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Abstract    

 

In this thesis we designed and built a passive Q-switched pulsed Nd: YAG 

laser system that can be used in various applications. This system can 

provide a potential compact robust laser source for portable laser induced 

Breakdown Spectroscopy system. This is an advantage since most other 

analytical technique can not be used in field.   

In LIBS experiment the breakdown threshold for solid targets ranges from 

107 to 108 W/cm2. The whole laser system including, power supply, optical 

pump cavity, and laser resonator was designed and built to meet this power 

density.  

The passive Q-switching technique was chosen while designing the system 

for more compact, robust and lessen the complexity of the system. The 

present Nd:YAG laser system operates at 1064-nm single shot pulsed. The 

maximum output energy of the present passive Q-switched laser pulse is 

about 170mJ with slope efficiency of 0.34%. The number of pulses was 

found to be in the range of 1 – 6. This depends on the pump energy. By 

increasing the pump energy, the number of pulses per laser shot increases. 

The six laser pulses are obtained at the maximum pump energy of 50J.  The 

pulse width of each pulse ranges from 20 to30 ns. All laser pulses in each 

shot have different intensities. The variation of the laser pulse energy in each 

shot is within 36% relative standard deviation. The minimum energy per 

pulse within train of pulses is 10-mJ while the maximum is 60-mJ.  The 

average energy per pulse is 28 mJ. The maximum total energy of the 6- 

pulses laser shot was about 167 mJ with 16% relative standard deviation.  

 



The pulses are found to be approximately evenly distributed in time. The 

time distribution of the pulses show that the average duration of inter-pulse 

time gaps decreased when the number of pulses increased. The total duration 

of the output pulse series is within 300 µs. The inter-pulse time gap at the 

maximum pump energy is 60µs. At any given pump energy level, the laser 

output pulse structure was seen to be reasonably stable; only one out of 10–

20 shots gave rise to a pulse number one higher or lower . The jitter on the 

time gaps between pulses was found to be 3–5 µs. The inter-pulse time gap 

between the last two pulses was about 25% shorter than all former gaps.  

The system can provide an adequate source of laser energy to run many 

spectroscopic experiments as compared to commercial laser source. The size 

and the performance of the present system are suitable for robust LIBS 

technique to be used in field. In addition the present laser system can also be 

applied in more spectroscopic techniques such as Raman spectroscopy. 
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