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Abstract 

    The effect of output coupler mirrors reflectivity on characteristics of 

Stokes Raman pulse, which is generated from passive Q-switching 

intracavity Raman media laser system has been studied. A software computer 

program based on this study to solve the rate equations of instantaneous 

performance of the mentioned system (Nd:YVO4, Cr+4:YAG and BaWO4 ) 

numerically by Runge- kutta-Fehalberg method. The study shows that the 

energy, duration, and the power of the pulse increasing when the output 

coupler mirrors reflectivity increasing. 
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 الخلاصة

سخىك  اىمخىىذة في وظاً اىخحىيو رامان  بضت و حأثير اوؼناسيت مرآة اىخرج ػيى خصائص درش       

اىسيبي ىؼامو اىىىػيت اىمخضمه ىىسظ رامان , حيث اػذ بروامج حاسىبي ىحو اومىرج مؼادلاث 

مىسظ   Nd:YVO4, Cr+4:YAG ،BaWO4اىمخنىن مه اىمؼذه اىخي حصف الأداء اىيحظي ىيىظاً 

 -مىحا  -مادة ماصت قابيت ىلإشباع ووسظ رامان ػيى اىخىاىي , وقذ اسخخذمج طريقت رووج فؼاه, 

فهيبرج اىؼذديت في حو رىل الاومىرج . وخيصج اىذراست اىى حسايذ قيمت طاقت وامذ وقذرة وبضت 

  سخىك.سخىك مغ زيادة اوؼناسيت اىمرآة ىفىحىواث 

1. Introduction 

   Since the development of the laser, many new application methods have 

been developed. Among others scientists discovered that light not only 

generates linear effects in materials, also nonlinear effects occur at high 

intensity of light such as laser ray. The importance of those nonlinear effects 

increases with every year, high power pulses is the one examples of the 

development of laser. Wide range of important applications of high power 

pulses such as spectroscopy, environment sensing, range finder, laser radar, 

materials processing, communications, and medicine [1, 2]. 

    There are many methods to generate high power pulses such as Q-

switching, mode locking, and Raman conversion [3,4]. Raman conversion 
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method represent the types of stimulated Raman-scattering ( Stokes and anti-

Stokes scattering) which occur in  Raman media. 

     BaWO4  a universal Raman-active crystal for its high gain in both the 

steady state and the transient state. However, the samples of BaWO4 used in 

stimulated Raman-scattering experiments  as intracavity Raman media [5] the 

crystal used in this study as a Raman media. 

    The first trivalent rare earth ion Nd+3 is used in generating the Neyodenium 

Yttrium Orthovanadate (YVO4) laser . Nd:YVO4 was proposed for use as a 

laser material , however it took until 1987 for the optical quality of the 

crystals to become good enough to be comparable to Nd:YAG for efficiency 

[6]. 

   Chromium : Ytterbium Aluminum Garnet Cr+4 :YAG is an excellent crystal 

for passively Q-switching technique. It is characterized by its chemically 

stable, durability, UV resistant , good thermal conductivity and high damage 

threshold [7,8]. 

 

2. Theory 

     The time variation of essential parameters to describes the performance of 

passive Q-switching intracavity Raman medium   laser system illustrated as 

the following rate equations model [9]. 
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Eq.(1) represents the time variation of laser photons density inside the 

cavity. Where     is the laser photons density inside the cavity,    
     

   
  is 

the coupling coefficient between the photons and the active medium, where; 

    is laser stimulated emission cross section,    is the active medium length, 

    
   

 
  is the Round-trip transit time of laser in the cavity,    is the optical 

length in  cavity, c is the light speed in vacuum.    is the population 

inversion density of the laser medium,     
       

   
  is coupling coefficient 

between the photons and saturable absorber material (SAM) molecules,      

is the ground-state absorption cross section of SAM.    is the length of SAM. 

    is the ground-state population of SAM.   
    

    
  is the ratio of the 

excited state absorption cross section     to the ground state absorption cross 

section       of the SAM.     is the population of the excited state of SAM, 

  is the Raman gain coefficient,   is Plank constant,     is the laser 

frequency,    is the Raman medium length,    is the Raman photons density 

inside the cavity,     
   

           
 is the lifetime of laser photons in the cavity, 

where L  is the roundtrip losses in the cavity .Eq.(2) represents the time 

variation of Raman  photons density inside the cavity. Where    
   

           
 

the lifetime of Raman photons in the cavity is,     is the spontaneous Raman 

scattering factor. 

Eq.(3) represents the time variation of population inversion density in 

active medium. Where     is the pumping rate,        ⁄  is the decay rate 

of the upper laser level,    is the upper laser level lifetime.    is the 

population reduction factor (         for four level and three level laser 

active medium respectively). In general, the build-up time of Q-switched 

laser pulse is very short compared to pumping rate pR  and the relaxation 

time of active medium   , then it is possible to neglect pumping rate and 

spontaneous decay of laser population inversion during pulse generation 

[10].Then Eq.(3) can be written as the following  

   

  
                                                                                                 (6) 
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Eq.(4) represents the time variation of the ground-state population of 

SAM. Where        
⁄  is the spontaneous relaxation rate of the (SAM,    

is the saturable absorber first excited state lifetime. The lifetime of the first 

exited level of SAM is much longer than the time scale considered [11], and 

then the third term of equation can be neglect. Then Eq. (4) can be written as 

the following  

    
    

  
                                                                                                      (7)                 

Eq. (5) represents the time variation of the first exited level of SAM. The 

second term can be neglect. Then Eq. (5) can be write as  

    

  
                                                                                                   (8) 

At initial time, can be regards the variables                   

          
   

  
                               

Where      initial value of population inversion. From Eq. (1) 
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Eq. (9): represent the initial value of population inversion. After very short 

time  

                             
   

  
                

From eq. (1) can be obtain ; 

    
       

          

   
 

 

  

  
                                                                           

    Eq. (10): represent the threshold value of population inversion. From Eqs. 

(1,6) can be obtain 
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3. Results and discussion 

The rate equations model that illustrated in set of equations (1, 2, 6, 7 and 

8) have been solved numerically by using Rung – Kutta – Fehelberg method.  

The input data shown in table (1) has been feed to program. The calculations 

display the significant effect of output coupler mirrors reflectivity at Raman 

photons )( RR  on characteristics of Stokes Raman pulse, the base effect 

concerning on the  Stokes Raman photon life time )( R  in the laser cavity, it 

is proportional with the increment of output coupler mirrors reflectivity value 

as shown in Fig.(1). The increase of photon life time mean that the cavity 

photons loss became a low value; Fig.(2) confirm this  conclusion, it is 

appear the increase in the photons density with the increment of   output 

coupler mirrors reflectivity.   

Fig.(3) demonstrates the increase which occurs in the energy of Raman 

laser pulse with increase of the output coupler reflectivity at Raman photons, 

the study related that to increase in the photons density as shown in Fig.(2). 

Figure (4) shows that the increase in the duration of Raman laser pulse 

whenever the value of output coupler reflectivity at Raman photons 

increases. The study explains that due to slow lapse which occurs in the pulse 

behaviour according to the slow lapse in population inversion after the 

threshold value, that lead to increase in the falling time of the pulse, finally, 

caused the broadening (increasing) in the pulse duration. 

Figure (5) shows the power increasing of Raman laser pulse with the 

increase of the output coupler reflectivity at Raman photons, that is because 

of the increase in the pulse energy as shown in Fig. (3) Which was more 

influential than the increase in the duration time as shown in Fig. (4)  to 

specify its pulse power value. 

Table 1: Parameters Input values 

Par. Value Ref. 

   219105.6 cm

 

[6] 

   s98  [12] 
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[13]    161001.0  s  

G 8.5 cm/W  [14,15] 

Ksp S10101  -1  [16] 

    5.4 10-18 

cm2 

 

[11] 

    2 10-18 cm2 

    12 1017 cm-3 [17] 

   1.064  m [6] 
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Fig. (1): Raman photons life time 

behavior as a function of RR 
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Fig. (2): Maximum photons density 

of Stokes Raman pulse as a function 

RR 

 



Journal of Thi-Qar University Vol.12 No.2 June 2017 

16 

www.Jutq.utq.edu.iq  Web Site of the Journal 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

0.68 0.70 0.72 0.74 0.76 0.78

1.32

1.36

1.40

1.44

1.48

1.52

P
u

ls
e 

d
u

ra
ti

o
n

 (
n

s)
 

Fig. (4): Raman pulse duration 

behavior as a function of RR 
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Fig. (3): Raman pulse energy 

behavior as a function RR 
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Fig. (5): Raman pulse  power 

behavior  
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Conclusion  

       The calculations display the Stokes Raman photon life time in the laser 

cavity, photon density, the energy, duration, and the power of Stokes Raman 

pulse  proportional with the increment of output coupler mirrors reflectivity. 

References 

      [1] A. M. Salih , "Numerical analysis of molecules intersystem effect on 

passive Q-switching laser pulse characteristics" Iraq Journal of Physics, 10, 

17. 1-6,(2012). 

[2] C. J. Mercer , Y. H. Tsang and D. J. Binks,"Model of a QCW Diod 

pumped passively Q-switched solid state laser " Journal of modern optics ,54 

, 12, (2007).  

[3] N.W. Longbotham, "Experimental Characterization of Cr4+:YAG 

assively Q-switched Cr:Nd:GSGG Lasers and Comparison with a Simple 

Rate Equation Model" Msc  Theses, Optical Science and Engineering, The 

University of New Mexico,(2008). 

[4] E. T. Räikkönen," Minature passively Q- switched and their application to 

nonlinear frequency conversion in micro structured optical fiber ", Doctoral 

Dissertation, Helsinki University of Technology, Faculty of Information and 

Natural Sciences, Department of Applied Physics, (2009). 

[5] W. W. Ge, H. J. Wang, J. Y. Wang, J. H. Liu, X. G. Xu, X. B. Hu, M. H. 

Jiang, D. G. Ran, S. Q. Sun, H. R. Xia, and R. I. Boughton, "Thermal and 

mechanical properties of BaWO4 crystal", Applied Physics ,Vol.  98,(2005). 

[6] M.  j.  yarrow," power scaling of laser oscillators and ampliers based on 

Nd:YVO4  " ,ph. D. Thesis ,university of Southampton,(2006). 

[7] M. M. AL-Sultani, "Study of The Electrical Properties For Cr+4:YAG 

Crystal In A Passively Q-Switched – Mode Locked (QML) Nd:Gdvo4 Laser 

At 912 Nm"Journal of Babylon University , Pure and Applied Sciences ,5 , 

21,(2013). 

[8] J. Alcock , "The Cr4+:YAG Laser at 25 Years " Information and 

Communications Technologies , National Research Council of Cananda 

Ottawa , Ontario , IEEE Photonics Society Newsletter June, (2013). 



Journal of Thi-Qar University Vol.12 No.2 June 2017 

18 

www.Jutq.utq.edu.iq  Web Site of the Journal 
 

[9] G. Z. Hassan, " A Theoretical Study of Passive Q-Switching and Stokes 

Pulses Characteristics", A Thesis for the Degree of Master of Science in 

Physics, College of Science, Thi-Qar University,(2016).   

[10] A.E. Sigman, ” Lasers “, University Science,  Millvally, 

California(1986). 

[11] S. H. Yim, D.R. Lee, B. K. Rhee, and D. Kima, " Nonlinear absorption 

of Cr4+:YAG studied with lasers of different Pulse widths" , applied physics 

letters , 73,  22 ,30,(1998) 

       [12] S. Ding, X. Zhang , Q. Wang , P. Jia , C. Zhang , and B. Liu, " 

Numerical optimization of the extracavity Raman laser with barium nitrate 

crystal", Shandong University, Jinan 250100, China, Optics Communications 

267 ,480–486,(2006). 

      [13] I. M.  Azzouz and A. El-Nozahy," Numerical Study of Cr4+:YAG 

Passively Q-switching Nd:GdVO4 Laser", Egypt. J. Solids, 

29,Ding,Theoretical and Experimental ,(2006) .      

      [14] Y. T. Chang , “Wavelength Conversion and Pattern Formation 

Intracavity  Nonlinear Optics”, Ph.D. Thesis Submitted to Institute of 

Electrophysics , College of Science, National hiao Tung University, 

July,(2010). 

 [15] T. T. Basiev, V.V. Osiko1, A.M. Prokhorov1, and E.M. Dianov , "Fiber 

Raman Lasers Crystalline "T. Topics Appl. Phys. 89, 351–400,(2003). 

[16] C. Wang, X. Zhang, Q. Wang, Z. Cong, Z. Liu,W. Wei, W. Wang, Z. 
Wu, Y. Zhang, L. Li , X. Chen, P. Li,  H. Zhang and S. Ding ,(2013), 

"Extracavity pumped BaWO4 anti-Stokes Raman laser", Optics Express ,Vol. 
21, No. 22. 
[17] W. Chen , Y. Inagawa, T. Omatsu, M. Tateda, N. Takeuchi, " Diode 

pumped , self-stimulating, passively Q-switched Nd3+:PdWO4 Raman laser", 

opt. Commun., 194, pp 401-407,(2001). 

 

 

 


