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Abstract— The use of carbon-fiber tissue as a replacement for metal radiating
element has been investigated to fabricate microwave antennas embedded in
composite material panels. A single ply of a dry carbon-fiber tisatle a
0.15Q/sq sheet resistance value and a square shape (50 mm x 50 mm) acts as
the radiating element. It has been embedded inside the glass-fiberyastgro

resin composite laminate by using the infusion technique. Thasumed
radiofrequency characteristics of the pure composite antenna are presented,
discussed and compared to those of a reference counterpart, made from a plain
metal sheet. The pure composite antenna exhibits a measured gainaikietl

to that of the reference antenna up to 2.1 GHz.

Keywords— Composite materials; Carbon; Monopole antennas; Antenna
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1. INTRODUCTION

Metals (copperaluminum,...) are commonly used as radiating elements of
antennas. Nevertheless, the cost, the fabrication procedure, the weight or the
corrosion resistance can limit their applications. Recent studies havetpdesen
various conductive composite materials as a replacement for metals [1-3]. A
patch antenna has been fabricated from a conducting-polymer or fipm a
textile coated with carbon nanotubes (CNTs) and gold in [2]. Inkjetig can
be applied to make high conductive material for planar antenna applicgijons
Theoretical results of a Bow-Tie antenna obtained by numerical sirmdadind
designed with braided-tissue of carbon-fibers or reinforced long carbers-fi
have been presented for RFID systems inAANire monopole antenna made of
16 plies of carbon-fiber reinforced polymer has been fabricated and
characterized in [5]At the same time, conductive composite panels can act as
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ground plane for radiating structures (the carbon-fiber reinforced polymer has
been investigated in [6, 7]), or for electromagnetic shielding in voéw
electromagnetic compatibility applications B8.

In recent years, structurally integrated antennas are growing of interest, as
the attachment of conventional antennas at the surface of composite panels
impacts their structural integrity. For example, smart-skin phased arrayanten
systems made out of honeycomb sandwich structure have been developed
specially in [LQ] for aircraft applications.

In this letter, we investigat¢he design and the fabrication of a pure
composite antenna using a single square carbon-fiber tissthe asdiating
element. For this purpose, a simple shape, namplgnar lozenge monopole
antenna, has been studidd the first part, the carbon-fiber tissue and the
composite laminate are characterized. Then, the antenna design and the
fabrication process are described. Last, the experimental results sugtugs i
impedance, Voltage Standing Wave Ratio (VSWR), radiation pattern, gain and
efficiency of the pure composite antenna are compared with those of a reference
counterpart (for which the radiating element is a plain copper sheet) at
microwaves.

2. COMPOSITEMATERIAL CHARACTERISTICS

Carbon-fiber tissues are commonly used in the field of advanced
composites engineering, mainly for their mechanical properties (highgsh
and light-weight). However, their use for microwave applications remaimg fai
low [4-10]. In this section, we present the electrical characterization of a dry
carbon-fiber tissue in view of antenna application. The dielectric
characterization of the composite panel, in which the carbon radiating ¢lemen
Is embedded, is also detailed.

2.1. Electrical propertiesof thedry carbon-fiber tissue

Electrical characteristics of the carbon-fiber tissues depend on, (i) the
guality of the carbon filaments, (ii) the number of carbon filaments per b
strand (value oK, with 1K is 1000 filaments), (iii) the weave of the tissue. We
select for this study a 2/2 woven tissue with 12000 filam€hiesK) and a
grammage of 38§/nt. These specifications ensure strong mechanical and
valuable electrical propertie®C electrical characteristics of the carbon-fiber
tissue and of the copper sheet (which stands as the reference) are provided in
Table 1. Sheet resistandeshave been checked with a 4-probeget-

As expected, the sheet resistance of the carbon-fiber tissue is larger than
that of the copper sheet. But its value remains satisfactory (lowei €q)
in view of microwave applications. Electrical conductivaty of both samples



has been computed from the formula relatidgo,. and the thicknessof the
sheet under tesR{= 1/ o, t).

Table 1. Electrical characteristics of the carbon-fiber tissue and the copper
sheet at room temperature.

Dry carbon-fibel
tissue
Thicknesd 370 um 68 um
Sheet resistand®, | 0.15Q/sq | 2.5x10% Q/sq

Electrical 18x10° S/m | 5.9x10° S/m
conductivityopc

Measured values Copper shee

It is worth noting that qualitativeAC electrical characteristics and
conductivity values at microwaves of carbon-fiber reinforced polymers are
accessible through other methods [5-6, 11]. The value of the contucti
measuredn DC mode 6..= 18x10 S/m) is consistent with the values provided
in AC mode in the literatures,. = 51x10 S/m at 980 MHzn [5] and g, =
10x1G S/m at 8 GH4n [6]. For reference, the conductivity of pure graphite is
Ogapnie= 1.2%10 S/m [5, 11].

2.2. Dielectric propertiesof the composite material

The dielectric characteristics of the composite laminate (E-glass-fiber
tissues infused with polyester resin) have been performed by the stub
perturbation technique [12]. The relative permittivity) @nd the loss tangent
(tan 9) are respectively equal to 4.5 and 0.01 at 1 GHz. These data are required
to design the antenna.

3. ANTENNA DESIGNAND FABRICATION

3.1. Antennadesign

The design is a single lozenge monopole antenna [13] with a radiati
square element (50 mm x 50 mm, Figures la and 1b) embedded in the
composite laminate characterized in the previous section. To get cldse to
printed antenna technology, one single ply of the dry carbon-fisgmetiand
one sheet of copper have been used for the pure composite antenna and the
reference counterpart, respectively. Hence the ohmic resistance of the radiating
element is equal tB;.
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Figure 1. Lozenge monopole antenna: (a) front-view; (b) side-view.

3.2. Fabrication process

The two planar lozenge monopole antennas (carbon-fiber and copper
counterpart) have been fabricated by the infusion process. The radiating element
Is cut to the required size in the dry carbon-fiber tissue and icofhyeer sheet
respectively. Four plies of E-glass-fiber tissue are placed on bothdidles
radiating element and infused under vacuum with a liquid polyesiar(msh
2% by weight of catalyst). The polymerization reaction is complete after 4 hours
at room temperature and the samples are then suitable for release wisteut po
bake (Figures 2a and 2b).

Figure 2. Pictures of the lozenge monopole antennas: (a) Copper radiating
element embedded inside composite lamifi@krenceantenna); (b) Carbon-
fiber radiating element (one ply) embedded inside composite laminate.



4. MICROWAVE PERFORMANCE

The input impedangévoltage Standing Wave Ratio (VSWRpediation
pattern gain and efficiency of both antennas have been measured or computed
compared and discussed.

Antennas are placed perpendicularly above a square metal ground plane
(300 mm x 300 mm) and fed at the corner through a SMA connector (Figures l1a
and 1b). Microwave measuremeatg performed in a SATIMO SG32 anechoic
chamber. The near-field chamber is equipped with a network of 31 bysalari
receiving antennas placed on an arch (circle-shaped arrangement) with a 1.5 m
internal-diameter. Each receiving antenna is a cross-shaped sensor stnsitive
two orthogonal polarizations of the tangential radiated electromagnelic fi
The operating frequency ranges from 600 MHz to 6 GHz. The integrattbe of
radiation pattern provides the directivity of the antenna underTtestratio of
gain to directivity gives the antenna efficiency.

Figure 3. Measured input impedances (from 25 MHz to 3 GHz) of the carbon-
fiber monopole antenna (grey dotted line) and of the copper counterpart (black
solid line).
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Figure 4. Measured Voltage Standing Wave Ratios (VSWR) (from 25 MHz to
3 GHz) of the carbon-fiber monopole antenna (grey dashed line) and of the
copper counterpart (black solid line).

Figure 5. Measured radiation patterns in E-plane at 2.1 GHz of the carbon-
fiber monopole antenna (grey dashed line) and of the copper counterpart (black
solid line).
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Figure 6. Maximum measured gains (from 600 MHz to 3 GHz) of the carbon-
fiber monopole antenna (grey dashed line) and of the copper counterpart (black
solid line).

Below 2.1 GHz, the input impedance and the VSWR of both antennas are
alike. The corresponding curves overlap, as seen in Figure 3 and FijNot= 4
that both VSWRs remain lower than 3 starting fr@d@0 MHz. The input
iImpedances matchivalue close to 11 Q at the first resonance: 610 MHz for the
carbon-fiber monopole antenna and 640 MHz for the copper counterpart. The
slight difference comes from the material conductivity and the thickofetbe
respective radiating elements (Table The measured radiation patterns of the
carbon-fiber monopole antenna and the reference counterpart also overlap well
(Figure 5). As expected, they are similar to that of a conventional mienopo
antenna mounted on a finite ground plane reflector. The maximum measured
gains of both antennas are also very close (Figure 6). The larger value of th
carbon sheet resistance has then a weak effect at lower frequencies. It is worth
noting that the computed skin depths of the carbon-fiber ane alojper sheet
artennas are equal to 153.1 um and 2.7 um at 600 MHz, respectively. These
computed values also confirm the lack of loss due to the skin depth effect.

Above 2.1 GHz, the input impedance of the pure composite antenna shows
a capacitive effect compared with that of the copper antenna. This behavior,
comes from the difference of thickness of the conductive elements (Table 1). A
difference on gain values (~1 dBi) is checked. At higher frequencies, the carbon
material becomes lossy. Nevertheless, the pure composite antenna peovides
maximum measured gain of 5.7 dBi at 2.3 GHz (6.7 dBi for the reference
counterpart). The gains tend towards typical values of a conventiomaipole
antenna mounted on a finite ground plane reflector (300 mm x 300 hen), t



responsible of back radiations (as seen in Figure 5). The low valuadsare
explained by the level of input impedances which leads to mateh Tas
complete these results, we underline that the mean radiation efficiency between
1 GHz and 2 GHz is close to 85% for the pure composite antennegauitks

90% for the reference counterpart. Above, it reaches 70% and 80%,
respectively. These data confirm the relevance of the carbon-fiber tissue acting
as a radiating element for antenna applications at microwaves.

5. CONCLUSION

The use of carbon-fiber tissue asradiating element for microwave
antennas has been investigated. For this purpose, a planar lozenge dabon-fi
radiating element embedded inside a composite laminate has been considered
The radiofrequency performance of the pure composite antenna has been
comparedup to 3 GHz with that of a reference antenna (using a plain metal
sheet as the radiating element). Both samples have been fabricated by the
infusion technique. Measurements of input impedances, VSWRs, gains and
efficiencies demonstrate the relevance of the carbon-fiber tissue acting for
antenna applications L andS bands.

Besides, the carbon-fiber tissue ensures the strong impregnation of the
resin in order to produce a solid composite laminate while metal atiseds a
default and weakening it mechanically. This pure composite antenna hakes
usable for a lot of applications where light-weight, corrosion resisfasmart
skins and low profile antennas are neededh as planar antennas integrated
aircraft wings.
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