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To demonstrate experimental evidence for the validity of the
analysis presented above, the results in [13] are considered, which
show a minimum inR,, [13, Fig. 4]. If device parameters [13, page
324] are entered into (6), (7), and (8), the values of Table Il are
obtained in agreement with those results. The maximunk,inis
missing in [13, Fig. 4], since it occurs for a very large value of
(—X,), whereR, ~ R ~ R
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VI. CONCLUSION

Closed-form expressions have been presented for the noise paramibstract—A numerical method is employed to analyze the TE-wave

. . agation in Kerr-like nonlinear dielectric waveguides in which a
eters with parallel and series feedback. It has been demonstrated_m inear film is sandwiched between two linear media. The dispersion

R, always reaches a quimum and minimum, and th_e possibilifyirves dependent on the magnitude of the electric field are obtained. All
of R, = 0 has been pointed out. The same conclusions can e results can be used in future investigations of devices composed of

applied tog,,, since a duality principle exists. The theory shows thatonlinear dielectric slab structures.

a minimum in the noise parameté, or g» of either an active or  nqex Terms—bispersion, Kerr-like, nonlinearity, waveguide.

passive black box may exist as long as its signal matrix is not purely

real. A previous paper and its results have been used in order to

demonstrate experimental evidence for the correctness of the formulas I. INTRODUCTION

presented. This theory may help to design very low noise-feedbackt has been apparent for a long time that nonlinear propagation in

microwave amplifiers. optical and millimetric waveguides holds promise in the context of

integrated signal processing [1]. In recent years, with the development
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Fig. 1. A slab guide with a nonlinear core, a linear cladding, and a substrate. : N Kkod : S

Fig. 3. The dispersion curve of the first TE-modé['E, mode.

i=n N = ,3/160 (€r1 = €73 = 342,62 = 3.5 anda>0).

Region n i=n-1
Region n-1 i=n2 .
°® E;(x) = Ey(x), x € [#i—1,25] (i = 1,2,---,n):
[ J
° E;(x) = A;sin (ki) + B; cos (kix) 5)
i=i+1
Region i+1 i=i with
Region i i=i-1
Py k= kz(e,g - 3%+ a'|E¢(;ti_1)|2), i=1,2,---,n. (6)
[ )
PY From the Maxwell's equations it is known that using the boundary
_ =1 conditions at: = x;,_; andx = z;, the field values at the boundaries
Region 1 i=0 can be connected as follows:
Fig. 2. Dividing the nonlinear Region Il inte sub-regions. E;(x:) Ei_1(zi1)
dEz(l’z)} = [Mi(a)][Mi(zi—1)] ™" dEi—l(l’i—l):| (7)
dx dr
Il. NUMERICAL METHOD with
The schematic drawing of a three-layered slab guide with a Kerr- ‘
like nonlinear guiding film bounded by linear media is shown in M;(2iiy) = sin (kivi—1) cos (kixi—1)
L kicos (kizi—1) —kisin(kjzi—1) |’

Fig. 1. Restricting ourselves to TE waves, only theomponent of
the electric field is nonzero, the electric field,, propagating along
the z axise #(#*~*Y must satisfy the following equation in Region
Il for Kerr-like nonlinearity [1]-[8] with the nonlinear coefficient:

i1=1,2,---,n. (8)

Using (8) repeatedly, the coefficients in the first regibn B, will
be connected to the coefficients in the regian

A’E ) ‘ ;
T Fholer = P+ alBy)Ey =0, 02w 2d (1) En(n) n T Bl
y dE,(z.) | = H[A/Ii(m,;)][ﬂf,;(m,;_1)]_ dEy(z1)
and in Regions | and Il dx i=2 Fr
n B A.l
°F, =TTl M)~ S ()] - [ }
ddEzy — k(8% —e)E, =0, <0 @) {g 1 1(r1 B,
»
B, 5 5 ©)
—— — k(3 —e3)Ey =0,  x2>d. 3)
dx? )

Using the boundary conditions at= =, = 0 andz = z,, = d, the
Here e,» is the linear part of the dielectric constant of Region lldispersion equation can be obtained:
ande.; (i = 1,3) is the dielectric constant in Regions | and llI,
respectively. Solutions in the linear regions are [1], [7 — [ 1 " _
pectively g . 171 E, [_ } - {H[Mm.m][Mi(n_]>] }

1=2

kr,

@ E,. (10

E,efe", & <0; k2 =37 — k2eq

Ey = {Foe_zf("”_d)' x> d; Zi =32 — kZe,s. )
. RESULTS
For solving (1) Region Il is divided inte sub-regions (as shown in

Fig. 2.) and in eaph sub-region € [u—l.’m] (=12-mn) @) the parameters:,; = e,3 = 3.42, ¢,0 = 3.5, d = 1pum, anda =
is valid. Then using the value of the field at= wit, By(wio1) 41,625 x 10710 (m/V)? for focusing and defocusing nonlinearity,
replacesE, («) in the terma| E, (x)|*. Now (1) is linearized to be respectively. LettingV = 3/, be the effective index of the guide,
reduced to a linear equation in each sub-redion, x;], approxi- the dispersion curves folf'E, and TE;modes dependent on the
mately. Its solution is like that in a linear dielectric slab guide. Lemagnitude of the field a& = 0, E,, are given in Figs. 3 and 4,

As an example, a nonlinear dielectric slab guide is studied with
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Fig. 4. The dispersion curve of the second TE-modeE; mode. : ‘ _ _
N = H/ko (€r1 = €r3 = 3.42,€,2 = 3.5 and a>0). EFI? Z 3T5P;e cutoff wavenumber aTE; VersusE, (e = ers = 3.42,
2 = 3.5).
1870 - - ; ) . )
et of nonlinear guided waves strongly depends on the magnitude of
1.865 — the electrical field. The wave propagation properties illustrated here
- by numerical calculations are possibly applied to investigate devices
1.860 + composed of nonlinear planar waveguide structures.
Z. 1855 -
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Fig. 6. The cutoff wavenumber 6fE; versusE, (e,1 = €3 = 3.42,
€r2 = 35)

respectively, for focusing nonlinearity. In Fig. 5 the dispersion curves
of TE;, andTE; modes for the defocusing nonlinearity are given.

In Figs. 6 and 7 the dependence of the cutoff wavenumbeF.on
for TE; andTE-> modes are shown for both focusing and de-focusing
nonlinearities. From the figures it can be seen that the dispersion
curves for the focusing nonlinear core are always above the linear
dispersion curves and for the defocusing slab guide its dispersion
curves are below the linear ones.

IV. CONCLUSION

In this paper, guided waves in nonlinear planar waveguides have
been studied numerically. It is obvious from the results that the design
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