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ABSTRACT 
A single feed dual-band modified inverted-F antenna (IFA) operating at 4.4-5.0 GHz and 5.850-5.925 GHz bands is proposed. 
The antenna is designed and analysed by the method of moments (MoM’s) in the Numerical Electromagnetic Code (NEC). The 
full wave numerical analysis shows the ability of the proposed antenna to operate in the above mentioned bands in terms of 
return loss, bandwidth, efficiency and gain. The antenna is designed for multi-serving purposes such as military and the intelli-
gent transportation systems (ITS) applications. The antenna provides a pick gain of 6.63 dBi and 1.61 dBi in the 4.4-5.0 GHz and 
5.850-5.925 GHz bands, respectively. 
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1 INTRODUCTION                                                                     
N recent years, inverted-F antennas (IFAs) are widely 
used for various purposes including communications, 
medical, military, scientific, commercial and industrial 

applications. Intelligent transport systems (ITS) are a group 
of new technologies designed to improve road safety and 
support the more efficient use of transport infrastructure. 
Dedicated short range communications (DSRCs) [1] is an 
emerging wireless ITS technology developed to transmit 
safety and traffic information over short distances. DSRC 
enables data communications between vehicles. It can also 
be used for communications between vehicles and roadside 
infrastructure to support traffic coordination and broadcast 
of safety information [2]. It is important to have high per-
formance antenna for this applications. The antenna will 
improve transmission and reception, reduce power con-
sumption, and increase marketability of the ITS technology. 
The 5.9 GHz band (5.850-5.925 GHz) is used for a variety of 
DSRC such as traffic light control, traffic monitoring, trav-
elers' alerts, automatic toll collection, traffic congestion de-
tection, emergency vehicle signal preemption of traffic 
lights, and electronic inspection of moving trucks through 
data transmissions with roadside inspection facilities [3]. 

 
Past years, the demand of antenna for the purpose of mili-
tary applications has grown sign if icantly  within the 
4.4-5.0 GHz band (C-band). There is a wide variety of mili-
tary antennas and different antenna designed for particular 
military platforms such as air, land, and sea. Particularly, 
antennas used for military applications are big in size, but 
it is cost effective to have small size antennas. Antenna size 
is a major factor that limits device miniaturization. In the 
past few years, new designs based on the inverted-F anten-
na (IFA) and inverted-L antenna (ILA) and hybrid antenna 

made out of the combination of IFA and ILA named invert-
ed-F-L antenna  have been proposed for portable wireless 
devices, because these antennas are low profile [4-8]. Con-
ventional IFAs are compact, with a length that is approxi-
mately a quarter to a half of the wavelength. These an-
tennas can be further optimized by adding new parame-
ters in the design, such as strategically shaping the radiat-
ing element, or judiciously locating loads [9]. The major 
limitation of many low-profile antennas is narrow band-
width. Most of the conventional IFA’s offer about 5% 
bandwidth, but wider bandwidth can be achieved 
by advance design method [10].   
 
In this paper a dual band antenna is presented which is 
compact in size and that covers 4.4-5.0 GHz military band 
and 5.850-5.925 GHz ITS band. In the proposed design oth-
er limitations of general IFA are reduced and possess better 
performance in these two special applications. The simula-
tion for the proposed antenna has been carried out by Nu-
merical Electromagnetic Code (NEC) simulator and opti-
mization of different parameters are done by trial and error 
methods. 

2 ANTENNA CONFIGURATION AND DESIGN  
The proposed antenna is shown in Fig. 1, where a notch 
with height h2 has been added in the wire type IFA. Param-
eter studies have been conducted to ascertain the effect of 
different loading on the antenna performance to find out 
the optimal dimensions. For the study the conductor is as-
sumed to be made of copper and the antenna was intended 
to be matched to 50 Ω system impedance. It can be seen 
that the notch is negligible in dimension but it play a vital 
role for improving the performance of IFA.  

I
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Fig. 1: Proposed dual-band modified IFA. 
 

  
Fig. 2: Gain variations of the modified IFA with the notch 
height h2. 
 

 
Fig. 3: SWR variations of the modified IFA with the notch 
height h2. 
 
The performance of the modified inverted-F antenna is im-
proved by varying the notch height h2. The antenna has 
been optimized to the required 4.4-5 GHz and 5.850-5.925 
GHz bands. Keeping other design parameters constant it is 
seen that changing the notch height the reflection co-
efficient is improved  but gain is negligibly decrased at 
both operating bands. Figs. 2, 3, and 4 represent the gain, 
SWR and return loss variation, respectively, with the notch 

height. For h2=1.5mm, the return loss -25.445dB, gain 
6.66dBi, and SWR 1.113 at 4.55 GHz, however the return 
loss -26.141dB, gain 2.12dBi, and SWR 1.103 at 5.9 GHz. 
Also, for h2=2mm, the return loss -39.817dB, gain 6.63dBi, 
and SWR 1.02 at 4.55 GHz, whereas the return loss -
32.351dB, gain 1.61dBi, SWR 1.05 at 5.9 GHz. Furthermore, 
for h2=2.5mm, the return loss -23.872dB, gain 6.59dBi, and 
SWR 1.137 at 4.55 GHz, while the return loss -28.909dB, 
gain 1.11dBi, and SWR 1.074 at 5.9 GHz. So, it can be seen 
that the modified antenna has better performance for 
length h2=2mm. Fig. 5 shows geometric dimensions of 
modified inverted-F antenna with added notch h2. The 
overall dimensions of the proposed antenna is 19 mm× 9 
mm. 

Fig. 4: Return loss variations of the modified IFA with the 
notch height h2. 
 

 
 

Fig. 5: Proposed modified IFA with optimized dimensions. 
 

3 SIMULATION RESULTS AND DISCUSSION 
The antenna is designed and analysed using method of 
moments (MoM’s) in the Numerical Electromagnetic Code 
(NEC). Fig. 6 shows the total gain of the proposed dual-
band (military and ITS bands) IFA. The peak gains of the 
antenna in the military and ITS bands are 6.63 dBi and 1.61 
dBi, respectively. Fig. 7 shows the VSWR variation of the 
modified IFA with frequency. It is found that VSWR is 
1.021 and 1.05 at 4.55 GHz  and 5.9 GHz, respectively, for 
military and ITS applications. Fig. 8 represents the return 
loss for the modified IFA. The antenna provides peak re-
turn loss of -39.817dB and -32.351 dB at military and ITS 
band, respectively.  
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Fig. 6: Gain variation of the proposed antenna with fre-
quency. 
 
 
 

 
Fig. 7: SWR variation of the proposed antenna with fre-
quency. 
 
 

 

 
Fig. 8: Return loss variation of the proposed antenna with 
frequency. 
 

  

(a) (b) 
 

(c) 
 
Fig. 9: Radiation patterns of the proposed antenna in verti-
cal plane (a) total gain pattern, (b) vertical gain pattern, and 
(c) horizontal gain pattern. 

 
  

(a) (b) 
 

(c) 
 
Fig. 10: Radiation patterns of the proposed antenna in hori-
zontal plane (a) total gain pattern, (b) horizontal gain pat-
tern, and (c) vertical gain pattern. 

Figs. 9 and 10 show the radiation patterns of the antenna in 
vertical plane and horizontal planes, respectively. From the 
radiation pattern, it is realized that the antenna has ac-
ceptable radiation characteristics at both operating bands in 
horizontal and vertical planes. Finally, the simulated im-
pedance and phase variation of the antenna are shown in 
Fig 11. The proposed antenna provides appreciable imped-
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ance at 4.4-5.0 GHz  and 5.850-5.925 GHz bands as well as 
the phase variation is close to the 0°. 

Fig. 11: Input impedance and phase variation of the 
proposed antenna with frequency.  
 

4 CONCLUSION 
A dual-band inverted-F antenna to achieve better 
performance for military and ITS applications is designed. 
The proposed modified IFA operates very well for the 
desired applications with a very small footprint. The gain,  
impedance, and the return loss of the antenna are 
satisfactory within the desired frequency bands. An 
intersting trade-off between reflection co-efficient and  gain 
is obserbed in parameter study. Changing the parameter 
when the return loss increases the gain decreases slightly. 
As the effect on the gain is minor it dose not affect on total 
antenna performance. So, the proposed antenna can be a 
promising candidate for the ITS and military application.  

 

REFERENCES 
[1] H. J. Miller and S.-L. Shaw, “Geographic Information 

Systems for Transportation,” Oxford University Press. 
ISBN 0-19-512394-8, 2001. 

[2] http://www.rsm.govt.nz/cms/policy-and-
planning/projects/intelligent-transport-systems-in-
the-5.9-ghz-band. 

 
 
 
 
 
 
 
 
 
 
 
 

[3] Federal Communications Commission. News Release, 
October 1999 (Web:  
http://transition.fcc.gov/Bureaus/Engineering_Techn
ology/News_Releases/1999/nret9006.html). 

[4] K. M. Morshed, D. K. Karmokar, and A. M. N.-A.-
Mobin, “Numerical Analysis of Impedance Matched 
Inverted-L Antennas for Wi-Fi Operations,” in Proc. 
12th International Conference on Computer and 
Information Technology (ICCIT), Dhaka, Bangladesh, 
2009.  

[5] D. K. Karmokar, M. S. Hossain, and M. N. Mollah, 
“Low-Profile Impedance Matched Wideband Double 
Inverted-F Antenna for WiMAX/Wi-Fi Operations in a 
Laptop Computer,” International Conference on 
Devices and Communications (ICDeCom-11), India, 
2011. 

[6] D. K. Karmokar, K. M. Morshed, A. M. N.-A.-Mobin, 
and A. N. M. E. Kabir, “High gain multiband loaded 
inverted-F antennas for mobile WiMAX, Wi-Fi, 
Bluetooth, and WLAN operation,” International 
Journal of Engineering, Vol. 4, Issue 3, pp. 219-232, 
2010.  

[7] K. M. Morshed, D. K. Karmokar, and M. Talukder, 
“Numerical and Experimental Analysis of Impedance 
Matched Inverted-L and Stair Inverted-L Antenna for 5 
GHz WLAN Operation,” Journal of Communications, 
Vol. 5, No. 8, pp. 612-619, 2010. 

[8] A. A. Talukder, D. K. Karmokar, K. M. Morshed, and 
M. N. Mollah, “Low Profile Inverted-F-L Antenna for 
5.5 GHz WiMAX Applications,” ACEEE International 
Journal on Communication, vol.  3, no. 1, pp. 15-19, 
2012. 

[9] L. Setian, “Practical Communication Antennas with 
Wireless Applications,” Prentice Hall PTR, New Jersey: 
1998. 

[10] M. –C. T. Huynh, “A Numerical and Experimental 
Investigation of Planar Inverted-F Antennas for 
Wireless Communication Applications,” M.Sc. Thesis, 
Virginia Polytechnic Institute and State University, 
October 2000. 

 


