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Abstract— The effect of saturable absorber material length 

on the characteristics of the dual passive Q-switching pulses 

generated from two wavelengths ( )946.0 m   and 

m 064.1 ) instead of single wavelength was simulated.  

Numerical solution of our previous rate equations model 

using Rung-Kutta-Fahelberg method has been utilized in 

simulation. Nd+3 :YAG using as an active medium, and 

Cr+4:YAG as a saturable absorber material. The results 

showed that  the Nd+3:YAG dual passive Q-switching 

generated or released at an advanced(earlier) time and 

characterized by short duration times, high energy and high 

power with the increasing in the value of    . The passive Q-

switching for m 064.1 , )946.0 m   are released 

respectively at time 58ns, 60 ns approximately at 

cmLsa 35.0 , while released at time 34 ns, 36 ns respectively 

approximately at cmLsa 46.0 . The duration time of  

nm064.1  , nm946.0  pulses approximate to 16.8ns, 

14.6 ns respectively at cmLsa 35.0 , while approximate to 

10.8 ns ,9.2 ns respectively  at cmLsa 46.0 . 
 

Keywords—Laser, high Power Pulses, Passive Q-

switching, solid-state laser  

I. INTRODUCTION 

        Passive Q-switched is one type of Q-switched 

techniques that were used to compress the laser energy to 

a narrow pulse to improve the power of the output laser 

pulses [1,2] . It relies on optical element called saturable 

absorber material (SA). There are many practical 

applications of the pulses generated by this technique such 

as biomedicine, precision measurement, spectroscopy, 

medical treatment, lidars, material processing, nonlinear 

optics, and range finders [3-4]. The development of lasers 

has always been conditioned by the availability of suitable 

materials for their uses Cr
+4

:YAG  saturable absorber 

material is very suitable for working with Nd
+3

:YAG as 

active medium (AM) in passive Q-switched optical 

system [2,4]. The optical system that was simulated in this 

study included Cr
+4

:YAG  and Nd
+3

:YAG as a SA and 

AM,  respectively. 

       The optical dynamics of Cr
+4

:YAG  are usually 

described by a four-level model, as shown in Figure 1 [5], 

The four-level system has three parameters: recovery time 

of the excited  state  ,  ground-state absorption cross 

section    , and excited-state absorption cross section    . 

The influence of pump photons causes the ions to move 

from the ground state to the excites state (E3) by 

absorption process depending on the ground-state 

absorption cross section (     . The excites state (E3) 

characterizes by short lifetime   which causes the fast 

decay to the excites state (E2) Also, due to the process of 

absorption depends on the excite -state absorption cross 

section           the ions move from the E2 state to the 

excites state  E4) and returns by very fast decay to E2 state 

due to the very short lifetime of E4 state. Moreover the 

optical dynamics of Cr
+4

:YAG depends mainly on the 

states E1 and E3 [5,6]. Figure 2 [2,7] shows the diagram of      

energy level of Nd
+3

: YAG,     -doped crystals. It is one 

of the most studied lanthanide ions in glass because of its 

important spectrum. It represents by the transition from  

23
4F

to 29
4 I

. It also represents three or quasi three-level 

laser system of AM. The lowest laser level is the 

uppermost component of the five crystal-feld components 

of the ground-state 29
4I

 level. This transition gives 

emission spectrum near m 946.0 . The second 

important spectrum results from the transition between 

23
4F

and 211
4I

, and it represents four level schemes  of 

AM that gives emission spectrum near 1.064um. The 

three-level laser system is different optical mechanism 

from the traditional four-level and three-level laser 

systems. The absorption spectrum of SA Cr
+4

:YAG  is in a 

good suitable with both emission spectrum of 

Nd
+3

:YAG[8-10]. 

        In previous study [11], the rate equation model was 

formulated mathematically to simulate the laser system 

optical performance by employing the two type spectra of 

Nd
+3

:YAG                       and                        ). In this stud, 

we employ the mathematical model to simulate the effect 

of SA length on the characteristics of the dual passive Q-

m 946.0(  m 064.1
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switching pulses generated from two wavelengths YAG (

m 946.0  and m 064.1 ) instead of single  

wavelength.  

 

              
 

 

 

II. THEORY 

    The rate equations model as the following [11] were 

used in the simulation: 
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  where            are the photon densities         of PQS 

pulses which are generated from        laser respectively 

(   belong to 4-level scheme, while    is belong to 3-

level scheme).    is the population inversion density 

(PID) of ions (cm
-3

 ) between  23
4 F

 and 211
4F

 spectrum 

lines.     is the PID of ions between  23
4 F

 and  29
4 F

spectrum lines.             
       

  
   is the coupling 

coefficient between the    ,      photons and the ions of 

excited level of AM ( 23
4 F

).      is the emission cross  

section (cm
2
 ) of AM at 4-energy level, 3- energy level 

schemes,     is the length of AM.  c

lc
r

2


 is the round 

trip transit time,     is the cavity optical length. while c is 

the speed of light in vacuum.             
        

  
   is the 

coupling coefficient between      photons and the ground 

state ions of SA respectively.             
        

  
  is the      

coupling coefficient between     and the excited state ions 

of SA respectively. )2,1( isgi
 is the absorption   cross 

sections (cm
2
     ) of ground state of SA, )2,1( isei

 is the 

absorption cross sections (cm
2
) of excited state of SA, 

    is the length of SA.            (  
 

  
   )  is the 

cavity decay rate represents the sum of losses in      

because of the reflectivity (     absorption and scattering 

mechanisms in cavity(    .             is the reduction 

population factor equals 1,2 for four and three energy 

levels schemes of AM system respectively. esgs nn , the 

ions population (No. of ions density ) of the ground and 

excited levels of SA respectively. g  the fluorescence life 

time of the upper laser level ( 23
4 F

), se  the life time of 

the SA. PR is the pumping rate. 

          The build-up time of PQS laser pulses in generally 

very short compared with g and. Then, it is possible to 

neglect the terms of pumping rate and spontaneous decay 

of the upper laser level (term1and term3 in equations 3and 

4) during pulse generation. As a result, es is very long 

comparing to the build-up time of PQS laser pulses. Then, 

it is possible to neglect the third terms of equation 5 and 

equation 6.  

           The initial population inversion density (IPID) 

between the spectral lines and       , 23
4 F

and 29
4 F

 

       can be estimated at initial time by boundary 

conditions,        or      , where (          ) 

is the total ions of SA.  
   

  
    in equation 1and 2 

because of    is very low in value, then the IPID values 

    ,     for laser medium can be predicted from 

Equation1 and Equation 2 respectively, as the following: 

 

 

            
            

    

                                                       



25 

 

 

        The threshold population inversion (TPID) for the 

four and three levels  schemes          , respectively can 

be estimated at time of maximum photons density (when  

the number of photons inside the optical laser cavity 

reaches to the peak of pulse) by equations1 and 2. At 

TPID, most of SA ions population in the excited state 

(     ) can be considering as         (      ; then it 

can be considered that  
   

  
    to get:  

            
           

    

                                                         

        The pulse energy can be estimated by the expression 

[15]. 

     
           

    

(         )   

  
                                                     

        Where     is the final population inversion density 

(FIPD)  that was gotten from computations. The pulse 

power can be estimated by:  
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       The duration of pulse can be estimated by [12]: 

i

i
i

P

E


                                                                 (11) 

 

III. RESULTS AND DISCUSSION 

       The rate equations 1-6 have been solved numerically   

by Rung-Kutta-Fehellberge methods -. The input data that 

was used in this simulation reported as shown in Table 1.  

 
Table 1: Parameters for the numerical calculation 

 

 

      From figures (3-a,b,c,d), it was observed that both 

pulses released at advance (earlier ) time as the value of 

    increases, the passive Q-switching for nm064.1 , 

nm946.0        released respectively at time 58ns, 60 ns 

approximately at cmLas 35.0 , while released at time 

34 ns ,36 ns respectively approximately at cmLas 46.0 . 

The study explains that because of the increases in the 

values of initial population inversion density (IPID) of 

active medium (AM) as shown in the mentioned figures. 

 

   Figure 4 shows an increase in the initial values of IPID 

of the two type schemes of energy levels as a function of 

    , and this behavior is an enhancement of the result of 

our study in figure 3.Our result showed that the large 

number of laser photons that were prevented from 

oscillating inside resonator led to build a high value of 

population inversion density (PID). 

      Figure 5 represents the difference between the initial 

and final values of the population inversion density. It 

showed an increase in the difference values with an 

increase in     which leads to an increase in the density 

number of laser photons as shown in figures 3(a,b,c,d). 

 
 

 

Figure 6 shows the decrease in the duration of both   

pulses as a function of     . The duration time of  

nm064.1  and nm946.0  pulses approximated to  

16.8ns, 14.6 ns respectively at cmLas 35.0  they 

approximate to 10.8 ns,  9.2 ns respectively  at 

cmLas 46.0 . that might be due to the rapid construction 

of both pulses, which  led to the decreasing in rising and 

filing times as shown in figures (7,8) respectively 

Parameter Value Parameter 
 

Value 

       
               

          

        
         [17] 

       
         [6] 

           [18]          
         [6] 

           [18]          
         [6] 

       
         [18] 

   1 [6] 

                       2 [6] 

 

Figure 3: Profiles of PQS  inversion density as a function of  , (a,b 

for 4-levels scheme, c, d for 3-level scheme of  active medium) 
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        Figure 9 shows the increasing in the energy of both 

pulses with increasing         because of the increasing in 

the IPID as shown in figure 4, and that   resulted in an 

increase in the maximum value of each pulse's photons as 

shown in figure10. 

 

 

 
 

 

Figure 4: Initial population inversion density as a function of  
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Figure 5: Difference of population  inversion density  as a 

function  of Lsa  

 

 

Figure 6: Pulse duration  function of  

 

Figure 7: Rising time as  a function of  

 

Figure 8: Falling time as  a function of 

 

Figure 9: Pulse energy as  a function of  
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Figure 11 shows the increased value of each pulse's power 

by increasing    . The power of  m 064.1       and 

m 946.0  pulses approximated to Watt7107.4        and 

Watt7108.2   respectively at cmLas 35.0 , while they  

approximated to Watt81018.1   and Watt7108.5   

respectively  at cmLas 46.0 .this can be explained           

because of increased  energy and decreased duration time 

of both pulses as shown in Figure 9 and Figure 6 

respectively.                                             

 

 
 

IV. CONCLUSIONS 

         The Nd
+3

:YAG dual passive Q-switching    
                          are release at earlier time 

with accompanied by short rising and falling times caused 

short duration time when the Lsa increase. It is also the 

dual pulses characterized by increase the energy and the 

power with the increase the value of Lsa. Therefore, it can 

be concluded from the results that increasing the length of 

the saturable absorber lead to impulse the characteristics 

of dual laser pulses of passive Q-switching.  
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