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Abstract  The radiation characteristics of a new millimeter-wave omnidirectional circular rod antenna with double dielectric
gratins are analyzed with the rigorous mode matching method. The results indicate that under the condition of the same radia-
tion intensity, the double grating antenna has relatively smaller dimensions than that of the single one. It is undoubtedly a
great importance in the case where the limiiation of the weight and volume of system is strietly required. The effectiveness and
reliability of the present analysis are verified by the related results given in the literature.
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INTRODUCTION

The millimeter-wave region is increasingly being
utilized for various systems that generate a need for new
types of antennas, including omnidirectional antennas,
to suit the various constraints. However even at lower
microwave frequencies very few papers have been pub-
lished on omnidirectional antennas [1 ~3]. In 1986,
an omnidirectional periodic 'rod leaky-wave antenna

structure was proposed [4]. The practicality of the an-
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tenna and the effectiveness of the rigorous theory devel-
oped in [4] have been justified and confirmed by the
practical measurements [5]. The experimental investi-
gation demonstrates that the antenna structure has many
advantages, such as wide operating band, simple
structure, easy for design and fabrication, scanable e-
lectronically by constant of the omnidirectional antenna
presented in [ 5] is small so that a long antenna is re-
quired for getting reasonable high efficiency. To im-

prove this performance, a new omnidirectional rod
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Fig. 1

{ a) Configuration of the double gratings antenna ( b) Radiator of the double gratings antenna
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double grating antenna is proposed and analyzed with
the rigorous mode matching method in this paper. The
results indicate that under the condition of the same ra-
diation intensity, the double grating antenna has rela-
tively smaller dimensions than that of the single one.
The theoretical predictions of the leaky characteristics
of the present antenna for the case where the thickness
of the outer periodic layer is zero are compared with the
calculated results given in [6]. The agreement is seen
to be very good, and the effectiveness of the theory is

thus verified.
1 Theoretical analysis

The schematic of the new omnidirectional circular
periodic tod antenna is shown in Fig. 1(a). It consists
of several parts, including H,,-H, mode transducer,
feeder, taper, radiator and matched load.

The radiator of the antenna is shown in Fig. 1
(b), which can be divided into five regions: region
I, a uniform inner dielectric core; region I[ , a inner
circular layer of periodic dielectric medium; region I,
a circular ring of uniform dielectric medium as shell;
region IV, a outer circular layer of periodic dielectric

medium; region V, the outer free space. The rod and

the inner grating have a relative dielectric constant ¢,
the shell and the outer grating have a relative dielectric
constant g,. The core, inner grating, shell, outer radii
and the period of the corrugation are denoted by r,
Iy :Tq,8p and d, respectively as shown in Fig. 1.
The radiation problem of the antenna can be en-
‘ded into a houndary value problem that is treated by
the method of mode matching in this paper. Due to
spatial periodicity of the corrugations in the z direction,
all the space harmonics are generally excited every-
where in the structure. From Floquet theorem, the e-
lectromagnetic fields for the TE, mode exciting can be

expressed in matrix form for different regions aas fol-

lows

ES = [J,(k" nexp(-jk.2)14, (1)
H = [£D Jo(k'" ryexp(-jk,z) A /o,

B B B (2)
Ei,z) = V,exp( —jk z)[Hy (k7 r)A,

+ H,(k? r)B,], (3)
Hz(z) = izexp( -7 EZ) [Hm(i‘:m r)A,

+ Hyo(k'Vr)B,], (4)
ES = exp(—jk,2) [Hy () r)4,

+H, (k% r)B,], (5)
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Fig. 2 (a) Radiator of the single grating antenna (b)
Radiator of the single grating antenna with shell
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H® = k% exp( - jk, 2) [Hy (k' )4,

+HIO(;Z:(3) B/ wou, (6)

E:‘) = Eexp( —j]Zz)[Hzl(iZM) r)A,
+H, (k™ rB,], (7)

H® = Lexp( -k, 2) [ Hy(k," 1A,
+ Hy (k' 1)B,], (8)
EY = [Hy (k' ryexp(-jk.2)]4s,  (9)
Hz(S) - [k,(S)Hzo(k—r{s} r)exp( —j}Zz) )As/a)p.
(10)

where A,{(1=1,2,3,4,5) and B,(i=2,3,4) are infi-
nite column vectors; ?"(i =2,4) and },( 1=2,4) are
respectively the voltage and current harmonic amplitude
matrices; H is the Hankel function, the first subscript
stands for the kind order of the function and the second
one denotes the order number of the function; gii) (i=
1,2,3,4,5) and Ez are diagonal wavenumber matrices.

At the three interfaces of the inner periodic lay-
ers, (r=r, and r, ), the shell layer, (r,r, and r;)
and the outer periodic layers(r =r, and r,,). the tan-
gential field components must be continuous. Utilizing
the general solutions of the five constituent regions to
the boundary conditions at the related interfaces result
in a system of homogeneous linear equations for the

mode amplitudes as follows

R - o
where ’ )

jgu = T4T3—1H21(}Z{3) rgt) - kf”Hzo(i?” rgl) , (12)

R, = T,T;'H, (£ r) — BV Ho(Er,), (13)
§zx = S4S;‘H21(]ZL3) rsZ) —kru)Hzo(E(S)rsz), (14)
Ry = $,87'H, (k% 1)) — kP Ho(k,™ r,). (15)
and

T, = V,[Hy (K ry) = Hy (B2 r,)T;'T, 1, (16)
T, = E[Hzc(;cin rgl) _Hlo(kru) ‘rgl)TZ_lTl] , (17)
Sy = Vil Hy (K ry) — Hy (B r,)8;'S,], (18)

S, = E[Hzo(k;w) rsz) - Hm(kf‘” ’}2)52_151]- (19)

T, = ‘l;r_“)jo(g“)rd) V—szg(;Z(z)Rn) - J:(;;:{l)"sr)

ZHm(k_r(z)l’s;) N (20)
T, =k, Jo Uk, r) VaH, (6 Ry) = 1, (k)
gHw(k_rtz)Ts.) . (21)
S = Ha (k"' r,0) Lty (k 97,2) =k B (6 7,)
Voo (kVrp) (22)
5 = 21(1:{5)}'32) EHW(E“)QZ} —E(S)Hzo(;;:{s)rgz)
Vo (kVrp). (23)

The existence of a nontrivial solution for (11) re-
quires that the coefficient determinant vanish

Det([R]) =0. (24)

The determinani equation (24 ) defines the dis-
persion relation, from which the complex eigenvalue £,
= —ja then the radiation characteristics of the anten-

na can be completely determined.
2 Numerical results

In order to quantify the leaky characteristics of the
present antenna the developed model is applied to gen-
erate a large amount of numerical results involving par-
ametric effects. Since for antenna ai)plications, one is
interested mostly in the case of a single beam radia-
tion. The case where only n = — 1space harmonic of
TE,, mode radiates into free space is investigated here.

Fig. 3 shows the variations of the normalized leak-
age constant o/k, with the normalized periodic layer
thickness ¢, /A for the single grating antenna with shell
shown in Fig. 2(b), with the core radius as a parame-
ter. The solid line represents theoretical predictions for
the double grating antenna with the outer periodic layer
thickness being zero using the present procedure,
while, the symbols - indicate the theoretical data pres-
ented in [6]. From the figure, very good agreement

has been found; the effectiveness of the present analy-
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Fig.3 Effect of grating layer thickness t, /A on leakage
constant for the single grating antenna with shell.
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sis is thus justified.

Fig. 4 shows the variations of the normalized leak-
age constant a/k, with the normalized periodic layer
thickness z,,/A for three type of antennas. In order for
comparison, the same overall size of these antennas are
chosen. The radiators of the three type of antennas are
shown in Fig. 1(b), Fig. 2(a) and Fig. 2(b) re-
spectively. The structure parameters are given in the
insets of the figure. It is seen from the figure that the
leakage constant a of the double grating antenna is lar-

ger than of the single one with and without shell, in the
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Fig.4 Effect of grating layer thickness ¢, /A on leakage
constant for three types of antennas.
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Fig.5 Variation of the normalized leakage constant o/
k, with e, for double grating antenna
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whole region of t,, calculated, because of the strong
perturbation effect on guided wave caused by the two
grating antenna layers. It means that under the condi-
tion of the same radiation strength, the length of the
double grating antenna can be considerable reduced
compared with the single one with and without shell.

It is found from Fig. 4 that the leakage constant of
the single grating antenna with shell increases more
rapidly as the thickness tg, increases than the one with-
out shell. The reason for this is that the shell layer
makes the fields of the surface wave concentrate within
the grating layer, so that the perturbation effect on
guided wave has been strengthened prominently.

Fig. 5 shows the variations of the leakage constant
with the dielectric constant of the outer grating layer,
which varies from 1.6 to 4.0. When the dielectric con-
stant of the outer grating layer is small, the leakage
constant increases with the increment of the dielectric
constant g,. This is because the larger g, makes the
fields of the surface wave concentrated in the inner
grating layer and the perturbation effect on guided wave
is strengthened. However, as the dielectric constant is
increased further from 2. 8, the leakage decreases. The
reason for that is as g, increases further, the fields of
surface wave enters the shell | in this case the fields in
the inner grating layer becomes weaker, so does the
leakage.

Fig. 6 shows the variations of the 3-dB beamwidth
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Fig. 6 Frequency scanning characteristics of the double
gratings antenna
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8,,, in the H-plane and the maximum radiation angle
@ _, with the wavelégth for the double grating antenna
shown in Fig. 1(b). The physical parameters are
shown in the insets. It is found from Fig. 6 that the
double grating antenna maintains the advantages of the
original antenna presented in ref. [ 6], that is the main
beam sweeps almost linearly over angular range from
12° to 43°, whereas the 3-dB beamwidth only changes
almost linearly from 2. 2° to 3. 8°. It is a desirable
property for practical use as a frequency scanning an-
tenna, since it ensures a stable radiation pattern with

litile distortions as beam is being scanned.
3 Summary

A new millimeter-wave omnidirectional circular
rod antenna with double dielectric gratings is proposed
and the radiation characteristics of the antenna are ana-

lyzed with the rigorous mode matching method. Exten-

sive mumerical results are given for design of the an-
tenna. The results indicate that under the condition of
the same radiation intensity, the double grating anten-
na has relatively smaller dimension than that of the sin-
gle one. It is undoubtedly of great importance in the
case where the limitation of the weight and volume of
system is strictly required. The effectiveness and relia-
bility of the present analysis are verified by the related

results given in the literature.
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