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 A compact ultra wideband (UWB) antenna for operation at 6 GHz intended 
for microwave medical imaging (MMI) application is proposed.  
The microstrip patch antenna (MPA) was design in hexagon shape which is 
contain H-slot at the centre top of the patch and a slot at the ground.  
Those slots method is utilised to enhance the operating bandwidth as well as 
minimising the antenna’s impedance mismatch caused by its proximity to 
material. Results shows that, the implementation of slot on the patch has 
profoundly enhance the bandwidth (BW) of the antenna to 503.54 MHz. 
Measurement of fabricated antenna produce significant result in term of 

producing wide bandwidth of 520 MHz, with slightly shifting on operating 
frequency. Therefore, it has been proved that the required performance of 
UWB antenna has been achieved successfully. 
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1. INTRODUCTION  

Microwave imaging technique has been extensively investigated and utilized for difference 

applications. There are include for example, the detection of invisible of objects such as steel rebars or dowel 

and even detection of breast cancer cells [1, 2]. The ultra wideband (UWB) antenna is high in gain,  

wide bandwidth, compact in structure and consumption of power is less compared to other microwave 

frequency bands [3, 4]. Among various possible antenna, the UWB microstrip antenna design is chosen due 

to low operating power, good noise immunity, compact in size and potentially very high data rates if its 

operates at high frequency. Therefore, it is really suitable for medical application which needs fast and 

reliable output results of patience health and status [4, 5].  
However, they suffer from a very narrow bandwidth which is a function of the substrate thickness 

and dielectric constant [6, 7]. Although increasing substrate thickness technically can improve the antenna 

bandwidth, it will lead to mismatch of impedance associated with the feed junction [8]. 

Many methods have been investigated to improve the bandwidth of microstrip antenna.  

Stack configuration are able to improve the bandwidth up to 20% [9 - 11]. However, the complexity of 

hardware fabrication will lead to unnecessary results if not been done carefully. The bandwidth of the 

antenna also depends on patch shape and structure [12, 13]. Therefore, this paper will be focusing on 

introduction of slot and defected ground structure (DGS) on microstrip patch antenna (MPA) to meet the 

required wide bandwidth.  
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2. ANTENNA DESIGN AND FABRICATION 

The proposed antenna consists of a ground plane, FR-4 substrate, radiating patch and microstrip 

inset feed. Figure 1 shows the top view and meanwhile Figure 2 shows the back view of the antenna. 

 

 

 
 

Figure 1. Front view of proposed UWB antenna 

 
 

Figure 2. Back view of proposed UWB antenna 

 

 

Several dimension optimization of the proposed antenna designed has been done in order to meet 

the resonance frequency, return loss, bandwidth and gain requirements. The final dimensions of the designed 

antenna are shown in Table 1. 

 

 

Table 1. List of Optimize Antenna Dimensions 
Description Dimensions (mm) 

Patch length 11.45 

Patch width 15.35 

Patch thickness 0.035 

Microstrip feed line length 10.525 

Microstrip feed line width 2.76 

Substrate height 21.05 

Substrate width 24.95 

Substrate thickness 1.6 

Ground length 21.05 

Ground width 24.95 

Ground thickness 0.035 

 

 

The patch was designed in hexagon shape which contain the H-slot. The slot has improved the 

impedance matching of the patch as well as making the operating frequency of the antenna nearer to 6 GHz. 
Furthermore, the antenna bandwidth also increases due to the introduction of the H-slot on the patch.  

Figure 3 shows the H-slot dimensions. 

There is also a slot been introduced on the ground side. Usually any structure that been introduced at 

the ground plane is also known as defected ground structure (DGS). The DGS method is used to isolate the 

undesired electromagnetic radiation from the antenna towards its surroundings. Figure 4 shows the  

DGS dimensions. 

 

 

 
 

Figure 3. H-slot dimensions on the patch 

 
 

Figure 4. DSG dimensions on the ground 
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Figure 5 shows the top view and meanwhile Figure 6 shows the back view of the fabricated antenna. 

The antenna is well fabricated with the exact dimensions of H-slot and DGS structure from the designed.  

The antenna was fabricated on the FR4 substrate with a thickness of 1.6 mm, relative permittivity of 4.4,  

and loss tangent of 0.02. The material of radiating element and ground plane is copper with the thickness of  

0.035 mm. 

 

 

 
 

Figure 5. Front view of fabricated UWB antenna 

 
 

Figure 6. Back view of fabricated UWB antenna 
 

 

3. RESULTS AND ANALYSIS 

3.1.   Simulation 

Figure 7 shows return loss of the simulated antenna. The return loss value is -18.58 dB which 

resonance at 6.08 GHz. The return loss value is less than -10 dB and hence indicate proper impedance 

matching between the feed and the patch. 

 

 

 
 

Figure 7. Return loss of simulated antenna 
 

 

Figure 8 shows the bandwidth of the simulated antenna. The bandwidth value is 503 MHz form 

lower cut-off frequency of 5.86 GHz to upper cut-off frequency of 6.37 GHz. As define in [14, 15], 

bandwidth of UWB antenna must be equal to or greater than 500MHz, regardless of the fractional bandwidth. 

Therefore, the designed antenna is UWB antenna as the bandwidth value concerned. 

 

 

 
 

Figure 8. Bandwidth of simulated antenna 
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Figure 9 shows the radiation pattern of the simulated antenna. The radiation pattern shows that the 

antenna is directional antenna with strongest radiation on top of the patch. Therefore, it is proved that the 

patch has worked as radiating element on the antenna. 

 

 

 
 

Figure 9. Radiation pattern of simulated antenna 

 
 

Figure 9 also shows that the gain value is 2.98 dB. The gain results show that the antenna is able to 

transmit microwave with increase of power. Meanwhile, the antenna efficiency is -2.545 dB or 55.65%.  

This means that approximately half of input power is radiated as microwave. Eventhough half of the input 

power radiated, the radiated power been further increase by the gain factor as stated. 

 

3.2.   Measurement 

Figure 10 shows the result of return loss from the measurement on Network Analyzer. The return 

loss of the fabricated antenna is 19.56 dB which resonance at 6.11 GHz. Both measurement and simulation 

results show agreement on return loss value eventhough there is a slight shifting in resonance frequency. 

 

 

 
 

Figure 10. Return loss of fabricated antenna 

 

 

As for bandwidth, the value for fabricated antenna is 520 MHz which almost the same to simulated 

result. Therefore, the result agrees with the bandwidth of UWB antenna definition. 

Figure 11 shows the radiation pattern from the measurement in anechoic chamber. The fabricated 

UWB antenna (antenna under test) were rotated using the antenna’s positioning system for 3600 to obtain 
results as in Figure 11. The result agrees with the simulated antenna whereby both results show that the 

antenna is directional on top of the patch. 
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Figure 11. Radiation pattern of simulated antenna 

 

 

In order to obtain the gain of fabricated antenna, mathematical equation (in dB) as in (1) has been 

used whereas Pr is power at the receiving antenna, Pt is output power of transmitting antenna, Gt is gain of 

transmitting antenna, Gr is gain of receiving antenna, Pc is power of cable loss and Pa is power loss during 

microwave free space propagation from transmitter to receiver. 

 

acrttr PPGGPP 
 (1)

 

 

Power received by the antenna under test, Pr is measured at 34.636 dBm. Referring to data sheet of 

transmitting antenna and connecting cable on receiving antenna, therefore the gain of the antenna under test, 
Gr can be calculated. The calculation show that the Gr value is 2.304 dB. This result agrees with the gain of 

simulated antenna although its differ slightly. As the gain factor concern, the fabricated antenna can still 

function as microwave radiator with this slight difference. As summarization, Table 2 shows the comparison 

between the simulation and measurement results of the UWB microstrip patch antenna. 

 

 

Table 2. Comparison of Simulation and Measurement Results 
Parameter (unit) Simulation Measurement 

Frequency (GHz) 6.08 6.11 

Gain (dB) 2.98 2.304 

Return Loss (dB) -18.58 -19.56 

Bandwidth (MHz) 503 520 

 

 

4. CONCLUSION 

The result analysis and discussion of the simulation and measurement results of the proposed 
antenna for UWB microstrip patch antenna is presented. The performance of UWB microstrip patch antenna 

is also proven, as the return loss of the antenna are less than -10 dB, which considered as good antenna.  

A good agreement between the simulation and the measurement result are obtained. Result of gain, 

bandwidth and resonance frequency of fabricated antenna is also agree with the simulation results with 

slightly different in value. As far as the results concern, the UWB microstrip patch antenna is suitable in 

microwave medical imaging application.  
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