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Abstract

The existing complex structure of memory is gradually facing a bottleneck in the
miniaturization process, so many generations of memory are being developed and
researched. Among them, Resistive RAM (RRAM) is the most promising type of memory.
The advantages of RRAM include high reliability, high density, high-speed switching,
energy-saving, simple structure, etc., which can increase the capacity and operation speed
of memory by thousands of times for the same area. Many companies and research
institutes are currently investigating resistive memory devices for use in embedded
memory and will begin mass production in the near future.

The first part is the studies about Indium Tin Oxide (ITO) electrode resistive
memories. Indium Tin Oxide (ITO) resistive memories have features and advantages such
as transparency, self-protection, fast switching, etc. This part further analyzes and
discusses the changes in the electrical properties of components caused by Indium Tin
Oxide (ITO) electrodes, and enables Indium Tin Oxide (ITO) resistive memories by
changing the operation method. The physical model of memory has been clarified. Low
dielectric materials are also introduced to concentrate the operating electric field and
further reduce the operating voltage and power consumption of the components.

Based on the oxide electrode studied in the first part, the second part uses a plasma

treatment on the resistive memory to oxidize the surface of the metal electrode to form an
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oxygen storage tank, so that the surface of the electrode can better absorb oxygen ions

and stabilize the operating voltage and resistance state of the device. This study analyzes

the part of the metal electrode that forms an oxygen reservoir and uses different

manipulation and verification methods to prove the existence of the oxygen reservoir and

the reason why it can improve the electrical properties of the device.

The third part of the study is on bionic memory, which is one of the main focuses of

next-generation memory development as the computational efficiency of the human brain

is still much higher than that of today's processors. Unlike modern computers, the human

brain does not rely on digital two-step signals of 0 and 1 to store memory but instead uses

analog multi-step signals to store memory and transmit messages. Since the three-layer

structure of resistive memory is highly similar to that of neurons, in this paper, Li is doped

into silicon oxide to produce a resistive memory with ionic conduction properties similar

to those of the human brain. In the future, the development of neural networks, in-memory

computing, and more secure hardware graphics will be helpful.

The fourth part of the study is on the selector. A major problem with resistive

memory is that when the highest density arrays are fabricated into memory chips, they

may be interpreted as high resistance but low resistance, resulting in errors in the

interpretation process. To solve this problem, selectors are one of the most desired and

widely researched components in the world to suppress the initial leakage of unselected
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components, so that the target components can be correctly selected and read and

manipulated. This study investigates the characteristics of Metal-Insulator transition

(MIT) and applies it to selector devices. For the first time, Vanadium (V) is integrated

into a resistive memory process to produce a selector with a traditional RRAM structure

that can significantly suppress latent currents. components. Not only has it been found

that a V element can be characterized as either Selector or RRAM by controlling the

voltage polarity of the element in the same structure, but it has also been taken one step

further by using indium tin oxide (ITO) as an intermediate layer to produce for the first

time one-Selector-one-RRAM (1S1R) elements which can be operated using only 3 MIM

layers. In addition to VO components, Niobium oxide (NbO) is also introduced to enable

the production of selector-less memory components by changing the operating method.

This study establishes a universal physical model for the conductivity of RRAM and

Selector for metal-insulator switching devices and applies it to new operating methods,

new structures, new materials, and new process technologies. In addition to producing

better performance Selector and RRAM (1S1R) device arrays, it can also be applied to

new image recognition devices, promoting the practical application and development of

next-generation memory devices.

Keywords: RRAM, Indium tin oxide (ITO), Plasma treatment, Neuromorphic,

Vanadium oxide, Niobium oxide, Selector.
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