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Abstract 

In this paper, two proposed compact UWB Microstrip patch 

antenna configurations have been analyzed, investigated and 

optimized using the Zeeland-simulator. The presented UWB 

antennas resonate at two contiguous ultra widebands: 

UWB1=5.5 GHz from 6.16 to 11.7 GHz and UWB2=5.3 GHz 

from 10.91 to 16.18 GHz with overlapped band about 800 MHz 

from 10.85 to 11.7 GHz. These antennas have been simulated 

together on one FR-4 substrate to operate as an UWB MIMO 

antenna. The coupling between the antenna ports has been 

evaluated and optimized as function of the antenna separation. 

It has been varied from -14 dB to - 30 dB within the two 

operating bands. 

Keywords- Compact; Broadband; Dual-band; Patch antennas; 

MIMO 

I. INTRODUCTION 

UWB technology has received a great deal of attention in the 

wireless world several years ago. Due to its large bandwidth and 

immunity to multipath interference, UWB technique has been 

used for high data rate communication systems, high accuracy 

radars, position and tracking, imaging and remote sensing. 

Specifically, UWB antenna as an essentially component in any  

UWB wireless communication systems. it can provide an 

attractive features such as wide bandwidth, high radiation 

efficiency, directional and/or Omni-directional radiation 

pattern, and compact profile. Since the release of the UWB 

spectrum by Federal Communication Commission (FCC) in 

2002, much attention has been given to the design of the UWB 

antennas. A large number of UWB antenna structures have been 

analyzed and proposed to satisfy this spectrum requirement. In 

fact, to achieve the 3G/4G wireless communication system 

constrains, the antenna should be a wideband as well as 

compact in size. In addition, the antenna characteristic must be 

optimized over the whole operating frequency range. First, the 

two proposed UWB antennas have been simulated by the full-

wave electromagnetic simulator (Zeeland). Second the two 

UWB patch antennas are simulated on a single substrate to form 

the required UWB MIMO antenna. This paper is organized as 

follows. The design of two individual UWB antennas and their 

combined structure is described in section II. Section III deals 

with simulated results and discussion. The paper is concluded 

in section IV. 

 

 
 

II. PATCH MIMO ANTENNA COFIGURATION AND 

DESCRIPTION 

A basic conventional patch antenna configuration has been 

designed to resonate at 7.5 GHz without incent (within the 

middle of 3G/4G band). The basic patch dimensions are 9.1mm 

length and 12.4mm width. The patch is mounted on a single FR-

4 substrate (εr = 4.2, 1.6 mm height, and tangential loss of 0.02) 

and the conductor thickness is assumed to be 0.035mm. These 

patch dimensions has been selected to designed a compact 

UWB antenna with transmission line feed of 50 Ohm. Two 

antenna configurations have been proposed to operate in the 

3G/4G frequency band. These antenna configurations have 

either horizontal or vertical U-slots. The patch edges have been 
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tapered 45○. The first antenna configuration has double vertical 

u-slots as shown in Fig.1-a, and it is referred to as DVUS patch 

antenna. The second one has double horizontal U-slots as 

shown in Fig.1-b. This antenna configuration is referred to as 

DHUS patch antenna. A short circuit has been designed using a 

planar array of “N” identical vies distributed around the slot 

edges with different locations as shown Fig.4-a and Fig.4-b. 

The main objective of our design is to widen the antenna 

bandwidth using the two spaced slots and short circuit through 

vies allocation. The orientation of the two U-slots controls the 

operating frequency band occupied by each antenna while the 

vies geometry (spatial vies distribution) increases bandwidth of 

each antenna. 

 

Fig. 1-a DVUS patch antenna with 45o tapered edge 

 

 

 

Fig. 1-b DHUS patch antenna with 45o tapered edge 

III. SIMULATION RESULTS 

The presented antenna configurations are simulated using 
Zeeland software and the results are presented in Fig.2 and Fig.3. 
The conventional patch has multi resonance frequencies due to 
the mismatch between the patch and the feed line (Incent has not 
been used). The U-slots shift the patch resonance frequencies to 
the higher frequency band.  

 

Fig.2 |S11| of the DVUS patch antenna without vies 

 

Fig.3 |S11| of DHUS patch antenna without vies 

IV. OPTIMIZATION OF THE UWB  PATCH 

ANTENNA DESIGN 

A parametric analysis has been performed to study the 
effects of the patch and the slot dimensions on the antenna 
characteristic. Many cases of study have been simulated and the 
obtained results have been investigated to optimize the required 
antenna characteristic. The objective of such optimization 
process is to end up with an antenna configuration achieves the 
current challenges of the 3G/4G-wireless communication 
systems. This includes two important factors: the operating 
frequency band and the antenna compactness. To achieve such 
goal, the optimization process is based on adding U-slots as well 
as a planar array of vies of different positions. 

A. Adding a planner array of vies 

This approach is to add a planar array of vies to each of the 
previously mentioned antenna configurations. The radius of 
each via is assumed to be of 0.1mm. The vies are located on the 
edges of the U-slots as shown Fig.4-a and Fig.4-b. Simulation 
results are illustrated in Fig.5. As it is clear from the figure, each 
UWB antenna has been occupied different frequency band. The 
first antenna resonates from 6.16 GHz to 11.7 GHz with band 
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5.5 GHz. The second one has a bandwidth of 5.3 GHz from 
10.91 GHZ to 16.18 GHz. 

 

 

Fig.4-a DVUS with planar array of vies (N=28) 

 

Fig.4-b DHUS with planar array of vies (N=17)  

 

Fig. 5 |S11| of both DVUS and DHUS patch antennas with 
planar array of vies 

B. UWB MIMO configuration 

The UWB MIMO is shown in Fig.6. This antenna is consists 

of the two previously antennas etched on one RF_4 substrate. 

The separation between two antennas is optimized to minimize 

the coupling. The results of simulation are illustrated in Fig. 7. 

The bandwidth of each antenna is reduced due the coupling 

effect as compared to Fig. 5. The VSWR of MIO antenna is 

shown in Fig. 8. Low VSWR is achieved over the entire band 

(smaller than 2.0). 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6 UWB MIMO patch antenna 

Fig.7 |S11| of UWB MIMO antenna 
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Fig. 8 VSWR of both antennas 

VI.  CONCULUSION 

      A compact ultra-wideband MIMO patch antennas have been 
analyzed, designed and simulated. The presented antenna 
achieves good coupling between antenna ports. The presented 
UWB MIMO antenna satisfies the required UWB characteristic. 
Future work will include a new approach to minimize the 
coupling between the two ports of UWB MIMO antennas. 

 

ACKNOWLEDGMENT 

I would like to thank my advisor Associate Prof. Hussein H. 
M. Ghouz who strongly helped me to analyze and design the 
antenna configurations presented in this paper. 

 

 

 

 

REFERENCES 

[1] Antenna Theory, third Edition “Analysis and Desgin”, Constantine A. 
Balanis. 

[2] Zeland program version 12.0 (last version), Zeland software Inc. 

[3] Hui Zhao, Fu-Shun Zhang, Xiao-Kuan Zhang, Yang Zhu “Design of a 
simple and compact Monopole UWB Antenna with controllable Band-
notched Function”  

[4] Peng Fei, Yong-Chang Jiao, Wei Hu “A Compact CPW-Fed Finger-
Shaped Anetnna for UWB Application”. 

[5] Zhi-Qiang Li and Cheng-Li Ruan “A Small Integrated Bluetooth and 
UWB Antenna with WLAN Band-Notched characteristics” ISSSE2010. 

[6] M.M.Azer,Shoukry I.Shams,A.M.M.A.Allam “Compact Double-Sided 
Printed Omni-Directional Ultra Wideband Antenna” 2010 14th 
International Symposium ANTEM and the AMEREM. 

[7] M. Mohammadirad, N. Komjani, M. Yazdi “Design and Implementation 
of a New UWB Microstrip Antenna” 2010 14th International Symposium 
ANTEM and the AMEREM. 

[8] Kamil Pitra, Zbynek Raida “Planar Millimeter-Wave Antennas: A 
compartive Study’ RADIOEngineering, VOL.20, NO.1, April 2011. 

[9] Hou Zhang, Hai-Yang Xu, Bo Tian, and Xian-Feng Zeng “CPW-Fed 
Fractal Slot Antenna for UWB Application” Hindawi Publishing 
Corporation. International Journal of Antennas and propagation. Vloume 
2012, Article ID 129852, 4 pages doi:10.1155/2012/129852. 

[10] V. A. Shameena, S. Mridula, S.Jacob, C. K. Aanandan, K. Vasudevan, 
P.Mohanan “ A compact Modified Ground CPW Fed Antenna for UWB 
Applications” September 2011. 

[11] Mohamed Sanad, Noha Hassan “Orthogonally Polarized MIMO 
Antennas for all Bands of Portable Computers including Digital TV”. 

[12] Ahmed Al Shaheen and Hussain Al-Rizzo “ An Ultra Wide Band Antenna 
Design for Indoor Geolocation Applications” World Applied Sciences 
Journal 12 (8):1321-1326,2011. ISSN 1818-4952. 

[13] Roy B. V. B. Simorangkir, Achmad Munir “Numerical Design of Ultra-
Wideband printed Antenna for Surface Penetrating Radar Application” 
TELKOMNIKA, Vol.9, No.2, August 2011,pp.341~350. e-ISSN:2087-
278X (p-ISSN:1693-6930). 

[14] Su Sandra Thwin “Compact Band-Notched UWB Printed Planar Inverted 
Core Antennas” International Journal of Computer Theory and 
Engineering, Vol. 3, No. 6, December 2011. 

 

1928

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 10, October - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS100664


