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Abstract

The eigenvalue problem discussed in Noponen and Turunen [Eigenmode method for electromagnetic synthesis of
diffractive elements with three-dimensional profiles, J. Opt. Soc. Am. A 11 (1994) 2494-2502] for crossed gratings is
analyzed in a different way using the three components of the electric field instead of the components E, ,, H,,. As a

result, half as many eigenvectors are needed.
© 2007 Elsevier GmbH. All rights reserved.
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1. Introduction

The methods developed to describe wave propagation
in crossed gratings [1] are still confronted to the problem
of computer resources [2]. We present a variant of the
rigorous theory of binary-surface relief gratings [3]
developed to accomodate three-dimensional (3D) modu-
lated profiles and, this variant has the advantage to
halve the dimensions of the matrix eigenvalue problem
generated by Maxwell’s equations in such media. The
numerical implantation of the corresponding formalism
is not discussed in this theoretical work and we
closely follow the notations used in [3], the modulated
grazing region periodic in x and y with dy, d, periods,
respectively, is located in the slab 0<z</h. We work
with the three components of the electric field while the
four components E, ,, H, , are used in [2,3].

With the time dependence exp(—iwt) assumed, the
Maxwell equations are inside the slab

VAE—iougH =0, VAH—iocE =0, (1a)
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V.H=0, VeE=0 (1b)

and the permittivity ¢ is [3] with p, ¢ arbitrary integers

&= & Z &pq eXp2i(px/d. + qy/d,)]. ()

pq

We get from (1a) the Helmholtz equation satisfied by
the electric field

AE 4 o*pyeE — V(V..E) =0 (3)

we look for the solutions of Maxwell’s equations in the
form, m, n being arbitrary integers

{EHYX) = {Epns Hinn} (),

mn

P n(x) = expli(emx + f,y + 72)] 4

with a,, = 2nm/d,, p, = 2nn/d,. Then

AE = — Z Zm,nrizn,nEm,nqom,n(x)a

myn

Iy, =+ B+ (5a)

myn
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V.eE = iZ(amEm,n;x + ﬁnEm,n;y + VEm,n;z)(Pm,n(X),

m,n

(5b)

SE =& Z Z Sp,qu,n(ﬂm,n(x) exp[Zi(px/dx +py/d}’)]

mn p,q

=% Z Z 8’”_1’»”_‘1Epsqq)m,n(x)~ (SC)

mmn p.q

Substituting (5a—c) into (3) gives the set of equations
in which &% = w’ugeo

2 2 E .
an mn,x — k 5mfp,n7quq,x - an1(- . ) =0,

rq

TrEmy =K empn-qEpgy = Bul-. ) =0,
»q

Fiznn mn,z — k2 Z sm—[’,n—quq,Z - V(' . ) =0, (6)
P4

(..)=omEpg <+ BuEpgy + VEpg - (7

Now, let ¥, , denote the two-dimensional (2D) vector
with the components ¥, v, Yy

—1
lpmn,x = Emn x — O Emn,za
l//mn,y mn 5y ﬁny Emn,z . (8)

Then substituting into the first two Egs. (6) the term
(...) obtained from the third one and taking into account
(8), we get the eigenvalue problem we have now to solve

2 2
an lPﬂm -k qusmfp,nfq leq =0. (9)

2. Eigenvalues and eigenvectors

In a numerical implementation of (9), the integers m,
p and n, g would be compelled to take finite values from
—M to M for m, p; from —N to N for n, g and, changing
Y into ¥ to mark this limitation, we may write (9)
(6mpdnq are Kronecker symbols)

S S0

rq

K empn-g)Wpg = 0. (10)

Then, we introduce the direct sums

s=p&yq (11)
QM+ 1)2N+1) values and

r=mon,

the integers r, s take L =
with the notations

Ff:l"pq,
&

r—s — Em—pn—p>

5:; = 5;111)5;1(1:
vi=v, (11a)

Eq. (10) becomes

L, A= (T —ie!

r—s

(12)

that we may write AY" = 0 with nonnull solutions if
det4 = 0, a condition supplying L eigen values (I" I,q,l)z
from which we get according to the definition (5a) of
szq, L expressions for y noted from now on 7,

1=12,...,L.
As a simple illustration, suppose M = N =1 so that

L =9. Since m, n, p, q take the values 1, 0, —1, the nine
components of ¥' are
T_ T _ T T_
Yi=vi, Vo=V Ps=V_100 Yo=V__
(13)
while the 9 x 9 matrix A is
ril — sz.()v() 71{280,1 7k2£0_'2 - 7k2£2,1 71(282,2
7/(28(),,1 I"f’o — kzl)(),o 7/{282‘() - 7/(26240 7/(282,]
—Ke_5) Kooy —Keag —KPe0,-1 1"271’71 — —Ke00
(14)

Let ¥, denote the L eigenvectors of (12). Then, with u
written for x,y,z we may expand the components E,,,
of the vector field E,,,,, on the ¥; basis so that

u(x) Z Emn u(x) Z Z/ lemnlu(,bmn[(x)lpl, (15)

mn

G (x) = expli(onx + B,y +712)], (152)
with according to (8)
Cmnl,x = Dmnl + Ocmy;lei7znl,27
Cmnly = Wmnl + ﬁnyl_lemnl,z (16)
so that for m,n fixed, the fields (15) depend on 2L
arbitrary amplitudes ,,,; and e,/ .

But these fields are solutions of the Helmholtz Eq. (3)
and we have still to impose that they satisfy the

divergence Eq. (1b) V.eE = 0. According to (5c¢) and
(15) we have

Z Z ng—pn q((xmepq/). + ﬁne,’”{l) + Y1€pyl,z )

mn
X(pmnl(x)l]ll =0 (17)
implying

’
§ 8mfp,nfq(ocmepql,x + ﬁnepql,y + Vlepql,z) =0,
P4

I=1,2,3,...L (17a)

which are L constraints on the field amplitudes. Then,
for m,n fixed, the electric field has L and on the whole L?



Download English Version:

https://daneshyari.com/en/article/852756

Download Persian Version:

https://daneshyari.com/article/852756

Daneshyari.com


https://daneshyari.com/en/article/852756
https://daneshyari.com/article/852756
https://daneshyari.com

