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The process of frequency doubling in two different nonlinear crystals in series is presented in the constant intensity
approximation. The frequency doubling efficiency is sufficiently determined by the phase relationship between interacting
waves. Analytical expressions for optimum values of crystal length, phase mismatch and phase relation are obtained in this
approximation. It was shown that by choosing the phase mismatch, nonlinear coefficient of coupling for the second crystal
unlike from those at the first crystal, as well as the optimum phase condition one can significantly increase the efficiency of

frequency doubling in comparison with the identical crystals.
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1. INTRODUCTION

One of the effective methods of development of
powerful sources of coherent radiation in the UV region
is the multiplication of laser frequencies. Full
conversion of the energy of fundamental wave to the
energy of excited one is impossible even in phase
matching conditions [1]. To increase coherency length
at which occurs the pumping of the energy of exciting
wave into the energy of harmonic, in addition to Fabry-
Perrot resonators the special schemes including
successively placed nonlinear crystals are used [2]. In
the fixed field approximation the changes in phases of
interacting waves is independent on the intensity of
fundamental wave and therefore accurate analysis of
the process of nonlinear interaction between waves is
impossible.  Previously, the constant intensity
approximation was applied by us for analysis the
second harmonic generation in Fabry-Perrot resonator
[3], third harmonic generation in two crystals arranged
in series [4] and cascade generation of the third
harmonic [5].

2.  DISCUSSION AND RESULTS

In this paper we have carried out detailed analysis
of the frequency doubling in two series arranged
different nonlinear crystals by employing the constant
intensity approximation [6].Nonlinear crystals of
different lengths are separated with air gap. A pump

wave with frequency @, excites the wave with doubled |

A, (1) =—iy, A3l sincAl, -exp[- (5, + 25, +iA ), /2]

1/2

(52 B 251 B iAl)z
4

where 4 ,=|2I"} -

131, H.Javid ave, AZ-1073, Baku
Institute of Physics
E-mail: jophphysics@gmail.com

28

frequency @, =2m, in the first crystal. After

emergence from the first crystal those waves freely
propagate in the air gap and are normally incident onto
the surface of the second crystal, where the interaction
of propagating waves occurs. One can consider the
frequency conversion in each crystal individually. First
we write the truncated equations [4,5] describing
nonlinear interaction of waves

(:;_A&+51A1 =iy, A, ATe"™
z

o)
d H —-iAz
d_éz+52Az =-iy,Ale™

where A (j=1,2) - are the complex amplitudes of a

pump and second harmonic waves, waves respectively,
o j— are the absorption coefficients of those waves,

A = |(2 - 2|(1 — is the difference in wave numbers
(the phase mismatch parameter characterizing deviation
from phase matching condition), %, ¥, — are the
coefficients of nonlinear coupling.

Applying boundary conditions
A (z=0)=A,,A,(2=0)=0 tosolve above
set of equations in the TCA (most frequently termed
as Tagiyev-Chirkin approximation)[6] for a complex
amplitude of doubled wave at the exit of the first
crystal yields
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A similar expression can be obtained for the complex amplitude of a pump wave at the output of the first crystal
. 1/2
0, —20,—1A, . .
A(l)= Am(cos 2, + %sm /Illlj -exp[- (6, + 28, +iA, )1, /4] 3)
We can obtain from this expression the optimum length |l0 P of the first crystal at which the harmonic intensity reachs
its maximum value:

oo _ arctg(4,15,) "
=
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where /121 = 2F12 + =
The boundary conditions for conversion to second harmonic in the second crystal are given by
A(z=0)=A(1)e" D, A,(z=0)=A, ()" 5)

where d — is the thickness of air gap between nonlinear crystals, ?y, (d) — are the phase shifts of waves,

Z =0 corresponds to the input of the second crystal.

Analysis of frequency doubling in the second crystal also is carried out by the set of equations (1). However,
here we substitute different coefficients for losses, nonlinear coupling as well as difference in wave numbers.
Solving new set of equations with boundary conditions (5) for the complex amplitude of second harmonic yields

Ao = A)a—c+(b+u)e +i(g - )] expl- (8, + 25, +iA,)z/2] ®)
where
a=0c0s4,2, b :ﬂicotﬂlllsin 4,2, ¢ =Msin 2,2, U _% =20 sind,z,
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and ¥ =A,l +2¢,(d) —¢,(d) — is the common phase shift between the pump and second harmonic waves
in crystals and the air gap.
It is seen from (6) that the amplitude of second harmonic wave is the function of phase shift between W waves.

Variationin ¥ is equivalent to the change in signs of coefficients of nonlinear coupling 7, and }/'2 in the second

crystal. Hence, depending on the phase mismatch Az and coefficients of nonlinear coupling of the second crystal
one can distinguish four types of interaction.

Frequency conversion efficiency is given by

n=7,T2 (7,0,)" (A+B)sin? x cosh? y, +sinh? y, cos® X, ) x exp[- (&, + 25, )1]
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Here we apply condition 52 = 251 =0 for losses. Intensity of second harmonic in accordance with (6) can be
expressed by

= |2(|){a2 +b?+f24+g%+ 2[(ab— gf )COS\P +(af + gb)sin 1{1] }.e—zm @®)
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As can be seen harmonic intensity is a function of parameter W expressing the phase relationship between
interacting waves. Efficiency of frequency conversion reaches its maximum, when the following condition is
fulfilled:

f(a-c)+g((b+u)
(a-c)(b+u)—gf

W :7zn+tan{ } n=0.12,. 9)

Analysis of formula (9) for the optimum value of length of the second crystal yields

[P = arcsin 121(1+%j/2 (10)
Vi+s
2
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where ¥ =2n7z and s° =(q° + p-1)/q, q :,Bﬁcot/llll, p:M, o, =—2.
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The phase mismatch parameter receives its optimum value under optimum length of the first crystal:

. -1
AT" =4y,T, (71\/ 2+0y ) (11)

As can be seen from (11) the optimum value of phase mismatch in the second crystal depends not only on the
phase mismatch in the first one, but also on the intensity of fundamental wave and coefficients of nonlinear
coupling. Taking into account (12) yields to maximum value of harmonic efficiency

1 1y, [
nmax.(al)z—(ﬁ—l__]/_z'al 2+612] (12)
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From (12) it follows that to obtain maximum efficiency | influence of the phases of backward waves on the phase
of second harmonic the phase mismatch A, in the first  of pumping wave as well as the linear losses of the
interacting waves in the nonlinear medium. At the
. ] ) optimum crystal length the frequency doubling
Further increase in phase mismatch A, leads 10 efficiency reaches its maximum value depending on

crystal should receive definite (Al;éO) value.

saturation in harmonic efficiency. both the intensity and the linear losses of the interacting
waves. Optimim values of parameters such as crystal
3. CONCLUSION length, phase mismatch and phase relationship obtained

in the mentioned approximation are the functions of

_ Analysis of frequency doubling in the Tagiyev-  jntensity of fundamental wave. With the purpose to
Chirkin approximation has allowed us to consider
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increase efficiency of frequency doubling more suitable
type of conversion is considered to be with the same
signs of nonlinear coupling coefficients and opposite
signs of phase mismatch parameters. Thus by choosing
the optimum values of problem parameters and

compensating undesired phase shifts of interacting
waves one can increase efficiency of conversion upon
second harmonic generation in different nonlinear
crystals arranged in series.
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