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Abstract - This paper presents the asymptotic formulation of in the diffraction ray theory including reflecte@dtismitted

ray ttfiglds in ;]he. decofmposition 0(‘;. elect.rom?gnetic.gEl.\t/l) and edge diffracted ray components. The computaltion
scattering mechanisms from a one-dimensional, sernmfinite - .

and periodic array when it is illuminated by a line source. This efﬂqgncy IS bas_ed on a fact that only a few ,rm
technique can be apphed to ana|yze the passive Fgﬁaquency SUf‘fICIent to pI’OVIde accurate reSU|tS NeVertmleb'S I'ay
selective surface) type periodic structure with idetical elements, type solution provides good mechanisms to interphet
or the reflectarray and transmitarray type antennasthat are scattering phenomena.

phased to radiate EM fields focused in the near zonef the

array aperture. The solutions are built up based on the Floquet

mode expansion of the scattering fields, and are tdined by II. A2-DFINITE ARRAY RADIATION PROBLEM
asymptotically evaluating the resulted integrals toexpress the

fields in terms of reflected/transmitted and edge iffracted (A) Composition of 2-D Radiation from a 1-D Array

fields as previously addressed in the framework ofiniform The semi-infinite, linear array of line sourcedlligstrated

geometrical theory of diffraction (UTD). in Figure 1, whose elements are indexednby—o ~ N and
Index Terms —Reflectarray Antennas, Transmitting Array  located atf, =(nd,,0) on the x-axis with a period,. The
Antennas, Floguet mode expansion. line source is located 8¢ =(Xf,z¢) and radiates fields by

1 _ _
u (P) === 1oHP k12 -2¢ )
I.  INTRODUCTION 4j

The analysis of electromagnetic (EM) scatteringrfro 0 e_j”M'o 2 e—Jklﬁ-ﬁfl
periodic array structures is very important in designs of 4 TK| o - Ps |

frequency selective surface (FSS), metamaterialsl an
reflectarray/transmitarray antennas [1]-[4]. Thegpes of
applications employ periodic structures to enhartce
performance of antenna radiation by enforcing theves
propagating through the structures. To well charant
these phenomena, an effective analysis approadhn tivé
capability to interpret the scattering mechanismsvery
crucial to achieve the design goals. In the pageldpment,
most techniques suffer from the limitation of congtional
resources, and have to assume periodic arraysiddtitical
elements. Plane wave illuminations were generalsumed
in order to reduce the analysis to be over a ueit of
element. Numerical methods, such as method of mbmen _, e idD

(MoM), finite element method (FEM) and modal expans 1(0)=ut (B)QP )ew(p) 2
method, are widely applied to analyze the scatjefiald
within this unit cell. Array factors are afterwamtliltiplied to
account for the total contribution from every elemnef a surface. The functionQ, is related to the reflection and
finite array. In contrast to the time-cumbersomenent-by- transmission coefficients for the cases of Figuranith ¢
element computation for the scattering fields, Whace also peing the phase. In the current investigation, isrieterested
short of physical phenomenon interpretation, thieatifre in the scattering field in thez space, thus only the current
formulation based on the asymptotic evaluation be gp S is considered with the others omitted for
more attractive because it may accelerate the ctatipa by
decomposing the scattering fields in terms of inaponents

1)

which will excite the reflecting or transmittingeehents in
Figure 1(a) and (b), respectively. In (R=2m/A is the
wave number withd being the wavelength in free space,
and |, is used as the reference amplitude of line sodroe.
fields scattered from the array can be found frdme t
radiation of equivalent current(g'), on the closed surface
enclosing the array structure as illustrated iruFggl. To the
degree of accuracy in the Kirchhoff approximatiadhe
induced current is assumed to be found from thaitef
array structure illuminated by the same incideeldfi Thus it
can be approximately expressed as

where g, and p' are the position vectors on the closed

simplification. The scattering field can be expesksas
where x; - —o and x, = Ndy in the current development.
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Ill. NUMERICAL EXAMPLES

One considers the scattering problem of reflecyawkh

Figure 1: lllustration of 2-D reflectarray/ Trangaerray radiation
problems, where the fields are focused in the neae
(B) Composition of Uniform Asymptotic Formulations
The Floquet waves are obtained by using the fohgwi
Poisson sum formula:

ZN: f(n):——f(§+)+ 3 [ ety 3)

=0 e

focused scattering field af05041) . Again the fields are

observed atz=100/ Figure 2. shows the patterns
compared with the reference solutions obtained lesnent-
by-element summation. It is observed that the fiekd-
focus reflect array results in a narrower main beanthe
near zone. The comparison with the reference isrgbd to

The evaluation of (3) can be performed asymptdtichy be very well. 5
employing the spectrum representation of Hankettions Reference ___
to decompose the radiating fields into components o 60| ASymptotic ————

diffraction mechanisms. Within the UTD frameworlhet 0

asymptotic evaluation of (3) can be formulated i@ g
following format: S
AL(F) = AL (DU (Relx, - X )+ AL, CF k@) (4) -

-100

whereU ()l is the Heaviside step function af{)] is a 1o
transition function to assure the uniform fieldtdisution. In -200 -100 0 100 200

x(wavelength)

(4), A) () is the asymptotic solution of radiation when the Figure 2.: Numerical examples to validate the aacyiof the developed
array is extended to a infinity Wh"% (f) accounts for the asymptotic solutions for the reflectarray problemith elements phased to

effects of truncation. Both components arise froradiation focus scattering fields in the near-zone.
point, x., on the array aperture, and a diffraction poiqt,

on the edge. This formulation remains valid asrdation
point is close to the diffraction point, i.&, - x,. However,
as mentioned , it exists two radiation points meaeral NSA
problem. The solution in (4) becomes singular &sehtwo
radiation points coincide near the diffraction poat the
edge. The characteristics of these terms are aghitas the
following subsections.

(C) The Asymptotic Solution of Direct Radiation from a

Non-truncated Array, A, (T)

IV. CONCLUSION

The solutions are built up based on the Floquet anod
expansion of the scattering fields, and are obthiby
asymptotically evaluating the resulted integralsetgress
the fields in terms of reflected/transmitted andgesd
diffracted fields as previously addressed in tlaemework of
uniform geometrical theory of diffraction (UTD).

the impression phases assumed to produce a nkhr-fie

In (4), A?(r) is identical to the solution of radiation for an

infinite  array, whose characteristics have bedn
investigated .The formulation is summarized inftiikowing

by

()= O

Q=P 1 iker-rigiben
2003 \ 05 -, 15
where x_ =v,d, with v, being the contributing saddle point 2]

Here the sadd

le poink; = x4 ,satisfies the following

relatiori by [4]
kx _kx,pA. (kS ki) = k| X=X Xs T Xt (6)
k  k ody X s s

(D) The Asymptotic Solution of Edge Point Contribution
from a Truncated Array, Ab, (T)

The asymptotic edge point contribution in (4) iseleped
and summarized in the following formulation:
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