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Receï ed 18 August 1999

ABSTRACT: An X-band two-element back-to-back coupled-oscillator-
drï en spatial power-combining microstrip leaky-wa¨e antenna array is
de¨eloped, which has a dual-beam radiation pattern and mode-switching
capability. Two Gunn diode CPW oscillators are placed on the back side
of the substrate, each drï ing two back-to-back microstrip leaky-wa¨e
antenna pairs in opposite directions for dual-beam operation. This actï e
antenna array is able to produce sum and difference patterns between the
in-phase and 1808 out-of-phase mode by controlling the bias ¨oltages of
the Gunn diodes. Q 2000 John Wiley & Sons, Inc. Microwave Opt
Technol Lett 24: 195]197, 2000.

Key words: leaky-wa¨e antennas; actï e antennas;
spatial power combining

I. INTRODUCTION

Active integrated antennas consisting of a microstrip radiator
and an integral oscillator have been an area of growing
interest in TrR modules and quasioptical power combiners.
They have the advantage of low profile, light weight, easy

Contract grant sponsor: National Science Council
Contract grant number: NSC86-2215-E009-031

fabrication, and suitability for mass production. In coupled
oscillator arrays, mutual coherence is achieved by the bilat-
eral injection locking of each oscillator to its nearest neigh-
bors. The mode-switching phenomenon of two different oscil-
lation modes of a two-element coupled active antenna array
has already been verified theoretically and experimentally
w x1]4 . These active antenna arrays can produce sum and
difference patterns between mode switching. These sum and
difference patterns are suitable for possible application in
microwave systems such as wireless communication, smart
antenna design, and collision-warning radars.

Meanwhile, controlling the beam scanning of the active
antennas using the microstrip leaky-wave antenna has re-

w xceived much attention in recent years 5]6 . The microstrip
leaky-wave antenna has the characteristic of narrow-beam
frequency scanning. It is also suitable for radar systems and
communication applications. Besides, by feeding a microstrip
leaky-wave antenna at its center, a dual-beam pattern can be

w xobtained 7 . Therefore, it has high potential in automotive
w xapplications for side-looking sensors 8 . In this letter, a new

spatial power-combining active antenna array using a mi-
crostrip leaky-wave antenna as a radiating element has been

Ž .developed see Fig. 1 , which possesses a dual-beam pattern
and two switching radiation modes. The active leaky-wave
antenna array is comprised of a CPW Gunn diode oscillator
circuit, the CPW-to-slot-line feeding structure, and a mi-
crostrip leaky-wave antenna as a radiating element. Control
of the mode switching is achieved by tuning the Gunn diode
dc bias voltages, which has no need to change the element
spacing of the couple oscillators or switches at the center of

w xthe coupling network 4 .

II. DESIGN AND MEASUREMENT RESULTS

Figure 2 shows the realization of a two-element back-to-back
CPW-slot-line-fed microstrip active leaky-wave antenna
structure. On the top side of the dielectric substrate, the
microstrip leaky-wave antennas are placed back to back for

Ž .dual-beam operation. The coplanar waveguide CPW , slot
lines, dc block, and the CPW]slot-line transition are etched
on the opposite side. Each back-to-back microstrip leaky-wave

Ž .antenna pair is driven by a coplanar waveguide CPW Gunn
oscillator. The slot line excites the higher order leaky-mode
radiating from the microstrip leaky-wave antenna, and the
entire feeding structure is of the uniplanar type. In order to

Figure 1 Schematic of the back-to-back dual-beam active mi-
crostrip leaky-wave antenna array
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Figure 2 Proposed two-element dual-beam back-to-back active mi-
crostrip leaky-wave antenna array. W s 4.47 mm, L s 50 mm

understand the radiation properties of such a microstrip
leaky-wave antenna, we obtained its complex propagation
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
rigorously by the spectral-domain approach. Such complex
propagation constants represent a forward leaky wave radiat-

y1 Ž .ing into the space at an angle u s sin brk , where um 0 m
is the angle of the beam maximum measured from the z-axis.
In addition, the scanning angle u can be varied withm
frequency.

The microstrip leaky-wave antenna array is fabricated on
Ž .a 25 mil 0.635 mm thick RTrDuroid 6010 substrate with a

dielectric constant of 10.2. The width of the microstrip is
properly chosen such that efficient leaky-mode radiation can
be attained. The negative resistance of the Gunn diode in
stable oscillation is matched to the input impedance of the
back-to-back microstrip leaky-wave antenna through the

Ž .coplanar waveguide CPW , dc block, CPW]slot-line transi-
tion, and shorted slot-line feeding structure. The injection
locking is fulfilled through free-space mutual coupling and
the surface waves in the substrate. The element spacing d

Žwas chosen to be 12.7 mm d ( 0.4l , with l being the0 0
. w xfree-space wavelength at 9.4 GHz . From 3 , the operating

mode of the symmetric coupled array is 1808 out of phase for
an element spacing of about 0.4l , which provided a sum0
radiation pattern. During our experiment, when both of the
Gunn diodes are biased at 11.87 V simultaneously, the oscil-

Figure 3 Measured quasi-E-plane patterns for two different mode
operations

lating frequency of the array is at 9.329 GHz and the phase
delay between the adjacent antennas should be locked at
1808. However, because of the opposite orientations between

w xthe slot antennas in 1 and our microstrip leaky-wave anten-
nas, the actual radiation pattern of our active leaky-wave
antenna array is a different one. This different radiation

Ž .pattern solid line is shown in Figure 3, which was measured
Ž .in the quasi-E-plane at u s 358 see Fig. 1 . The measure

H-plane radiation pattern is shown in Figure 4; two maxima
Ž .dual beam are observed. Reverse switching, i.e., from out-
of-phase mode operation to in-phase mode operation, can be
achieved as the dc bias voltage of one of the Gunn diodes is

Figure 4 Measured H-plane radiation patterns for two different
mode operations
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Figure 5 Variation of the operating point as the circuit impedance
w xlocus changes its location 11

decreased to less than 9.45 V and the oscillating frequency is
then jumped to 9.465 GHz. The measured in-phase mode

Ž .radiation patterns dotted line in the quasi-E-plane and
H-plane are also shown in Figures 3 and 4.

The reason why two-way switching is achieved by changing
the bias voltages of the Gunn diode may be the following.
According to the multiple loops that can potentially occur in
an active antenna circuit impedance locus induced by the

w xeffects of distant reflections 9 , Figure 5 shows the circuit
impedance and the device impedance on the complex plane.
Ž .Z v is the circuit impedance seen from one of the Gunn

Ž .diodes, and yZ A is the Gunn diode device impedance. The
device impedance is a function of the RF current amplitude
A. Suppose that decreasing the bias voltage of the Gunn
diode changes the location of the impedance locus with a
loop downward, as shown in Figure 5. The operating point P1
first moves to the right, as indicated by operating point P2;
as soon as the upper edge of the loop separates from the
device line, the operating point jumps to point P3, thereby
giving rise to a mode jump.

III. CONCLUSION

A two-element dual-beam back-to-back CPW]slot-line-fed
active microstrip leaky-wave antenna array was demon-
strated. Injection locking was achieved by using free-space
mutual coupling. The CPW slot has been shown to be a
correct feeding structure for the excitation of the leaky mode.
A dual beam is achieved in the H-plane radiation patterns.
Also, the two-way switching phenomenon of the radiation
patterns in the quasi-E-plane was achieved by controlling the
dc bias of one of the Gunn devices. The circuit offers a
possibility for completely monolithic millimeter-wave inte-
grated circuits. The initial results shows the good potential
for using this circuit for low-cost transmitters, spatial power
combiners, and collision-warning radar applications. The ac-
tive CPW oscillator circuits have several attractive features:
reducing cross coupling, without using via holes to form a
ground connection, low radiation loss, and ease for a com-
pletely monolithic process. Furthermore, two-terminal de-
vices, for example, the Gunn diodes, have advantages over
three-terminal devices such as a higher cutoff frequency, a
simpler bias circuit, and suitability for monolithic millimeter-
wave integration circuits.
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ABSTRACT: A no¨el filter structure is presented in this paper to reduce
the crosstalk in cross connection and switching in all-optical networks

( )based on dense wa¨elength-dï ision multiplexing DWDM . Following
the principle of an optical film filter, the filter is constructed by a
dielectric wa¨eguide with the wa¨eguide boundary or the wa¨eguide itself
discontinuous in the transmitting direction. As the propagation phase
constant b does not change in the wa¨e propagating direction z, the
wa¨eguide system can be considered as a homogeneous dielectric medium
with effectï e refractï e index n in this direction. Because the effectï ee
refractï e index n changes with the thickness or parameters as n of thee i
wa¨eguide at a gï en field mode, we arrange different n alternately as ane
optical film filter. After pro¨ing this kind of wa¨eguide’s filtering proper-
ties, the design principle and an example are gï en, which will be ¨ery
useful to reduce the crosstalk in optical cross connection and switching
in all-optical networks based on DWDM. This kind of filter can be easily
connected to other related components. Q 2000 John Wiley & Sons,
Inc. Microwave Opt Technol Lett 24: 197]202, 2000.
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