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?Wstract

The amount and directivity of scattering light in di.electrieslab optical waveguides, produced in a

propaqatinq beam mcde due to refractive-index inkzmqeneities of the thin f ilm and due to boundary irregularities
6f >ibsuktrate and film-air interfaces are cakul~tid by mans of a pertubat.ion methcd tqeth-~ wik the use
of a stationary phase methcd and obtained as a function of their correlation lenqth and varian~, thin film. .
thickness, and refractive index difference.

There are two kinds of fluctuations which cause

de conversion and radiation loss in dielectric-slab

optical waveguides. They are randan irregularities of

the film-air and f ilrrrsubstra~ interfaces
1,2 ~d

random fluctuations of the refractive index in the &

3,4 In
f ihn region (core region) of a slab waveguide.

this pa~r, when the dcminant TEO nde is incident onto

an asymnetri c slab waveguide with such iqerf ections,

the radiated power into external regions of the air and

the substrate are evaluated by mans of a perturbation

technique tcgether with ,tie use of a stationary phase

nk?thcd. For shplicity, the boundary deviation frcnn

~rfect straight wall is assumed to be small catpared

with the film thickness and the local change of the

refractive index is assured to be uncorrelati with

Xrfections of the interface. Therefore, the radiated

power of scattering light due to both the refractive-

index inhomqeneities and the boundary wall irregulari-

ties can be indepadently estimated and superposed on

an ensenble average.

The waveguick to k studied here is shcwn in Fig. 1

and consists of three layers which are air, thin film

and substrate having refractive indices of n
1’ ‘2 ‘d

‘3 “
The relation of nl < n3 ~ n2 is assured to exist

in this waveguide. The waveguide with wall inrparfections

is mathematically described by a square of its ref ract.ive

index and given by

n2(x, z) = n: + 41n2(x, z) (1)

where
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The additional term d n2 describes a geometrical

deviation frcm the ~rfect shaps of the waveguide

is given by
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Fig. 1 Coordinates of a dielectric-slab optical

waveguide with refractive index inhcmcgeneities
and waveguide wall irregularities.
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~n2(x, z) = n3 - n; ; x~-tandx~-t+ g(z) (3)
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where f (z) * g(z) are randcm ‘functicms of z. On the

other hand, the local change of the refractive index in

the core region is given by
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n2 (x, z) = nj + 2n2~n(x, z) ; -t=x=o (4)
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where ~n is a randcm functicm of x and z. Here, any

-fe~ion of the waveguide is assumed to exist in

the region betweem z = O and z = L where the perturbd

waveguide is connected @ an ideal wavsguide. The



randcm functions of tn, f(z) and g(z) oky the following

statistical restrictions:

Iin.(x,z)l <<l, <Jn(x, z)> = O

\f(z)l , lg(z)l<<t, <f(z)> =<9(2)> = o

[-’21$’}<if> = V&P —

(5)

[-IT21 ,
<9(21)9(22)> = <’SWy

I
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<fag> = C2exp -~ - +x
1

where <,... > denotes an ensemble average and T?, V~2

and ~ are the variances of ~n, f(z) and g(z), and C

mans the covariance of f(z) and g(z) . u and b involved

in the eqxmential term of Eq. (5) represent the

ocrrelation length for the refractive index inhcmge-

neities and tie wall inprfectione, res~ctively.

Since the inpsrfections of refractive index

intmqeneities and waveguide wall irregularities

produce a radiating parturbed. field in the propagating

TEo tie, the perturbed electric field ~E (Xf t Zf ) in

the air region is given by a sum of the fields due to

these @rfections and expressed by

(6)

In the equaticm, the asterisk denotes a ccm@s.x

cxmjugate and Em(x, z) and Eti (x, z,~ ) are the electric

fields of the guided TEm de and ‘I!? radiation mcde.

k = 27VX , UJ and # are the wavenunixar of light, the

angular frequerq, and the ~rmeability in vacuum,

respectively. p and p represent the propagation

amstants in the z and x directions for the substrate

region. The plus and minus signs in the superscript in

the eqmtion correspond to the forward and backward

scattering. The integral with respect to # appeare3

in l?q. (6) may be performed by means of a stationaq

phase methcd. The time-average pwer P ( 6 ) f laing

into the unit area perpendicular to ~ through the

observation point Q (xf, z f ) is expressed by usin9 a

Pointing vector S and given by

where

1 $E(xf, zf)s=~ X $H* (Xf , Zf )

(7)

(8)

% denotes a real paxt, and ir is a unit vector in

the radial direction. In Eq. (8) , the vector CCWWnenta

of the &x@mrbed magnetic f ieldfH (xf, Zf ) are cbtained

by using the perturbed electric field $Ey (xf, z ~ ) and

given by

(9)

Using E@. (7) - (9) , we can evaluate the radiated pcwer

caused by both the refractive index inhcmcqeneities

and the waveguide wall irregularities and obtain the

radiation pattern as a function of the angle 9.

Follcwing exactly the same procedure as in the air

region, we can also obtain the ~averzqe pcwer of

radiation in the substrate region.

References

1

2

3

4

D. Marcuse, “Mo5e conversion caused by surface

~rfections of a dielectric slab waveguide, ”

Bell Syst. Tech. J., VO1.48, P.3187 (EC. 1969) .

Y. Suemateu, K. Furuya, M. Hakuta and K. Chiba,

“Properties of irregular koundaq of R-F sputtered

glass f il.m for light guide, ” IEEE Letters, vol. 60,

p.744 (June 1972) .

M. Imai, S. Miyanaga and T. Asakura, “Mcde conversion

and radiation loss caused by refractive-index

fluctuations in an asynnwtric slab waveguide, ” IEEE

J. Quantun Electron., VO1.QE-13, p. 255 (April 1977) .

S. Miyanagar M. Imi and T. Aaakura, “Radiation

pattern of light scattering fran the core region of

dielectrieslab-optical waveguides, ” IEEE J. Quanta

Electron. , VO1.QE-14, P.30 (Jan. 1978) ,.

120


