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Abstract- Microstrip patch antennas offer low profile and small 

footprint advantages, but limited operating bandwidth is limited 

to a few percent which is not enough for most of the wireless 

communication systems nowadays. this paper focuses on 

broadband techniques. Methods include patch shape, and 

coupling slot optimization, with coplanar waveguide (CPW) and 

fed by a 50 Ω microstrip line. In this paper presents the design of 

an ultra-wideband (UWB) microstrip patch antenna for UWB 

communications using efficient methods for the enhancement of 

patch antenna bandwidth is the loading of rectangular microstrip 

patch antenna with cutting edge and slots. This type of microstrip 

patch antenna meets the requirement of operation for broadband 

wireless applications. The proposed antenna achieve a wideband 

width from 3.1 GHz to 10.6 GHz as license from Federal 

Communications Commission (FCC) in the United States for 

UWB. The proposed configuration is simulated and analyzed 

using Ansoft HFSS software package. The VSWR, input 

impedance‚ and return loss (S11) performance are used for the 

analysis of the proposed antenna.  

Keywords - Ultra-wideband (UWB), Voltage Standing Wave 

Ratio (VSWR), Return Loss (S).  

Keywords - Ultra-wideband (UWB), Voltage Standing Wave Ratio 
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I. INTRODUCTION. 

 Ultra wideband (UWB) communication systems can 

be broadly classified as any communication system whose 

instantaneous bandwidth is many times greater than the 

minimum required to deliver particular information. This 

excess bandwidth is the defining characteristic of UWB. 

Understanding how this characteristic affects system 

performance and design is critical to making informed 

engineering design decisions regarding UWB implementation. 

 The very first wireless transmission, via the Marconi 

Spark Gap Emitter, was essentially a UWB signal created by 

the random conductance of a spark. The instantaneous 

bandwidth of spark gap transmissions vastly exceeded their 

information rate. Users of these systems quickly discovered 

some of the most important wireless system design 

requirements: providing a method to allow a specific user to 

recover a particular data stream, and allowing all the users to 

efficiently share the common spectral resource. The UWB 

technology of the time did not offer a practical answer to either 

requirement. These problems were solved during the evolution 

into carrier-based communications systems with regulatory 

bodies, such as the Federal Communications Commission 

(FCC) in the United States. The FCC is responsible for carving 

the spectrum into narrow slices, which are then licensed to 

various users as shown “Fig. 1”, 

 
Fig. 1. Compares the spectral occupation and emitted power of different radio 

systems [1]. 

 

 This regulatory structure effectively outlawed UWB 

systems and relegated UWB to purely experimental work for a 

very long time. Within the past 40 years, advances in analog 

and digital electronics and UWB signal theory have enabled 

system designers to propose some practical UWB 

communications systems. Over the past decade, many 

individuals and corporations began asking the FCC for 

permission to operate unlicensed UWB systems concurrent 

with existing narrowband signals. In 2002, the FCC decided to 

change the rules to allow UWB system operation in a broad 

range of frequencies. [1]. 

 Since the capacity of a communications channel in a 

non-fading environment is expressed as: 

                              C = B * log2 (1+S/N)                                 (1) 

where  

C = channel capacity (bit/s). 

B = channel bandwidth ‘BW’ (Hz). 

S = signal power (watts). 

N = noise power (watts). 

 According to above equation, the capacity can be 

increased by either increasing B or S/N. It is obvious that the 

capacity can be increased more by increasing B rather than 

S/N.  UWB systems could also suffer from interference from 

other wireless technologies that exist in the vicinity of 

operation, but this problem can be mitigated by using adaptive 

selection of frequency bands in multi band UWB systems.            

 Recently, microstrip antennas have been one of the 

most innovative topics in antenna theory and design and are 
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increasingly finding application in a wide range of modern 

microwave systems [2]. This paper design and discussed a new 

antenna configuration for improved performance. 

        A microstrip antenna is a metallic path printed on a thin, 

grounded dielectric substrate. The microstrip antenna radiates 

relatively broad beam broad side to the plane of the substrate. 

Thus the microstrip antenna has a very lone profile and can be 

fabricated using printed circuit or photolithography technique. 

Other advantage include fabrication into linear or planner 

arrays and easy integration with microwave integrated circuit. 

WLAN antenna requires being low profile, light weight and 
broad bandwidth. The microstrip antenna suits the features 

very well except for its narrow bandwidth. The WLAN antenna 

should have a minimum bandwidth of 100MHz to fully utilize 

the WLAN band based on the 802.11b standard. The 

conventional microstrip antenna could not fulfill this 

requirement as its bandwidth usually ranges from less than 1% 

to several percent [3]. Although the required operating 

frequency range is from 2.4 GHz to 2.5 GHz, at least double 

the bandwidth is required to avoid expensive tuning operations 

and to cause uncritical manufacturing. Therefore, there is a 

need to enhance the bandwidth of the microstrip antenna for 

WLAN applications. This paper investigates a technique which 

can enhance the bandwidth of the microstrip antenna without 

increasing the lateral size and the complexity of the microstrip 

antenna too much. This bandwidth enhanced microstrip 

antenna can be deployed for the WLAN application operating 

at a frequency from 1.6 GHz to 10.3 GHz. 

 

II. MICROSTRIP ANTENNA ANALYSIS 

 The rectangular microstrip patch is probably the most 

common designed antenna. The “Fig. 2”, shows a normal 

rectangular patch antenna. Here a designer has two degree of 

freedom length and width of patch. The metallic patch is 

separated from the ground plane by a fraction of wavelength 

distance above by the dielectric substrate. The field varies 

over the length are shown in “Fig. 2”, The fringing fields are 

coming out from the two edges are referred as radiating edges 

and other two edges as non-radiating edges [3]. 

 

 
Fig. 2. Rectangular Patch Antenna. 

 

 Patch shown in figure has length L and width W. The 

patch antenna is fed by using coaxial line feed and the feed 

point is on the middle line on the patch y’ distance apart along 

the length L. 

A- Methods of Analysis. 

 A number of methods are available for analyzing the 

microstrip antenna. Two mostly used models are named 

below. Transmission line model is easiest one and provides a 

simple physical implementation of the antenna but is less 

accurate, While the Cavity model is difficult but more 

accurate. The Performance of the microstrip antenna depends 

on its dimension. Depending on the dimension the operating 

frequency, radiation efficiency, directivity, return loss and 

other related parameters are also influenced. For an efficient 

radiation, the practical width of the patch can be written as [4]. 

                                     W =
c

2fr√
(εr+1)

2

                                  (2) 

                               L =
c

2fr√εreff
− 2∆L                                (3) 
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W
]

−
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                     (4) 

                      ∆L = 0.412h
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h
+0.264)) 

(εreff+0.258)(
W

h
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                     (5) 

and the ground plane are: 

                                     Wg = 6. h + W                                  (6) 

                                      Lg = 6. h + L                                   (7) 

      

        where fr is the resonant frequency, L and W are the 

length and width of the patch element respectively and εr is the 

dielectric constant.  

The wide range of applications in the antenna world 

gives the interested people to do a lot of designs and 

modifications. The ease of design and fabrication is a good 

motivation to enter such an area. The idea of this work is to 

design microstrip patch antenna for ultra-wideband also 

WiMax and 4G application. the proposed antenna is designed 

using HFSS software. The dimensions are calculated 

theoretically as they mentioned in analysis microstrip antenna 

using transmission line method equations and using MATLAB 

to calculations.  

 

III. DESIGN SPECIFICATIONS OF CONVENTIONAL MICROSTRIP 

ANTENNA (2.5 GHZ) 

A- Single Band Antenna design. 

The one band microstrip patch antennas is designed 

using HFFS software, the band antenna is designed to operate 

at 2.5GHz as first design to UWB antenna, the antennas shape 

was chosen to be a square patch antenna with the dimension 

W × L and FR4 substrate with the dielectric constant of 4.4, 

and its height is equal to 1.6 mm. The feeding technique is 

microstrip transmission line, which is an easy technique to be 

calibrated and fabricated. The dimension of microstrip feed 

line for matching was calculated with microstrip calculation 

equation as in last section.  

The antenna is shown in “Fig. 3”, After simulation 

and optimization using HFFS Software, the final dimensions 

are shown in the “Fig. 3”, 
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Fig. 3. Front view of 2.5 GHz -Band microstrip antenna, dimensions in (mm). 

 

The following Table 1. gives us the design parameter 

specifications of the 2.5 GHz microstrip antenna.  

 
TABLE 1.  DESIGN PARAMETER SPECIFICATIONS OF THE 2.5 

GHZ MICROSTRIP ANTENNA. 

Parameter Value 

Operating frequency 2.5 GHz 

Dielectric Constant of the substrate 4.4 (FR4) 

Height of the substrate 1.6 mm 

Width of the patch (W) 36 mm 

length of the patch (L) 28 mm 

Width of the ground (Wg) 43mm 

length of the ground (Lg) 35mm 

Z0 50 

 

      The published structure is carried out in HFSS. The 

necessary simulations are carried out to obtain the scattering 

parameters. The obtained results matched the published results 

which completes the antenna validation. 

 

B- Simulation results. 

Antenna Return Loss (S11), The simulated reflection 

coefficient of the microstrip antenna is shown in “Fig. 4”, It is 

obvious that the reported antenna can operate band (under -10 

dB) at centered 2.5 GHz with -14.85 dB, bandwidth which 

extends from 2.47 GHz to 2.58 GHz (BW=.4.4%). So, it is 

quite clear that this operating band meet the design 

requirements operating frequency. 

 

 
Fig. 4. Microstrip antenna return loss at 2.5 GHz. 

 

 Radiation Pattern: The radiation patterns for the 

design microstrip patch antenna is shown in “Fig. 5”, the 

antenna design has directional shaped radiation patterns in the 

phi=0 deg (x-y plane) and phi=90 deg (y-z plane) planes as 

expected since the antennas are patch type.  

 
Fig. 5. 3D radiation pattern of the microstrip antenna.  

 

 “Fig. 6”, show the voltage standing wave ratio 

(VSWR) for microstrip antenna. from figure the antenna gas 

good values, we had 1.49 at 2.5 GHz, this means good 

received signals. 

 

 
Fig. 6. VSWR of the microstrip antenna. 

 

One challenge in designing a design compact, low-cost 

and wide bandwidth if antenna. The microstrip antenna is 

considered a good candidate for wireless applications because 

it is low profile, etched on a single substrate and can provide 

the feature of multi-band operation.  

 

IV. BANDWIDTH ENHANCEMENT (UWB) BY CUTTING 

EDGES AND CPW FEED 

 Bandwidth of operation antenna depends upon 

different parameters like size of an antenna, thickness and 

dielectric constant of substrate material used, proper 

impedance matching of connector and antenna etc. apart from 

these parameters, structure of a radiating patch and ground 

also plays important role in deciding the bandwidth. Cutting 

corners of microstrip antenna will induce more discontinuity 

in the flow of wave and increasing reflections will ultimately 

result in improved bandwidth. 

 This section deals with the design of UWB antenna 

for substrate FR4, based on the resonant frequency and 

dielectric constant 4.4. Coplanar waveguide (CPW) is used for 

this UWB antenna design. CPW is formed from a conductor 

separated from a pair of ground planes, all on the same plane. 

The CPW fed antennas have wider bandwidth, better 

impedance matching and easy integration with active devices 

or monolithic microwave integrated circuits. 

 Keeping all parameters of design of simple microstrip 

antenna constant, design is modified by cutting the corners of 

rectangular patch by straight edges. As shown in “Fig. 7”, 
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antenna is of dimension same as on band antenna. Corners of 

the radiating patch are truncated with variable length called 

‘CUT’[5]. This truncation is 1.5 mm to 2.25 mm for every 

corners. 

 

 
Fig.7. Structure of Modified microstrip antenna with Edge Cut and . CPW fed.  

 

 The frequencies for the reason that of the footsteps at 

the lowermost part of rectangular patch, the rapid changes in the 

geometry of patch antennas indications to a cutout in the 

microstrip line. Due to the technique wider bandwidth is obtained, 

which produces capacitive coupling between the ground plane 

and patch of the antenna. Magnetic and electric field spreading 

are altered nearby the discontinuity when the geometry of antenna 

ups and downs. Thus, the incoherence due to footsteps can be 

symbolized as corresponding circuit as three times of spilt LC 

circuit as shown in “Fig. 8”,. 
 

 
Fig. 8. Corresponding circuit of proposed antenna. 

 

 The final geometry of the proposed antenna after 

optimization is shown in “Fig. 9”. The proposed antenna is 

designed on a FR4 substrate material with a relative 

permittivity of 4.4 and thickness of 1.6 mm. On one side of the 

substrate, two slots are etched to create a relatively wide 

frequency band since the larger inverted slot affects the lower 

frequency mode, while the smaller one influences the higher 

frequency mode. By properly varying the lengths of Land W, 

a wider impedance matching is achieved. To investigate the 

performance of the proposed antenna, the electromagnetic 

simulation software Ansoft HFSS is used for parameter 

studies and other parameters are also described in “Fig. 9”. 

Unlike most of the ultra-wide band printed antennas which 

have partial or DGS for ultra-wide bandwidth enhancement, 

this antenna has a full ground plane. In order to increase the 

impedance bandwidth, two shaped slots are inserted in the 

ground plane of the designed antenna as shown in “Fig. 9”. 

The slotted ground planes that provide one more resonance. to 

calculation of the slots and DGS as [6]. 

                        𝑙𝑐 ≈
𝜆𝑔

8
≈

𝐶𝑜

8𝑓𝑜√𝜀𝑟
≈ 12 𝑚𝑚                    (8) 

Calculate length of slot gap: 

                                    𝑆 = 2𝑊𝐶/3                                       (9) 

Where,   

                                𝑊𝐶 ≈
𝑊

(
5𝑁

3
−

2

3
)

≈ 3.5 𝑚𝑚                       (10) 

 The dimensions and optimized geometry of a 

proposed antenna is shown in “Fig. 9”. The proposed design is 

single layered, via-free and can therefore be easily fabricated 

at a very low cost. 

 

 
Fig. 9. Geometry Structure of proposed antenna in (mm). 

 

After simulation and optimization using HFFS 

Software, the final dimensions are shown in the “Fig. 10”. 

 

 
Fig. 10. Front view of UWB antenna, Dimensions in (mm). 

  

V. SIMULATION RESULTS  

 Was used electromagnetic full wave simulation 

(HFSS) for designing and simulation are used which is very 

popular for antennas designing and checked. Various 

simulated graphs such as return loss, VSWR, total directivity, 

antenna gain and current distribution (mapped 2D and 3D 

view) are generated shown in figures. 

 

A. Antenna Return Loss 

 The structure is designed and simulated over HFSS. 

“Fig. 11”. show simulation results. The operating band of any 

antenna is described by return loss less than -10 dB, return 
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loss of -10dB indicates that band width which extends from 

1.4 GHz to 10.4 GHz (BW= 149.5%) which the bandwidth is 

enhancement, 90% of the power fed to antenna is accepted and 

only 10% is reflected at the feed. 
 

 
Fig. 11. proposed antenna return loss at (1.4 - 10.4) GHz. 

 

B. Voltage Standing Wave Ratio VSWR 

 “Fig. 12”, show the VSWR proposed antenna. With 

good values, we had at range 1.8 for UWB, this means good 

received signals. 

 

 
Fig. 12. VSWR of proposed antenna at (1.4 – 10.4) GHz. 

 
C. Impedance of (1.4 - 10.4) GHz Microstrip Antenna 

 The graph of Impedance vs frequency is shown in 

“Fig. 13”, which indicate that at frequencies the of impedance 

of antenna around from 46 to is 55 Ω, so that it's easy to 

connect this antenna with 50 Ω transmission line. 

 

 
Fig. 13. Impedance of proposed antenna. 

 
D. Gain and Directivity 

 The designed antenna radiates in broadside direction 

with gain and the directivity are 3D far field plots are given as 

shown “Fig. 14, and “Fig. 15”, the antenna is good gain and 

directivity for different bands. 

 
Fig. 14. The 3D gains at different frequencies of proposed antenna. 

 

 
Fig. 15. The 3D Directivity at different frequencies of proposed antenna. 

 
E. Current Distribution on the proposed antenna  

          The Current distribution is described as field 

distribution between the patch and the ground plane, which is 

used as the indicator of the radiation from microstrip patch. 

“Fig. 16”, shows the current distribution. Maximum current in 

the proposed antenna is 128 (A/m) at this frequency, the red 

arrows show the strongest current distributed in patch of 

antenna. 
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Fig. 16. Current distribution on the proposed antenna at (1.4 – 10.4) GHz. 

 
 

VI.  CONCLUSIONS 

In this paper a compact rectangular slotted rectangular 

microstrip patch antenna with 50Ω microstrip line feed has 

been designed. The enhance bandwidth of design antenna is 9 

GHz (149.53% fractional bandwidth), operating frequency 

range 1.4 GHz to 10.4 GHz with VSWR<2 is achieved also 

reduction size antenna with 45% compared conventional 

microstrip antenna. In addition, the antenna is compact and 

can cover the whole frequency band of 2.1 - 2.5 - 3.5 - 5.8 

GHz-bands 4G-LTE, WLAN, ITU, WiMAX communication 

systems and European standard UWB systems, it should be a 

promising candidate for such applications. 
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