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ABSTRACT

In vehicles such as e.g. cabriolets, some parts of the skin are made of plastics e.g. the trunk lid. This makes the
integration of antennas into these relatively narrow integration volumes possible. Since the radiation characteristics of a
single antenna are restricted by a variety of boundary conditions in such a narrow environment, the overall directional
characteristics of the antenna part can be optimised by using several of such very compact antenna elements and
applying an antenna diversity system.

It can be shown that the reception of such an integrated antenna diversity system leads to an excellent quality of
reception, which is much higher than the one of a single mast antenna on the vehicle. Such compact diversity antennas
in this narrow environment are possible due to an advanced concept of high impedance amplifiers which leads to a
satisfying effective antenna height even for relatively narrow antenna structures.

In this concept a good reception quality is achieved with selectable frequency dependence, which is nearly independent
of the frequency dependence of the effective length and impedance of the antenna structure while a high noise-
sensitivity and a high linearity are ensured at the same time. A powerful automatic gain control of the active antenna is
implemented as well, in order to prevent nonlinear effects.

As antenna elements for mobile FM- and TV-reception we use a novel ring structure made of copper wire, which is laid
along the edges of the trunk lid in close proximity to the metal frame around the plastic trunk lid. The antenna is excited
by an electric field which is concentrated at the edges of the metal frame as well as a magnetic field which occurs due to
the edge currents along the metal frame around the plastic trunk lid. Since the antenna structure is only placed along the
boundary of the dielectric trunk lid, there is space left inside the given area for the additional implementation of further
antenna structures as for example for AM, SDARS, GSM and remote control services.

In order to generate four independent FM-signals from antenna structures in a commonly very narrow volume of
integration for the antenna diversity, two switching elements are inserted into the ring structure, acting as electronically
controllable impedance networks. These circuit elements are used to separate the ring structure in the FM-band for the
generation of the four diversity antenna signals and additionally to separate the FM- and TV-frequency bands. In the
amplifier module of the antenna system, which also contains the integrated FM-diversity processor, the ends of the ring
structure are connected to high impedance FM-amplifiers.

This antenna system yields a simultaneous diversity function for FM and TV at the same time without mutual
interference from the FM band to the TV band and vice versa, which normally can be caused by switching activities. In
the paper the novel integrated antenna system is presented and its reception quality is evaluated in comparison to the
reception quality of state-of-the-art antenna concepts.
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INTRODUCTION

In former years cars were only equipped with an AM/FM receiving antenna usually in the form of a rod antenna. In the
last 20 years the audio quality with FM reception was improved by using FM antenna scanning diversity systems. Many
car manufactorers apply such systems with up to 4 inconspicuous active antennas for example in the rear window.
Additional vertical antenna elements in the heating area allow a performance,which is at least comparable to a rod
antenna with horizontal as well as vertical polarisation. In the last years mobile phone antennas have been consequently
installed in cars more and more in terms of small multiband antennas in order to cover the frequency range from 800
MHz up to 2,2 GHz. Patch antennas are used for navigation systems like GPS. Therefore the worldwide increase of
participants of mobile communication services forces the car manufacturers to install appropriate antenna solutions in
their cars. In order to reduce costs it is recommendable to use e.g. the rear window as an antenna carrier. In [1] such an
antenna system is described carrying 13 hidden antennas. In such a rear window there could be installed: 1 AM antenna,
4 FM antennas, 4 broadband TV antennas, 2 remote antennas and 1 GPS antenna in combination with 1 multiband
mobile phone antenna (GSM900, GSM1800, UMTS) on the rear screen close to the roof rim. But if we have to deal
with cabriolets such an antenna carrier is not available. The matter can be resolved however by using the trunk lid if it
consists out of dielectric material.

DESIGN EXAMPLE OF THE ANTENNA ARRANGEMENT

Fig. 1 shows the placement of the antennas in the
approximately horizontal part of the dielectric trunk lid.
An antenna copper wire is attached on the lower side of
the trunk lid beginning and ending at the antenna
amplifier. This ring structure is interrupted two times by
electronically controlled switches. A separate antenna
structure is used for AM-reception. In the centre of the
trunk lid a rectangular ground plane carries antennas for
frequencies above 800 MHz, e.g. mobile phone antennas
for GSM900, GSM1800, UMTS or PCS. These antennas
are available as low profile multiband antennas [2].
Further small-sized receiving antennas for terrestrial and
satellite broadcasting e.g. SDARS [3] or DAB-L-Band
can be used.  A small GPS patch antenna also is mounted
on this antenna platform.

FUNCTIONAL DESCRIPTION OF THE FM ANTENNAS

The ring structure in Fig. 1 is directed in close proximity to the metal frame around the dielectric trunk lid. This antenna
is excited by an incident electric field which is concentrated at the edges of the metal frame as well as a magnetic field
which occurs due to the edge currents along the metal frame around the plastic trunk lid. Due to this the antenna has got
a good performance for horizontal polarisation as well as for vertical polarisation. In order to get different receiving
characteristics in the FM frequency range for antenna diversity application, the ring structure is cut into three parts as
depicted in Fig.1.

Part#2 of the antenna ring is coupled mainly to the electromagnetic field which is found in the close vicinity of the left
rear fender. Part#1 is mainly excited by the field which is concentrated near the rear
parcel shelf. Besides these 2 FM antennas a third antenna signal is formed from the
difference of these antenna signals creating a dipole antenna. If the switches #1 and
#2 are closed, the complete ring structure serves as 4-th FM antenna.

The switch itself consists of an electronically controlled PIN diode switch (Fig. 2). In
order to get a DC bypass, a choke is shunt to a FM series resonance circuit in order to
decouple the ring structure for FM usage from the usage of part#1 and #2 for TV
diversity reception.

Fig.1: Design example of the applied antenna arrange-
          ment in the trunk lid made out of plastics

Fig. 2: Frequency-selective,
electronically controlled
switch in the ring structure
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ANTENNA AMPLIFIER CONCEPT WITH HIGH INPUT IMPEDANCE

Brief schematic description

A new concept of an antenna amplifier is used in this application. In Fig. 3 the applied circuitry is displayed, which
shows two FM antenna amplifiers with GaAs-FETs as input stages. These transistors have got a high input impedance
and therefore the antenna structures carry only a small current reducing the coupling between the different FM antenna
parts which results in an increasing diversity effectiveness, which is explained later. Each of the FETs is followed by a
passive lossless network to adjust the required amplifier gain (typical 6-8 dB). Due to the T-structure of this network
with a bandpass filter characteristic in the FM band, a high reverse feedback impedance can be realised in order to
reduce intermodulation distortion effects. The following bipolar transistor decouples the load from the filter network.
The switching network in Fig. 3 at the output of the bipolar transistor is controlled by the diversity processor which
chooses the less distorted antenna signal
and feeds it to the FM receiver. The
antenna amplifier can be provided with
an automatic gain control before or after
the GaAs-FET. If the AGC is applied in
front of the FETs it is important to
ensure a high impedance input in order
not to reduce the diversity effectiveness
in case of  RF signal attenuation at the
input stage.

Measured FM antenna levels

Fig. 4 shows the measured antenna level
of the 4 FM antennas within the FM
frequency range for Europa and USA.
Hereby the car is positioned on a
turntable and the receiving patterns are
measured as a function of frequency.
Then the mean value is calculated over a
full turn for each spot frequency. This
value is then referred to the mean value
of a 90 cm long rod antenna mounted on
the front fender. This value is indicated with “0 dB” in Fig. 4. For all FM antennas the mean level over the FM band is
higher than with the rod for horizontal polarisation.

Diversity effectiveness in the FM band

In order to characterize the improvement of mobile FM
reception, the diversity effectiveness is defined [1]. The
diversity effectiveness “n” shows the reduction of
distortions with a scanning antenna diversity system in
comparison to the distortions received with a single
antenna. n is determined by computer simulated test drives
using the measured complex antenna patterns for different
multipath scenarios. The diversity effectiveness is
expressed by n=1+na with na being the equivalent number
of fictitious virtual additional antennas being available.
With n=2.5 the probability of distortions is reduced by the
power of na=1.5 compared to the received distortions with a
single antenna. In order to illustrate this, the following

example is described: During a test drive in which a single antenna is distorted during 10% of the driven time, the total
distortion time is reduced to 0.3% with such a FM antenna diversity system. This value is comparable to the value
which is obtained with an antenna diversity system implemented in a mid size rear window.

Fig.3: Basic circuitry of the applied FM/TV amplifier

Fig. 4: Measured antenna levels for the applied FM an-
tenna structures for horizontal polarization in reference
to a  90 cm rod antenna
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Advantages of the new antenna amplifier concept

This new antenna amplifier concept shows the following advantages. The noise figure (NF) of such an amplifier as
displayed in Fig. 3 is mainly determined by the DC current in the GaAs-Fet and there is no noise matching network in
front of the first transistor existing as it is necessary in case of bipolar transistors in order to get Zopt for a minimum
noise figure. Furthermore the NF is approximately independent from the imaginary part of the antenna impedance. The
only restriction is given by the ambient noise temperature in the FM range and therefore the real part of the antenna
impedance should be higher than 10 Ohms.

The intermodulation behaviour with an AGC in front of the GaAsFET leads to a 3rd order intermodulation suppression
of more than 65 dB with amplifier input levels up to 130 dBµV. The AGC can be realised in such a way that the high
input impedance is maintained in the total input level range.

AM- AND TV-ANTENNAS AND FURTHER COMMUNICATION ANTENNAS

Obviously the ring structure can serve as an excellent passive AM receiving antenna. But then the DC biasing for the
switches in the ring structure has to be of high impedance in the AM frequency band. Thus it is recommendable to use a
separate antenna structure for AM reception in combination with a common sourcefollower as AM input stage. The AM
reception performance is comparable to a standard whip antenna.

Part #1 and #2 are used simultaneously for FM and TV reception. Due to the fact that most FM switching occurs behind
the FM amplifier and the FM switching in the ring structure is frequency-selective, no mutual disturbance takes place
with simultaneous FM and TV diversity reception. In the VHF- and UHF frequency bands the antenna levels are
typically 10 dB higher than the received levels with rod antennas, which are tuned to the midfrequency of the VHF or
UHF band.

As described above, many communication and broadcasting services above 800 MHz require in this application low
profile antennas with a maximum height of  2 cm. These antennas are available and installed already in many cars.

INFLUENCES OF WIRING HARNESS AND TRUNK LOADING

The loading in the trunk with metal cases is only disadvantegous if the cases are very close to the trunk lid. It is
recommended that the wiring harness should be very close to the metal frame surrounding trunk lid otherwise the
harness wiring will act as an antenna and will impair the antenna ring structure.

CONCLUSION

In vehicles such as e.g. cabriolets some parts of the car body are made out of plastics, e.g. the trunk lid. But usually the
area of the trunk lid is reduced because a greater part of the rear trunk is used as storage space for the convertible top.
Therefore only a small area of the dielectric trunk lid is available for the integration of antennas. In spite of this
restriction a complete 4 FM antenna diversity system could be implemented using only one antenna amplifier
component with a performance comparable to FM-systems in a great rear window. Two of the 4 FM antenna structures
serve simultaneously as  broadband TV antennas for analogue or digital TV reception. An additional antenna structure
for AM reception could be placed into this relatively narrow integration volume, too. Last but not least all relevant
communication antennas for GSM, PCS, UMTS, GPS and Digital Radio like SDARS and DAB-L-Band can be
integrated in the same area without degradation of AM/FM/TV-reception for such a trunk lid.
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