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Abstract

In the present work theoretical relations are derived for the efficiency evaluation
for the generation of the third and the fourth harmonics using crystal cascading
configuration. These relations can be applied to a wide class of nonlinear optical
materials. Calculations are made for beta barium borate (BBO) crystal with ruby laser
2=694.3 nm . The case study involves producing the third harmonics at L =231.4 nm
of the fundamental beam. The formula of efficiency involves many parameters, which
can be changed to enhance the efficiency. The results showed that the behavior of the
efficiency is not linear with the crystal length. It is found that the efficiency increases
when the input power increases. The walk-off length is calculated for different spot
sizes. It is found that when the spot size increases , the walk-off length increases too.

Introduction

Within less than one year after laser output. Variety of nonlinear
the publication of Maiman famous processes including _ harmonic
paper on pulsed optical masers [1], generation, parametric down

Frankan et al published for the first
time a paper on the generation of
optical harmonics [2]. They stated the
theoretical ~ background for the
generation of the second harmonic and
higher order harmonics from the
fundamental laser  beam. They
experimentally were able to produce
the 347.2 nm second harmonic from
the 694.3 nm Ruby laser fundamental
beam. The production of the second
harmonic was made by focusing three
joules, one msec pulsed laser output
pumped inside crystalline quartz
crystal sample [3]. Nonlinear effects
are essential for the modification of the

conversion and stimulated Raman
effect extend the range for coherent
sources throughout the infrared and
into the vacuum ultraviolet [4].
Nonlinear  optical processes are
essential in many applications in
chemistry, biology, medicine, materials
technology. Some of these effects are
used in optical communications
systems for obtaining ultra- short
pulses [5]. Non resonant interactions
are most useful for wavelength
conversion of laser light, wave mixing
and optical phase conjugation. The
nonlinear interactions are based on the
nonlinear modulation of the refractive
index of the material by incident light

" Dr. - College of Science — Comp. Dept — Tikrit University



J. of Um-Salama_for Science

Yol 1 (1) 2004

as a result of the strong force effect [6].
The cascading technology is employed
to achieve higher beam efficiencies.
The present work is concerned with the
computation of efficiencies as function
of crystal length for different spot sizes
at different powers. The result obtained
may be of interest in selecting the
optimum of the parameter nonlinear
crystal employed to obtain the higher
order output.

Theory and computation
The amplitude for three waves
mixing generated by a crystal is given

by the equation [7]:
Ay(L)= Y-‘A'A;(CI;‘EGLAKL) =1 y3A,A;Lsin{%L)
----- (1)

where

A;: is the amplitude of the wave of the

i order.
L: is the crystal length.

o (0;derr)
: c
where
®; : is the frequency of the wave of the

1
respective order.
derr: is the nonlinear effective.
c: is the speed of light.

where

K; and K; : are the wave vector fori"
and ™ order respectively. The general
form of the intensity of light is given

by [8]:

I = Zn[ -8£J2|A,,|2 ----- (2)

where
n: is the refractive index.

€, is the relative vacuum permittivity.

K, : is the vacuum permeability.

The intensity of three wave mixing
may be written in the form([3]:

I = 2L LA, sincz(AI;L) ----- 3)

where
f : is the transmission factor and

8n’

2
€, CnyN,N;AL

Ty =

where

A : is the vacuum wavelength of the
generated wave. The efficiency of the
second harmonic generation with
respect to the fundamental beam may
be expressed by:

87 7d y 1,L7°f f, sinc 2( AI;L)

>
€, Cn n,n;A

o

In terms of power the efficiency takes
the following form;

. 2f AKL
SnZdEﬁPszf,fzsmc'[—z—) _____ (5)

<
€, cn,n,n;AS

Msug =

where

S: is the spot size of the pumping
beam.

At phase matching AK = 0 the power
generated of the third order is given
by:

_ 8n’dlPP,Lff,

P, = (©6)

2
€, cnn,n;A5S

The efficiency of the third harmonic
generation with respect to the
fundamental beam may be written by:

- 8n’dZm, (1-n,)RLfif,
€, cn;n,n;\5S

UE
(7

Applying the same procedure, the
efficiency of the fourth harmonic
generation from the fundamental beam
may be obtained as;
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_ 8n?dP IS,
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Figure (1) shows the arrangement for
the harmonics generation from the
fundamental beam and from mixing of
other different orders. It is possible
with these configuration to obtain the
third harmonics figure (1-a) and the
fourth harmonics figure (1-b) and
figure (1-c).
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Figure (1) Schematic diagram for the third and fourth harmonic generation.
(a) Third harmonic from the residue of the fundamental beam (1) and the second harmonic (21)

(b) Fourth harmonic from second harmonics (2u) . o
(¢) Fourth harmonic from the residue of the fundamental beam (i) and the third harmonic (3u)

The formula of the walk-off length is
given by [8]:
Z =Ltanp

where
p: is the walk-off angle which can be

given by:

2
(ng —l)lan 0
= ne

where

n,: is the ordinary refractive index of
the generated beam.

ne: is the extraordinary refractive index
of the generated beam.

0: is the phase matching angle in the
crystal.

Results and Discussion
In the present work, the beta-
barium  borate (BBO) crystal

parameters are employed in the
calculate to find the efficiency for third
harmonic generation of ruby laser A A
2=231.4 nm when it interacts whit this
nonlinear crystal. Figure (2) is a plot of
the behavior of the calculated
efficiency of the third harmonic
generation as a function of the crystal
length for different spot sizesat 0.5
W input powers. It is clear from these
curves that the behavior is not linear in
all cases. The efficiency assume
different values for different spot sizes
for a given crystal length. Also this
figure shows that when the spot size
increases the efficiency decreases. This
may interpreted on the fact that the
decrease in the power density leads to
lower interaction.
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Figure (2) The third harmonic efficiency (¢3) versus crystal
length (L) for different spot sizes (40, 42, 44, 46, 48 and 50 sm)
at 0.5 W input power.

The decrease in the power density of
course is a result of the increase of the
irradiacal area for a give energy.
Figure (3) represents the behavior of
the efficiency as a function of the
crystal length for different spot sizes
and input power of 1.5 W using BBO
nonlinear crystal. The interpretation is
the same at that mentioned in the 0.5W
case.
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Figure (3) The third harmonic efficiency (ss) versus crystal length (L) for different spot si.us (40, 42, 44, 46, 48 and 50 sm)
length (L) for different spot sizes (40, 42, 44, 46, 48 and 50 sm) at 4.5 W input power.
at 1.5 W input power.
Table (1) lists the calculated Walk-off length for different spot sizes of third
harmonic generation.
Walk-off length (mm) Spot size (sm
1.1253 40 |
oy 11816 T ®
Similar curves are produced to the [ 12m u
account for the efficiency of third 1294 -
harmonic generation at 2.5, 3.5 and 4.5 14066 50
W Flgures (4)9 (5) and (6) respecnvely Table (1) The walk-off length anfl the corr?sponding
are plOtS for these cases. S spot size for third harmonic generation. B
1000 e = !
wig PAIW aom The relation between the third
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S 700 .
% o ; 40 pum spot size and 0.001 m the
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2 i . i
g a0 (7). In this work the fundamental
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200 ; f
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Figure (5) The third harmonic efficiency (¢3) versus crystal
length (L) for different spot sizes (40, 42, 44, 46, 48 and S0 sm)
at 3.5 W input power.

Figure (7) The third harmonic efficiency (¢3) versus input power for
40 sm spot size and 0.001 m crystal length.
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Conclusion

In conclusion we thank that the
results presented in this work can be of
interest to design a certain
configuration to  obtain coherent
radiant at short wave length down is to
the UV reign.

References

1- Burkey B.B. and Gaelyn G., "Use of
The Laser in The Oral Cavity
Otolayngologic Clinic", North Am.,
Vol:29, No:6, p:949, 1996.

2- Franken P., Hill A.E., Petters C.W.
and Weinrich G., "Generation of
Optical Harmonics", Phys. Rev.
Lett., Vol:7, p:118, 1961.

3- Jeong Y. and Lec B., "Fundamentals
of Nonlinear Optical Materials",
IEEE. J.Quantum  Electrons,
Vol:37, No:10, p:1292, 2001.

4- Bloembergen N., Purcell E.M. and
Pound R.V., "Relaxation Effects

Nuclear =~ Magnetic  Resonance
Absorption", Phys. Rev., Vol:73,
p:679, 1948 .

5- Sergienko A.V., Atature M., Walton
Z., Jaeger G., Salehand B.A.E and
Teich MC., "Quantum
Cryptography Using Femtosecond-
Pulsed Parametric Down-
Conversion", Phys. Review A,

Vol:60, No:4, p:R2622, 1999, Peer

Vol 1 (1) 2004

Fischer, Diederik S., Wiersma,
Roberto Righini, Benoit
Champagne and David A., "Three-
Wave Mixing in Chiral Liquids",

Phys. Rev. Lett.,, Vol:85, No:20,
P:4253, Nov 2000.
Ralf Menzel, Photonics, Ch.4,

"Nonlinear Interaction of Light and
Matter Without Absorption", New
York, P:151-172, 2001.

Kramer S.D., Parsons F.G. and
Bloembergen N., "Interference of
Third-Order Light Mixing and
Second-Harmonic  Generation in
Cucl™, Phys. Rev. A., Vol:29,
No:4, p:1873, 1984.

Abbaker Li Abdalla, "Experimental
and  Theoretical  Optimization
Studies on The Fourth Harmonic
Laser Beam Production Using Solid
State Nonlinear Crystal", Ph.D.
Thesis, University of Khartoum
Post Graduate College, P:83-86,
2002.

Gopal Bhar C., Pathik Kumbhakar,
Satyanarayana D.V., Banerjee
N.S.N., Nundy U. and Chao C.G.,
"Third

Harmonic Generation of Co, Laser

Radiation in AgGaSe, Crystal",
Pramana-J. Phys., Vol:55, No:3,
P:405-412, 2002.



J. of Um-Salama_for Science Yol 1 (1) 2004

S hall M) Gt aladiealy byl gl g3l Be g
agad)

-

‘gu\e J.)hd Lﬂbbﬁ.d

LA EWHEN | PJSD Pué —ﬁ,h.“ z,'ﬁs —Cw )SS &A\@

DAY

Aladi by Ay 1 g A AN bl ll 5ol giall s LSl padil & Hlaill Bl GRS Jaall (panaly
Gl—ual) ad Aghadll e Ay el o gall ded y Cilicaly Lgakal (Say Clilall 238 . ) i il
€ —>sal Jghall dic AED Al ol ol Ala Al Jadi g8 4 aw (BBO) 35k aladiuly
i 3oLl Aapa ol A=694.3 nm 2 gall Johll 93 SN 5l bVl 4e 2l A=231.4 nm
O35 skl Jgha ae 5o LSl &gl o) Sl 505 3ol 3aL ) Lo jas Aaud g1 (S Al 5 Clalas B30
Ailisg slaa Walk-off 1 Jgb Glua o5 . Adalall 5,080 3L 3o 22 35 3e il () aag 2y . ad 2
ol 5 g8adl Jghall 3245 I 258 Spot size asall 32 o) 3a gy



