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Abstract

The application of network methods to the analysis and design of integrated-optics components is illustrated
for the case of dielectric gratings, which are relevant to optical beam couplers, filters and diStributed-f~ed-
back lasers. The advantage of the network representation in those cases is that the role of each grating para-

meter can be interpreted in terms of the network elements. In addition to yielding physical insight into the

electromagnetic field behavior, the network approach greatly facilitates the design and construction of dielectric

gratings having efficient operation or other desired characteristics.

The similarities between guided-wave components in
the two areas of integrated optics and microwave engi-
neering have been well recognized. However, while

equivalent networks involving lumped and distributed
elements have served as a powerful tool in treating a
wide range of microwave problems, the use of network
methods in integrated optics has been so far very lim-

ited in scope. The aim of this paper is to show the
effectiveness of equivalent networks in integrated

optics by presenting their novel application to dielec-

tric gratings, which play a dominant role in beam coup-
lers, filters, distributed-feedback lasers and other

devices that incorporate periodic structures.

Network terminology has already been employed in
the early microphotolithographic work at infra-red,
while equivalent networks have been subsequently used
mostly in transverse-resonance analysis of dispersion

?!curves for th~n-film waveguides of the strip or plan-
ar varieties. Most recently, dielectric gratings

of the type sketched in Fig. 1 have been shown to be

rigorously described by the transverse network config-

uration given in Fig. 2. Here B denotes a lossless

network that couples all of the space harmonics, each
of which is represented by a transmission-line circuit

in the regions outside the grating. Whereas the com-

plete network is rather complicated if a large number
of space harmonics must be accounted for, it neverthe-

less leads to systematic computational procedures for
structures with a larger number of layers and/or for
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gratings having more complex profiles.

A great simplification in the equivalent network

approachg can be achieved

of Fig. by adopting a perturbation

which assumes that the grating region ap-
pears as a modification of a uniform layer having a
relative permittivity ez. One can then express the

permittivity in that la~er as

e(x) = eg[l+ X en exp(i~ x)],
n#O

(1)

where the sunnnation is regarded as a perturbation term.
The electric field E = E for TE modes can be written

as Y

E(x,z) = Z Vn(z) exp(iwnx), (2)

n
where

2nn
K =x+—,

Od
n=0,~l,~2 ...), (3)

n

and K
o

is generally complex.

If (1) and (2) are introduced into the wave equa-
tion and only first-order terms are retained, one gets

d2 Vn(Z)

+ (k2-wn2) Vn(Z) = - k2~nVo(z), (4)

dz

which holds for all n#O. However, Vo(z) represents

a presumably known (unperturbed) incident field. Equa-

tion (4) implies that each partial electric-field

(space harmonics) En(x,z) in (6) can be found in terms
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of the voltage Vn(z) along the equivalent transverse

network shown in Fig. 3. Unlike Fig. 2, the network in
Fig. 3 is a simple, uncoupled and independent firans-
mission-line circuit characterized by propagation fac-

tors k~~) and characteristic admittances Y (u)= k(”)/WWo,
n zn

where

(5)

Here the index u“= a,g,f or s denotes the air, grating,
film or substrate region, respectively. The voltage

Vn(Z) is determined by the distributed current jn(z),

which is proportional to the right-hand size of (4) and

is known for any given incident voltage v (z). A simi-

lar treatment holds for TM-modes, except ?hat thevol-

tage Vn(z) is then determined by both distributed cur-

rents jn(z) and voltages Vn(z) inside the grating

region (O < z < t ), as indicated in Fig. 3.
g

The principal advantage of this simplified ap-
proach is that it can be easily applied to any given
excitation problem. Thus , the incident field may be a

plane wave impinging obliquely on the grating (for
scattering phenomena), a surface wave traveling 10ngi-
tudinally (for beam-coupling or filtering applications),
or a standing wave along the grating (for distributed-

feedback lasers). Each one of these situations is dis-
tinguished from the other only by the fact that the vol-

tage and current sources are different. However, these

sources are known in every case, and they are simply

prescribed by the given incident field. Because of

their relative simplicity, equivalent networks such as

that in Fig. 3 are extremely helpful in providing both

physical insight and accurate quantitative evaluations
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for practical design problems.

As an example of an optical beam-coupler appli-

cation, which requires a leaky-wave regime, Fig. 4

shows the normalized attenuation ad/2n of leaky waves

supported by a corrugated GaAs wafer used in converting
a light beam into a surface wave, or vice-versa. In

this case, the minima and maxims of the curves can be
directly related to the height t of the grs,ting. AS

g

tg varies, the transmission line between z = O and

~=t in Fig. 3 also varies; hence the leaked energy

(and !herefore a) exhibits maxims and minima because
of the cyclic variations of the input impedances “seenlL

by the sources.

Another important advantage of this network ap-
proach is that it can handle gratings with arbitrary

periodic profiles. Consequently, results can be ob-
tained for configurations that, unlike the rectangu-

larly corrugated grating of Fig. 1, do not lend them-
selves to an exact solution of the pertinent boundary-

value problem.

A particularly interesting case is the asymmetri-
cal triangular profile shown in Fig. 5(a), which can
produce directional discrimination (“blazing”) of in-

cident surface wave. This is achieved by designing the
grating so as to induce a stronger energy leakage into

either the upper (air) or the lower (substrate) regions,
depending on whether incidence is from the right or

left, respectively, as suggested in Fig. 5(b). In net-
work terms, the desired blazing effect is obtained by
choosing the sources jn(z) and Vn(z) so as to direct

the power flow selectively into either the air or the

substrate region. For example, the sources can be
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judiciously distributed along the transmission line
segment O < z < tg so as to interfere destructively

for the field in the substrate region while interfering

constructively for the field in the air region. After
determining a suitable source distribution, the geo-

metrical shape of the grating profile can be obtained
by means of Fourier transforms.

To summarize, the greatest advantage of the equiv-
alent-network representation is that it permits a dir-

ect interpretation of the grating characteristics in

terms of the constituent parts of the transmission-

line circuit. Thus, the leakage properties of grating

couplers, the asymmetric behavior of trian~lar grat-

ings, the Bragg-reflection regime Of distributed-
feedback lasers, etc. can all be phrased in terms of

the transmission-line parameters and the fields asso-
ciated with them. By extension, the application of
such network methods to a wider class of integrated-
optics configurations is expected to provide a power-
ful analytic technique for design-oriented purposes.
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Fig. 5 : Blazing of surface waves:
(a) Asymmetric grating profile for directional

discrimination of incident surface waves;

(b) Result of grating asymmetry, showing that a

surface wave incident from the right is leaked

mostly into substrate whereas a surface wave

incident from the left is leaked mostly into

the air region.
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