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Abstract - Radiation characteristics of axial
elementary current source on the cylindrical bianisotropic
substrateloaded with bianisotropic superstrate layer are
presented. The effects of bianisotropic superstrate
cover on the radiation problems of a microstrip
antenna are studied. This investigation is performed
by wusing the Green function formulation in the
spectral domain. Numerical results for the radiation
pattern of the Dbianisotropic superstrate-loaded
microstrip antenna is analyzed

I. INTRODUCTION

Micorstrip antennas on cylindrical substrates have
found many applications in aircraft and missiles due
to the features of conformability, light weight, small
volume, and geometrical compatibility to the vehicle
they are mounted on. Printed strip diploes,
rectangular and wraparound patches in cylindrical
structures have been considered by many
researchers.[1]-[3] For many applications, a dielectric
superstrate layer is usually added on the top of the
antenna element to provide protections against
environmental hazard, such as rain, hail, and
snow.[4]-[6] Electromagnetic application of complex
have received considerable attention in recent years.
Wave propagation in bianisotropic media has been
discussed in various articles.[7]-[10] Radiation
characteristics of element current source on
cylindrical bianisotropic substrates were discussed in
the paper by Yang[l10]. So, the aim of our work is
to investigate the radiation characteristics of
elementary current source on  bianisotropic
superstrate-loaded cylindrical bianisotropic
substrates. In frequency domain, the most general
composites can be characterized via bianisotropic
constitutive relations of the type

D=¢E+ E&H %))

B = uH — 3E 2

the tensors —e_, E 71_,_ 77 are represented by a 3X3
matrix. Our consideration is limitted to the lossless

case where the eight tensors in a cylindrical
coordinate system are defined as

_ e 0 0 _ #x 0 0
E;i= & 0 Eiy 0 ] s M= 0 Hiy 0 3
0 0 e 0 0 4
- 0 & 0 _ 0 & 0
£i= Co—l[ &G 0 0], 7= Co—l[ & 0 0](4)
0 0 O 0 0 O
i=1,2

where ¢ is the speed of light in free space and the
first, the second, and the third columns in the
tensors are corresponding to o, ¢, and z
respectively.

The necessary and sufficient conditions for lossless
bianisotropic material are that £ = — 711l
Under such circumstances, it is seen that ¢ in Eq
4. is purely imaginary. The matrix forms in Egs. 3
and 4 result in an analytic representation for the
Green’s function which is otherwise not possible.
The time dependence e™ is suppressed throughout
this paper.

II. ANALYSIS

The geometry of elementary dipole on a
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cylindrical bianisotropic substrate with a
bianisotropic superstrate cover is shown in Fig.l.
The radius of the conducting cylinder is a. The
thickness of the coaxial cylindrical bianisotropic
substrate and superstrate is d=b-a(region 1) and
h=c-b(region 2), respectively. The air is in region 3
with free space permittivity &, and permeability .
The relative permittivity and penneabxhty of

bianisotropic supefrstrate is ez and #z

Elementary dipole on a cylindrical
substrate with a bianisotropic

F LRV 2N . 1)

E3,12, {z N2

Fg. 1
bianisotropic
superstrate cover.

In this geometry the z components of the electric
and magnetic fields in each region can be given by
{81123

Efp, ¢,2)= 7 ? [ ™ e

AL HDL Ripg ) HP (R pqa)

—HP (ki) HP (Rpped)),  alpld

SHP (kap0) + Ci k2o, b p<c
D?.Hi”(kap A, e<p

. (5)
H{p.4,2) =5~ ”imf Lo k™

ANED Gopo) S Hm(kma)

—H(Z)(klp,,p) H‘”(kl,,,a)], alplb
B‘;H,‘,"”(kz,p>+c,f,.(kzpp). bp<c
DEHP (ks p), c<p

{6)
where
N« . -
a,“ﬂ&‘*‘eﬁ kgE,x . (7)
_ _Z’__ #
ﬂi—5u+ kzﬂu (8)

I T ©
k= kg VB 0
B—K,=F, i=23 (45}

There are 8 unknown coefficients to be

determined. From the expression of E, and H, the
components E, and Hy can also be expressed as

= bkt RIn g':::a';‘)” T a;f, (12)

in the region 1,2 and
E,= k2 % B+ ";’2"" a;:, (14)
k. Jwe; OF, (15)

H¢=mHz— kz i 30
in the region 3.

The coefficient solutions for axial elementary current
source at ¢=¢, and z=(0 are found from the
boundary conditions. All the tangential components
of E and H at p=b and p=c are continuous
except

Hlo=b")~Hp=b")=1 o7 (16)

The resultant solution has been checked to agree
in the limiting cases where no cover is present{10].
The far-zone radiated fields which are
conventionally expressed in spherical coordinate
systems are found from the saddle-point method[12).
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"2 wDi(kz. kp)eiﬂ(¢+ x/Z)( 17

3 Dik. k)™ (18)

_E
H,= ”0 (19
Hy=— —Ei (20)
i
where
k.= kycos @ 21
k,=kysin6 (22)

M. SIMULATION RESULT

The radiation pattern of an infinitesimal current in
a bianisotropic cylindrical structure are presented in
this section. Normalized radiation patterns (power
density versus 6) for an axial Hertzian dipole at
¢=0 and z=0 without cover (c—b) are shown
in Fig.2. It is seen that the increase of substrate
bianisotropy decreases radiation in the broadside and
there is more power in dark region
(90° <¢<270° ). Also, It show the same result
with the case of an Yang[8] that the increase of
substrate bianisotropy decreases radiation into the
horizon. Normalized radiation patterns along ¢ angle
(power density versus ¢) are shown in Fig3. It is
a similar result to infinite line current shown in [7).

—— uncovered, Z;=0
-------- uncovered, Z,~03j
----- uncovered, &= 1.0j

*  coversd, Tm0  T~0
o covered, Z=08) ¥ ,=03j
+ covered, Z,=10) ¥,=10j

Fig. 2. Radiation pattern for an infinitesimal current
ata=5m, b=5.lm, ¢=0 and 2=0. f = 3&,
51=52=2 Ill=,Uz=1

—— uncovered, ¥,=0
........ uncovered, I,=13j
*  coversd, T~0 %0
Z=13) =0

Fig. 3. Radiation pattern for an infinitesimal
current at ¢=0 and z=0. f = &,
a = 5m, b = 5.1cm,

g=6=2, ;my=pu,=1 and ¢=—g—cut

The bianisotropy cover effect is shown in Fig.4-5.
In the Fig. 4, We found that the increase of
superstrate thickness, the decreases the radiation in
the dark region. Also, In the case of Fig5., the
increase of superstrate bianisotropic properties, the
radiation in the dark region is decrease.

Fig. 4. Radiation pattern for the different thickness
of superstrate. f = 3Gk, a = 5m, b= 5.1
a=&=2,m=m=1, Li=16j &L= 13/,
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Fig. 5. Radiation pattern for the different thicknesss
of superstrate. f=3GHz, a = 5cm, b=5.lcm ,
€ = & = 2, [l1=#2=1, t/d= 2

IV. CONCLUSION

In this paper, The effects of bianisotropic
superstrate on the radiation patterns of dipole on
cylindrical bianisotropic substrates were studied.
Special constitutive relations are used to describe
the bianisotropic properties of a material, such as
that the Green’s function can be formulated.
Radiation characteristics of axial Hertzian dipole on
superstrate loaded cylindrical bianisotropic substrates
were analyzed. It was found that when the
bianisotropy of superstrate was greater than that of
substrates, there were significant variations such as
generation of lobes which have maximum radiated
power in various directions. The variations of
thickness also were analyzed.

REFERENCES

[1IN.G.Alexopulos ,P.L.E.UslenghiN.K.Uzunoglu,
"Microstrip Dipoles on Cylindrical ~ Structures,
Electromagnetics”, Vol. 3, No3-4, pp 311-326, July
December, 1993

(21 SMAL, TMHabashy, JFKiang, and J.AKong’,
Resonance in Cylindrical-Rectangular Wraparound
Microstrip  Structures”, IEEE trans. on Mic
rowave Theory and Techniques, Vol. 37,
pp.143-147, Feb. 1989

{31 T.MHabashy, SM.AL, and JAKong, "Input Imped
-eance and Radiation Pattem of Cylindrical
Retanguar and Wraparound Microskirt Antennas”,

IEEE truns. on Antennas and Propagation, Vol. 38, No.
5, pp.722-731, May. 1990

[4] KL.Wong, etc. "Resonance in a Superstrate-Load-
ed Rectangular Microstrip Structure”, IEEE trans. on
Microwave Theory and Techniques, Vol. 41, No. 8§,
pp.1349-1355, August, 1993

{5] K.L.Wong etc. “Resonance in a Superstrate-Loaded
Cylindrical-Rectangular Microstrip Structure”, IEEE
trans. on Microwave Theory and Techniques, Vol
41, No. 5, pp.814-819, May, 1993

[6] KL Wong S.F.Hsiao and H.T.Chen, "Resonance
and Radiation ofa Superstrate~Loaded Spherical~Cicular
Microstrip Patch Antenna”.JEEE trans. on Antennas
and Propag., Vol. 41, No. 5, pp.686-690, May, 1993
{71 DDeanicle, "Wave Propagation in bianisotropic
Medium”, Alta Freq., Vol. 41, pp.870-876 Nov. 1972
[8] N.Engheta, Guest Editor, "Special Issue on Wave
Interaction with Chiral and Complex Media, Journal of
Electromagnetic Waves and Application”, Vol.6, No.
5, pp.537-798, 1992

{91 HY.Yang and P.LE.Uslenghi, "Planar Bianisotropic
Waveguide, Radio Science”, Vol, 28, No. 5, pp.919-927,
Sep-Oct. 1993

[10] HY.Yang and PLEUslenghi "Radiation
Characteristics of Microstrip Antennas on Cylindrical
Bianisotropic  Substrates”, Electromagnetics, vol.
8, No.3-4, pp 499-511, 1995

[11] J. A Kong, "Theary of electromagnetic waves”,
Wiley, New York, 1975

{121 RFHamington, "Time-harmonic electromagnetic
field”, New York, McGraw-Hill, 1961.

-~ 888 -



