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Textile UWB Antennas for Wireless Body Area
Networks

Maciej Klemm, Member, IEEE, and Gerhard Troester, Senior Member, IEEE

Abstract—A new ultrawideband (UWB) textile antenna de-
signed for UWB wireless body area network (WBAN) applications
is presented. Unlike previous textile antennas, these antennas offer
a direct integration into clothing due to a very small thickness
(0.5 mm) and flexibility. We have realized two different designs
of textile antennas: coplanar waveguide fed printed UWB disc
monopole and UWB annular slot antenna. To our knowledge,
these are the first textile UWB antennas reported in the open liter-
ature. Measured return loss and radiation pattern characteristics
of textile UWB antennas agree well with simulations. Moreover,
measured transfer functions show that these textile antennas
possess excellent transient characteristics, when operating in
free space as well as on the human body. They can operate in
the entire UWB band approved by the Federal Communications
Commission (3.1-10.6 GHz).

Index Terms—Body area networks, textile antennas, ultrawide-
band (UWB).

1. INTRODUCTION

EARABLE computing is a new, fast growing field in
Wapplication—oriented research [1]. Steadily progressing
miniaturization in microelectronics along with other new tech-
nologies enables wearable computing to integrate functionality
in clothing allowing entirely new applications. In this sense,
wearable computing can be seen as a part of the wireless body
area network (WBAN) [2]. Integration in textiles ideally com-
bines the requirements of wearable computing (and WBAN}),
since clothing is unobtrusive and offers large area and close
body proximity. However, such electronic devices have to meet
special requirements concerning wearability.

Ultrawideband (UWB) is an emerging wireless technology,
recently approved by the Federal Communications Commis-
sion (FCC). Inlow/medium data-rate applications, like wearable
computing, UWB offers low-power operation and extremely
low radiated power, thus being very attractive for body-worn
battery-operated devices.

In this paper, we present new UWB textile antennas for wear-
able applications. The originality of this paper lies with new
textile implementations of UWB wearable antennas; no new
fundamental antenna theory is addressed. Our new antennas are
made entirely of textiles. Previous textile antennas were usually
composed of dielectric materials with ¢, only slightly higher
than one, and thicknesses of 4-8 mm [3], [4]. A new feature of
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our UWB textile antennas is that they could be easily integrated
directly into clothing, rather than being attached, since they are
only 0.5 mm thick. We have realized different types of thin UWB
textile antennas, both in microstrip and coplanar waveguide
(CPW) techniques. To the best of our knowledge, these are the
first CPW-fed textile antennas reported in the open literature.

This paper is organized as follows. In Section II, we describe
textile materials used for antenna manufacturing and the manu-
facturing process. In Section III, we present two different UWB
textile antennas, together with measured and simulated return
loss and radiation patterns characteristics. Section IV compares
the pulsed characteristics (transfer function, radiated/received
pulses) of the textile UWB annular slot antenna with its coun-
terpart realized using typical microwave substrate and metal
etching. Next, we present the human body influence on tran-
sient characteristics of the textile UWB antenna, when mounted
at different distances from the body. Conclusions are drawn in
Section V.

II. TEXTILE MATERIALS AND ANTENNAS MANUFACTURING

A. Textile Materials

As a conductor, we have used high conductive metallized
Nylon fabric—Nora.! Its three metallized layers (Ni/Cu/Ag) pro-
vide high conductivity (surface resistivity of 0.03 ©2/square) and
protection against corrosion, as well as extreme flexibility. For
our textile antennas, we chose an acrylic fabric 0.5 mm thick as
a dielectric substrate. Such a substrate possesses several advan-
tages compared to other fabrics. It is light with good drapability
while being dimensionally stable in height. We used techniques
explained in [5] in order to extract the permittivity of the textile
substrate. This technique utilizes S-parameter measurements of
two transmission lines of different lengths. Knowing the length
difference and the S-parameters, a permittivity of 2.6 +/— 0.1
between 3 and 10 GHz was extracted for the acrylic textile.

The thickness of the dielectric is not only important for easy
integration with clothing but should also provide the possibility
to realize a feeding transmission line of an appropriate charac-
teristic impedance (in our case 50 €2). This is an important issue
in the design of textile antennas.

B. Manufacturing

In the manufacturing process, the attachment of the conduc-
tive textile to the substrate turns out to be very critical. First of
all, the dimensions of an antenna must be retained while being
attached to the substrate. Secondly, the adhesive for composi-
tion must not affect the electrical properties of textile materials,
e.g., the sheet resistance of the conductive textile. The adhesive

Thttp://www.shieldextrading.com/images/pdfs/nora.pdf.
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Fig. 1. CPW-fed textile UWB disc monopole antenna: (a) photograph and
(b) measured and simulated return loss characteristics. MCPW1, MCPW2: two
prototypes of this textile antenna.

sheets turned out to be a good solution as they evenly deposit
as thin layer on the conductive textile by ironing. Moreover,
adhesive penetrates only the surface of the conductive textile,
such that sheet resistance and permittivity are not changed. The
electrical connection to a subminiature version A (SMA) jack
was established with conductive two-component glue. Antenna
and transmission lines for extraction of permittivity were con-
structed in the same manner.

III. ANTENNA DESIGN

All UWB antennas presented in the following were designed
to operate in the entire UWB band approved by the FCC, from
3.1to 10.6 GHz. Commercially available electromagnetic solver
Ansoft HFSS was used during design. As the design criterion,
we looked at the return loss (RL) characteristics. From many
antennas suitable for UWB communication, we chose those of-
fering low profile and small size, as this also makes them attrac-
tive for use in WBAN.

A. CPW-Fed Textile UWB Disc Monopole

We have designed and realized the UWB disc monopole
antenna, fed by the coplanar line [Fig. 1(a)]). CPW feeding
technique offers uniplanar antenna structures that can be of
advantage, e.g., if one would use printing-on-textile process for
realization of an antenna pattern. Uniplanar structure also elim-
inates all problems associated with the alignment of different
conductive layers. But CPW feeding also has disadvantages that
are even more pronounced when applied to the textile transmis-
sion lines. Namely, to realize the characteristic impedance of
50 €2, and with reasonable width of a central CPW conductor,
one needs to realize a small gap between central line and
ground plane. As is easy to imagine, this is a problem in case
of a textile conductor, since only a simple cutting tool (e.g., a
scalpel) is used, and the definition of conductor edges is not
precise (depending on the material used). With our dielectric,
we managed to realized 0.5 mm gap between conductors [see
zoom region in Fig. 1(a)], which with the 4.8 mm width of the
central line resulted in the impedance of 59 2. Fig. 1(b) presents
a comparison between measured and simulated RL characteris-
tics. We can see higher RL variation when comparing the two
CPW textile prototypes (CPW1 and CPW2) to microstip-fed
antennas. Also agreement with simulated results is worse.
These discrepancies can mostly be related to manufacturing
problems. Since the antenna is composed of several pieces of
the conductive textile, it is not easy to insure all dimensions are
correct during the attachment to the dielectric.
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To show that these antennas are still reasonably good, in Fig. 2
we present comparison between measured and simulated radia-
tion patterns at 3.1, 6, and 9 GHz for two major cut-planes: XZ
and YZ. We can clearly see that results agree well, and small
discrepancies are within an acceptable level.

B. Microstrip-Fed Textile UWB Annular Slot

The last antenna we present is the UWB annular slot antenna,
fed by a short microtrip line [Fig. 3(a)]. The radiating slot was
realized with the use of two conductive layers. The planar an-
tenna size is 30 x 30 mm?. Fig. 3(b) presents a comparison be-
tween measured and simulated RL characteristics. All antennas
have good input matching, and the measured and simulated re-
sults agree well. Again, small discrepancies can be associated
with antenna manufacturing and connections. Comparing two
textile antenna prototypes S1 and S2, we can see that return
loss characteristics are very close: the biggest difference occurs
between 9 and 10 GHz. In Fig. 4, we compare measured and
simulated radiation patterns at 3.1, 6, and 9 GHz for two major
cut-planes XZ and YZ. Besides the pattern in the XZ plane at 9
GHz [Fig. 4(c)], where the difference is rather significant, sim-
ulated and measured patterns show good agreement.

IV. UWB ANTENNA CHARACTERIZATION

A. Parameters

In the previous section, we presented return loss and radia-
tion pattern results, which are usually used in the assessment of
antenna performance. In the case of UWB systems however, fre-
quency-domain transfer function (TF) is the most important mea-
sure [7], [8]. It not only allows direct examination of broadband
performance in the frequency domain butalso gives aninsightinto
the time domain when inverse Fourier transform is applied. Gen-
erally, we can define three transfer functions for a single antenna
[9]: 1) Hy,—transmit (Tx) transfer function, 2) H r,—receive
(Rx) transfer function, and 3) Hs,,,;—transfer function when
the same antenna is used in the Tx and Rx mode. These func-
tions are defined as [9] Hyy(w, 0, ¢) = Eyaa(w,8,¢)/Vin(w),
HR.r(w7 07 ¢>) = Vvload(wv 07 ¢)/Einc(w7 07 QS) Hry,and Hg, are
the transmit- and receive-transfer functions, relating the radiated
electric field intensity E,,q to the antenna driving waveform
V., and the received voltage on the (complex) load V4,4 to the
incident electric field E;,,, respectively. Both transfer functions
include antenna matching characteristics. Tx and Rx transfer
functions are related by: Hr.(w,0,¢) = jwHg:(w,0,d).
The term jw is therefore the factor describing the antenna reci-
procity relationship in a transmit and receive mode. Therefore
complete transfer function for the system of two identical an-
tennas Ho, ¢, relating a voltage across the receiver load with the
pulse exciting the Tx antenna, has the form Hogpne(w, 0, ¢) =
HTm(w7 07 ¢) . Hch(w7 97 ¢>'HRm(w~, 07 (b) = Sy1. Hep, stands
for the propagation channel. If measurements are performed
in the anechoic chamber, we can assume |H.,| = 1. For us it
is important to notice that Ho,,, is equal to the So; scattering
parameter.

B. Measured Hs gyt Transfer Functions

In the following we present the measured So; characteris-
tics of the UWB annular slot antenna, in the textile version
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Fig. 2. Comparison of measured and simulated radiation patterns of the CPW-fed UWB monopole antenna: (a) XZ plane 3.1 GHz, (b) XZ plane 6 GHz, (c) XZ
plane 9 GHz, (d) YZ plane 3.1 GHz, (e) YZ plane 6 GHz, and (f) YZ plane 9 GHz.
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Fig. 3. Microsrip-fed textile UWB annular slot antenna: (a) photograph and (b) measured and simulated return loss characteristics. S1, S2: two prototypes of this
textile antenna.

(d) (e) (H

Fig. 4. Comparison of measured and simulated radiation patterns of the textile UWB annular slot antenna: (a) XZ plane 3.1 GHz, (b) XZ plane 6 GHz, (c) XZ
plane 9 GHz, (d) YZ plane 3.1 GHz, (e) YZ plane 6 GHz, and (f) YZ plane 9 GHz.

(see Section V), and its counterpart realized using conventional ~The reference antenna (abbreviated PCB) has the same geom-
etching and a microwave substrate (0.5 mm thick, Rogers 3003). etry as the textile antenna. The goal of this measurement was
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Fig. 5. Measured Hs,.,. transfer functions (S21) of the PCB and textile UWB annular slot antennas: (a) magnitude and (b) group delay.

twofold: to assess transient characteristics of the UWB textile
antenna and to compare the transient performance of the an-
tennas designed in the textile and traditional technology.

Results are presented in Fig. 5 for a distance of 1 m between
Tx and Rx antennas located in an anechoic chamber. Two an-
tenna types, PCB and textile antennas, were measured, with a
pair of antennas facing each other in the direction of maximum
radiation (0° in Fig. 4). We can see that up to 7 GHz, the magni-
tude of So; [Fig. 5(a)] is comparable for the PCB and textile an-
tenna, slightly lower (about 1 dB) for the latter one. But within
the 8-11 GHz band, there is a clear difference between these
antennas. As the measured RL did not indicate a possible dis-
crepancy, the fall in the amplitude of So; could be due to losses
and also a shift in the radiation pattern. From Fig. 5(b) we can
see that the group delay (defined as 7 = —d¢/df, $—S21 phase)
varies significantly above 8.5 GHz for the textile antenna. Be-
tween 3 and 8.5 GHz both antennas have a flat group delay, in-
dicating good transient response.

C. Transmitted Pulses

In this section, we compare transient characteristics of the
PCB and textile UWB annular slot antennas by examining trans-
mitted UWB pulses. To do so, we assume three different pulses
as an excitation. As an antenna excitation waveform, a modu-
lated Gaussian pulse was chosen due to the close-form mathe-
matical expression of the following form:

s(t) = o= ((t—ar)/1)> oo 2nfr-(t—a-T)). D

In calculating transmitted waveforms (based on measured
So1), we have assumed three different input pulses:

a) f.=4.5GHz, 7 = 210 ps, a = 3 (called Pulsel later on);

b) f. =6 GHz, 7 = 110 ps, a = 4 (Pulse2);

¢) f. =6 GHz, 7 = 60 ps, a = 4 (Pulse3).

Their voltages and respective spectra are presented in Fig. 6.

Desired transient responses were obtained numerically, by
multiplying the spectra of the respective input pulse and the
transfer function (H2ant = Sgl). An inverse Fourier transform
was then applied to obtain transmitted pulse.

In Fig. 7, we present transmitted pulses using a pair of PCB
and a pair of textile antennas. We can clearly see how the transfer
function influences waveforms of received pulses. Since both
antennas have almost the same characteristics below 7 GHz, we
can also see that with Pulsel as the excitation, the pulses re-
ceived [Fig. 7(a)] are almost exact replicas. For shorter pulses
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Fig. 6. Different excitation pulses: (a) time domain waveforms and (b) spectra.

(Pulse2, Pulse3) with a significant energy content at higher fre-
quencies (>6 GHz), we can see that resulting waveforms have
lower amplitude for the textile antenna, as one would expect
from the shape of the transfer function. But all pulses still have
similar shape and comparable duration. Quantitatively, pulses
for the PCB/textile antenna have duration of 599/558, 322/356,
and 235/316 ps, assuming that the Tx antenna is excited using
Pulsel, Pulse2 and Pulse3, respectively. Pulse duration is de-
fined as the time window with 99% of the total pulse energy.
Comparing shape, fidelity values are 99%, 98%, and 96%. Fi-
delity is defined as

S eyt —mde
\/fj"oo |lx(t)2 dt - [ |y()?| dt

F = max

@

D. On-Body Characteristics of the Textile UWB Annular Slot
Antenna

In this section, we investigate the influence of the human
body on performance of the textile UWB annular slot antenna.
We have measured the Ho, .t (S21), when the Tx antenna was
mounted on the human body (chest) and the Rx antenna was kept
in free space, 0.5 m away. The Tx antenna was mounted at three
different distances to the body: 2, 4, and 6 mm. These measure-
ments were performed in the office room (unlike measurements
from Section III-B and III-C, done in the anechoic chamber), to
approximate more realistic operational scenarios. Measurement
of the Hy,,,; in free space was done for comparison and the re-
sults are shown in Fig. 8(a). First, we see that due to the indoor
environment (H.j, # 1), the free space Ha,,+ transfer function
is slightly different than that presented in Fig. 5(a) (measure-
ment in the anechoic chamber).
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Fig. 7. Received pulses (two-antenna system) for different excitations: (a) Pulsel, (b) Pulse2, and (c) Pulse3.
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Fig. 8. On-body characteristics of the textile UWB annular slot antenna:
(a) Hzan: transfer functions and (b) transmitted pulses (Pulse3 as an input
pulse). Results are shown for three different distances between the antenna and
body (2, 4, 6 mm).

When the Tx antenna is mounted 2 mm away from the human
body, we observe significant (up to 9 dB) drop in |Haap¢| be-
tween 3 and 8 GHz, compared with the free space case. Above
8 GHz, free space and on-body characteristics are comparable.
When we increase the separation between the Tx antenna and
the body, we observe that |Haa,,t | below 6 GHz is 2-3 dB lower
compared to free space. Above 6 GHz it exceeds (by 1-2 dB)
the amplitude of So; in free space. This trend continues as the
separation between the antenna and body increases. At 6 mm
distance, we can see that above 4.7 GHz, the amplitude of the
on-body transfer function is higher compared to the free space
case. These results indicate that the human body is strongly re-
flecting EM waves at high frequencies (>4.5 GHz), if the an-
tenna’s near fields do not significantly extend into the human
body.

Based on measured transfer functions, we have calculated
the transmitted pulses between on-body Tx antenna and Rx
antenna in free space, assuming Pulse3 as the excitation. Re-
sults are presented in Fig. 8(b). We can see that the human body
did not significantly change either the shape (fidelities >95%)
or the duration of transmitted pulses (270 ps for free space,
310-320 ps for on-body case). The only clearly visible change
is the energy of pulses. Assuming the energy of the pulse trans-
mitted in free space as 100%, the pulses for on-body scenarios
have energies of 35, 98, and 163% for distances of 2, 4, and 6
mm, respectively.

V. CONCLUSIONS

A number of new textile UWB antennas for WBAN appli-
cations have been presented in this work. Unlike prior textile
antennas, these antennas offer a direct integration into clothing

due to a very small thickness (0.5 mm) and flexibility. In the
designed textile antennas we have used microstrip as well as
coplanar feeding lines. Measured return loss and radiation pat-
tern characteristics of textile UWB antennas agree reasonably
well with simulations. Measured transfer functions show that
UWRB textile antennas possess excellent transient characteris-
tics, comparable to the counterpart PCB realization. We have
shown that it is possible to transmit very short UWB pulses
with textile antennas. These results were achieved by the proper
choice of textile materials, as well as design. But the manufac-
turing of textile antennas is the critical step, in order to obtain
good performance. To achieve a good repeatability of textile an-
tennas, more advanced manufacturing methods should be em-
ployed. Our results constitute a further step towards the realiza-
tion of a system-on-textile vision and UWB wireless body area
networks.
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