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Radiation Patterns of Sources Placed Near the
Truncation of a Semi-Infinite Dielectric Structure:
The Demonstration Case of a Magnetic Line Current

Vladimir Volski and Guy A. E. Vandenbosch

Abstract—Numerical methods are presented to estimate the
radiation pattern of a magnetic line current placed near the

truncation of a dielectric structure. The problem is solved using

z
Magnetic Line Source . .
Dielectric

the integral equation technique, expansion wave concept, and i
physical optics approximation. The comparison between different h
methods permits to understand better the possibilities of each of T d
the methods. «—° \
Ground Plate
Index Terms—Dielectric slabs, electromagnetic diffraction, half-
plane. Fig. 1. Geometry of truncated structure.

surface or space wave. As it was shown, this technique yields
. accurate results. A similar procedure can be applied to find the
I HE fast development of modern high-frequency structur@traction pattern of a magnetic line current placed near the

1 demands more and more accurate descriptions of these @ncation. In this paper, we compare the different possible so-
jects. The truncation of a dielectric structure is one of the exagtion techniques.

ples that is physically present in many antennas, but usually it

is ignoreq in software models. However, the truncqtion can af-_ 1. EXPANSION WAVE SOLVING PROCEDURE

fect considerably the computed parameters, especially the radi- ) _ )

ation pattern. The direct solving approach involves the volume!n order to make the analysis of a truncated dielectric struc-
polarization current technique [1], which requires huge confid'®@ more understandable, we will first discuss some properties
puter resources. Its application is rather difficult in many case¥. the infinite structure. Consider an infinite dielectric struc-
An alternative approach is based on the postulates of the gi§€ excited by an-directed magnetic line source placed at
metrical theory of diffraction (GTD). The diffraction coefficient(? = o, ¥ = 0) (Fig. 1). For reasons of simplicity, we restrict
can be estimated by involving the method of physical Optiége parameters of the dielectric in such a way that no more then
(PO) [2]-[4] or its calculation is based on the general impedan@8€ Surface wave can propagate and we assume that the sub-
boundary condition techniques [5]. The third group of methoc%rate has no Ios_ses. Thgse re_strlctlons are not funt_jamental. A
uses the integral equation solving procedure [6]-[9] to defifield pomponent in the dielectric can be expressed in terms of
the diffraction coefficients. All methods to solve this problenfourier integrals

have their own advantages and disadvantages but their main lack | e

is that the accuracy depends on the substrate parameters due to Fiy, 2) = — / Foln, 2, z0)e™ dn 1)

. INTRODUCTION

the assumptions made. Itis not easy to estimate the real accuracy 27 J oo

because a highly accurate solution is not available yet. The com-

parison of different techniques applied to the same problem&€'€? = &, v, 2, I’ = B, H, andf = ¢, h is a spectral

very interesting. The radiation pattern of a line magnetic sourf gld cc(j)rr:ponigt W?'lCh _(I_:ﬁ n ﬁelgtgia Itr;i(taad t1;olrl]owlmr? m;;ll-l;rilown
placed near the truncation of a dielectric structure is very sulfroceau ez{ g [14]. ; ? Ie 12 S't ution alo gd tead S i
able for this purpose. It is a two-dimensional problem that ¢ assumed to be constant. In [12], it was proposed to describe

be solved in a rather easy way by involving numerical methoot € field along the dielectric by using the expansion wave con-

The fields in the infinite structure are known and different a cept .(EWC.:)' The main idea O.f this concept is t.hat the Green’s
proximations can be made by using the PO approximationraI ct|oqs n the'spatlal domalq can be approxmatgd as asum
equivalent volume and/or surface polarization currents to tal functions, which are determ|r_1ed by the spectral singularities
the truncation into consideration. In [6], we have used an int é(:tes %rf](tjhz rzlr:accr:r% Of'.g% cBgnut;sénr?a thrft;r(])ncept, theompo-

gral equation technique to find diffraction coefficients for thd e wii

Manuscript received November 25, 1998; revised April 11, 1999.

The authors are with the Department Elektrotechniek, Katholieke Universiteit
Leuven, Leuven, B-3001 Belgium. -l—RBCB (z)

Publisher Item Identifier S 0018-926X(00)01651-3. ¥+ vp

B o=t [ (W
zyvz"‘“27r CPZT]Q—PQ

— o0

) eIy dn (2)

0018-926X/00$10.00 © 2000 IEEE



VOLSKI AND VANDENBOSCH: RADIATION PATTERNS OF SOURCES PLACED NEAR TRUNCATION OF DIELECTRIC STRUCTURE 241

where
P pole position;

., R = K, \ / Magnetic line c“r; Dielectric structure
vp = /P2 - k%; L. L

2™ region K 1* region

ko = 27(/)\,
R B amplitudes of surface or space expansion wavi K,
. . . . Ground Plate
which are determined numerically; K, /
ep p(»)  wave distribution along the axis. “
O . 3™ region
This distribution has been proven to be independent of tl Conducting wall

source position (this follows from the source-free transmis-
sion line equation in the layered medium). More details about _
this can be found in [12]. The first term includes the surfadgd 2 Equivalent current model.

wave contribution and the second term is necessary to describe ] ) ) )
the space wave contribution. Equation (2) has such a fo,t_ﬁqncatmn plane. By using this technique and GTD, the radia-
that R® is smooth when the layered structure is changed frofi@n Pattern can be computed as

homogeneous to nonhomogeneous. Approximation (2) is only

—gkar
valid along the air-dielectric interface and in the dielectric. The g (¢) = (HX,T(Q) + DSPW(g) +DSUW(9)) e~ Iko )
first term fory > 0 is VT
. - whereH}' T is the radiation pattern of the line current without
ESUW(y, 2) = _RPGP(Z)/ ﬁe—jny dn truncation andDSTW-SUW g a diffraction pattern for the inci-
2 —o0 - P dent space/surface wave that can be computed by the method
__or(®) _ipy proposed in [6]. In the EWC the distribution of the space wave
= —jR =—*¢ . 3) ! : b ; .
2P in z-direction in free-space is assumed to be constant which ev-

idently is not true. So a lack of this concept when used to model
To our knowledge, the second term in (2) cannot be evaluateédncations is that the distribution of the space wavg(¢))
analytically, but it is possible to find a good approximation foin the z-direction is not describing the real field distribution at

large and intermediate distances (see Appendix) the truncation planey(= —d) because it does not include the
real position of the source. As a consequence, the total diffrac-
- 1 5 +oo 1 o tion pattern is not described properly in all directions. It has a
B2y, 2) = 5 R7en(7) / o 1 dn discontinuity at¢ = 180° (Fig. 3). The distribution which is
e—jk;—ojw/ék used in the EWC corresponds more or less to a source position
~RPep(z)——x— at infinity (y = +o0), which means that the cylindrical wave
Vv 2mkoy becomes a plane wave. The error is expected to be of the same
1+ Koy _ia?oy/2) order as the differences between uniform and nonuniform coef-
: XN 5 ¢ ficients of the GTD [13].
. [jC <a2koy> _g <a2koy>} ] (4) [1l. I NTEGRAL EQUATION SOLVING PROCEDURE(IE)
2 2 The real source position can be included by modifying the
procedure described in [6]. By using an equivalence principle,
where it is possible to introduce an unknown surface magnetic current
backed by a conducting wall in the plane perpendicular to the di-
Ola) /+oo cost o S(&) = /+oo sint G o T eIe(_:tric structure Fig. 2. Now the space is split into f[hree regulqr
. N . N ko regions where there are no truncations. The condition of conti-

nuity of tangential magnetic field components yields an integral

All other field components can be derived from (2) by usin§duation for the magnetic current
Maxwell's equations. Now let us consider a truncated dielectric ) L L
structure. The magnetic line current is placed at the distance Hz (K1) + H;(K2) = Hy(— K1) + H, (Ko), z>0
from the truncation edge (Fig. 1). It excites surface and spaceH?(K:) + H2(K,) = H3(—K>), z2<0 (6)
waves, which propagate along the air-dielectric interface up to
the truncation. Following the Keller geometric theory of diffracwhere H (K') means the field created by magnetic currkrthe
tion, a truncation excites waves that propagate in all directiorssiperscript refers to the region number. This equation is solved
The amplitudes of these waves are determined by the incidegtthe Galerkin method. The set of basis functions is discussed
field at the truncation point. The distribution of the incident fieldn [6]. Around the truncation the magnetic current can be de-
at the truncation plane can be easily computed by using (3) aswtibed by rooftop functions and away from the truncation its
(4). In [6], we describe a method that enables us to get a diffrdmehavior is determined by cylindrical waves which are known
tion coefficient from the known incident field components at thexcept for the relevant amplitudes. The use of two types of basis
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Fig. 3. The radiation pattern of a magnetic line source placed at the digightdrom the truncation of a semi-infinite dielectric structure (permittivity;
thicknessh = 0.1A) computed by different methods (—: integral equation solving procedure : expansion wave solving procedure, and x x x: modified
expansion wave solving procedure).

functions permits to describe the unknown current that flows #prather evident way to avoid it is to put in (8) the real elec-
to infinity by a finite number of basis functions. The solutiortric field distribution excited by line current without the surface
yields a radiation pattern. It is worth to mention that this methaglave component

can be used directly to calculate the field excited by the line cur-

rent. This method is the most accurate one but it requires more K, = KJO-S™W L AK,, (9)
computer resources and the necessity to solve (6) for each of the
magnetic line current positions. where AK ., is known from the solution of the integral equa-
tions in the original EW procedure of (8, ©-5'W = K10 —
IV. MODIFIED EXPANSION WAVE SOLVING PROCEDURE KP0-8UWisa PO componentand SPW/SUW means space/sur-
(MEWC) face wave component. The known PO components are

Now we will try to overcome some problems of (5) by mod-
ifying the procedure to caICl_JIate_ the diffraction Coefﬂqent_fo_r KPOSUW _ - pSUW (10)
the space wave. Its calculation is based on an equation similar oo
to (6)

K" = —n x E"7T(Ky)

where EVT(K,) refers to the electric field excited by a line
2 2 o inc current in the structure without truncation aBg"" is the sur-
Hz(Kl) + H’;(KQ) N H’;( Ky +2H:, #>0 face wave contribution to the electric field, which is calculated
H(Ky) + Hi (K2) = H (- K>), z<0 ) by using (3). We have to remember that the surface wave contri-
) bution is taken already into consideration in (5) and so it must
where H%C is the incident wave. The index> means that it e removed in (9) because here we are only concerned with the
concerns an expansion space wave component (its distributigfce wave contribution. The approximation (9) is based on the
alongz does not depend on the source position). The unknowgsymption that the radiation currehfs is determined by the

current is written in the form field around the truncation poiny(= —d, » ~ 0), which is a
well-known fact. The next step requires the calculation of the
K =KIP+ AKy (8) field excited by the magnetic current in (9). Normally, this field
cannot be calculated analytically because it is necessary to cal-
whereKZ© = —n x E¢is a PO contribution which is known. culate Fourier integrals, but this can be done numerically by

For the space wave diffraction pattern there is a discontinuity ising standard integrating routines. The current presentation (9)
the directionf = 180° caused only by the PO contribution.changes also the expression (5) for the radiation pattern. After
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Fig. 4. The radiation pattern of a magnetic line source placed at the didighkdrom the truncation of a semi-infinite dielectric structure (permittivity
thicknessh = 0.1\) computed by different methods (—: integral equation solving procedure, surface physical optics solving procedure, and x x x: volume
physical optics solving procedure).

splitting the space into three regions there is no direct contriblodtion into account) yields quite different results. Even in cases
tion anymore of the primary source to the radiation pattern wmhere the contribution of the surface wave becomes more con-
regions 2 and 3, so the radiation pattern in region 2 has to siderable (when the thickness or the permittivity of the dielectric

calculated by using the following expression: is increased), the space wave has to be taken into account. Only
when the line current is placed far from the truncation edge is
. . o—ikor it possible to ignore the space wave contribution. The minimal
H,(0) = (DS"W-m04(9) + D3VW(6)) — (11) distance depends on the substrate parameters.

and in regions 1 and 3 we can use (5). VI. SURFACE PHYSICAL OPTICS SOLUTION PROCEDURE(SPO)

Another approach to solve this problem is simpler and does
not require the solution of any integral equation. The equivalent

The radiation pattern of the magnetic line source placed n€2D currents are assumed to be the same as in the infinite dielec-
the truncation of a dielectric structure can be calculated by threi structure. The currents in Fig. 2 are assumed to be
methods: integral equation method, expansion wave method,
and modified expansion wave method. The comparison is pre-
sented in Fig. 3 for the line current @t= 0.9 from the edge,
four values of the relative permittivityef = 1, 1.5, 2, 4), and
the thickness of the dielectriz 1A. The line current is placed This approximation is in fact closer to a different type of
in the middle of the laye0.05\ above the ground plate. Theground plate as in our original structure truncation (the wedge
agreement between all methods is good in the first and third emgle of the truncation is 9@nstead of 0), but the difference is
gion (@ < 140°, 8 > 220°). The discontinuity in the direction expected to be rather small for angles less thari.18% much
# = 180° is generally determined by the space wave contribeasier to calculate the radiation field in this case. The radiation
tion and it always exists in the case of the unmodified expansipattern computed by this method is plotted in Fig. 4 by dashed
wave concept. This discontinuity is successfully overcome ltime. The geometry of the truncation is the same as it was in
using the modified expansion wave concept. The contributiéiig. 3. The result obtained by IE is also plotted on this figure in
of the space wave is quite important and it cannot be ignorexblid line. This PO approximation yields a reasonable result for
The traditional approach (taking only the surface wave contthe observation angle¥° < 6 < 270°.

V. NUMERICAL RESULTS

K, =K', K,=0. (12)
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VII. V OLUME PHYSICAL OPTICS SOLUTION PROCEDURE APPENDIX

(VPO) In this Appendix, we present the approximations that we have

The last approximation involves the equivalent volume aridiade during the derivation of (4). Let us consider instead of (4)
surface electric currents. The dielectric can be replaced by tae following integral:

electric volume polarization current

+oo 1 ) )

o, y, &) = / T IR dy (A1)

- —o VTt

Ji© = jweo(e, — E™T(Ko) (13) o o
wherey = /n? — 1. This integral becomes identical with the

and the ground plane is replaced by a surface electric curren(t4) type integral whem = 0. We define a new functio” as

oo 1 )
. [[(a7 Y, A) = I/_l = / _76_]7731_"/A dn
JPO = —» x HVT(K,) (14) S A T Y
! (A.2)
. . By using
where EVT(K,), HVT(K,) denotes the electric/magnetic N ing—
field due to the line current in the structure without truncation. / = em i dn = —irH® 2 2
—an=- Vyi+ A
The total field includes contributions from all three compo- oo ¥ g JmHo ( v )

nents: line current, volume polarization current, and surfa

; ff4] andl = U/}, we obtain a differential equation for the new
electric current

function U/
) Uy —aU = —jrHY (m) : (A.3)
—jkor : i i i i
 (Ho (Ko, 6) + H.(J™. )+ H, (. 8 e ' Thg equation (A.3) is solved in the ordinary way. The function
(H. (Ko, ) (Jg 6) (Ja", ) NG U is presented as
(15)

U(A) = v(A)u(A) (A.4)

Inthis expressionH (X ) means the far field excited by a currenwvherev(A) = e¢*“is a solution of (A.3) with the right part equal

X in free-space. to zero. After the substitution of (A.4) into (A.3) one obtains
We mention that this PO method (15) does not require the ne-

cessity to calculate the real PO current distribution (13), (14). It(A) = / (—jWHSQ) (\/ y? + AQ) G_M) dA +C. (A5)

is possible to calculate directly the radiation pattern. The radia- ) )

tion field is expressed in terms of Fourier integral, which is eval-n€ constant’ is equal to zero because it follows from (A.1),

uated numerically. The comparison between the IE technigife3): and (A.4) that

and this PO approximation is presented in Fig. 4abgnarks. lim w(A) = 0.

The agreement is quite good for the anghes < 6 < 270°. y—00

However the differences are increasing with the permittivity of 1,¢ position of the truncation point is not to close to the

the substrate and it is not recommended to use this method}yrce. This means that the valueygh (A.5) is not small for
this case. the case in which we are interested in so we can use an approx-

imation for the Hankel function

H((J?)( 2 + A?) & /2_jc—j(y+(1/2)(A2/y))_ (A.6)

VIII. CONCLUSION

The radiation pattern of a magnetic line source placed near Y
the truncation of a dielectric structure has been calculated b h bstituti ; ) derive th
using different methods. The application of PO solutions seefpger the substitution o (A.6) into (A.5), we derive that

to be rather effective but it does not yield accurate solutions for M o A—joy 1
all observation angles and its accuracy is decreasing with theifA ) ~ —j, | —2 ¢~ 7¥e7("v/2) / exp <—j552> de.
S A

creasing of the substrate thickness/permittivity. The last conclu-

slonis expl_alned by the fa_lct thata PO method does not take Itl'tﬁe analytical approximation of the integral (A.1) is obtained

consideration any reflection of surface waves from the truncg- using (A.4) and (A.7) as

tion of the dielectric structure and the boundary condition for the g A '

field at the truncation is not satisfied. So methods that are based_r(A =0)= lim Ua
A—0

on the solution of the integral equations (IE, EWC, MEWC) are

e o}

more capable to describe the effects caused by the truncation for o 2m 1 —i(a?y/2) —Joy

all substrate parameters and all observation angles. The compar- A VAT Toae /Jroo

ison between different methods permits to understand better the 1

advantages and the restrictions of each method. This study is -exp<—j @£2> 5) . (A.8)

useful for better modeling and understanding the effects caused
by truncations. Equation (4) follows from (A.8).
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