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absorber. Noting that whelV = 13, the total computational domain [13]

is simultaneously changed to 5050 x 51, and theX -axis of Fig. 3

is given according to the cas¥ = 10. It can be seen from Fig. 3 [14]
that by adjusting the parameters used in the GMIPML absorber,

better absorbing performance can be achieved.

IV. CONCLUSIONS
By introducing the material-independent quantiti®s and B
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into the FDTD model, a GMIPML absorber aimed for absorbing
electromagnetic waves propagating in 3-D arbitrary anisotropic media
consisting of both permittivity and permeability tensors is developed.
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D

P ands?

in the proposed absorber is due to the fact that these

conductivities are independent of the anisotropy of the material.
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Accurate Analysis of Periodic Structures with an
Additional Symmetry in the Unit Cell
from Classical Matrix Eigenvalues

Smain Amari, Ridiger Vahldieck, and Jens Bornemann

metry in the unit cell are investigated by the example of a parallel-
e
onstants of the Floquet modes are determined from thelassicaleigen-

waveguide loaded with irises of zero thickness. The propagation

formulations (i.e., without splitting thdD and B fields) of the values of a non-Hermitian matrix.

GMIPML absorber have been recently proposed [15] by the author.
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In the present case, the glide reflection symmetry leads to the
= = additional relation (for mode;)

‘ 1“ ‘ ‘ Xo(a) = "X (o). ®)
: t

§ : § Therefore, we are left with only one unknown function, namely
X T 7 Xi(x).
*************** it Following the CIET [4], we derive an integral equation for the
; : ; function X, (z), which is then solved by the moment method. To
@ : @ this end, X (x) is expanded in a series of the form
R
Xi(w) =D eiBi(r) =) el Bi () + BY (). 4)

=1 =1

X X X Here, Bf () and BY(x) are the even and odd parts of tite basis
! 2 function. It is not efficient to apply Galerkin’s method in this case
Fig. 1. Side view of a parallel-plate waveguide with glide reflection syn2!NC€ the baSI.S functions are usgd to e?(pand the electric f_'EIC_l:aﬁ'
metry. whereas the integral equation is obtained from the continuity of the
magnetic field at = d/2. We need to project the integral equation

) o o ) over a function in the range off, at = = d/2. We thus use the
investigations due to their importance in slow-wave structures a%’sting functions

corrugated antennas [2], [3]. The effect of periodicity on the propa-
gation properties is commonly taken into account through expansions Ti(z) = Bi (v) — B (). (5)
in space harmonics [2].

The present approach is based on the coupled-integral-equa
technique (CIET), which was recently proposed in [4]. Althoug
isolated discontinuities, mainly of vanishing thickness, are well [K][c] = cosh(8d/2)[L]c]. (6)
treated in classical texts of waveguide theory, e.g. [5], it is the
combination of multiple discontinuities that reveals the advantagébe entries of the matricdds’] and[L] are given by
of this technique over classical approaches. oo el N el o Mol N ol

In this paper, a structure with glide reflection symmetry was [K];; = Z Y. M + Z Y, M @)
purposely chosen to show how additional symmetries in the unit ne1 tan(ks,d/2) tan(k?,d/2)
cell of a periodic structure can be straightforwardly included in - . B;(mf;;(n) = B;(,,,)B;@ﬂ
the approach. A similar structure was investigated by Hessel and [L]ij = Z n m - Z n m ®)
Oliner using coupled-mode theory where the propagation constant is n=l n=l
determined from a determinant equation [6]. Here, the propagatiamere

tT(ﬂ? propagation constanisare then determined from the following
ﬁnatrix eigenvalue problem:

constants are determined from tblassicaleigenvalues of a square B rt—h
non-Hermitian matrix instead of a determinant. B,(n) = / ob (2) X (x) du, p=e,o. 9)
—t
Il. THEORY Although the matrice§K’] and[L] are both real and symmetric, they

The cross section of a periodic structure with glide reflectioflo NOt necessarily commute. The prodiigf [ K] is not symmetric
symmetry is shown in Fig. 1. The period i& The structure is @nd, the.refore, the elge.nvalues.are, in general,. complex.
invariant under a translation by/2 along the:-axis followed by a ~ The eigenvalue matrix equation fo is obtained from (6) by
reflectionz — —. It can be shown that the modes of this structuréhanging the sign of the matriZ]. S
can be divided into two groups whose elements are eigenfunction of* Major advantage of the present formulation lies in the fact

a glide reflection operataf with eigenvalues;; andg- such that that the propagation constants are determined from cthssical
—0(d/2) —0(d/2) ( eigenvalues of a matrix. The dispersion relation of many modes,
o—00d/2) _—

including complex and evanescent modes, can be easily computed.
the details of which may be found in [6]. In the following, the modes
themselves will be referred to gs and g for simplicity. We limit I1l. NUMERICAL RESULTS

the analysis to TM modes with ng-dependence. L. . . _To guarantee efficiency in the numerical solution, edge-conditioned
The transverse components of the electromagnetic fields in regigNg;¢ fnctions are used. The dispersion diagram for the two eigen-

| and Il can be expanded in series of modes of the uniform sectio%%deS of the glide reflection operatGt were determined in the
Since the structure is not invariant under a reflectiors —x, both interval -2, 27]
even and odd modes of the uniform parallel-plate waveguide areFig. 2 shows the first few branches of the dispersion diagram

needded. ]!-ehﬁﬁfn(w) and é:‘"ﬁxl) dlenote the n_c()jrmal_izheddeven gnd Odq)btained from the present technique with three basis functions. The
modes of the empty parallel-plate waveguide withyadependence. presence of a bandgap in the diagram is typical of periodic structures.

The wave admittance and propagation constants are denoti by The fact that the individual dispersion curves of the two magles
Yoo Ko, ANA R, respectlvely._ _— . andg. are not invariant under a translation— ¢4 (27 /d) is clearly
Letus assume that the exactdlstnbunondﬂgfa_tz =0,z : d/2, visible in Fig. 2. However, the overall dispersion diagram is indeed
andz = d are given by the three unknown functiods; (), X»(x), periodic with a perio@r. It is also evident that the dispersion curves
and Xs(x). . . . of the two modes are interchanged under the same translation. This
The Floquet condition leads 1o the relationship property was used by Hessel and Oliner to investigate the periodicity
Xs(x)=e "X, (x). (2) of a periodic structure with glide reflection symmetry [6].

g1 = g2 =
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Fig. 2. ko — 3 diagram of the first few Floquet modes. Mogle (solid line)  Fig. 4. Imaginary and real parts éfas a function of frequencffkoh). The
and modey, (dashed line)h = 1.5 cm,t = 2 cm, andd = 0.5cm. thick lines indicate complex modes. These are the same dimensions as in
Fig. 2.

6T T T T T T
\\54//\\54// are determined from thelassical eigenvalues of a non-Hermitian
/\\/\—/\\\/\ generalized matrix eigenvalue problem.
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The important fact that the periodicity of the overall dispersion
diagram is27 is better illustrated in Fig. 3 for the same dimensions
as in Fig. 2. Note that Fig. 3 can be obtained from a direct analysis
in which the glide reflection symmetry is not taken into account.

Although most investigations of periodic structures focus on the
propagating modes, the present approach allows us to rapidly and
accurately determine the attenuated and complex modes as well.
Fig. 4 shows a plot of the real and imaginary partsdolersus
normalized frequency for the same dimensions as in Fig. 2. Higher
order complex modes were also found, but are not reported here.
An interesting feature of the complex modes is the presence of
propagation constants of the fortW = «d + j2m (straight upper
thick line). This is in contrast to similar modes in periodically
loaded transmission lines, where propagation constants of the form
6d = ad + jw (7 instead of2r) are also present [7, p. 367].

IV. CONCLUSIONS

Propagation properties of a periodic structure with a symmetry
in the unit cell were analyzed by the example of a structure with
reflection symmetry using the CIET. The propagation constants



