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ABSTRACT A passive matching network cannot match a device for more than one specific scenario. For
this reason, a new approach capable of matching a 50 mm × 50 mm Internet of Things (IoT) device at
698-960 MHz and 1710-2170 MHz, using a single SP4T (Single Pole 4 Throw) switch to provide good
impedance matching (|S11| < –6 dB), across five different environment cases (free space, metal, bricks,
wood, and human body), is presented. To validate the capabilities of the proposed reconfigurable matching
network to match the surrounding environments, two extreme scenarios have been considered: 1) at free
space and 2) when the prototype is placed at three different h distances of 7, 15, and 20 mm (0.016 λ,
0.035 λ, and 0.046 λ, respectively, at the lower frequency of operation of 698 MHz) from four different
materials: metal, bricks, wood, and human body. The proposed method can compensate for the effects of the
close environment variations by commuting betweenmatched states of the reconfigurable matching network.
To validate it, a prototype is implemented and tested in all the enumerated materials. By using the proposed
reconfigurable architecture, total efficiency ismaximized in all cases. The total efficiency increased by 0.8 dB
for the on-wood case, by 1.7 dB for the on-body case, by 1.9 dB for the on-brick case, and by 3 dB for the
on-metal case compared to a solution where the same matching network is used for all cases.

INDEX TERMS Small and multiband antennas, reconfigurable architecture, antenna booster, the IoT.

I. INTRODUCTION
IoT devices are intended to be used in different environments,
in many of which the device may be in a critical position
in terms of radio frequency. For example, placing the device
on the metallic surface of a shipping container, a car, or a
washing machine results in severe signal attenuation and
frequency shifting [1], [2], [3]. To solve it, a new approach
capable of counterbalancing the frequency shift produced by
the variation of the close environment surrounding the IoT
device is proposed.

Reconfigurable solutions are attractive to provide multi-
band operation [4], [5], [6], [7], [8], [9], [10], [11], [12], [13],
[14]. In [4], a Digitally Tunable Capacitor (DTC) to recon-
figure the operating frequency of the device is proposed,
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and in [10], a DTC is used to counterbalance the shift of
the antenna resonant frequency produced by the variation of
the close surrounding of the IoT device. In [11], diodes are
included to modify the geometry of a low-profile branched
monopole antenna to achieve multiband operation in six
different bands. In this paper, however, the proposed archi-
tecture employs a reconfigurable architecture providing not
only multiband operation across the frequency range of 698-
960 MHz and 1710-2170 MHz where IoT protocols, such
as NB-IoT or LTE-M are allocated but also providing a
good impedance match (|S11| < –6 dB) when the device
is exposed to the effect of different materials in very close
proximity, such as wood, brick, metal, and the human body.
By commuting between states, the best impedance matching
for each environment is achieved. To have as realistic device
locations as possible, three different spacings (h = 7 mm,
h = 15 mm, and h = 20 mm) have been used for each
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FIGURE 1. Proposed reconfigurable architecture. Note that the5-type
matching network between the RF source and the SP4T only needs a
shunt inductor; the 0� allows an extra degree of freedom for further
impedance tuning if needed in the prototyping phase.

material. A reconfigurable architecture capable of matching
12 different environments (4 materials × 3 h distances) and
free space is presented.

The proposed reconfigurable multiband architecture is
(Fig. 1) obtained by adding a reconfigurable element (an
SP4T switch) to an antenna booster element. The antenna
booster element [15] is a non-resonant element at the low
frequencies of operation, where the addition of a matching
network easily adjusts the frequencies of operation [16].

This paper is structured as follows: the need for a recon-
figurable matching network design in different materials is
analyzed in section II. The proposed reconfigurable archi-
tecture is presented in section III. The results are shown
in section IV. A discussion of some representative cases
is provided in section V. Finally, conclusions are drawn in
section VI.

II. THE NEED FOR RECONFIGURABILITY
The basic approach to matching an antenna booster element
to the desired frequency region is to use a passive matching
network [17], [18]. In this section, the need for reconfigura-
bility is analyzed. In the first case, a matching network is
designed to match the device for a free-space scenario. In a
second case, a matching network is designed considering the
device on top of a conductive body.

The prototype created for this analysis has a dimension of
50 mm × 50 mm and a ground clearance of 45 mm × 16 mm
(Fig. 2). The 30mm× 3mm× 1mm (height) antenna booster
element is placed at the corner. For simulation purposes,
the antenna booster element is available for CST Microwave
Studio [19].

A 2-component passive matching network (Fig. 3. a), able
to match the prototype at free space for the frequency region
of 698-750 MHz, is proposed.

The S-parameter of the printed circuit board (PCB) shown
in Fig. 2 is measured with a Vector Network Analyzer (VNA)
in free space and h = 7 mm on top of a 400 mm × 400 mm
metallic plate (Fig. 4) at 698-750MHz, without any matching
network. The distance h is the spacing between the PCB

FIGURE 2. A 30 mm × 3 mm × 1 mm antenna booster element on a
50 mm × 50 mm PCB comprising a 45 mm × 16 mm ground clearance
and a reconfigurable architecture: with an SP4T switch and lumped SMD
components for multiband performance at 698-960 MHz and
1710-2170 MHz. (a) top view. (b) rear view.

and the metallic plate. This spacing is representative of a
real case because batteries, as well as other components,
will be integrated below the ground plane of the device. For
each situation, a matching network is designed to match the
non-resonant capacitive impedance of the antenna booster
element. When using the same free-space matching network
in the on-metal case, the impedance is no longer matched but
shifted to a lower impedance. This is consistent with antenna
theory, when a horizontal current element is electrically
close to a perfect electric conductor, the radiation efficiency
and impedance decrease [20]. Thus, S11 degrades to –2 dB
(Fig. 3. b). If the exercise is repeated but with a matching
network for the on-metal case (Fig. 3. c), the matching is
acceptable (|S11| < –6 dB). However, the free space case is
no longer matched (Fig. 3. d). Therefore, a passive matching
network cannot meet a good match for both situations.

The same conclusion is achieved when the h distance
from the metallic layer is increased to 15 and 20 mm. Even
though the shift is reduced as the distance from the metallic
plate increases, a new matching network for each distance is
needed to achieve the best match. Indeed, when the material
is changed, the same problem appears.

To overcome this drawback, a reconfigurable architec-
ture is designed, where the tunable architecture provides
enough degrees of freedom to match both free-space and
on-metal cases. Furthermore, the architecture is also able
to provide multiband operation across 698-960 MHz and
1710-2170 MHz for both free-space and on-metal cases
and even for three new scenarios (on-wood, on-brick, and
on-body), as explained in the next section.

III. PROPOSED RECONFIGURABLE ARCHITECTURE
The proposed reconfigurable architecture is designed to com-
bine an antenna booster element with the addition of a tunable
element, an SP4T switch (Fig. 1). It consists of strategically
arranging the outputs of the SP4T switch with series lumped
components to an off-the-shelf antenna booster element.
Thanks to the shunt switches of the SP4T switch, not only
series matching networks are possible, but also a shunt-series
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FIGURE 3. Simulated S 11 of a 2-component matching network (MN) from
the S-parameters of the proposed prototype (Fig. 2) at free space and
7 mm on top of a metallic layer (Fig. 4) from 698-750 MHz. (a) free space
MN. (b) both environments with a matching network designed for free
space. (c) metallic environment MN. (d) both environments with a
matching network designed for the metallic environment. Simulations are
done with AWR Microwave Office.

FIGURE 4. Side view of the proposed prototype (Fig. 2) 7 mm on top of a
400 mm × 400 mm metallic layer.

(the shunt is the one connected to the antenna booster ele-
ments). The SP4T switch has eight internal switches, achiev-
ing 28= 256 different switch states. Of those 256 states, some
of them are not useful. For example, when SW1S, SW2S,
SW3S, and SW4S are opened, no matter the state of the SWiP
(i = 1, 2, 3, 4), the result is an open circuit. When any of
the series and the corresponding shunt switch are on, it is
also not useful since this is in a short circuit state. After
applying all combinations, it results in 65 useful states (15
series combinations and 50 having a shunt-series topology).

This element allows 65 passive matching networks to be
grouped in a single reconfigurable architecture, providing
the ability to use different states of the switch for each
environment [21]. For this prototype, 12 cases (on-wood,
on-brick, on-metal, and on-body for a distance h of 7, 15,
and 20 mm from the material) plus free space are used. Still,
this experiment could be extrapolated to other environments.
In the end, only 25 states are needed.

A multiband reconfigurable architecture (Fig. 1) able to
cover 698-960 MHz and 1710-2170 MHz, providing good

FIGURE 5. (a) Matching network for 698-720 MHz from the proposed
reconfigurable architecture (Fig. 1) used when the prototype is over a
metallic layer (Fig. 4). (b) for free space. (c) Measured S 11 for the
proposed prototype (Fig. 2) from 698-720 MHz.

impedance matching (|S11| < –6 dB) no matter the environ-
ment, is presented. All selected part numbers of the lumped
SMD components have a Q value greater than 60 at the
frequency of operation. The prototype matching network has
a 5-type matching network designed to have more flex-
ibility when matching the prototype, but only one shunt
inductor was needed, which is the reason for 0 Ohms series
resistors.

The SP4T switch allows several states to be matched
for free space and other scenarios, i.e., when the prototype
is placed 7 mm from a metallic plate, achieving a good
impedance matching (|S11| < –6 dB) with the same recon-
figurable matching network. Following the same example
used in section II, for the frequency region of 698-720 MHz,
the proposed reconfigurable matching network uses state #4
(Fig. 5. a) when the prototype is 7 mm on top of a metallic
layer and state #8 (Fig. 5. b) when the prototype is in free
space. In both cases, the prototype can be matched below
–6 dB of S11 (Fig. 5. c).
The selected SP4T switch is the QM13345 from Qorvo,

which has a dimension of 1.1 mm × 1.5 mm × 0.4 mm
(height), and it is software-controlled through a parallel MIPI
interface by connecting the prototype to Qorvo’s software
through the 8-pin connector located at the rear ground plane
of the PCB (Fig. 2. b). Since the ground plane is a relevant
element for the radiation process, to carry a measurement, the
prototype should not have any interface bus connected that
may degrade the total efficiency measurements. Therefore,
to remove any cable from the prototype that may interfere
with the efficiency testing, a tiny battery is embedded at the
rear ground plane of the PCB. Since the switch receives the
DC voltage from the battery, the state is maintained, and
both S11 and total efficiency measurements can be carried
out without the impact of the interface bus connection. The
use of the small battery, even though it has an impact on the
currents of the PCB, it provides the advantage of avoiding
the use of the interface to power the switch, which would
lead to an inaccurate measurement given the small antenna
dimensions compared to the operating wavelength.
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With the proposed approach, the prototype achieves an
acceptable match (|S11| < –6 dB) not only in both free space
and on-metal environments but also on-wood, on-brick, and
on-body. Indeed, the average measured total efficiency is
doubled at 698-960 MHz when comparing free-space switch
states versus on-metal switch states at 7 mm on top of a
metallic plate (further discussion will be made in section V).

For the free-space scenario, the components of the match-
ing network are obtained throughmatching network synthesis
with Optenni-Lab. For the other scenarios, other states have
been explored to finally pick those with better impedance
matching.

IV. RESULTS
This section shows the results obtained when measuring
the prototype (Fig. 2) with the proposed multiband recon-
figurable architecture (Fig. 1), covering 698-960 MHz and
1710-2170 MHz, at free space and h mm on top of all four
different materials: wood, metal, brick, and human body.

The reconfigurable architecture is capable of properly
matching (|S11| < –6 dB) when located in free space and
at 7, 15, and 20 mm on top of a metallic layer, a wooden plate,
bricks, and a body phantom. By commuting betweenmatched
switch states for each of the cases, the best adaptation for each
environment is achieved.

To visualize the S11 and total efficiency results, an enve-
lope of all the used switch states for each environment has
been made. The S11 has been measured with a VNA, and the
total efficiency (ηt ) has been measured inside an anechoic
chamber (Fig. 6. top) using 3D pattern integration (MVG
Star-Lab 18). The total efficiency considered both the radi-
ation efficiency (ηr ) and the mismatch losses as follows:
ηt = ηr · (1 − |S11|2). In both measurements to emulate
the effect of the desired material, a plate is used (Fig. 6.
bottom). To emulate the effect of a brick wall, a 400 mm ×

400mm× 38mm (thick) brick plate with εr = 3.95 and tan(δ)
= 0.0185 is used (Fig. 6. a). To emulate the effect of wood,
a 400 mm × 400 mm × 15 mm (thick) wooden plate with
εr = 1.64 and tan(δ) = 0.0680 is used (Fig. 6. b). To emulate
the effect of a metallic layer, a 400 mm × 400 mm ×

2 mm (thick) aluminum plate with σ = 3.816 × 107 S/m is
used (Fig. 6. c). To emulate the effect of the human body, a
192mm× 105mm× 52mm (thick) body phantom container
with εr = 41.5 and tan(δ)= 0.0157 at 698-960MHz and with
εr = 40.0 and tan(δ) = 0.0244 at 1710-2170 MHz is used
(Fig. 6. d).

To carry the measurements with the prototype (Fig. 2),
the state of Qorvo’s QM13345 switch is selected using the
MIPI master interface controlled by a laptop using Qorvo’s
application. Once the state is set, the MIPI digital cable bus
can be disconnected to not interfere with the impedance and
radiation measurements. The onboard battery and voltage
regulator provides the required power to the switch.

A. FREE SPACE
When the prototype is located at free space, it achieves an
average measured S11 of −10.7 dB at 698-960 MHz and

FIGURE 6. MVG Star-Lab 18 anechoic chamber setup (top) and plates
used to emulate the material effect inside the anechoic chamber
(bottom).

−10.4 dB at 1710-2170MHz (Fig. 7. a), with an average
measured total efficiency of 26.1% and 51.2% (Fig. 7. b),
respectively, showing a competitive total efficiency for such
a small form factor (50 mm × 50 mm).

To achieve the best performance, the following seven states
have been used to cover the low-frequency region (LFR)
of 698-960 MHz: state #8 from 698-729 MHz, state #4
from 730-789 MHz, state #14 from 790-839 MHz, state
#11 from 840-869 MHz, state #131 from 870-889 MHz,
state #65 from 890-939 MHz and, state #129 from
940-969 MHz. To cover the high-frequency region (HFR) of
1710-2170 MHz, four states have been used: state #134 from
1710-1759 MHz, state #65 from 1760-1849 MHz, state #14

85540 VOLUME 11, 2023



A. Fernández et al.: Reconfigurable Multiband Antenna Booster Architecture for Different Environments

FIGURE 7. Measured S 11 and total efficiency when the prototype is in
free space.

from 1850-2049 MHz and, state #133 from 2050-2170 MHz.
A total of 9 different states have been used to achieve multi-
band operation.

The average total efficiency of the prototype (ηt ) for the
LFR is ηt ∼= −3dB from which, the loses introduced from the
matching network (ηt = ηr · ηMN ) (SP4T switch + lumped
components) are ηMN ∼= −0.8 dB and Radiation efficiency
(ηr ) is −2.2dB. The −2.2dB radiation efficiency is due to the
small ground plane (∼50 mm x 34mm).

B. WOOD
To measure the effect of wood on the prototype, this has been
placed at 7, 15, and 20 mm (Fig. 8) on top of a 400 mm ×

400 mm × 15 mm (thick) wooden plate (Fig. 6. b).
For each h distance, to achieve the best performance, the

reconfigurable architecture (Fig. 1) has been optimized by
using the best-matched switch states for each frequency with-
out changing the topology for any h distance.

Total efficiency results plotted in Fig. 9 show that wood
does not interfere with the performance of the prototype at the
LFR of 698-960 MHz. Achieving an average measured total
efficiency between 25.3% and 26.5% (TABLE 1), which is
very similar to the 26.1% achieved at free space. On the other
hand, for the HFR of 1710-2170 MHz, wood at 7 mm from
the prototype reduces the average S11 0.7 dB from free space.
The average total efficiency of the prototype increases with h

FIGURE 8. Prototype placed h mm on top of a 400 mm × 400 mm
wooden plate. (a) h= 7 mm. (b) h= 15 mm. (c) h = 20 mm.

FIGURE 9. Envelope of the measured total efficiency when the prototype
is placed h mm on top of a wooden plate (Fig. 8).

(TABLE 1). When placed at 20 mm on top of the wooden
plate, the reconfigurable architecture achieves an average
measured S11 for the HFR equal to free space, −10.4 dB.
But the average measured total efficiency is 6.1 points lower,
meaning that even though the reconfigurable architecture can
match the prototype in the presence of the material. Wood
absorbs 1 dB of the average total efficiency radiated to the
space at the frequency region of 1710-2170 MHz.

To sum up, wood has no impact on the performance
for 698-960 MHz and absorbs, when equally matched with
free space, 1 dB of the power radiated to the space at
1710-2170 MHz.

C. BRICK
To measure the effect of brick on the prototype, this has been
placed at 7, 15, and 20 mm (Fig. 10) on top of a 400 mm ×

400 mm × 38 mm (thick) brick plate (Fig. 6. a).
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TABLE 1. Average measured S 11 and total efficiency when the prototype
is placed h mm on top of a wooden plate.

FIGURE 10. Prototype placed h mm on top of a 400 mm × 400 mm brick
plate. (a) h= 7 mm. (b) h= 15 mm. (c) h = 20 mm.

For each h distance, to achieve the best performance, the
reconfigurable architecture (Fig. 1) has been optimized by
using the best-matched switch states for each frequency with-
out changing the topology for any h distance.

Total efficiency results plotted in Fig. 11 show that the
presence of brick near the prototype reduces the total effi-
ciency at both bands. The reconfigurable architecture has
been capable of matching the prototype with an average S11
comparable with the free space one for all three h distances
(TABLE 2). Despite this, when the prototype is placed at
7 mm on top of the brick plate, the average total efficiency
at the LFR is 18.9%, at 15 mm is 20.6%, and at 20 mm is
22.6% (TABLE 2). In comparison, free space is 26.1%.As the
distance h increases, the average total efficiency improves
linearly. The same happens for the HFR.

To sum up, the reconfigurable architecture can match the
prototype despite the presence of brick. This presence pro-
duces attenuation of the total efficiency as the prototype is
closer to the material.

FIGURE 11. Envelope of the measured total efficiency when the
prototype is placed h mm on top of a brick plate (Fig. 10).

TABLE 2. Average measured S11 and total efficiency when the prototype
is placed h mm on top of a brick plate.

D. METAL
To measure the effect of metal on the prototype, this has been
placed at 7, 15, and 20 mm (Fig. 12) on top of a 400 mm ×

400 mm × 2 mm (thick) metallic plate (Fig. 6. c).
For each h distance, to achieve the best performance, the

reconfigurable architecture (Fig. 1) has been optimized by
using the best-matched switch states for each frequency with-
out changing the topology for any h distance.
Note that 7 mm is the minimum distance from the PCB

to the material under study. The reason is that 7 mm is
representative of the height of a battery used to power an IoT
device.

Total efficiency results plotted in Fig. 13 show the attenu-
ation and frequency shifting produced by the metallic layer.
Despite that, the average S11 increases with the increase in
the distance h of the prototype from the metallic layer. The
prototype is not capable of matching properly in comparison
with the free space case. At h = 7 mm, the average S11
at 698-960 MHz is 2 dB lower than at free space, and at
1710-2170MHz is 0.5 dB lower (TABLE 3). On the other
hand, when the prototype is 20 mm on top of the metallic
layer, 698-870 MHz outperformed the free space case in
terms of total efficiency, achieving an average of 28.1% for
the LFR, which is two points higher than the 26.1% achieved
in free space. In other words, the reconfigurable architec-
ture can overcome the frequency shifting produced by the
presence of metal and achieve a proper total efficiency (in
comparison with free space), despite the conductivity of the
metallic layer.
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FIGURE 12. Prototype placed h mm on top of a 400 mm × 400 mm
metallic plate. (a) h = 7 mm. (b) h= 15 mm. (c) h = 20 mm.

FIGURE 13. Envelope of the measured total efficiency when the
prototype is placed h mm on top of a metallic plate (Fig. 12).

TABLE 3. Average measured S11 and Total efficiency when the prototype
is placed h mm on top of a metallic plate.

To sum up, the presence of metal has a significant impact
even at 20 mm from the prototype. The reconfigurable

FIGURE 14. Prototype placed h mm on top of a 192 mm × 105 mm ×

52 mm (height) body phantom container. (a) h = 7 mm. (b) h = 15 mm.
(c) h = 20 mm.

FIGURE 15. Envelope of the measured total efficiency when the
prototype is placed h mm on top of a body phantom container (Fig. 14).

architecture can reduce frequency shifting using specifically
matched states for every h distance.

E. HUMAN BODY
To measure the effect of the human body on the prototype,
this has been placed at 7, 15, and 20 mm (Fig. 14) on top of a
192mm× 105mm× 52mm (thick) body phantom container
(Fig. 6. d).
For each h distance, to achieve the best performance, the

reconfigurable architecture (Fig. 1) has been optimized by
using the best-matched switch states for each frequency with-
out changing the topology for any h distance.
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TABLE 4. Average measured S 11 and total efficiency when the prototype
is placed h mm on top of a body phantom container.

FIGURE 16. Envelope of the measured S11. Comparison between
optimized switch states (solid line) and free space states (dotted line).
Prototype placed 7 mm on top of metal and brick.

Total efficiency results plotted in Fig. 15 show the worst
total efficiency results achieved by any material in this paper.
Indeed, due to the high absorption of the human body, it has
the worst performance at all three h distances on all the
materials studied in this article. As the distance h to the
material increases, the impact of the material is reduced,
improving the total efficiency. In this case, at the LFR,
the average measured total efficiency increased by 2.9 dB
from h= 7 mm to h= 15 mm, and by 1 dB from h=
15 mm to h= 20 mm (TABLE 4). The same happens for
the HFR with 2.2 dB and 0.9 dB increases, respectively. The
performance increase is smaller as the distance h increases,
following a logarithmical curve. Indeed, at h = 20 mm
for the LFR, the average S11 is comparable with the free
space case, but the average total efficiency is 1.7 dB lower
than the free space, proving the high absorption of the
material.

To sum up, the presence of the human body has a severe
impact on the performance of the prototype. Despite being
well matched, the material absorbs power radiated to space.

V. DISCUSSION
This section discusses the advantages of the proposed recon-
figurable architecture and compares the impact of the dif-
ferent environments on the performance of the prototype,
showing how the reconfigurable architecture manages to
improve its performance in all cases.

To prove the reconfigurability of the proposed archi-
tecture, a comparison between the static approach, which

FIGURE 17. Envelope of the measured total efficiency. Comparison
between optimized switch states (solid line) and free space states (dotted
line). Prototype placed 7 mm on top of metal and brick.

consists of using the same matching network regardless of
the environment, and the proposed reconfigurable approach
has been made. A comparison between matched switch
states for each material (presented in section IV) vs. the
use of the same matched states for all environments to rep-
resent the static approach has been made. As discussed in
section II, the static approach consists of using the same
matched architecture, in this case, the free space matched
states, for all cases.

When the prototype is 7 mm on top of the metallic layer
(Fig. 16 – red curve), the average S11 at 698-960 MHz is
5.4 dB higher when using matched states than with free
space states, at 1710-2170 MHz is 2.2 dB higher. The
same happens when the device is 7 mm on top of a brick
plate, with an average S11 of –4.5 dB when using the static
approach (Fig. 16 – dotted green curve) and an average S11
of –10.8 dB with the proposed reconfigurable architecture
(Fig. 16 – solid green curve) at 698-960 MHz. The aver-
age S11 at 1710-2170 MHz is –10.4 dB and –10.6 dB,
respectively.

Those results show the improvement achieved by the
reconfigurable architecture without changing the topology.
Indeed, in the lower frequency region, the average S11
increased by 5.4 dB for metal and by 6.3 dB for brick.

For the same cases, a total efficiency comparison has been
made (Fig. 17). In which it is appreciated a 3.3 dB increase in
the average total efficiency for themetal case at 698-960MHz
(TABLE 5) and 1.9 dB for brick. It can be appreciated that the
improvement in adaptation is not proportional to the increase
in efficiency. Even though the reconfigurable architecture
can mitigate the frequency shifting produced by the material
using specifically matched states for every environment. The
attenuation of the radiated efficiency produced by everymate-
rial can only be compensated by increasing the distance h to
the material, in other words, by reducing the impact of the
material on the prototype.

From TABLE 5, it can be appreciated that the reconfig-
urable architecture has a better performance in comparison
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FIGURE 18. Measured total efficiency comparison of optimized switch
states. Prototype placed 7 mm on top of all the materials measured in
section V.

to the static approach: 1) when the prototype is closer to the
material (h = 7 mm), and 2) on the materials with a larger
relative permittivity (εr).

For the first case, when the prototype is 7 mm on top of
a phantom body container, at 698-960 MHz, the reconfig-
urable architecture has an average total efficiency of 4%,
which is the worst average total efficiency achieved by the
reconfigurable architecture in all measured cases. But in
comparison to the 2.7% achieved with the static approach,
the reconfigurable architecture has a 1.7 dB better average
total efficiency. This difference decreases as the distance to
the material h increases by 1 dB for h = 15 mm and by
0.5 dB for h = 20 mm. This also happens for the rest of the
materials. Given that, as the distance h increases, the impact
of thematerial decreases, creating an environmentmuchmore
similar to the ideal case of free space. That is the reason why
the difference between the static approach and the proposed
reconfigurable architecture is more equal as the distance h
increases.

For the second case, when the prototype is 7 mm on top of
a dielectric material, such as wood, brick, or a human body.
As the relative permittivity of the given dielectric material
increases from the εr = 1.64 of wood to the εr = 3.95 brick
or the εr = 41.5 of the human body. The difference between
the typical approach and the proposed reconfigurable archi-
tecture increases by 0.8 dB for the on-wood case, by 1.7 dB
for the on-body case, and by 1.9 dB for the on-brick case.
When the prototype is near a high conductivity material, such
as aluminum with σ = 3.816 × 107 S/m, the difference
increases to 3 dB. As the impact on the material is more
severe, the proposed reconfigurable architecture achieves a
better performance.

Despite these differences in cases and for both fre-
quency regions, the proposed reconfigurable architecture has
a better average performance than the static approach of
using the designed free space architecture for any given
environment.

Even though when the prototype is near a conductor, the
total efficiency of the proposed reconfigurable architecture

FIGURE 19. Measured radiation patterns.

falls to 10.9% for 698-960 MHz and to 27.7% for 1710-
2170 MHz (Fig. 18 – blue), in comparison to free space
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TABLE 5. Average measured total efficiency comparison between the typical approach and the proposed reconfigurable architecture.

(Fig. 18 – red) for h = 7 mm. The material that has a signifi-
cant impact on the performance of the prototype is a dielectric
material, specifically, the human body. With a relative per-
mittivity of εr = 41.5, the performance falls to 4.0% and
15.4% (Fig. 18 – light blue), respectively. The same happens
with the rest of the h distances (TABLE 5). From those
results, when can observe that, even though the frequency
shifting produced by a conductor is more severe than the one
produced by the dielectric material, as has been discussed.
The proposed reconfigurable architecture can mitigate it.
What it cannot overcome is the absorption of the dielectric
material or the attenuation of the conductor. The obtained
results show that the absorption of the human body is larger
than the attenuation produced by the presence of a metallic
plate.

Finally, radiation patterns are represented for each situa-
tion at two representative frequencies of the low and high-
frequency bands: 900 MHz and 2000 MHz (FIGURE 19).
For the free-space scenario, radiation patterns are quasi-
isotropic, featured by low directivity, ensuring reception from
any incoming direction of the electromagnetic signals. For
other cases (wood, brick, metal, and human body), radiation
patterns are slightly modified, in particular for the wood and
metal case at 2000 MHz. For this case, the radiation pattern
becomes more directive: for the wood case, it increases from
4.1dB of the free-space situation to 7.2dB, pointing to the
wood direction. This may be caused by the dielectric loading
of thewood acting as a superstrate. This effect is well reported
for microstrip patches where a superstrate is used to increase
the directivity of the microstrip patch antenna [22].
For the metal case, the impact at 2000 MHz is to increase

also directivity. However, the beam is now pointing to the
z>0 direction due to the shielding effect of the metallic plane
under the wireless device. As a consequence, reception from

z<0 is reduced, which depends on the size of the metallic
plane.

For the remaining cases, although radiation patterns suffer
changes, directivities remain still moderate (<7dB), in par-
ticular for the low-frequency bands where the impact in
the radiation patterns is less, and thus, reception is quite
preserved independently from the angle of arrival of the
incoming signal.

VI. CONCLUSION
A reconfigurable multiband architecture with a single SP4T
switch and a small multiband antenna booster element able
to match in free space and when the prototype is placed on
top of four different materials –metallic plate, bricks, wooden
plate, and body phantom– using the same topology, has
been proposed. The architecture is not only able to properly
match independently of the environments (|S11| < –6 dB)
but also to provide multiband operation at 698-960 MHz and
1710-2170 MHz for a small 50 mm × 50 mm device.

The proposed antenna-booster-based architecture is flex-
ible enough to provide impedance matching across several
situations, such as free space, a metallic layer, bricks, wooden
plate, and body phantom. As a result, the architecture is
robust to the detuning effects due to the environment and,
thus, useful to optimize the power consumption of wireless
devices.
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