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Abstract: 
       The passively Q-switching method has been used for the chromic solid-state lasers such 
as ( Ruby , Alexandrite , Cr:LiCAF , Cr:LiSAF ) lasers with Cr4+:Y2SiO5 solid-state crystal. 
We have studied the saturable absorber crystal  properties which are used in passive Q-
switching  all these lasers . The molar extinction coefficient (ε ) , coupling coefficient of the 
saturable absorber ( Ka ) , the optical density (d ) , the ground-state absorption cross-section 
(σa ) of Cr 4+:Y2SiO5 , and the Q-switching efficiency ( η ) of the chromic solid-state lasers is 
calculated first, when the pumping rate ( Rp ) was variable and other parameters (as  
reflectivity of output coupler ( R )  and the number of molecules in the ground-state ( Naо ) 
were constant) and second , ( η ) is calculated when  ( R ) was variable and other parameters 
were constant . The results of Cr 4+:Y2SiO5 crystal which is used with all these lasers are 
compared each others , and the behavior of (ε ), and ( Ka ) had been interpreted according to ( 
σ ), and (d ) , respectively . The Cr 4+:Y2SiO5 Q-Switched Cr:LiSAF laser has a better passive 
Q-Switching performance than other used laser systems . The main conclusion in this research 
is that the molecular weight of the chromic ion host laser crystal acts as an important role  in 
Q-Switching efficiency  where it is directly proportional with the Q-switching efficiency. 

  
 

Introduction: 
         A big technical commotion had been occurred by the laser discovering in 1960 [1], 
because of its utility in many different applications [2,3]. 
                 The short duration , and the highest power of output laser pulse are the main 
requirements for several domains such as  range-finder[4] remote sensing[5] surgery [6], …… 
etc ;Therefore,  many  efforts had been directed to a technique that will be able to converse  
output laser pulse to " giant pulse " which has short duration and  high power . This technique 
was named as " Q-Switching "   [7] . 
               A Q-Switching technique may be achieved by an optical –Shutter inserted inside the 
cavity which  prevents a laser oscillation by the optical losses increasing inside the resonator 
for a short period limited by the optical shutter saturation , and the maximum population 
inversion reaching time . After that, the upper excited state decay suddenly and giant laser 
pulse can be generated. 
               The Q-switching technique  is achieved either , mechanically by the Rotating- mirror 
[8] , or electro-optically by Bockl`s cell [9,10] , or acousto-optically by (RF) oscillator 
[11].These active methods of  a large size  and they require  an outside trigger circuit which 
are dependent on the time  . So that , a passive Q-Switching technique is more benefit for 
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operation in the laser systems [12] by situating the cell containing the saturable absorber 
inside the cavity . 
  The saturable absorbers may be liquids [13,14] , solids[15] , semi-conductors[16] , or 
gases[17] .        
Passive Q-Switching of solid-state lasers with solid- state saturable absorbers have received 
much attention in the past years, and several solid-state passive Q-Switches have been 
developed for the solid – state lasers operating at various wavelengths [18]. 
             The Cr 4+:Y 2SiO5 crystal was demonstrated to be an effective saturable absorber Q-
Switch for the Cr:LiSAF laser( at 880nm) [19] , the Cr:BeAl2O4 laser( at 750 nm ) [20] , the 
Cr:LiCAF laser   ( near 780 nm ) [21] , and the ruby laser( at 694.3 nm ) [22] . 
           Theoretical expressions of important parameters such as the laser population inversion 
in different time  periods  , the peak photon number inside the laser resonator , the output 
energy and the pulse duration of the Q-Switched laser pulses are derived , and used to 
evaluate the characteristics of the Cr 4+:Y2SiO5 Q-Switched Cr: BeAl2O4 laser [18] , Ruby 
laser [22] , Cr:LiSAF [19] , and then Cr:LiCAF laser systems [21,23]. 
                  In this paper, the behavior of the Cr 4+:Y2SiO5 molar extinction coefficients, and 
coupling coefficients as functions of the pumping – rate, and the reflectivity of the output 
coupler will be studied. 

 

 
Characteristics of the used lasers: 
             The Ruby (Cr:Al2O3 ) laser was the first working laser which was introduced by 
Theodore H.Maiman in 1960 [1]. The ruby laser is a three-level laser; that is, a photon is 
created  when  two inverted populations are found  in the laser crystal where  the lower laser 
level is  the ground- laser level [12] . It is capable of generating high-energy , visible and  red 
pulses , which is powerful tool for the  removal of tattoos and disfiguring  pigmented lesions 
from the skin , and can also generates high-energy pulses from a compact package , which 
makes the ruby laser a valuable  tool for holographic , non _ destructive testing , double – 
pulse holography , and plasma diagnostics [23] . 
                     Alexandrite (Cr:BeAl2O4 ) , which is biaxial with emitted light polarized   
parallel to the b(axis) , can act either as a three – level laser system or as a four – level 
vibronic laser system [20,24] . It is highly efficient , and has important applications in medical 
surgery , water – vapor , temperature differential absorption lidar , solid- state laser pumping , 
and generation of ultraviolet laser radiation because it can be tuned at least from (700 nm ) to 
(818 nm ) [18].Since Cr:BeAl2O4 has a broad absorption band in the visible spectral range , it 
can be efficiently pumped with flash lamps [25].On the other hand , a compact Cr:BeAl2O4 
laser system may be pumped by the  laser diode [25]. 
       The Cr:LiCAF (Cr:LiCaAlF6)solid-state laser was developed by Payne et al. in 1988 [21] 
.Laser diode pumping of the Cr:LiCAF laser has also been demonstrated in 1991 and ; hence , 
a compact Cr 4+:Y2SiO5 Q-Switched Cr:LiCAF laser system is feasible [23] . As a transition – 
metal vibronic laser the Cr:LiCAF has a broad emission spectrum , long lifetime of the upper 
laser level , low nonlinear refractive index , low thermal lensing , and low excited state 
absorption that make it a unique source for tunable or short pulse lasers [21].                                                                   
              The Cr:LiSAF (Cr:LiSrAlF6) solid-state laser , discovered by Payne el al. in 1989 is 
widely tunable from (780 nm) to (920 nm) [19].The Cr:LiSAF has similar Cr:LiCAF crystal 
properties explain  as below that make it an important tunable and pulsed laser source [19] . 
The  material properties of  four lasers above are listed in table.1. 
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Table (1):Characteristics  of the chromic lasers. 
  

Cr:LiSAF 
 [19] 

Cr:LiCAF 
 [21,23] 

Alexandrite 
[18,20,23-25] 

Ruby 
 [22] 

Lasers  
  

Characteristics  
67 µsec . 170 µsec. 260 µsec . 3 msec. Fluorescence life time 

 
(780-920)nm 
peak(850nm) 

(725-840)nm 
peak(780nm) 

(700-818)nm 
peak(750 nm) 

694.3 nm Laser wave length 

~(4.8x10-20)cm2 (1.3x10-20)cm2 
at (780)nm 

(7.0x10-21) cm2 
at ( 750 )nm 

(2.5x10-20 ) cm2 
at (694.3 )nm 

Stimulated emission cross-
section 

Cr:LiSrAlF6 Cr:LiCaAlF6 Cr:BeAl2O4 Cr:Al2O3 Chemical formula 
148.52 100.98 71.98 51 Molecular weight 

  
: Crystal 5OiS2:Y 4+Cr Characteristics of the  

           The (Cr4+:Y2SiO5) is a pure tetravalent chromium system . It is a blue in color and is a 
biaxial solid-state crystal [22].Some of its important material parameters are as follow : It has 
a melting point as high as (2070 ºC ) , Cr atoms/mole % as (9.7x1019 atom/cm3) , density as 
(4.6 gm/cm3) , refractive index as (1.8) , and the damage threshold as high as (30 J /cm2) 
[23,25] .  
            Spectroscopic studies of the Cr4+ :Y2SiO5 , and the observation of laser action from 
(77) up to (257ºK) was reported by Deka et al. in 1992 [18] . Room-temperature laser 
operation of the      Cr4+ :Y2SiO5 was reported subsequently by Koetke et al . [18] . 
           It has four absorption bands peaked near (390nm),(595nm),(695nm),and (750nm)[23] 
as shown in fig.(1). It's absorption spectrum covers the visible , and near infrared spectral 
region and , hence , can be used as a saturable absorber Q-Switch for the ruby , alexandrite , 
Cr:LiCAF , and Cr:LiSAF lasers [19,23] .  
      This Q-Switch crystal has an emission life time of (0.7 µsec) at room temperature [23] 
which is long compared to the duration of the Q-Switched laser pulses . Therefore , Cr 
4+:Y2SiO5 can be classified as a slow-relaxing saturable absorber [23] .  
           The Cr 4+:Y2SiO5 crystal has many absorption cross-sections at a few different wave 
lengths for several Solid-state lasers as explained in table (2). 

 
 
 
 
  

    
  
  
  

  
  
  
  

 
 

Fig. (1) :Cr 4+:Y2SiO5  absorption spectrum [23] .  
 

 

Absorption 
peak 
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Table (2):Cr 4+:Y 2SiO5 absorption cross-section at the used lasers wavelengths 
 [22,19-21,24,25] 

  
Ref. Absorption cross-

section of the Q-
switch 

Wavelength Lasers State of crystal Q-
switch 

[22] 9.9x10-19 cm2 694.3 nm Ruby Polarization along 
(n1)axis . 

[22] 7.0x10-19 cm2 694.3 nm Ruby Polarization along (n2) 
and (n3) axes. 

[24] 9.2x10-19 cm2 680.4 nm Alexandrite Polarization along (n1) 
axis . 

[24] 6.5x10-19 cm2 680.4 nm Alexandrite Polarization along (n2) 
and (n3) axes . 

[25] 7.2x10-19 cm2 750 nm Alexandrite For all three principal 
axes (n1,n2 and n3). 

[20] 7x10-19 cm2 694 nm Alexandrite = 
[21] 7.3x10-19 cm2 745 nm Cr:LiCAF = 
[21] 2.7x10-19 cm2 840 nm Cr:LiCAF =  
[19] 1.67x10-19 cm2 850 nm Cr:LiSAF =  

    
  

  

Calculations and results: 
           The transmitted radiation power through Cr 4+:Y2SiO5 crystal is calculated as below : 

 

P (watt) = Q-switched laser pulse energy (mJ)/Q-switched laser pulse duration 
 (nsec)                                                          ………….(1) 
 
           We are  depended on the experimental results of energy and duration of the Q-switched 
laser pulse , in Q-switched laser pulse power (P) calculation. The data of the Q-switched laser 
pulse energy and duration  are functions of pumping rate (Rp) and reflectivity of output 
coupler(R)  which are shown in fig (3-9, 15-19, 4-5 , 3-5) in references [18,19,21 and 22], 
respectively . 
         Appendix 1 (a,b)  shows The energy and duration values of the Cr 4+:Y2SiO5 Q-switched 
lasers which  we are depended on them in this study and ( P ) results which are calculated 
from eq.(1)  The  Cr4+ :Y2SiO5 molar extinction coefficient (ε) at variable ( Rp ) and ( R ) can 
be calculated by substituting ( P ) values in the Beer-Lambert law as  below [26]: 
 
 
ε =  [ 1/ C ℓ ]  log10 (Pο/P)                        ………………(2)    
 

       Where Pο is the incident radiation power of ( 733 , 600 , 51.8x10-3 , 78x10-3 ) watt for 
ruby , alexandrite , Cr:LiCAF , and Cr:LiSAF lasers , respectively [22,19,23,27] . ℓ is the 
Cr4+:Y2 SiO5  thickness of (1mm) for all used lasers . C  is the molar concentration of the 
Cr4+:Y2SiO5 saturable absorber which  may be calculated by using eq.(3) [28]: 
 
Naο = molar concentration x Avogadro's number……..(3) 
 

      Where Naο is the initial ground-state population of the saturable absorber of ( 1x1016, 
4x1015 , 4x1015 , and 2.3x1016) Molecule.l-1  used with ruby , alexandrite , Cr:LiCAF , and 
Cr:LiSAF lasers , respectively [22,19,23,27]  and Avogadro's number is equal to 6.022x1023 
Molecule.mol-1 . 
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           The Cr4+:Y2SiO5 saturable absorber coupling coefficient (Ka) is calculated  at different 
(Rp) in one time , and in different  (R ) in another time for each ( Ruby ,Alexandrite , 
Cr:LiCAF  and Cr:LiSAF ) lasers as below  [28]: 
K a = 2 σg.s.a / �r Aa                           ……………(4) 
 
        Where σg.s.a is the ground-state absorption cross-section of the Cr 4+:Y 2SiO5 saturable 
absorber which can be calculated by substituting all resulted  ε  values from eq.(2) in eq (5) 
[28] : 
σg.s.a  =3.85 x10

-21 ε                                …………. (5) 
τr  is the cavity round –trip transit time which is calculated as below  : 
�r = 2L /c                                           ………….(6) 
Where c is the light velocity  and L is the optical distance between the reflectors of 30 cm , 30 
cm , 34 cm , and 42 cm for the ruby , alexandrite , Cr:LiCAF  and Cr:LiSAF lasers , 
respectively [22,23,19,21] .  
       And Aa is the effective laser spot  area on the Cr 4+:Y2SiO5  crystal  because it has circular 
shape ,Aa can be calculated as below  : 
Aa = π r2                                                    ……………..  ( 7 ) 
Where  r is the radius of the laser beam of 2mm, 2mm , 2mm  and 0.5mm for ruby , 
alexandrite , Cr:LiCAF  and Cr:LiSAF lasers , respectively [22,23,19,21] . 
         We are shown  the P,Ka and ε of the Cr 4+:Y2SiO5 at different values of  ( R ) in one 
time and (Rp) in another time , as shown in fig (2) and fig (3) , respectively. 
         Fig ( 4) shows the ground-state absorption cross-section of the Cr 4+:Y 2SiO5 as a 
function of ( R) and ( Rp), in order to interpret the variation of ε with variation of ( R ) and ( 
Rp ) . 
        The Cr 4+:Y2SiO5 Q-switch optical density ( d ) may be calculated at different values of ( 
R ) and ( Rp) by substituting all ε values which are resulted from eq.(2) in eq.(8) as following 
[28] : 
 
d = ε  C  ℓ                                      ………….. (8) 
         For interpretation  the Ka behavior with ( R) and ( Rp ) variation , we drew all ( d ) 
results as functions of ( R ) and ( Rp) as shown in fig.( 5) . 
          To specify the best solid-state laser Q-switching with Cr 4+:Y2SiO5 , the Q-switching 
efficiency of the used  lasers can be determined by  using the following relationship [20]: 
 
                                                       The values of the output Q-switched laser energy 
Q-switching efficiency ( η ) % =                                                                                   
                                                               free-running  energy               ……. (9) 
 
The values of free-running energy of 110 mJ , 80 mJ , 60 mJ , and  98 mJ , for ruby , 
alexandrite , Cr:LiCAF ,and Cr:LiSAF lasers , respectively [22,19,23,27] .The η results are 
listed in table.3 . 
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Table.3:The Q-switching efficiency of the chromic-solid state lasers by Cr4+:Y 2SiO5 . 
-a- 

Cr:LiSA F % Cr:LiCAF  % Alexandrite % Ruby  % R 
14.2  0.96  1.71  -  0.3  
13.2  0.98  1.72  -  0.4  
12.2  0.98  1.73  -  0.5  
9.6  0.96  1.68  0.40  0.6  
7.6  0.95  1.62  0.34  0.7  
6.5  0.93  1.56  0.30  0.76  
6.1  0.88  1.43  0.29  0.8  

4.08  0.78  1.25  0.23  0.86  
3.06  0.71  1.12  0.20  0.9  

-  0.33  0.56  -  1  

-b-  
Cr:LiSAF  %  Cr:LiCAF  % Alexandrite % Ruby % Rp 

5.35  0.73  1.28  0.17  4  
5.56  0.78  1.32  0.17  5  
6.02  0.88  1.42  0.17  10  

-  0.96  1.51  0.18  15  
-  1.05  1.58  0.18  20  
-  1.08  1.61  0.19  23  
-  1.11  1.62  0.19  25  
-  1.13  1.66  0.19  30  
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(D)  

 
  

Fig.(2):The Cr 4+:Y 2SiO5 saturable absorber coupling coefficients (Ka) , and molar 
extinction coefficients(ε) as a function of pumping rate (Rp) at the wavelength of   :  
(A)-Ruby laser.  (B)-Alexandrite laser.  ( C )- Cr:LiCAF laser . (D)-Cr:LiSAF laser.  
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Fig.(3):The behavior of the Cr 4+:Y2SiO5 Q-switch coupling coefficients(Ka),and molar 

extinction coefficients (ε) ,at different values of reflectivity of output coupler when it used with:  
   (A)-Ruby .                                 (B)-Alexandrite laser. 
 (C )-Cr:LiCAF laser.               (D)- Cr:LiSAF laser. 
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                        Fig.(4): The variation of the ground-state         
                        absorption  cross-section of the saturable          

                      absorber used to Q-switch chromic solid state 
lasers, with variation of : 

(A) – pumping rate ( Rp).                                                       
(B) – reflectivity of output coupler .                                      
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Fig.(5):The optical density of the Cr 4+:Y 2SiO5 crystal used for  Q-Switching the solid 

state lasers , as a function of: 
(A) – Pumping rate .  (B) – reflectivity of out put coupler . 
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ussion :Disc 
            It is obvious from the fig.2  that the high values of (ε) , (Ka),power , and (η) may be 
obtained with a higher pumping rate .As indicated in fig.3 , when that the output coupler 
reflectivity increasing , the molar extinction coefficient , coupling coefficient , the output laser 
power , and the Q-switching efficiency decreasing , except when used Cr 4+:Y2SiO5 with 
Cr:LiCAF , and alexandrite lasers , where these parameters initially increasing and finally 
decreasing , that may be interpreted that initially increasing of reflecting didn’t affect the total 
optical resonator losses .The Cr 4+:Y2SiO5 Q-switched Cr:LiCAF laser has higher value of  
molar extinction coefficient (ε) than for other chromic-lasers , because it has higher value of  
absorption cross-section , as shown in fig.4, and this means that  hurriedly excitation , and 
faster decay of the saturable absorber after the population inversion  reaches  maximum , may 
occur . The highest coupling coefficient (Ka) of the Cr 4+:Y2SiO5 is obtained with  Cr:LiSAF 
laser  and less values of    ( Ka) for Cr:LiCAF , ruby, and alexandrite , respectively, due to it 
has optical density  toward Cr:LiSAF laser wavelength (i.e. it has higher  absorptivity at the 
wavelength of the  Cr:LiSAF    laser ) more  than other lasers as shown in fig.5 . 
            The Cr:LiSAF has better passive Q-switching efficiency because of chromic ion host 
laser crystal has highest molecular weight , while the ruby has less efficiency , and that results 
from its lowest molecular weight , shown in table.3. 
             We must note that the previous experimental, and theoretical researches are  restricted 
this study to limited values of (Rp) , ( R) , and (Naο) for different lasers .  

 
  

Conclusion: 
        We can conclude that the high molar extinction coefficient , and coupling coefficients of 
the Cr:YSO crystal as a saturable absorber for the chromic –solid state lasers may be obtained 
using  a high pumping rate , and low output coupler reflectivity at the same number of 
saturable absorber molecules in the ground-state , and that will cause a better passive Q-
switching performance ( highest power , shortest pulse duration ) . It is obvious that the 
Cr:YSO is a more effective solid-state saturable absorber Q-switch  for the Cr:LiSAF laser at 
(850 nm) than with other lasers , due to the highest molecular weight of the chromic-ion host 
Cr:LiSAF laser crystal than other lasers , and it does  not need a pumping rate more than half 
of needing for other lasers  . 

 
  

 

References: 
[1]- Maiman,T.H.,"Stimulated optical radiation in Ruby", Nature,.187, 1960, (493-494). 
[2]- J.W.Wagner,J.B.Deaton,Jr. and J.B.Spicer ,"Generation of ultrasound by repetitively                       
Q-Switching a pulsed Nd:YAG laser ", Appl.Opt.,27 , 1988,(4696-4700).       
[3]-  G.B.Christison,H.A.Mackenzie," Laser photo-acoustic determination of physiological                     
Glucose concentration in Human whole Blood ", Medical and Biological Engineering and               
Computing , 31(3),1993,(284-290). 
[4]- F.P..Gagliano,R.M.Lumley and L.Watkins," Lasers industrial manufacturing applications 
,            discussing processing operations and measurement and inspection techniques",                                 
Proc.IEEE,57,1969,(114-147). 
[5]- Atkins,P.W.," Physical chemistry ", Oxford University Press,1994,Section 12,14,15 and 
17 . 
[6]- C.A.Puliafito and R.F.Steinert, " Short-Pulsed Nd:YAG laser microsurgery of the eye :                   
biological consideration ", IEEE J-Quant.Elect.,QE-20,1984,(1442-1448). 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



The study of the Cr4+:Y2SiO5 crystal coupling coefficients as a solid…  

 

[7]- G.P.Arumov,A.Yu.Bukharov,V.A.Nekhaenko and S.M.Pershin , " Single-frequency                        
YAG:Nd3+ laser with passive Q switching ",Soviet journal of Quantum Electronics ,                        
17(7),1987,(864-865).    
[8]- I.N.Ross and J.W.C.Gates , " A small ruby laser with a simple rotating mirror Q-switch ",               
J.phys.E:Sci.Instrum.,6,1973,(125-127).  
[9]- E.G.Berzing and Yu.V.Naboikin , " The effects of the parameters of an absorbing 
medium on         its ability to Q-switch laser resonators ", J.of Applied spectroscopy , 
5(1),1966. 
[10]- Ti.Chuang , Alan D.Hays and Horacio R.Verdun, " Effect of dispersion on the operation 
of a          KTP electro-optic Q-switch ", 33,Issue(36),1994,(8355).                  
[11]- A.J.De Maria , R.Gagosz and G.Banard, " Ultrasonic – refraction shutter for optical 
maser              oscillators ", J.Appl.Phys.,34,1963,(453-456).  
[12]- Y.K.Kuo.W.Chen , R.D.Stultz ,and M.Birnbaum , ,, Dy2+:CaF2 saturable-absorber Q                         
switch for the ruby laser ,, , Appl. Opt.33(27),1994,(6348-6351). 
[13]- K.H.Drexhage and U.T.Muller-westerhoff, " New Q-switch compounds for infrared 
lasers ",          IEEE J.Quantum Electron.,QE-8(9),1972,(759).                                         
[14]- R.C.Pastor , H.Kimura and B.H.Soffer , " Thermal stability of polymethine Q-switch                       
solutions", 42,1971,(3844). 
[15]- P.Kaflas , J.I.Masters and E.M.E.Murray, " Photo sensitive liquid used as a non 
destructive             passive Q-switch in a ruby laser ", J.Appl.Phys.,35,1964,(2349-2350).   
[16]- F.X.Kartner , L.R.Brovlli , D.Kopf, M.Kamp , I.Calasso and U.Keller , " Optical                             
Engineering, 34(7),1995,(2024-2036). 
[17]- P.K.Cheo , ed. By A.K.Levine and A.J.Demaria, " CO2 lasers ", Lasers,36,1971,(111-
267). 
[18]- Y.K.Kuo , H.M.Chen , and C.C.Lin , ,, A theoretical study of the Cr:BeAl2O4 laser                            
passively Q-switched with Cr:YSO solid state saturable absorber ,, , Chinese Journal of                     
physics , 38(3-I),2000,(443-460) .  
[19]- H.F.Chen , S.W.Hsieh , and Y.K.Kuo , ,,Simulation of tunable Cr:YSO Q-switched 
Cr:LiSAF  http://ykuo.ncue.edu.tw         laser", (2004) ,   
  [20]- Y.K.Kuo.,and M.Birnbaum , ,, Passive Q switching of the alexandrite laser with a                              
Cr4+:Y2SiO5 solid –state saturable absorber ,, , Appl.Phys.Lett.67(2),10,1995(173-175) .   
[21]- Y.K.Kuo, and J.Y.Chang , ,, Numerical study on passive Q-switching of tunable                               
Cr:LiCAF laser with Cr:YSO solid state saturable absorber ,,,                                                     
Jpn.J.Appl.Phys.,40(2001),(5949-5950). 
 [22]- Y.K.Kuo,H.M.Chen,and J.Y.Chang , ,, Numerical study of the Cr:YSO Q-switched 
ruby                  laser ,,, Opt.Eng.40(9),2001,(2031-2035) . 
 [23]- Y.K.Kuo.,J.Y.Chang , and H.M.Chen , ,, Broadband Cr:YSO solid-state saturable                            
absorber for ruby , alexandrite ,and Cr:LiCAF lasers :numerical study on passive Q-                          
switching performance ,,, Optoelectronic Materials and Devices , Proceedings of                             
spie.Vol.4078(2000),(587-594). 
[24]- Y.K.Kuo, and H.M.Chen , ,, Cr:YSO saturable absorber for the Three-level Cr:BeAl2O4                   
laser at 680.4 nm ,,, Jpn.J.Appl.Phys.Vol.39(2000)pp.(6574-6575).                                
[25]- Y.K.Kuo , J.Y.Chang , C.C.LiN , and H.M.CHEN, ,, Tunable Cr:YSO Q-switched                           
Cr:BeAl2O4 laser : Numerical study on laser performance a long Three principal Axes of  the           
Q switch ,, ,Jpn.J.Appl.Phys.Vol.39(2000)pp.(4002-4005) . 
[26]- Iupac Org. ,, Terms and symbols used in photochemistry and in light scattering ,,,                             
(2000).pp.(2-63), 
 http://www.iupac.Org/Publications/analytical_Compendium/Cha11Sec2.pdf       .  
[27]- Solar laser systems , ,, Alexandrite laser system for Aesthetics Model A30 ,, , 2005,  
Solarls@infonet.by.www.solarlaser.com        . 

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Sahib Nima Abdul-Wahid & Methaq Mutter Al-Sultany 
 

 

 [28]- Y.K.Kuo , and Y.A.Chang.,,, Numerical study of passive Q switching of a Tm:YAG                         
laser with a HO:YLF solid-state saturable absorber,,, Appl.Opt.Vol.42(9),2003,(1985). 

  
  

  
               Appendix 1 :              

The energy , duration and power of the Q-switched laser pulse at different  :  
(a) - ( R ) values.  

(b) - (Rp x1021sec-1) values .  
  

Cr:LiSAF [19]  
  

Cr:LiCAF [21] Alexandrite [18] Ruby [22] lasers 
  
  

R  
     

P 
(Mwa

tt) 

Tp 
(nsec) 

E 
(mJ) 

P 
(Mwatt) 

Tp 
(nsec) 

E 
(mJ) 

P 
(Mwatt) 

Tp 
(nsec) 

E 
(mJ) 

P*** 
(Mwatt) 

Tp** 

(nsec) 
E* 

(mJ) 

0.666  21  14  0.386  150  58  2.403  57  137  -  -  -  0.3 
0.634  20.5  13  0.421  140  59  2.464  56  138  -  -  -  0.4  
0.594  20.2  12  0.446  132  59  2.527  55  139  -  -  -  0.5  
0.479  19.8  9.5  0.483  120  58  2.50  54  135  2.2  20  44  0.6  

0.384  19.5  7.5  0.504  113  57  2.321  56  130  1.72  22  38  0.7  
0.335  19.4  6.5  0.527  108  56  2.192  57  125  1.54  22  34  0.76  

0.310  19.3  6  0.528  106  53  1.949  59  115  1.45  22  32  0.8  
0.209  19.1  4  0.419  112  47  1.666  60  100  1.18  22  26  0.86  

0.157  19  3  0.364  118  43  1.451  62  90  0.95  23  22  0.9  

(a )  
Cr:LiSAF [19]  

  
Cr:LiCAF [21] Alexandrite [18] Ruby [22] lasers 

  
  

Rp     
P 

(Mwatt) 
Tp 

(nsec) 
E 

(mJ) 
P 

(Mwatt) 
Tp 

(nsec) 
E 

(mJ) 
P 

(Mwatt) 
Tp 

(nsec) 
E 

(mJ) 
P 

(Mwatt) 
Tp 

(nsec) 
E 

(mJ) 
0.859  6.05  5.2  -  -  -  -  -    -  -  -  -  3.8 
0.889  5.9  5.25  0.483  91  44  1.584  65  103  0.826  23  19.1  4  

0.939  5.8  5.45  0.528  89  47  1.682  63  106  0.838  22.9  19.2  5  
0.973  5.7  5.55  -  -  -  -  -  -  -  -  -  6  
1.018  5.55  5.65  -  -  -  -  -  -  -  -  -  7  
1.055  5.45  5.75  -  -  -  -  -  -  -  -  -  8  

1.083  5.4  5.85  -  -  -  -  -  -  -  -  -  9  
1.113  5.3  5.9  0.697  76  53  2  57  114  0.875  22.4  19.6  10  

1.133  5.25  5.95  -  -  -  -  -  -  -  -  -  11  
1.153  5.2  6  -  -  -  -  -  -  -  -  -  12  

-  -  -  0.828  70  58  2.240  54  121  0.926  21.9  20.3  15  
-  -  -  0.954  66  63  2.442  52  127  0.96  21.5  20.8  20  

-  -  -  1.015  64  65  2.504  51.5  129  0.99  21.2  21  23  
-  -  -  1.063  63  67  2.549  51  130  1.004  21.1  21.2  25  
-  -  -  1.096  62  68  2.66  50  133  1.03  20.7  21.4  30  

( b )  
Where *  E is the energy of the Cr:YSO Q- switched chromic solid-state  laser pulses  

measured in (mJ). 
Tp is the duration of the Cr:YSO Q- switched chromic solid-state  laser pulses  

measured in ( nsec ) .**  

P is the power of the  Cr:YSO Q- switched chromic solid-state  laser pulses  measured in 
(Mwatt).  ***  
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  :ةالخلاص

 و   Cr:LiCAF ٫ Alexandrite ٫ Rubyمــثلا   ةالصــلب ةلليــزرات الحالـ ةإحكـام النوعيــ ةاسـتخدمت طريقــ       

Cr:LiSAF ةبلـور  ةبوسـاط Cr4+:Y2SiO5   . المسـتخدمة فـي احكـام  ةالمشـبع ةالماصـ ةالصـلب ةدرسـت خصـائص البلـور
 ةللصـبغ)  Ka(ومعامـل الارتبـاط  ٫)  ε(ضـمحلال المـولاري تـم حسـاب  كـل مـن معامـل الا. النوعية السلبي لتلك الليـزرات

فضـلا  ٫ 5Cr 4+:Y2SiOل  )  d( ةالبصـري ةو الكثافـ ٫) σa(و كـذلك المقطـع العرضـي الامتصاصـي  ٫ ةالمشبع ةالماص
ة أولا عنــــدما كـــان معـــدل الضــــخ متغيـــرا و بقيــــ ةالكروميـــ ةالصــــلب ةلليـــزرات الحالـــ)  η(  ةعـــن كفـــاءة إحكــــام عامـــل النوعيــــ

)   Naоفي المستوي الأرضي  ةالمشبع ةالماص ةوعدد جزيئات الصبغ)  R(الخرج الليزري  ةمرآ ةمثل انعكاسي( المعاملات 
المستخدمة  5Cr 4+:Y2SiOببلورة  ةقورنت النتائج الخاص.  ةالمعاملات ثابت ةوبقي ةمتغير ) R(وثانيا  عندما كانت  ٫ ةثابت

المحكم  Cr:LiSAF   إن ليزر. التوالي ىعل)  d(و ) σ(طبقا ل)  Ka(و )ε(لوك فسر س. الليزرات المستخدمة  مع كل 
مـن الأنظمـة الليزريـة المسـتخدمة   ةيمتلـك أفضـل أداء تحويـل لعامـل النوعيـ  Cr 4+:Y2SiO5 ةبلـور  ةعامـل  نوعيتـه بوسـاط

 ةيـون الكـروم لـه دور مهـم فـي فعاليـلا ةالوسـط الفعـال المضـيف ةإن الاستنتاج الـرئيس هـو إن الـوزن ألجزيئـي لبلـور . الأخرى 
 . مع كفاءة الأحكام  إذ إنه يتناسب طردياً  ٫الإحكام 
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