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ABSTRACT This paper presents a slotline open-loop resonators based frequency reconfigurable antenna
with autonomous switching of frequency bands. The dual-port slot antenna is designed to operate at 2.1 GHz
when excited at port-1, and when port-2 is excited, the antenna can be reconfigured to operate at 2.85 GHz
and 5.52 GHz, respectively. Port-1 is used to receive the control signal, which is converted to a DC signal
using a rectifier. The rectified control signal is used to switch the operating frequency bands of the port-2. The
proposed antenna configuration gives the flexibility of remote/wireless control of the operating frequency.
The antenna prototype is fabricated and measured for observing the frequency switching at port-2. The
measured results show that the antenna has been effectively switched from lower band frequency (2.8GHz) to
upper band frequency (5.41 GHz) when the PIN diode is ON. The proposed antenna in its final configuration
can be potentially suitable for transmitter reconfigurable antenna without the need for external DC bias
voltage.

INDEX TERMS Dual-port antenna, frequency reconfiguration, power harvesting, rectifying circuit, slotline
open-loop resonators.

I. INTRODUCTION

Frequency reconfigurable antennas have received much
attention in the past years due to their selection of multiband
operating frequencies and prominent features for effectively
utilizing the spectrum. Many mobile communication sys-
tems have often used slot antennas because they possess
low profile, the possibility of independent frequency tun-
ing, and impedance bandwidth adjustment. In recent years,
with the rapid development of communication and power
electronics, autonomous frequency reconfigurable antennas
have attracted much attention in wireless communication
applications because of their unique properties of multiple
services in a single antenna without the need for multi-
ple antennas and external DC bias voltage. This type of
antennas provideswide tunable impedance bandwidth obtain-
able without degrading the antenna gain, reflection coeffi-
cient, and radiation pattern [1]–[4]. Recently, the frequency
reconfigurable antennas in various topologies of slotline
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with branch edge [5], composite right/left hand (CRLH)
transmission line [6], [7], geometrical slots excited
by feed line [8], [9], bow-tie microstrip [10], [11],
Quasi-Yagi dipole [12], [13], wideband/dual-band microstrip
patch [14]–[16], half annular ring slot [17], metamate-
rial inspired [18], and tunable slot [19], are proposed.
In addition to this, frequency reconfigurable antennas with
different radiating structures such as rectangular loops with
partial patch [20], circular patch [21], monopole configura-
tion [22], quadrifilar helix [23], loop antenna with indepen-
dent tuning [24], grounded asymmetric CPW fed planar [25],
U-shaped monopole radiator [26], and substrate integrated
waveguide based reconfigurable antenna [27] are reported.
In the antennas mentioned above, a PIN diode/varactor diode
is inserted on the specified slots for the effective controlling of
frequency bands because they possess low threshold voltage
and flexible mounting configuration. An external DC bias
voltage and capacitors/inductors for isolating the RF/DC
power are essential to operate the aforementioned antennas
for frequency reconfiguration. In [23], the adaptive frequency
operation is mechanically switched, which changes the
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antenna’s electrical length. An autonomous reconfigurable
microstrip patch antenna is reported in [28] for frequency
switching from 1.2 GHz to 1.5 GHz. Here, the power splitter
and bandpass filter are additionally connected to separate the
desired frequency band which can be used for the generation
of DC control signal. The modern wireless communication
system demands efficient autonomous frequency switching
reconfigurable multi-band antennas with reduced size and
low loss RF circuitry/devices. In the proposed work, a sim-
ple configuration of the dual-port antenna using slotline
open-loop resonators is designed for frequency reconfigura-
tion (port-2) and the generation of DC control signal (port-1).
The required DC biasing voltage of 0.67V (measured using
a digital multimeter) for the actuation of the PIN diode is
directly received from the connected rectifying circuit at
port-1 of the frequency reconfigurable antenna. The antenna
resonance frequencies at port-2 are adaptively changed by
controlling the diode ON or OFF condition with frequency
switching capabilities.

In this work, an autonomously controlled frequency
reconfigurable antenna using slotline open-loop resonators
can be used at the desired frequency in Universal Mobile
Telecommunications System (UMTS) and Industrial–
Scientific–Medical (ISM) bands without requiring an exter-
nal DC control is proposed. The rectifier is connected at
port-1 of the antenna for the conversion of RF power to DC
voltage, and port-2 is for the frequency switching operation.
By controlling the ON or OFF state of the PIN diode on
the antenna ground plane and connected the rectified output
voltage internally, the proposed antenna for autonomous
frequency reconfiguration can operate either in a similar
frequency band or in their corresponding bands with inde-
pendent control.

II. AUTONOMOUS FREQUENCY RECONFIGURABLE
ANTENNA
The schematic diagram of the proposed autonomous fre-
quency reconfigurable antenna that does not require an exter-
nal DC control signal is shown in Fig.1. The proposed antenna
configuration is composed of a frequency reconfigurable
antenna for receiving the RF power and rectifying circuit for
the generation of the required control signal to turn ON the
PIN diode for adaptive frequency switching. The turn ON
voltage of the PIN diode (0.67V) is directly received from
the output of the rectifying circuit. The antenna is designed
to operate at 2.1 GHz when excited at port-1, and when
port-2 is excited, the antenna can be reconfigured to operate
at 2.85 GHz and 5.52 GHz, respectively. Port-1 is used to
receive the control signal, which is converted to a DC signal
using a rectifier. The rectified control signal is used to switch
the operating frequency bands of the port-2. If the antenna
receiving signal is at the input of rectifying circuit (at port-1),
an RF power is provided to the circuit and converted to
a positive DC voltage proportional to the antenna received
power. If the RF input power is large enough, the output
voltage of the rectifying circuit is reached to diode turn

FIGURE 1. Schematic diagram of the proposed autonomous frequency
reconfigurable antenna.

FIGURE 2. Geometry and dimensions of the frequency reconfigurable
antenna (L = 40 mm, W = 35 mm, a = 7.6 mm, b = 15 mm, c = 0.6 mm,
d = 10.5 mm, e = 5.5 mm, f = 1 mm, g = 9 mm, h = 1 mm, L1 = 11 mm,
L2 = 24.5 mm, w1 = w2 =3.1 mm).

ON voltage then the antenna is reconfigured to switching
frequency of 5.52 GHz. When the generated DC control
voltage is not sufficient to actuate the PIN diode, the antenna
is adaptively reconfigured back to its initial operating fre-
quency of 2.85 GHz. The design details and results analysis
of frequency reconfigurable antenna and rectifying circuit are
discussed in the next subsections.

A. FREQUENCY RECONFIGURABLE ANTENNA
The frequency reconfigurable antenna is designed on a
1.52 mm thickness Rogers 4003C substrate (εr = 3.3 and
tanδ = 0.0027) in CST Microwave Studio. The geometry
and dimension of the frequency reconfigurable antenna are
shown in Fig. 2. The antenna has two ports out of which one
port is for transferring the RF power to the rectifying circuit
for the generation of DC control signal and the second port is
used as transmit/receive of RF power. The antenna is designed
to operate at 2.1 GHz when excited at port-1, and when
port-2 is excited, the antenna can be reconfigured to operate at
2.85 GHz and 5.52 GHz, respectively. An open-loop C-shape
and rectangular slots are etched out on the substrate’s top
side (ground plane). The bottom side is composed of two
50� feed lines with optimized lengths to excite the proposed
slots for the desired frequencies. The resonance frequency is
primarily depending on the loop length, width, and separation
distance of the slotline resonator [29]. The resonance fre-
quency is decreasedwhile increasing the loop length, whereas
the frequency increases when increasing the separation dis-
tance. The reason is that variation in separation distance
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FIGURE 3. Parametric analysis on the resonant frequency bands at port-2 (a) varying the parameter ’c’ (b) varying the parameter ’a.’

FIGURE 4. Parametric analysis on the resonant frequency bands at port-1 (a) varying the parameter ’f’ (b) varying the parameter ’d.’

results change in characteristic impedance (Z0) and slotted
open-loop length simultaneously. In general, the open-loop
resonators have maximum electric field density at the side of
an open-gap and maximummagnetic field density distributed
at the opposite side of the open-gap [30]. Various coupling
mechanisms exist between the consecutive open-loop res-
onators, namely electric, magnetic, and mixed couplings.
In this work, we have designed two different single open-loop
slotted resonators excited by feed lines for the adaptive recon-
figuration of resonance frequencies. The expected first oper-
ating frequency of 2.1 GHz (UMTS) at port-1 is obtained
by optimizing the total electrical length (2d+2g+2e+f ),
width (h), separation distance (f ) of the rectangular slotted
open loop, and dimension (L1,w1) of the corresponding feed
line. The second band frequency of 2.85 GHz (WiMAX)
at port-2 is achieved by etching the C-shaped open-loop
slot with optimized dimensions and adjust the length/width
(L2,w2) of the designated feed line.

A PIN diode is inserted exactly at the middle of the
C-shaped slot according to the feed line’s dimension for
frequency reconfiguration. When the diode is ON, the

frequency is changing from 2.85 GHz to 5.52 GHz with a
large separation of more than 2 GHz at port-2 without altering
the first band frequency at port-1. Simulation and measure-
ment results of the frequency reconfigurable antenna are
analyzed for reflection coefficient, transmission coefficient,
surface current, and radiation patterns. The capacitor, biasing
pad, and PIN diode are modeled accurately at the time elec-
tromagnetic simulations are performed in CST Microwave
Studio. The PIN diode is inserted on the open-loop slot (cor-
responding at port-2) for frequency reconfiguration without
changing the resonance frequency at port-1. The paramet-
ric analysis on the resonant frequency bands at port-1 and
port-2 is performed by varying the length and width of res-
onator slots. The change of resonant frequency by varying the
parameters ‘c’ and ‘a’ on the C-shaped resonator slot is shown
in Fig. 3. It is to be observed from Fig. 3(a), the variation of
parameter ‘c’ (slot width) results in no change in resonant
frequency. However, as shown in Fig. 3(b), the resonant
frequency is slightly shifted to a lower frequency side when
the parameter value ‘a’ (slot length) is increased. The change
of resonant frequency by varying the parameters ‘f’ and
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FIGURE 5. Simulation results of magnitude of reflection coefficient versus frequency of the frequency reconfigurable antenna at
port-1 and port-2 for diode OFF and diode ON instances.

FIGURE 6. Simulation results of |S21| and |S12| of the frequency reconfigurable antenna (a) diode OFF (b) diode ON.

‘d’ on the rectangular slotted structure is shown in Fig. 4.
It is to be noted from Fig. 4(a) and Fig. 4(b), the resonant
frequency increases with increasing the parameter value ‘f’
(slot gap), whereas the resonant frequency decreases when
increasing the parameter value ‘d’ (loop length). The antenna
resonating at a fixed frequency of 2.17 GHz (at port-1) in
the two cases diode OFF and diode ON. The magnitude of
reflection coefficient |S11| < –25 dB is achieved at port-1.
Similarly, the resonance frequencies of 2.85 GHz and
5.52 GHz are obtained at port-2 for both diode OFF and
diode ON cases, respectively. However, the magnitude of
reflection coefficient |S22| < –15 dB is achieved at port-2.
Simulation results of reflection coefficient versus frequency
of the frequency reconfigurable antenna at port-1 and port-
2 for diode OFF and diode ON instances are shown in Fig. 5.
The simulation results of transmission coefficients (|S21|
and |S12|) versus frequency for both the instances of diode
OFF and diode ON are shown in Fig. 6. Good isolation
of less than –18 dB is achieved between the two ports of
the antenna from 1 GHz to 10 GHz. The isolation between
these two ports is enhanced with the optimization of dimen-
sions of open-loop slots corresponding to feed line sizes.

The simulation results of surface current distributions of the
antenna at port-1 (2.17 GHz) and port-2 (2.85 GHz and
5.52 GHz) for diode OFF and diode ON instances are shown
in Fig. 7. It is observed that the high-density current distribu-
tion at the frequencies of respective ports and there is no such
current on other frequencies of the ports. For example, the res-
onance frequency is similar for both diode cases at port-1 and
the surface current is observed at that port related open-loop
slot only. Similarly, the resonance frequency is changing from
2.85 GHz to 5.52 GHz at port-2 according to the placement
of the diode on the corresponding open-loop slot. These
simulation results reveal that the antenna shows frequency
reconfiguration and independent frequency control simul-
taneously. Altering the port-1 rectangular open-loop slot
dimensions does not affect the port-2 resonance frequency,
and there is no variation in operating frequency at port-1
while changing the size of the C-shaped port-2 open-loop
slot as well. Besides, a large frequency separation of greater
than 2 GHz is achieved at port-2 during the frequency
reconfiguration due to the insertion of the PIN diode on an
open-loop slot. The antenna realized gains of 2.5 dB and
2.3/2.1 dB are obtained at resonance frequencies of 2.17 GHz
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FIGURE 7. Surface current distributions of the frequency reconfigurable
antenna (a) diode OFF (b) diode ON.

FIGURE 8. Simulation results of normalized radiation patterns of the
frequency reconfigurable antenna when the diode is OFF (2.17 GHz at
port-1 and 2.85 GHz at port-2).

and 2.85/5.52 GHz at their corresponding ports of port-1 and
port-2, respectively. Further, the radiation characteristics of
the antenna at their resonance frequencies are also discussed
for the contexts of diode OFF and diode ON. The normalized
simulation radiation patterns of the frequency reconfigurable
antenna for the situation diode OFF at 2.17 GHz (port-1)
and 2.85 GHz (port-2) are shown in Fig. 8. These radia-
tion patterns are analyzed with the two principal planes of
co-polarization (φ = 00, XZ-plane) and cross-polarization
(φ = 900, YZ-plane) and it can be observed that all the
patterns are directional with a cross-polarization gain of less
than –15 dB. Similar radiation patterns are obtained with
simulation cross-polarization gain of less than –10 dB for the
case of diode ON and the corresponding patterns are shown
in Fig. 9.

The frequency reconfigurable antenna is fabricated on a
specified substrate using the S103 ProtoMat LPKF machine.
The capacitor of 100 pF from Murata for DC blocking and

FIGURE 9. Simulation results of normalized radiation patterns of the
frequency reconfigurable antenna when the diode is ON (2.17 GHz at
port-1 and 5.52 GHz at port-2).

FIGURE 10. Measured reflection coefficients (|S11| and |S22|) of the
frequency reconfigurable antenna at port-1 and port-2.

PIN diode (BAR64-02V) from Infineon technologies for
switching operation is chosen such that the electrical charac-
teristics of the diode from datasheet are diode forward voltage
drop (Vf )=0.67V, parallel resistance (Rp)=10K�, parallel
capacitance (Cp)=0.17pF, series inductance (Lf )=1nH, and
forward resistance (Rf )=2.1�. The PIN diode is soldered
in a suitable position on the antenna ground plane. Simi-
larly, the capacitor is positioned in a respective place on the
open-ended slot. Two 50� SMA coaxial connectors are sol-
dered on corresponding feed lines for themaximumRF power
transmission. First, the antenna is measured for input reflec-
tion coefficients by connecting its two ports to the respective
ports on the E8363C PNA network analyzer. The measured
results of reflection coefficients of the proposed antenna at
port-1 and port-2 are shown in Fig. 10. The transmission
coefficients (|S21| and |S12|) of the antenna are also measured
and plotted in Fig. 11. Good isolation of less than –18 dB is
achieved between the two ports. The antenna realized gains
of 2.3 dB and 2.1 dB are measured at 2.13 GHz (port-1) and
2.8 GHz (port-2) frequencies using an antenna measurement
system in the anechoic chamber. Further, the antenna radi-
ation patterns are measured using a transmit antenna (horn),
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FIGURE 11. Measured transmission coefficients (|S21| and |S12|) of the
frequency reconfigurable antenna between port-1 and port-2.

varying the gain from 3 dB to 16 dB in a frequency range from
0.8 GHz to 18 GHz. The frequency reconfigurable antenna
is placed on a chamber in receiving mode at a distance of
greater than one meter (far-field distance) from the transmit-
ting antenna. The measured results of normalized radiation
patterns of the proposed antenna at two ports are shown
in Fig. 12. It shows that the cross-polarization gain of less than
–15 dB was obtained with bi-directional radiation patterns
at 2.13 GHz and 2.8 GHz resonance frequencies. The sim-
ulation and measured results of reflection coefficient versus
frequency of the antenna when port-1 is excited are shown
in Fig. 13. The measured resonance frequency of 2.13 GHz
is good matching with the simulation frequency of 2.17 GHz.
The magnitude of measured |S11|< –20 dB is achieved. The
simulation and measured results of reflection coefficient ver-
sus frequency of the antenna when port-2 is excited are shown
in Fig. 14. The measured resonance frequency of 2.8 GHz
is well-matched with the simulation frequency of 2.85 GHz.
The magnitude of measured |S22|< –20 dB is obtained. The
design details and result analysis of a rectifying circuit for
the conversion of received RF power (at port-1) to desired
DC control signal to turn ON the PIN diode at antenna
port-2 have been discussed in the next subsection.

B. RECTIFYING CIRCUIT
The rectifying circuit is designed and fabricated on a 1.52mm
thickness Rogers 4003C substrate (εr = 3.3 and tanδ =
0.0027). A single-stage Villard voltage doubler configuration
is used for the design of a rectifier circuit comprising of
the two Schottky diodes (SMS 7630-079LF), two capacitors
(100 pF), one load resistor (2.2 K�), and transmission lines
based stepped impedance matching network.

The rectifier circuit is simulated using Keysight Technolo-
gies ADS software to optimize voltage, reflection coefficient,
and input impedance before the implementation of its final
prototype. The Schottky diode is chosen with a low threshold
voltage (Vth) of 147 mV [breakdown voltage (Vbr ) =2V,
series resistance (Rs) = 20�, zero-bias junction capacitance
(Cj0) = 0.14 pF] [31]. The schematic diagram of the recti-
fier circuit with an impedance matching network is shown

FIGURE 12. Measured results of normalized radiation patterns of the
frequency reconfigurable antenna at 2.13 GHz (port-1) and 2.8 GHz
(port-2).

FIGURE 13. Simulation and measured results of reflection coefficient
versus frequency when port-1 is excited.

FIGURE 14. Simulation and measured results of reflection coefficient
versus frequency when port-2 is excited.

in Fig. 15. The capacitor C1 is placed before the diodes
act as DC blocking component to stop the harmonics and
protect the RF source/antenna. Similarly, the capacitor C2 is
positioned parallel to the load resistor acts as a DC pass filter,
and it allows only DC signals. In the simulator, a microstrip
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FIGURE 15. Schematic diagram of the rectifying circuit with an
impedance matching network (TL1 = 3.4 mm/4.7 mm, TL2 =

10 mm/10 mm, TL3 = 4 mm/4.6 mm, TL4 = 1.5 mm/2 mm, TL5 =

1.6 mm/4 mm, TL6 = 3 mm/4.3 mm, TL7 = 3 mm/4.1 mm, TL8 =

3 mm/3.6 mm, TL9 = 3 mm/4.7 mm, TL10 = 3 mm/8.9 mm, TL11 =

3 mm/5.2 mm, TL12 = 3 mm/3.8 mm, TL13 = 3 mm/3.2 mm).

FIGURE 16. Final configuration of the rectifier circuit for fabrication.

T-junction is chosen to connect the main transmission lines
in the rectifier for the optimization and generation of the
equivalent layout before fabrication. The size of the rectifying
circuit is 53× 21 mm2. The final configuration of the rectify-
ing circuit for fabrication on the specified substrate is shown
in Fig. 16. The rectifier is designed to operate at a similar
frequency of 2.1 GHz at port-1 of the frequency reconfig-
urable antenna. First, the reflection coefficient characteristics
are primarily analyzed for different load resistances (0.5 K�
to 4.5 K�) at 0 dBm input RF power, which results in a
good impedance matching of less than –30 dB at 2.5 K�.
As shown in Fig. 17(a), poor impedancematching is observed
at lower and higher resistance values. After optimizing load
resistance at 2.5 K�, the rectifier is further simulated for
output DC voltage (V0) versus load resistance (RL) by varying
the different input RF powers from –10 dBm to 10 dBm. From
Fig. 18(a), the rectifier shows a maximum voltage of 1.9V at
an input power of 10 dBm and load resistance of 2.5 K�. The
voltage reached its maximum value and saturated beyond the
optimized load resistance at an input power (Pin) of 10 dBm.
The RF to DC conversion efficiency of the rectifier is com-
puted using the below equation (1).

Efficiency(%) =
V 2
0 /RL
Pin

× 100 (1)

where V0 is output DC voltage obtained at the load resistor
(RL) and Pin is input power received from the RF source.
Fig. 18 (b) shows the peak RF to DC conversion efficiency

of 59.8% is achieved at 2.1 GHz resonance frequency, 0 dBm

input power, and the optimized load resistance of 2.5 K�.
From these results, it can be concluded that the rectifier pos-
sesses a maximum efficiency at the optimized load resistance
and an input RF power of 2.5 K� and 0 dBm, respectively.
The efficiency results also reveal that the diode undergoes an
early breakdown at an input power of greater than 0 dBm.
That means the conversion efficiency drops to lower values
while increasing the load resistance. The rectifier is simulated
to further analyze the variation of output voltage versus input
power at a fixed load resistance from 0.5 K� to 4.5 K�.
Simulation results of output voltage versus input power of
the rectifier circuit at different load resistances are shown
in Fig. 19(a). In this plot, the rectifier reaches its maximum
voltage value at specified input power and load resistance.
Fig. 19(b) confirmed that the rectifier possesses a maximum
efficiency of 59.8% at an input power of 0 dBm and load
resistance of 2.5 K�. The experimental resistance value
of 2.2 K� is finalized due to the unavailability of the exact
resistance value of 2.5 K�. These values are kept fixed for
the experimental analysis of the rectifier after fabrication.
Simulation results of output voltage and efficiency versus res-
onance frequency (2.1 GHz) of the rectifier circuit at 0 dBm
input power and finalized load resistance of 2.2K� are shown
in Fig. 20(a). The rectifier circuit shows a peak output voltage
and efficiency at its resonance frequency of 2.1 GHz as well.
To verify the experimental performance, the rectifier is ini-
tially measured for reflection coefficient and output DC volt-
age. The reflection coefficient is measured by integrating the
network analyzer port directly into the rectifier. Simulation
and measured results of |S11| versus frequency of the rectifier
are shown in Fig. 17(b). The measured result is a good agree-
ment with the simulation reflection coefficient. After this,
the rectifier input port is connected to the signal generator
output port for receiving the RF power. The output voltage is
measured using a digital multimeter according to the finalized
optimal input power value (0 dBm) and connected load resis-
tance (2.2 K�). Simulation and measured output voltage and
efficiency versus input power of the rectifier at 0 dBm input
power and 2.2 K� load resistance are shown in Fig. 20(b).
The measured RF to DC conversion efficiency of 54.9%
is obtained at an input power of 0 dBm. The experimental
analysis of the proposed antenna and autonomous switching
of frequency bands have been discussed in the next section.

III. RESULTS AND DISCUSSION
To demonstrate the autonomous reconfigurability of the reso-
nant frequency of the proposed antenna, port-1 of the antenna
is used to receive the control signal which is transmitted
from the control unit as an RF signal. Port-1 is connected to
the rectifier circuit to convert the received RF signal to DC
control voltage as shown in Fig. 21. The rectified signal is
applied to the PIN diode which is used to reconfigure the
resonant frequency of the proposed antenna at port 2. The
antenna received powers are measured at different distances
between transmit antenna (horn) and the proposed antenna by
applying the fixed input power of 20 dBm. The output voltage
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FIGURE 17. (a) Simulation results of |S11| versus frequency of the rectifier circuit at different load resistances. (b) Simulation and
measured results of |S11| versus frequency of the rectifier circuit.

FIGURE 18. Simulation results of the rectifier circuit at different input powers (a) output voltage versus load resistance
(b) efficiency versus load resistance.

FIGURE 19. Simulation results of the rectifier circuit at different load resistances (a) output voltage versus input power
(b) efficiency versus input power.

is measured at the load resistor using a digital multimeter.
The RF to DC conversion efficiency is calculated using the
above equation (1). The measured results of output voltage

and calculated efficiency versus input power of the proposed
autonomous frequency reconfigurable antenna are shown
in Fig. 22. This figure shows that the measured output voltage
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FIGURE 20. Results of the rectifier circuit at 0 dBm input power and 2.2 K� load resistance (a) simulated rectified output voltage and
efficiency versus frequency (b) simulated and measured output voltage and efficiency versus input power.

FIGURE 21. Fabrication prototype of the proposed autonomous
frequency reconfigurable antenna.

FIGURE 22. Measured results of output voltage and efficiency versus
input power (antenna received power) of the autonomous frequency
reconfigurable antenna at 2.1 GHz frequency and an optimized value
of 2.2 K� load resistance.

and conversion efficiency of 1.29V and 53.8% at an input
power (antenna received power) of 0.9 dBm, respectively.

To observe the autonomous frequency switching, the pro-
posed antenna is excited with the transmitting (horn) antenna
and connects its port-2 (proposed antenna) to the network
analyzer. In this measurement we have observed that the

FIGURE 23. Measured result of reflection coefficient versus frequency of
the proposed antenna at port-2 when the diode is ON.

FIGURE 24. Simulation and measured results of reflection coefficient
versus frequency of the proposed antenna at port-2 when the diode is ON.

frequency is adaptively switched from 2.8 GHz (Diode OFF)
to 5.41 GHz (Diode ON) at the input power (antenna received
power) of −2 dBm at port-2. The proposed antenna effec-
tively converted the required DC control voltage of 0.67V
at this input power for the actuation of the PIN diode at
port-2. The measured result of reflection coefficient versus
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TABLE 1. Performance comparison of the proposed antenna with recently reported similar kind of antennas.

FIGURE 25. Photograph of the proposed antenna is mounted in a
chamber in receiving mode for the measurement of switchable frequency
at port-2 when the diode is ON.

frequency of the proposed antenna at port-2 when the diode
is ON is shown in Fig. 23. This measured result has also
been compared with the corresponding simulation result.
The simulation and measured results of reflection coefficient
versus frequency of the proposed antenna at port-2 when the
diode is ON are shown in Fig. 24. The measured result is
slightly shifted to the lower frequency side from the sim-
ulation result of 5.52 GHz and resonating at a frequency
of 5.41 GHz. The magnitude of measured |S22|< –15 dB
is obtained. The photograph of the proposed antenna is
mounted in the anechoic chamber in receiving mode for the
measurement of switchable frequency at port-2 when the
diode is ON is shown in Fig. 25. The proposed antenna
is compared with the previously reported antennas in the
literature in terms of no. of elements used, circuit complexity,

no. of diodes, and no. of ports. Comparison of the pro-
posed autonomous frequency reconfigurable antenna with
recently reported similar kind of antennas is listed in Table 1.
Recently, a self-biased adaptive reconfigurable rectenna and
frequency-reconfigurable rectennawith an adaptivematching
stub are reported in [32], [33] for microwave power trans-
mission. In [32], the impedance matching stub is adaptively
connected to and disconnected from the rectifier circuit when
the transistor switch is ON/OFF depends on rectifier output
DC voltage. Similarly, the rectifier proposed in [33] utilized
its rectified DC voltage supply to a PIN diode for adaptive
frequency reconfiguration. These works are mainly focused
on frequency reconfiguration on the rectifier side but in our
proposedwork autonomous frequency reconfiguration occurs
due to rectified DC voltage is directly connected to the PIN
diode on the antenna. The reconfigurable antennas mentioned
in the reference list except [28] are switchable at different
frequencies using an external DC bias voltage. Compared to
these antennas, the proposed antenna can be automatically
frequency switching at port-2 without the need for an external
DC control signal with an additional biasing circuit and does
not disturb the existing resonance frequency at port-1. The
microstrip patch reconfigurable antenna in [28] is switchable
automatically by connecting the power splitter and bandpass
filter in between the antenna and rectifying circuit. This
configuration makes the overall antenna structure complex
and inconvenient for integrating other microwave devices.
In addition to this, the switchable frequency separation is
0.34 GHz (1.23 GHz to 1.57 GHz) only. In our proposed
work, a novel dual-port frequency reconfigurable antenna and
rectifying circuit are only used for autonomous frequency
switching. However, the experimental results show that the
proposed antenna is effectively switching from 2.8 GHz to
5.41 GHz with an impedance matching (|S11|) of less than
–18 dB. The change of batteries for continuous DC supply
to the low-power electronic devices (PIN/Varactor diodes)
in remote locations is difficult. The autonomous frequency
reconfigurable antennas provide continuous DC supply to
the low-power electronic devices for adaptive switching of
frequency bands. The reason for proposing the two ports
in our topology is port-1 is useful for the generation of
the required control signal (DC voltage) to actuate the PIN
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diode by using RF to DC conversion circuit, and port-2 is
for transmit/receive RF power. In our design, the antenna
port-1 frequency does not change when port-2 is excited at
two operating frequencies. However, the autonomous fre-
quency reconfigurable antenna proposed in our work is found
to be suitable for microwave energy harvesting (through
port-1) and data communication (through port-2). The pro-
posed antenna design has an advantage in terms of low-
cost, easy fabrication, compact design, flexible structure, and
simplicity.

IV. CONCLUSION
In this article, an autonomous frequency reconfigurable
antenna using slotline open-loop resonators has been demon-
strated for autonomous switching of frequency bands. For
this, a low threshold voltage PIN diode that acts as a
switch is placed on the corresponding open-loop slot of
the antenna and actuated with the efficient rectifying circuit
operating at the most functional UMTS band of 2.1 GHz.
The two-channel frequency reconfiguration with indepen-
dent control is observed in both simulation and experimental
results as well. The control of diode ON or OFF is mainly
dependent on the antenna’s received power and rectifying
circuit output DC voltage. Besides, the isolation and coupling
between the two ports are good at the operating frequencies.
With the expansion of reconfiguration technology, the pro-
posed autonomous frequency reconfigurable antenna can be
used to provide the required DC voltage to low-power devices
for adaptive frequency switching applications.
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