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Introduction 
In modern wireless communication system design, antennas with wide impedance bandwidth 
are desirable for numerous reasons.  An antenna with a wide impedance bandwidth may be 
used for transmission and reception of multiple narrowband services in a multi-purpose 
platform.  Alternatively a single wideband service may be of interest for various radar and 
imaging applications, or for impulse based radio communications in the FCC Ultra-wideband 
(UWB) regime from 3.1 GHz to 10.6 GHz. 

Many wideband antennas are built from two-dimensional representations of three-
dimensional forms [1].  Cones and disk like shapes are common building blocks.  When in 
planar form, these shapes provide impedance matching over a broad frequency range 
necessary for wideband antennas.  The two dimensional nature of these structures lends the 
advantage of being planar, low-profile, easy to integrate, and inexpensive to fabricate using 
standard PCB techniques.  Slot-type wideband antennas [2 – 4] are of particular interest 
because of their potential to be implemented as a single sided or uniplanar structure in which 
only one side of the substrate is metalized and requires processing. 

Recently an antenna was presented with a very wide impedance bandwidth in excess of 10:1 
[2] that is based on the Planar Inverted Cone Antenna (PICA) originally proposed by Suh et 
al. [3].  The antenna provides good radiation performance and high efficiency over a very 
wide band, yet requires double-sided fabrication due to the microstrip feed configuration. 

This paper presents a new variation on existing PICA designs.  The PICA is fed by coplanar 
waveguide, utilizing a cheap FR-4 substrate and requiring only single sided fabrication, yet 
maintains wideband performance. 

CPW fed PICA Slot Antenna Configuration 
The PICA antenna is a wideband monopole based on a unique shape proposed by Suh et al. 
[3].  The PICA shape is a composition of a semicircle and an equilateral triangle, with the 
semicircle forming the lower portion of the antenna, and the triangle forming the upper part. 

In the slot adaptation of the PICA antenna, a ground plane exists which has had copper 
removed in the shape of a large PICA to form a slot.  This slot is excited by a smaller PICA 
shape which extends part way into the slot.  Two fundamental degrees of freedom are 
available for tuning the antenna performance in this geometry.  They are firstly the insertion 
distance of the smaller exciting PICA into the larger PICA slot, and secondly the relative size 
of the two PICA shapes.   

This research proposes a CPW fed PICA slot antenna, as depicted in Fig 1.  The dimensions 
presented in Fig. 1 are optimized for a 0.8 mm thick FR-4 substrate with a relative 
permittivity �r = 4.0 and a loss tangent tan � = 0.013.  The antenna is simulated using CST 
Microwave Studio utilizing the transient solver.   
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Simulated and Measured Performance 
The simulated and measured impedance performance of the CPW fed PICA slot antenna is 
presented in Fig. 2(a).  According to the simulation, the antenna presents a good impedance 
match to a 50 � line from 1.2 GHz up to 15 GHz.  The measured impedance response of the 
fabricated antenna shows a slight impedance mismatch around 13 GHz to 15 GHz, but still 
obtains an impedance bandwidth of over 10:1 from 1.2GHz to 13.3 GHz.  A parametric 
analysis of the sensitive dimensions of this design will be presented at the conference.  This 
will hopefully indicate the reason for the discrepancy in the measured results at 13 GHz, but 
perhaps more importantly will also provide some design guidelines for this antenna 
configuration. 

The simulated maximum gain of the CPW fed PICA slot antenna varies from 3.5 dBi to 8.7 
dBi with an average of 7 dBi as shown in Fig. 2(b).  Note that this gain is in the direction of 
maximum radiation, which varies depending on the frequency.  The simulated and measured 
radiation patterns at some common communication bands are depicted in Fig. 3.  These 
patterns display an omnidirectional like shape at low frequency (Fig. 3(a) and (b)), which 
becomes more directional at higher frequencies (Fig. 3(c)). Bi-directionality is evident in the 
y-z plane of Fig. 3(c), as two distinct beams encroach upon endfire. There is significant 
correlation between measured and simulated patterns.  High levels of cross polarization are 
evident at ± 45º directions in the x-z plane, particularly at higher frequencies.  This is typical 
of PICA slot antennas [2]. 

The antenna as presented comfortably provides the necessary bandwidth for UWB of 3.1 to 
10.6 GHz.  If such an application were desired, substrate space could be conserved by scaling 
the antenna.  Preliminary simulations show that a scaling factor of 0.375 applied to the PICA 
slot would produce substrate dimensions of 45mm by 45mm, providing impedance matching 
from 2.5 GHz to 28 GHz.  The simulated impulse response is shown in Fig. 4. 
 

Discussion 
The literature search revealed that a similarly structured CPW fed PICA slot antenna has been 
attempted previously [4], albeit with several short comings.  The paper presents two 
adaptations of the PICA antenna, the second being closest to the geometry presented here.  
Despite the similarities, the antenna design in [4] uses a grounded coplanar waveguide, 
necessitating double-sided fabrication techniques, and has a substantially different shaped 
slot.  Although the substrate dimensions and material used are almost identical, the antenna in 
[4] has a narrower bandwidth: the impedance bandwidth starts at around 3 GHz, and the 
return loss results reveal a further mismatch near 5 GHz.  Our design provides over an octave 
of additional bandwidth, with a well matched response down to approximately 1.2 GHz. 

 
Conclusion 

A CPW fed slot antenna has been presented which is based on the Planar Inverted Cone 
Antenna.  The PICA’s wide impedance bandwidth behavior has been preserved, 
demonstrating impedance bandwidth in excess of 10:1.  Omnidirectional radiation is 
exhibited at the lower end of the impedance bandwith.  Notably, the CPW fed PICA slot 
antenna presented here is truly uniplanar requiring only single sided substrate processing.  
Uniplanar antennas can be extremely advantageous in certain applications. 
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Figure 1.  Geometry of the proposed CPW fed PICA slot antenna 

Parameters:  L = 120mm, W = 120mm, CPWlength = 20mm, CPWcentre = 2.44mm,  
CPWgap = 2.84mm, Douter = 44mm, Dinner = 24mm, Ins = 0.4mm, h = 0.8mm 

 

          
 

Figure 2.  (a) Measured and simulated return loss of the CPW fed PICA slot antenna 
(b) Simulated maximum gain vs frequency for the CPW fed PICA slot antenna 
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Figure 3.  Far field radiation patterns of the CPW fed PICA slot antenna 
(a) 1.575 GHz  (b) 2.4GHz  (c) 5.9 GHz  (d) 9.5 GHz 

 

 
Figure 4.  Simulated Impulse response of the CPW fed PICA slot antenna 
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