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Abstracts 
Investigation to approach the ideal conditions to optimized the performance  of the single  

pure crystal LiNbO3  which has dimension (7.5×7.5 ×10) mm 
3 

as proposal element model for  

the Second Harmonics Generation (SHG) with semiconductor laser in the spectral wave length 

around 1.064 μm have  been the main goals for this paper . The  dependences' of depth efficiency   

conversion,  under the best condition of the matching  for this sample crystal  are theoretically  

analytically treatments  and evaluated  .The comparison  are  strongly  agreed  with  the more 

earlier researchers calculations [1[,[2] but slightly different with  some researcher  measurements 

which were owing to experiment errors .The main results are  very  satisfied  to  applied  this 

proposal  model  as  optimum controlling  element for SHG at  1.064 µm. 
 

 الخلاصة
 7.5×7.5)انبحج يتضًٍ تحقيق انظشوف انًخانيت نتطويش اداء بهوسة انهيخيوو َوباث الأحاديت انُقيت  راث الأبعاد 

×10) mm 
3

ورنك يٍ μm 1.064 كعُصش يقتشح نتونيذ انتوافقيت انخاَيت يٍ خلال ضخ نيزس شبت يوصم ضًٍ طول يوجي  

خلال انتحكى بكفاءة انتحويم انتي تكوٌ الأساس نتونيذ انتوافقيت انخاَي واٌ كفاءة انتحويم تعتًذ عهى عذة يؤحشاث وبتحقيق 

بعض انششوط َستطيع تحقيق كفاءة انتحويم انًطهوبت أٌ هزا انبحج حقق َتائج يشضيت وجاءث يطابقت  نبعض انبحوث  نقذ 

 انبهوسة انًستخذيت.  تقُيتبحقق انبحج انُتائج انجيذة 
 

1 – Introduction 
 

        The polarization induced in a medium by an electric field which is usually described by a 

linear expression. Results in the amplitude of the field nonlinear increasing in. One of the second 

order nonlinear effects is the generation of polarization oscillating at twice the frequency 
f

  of the 

excitation field. The polarization emits a new wave of frequency 
SH f

2    which is spatially 

superimposed with the fundamental wave. This effect is called second harmonic generation ( SHG)  

[3]  [4] 

  

                         

 

 

Figure  [1] Basic principle of second Harmonic generation . 

 

In the following  parts of this chapter , the most important  factors  have investigated  with 

respect to the conversion efficiency of our proposal model  for  the both  operations,  frequency 

doubling and  pragmatics oscillation .  

 If one assumes a law conversion rate, the conversion efficiency after a distance,  z in the nonlinear  

medium is given by[3]  
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fSHG KKK  , 

Where,   K  is the wave number  , 
 

Where, K is the wave number, PF and PSH , are the power of the fundamental and SH beam 

respectively Fn  and SHn the refractive indexes at the fundamental and second harmonics 

wavelength respectively  A the cross sectional area of the beam and       a coefficient representing 

the nonlinearity of the crystal. 
 

2 - The Studied Model 
  
 

  The Studied Model LiNbO3 Crystal with dimensions  (7.5×7.5 ×10) mm 
3 

 is widely used as 

frequency doublers for wavelength > 1μm pumped at 1064 nm as well as quasi-phase-matched 

(QPM) devices.[5] 

LiNbO3 crystals with high quality and large sizes for laser frequency doublers, OPOs and 

quasi-phase-matched doublers.  

High quality LiNbO3 components with apertures of (2-15) × (2-15) mm² and length up to 50 

mm for frequency doublers [6],  

In this researched the complex interpolation and mathematical treatments have estimated  in 

order to   presented the final aspect and requirement properties of  sample  design  which are 

proposal to  study for the goals of this research as the following.  

For the two special cases with respect around 1.06 µm wave - length of low – absorption , the 

refractive index became nearly constant , therefore  the suitable  model in  this case is Cauchy form 

as (2) :- 
 

n 2   = 1+S 0 +S
1
/ 2

1
2              …. … (2) 

 

   The second case is the transparency to low-dispersion in this case the refractive index model can 

be calculated only by complete Sellemeier treatment [7] and the mean equation become as : 
 

n 2   = 1+S 0 +
22

1

1

 

S
 + 

22

2

2

22







S
  ......    (3) 

 

     From all the above the refractive index  equation  and with the respect at 1.064 µm at room 

temperature to the form of this Sellemeier treatment to cover the  wide  transparency  of this type 

nonlinear material (LiNbO3), therefore this work need only to  have calculated the index refraction 

with respect the infrared wave lengths  in  exactly 1.064 µm  by using the  following expressions 

also: 
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 Where A,B,C,D are the Sellemeier constants for LiNbo3.  For wide transparency 0.420 to  

0.5200  of this LiNbO3 type there are  many difference values of the ordinary (no ),  extraordinary   

( ne)  but  the spectrum of such  this work  the range of the infrared wavelengths  can regard  in 

order to cover the field of  the investigation  which are  listed in table  below,  but for  applied our 

chosen wavelength 1.06 μm   with this  types crystal  the  below expressions are used . 

 



Journal of Kerbala University , Vol. 11 No.4 Scientific . 2013 
 

537 

 

no = [4.9048+ 0.11768{ (1.064)
  2    

 -   0.04750} – {0.027169×(1.046)
2 

}]
1/2 

ne = [4.5820 + 0.09916 {(1.064)
2
 
   -  

0.04443
   

}- {0.021950×(1.064)
2
 }

   
]
1/2 

 

      To get the calculation according to specification characteristics of our model  the  index 

refraction  values of the ordinary (no ),  extraordinary ( ne) will be 2.232 and  2.156 respectively , 

which are very important quantities to used for indicated on the phase matching condition for  

second harmonics generation,in order to interpolation our suggested spectrum with other  

wavelengths, these values  have  estimated 2.28 and 2.203 for the   wave length  0.632 μm .as listed 

in table(1). 
 

Table (1) indices coefficients of LiNbO3 crystals 
 

λ(µm) no ne 

0.632 2.28 2.203 

1.064 2.232 2.156 
 

there are some properties for LiNbo3 crystal in table (2,3,4) 
 

Table (2)  physical properties 
 

Dimension 

(µm) 

Density 

(g/cm^3) 
formula 

Damage 

threshold 

MW/cm2 

Lattice parameter 

(7.5×7.5×10) 4.64 LiNbO3 250 
A c z 

0.515 13.652 6 

 

Table(3 ) Non liner  optical  coefficients  
 

deff d22 d15 d31 d33 

17.6    ⁄  for 1064   3.07 5.95 5.95 34.4 
 

Table (4)  electro-optical properties 
 

Transmission for 

λ=1064nm 
Extinction ratio 

Half-wave voltage  

k volt 

Damage threshold 

mw/cm^2 

0.4-5.0 250 3.03 and 4.02 300 

 
3- results of work      
3-1 normalized intensity dependence 
 

In order to determination of the depended of the normalization intensity beam on the title angle 

with phase matching, firstly must  done the   checking of  the ability of this proposal  our  model to 

produce the harmonics and oscillation  operations for difference order which is the most step of  

same of any this work . 

The  emphases on the production signal characteristics must be regard in this type operations  

as  derive  the formula of the second harmonics generation ( SHG)- Signal varies according to the 

normalized intensity as the following[8] 
 

 
 

  
 = √     (  
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⁄ ……………………………………………....(5) 
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Therefore , this led us to calculate the effective intensities of the linear polarized beam diameter 

which are varied, with angles tuning around the phase matching. 

For this our o o e   transverse LiNbO3 type crystal sample for the direct order harmonic 

( Second ) and for optical oscillation , Which are listed in table ( 5 ) and shown  figure (3).it has 

been drawing by Excel program 
 

Table (5) effective intensity vary with angle tuning with polarized beam 
 

9.464 9.667 7.616 8.134 9.051 8.057 10.57 10.15 8.925 8.852 7.427 I 

effectiv

e VPm 13.52 12.18 10.64 10.26 8.827 9.485 8.279 7.497 9.387 7.665 7.455 

23 22.5 22 21.5 21 20.5 20 19.5 19 18.5 18 Angle 

28.5 28 27.5 27 26.5 26 25.5 25 24.5 24 23.5  

 

 
 

Figure(3)Dependence of  the  Normalized intensity on the  tilt angle  with 1064μm  polarized beam 
 

3.2  Conversion Efficiency dependences 
  

The characteristic of LiNbO3  sample model which are evaluated and   mentioned in the last 

section  2 of this research, a computer numerical solution by using Fortran language has been used 

for  the précised  evaluation  of the  almost effective parameters  for the  nonlinear optical 

conversion with the dimensions ( 7.5 *7.5 * 10  mm
3
) of this our samples LiNbO3 crystal for 

harmonic generation with infrared range,  as well as  the derived conversion efficiency equation for 

second harmonic generation and for some higher harmonics generation were solved numerically 

using  Mat-lab technical computer program [9] 

The effect of the  conversion performance  for both  SHG of this model were also illustrated as 

shown in figures (4).   

We note from the Figure (4) conversion efficiency increases when the power  increase 

depending on the equation(6) 
 

pL
2
 (deff sin (KL)/ KL)

2
                       .............(6) 

 

but here the increase bearing nonlinear properties by relationship 

P
2 

= 0  (1E+ 2EE+ 3EEE+….)             ……..…(7) 
  

But according to this our proposal condition, when electric field is not weak , which estimated  

more than  10
10   

V/cm,  the equation (7) became for second harmonics generation   as  a frequency 

doubled term , 
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P
2    

= 2EE               …………..…..(8) 
 

in this case the term of  second harmonics generation , i.e doubling frequency2ω  

The term,   cos 2ωt must be introduce  and  the  expression  above  can be re right as, 
 

P
2    

= 2Eo 
2   

cos 
2
  ωt    ………..  (9) 

 

When the laser beam incident on  such this  nonlinear  LiNbO3 crystal at proper angle with the 

condition of phase matching direction of this material , the transfer efficiency of second harmonic 

frequency generator  can be derived comparing to that of the fundamental frequency the relation 

between  the length of the crystal (L), and(Iω   & I2ω)   the intensities of the  input and output   laser 

beam  respectively , as  in below expressions,   
 

= I2ω   /  Iω  ≈  2 L
2 

Iω [ sin
2 
( 0.5  Δk ) / (0.5 Δk )]…………..(10) 

 

 According to equation (6), When approaching  difference phase matching from null ,  must be   

note  that conversion efficiency increasing  with  the  nonlinearity increasing of  the input power ,  

this work  has  proved  actual by Mat  Lap program  sketchy   as done  plotted of figure below (4),  

that the efficiency of conversion increases when phase matching value alignment phase of zero , the 

increasing in any point  can  be  agree with  the  nonlinearity  recipe  however  in the point of  phase 

matching condition  not be  very close to zero, this owing to  the error rate  treatments and for  the  

Observed through planned. 

As in  this figure (4),  it  is very  clear  to obtained  that the efficiency of conversion of the most 

highest value  when  phase matching  around  value of  0.1.  the increasing of the input power must  

regarding  the  withstand damage of the nonlinear material, the red strip in the  net  of this figure  

are   represent  the point of the limited withstand power of  the  studied  sample(7.5 mm 7.5mm 10 

mm)of pure   LiNbO3, in this work  was estimated  no more than 1.2 kw.  
 

Figure (4) Dependent conversion efficiency on the power with phase matching condition 
    

 According to equation (10) ,   if  the  term power of   no any  increasing   (p is constant, i.e,  

with no any  thermal fluctuation inside the crystal sample) ,  in this case  the  dependence    

conversion efficiency  is still  dependence only  on the  effective  length   of  the nonlinear crystal  

as    and  can be  obtained  the  expression  of  equation ( 11)  .   
    

    (   )(    )   P……..(11) 
 

Where, A  the cross section of the crystal 

     The planned to gradually increase the conversion efficiency without any  increased  or 

decreasing  values  of  power ( p is constant)  but  variation only in the factor of  the  lengths  of the 

crystal sample   are  also  done  by 3D-Matlab programming  and can be shown  in figure (5) below,  

it clear in the configuration of this figure(5),   that the great  percentages values of  the conversion 

were around (1.5   0.8 ) cm(L=8-15 mm)  LiNbO3 crystal  length.  The limitation of the  length 

factor  owing to the increasing the walk-off ray and the temperature  tuning influences (thermal 

effect influences).  
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Figure (5) Dependent  of conversion efficiency of the second harmonics generation on the lengths 

LiNbO3 crystal 
 

The increase conversion efficiency  with certain optimum  value of  the  crystal length  which 

shown in the above around (8-15) mm( limited range of the crystal  length factor) ,in put  power 

increasing  but we cannot be  more than the 500 watt, that the crystal gets  damage for more than 

this value figure(6)  [10] 

 

figure (6) output  power Dependence on percentage  conversion efficiency  with  limited  length for 

second harmonic 

According to the Equation  

 
…..(12) 

 

The dependence of the  second harmonics  power ( p 2ω) on the  fundamental pumping power    

( p ω) was also plotted in figure below(7) 

 

 

  

 

   2/sin/ 222

2 klcAPklP  
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Figure (7) Dependent output power on input  power with length for optical parametric oscillation 
 

Showing  clearly  also in  the construction  of figure (7), the  output  optical parametric 

oscillation  power  is also  deeply  dependent  on the both factors,  the  efficiency conversion  with 

values   length of the nonlinear crystal in range  6 mm to 12 mm)  will be  increasing  as  increasing 

the  parametric oscillation powers , but no more than 500 watt owing to  the  thermal effect.  The 

range of the crystal length  in this operation  is  coincidence  on the range of the lengths crystal for 

second harmonics ( 8-15 mm) which are mentioned  earlier  presented of figure (7)     
 

3-3  The Phase Matching  Condition .  
 

By applied the 2D- Mathlab  programming  on  the  following expression on equation (6), 

which is represented the relationship  between the conversion efficiency, length of the crystal and 

the power for the both types nonlinear operation, i.e the second harmonics generation  (SHG) with 

substation to  the effective nonlinear  coefficients  (deff) for these two  nonlinear  operation 
 

pL
2
 (deff sin (KL)/ KL)

2
  ………………..……………………..(6) 

 

We get the reprove confirming  sketchy for the phase matching condition of the second 

harmonics generation with these our proposal conditions  as   shown by figures(8), [11] 
  

 

Figure (8) Dependent conversion efficiency on The phase matching 

The figure (9) was constructed according to our results obtained  from earlier  in this work 

about the  optimums  ranges  values of  the  length crystal  with the phase matching conditions, 

shown very well that all these  range (8-15mm)  for the second harmonics and  the range (6-12 mm)  
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are   satisfied for  the phase matching condition therefore, this work  can  strong  suggesting   this 

our(7.5 mm7.5mm 10mm)       LiNbO3 to  combination  the second harmonics generation  

 From  Figure (9)  we get the result that explains when the length crystallize is equal to the 

value of 0.8 cm   that the  phase matching = zero, When applied to the equation (6)  by a Mathlab 

program The result was perfect when using crystallization LiNbO3 the condition will be essential to 

achieve a conversion efficiency on SHG 
  

 

Figure (9) The values  of the length of  LiNbO3  which  Conformity with the requirement of   the 

phase matching condition for SHG 
 

From  Figure (10) , we get the result that explains when the length crystallize is equal to the 

value of 0.8 cm  that the  phase matching = zero, When applied to the equation (6)  by a Mat lab 

program .The result was perfect when using crystallization LiNbO3 the condition will be essential 

to achieve a conversion efficiency SHG 
 

 
Figure (10) Conversion efficiency increases when the length of the crystal up to 0.8 

 

4- Discussion and Recommendations. 
 

Owing to that the harmonic intensity generated is proportional to the square of the fundamental 

intensity.  And if, the beam cross sectional area is kept constant, as well as by the   assuming of the 

laser power are not variation during the second harmonics generation, i.e. without any  temperature  

tuning and walk-off rays  inside the coherent length of the   nonlinear  LiNbO3 ,  therefore still the 

normalized intensity  varied  with angle title around the phase matching  the most effective factor 

on this types operation . 
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as can be estimated from  figure (3), the value of the tuning angle  to varied  the minimum to  

maximum intensities around the phase matching condition was only 2.5
o 
,which is giving reliability 

efforts 
 
to obtained the suitable condition for the generated the intensive harmonics generation for 

SHG within this our model.
 

Because of the conversion efficiency is the most influential factor on the performance of 

the harmonics generation.In addition it is satisfactory production for these nonlinear 

operations, SHG or not,  in  subchapter 3.2 focuses on the  investigated the dependence of the 

conversion efficiency depending on the
 
outside effective factors such as  the fundamental  

power and  length of the crystal  with conditions of  the phase matching as shown in figures (4-

5-6-7-8-10),the limitations of the fundamental power to be input in this case  were the 

withstand  damaged of this types nonlinear  LiNbO3 crystals  . and must be carefully to chosen 

the length of this sample must around the 8 mm in order to avoided the increasing on 

differences types losses  inside the material by the temperatures fluctuations and the ray 

walking-off. The  conversion of the  second harmonics configuration  with these studies 

conditions was about 69% as shown in figures (10), this  efficiency percentage is  high enough 

for the   inside cavity arrangement, such as the   proposal configuration of this  studied sample 

on the other hand  the conversion efficiency can be impossible to  exceeded the  percentage of 

45%, it will be in the range of (23-45%) for the outside cavity  configuration, this is owing to 

the many problems associated with  higher reflection,scattering and the absorptions.these 

effective conversion for both the side and outside cavity  configurations will be decreasing as 

the increasing in harmonics ranks this is owing to the decreasing in the intensities of the beams 

with the increasing of the higher harmonics operations.  In the case of goals of  this work  only 

until third harmonics can be regard to be achieved, the decreasing in the conversion from the 

second to third was estimated more than 2.5 times and the intensity of the third fundamental 

beam become not enough to generate the  further fourth harmonic by this our proposal sample. 

This results  were reproved  by sketching shown in figures (4,5,6,7,8)  , which are represented 

that the dependence of the conversion efficiency on the length of the crystal and the input pumping 

power, the  shortenings  in coherence length  must be  regard to avoided the damaging in the  crystal 

samples , in this work must be no more than 10 mm with laser  power more than 500 watt . 

The increasing of requirement coherence  interaction distance in the long  configuration of 

the  nonlinear crystal can be limited by the following:- 

 - walk-off  and make  the pumping, harmonics(2
nd

 & 3
rd

) pulses out of the same group velocities          

( mismatching), this cause to minimized the waves overlapping distance inside the nonlinear  

material with the direction of the length. This is dramatically decreasing  the conversion efficiency 

percentage for both the harmonics generation  . Owing to the higher intensive power requirement,  

this effect  expected to be stronger limited  with the second harmonics generation(SHG) than 

higher harmonics. 

-Thermal influences which are caused by the temperatures fluctuation inside the  nonlinear material, 

this also can be leads to  decreasing the conversion efficiency in the both of these types nonlinear 

operations. Exceeding the limitations of this effect may destroying the nonlinear crystals material. 

 Therefore, the suggesting for any experimental in this such works,  to get the production of the 

harmonics generation with sufficed  efficiency of conversion, must be attention to chosen the 

proper length with the   selective types of the nonlinear material and with regarding to make any 

used any facility or method to prevent or at least  minimizing  the temperatures fluctuations as 

possible as possible. 

    Finally for the applications purposes ,the efficiency for this operations can significant improved 

by using the following :- 

- higher power density with the limitation of withstand applied crystal type and dimensions. 

-  long interaction length with regarding to save the overlapping the beams. 

-  material with greater effective coefficients or smaller index refraction i.e. ,   with higher value of 

the ratio, ( deff
  2   

/ n
 3 

)
  
.
  

 

http://www.rp-photonics.com/nonlinear_crystal_materials.html
http://www.rp-photonics.com/group_velocity.html
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