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Theory of Line-Source Radiation from a Metal-Strip
Grating Dielectric-Slab Structure

Hung-Yu David Yang Fellow, IEEE,and David R. Jacksotirellow, IEEE

source radiation from a source on a dielectric slab backed by a
metal-strip grating. A continuous phased-array (CPA) method is
applied to treat the analytic and numerical problems of antenna

interaction with periodic structures. Both TE and TM mode cases ,//

for a one-dimensional strip grating are investigated. Itis found that /

the strip grating on the dielectric surface may result in surface /

wave elimination and may also be used to support leaky waves. Itis /é

shown that high-efficiency and high-gain antennas on a dielectric 2 — X

substrate are possible with such metal-strip gratings.

Index Terms—Dielectric slabs, gratings, Green’s functions. Fig. 1. Geometry of line-source radiation from a dielectric slab with
metal-strip gratings.

Abstract—This paper describes the fundamental theory of line- T 2

|. INTRODUCTION A single printed antenna on a periodic strip-grating structure

ETAL-STRIP gratings on a dielectric surface have manyg classified as an aperiodic structure, where conventional

important applications, such as frequency selective syreriodic moment method techniques cannot be applied directly.
faces [1]-[5], leaky wave antennas [6]-[8], and wave polarizels such aperiodic structures, the geometry is almost periodic
in quasi-optical power combining [9]-[11]. A common techexcept for localized radiators or scatterers. A general approach
nique for analyzing wave interaction with periodic structure® treat such aperiodic problems has been outlined and ap-
is the moment-method integral-equation technique in conjurigied specifically for waveguide phased-array applications in
tion with the Floquet theorem [1]-[5]. This method can analyZ82]-[14]. A similar approach using a Fourier transform tech-
both plane-wave scattering from and guided-wave (leaky-wavajjue for the Green'’s function of a strip-grating structure was
propagation on a dielectric strip-grating structure. discussed in [15]. In this approach, the aperiodic structure is

Radiation and scattering from antennas or objects on a stripeated as continuous superposition of phased array structures.
grating dielectric structure has much theoretical and practidk refer to this scheme as a continuous phased-array (CPA)
interest. In printed circuit and antenna structures, microstrip @hethod. This unified approach, which treats the interaction of
ements are printed on the surface of a slab with a metal grourahtinuous and discrete plane-wave spectrums, has not received
plane on the opposite surface. There are tremendous microwauwech attention.
and millimeter wave applications of such structures. However,As an initiation of the research in this direction, this paper
there are several inherent disadvantages of printed circuit strdéscusses a 2-D problem of a uniform line source on the surface
tures. For example, antenna gain and bandwidth are usuaifya dielectric slab with an infinitely long metal-strip grating on
small and radiation efficiency is limited by the generation of suthe opposite side. The solution to this problem is essentially the
face-wave modes. However, it is known that leaky-waves, whi€reen’s function for a dielectric strip-grating structure. The line
usually result in high antenna gain and directivity, may exist isource is regarded as a strip of finite widtfor convenience. A
a dielectric-slab strip-grating structure. Furthermore, due to tlangitudinal strip current corresponds to the TE mode case while
periodic nature of the strip grating, there may exist frequeneyline source with a transverse strip current corresponds to the
bands where surface wave can be eliminated. It is therefore cdM case. A numerically exact solution of the boundary value
ceivable that many of the disadvantages of printed circuit strygroblem allows for the investigation of the fundamental effects
tures can be overcome with the use of a strip grating on the safthe strip grating on the antenna radiation characteristics and
face of the ground plane (or a two-dimensional (2-D) periodibe understanding of the radiated, surface-wave, and leaky-wave
grating on the ground plane, which is an extension of the presgover distributions.
work).
[I. THEORY OF A LINE SOURCE ON ADIELECTRIC
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2 Galerkin's procedure is applied to (1) to obtain the linear matrix
equation

—
i =—(J, EDY, n=123---N. 2)
: P —»X

Using the expression for the Green’s function for a planar slab
[3], [5] (without the grating strips), it can be shown that the inner
Fig. 2. Infinite phased array of line sources with metal-strip gratings. A unmm(_juCt of Fhe 'Ilne-spurce.(pnmary) glectrlc f'.eld and tité .
cell is within —a/2 < « < a/2. testing (weighting) piecewise sinusoidal function (on the strip
grating in the unit cell) is

1
I
)
'

a

h. The line source and the center of the closest strip are offset <J E(i)>
by the distance. Numerically exact solutions of the pertinent e

problem cannot be formulated directly using periodic moment 1 > —ah g cosh g1 b + et
methods. Therefore, instead of solving the problem directly, we ™ 2ju0¢,.a Z ¢ + a2e2ah _ ]
first consider the geometry of an infinite phased array of line e

sources on the dielectric surface with the same strip grating on “qufifaeTI e ®3)

the opposite side, as shown in Fig. 2. The periods of the two infi- .

nite arrays (line sources and metallic strips) are the same. A YvhereAn — —w/2 ;) nw/(N +1) — sAy, with N the number

gressive phase shift between the unit cells is assumed, andgezxPansion functions

noted asp,.. This fictitious phased-array problem can be solved erqo + q1

with a standard periodic moment method integral-equation ap- = o )
€rqo q1

proach. In particular, with the use of the Floquet (or Bloch) the-

orem and periodic boundary conditions, the problem is simpli-

fied to the modeling of the fields and currents within a unit cell g = /L2 _ ke, (5)

(—a/2 < = < a/2). Within each unit cell, there is a single o

line source and a metal strip. By integrating over the phase-shift

variableg¢,., the solution of this periodic phased-array problem

can be used to construct the solution to the original aperiodic qo = /K2, — k3 (6)

(single line source) problem, as explained in more detail later.

The solutions to the TM and TE cases will be considered Sepaarfdkxm — (2mm/a) + (p./a). Also, f, and , are the Fourier

rately below. transform of the piecewise sinusoidal functions for the line-
source and the strip-grating currents, respectively, given as
A. TM Case
For the TM case, the current on the line source strip and also fi=— 2k Cos(ket/zz — Cosgk’”mt/z) @)
onthe strip grating is in the direction and onl,., E.,andH,, sin(ket/2) K — ke
components exist. As mentioned, the boundary value problem o= 2k.  cos(ked) — cos(kym d) (®)
in Fig. 2 (phased-array problem) is first solved and this solution sin(k. d) k2, —kZ
is then converted into the solution for the aperiodic structure in ) .
Fig. 1. whered = w/(N+1) andk. = ko+/(e,- + 1)/2is the effective

The TM line-source current is assumed to be piecewise wavenumber for the currents on the strips, chosen to best simu-
nusoidal function (with zero current at the strip edge) and tfte the actual current distribution for narrow strips. In addition,
periodic strip currents on the grating are to be found. The rd€ Self reaction of the strip-grating basis functions is
evant electric field integral equation (EFIE) that is enforced on
the bottom strip in a unit cell is <Jn, / Gopdn da:’>

1 = 14 a@h cosh g1 h
4 w/2 = Sjweoea > [1 t2— 5 an fl
Eag,*Z)(x) + / Ga}a}(x - -T/)Ja;(l'/) dl’/ = 0, ! m=—00
—w/2 o f2 —gkem A,
qufye C)
—w/2< x < w/2 1) 2

‘ whereA,,,» = d(n — n'). Equation (9) is obtained again using
whereE(” is the electric field at the bottom strip in the zero unithe Green’s function for the grating strips on a planar slab [3].
cell due to the top line source in the absence of the strip gratifidhe solution of the linear matrix equation in (2) provides the
In the method of moments, the strip curreltis expanded in currentdistribution on the grating strip in the zero unit cell. Once
terms of several piecewise sinusoidal basis functiGnsand a the currents on the grating are known, the fields from the grating
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gurrents may be_ de_termin_ed and added_ to the field of the periodic 3.5 T Ba=g (the boundary of the Brillouin zone)
line-source excitation to find the total field of the phased-array 1. N
problem. Omitting the detalils, the field, for the phased-array 3.0 4
problem can be written in the following form: ;
2.5
P 1 & —jkpma Ba |
Eaz(xa Z5 ¢T) = E Z acrn( d)"l‘) . (10) 2.0 —:
The solution forE,, in the structure shown in Fig. 1 can be found ° 3 - -
from (10) through the following equation: 1 /-
1 ” 0 ‘ - Leaky-Wave Zone,
Eo(w, 2) = o / El(, 7 ¢u) g (12) 05  ReBsk
T J—x ]
The integration in (11) represents a superposition of the solu- 0.0 J """""""""""""" 2
tions to the periodic phased-array problem. The key is the su- Frequency (GHz)

perposition principle and phase cancellation. When we perform @
the integration in (11), we are in effect cancelling out all other
line sources except the one with zero phase angle, in the zero Leaky-wave zone

unit cell. Using the summation form in (10), (11) can be written peky * ~ Bk
in a form similar to that for radiation from a line source in the 0 ‘\ Zj T 0
absence of the grating, namely Ve !

oo \ 0.4 v

1 "
Ex(x,z):%/ Ey(ky, 2)e %% dk,.  (12)

Gl Oy
~
Q
R
X
)
2
X
o
<
(=3

This can be obtained by starting with v /

Ew , E . —jkyma d . 0.2 B
271'0/ [77 nl;m acrn d) € d) \ E
(13) g
and then using the property that 0 E
acrn( (/)39) - (Z7 d)ac + 271'7’71)
RSN SURABLILIL i A
-2.00 -1.00 0.00
It is then seen that Balx
~ 1—p (b)
E”(k’”’ Z) - a “/‘O(Z; d)"”) Fig. 3. TM surface-wave and leaky-wave mode diagram for a dielectric

strip-grating structurez,, = 10, h = 5 mm,w = 2 mm,s = 0, anda = 8
Similarly, the magnetic field in the structure can be written a&™-
cording to (13) as
one propagating mode. As a result, the far-zone magnetic field
—jkam® in the upper space region> h is

m=—0occ

(14) ( ko VL4 —jkoR+j(w/4)
The magnetic field in (14) is due to both the line-source current % 0) = onR OH jo(8) e /™ (19)

and the strip-grating currents.

In this work, the quantities of interest are the radiatedhere Hgo(e) is the term in (14) withm = 0 and
power, surface-wave power, and the associated parameterg..lf= koa sin 6. The far-zone average radiated power density is
the structure were assumed lossless, the radiated power épgl2)|H, (R, 6)|* and the total radiated power per unit length
surface-wave power would determine the radiation efficiengin the y direction) in the upper space region is
of the line source. Equation (14) describes the magnetic field p
in the structure shown in Fig. 1. Radiated far-zone fields are ” 70
found from (14) by using the method of steepest descent [16]. Prad = /_ﬁ/Q 2 | Hy (R, )" Rdé. (16)
The saddle point is &, = kosiné (¢. = koasinf) for the
upper-space radiation, wheteis the angle measured fromThe saddle-point method can also be applied to calculate the
the z-axis (Fig. 1). Normally, the saddle point will only beradiation in the lower-space regida < 0) in a similar way as
encountered in the: = 0 Floquet mode term, assuming onlydescribed in connection with (15) and (16).
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The surface-wave fields are found from (14) by using a
pole-residue technique [17]. The surface-wave magnetic field
is written as

st(l’ 7)
_—j Z z_: Rﬁs[ (7, Pz)e” kahﬁzﬁiw
|fa:>>0

J Z Z Res Sm(zs bz)e” Jklw]qbr:—téiw
if x <0 "

whereg¢t,, is the surface-wave pole. Note that the far-zone sur-
face waves propagate on a periodic structure and are in an in-
finite summation form (infinite number of Floquet modes as-
sociated with each surface wave mode). The energy-transport
velocity for a surface-wave mode is equal to the group velocity
[18] and, hence, total surface wave powry,per unit length in
they direction is

Fig. 4. Radiation patterns of a TM line source radiating from a dielectric strip
1 grating structureF’ = 5 GHz and all other parameters are described in Fig. 3.

r
(») (»)
Py = Z BT (W@ +w) a8

whereg, is the propagation constant for th¢h surface wave
mode and the energy stored in a unit cell is

W® 4w = 2w ) / / L\t ddz (19)
—o0 v 0

The above integrations can be performed analytically, although
the details are omitted here.

B. TE Case

For the TE case, the strip current is in thdirection (Fig. 1)
and onlyH,,, H., andE, components exist. Similar to the TM
mode case, we first solve the boundary value problem shown in
Fig. 2 and convert the solution to that for the aperiodic structure
shown in Fig. 1. The line-source current for the TE case is taken
as a pulse function over the width(an approximation that al-
lows for a nonzero edge-current). The EFIE for the metallic strip
in the zero unit cell is

) w2 Fig.5. Radiation patterns of a TM line source radiating from a dielectric strip

E(7)( ) / ny (x — x/)Jy (x/) da’ grating structuref” = 13 GHz and all other parameters are described in Fig. 3.
—w/2

=0, ~w/2<z < w/2 (20)  similar to the TM case, it can be shown from the Green’s func-

() tion for a dielectric slab that
whereE,"” is the electric field at the bottom strip due to the top

line source in the absence of the strip grating. In the method {j,, E§Z)>
of moments, the strip-grating curredj is expanded in terms

of several pulse functiong, (sinceJ, is nonzero at the strip _ TJwHo Z [e—qlh 42 coshgih — et
edge, pulse-expansion functions are more appropriate than si- 20—~ yretnh —1
nusoidal functions) and a Galerkin’s procedure is applied to ob- V992 kA, (22)
tain a linear matrix equation o
w/2 whereA,, = —w/2 + nw/(N + 1) — s with N the number of
Z A < - / . Gyl — w’)Jnf(w')dw’> expansion functions and

) Qo+ a1
_ 0) _ — . 23
<J,,,, E > . n=1,23-N. 1) T (23)
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Also, g; andg, are the Fourier transforms of the pulse functions g = —p . ke
for the line source and the strip grating, respectively, givenas ¢ D > Res[Ej (% ¢a)e | P——

i Mm=—00

sin(kzmt/2 if z <0. (31)
9= I§4t/2/) @4
. ’}”C’" 4 The total surface wave powét,, is given by the same formula
g2 = % (25) asthe TM formula (18) except that it is now more convenient to

express the stored energy in the unit cell as
In addition, the self reaction of the pulse-basis functions can be

expressed as w® LW = ow ) = /Oo /a % |E: 1 dwdz. (32)
w/2 —e 0
<‘7"’ /—w/2 Cuudn dw> Ill. RESULTS AND DISCUSSIONS
_ —Jwho i [1 I 1 — 42" cosh (]1h:| The validity of the present analysis has been justified by com-
2a y2e2ah — ] parisons with several limiting cases where results are known.

m=—0o<

For example, when the line source is placed within the grating
(26) and the slab dielectric constant is set to one, identical field pat-

terns in the upper and lower space are found. When the strip
whereA,,,, = d(n—n') andd is the width of the pulse functions width is close to the grating period (to simulate a ground plane),
on the grating strips. The solution for the field componBpof the results approach those for the. case of a_grounded slab st.ruc-
the phased-array problem due to both the line source and grafifig: The leaky-wave beam angle is also validated by comparing

strips can be written in the following form similar to that for thd© the phase constant (real part of the complex wavenumber) for
TM case as: the leaky mode on the structure.

A printed antenna on a grounded dielectric-slab structure usu-
1 & ke ally has a low gain and the radiation efficiency is limited by sur-
Eylw, 7 ¢2) = a Z B (#5 $a)e ’ (27) face wave losses. The strip grating on the back of the dielectric
slab can significantly affect the radiation characteristics. An ex-
The solution forE, in the structure shown in Fig. 1 can be foundmple of the mode diagram for TM guided waves excited by a
from (27) by integrating over the interelement phase-shift varfM line source is first shown in Fig. 3. At low frequencies, the
able as before. Th&, component for the TE case is then writterguided-wave mode is a perturbation of the surface wave mode

2
95
C92 ke
q1

m=—0occ

as without the grating. Whema approaches, the guided-wave
S propagation constant become complex valued and the solution
E,(z, 2) = 1 / Z EZm(Z; b )e IR 4 appears as a complex-conjugat_e pair. The modes in this region,
27a Jom wherefa = 7, are nonpropagating modes (evanescent), where

(28) the attenuation corresponds to reactive decay and not radiation.
Similar to the TM case, a saddle point existd:at= kosinf In periodic waveguides, the frequency range where the modes
(¢ = koasin @), and the far-zone electric field in the upperare complex modes is often called the propagation (or photonic)

space regiorr > h is then bandgap [18]. Within the bandgap zone surface-wave propaga-
tion is eliminated, which may result a significant increase in an-
. ko = —jko R+j(m/4 tenna radiation efficiency. The ling« = = in Fig. 3(a) is also
E, (R, 8) = —jwpuo 5 cos OB, (6)e™ i/ y o 9. 3(a)

the boundary of the Brillouin irreducible zone. Due to the peri-
odic nature of the structure, ffa is above the boundary of this
zone (there are infinite number of such values), there is a cor-
Péspondingﬁa below the boundary (within the Brillouin zone)
that represents the same mode. As the frequency increases be-
yond the stopband region, the wavenumber once again becomes

(29)
where EVo(6) is the term in (28) withmn = 0 and
¢ = koasin@. The far-zone average radiated power densi
per unit length is|E,(R, 6)|?/(2n,) and the total radiated
power per wavelength (in thg direction) in the upper-space

region is pure real, corresponding to a propagating mode.
1 ) As frequency further still increases, the phase constant
Proa = 20 |E,(R, 9)|2 Rd#. (30) eventually crosses below thit= k, line and the propagation
0 —77/2

wavenumber becomes complex-valued due to radiation. In
The far-zone surface-wave fields are found from (28) from t{BiS case, the guide-wave mode becomes a fast (physically

pole residue. The surface-wave magnetic field is written as Meaningful) leaky-wave mode. When the phase constant is less
than the free-space wave number, as seen from (6), there exists

EX(xz, 2) a Floquet mode (usually the@ = —1 mode) such thag, is no
. o0 longer real and positive. In the leaky-mode region the real part
—— Z Z Res [Fgm(z; d)m)e*j’“zm} _ of go is negative and the imaginary part is positive. Because
A — Po=Psu the wave propagates asp(—qo|z|) away from the structure,

if >0 there is energy propagating into the upper or lower space and
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Leaky-wave zone
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Fig. 6. TM surface-wave and leaky-wave mode diagram for a dielectr g 0.4 [ Y P PN
strip-grating structurez,, = 10, h = 5 mm,w = 6 mm,s = 0, anda = 8 Z. F NG I N W AN
mm. o~ T~ R S
02 [ T !
= ‘\«__“ ,I \\|
00 C } 1 1 t 1 1 TI | i 1 1 JAL 1 1 I 1 | 1
the guided surface wave becomes leaky, with an exponen 750 6.5 8.0 9.5 11.0 12.5
increase transversely from the structure. It is seen from Fig. 3
Frequency (GHz)
that the surface-wave bandgap and the leaky-wave phenome (b)
are found for not only the fundamental mode, but also tt
higher order modes (i.e., higher order slab modes that ¢ Lo w=2mm
perturbed by the grating). It is noted that when the frequency 0g [ - w=6muy

high enough such th@t5 < a/), all the propagating surface
wave modes turn into leaky wave modes (there is alwaysan
such thaty is a complex value). Fig. 3(b) shows the same 3
diagram for the fundamental mode but in a more customa
way for a periodic structure [18], [19]. The stopband region
clearly seen as the “gap” that occursfat = . 02 ¢

A typical radiation pattern of a TM line source on a dielectri C |
strip grating structure without leaky-wave excitation is show
in Fig. 4. The parameters are the same as for the results in Fi
and the frequency is at 5 GHz. As is expected, the antenna g Frequency (GHz)
is low with a null on the horizon. It is interesting to observe the ©
there is about 10-dB higher gain for the main beam in the lower
space than the one in the upper space. This implies that mos&i@f?. Power emanating from a TM-line source on a dielectric strip-grating
the power is radiating into the lower space. In other words, theucture. Total poweris 1 W.. = 10, h =5 mm,w = 2mm,s =0, t = 1
strip grating acts more like a director than a reflector. mm andu = 8 mm. (a) Power into upper space. (b) Power into lower space. (c)

. . Power into surface waves.

The excitation of leaky waves may greatly enhance the an-
tenna gain (directivity). An example of such a radiation pattern
is shown in Fig. 5. The results are for the case in Fig. 3 again libhat there is a mode discontinuity near the boundary of the
at 13 GHz, where there is a leaky wave radiating at beam angleysical leakage region.
6 =~ 30°. It is seen that due to the excitation of a leaky wave the The strip-grating structure may result in surface-wave
antenna pattern is highly directive. Such a high-gain leaky-wagémination within the propagation bandgap zone. The
antenna had been experimentally demonstrated [6], [7]. radiation efficiency of an antenna within such a zone may

It is observed from Fig. 3 that the transition from a surfadee greatly enhanced. An example is shown in Fig. 7(a)—(c).
wave to a leaky-wave is essentially continuous. This obsd@rhe power distributions versus frequency among the radi-
vation is not always true, especially when the grating strigged powers in the upper and lower spaces and the surface
are wide (slot width is narrow). An example is shown iwave are shown. There are two cases shown in the figures,
Fig. 6 where the parameters are the same as those in Figvith a grating strip width of 2 mm (the mode diagram is
except that the grating strip width is now 6 mm. It is seeshown in Fig. 3) and 6 mm (the mode diagram is shown
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3.5 4 Pa = x (the boundary of the Brillouin zone) J
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Fig. 9. Radiation patterns of a TE line source radiating from a dielectric strip
grating structureF’ = 5 GHz and all other parameters are described in Fig. 8.
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Fig. 8. TE surface-wave and leaky-wave mode diagram for a dielectric
strip-grating structurez,, = 10, A = 5 mm,w = 2 mm,s = 0, anda = 8
mm.

N A N

Fig. 10. Radiation patterns of a TE line source radiating from a dielectric strip

. . . . . . rating structuref” = 12 GHz and all other parameters are described in Fig. 8.
in Fig. 6). The grating period is 8 mm in both cases. At ver?/ 9 P 9

low frequencies (large wavelength), the dielectric substrate

has no effect on the radiation, there is very little surface-wagerface-wave bandgap zone is very much dependent on the
power, and the radiated power is evenly divided above amddth of the strip grating. It is seen that wider strips result
below the line source. As the frequency increases, the effeittsa wider bandgap, and that the bandgap occurs at lower
of the dielectric substrate and strip grating increase, so thietquencies. The frequency at which leakage begins occurs
the upper-space radiated power decreases and the lower-spdwn the phase constant is equal to free-space wave number.
radiated power increases until minimum and maximum ahe the illustrated case, Fig. 7(c), this frequency is 11.58 GHz
reached, respectively (this occurs at a frequency lower tharios w = 2 mm and is 10.4 GHz forw = 6 mm. At these
GHz). As frequency increases further, the lower space powegquencies the surface-wave power goes to zero (there is
decreases and upper space power increases, as is obsergetbnger a surface wave, but only a leaky wave).

in Fig. 7(a) and (b) and also Fig. 4. The surface-wave powerAlthough the examples discussed so far are for the TM case
increases with frequency before the bandgap zone. Withhe line current is in the direction), similar observations also
the surface-wave bandgap (without surface wave losses)hdaid for the TE case (line currentin thyalirection). An example

is seen that there is a dramatic increase in the percentafi¢he mode diagram for the guided waves excited by a TE line
of power radiated into the upper and lower spaces. Theurce is shown in Fig. 8. The parameters of the dielectric strip-
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grating structure are the same as for the TM case in Fig. 3. It 1o _
seen that the bandgap zone occurs at lower frequencies for1 F—— w=2 mm:' \\ A
TE case. This is due to the fact that the TE surface-wave mot & 08 K ___.w=6mm ,«;'\\yl"," !
phase constant increases with frequency more rapidly than 5 N | | N ,v'\" !
© g6 O | | \ v

the TM case. = - : !

A typical radiation pattern of a TE line source on a dielectric E 04 B /' E
strip-grating structure without leaky-wave excitation is showr Z e :
in Fig. 9. The parameters are the same as for the results sho 02 E )
for the TM case (Fig. 4). It is interesting to observe that there i NN
almosta 10-dB hlghergamforthe main beam in the upper spa 0.0 s 6 5 s s 10 11 12 13
than for the one in the lower space, opposite to the TM case. Tt
implies that most power radiates into the upper space; that is, t Frequency (GHz)
strip grating acts more like a reflector than a director. @)

An example of a leaky-wave radiation pattern for the TE cas 1o
is shown in Fig. 10. The results are for the case in Fig. 9, bt 5 £ — w=2mm
the frequency is at 12 GHz instead. It is seen from Fig. 10 th: E 08 [~ - w=6mm
the directivity of the TE line source is not high as for the TM ¢ =
case shown in Fig. 5. In fact, sharp nulls are observed in the T % 06 |
case instead of the sharp beams in the TM case. This is probal § 04 [ Yy
due to the fact that for this set of parameters, the leaky-waver < o ‘Afl W
diation pattern is almost perfectly cancelling the “space-wave 02 £ . ;' it /\‘ \
pattern due to the rest of the continuous spectrum (representi 0o Dree bl eth T P R R
direct radiation from the line source into space), at the bea 5 6 7 8 9 10 11 12 13

peak. o Frequency (GHz)
An example of power distributions versus frequency for the (b)

powers in the upper and lower spaces and the surface wave
shown in Fig. 11(a)—(c) for the TE case. There are two cast
shown in the figures, corresponding to a grating strip width o 1.0

. . . . - - =2 (IS
2 and 6 mm, with period of 8 mm in both cases. Itis seen the ~ § SRR TN
at low frequencies, the behavior of the radiated powers intt & %8 F PR :.\\ \
upper and lower space versus frequency is opposite tothe T T 4, '—/// RN EE \ ';
. . . el . - \
case. There are several interesting observations for the TEca g g ! EE N
First, the surface-wave mode has a smoother transition to tl g 04 7 AN
. . [/ N
bandgap zone than for the TM case. Also, inside the bandgi 02 B if \I'n
zone, for the small grating strip widthw(= 2 mm), most of - n i el
. . . . . Illlllllll 'Illlllllllll‘lljllll4ll
the radiated power is into the lower space (little into the uppe 0.0
. . 5 6 7 8 9 10 11 - 12 13
space) and the grating strips therefore act somewhat transpar
For the large grating strip widthy( = 6 mm), the opposite ob- Freq(U;ﬂCY (GHz)
C

servation is found and the grating strips act more like a meti
shield inside the band gap. The frequency at which leakage be-
ginsin Fig. 11(c) is lQ_S GHz for = 2 mm and 10.2 GHz for Fig. 11. Power emanating from a TE-line source on a dielectric strip-grating
w = 6 mm. Once again, the surface-wave power goes to zerasgdcture. Total poweris 1 W, = 10, h = 5 mm,w = 2 mm,s = 0, t = 1

these frequencies_ mm, ande = 8 mm. (a) Power into upper space. (b) Power into lower space.
(c) Power into surface waves.

V. CONCLUSIONS . . - . -
strip grating affects significantly the radiation characteristics of

In this paper, the theory of radiation from a line source difie line source. The strip grating introduces surface-wave band
a dielectric slab backed by a periodic metal strip grating wasp frequency regions (surface wave elimination), resulting in
described. A continuous phased-array approach was appkgghificant increases in antenna radiation efficiency. The strip
to solve for the fields of the corresponding aperiodic structuggating structure may also support leaky waves. It was found
(single source in the presence of the periodic structure). that the excitation of the leaky waves greatly enhances antenna
moment method was first applied to the periodic phased-arrgain (directivity) for the TM case but not for the TE case,
structure where an infinite periodic array of line source existahen the line source is on top of the slab. Power distributions
with an arbitrary interelement phase shift. The superposition @fnong the radiated waves and the surface waves as a function
the corresponding phased-array solutions over all the possibfestructural parameters were also investigated. It was observed
phase-shift angles (from-= to «) results in the solution of that the surface-wave bandgap zone is very much dependent
the pertinent aperiodic structure. Both TM and TE line-soura the width of the strip grating. Further problems involving
excitation problems were investigated. It was found that th@anar-strip gratings on a dielectric slab using microstrip
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