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ABSTRACT: A new method which can enhance the scanning angle and
ele¨ate the operating frequency for actï e scanning leaky-wa¨e antennas
is proposed in this paper. We know that the characteristics and perfor-
mance of scanning leaky-wa¨e antennas are strongly dependent on the
¨ariation of the operating frequency within the leaky-mode region. The
self-oscillating doubler without external oscillator sources pro¨ides dou-
ble-frequency ¨ariation at the second-harmonic frequency instead of
one-frequency ¨ariation at the fundamental frequency. Therefore, the
antenna scanning range can be enhanced and the operating frequency
can be ele¨ated. The measured scanning angle of this antenna is 138,
which agrees well with the predicted 13.78, and the data show that the
frequency-scanning ability of the leaky-wa¨e antenna using a self-oscillat-
ing doubler increases as predicted. This self-oscillating doubler design is
¨ery simple, and it not only can impro¨e the scanning capability of the
actï e leaky-wa¨e antenna, but it is also ¨ery suitable for millimeter-wä e
actï e antenna design. Q 1999 John Wiley & Sons, Inc. Microwave
Opt Technol Lett 22: 108]111, 1999.

Key words: beam scanning; leaky-wa¨e antenna; self-oscillating doubler

I. INTRODUCTION

Active scanning antennas have attracted increased interest
w xduring the past years 1]2 . Compared to the large area and

high cost of phase antenna arrays, leaky-wave antennas are
efficient, simple, low cost, low weight, and have a frequency-
scanning capability. In order to reduce the size, passive
leaky-wave antenna elements are integrated on the same

w xsubstrate with active signal sources, such as oscillators 3 ,
w xamplifiers, and varactor-tuned oscillators 4 . It is known that

the range of the antenna-scannable angle is strongly depen-
dent on the operating frequency range of the active sources,
and the microwave and millimeter-wave solid-state devices
become expensive as the frequency increases. Frequency mul-
tipliers can provide multiple-frequency variation, which con-
tributes to an enhanced scanning angle at the harmonics of
the fundamental frequency. Hence, the leaky-wave antenna
integrated with a frequency multiplier, such as a frequency
doubler, is a novel and excellent combination. A self-oscillat-
ing doubler is an even better choice because it need not be
injected by external oscillator sources; therefore, it can ef-
fectively reduce the circuit size and cost.

In this paper, we demonstrate an asymmetrically feeding
leaky-wave antenna integrated with a self-oscillating doubler

Ž .on an RTrDuroid substrate. Figure 1 a shows the block
diagram and the characteristics of the equivalent module,
which include an oscillator doubler and an antenna element;

Ž .Figure 1 b shows the module diagram and the coordinate
system of the active scanning leaky-wave antenna. We utilize
the self-oscillating doubler to directly excite the signal source
at the second-harmonic frequency. The operating frequency,
the second-harmonic frequency 2 F , and the double-x
frequency variation 2D F at the second-harmonic frequencyx
are twice D F at the fundamental band. This feature, com-x
bined with the advantage of no external injection power, is
very useful for millimeter-wave applications of the leaky-wave
antenna and to obtain a wider scanning angle.

II. DESIGN OF SELF-OSCILLATING DOUBLER

The circuit configuration of the 5 double to 10 GHz self-oscil-
lating doubler as the active source is illustrated in Figure 2.
Figure 2 includes a fundamental oscillator, a rejection circuit
for the fundamental frequency F , a matching circuit for thex
second-harmonic frequency 2 F , and the frequency-tunedx
circuit. A commercially available Fujitsu FHX35LG low-noise
GaAs HEMT device is employed. Since rich harmonic gener-
ation is shown to result from Class B operation, where V isgs

w xbiased at the pinch-off voltage V 5 ; therefore, our self-p
oscillating doubler uses the common-source topology and
Class B operation to excite the higher second-harmonic
power. The simple l r4 microstrip-line stub is useful as thex
rejection circuit for the fundamental frequency. The match-
ing circuit for the second-harmonic frequency 2 F is designedx
to reduce the return loss and raise the radiated efficiency.
The frequency-tuned circuit includes a varactor and a varac-
tor bias circuit. The frequency can be varied electronically by
changing the bias voltage of the varactor.

III. DESIGN OF LEAKY-WAVE ANTENNA

In order to excite the first higher order mode, the leaky-wave
w x Ž .antenna is asymmetrically fed 6 . A rigorous Wiener]Hopf

w xsolution mentioned in 7 is utilized, and we obtain the
variation of the normalized complex propagation constant
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Ž .Figure 1 a Block diagram and characteristics of the equivalent module, which includes an oscillator doubler and an antenna
Ž .element. b Module diagram and coordinate system of the active scanning leaky-wave antenna on a RTrDuroid substrate with 0.0508

cm thickness and relative permittivity of e s 2.2r

Figure 2 Circuit configuration of a 5 double to 10 GHz self-oscillating doubler as the active source

b y ja , where b is the phase constant and a is the attenua-
tion constant, in Figure 3. With the relationship between the

Ž .normalized propagation constant b , a and the dimension
Ž .W, H of the leaky-wave antenna, the empirical dimension is
chosen so that the space wave dominates the radiating power,
and the first higher order mode can be excited within the
operating frequency.

IV. EXPERIMENTAL RESULT

An asymmetrically feeding leaky-wave antenna integrated
with a Class B HEMT self-oscillating doubler is designed and
fabricated. The bias voltages are y1.14 V for the gates and
5.2 V for the drain, which is a Class B bias condition. The
fundamental frequency is measured to be 4.83]5.05 GHz;
therefore, the second-harmonic frequency can be tuned from
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Figure 3 Variation of the normalized phase constant b and the
normalized attenuation constant a

Ž .9.66 to 10.1 GHz. The frequency variation D F s 220 MHzx
of the fundamental frequency is half of the frequency varia-

Ž .tion 2D F s 440 MHz of the second-harmonic frequencyx
that we designed. The calculated scanning angle obtained by

y1Ž .using the equation u s cos brk under the frequency0
Ž .variation D F s 220 MHz of the operating frequency isx

6.858; in other words, the calculated scanning angle under the
Ž .double-frequency variation 2D F s 440 MHz is the doublex

scanning angle 13.78. Figure 4 shows the theoretical radiation
patterns of the leaky-wave antenna integrated with the self-
oscillating doubler at 9.66 and 10.1 GHz. The measured
radiation patterns of this antenna at 9.66 and 10.1 GHz are
shown in Figure 5. The total measured scanning angle is 138,
which is close to the theoretical scanning angle of 13.78
shown in Figure 4. A comparison of the theoretical and
measured radiation patterns at 9.66 GHz is presented in
Figure 6; both the theoretical elevation angle 49.88 and the
measured elevation angle 508 agree well. The effective

Figure 4 Theoretical radiation patterns of the leaky-wave antenna
at 9.66 and 10.1 GHz

Figure 5 Measured radiation patterns of the leaky-wave antenna
integrated with a self-oscillating doubler at 9.66 and 10.1 GHz

Figure 6 Comparison of the theoretical and measured radiation
patterns at 9.66 GHz

Ž .isotropic radiated power EIRP under the far-field condition
is approximately 12 dBm.

V. CONCLUSION

A scanning leaky-wave antenna integrated with a self-oscillat-
ing doubler is developed. This paper utilizes the frequency-
scanning capability of the leaky-wave antenna and the tech-
nique of the self-oscillating doubler to demonstrate the
method for reaching a wider scanning angle and a higher
operating frequency. For example, it is unnecessary to di-
rectly implement a Ka-band circuit using high-cost Ka-band
solid-state devices; instead, low-cost Ku-band solid-state de-
vices can be utilized. The self-oscillating multiplier without
external injection sources can effectively reduce the size and
cost of the whole circuit, and it has wider frequency variation
at the harmonic frequencies than that of the fundamental
frequency. This design of the combination of scanning leaky-
wave antennas and multipliers will be interesting for millime-
ter-wave applications.
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ABSTRACT: In this paper, we present the characteristics of circular
polarization of an elliptical microstrip patch fed by a coaxial probe
through the method of moments in conjunction with the reaction integra-
tion method. After obtaining the general Green’s function, the input
impedance was calculated by superposition of two circular patches whose
radii pertain to the major and minor axes of the elliptical patch,
respectï ely, and then the characteristics of circular polarization are
shown. The attachment mode was contained to ensure the continuity and
singularity of the currents at the patch]probe conjunction point, and
plays a role in accelerating the con¨ergence for sol̈ ing matrix equations.
Results showed that the elliptical patch can be used to generate circular
polarization characteristics with one probe feed, and attachment modes
also should be contained in the formulation to obtain the exact
impedance. Q 1999 John Wiley & Sons, Inc. Microwave Opt Technol
Lett 22: 111]113, 1999.

Key words: method of moments; microstrip antenna

I. INTRODUCTION

Printed circuit antennas such as microstrip or strip line have
been popular for a few decades thanks to their merits, such
as light weight, small size, and low cost in manufacturing.
However, they have some disadvantages, such as low effi-
ciency, low power, poor polarization purity, very narrow
bandwidth, etc., and it is very difficult to overcome these
drawbacks in designing microstrip antennas by conventional

w xmethods 1 . A circular polarization can be easily obtained by
exciting the elliptical patch rather than the rectangular or
circular one by means of the proper selection of both the
feed position and the eccentricity of the ellipse. That is, the

Ž .feed point should be on a radial line of " pr4 relative to
the major axis, in which the positive sign yields LHCP while
the negative one yields RHCP to generate circular polariza-

w xtion 2 . It is, however, complicated to analyze elliptical patch
geometry because of its unique elliptical characteristics.

There have been several methods to analyze this elliptical
patch, such as using the resonant equivalent circuits consist-

w xing of the R, L, and C 3 or using the same method as the
w xcircular patch geometry 4 . Although these methods are

relatively accurate and simply, they did not consider effects
such as the thickness variation of the substrate, the relative

w xpermittivity, and attachment modes 5 , and had a shortcom-
ing of degrading the accuracy as the thickness of the sub-
strate increases. We analyze the characteristics of the circular
polarization of this elliptical patch considering the attach-
ment modes for accelerating the convergence with the reac-

w xtion integration method and the method of moments 6 . As a
result, the property of circular polarization is shown, and the
impedance characteristics of the elliptical patch are also
presented and compared with the experimental values.

II. THEORY AND FORMULATION

Figure 1 illustrates an analytical model of the elliptical mi-
crostrip which is excited by a coaxial probe extending through
the ground plane and substrate. In this model, the current
distribution of the probe can be modeled as follows:

Ž .J s zI rp d 1ˆs o o

where I is the total current flowing in a cylinder of diametero
d .o

The elliptical patch is modeled with two circular patches
whose radii pertain to the major and minor axes of the
elliptical patch, respectively, so the total currents on the
patch can be expressed as the sum of the currents on the two
circular patches:

`
1 1Ž . Ž . Ž .J r , f s I C r , f 2Ý1 n n

ns1

`
2 2Ž . Ž . Ž .J r , f s I C r , f 3Ý2 n n

ns1

1Ž . 2Ž .where C r, f and C r, f are the basis functions of then n
unknown currents on each circular patch and I 1 and I 2 aren n
complex coefficients of the unknown currents on each circu-
lar patch. The basis functions can be expressed in terms of

Figure 1 Analytic model of the elliptical microstrip patch antenna
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