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Abstract 

The research article presents the design and performance of a planar microstrip-line 

feed monopole antenna for Ultra-Wide band (UWB) frequency. The proposed antenna is 

consisting of a rectangular patch antenna loaded with a rectangular slot on its center 

position. The antenna is etched over a FR4 epoxy substrate with a dimension of 30 mm by 

26 mm by 1.52 mm. The simulated and experimental results are compared and analysis 

showed a good proximity. The measured and simulated results confirm that the design 

covers the entire region of UWB range (4.1 GHz to 8.8 GHz). The measurement indicates 

that the designed antenna is a good candidate in terms of return loss, VSWR, radiation 

efficiency for UWB application. 

 

Keywords: UWB, slot, notch, return loss, impedance 

 

1. Introduction 

The Federal Communications Commission (FCC) in 2002 passes the recommendation 

of Ultra-Wide Band (UWB) in the frequency range of 3.1 to 10.6 GHz. [1]. This approval 

motivated the research and industrial society for the development of antennas suitable to 

operate in this band. From impulse to pulse radio, the UWB technology gives a new 

insight for the spread of wireless communication system. Antenna is one of the chief 

components of the wireless system. Low cost and compact antennas are the need of the 

hour for various wireless applications in UWB applications [2]. The compact quality of 

microstrip patch antenna in weight and size, fit well in to device and its property set it as a 

good candidate for the development UWB antenna. [3]. Though the microstrip antenna 

shows a drawback in terms of narrow bandwidth, but many techniques have been 

introduced into research area that tends to increase its bandwidth. Some of these include 

square-ring slot on patch [4], meandered ground plane [5], integrated bandpass filter [6], 

ring shaped [7], and double printed U shaped [8]. Several other designs of the planar 

UWB antenna have been proposed other various literatures. These include the designs at 

the specific frequency [9] and design to enhance the bandwidth [10]. However, some of 

them involve complex calculations.  Recently many literature introduces the concept of 

notch to get the desired result in monopole antenna [11-12] and also UWB in WiMAX 

application [13]. 

In the present study, a simple design of a rectangular patch microstrip antenna with one 

slot and four notches at the corner is presented. This antenna is centrally loaded with a 

rectangular slot and feed with the microstrip line. The -10 dB bandwidth of the antenna 

covers 3.8 GHz to 9 GHz of the UWB band. The outline of this paper is as follows. In the 

section 2, the dimension and geometry of the proposed antenna is presented. The analysis 

of the simulation and experimental results are done in Section 3. The comparison with the 
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theoretical and measured impedance using transmission line analysis is in Section 4, 

whereas the conclusion is finalized in Section 5. 

 

2. Antenna Geometry 

Figure 1 shows the planer geometry of the antenna. It comprises of a rectangular patch 

of length (L) and width (W). The rectangular slot of length (Ls) and width (Ws) is etched 

at the center and on the front side of the patch. The microstrip feed line of dimension Lm 

and Wm is connected with the 50-ohm source. The partial ground plane of length (LG) is 

on the back side of the substrate. 
 

 

Figure 1. The Plane Geometry of the Proposed Antenna 

The dimension the patch can be found by using simple equations [14]. The dimension 

of the slot is calculated by slot line analysis [15]. The equation reflects that the 

dimensions are related to dielectric constant of the substrate as well as and the operating 

frequency. The center frequency ‘f’ for the entire dimension in the above equations 

simulations is taken to be 6 GHz. These dimensions present the idea for the starting point 

for the present design of the UWB antenna. Optimization in simulation is done on length 

and width of the patch over the dimension obtained by the equations. The final dimension 

is taken to get the best result and ease of fabrication. The final design simulation is done 

using optimization of the dimension to get the best result. The ground plane of the 

antenna is of the same width as that of substrate. 

All dimension of the antenna is tabulated in Table 1. The substrate material for the 

fabrication is epoxy FR4 epoxy having a dielectric constant of 4.4 and loss tangent of 

0.01. The height of the substrate is taken as 1.6 mm. Copper is used as the conducting 

material for patch and ground. 
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Table 1. Dimension of the Antenna 

Length of the Patch  14 mm 

Width of the Patch 16 mm 

Length of Microstrip line 12 mm 

Width of Microstrip line 3.8 mm 

Length of slot 9 mm 

Width of slot 1 mm 

Length of Ground plane 11 mm 

Length of Notch  0.5 mm 

Width of Notch 2 mm 

 

3. Simulation & Experimental Results 

The simulation is done on HFSS antenna design software. The various dimensions are 

taken from the result mentioned in Table 1. The best performance is obtained with 

centrally placed slot. It is observed from the HFSS result that the UWB performance has 

been obtained, since the proposed antenna resonates from 3.3 GHz to 9.7 GHz. In the next 

step, the proposed antenna is fabricated on epoxy FR4 substrate by mechanical and 

chemical etching method. The front and back side of the antenna is shown in Figure 2. 

 

        

Figure 2. The Front and Back Side of the Fabricated Antenna 

To validate the result, the characterization testing of the antenna is done on vector 

network analyzer. The measured values of the return loss at different frequencies ranging 

from 3 GHz to 11 GHz are recorded and it is plotted against the simulated value. The plot 

of the return loss at UWB frequency range of the two values (measured and simulated) is 

shown in Figure 3. 
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Figure 3. Return Loss of the Simulated And Measured Antenna 

It is evident from the Figure 3, that the measured results are close to the simulated 

result. In the simulation the antenna covers the range from 3.3 GHz to 9.7 GHz with two 

peak value of return loss. One is -25.85 dB at 7.5 GHz and another at 4.8 GHz with a 

return loss of -19.17 dB. The measured value cover the UWB range and has a -10 dB 

band coverage from 4.1 GHz to 8.8 GHz. it ha sthe maximum peak at 7.4 GHz with a 

return loss of -25.94 dB. The peak return loss and frequency of the simulated and 

measured are almost close. The result pattern of the measured is very much same as that 

of the simulation results. 

The measurement of the VSWR of the fabricated antenna is plotted along with the 

results obtained in the simulation and the plot is shown in Figure 4. The VSWR is 

showing a good result (≤ 2) in the UWB range as per the specification of FCC. Over a 

region of 4.1 GHz to 8.8 GHz the VSWR is in between 1 and 2. The best value of VSWR 

is obtained as 1.12 at 7.5 GHz. 

 

 

Figure 4. VSWR of the Simulated and Measured Antenna 
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It has been observed from the Figure 3 and 4 that the good result in the UWB band is 

obtained as the antenna resonates fairly in the entire UWB region. The pattern and peak 

values of both the simulated and measured result are same. This justifies a good validation 

of the result. 

The plot of radiation efficiency is shown in Figure 5. The radiation efficiency lie in 

between 82% to 94% throughout the UWB range. This indicates that the directivity and 

gain of the antenna is nearly very close to each other. 

 

 

Figure 5. Radiation Efficiency of the Antenna 

The current path of the proposed patch antenna is shown in Figure 6. It is observed that 

the current path is elongated and longer than a plain rectangular antenna. The insertion of 

the proper slot gives more current density and hence enhances the bandwidth. 

 

 

Figure 6. Current Path of the Patch 
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4. Impedance Calculation 

The impedance of the antenna is calculated using transmission line model. The 

rectangular patch is represented as a parallel-plate transmission line connecting two 

radiating slots, each of width W and height h. this model provides a relatively fair 

physical insight into the behavior of the patch antenna. 

The general representation of a 3-port transmission line [14] of the microstrip antenna 

is shown in Figure 7. 

 

 

Figure 7. A 3-Port Equivalent Circuit of the Antenna 

The admittance matrix of 3-port circuit is given as: 

[𝑌] =  [

𝑌𝑠 + 𝑌𝑐 coth(𝛾𝐿1) −𝑌𝑚 −𝑌𝑐 csch(𝛾𝐿1)

−𝑌𝑚 𝑌𝑠 + 𝑌𝑐 coth(𝛾𝐿2) −𝑌𝑐 csch(𝛾𝐿2)

−𝑌𝑐 csch(𝛾𝐿1) −𝑌𝑐 csch(𝛾𝐿2) 𝑌𝑐 coth(𝛾𝐿1) + 𝑌𝑐 coth(𝛾𝐿2)
]--                   - (1) 

Here Yc is the characteristic admittance of the microstrip line formed by the patch. 

γ= α+jβ is the complex propagation constant of the line. 

α = 0.5β tanδ. Here tanδ is the loss tangent of the substrate. 

β=𝑘0√𝜀𝑒𝑓𝑓; k0 = 2π/λ0 = free space wave number. 

Here Yc is the characteristic admittance of the microstrip line formed by the patch 

antenna, and  Zc = 1/Yc, is the characteristic impedance. 

In the case of microstrip line feed antenna, I1 = I2 = 0 and L1 = 0. Therefore from 

equation (1), the value of the antenna input admittance is given as: 

𝑌𝑖𝑛 =  
𝑌𝑐

2+ 𝑌𝑠
2− 𝑌𝑚

2 +2 𝑌𝑠𝑌𝑐 coth(𝛾𝐿)−2𝑌𝑚𝑌𝑐 𝑐𝑠ℎℎ(𝛾𝐿)

𝑌𝑠+ 𝑌𝑐 coth(𝛾𝐿)
  --                         (2) 

Taking into account the parasitic effect of the feed line,  

𝑌𝑖𝑛 = (1 −
𝑊𝑚

𝑊
) 𝑌𝑠 +  

𝑌𝑐
2− 𝑌𝑚

2 +2 𝑌𝑠𝑌𝑐 coth(𝛾𝐿)−2𝑌𝑚𝑌𝑐 𝑐𝑠ℎℎ(𝛾𝐿)

𝑌𝑠+ 𝑌𝑐 coth(𝛾𝐿)
--            (3) 

The value of self-admittance of slots (Ys) and mutual admittance (Ym) are governed by 

the following set of equations.  

The self-admittance, Ys= Gs+jBs 

𝐺𝑠 =  
1

𝜋2𝑛0
. {(𝑤𝑆𝑖(𝑤) +

sin 𝑤

𝑤
+ cos 𝑤 − 2) (1 −

𝑠2

24
) +

𝑠2

12
(

1

3
+

cos 𝑤

𝑤2 −
sin 𝑤

𝑤3 )}           (4) 

∆𝐿 = 0.412 ℎ 
(𝜀𝑒𝑓𝑓+0.3)(

𝑊

ℎ
+0.264)

(𝜀𝑒𝑓𝑓−0.258)(
𝑊

ℎ
+0.8)

                 (5) 

The mutual admittance, Ym = Gm + jBm for rectangular microstrip antenna. 

Here, Gm = KgFgGs      --            (6) 
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Putting the value of equations 4, 5 and 6 in equation 2, the value of line parameter (Yc) 

is obtained. The line parameter is connected with the input admittance. A generalized 

solution of this equation is given as: 

𝑍𝑖𝑛 =  𝑍𝑐 |
𝑌𝑐+𝑗𝑌𝐿 𝑡𝑎𝑛 (𝛽𝐿)

𝑌𝐿+𝑗𝑌𝑐 𝑡𝑎𝑛 (𝛽𝐿)
|                (7) 

For a normalized value of βL = π, Zin = ZL. That means both the line impedance and the 

input impedance are of the same value at this extreme case of optimization. 

Solving equation 2 and putting the different value from equation, the normalized value 

of the characteristic impedance, in terms of the antenna dimension and dielectric constant 

of the substrate is given as: 

𝑍𝑐 =  
120𝜋/ √𝜀𝑒𝑓𝑓

𝑊

ℎ
+1.393+0.667 ln (

𝑊

ℎ
+1.444)

  --                   (8) 

A plot of characteristic impedance from the theoretical analysis (wave guide model) 

and the transmission line method is shown in the Figure 8 for various value of width of 

the patch. A close proximity of the two values is observed. Though the transmission line 

method is not so accurate, but it gives a simple approach. 
 

 

Figure 8. Impedance Plot of the Theory and Measured Value in UWB Region 

5. Conclusion and Discussion 

A simple monopole microstrip antenna is proposed and a prototype is fabricated. The 

antenna shows a good coverage in the ultra-wide band region. Also the measurement 

result shows a good agreement with the simulated one. The antenna exhibited a stable 

radiation patterns.  Due to its wide bandwidth, the antenna can be considered as a 

potential candidate for cost effective UWB applications. 
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