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Abstract— An exhaustive literature survey of the various 

methods used for designing wideband and multiband 

microstrip antenna is undertaken. Examples of techniques 

used for achieving higher bandwidth are examined along 

with the common antenna configurations. Comparison table 

is also discussed in this paper. 
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I. INTRODUCTION 

In recent years, the wireless communication device 

increases the demand of compact wideband and multiband 

microstrip patch antenna. A small antenna size is required 

for portable communication systems. Microstrip patch 

antenna is used, because of its low volume and thin profile 

characteristics. Different methods or techniques are used by 

the researchers for achieving wideband such as: changing 

the physical dimensions of the antenna, changing the shapes 

of ground plane, CPW fed technique which is discussed 

further in this paper. Rest of the paper is organized as 

follows: In section II different techniques used for wideband 

enhancement are discussed in detail whereas section III 

covers comparative analysis of UWB techniques. Finally the 

paper is concluded with remarks and future scope of work. 

II. DIFFERENT TECHNIQUES USED FOR WIDEBAND 

ENHANCEMENT 

In the first technique a simple elliptical shaped radiator [1] 

shown in figure 1, is used having a compact size of 11×34 = 

374mm2 in which wide bandwidth of 3.1 to 12.6 GHz is 

achieved. A three step staircase is also used on both sides of 

the feed line and a slot on the ground plane. This 

configuration is used for communication systems and 

increases the bandwidth from 3.1 to 12.6GHz. 

 
Fig. 1: Configuration of Elliptical Shaped Microstrip 

Antenna [1] 

Another new design of compact ultra wideband 

(UWB) microstrip patch antenna is shown in figure 2, in 

which a novel coplanar waveguide (CPW) fed compact 

UWB microstrip antenna with two grounds were etched on 

the same plane of the monopole is used to operate at 

frequencies from 3.1 to 10.6 GHz. Dimension of this 

antenna is 25×25×1.6mm2 having 1.6 mm thick FR-4 

substrate whose permittivity is 4.4 and loss tangent tanδ = 

0.024. [2] 

In other design an M shaped radiator [3] is used in 

place of conventional monopole patch antenna for receiving 

UWB frequency as shown in figure3. The ground plane is 

also changed by cutting rectangular slots. The size of this 

antenna is 30mm×1.6mm which achieves good impedance, 

compact gain and stable radiation pattern.  

In another technique, a dual frequency property of 

dual annular ring slot antenna shown in figure 4, is fed by 

coplanar waveguide (CPW) and microstrip feed line [4] is 

used. This antenna is constructed by dual concentric annular 

ring slots fabricated on FR4 substrate with single feed. The 

slotted antenna shows good impedance matching for two 

operating frequencies with a frequency ratio ranging from 

1.34 to 3.11 and 1.4 to 1.74 GHz. This antenna is fabricated 

on FR4 substrate of thickness 1.6mm and relative 

permittivity of 4.4. It is also found that the antenna gain at 

lower operating frequencies for CPW fed and microstrip fed 

is about 4.8 and 4.7 dBi. 

 
Fig. 2: Configuration of Compact UWB Microstrip Antenna 

[2] 

 
Fig. 3: Configuration of M shaped monopole like slot UWB 

microstrip antenna [3] 
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A coplanar waveguide (CPW) fed rectangular 

antenna shown in figure 5, having a patch inverted L stub 

[5] is used for transmitting narrow pulses over a short range 

and provides a wide impedance bandwidth. This antenna 

maintains the bandwidth of radiated power spectrum of 4 

GHz ranges from 3.5 to 7.5 GHz.    

 
Fig. 4: Geometry of annular ring slot CPW fed antenna [4] 

The antenna is printed on FR4 printed circuit board 

having dimensions around 32.4 mm × 24 mm. The substrate 

has a dielectric constant of 4.4 and thickness of 1.6mm. A 

simulation result shows the impedance bandwidth of the 

antenna without a patch inverted-L stub is 6.2 GHz for a 

return loss less than -10dB. This antenna performs well in 

both frequency and time domain for impulse radio ultra 

wideband communications. 

 
Fig. 5: Geometry of CPW Fed Rectangular Antenna With L 

Stub [5] 

A coplanar waveguide (CPW) fed monopole 

antenna shown in figure 6, which is composed of a 

rectangular monopole patch notched at the bottom is used in 

wireless UWB communication systems [6]. In this antenna, 

the bandwidth enhancement is achieved by an M shaped 

notch at the patch bottom, a tapered CPW ground out of the 

notch, and a T shaped CPW ground in the notch. This 

antenna is fabricated on FR4 substrate and the results were 

optimized with HFSS. The bandwidth increases from 69.1% 

to 164%. The radiation efficiency varies from 0.75 to 0.97 

and the antenna gain changes from 0.7 to 4.4 dBi across the 

frequency band. The antenna exhibits a simple structure, 

small size and good wideband characteristics and it is most 

suitable for portable mobile communication systems. 

 
Fig. 6: Configuration of CPW fed monopole antenna (a) 

Conventional, (b) Proposed. [6] 

A new design is analyzed for circularly polarized 

square slot antenna (CPSSA). This antenna is shown in 

figure 7, composed of a square ground plane embedded with 

two unequal size inverted L strips. [7] The antenna size is 

60×60×0.8 mm3 having L = 40 mm, G = 60 mm and width 

of inverted L strips are equal to 1mm which operates over a 

frequency band between 2.67 to 13 GHz. The antenna was 

fabricated by using conventional printed circuit board 

techniques. The results are analyzed through Ansoft HFSS 

software. Compared to other CPSSA structures, the 

impedance bandwidth increases which is four times wider 

from the earlier proposed antennas. The maximum antenna 

gain was 4.2dBi. This antenna is useful for future mobile 

devices such as IEEE 802.11 technologies.  

A compact planar UWB antenna with 3.4/5.5 GHz 

dual band notched characteristics is proposed by Qing-Xin 

Chu, Ying-Ying Yang [8]. The antenna is shown in figure 8, 

it was fabricated on FR4 substrate material having height, h 

= 1.6mm with dielectric constant 4.4 and loss tangent 0.02. 

The radiating patch and the ground plane are bevelled which 

shows smooth transition from one resonant mode to another 

and ensure good impedance matching. The optimization 

process is done by Ansoft HFSS software and shows 

antenna gain about 2 – 5dBi. By etching two nested C 

shaped slot in the rectangular radiating patch, a dual band 

notched filtering properties both in 3.3 – 3.6 GHz and 5 – 6 

GHz are achieved. The exterior C shaped slot makes a notch 

band at 3.4 GHz and the interior C shaped slot makes 

another notch band at 5.5 GHz. By using two nested C slots 

in the patch, band rejection property is achieved for 

WiMAX/WLAN applications. Thus, this antenna is good for 

various UWB systems. 

 
 

Fig. 7: Geometry of CP Square Slot Antenna for UWB 

Applications [7] 
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Fig. 8: Geometry of the Nested C-Shaped Slots Antenna. [8] 

An UWB CPW fed LI shape planar monopole 

antenna is proposed by  Joon Il Kim, Yong Jee [9] which is 

shown in figure 9,  in which the antenna consists of an L 

shaped monopole and an I shaped open stub monopole 

connected at the end of a CPW feed line. The results shows 

that the impedance bandwidth ranges from 3 to 11 GHz. The 

radiation patterns are omni directional in H-plane and 

symmetrical in E-plane. The measured gain ranges from 1.4 

dBi to 4.6 dBi. The patterns of the antenna have been 

analyzed using HFSS software. This antenna is printed 

on Ro4003 dielectric substrates having relative 

permittivity 3.38. The impedance matching, current 

distribution, radiation patterns and gain of antenna was 

calculated in this paper. Radiation patterns shows that 

there are three resonant frequencies at 3.6, 5.4 and 9.2 

GHz in H plane (x-z plane) and E plane (z-y plane) 

having a gain of 5 dBi while there is also three different 

surface current paths at these resonant frequencies. The 

size of antenna is 3.0×2.5cm
2
. The bandwidth ranges 

from 3.0 to 11.0 GHz. This antenna is used for 

communication systems including industry scientific 

medical (ISM) frequency bands 

 
Fig. 9: Schematic of the LI-Shape Planar Monopole 

Antenna. [9] 

A compact UWB printed rectangular aperture 

antenna (PRAA) is designed by Jia-Yi Sze, Chung-I G.Hsu, 

Jen-Yi Shiu [10] which is fed by coplanar waveguide 

(CPW) is shown in figure 10. The important aspect of this 

antenna is that it has a compound tuning stub (CTS), formed 

by connecting three rectangular conducting patches. This 

antenna is fed by a capacitively coupled 50Ω coplanar wave 

guide and implemented on FR 4 substrate having occupied 

circuit area of 25×15 mm2, relative permittivity 4.4 and loss 

tangent 0.019 while the thickness of the dielectric substrate 

is 0.72mm. An impedance band of 3.06 – 16.5 GHZ is 

achieved by simply adjusting the structural parameters. The 

Ansoft HFSS tool is used to optimize the structure 

parameters for the antenna. The notched bands of all these 

UWB antennas cover the WLAN band of 5.15 to 5.85 GHz. 

This antenna is useful for the various UWB communication 

systems. 

 
Fig. 10: Geometry of CPW-fed UWB PRAA. [10] 

An UWB antenna which rejects two narrow bands 

of WLAN 5.25 GHz and 5.775 GHz was designed by 

Ahmad A. Gheetam and Dimtris E. Anagnostou [11]. The 

antenna configuration is shown in figure 11. The rejection of 

bands is done by using double open circuited stubs. This 

antenna was designed on single surface and uses linear 

section for easy scaling and fine tuning. The antenna was 

fabricated on a single side of a thin, flexible light weight 

liquid crystal polymer (LCP) substrate having thickness of 

0.1016 mm with a relative permittivity of 3.1 and dielectric 

loss tangent equals to 0.0019. The antenna is fed by 50Ω 

CPW line. For achieving dual cut off, two stubs are added 

on each side of the antenna, the longer stub is located near to 

the antenna. In this paper, the author measures the 

dispersion characteristics of this antenna for UWB 

communication systems. The group delay was also 

measured for allowing far field conditions at all UWB 

frequencies. The results are carried out on IE3D software. 

This antenna is best suited for transmitting and receiving 

UWB pulses with minimum distortion and can be used in 

pulsed cognitive radio applications. 

 
Fig. 11: Configuration of the Double-Notched UWB 

Antenna [11] 

A novel A shaped monopole like slot antenna was 

designed by Manoj Kr Shrivastava, A.K. Gautam and Binod 
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Kr Kanaujia [12]. This antenna is shown in figure 12, it 

consists of an A shaped radiating patch for achieving UWB 

frequency.The ground plane is also cutted by two 

rectangular slots and extending four rectangular stubs. The 

ground plane works like a radiator which resonates at lower 

frequency and added stubs resonates at higher frequencies. 

The antenna size is 25×25×1,6 mm3 which achieves good 

impedance good matching. The antenna gives good results 

at 9.6 GHz and at wide frequency ranges from 2.9 – 11.5 

GHz. In this antenna, the ground plane is not a solid plane, it 

is cutted into two rectangular slots of 16×19 mm2 and 11×2 

mm2, further four stubs are etched on the other side of the 

dielectric. Width of microstrip feedline is fixed at 3 mm for 

getting 50Ω characteristic impedance. The antenna is 

designed and fabricated on FR4 substrate having relative 

permittivity 4.4, loss tangent 2.2. The Ansoft HFSS 

simulator is used to investigate the antenna configuration. 

The simulated results show UWB from 2.9 – 10.9 GHz with 

four bands at 2.9, 4.55, 6.2 and 8.0 GHz. This antenna is 

good for UWB applications and systems and a constant 

group delay is also achieved from this antenna. 

 
Fig. 12: Schematic Configuration of A-Shaped Monopole 

Like Slot Antenna. [12] 

A small band notched monopole UWB antenna 

shown in figure 13, was designed by Mubarak Sani Ellis, 

Zhiqin Zhao, Jiangniu Wu, Zaiping Nie [13]. The band 

reject was done by attaching a strip to hollow center of a 

wing shaped monopole. The height and width of the strip 

depends on the center frequency of the notch band. The 

antenna is printed on very small substrate having 

dimensions 11×15 mm2. This antenna covers the bandwidth 

from 5-15 GHz with a notch band covers a 6.7 – 7.1 GHz. 

This antenna is manufactured on FR4 substrate having 

thickness of 1mm, relative permittivity εr = 4.4 and width of 

feed line is 2mm. This antenna provides accurate band 

rejection from 6.7 – 7.1 GHz. It also enhances easy tuning 

of the notched band without external metallic strips and slots 

that are difficult to tune. 

 
Fig. 13: Schematic Configuration of Wing Shaped 

Monopole UWB Antenna. [13] 

III. COMPARATIVE ANALYSIS OF WIDEBAND TECHNIQUES 

S.No Techniques Remarks 

1. 
Elliptical Shape with 

defected ground 

Wide bandwidth  3.1 – 12.6 

GHz, Compact size 374mm
2
 

2. CPW technique 
UWB, Bandwidth 2.6 – 

13.04 GHz 

3. Notched Band 

Range 2.8 to 11.2 GHz, 

Rejects WiMax, WLAN 

bands 

4. 
Annular ring slot fed 

by CPW 

Used for low operating 

frequency range 1.34 to 

3.11. 

Table 1: 

IV. CONCLUSION 

Bandwidth enhancement and size reduction are the major 

design considerations for practical applications of microstrip 

patch antenna. Many techniques have been used to achieve 

wideband, multiband and to reduce the size of microstrip 

antennas. This paper shows the survey of various such 

techniques. CPW technique gives maximum bandwidth 

while the size is the major part of consideration. With 

continuing advances being made to defected structures more 

work can be done on this technology for achieving wide 

bandwidth and can be used for practical applications. 
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