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	摘要(中)	將體積布拉格光柵用於雷射系統中，可以有效窄化雷射的輸出光譜，以及改善雷射輸出的空間模態M2，而體積布拉格光柵的角度選擇性與一般的共振腔反射鏡有極大的差別。本論文以數值模擬的方式，計算以體積布拉格光柵為共振腔反射鏡的雷射系統輸出橫模。並由數值模擬結果，預測以體積布拉格光柵為共振腔反射鏡的雷射系統將有機會輸出環形模態，並成功架設固態雷射系統，驗證環形模態的存在。


且由模擬結果發現，在以體積布拉格光柵為共振腔反射鏡的雷射系統中，若雷射波長小於體積布拉格光柵的繞射中心波長，系統將會發生不同於傳統的模態輸出。



	摘要(英)	Volume Bragg grating for the laser systems can be effectively narrowing the laser output spectrum, and to improve the spatial beam quality M2 of the laser output. There has the great difference in the angular selectivity between the volume Bragg grating and the general cavity mirror. In this thesis, uses the numerical simulation to calculate the output transverse mode of lasers using volume Bragg grating as a cavity mirror. By the numerical simulation results, predicts that lasers using volume Bragg grating as a cavity mirror, will have the opportunity to output the ring-shaped mode, and successfully set up a solid-state laser system, verify the existence of the ring-shaped mode.


From the simulation results, lasers using volume Bragg grating as a cavity mirror, when the laser wavelength is less than the diffraction central wavelength of volume Bragg grating, the system will output the mode that is different from the traditional Gaussian mode.



	關鍵字(中)	
      	  ★ 橫模
★ 體積布拉格光柵
★ 共振腔反射鏡	關鍵字(英)	
      	  ★ transverse mode
★ cavity mirror
★ volume Bragg grating
	論文目次	中文摘要 .................................................................................................. i


Abstract .................................................................................................. ii


致謝 ....................................................................................................... iii


目錄 ......................................................................................................... v


圖目錄 ................................................................................................... vii


表目錄 .................................................................................................... xi


第一章 緒論 ........................................................................................... 1


1.1 前言 ............................................................................................................ 1


1.2 研究動機 .................................................................................................... 3


第二章 基本原理 ................................................................................... 4


2.1 雷射基本原理 ............................................................................................ 4


2.1.1 增益介質 ......................................................................................... 4


2.1.2 雷射輸出與有效反射率 .................................................................. 7


2.2 體積布拉格光柵 (volume Bragg grating, VBG) ...................................... 12


2.2.1 VBG的構造與工作原理 ................................................................ 12


2.2.2 VBG的材料與製作原理 ................................................................ 14


2.2.3 VBG的光學特性 ........................................................................... 16


2.3 光的傳播原理 .......................................................................................... 18


2.3.1 傅立葉轉換 ................................................................................... 18


2.3.2 平面光波的波向量與空間頻率之關係 ......................................... 19


2.3.3 光的傳遞 ....................................................................................... 20


2.4 雷射之橫向模態特性 ............................................................................... 22


2.4.1 雷射橫模簡介 ................................................................................ 22


2.4.2共振腔對橫模的影響 ..................................................................... 26


第三章 模擬原理與分析 ...................................................................... 30


3.1 計算VBG之繞射光譜與其原理 ............................................................. 30


3.1.1 光在分層介質中的傳播推導......................................................... 30


3.1.2 週期性分層介質 ............................................................................ 37


3.1.3 計算VBG的繞射光譜 .................................................................. 39


3.2 以線性代數方法求解雷射共振腔之橫向eigenmode .............................. 42


3.2.1 一般共振腔模擬 ............................................................................ 42


3.2.2 以VBG為反射鏡之線型共振腔模擬 ........................................... 48


3.2.3 高度聚焦於VBG表面之短共振腔模擬 ....................................... 53


3.3 不同波長對VBG線型共振腔橫模輸出的影響 ...................................... 62


第四章 實驗與結果討論 ...................................................................... 66


4.1 以VBG為反射鏡之線形共振腔 ............................................................. 66


4.1.1 實驗架設 ....................................................................................... 66


4.1.2 實驗結果 ....................................................................................... 67


4.2 高度聚焦於VBG表面之短共振腔實驗 ................................................. 69


4.2.1 實驗架設 ....................................................................................... 69


4.2.2 雷射橫模特性 ................................................................................ 70


4.2.3 雷射輸出功率特性 ........................................................................ 73


4.2.4 輸出模態分布不均勻之討論......................................................... 75


第五章 結論 ......................................................................................... 78


5.1 結論 .......................................................................................................... 78


5.2 未來展望 .................................................................................................. 79


附錄一 V型共振腔模擬 ...................................................................... 80


附錄二 加入增益介質的響應與二維包含極化模擬 ........................... 81


參考文獻 ............................................................................................... 82


附件 ....................................................................................................... 85



	參考文獻	1. Volodin, B.L., et al., Wavelength stabilization and spectrum narrowing of high-power multimode laser diodes and arrays by use of volume Bragg gratings. Opt. Lett., 2004. 29(16): p. 1891-1893.


2. Yiou, S., et al., Improvement of the spatial beam quality of laser sources with an intracavity Bragg grating. Opt. Lett., 2003. 28(4): p. 242-244.


3. Efimov, O.M., L.B. Glebov, and V.I. Smirnov, High-frequency Bragg gratings in a photothermorefractive glass. Opt. Lett., 2000. 25(23): p. 1693-1695.


4. Hsieh, H.-T., et al., Beam-width-dependent filtering properties of strong volume holographic gratings. Appl. Opt., 2006. 45(16): p. 3774-3780.


5. Hellstrom, J.E., et al., Finite Beams in Reflective Volume Bragg Gratings: Theory and Experiments. Quantum Electronics, IEEE Journal of, 2008. 44(1): p. 81-89.


6. Orazio Svelto and D.C. Hanna, Principles of Lasers. 3th edn; New York, 1989.


7. Walter Koechner and M.B., Solid-State Laser. Springer.


8. A I Zagumennyĭ, et al., The Nd:GdVO4 crystal: a new material for diode-pumped lasers. Sov. J. Quantum Electron., 1992.


9. 謝裕華, 利用體積布拉格全像光柵回饋之高功率綠光穩頻雷射建立及其雷射動力學行為研究. 光電科學與工程學系, 國立中央大學: 台灣, 2011.


10. T. Jensen, V.G.O., J. -P. Meyn, G. Huber, A. I. Zagumennyi and I. A. Shcherbakov, Spectroscopic characterization and laser performance of diode-laser-pumped Nd: GdVO4 Applied Physics, 1994. 58: p. 373-379.


11. Amnon Yariv and P. Yeh, Optical Waves in Crystals. p. 177-189.


12. M. Born and E. Wolf, Principles of Optics. MacMillan, New York, 1964.


13. Gabor, D., A New Microscopic Principle. Nature 161, 777(1948); Proc. Roy. Soc. (London) A197, 454(1949).


14. Efimov, O.M., et al., High-Efficiency Bragg Gratings in Photothermorefractive Glass. Appl. Opt., 1999. 38(4): p. 619-627.


15. Te-yuan Chung, et al., Solid-state laser spectral narrowing using a volumetric photothermal refractive Bragg grating cavity mirror. Opt. Lett., 2006. 31(2): p. 229-231.


16. 詹偉平, 以錐形半導體放大器為增益介質、外腔VBG回饋半導體雷射研究. 光電科學與工程學系, 國立中央大學: 台灣, 2010.


17. George B. Venusa, et al., High-brightness narrow-line laser diode source with volume Bragg-grating feedback. Proc. SPIE, 2005. 5711: p. 166-176.


18. Goodman, J.W., Introduction to Fourier Optics. New York, 1968.


19. 黃敬勛, 以體積布拉格光柵作為雷射共振腔內反射鏡之縱向模態研究. 光電科學與工程學系, 國立中央大學: 台灣, 2012.


20. E. Anderson, et al., LAPACK Users’’ Guide Third Edition. 1999.


21. Waritanant, T. and C. Te-yuan, Influence of Minute Self-Absorption of a Volume Bragg Grating Used as a Laser Mirror. Quantum Electronics, IEEE Journal of. 47(3): p. 390-397.



	指導教授	
      	  鍾德元(Te-Yuan Chung)
      	 	審核日期	2012-8-1
	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



	
