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Abstract: The theoretical investigation of nonlinear optical waves i multi-layers systems and Multiple
Quantum Well (MQW) structures have been made in this study. Numerical analysis for finding uniformity of
amplitude-identical nonlinear field profile has been presented. Influence of structure parameter on optical power

1s also discussed.
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INTRODUCTION

In recent years, considerable afttention and great
effort have been focused on the theoretical investigation
of nonlmear optical waves i multi-layers systems and
Multiple Quantum Well (MQW) structures™™, because of
potential application in all-optical signal processing
devices, such as bistability™, switching, upper and lower
threshold devices, nonlinear directional coupler etc. The
key concept on which all nonlinear guided wave optical
devices are based is that the local intensity of the guided
wave controls the propagation wave vector. Thus the
profile and propagation comstant can become power
dependent when one or more of the layer are characterized
by intensity dependent refractive index. For modeling of
MQW structure, it is very important to analyze uniformity
of amplitude-identical nonlinear field profile, to analyze
the effect of structure parameters (e.g. core thickness, well
number, the ratio of the well thickness to the periodic
length) on optical power, effective index, field profile. Tt is
also an important 1ssue for analysis of non-linearity and
bistability for given wave-guide parameters. For achieving
the above goal, first it is needed to select the wave-guide
structure and suitable materials for fabrication of optical
devices. A number of studies'” have been reported
regarding modeling of MOW structure, consisted
nonlinear c¢ladding- substrate but with only linear core.
The problem achieving uniform field profile in the core
using all nonlinear optical wave guide structure shown in
the Fig. 1. This structure comnsists of a guide core that
contains M layers wells with nonlinear refractive index
and M-1 layers barriers with nonlinear refractive index
arranged alternatively and one nonlear cladding and one
nonlinear substrate beside the guide core.
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Fig. 1: Schematic diagram of all nonlinear wave-guides
structure
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In this study, numerical analysis for finding
uniformity of amplitude-identical nonlinear field profile
has been presented. Influence of structure parameter on
optical power 13 discussed.

Analytical formalism: Tn one-dimensional medium with
Kerr nonlinearity, the electric field component transverse
to the propagation direction z satisfies the following one-
dimensional nonlinear Helmholtz equation:

d°E
dz*

- qkaZE T oc]kUZE3 =0 (1)

Where, o, =cg,ninm; and q* = N " ~ 1%, j=0,1,2,3,nare
the nonlinear coefficients, k; = 2r/A, A is the free space
wave length. 1, =n’+ B’ are the nonlinear refractive
indexes; n, are linear refractive index. B is the local field
mntensity. Index j indicates number of medium (layers). The
thickness and the nonlinear refractive indices of the
well and barrier layers are b, and f, and b, and .
respectively. Thus total core thickness 1s b = Mb, +
(M-I)b, = {M - 1) + R}A, where, A = b, + b, is the
periodic length and R = b/A is the ratio of the well
thickness to the periodic length. Nonlinear refractive
indexes fi, and 1; 18 the cladding and substrate,
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respectively. We consider nonsymmetrical c¢ladding.
Effective refractive index N may be calculated using rms
approximatior:

N =[ [ (2)ae]
- \/[[Rnlz +(1- R)nzz} + [Rnl2 +(1- R)nzz}camEnz}

(2

We define:

g, =k’ (n12 - Neffz)
4, =k, (N -n), (j=0,123)

4’ =q -K'aE©0)/2
T,=q, /g (j=01,2,3)

Tzz?il :T*:qiz
4 4

Where, E(0) is the boundary electric field intensity at
x = 0. By solving Eq. 1 and by applying the boundary
conditions successively at each interface, the nonlmear
TE waves are derived. Using rms approximation, the field
profile is given by:

E(2)/E(0) = [cosh(q,x)— (d, /q,)sinh(q,x)] ', (x<0)
E(z)/E(0)= A cos{q[x— (j- DA} +
B,(q,/q)sin{q[x—(j-DAJ},
{(j-DA=x<(j-DA+b,j=12,...n)
E(z)}/E {0)=C, cosh{qg,[x - (j-DA-b ]} +
D;(d,/q,sinh{q,[x - (j-DA-b ]},
{(-DA+b =x=(-DA, j=L2.....n-1)
E(2)/E (0)=C_{cosh[q,(x-b)]+
(§;/q,)sinh[g,(x— b}, (x>b),

Where, the coefficients A, B, C and D; in the Eq. 3 are
determined by the equations.

Al B e .

B =(VU) [TJ, (j=1,23......,n)
C] - i-1 1

D; B {TUJ

ji=LZ.3...n forCJ) and (j=1,2,3......,n—-1 for DJ)

U= {Cos(qlbl) Sin(q1b1) j
—T,sin{q,b;) T,cos(qb,)
cosh(g,b,) — sinhig;b)

2

V=
—T—*sinh( b)) Lcosh( b}
.-]—"1 ql 1 Tzz,i['.l ql 1
Amplitude of uniform core field E and corresponding
modal index Ny can be determined by Eq. 3. Total optical
power P for which field becomes umform can be obtained
p= PD + Pcure + P3 (4)

Power mn cladding (P,), core (P,,.) and substrate (P )
layers are calculated using:

kN
B=-2t | By
dpp =
— kDNEff b2
P:ore - EL Edz (5)

P, = KNy J‘ijzdz
4oy =

The relation between the effective refractive index N
and the propagation power P can be obtained. Finally, the
field profiles of the nonlnear TE waves can be plotted
from the Eq. 3.

RESULTS AND DISCUSSION

Numerical calculations have been performed for the
wave-guide model described in Stegeman et al.'. We take
A= 0515 pm (Artlaser), the linear value of the
refractive indexes of the nonlinear cladding and substrate
are ny = 1.55, n; = 1.53, respectively; the linear refractive
index of the nonlinear well layers is n,=1.57 and nonlinear
barnier layers 13 n,= 1.52; nonlinear coefficients are
m,=1,=n,=0,=10"m’*/W, respectively. These values
for the material parameters are taken from the data given
by Ma''l. To show the way in which the uniform core field
of TE mode occurs, we plot the field profiles for different
values of effective index N, The value of effective mndex
varies from 1.562 to 1.570 with precision 0.001 and total
core thickness b = 2 um, the well number n = 10 and the
ratio R = 0.9 are taken for our calculation. In Fig. 2 we plot
the electric filed profiles for different value of N As the
value of N, increases from 1.564 to 1.570, the shape of
field profile of the TE wave in the guide core changes from
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Fig. 2. Field profiles of the nonlinear TE wave for
different values of the effective refractive index.
Dashed curve corresponds to the umform filed for
refractive index N,z =1.56623
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Fig. 3: Dependence of modal refractive index N on
total power P for core width b = 2 pum, R=0.9,
A =0515 um, n, = 1.55, n, = 1.57, n, = 1.52,
n,=1.53,1 =1x107" m’/W.

peak to a valley. When the value of N, is chosen as
N.z= 1.56623, the amplitude-identical nonlinear TE wave
(uniform core field) 1s formed. Indeed, three shapes
(convex, concave and umform) are formed. This result is
in agreement with Ma! and Liu Wu et al. ™ Figure 3
shows that optical bistability becomes stronger when the
thickness is increased.
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CONCLUSIONS

Simulation results are presented for modeling all-
nonlinear MQW structure. Existence of umform field in
the core layer for this structure is also demonstrated.
Producing uniform core field profile in wave guides would
be of some importance in applications, such as, optical
coupling between two wave guides and coupling between
optical fiber and wave guides and may be used in
fabrication of various guided wave devices.
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