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Radiation Characteristics of Dielectric-Coated
Coaxial Waveguide Periodic Slot
with Finite and Zero Thickness

Chang-Won Lee and Hyun Son

Abstract—The leaky wave radiated from the dielectric coated in the finite thick slot region and space harmonics in other
coaxial waveguide periodic slot with finite and zero thickness regions. Boundary conditions are imposed at the interfaces
is investigated theoretically for the infinite and finite periodic and a homogeneous linear equation is obtained. For the zero

structures. For the infinite periodic structure, mode-matching thick lot th K lectri ¢ th tal
technique and integral equation method are applied to the analy- ICKNESs slot case, the unknown electric current on the meta

sis of finite and zero thickness slot cases, respectively. The integralStrip is expanded into a product of a series of cosine functions
equations are derived for the finite periodic structure by use ofthe and a function satisfying edge condition. The same field
Fourier transform and mode expansion and simultaneous linear expansion with the finite thickness slot case is used in each
equations are obtalned_. The _effects_of the slot thickness, the finite region. From the boundary conditions, a homogeneous linear
slot number and the dielectric coating are analyzed. Results for . . .
finite periodic slots are compared with those of the infinite extent quat'on IS a_lso obtalne.d.. The phase _an_d leakage constants
structure and good agreement is found. which determine the radiation characteristics of a leaky-wave
antenna are calculated by the nontrivial condition of the
homogeneous linear equation.

Up to now most studies have been devoted to the charac-
I. INTRODUCTION teristic of the infinite periodic geometry and so the feeding

- . . and finite effect of the structure have not been taken into
I HE millimeter-wave omnidirectional leaky-wave antenngc.qnt. Hence, a resolution method for the finite slot number

_has been a subject of several investigations because;Qke is needed. For this case, fields in slot regions are ex-
an increasing need for developing new antenna types to Syissed as a summation of the radial waveguide TM modes,
the various demands imposed by the millimeter-wave systemhich is similar to the infinite structure and in other regions
A circular dielectric waveguide with periodic corrugations [1hre expressed in the spectral domain by using the inverse
and a metallic grating loaded circular dielectric waveguide [Hourier transformation. Boundary conditions at the interfaces
were investigated theoretically and experimentally to produege enforced and the simultaneous linear equations are derived.
an omnidirectional leaky-wave antenna when it was excitedThe influences of the slot width, slot thickness, and dielec-
by the Th; mode in a circular metallic waveguide includingric coating on the radiation characteristics (leakage constant,
H,y — Hy; mode transducer. The leakage constant of thhase constant, and radiation pattern) are investigated. The
former structure was so small that a long antenna lenggffects of the finite slot number and the dielectric coating over
was required to obtain reasonable antenna efficiency. Thtl¥ slots are also studied by increasing the total slot number
the latter structure was investigated to reduce the length &td the dielectric thickness, respectively. The results of the
the antenna structure in which a large leakage constant Viigée periodic slots are compared with those of the infinite
obtained when it was compared with the previous one [1]. Bo@tént structure and good agreement has been found. The
structures must have the transducer between excitation circil¥thod presented in this paper can be applied to the analysis of
metallic waveguide and feeder section of the antenna to obtifi§ finite thick metal-grating-loaded circular dielectric leaky-

a circularly symmetrical incident field feeding into the radiatofVaVe antenna.

In this paper, a new omnidirectional leaky-wave antenna j§ M ope-MATCHING FORMULATION EOR FINITE THICK SLOT
proposed and analyzed to obtain a simpler feeding structure

and improve the performance of leaky-wave antennas. This ‘for tr:‘efPelgo‘?“C struhcturg shown in Fig. 1(3‘)_ W'“:j_ff'fn'te thick
a dielectric coated coaxial waveguide periodic slot with finitd OtS: t € Tields in each region are expressed in a di er_e”t way.
and zero thickness. In region (1), incident and reflected waves in thelirection

The mode-matching technique is applied to the analysis ?:yst be considered, and imposing the boundary condition on
e

an infinite periodic slot with a finite thickness and the integr inner conductor surface, the electric and magnetic fields

equation method is applied to the infinite extent structure wifR” ™™ .polabrlzagon adre 2expr§ssed ask? stL)Jmmatlo? ﬁf space
zero thickness slots. In the mode-matching formulation, t rmonics by (1) and (2), shown at the bottom of the next

radial waveguide modes are employed to express the fieRRPE: where

Index Terms—Coaxial waveguide, leaky wave antenna, periodic
structure.
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Fig. 1. Geometry of the dielectric covered coaxial waveguide. (a) Structure

with finite thickness slot. (b) Structure with zero thickness slot.

H,(Ll)(-) is then order Hankel function of the first kind4,,

where

EQ) = \[erakd — k2.

In region (Ill), the fields are expressed a summation of space
harmonics and standing waves in thalirection by

HéIII)(m 2

n=—0o0

EM(p, 2)

1 [e@)
(3)
Jwegerz Z Fom

where
kl(gl) = 67,3163 — k;zn'

In region (IV), the fields are expressed as a superposition of
radial waveguide modes

G, )
S [ttt )
m=0 Hy 7 (kpmc) Hy 7 (kpmb)
- COS ;n—;r(z + w) (7)
EM(p, 2)

1 o>
= > ko
K pm
Jweolrs T

[ HE (kmp) | 1 Hé‘”(ké‘f%p)]
m 1 4 m 2 4
HM (ko) " HP (kb
mm
- COS %(7 + w) (8)

are the unknown complex amplitudes of the space harmoni\zl:vs}1ere

and k., is complex propagation constant which must be
determined. In region (Il), the fields are expressed as a
summation of space harmonics and outgoing waves inpthe

KD =\ erak? — (mar/20)2.

direction by B,, and B/,, are the unknown complex amplitudes of radial
waveguide modes.
- The continuity condition of the tangential electric and
gD 7)) = CnH(Q) k(i) e dkenz 3y Mmagnetic fields is imposed at the interfages= b, p = ¢
s (p:7) n:z_:oo o (hp) ) for |2] < wandp = d for |2| < p/2 and the tangential
oo electric field is enforced to be zero on the conductor surfaces.
EM(p, ) = - S Ck@HS (k) p)e=*= The resulting equations for the electric field are multiplied
Jweoerz T by the space harmonic functions and integrated over the
(4) period. The equations for the magnetic field are multiplied
I = An k.2
HY0.9= ¥ o HO GROHD (R0 - B GROHD (e 7 @
n=—oo 0 m
D 1 - Ankiyd @) 1.1 (D 7.00) W (LW N D (D) pY]g—iFen=
Ez (pv Z) = jweoerl H(Q)(k'(l)a) [HO (kpn a)HO (k/m p) - HO (kpn a)HO (kpn p)]@ - (2)
n=—oo 0 m
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Fig. 2. Geometry of the finite periodic slots.

by radial waveguide modes and integrated over the slot. AffBY are given by
considering the orthogonality properties of modes and space -
harmonics, the following matrix equations are obtained: D, =R, D, (23)

C.HP (k2 d) = D, HM (k&) d) + DL HP (k2 d).  (24)

HB +B =QA (9)

PB+PB =A (10) After some algebraic manipulation, from (9)—(12) the follow-
B+ G'B =SD (11) ing homogeneous matrix equation is obtained:

RB +R'B' =D’ (12) [1-SR-(G'-SR)(I-QP)"Y(H-QP)|B=0 (25)

whereA, D', B, andB’ are column matrices with the complexwhereI is the identity matrix. For a nontrivial solution, the
amplitudes of space harmonics and radial waveguide moddsterminant of (25) must be zero. From this condition, the
H and G’ are diagonal matrices. The elements of matrices aneknown complex propagation constafit{ j«) is calculated.
shown in (13)—(22), shown at the bottom of the page, whe@nce 3 — j« is known, the column matriceB, B/, C, D,
Smo is the Kronecker delta. The relations betwdenD), and D’, andA are obtained by normalization of fundamental mode

HP (k) H (k500) — B (R ) HP (50 v

ann = (13)
HSQ)(I{/S)];L)G/) (1 + 6n10)w
_ HO ) "
mm (1) (4)
H 7 (kpmc)
e kSY H (ki a) H (Komb)
Pnrn = m ™ ™ v M (15)
1 2 1 1 1 1 1 2 1 1 4 mn
perakinl HE (kiw ) HY (ki b) — HSY (ki) ) HE (ki b) H{Y (Efwc)
b _ Crakgy Ho? (k) HE (kb)) 16)
" peak) HP (W) HP (20) — HEY (6 P (0 B Dy ™
Vrnn
S, = [Ri; HOEDe) + H]E?)(k/(f;gc)} e (17)
,_HP (ko)
mm W (18)
H; ™ (ki)
R — 67,3/€§m)l 1 H(l)( E;,L,)lc) " (19)
T el REHP (e + B (6 e) HO (e ™
R/ _ 673k§747k7)l 1 H(Q)( E’i)lc) S (20)
" perakls) REHP () + HP (K e) HO (k) ™
i _ Coabpnl HGY (B ) HI? (ki) d) — ook Hy™ (k) d) Hy (kj ) 1)
Y sk HSY RSV HD (k) d) — ekl HEP (k5 d)HSY (k5 d)
_1ym —dkanw _ ikinw
Vmn :szn( 1) ¢ c (22)

k2, — (mn/2w)?
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By. The fields in any region are computed by (1)—(8). The faproperty of space harmonics and some algebraic manipulation,
field radiation pattern is calculated from the known tangentite following homogeneous matrix equation is obtained
electric fields over each slot by using the equivalence principle.

The far-zone magnetic field radiated from a finite section of 7J =0 (32)

the infinite structure is given by

Hy(R, 6) where
—2wen 1 2 o (3
~ T2 KD, H (kS ) + DL HS (k)¢ kpr
Ters n;m m [ 0 ( m ) n 0 ( m )] Zul/ — n;oo non Fnua
—jkoR
F(ks cos )< (26) _HP (kD) + REHD (B ekl
Here HGP(00) + R HG (Rlb)  eoshpd
() ke — O HG (p ) HL (i) = Hy? (ki a) i (k)
O = n H(Q) k(h) H(l) k(;)b _H(l) k(h) H(Q) k(;)b
( ) kpg[HSQ)(kpgc)+R(C)Hél)(kpgc)] (kzn _C)w 0 ( 4 a) 0 ( 4 ) 0 ( 4 CL) 0 ( 4 )
Feen—C)Mp _s7 S 2nws/p+vw/2) +1)
L (27a) g 2nws/p + vw /2
1 — e](k:n_c)p
J1(2nws/p —vw [2) 33
where (27b) is shown at the bottom of the page ands the ) 2ns/p — v /2 (33)
total slot number taken into account in a finite section of the
infinite periodic structure. Here, .Ji(-) is the Bessel function of order 1. Similarly, once
the unknown complex propagation constant is found by the
IIl. FORMULATION EOR ZERO THICKNESS SLOT nontrivial condition of the matri¥ and then the unknown co-

efficients of the electric curreqf, are obtained. The unknown

The periodic structure with zero thickness slot is shown In g?eﬂ‘lment of the space-harmoni2’. are computed by

Fig. 1(b), the fields in each region are expressed by (1)—(
The boundary conditions at = b are given by

1
/I
EO®, 2) = BT (0, 2) @8) T O 0@+ D D) Z o Py
HI (b, 2) = HO 0, 2) = { T, |2 (29) 5 |
0, elsewhere and other coefficients are determined by (23) and (24).
EMD(0, 2) =0,  |2|<s (30)

) ] IV. FINITE N PERIODIC SLOTS
where .J.(2) is the unknown electric current and can be

expanded into a product of a series of cosine functions and™ di€lectric coated coaxial waveguide with periodic finite
a function satisfying edge condition [3] as thick slots is shown in Fig. 2. It is assumed that TEM mode is

incident in the coaxial waveguide aiitl— a) is small enough

that only TEM mode is the propagating mode in the coaxial
_ _—jk.oz
Jo(z) =701 = (2/5)? Z )" Ty cos wy(z +5) waveguide. The incident fields are

v=0
L = VT /2s. 31 i v — ki
w 1 7T/ S ( ) Ep(p’ Z) _ hl(b/a)pe jk
The tangential magnetic field boundary condition (29) is Vi, e
multiplied by space-harmonic functions and integrated over the Hi(p, z) = ch’ e (34)

period. The tangential electric field vanishing condition (30) is
multiplied by the electric current expansion functions and irFhe scattered fields in region (I) which satisfy the boundary
tegrated over strip region. After considering the orthogonaligondition atp = « are expressed (by use of the inverse Fourier

erakpsH (kppd) HYD (kpsd) — ershpn HS (pnd) H® (k p3)

erok g HD (ko d)HY (Kyad) — ek o HEY (ko d) H (k)
erody/md

crakps HY (kp2d)HSD (kysd) — erskp H (kpnd) H (K pad)

kp? = \/ 67‘2k3 - C27
ks =1/ ekl — C2 (27b)

R(¢) = -

() =
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transform) as
s(D)
H,"(p, )
@ s(I) 611 p4rn
2 HZ7(O) = Z >
1 Hg(r)(C) le

electric field through the slots at = b yields

= 2 =0 m=0 €rd
T H(l)(k b HD(kyunb)
@ HéQ)(k la) W . . in 01 pdm cin 02 pdm (39)
: Hl (kﬂlp) - (1)7le (kplp) G_J<4 dC H:E )(kp4nlc) H£ )(kp4rnb)
Hy™ (ko) where
E:XD(p, 2)
L [T gy MO = HP ) - B o) e
 2mjwenen /m ke S HP (k)
(2) —jC[eﬂCw(—l)m — G—JC'LU]GJCIP
Hy (k0 ez Y =
: [HSQ)(kplp) - %Hél)(/ﬂmp)]e = dg Q) w2, '
Hy ' (kpa)

(35) Tangential magnetic field continuity on the aperture of the

slots atp = b is
wherek,; = /k3 — (2. In region (lI), the fields are expressed P=

as a superposition of outgoing waves in thelirection Hi(b, z) + Hi(l)(bv z) = Héw)(b, z). (40)
Multiplying both sides of (40) bycos w,(z + w — rp) and
H<H> (p. 2) = / H<IH> C)H:EQ)(k,,Qp)e—jC;’ d¢ integrating over the-th slot aperture region, we get
N Eps
(IT) _ (T1T) &) "(—k1) + Cr1fipdm
EV(p, 2) —27rjw606r2 /_Oo Hy (OT(QkpaHy (kp2p) wuoln(b/a) Q 1) lz% ;0 e
~C_j<Z dC (36) l Hél)(kﬂ4"lb) Cl Hé2)(kﬂ4"lb)] f,n),l
m (1) m . (2) T
H k m H k rnb
where k,» = \/kZ — ¢2. The fields in region (lll) are ex- (11) (Rpame) " (pad)
pressed as a superposition of standing waves ip tfieection — |pr H) " (kpanb) + | ayw (41)
nHJEl)(anC) !
H(IH)( 2) = 1 / ﬁ](HD(C) where
Cr T L M)
h
_ = nn} — m TZ/ _ d
THP (kyap) + BOBD (Eap)le ™ dC 1= [ paig @O0 @
1 < 2)
Em . :7/ D HD (L
) S s o e (s Mi(Q) =H{? (b) - H—?vékm—) HY (k)
o 1@
[HE (kpap) + RIOHS” (kyap)le 74 d¢ C

and o, = 2, forn = 0, o, = 1, for n # 0. Since the
(37) integrand ofI]'"; contains the poles which correspond to the
) ] ) coaxial waveguide TM modes, the integral can be evaluated
wherek,s = \/k3 — (?. In region (IV), the fields in théth , 5 fynctional form by use of the Cauchy residue theorem
slot region are expressed as a summation of radial wavegu

TM modes is given by
I = 200 bnm bt + 77 (42a)
Hérw(p, z) = Z cos wy, (2 +w — Ip) where, as shown in (42b) at the bottom of the next page,
m=0

is the solution ofk,, M. (C)|<7/\ = 0, andp = 0 means the
( amp) H(Q)(k,ﬂ;mp) fundamental TEM ang # 0 the higher order TM modes in
- |8 H(l (o om©) Cn (2)( b)) coaxial waveguide.
pdm p m

The tangential electric field continuity at= c yields

Z Ccos wrn(7+w lp)]fp4n,
~ s(III) 4rn
i @) "y 0= pgN Z Z p,,
[b p4rnp) Cl HO (kp4nzp)] 0 m=0
/747nc) / H£2) (kp4rnb)
(38)

FpalNe(<) £
g HO(

0 ( p4rnc) l ( p4rnc)
( (2) (43)
(Kpame) " H{® (kpamb)
where

wherek i, = /ki — w?, andw,, = mx/2w. The tangential

€ &)
fields continuities ap = d are already satisfied by introducing Ne(Q) = Hy™ (kpsc) + B(OHy ™ (Kpsc)-
R(¢) and T(¢). The continuity condition of the tangentialTangential magnetic field continuity on the aperture of the slots
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at p = ¢ and modes orthogonality give Ry = 4j /°° Im{ NL(O ‘ }
Z i 613I€1r747n 0 prgNe(C) (=—ja
2T€y 062[1 _ (_1)me—2aw]
- O HO (1 (a? +wd)(o? +wl) do
: lbin H(gl)(kaC) i H(é)(,fmz)] 1575 R’ —4 /kz RS L — (—1)™mei%v] dc
1 ;(;;(":) g rint) T M RN S (@ = )@ = )
b;;+c;;17”4"c] o w (44) o [T Nu(Q)
HP (kpanb) Ha =2 /0 o [ AG) ‘<=—1a
where . N0 . a2h(—ja) o
i = | AR CLARILS (@ + wZ)(a? + )
P ke NL(¢) ¢*h(¢)
_g@ (1) T F
Ni(€) = H" (kpae) + R(OH; 7 (kp3c). 3 =2 /0 Im{ k,5Ne(C) } (C7 = w2 ) (2 — w?) d¢

Since the integrand ofgf,"l contains the surface wave poles _ man] —iCli—rlp m—iC|(I—r)p2uw]
and branch points, the integral path can be deformed into MO =0+ ()" e — (1)

path along the branch cut [4]. The reason for this deformation — (—1)recltrip=2l
is to obtain a faster convergent integral. The integral pagihd ), is the solution of N.(¢)|», = 0 which is the well-
q
deformation gives known modal equation for axial surface wave on a dielectric
5 = 2T WN2m O Ort + S5 (45) coated conductor. Using (41) and (44), we can derive follow-
where ’ ing simultaneous linear equations:
e o wlle]=[7] )
—(1 = & 0) — > =
m ( rnO) ]CpgN (C) o ‘1’3 ‘1’4 C 0
nm nm nrn ! Where
J2 = = 27rJ Z Qq rl +J T et kpam H, 0 (Lp4mb) - Hl(l (Lp4nb) .
1‘7‘1 - ) - . n )
0, | B Ghpne) H (pn)
= T, m +n= Odd Er'lkpirn HO (kp/lmb) nm
m ¢ 6177,77 67‘ r
GO\ )2)\(21[1 — (=1)™] cos 2X,w] L HD (kpame) !
q 2 _ 2 2 _ 2 ? r . A
I 5 TS_L)\[I_ nwm,g()\q wn,) \I}gml _ €r1 kp4m H(()z)(k,)zlm,b) S S bt
m 2)\2[1 _ ( 1)7716712)\ w] - | 4 Hl(z)(kpmnb) |
q,r (2)
G()\(I) ( )()\g _ w?) + FrlI’p-Lm 0) (kp47nb) ]FTI
=7, m+ 7; =evenm # 0 2mera H(z)(k,)4,7, '
AZh(Ag) r .
G()\(]) 3 (12 (12 CEY, ‘I}nm _ GTJL'pLLm 0 (L"pllmC), S 5 5
i i 3,rl — 12m W Qp W mnOr
1 # e — ) =) UL e B o) o
) : M
O7 l =rm +n= Odd + €r3 kp/lm H()l (’Ap/imc) Jé“;ll
Jrml — R17 l= T, M =N, = Wn < ko 2mery Hl( )(I"‘P‘im(’)
2rt T Ry + Ry, =7, m+n=evenwy, >k v | erskpan HE (kpame) HP (kyanc)
Ry + R, 1#r Wi = | et = gy o
NS i HOUpnt) " H ()
. Nu(¢ (2)
@A) = lim (C= )\q)m  Smnbrt + F;ff Z?Z>EIZ"4;; 3
! "‘4 v m
= Nh(C) 2C2[1 B (_1) COS ch] VE ! o
R1 :PV 3 5 5 dC Sn: —71Qn(—711)
o kpalNe Q) (2 —wi)(¢?- wn) " kono In(b/a)b ="

o Mh(o
"kt Me(C)

7

o ) o0 A -1 m+n +1 ij)\p|lf1‘|p — (=1 rncfj)\p|(lf1’)p+2w| — (=1 nefj)\p|(lf1’)p72w|
FONNEPES P LA = (1)

(A5 = wi) (A — wi) ’

1
2nt/a) =t
P(A,) = [Jo(kp1a)]? p#0 -
ok = ok | _, °
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Once the unknown radial waveguide mode coefficiéfjtsand where

, are determined by solving (46H5(I)( ¢) an dH’S(HI)(C) F(H)(i)\ )
are computed by (39) and (43), respectwely Hence all field” st T
coefficients are known, the fields in each region can be = 1lim (CF A > (©) -
calculated by the use of the field equations (35)—(38). The (=EA ks [HS? (kpsc) + R(OH (kpse)]
wave radiated from the slots are divided into two wave types, QT (¢) H(2)( kp2p)
i.e., one is the space wave which is radiated into the region b
(1), and the other the surface wave which is trapped in and surf (i)‘ )
above the dlelle;:_tr:g anéi. gw((jjed in ;Hﬂ dlrectlglr;s bThe far- ~ lm (CFA) H1(2)(kp3p) + R(C)H]El)(k,)gp)
zone magnetic field radiated into the region (Il), by using an = 533, Y THD () ROHY (&
asymptotic evaluation, is given as Com pslHo” (pae) + RIQH™ (kyse)l

Q)

and the superscript means positive and negativedirection

traveling waves, respectively. The time-averaged incident

power (F;,..), reflected poweri,.), coupled power to the guide

beyond the slotted region?), and transmitted power from

(47) slots (P.,q) to regions (ll) and (Ill) are given by (49)—(52),
R shown at the bottom of the page.

In the derivation of theP,,,, the conservation of complex

power [5], [6] is used. Part of the powdr,,q through the

Q) () slots goes into the surface wave guided by the dielectric over

k‘,;g[HéQ)(k'pgc) +R(C)Hél)(k,,3c)] the conductor and the balance into space wave. This part is

carried in the surface wave is designafég.;, while the part

from which the radiation pattern is calculated. The surfagg i space wave is denotéd and these powers can be
wave in each region is calculated by applying the Cauchy ajyated by using (47) andp(azg)

residue theorem on the inverse Fourier transformation (36)
and (37) and is expressed as

H (R, 6)

, space

2
_ Z Z 613kp4rn (kp4mc) + Cl Hé )(kp4mc)
mers mHm%ww) " HLP (ki)
e jsz

m

- Fepace(ka cos 0)

where

Fspace(C) = -

V. NUMERICAL RESULTS AND DISCUSSION

éﬂgjf (p, ) =Fj Z Z Z C’3kﬂ4"’ To be certain that the complex propagation consténtjc)
’ converges to the correct value, we calculate the tangential

H(l)(k o) H( )(k o) electric and magnetic fields at the interfacesdat b, ¢, and

b 01 pim d > pim ] d) for a structure having. = 0.05\ (free-space wavelength),

H (kpime) " H (K pab) b=0.25) c = 0.3\ d =04\ p = 0.55\ w = 0.25p, and

Fs(lng(i)‘ )GZIZJ)\q~ €1 = 2.5, 602 = 1.0, 6.3 = ¢4 = 1.0 and plot in Fig. 3,
(HDi ng - when 20 radial waveguide modes and 50 space harmonics
H¢75u1f Py 2) =Fj Z Z Z L for finite thick slot and ten strip-current modes and 50 space
harmonics for zero thick slot are employed. The tangential
. H( )(k,,4mc) i H( )(k,,4mc) electric fields are identical on both sides of the interfaces
n),H(l) . H(Q) b and vanish on the metal surfaces. The tangential magnetic
(Kpame) (Kpamb) fields are continuous over the slot region and discontinuous
ng?(ix YeFitaz (48) over the metal region because of the electric current on the

7T/€1V2
Fine = konolnb/a (49)
p= ZZ“M" 3 Ui W““)<m2 (50)
™ k0k1671 111 b/a i 2€,4 H(l)( p mc) Cm H1(2)( p4m ) 1
2
wnoky Vk =& Jc1lkp4m ( pdm ) ( pdm ) m
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Fig. 3. Field amplitudes at the interfaces. (a) Zero thickness slot case.
Finite thickness slot casei = 0.55\, a = 0.05\, b = 0.25\, ¢ = 0.3},

d =04\ w=0.25p, €1 = 2.5, €42 = 1.0, €,3 = €,4 = 2.0.
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Fig. 5. Comparison off anda between infinite and finite periodic structure
with the normalized slot width as parameter: = 0.55X, a = 0.05A,
b=0.25XA,¢=03X,d=0.4X €1 =2.5,¢62 = 1.0, 6,3 = €4 = 2.0.

cases. It is shown that the leakage and phase constants oscillate
with periodicity as the normalized slot thickness is increased.
This is because the slot region can be considered a radial
waveguide in which TEM mode can propagate along ghe
direction. The leakage constant increases with slot thickness,
but it reaches its maximum value when slot thickness is ap-
proximately 0.32, [wavelength in region (IV)] and decreases
again when thickness is increased further. As shown in this
figure, the values of the? and « for the zero thickness
agree with the ones obtained by mode matching for thin-slot
thickness.

The effect of the normalized slot width on the radiation
characteristics is shown in Fig. 5. From this figure, it is found

metal surfaces. Fig. 3 shows that the boundary conditionstlat the phase constant monotonically decreases as the slot
the interfaces are satisfied and the problem is solved in thalth increases but the leakage constant goes to a maximum
corrected manner.
Fig. 4 shows3/k; anda/k2 as a function of the normalized slot width case corresponds to the periodic slot perturbation of
slot thicknesg (=c — )/ for dielectric coated and uncoatedthe coaxial waveguide, we can expect that the leakage constant

and decreases again as the slot width increases. Since a narrow
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T T T T in Fig. 7 for increasing the number of the slot. The complex
1.60 |- - : . - - ;
I Finite ] propagation constant3(— j«) of the finite periodic slots is
L0713 S R N— Infinite almost the same as the one of the infinite structure when the
< slot number is larger than 20. Thus, it is expected that the
= 1.5 I radiation characteristics of the finite periodic slots are very
1.54 well matched to those of the infinite structure, because the
152 L 1 ‘ . ‘ [ ] leaky-wave main beam radiation angle is determined layd
o 10 20 20 40 3-dB beamwidth of the leaky-wave antenna related with
T ] - . : . —] The validity of the numerical results in this study is assured
0.12 - 7 by a check of the power conservation law
Rl ] Py + Py + Prag = Pinc
s 0.06 - _ Pspace + Powrt = Prad-
0.03 |- .
_____________ The variation of the powers versus the slot number is shown
0.00 ! '

in Fig. 8. This figure shows that the power conservation law is

, o ) _ § satisfied for all slot numbers. The surface wave power is larger
b Gaon e o [?g&arc]ldi W(JI.T/\t,hfv o (TL;T;’ o =00 =000 thanthe space-wave power for a single slot, but itis reversed as
ers = €ra = 2.0. the slot numbers increase. For the caseéVof,: = 40, 91.9%

the incident power is radiated into regions (II) and (lIl), 0.15%
is reflected, and 7.95% is transmitted to the guide beyond the

wil mcreaie as Sl%t W'gth mcreas_eso.l_ Howevler, a w;)de_ SIgfotted region. 98.9 and 1.1% of the radiated power from the
case can be considered as a periodic metal pertur at'onsf?ths into regions (II) and (Ill) are launched into space and

the dielectric-coated wire-surface Wa\_/egu.ide. Therefore, _tQSrface wave powers, respectively. Thus, when the leaky-wave
leakage constant decreases as slot width increases and fingllye is established in the finite structure, most of the coupled
disappears. This figure shows that the values oftfEnd o power in the regions (Il) and (1) is radiated into region (Il) as
for the finite 30 periodic slots obtained in an average seng&pace wave (leaky wave) and the surface wave is negligible.
[6], [7] are very well matched to those of the infinite periodierhis means that the undesired power loss by the surface wave
structure. due to the dielectric coating can be ignored in the leaky-wave
Fig. 6 shows the effect of the coated dielectric thickneggmtenna structure. Therefore, the dielectric coating has almost
on 3/k; and a/kz. It can be seen from the figure that theyo effect on the antenna efficiencd.fce/ Prad) due to surface
leakage constant changes like a sinusoidal function, whilewave, but on the main beam radiation angle and beamwidth
the phase constarit has almost no change with the increasgf the leaky-wave antenna.
of the dielectric thickness. This figure shows good agreementFig. 9 shows the radiation pattern of the finite periodic slots
between3 and « of the finite periodic slots and those of thecalculated by (47) compared to the results evaluated by using
infinite periodic structure. (26) from the study of an infinite structure. The main beam
The variation of the complex propagation constant of thediation angle ... ~ 106.4°) and beamwidth# 2.6°) are
finite periodic slots obtained in an average sense is plottatinost the same, but some discrepancies between finite and

R
Slot number
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e infinite structure has been found. The methods proposed in this
T \\ paper are thought to be useful in predicting the performance
g N of the leaky-wave antenna at the design stage.
— Infinite REFERENCES

--~-Finite
: slot number=40

[1] S. Xu, J. Min, S. T. Peng, and F. K. Shwering, “A millimeter-wave
\ omnidirectional circular dielectric rod grating antenn#g£EE Trans.
\ Antennas Propagatyol. 39, pp. 883-891, July 1991.
i . \ [2] S. Xu and X. Wu, “A millimeter-wave omnidirectional dielectric rod
Al : | metal grating antennaEEE Trans. Antennas Propagauol. 44, pp.

oy AN T, P 74-79, Jan. 1996,
‘ -30~~-._-20 -10 L[dB] [3] K. Uchida, T. Noda, and T. Matsunaga, “Electromagnetic wave scat-
\ S | tering by an infinite plane metallic grating in case of oblique incidence

and arbitrary polarization,JEEE Trans. Antennas Propagatpl. 36,
/ pp. 415-422, Mar. 1988.
/ [4] J. R. Wait and D. A. Hill, “On the electromagnetic field of a dielectric
-/ coated coaxial cable with an interrupted shielEEEE Trans. Antennas
/ Propagat.,vol. AP-23, pp. 470-479, July 1975.
/ [5] R. F. Harrington,Time-Harmonic Electromagnetic FieldsNew York:
/ McGraw-Hill, 1961.

P [6] C.W. Lee and H. Son, “Periodically slotted dielectrically filled parallel-
o plate waveguide as a leaky wave antenna: E-polarization cHSEE
_ Trans. Antennas Propagato be published.

e [7] C. W. Lee, J. I. Lee, and Y. K. Cho, “Analysis of leaky waves from
a periodically slotted parallel-plate waveguide for a finite number of
Fig. 9. Radiation patterrp = 0.55\, @ = 0.05X, b = 0.25A, ¢ = 0.3}, slots,” Electron. Lett.,vol. 30, no. 20, pp. 1633-1634, 1994.

d =04\ w=0.25p, €,1 = 2.5, €40 = 1.0, €,3 = €4 = 2.0.

infinite cases are observed in the side lobes. This is due to

- >0 Chang-Won Lee was born in Kumi, Korea, on
effect of the end sections of the finite structure.

December 13, 1967. He received the B.S., M.S.,
and Ph.D. degrees in electrical engineering from
Kyungpook National University, Taegu, Korea, in
1991, 1993, and 1998, respectively.

. . . . His current research interests include analytical
The analysis method for the dielectric-coated coaxial wav - and numerical solutions to electromagnetic radiation

guide infinite periodic slot with finite and zero thickness a 1. ) and scattering problems, printed antennas, periodic
a leaky-wave antenna and the solution method for the lea SthCtULfeS' and_bi%ebﬁggagneﬁc? o B v

. - . . . r. Lee received a ommission oung
wave radiated from the finite perlo@c slots explted by TEM Scientist Award at the 1995 Electromagnetic Theory
incident wave are proposed. In this paper, rigorous modgmposium, St. Petersburg, Russia.
matching technique and an integral equation formulation are
applied to obtain the complex propagation constant of the
leaky wave for the finite and zero thickness slots of the infinite
periodic structure, respectively. The validity of the propos
method is checked by calculating tangential electromagn
fields at the interfaces and by all eying the power conservati
law. Phase and leakage constants and radiation patter
the antenna are calculated with slot thickness, slot width a
dielectric thickness as parameters. The variations of the co ' (e . ;

. . - Communication as the Head of Technique. Since
plex propagation constant and powers (reflected, transmitt Foiw 1977 he has been a Professor in the School of
space, and surface wave powers) of the finite periodic slots aic - Electronics and Electrical Engineering, Kyungpook
calculated for increasing slot numbers and gOOd agreemen[xlﬁonal University, Taegu, Korea. From 1980 to 1990 he was a Director

btained f h 20 sl It h b b d th f Taegu-Kyungpook branch of the Korean Institute of Telemetrics and
0_ ta'ne_ or moret an slots. It has been observed that Eironics. In 1987 he visited the Electronics and Telecommunications
dielectric coating on the slots has almost no effect on antenR&earch Institute, Tohoku University, Japan, as a Guest Professor. Since
efficiency due to the surface wave. but on the Ieaky-wa\}égl he has been on the Advisory Committee of the Korean Radio Promotion

diati | d inb id h, fth Th Association. His current research interests include electromagnetic radiation
radiation ang € and main eamW'_ th of the alm'tenna" _e magy scattering problems, mobile communication environment, and satellite
beam radiation angle and beamwidth of the finite periodic slat@mmunication.
are perfectly matched to those of the infinite structure excer_ppr. Son was a Councilor of the Korea Sensors Society from 1992 to 1994.

. .. rom 1993 to 1994 he was on the Communication Committee of the Ministry

for the sidelobes due to the finite end effect. A good agreemep

o o ommunications Radio Technology Development. Since 1994 he has been
between the results of the finite periodic slots and those of thiairman of IEEE Korea Taegu section.

VI. CONCLUSION

Hyun Sonreceived the B.S.E.E. degree from Yonsei
University, Seoul, Korea, the M.S.E.E. degree from
Han-Yang University, Seoul, Korea, and the Ph.D.
degree in electrical engineering from Kyunghee
University, Seoul, Korea, in 1960, 1975, and 1984,
respectively.

From 1966 to 1977, he worked for U.S. Armed
Forces in the Korean Division of Information and




