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A theoreticai_&tudy of the anomaly in the zem-or_der efficiency caused by waveguide mode excitation is carried out for
the case of conical diffraction mounting. The influence of the incident light polarization on the mode excitation is dis-
cussed. In particular it is shown that the coupling into the guided wave vanishes at a given polarization. A generalization of

the phenomenological approach is presented for conical diffraction mounting,

1. Introduction

Near the point of excitation of a guided wave in
a coated dielectric grating an abrupt change of the
reflectivity of the system occurs {1,2}. The theoretical
fimit of 100% reflection proves to be a consequence
only of the symmetry of the system [1]. Another in-
teresting feature of this phenomenon is that the .
zeroth order acquires wavelength selectivity. A nar-
row band tunable optical filter in a reflection regime
with a halfwidth of 3 A has been demonstrated [2].

A very interesting bistable behaviour of the re-
flected light in the vicinity of guided wave resonance
has been reported in refs, [3,4], However, both the
theoretical and the experimental investigations in
refs. [1—4] have been carried out for the case when
the incident wave vector is perpendicular to the
grooves. In some cases it Is jmportant to know the
behaviour of the system response in conical diffrac.
tion mounting. For example, some of the plane grat-
ings in the XUV region, in the monochromators, as
well as most of the concave gratings operate when
the light propagation direction lies out of the plane
perpendicular to the grooves. Very recently, we have
discussed the application of the conical diffraction
Lieatiiet 1o the mode coupling shenomena in planar
corrugated waveguides {5].

The difficulties in the conical diffraction treatment
follow from the fact that neither the Maxwell equa-
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,.be used,

tions, nor the boundary conditions can be devided
into two independent fundamental cases of polariza-
tion, thus rigorous electromagnetic theories have to
An extension of rigorous electromagnetic metheds
based on the integral [6] and differential [7] for-
malisms have been reported. In this paper we have
utilized the approach in ref. {8] to analyse the effect
of guided wave excitation in off-plane light incidence,

2, Numerical example

Let us consider a corrugated symmetrical wave-
guide withsy =ny=1,n9 =23 and ¢ = 0.1 um
(fig. 1). The grating is sinusoidal with a period d
=(0.3 pmand i =0.02 pm so that in the whole domain
of the incident angles only the zeroth reflected and
transmitted orders exist. The planar system can sup-
port one TE and one TM mode with propagation
constants .}(gE = 1.760635 asn 7;{‘“ =1.18012,

With TE (TM) type we denote the polarization of
the incident wave when the electric (magnetic) field
vector is perpendicular to the plane of incidence de-
termined by &, and the y-axis.

In the rectancular conrdinats system Oxyz (fig 1}
the incident wave-vector &; is given by k; = k(ey,
—hg, By), the reflection wave:rf_c_:_tpr by k(g , g, By)
and the transmission wave_ysCLor = k(g , —hy,
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Fig. L. Schematic represeatation of the corrugated waveguide
in conical diffraction mounting. :

By), where k = 2m/X and X is g wavelength. If the
phase matching condition is satisfied,

T =Yg : W

where - .
7P = (ag +mNd)? 5, m=0,%1,22,.,  (2)

then in the waveguide a mode is excited with angle of
propagation ¢ with respect to the grating vector K
= 2qfd given by

g sing =By. ' . {3)" .

The reflectivity of the system in conical diffraction
mounting in the vicinity of TE mode excitation is
shown in fig, 2 for the two polarizations of the inci-
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Fig. 2. Angular dependence of reflected zero-order efficiency

for TE (with solid curve) and TM (with dashed curve) polariza-
tion of the incident wave. A =0.6 um, ¢ = 31.7°.
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Fig. 3. General view of the zeroorder efficiency in the vicinity
of mode excitatlon in a non-polarized light.

dent wave. Contrary to the in-plane case, where TE
or TM modes can be excited only by TE or T™M polar-
ized wave, in conical diffraction mounting the re-
flectivity in the both polarizations is influenced by
the interaction. ..

The general behaviour of the anomaly for non-
polarized light is displayed in fig, 3. The minimum
and the maximum of the curves are located on two
circles, each one with centre (o = Md, By = 0) and
radius approximately equal to g

3, Effect of non-excitation of guided waves

If the grating vector is collinear with the mode
wave-vector the coupling of guided waves into radia-
tion modes is accomplished with a polarization conser-
vation. At oblique to the grating grooves incidence
the radiation modes become, in general, elliptically
polarized. The polarization of a vector. plane wave is
characterized by the parameters § and tan t [9], de-
fined respectively as a phase difference and a ratio of
the amplitudes of the parallel and perpendicular to the
plane of incidence components of the electric field vec-
tor. .

The dependences of the radiation field compo-
nents on ¢ for TE and TM excited modes are shown in
fig. 4 calculated by the numerical method described in
ref, [5]. From the reciprocity theorem it follows that
at each angle of propagation ¢ the coupling is maxi-
mum for the parameters of the incident wave given in
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Fig. 4. Variation of the polarization parameters with the angle
of propdgation. The subscripts TE and TM correspond to the
TE and TM waveguide modes.

fig. 4, An interesting consequence is that under the

- same conditions the wave with an orthogonal polariza-
tion can not excite a guided wave. Indeed, replacing r
with 7 — 90° no anomaliés in the calculated zero-or-
der efficiency curves have been observed.

4, Phenomenological approach

It is well known that the wave with an arbitrary

polarization can be decomposed into two elliptically

" polarized components mutually orthogonal. The
decomposition can be made so that only one of these
components (with an amplitude C) interacts with the
waveguide mode, while for the second one (with an
amplitude C) no anomaly occurs. Mathematically the
existence of guided waves in a planar waveguide means
that the system has a pole yP = v, Since in the reflec.
tance from a plane layer no resonance anomaly Is ex-
hibited, a reflection zero 'rf =P compensating the
pole must exist. As the corrugation is introduced, both
7P and vZ become complex, and in general yP#EE
Singe the amplitude on the interacting component is
proportional to {y ~ ¥H){(y — ¥P), the total zero-order
diffraction efficienty of corrugated waveguide can be
represented in the following “‘phenomenological”
form:
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T -1

P

Cyry +Cyry (4)

n=

it i

The coefficients 7y and ry are slowly varying functions
of i and 7 and for shallow gratings they coincide with
the Airy reflection coefficients of plane layer,

It must be pointed out, however, that in general, all
parameters in (4) are complex quantities,

~ The calculations of ¥ and y} have been performed
by a Newton iterative procedure,

The coinciderice betwéen the talculated curves
from (4) with phenomenological parameters {r; 12
=02884,Ir1" = 0.2772.7? =1,761 —il1.138X 103,
4P =1.7585 — 1 1.746X 1073 and the curves in fig. 2 is
better than 0.1%.

The pole and the reflection zero are equal to the
corresponding values for the in-plane case because of
‘the small value of ¢ (¢ = 5°). Increasing the angle of
propagation, the values of y7 and y? are slightly
changed, due to the angular anisotropy of the mode
propagation constant. For example, at ¢ = 25.25° P
= 1.7575 — 11.304.1072 and 2 = 1.762 — | 468X 1073,

In our pravious paper [1] we have shown that the
reality of the reflection and/or transmission zero is de-
termined only by the symmetry of the system. The
same considerations can be applied in conical diffrac-
tion mounting for the interacting polarization, Asa
consequence, a system with a symmetry about Qyz-
plane (fig. 1) has a real transmission zero, thus a 100%
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Fig. §. Grating efficiency asa function of 8 at a fixed a = 0.41,
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reflectance can be achieved with a properly polarized

incident wave. That is illustrated in fig. 5 for an ellip-

tically polarized wave with parameters 7 = —87.25°
gnd 5=43.65".
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