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Abstract: A compact microstrip fed multiband monopole antenna for Bluetooth (2.4-2.48 GHz), Ultra Wide Band 

(UWB) (3.1-10.6GHz), X-band (8-12 GHz) and Ku band (12-18 GHz) applications is proposed. The proposed antenna 

consists of a rectangular patch having central slot with lower edges beveled on one side and rectangular partial ground 

with central slot having lesser width as compared to substrate on the other side of substrate. The idea of edge beveling 

is also introduced in this partial ground to increase the impedance bandwidth. This antenna has operating frequency 

from 2.33-2.58 GHz and resonates at 2.44 GHz for Bluetooth application and 2.98-18 GHz for UWB, X-band and Ku-

band applications. In this paper, the shape of ground is proposed so as to improve impedance bandwidth over entire 

UWB, X-band and Ku-band range.  A rectangular quarter wavelength strip is optimized so as to resonate at 2.44 GHz. 

The proposed antenna is simulated using CST- Microwave Studio. With adjusted parameters the proposed antenna 

exhibits a broad impedance bandwidth with VSWR ≤ 2. 

 

Keywords: Monopole antenna, Multiband, Ultra Wide Band, X-band, Ku Band. 

 

I. INTRODUCTION 

 

Microstrip antennas are having several advantages such as 

light weight, low cost, thin profile, conformal to a shaped 

surface so it can be used in several applications as in 

aircraft, satellite and wireless communication [1].  One of 

the most serious problems of microstrip antenna is its 

narrow bandwidth. Many works have been done and 

various methods are used to increase the bandwidth of 

microstrip antenna.  
 

In a February 2002, Federal communications Commission 

(FCC) allocated 3.1-10.6 GHz frequency band for UWB 

systems. Today, modern communication systems need a 

single antenna that can work for multiple frequency bands 

[2-3]. The future usable devices or other machines that 

integrate Bluetooth and UWB transmitter or receiver 

requires a single antenna that can operate for these two 

bands. To integrate with Bluetooth, the Bluetooth Special 

Interest Group selected Multiband Orthogonal Frequency 

Division Multiplexing (MB-OFDM) UWB in 2006 [15]. 
 

In the past years, a large number of UWB antennas have 

been studied and reported in the literatures [1-20]. In order 

to increase impedance bandwidth of antenna, an array of 

rectangular microstrip patches arranged in log-periodic 

way with proximity coupled feed line [3], I-shaped 

notches on the ground plane [4], U-shaped slot and partial  

ground plane have been suggested. Attempts have been 

made to design the feed of microstrip antenna structure for 

UWB wireless applications [11]. Another various types of 

antennas with two substrate layer [6], diamond shaped 

monopole [8], CPW fed fractal patch antenna and swastika 

slot antenna has been presented for UWB applications [12- 

 

 

13]. The multiple ring slots UWB antenna and T-shaped 

slot UWB antenna has been introduced for Microwave 

Imaging [9-10]. UWB can be integrated with other narrow 

band applications like Bluetooth, GSM and GPS and also 

interference from other co-existing bands can be reduced 

by introducing band notched characteristic in antenna 

design [17]. 

 

In this paper author propose a multiband antenna consists 

of rectangular patch with lower edges beveled to enhance 

the operational bandwidth of antenna over entire UWB 

range. In this central slotted part of patch a rectangular 

strip is inserted to design Bluetooth integrated UWB 

antenna. To extend the impedance bandwidth and in order 

to make the proposed antenna design compatible for 

UWB, X-band and Ku-band applications ground structure 

with triangular slots which seem like beveled edges is 

proposed in this paper. Also we can see that with this 

ground structure return loss also decay in UWB range. 

 
II. ANTENNA DESIGN 

 

Fig 1 and 2 shows the antenna geometry with two different 

ground structures. The antenna is fabricated on the FR4 

substrate of dielectric permittivity ε
r

=4.4, and thickness 

h=1.6mm having dimensions of 37mm x 45mm. A patch of 

dimensions 15mm x 15mm having circular and rectangular 

slot with lower edge beveled is printed on one side and 

partial ground structure with slots is printed on the other 

side [15]. A rectangular strip is inserted and investigated so 

as to resonate over the Bluetooth band. The type of feeding 



IJARCCE 
 ISSN (Online) 2278-1021 

ISSN (Print) 2319 5940 

 
International Journal of Advanced Research in Computer and Communication Engineering 
Vol. 5, Issue 4, April 2016 
 

Copyright to IJARCCE                                               DOI 10.17148/IJARCCE.2016.54259                                  1061 

used is the microstrip line feeding with dimensions of 

width 3mm and length 12 mm. 

We start with the design of lower edge beveled rectangular 

patch and partial ground with length 11.5mm.  Also a 

circular slot followed by a rectangular slot is etched on the 

patch [15].  Fig.1. shows the basic structure of antenna 

patch. A rectangular strip of width 1.5 mm is inserted in 

central notched part of the patch. The length of rectangular 

strip is optimized so as to resonate at 2.44 GHz. 

 

 
Fig 1  Top View of proposed antenna 

 

The proposed dimensions of antenna that provide good 

performance are: Ls=45mm, Ws=37mm, Lp=Wp=15mm, 

Lb=22.05mm, Wb=1.5mm, L=12mm, W=3mm, g=6mm. 

Fig.2. shows the back side view of proposed antenna. In 

this design the idea of beveling edges to increase 

impedance bandwidth is introduced in the ground plane of 

proposed antenna design. First we start with a ground plane 

structure having smaller width as compared to substrate. 

After this central slot and beveling the lower edges of 

ground structure is introduced to obtain desired 

performance of antenna in Bluetooth, UWB, X-band and 

Ku band frequency range. But further the upper edge 

beveling is introduced to obtain return loss less than -10 dB 

over entire UWB frequency range. 
 

 
Fig. 2 Ground structure of proposed antenna design 

So the rectangular ground structure having upper and lower 

beveled edges and central square slot is proposed in order 

to resonate over entire Bluetooth, UWB, X-band and Ku 

band range. 

The proposed dimensions of ground structure are: Wg= 

29mm, Lg=11.5mm, w1=8mm, w=3mm, x1=3.5mm, 

x2=3.5mm, l1=3.5mm, l2=10.5mm 

The proposed antenna with beveled edges ground 

structures stands out as a good candidate for various 

wireless applications. The final dimension of UWB 

antenna optimized by CST- Microwave Studio. It is 

observed that the proposed design accomplish the 

exhibiting performance, a return loss less than -10dB over 

Bluetooth, UWB, X-band and Ku band. 

 

III.  RESULTS AND DISCUSSION 

 

The microstrip fed antenna was designed and studied to 

demonstrate the proposed bandwidth enhancement 

technique. Fig. 3 shows simulated return loss of proposed 

antenna. We found wide impedance bandwidth with 

beveled edges partial ground structure. 

 

 
Fig. 3 Simulated reflection coefficient vs. frequency for 

proposed ground structures 
 

From the return loss plot we can see that antenna resonates 

at 2.44 GHz for Bluetooth frequency band. Also return loss 

of proposed antenna design is less than -10 dB over entire 

UWB, X-band and Ku band frequency range. 
 

 
Fig.4 Effect of beveling on return loss 

 

Fig.4 shows the effect of beveling on return loss plot of 

proposed antenna design. Figure shows return loss with 

only lower edge beveled and both lower as well as upper 

edge beveled ground structure. By introducing upper edge 

beveling return loss decayed over Bluetooth and over 

entire UWB range. But for Bluetooth frequency range 

antenna resonates at 2.46GHz. 
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Fig.5 shows the optimization of upper edge beveling with 

x1=x2=2mm and x1=x2=3.5mm. We found best results 

with x1=x2=3.5mm because with further increasing length 

and width of beveled portion any significant effect does 

not observed and return loss starts increasing in UWB 

range. Also with x1=x2=3.5mm antenna resonates at 2.46 

GHz. 

 

 
Fig. 5 Effect of length and width of beveling on return loss 

 

To obtain resonating frequency at 2.44GHz we change the 

rectangular strip length inserted in central part of the 

patch. With Lb=22.05 antenna resonates at 2.44 GHz. 

Fig.6. shows effect of strip length on Bluetooth resonating 

frequency. 

 

 
Fig. 6 Effect of strip length on Bluetooth resonating 

frequency 

 

Fig.7 shows variation of voltage standing wave ratio 

(VSWR) of proposed antenna according to the frequency 

with proposed ground structure. It is observed that the 

value of VSWR ≤ 2 for frequency range 2.33-2.58 GHz 

and 2.98-18 GHz, Which is sufficient to cover the band 

allocated by FCC. 

 

 
Fig. 7 Simulated VSWR for proposed antenna 

 

Fig.8. shows the 2D radiation pattern of the designed 

antenna at 2.44 GHz, 3.23 GHz, 7.46 GHz, 10.3 GHz and 

17.05 GHz. 

 
Radiation pattern at 2.44 GHz 

 

 
Radiation pattern at 3.2 GHz. 

 

 
Radiation pattern at 7.46 GHz 

 

 
Radiation pattern at 10.3 GHz 

 
Radiation pattern at 17.05 GHz 

Fig. 8 2D radiation pattern at resonant frequencies 
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The simulation results of the gain and 3d radiation patterns 

are given in the Figure 9 and Figure 10 below  

 

 
Fig. 9 Simulated gain vs. frequency 

 

 
Radiation pattern at 2.44 GHz 

 

 
Radiation pattern at 3.2 GHz 

 
Radiation pattern at 7.46 GHz 

 

 
Radiation pattern at 10.3 GHz 

 

 
Radiation pattern at 17.05 GHz 

Fig. 10 3D radiation pattern at resonant frequencies 

 

IV. CONCLUSION 

 

A compact microstrip fed multiband monopole antenna for 

Bluetooth, UWB, X-band and Ku band applications is 

proposed and investigated. The ground structure is 

investigated by using idea of edge beveling to enhance 
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impedance bandwidth.   The proposed ground scheme is 

an excellent approach, which makes a strong effect on the 

antenna‟s impedance bandwidth enhancement for ultra-

wideband and other applications. The results proved that 

the design stands out as a potential candidate for future 

UWB applications. 

 

REFERENCES 

 
[1].  Balanis C. A, “Microstrip Antennas”, Antenna Theory, Analysis 

and Design, Third Edition, John Wiley & Sons, pp-811-876, 2010.  

[2]  S. A. Schelkunoff, H.T.Friss, Antennas: Theory and Practice, New 
York: John Willy & Sons, 1952. 

[3]. Qi Wu, Ronghong Jin, Junping Geng, “A Single-Layer 

Ultrawideband Microstrip Antenna,” IEEE Transaction on 

Antennas and Propagation, vol.58, no.1, pp. 211-214, Jan. 2010 . 

[4].  M. Abdollahvand, G. Dadashzadeh, and D. Mostafa, “Compact 

dual band-notched Printed monopole antenna for UWB 
Applications,” IEEE Antennas and Wireless Propagation Letters, 

vol. 9, pp. 1148-1151, 2010. 
[5].  Mohamed A. Hassanien and Ehab K.I. Hamed, “Compact 

rectangular U-shaped slot Microstrip Patch Antenna for UWB 

Applications,” 2010-IEEE APS, Middle East Conference on 
antenna and propagation (MECAP), pp. 1-4, Cario, Egypt, 

20.10.2010. 

[6].  N.S. Raghava, Asok De, Pushkar Arora, Sagar Malhotra, Rishik 
Bazaz, Sahil Kapur, Rahul Manocha, “A Novel Patch Antenna for 

Ultra Wideband Applications”, 2011 IEEE, International 

Conference on Communication and Signal Processing, pp. 276-279, 
Calicut, 10-02-2011. 

[7] Achmad Munir, Folin Oktafiani, Ahmad Izzuddin, “Shape 

Enhancement and Size Reductionof  UWB Printed Monopole 
Antenna,” 2012 IEEE International Symposium on Radio-

Frequency Integration Technology (RFIT), pp. 216-218, Singapore, 

21-23 Nov. 2012. 
[8].  Sarthak Singhal, Tushar Goel and Amit Kumar Singh, “Novel 

Diamond Shaped UWB Monopole Antenna,” 2013 Annual IEEE 

India Conference (INDICON), pp. 1-6, Mumbai, 13-15 Dec. 2013 .  
[9].  M. ziz ul Haq and M. Arif Khan, “A Multiple Ring Slots Ultra 

Wide-Band antenna (MRS-UWB) for Biomedical Applications” 

2014 IEEE, 17th International Multi-Topic Conference, pp. 56-60, 
Karachi, 8-10 Dec. 2014 . 

[10].Amal AFYF, Labri BELLARBI, “A Novel Miniaturized UWB 

Antenna for Microwave Imaging”  International Conference on 
Multimedia Computing and Systems(ICMCS), pp.1475-1478, 14-

16 April 2014, Marrakech. 

[11].  Shaktijeet Mahapatra and Mihir Narayan Mohanty, “Feed Analysis 
of microstrip antenna for UWB communication”, International 

Conference on Circuit, Power and Computing 

Technologies(ICCPCT), pp. 1153-1157, 20-21 March, 2014. 

Nagercoil. 

[12].  Anand Sharma and Rajesh K. Vishwakarma, “Microstrip Antenna 

with Swastik slot for UWB applications”, IEEE Students‟ 
Conference on Electrical, Electronics and Computer Science, pp. 1-

5, 1-2 March, 2014, Bhopal. 

[13]. K. VInoth Kumar, V. Indu Nair, V. Asokan, “Design of a 
Microstrip Fractal Patch Antenna for UWB Apllications” 

International Conference on Innovations in Information, Embedded 

and Communication Systems (ICIIECS), pp. 1-4, 19-20 March, 
2015, Coimbatore. 

[14]. M.A. Matin and M. Mofazzal Hossain, “A new Planar Printed 

Antenna With Band-notch Characteristics for UWB Applications”, 
TENCON 2105, pp. 1-3, 1-4 Nov, 2015, Macao. 

[15].  S.D Mahamine and R.P Labade, “A „ɸ‟ shaped Compact Dual 

Band Printed Monopole Antenna for Bluetooth and UWB 
Applications”, International Conference on Industrial 

Instrumentation and Control (ICIC) College of Engineering Pune, 

India, pp. 756-760, May 28-30, 2015.  

[16]. Kanika Arora, Er. Jasdeep Kaur, Er. Pawandeep Kaur, “Design and 

analysis of an Ultra-Wideband Monopole Antenna”, International 
Conference on Innovations in Information Embedded and 

Communication Systems (ICIIECS), pp. 1-5, 19-20 March 2015, 

Coimbatore. 

[17]. Surya Rajan and A.K. Prakash, “A very compact Triple Band 
notched microstrip fed UWB Antenna”, Proceedings of 2015 

Global Conference on Communication Technologies(GCCT), pp. 

906-909, 23-24 April 2015, Thuckalay. 
 


