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A new type of FET memory based on ferroelectric-insulator interface conduction has been proposed. This
FET has two kinds of structure such as metal-insulator-ferroelectric-metal (MIFM) and metal-ferroelectric-
insulator-metal (silicon) (MFIM(S)). This FET consists of source and drain electrodes between ferroelectric
(Pb(Zro.s2, Tio.as)Os (PZT), SrBi2Ta20¢ (SBT)), insulator (HfOs, SiO2, SiON), and top- and back-gate. Drain
current flows along the interface between ferroelectric and insulator layers and need no semiconductor.

In theoretical consideration, the polarization (electric flux density) of ferroelectric was calculated by using the
Miller’s empirical formula. Voltage distribution applied to ferroelectric and insulator layer was calculated, and
the ferroelectric-insulator interface conduction FET can be considered to operate at low voltage. However, the
carrier injection to ferroelectric-insulator interface is assumed and calculated, and it can be considered to operate
about 5 V. Using the MIS-FET theory, Ip-Vi characteristics of the ferroelectric-insulator interface conduction
FET was calculated. ON current increases with increasing the film thickness of ferroelectric. Memory window
is enlarged with increase of the insulator thickness. When the insulator dielectric constant is large, ON current
become to be large.

Firstly, an interface conduction FET with the MIFM structure was fabricated and its characteristics were
investigated. Moreover we have attempted to improve the characteristics. In a Pt/HfO2/PZT/Pt structure
interface conduction FET using a PZT with large remanent polarization and a HfOz with high dielectric constant,
the characteristics of /p-Vi and Ip-Vp are similar to conventional MIS-FET, and main carrier is a hole. OFF
state current is very small as below 1019 A. Maximum ON/OFF current ratio is about 5X105. In order to
increase the ON current, a Pt/HfOz/epitaxial PZT/Pt/MgO structure interface conduction FET in which epitaxial
PZT is used. Because, it is thought that remanent polarization of epitaxial PZT is larger than that of randomly
orientated films. Maximum ON/OFF current ratio is about 3X10% ON/OFF memory current ratio is 3X 102.

However, the grown PZT is not oriented in the direction of perfect c-axis on Pt/MgO substrate and the leakage
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current is large. In order to decrease leakage current, interface conduction FET was fabricated as
Pt/SiO2/PZT/Pt structure with smooth surface of PZT by mechanical milling. The leakage current can be
decreased. However, the FET characteristics cannot be improved because the PZT surface received damage in
the milling. As another method to decrease the leakage, interface conduction FET is fabricated as
Pt/HfO2/PZT/Pt structure with oxidation layer of S/D electrode (Ti). The leakage current can be decreased,
however, the FET characteristics cannot be improved because the PZT surface received some damages. In order
to make perfectly polarization inversion, interface conduction FET is fabricated as Pt/HfO2/SBT/Pt structure.
Maximum ON/OFF current ratio is about 1X10% ON/OFF memory current ratio is 1X102. However, the
leakage current is large.

The other structure, an interface conduction FET with the MFIM(S) structure was fabricated and its
characteristics was investigated. Moreover, we have attempted to improve the characteristics. The leakage
current decreased in Pt/SBT/SiO2/Pt structure interface conduction FET, but the transistor property was not
obtained because the leakage current of SiOz insulator layer was much increased after annealing of SBT. In a
Pt/SBT/SiON- Si02/Si interface conduction FET using a thermal oxidation insulator layer with a good thermal
stability, the characteristics of /p-Ve and Ip-Vp are similar to conventional MIS-FET and main carrier is a hole.
Maximum ON/OFF drain current ration is about 5X10% In ON state, the drain current is almost equal to Is
and leakage current from top-gate and back-gate is small enough in comparison with drain and source current.
Therefore, the drain current can be considered to flow at interface between ferroelectric and insulator layer.
The drain current has linear dependence to W/L along with conventional MOS-FET. Increase of the thickness

of insulator increased the width of the memory window which is consistent with the calculation.
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