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Abstract—A dual-mode, dual-band 2.4/ 5.2 GHz circular 

microstrip patch antenna for airborne application is presented. 
Initially, a reference circular patch antenna is designed on 

Rogers© 5880 substrate for dual-mode (TM11 and TM01) 

performance with a single feed location. The bandwidth (BW) 
of the reference antenna is found to be 33 MHz and 155 MHz 

at 2.4 GHz and 5.2 GHz bands respectively. Later, the BW of 
the reference antenna at both the frequency band is enhanced 
with the help of proximity patches placed around the 

periphery of the reference/driven patch. It is found that the 
BW of the antenna at both the bands is enhanced by 2.5% at 
2.4 GHz and 3.9 % at the 5.2 GHz band and similar 

improvements in their gains are also observed. The proposed 
antenna is fabricated and tested in an anechoic chamber for its 
impedance bandwidth and radiation pattern performance. A 

close match in simulated and measured performance of the 
antenna is achieved and an appropriate comparison of 
measured quantities is well illustrated in the paper.  

Index Terms—antennas, bandwidth enhancement, circular 

microstrip patch, drones, dual-band, dual-mode, high gain, 

parasitic coupled patch, UAVs. 

I.  INTRODUCTION  

In recent times, Unmanned Aerial Vehicles (UAVs), also 
termed as drones have attracted various civilian and military 
applications such as aerial photography, search and rescue, 
precision agriculture, mapping, wild-life monitoring 
surveillance, shipping, and delivery. It is expected that the 
drone market will grow with a compound annual rate of 
15.37 % and reach $ 47.76 billion by 2025 [1]. Modern 
UAVs are expected to perform various operations thereby 
equipped with various sensors and a transceiver module for 
real-time data transmission to a remotely located ground 
station. The antennas are an integral part of this wireless 
communication link between UAV and the ground station 
and pose some unique design challenges especially when 
they are designed for drones. The commonly used antennas 
for such applications are blade antennas, cavity-backed 
annular slot antenna, and printed dipole or monopole [2]–[9]. 
For such antennas, seamless integration with the UAV body 
is a cumbersome task and sometimes they require an 
aerodynamic enclosure or support, such as a blade. Wire or 
printed monopoles can provide fair impedance bandwidths 
but their performance may vary due to the surrounding 
medium on which they are mounted or realized. In the recent 

future, UAV manufacture will require antennas, if a 
generalized plug and play solution is provided for them 
where there is no need to design a drone specific antenna due 
change in their manufacturing materials [10]. The idea here 
is to provide a generalized antenna solution that can be 
directly attached to the drone without affecting much of its 
radiation characteristics. Additionally, this solution should 
not require any further protrusion and should have seamless 
integration with the drone surface.  

In general, microstrip patch antennas with the ground 
plane are preferred to reduce the effect of background i.e. 
particularly the UAV body in the present case but fulfilling 
the bandwidth requirement becomes stringent when 
microstrip antennas are designed over a thin dielectric 
substrate. The enhancement of BW in microstrip antennas is 
performed usually by a shorted patch with thick air substrate 
[4], stacked superstrate patches [11], [12], proximity patch 
[13], [14], and chip resistance [15], [16]. For seamless 
integration with the drone, the antenna needs to be designed 
over a thin substrate, therefore, a proximity patch technique 
is very useful. The chip resistance technique is useful in 
enhancing the impedance bandwidth but at cost of ohmic 
losses which reduces the overall efficiency of the antenna. 
The closest work to define our contribution is [14], where a 
triangular microstrip patch is proposed with multiple 
parasitic patches were used to enhance the BW at single band 
with broadside radiation pattern. However, in this paper, our 
primary objective is to obtain dual-band performance by 
suitably exciting the driven patch in two resonance modes by 
a single feed point and to get an omnidirectional and 
broadside radiation pattern at the same time.  

The proposed antenna exhibits a high gain and wider 
BWs at both the frequency bands, resultantly providing the 
capability to transmit the data at a higher rate on longer 
distances. The antenna is designed on a thin-flexible 
Rogers© substrate 5880 which makes it lightweight and thus, 
reduces the extra payload from the drone which can help in 
maximizing the flight time. Table-I summarizes the proposed 
antenna performance with recently proposed antennas in the 
literature. It is to be noted that the proposed antenna is a 
microstrip patch antenna and the following discussion in this 
paper would be in the context of microstrip patch unless 
specified otherwise. 



The remainder of this paper is organized as follows. 

Section II describes the design of the dual-mode, dual-band 

circular microstrip reference patch antennas and its 

improvised version with high gain and wider bandwidths. 

Antennas measured performance of the fabricated prototype 

is discussed in Section III. Finally, Section IV concludes the 

paper. 

TABLE I.  PERFORMANCE COMPARISON WITH STATE OF THE ART 

ANTENNAS FOR UAV’S 

#Ref Antenna type Frequency/-
ies 

Antenna 
height in λ0 
and physical 

height  
(in mm) 

Radiation 
pattern 

Gain 
(dB) 

[17] Higher order 
mode circular 

patch 

700 MHz 0.042 λ0  
(18 mm) 

Omni 
(Azimuth) 5.0 

[3] Monopole  
L-shaped 

820 MHz 0.027 λ0  

(10 mm) 
Omni 

(Azimuth) 
1.0 

[4] Rectangular 
patch array 

2.45 GHz 0.049 λ0  
(6 mm) 

Omni 
(Elevation) 

1.3 

[4] PIFA 2.45 GHz 0.032 λ0  
(4 mm) 

Omni 
(Elevation) 

1.8 

[18] Annular slot 2.4 GHz 0.04 λ0 

 (5 mm) 
Omni 

(Azimuth) 
5.0 

[6] Cloverleaf 2.45 GHz 0.232 λ0  
(28.4 mm) 

Omni 
(Azimuth) 

6.38 

[7] Annular  2.67 GHz 0.271 λ0  
(3.05 mm) 

Omni 
(Azimuth) 

2.67 

[14] Triangular 
shorted patch  

5.8 GHz 0.019 λ0 

 (1.6 mm) 
Broadside  
(Azimuth) 

~3.0 

This 
work 

Dual-mode dual-
band circular 

patch 

2.45 GHz 
/5.2 GHz 

0.0128 λ0  
(1.57 mm) 

Broadside 
(Azimuth)/ 

Omni 
(Azimuth) 

9.55 
(2.4 GHz),  

8.5  
(5.2 GHz)  

 

II. DESIGN OF DUAL-MODE DUAL BAND ANTENNA  

In this paper, we are proposing a novel generalized 

antenna system solution for UAVs with wider bandwidths, 

large radiation coverage, higher gain, dual-band, thin 

profile, and conformal characteristics.  

 

Fig. 1. Reference dual-mode dual-band circular microstrip patch antenna.  

A. Reference Antenna Design  

The top and side views of the reference antenna are 
shown in Fig. 1, where Rsub represents the substrate radius 
while Rout is the radius of the radiating patch. This antenna 
has a full ground metal layer and is fed with the coaxial-line 
jack as depicted in the side view of Fig. 1. The optimum feed 
location is chosen with parametric analysis, while the top 
patch is radiating at 2 modes simultaneously i.e. 2.4 GHz 
(TM11) and 5.2 GHz (TM01). The supported modes in the 
circular patch antenna can be found by assuming a formation 
of the cavity by top and ground metal layers with a 
sandwiched dielectric substrate. While substrate height tsub 
<< λ (i.e. operating wavelength of the antenna), the circular 
microstrip patch antenna supports TMz modes, where z is 
taken perpendicular to the patch. The resonant frequencies of 

0TM z

mn
modes i.e. ( )

0r mn
f  can be written as  

 ( )
0

1

2

mn
r mn

out

f
R

χ

π µε

 ′
=  

 
   (1) 

where µ, ε are the permeability and permittivity of the 
substrate respectively while Rout is the radius of the circular 

patch. The 
mnχ ′  represents zeros of the derivative of the 

Bessel function ( )mJ x of first kind of order m, where the first 

four values of 
mn

χ ′  in ascending order are 

11 1.8412χ′ = , 21 3.0542,χ ′ = 01 3.818χ ′ =  and 31 4.2012χ ′ = . Two 

modes i.e. TM11 and TM01 are chosen to maintain the 
appropriate frequency ratio to cover the 2.4 GHz and 5.2 
GHz band respectively as   

( )

( )
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11

01

11

2.081
r TM

r TM

f

f

χ

χ

′ 
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′ 
  (2) 

TABLE II.  REFERENCE ANTENNA DESIGN PARAMETERS 

1Ant

sub
R  out

R  
sub

t  
r

ε  tanδ  

30.86 mm 23 mm 1.57 mm 2.2 0.0009 

 

 

Fig. 2. Simulated reflection coefficient for dual-mode, dual-band circular 
microstrip patch antenna with the surface current for both the modes shown 
in the inset.  

The simulated reflection coefficient for the reference 
antenna is shown in Fig. 2 where a comparison of point 
source feed i.e. discrete port and practical feed i.e. coaxial is 



demonstrated. It is found here that with a practical coaxial 
feeding scenario, the achieved simulated -10 dB BW at 2.4 
GHz band is 38 MHz and at 5.2 GHz band is 155 MHz.  

B. Bandwidth Enhancement: Parasitic Patch 

The BW enhancement of the reference antenna is 
performed separately for the individual bands. In the 
proximity parasitic patch technique, the parasitic patches or 
dummy patches are placed around the driven patch. The 
parasitic patches are coupled to the driven patch via the 
radiating edges as well as from the non-radiating edges of the 
driven patch. Dummy patch radius can be chosen slightly 
differently to create multiple resonances. The coupling 
between patches can be tuned by the gaps between them 
controlling the impedance matching of the antenna. 

 

Fig. 3. Proxy patch for bandwidth enhancement at lower frequency band 
i.e. 2.4 GHz  

 

Fig. 4. Proposed dual-mode, dual-band circular microstrip antenna with 
proximity patches for BW enhancement at both the frequency bands i.e. 2.4 
an 5.2 GHz  

 

TABLE III.  PROPOSED ANTENNA DESIGN PARAMETERS  

2 3Ant Ant

sub sub
R R=  1proxy

R  2proxy
R  1sG  2s

G  

76  mm 22.60 mm 10.6 mm 1.1 mm 0.16 mm 

III. RESULTS  AND DISCUSSION 

The designed antenna is fabricated on Rogers© 5880 

substrate ( 2.2
r

ε =  and, tan 0.0009δ = ) as shown in Fig. 5 

with the help of LPKF prototyping solutions (Protomat U3 
and Protomat H100). A plated via of 1.2 mm diameter was 
made at the feeding point and an SMA jack is connected. 
The center pin of the SMA jack is soldered to the top driven 
patch and the ground base of the SMA jack is joined with 
antenna ground using conductive epoxy. Before performing 
the 3D radiation pattern in the anechoic chamber, the 
reflection coefficient of the antenna is measured with the 
help of a vector network analyzer (PNA Keysight E8363C). 
The measured reflection coefficients along with the 
simulated ones are shown in Figs 6 and 7 for 2.4 and 5.2 
GHz bands respectively. A well overlapping response is 
obtained for both the frequency bands. However, a slight 
deviation is found at the 5.2 GHz band which might be due 
to fabrication accuracy of gap dimension (i.e. Gs2 =0.16 mm) 
as the coupling between the patch very sensitive to this 
dimension. The coupling between the driven patch and 
dummy proxy patches for the 5.2 GHz band is slightly 
decreased which was confirmed by measuring the Gs2 with 
the help of a microscope.  

 

Fig. 5. Photograph of the fabricated prototype antenna  

TABLE IV.  PERFORMANCE COMPARISON FOR REFERENCE AND 

PROPOSED ANTENNA 

Field  
Values 

Reference  Proposed  

Substrate  height (tsub) 1.57 mm 1.57 mm 

Gain and (BW) @ 2.4 GHz 6.73 dBi (38 MHz) 9.55 dBi (97 MHz) 

Gain and (BW) @ 5.2 GHz 4.9 dBi (155 MHz) 8.5 dBi (360 MHz) 

Antenna radius  30.85 mm 76 mm 

  

 



 

Fig. 6. Comparison of simulated vs measured reflection coefficient of the 
proposed dual-band dual-mode antenna.  

 

Fig. 7. (a) Simulated, and (b) measured 3D radiation pattern plot of the 
proposed antenna at 2.4 GHz band. 

Both simulated and measured reflection coefficient of the 
proposed antenna is plotted in Fig. 6. A decent match in the 
return loss could be seen which validates the accuracy of the 
simulation model. The simulated and measured far-field 
radiation patterns at the respective resonance frequencies are 
plotted in Figs 7 and 8 for 2.4 and 5.2 GHz bands 
respectively. It has been observed the simulated 3D patterns 

have close agreement with the measured 3D patterns. The 
measured peak gain at the 2.4 GHz band is 9.55 dBi and at 
the 5.2 GHz band is 8.5 dBi. At 2.4 GHz, the proposed 
antenna resonates at dominant mode i.e. TM11, and has a 
broadside radiation pattern while at 5.2 GHz band antenna 
resonates in higher-order mode i.e. TM01 which has a quasi-
omnidirectional radiation pattern. The proposed antenna 
exhibits a decent azimuthal coverage with high gain and 
could be very useful for unmanned aerial vehicles. Since this 
antenna is designed on a thin, flexible substrate and also 
have wider bandwidths at both the bands, which means this 
antenna could handle higher data rates and will be very 
useful in HD video transmission to larger distances as 
compared to conventional monopoles antennas with 
relatively low gain. Additionally, this antenna could be 
seamlessly integrated into the UAV body (i.e. on a wing or  

 

 

Fig. 8. (a)Simulated, and (b) measured 3D radiation pattern plot of the 
proposed antenna at 5.2 GHz band.  

fuselage) which could be a plus in terms of its stability 
without affecting the aerodynamics of the vehicle. 
Furthermore, the antenna is backed by a full ground plane to 
reduce the body effect which makes this design far attractive 
for a generalized plug-and-play solution for a different type 
of UAV body material i.e. metal or dielectric. 
 



CONCLUSION  

A dual-mode, dual-band 2.4/ 5.2 GHz circular microstrip 
antenna is designed, fabricated, and tested for airborne 
application. Firstly, a reference circular microstrip antenna 
was designed and appropriately excited in two radiating 
modes. A correct feed-point was obtained using 3D 
electromagnetic simulation to excite reference antenna in 
two radiating modes simultaneously. Later, the BW at both 
modes was enhanced by employing the proxy patches for the 
individual bands. The proposed antenna was later fabricated 
on Roger© 5880 substrate and tested in Satimo anechoic 
chamber. A close match of simulation and measured 
performance was observed. Based on the observed 
performance i.e. dual-band and wide coverage, the proposed 
antenna can be used for seamless integration in the aerial 
vehicle for futuristic applications.  
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