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Abstract Keywords:

In this paper, the effect of radius variation of beam light on output efficacy of SFD Yttrium aluminium Y {trium Aluminum Borate Laser;
borate laser doped with Neodymium ion, which is simultaneously a non-linear and active laser crystal, ~ Non-Linear and Active Laser Crystal;
is investigated in a double-pass cavity. This is done with a concave lens that concentrates (Reduction  Pump;

of optical radius within nonlinear material) as much optical laser as possible, resulting in increasing
the laser efficiency, second harmonic and the population inversion difference. In this study, we first
developed five discrete differential equations describing the interactions of 807 nm pump beam,
1060nm laser beam and 530nm second harmonic beam. Output efficiencies of laser and second
harmonic beams at pumping power of Pp =20W and beam radius of 5um have been presented.
Meanwhile, in this paper, the first experiment for creating second harmonic in solid state lasers was
fully described with a figure and its procedure was investigated and then the equations (second  Article History:

harmonic and laser and population inversion) were studied. Radius variation of beam light aims at

increasing laser output efficacy and improving second harmonic and population inversion. The Received: 17 November 2017
analytic methods which have been solved the discrete differential equations via Matlab. Accepted: 15 March 2018

Neodymium lon;
Beam Radius.

1- Introduction

Having used non-linear optical materials like harmonic producers and optical parameters oscillators, we can develop
the frequency area in accessible lasers well. A laser spring with high power and non-linear materials can make the
frequency of radiation laser as twice, three times or four times, non-linear crystals which are used for producing manifold
frequencies compared to primary frequency provides the reproduction of frequency in a KP*D non-linear crystal via a
proper laser having high energy photons like Nd:YAB laser [1].

Jaque in 2001 could produce three main colors of red, blue and green in NYAB crystal using some of non-linear
phenomena such as the combination of self-accumulation frequency [5].

Jaque et.al in 2004 studied the effect of +Nd3 and +Yb3 on energy conversion output in YAB crystal and determined
optimal value for laser usages [3].

Having published papers during 2009 to 2013, it was proved that thermal effects prevent power increasing alot
therefore, pump power value were limited in this work [4, 5].

In this study, two discrete differential equations were considered for laser beam and two discrete differential equation
for second harmonic and one equation for harmonic population inversion for radius per 5 pm.

Nonlinear optics studies the phenomena on the changes and modification in optical properties of materials in the
presence of light. Typically, only the laser light exhibits sufficient intensity to modify the optical features of objects [6]
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Frequency-doubler materials are very useful. These materials can double the frequency of the laser beam (i.e. they
halve the wavelength). By this method, the output laser with 1.06p wavelength can be converted to a radiation having
0.53p wavelengths [7].

The laser consists of three components including active material, a pumping design and an intensifier [8].

2- Theoretical Bases
2-1- The first experiment to generate the second harmonic beam in lasers

In Figure 1, the frequency region of accessible lasers can be developed using nonlinear optical materials, such as
harmonic generators and optical parameter oscillators.

The ruby laser beam at 1 = 0.694 um wavelength is projected onto a quartz crystal and a ruby laser beam at
A; = 0.347um wavelength is produced. Two beams (A and A1) are separated by a prism which are appeared on a
photographic plane.

SN goa3 A

Figure 1. Generation of the second harmonic beam by nonlinear materials [1].

3- Discrete Equations of Second Harmonic and Laser Beams and Inverse Population

Forward difference for the discretization of the equations corresponding progressive fields has been used as bellow:
Wi 1) = 4 00 + 82 [ 20100 + -9 @
Where, ¢} and s are functions of the second harmonic wave and progressive lasers, respectively. ccg and Ln are the

absorption coefficient of the second harmonic beam and interaction length, respectively. k is a variable and Az is another
variable depends on z (path length) and k. also i = v—1.

WGk + 1) = W () + 8z [~ 2+ AN (1) + b () v (0 @

In the above equation, AN is the inverse pOpulatlon and f3; is a variable depends on laser length.

A backward difference for discretization of the equations corresponding with retrograde fields has been used as
bellow:

g i
W= 1) = 97 00 + 82 [ 09 —L—wrZ(k)] ©

U Gkt 1) = 45709 + bz |~ 35+ BANT () + U7 (0 U5 09) (@)
Where: § is cross section of laser emission of Nd®* ions and «; is absorption coefficient of the laser.

The discretization of the equation for laser level rhythm in stable status is as follows:

ngT, B

th 5

26P,
2= —Ft— 6
82 = ©
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AN 1
AN = (—+ By * + ggle™™™)/(gg2 ¥ * + ) Y]

Where, gg1 and gg2 are two dependent variables. Also, occ;= 193 m™", ;=4 m~" and o, = 340 m™" are absorption
coefficients of second harmonic beam, laser and pump, respectively [9].

8 = 4.5 x 1071cm? is the cross section of laser emission of Nd** ions [10].
T = 56us is the fluorescence lifetime [11].

AN® = —N,isinverse population without pumping equaled to N, = (7 + 2) x 102°cm ™2 N,is the density of the doped
elements. derr = 1.4x1012 m/v is the nonlinear effective coefficient of the NYAB crystal [12].

Tp = 1-Rp= 0.74 and Py are passed power using the left mirror for the pump beam, and the power of the pump beam,
respectively. ng = 0.26 is quantum efficacy. W, and W, are the angular frequency of the pump and laser beams,
respectively. 9, 9; and 95 are the frequencies of the pump, the laser, the second harmonic beams. The reflection through

the mirrors leads to Rs,=0.03, Rip =Rir = Ryt =0.998. | and a are the crystal length and radius. I= 5mm and h is the
Hamiltonian constant [13].

ns = 1.7050, n; = 1.7553, are the failure coefficients of the second harmonic and the laser beams, respectively. r, =5 x
10 6 is the beam radius [14].

Z is a counter or pump, K is a variable that belongs to Az ,Az = z/k, 1<K<11, Z=5mm.

+
¥s (k): is forward second harmonic function.

g (k): is backward second harmonic function.

"
¥ (k): is forward laser wave function.

b (k): is backward laser wave function.

AN(K): is population reversion rhyme.

n = |W|?: is output equal to wave function as duplicated.
AN=10% is population reversion.

C=3x108: is light speed.

g, = 8.854 x 10~2; is vacancy pass constant.

m =3.14

A9 = C /A iswavelength and c is light speed and § is frequency.
W=2md is angle frequency.

L is interaction length No. 1.

L= (CPxndxegxmxr2)/(wx2xd%; xP,) (8)
L.: is interaction length of No. 2.

Ly =(C3xn}xngXexmXn2)/(WEX2Xd%; xP) (9)

4- Output Efficacy of Forward Second Harmonic Beam along Z-Direction for Beam Radius of
rp = 5um

Figure 2 shows output of forward second harmonic beam in distance along crystal length for 20 w pump power.
Output mirror (left side) has small reflection power and is a good crossing.

Output efficacy of forward second harmonic beam along Z=5 mm for pumping power of P,=20W and beam radius
of r,=5mm is 0.634 %. Reflection is Rsr = 0.988.

i

W+ 1) = U200 + 8z = SE0 G0+ -0 (10)
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Figure 2. Efficacy of forward second harmonic beam in z-direction (path length).

5- Output Efficacy of Backward Second Harmonic Beam along Z-Direction for Beam Radius
of rp=5 pm

Figure 3 shows that backward second harmonic beam loses some of its energy in backward (toward left side) via
optical absorption in crystal (equation 7 manifests it). Backward second harmonic absorption assists in creating

population reversion in laser. Increasing population backward leads to increasing infrared light 1060 nm which means
increasing output of backward second harmonic beam.

Output efficacy of backward second harmonic beam along Z=5 mm for pumping power of P,=20W and beam
radius of r,=5mm is 0.6327 %. Reflection is Rs, = 0.03.
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Figure 3. Efficacy of backward second harmonic beam along z-direction (path length).

6- Output Efficacy of Forward Laser Beam along Z-Direction for Beam Radius of r,=5 pm

Figure 4 shows output of forward laser beam. According to this figure, 20% of pumping power is transferred to laser
that is expected for solid-state lasers.

Output efficacy of forward laser beam along Z=5 mm for pumping power of P,=20W and beam radius of r,=5mm is
34.1%. Reflection is R.r = 0.988.

i+ 1) = 9 () + bz~ AN () + i () 9 () 12)
26, L,
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Figure 4. Output efficacy of forward laser beam along z direction (path length).

7- Output efficacy of backward laser beam along z-direction for beam radius of rp=5 pm

Figure 5 shows output of backward laser beam as z for 20w power. This figure also shows than high value of pumping
power is transferred to laser beam.

Output efficacy of backward laser beam along Z=5 mm for pumping power of P,=20W and beam radius of r,=5mm
is 34.03 %. Reflection is R.g = 0.998.
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Figure 5. Output efficacy of backward laser beam in z-direction (path length).

8- The Population Difference in Z-Direction for Beam Radius of rp=5um

Figure 6 shows that population reverse depends on pumping power and has direct relationship with second harmonic
beam efficacy.

The population difference along Z =5mm for pumping power of Pp,=20W and beam radius of r, = 5mm is 1.262
x10%,

AN® 1
AN = (——=+ B * + gglx e 7')/(gg2» P * + ) (14)
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Figure 6. Population Difference along Z direction (path length).

9- Experimental Method
Experimental efficacy of transferring 530 nm beam to 1060 nm in NYAB crystal by Jaque et.al is as follow [15, 16]:

N1060o530=Ps30/ Poso =4.6mW / 725mW = 0.6 (15)

10- Conclusion

NYAB solid-state laser is an active non-linear crystal which has been studied in recent years due to its ability in
producing green light laser. High effective non-linear coefficient and high damage threshold provides the possibility of
being polluted with high value of ND ion, possibility of making pumped laser with diode in green area via self doubler
(SFD) NYAB crystal has been the most efficient self doubler laser.

According to computations in MATLAB, thermal effects prevents the increasing opf pumping power.

In this study, five discrete differential equations describing the conversion of 807 nm pump beam to 1060 nm laser
beam and then 530 nm second harmonic beam have been used in Yttrium aluminum borate crystal doped with
neodymium ion (the most efficient self-doubler crystal). Calculations were done in MATLAB software. Finally, the
efficacies of the second harmonic and the laser beams as well as the inverse population difference increased for beam
radius of r=5um. This method is an interesting idea to achieve high efficacies in studied laser.
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