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A Multiband Compact Reconfigurable PIFA Based
on Nested Slots

Fatima A. Asadallah , Joseph Costantine , and Youssef Tawk

Abstract—This letter presents a new planar inverted-F antenna
design that is dedicated for integration within mobile devices such
as phones and tablets. The proposed antenna structure is based on
nested capacitive slots in order to achieve a multiband behavior.
The presented antenna is also reduced in size by 60%. The antenna
is then reconfigured using positive-intrinsic-negative (p-i-n) diodes
that are embedded within the antenna structure. Frequency recon-
figuration is achieved to ensure that all the various commercial and
required bands of interest are covered. Two prototypes are fabri-
cated and measured where good agreement is noticed between the
simulated and measured data.

Index Terms—Capacitive slots, nested slots, planar inverted-F
antenna (PIFA), portable devices, reconfigurable antennas.

I. INTRODUCTION

TYPICAL multiband antennas fall short from satisfying
all the new communication platform constraints and

requirements in a portable device. To that extent, reconfigurable
antennas present themselves as solutions for future portable
communication systems. Most current portable devices rely
on multiband antennas that have been extensively addressed
in the literature. Planar inverted-F antenna (PIFA) in particular
presents a popular candidate for portable device implementa-
tion. A lot of techniques for achieving multiband operations on
a PIFA have been investigated such as meandering or folding
the radiating surface [1]. Capacitive slots are also used to reach
more compact designs [2].

The integration of antenna systems in portable devices re-
quires a compact size with acceptable radiation characteristics.
While reducing the size of the antenna is important, the ability
to reconfigure the frequency of operation becomes crucial to
achieve the required coverage at various frequency bands. The
price that a designer pays in terms of radiation efficiency is con-
sidered acceptable if reconfigurable miniaturization is sought
for a specific incorporation in mobile terminals. Frequency-
reconfigurable antennas appear as solutions that can achieve
better agility in coverage while maintaining compact structures.
Reducing the size of the antenna and reconfiguring its perfor-
mance rely on a plethora of techniques that allow these antennas
to change their operation on demand. Such techniques can be
based on switches that constitute a dominant choice [3], [4]. In
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Fig. 1. (a) Multiband PIFA structure, (b) Fabricated prototype. (c) Detailed
dimensions of the five slots (a to e). (d) Side view of the antenna.

particular, electrical switches are the most popular components
that can be incorporated on antenna structures to achieve recon-
figuration [4]–[9]. Examples of electrical switches are positive-
intrinsic-negative (p-i-n) diodes [5], varactors [6]–[8], or radio
frequency (RF) microelectromechanical systems [9].

In this letter, a detailed discussion about the design of the
multiband antenna is presented along with the fabricated results.
The process of reducing the size of the multiband antenna and
transforming it into a reconfigurable structure is also detailed.
Moreover, the measured performance of the reconfigurable an-
tenna is assessed in this letter. Section II of this letter introduces
the multiband PIFA design along with a discussion on its per-
formance and measured results. Section III details the reconfig-
urable PIFA system that relies on two p-i-n diodes to achieve fre-
quency reconfiguration. Finally, Section IV concludes the letter.

II. MULTIBAND ANTENNA DESIGN AND PERFORMANCE

The proposed PIFA structure shown in Fig. 1(a) is based on the
initial brief presentation of the structure in [10]. The presented
multiband antenna structure is composed of four layers. The first
layer is a rectangular patch with dimensions of 37 x 26.5 mm2 .
The second layer is the Rogers Duroid 5880 substrate with a
dielectric constant of 2.2 and a thickness of 1.6 mm. The third
layer is an air gap of 4.4 mm height and the final fourth layer
is a ground plane of dimensions 105 × 70 mm2 . The size of the
ground plane corresponds to the dimensions of a typical mo-
bile device. In total, the ground plane is suspended away from
the radiating part by a distance of 6 mm (air gap + substrate).
A shorting sheet of width 29 mm is located 2 mm away from
the feeding position and optimally positioned at the edge of the
antenna. The shorting sheet is incorporated to achieve the ap-
propriate matching at the various operating bands. A side view
of the antenna structure that highlights the location of the short-
ing sheet is shown in Fig. 1(d). The patch and shorting sheet
are designed such that the sum of the length and width of the
patch subtracted by the shorting sheet width corresponds to a
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Fig. 2. Simulated reflection coefficient of the antenna with the five nested
slots.

TABLE I
DIMENSIONS AND RESONANT FREQUENCIES OF THE VARIOUS SLOTS ALONG

WITH THEIR RADIATION EFFICIENCY AND GAIN

Slot Total length
(mm)

Frequency
(GHz)

Radiation
efficiency

(%)

Gain (dB)

Sim. Meas.

a 36.5 (∼0.45 λ) 3.55 and
3.4

98 8 7.98

b 156.3 (∼0.469 λ) 0.77 80 0.5 0.48
c 141 (∼0.495 λ) 0.9 70 1 0.98
c 141 (∼1 λ) 1.8 and 1.7 97 5 4.96
d 69 (∼0.56 λ) 2.1 98 4 3.95
e 54 (∼0.5 λ) 2.4 95 3 2.91

quarter-wavelength (34.5 mm) at the original design frequency
of 1.54 GHz. The initial reflection coefficient of the PIFA with-
out adding any slot along the radiating patch is shown in Fig. 2.

The multiband operation is obtained by resorting to five
nested capacitive slots that are etched from the rectangular patch.
These five slots are numbered from a to e in Fig. 1(c). According
to Babinet’s principle, the capacitive slot’s radiated fields are re-
lated to its dual antenna, and thus a slot can be seen as a sheet of
metal surrounded by air. Thus, each slot in the rectangular patch
can be addressed as a resonating element where its correspond-
ing length is designed to be a half-wavelength at the targeted
frequency [2]. The dimensions and resonant frequencies of the
various slots are shown in Table I. The corresponding resonant
frequencies from each slot take into consideration the capaci-
tive coupling effects between the nested slots. Such capacitive
and coupling effects add constructively to the operation of the
antenna at the various resulting frequencies.

The PIFA is first designed to resonate at 1.54 GHz. Con-
secutive slots of lengths equal to λ/2 at the desired frequen-
cies (0.77, 0.9, 1.8, 2.1, 2.4, and 3.55 GHz) are etched from
the patch. The slots’ lengths are then optimized to achieve the
required resonances while taking into account their coupling
effects. Fig. 2 displays the effect of adding the various slots
on the antenna’s reflection coefficient. It is noticed that the an-
tenna exhibits operation at additional frequencies other than the
ones that are strictly desired. This is due to the fact that the slot
lengths are equal to multiples of λ/2 at other frequencies. Thus,
additional resonances contribute to the overall performance of
the antenna as shown in Table I and Fig. 2. The antenna op-
erates at the following frequency bands (770 MHz, 900 MHz,
1.54 GHz, 1.7 GHz, 1.8 GHz, 2.1 GHz, 2.4 GHz, 3.4 GHz,
and 3.55 GHz). Additionally, operation at 1.7 and 3.4 GHz is
not intended but results from the coupling of the various nested
resonating slots. These frequencies are addressed during the re-
configurable antenna design. The appropriate matching of the

Fig. 3. Simulated and measured reflection coefficient for the multiband PIFA.

Fig. 4. Simulated and measured radiation pattern of the multiband antenna at
(a) 1.54 GHz in the xy plane, (b) 1.54 GHz in the yz plane, (c) 1.8 GHz in the
xy plane, (d) 1.8 GHz in the yz plane (e) 2.1 GHz in the xy plane, (f) 2.1 GHz in
the yz plane, (g) 3.55 GHz in the xy plane, and (h) 3.55 GHz in the yz plane.

integrated switches in optimal positions limits the performance
of the antenna to the desired frequency operation and reduces
undesired noise.

The fabricated prototype of the multiband antenna is incor-
porated in Fig. 1(b). The comparison between the simulated and
measured reflection coefficients is highlighted in Fig. 3. It is
important to note that since the antenna is proposed for portable
device’s integration, the threshold of −6 dB is considered for
the reflection coefficient’s magnitude [1]. The simulated and
measured radiation patterns at various frequencies in the xy and
yz planes are depicted in Fig. 4. At the frequency of 3.55 GHz,
the antenna produces the highest gain of almost 8 dB. The simu-
lated and measured gains and radiation efficiency of the antenna
at the various operating frequencies are presented in Table I.

III. RECONFIGURABLE COMPACT PIFA ANTENNA DESIGN

Reducing the size of the antenna and reconfiguring its opera-
tion achieves an agile and more compact design that accounts for
the required operating frequencies. Such reconfigurable design
relies mainly on the appropriate matching of the loaded p-i-n
diodes. The dimensions of the antenna’s radiating surface are
reduced from 26.5 × 37 mm2 to 15 × 25 mm2 . This provides
a reduction in the surface by 60%. The smaller and reconfig-
urable PIFA is first designed to operate at 1.8 GHz. The length
and width of the patch are carefully chosen in order to ensure that
the slot allowing the operation at the lowest frequency (slot b at
770 MHz) is accommodated appropriately. Thus, the shorting
sheet is determined to occupy a width that is equal to 3.5 mm.
Such shorting sheet is narrower than the multiband design. The
radiating structure design is initiated with the integration of one
slot that has the length of λ/2 at 770 MHz. Two p-i-n diode
switches are then incorporated within the slot. The locations of
the p-i-n diodes are optimally chosen to allow the division of
the slot into two shorter slots when the switches are activated.
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Fig. 5. (a) Reconfigurable PIFA structure. (b) Side view of the antenna struc-
ture. (c) Detailed dimensions of the radiating surface. (d) Corresponding fabri-
cated prototype.

Fig. 6. Reflection coefficient when the slot is integrated with no switches,
with one switch and with two switches in the OFF state.

Such shorter resonating slots enable the antenna to resonate at
higher operational bands.

The slot topology is modified to an almost rectangular spiral in
order to fit the patch dimensions. The new shape of the antenna
structure is shown in Fig. 5(a). The corresponding reflection
coefficient is shown in Fig. 6 before integrating any switch
along the slot. Arranging slot b into a spiral form shifts the
lowest frequency operation from 770 to 900 MHz as shown in
Fig. 6. This is due to the new topology along with the modified
current paths. Without any integrated switch, the antenna also
operates at 1.8, 2.4, and 3 GHz.

Frequency reconfiguration is achieved through a redistribu-
tion of the currents on demand. Activation of the p-i-n diodes
ensures that the antenna resonates at the desired frequencies that
are achieved by the multiband version of this antenna. Thus,
the five original nested slots from the multiband structure are
now reduced to one slot with two integrated switches. A side
view of the compact reconfigurable PIFA design along with a
detailed representation of the radiating surface dimensions are
highlighted in Fig. 5(b) and (c). Two p-i-n diodes (S1 and S2)
are located along the slot. The change in the reflection coef-
ficient after the division of the slot is also included in Fig. 6
with the two integrated switches in the OFF state. One notices
that the lowest resonant frequency achieved is 900 MHz. A shift
in the resonant frequency in the 2.2–2.5 GHz range is obtained
due to the RLC loading effect of the two integrated switches
in their OFF states. The integrated p-i-n diodes are the SMP
1320 from Skyworks [11]. They are incorporated at optimized
locations across the slot as shown in Fig. 5(c). The variation
of the slot length due to the different switches’ states allows
the frequency reconfiguration of the antenna. In order to bias
the p-i-n diodes appropriately, a high impedance slot is etched
as indicated in Fig. 5(c). This slot serves as a dc isolation gap
that allows the individual biasing of the two integrated p-i-n
diodes. The biasing of the p-i-n diodes also requires the integra-

Fig. 7. Simulated reflection coefficient (dB) for the four p-i-n diodes config-
urations.

TABLE II
RADIATION EFFICIENCY AND THE SIMULATED AND MEASURED GAIN LEVELS

FOR THE RECONFIGURABLE PIFA DESIGNS

Switch state Operating
frequency

(GHz)

Radiation
efficiency(%)

Maximum gain (dB)

Sim. Meas.

S1 OFF & S2 OFF 0.9 32 0.5 0.45
1.8 15 4 3.7
2.4 17 4 3.8

S1 OFF and S2 ON 0.77 40 0.5 0.5
1.54 30 1 0.98
1.8 14 4 3.82

S1 ON and S2 OFF 1.8 12.5 4 3.9
2.1 24.5 3.5 3.37
3.55 12.5 9 8.9

S1 ON and S2 ON 0.77 40 0.5 0.5
1.54 30 1 0.98
1.8 14 4 3.9
2.1 24.5 3.5 3.37
3.55 12.5 9 8.9

tion of two 110 nH RF chokes. These chokes connect the p-i-n
diodes to the dc power supply through two vias that are shown
in Fig. 5(b). The purpose of the RF chokes is to prevent the RF
from leaking back into the dc biasing circuit. The shorting sheet
of width 3.5 mm also provides the dc grounding connections for
the two integrated switches. The antenna’s fabricated prototype
is shown in Fig. 5(d).

In this design, the two p-i-n diodes ensure the availability
of four different configurations as shown in Fig. 7. In reality,
three configurations achieve the desired bands, while the fourth
configuration can be used for additional reliability at 770 MHz,
1.54 GHz, 1.8 GHz, 2.1 GHz, and 3.55 GHz. Fig. 8 shows the
comparison between the measured and simulated reflection co-
efficients of the reconfigurable design for different combinations
of the p-i-n didoes’ states. The antenna is able to cover the fol-
lowing frequencies (770 MHz, 900 MHz, 1.54 GHz, 1.8 GHz,
2.1 GHz, 2.4 GHz, 2.8 GHz, and 3.55 GHz) for different modes
of operation of the two integrated switches. These frequencies
allow the antenna to operate at various wireless communication
applications such as LTE, GSM, GPS, 3G, WiMAX, and Wi-Fi.

The antenna’s simulated and measured maximum realized
gains for various configurations and various frequencies are
shown in Table II. A variation in the antenna gain is noticed
when moving from the multiband design to the reconfigurable
one. This is due to the ohmic losses generated from the p-i-n
diode switches in addition to the reduction in the size of the
radiating patch. It is important to note that the decrease in the
gain at 1.54 GHz from 6 dB in the multiband scenario to 1 dB
is due to the variation in the fundamental mode of the antenna
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Fig. 8. Simulated and measured reflection coefficient in dB for different
switches configurations. (a) S1 OFF and S2 OFF, (b) S1 OFF and S2 ON,
(c) S1 ON and S2 OFF, and (d) S1 ON and S2 ON.

Fig. 9. Simulated and measured radiation pattern of the reconfigurable PIFA
at (a) 1.54 GHz when S2 is ON in the xy plane, (b) 1.54 GHz when S2 is
ON in the yz plane, (c) 1.8 GHz when both switches are OFF in the xy plane,
(d) 1.8 GHz when both switches are OFF in the yz plane, (e) 2.1 GHz when S1
is ON in the xy plane, (f) 2.1 GHz when S1 is ON in the yz plane, (g) 3.55 GHz
when S1 is ON in the xy plane, and (h) 3.55 GHz when S1 is ON in the yz plane.

TABLE III
COMPARISON BETWEEN LITERATURE AND THE PROPOSED ANTENNA

References Antenna dimensions
(mm)

Number of
switches

Number of
operating frequency

Proposed antenna 25 × 15 2 8
[4] 66.5 × 14.5 0 1
[5] 34.2 × 34.2 24 5
[6] 120 × 64 2 4
[7] 80 × 60 1 2
[8] 36 × 18 6 5
[9] 29 × 20 3 7

design. In the multiband PIFA, the antenna is mainly designed
to resonate at 1.54 GHz, whereas in the reconfigurable PIFA,
this resonance is achieved due to the λ/2 slot length when the
switch S1 is activated and the switch S2 is OFF. The fundamental
mode of the reconfigurable patch is designed to be operational at
1.8 GHz. Fig. 9 compares the simulated and measured normal-
ized radiation patterns at different frequencies in the xy and yz
planes. Table III compares recent work in the literature with the
proposed antenna. The key features of the presented design are
based on its compact design along with its ability to cover eight
different frequency bands with only two integrated p-i-n diodes.

IV. CONCLUSION

In this letter, a multiband compact reconfigurable PIFA is
presented. It is shown that with two p-i-n diodes and one mean-
dered slot, a reconfigurable antenna is able to achieve the same
performance as the larger multiband antenna with five nested
loops. Both antennas achieve the performance needed to cover
the required wireless communication applications. The anten-
nas are fabricated and measured where measured results agree
greatly with the predicated data.
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