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Abstract— A customized small size UWB antenna is designed and 
simulated, limited available area in the package being the main 
motivation and design parameter. A generalized design and 
optimization strategy is formulated and followed. Simulated 
results of the antenna are presented which show promising 
functionality of the minimized design.    
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 Symbols used: 

UWB = Ultra Wide Band 
SiP = System in Package 
R = radius of the circular disc 
W = Width of the dielectric substrate  
L = Length of the dielectric substrate 
h = Feed gap 
w
fr 

r = Dielectric constant 

1 = width of 50Ω feed line 
= Resonant frequency 

L1 = Length of the ground plane 
t = thickness of the dielectric substrate 

I.  INTRODUCTION  
There are many types of antenna competing for usage in 

the Ultra Wideband systems in the FCC defined bandwidth of 
3.1GHz to 10GHz [1]. Broad band monopole antennas are 
well known for the task [2]-[6].  

With ever reducing size of the wireless communication 
systems, there is a requirement for smaller size antennas 
which are easy to fabricate and suitable for integration in a 
package.  Although design of UWB antennas is well known 
[2]-[7], but optimizing methodology for a customized, small 
size antennas which cover a smaller bandwidth, yet are UWB 
(as per FCC definition [1]) has not been keenly looked into. 

This paper presents the simulated results of an optimized 
planar circular disc UWB antenna [7], meeting a certain 
required criteria which is discussed in the next section.  
The methodology that was followed which culminated in the 
achievement of desired results is generalized and also 
presented for future references. 
 
 
 

II. ANTENNA DESIGN 
Small available area in package, limited operational 

bandwidth of 500 MHz (4.25GHz to 4.75GHz) and omni 
directional radiation pattern were the essentialities which 
warranted the design and optimization of the presented 
customized circular disc planar UWB antenna.  

The designed antenna is shown in Fig. 1. The circular disc 
and the feed line are on the same side of the substrate (layer1 
in Fig. 2), while the ground is on other side (layer2 in Fig. 2). 
 

 
 

Figure 1. Simulation model of the circular UWB antenna. 
 

 Initial values of the radius R and width w1 of the 50Ω feed 
line were calculated to be 9.4mm and 0.1mm respectively [8]. 
Radius is calculated as  
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Whereas width of the 50Ω feed line is calculated as 
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These calculated parameters were then optimized using the 
field solver software, to achieve a functional, omni directional 
UWB antenna. 

Fig. 2 shows the cross section of multilayered substrate of 
the package on which the antenna is designed. The material is 
FR4 (pre-preg and core with thickness of 60µm and 100µm 
respectively and dielectric constant of 4.3). There are two 
layers of solder mask also with dielectric constant of 3.4. All 
these layers with respective dielectric constants were taken 
into account in simulations. Metal layers 3 and 4 were 
removed for antenna design purpose. L and W of the substrate 
are calculated to be 30mm [8][10]. h denotes the feed gap 
between the disc and the ground plane.  It is an established 
fact that h and W are most important parameters in adjusting 
the bandwidth of such planar monopoles [7][9]. 

Since for our application we did not need to cover whole of 
the UWB spectrum, so keeping in view only the band of 
interest, first the radius R of the circular disc was reduced, rest 
every parameter remained constant. And then h and W were 
varied to get the target. 

 

 
 

Figure 2. Cross section of the substrate used for simulation 

III. DESIGN AND OPTIMISATION METHODOLOGY 
Keeping in view the previously cited goal and having 

selected the circular disc planar monopole antenna for the task, 
methodology illustrated in Fig. 3 was followed. At first an 
UWB antenna operational in the FCC defined bandwidth was 
designed [7]. Then different parameters were reduced, thus 
optimizing them in order to meet the requirement. The order 
for optimization, as shown in Fig. 3 started from varying the 
radius of the circular disc, then feed gap, width and lastly 
length was varied. Optimizing all these parameters finally 
resulted into a design which fulfilled our requirement. 

 

 
 

Figure 3. Flow chart of the proposed design and optimisation methodology. 



IV. SIMULATION RESULTS 
Simulations are performed using commercial software, 

Ansoft HFSS. Fig. 4 shows the reflection coefficient for  
different  reduced radii of the circular disc with fixed feed gap, 
h= 0.3mm. The simulation reveals that as the radius is reduced, 
the resonant frequency is shifted towards higher side which is 
theoretically expected [8].It can be seen that with R= 5mm, we 
get the desired results in the band of interest. 
 
Fig. 5 shows the effect of varying feed gap on the antenna 
performance. For bigger h, -10dB bandwidth is narrower 
because of poor impedance matching of antenna [9]. As can be 
seen, for our purpose, the optimum value of the feed gap is 
found to be 1.3mm. 
 

 
 

Figure 4. Effect of varying Radius of the circular disc R 
 

Next keeping the radius and feed gap constant, effect of 
varying the width of the dielectric substrate is simulated. Fig. 
6 depicts the performance of the antenna with varying W. 
Clearly suitable value of W for our purpose is 15mm. 

 
Figure 5. Effect of varying Feed gap h. R= 5mm, W= 30mm, L= 30mm 

 
Figure 7 shows that varying the length of the substrate do not 

have much effect on the -10dB bandwidth of the antenna.  

The phenomenon is understandable by inspecting the current 
distribution which mostly is at the top edge of the ground 
plane [9]. L= 15mm is selected for our purpose.  After all 
these simulations, final parameters are R= 5mm, h= 1.3mm, 
W= 15mm, and L= 15mm. 

 

 
 

Figure 6. Effect of varying W. R = 5mm, h= 1.3mm, L= 30mm 
 

 Figure 8 illustrates the simulated return loss response of 
the antenna. The operating -10 dB bandwidth is from 4.02GHz 
to 6.57 GHz which covers the desired frequency range.  
Figure 9 and 10 depict the simulated radiation pattern at 
frequencies 4.25GHz and 4.75GHz respectively, which is 
fairly omni directional as expected in this sort of circular disc 
planar monopole antenna [7]. 

 

 
Figure 7. Effect of varying Length L. R= 5mm, W= 15mm, h= 1.3mm. 

 

V. CONCLUSION 
A small size circular disc planar UWB antenna is presented. 

The antenna was optimized to perform satisfactorily in the 
frequency range of 4.25GHz to 4.75GHz. Size of the antenna 
was minimized to be integrated in a package having an area of 
225mm2. The radiation patterns are observed to be similar to 



traditional monopole antennas. The simulated results show 
that the antenna fulfills the operational requirements.  
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     (a)                                       (b) 

Figure 9. Simulated Result of radiation pattern at 4.25GHz.  
 (a) H-Plane, (b) E-Plane 

 

    (a)                                      (b) 
 

Figure 10: Simulated Result of radiation pattern at 4.75GHz.  
  (a) H-Plane, (b) E-Plane 
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