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	摘要(中)	本論文利用「砷化鎵/鋁砷化鎵異質接面」與「單層二硫化鉬」建構出兩種二維電子氣體。我們嘗試在砷化鎵/鋁砷化鎵異質接面製作出雙量子點(double quantum dot)結構，量測並探討雙量子點形成的二能階系統與共面波導共振腔是否發生耦合現象，此課題與電路量子電動力學相關，目前進度仍停留在元件製程階段，共振腔與雙量子點系統已經分別完成，尚待對位校正與光阻舉離失敗的問題解決後，才能完成元件並進行量測。

    另一方面，我們利用一對頂部閘極在單層二硫化鉬的二維電子氣體上製作量子點接觸(quantum point contact)元件，兩根頂部閘極的頂點間距為量子點接觸元件的通道寬度，線寬則為量子點接觸元件的通道長度。為了讓頂部閘極在-10V以內有效驅趕頂部閘極附近二維電子氣體中的電子，我們將頂部閘極的間距設計在100nm以下。電子束微影製作出的頂部閘極線寬最窄約60nm，我們利用高分子電解質閘極提升材料表面的載子濃度，讓電子的平均自由路徑能超過60nm。元件透過大電流退火，成功將接面電阻值降低，讓量測中的背景電阻變小。為了降低熱擾動對元件的影響，量測環境溫度為50mK，並藉由定電流量測，觀察到類似電導量子化的現象。
	摘要(英)	In this study, we used GaAs/AlGaAs heterostructure and monolayer MoS2 to construct two dimensional electron gas. We tried to fabricate double quantum dot structure on GaAs/AlGaAs heterostructure and measure the coplanar waveguide resonator coupling the two level system which consist of double quantum dot or not. This topic is related to circuit quantum electrodynamics. The recently progress is still in fabrication. Resonator and double quantum dot system completed separately. We must solve alignment fail and lift-off fail before measuring. 

    On the other hand, we used a pair of the top-gate to fabricated quantum point contact device on monolayer MoS2 two dimensional electron gas. Top-gate vertex spacing is the width of the quantum point contact device channel. Top-gate line-width is the length of the quantum point contact device channel. In order to drive electrons out of the two dimensional electron gas near the top-gate range at -10V, we design the top-gate spacing below 100 nm. The electron beam lithography made the width of the top-gate line as narrow is about 60 nm, we used solid polymer electrolyte gate upgrade the carrier density on MoS2 surface so that the mean free path of electrons in the system can exceed 60 nm. We used current annealing to reduce the contact resistance in device, making smaller resistance in measurement. In order to reduce the thermal fluctuation, the measurement temperature was 50mK. We observed similar conductance quantization by constant current measurement.
	關鍵字(中)	
      	  ★ 二維電子氣體
★ 量子點接觸
★ 雙量子點
★ 超導共面波導共振腔
★ 電路量子電動力學系統
★ 二硫化鉬
★ 電導量子化	關鍵字(英)	
      	  ★ two dimensional electron gas
★ quantum point contact
★ double quantum dot
★ superconducting coplanar waveguide resonator
★ circuit quantum electrodynamics system
★ MoS2
★ conductance quantization
	論文目次	摘要    IV

ABSTRACTS    VI

誌謝    VIII

目錄    X

圖目錄    XII

表目錄    XVII

Chapter 1.    理論基礎與背景簡介    1

1-1  二維電子氣體(2DEG)    2

1-2  量子點接觸(QPC)    6

1-3  量子點(QD)與雙量子點(DQD)    9

1-4  電路量子電動力學系統(Circuit QED)    13

1-5  單層二維半導體材料 ─ 二硫化鉬(MoS2)    16

Chapter 2.    設備簡介與元件製作流程    19

2-1  光學微影技術    20

2-2  高溫爐管系統    23

2-3  電子束微影技術    24

2-4  電子束蒸鍍系統    26

2-5  低溫量測系統    26

2-6  DQD Circuit QED元件製作流程    29

2-7  MoS2 QPC元件製作流程    34

Chapter 3.    量子點接觸量測與結果    41

3-1  量測方法介紹    42

3-2  元件命名與設計理念    44

3-4  不同Vpg的QPC量測    48

3-5  QPC定電壓量測數據    50

3-5  QPC定電流量測數據    52

Chapter 4.    結論與展望    58

參考文獻    60
	參考文獻	[1] C. W. J. Beenakker, H. van Houten, “Quantum transport in semiconductor nanostructures” in Solid State Physics, vol. 44, 1, Academic Press, San Diego, USA, 1991.

[2] S. Datta, Electronic Transport in Mesoscopic Systems, Cambridge Univ. Press Cambridge, UK, 1995.

[3] J P Bird, R Akis, DKFerry, A P S de Moura, Y-C Lai,K M Indlekofer, “Interference and interactions in open quantum dots”, Reports on Progress in Physics, vol. 66, 583, March 2003.

[4] B.J. van Wees, L. P. Kouwenhoven, E. M. M. Willems, C.J. P. M. Harmans, J. E. Mooij, “Quantum ballistic and adiabatic electron transport studied with quantum point contacts”, Physical Review B, vol. 43, 12431, May 1991. [5] B.J. van Wees, H. van Houten, C. W. J. Beenakker, J. G. Williamson, L. P. Kouwenhoven , D. van der Marel, C. T. Foxon, “Quantized Conductance of Point Contacts in a Two-Dimensional Electron Gas” Physical Review Letters ,vol. 60, 848 , February 1988.

[6] Duncan R. Stewart, Level spectroscopy of a quantum dot, Stanford University, USA, March 1999.

[7] L. P. Kouwenhoven, A. T. Johnson, N. C. van der Vaart, C. J. P. M. Harmans, C. T. Foxon, “Quantized Current in a Quantum-Dot Turnstile Using Oscillating Tunnel Barriers”, Physical Review Letters, vol. 67,1626, September 1991.

[8] Satyadev Rajesh Patel, Electronic ground state properties of coulomb blockaded quantum dot, Stanford University, USA, June 2002. [9] LSamuelson, M.TBjörk, KDeppert, MLarsson, B.JOhlsson, NPanev, A.IPersson, NSköld, CThelander, L.RWallenberg, “Semiconductor nanowires for novel one-dimensional devices”, Physical E, vol. 21, 560, March 2004.

[10] C. Livermore, D. S. Duncan, R. M. Westervelt, K. D. Maranowski and A. C. Gossard, “Conductance oscillations in tunnel-coupled quantum dots in the quantum Hall regime”, Physical Review B, vol. 59, 10744, Number 1999.

[11] W. G. van der Wiel, S. De Franceschi, J. M. Elzerman, T. Fujisawa, S. Tarucha, L. P. Kouwenhoven, “Electron transport through double quantum dots”, Reviews of Modern Physics, vol. 75, 1, January 2003.

[12] Y.-Y. Liu, J. Stehlik, C. Eichler, M. J. Gullans, J. M. Taylor, J. R. Petta1, “Semiconductor double quantum dot micromaser”, Science, vol. 347, Issue 6219,  285, January 2015.

[13] R. J. Schoelkopf, S. M. Girvin, “Wiring up quantum systems”, Nature, vol.451, 664, February 2008.

[14] Yifu Zhu, Daniel J. Gauthier, S. E. Morin, Qilin Wu, H. J. Carmichael, T. W. Mossberg, “Vacuum Rabi Splitting as a Feature of Linear-Dispersion Theory: Analysis and Experimental Observations”, Physical Review Letters, vol. 64, 2249, May 1990.

[15] A. Wallraff, D. I. Schuster, A. Blais, L. Frunzio, R.- S. Huang, J. Majer, S. Kumar, S. M. Girvin, R. J. Schoelkopf, “Strong coupling of a single photon

to a superconducting qubit using circuit quantum electrodynamics”, Nature, vol.431, 162, September 2004.



[16] H. Toida, T. Nakajima, S. Komiyama, “Vacuum Rabi Splitting in a Semiconductor Circuit QED System”, Physical Review Letters, vol. 110, 066802, February 2013.

[17] X. Mi, J. V. Cady, D. M. Zajac, P. W. Deelman, J. R. Petta, “Strong coupling of a single electron in silicon to a microwave photon”, Science, vol. 355, 156, January 2017.

[18] B. Radisavljevic, A. Radenovic, J. Brivio, V. Giacometti, A. Kis, “Single-layer MoS2 transistors”, Nature Nanotechnology, vol. 6, 147, January 2011.

[19] Britton W. H. Baugher, Hugh O. H. Churchill, Yafang Yang, Pablo Jarillo-Herrero, “Intrinsic Electronic Transport Properties of High-Quality Monolayer and Bilayer MoS2”, Nano Letters, vol. 13, 4212, August 2013.

[20] BlueFors, BF‐LD250 CRYOGEN-FREE DILUTION REFRIGERATOR SYSTEM User manual, 2011.

[21]目录, 取自http://file.yizimg.com/195362/2010060913595347.pdf。

[22] LOR and PMGI Resists – MicroChem, 取自http://microchem.com/pdf/PMGI-Resists-data-sheetV-rhcedit-102206.pdf。

[23] MicroChem PMMA WP, 取自http://microchem.com/pdf/PMMA_Data_Sheet.pdf。

[24] Yi-Hsien Lee, X.Q. Zhang, W Zhang, M.T. Chang, C.T. Lin, K. Chang, Y. Yu, T. Wang, C.S. Chang, L.J. Li, Tsung-Wu Lin, “Synthesis of Large-Area MoS2 Atomic Layers with Chemical Vapor Deposition”, Advanced Materials, vol. 24, Issue 17, 2320, May 2012.

[25] H. Wang, L. Yu, Y.-H. Lee, W. Fang, A. Hsu, P. Herring, M. Chin, M. Dubey, L.-J. Li, J. Kong, T. Palacios, “Large-scale 2D Electronics based on Single-layer MoS2 Grown by Chemical Vapor Deposition”, IEEE Electron Devices Meeting (IEDM), 4.6.1, 2012.
	指導教授	
      	  陳永富(Yung-Fu Chen)
      	 	審核日期	2017-11-20
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
