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	摘要(中)	隨著摩爾定律和Dennard縮放定理的演進，計算機處理器單元的性能得到了改善。然而隨著雲儲存伺服器、人工智慧(AI)和物聯網(IoT)應用程序技術不斷的提升，高性能與低功耗設備的元件在設計記憶體電路上受到廣泛的重視。近來鐵電相關元件被視為能實現低功耗操作和非揮發性記憶體的應用，鐵電記憶體近期在二氧化鉿(HfO2)中發現鐵電特性，此外HfO2與當前CMOS製程技術具相容性與擴展性，有機會適用於各項設備應用因而受到廣大的重視。本篇論文基於夾層HfO2提出非揮發性分離式閘極鐵電場效電晶體記憶體(SG-FeFET NVM)並與傳統單閘極式鐵電場效電晶體記憶體(FeFET)做特性比較，根據物理見解設計提升鐵電記憶體的特性。

  本篇論文比較非揮發性記憶體SG-FeFET和FeFET之記憶體視窗 (Memory Window, MW)和讀取電流比(IR1/IR0)。利用TCAD模擬軟件配合鐵電Preisach模型模擬SG-FeFET和FeFET。足夠大的MW對於非揮發性鐵電記憶體的儲存保留與耐久性要求至關重要，因此文中針對SG-FeFET提出新穎序列式寫入藉此提升MW、IR1/IR0與操作能量。我們同時分析閘極長度(LG)在SG-FeFET和FeFET對MW與IR1/IR0的影響，我們的結果顯示與FeFET相比，SG-FeFET配合新穎序列式寫入模式可以在記憶體特性上獲得提升。

  此外我們針對SG-FeFET與FeFET在調變不同閘極長度下的能量效率進行分析，結果顯示和FeFET相比在相同閘極長度和電壓條件下SG-FeFET具有較好的MW和相似的寫入能量。然而，SG-FeFET可以透過降低寫入電壓達到和FeFET相同的MW，同時降低寫入能量。本論文也針對鐵電厚度和鐵電參數對記憶體特性的影響進行分析。

  最後針對SG-FeFET元件在類神經網路計算上的特性進行分析，結果顯示透過不同脈衝可以調變cell之權重(Weight)，同時展現不錯的調變線性度，SG-FeFET在類神經應用中具有良好的特性。本篇論文提出之SG-FeFET結構有機會實現在深度學習(Deep NeuroNetworks, DNNs)、非揮發性記憶體的設計和低功耗之AI與IoT的運用。
	摘要(英)	With the advent of Moore’s law and Dennard’s scaling theory, the performance of processor units in computers improved. However, with the successive development of cloud data storage, Artificial Intelligence (AI) and the Internet of Thing (IoT) applications, the need of high performance and low power devices have gained considerable attention for designing memory circuits. Recently, ferroelectric based devices are actively considered for low power Non-Volatile Memory (NVM) applications. The primary reason for the recent activities in ferroelectric based memory is the discovery of ferroelectricity in HfO2. Moreover, due to the scalability and compatibility of HfO2 with present CMOS technology, ferroelectric based memories are considered a promising candidate for various applications. Therefore, the thesis reports on the potential benefits of emerging HfO2 based NVM designed with split-gate (SG) device architecture while comparing its performance with conventional ferroelectric memory. The work reported in the thesis provides the physical insights and design guidelines to improve the performance of HfO2 based NVM.

  The thesis compares the key metrics such as Memory Window (MW) and read current ratio (IR1/IR0) for split-gate ferroelectric FET (SG-FeFET) (NVM) with the single gate ferroelectric FET (FeFET) NVM. SG-FeFET and FeFET performance is analyzed using TCAD simulation tool coupled with Preisach model. As the wider MW is essential to meet the retention and endurance requirements of ferroelectric based NVM, the thesis proposes novel sequential write scheme to improve the IR1/IR0, MW, and energy efficiency of SG-FeFET NVM. We also analyzed the impact of gate length (LG) on the MW and IR1/IR0 of SG-FeFET and FeFET devices. Our results show that SG-FeFET with novel sequential write scheme has better memory performance compared to FeFET. 

In addition, we analyzed the energy efficiency by computing write energy at various LG in both SG-FeFET and FeFET. The result showcases that SG-FeFET with the same LG and write voltage achieves higher memory window and same writing energy compared to FeFET. However, as compared to FeFET NVM, the write voltage and write energy can be lowered to achieve the same MW in SG-FeFET. The thesis also reports on the impact of ferroelectric thickness and parameters on the memory performances.

  Finally, the thesis analyzes the application of SG-FeFET structure for neuromorphic computing. Results highlight that different square wave pulses modulate the cell weights and show better linearity response.  The preliminary results showcase that SG-FeFET achieves good performance for neuromorphic applications. The work reported in the thesis provides the opportunities for designing NVM, and hardware-level implementation of deep neural networks (DNNs) for low power AI and IoT applications using SG-FEFET structure.
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