroelectric
dielectric layer in a commonly used FET structure, has received a lot
of attention and continuous research and development from the early
stage of development of next—generation non-—volatile memory
technology. Currently, perovskite structure—based ferroelectric
materials such as Pb (Zr,Ti) 03 (PZT) and SrBi2Ta209 (SBT) are most
commonly used, and ferroelectric materials with this structure are
compatible with silicon. The surface layer formed at the interface is
irregular, which reduces the overall polarization and can reduce
ferroelectricity. In addition, it is pointed out that it is difficult to realize
transistor characteristics that are excellent in physical properties
unique to the material, such as high leakage current due to low bandgap
energy. In contrast, binary metal oxides, which have recently emerged
as new ferroelectric materials, have a relatively high bandgap energy
(5.7 eV) compared to conventional materials, and are only a few
nanometers thick. Therefore, the leakage current can be reduced, and
excellent electrical characteristics of the transistor can be achieved. In

this research, we proposed a method to fabricate FE—FETSs that can be

Vii



driven at low power using Hafnium oxide and Zirconium oxide, which
are ferroelectric materials with non—volatile memory properties, as
gate insulators. A metal oxide semiconductor of indium oxide and
gallium oxide was used as the active layer, and a ferroelectric material
prepared by mixing hafnium oxide and zirconium oxide in various ratios
was replaced with the gate insulating layer. After fabricating a
ferroelectric—based field effect transistor, the effect of the
ferroelectric gate insulating film on the electrical characteristics of the

transistor was compared.
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Figure 2. Field Effect Transistor device structure
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Figure 5. Spin coating process schematic diagram
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Figure 6. Oxide—only glove box in our LAB
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Figure 7. Spin coater in our LAB
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Figure 10. Thermal Evaporation in our LAB
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Figure 15. A schematic diagram of the hydrogen doping effect
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Figure 19. AFM image according to Hafnium Zirconium Oxide ratio.

(a)100 : 0, (b)80 : 20, (c)50 : 50, (d)20 : 80, ()0 : 100
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Humidity Mobility[Cm2/Vs],Sat Threshold Voltage[V] On/Off Ratio Subthreshold Slope,SS[V/dec]
0% 1.632(:0.08) 20.39 25x106 2381.47
30% 1178 (0.12) 743 30x10° 2116.0
40% 0.951(£021) -8.31 94x106 3023.09
0% 1.391(£042) -81.54 75x10¢ 2498.78

Table 1. Summary of semiconductor layer’s electrical properties according to

humidity
Ratio Mobility[Cm2/Vs],Sat Threshold Voltage[V] On/Off Ratio Subthreshold Slope,SS[V/dec]
10:0 1182 (£0.072) 0.23 6.3x10° 564.97
8:2 1.136 (+0.084) 0.54 74x10° 552.49
515 1169 (0.13) 048 6.0x10° 568.18
2:8 2,014 (£0.09) 0.37 53x10° 432.90
0:10 1139 (£0.11) 0.5 43x10° 565.22

Table 2. Summary of gate dielectric layer’s electrical properties according

to ratio
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