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In this paper, an ultra-small marker beacon antenna 
operated in the VHF-band is proposed. This antenna has a 
modified linear IFA structure with a lumped capacitor 
and a capacitive plate for frequency tuning and 
impedance matching. The capacitive plate is directly 
connected to the end of a linear radiator and is separated 
from the antenna ground by 1 mm. The main operating 
frequency is mainly controlled by the size and dielectric 
constant of the capacitive plate. The lumped capacitor is 
useful for fine frequency tuning. Using the proposed 
structure, an ultra-small marker beacon antenna can be 
realized with a length of 0.04 λ0. 
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I. Introduction 

A marker beacon is a type of VHF radio beacon used in 
aviation, usually in conjunction with an instrument landing 
system, to give pilots a means to determine their position along 
an established route to a destination such as a runway. In    
an aeronautical radio navigation service, it is defined as a 
transmitter that vertically radiates a distinctive pattern to 
provide position information to aircraft [1]–[2]. The marker 
beacon antenna is thus essential for safe aircraft flight. To 
install the marker beacon antenna on a limited surface, 
particularly on the front or bottom side of the aircraft, a 
compact size, light weight, and simple installation are key 
design issues. In particular, a compact size is more important 
for small flight vehicles such as helicopters and unmanned 
aerial vehicles (UAVs), and an inverted-F antenna (IFA) can be 
a very promising candidate for compact airborne antennas. 

Airborne antennas including a marker beacon antenna have 
been mainly introduced with simple linear structures such   
as monopoles, dipoles, and loops [3]–[4], and a low-profile 
inverted-L antenna for wideband operation [5] and a planar 
type beacon antenna for UAVs [6] have also been introduced. 
However, conventional structures are inadequate to realize an 
ultra-small marker beacon antenna. 

An IFA was first conceived in the 1950s as a bent-wire 
antenna. However, its most widespread use has been as a 
planar IFA (PIFA) in mobile wireless devices owing to its 
space-saving properties. IFAs and PIFAs have been widely 
studied for use in multi-band and frequency tuning, mainly for 
mobile terminals using slots and parasitic resonators [7]–[9]. To 
reduce the antenna size, a via-patch antenna [10] and various 
capacitor-loaded antennas have been proposed [11]–[13]. This 
type of antenna is a modified PIFA composed of a radiating 
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patch on top of a via-patch to reduce the resonant frequency. 
The via-patch is separated from the radiating patch by 1 mm to 
provide a capacitive effect. This antenna operates within the 
2.4-GHz ISM band and has a size of 15 mm × 5 mm × 6 mm, 
which is a 50% reduction (0.125 λ0) in comparison with 
conventional PIFAs. 

In this paper, an ultra-small marker beacon antenna is 
proposed for small flight vehicles. This antenna was designed 
using a linear IFA radiator including two capacitive 
components. One is a series lumped capacitor for fine 
frequency tuning, and the other is a parallel capacitive plate that 
is separated from an antenna ground by 1 mm for wide 
frequency tuning and impedance matching. 

II. Antenna Design 

The proposed marker beacon antenna is depicted in Fig. 1. 
As shown in this figure, the radiator has a linear inverted-F 
shape in a dielectric substrate (εr1) and is vertically placed on 
the antenna ground. The series lumped capacitor is placed in 
the middle of the right vertical radiator part. The capacitive 
plate was designed as a simple rectangular dielectric substrate 
(εr2). One side of the plate is metallized, and the other is directly 
in contact with the ground. The capacitance can thus be easily 
controlled by the size, thickness, and dielectric constant of the 
capacitive plate within a wide frequency range. Furthermore, 
the total antenna size does not increase with the capacitive plate 
because of its thinness. The detailed dimensions of the 
proposed antenna operated at 75 MHz are shown in Table 1. 

The design procedure of the proposed compact marker 
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Fig. 1. Proposed marker beacon antenna with linear IFA structure:
(a) perspective and (b) top views. 
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Table 1. Dimensions of the proposed antenna (unit: mm). 

Symbol Value Symbol Value Symbol Value 

Rw 40 Cw 10 Gw 500 

Rl 160 Cl 75 Gl 500 

Ct1 1 Ct2 1 C 250 pF 

εr1 4.3 εr2 4.3     

 

 

  

Fig. 2. Design procedure of the proposed antenna: (a) general 
linear-type IFA, (b) capacitive loaded antenna using a 
lumped capacitor (CL), and (c) proposed antenna with a 
lumped element (CL) and a capacitive plate (CP). 
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beacon antenna is depicted in Fig. 2. As described above, the 
antenna was devised using a linear-type IFA structure, as 
shown in Fig. 2(a). In this structure, short circuits with a small 
fraction of wavelength on the left side of the radiator (short pins 
are generally widely used in a PIFA) can be viewed as a 
parallel inductance to ground. Similarly, the distances from the 
feed to the shorting point to ground, or the feed to the open 
edge of the PIFA, determine the inductance and capacitance, 
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Fig. 3. Simulated performance variation for the main design parameters: (a) length of the parallel capacitive plate (Cl), (b) width of the
parallel capacitive plate (CW), (c) dielectric constant of the parallel capacitive plate (εr2), and (d) capacitance of the series lumped
capacitor (C). 
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respectively. However, the radiator length (L1) is too long to be 
installed in the limited space of a small UAV. It is common to 
use capacitive loading in an IFA to reduce the radiator length, 
as shown in Fig. 2(b). When we reduce the radiator length, its 
capacitance is also reduced. Thus, we can add capacitance (CL) 
to an IFA radiator between the feed point and the open edge, 
and the capacitance of the IFA can be easily controlled to 
optimize the matching condition within the target frequency 
using a lumped capacitor. Figure 2(c) shows the proposed 
antenna structure with a lumped capacitor (CL) and a capacitive 
plate (CP). In this structure, the lumped capacitor (CL) is in 
series with the radiator, and the capacitive plate (CP) is parallel  
with it. However, the lumped capacitor can also be loaded in 
parallel with the radiator. Using this structure, we can more 
easily control the series and parallel capacitance with two  
types of capacitive parts. In addition, the capacitance of the 
capacitive plate can be largely controlled through a change in 

size (length and width) compared with lumped capacitors, and 
can also be controlled by adding various dielectric materials 
between a metal plate and ground.  

Figure 3 shows the simulated performance variation for 
various design parameters of the additional capacitance. The 
simulation results for the capacitive plate size are shown in  
Figs. 3(a) and 3(b) for the length and width, respectively. In  
Fig. 3(a), as the length of the capacitive plate is increased  
from 5 mm to 95 mm, the operating frequency substantially 
decreases from 67 MHz to 175 MHz by the capacitance 
variation and the effect of the increased radiator length.  
Figure 3(b) shows that the operating frequency decreases along 
with an increase in the capacitive plate width. In this simulation, 
the operating frequency varies from 42 MHz to 88 MHz when 
the width is increased from 5 mm to 60 mm. In addition, the 
dielectric constant of the capacitive plate (εr2) is a useful design 
parameter for controlling the operating frequency. The  
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Table 2. Frequency tuning range based on the main design parameters.

Component Parameter Value Tuning range 

Length (Cl) 5 mm–95 mm 67 MHz–175 MHz
Capacitive plate 

Width (Cw)  5 mm–60 mm 42 MHz–88 MHz

Dielectric constant εr2 1–9 58 MHz–104 MHz

Lumped element Capacitance (C) 50 pF–1F 68 MHz–90 MHz

 

 
simulation results in Fig. 3(c) indicate that the operating 
frequency is controlled from 58 MHz to 104 MHz for a 
dielectric constant (εr2) of 1 to 9. The frequency-tuning 
characteristic for the lumped capacitor is shown in Fig. 3(d). 
The results indicate that the lumped capacitor is also useful to 
fine-tune the operating frequency from 68 MHz to 90 MHz 
using wide capacitance values of 50 pF to 1 F. It is thus 
demonstrated that an ultra-small marker beacon antenna can be 
easily designed with a modified IFA structure having two 
capacitive components. In particular, the capacitive plate can be 
mainly used to control the antenna operating frequency. 
Furthermore, the lumped capacitor is optional, but is very 
useful for fine-tuning to compensate any frequency errors after 
fabrication. The frequency tuning range based on the main 
parameters is summarized in Table 2. 

The antenna size is 160 mm × 40 mm × 10 mm, and the 
radiator length is 0.04 λ0, which is very small compared with 
conventional IFAs and PIFAs [6]. The dielectric substrate for 
the main radiator and capacitive plate is FR-4 (εr1 = εr2 = 4.3) 
for a low cost and convenient fabrication. 

The surface current flow is depicted in Fig. 4. From this 
figure, it can be seen that the surface current circulates from the 
left shorted-end of the radiator to the capacitive plate, similar to 
a small loop antenna with a small radiator length, as illustrated 
below [14]: 

or ,
6π 3

a C
 

                 (1) 

where a is the radius of a loop, and C is the circumference; in 
addition, the equation can be of a first-order approximation of 
the Bessel function of the first order J1 (x) in a general solution 
for a loop with a constant current. Actually, to make sure that 
the current has a near-constant distribution along the loop, a 
tighter limit must be imposed:   

0.03 or
5

a C
  .            (2) 

A good approximate model of a small loop is provided by an 
infinitesimal loop or infinitesimal magnetic dipole. The far-
field radiation patterns are derived through the following 
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Fig. 4. Simulated current distribution on the proposed antenna.
 

equations [14], which satisfy the measured radiation patterns of 
the proposed marker beacon antenna depicted in Fig. 7. 
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III. Fabrication and Measured Results 

Figure 5 shows a photograph of the fabricated marker 
beacon antenna. To verify the performance of the proposed 
antenna, an antenna was installed in an outdoor antenna test 
site, as shown in Fig. 6. The antenna installation height is 9 m, 
and the distance between the marker beacon and measurement 
antenna is about 180 m.  

The measured reflection coefficient of the proposed antenna 
is shown in Fig. 7. The measured reflection coefficient at the 
target frequency of 75 MHz is –16.7 dB, which agrees with the 
simulation result. The lumped capacitor (C) was 250 pF in the 
simulation, but the capacitor value was changed to 180 pF to 
compensate the frequency shift after fabrication. The fabricated 
antenna was tested in an outdoor antenna measurement site. 
The measured radiation patterns for the xz-plane defined in the 
coordinates of Fig. 1 are depicted in Fig. 8(a). The pattern is 
omnidirectional and the maximum gain is –21.2 dBi, which is  
 

 

Fig. 5. Fabricated marker beacon antenna. 

Ground plane

Inverted-F radiator 

Feeding point 

Capacitive plate 

Capacitor

 



 

ETRI Journal, Volume 38, Number 5, October 2016 Ju-Derk Park et al.   883 
http://dx.doi.org/10.4218/etrij.16.0116. 

 

Fig. 6. Outdoor antenna test site for the proposed marker beacon
antenna. 
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1.5 dB lower than the simulation result. In the simulation, the 
antenna directivity is 1.42 dBi and the efficiency is –21.12 dB. 
The yz-plane radiation patterns in Fig. 8(b) show the tendency 
of a small loop. The voltages induced along the sides of the 
loop-shaped radiator are thought to cancel each other when a 
signal arrives along the loop axis. Therefore, there is a null in 
the y-direction. Instead, the radiation pattern peaks in the x-
direction of the radiator (0 and 180). The proposed antenna  
is designed for small flight vehicles, especially UAVs with 
limited space in sufficient for loading many antennas for 
navigation and communication. Thus, despite the low     
gain performance, the compact size is very important for an 
aerodynamic aircraft design, and the radiation patterns are also 
important to receive signals from any ground control center. 
The low antenna gain can be compensated with high sensitive 
receivers and high beacon signal power. 

The measured radiation patterns are somewhat different from 
those of the simulations. This is attributed to the ground plane 
with a size of 500 mm  500 mm. 

IV. Conclusions 

An ultra-small marker beacon antenna having a length of 0.04 
λ0 was developed and successfully implemented. This antenna 
was designed using a modified IFA structure, and a rigid 
structure was fabricated on a FR-4 substrate at low cost. A 
capacitive plate was added to the end of the linear radiator for a 
size reduction. The antenna operating frequency can be widely 
controlled by the capacitive plate size, and the electric constant of 
the capacitive plate was also very useful to reduce the antenna 
size. A lumped capacitor is added in the vertical part of the 
radiator for fine frequency tuning. It has been anticipated that the 
proposed antenna structure can be used in various applications of 
wireless communication requiring a compact size.  

 

Fig. 7. Measured reflection coefficient of the proposed antenna.
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Fig. 8. Measured reflection patterns of the proposed antenna: (a)
xz-plane and (b) yz-plane. 

90 

60 

30

0

330

300 
270 

240

210

180

150

120 –15 

–20 

–25 

–30 

–35 

–40 

Measurement 
Simulation  

(a) 

90 

60 

30

0

330

300 
270 

240

210

180

150

120 –15

–20

–25

–30

–35

–40 Measurement 
Simulation  

(b) 

 

References 

[1] ITU, “Section IV. Radio Stations and Systems – Article 1.107, 

definition: marker beacon,” ITU Radio Regulations, Geneva,  

Switzerland: ITU, 2012. 



 

884   Ju-Derk Park et al. ETRI Journal, Volume 38, Number 5, October 2016 
http://dx.doi.org/10.4218/etrij.16.0116.0158 

[2] H. Diamond and F.W. Dunmore, “A Radio Beacon and 

Receiving System for Blind Landing of Aircraft,” Proc. Inst. 

Radio Eng., vol. 16, no. 4, Apr. 1931, pp. 585–626. 

[3] W. Spanos and J.M. Ashbrook, “Airborne Dual Antenna System 

for Aerial Navigation,” IRE Trans. Aeronaut. Navig. Electron., vol. 

ANE-6, no. 4, Dec. 1959, pp. 211–218. 

[4] G.F. Levy, “Loop Antennas for Aircraft,” Proc. IRE, vol. 31, no. 2, 

Feb. 1943, pp. 56–66. 

[5] Y.J. Park, “Low-Profile Inverted-L Aircraft Antenna with One 

Folding Using Ground Edge Current,” Electron. Lett., vol. 50, no. 

17, Aug. 2014, pp. 1188–1190. 

[6] D. Gray, “Placement of Broad Beam Beacon Antennas within 

Wing of HALE UAV,” Int. Symp. Antennas Propag., Nagoya, 

Japan, Oct. 29–Nov. 2, 2012, pp. 503–506. 

[7] D.M. Nashaat, H. Elsadek, and H. Ghali, “Single Feed Compact 

Quad-Band PIFA Antenna for Wireless Communication 

Applications,” IEEE Trans. Antennas Propag., vol. 53, no. 8, Aug. 

2005, pp. 2631–2635. 

[8] H.-W. Hsieh et al., “Design of a Multiband Antenna for Mobile 

Handset Operations,” IEEE Antennas Wireless Propag. Lett., vol. 

8, 2009, pp. 200–203. 

[9] G.K.H. Lui and R.D. Murch, “Compact Dual-Frequency PIFA 

Designs Using LC Resonators,” IEEE Trans Antennas Propag., 

vol. 49, no. 7, July 2001, pp. 1016–1019. 

[10] C.Y. Chiu, K.M. Shum, and C.H. Chan, “A Tunable Via-patch 

Loaded PIFA with Size Reduction,” IEEE Trans. Antennas 

Propag., vol. 55, no. 1, Jan. 2007, pp. 65–71. 

[11] Y. Liu et al., “Miniaturization of Dual-Band PIFA for Wireless 

LAN Communication,” ETRI J., vol. 35, no. 3, June 2013, pp. 

530–533. 

[12] Y.S. Wang, M.C. Lee, and S.J. Chung, “Two PIFA-Related 

Miniaturized Dual-Band Antennas,” IEEE Trans. Antennas 

Propag, vol. 55, no. 3, Mar. 2007, pp. 805–811. 

[13] W.W. Lee and B.H. Rhee, “Design and Analysis of Polarization 

Diversity Antenna for Mobile Terminals,” ETRI J., vol. 36, no. 1, 

Feb. 2014, pp. 155–158. 

[14] C.A. Balanis, Antenna Theory: Analysis and Design, 3rd edition, 

Hoboken, NJ, USA: John Wiley & Sons, 2005.  

  

  

  

 

 

 

 

 

 

 

 

  

Ju-Derk Park received his BS and MS degrees 

in electrical engineering from Chungbuk 

National University, Cheongju, Rep. of Korea 

in 1995 and 1997, respectively. He has been 

working at ETRI Daejeon, Rep. of Korea, since 

2000. Currently, his major research areas are in 

the analysis of EM fields and communications 

for the Internet of Things. 

   

Byeong-Cheol Choi received his MS degree in 

electrical engineering from Hannam University, 

Daejeon, Rep. of Korea, in 1997, and his PhD  

in computer science from Busan National 

University, Rep. of Korea in 2004. He has been 

working at ETRI, Daejeon, Rep. of Korea, since 

1993, leading many projects in the area of 

wireless sensor networks. Currently, his major research is in 

communications for the Internet of Things. 

 

Nam Kim received his BS MS and his PhD 

degrees in electronics engineering from Yonsei 

University, Seoul, Rep. of Korea in 1981, 1983, 

and 1988, respectively. He has been a professor 

at Chungbuk National University, Cheongju, 

Rep. of Korea, since 1989. He is a member of 

IEEE, BEMS, and KIEES. His scientific 

interests are focused on the fields of antenna design and specific 

absorption rate analysis, WPT systems, the health effects of EMF, RF 

dosimetry, reduction and protection technologies regarding EMF 

hazards, and the guidelines and standards of EMF and EMI/EMC. 

 

Young-Bae Jung received his BS in radio 

science and engineering from KwangWoon 

University, Seoul, Rep. of Korea in 1999, and 

his MS degree and PhD in information and 

communications engineering from Korea 

Advanced Institute of Science and Technology, 

Daejeon, Rep. of Korea in 2001 and 2009, 

respectively. From 2001 to 2011, he was with ETRI, as a senior 

researcher. Since March 2011, he has been an assistant professor in the 

Department of Electronics and Control Engineering, Hanbat National 

University, Daejeon, Rep. of Korea. His work is focused on active 

phased array antenna systems and next-generation mobile base-station 

antennas. His research interests include active phased array antenna 

systems and active/passive components used in RF and microwave 

applications. 

 


