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	摘要(中)	本論文針對新型加強型氮化鎵高電子遷移率電晶體(New E-mode GaN HEMT)之元件電性研究進行探討，研究對象為：(1) 加強型氮化鎵高電子遷移率電晶體；(2) 於元件主要閘極與汲極間加入第二閘極，並與源極端相連接之新型加強型氮化鎵高電子遷移率電晶體。實驗結果分別量測不同結構元件的直流電性，並與單閘極結構之加強型氮化鎵高電子遷移率電晶體元件進行比較，預期達成利用第二閘極在導通並且高電流的情況下能抑制其汲極飽和電流(ID,sat)以達到更好的短路能力(short-circuit capability)效果。

實驗流程包含新型加強型氮化鎵高電子遷移率電晶體之元件特性模擬、佈局設計、元件製程以及元件量測；其中，元件模擬使用p-氮化鎵閘極高電子遷移率電晶體(p-GaN gate HEMT)達成加強型(Enhancement-mode)操作，在新結構之第二閘極設計分別為蕭特基接觸(Schottky contact)與金絕半接面(MIS)兩種。透過Silvaco TCAD軟體進行元件之電流特性模擬與基本電性觀察發現蕭特基第二閘極之新結構汲極飽和電流約降為傳統結構之12 %，金絕半第二閘極之新結構汲極飽和電流約降為傳統結構之62 %，導通電阻的上升幅度均在5 %以內。

元件製程方面則將蕭特基第二閘極設計加入至p-氮化鎵閘極高電子遷移率電晶體；金絕半第二閘極設計加入至閘極掘入式加強型氮化鎵金絕半場效電晶體(Recesses-gate E-mode GaN MIS-HEMT)中。量測結果可觀察到，蕭特基第二閘極之新結構汲極飽和電流約降低至單閘極結構的30 %，金絕半第二閘極之新結構汲極飽和電流約降低至單閘極結構的70 %；其中，金絕半第二閘極結構元件之導通電阻上升幅度在6 % 左右，此部分之電性表現與Silvaco TCAD模擬出來之趨勢相同。而亦可從此電性表現來說明透過新結構設計可改善加強型氮化鎵高電子遷移率電晶體在短路能力上之表現。


	摘要(英)	In this study, the device characteristics of the new GaN high electron mobility transistor (HEMT) are discussed. The research focus on: (1) Enhancement-mode (E-mode) GaN HEMT; (2) A new type of E-mode GaN HEMT with a second gate between the main gate and the drain which is connected to the source. The experimental results compare the DC characteristics of different second gate E-mode GaN HEMT structure with the single gate E-mode GaN HEMT structure. Second gate structure can suppress the saturation current (ID, sat) under on-state and high current condition and it is expected that by the design of second gate, GaN HEMT can achieve a better short-circuit capability.

The experiment includes device simulation, layout design, device processing, and DC measurement of new GaN HEMT. Device simulation use p-GaN gate HEMT to achieve E-mode operation. The second gate design of the new structure is Schottky contact and MIS contact. Through the Silvaco TCAD simulation, the characteristics show that the Schottky second gate structure reduced ID,sat to about 12% of the single gate structure, the MIS second gate reduced ID,sat to about 62% of the single gate structure, and both of them the on-resistance is increased by less than 5%.

In device processing, the Schottky second gate design is added to the E-mode p-GaN gate HEMT; the MIS second gate design is added to the Recesses-gate E-mode GaN MIS-HEMT. The measurement results show that the Schottky second gate structure is reduced to about 30% of the single gate structure, and the MIS second gate structure is reduced to 70% of the single gate structure; wherein the on-resistance is increased about 6%, and the electrical characteristics of measurement show the same trend as that simulated by Silvaco TCAD. From this electrical characteristics, it can be expected that the new structure design can improve the short circuit capability of GaN HEMT.
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