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Abstract

An FET tmrsistor anda Schottkybarriermixerdiode have
been integrated within an inverted patch antenna for transceiver

applications. Preliminary tm.tits exhibit a 5.5 dB isotropic

mixer conversion loss at 6 GHz for an intermediate frequency of
200 MHz with the FET serving as both the transmitter and the
local oscillator at 5.8 GHz. The low cost, compact circuit
should be useful for communication,
applications.

sensors, and radar

L Introduction

Integrated and active integrated antennas receive a great

deal of attention because they can reduce the size, weight and
cost of many transmit and teceive systems. Passive and active
solid-state &vices can k integrated with antennas to provide
various functions. This paper describes the novel integration of
an FET and a mixer diode on the surface of an inverted patch
antenna. The FET is configured within the inverted patch

structure to oscillate at C-band. The oscillator acts as a

transmitter and it also couples a portion of the power to the

mixer as a local oscillator. The optimal position for placing the

mixer diode on the patch is determined. A Schottky barrier

diode is placed within the antenna cavity and it receives a

portion of the oscillator power that mixes with an incoming RF

si~’al. For a 5.8 GHz LO and a 6 GHz incoming RF signal, the
200 MHz IF exhibits 5.5 dB isotropic conversion 10SS(Lti).
Very good antema patterns were obtained. This system differs

from ,,dtose presented in [1-3], because the mixer and the
oscillator are mounted directly onto the patch antenna, reducing

the need for interconnect lines. ‘Ilk structure can b used for

many applications such as wireless communications, sensors
and radar systems. A two way communications system using
these transceivers was demonstrated.

The

ground

II. Circuit D~ign and Optimization

inverted srnpline patch configuration removes the
plane from the substrate backside and inverts the

conductor over a ground plane support. The electromagnetic
fields are primarily concentrated in the air between the patch

and the ground plane providktg a lower effective dielectric
constant(e,fl ), a longer guided wavelength and higher

characteristic impedance over a comparable line width in

microstrip. ‘Ilte inverted patch uses a circular enclostste to
isolate the antenna element and choke out possible surface
modes which may occur. The resulting trapped inverted

microstrip geometry is a subset of the mom general stripline-

type transmission lines, hence the name [4], inverted srnpline
arttenna(ISA),

Figure 1 shows the FET and mixer integrated with the

inverted stripline antenna. For the integrated antenna, the
introduction of several DC blocks for biasing dramatically

changes the performance with respect to the original circular
patch. Gaps are etched to isolate the source, gate and drain for
DC biasing. Chip capacitors were used to provide some RF
continuity bemveen the two halves of the patch. DC bias is
achieved with voltage across the drain-to-gate(VM) and a 2 Q
chip resistor from the source to the gate. A similar integrated

antenna with only art FET device [5] has previously

demonstrated good oscillation and excellent radiation

performance. Due to the physical considerations for placing the

mixer diode onto the patch, the cavi~ depth had to be changed.

This resulted in a gain of 6 dB which is lower than the value

reported in [5].
The best possible position for the mixer diode was

&tetrnined by trying to obtain a good impedance match

between the diode and the patch at a location where there is
sufficient LO power. When the diode is placed at a location
where there is sut%cientLO power, the diode wilf be positively

biased due to the rectifkd DC current from the LO source. The

selative ttxeived power as a function of position can be
approximated by measuring the rectified DC voltage that results

from power applied from an external source while the FET is
turned Off. This is plotted as a function of position in Figure 2.
It was determined that the FET produced sufficient LO power
for any practical position for the diode. This is shown in Figure

3 along with the measured IF power plotted as a function of
m

11
position. The finaf position was a compromise between the
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impedance matching, relative received power, and the physical
constraints of mounting the diode. The position was also
chosen so that the active antenna radiating pattern was not

adversely affected. The optimized position was determined to
be 8 mm from the center of the patch on the gate side of the
bias cut, as shown in Figure 1. A low pass filter was designed
and placed behind the cavity to filter out the LO and RF signals.

III. Circuit Performance

The FET transistor used is an NEC-76184AS. The bias
(Vm) is set between 3 and 5 Volts with a typical drain current

of 40 MA. Bias tuning range is approximately 2,2 70 at 5.84
GHz. The transceiver showed an isotropic conversion loss of
5.5 dB with a 200 MHz IF using the method presented in [6].
The LO operated at 5.8 GHz and the RF input was 6 GHz. The
antenna has a gain of 6 dB resulting in an approximate
conversion loss for the mixer of 11.5 dB.

The transmit radiation patterns are similar to previous

results for a passive inverted shipline antenna given in [7]. The
half-power beamwidths and cross polarization level(CPL) for
the trammitter H-plane pattern are 67° and 18.8 dB,
respectively. The H-plane pattern is shown in figure 4. Figure
5 shows the E-plane pattern. The half-power beamwidths and
CPL for the transmitter E-plane pattern are 49.3° and 18 dB,
respectively.

IV. Two Way Communications

A two-way communications system consisting of two

integrated active patch antenna transceivers is shown in Figure

6. Each transceiver can be used to ~ansmit and receive, The

receive pattern is perpendicuk to the transmit pattern for LO

to RF isolation. One antenna can be rotated 90° with respect to
the other, thus causing the tmmsmit polarization for one

transceiver to be equal to the receive polarization of the other
transceiver. This allows for the polarization of a signal
propagating in one direction to be perpendicular to a signal

propagating in the opposite direction, The maximum distance
that the two transceivers can be separated was found to be 4.8
Km for a bandwidth of 6 MHz using the Fnis transmission
equation. The minimum detectable signal was determined using
the method described in [8]. The noise figure for the system is
approximated to be equaJ to the conversion loss for the mixer.

V.Concluaiona

An integrated active antenna tmmsceiver has been designed
and successfully demonstrated as a two-way communication

system. The active components were placed directly onto the
patch antenna without compromising radiation performance.
The circuit operates well with low conversion loss and low

cross polarization level. The circuit is well suited for

commercial and military applications.
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Fig. 1. Complete active integrated antenna transceiver (a) top view (b) side view,
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Fig. 2. Rectifkd DC voltage measared parallel to the bias cut.

Fig. 4. H-Plane pattern with the mixer diode in place, The cross
polarization level = -18,84 dB and the HPBW = 67.0°.
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Fig. 3. Available LO power and measured IF power vs position.

Fig. .5.E-Plane pattern with the mixer diode in place. The cross

polarization level = -17.99 dB and the HPBW = 49,3”.
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Fig. 6. Two-way radio using active antennas (a) configurations (b) block diagram.
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