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Abstract

In recent years, 5G communications, artificial intelligence Internet of Things (AloT)
and electric vehicle technologies have flourished, and the demand for high-speed
computing, storage capacity, and high-power operation has increased. The development
of memory devices and power transistors is paramount. In terms of memory, with the
advance of AloT, micro control units (MCUSs) will play a very important role, and MCU
needs to incorporate a lot of embedded memory. Embedded memory requires low power
consumption, high operating speed, and it can be integrated with semiconductor
manufacturing processes. Among the next-generation memory, resistive random access
memory (RRAM) has been one of the most potential candidates. In terms of power
transistors, the development of silicon-based devices has undergone many structural and
process optimization, and they have gradually approached the limit of silicon-based
devices. Gallium nitride (GaN) is one of the representatives of wide band-gap
semiconductor materials. Compared with silicon materials, it has a wide bandgap, high
critical electric field, and high electron saturation velocity. It is a highly advantageous
material for electric vehicles and 5G communications. High Electron Mobility Transistor
(HHEMT) based on GaN is gaining more and more attention, showing the importance of
GaN in the commercial market and its future development. This work conducts related

research on the performance of RRAM and GaN HEMT,
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RRAM currently uses a transistor to control its switch (1T1R) as the main structure
of the embedded memory. With the development of Moore’s law, the channel length of
transistors is constantly shrinking, and breakdown (operating) voltage of the transistors
will become smaller. [t may approach the maximum operating voltage of RRAM-forming
voltage. Therefore, how to reduce the forming voltage is an important issue. This study
proposes the steps of using AC signals for forming process to reduce the forming voltage.
Then, I further design the ideal operating waveform and apply it to the RRAM array. On
the other hand, during the reset process, the voltage obtained bj the RRAM has increased,
causing the Vgs of the transistor to decrease, and the transistor is thereby turned off,
making the RRAM gnable to effectively increase the operating window. Therefore, the
operating window of the RRAM is limited by the transistor. In addition, the transistor not
only affects the operating windo;,v of the RRAM but also affects the resistance state of
the RRAM. Therefore, understanding the relationship between RRAM and transistor
during the operation of 1T1R can effectively reduce the cross voltage of the transistor. It
can facilitate the design of a low-power/high-performance embedded memory
architecture.

In terms of GaN HEMT, considering safety factors, the threshold voltage of the
power device must be greater than 0. The p-GaN HEMT has more the most investigation

due to enhancement-mode (E-mode) properties. However, a serious leakage current is
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generated when the device is in the off state, so how to suppress the leakage current of
the device is an important issue. In this study, p-GaN HEMT devices have also presented
a hump effect. The orientation of the hump is that the hydrogen diffuses into the p-GaN
layer during the ILD process, which generates a sub-channel effect and causes a large off-
state leakage. On the other hand, p-GaN HEMT gates metal often is selected as Ni, Au,
and TiN. The physical properties of different materials will atfect the performance of the
device. However, the gate metal process may be bombarded by precursors or plasma,
resulting in residual contamination of the precursors, uneven surfaces, and poor interface
quality. This chapter mainly discusses the causes of p-GaN HEMT leakage and the impact

of different gate metal processes on its performance.

Keywords: Resistive Random Access Memory (RRAM), Embedded Memory, Power

device, Gallium nitride high electron mobility transistors (GaN HEMT), Hydrogen effect
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