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Abstract—Wireless epidermal devices based on Radio fre-
quency Identification (RFID) enable a contactless and non-
invasive monitoring of the human body by sampling health
parameters directly on the skin. To achieve multi-parametric
sensing, while preserving the intrinsic simplicity and the low cost
of RFID tags, a dual-chip epidermal device is here proposed. At
this purpose a polarization-diversity loop antenna is exploited
so that two almost independent current modes are excited. The
resulting radiation patterns are both broadside, thus enabling
the simultaneous gathering of two independent dataset from the
same maximum distance. A 3.5 by 3.5 cm battery-less, flexible
and soft prototype provides -13 dBi embedded realized gain with
read distances ranging from 0.6m to 1.5m depending on the
microchip sensitivity. The electromagnetic performance of the
two ports remain similar even when the tag is applied onto
rather in-homogeneous body regions. With reference to body
temperature monitoring, the device has been experimented in
both controlled and real-life environments, demonstrating the
possibility of doubling the sensing capabilities of RFID epidermal
devices without affecting their size and radiation performances.

Index Terms—epidermal electronics, RFID, sensor, multi-port
antenna

I. INTRODUCTION

Ongoing progress in low power wearable [1] and epidermal
electronics [2], [3] are aimed at probing personal health
throughout the human skin analysis [4], [5], [6], [7]. Recently
proposed flexible, stretchable, lightweight and wireless devices
[3], [8], [9] are suitable to be conformally integrated with the
curved skin [10] and are able to collect the biophysical data
[11] with a high comfort for the wearer. A remarkable boost
has been provided by the exploitation of backscattering-based
Radio Frequency Identification (RFID) technology [12], [13].
As epidermal sensors are intended to be disposable, RFID
protocol is particularly attractive to minimize the electronic
complexity to just a soft conformable antenna and to a
multi-function microchip, avoiding the use of onboard battery.
Indeed, sensing-oriented microchip transponders provide on-
chip temperature measurement as well as the analog sampling
of external sensors. State of the art RFID epidermal devices
mainly relay on the Near Field Communication (NFC fre-
quency 13.56 MHz) architecture [14], which is suitable for
integration with smartphones but it nevertheless involves a
close interaction (few centimeters) with the reader. Even more
pioneering applications are instead based on the UHF RFID
(860-960 MHz) with a not negligible improvement of the read

distance (up to 1-2 m) [15], [16], [17], [18]. Such devices can
enable an automatic monitoring of users [19], even in mobility
[20]. Great benefits in the triage of multitude of people during
sport events and above all during countermeasures against
outbreaks can be envisaged [21]. In the latter case in fact
the proximity of the caregiver with infected patients can be
significantly minimized.

Advanced diagnostics of the human body may however

Figure 1. a) Proposed layout of the two-chip square loop with T-match
transformers; b) Tag on the multilayered phantom simulating the human
body, Relative permittivity, electrical conductivity, thickness: Muscle ✏r =
54.5,� = 0.6 [S/m], thm = 6 cm fat ✏r = 5.64,� = 0.1 [S/m] ,
thf = 1 cm and skin ✏r = 54.5,� = 0.1 [S/m], ths = 0.1 cm

require the simultaneous sampling of multiple parameters
such as temperature, pH, lactate, electrolytes, cortisol, ECG,
EMG. Accordingly, a multiplicity of single-sensor tags have
to be used or, instead the epidermal device must include a
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much more complex and expensive electronics (multi-channel
microcontroller and batteries). In both cases, the advantage of
the RFID platform in terms of simplicity and cost would be
lost.

This paper proposes instead an alternative approach that will
permit to expand the sensing capability of a conventional RFID
epidermal board, while preserving the benefits of the UHF
RFID platform. At this purpose, a two-ports epidermal tag is
presented. The idea of multi-chip RFID Grid was originally
developed in [22] and experimentally demonstrated in [23].
A sensing application to the identification of temperature
thresholds of objects, by means of a shape-memory alloy
switch, was then proposed in [24] and the potentiality to
achieve a pattern diversity was described in [25] for wearable
applications. In the former case the tag was an end-cap dipole
with two chips connected to a unique radiating body through
T-match transformers. The two radiating modes were strongly
coupled and the maximum radiation occurred off the broadside
at different angles so that the simultaneous interaction among
the reader and the two tags was inefficient. In the latter case
instead, the two ICs were properly integrated in a Yagi-Uda-
based tag to generate two patterns, namely broadside and end-
fire. In both the above reported cases the two ICs can not be
read from the same maximum distance, that is instead what it
is required to reliably collect multi-parametric data from the
human body. This limitation is here overcome by resorting
to a dual-mode epidermal antenna (Fig. 1 a.) with two equal
broadside radiating modes.

The proposed dual-chip tag is based on the one-wavelength
(one��) loop [26] that is a well accepted single-chip epider-
mal antenna since it minimizes the size/performance ratio and
provides space to allocate additional sensors [15]. Epidermal
loops have been fabricated with different materials and tech-
nologies [27], [28], [29]. Both lumped [15] and distributed
[30] post-fabrication tuning mechanisms were also proposed
to mitigate the inter-user variability of the electromagnetic
response. Finally, advanced real-life sensing application to oral
cavity control [31], breath monitoring [19] and human gesture
capture [32] were recently reported.

The idea of the dual-IC tag, and some experiments on com-
munication and sensing have been very recently anticipated
by the authors in the conference paper [33]. This preliminary
analysis is here significantly expanded by including a deeper
investigation on both RF and sensing topics, by adding i)
parametric design of the tag, ii) the experimental evaluation of
the device performance versus several on-body positions; iii)
thermal measurements in different conditions (on phantom, on
body, in thermal chamber and in real environment).

The paper is organized as follows: Section II introduces the
dual-port tag layout as well as the design methodology. A pro-
totype of the two-chip epidermal sensor and its experimental
characterization in controlled conditions and over the body
are then shown in Section III. Finally, Section IV resumes
an application example where the epidermal platform is used
to simultaneously collect the skin and the environmental
temperatures in controlled ambient and in real-life conditions.

II. ANTENNA LAYOUT AND DESIGN PROCEDURES

The proposed layout for the two-chip epidermal sensing
platform (Fig. 1 a.) includes a square loop and two T-
match impedance transformers [34] of form factor {a, b}
and trace thickness w, placed in the middle of two adjacent
sides. The device is attached onto the skin by means of a
soft bio-compatible silicone slab (electromagnetic parameters:
relative permittivity ✏r = 2.35, electrical conductivity �S =
0.013 [S/m]). The resulting geometry is hence symmetric with
respect to a diagonal. Other kinds of impedance transformer
could be used, namely the gamma and loop match [34].

A. Size optimization
Typical UHF Epidermal one � � loops work as two C-

shaped dipoles (refer to Fig. 2 for a qualitative profile of
the steady-state current [35]). Two facing sides host in-phase
currents that produce radiation and power loss in the body.
The other two sides host currents with opposite phase and
contribute only to the power loss. Thus, only half of the
antenna is used as radiator. However, by placing two ports
at the middle of adjacent sides, two independent radiation
modes can be excited, with just a rotation of 90° in the
azimuthal plane and the same gain value in the broadside.
Hence, the idea is to optimize the size of the loop and the
feeding modality so that the IC1 will be approximately placed
in the null of the current related to IC2 and vice versa.
Hence a polarization diversity antenna is obtained. A circular
polarized (CP) reader’s antenna is needed to simultaneously
interrogate both the chips. Alternatively, a linear polarized
(LP) interrogating antenna can be used provided that it is
oriented on the symmetry plane of the tag.

The perimeter of a series-resonant loop providing the de-

Figure 2. Qualitative current patterns (based on standing waves) induced on
the one-� loop structure when port 1 (a) or port 2 (b) are active. Small arrows
indicate the current verse on the conductors while the big arrows indicate the
corresponding field polarization along the antenna normal axis

sired current distribution as in Fig. 2 is roughly p = 4L ' �0

in the free space, being �0 the free space wavelength. In
presence of the human skin, instead, the optimal size of the
loop will be a trade off between the directivity increase vs.
the size and the power loss into tissues. In all the following
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numerical analysis1 the loop is placed onto a 20⇥20 cm multi-
layered body phantom (Fig. 1.b), and it is insulated from the
skin by a tS = 0.5mm thick bio-silicone membrane. The
trace width is fixed to W=2 mm. Fig. 3 shows the single-port
broadside radiation gain and the position L0 of the null versus
the side L. The optimal size of the loop, maximizing the gain
(G = �8.5 dBi) and simultaneously tuning the position of
nulls in the middle of the sides (L0/L = 0.5) is L = 50mm,
corresponding to 0.14�0. However, a sub-optimal size L = 35
mm (�0/10) is more in line with state of the art epidermal
tags and it will be considered as well in the following. In the
latter case, the position of nulls is L0/L = 0.3 so that the two
radiating modes can not be fully decoupled.

Figure 3. Single-port gain along the broadside direction versus the length
of the loop and position L0/L of the null respect to the side length L.
Inset: currents distribution for the optimal case (L=50 mm) and for a more
convenient smaller size (L=35 mm).

B. Multi-port model

To properly account for the combined optimization of the
two ports, and in particular their possible mutual coupling, a
network model is applied according to the RFID Grid Theory
[22]. This method requires the calculation of the impedance
matrix [Z] of a two-ports network whose terminals are the
gaps in the T-match transformers (in Fig.1) where the chips
will be connected. Moreover, the open circuit radiation gains
{G1, G2} of the antenna when the n-th port is driven and the
other is in open circuit, need to be computed. By exploiting
the diagonal symmetry of the proposed layout, the impedance
matrix is identified in term of the only self (ZS) and mutual
(ZM ) parameters. Furthermore, since the two open-circuit
gains are mutually related by a 90° rotation w.r.t. the azimuth
angle, a single run of the solver is enough to extract the
antenna parameters. The quality indicator of the design are the
embedded realized gains eGn, i.e. the gain of the antenna scaled
by the impedance mismatch with the ICs. For the particular

1 Simulations by CST Microwave Studio 2018 at the European UHF RFID
frequency f=867 MHz

case of broadside observation r̂0 (✓0 = 0�, �0 = 0�), eGn can
be written in the simple form:

eG = eG1(r̂0) = eG2(r̂0) = GS�(r̂0)
4RCRS

|ZS + ZC + ZM |2 (1)

where GS = G1(r̂0) = G2(r̂0), and � is the polarization
loss factor between the antenna and a reader. In case of dif-
ferent observation angles, the electromagnetic representation
is more complex [22].

C. T-match optimization
T-match transformers permit to tune the active impedances2

of the device to that of the microchip transponders. Without
loss of generality, the two T-match are optimized with refer-
ence to the EM4325 IC [36] (ZC = 23.3� j145 ⌦ and power
sensitivity pC = �8.3 dBm at 866 MHz). This is a sensor-
oriented UHF RFID chip capable of on-chip temperature
measurement in the range -40 °C to +64°C with a resolution of
± 0.25°C [18]. Even though better performing chips are nowa-
days available (for example, the AXZON Magnus S3 with
power sensitivity pC = �15 dBm [37]) the considered chip
is more suitable to direct soldering without masks (TSS0P8
package) and hence it allows a rapid prototyping as shown
in the next Section. This chip has been already qualified for
on skin tags and body temperature monitoring [38], [39]. The
proposed method is however more general and can be easily
extended to other chip families as well.

Fig. 4 shows the embedded realized gain eG in the broadside
direction versus the size {a, b} of the T-match when the ratio
between the width of the traces has been fixed to W/w = 2.
The range of the parameters have been constrained in order
to avoid superposition. Due to the different impedances of
the two loops (the larger one has an almost pure resistive
impedance, while the other has a residual reactive component
at 867 MHz), the change of the aspect-ratio of the T-match
returns a different trend of the charts in Fig. 4. Profiles are
mostly affected by the variability of the input impedance of the
antenna while instead the radiation gains are almost insensitive
to the impedance transformer.

The optimal configurations maximizing the embedded re-
alized gains are {L, a, b} = {50, 42, 2} cm and {L, a, b} =
{35, 16.5, 7.5} cm for the two considered layout sizes. The
impedance matrix entries for the two configurations are
{ZS(L = 50mm), ZM} = {34+j135, 2+j12} and {ZS(L =
35mm), ZM} = {16 + j137, 1.5 + j11}, respectively. The
coupling between ports is modest, being |ZM |  1

10 |ZS | in
both cases and hence the current modes can be considered
almost independent.

The achieved maximum embedded realized gains eG =
{�9.5,�13.0}dBi, for L ={50, 35} mm are comparable with

2As both ports are simultaneously harvesting energy from the remote reader,
the device must be considered as a coherent receiving array [12]. The electrical
parameter to be controlled are hence the active impedances, namely the input
impedance at the ports when they are simultaneously sourced.
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Figure 4. Simulated matching chart at 867 MHz for the epidermal two-ports
loop showing the embedded broadside gain eG for a) 5 ⇥ 5 cm loop and b)
3.5⇥ 3.5 cm loop. Trace width: W=2 mm and w = W/2. Circles indicate
the optimum configurations: {L, a, b} = {50, 42, 2} cm and {L, a, b} =
{35, 16.5, 7.5} cm.

those of the bare loop layouts in Fig.3. The small reduction
(less than 1 dB) is due to the additional power loss in the
body generated by the high currents onto the T-match. It is
worth highlighting that (Fig. 5) the embedded realized gains
vs. frequency are fully superimposed on the corresponding one
of single-chip on-skin loops. It means that, as both the chips
can be simultaneously activated by a CP reader antenna, we
have packed two antennas in the space of a single one by
implementing a polarization diversity scheme.

Figure 5. Comparison among the broadside of the embedded realized gains
of the two optimized configurations as in Fig.4 with the corresponding single-
chip loops having the same footprint.

III. PROTOTYPES AND EXPERIMENTAL EVALUATION

A. Prototype manufacturing

A prototype of the smaller layout (L = 35 mm) was man-
ufactured in adhesive copper sheet by a computer controlled
two-axis carving machine (Fig.6). The T-match trace width w

was slightly oversized to enable a manual tuning mechanism
to compensate possible fabrication errors and uncertainties
about body phantom parameters. By progressively cutting out
portions of the trace in excess, the resonant frequency reduces
approximately 25MHz/mm [30]. Part of the silicone layer
was also removed to improve the comfort of the user in
wearing the tag. By carving the silicone, indeed, the device
is lighter, it better follows the deformation of the skin during
body movements [32] and the natural thermal exchange with
the environment is preserved.

B. Realized Gain Measurement with LP antenna

The tag was characterized in a semi-anechoic region (Fig.7)
by using the Voyantic Tagformance Pro suite, which comprises
a broadband RFID reader (700-1100MHz) and a broadband
LP log-periodic antenna (GR = 7dBi) placed at a distance
d = 50cm from the tag and aligned along the symmetry plane
� = 90�. The epidermal tag was attached onto a semi-solid
three-layers phantom resembling the human body (AET, [40])
having same size and nominal parameters of the numerical
phantom as above.

Embedded realized gains was retrieved by the turn-

Figure 6. Prototype of the L=35mm dual-chip epidermal sensor made by
carved copper connected to EM4325 RFID chips with embedded temperature
sensing capability.

on power method, namely the power of the reader is in-
creased until the chip ICn starts responding. The corresponding
antenna input power Pin = Pto,n is then used to invert
the Friis Formula [41] and to evaluate the gain eGn. The
procedure was therefore repeated for the second port. Fig.8
compares simulated and measured embedded realized gains vs.
frequency of the two ports in the broadside direction. After a
manual tuning (w = 4 ! 2.5mm) to compensate fabrication
and phantom uncertainties, the profiles of the two ports are
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Figure 7. Measurement setup (a) comprising a three-layer semi-solid phantom
by AET (b).

in good agreement with simulations and they are symmetric,
with a deviation of just 0.5 dB in the considered band. It is
worth highlight that, by using a LP reader’s antenna, the two
ICs can be simultaneously interrogated only when the mutual
orientation is � = {0, 90�C} as in Fig.7. In this case, by
assuming an emitted power 3.2 W EIRP the estimated read
distance of both chips, in the broadside direction, is 0.6 m.
Much better read ranges (up to 1.5 m) could be however
obtained with more sensitive ICs [37].

Measured radiation patterns on two orthogonal planes

Figure 8. Simulated and measured embedded realized gains of the dual-chip
tag in the broadside direction. Shaded area indicates the European UHF RFID
band.

� = 0° and � = 90� are compared with simulations in Fig. 9.
As expected, both the patterns are broadside and identical for
the two ports in both the sampling planes. Apart for some
discrepancy in the ✓ = ±90� directions (probably due to
diffracting effects of the layered phantom), measurements are
in agreement with the model.

C. Interrogation by means of a CP Antenna
It was then experimented the achievable performance of

the dual-chip tag when the interrogation is performed by CP
antenna (patch with broadside gain GR = 7.5 dBc) that

Figure 9. Measured and simulated radiation pattern of the dual-chip epidermal
tag on the two orthogonal planes (� = 0� and � = 90�) for port 1 and port
2 simultaneously excited.

simultaneously excites both the loop modes independently on
the mutual orientations. For instance, Fig. 10 shows the turn on
powers Pto,n for two relative orientations � = {45�,�45�},
so that the horizontal side of the reader antenna is parallel, in
two different tests, to the side of the loop hosting the IC1 and
the IC2, respectively. The LP interrogation would have only
activated a chip per time as the inactive chip would require
a turn-on power higher than the maximum (30 dBm) emitted
by the reader. The CP interrogation, instead, simultaneously
activates both the ICs with the same power. A merit factor
to quantify the amount of asymmetry of the electromagnetic
performance corresponding to the two ICs is the differential
turn-on power

�Pto = |Pto(IC1)� Pto(IC2)| (2)

Ports have a symmetric behavior, with �Pto < 1dB in the
whole UHF RFID band (Fig. 10 a.). At 870MHz, in particular,
Pto ⇡ 25dBm (3dB more than the most favorable case of LP
illumination) for both ICs at both angles (Fig. 10 b.).

D. Radiation Performance on the Human Body
The capability of the dual-port tag to send back the data col-

lected by the two ICs with same electromagnetic performance
is also experimentally evaluated when the tag is placed onto
some different parts of the human body. Due to the variable
dielectric inhomogeneities of the body, the two ports of the
antenna could see different boundary conditions and they could
require different turn-on powers {Pto(ICn), n = 1, 2 }. In
the experiments, the tag was sequentially placed on the chest,
forehead, abdomen and on the hand of a volunteer (age 29,
height 189 cm, weight 90 Kg). The tag will therefore see more
bone, or more fat or more muscle depending on the considered
body region. In particular, the top face of the hand is rather
inhomogeneous just below the skin (tendons, bone, muscle)
so that the two ports could be differently conditioned. The tag
was attached to the skin by means of a 22µm thick medical

Authorized licensed use limited to: Universita degli Studi di Roma Tor Vergata. Downloaded on November 20,2020 at 10:13:20 UTC from IEEE Xplore.  Restrictions apply. 



1530-437X (c) 2020 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/JSEN.2020.3031664, IEEE
Sensors Journal

Figure 10. Measured turn-on power Pto (less is better) of the dual-chip
epidermal tag by using a reader equipped with a circularly polarized antenna
(CP- GR = 7.5dBc) and then by a linearly polarized antenna (LP- GR =
7dBi), for comparison. Tag is placed at a distance d = 50 cm from the
reader antenna. Measurements were performed for two mutual orientations
� = {45°,�45°} between reader’s antenna and tag. Turn-on power equal or
more than 31dBm means that the corresponding IC is not activated.

grade PCV adhesive membrane (BSN Medical Fixomull). It
was interrogated in the broadside direction through the CP
reader’s antenna placed at 50 cm far from the body. Fig. 11
shows the measured turn-on powers and the differential power
�Pto. As expected, [30], the trough values are dependent
on the body positions (due to the change of both gain and
impedance of the antenna). Anyway, the responses of the two
ICs are always in close agreement, with an average difference
of less than 2 dB in the 860-960 MHz band. Symmetric dual-
chip performance are hence verified even in real usage.

Figure 11. Measured couplets of a) turn-on power Pto and b) differential
turn-on power of the dual-chip epidermal tag when it was attached on different
body regions of a volunteer. The interrogating patch antenna was placed at a
distance d = 50 cm from the body.

IV. APPLICATION EXAMPLE

The potentiality of the dual-chip epidermal tag as a sensor is
here shown by the way of an application example concerning

the simultaneous measurements of skin/environment temper-
atures. At this purpose, the tag was coated by two portions
of thermal insulator sheets made by 1mm-thick fiberglass,
as in Fig.12. Accordingly, IC1 chip that will be placed in
touch with the skin, was thermally insulated from the external
environment. Chip IC2, that will be instead faced toward the
exterior, was insulated from the skin. The capability of the
resulting two-points sensor to collect independent temperatures
was first demonstrated over the phantom in a controlled
thermal environment and then verified in the direct application
over the real human body.

Figure 12. Dual-chip skin tag with non-uniform coating of the chips by means
of a 1mm-thick fiberglass insulating layers to exploit a differential temperature
measurement.

A. Test in Climatic Chamber
A first experiment of dual temperature monitoring was car-

ried out in reference and controlled environmental conditions,
with both tag and reader antennas placed within a climatic
chamber (Binder MKF 56 S/N)(setup in Fig.13). The tag was
stuck on the same body phantom as above by means the med-
ical grade adhesive membrane. Tag was interrogated through
an Intermec IF2 reader connected to the circularly polarized
antenna. Two reference temperatures were also measured. The
first one was provided by the sensor embedded in the chamber
itself (PT-100 chamber probe) that hence returns the interior
temperature. A K-thermocouple probe was then placed on the
surface of the phantom just under IC1. Such a sensor was
sampled by the Dewesoft Kripton board and compared with
the data returned by IC1.

Starting from a stationary temperature of 28°C, the temper-
ature of the chamber was first set to 65°C and then lowered
down to 15°C. Temperatures of the ICs, the chamber and
of the thermocouple were sampled for 35 min and the raw
results (without processing) are shown in Fig. 14. At rest,
the temperatures of the two ICs differ of less than 1°C. As
the environmental temperature started arising, the selective
coatings of the two chips are subjected to different thermal
conditions and their temperatures raised with different time
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Figure 13. a) Schematic of the measurement setup for the thermal test in the
climatic chamber. b) Picture of the interior of chamber with the tag onto the
planar body phantom and the K-thermocouple under IC1.

constant. T(IC1) changed slowly, due to the thermal inertia of
the phantom, in full coherence with the thermocouple data.
T(IC2) rose instead faster as it was more affected by the
convective interaction with the hot air inside the chamber.
Overall, despite the close proximity of the two ICs, their
thermal gradient �T1,2 = T (IC2) � T (IC1) reached 7°C
(Fig. 14b.), thus demonstrating the capability of the proposed
dual chip tag to collect independent temperatures. Coherently,
during the cooling phase, the IC2 sensor facing the interior of
the chamber returned a lower temperature (2°C) with respect
to the on-skin sensor that is still affected by the inertia of the
body.

B. On-body dual temperature test

The tag was then stuck onto the torso of a female volunteer
(age 25, height 163 cm, weight 51 Kg). Preliminary, the user
stand for 30 min in an indoor space (T0=26°C) to reach the
thermal equilibrium between the tag, the body and the environ-
ment: following the RFID interrogation the returned temper-
atures were T (IC1) ⇠34-34.5°C and T (IC2) ⇠33-33.5°C,
corresponding to a thermal gradient �T1,2 = T (IC2) �
T (IC1) ⇠ �1�C.

Figure 14. Dynamic differential temperature measurement with the dual-chip
tag (coated as in Fig.12) stuck on the body phantom and placed into a climatic
chamber. a) Temperature profile collected by the the sensor IC1 facing the
skin, by IC2 facing the exterior and by the two additional independent probes.
Raw data are considered. c) differential temperature �T1,2 = T (IC2) �
T (IC1).

After that, the volunteer got inside a car (Fig.15.a) with
the air conditioning system set in heating mode so that the
interior temperature measured by a reference thermocouple
was already T0 =45.5 °C. The circular polarized interrogating
antenna was placed on the windshield. The two initial temper-
atures still differ of 1 °C, as in the above static measurement.
Then, in reaction to the high internal car temperature, the
on-skin IC1 reached 43°C and the external chip exactly
approached the interior car temperature (Fig.15.b), thus rising
the thermal gradient between the two sampling points to
�T1,2 = 2.5�C (Fig.15.c).

V. SUMMARY AND CONCLUSIONS

A dual chip flexible epidermal antenna suitable to the
measurement of skin parameters by means of the UHF RFID
platform has been introduced. The antenna is provided with
two independent broadside radiating modes in polarization
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Figure 15. Dynamic differential temperature measurement with the dual-
chip skin tag placed on the torso. a) User inside a car with T0 =45.5 °C. b)
Temperature profile collected by the the sensor IC1 facing the skin and by IC2
facing the exterior. c) differential temperature �T1,2 = T (IC2)�T (IC1).

diversity, with identical gain thus enabling the reading of two
independent data-sets from the same maximum distance. Each
mode has the same radiating performance of an equal-size
single-chip epidermal loop so that it is like compressing two
tags into the footprint generally occupied by a single con-
ventional loop. Accordingly, the proposed layout can provide
twice the capability to integrate skin sensors for multi-variate
body monitoring. The optimal size of the tag was 5cm by 5cm
with a broadside embedded realized gain of -9 dBi. A smaller
configuration (3.5 by 3.5 cm), more suitable to comfortable
on-skin application, offers comparable capability in a smaller
footprint, even when placed directly on the human skin and
regardless the body position. When attached on the skin, the
proposed double ICs platform provides repeatable performance
concerning the symmetry of the responses of the two ports,
independently on the body region. Finally, as the same tag was
attached and detached several times on the skin, we can state

that the device is reusable [39], provided that the adhesive
support is restored when moving from one application to
another. The read range for the considered modest-sensitivity
IC is 0.6 m, constrained to the European emission limit.
However, a longer distance up 1.5 m could be feasible by using
better performing sensor-oriented RFID ICs. To fully exploit
the potentiality of the proposed antenna, a circular polarized
interrogator is required. Nevertheless, in case a linear polarized
reader was used, the dual chip skin tag can be arranged to have
redundant sensors, so that at least one chip will always respond
regardless the mutual orientation with the polarization of the
interrogating field. The proposed idea can be also applied with
the same methodology to other antenna shapes, like a circular
loop and to other impedance transformers, and microchips.
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