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ABSTRACT 

 

 

 

 

Orthovanadate crystal is well known as a gain medium. However in scale-up 

the output power some parameters of the crystals have to be considered. This included 

the thickness or the length of the bar crystal. Therefore the aim of this project is to 

investigate best choice of length of 1 at % Nd:YVO4 crystal for the best laser 

performance. In attempt to achieve this goal, various lengths of bar crystal were under 

studied including 1.15, 3.00 and 10.00 mm. The crystals were longitudinally pumped 

by diode laser. The laser output was measured using powermeter, spectrum analyzer 

and CCD video camera. The beam spot of the laser outputs were recorded using CCD 

video camera. The Nd:YVO4 output beam spectrum centered at 1063.93 nm with 

linewidth of 0.70 nm. The output power for 1.15 and 3.00 mm crystals showed 

spontaneous emission in the initial stage. This followed by stimulated emission after 

exceeding threshold point. In the case for 10.00 mm crystal merely shows the 

spontaneous emission process. The limited pumping power does not allow lasing to 

occur from 10.00 mm crystal. The optimized length of 1 at % Nd:YVO4 crystals was 

found to be from the 3.00 mm crystal with slope efficiency of 4.51% and threshold 

power of 1921 mW.  Meanwhile for 1.15 mm crystal manage to produce an efficiency 

of 1.07 % with threshold power of 2400 mW. The exciting beam for 10.00 mm crystal 

was dissipated and dispersed in the bulk of crystal causing spontaneous without 

stimulated emission.   
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ABSTRAK 

 

 

 

 

Kristal Orthovanadate dikenali sebagai medium aktif laser. 

Walaubagaimanapun beberapa parameter kristal tersebut perlu dipertimbangkan 

semasa pengukuran kuasa keluar. Ini termasuklah ketebalan atau panjang kristal.  Oleh 

itu, tujuan projek ini dijalankan adalah untuk mengenalpasti panjang terbaik 1 at % 

Nd:YVO4 kristal yang menghasilkan prestasi laser terbaik. Bagi mencapai objektif ini, 

panjang kristal 1.15, 3.00 dan 10.00 mm digunakan. Kristal-kristal ini dipam secara 

membujur oleh laser diod. Keluaran laser oleh kristal diukur dengan menggunakan 

meterkuasa, penganalisis spektrum dan kamera video CCD. Bintik keluaran laser 

kristal dirakamkan dengan menggunakan kamera video CCD. Kristal Nd:YVO4 

menghasilkan laser yang berpusat pada 1063.93 nm dengan lebar jalur 0.70 nm. Pada 

permulaannya, kuasa keluaran kristal bagi 1.15 dan 3.00 mm adalah pancaran spontan 

sahaja.  Ini diikuti dengan pancaran ransangan yang berlaku selepas kuasa ambang. 

Bagi kristal 10.00 mm, kuasa keluaran hanya menunjukkan proses pancaran spontan 

sahaja. Kuasa pengepaman yang terhad tidak dapat menghasilkan laser bagi kristal 

10.00 mm. Panjang optimum kristal 1 at % Nd:YVO4 daripada projek ini adalah kristal 

3.00 mm dengan kecekapan tukaran optikal 4.51% dan kuasa ambang 1921 mW. 

Sementara itu, kristal 1.15 mm menghasilkan kecekapan 1.07% dengan kuasa ambang 

2400 mW. Pancaran daripada kristal 10.00 mm tersebar dan hilang di dalam kristal 

menyebabkan berlakunya pancaran spontan tanpa pancaran ransangan.       
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Overview 

 

 

The advantage of pumping solid-state lasers with monochromatic pump source 

has been recognized earlier but the low power output, low packaging density and 

extremely high cost of diode lasers prevented any serious application for laser 

pumping until the mid-1980s. The decreasing cost and great development of the laser 

diode during the last two decades has attracted a great deal of attention. Properties 

such as output power, compactness, beam quality, lifetime, efficiency and wavelength 

control have all been dramatically improved. Today, there are many applications of 

laser diode in the field of military, industry, medical treatment and scientific research 

(Koechner, 2006 and Ying, 2008). 

 

 

 

 

 

 



There are two main diode-pumped systems which are side-pumped and end-

pumped. In the side-pumped geometry, the diode arrays are placed along the length of 

the laser rod or slab and pump the active material perpendicular to the direction of 

propagation of the laser resonator mode. In the end-pumped geometry, the pumped 

radiation is collimated and focused longitudinally into the laser material collinear with 

the resonator mode. High conversion efficiency and good beam quality are the 

characteristics of the end-pumped laser system according to Chen (1999). Hence, end-

pumped laser-diode system is used in this research. 

 

 

Yttrium Orthovanadate doped Neodymium (Nd:YVO4) crystal have been 

identified as a promising active materials for use in diode-pumped laser. Compare to 

the others crystals, Nd:YVO4 offers many advantages such as a larger emission cross-

section, a broader absorption bandwidth, a higher allowed doping level and a polarized 

output. It is possible for a short Nd:YVO4 to absorb most of the incident light around 

809 nm since its absorption cross-section (2.7 x 10
-19

cm
2
) is several times larger than 

the Nd:YAG (0.7 x 10
-19

cm
2
) (Wang, 2001). 1 at % Nd:YVO4 crystal at various length 

was utilized as an active material in this research. 

 

 

Wang et al. (2001) compared the laser properties of four different doping 

levels of Nd:YVO4 where each of the crystal have different lengths. The doping levels 

comprised of 1, 2, 3 and 5%. They found that the 2 at % 2 mm Nd:YVO4 crystal was 

the best specification which has the advantages of economy, high efficiency and low 

threshold power. The threshold power and the slope efficiency were 39 mW and 50% 

respectively for this crystal. They reported that only the 1 at % Nd:YVO4 crystals 

showed that the longer the crystal, the higher the slope efficiency and the lowest the 

threshold power. In this particular doping level, they had made comparison of the laser 

output for different crystal’s length of 1, 3 and 5 mm. The slope efficiency and 

threshold power were varied with crystal’s length for the other doping level. The best 

specification of the 1 at % Nd:YVO4 crystals was longer than 3 mm. Wang also stated 

2 



that the higher the doping level or the longer the crystal, the higher and broader their 

absorption peak near 809 nm which then influenced the laser properties of the 

Nd:YVO4 crystal.   

 

 

 Mukhopadhyay et al. (2002) had carried out experiment using three Nd:YVO4 

crystals with different lengths and doping levels. The crystals were comprised of 

doping level of 1, 2 and 3% with length of 1.5, 1.0 and 0.5 mm respectively. Their 

result shows that the 1.5 mm for 1 at % doped Nd
3+

 ion crystal has the highest slope 

efficiency of 56% and the lowest threshold power of 40 mW. From this result, it was 

noted that the lower the doping level and the longer the crystal length the better the 

Nd:YVO4 laser crystal performance.   

 

 

 

 

1.2 Problem Statement 

 

 

The Nd:YVO4 crystal was considered to be one of the best laser crystal since 

its offer many advantages compared to the other laser crystal. The two outstanding 

features of the Nd:YVO4 crystal are large stimulated emission cross section and strong 

broadband absorption at 809 nm. Previous research reported that the laser properties 

such as the slope efficiency and the threshold power were influenced by the absorption 

capabilities of the pump light, which have the dependence on the doping levels and 

lengths of the crystal. However which length actually suitable for inducing high 

efficiency and low threshold for low pump power still not known. Therefore, in this 

project, the appropriate length or/and thickness of the gain medium having such 

properties is determined. 
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1.3 Research Objective 

 

 

The main objective of this project is to identify the appropriate length of the 

gain medium for high performance of Nd:YVO4 laser.  In attempt to achieve these 

goals, the following works are carried out: 

 

1. Calibrate the pumping source a laser diode   

2. Pumping gain medium 1 at% Nd:YVO4 bar at different length  

3. Characterize the laser output of each of gain medium   

 

 

 

 

1.4 Research Scope 

 

 

In this study, Neodymium orthovanadate (Nd:YVO4) with doping level 1 at % 

Nd
3+

 ions in YVO4 host was employed as gain medium. Laser diode at 809 nm was 

utilized as a pumping source. The study was focused only at the parametric 

dependence on the length of the crystal at constant doping level. The pumping current 

also verified in the range of 8 A to 14 A during the output power measurement of both 

laser diode and Nd:YVO4 crystal. 
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1.5 Chapter Outline 

 

 

This report is divided into five chapters. The first chapter is the introduction of 

the project including the problem statement, research objective, research scope and 

chapter outline.  

 

 

Chapter 2 is the theoretical aspects of the laser diode and its working principle, 

the properties of solid-state laser material, the slope efficiency and threshold power of 

the active medium.  

 

 

Chapter 3 is the methodology of the project which includes the laser diode, the 

active material, the instrumentation, the experimental setup and finally a topic about 

how the data being analyzed. 

 

 

Chapter 4 discussed the results obtained from the experiments. This includes 

the characteristics of the laser diode calibration curve and the output power 

measurement of the Nd:YVO4 crystals. The different lengths of the crystal were 

compared in terms of slope efficiency and threshold power in this chapter. 

 

 

The last chapter concludes the results of this project. Problems encounter 

during the experiments also stated in this chapter and followed by a few 

recommendation for a future study. 
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