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摘要 

  我們分別從實驗與模擬去試圖了解當我們用大光束端泵浦摻釹釩

酸釔雷射時，在簡併共振腔下的雷射行為。我們發現橫模間的交互作

用會使得雷射輸出出現不穩定。而從實驗與模擬，我們都發現從穩定

到不穩定間的第二閥值對腔長作圖是一個V形的曲線。而該V形曲線

的特性與輸入功率跟端泵光束大小有關。同時我們也發現在該雷射系

統中存在數種動態行為，包括渾沌、脈衝等，我們也利用模擬畫出各

種動態行為所存在的區域。 
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Abstract 

  The behavior of the axially pumped Nd:YVO4 laser with large 

pumping spot size is experimently and numerically studied. We show that  

the instability of this laser system is due to transverse mode beating. We 

found that there is a V-shaped second threshold of quasi-periodic which 

agrees with our simulation result. The character of the V-shaped depends 

on both the pumping power and pumping spot size.  In addition, we also 

observed several kinds of laser dynamics and the instability regions they 

exit, such as chaos, modulated pulsation, and quasi-period.  

 

 



Content 

Chinese abstract 

English abstract 

Acknowledgement  

Content 

Graphic content 

 

Chapter 1 Introduction…………………………………………………………….1 

1.1 Brief Review……………………………………………………………………..1 

1.2 Motivation………………………………………………………………………..1 

1.3 Aim of this work………………………………………………………………….3 

1.4 Organization……………………………………………………………………...3 

 

Chapter 2 Theory…………………………………………………………………...4 

2.1 Huygens’ integral and ABCD law………………………………………………..4 

2.2 Thermal effect……………………………………………………………………7 

2.3 Simulation model……………………………………………………………….10 

 

Chapter 3 Experiment setup……………………………………………….…….14 

3.1 Laser system…………………………………………………………………….14 

3.2 Controlling of the spot size……………………………………………………..15 

  3.2.1 Lens imaging……………………………………………………………….16 

  3.2.2 prism pair…………………………………………………………………...17 

   3.2.3 cylindrical lens……………………………………………………………..18 

3.3 Determine the location of the smallest spot size by the pump saturation………20 



3.4 Laser system Setup……………………………………………………………...21 

3.5 Laser system alignment…………………………………………………………22 

 

Chapter 4 Result and Discussion………………………………...……………..23 

4.1 The bifurcation diagram………………………………………………………...23 

4.2 The second threshold to instability……………………………………………...24 

4.2.1 The relation between the second threshold and spot size…………………..25 

   4.2.2 The dependence of second threshold on the cavity configuration…………28 

   4.2.3 The cavity loss…………………………………………………………...…31 

4.3 The dynamics of the laser system……………………………………………….33 

4.4 Precession oscillation frequency………………………………………………..40 

4.5 Chaos analyze…………………………………………………………………...41 

4.6 Power bump and chaotic region………………………………………………...43 

Chapter 5 Conclusion and future work………………………..………………45 

References………………………………………………………………………….46 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Graphic Content 
Fig. 2.1  Huygens’ integral in free space……………………………………………..4 

Fig. 2.2  The optical path length from P1 to P2………………………..……………..5 

Fig. 2.3  Side view and end view of an applicable laser rod…………………………8 

Fig. 2.4  Simulation configuration of the laser system……………………………...10 

Fig. 3.1  The Nd:YVO4 laser system setup…………………………………………15 

Fig. 3.2  The distribution of the light from the laser diode…………………………16 

Fig. 3.3  The alignment of lens image………………………………………………17 

Fig. 3.4  The light expansion of prism pair…………………………………………18 

Fig. 3.5  The light rearrange by the cylindrical lens………………………………...18 

Fig. 3.6  The distribution of the beam shaping……………………………………...19 

Fig. 3.7  Transmitted power versus the focusing position…………………………..20 

Fig. 3.8  The experiment setup for determining the spot size………………………21 

Fig. 4.1  Bifurcation diagram for higher pumping power…………………………..24 

Fig. 4.2  The relation between pump spot size and second threshold in simulation..26 

Fig. 4.3  The relation between pump spot size and second threshold in experiment.28 

Fig. 4.4  The distribution of beam shaping…………………………………………28 

Fig. 4.5  The V-shaped second threshold in simulation for spot size = 300µm…….29 

Fig. 4.6  The V-shaped second threshold in simulation for spot size = 150µm…….30 

Fig. 4.7  V-shaped second threshold in experiment for spot size is about 300µm….31 

Fig. 4.8  The V-shaped second threshold in experiment for spot size is about 

150µm…….…………………………………………………………………………..31 

Fig. 4.9  The V-shaped second threshold in simulation for spot size is about 300µm 

with R = 60%................................................................................................................32 

Fig. 4.10  Evolution of the output power of the quasi-periodic oscillation…………34 



Fig. 4.11  Power evolution of modulated quasi-periodic in simulation..…………...35 

Fig. 4.12  Power evolution of precession oscillation in simulation......……….........36 

Fig. 4.13  Power evolution of pulsation in simulation……………………………...36 

Fig. 4.14  Power evolution of chaos in simulation………………………………….37 

Fig. 4.15  The frequency distribution of quasi-periodic in experiment……………..38 

Fig. 4.16  Power evolution and spectrum of precession oscillation in experiment…38 

Fig. 4.17  Power evolution and spectrum of pulsation in experiment………………39 

Fig. 4.18  Power evolution and spectrum of chaos in experiment………………….40 

Fig. 4.19  The precession frequency versus L for fixed pump power………………41 

Fig. 4.20  The data of chaos signal before smoothed and after smoothed………….42 

Fig. 4.21  The correlation dimension of the system in simulation and experiment...43 

Fig. 4.22  Power bump and chaotic region in simulation…………………………...43 

Fig. 4.23  Power bump and chaotic region in experiment…………………………..44 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

致謝 

  很快的兩年過去了，這兩年最要感謝的當然是指導教授謝文峰老師共同指導

吳小華老師在實驗工作上的指導與建議。當然還要謝謝學長戴伯澤，教了我很多

實驗上應該注意的細節與技巧。而且很多次當我遇到困難的時候，學長也適時的

提供很多建議與經驗，讓我可以順利的進行我的實驗。以及陳慶緒學長，給我很

多數值模擬上的經驗，讓我在實驗上可以藉以對照，使我更能掌握整個狀況。另

外，也要謝謝雷射組其他的學長們家弘跟智章，也常常給我一些實驗上的經驗。

謝謝兩位老師與各位學長，讓我能順利完成我的工作。 

  還有實驗室的其他學長姐、同學們與學弟妹們，謝謝你們帶給我兩年美好的回

憶。尤其是許育儒，幾乎每個禮拜都會跟你去打撞球，雖然我很少贏，不過至少

勝率不是零，還不至於太丟臉。 

  感謝國科會計畫編號 NSC 92-2112-M009-037 的經費支持，使得研究得以順利完

成。 

  終究是得離開的，謝謝大家，我會永遠記得這兩年的。 

 


