
that problems due to deep traps have been dealt with in
w xanother paper 5 . A comparison with the silicon LDMOS

shows that the silicon carbide impedances are greater than
the silicon impedances, and it makes impedance matching
easier for SiC. The forthcoming technological improvements

Žwill allow designers to build more powerful devices we
.expect 100 W quite soon , and will make silicon carbide a

good candidate for RF transistors in the next few years.
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Receï ed 2 April 1999

ABSTRACT: This paper presents a compact, simple, low-cost coplanar
wa¨eguide actï e antenna oscillator which can be used for wireless
communication applications. The circuit uses the actï e MGA86576
MMIC amplifier, which is biased through its output port using simple
lumped elements. A closed feedback loop is implemented with two slot
antennas fed by coplanar wa¨eguide transmission lines. The paper pre-
sents a design procedure to systematically dimension the different parts
of the structure until the oscillation condition is satisfied. An actï e
antenna oscillator has been designed, manufactured, and tested, and
measured results are in good agreement with predictions. The circuit
exhibits a ¨ery clean, stable oscillation, and the radiation patterns are
smooth and quasiomnidirectional. The measured gain of the actï e
antenna is 3.2 dBi. Q 1999 John Wiley & Sons, Inc. Microwave Opt
Technol Lett 23: 18]25, 1999.

Key words: actï e antennas; oscillators; TRL calibration; slot antennas

1. INTRODUCTION

In recent years, cellular and indoor communications have
evolved very rapidly, and new RF circuits are constantly being
investigated in order to answer the increasing demand of new

w xcommunication systems in the market 1 . In this sense, the
trend is to go to higher frequencies, where the frequency
spectrum is less busy, and the transmission bandwidth natu-

w xrally increases 2, 3 . In this case, the use of quasioptical
frequency conversion structures is very convenient, since the

received signal is mixed with the local oscillator just at the
antenna terminals, so that losses in the circuits and undesired

w xcouplings are minimized 3, 4 . In many of these systems, the
injection of the local oscillator signal is achieved through the
same antenna, thus requiring active antenna oscillators which
are able to illuminate all of the receivers. One such applica-
tion is, for instance, in wireless LANs. In this case, an active
antenna oscillator is placed in the room, with the task of
illuminating the receivers placed on each computer. The
oscillation signal thus injected is combined with the signal

Ž .carrying the data, to produce the intermediate frequency IF
w xat the receiver antenna terminals 5 . In addition, at high

frequencies, the power of solid-state devices is limited, and to
overcome this limitation, the active antenna oscillators are
often designed together with power-combining techniques in

w xorder to increase the total power radiated 6 .
Due to the proliferation of new communication applica-

tions, the investigation of active antenna oscillators has be-
come very popular, and many configurations have been re-
ported in the technical literature. For instance, microstrip

wpatch antennas acting as active oscillators can be found in 4,
x7 . The use of the coplanar waveguide for the design of active

antenna oscillators is also very popular; see, for instance,
w x8]10 . The main advantage of this structure is that it is
uniplanar, and therefore, manufacturing becomes very inex-
pensive. Also, integration with other active devices is simpli-
fied, mainly because via holes are eliminated for the connec-

w xtions to ground 8 . In spite of the advantages of uniplanar
configurations, complex multilayered structures have also
been used for the design of active antenna oscillators. See,

w xfor instance, 11 , where a microstrip patch slot-coupled an-
w xtenna is used, or 10 , where a slot antenna and a slot loop

are used to excite a microstrip patch, broadside coupled. In
spite of all of these efforts, the investigation of new, simple,
and compact structures with better electrical performances
still remains an interesting activity.

A traditional approach for the design of active antennas is
to consider the radiating element as a resonant load
impedance of the active device. In consequence, the
impedance of the antenna is adjusted to drive the active

Ž .device usually an FET or an HEMT transistor into its
unstable region. The design is completed by adding the

w xrequired stubs for impedance matching at the input 8]10 . In
the present work, a different approach for the design of the
circuit is followed, as will be described next.

In this contribution, we have designed a simple, low-cost
active antenna oscillator in uniplanar technology. The basis
for the design is two slot antennas fed by coplanar waveguide

Ž .transmission lines see Fig. 1 , to which an active MMIC
amplifier is coupled. The main characteristic of the circuit is
that a whole MMIC amplifier is used as an active element,
and not just a single transistor as is usually done. In conse-
quence, the power transmitted by the circuit is expected to be
greater as compared to traditional designs. The first conse-
quence of doing this is that the device used as an active
element is very stable, and it is, therefore, difficult to design a
passive load which can drive it into an unstable region. Due
to this fact, the design is now carried out by considering the
whole circuit as an amplifier with a closed feedback loop,
which is used to produce the needed oscillation condition
w Ž .xsee Fig. 1 b . Following this approach, one of the two slot

Ž .antennas in Figure 1 a is actually radiating most of the
power. The second slot antenna is used to couple some of the
radiated energy back to the input of the amplifier, therefore
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Figure 1 Basic coplanar waveguide active antenna oscillator geometry investigated in this paper

closing the feedback loop needed to establish the oscillation
conditions.

The design is based on the scattering matrices of the
active amplifier, and of the passive closed-loop feedback
network. The scattering parameters of the amplifier are accu-
rately measured through a TRL calibration, while a full-wave
analysis technique is used for the calculation of the scattering
parameters of the passive feedback network. Once they are
known, the open-loop gain is computed, and oscillation is
obtained with the usual conditions of total gain greater than
1 and total phase equal to 08.

In this paper, first, the design procedure is described in
detail. Then a prototype of the design circuit is manufactured
and tested. The results are in very good agreement with the
expected performance of the circuit. In particular, a very
stable oscillation is obtained at the design frequency, with
very smooth and quasiomnidirectional radiation patterns.
Moreover, the gain of the active antenna is 3.2 dBi, which
represents a good compromise between quasiomnidirectional
patterns and good radiation efficiency.

2. DESIGN APPROACH

The active antenna oscillator investigated is presented in
Ž .Figure 1 a . It is composed of an active element which, in the

present case, is the inexpensive MMIC microwave amplifier
MGA86576, and a passive network completing a feedback
loop for the active device which, in the present design, is
formed by coplanar waveguide transmission line sections
feeding two coplanar slot antennas. The simplest equivalent
circuit that can be used to ease the design of this structure is
to consider the typical closed feedback loop network depicted

Ž .in Figure 1 b . The reduction of the complete structure in
Ž . Ž .Figure 1 a to the equivalent network in Figure 1 b is possi-

ble once the scattering parameters of both the active MMIC
Ž A. Ž F .amplifier S and the passive feedback element S are

known.
The analysis of the passive feedback network has been

accomplished with a mixed-potential integral equation

Ž .MPIE formulation using the multilayered media Green’s
w xfunctions developed in 12 , and the slot elements are treated

using equivalent magnetic currents in a similar way as ad-
w xdressed in 13 . The code developed allows us to obtain the

full scattering parameters of a passive two-port coplanar
circuit such as the one used as a feedback network in the

Ž .active antenna see Fig. 2 , and therefore, it completely
characterizes the first element of the oscillator. For our
particular design, the whole feedback network shown in Fig-
ure 2 is printed on a TMM10 substrate of high relative

Ž .permittivity « s 9.2 and thickness h s 1.91 mm. The di-r
electric substrate has been chosen relatively thick to ensure a
minimum of rigidity in the final circuit, without the need for
any additional support which might alter the electromagnetic
behavior of the structure once assembled.

The last important element in our oscillator antenna is the
active MMIC amplifier MGA86576. A fast and accurate way
to obtain the scattering parameters of this device is through
measurements, using the same configuration and biasing con-
ditions that the component will have once mounted in the
final oscillator circuit. Also, it is important to know the exact
scattering parameters at the ports of the device, eliminating
the effects of any connecting transmission line or input and
output connectors. A simple way to do this is through the use

Ž .of the so-called TRL calibration. Figure 3 a shows the cali-
Ž .bration kit in coplanar line technology, and Figure 3 b

presents the final test set where the MMIC is mounted for
final measurements. The whole manufactured setup is suit-
able for measurement of devices in coplanar technology in

Ž .the frequency band from 1 to 15 GHz. As seen in Figure 3 a ,
the calibration kit is composed of a thru line, a short-cir-
cuited line, and two coplanar waveguide transmission lines of
different lengths. These two additional transmission lines are
needed to correctly perform the calibration in two subbands
Ž .from 1 to 4 GHz and from 4 to 15 GHz , in which the whole
frequency range has been divided for improving accuracy.

The final measurement of the active MMIC amplifier has
been carried out on an HP8510C vector network analyzer,
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Figure 2 Basic geometry structure of the closed feedback loop, and the coplanar waveguide dielectric substrate used in the
implementation

Figure 3 Geometry of the calibration kit in coplanar waveguide technology used to perform the TRL calibration, and the test set
used for final measurements of the active MMIC MGA86576 amplifier
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after successful TRL calibration using the manufactured kit.
The MGA86576 is biased through its output port with a
V s 6 V dc power supply, adding a series R s 56 V resis-cc
tor, and a decoupling series inductance and parallel capaci-

Ž .tance C s 100 pF used to isolate the RF signal from the dc
circuitry.

The equivalent circuit of the whole active antenna includ-
Ž .ing the bias circuit is shown in Figure 1 b . This setup

provides the scattering parameters of the active MGA86576
measured at the connecting points of the device to the
circuit. The same connecting pads and bias elements used
during this measurement campaign will be used again in the
design of the final active antenna in order not to modify the
measured scattering parameters. Figure 4 presents the mea-
sured results, showing that about 20 dB of gain is obtained in
the vicinity of the design frequency of 3.5 GHz.

At this point, it is interesting to mention that the scatter-
ing parameters of the MGA86576 amplifier have been mea-
sured under small-signal conditions. These are, therefore, the
scattering parameters of the active device when the oscilla-
tion starts. However, once the oscillation is established, the
active device will enter into saturation, and thus, the scatter-

ing parameters are those obtained under large-signal condi-
tions, where the behavior is dominated by nonlinear interac-
tions. If a single transistor is used, then the large-signal
scattering parameters will be very different from those mea-
sured under small-signal conditions. However, for the
MGA86576 MMIC amplifier, due to an internal feedback
loop, the large-signal scattering parameters will not consider-
ably differ from those measured under small-signal condi-
tions, and in any case, they will be much more similar than in
the case of a single transistor.

Once the scattering parameters of both the active device
and the passive feedback network are known, the oscillation
condition of the system can be checked out using the stan-
dard loop gain control theory. To do so, the closed feedback
loop is first open, and then the gain of the resulting open
loop is computed. The oscillation capability of the system can
now be verified with the following two typical conditions,
namely, gain of the loop greater than 1, and phase of the loop
equal to 08.

If the closed feedback loop of the equivalent circuit shown
Ž .in Figure 1 b is open, then the resulting network contains

Ž A F .two cascaded quadripoles as depicted in Figure 5 S , S .

Figure 4 Scattering parameters of the MMIC MGA86576 as measured with the HP8510C network analyzer with TRL calibration

Figure 5 Open feedback loop equivalent network of the active antenna used for the study of the oscillation condition
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In the present work, the gain of the feedback loop has been
checked by computing the scattering parameters of the com-
plete network in Figure 5, using the transmission chain ma-
trix theory. First, the two individual scattering matrices are
converted into transmission matrices. Next, the transmission
matrices are multiplied to obtain the transmission matrix of
the whole network. As a final step, the complete transmission
matrix is transformed back to obtain the total scattering

Ž T .matrix of the ensemble S .
It is interesting to note that the oscillation conditions can

now be extracted from the total ST -parameter thus calcu-21
< T <lated. In fact, the system will oscillate only if S ) 0 dB,21

and the phase of ST is strictly equal to zero. A software code21
has been built based on these principles, to allow for an easy
optimization of the passive feedback loop until the oscillation
conditions are satisfied. The next section presents the results
of this investigation.

3. RESULTS

Using all of the tools developed in the previous section, an
Ž .active antenna oscillator as shown in Figure 1 a has been

optimized at 3.5 GHz. From Figure 4, we observe that, at this
frequency, the active MMIC amplifier exhibits a high gain of
about 20 dB. Consequently, the first oscillation condition
Ž < T < .S ) 0 dB is not very critical, and a coupling level be-21
tween the two slot antennas greater than y20 dB will suffice.
On the contrary, the condition for the phase of the ST -21
parameter is very critical, and the feedback network shown in
Figure 2 must be optimized so that the phase of the total ST

21
crosses the point of 08 at the desired oscillation frequency.

The scattering parameters of the feed network after opti-
mization are presented in Figure 6. They correspond to the
circuit shown in Figure 2 with D s 11 mm, b s 3 mm, l s 4
mm, h s 37.9 mm, and the coplanar waveguide transmission
lines feeding the slot antennas are 50 V characteristic
impedance lines, namely, w s 0.65 mm, s s 1.91 mm. As
seen, there is a maximum of coupling between the two slot
antennas around the design frequency of 3.5 GHz. The level
of coupling is of y12 dB which, in principle, is enough to
meet the first oscillation condition. The important point,

however, is shown in Figure 7, where the phase of the total
ST -parameter is presented, indicating that there is a zero21
cross of the phase at the design frequency. Figure 7 also
indicates that, at 3.5 GHz, both oscillation conditions are
satisfied since the modulus of ST is about 11 dB, and at the21
same time, the phase crosses the 08 value. Moreover, the
figure also shows that no other spurious oscillation will occur
in the band from 3 to 8 GHz. In fact, while the phase
characteristic crosses the 08 point at two other frequencies,
the gain of the loop is then lower than 1, so the oscillation
condition is not satisfied at those frequencies. The spectrum
of the active antenna is, therefore, expected to be clean, and
thus, all design steps are completed.

The designed circuit has been manufactured, and Figure 8
shows the radiated spectrum of the active antenna measured
with an HP8561E spectrum analyzer. The results indicate
that the circuit is oscillating at the expected frequency of 3.5
GHz, with a very stable and neat emitted signal. In addition,

Ž .Figure 8 b shows that there are no spurious oscillations in
the whole measured spectrum range from 100 MHz up to 6.5

Ž .GHz. Also, Figure 8 c shows the second and third harmonics
of the active antenna, indicating very good performance of
the circuit. In fact, as can be seen, the level of the second
harmonic is only y32.3 dBc, while the level of the third
harmonic is y27 dBc, and they are separated in frequency a
distance of about D f s 3.5 GHz. This measurement again
confirms that the active antenna is radiating a very clean
spectrum, with very low power levels going to higher order
harmonics.

Furthermore, Figure 9 presents the measured co- and
cross-polar components of the radiated field, in both the E-
and H-planes of the antenna. It can be observed that the
radiation patterns are smooth, and they are also very omnidi-
rectional. These radiation characteristics are very desirable in
many cellular and indoor communication systems. It is also
interesting to notice that the maximum gain of the antenna in
the E-plane occurs at about 45 and 1358. The radiation in this
plane is not, therefore, broadside. This is due to the fact that
the structure is not symmetrical in this plane, mainly because
one of the slot antennas is radiating most of the power.

Figure 6 Simulated scattering parameters of the passive feedback network shown in Figure 2 after optimization
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Figure 7 Scattering parameter ST of the total open feedback network depicted in Figure 5, showing the oscillation condition fulfilled21
at 3.5 GHz

Indeed, the other slot antenna is simply used to receive some
of the radiated energy, which is then delivered to the input
port of the amplifier, as already mentioned.

In addition, Figure 10 presents the sensitivity of the circuit
to a change in the dc bias voltage. The figure shows the
frequency shift of the transmitted signal when the dc bias
voltage is varied from the nominal 6 V initial value to 4.5 V.
The results reveal a frequency shift of about 7 MHz when the
bias voltage is changed. This is due to the fact that the
scattering parameters of the amplifier change with the ap-
plied dc voltage. The figure also shows that the power trans-
mitted decreases with the dc voltage, resulting from a reduc-
tion in the amplifier gain. This reduction in gain is not critical
to maintain the oscillation, due to the margin of 11 dB
obtained in the whole gain loop. The frequency shift, how-
ever, is mainly caused by a variation in the phase of the
scattering parameters of the amplifier. This change results in
the phase of the total ST -parameter of the complete oscilla-21
tor loop crossing the 08 point at a different frequency, there-
fore producing the observed shift in the oscillation condition
of the active antenna.

The final measured data are the gain and the power
transmitted by the active antenna oscillator. The circuit has
been placed in an anechoic chamber with the HP8561E
spectrum analyzer connected to the receiving antenna. First,
the power transmitted by the active antenna, and received by
the spectrum analyzer, is stored in memory. Then a reference
generator connected to a reference antenna is placed in the
position of the antenna oscillator, and the power of the
generator is increased until the same power level is mea-
sured. The power of the reference generator which produces
the same received signal level as the antenna oscillator is

P s 9.5 dBm. In addition, the gain of the reference an-ref
tenna, connected to the reference generator, is G s 2.1ref
dBi. With all of this information, the product gain times the
power emitted by the active oscillator can be obtained through
the relation

Ž .P G s P G 1ref ref osc osc

where P , G are the power and gain of the active antennaosc osc
oscillator, respectively. The power P can be considered toosc
be the maximum power that can be delivered by the active
MGA86576 amplifier. Measurement of this maximum power
gives a value of P s 8.4 dBm. The gain of the activeosc

Ž .antenna is then computed with Eq. 1 , obtaining G s 3.2osc
dBi. This value is a good compromise between a radiation
pattern not too directive, still keeping a good radiation effi-
ciency of the active antenna oscillator.

4. CONCLUSIONS

This paper has presented a simple active antenna oscillator in
coplanar waveguide technology, built using the inexpensive
MGA86576 MMIC amplifier, to which a passive feedback
network is coupled. The feedback network is uniplanar, and it
is composed of two coplanar waveguide transmission lines
feeding two slot antennas.

In this paper, the design procedure leading to the dimen-
sioning of the whole structure is carefully reviewed. The
method is based on extracting the scattering matrices of both
the active MMIC amplifier and the passive feedback network.
For the active device, the scattering parameters are measured
using a TRL calibration process. For the passive feedback
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Figure 8 Frequency spectrum transmitted by the manufactured active antenna oscillator

Figure 9 Measured far-field radiation patterns of the active antenna oscillator
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Figure 10 Frequency drift as a function of the dc voltage applied to
the active antenna oscillator. Voltage is varied from nominal V s 6cc
V to V s 4.5 Vcc

network, a standard MPIE technique using the multilayered
media Green’s functions is implemented.

Once the scattering matrices of both components are
obtained, the loop gain is computed by evaluating the total
scattering matrix of the open feedback loop network. A
software code has been implemented to check the oscillation
condition.

After the design process, an optimized structure has been
manufactured and tested. Results show that the active an-
tenna is correctly operating at the design frequency. More-
over, the oscillation obtained is very stable, and no spurious

Ž .signals clean spectrum are obtained. Moreover, the far-field
radiation shows clean, symmetric radiation patterns. Finally,
the power level radiated is good, and the measured gain of
the antenna is about 3.2 dBi, which represents a good com-
promise between quasiomnidirectional patterns and good ra-
diation efficiency.
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ABSTRACT: A simple feed network is introduced for a linear microstrip
array antenna. The antenna structure consists of two layers. The radiat-
ing microstrip patches are placed on the top surface of the upper layer,
while the bottom layer is used to feed the radiating elements through the
slots on the conducting microstrip line between the upper and lower
layers. The resultant array antenna is relatï ely simple, and the feed loss
can be minimized. Q 1999 John Wiley & Sons, Inc. Microwave Opt
Technol Lett 23: 25]27, 1999.
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I. INTRODUCTION

Ž . w xIn a recent paper by one of the authors Lee 1 , a simple
double-layer microstrip array antenna was introduced. The
top layer of the antenna contains radiating microstrip patches.
The bottom layer is a transmission line with slots under the
radiating patches. As the electromagnetic energy propagates
along the lower layer, part of the energy leaks at each slot,
and the far fields from the radiating patches interfere con-
structively to produce a focused beam. The device is simple
and inexpensive to fabricate. However, since the antenna
operation is based on a traveling wave, all of the remaining
energy in the transmission line after the last radiating patch
will be wasted, resulting in low antenna efficiency. This paper
introduces an array antenna that is similar to the previous
design, but that uses a standing wave to improve the antenna
efficiency.

In Section II, the design scheme is described, followed by
the theoretical and experimental results in Section III.
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