
Figure 4 Shielding effect as a function of angle u

Thus, we consider the reason for the existence of optimum
length combinations to be that the lr4 choke structure is
formed equivalently at each structure like the case of chang-
ing S1 only. From this figure, it is also confirmed that each
peak point value of the shielding effect is about y35 dB.

5.2. Case of Oblique Position of S2. In order to study the
influence of the angle u as well as the metal lengths S1 and
S2 on the shielding effect, a calculation of the effect of the
effect for different choke structures as shown in Table 2 is
also carried out, and the results are shown in Figure 4. It is
confirmed from this figure that the shielding effect shifts
widely with the change of the angle u , and also there is an
optimum angle which can obtain the maximum shielding
effect. As an example, the angle u which is practically used in

Ž .RE-E4 is 308 S1 s 4 mm, S2 s 9 mm . It is therefore
concluded through this analysis that the angle of the choke
structure which we referred to is designed so that the opti-
mum shielding effect can be performed. However, in the case
of an oblique position of S2, it should be noticed that the
stair-like approximation shown in Figure 4 is adopted to
represent an oblique plate because the orthogonal lattice is
used in the FDTD analysis.

6. CONCLUSION

In this study, we discuss the shielding effects for the cases of
various sizes of metal parts which compose the door seal
using the FDTD method. The results indicate the FDTD is
available for analyzing these structures. It is confirmed that
there exists optimum combinations of the metal length and
the angle u between S1 and S2, and that the optimum choke
structure obtained in this analysis is very similar to the
existing choke structure which was experimentally designed
to obtain the maximum shielding effect.

In the future, it will be necessary to examine the shielding
effect on the more real microwave radiation which includes
various modes.
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( )ABSTRACT: A new actï e coplanar wa¨eguide CPW to coplanar
( )strips CPS -fed microstrip leaky-wa¨e antenna is de¨eloped, which is

integrated with a Gunn diode as an actï e source. The CPW]CPS balun
is used to excite the first higher order mode of the microstrip leaky-wa¨e
antenna. The actï e leaky-wa¨e antenna has a maximum EIRP of 20.4
dBm at 9.759 GHz. The Gunn oscillator frequency is controlled by
tuning the Gunn dc bias, and the beam scanning is demonstrated. The
measured scanning angle agrees with the prediction; it is close to 128 as
the oscillator frequency is tuned from 9.84 to 9.61 GHz. The coplanar
structure allows easy integration of many solid-state de¨ices. It is suitable
for monolithic power combining and millimeter-wä e applications.
Q 1998 John Wiley & Sons, Inc. Microwave Opt Technol Lett 19:
335]338, 1998.
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I. INTRODUCTION

An integrated active antenna incorporating an active device
and planar antenna has become increasingly important in
quasioptical communication system design, such as in imag-

w xing, power combining, beam scanning, etc. 1]3 . Recently,
there has been a growing interest in active antenna integra-

w xtion using the microstrip leaky-wave antenna 4]6 . The mi-
crostrip leaky-wave antenna has the advantages of a narrow
beam, frequency scanning, easy matching, and is suitable for
two-dimensional scanning arrays. The microstrip leaky-wave
antenna described in this letter is operated in the first higher
order mode, and radiates power in the narrow frequency
region before cutoff. The characteristic of the microstrip line
antenna is determined by its complex propagation constant.
The radiation main beam position depends on its operating
frequency. Therefore, it can be used as a frequency-scanning

w xantenna. In 6 , Lin, Sheen, and Tzuang proposed a CPS-fed
structure for generating the first higher order mode of the
leaky-wave antenna. In this letter, an attempt is made to
integrate an active coplanar waveguide to coplanar strips-fed
microstrip leaky-wave antenna with a two-terminal device
Ž . Ž .Gunn diode see Fig. 1 . Coplanar waveguide transmission
lines have several features which make them attractive for
use in MIC and MMIC structures. Some of the major advan-
tages are: easy fabrication, no need for via holes, and being
compatible with solid-state devices. In this letter, a transition
from CPW to CPS was first built and tested to provide the
necessary transformation form the unbalanced CPW feed
line to a balanced CPS feed line. In this way, the CPS feed
line that feeds the microstrip leaky-wave antenna can excite
the first higher order mode. This uniplanar active antenna
circuit structure is very suitable for power combining, scan-
ning arrays, and communication systems.

II. DESIGN AND MEASUREMENT RESULTS

In order to understand the radiation properties of such a
microstrip leaky-wave antenna, we obtained its complex prop-
agation constants b y ja of the first higher microstrip mode
in its leaky range, where b is the phase constant and a is the
attenuation constant. The complex constants are obtained by

Ž .employing a rigorous Wiener]Hopf solution mentioned by
w x7 . Figure 2 shows the variations of phase constant b and
attenuation a as a function of frequency. The geometry and
coordinate system of the structure are shown in Figure 3. In
our structure, the microstrip leaky-wave antenna is open at
the top. For values of b - k , power will leak into a spaceo
wave in addition to the surface wave. The space wave actually

Figure 2 Normalized complex propagation constant of the first
higher mode for the particular microstrip leaky-wave antenna. h s
0.635 mm, w s 4.2 mm, and e s 10.2. k is the free-space wavenum-r 0
ber

Figure 3 Geometry and coordinate system for the microstrip
leaky-wave antenna

corresponds to radiation at some angle u ; the value of this
angle changes with frequency. By using the approximate

y1Ž .relationship u s cos brk , where u is the angle of them o m
beam maximum measured from the z-axis, we can predict the
main beam position.

Figure 1 Configuration of the active CPS-fed microstrip leaky-wave antenna
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Figure 1 shows the active CPW]CPS-fed microstrip
leaky-wave antenna structure. The circuit consists of a CPS-

Ž .fed microstrip line W s 0.42 cm, L s 12.7 cm as radiating
elements, the CPW]CPS transition, and a CPW oscillator
integrated with the Gunn diode as the active device. The
circuit is designed and fabricated on RTrDuroid 6010 sub-
strate with a dielectric constant of 10.2 and a thickness of

w x25 mils. The CPW]CPS transition is design based on 8 .
Bond wire is placed at the discontinuities to suppress the
generation of undesired modes. The return loss of the mi-
crostrip leaky-wave antenna was measured with an HP 8720
network analyzer. Figure 4 shows the return loss of the
antenna of more than 30 dB at a frequency of 9.759 GHz.
CPW was chosen as the oscillator resonator circuit design
because of its high Q-factor and easy integration with the
active device. The resonant structure is an open-end coplanar
waveguide whose length is about 0.5l and 9.759 GHz. The
Gunn diode is biased via a bond wire and a high]low
impedance low-pass filter. A C & K W2420 Gunn diode is
integrated with the CPW oscillator circuit.

Figure 5 shows the experiment results of the H-plane
patterns for an operating frequency at 9.759 GHz. Figure 5
shows the angle of the beam maximum measured from the
z-axis, which is at about 628 with a 3 dB beamwidth of 148.

ŽThe bias voltage versus frequency and EIRP effective
.isotropic radiated power are shown in Figure 6. The bias-

turning bandwidth is about 230 MHz centered at 9.759 GHz
with a maximum EIRP of 20.4 dBm. As the Gunn bias is
varied from 6.5 to 10.5 V, the main beam position changed
from 60 to 728. The scanning angle is about 128.

III. CONCLUSION

A new active coplanar waveguide-fed microstrip leaky-wave
antenna has been presented. The operation principle for this
electronic beam control of the microstrip leaky-wave antenna
is described and demonstrated in this letter. The first higher
order mode of the microstrip leaky-wave antenna has been
efficiently excited by the CPS-fed line. By tuning the Gunn dc
bias, beam scanning control of close of 128 is achieved. Such
active antenna design as described in this letter is not re-
stricted to microwave frequencies, and should be applicable

Figure 4 Measured return loss of the CPW]CPS-fed microstrip
leaky-wave antenna

Ž .Figure 5 H-plane y]z plane radiation patterns of the active
leaky-wave antenna measured at 9.759 GHz

Figure 6 EIRP and frequency variation versus Gunn bias voltage
for active leaky-wave antenna

even up to millimeter-wave frequencies. Furthermore, the
circuit is suitable for monolithic applications and power-
combining technique due to its planar structure, and it allows
easy integration of other solid-state devices, such as the
varactor, for wideband electronic frequency tuning. There-
fore, this active antenna is also useful for modulated commu-
nication links, radar, and other microwave and millimeter-
wave applications.
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ABSTRACT: Working in the Fourier domain, this paper analyzes the
beha¨ior of electromagnetic fields on the interfaces of chirostrip dipole
antennas. Special attention is dedicated to the oscillatory beha¨ior of the
kernel of the in¨erse Fourier transform. It was found that the boundary
conditions for the magnetic field, ¨alid for microstrip structures, are not
completely satisfied when we deal with chirostrip structures. Q 1998 John
Wiley & Sons, Inc. Microwave Opt Technol Lett 19: 338]342, 1998.

Key words: chirostrip dipoles; near fields; boundary conditions; full-wa¨e
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1. INTRODUCTION

During the last ten years, open chirostrip structures have
received special attention from the electromagnetics com-
munity because of their potential applications in the design
of new devices and components. In fact, several canonical
problems have been analyzed and reported in the technical

w xliterature 1 . Among them, one should mention the planar
w x w xsingle-layered structures 2 , the chirowaveguides 3 , the rect-

w xangular patches and infinite arrays 4, 5 , and the effects of
chiral admittance on radiation patterns, input impedance,

w xand cross-polarization level of printed dipoles 6, 7 . In spite
w xof numerous works published on this subject 8 , there is not

enough information about the characteristics of near electro-
magnetic fields in chirostrip antennas.

Using a full-wave spectral-domain analysis method, this
work analyzes the behavior of electromagnetic fields on the

interfaces of chirostrip dipole antennas. This means that the
electromagnetic fields in the space domain are obtained
through double integrals in the Fourier domain. Special con-

w xsiderations are required in this computation 9 . As a result of
our calculations, we observed that the chirality causes a
rotation in the near-field patterns. Then, at the interface
between a perfectly conducting surface and a chiral substrate,
the magnetic field component normal to this surface is not
null. Moreover, at the interface between a chiral substrate
and the free space, the magnetic field component normal to
this interface is not continuous even when the magnetic
permeability is the same in the two media.

2. THEORY

Figure 1 shows the geometry of the problem. A homogeneous
isotropic linear chiral medium of thickness d, permittivity e ,c
permeability m , and chiral admittance j lies on an infinite0 c
perfectly conducting plate, located on the x]y plane of a
rectangular coordinate system. The planar interface z s d

Ž .separates the chiral substrate 0 - z - d from the free-space
Ž .region z ) d, permittivity e , and permeability m . For0 0

lossless chiral substrate, the parameters e and j are realc c
quantities. The x-directed short dipole is printed on the
planar interface at the position x s 0, y s 0, and z s d. As
the chiral medium is isotropic, the choice of the dipole
direction does not pose any restriction on the present discus-
sion. The theory used in this work considers the chirostrip
antenna as a boundary problem where the current on the
short dipole is the virtual source of the electromagnetic
fields. Starting from Maxwell equations and using the Post]
Jaggard time-harmonic constitutive relations D s e E y ij Bc c
and B s m H q im j E, the wave equations in the chiral0 0 c
layer and in the free-space region are determined. In our
approach, the wave equations are solved in the Fourier
domain because this technique effectively removes the singu-
larity of the spatial Green functions and allows considerable

w xsimplification of method of moment calculations 10 . After
that, the boundary conditions for the electromagnetic fields
are applied at the interfaces z s 0 and z s d, resulting in a
set of six equations with six unknowns. Solving this set of
equations, the spectral electromagnetic fields in any point of

w xregion z G 0. Following 7, 11 , as the calculations are carried
out in the Fourier domain, we obtain the spectral Green
functions in compact and closed forms where only sine and
cosine functions are present. Finally, to obtain the fields in

Figure 1 X-directed short dipole printed on a ground chiral slab
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