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Abstract. A frequency reconfigurable antenna is designed and presented for 5G
applications. The proposed antenna is designed by using two T shaped patches
positioned inversely to each other and connected by a PIN diode. Here the bottom
T shaped patch is inverted and connected to the micro strip line feeding. FR4
substrate is used as dielectric and the backside ground is maintained partial with
a rectangular open slot is etched opposite to the feed point. The PIN diode acts as
a switch to change the operating frequency of the proposed antenna in-between
n77 and n78 bands of 5G applications. The simulated analysis of proposed 5G
antenna showed that, when diode is in OFF conditions it operates at 3.5 GHz with
operational band covers from 3.34 GHz to 3.7 GHz. Similarly, when diode is in
ON condition the antenna operated at 3.7 GHz with operational band covering
from 3.47 GHz to 3.94 GHz. The performance of the frequency reconfigurable
5G antenna for OFF and ON conditions is compared with the help of S11 vs fre-
quency, VSWR and radiation pattern curves and presented. The proposed antenna
maintained similar radiation coverage at respective resonant frequencies for OFF
and ON conditions making it suitable for future 5G applications.
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1 Introduction

The reconfigurable antennas capable of adjusting their performance based on the tuning
provided can help in many ways in serving different applications by single antenna.
An antenna which can operate at different band of frequencies when tuned can serve
multipurpose. Similarly antenna having the capability of altering its radiation pattern to
desired direction can help in many ways in communications systems in improving the
signal strength in desired direction or reducing the coverage in unwanted region. These
reconfigurable antennas garnered much attention in recent times. Frequency reconfig-
urable antenna where a single antenna can be made to serve different operational bands
based on the switching condition provided has several advantages in multi application
purpose communication systems. Different techniques are used to provide switching for
reconfigurable antennas [1]. One of the most commonly used techniques is utilizing PIN
diodes appropriate place in the antenna design [2].
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Over the years different frequency reconfigurable antenna are being developed to
serve various applications [3–8]. ForUWBmodel the frequency selection canbebasedon
which bands need to be passed or filtered, based on the requirement the operational bands
can be tuned [9]. The frequency/radiation steerable antennas find applications majorly
in Wireless Sensor Networks (WSN) [10]. In recent times reconfigurable antennas for
LTE and 5G applications achieved more attention by researchers. These antennas are
developed for lower frequency of operation tomm-wave applications [11–14]. In 5Gnew
radio (NR), the n77 band covers from 3.3 GHz to 4.2 GHz with operational frequency
at 3.7 GHz and n78 band covers from 3.3 GHz to 3.8 GHz with operating frequency
maintained at 3.5 GHz [15, 16].

In the current work a single diode is used to switch the operating frequency of the
antenna. The designed antenna has two T shaped patches connected by the diode and
fed by micro-strip feeding. The diode OFF and ON conditions helped in reconfiguring
the antenna operating frequency to operate at n78 and n77 bands respectively.

2 Frequency Reconfigurable 5G Antenna Design

2.1 5G Antenna Design

The proposed frequency reconfigurable 5G antenna design is illustrated in the following
Fig. 1 and the geometrical dimensions in mm are listed in Table 1. The radiating element
consists of two T shaped patches, where the first patch is positioned inversely. One side
it is connected by a microstrip feed line and another side it is connected to the second T
shaped patch via PIN diode. The PIN diode used in this design is BAR 64-02V diode.
The diode forward and reverse biasing conditions are explained in the following Fig. 2.
The diode OFF and ON conditions helped in switching the operating frequency from 3.5
GHz to 3.7 GHz. The ground plane of the antenna is maintained partial with an open slot
at center part of the top side. The antenna used FR4 substrate with dielectric constant 4.4
and the overall dimensions of the antenna in XYZ directions are 25 × 20 × 1.6 mm3.

Fig. 1. Design of the proposed frequency reconfigurable 5G antenna
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Table 1. 5G reconfigurable antenna design parameters in (mm).

Parameter Value (mm) Parameter Value (mm)

L 25 W 20

L1 3.4 W1 10

L2 3.5 W2 2.6

L3 3 W3 2.4

L4 3 W4 9.5

L5 5 W5 2.2

L6 6 W6 2.6

L7 1.4

Fig. 2. BAR 64-02V PIN diode biasing conditions

3 Parametric Study

The above-mentioned suitable dimensions in Table 1 are obtained from parametric study.
Change in some of these parameters can affect the performance of the antenna. The
parametric study analysis for few selected dimensions with the help of S11 vs frequency
curves are presented in this section.

3.1 W1, W2, W4, L3 and L4 Dimensions Parametric Study

The dimensions selected for parametric study are from the two T shaped patches. The
top T patch dimension W1 and W2 effect on antenna performance for diode OFF and
ON conditions are presented in the following Figs. 3 & 4. Where it can be observed
from Fig. 3 that the dimensionW1 effects the antenna operating frequency drastically as
W1 increases, the operating frequency shifts towards lower resonance with a decline in
impedancematching. Here forW1= 10mm the antennamaintained operating frequency
near at 3.5 GHz for OFF condition and at 3.7 GHz for ON condition.
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Fig. 3. S11 vs Frequency curve comparison for W1 variation a) Diode OFF and b) Diode ON

Fig. 4. S11 vs Frequency curve comparison for W2 variation a) Diode OFF and b) Diode ON

Similarly, from Fig. 4 for dimension W2 the shift in operating frequency is less as
the step size of the dimension is less. In view of the required operating frequencies for
n78 and n77 bands W2 = 2.6 mm is selected.

The bottom T patch dimensions W4, L3 and L4 varied and the S11 vs frequency
curves comparison is presented in the following Figs. 5, 6 and 7.

Fig. 5. S11 vs Frequency curve comparison for W4 variation a) Diode OFF and b) Diode ON
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Fig. 6. S11 vs Frequency curve comparison for L3 variation a) Diode OFF and b) Diode ON

Fig. 7. S11 vs Frequency curve comparison for L4 variation a) Diode OFF and b) Diode ON

From Fig. 5 it can be seen that, for W4 variation effect on operating frequency shift
is less for both OFF and ON conditions of the diode. But the impedance matching of the
antenna is affected, the increment in W4 dimension helped in improving the impedance
matching. Based on the required operating frequencies for the considered 5G bands W4
= 9.5 mm is considered for further analysis. For dimensions L3 and L4 of the operating
frequency is being shifted drastically when these dimensions are varied. When L3 is
increased the operating frequency is being shifted towards the lower resonance while
the impedance matching is affected less. But for increment in dimension L4 not only the
operating frequency is being shifted towards lower resonance, the impedance matching
is improving. Based on the operating frequencies of n78 and n77 bands L3 = 3 mm
and L4 = 3 mm are selected. Similarly rests of the dimensions in antenna geometry
are varied and through parametric study the suitable dimensions that produced required
operating frequencies are listed in Table [1].

4 Results and Discussions

The performance comparison for the PIN diode OFF and ON conditions are explained
in this section using S11 vs frequency, VSWR, radiation patterns and surface current
distribution field curves.
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4.1 Reflection Coefficient Comparison for OFF and ON Conditions

The proposed antenna performance comparison for OFF andON conditions using reflec-
tion coefficient curves is presented in the following Fig. 8. The designed 5G antenna
operated at 3.5 GHz with operational band below −10 dB, covering from 3.34 GHz
to 3.7 GHz (n78 band) for diode OFF condition. Similarly, it operated at 3.7 GHz
with operational band covering from 3.47 GHz to 3.94 GHz (n77 band). So, the 5G
antenna-maintained band widths of 360 MHz and 470 MHz for OFF and ON conditions
respectively. The return loss for OFF condition at 3.5 GHz is maintained at −18.41 dB
and for ON condition at 3.7 GHz the return loss is −33 dB.

Fig. 8. S11 vs Frequency curves comparison a) Diode-OFF and b) Diode-ON

4.2 VSWR Comparison for OFF and ON Conditions

Similarly for diode OFF and ON conditions the VSWR curves comparison is presented
in the following Fig. 9.

Fig. 9. VSWR curves comparison a) Diode-OFF and b) Diode-ON

From the above Fig. 9, it can be observed that the VSWR value for the proposed
antennamaintained in between 1 and 2 values for the respective operational bands during
OFF and ON conditions.
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4.3 2D and 3D Radiation Patterns Comparison for OFF and ON Conditions

As the antenna resonant frequency maintained at 3.5 GHz for diode OFF condition and
at 3.7 GHz for diode ON condition the radiation pattern comparison is given at the
respective resonant frequencies in the below Fig. 10.

Fig. 10. 2D radiation pattern comparison a) At 3.5 GHz for Diode-OFF and b) At 3.7 GHz for
Diode-ON

FromFig. 10 it can be seen that, the 5Gantennamaintained similar radiation coverage
for the diode OFF and ON conditions at its respective operating frequencies proving its
suitability for 5G applications.

Similarly the 3D radiation patterns at 3.5GHz and 3.7GHz forOFF&ONconditions
are compared in the following Fig. 11.

Fig. 11. 3D radiation pattern comparison a) At 3.5 GHz for Diode-OFF and b) At 3.6 GHz for
Diode-ON
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From the above Fig. 11 it can be observed that, the 5G antenna maintained simi-
lar shape for radiation coverage in overall. But the maximum gain during diode OFF
condition is maintained at 2 dB at 3.5 GHz resonant frequency. Whereas for diode ON
conditions the maximum gain is 1.8 dB at resonant frequency 3.7 GHz.

4.4 Surface Current Distribution Comparison for OFF and ON Conditions

The current distribution for respective resonant frequencies during diode OFF and ON
conditions is presented in the following Fig. 12.

Fig. 12. Surface current distribution comparison a) At 3.5 GHz for Diode-OFF and b) At 3.7 GHz
for Diode-ON

From the current distribution curves shown in above Fig. 11 it can be seen that
at respective operating frequencies while the diode is OFF and ON the 5G antenna
maintained different current distribution through the patch. For diode OFF condition the
maximum J value at 3.5 GHz is 96.16 A/m and for ON condition it is 129.05 A/m at 3.7
GHz.

5 Conclusion

A frequency reconfigurable 5G antenna is designed and presented for n78 and n77 bands.
The designed antenna covered n78 band operating at 3.5 GHz while the diode is OFF
condition and maintained bandwidth of 360 MHz. Similarly for diode ON condition
it serves 5G n77-band operating at 3.7 GHz with bandwidth of 470 MHz. Antenna
exhibited good radiation coverage for both OFF and ON conditions making it good
candidate for 5G applications.
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