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Abstract

With the -rapid advancement of technologies like big data, artificial intelligence, and
the Internet of Things, the attention of the world has shifted more and more toward the
computational power and the data access capabilities of electronic goods. Therefore, the
development of high-performance computing chips and memory storage devices is
imperative. Compared to traditional ferroelectric materials, such as SrBizTa2O (SBT) or
PbZrTiO3 (PZT), the HfO;-based ferroelectric random access memory (F eRAM) owns a
smaller switching voltage, high writing speed, high stability and high shrink ability and
is compatible to the usual semiconductor fabrication process as well. However, the HfO,-
based FeRAM still exhibits some bottlenecks, including higher operation voltage,
insufficient memory windows and the wake-up process needed before operation.

In this study, in order to understand the conduction mechanism of hafnium oxide-
based ferroelectric memory and the influence of defects on ferroelectric memory, the
characteristics of ferroelectric memory with ferroelectric films at different temperatures
or with different electrodes are compared. A physical model of ferroelectric memory is
established through the material analysis and the electrical measurements, and
ferroelectric memory with high performance and high reliability is further designed.

In Chapter 4, the material analysis is performed for the structure confirmation of
ferroelectric memory, and the electrical measurements including current-voltage (I-V),
capacitance-voltage (C-V) and polarization-voltage are taken to analyze the ferroelectric
memory. Also, the experiments are conducted at various temperatures to help verify the
transport mechanism. The low current transport by the F-N tunneling mechanism does
not change with temperature, whereas the high current transport via the Schottky
mechanism increases with temperature increasing. According to these experiments, a

band model is proposed to explain the clectron transport in the HZO ferroelectric memory.

vi



In Chapter S, the ferroelectric memory is fabricated at high and low temperatures in
the atomic layer deposition (ALD) process. It is known from the electrical and material
analyses that the LTD-FeRAM exhibits better performance and larger grains. Within the
same area of the device, therefore, the larger grain would have fewer grain boundaries to
cause a smaller number of charge defects. According to the experiments, a model is
proposed to explain this phenomenon.

In Chapter 6, this study investigates the difference in electrical performance and
reliability with either TiN or TaN applied. Both are commonly used in semiconductor
process materials, as the electrode material in ferroelectric random access memories with
the same ferroelectric layer of HfosZro.sO2 (HZO). Because the lattice constant of TaN is
better matched to HZO, the TaN-electrode device possesses larger remnant polarization,
higher capacitance and lower leakage before the wake up. However, the leakage current
of the TaN-electrode device increases significantly after the wake up. To figure out this
phenomenon, current fitting is implemented. The results indicate that electrons of the
TaN-electrode device conduct through the oxygen vacancies by Poole-Frenkel emission.
Based on these experimental results, an oxygen vacancy model is proposed to compare

with the TiN electrode devices.

Keywords: Ferroelectric Memory, High Performance Memory Device, Deposition

Temperature, Current Conduction Mechanism, Switching Physics Model, Grain Size
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