BROADBAND, LOW-NOISE ACTIVE RECEIVING MICROSTRIP ANTENNA

Wilfried Grabherr and Wolfgang Menzel
University of Ulm, Microwave Techniques,
D-89069 Ulm, Germany ‘

ABSTRACT

An active receiving microstrip antenna operating around 10 GHz
with a GaAs MESFET as active part of the antenna is presented.
With the design proposed here, low-noise active receiving antennas
with considerably improved bandwidth can be realized. Simulated
and measured results of noise figure and power gain along with the
corresponding bandwidth are given in addition to customary antenna
parameters. Possibilities for noise figure measurement with this
non-insertable device have been investigated and an alternative to
known procedures is presented. ' ‘ ' :

ZNTRODUCTION

Although microstrip antennas have found widespread applications
both as transmitting or receiving elements, only a few articles
have been published dealing with active receiving microst:ip an-
tennas /1/-/4/, all operating at frequencies well below 10 GHz.
With the antenna described in this contribution, active receiving
antenna design can be extended to higher frequencies with improved
bandwidth and noise performance.

One of the structures that is well suited to the integration of a
transistor is the aperture coupled microstrip antenna (e.g. /5/)
according to Fig. 1. It offers a number of parameters for the op-
timization, '‘and due to the shielding ground plane, the radiation
pattern is not affected by the active circuit on the backside of
the structure. By properly choosing all the parameters, broadband,
low noise receiving antenna elements can be designed, operating
with a minimum of matching circuits between passive antenna and
transistor and therefore reducing losses and overall noise figu-
re.

1785



IHEORETICAL DESCRIPTION OF THE PASSIVE ANTENNA ELEMENT

For the calculation of the radiation pattern and the input impe-
dance of the passive antenna, a morée general equivalent structure
with lateral shieldings according to Fig.2 was investigated using
the spectral domain method /8/..The complete structure is separat-
ed in two parts, coupled via magnetic currents in the slot. With
this general formulation of the problem, antennas as well as cor-
responding transitions from microstrip line to rectangular wave-
guide, proposed by the authors in /9/, can be treated. For open
structures, however, the effect of the lateral shieldings concern-
ing surface waves must be eliminated by introducing a small amount
of dielectric losses (g&,; ) in the upper region (e.g. " /10/F,
‘thereby avoiding the need for calculating the poles in the Green’s
functions. The input impedance of the structure, defined with re-
spect to a reference plane on the microstrip line, can be extract-
ed by assuming a current source (Jg) at an appropriate distance
from the slot and evaluation of the standing wave pattern on the
feedline.

RESIGN OF THE ACTIVE ANTENNA
The active antenna was optimized primarily for low noise perfor-
mance, keeping the bandwidth as high as possible.

Usually, a transistors is matched for minimum noise'via matching
networks, but this generally introduces additional losses and
bandwidth limitations. In the design presented here a'matching was
simply achieved by properly choosing all the involved impedances.
The design starts with the determination of the passive antenna
impedance required for minimum noise figure, deduced from the
transistors S- and noise parameters at the center frequency. An
appropriate antenna synthesis is perfbrmed, taking advahtage of
the free parameters inherent to the structure. Particularly, the
characteristic impedance of the feeding line was chosen equal to
the real part of the impedance required for minimum noise figure.
After a frequency-dependent analysis of the antenna structure,
bandwidth can be optimized by properly selecting the line length
between antenna feed point and transistor using a common CAD-pro-
gram. The procedure is facilitated by a proper theoretical compu-
tation of the antenna impedance, as the feeding line impedance ty-
pically differs from the 50 Q measurement system. In this way, a
considerable improvement of bandwidth is achieved compared to a
passive antenna with 50 Q microstrip feed line (16 % compared to
6%) .
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NOISE MEASUREMENT

Some possibilities were investigated to measure the noise perfor-
mance of the active antenna, represented by the noise figure of
the embedded transistor. In /3/, a method based on the principle
of the minimum detectable signal with its inherent drawbacks com-
pared to hot/cold load measurements is proposed, and in a set-up
according to /1/, the problem of amplifying and transmitting weak
noise signals arises. Another possibility therefore was applied
here for simplicity, using a modified hot/cold load procedure. In
a set-up similar to those described in /1/, /6/, a passive, impe-
dance matched reference antenna was mounted inside an anechoic
chamber and illuminated by a transmitted sinusoidal signal. By me-
asurement of the received power with a calibrated noise figure me-
ter, an equivalent "ENR" (Excess Noise Ratio) can be definéafﬂaﬁd
an a331gnment between transmitted signal power and this equiva-
lent, artificially generated ENR can be made. Subsequently, a
straightforward hot/cold load measurement can be performed with
the active device, using signal off/onvstates instead ef.hot(cold
loads.

For comparison, the methods described in /1/, /3/ were applied at
10 GHz, too, and an agreement within 0.4 dB was achieved. None of
these methods accounts for losses due to the passive antenna. This
problem could be solved. applylng a much more compllcated proce-
dure, proposed in /7/, where the antenna is operated in a hot/cold
environment with loads of known temperatures, e.g. liquid nitrogen
at the boiling p01nt (77.36 K). In this way, (passive).antenna
losses as well as the overall noise temperature of an active re-
ceiving antenna could be measured directly, but this was not done
vet. '

RESULTS

In a first step, the radiation pattern of the active antenna at
10 GHz was compared to that of the impedance-matched passive ele-
ment, Fig. 3. The patterns are nearly equal, except for the active
antenna showing an extra power gain of about 10dB. Fig. 4 shows
the frequency-dependent power gain (defined as in /6/) of the ac-
tive antenna, found by comparison with a standard gain horn. A
bandwidth of about 1.6 GHz (16 %) was achieved. Fig. 4 also shows
the measured noise figure, compared to the simulated values dedu-
ced from the data-sheet of the transistor and the measured passive
antenna impedance. Furthermore, the minimum noise figure of the
transistor is plotted as a reference. A noise figure of less than
3dB was obtained over approximately the same frequency band as the
power gain bandwidth.
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CONCLUS ION

A simple active receiving microstrip antenna element has been .de-
signed and fabricated. Compared to the corresponding passive an-
tenna, a considerable increase in bandwidth and power-gain has
been achieved, and the transistor is operated near its noise mini-
mum over the whole region of interest. Due to the passive antenna
structure chosen here, the radiation pattern is not affected by
the active circuit, and backside radiation is small. Further im-
provement of the performance can be expected by improved passive
antenna designs and, of course, implementing a superior transis-
tor.
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Fig. 2: Equivalent structure for theoretical analysis
of the passive antenna

— Mlcrostrlp Line

1789



—
o

Amplitude/dB
)
S

W
S

‘180 -120 60 O 60 120 180
Angle/degree

Fig.3: H-plane radiation pattern of the active and
passive antenna
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Fig. 4: Power gain and noise figure of the active antenna
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