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Screen Printed Epidermal Antenna for
IoT Health Monitoring
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Abstract—In this paper, we investigate the applicability of
screen printable elastic silver ink on thermoplastic polyurethane
(TPU) substrate for the realization of a flexible/stretchable an-
tenna for direct implementation on human skin. For this purpose,
we present the design, manufacture, and testing of an ultra-
high frequency (UHF) 868 MHz loop antenna with the specified
material. The antenna performance has been investigated through
simulations and measurements on a human forearm phantom,
including indoor wireless communication tests, demonstrating its
potential for short-range IoT health monitoring applications.

Index Terms—Epidermal antennas, flexible antennas, screen
printing, silver ink, stretchable antennas.

I. INTRODUCTION

Epidermal electronics is a class of ultrathin and lightweight
electronic systems, which can noninvasively be mounted onto
the surface of the human skin [1]. In recent years, epidermal
electronics has emerged as a promising technology that en-
ables seamless monitoring of human physiological parameters
and wellness [2]. Epidermal antennas are one of the key en-
abling technologies required for epidermal electronics so as to
enable wireless communication capability for the monitoring
system with entities either inside or outside the body, or for
enabling self-powering of the system through electromagnetic
energy harvesting [3]-[5].

Epidermal antennas are desired to be flexible, stretchable,
bio compatible, water resistant, and lightweight so as to
enable a seamless and intimate integration to skin. To achieve
this, epidermal antennas are typically developed using ul-
trathin and flexible materials. Polymer-based flexible materi-
als, such as polydimethylsyloxane (PDMS) [3], bio-silicone
[6], and hydrogels [7], are some popularly used substrate
materials for epidermal antennas. However, employing these
flexible/stretchable materials to develop epidermal antennas
with characteristics suitable for epidermal applications often
requires a complex manufacturing process involving multiple-
steps high-temperature vacuum deposition, photolithographic
patterning, and chemical etching [8]. As a result, inherently
flexible/stretchable conductive and non-conductive materials
that are compatible with printing technologies such as screen
and inkjet printing have attracted the attention of the research
community as they allow for a simplified design process
and lower cost of production. In this paper, we demonstrate
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the screen printing of elastic silver ink on a stretchable
thermoplastic polyurethane (TPU) substrate for the develop-
ment of epidermal antennas suitable for epidermal IoT health
monitoring applications.

II. ANTENNA DESIGN AND PROTOTYPE

The proposed antenna used for this study is shown in
Fig. 1(a), which is a modification of a rectangular loop an-
tenna, with a ground plane on one of its sides to achieve better
control of impedance matching. The antenna was designed
at the European long-range wide area network (LoRaWAN)
frequency band, i.e., 863—-870 MHz [9], [10], using the full-
wave electromagnetic (EM) simulator ANSYS HFSS [11]. In
the simulation, a forearm phantom was taken into account as
depicted in Fig. 1(b) to emulate the envisaged wireless sensing
application employed on a human arm. The phantom consists
of a double-layer cylinder following the structure of SHO-
GFPC-V1 forearm phantom from SPEAG [12] used in the
antenna measurement. The forearm tissue was modeled with
g, = 30 and ¢ = 0.7 S/m, whereas the forearm bone was
modeled with €, = 30 and o = 2.5 S/m, following the averaged
electrical properties of the forearm at 868 MHz according to
the SPEAG phantom datasheet [12].

It was observed in the simulation that the antenna gain
is primarily governed by the antenna aperture (sl and s2),
whereas the antenna impedance matching is controlled by the
width of the loop and ground (w and g). In contrast to a
loop antenna in free space, however, as the antenna aperture
is increased, the radiation performance improves at first, then
peaks, before decreasing somewhat or remaining rather steady,
displaying a bell-shaped pattern. A similar occurrence was
recently reported in [13], suggesting that the cause being two
opposing phenomena, i.e., the antenna radiation resistance and
the power dissipation. This can be explained in the following
way. The initial increase in antenna radiation is mostly due to
an increase in the radiation resistance, which is proportional to
the loop aperture size [14]. Further enlargement of the antenna
size however, results in more intense dissipation of power in
the antenna conductors and the surrounding phantom, which is
also a conductive substance. This causes the amplitude of the
currents flowing through the conductor to gradually decrease,
resulting in an inefficient utilization of the available conductive
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Fig. 1. (a) Topology of the proposed antenna (Dimensions: s1 = 50, s2 = 51,
g=50,w=06, f=1,e=1.) (b) EM simulated model of the antenna placed
on a forearm phantom. All units in the figure are in millimeters.

surface and therefore affecting antenna radiation efficiency and
gain.

For the antenna conductive structure, elastic screen printable
silver ink, WIK21285-89A, from Henkel [15] was used, which
was modeled as a 10 pm thick metal with a conductivity of
3.94 x 105 S/m according to the datasheet. A seam tape ST604
from Bemis [16] was used as the substrate. ST604 is made
of TPU material which has a total thickness of 89 um. It
also comes with a carrier layer with a thickness of 137 pm
to support the TPU during drying. The TPU substrate was
modeled in simulation with &, = 4.18 and tan 6 = 0.075,
obtained from measurements conducted at 868 MHz using a
Dielectric Assessment Kit, DAK3.5-TL, from SPEAG [17].
The antenna prototype was screen printed over the TPU
substrate with a polyester mesh screen (300M), and then dried
in an oven at a temperature of 120° for a duration of 15 min
according to the recommendation provided in the ink datasheet
[15]. Upon drying, the carrier layer was detached from the
substrate. The fabricated prototype is shown in Fig. 2. For
measurement purposes, a U. FL connector and U. FL-to-SMA
cable are used at the feed point. The connector was attached
to the antenna using a conductive silver epoxy. To strengthen
the connection, a non-conductive glue was applied, covering
the U. FL and cable interconnection.

III. ANTENNA PERFORMANCE

The measured input reflection coefficient (|S11|) of the
antenna mounted on top of the SPEAG forearm phantom is
shown in Fig. 3(a), which was obtained using a MS2038C Vec-
tor Network Analyzer (VNA) from Anritsu. A ferrite bead was
incorporated in the measurement setup to minimize ground
current flow on the feed cable that can perturb the measured
impedance and radiation characteristics of the antenna. The
antenna exhibits a 10-dB return loss bandwidth of more than
2 GHz, showing a good agreement with the simulated result.
Discrepancies in the results are most likely due to the antenna
fabrication tolerances and the morphology variation between
the model and the actual phantom. The simulated 3D radiation
pattern of the antenna on the phantom at 868 MHz is shown
in Fig. 3(b), showing a peak realized gain of -18.1 dBi, which
is within the typical performance range of a loop antenna in
a very close proximity to the lossy human body tissue [13].
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Fig. 2. (a) Screen-printed antenna prototype upon U. FL connector assembly.
(b) Antenna under deformation demonstrating its flexibility.
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Fig. 3. (a) Measured and simulated |S11| when the antenna attached on the
phantom as illustrated in the inset. (b) Simulated 3D radiation pattern of the
antenna at 868 MHz.

IV. INDOOR WIRELESS COMMUNICATION TEST

To demonstrate the applicability of the developed antenna
for IoT health monitoring applications, a simple LoRaWAN
testbed network, consisting of one node and one gateway, was
deployed inside the Tyndall National Institute building (Block
A) (Fig. 4(a)). For the gateway, a commercial LoRa gateway
(TTN-GW-868) [18] shown in Fig. 4(b) was used. The node
comprises of a commercial LoRa module (LO72Z-LRWANI1)
[19] connected to a temperature and humidity expansion board
(X-NUCLEO-IKS01A2) [20] and the developed epidermal
antenna mounted on the SPEAG phantom (Fig. 4(c)). The node
(N) transmitted measured temperature and relative humidity
data to the gateway (G) with an adaptive spreading factor
(SF) setting of 7 to 12. The gateway was connected to the
LoRaWAN network server of The Things Network (TTN),
which was responsible for the network and data management,
as well as some other operations such as filtering redundant
received packets, performing security checks and adaptive data
rate (ADR) changes, as well as forwarding data packets to the
user data portal for visualization and storing.

The node was then moved to three different locations inside
the building, i.e., N1, No, and N3 (Fig. 4), and Received Signal
Strength Indicator (RSSI) values were recorded for each loca-
tion. The RSSI metric is a relative power level indicator which
in this scenario indicates how well the gateway can receive the
signal form the wirelessly connected sensor node. From the
tests, RSSI values of -79 dBm, -90 dBm, and -119 dBm were
measured when the node was approximately 5 m (N;), 25 m
(N2), and 30 m (N3) non-line-of-sight away from the gateway.
To note that, a LoRaWAN network can offer a maximum
receiver sensitivity of -137 dBm at SF12 [21]. Further, at one
of the locations (i.e., Nj), we also monitored over a longer



Fig. 4. (a) LoORaWAN testbed network. (b) LoRa Gateway and (c) node used
for the indoor wireless communication tests.
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Fig. 5. Measured temperature and humidity results.

period of time the measured temperature and humidity data
packets transmitted from the node to the gateway which is
shown in Fig. 5. From approximately 38 hours and 15 minutes
duration of the test, 100% data packets reception rate was
achieved.

V. CONCLUSION

In this paper, we demonstrated the design, implementation,
and testing of a screen printed elastic silver ink over a TPU
substrate for epidermal antenna realization. The antenna per-
formance, including the indoor wireless communication tests,
demonstrates the applicability of the developed antenna for
epidermal IoT applications, such as human health monitoring.
Further studies in improving the radiation performance of the
antenna as well as a holistic integration with a customized
wireless module are planned as a future work.
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