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How Bending Affects a
Flexible UWB Antennao

A compact antenna maintains high gain and an omnidirectional radiation pattern, even
with flexing across frequency ranges complying with UWB frequency allocations in the

U.S. and Europe.

lexible antennas are important components in a grow-  cally flexible substrate materials. Some approaches involve

ing number of wireless applications, including wear-  textile substrates,” & others use paper substrates,” !° and still

able electronics and sensor systems. However, flexing  others employ thin, flexible dielectric substrates.!!"!3 A trad-

the antenna from its nominal straight configuration eoff always exists between achieving functional conformabil-

can impact performance, depending on the antenna design, ity and low cost. In the case of circuits fabricated on flexible

substrate material, and other factors. To meet the need for  substrates, the circuit material must be robust and be able to

flexibility, a robust yet compact ultrawideband (UWB) anten- ~ endure wide temperature ranges without degradation in per-

na was designed based on microstrip feed
approach.

The antenna design measures just 38
x 22 mm? and is fabricated on flexible
liquid crystalline polymer substrate ma-
terial. It features a resonating structure,
which plays a key role in the enhancement
of gain across the lower part of the UWB
spectrum. The design was simulated with
commercial design software and a pro-
totype was built and characterized, with
good agreement between simulations and
measurements for bent and straight cases.

The markets for flexible wireless devices
are rapidly increasing, both with regard
to wearable and implantable devices for
health-monitoring systems and daily-life
wireless devices (e.g., cell phones, tablets,
and laptop computers). For this reason, the
need for flexible printed antennas has in-
creased in recent years, especially for bio-

1-3

medical applications,' wearable applica-

tions,* > and body-mounted applications.®
A number of flexible antenna designs

have been attempted on different mechani-
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1. These 2D diagrams illustrate the basic geometry of the UWB antenna: (a) the top layer and

(b) the bottom layer.
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formance.

For flexible anten-
nas, design goals in-
clude good radiation
parameters in a com-
pact size, with per-
formance maintained
throughout bending.
In other words, it is
very important re-
quirement that they
should perform effec-
tively under various
bending conditions.!*

One application
area in urgent need
of flexible devices is
UWB communications. The enormous bandwidth available,
the capacity for high data rates, and the potential for small size
and low processing power—along with low implementation
costs—present a unique opportunity for UWB to become a
widely adopted radio solution for future wireless home-net-
working technology.’®

Such systems include wireless PC peripherals, multimedia
connectivity, and wireless network access for mobile comput-
ing devices. One example of a flexible radio application is a
body area network (BAN), which is becoming increasingly
popular for health monitoring in medical applications.

From a frequency spectrum point of view, UWB technology
employs bandwidths of greater than 500 MHz (or fractional
bandwidths of greater than 20%1!%),

(a)

(b) (c)

2. These photographs show the fabricated prototype antenna next to a British penny: (a) the bottom layer, (b) the

top layer, and (c) the amount of bending possible with the flexible substrate.

as UWB antennas due to their ability to provide constant om-
nidirectional radiation patterns and controlled input imped-
ance parameters over the UWB frequency band. Moreover,
planar antennas have simple structures and small size, and can
be printed on the very same PCB circuitry as the transmitter
and receiver.20-26

Designing flexible antennas requires thin substrates to ac-
commodate the flexing. As a consequence, the antenna’s radia-
tion pattern properties may be degraded due to the thinness of
the substrate. Care must be taken in the design of an antenna
with thin substrate material to achieve an omnidirectional ra-
diation pattern with good gain across the target operating fre-
quency range. Examples of UWB flexible antennas in planar

such as 2,500 to 3,000 MHz. Depending
on location, various frequency alloca-
tions have been made for UWB series.
In the United States, for example, fosct Iam
there is 3.1 to 10.6 GHz by the Fed- b paete
eral Communications Commission l 8. 6657€+000
(FCC).!® Europe has multiband or- e
thogonal frequency division multiplex- b b
ing (MB-OFDM; 3.1 to 4.8 GHz) and 5. 33336000
direct-sequence UWB (DS-UWB:; 6 to il G g A
8.5 GHz) by the European Conference oy PR SN . _
for Postal and Telecommunication Ad- 2.0000€ +000 : : :1 : : : : : - : t
ministrations (CEPT) Electronic Com- s : : :1 i : : : : ::
munication Committee (ECC).!” ©.0000¢-¢00 : : :: : : : : : : :
Antennas designed for these ap- Y ,.} A d e LI
plications should have reasonable and Kok A g ko : 4
constant radiation properties (such as eE O Sulay
(a) (b)

radiation pattern type, gain, and polar-
ization) within their operating band-

3. These simulated plots show magnitude/vector surface current distributions over the top

widths.!® 1° Different planar monopole and bottom antenna surfaces for (a) the antenna geometry without the booster at 4 GHz, and

antenna structures have been widely used  (b) the novel UWB antenna design with the bottom booster resonator at 4 GHz.
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4. This 2D radiation pattern was simulated for the normalized antenna
XZ-plane gain, for different antenna configurations, at 4 GHz.

configurations are presented in refs. 27-31. Success in achiev-
ing good performance parameters has made flexible UWB
antennas valuable components for wearable, implantable, and
body-centric applications.33*

By using an extremely thin substrate material, it is possible
to develop a compact flexible antenna for UWB applications.
The antenna is fed with a microstrip transmission line with
modified monopole structure. The design was computer-
simulated with a commercial full-wave electromagnetic (EM)
simulation software program, with measurements of a proto-
type matching closely with the performance predictions made
by the simulations.

The antenna design employs a microstrip-fed circular
monopole with resonator at ground level, fabricated on Ultra-
lam 3850 liquid-crystal-polymer (LCP) circuit material from
Rogers Corp. (www.rogerscorp.com). The circuit material has
dielectric constant (relative permittivity) of 3.14 in the z-axis

THE PROPOSED FLEXIBLE UWB ANTENNA AND ITS DIMENSIONS

5. The flexible antenna design was simulated for its flexed perfor-
mance when bent over an imaginary cylinder with radius Rx.

(thickness) at 10 GHz with loss tangent of 0.0025. The sub-
strate was 100 pm thick and the copper cladding was 18 um
thick.

Figures 1a and b show the top and bottom design geom-
etry of the antenna, respectively. The top layer is designed as a
circular monopole antenna. The monopole antenna is fed by
a single 50-Q) transmission line with feed width, W¢ = 0.245
mm. To compensate the low efficiency of an antenna fabricat-
ed on such a thin substrate, an incomplete half-disk resonator
was added on the bottom of the circular patch antenna.

The additional resonator acts as an incomplete reflector,
preserving moderate antenna gain without deforming the de-
sired omnidirectional radiation pattern of the antenna. A stub
was added to the resonator to compensate for any further add-
ed resonance that may affect the desired UWB bandwidth. Fi-
nally, the ground shape of the feeding microstrip transmission
line was formed in the shape of a triangle to decrease the size
of metal at the ends, which enhances bending functionality.

Figure 2 compares the fabricated antenna prototype to a
coin (a British penny) and in its bent form. Fabrication was
performed by means of a carefully controlled photolitho-
graphic process, followed by a high-resolution chemical etch-
ing process. As can be seen in Fig. 2,
the antenna’s thin structure and bending

capabilities make it an excellent can-
Parameter L W Dp DI D2 WS didate for wearable wireless electronic
Dimension | 38 2 212 10.2 202 6 Pr‘j[i“d,s-” o of e o
Paramaer Wgl Wg2 g . e it e 1n1t1a.l esign of the circular

monopole diameter was set equal to
Dimension 8 18 14.8 1 0.245 15

the wavelength of the center frequency
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6. The photograph shows the measurement setup for the UWB anten-

na design, using a test fixture from Inter-Continental Microwave

(www.icmicrowave.com).

within the selected UWB bandwidth, which was designed as
7.5 GHz. The antenna was further optimized based on inves-
tigating the current flow through the antenna radiator over
the full bandwidth of the UWB antenna requirements. The
antennas dimensions are listed in the table; it has a total area
of 38 x 22 mm?.

To explain the role of the additional resonator at ground,
the surface current distributions are shown in Fig. 3 with and
without the resonator. It shows the direction and distribu-
tion of surface currents at 4 GHz induced by the presence of
a smaller-radius, ground-resonating structure, which forces
the current to coexist more on the edges of the top radiating
patch. This enhances the generation of less-deformed radia-
tion patterns at this frequency.

The normalized two-dimensional (2D) gain pattern in the
X-Y plane of Fig. 4 demonstrates how the initial structure
without the stub resonator improves the generation of radia-
tion in the Z+ direction. It also shows how the addition of the
stub results in further enhancements to the radiation pattern
in that direction.

The antenna’s performance was simulated with the com-
mercial Ansoft HFSS finite-element EM simulation software

dB(GainTotal)
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8. The 3D gain patterns of the UWB antenna were simulated at differ-
ent target frequencies for the (a) straight and (b) bent versions of the
antenna, bent over an imaginary cylinder with 4-cm radius.

from Ansys (www.ansys.com). Two versions of the antenna
were built and simulated: straight and bent forms. Figure 5
shows the configuration of the bent version of the antenna,
with the antenna simulated as being bent around an imagi-

nary cylinder with radius of curvature R,.
The antenna’s resonant characteristics were confirmed by
measurements of the fabricated antenna prototype. Figure 6
shows the measurement setup for anten-

Reflection coefficient (dB)

— Simulation, straight
== Simulation, bent (40 mm)
=== Measurements, test fixture

na matching. A test fixture was used to
measure antenna impedance-matching
properties, since soldering a 50-Q SMA
connector to the antenna for coaxial
measurements proved quite difficult due
to the narrow width of the antenna’s mi-
crostrip transmission lines.

7. Simulations provided the reflection coef-
ficients for the straight and bent (Rx = 40
mm) versions of the UWB antenna, from 2 to

3 4 5 6 7 8
Frequency (GHz)

9 10 11 11 GHz, which can be compared to measure-

ments of the straight version of the antenna.
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Frequency (GHz)
9. The simulated gain of the straight version of the UWB antenna was
plotted as a function of frequency.

Figure 7 compares the simulated reflection coeflicients of
the antenna for straight and bent (R,= 40 mm) formats versus
the measured reflection coeflicient for the straight antenna.
Both simulated results have reflection coeflicients lower than
—10 dB from 4 to 10.7 GHz. Also, the reflection coefficient is
lower than —6 dB within the frequency band of 3 to 4 GHz.
Both simulated results display a deep resonance close to 7.5
GHz with small difference in amplitude. Furthermore, the

measurements show similar values over
most of the frequency band of interest.
The measured reflection coefficient
indicates the strong resonance near 7.5
GHz, and is lower than —6 dB at frequen-
cies starting from 3 GHz and higher.
However, despite a decrease in the simu-
lated reflection coefficient of less than

-10 dB from 4 GHz and higher, the mea- P
sured reflection coefficient has a sudden | J5UF¥ [A/n]
increase to —4 dB in the frequency band 1.0000E+001
of 4.0 to 5.3 GHz before it decreases to 9. 33334000
less than —10 dB, preserving a pattern 8, 6667E+000
close to that of the simulated curves. 8. 0200E+000
This is caused by the difficulty in mak- GATpEeee0
) ] 6. 6667E+000
ing measurements due to the thin feed- 6. DACOE+000
ing microstrip line width. However, it is 5. 3333E+000
still apparent that the measurement and Y. 6667E+000
simulated results are fairly close. 4. 0000E 000
To validate the antennas far-field char- 9095954000
o . i : 2. 6667E+000
acteristics, three-dimensional (3D) gain 2. BOGOE 000
radiation patterns were simulated at cer- 1.3333E+000
tain frequencies (4, 6, 8, and 10 GHz), as 6. 6667E-001
shown in Fig. 8. To validate that bending 0. 0C00E+00a

the antenna does not affect its radiation
patterns, the simulated radiation pat-
terns for the straight antenna (Fig. 8a) are
compared to the bent antenna with R, =
40 mm for the same selected
frequencies (Fig. 8b). In both
cases, the 3D gain patterns
preserve an omnidirectional
pattern , as is quite apparent at

10. The magnitude/vector surface
current distributions for the UWB
antenna design were simulated
for different frequencies.

4, 6, and 8 GHz. A small deformation in the omnidirectional
pattern is noticeable at 10 GHz.

By observing the color bar of the plotted pattern, the an-
tenna has directive gain values that range around —40 dB for
nulls at x axis (feeding axis) and 4 dB for boresight direction.
For more antenna radiation pattern investigation, the simu-
lated antenna gain at the Z axis is plotted in Fig. 9. As can be
seen, the antenna gain reaches a maximum at 7 GHz, where
it is 3.5 dB, and a minimum at —1 dB for the frequency band
edges within the UWB spectrum.

To analyze the antenna radiation patterns within the UWB
frequency range, the current distributions were measured and
plotted for the same test frequencies at 4, 6, 8, and 10 GHz
(Fig. 10). As can be seen, the radiation pattern degrades with
increasing frequency. Also, the current distribution is homog-
enous over the antenna’s resonant band in ordered harmonics,
which explains how the antenna preserves the omnidirection-
al pattern at these frequencies.

The antenna design provides near-stable performance with

4 GHz
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bending in terms of matching and radiation characteristics.
The design appears suitable for use in wearable applications,
although other issues must also be considered. These include
the specific absorption rate (SAR), along with the thermal and
dielectric properties of the substrate material when matched
with human tissue for medical applications.

In short, the antenna design combines flexibility with a
miniature footprint of only 38 x 22 mm?, making it a good fit
(literally) for wearable wireless applications. It is designed for
use in the upper UWB frequency range from 4 to 10.6 GHz,
satisfying at least 82% of the FCC’s UWB frequency regulation
and 100% of the ECC’s DS-UWB frequency-range require-
ments. The antenna maintains an omnidirectional radiation
pattern in both straight and bent configurations except at
higher frequencies, with high gain throughout.
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