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Abstract—A concealed vehicular carbon fiber reinforced poly-
mer (CFRP) cavity in the roof which contains antennas is
proposed, prototyped and measured. Compared to state of the
art roof mounted shark-fin modules this offers significantly more
room for antennas and radio frequency hardware, thus enabling
a smooth transition of vehicular connectivity towards 5G. Three
antennas were prototyped and embedded in the cavity: Two
laser direct structured (LDS) antennas (inverted-F antenna for
2 GHz, monopole for 5.9 GHz), as well as a broadband conical
monopole antenna milled from brass that characterizes the
feasible frequency range from 2 to 6 GHz by measurement. It
is shown that near-omnidirectional radiation from the concealed
automotive antenna cavity is achievable.

Index Terms—CFRP, antennas, concealed, hidden, automotive

I. INTRODUCTION

ITHIN the next decade our perception of cars will

change tremendously. The image of a moving com-
bustion engine is already fading and a trend towards electric,
computerized vehicles that move cooperatively is evident. The
car of the future is aware of its environment and actively
protects its passengers and surroundings from harm, all while
connecting its users and itself to the information networks
around it.

To enable the reliability, low latency and high data rates, the
wireless communication systems of vehicles are expected to
grow further. The amount and diversity of antennas mounted
on vehicles will certainly increase. Roof mounted automotive
modules now include antennas for satellite navigation, mobile
telephony and internet access, terrestrial and satellite radio,
remote keyless entry, wireless LAN, vehicle-to-vehicle and
vehicle-to-infrastructure communication, with antenna diver-
sity deployed to increase reliability and throughput where
necessary [1]-[3].

In roof mounted automotive antenna modules antennas are
confined within a limited space. Module size is limited by
their negative influence on the vehicles’ drag coefficient and
aesthetics. Radio frequency hardware is often connected with
coaxial cables routed from the car roof, as automotive antenna
modules only contain the antennas and matching networks.

Several concealed antenna positions have been previously
proposed, with extensive contributions from Langley et al.
[4]. Previously proposed hidden module locations include:
bumpers [4], an aperture in the rear end of the roof for FM
radio [5], spoilers [6], side and rear-view mirrors [7], [8], a
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Fig. 1: Exemplary location of the chassis antenna cavity on a
car roof. All dimensions in millimeter.

tiny cavity on the roof only for SDARS [9] and many others.
However, finding a concealed antenna mounting position, that
does not influence the cars drag coefficient, while offering
enough space for most automotive antennas without impairing
their radiation patterns is a challenging task.

In this letter a cavity for vehicular antennas is presented. The
cavity is designed for seamless industrial mass production as
part of a carbon fiber reinforced polymer (CFRP) chassis. It
can be integrated into the car roof, as is depicted in Figure 1.
With a volume content of about 3dm? the cavity offers
significantly more space than contemporary roof mounted
automotive antenna modules. Currently the largest commer-
cially used automotive roof module [1] offers approximately
0.2dm?. The antennas are concealed inside the cavity, the
cavity does not influence the drag coefficient of the vehicle and
due to its large dimensions antennas can be further separated.
Its size allows to move radio frequency hardware close to
the antennas, eliminating the requirement to route (expensive)
coaxial cables from the car roof. Like roof modules, the
cavity volume is dedicated antenna space, so that antennas
can be developed independent from other automotive assembly
groups. A prototype was manufactured from CFRP and is
presented in Section II. The feasibility of omnidirectional
radiation from the rectangular cavity and radiation in the
horizontal plane from a position below the roof is discussed in
Section III with an inverted-F antenna and a monopole antenna
for current generation mobile communication and vehicle to
anything (V2X) communication respectively. Measurements of
the antennas inside the cavity are discussed in Section IV.

II. INTEGRATED VEHICLE CHASSIS ANTENNA CAVITY

The proposed antenna cavity can be integrated into the
chassis of a vehicle. For mass production the rectangular
cavity, which contains an antenna module, is to be in-
cluded into the chassis by the vehicle manufacturer. A man-
ufactured cavity prototype has outer dimensions of about
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(a) Monopole antenna for 5.9 GHz.

(b) Inverted-F antenna for 2 GHz.

(c) Broadband conical monopole antenna.

Fig. 2: Dimensions of the antenna prototypes measured inside the chassis antenna cavity. All dimensions in millimeter.

570 mmx 220 mm x40 mm with inclined cavity walls. To pro-
tect the antennas placed in the cavity, it would typically be
covered with a non-conductive material such as a polymer
or glass. The proposed cavity is shallow enough to fit into
a car roof and short enough to fit alongside a panorama roof
window. An exemplary mounting as part of a car roof is shown
in Figure 1.

It is expected that usage of CFRP as chassis material in car
production will further increase. The feasibility for lightweight
construction of the cavity as part of a vehicle chassis made
from a fiber-reinforced composite is investigated. A prototype
was manufactured with the autoclave method from plain weave
CFRP prepreg stacked as [(0/90)4]. Mass production with a
different method is certainly possible. The cavity is located in
the center of a 1 mx1m sheet. The edges around the cavity
were reinforced with unidirectional fiber strands.

Like zinc coated steel roofs before, CFRP can be used
as ground plane material for antennas. At frequencies in the
gigahertz range the radiation efficiency of antennas on CFRP
is expected to be a bit less than on a metal ground plane. In
this frequency range the influence of the CFRP anisotropy on
radiation patterns is negligible, both for small ground planes
[10] and whole car roofs [11]. It is expected that the vehicles’
geometry and materials will influence the antennas inside
the chassis cavity similarly to the conventional roof-mounted
antennas; however, this should be studied in the future work.

III. OMNIDIRECTIONAL ANTENNAS INSIDE THE CAVITY

Insertion of directional antennas facing towards zenith into
a cavity is straightforward. An antenna for satellite digital
audio radio services (SDARS) and global positioning system
(GPS) inside a 40 mm x 40 mm x 10 mm cavity was presented
in [9]. To show the feasibility of omnidirectional radiation
patterns with standard antennas, an inverted-F antenna (IFA)
and a quarter wavelength monopole antenna are investigated
inside the cavity. The cavity is designed to be usable in a
wide frequency range, as is demonstrated by measurements of
a broadband conical monopole antenna.

The IFA and the quarter wavelength monopole antenna are
manufactured with laser direct structuring (LDS), a production
process for molded interconnect devices (MID). The LDS
monopole antenna and the possibility to improve radiation
efficiency of antennas on CFRP with a superimposed LDS

Fig. 3: Inverted-F antenna for 2 GHz inside the CFRP antenna
cavity prototype.

layer are discussed in [12]. The LDS process allows the
manufacturing of volumetric and conformal antennas and it’s
suited for mass production. Recently LDS was applied to
build MID automotive antennas in [13]-[15]. The substrate
material Xantar LDS3720 (PC/ABS) contains an additive that
is activated by laser in desired areas. Activated areas are
plated in currentless metal baths. The plating of the presented
prototypes are layers of copper, nickel and gold, with a layer
thickness of about 6 —8 ym, 5—7 um and 0.1 um respectively.
Material properties of the substrate material for simulation
were taken from [16].

The quarter wavelength monopole antenna radiates at
5.9GHz, a frequency band which is reserved for intelligent
transportation systems. The LDS monopole antenna and its
dimensions are depicted in Figure 2a. The inverted-F antenna
(IFA) radiates at 2 GHz. The LDS IFA and its dimensions
are depicted in Figure 2b. The conical monopole antenna is
a standard design dimensioned according to [17]. The cone
is milled from brass, a photograph of the antenna inside the
cavity with added dimensions is shown in Figure 2c.

As the contacting of CFRP is still an open issue and the
sheet is too thin to be threaded, all antennas are measured on
a 150 mmx 150 mm aluminum ground plane which was placed
on the cavity floor (see Figure 3). Coaxial cables for measure-
ment are attached with SMA flanges. The inner conductors of
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the SMA connectors are soldered to the antennas. For the IFA
conductive epoxy was used as the heat deflection temperature
of the substrate is around 100°C and the metalized layers
start to separate from the substrate at soldering temperatures.
The inverted-F antenna on the aluminium sheet inside the
manufactured CFRP prototype is depicted in Figure 3.

IV. MEASUREMENT RESULTS

Near field measurements were performed in the institute’s
anechoic chamber, gain patterns were obtained with a near-
to-far-field transformation. During measurements, a single
antenna under test (AUT) is placed in the center of the cavity.
All measurements are carried out without covering the cavity.
Measured return losses of the antennas inside the cavity are
depicted in Figure 4. Measurement of the conical monopole
antenna show, that the cavity is usable in a wide frequency
range. As comparison the cone is measured on a circular
aluminium ground plane with a diameter of 300 mm. The
return losses of the two cone measurements are in good
agreement, the influence of the chassis cavity on the return
loss is small.

Vertical cuts of the measured gain patterns are depicted
in Figures 5 and 6. Figure 5 shows the cut along the short
dimension of the cavity. If the antenna cavity is mounted on
a vehicle according to Figure 1, then ¢ = 0° will coincide
with the driving direction. The lengthwise cut is depicted in
Figure 6, this might coincide with the left and right side of a
vehicle. Both antennas have near-omnidirectional patterns. A
zero at zenith is expected in the radiation pattern of monopole
antennas, the cavity creates additional zeros near zenith. Note
that for directional antennas embedded into roof cavities facing
zenith (such as satellite navigation or satellite radio) this is
not an issue [9]. Although the antennas are placed in a recess
below the 1 mx1m CFRP sheet, near-omnidirectional radia-
tion patterns are achieved in the horizontal plane (Figure 7).
The gain in the horizontal plane varies between —7.5dBi
and —1.5dBi. At 5.9 GHz the gain pattern has ripples of
about 3dB in direction of the cavity corners. The IFA has
omnidirectional radiation for polar angles between 15° and
90° — omnidirectional radiation for mobile communications
(3G, 4G) is achievable. Both monopole antennas shows good
radiation at 5.9 GHz for polar angles between 45° and 90°, an
angular range that is necessary for V2X communication with
other road users and roadside units. No zeros are caused in
this region by the cavity, which is important for reliable V2X
communication at 5.9 GHz [18].

V. CONCLUSION

Key characteristics of a concealed antenna cavity for in-
tegration into the vehicle chassis are discussed. Feasibility
for future vehicles with CFRP chassis is demonstrated by
building a prototype. The cavity offers much more space than
contemporary vehicular antenna modules and can house all
the antennas for future automotive communication systems.
It retains advantages of roof mounted antennas (uniform
reception, a large ground plane, isolation to passengers and
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Fig. 4: |S11| of the inverted-F antenna and the monopole
antenna inside the cavity.
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Fig. 5: Measured gain patterns of the IFA at 2GHz and the
monopole antenna at 5.9 GHz inside the cavity, vertical cut for
@ =0°.

electronics) in contrast to other concealed mounting positions
on vehicles such as windows, roof spoilers, bumpers or pillars.

Radiation in the horizontal plane is feasible, even when
antennas are embedded below the roof surface - a prerequisite
for cooperative intelligent transport services based on vehicle-
to-vehicle communication. Measurements of an inverted-F
antenna and a monopole antenna show near-omnidirectional
radiation characteristics (variation by 4 dB). The purpose of
these measurements is to show performance of standard anten-
nas in such a cavity. Overall, the new mounting option offers
both the space and the design freedom required to develop
future vehicular antennas.
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Fig. 6: Measured gain patterns of the IFA at 2GHz and the
monopole antenna at 5.9 GHz inside the cavity, vertical cut for
@ =90°.
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Fig. 7: Measured gain patterns of the IFA at 2GHz and the
monopole antenna at 5.9 GHz inside the cavity, horizontal cut
for 6 = 90°.
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