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	摘要(中)	為了使光在次波長的尺度下傳輸，矽混合電漿 (silicon hybrid plasmonic)結構由於其高電磁場侷限能力與較低之傳播損耗，已被視為可用於實現高密度光子積體線路 (integrated photonic circuit)整合的解決方案。本研究提出的兩個基於模態漸變(mode evolution)原理之嵌入式 (embedded)矽波導至混合電漿波導 (hybrid plasmonic waveguide)之極化模態轉換器都具有四段不同的金屬結構，且使用矽、二氧化矽與銀作材料並相容於絕緣層覆矽 (silicon on insulator)製程，可將介質波導中的準TE$_{00}$模態旋轉並耦合至混合電漿波導之HP$_{01}$基模 ，以連結矽光子 (Si photonics)與電漿 (plasmonic)線路。

設計原理是先將轉換器視為沿傳播方向的無數區域截面結構之組合，分析各截面之特徵模態後，以橫向磁場 (TM)極化分量之梯度變化描述模態之漸變過程，並同時以有效折射率 (effective index)實部描述傳播損耗，最後將兩者結合以快速取得次優化之設計以減少運用數值模擬進行參數掃描之需求。經有限元素法 (finite element method, FEM)與有限時域差分 (finite-different time-domain)法逐段進行最佳化後得到的兩個結構其元件面積分別為80 %、極化轉換效率>92 %與插入損耗200 nm)與139 nm (181 nm)。金屬之厚度與寬度容差在插入損耗80 %的條件下分別為80 nm與>105 nm。各特性參數除了證明元件適用於光通訊C波段、製程要求度低與小型化，亦支持本研究對模態漸變之極化模態轉換器所提出的設計原理。
	摘要(英)	For realizing high-density photonic integrated circuits, subwavelenth waveguides are essential. Hybrid plasmonic waveguides (HPWs) have been regarded as a promising solution for its subwavelength field confinement capability and low loss characteristic compared to traditional plasmonic waveguides. In this research, two hybrid-plasmonic-mode-evolution-based polarization mode converters (PMCs) for rotating and coupling the photonic quasi-TE$_{00}$ mode in an embedded silicon waveguide to the HP$_{01}$ mode in a HPW have been presented. Both designs are silicon-on-insulator-compatible and consist of four-section asymmetric/symmetric top silver (Ag) structures.



  The design principle is based on considering the whole PMC as a cascade of HPW slices, each of which having its eigenmodes along the propagation direction. The gradient ascent of the transverse magnetic polarization fraction and the minimum rate of change in the modal index (real part) of the eigenmode are used to rapidly obtain sub-optimum designs and are proved to effectively reduce heavy reliance on parameter sweeps using numerical computations. The former describes the mode evolution process, while the later deals with the propagation loss problem.

 

  The footprints of the two numerically optimized PMCs are 80 %, PCE>92 % and IL>80 %, the corresponding spectral range of the first (second) design is 133 nm (176 nm), 182 nm (>200 nm) and 139 nm (181 nm), all covering the entire $C$ band of optical telecommunication. The fabrication tolerances of the top Ag structure and the silica spacer are also discussed. The PMCs presented here whose performance are rigorously evaluated are not only well-designed and ultracompact in size, but also support the novel design principle for mode-evolution-based PMCs presented in this work.
	關鍵字(中)	
      	  ★ 模態轉換器
★ 電漿波導
★ 極化旋轉	關鍵字(英)	
      	  ★ mode converter
★ plasmonic waveguide
★ polarization rotation
	論文目次	中文摘要....................................................................................................................... i

英文摘要...................................................................................................................... ii

目錄............................................................................................................................. iv

圖目錄 ........................................................................................................................ v

表目錄 ...................................................................................................................... xii

一、 緒論 .................................................................................................................. 1

1.1 背景 ……………………………………………………………………………………………………………….. 1

1.2 文獻探討 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2.1 基於模態耦合原理之轉換器 . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . 4

1.2.2 基於模態漸變原理之轉換器 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

1.2.3 矽波導至混合電漿波導之轉換器 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.3 研究動機、流程與內容架構 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

二、 理論背景與分析方法..................................................................................... 20

2.1 在三維導波結構中傳播之模態的電磁場行為 . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2 表面電漿與混合電漿波導 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

2.3 區域耦合模理論 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

2.4 元件特性分析方法 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2.4.1 極化功率與模態功率 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

2.4.2 極化消光比與橫向電場極化分量 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2.4.3 轉換效率 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.4.4 損耗 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.5 材料的選擇 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

三、 設計與分析 .................................................................................................... 37

3.1 輸入與輸出端結構尺寸 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.2 輸出端混合電漿波導表現 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

3.3 元件橫截面特徵模態分析 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

3.3.1 擾動金屬結構 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

3.3.2 模態漸變與TM極化分量 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

3.3.3 模態有效折射率與損耗 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.3.4 設計原理 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

3.4 初始結構的設計與表現 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

3.5 固定寬度金屬結構之設計 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

四、 結果與討論 .................................................................................................... 59

4.1 兩個最佳化方向 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

4.2 各段金屬長度最佳化 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.2.1 模型一 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

4.2.2 模型二 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

4.3 模型間比較與檢討 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

4.4 傳輸頻譜特性 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

4.5 容差分析 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

4.5.1 金屬寬度的容差 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

4.5.2 金屬高度的容差 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

4.5.3 二氧化矽薄膜高度的容差 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

4.6 研究結果分析與比較 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92

五、 結論 ............................................................................................................... 95

參考文獻.................................................................................................................... 97
	參考文獻	[1] D. Dai, H. Wu, and W. Zhang, “Utilization of Field Enhancement in Plasmonic Waveguides for Subwavelength Light-Guiding, Polarization Handling, Heating, and Optical Sensing,” Materials, vol. 8, no. 10, pp. 6772-6791, Oct. 2015.

[2] J. Wang, “A review of recent progress in plasmon-assisted nanophotonic devices,” Front. Optoelectron., vol. 7, no. 3, pp. 320-317, Sept. 2014.

[3] X. Guan, H. Wu, and D. Dai, “Silicon hybrid nanoplasmonics for ultra-dense photonic integration,” Front. Optoelectron., vol. 7, no. 3, pp. 300-319, Sept. 2014.

[4] S. Kim and Qi. Minghao, “Polarization rotation and coupling between silicon waveguide and hybrid plasmonic waveguide,” Opt. Express, vol. 23, no. 8, pp. 9968-9978,Oct. 2015.

[5] Kim, S. and Qi, M., “Mode-evolution-based polarization rotation and coupling between silicon and hybrid plasmonic waveguides,” Sci. Rep., vol. 5, pp. 18378, 2015.

[6] Y. J. Chang and T. H. Yu, “Photonic-Quasi-TE-to-Hybrid-Plasmonic-TM Polarization Mode Converter,” J. Lightwave Technol., vol. 33, no. 20, pp. 4261-4267, Oct. 2015.

[7] J. J. Bregenzer, “Integrated polarization rotators,” Ph.D. dissertation, University of Glasgow, U.K., 2009.

[8] J. Zhang, M. Yu, G.-Q. Lo, and D.-L. Kwong, “Silicon-waveguide-based mode evolution polarization rotator,” IEEE J. Sel. Top. Quantum Electron., vol. 16, no. 1, pp.53-60, Jan./Feb. 2010.

[9] G. Chen, L. Chen, W. Ding, F. Sun, and R. Feng, “Ultra-short Silicon-On-Insulator (SOI) polarization rotator between a slot and a strip waveguide based on a nonlinear raised cosine flat-tip taper,” Opt. Express, vol. 21, no. 12, pp. 14888-14894, Jun. 2013.

[10] L. Jin, Q. Chen, and L. Wen, “Mode-coupling polarization rotator based on plasmonic waveguide,” Opt. Lett., vol. 39, no. 9, pp. 2798-2801, May. 2014.

[11] J. Wang, J. Xiao, and X. Sun, “Design of a broadband polarization rotator for silicon-based cross-slot waveguides,” Appl. Opt., vol. 54, no. 12, pp. 3805-3810, April. 2015.

[12] Y. Sun, Y. Xiong and W. N. Ye, “Compact SOI Polarization Rotator Using Asymmetric Periodic Loaded Waveguides,” IEEE Photon. J., vol. 8, no. 1, pp. 1-8, Feb. 2016.

[13] Y. Yue, L. Zhang, M. Song, R. G. Beausoleil, and A. E. Willner, “Higher-order-mode assisted silicon-on-insulator 90 degree polarization rotator,” Opt. Express, vol. 17, no. 23, pp. 20694-20699, Nov. 2009.

[14] X. Sun, M. Z. Alam, J. S. Aitchison, and M. Mojahedi, “Polarization rotator based on augmented low-index-guiding waveguide on silicon nitride/silicon-on-insulator platform,” Opt. Lett. , vol. 41, no. 14, pp. 3229-323, Jul. 2016.

[15] T. Cao, S. Chen, Y. Fei, L. Zhang, and Q.-Y. Xu, “Ultra-compact and fabrication-tolerant polarization rotator based on a bend asymmetric-slab waveguide,” Appl. Opt., vol. 52, no. 5, pp. 990-996, Feb. 2013.

[16] G. Chen, L. Chen, W. Ding, F. Sun and R. Feng, “Polarization Rotators in Add-Drop Filter Systems With Double-Ring Resonators,” IEEE Photon. Technol. Lett., vol. 26, no. 10, pp. 976-979, May. 2014.

[17] Q. Li, Y. Song, G. Zhou, Y. Su and M. Qiu, “Asymmetric plasmonic-dielectric coupler with short coupling length, high extinction ratio, and low insertion loss,” Opt. Lett., vol. 35, no. 19, pp. 3153-3155, Oct. 2010.

[18] Y. Song, J. Wang, Q. Li, M. Yan and M. Qiu, “Broadband coupler between silicon waveguide and hybrid plasmonic waveguide,” Opt. Express, vol. 18, no. 12, pp. 13173-13179, Jun. 2010.

[19] H. Reather, Surface Plasmons. Springer, Berlin, 1988.

[20] S. I. Bozhevolnyi, Plasmonic Nanoguides and Circuits. Pan Stanford, Singapore, 2009.

[21] S. A. Maier, Plasmonics: Fundamental and Applications. Springer, Singapore, 2007.

[22] B. E. A. Saleh, and M. C. Teich, Fundamentals of Photonics. SPIE Press, 2013.

[23] D. Dai and S. He, “A silicon-based hybrid plasmonic waveguide with a metal cap for a nano-scale light confinement,” Opt. Express, vol. 17, no. 19, pp. 16646-16653, Sept. 2009.

[24] W. P. Huang and C. L. Xu, “Simulation of three-dimensional optical waveguides by a full-vector beam propagation method,” IEEE J. Quantum Electon., vol. 29, no. 10, pp. 2639-2649, Oct. 1993.

[25] D. L. Lee, Electromagnetic Principles of Integrated Optics. New York: John Wily & Sons, Inc. , 1986.

[26] J.-M. Liu, Photonic Devices. Cambridge University Press, Cambridge, 2005.

[27] W. Huang and Z. M. Mao, “Polarization rotation in periodic loaded rib waveguides,” J. Lightwave Technol., vol. 10, no. 12, pp. 1825-1831, Dec. 1992.

[28] A. W. Synder, and J. D. Love, Optical waveguide theory. Chapman and Hall, London, 1983.

[29] M. R. Watts and H. A. Haus, “Integrated mode-evolution-based polarization rotators,” Opt. Lett., vol. 30, no. 2, pp. 138-140, Jan. 2005.

[30] Available: https://kb.lumerical.com/

[31] Available: http://refractiveindex.info/
	指導教授	
      	  張殷榮(Yin-Jung Chang)
      	 	審核日期	2016-11-17
	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



	
