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Abstract: 
This note introduces a new class of planar ultra-wideband (UWB) dipoles that use 
elliptical elements.  These antennas offer good dipole performance over nearly two 
octaves in frequency.  Unlike more traditional broadband dipole elements that must be 
around a quarter-wavelength to radiate efficiently, planar elliptical UWB dipoles still 
exhibit a –10 dB return loss for a 0.20λ element size, and remain 50% efficient (–3 dB 
return loss) for a 0.14λ element size.  A wide variety of techniques including exponential 
and Klopfenstein tapers, and an energy flow analysis all converge to an element axial 
ratio of about 1.5:1 being optimal. 

Introduction: 
A variety of planar dipoles antennas exhibit ultra-wideband performance.  

These include bow tie antennas1 and diamond dipoles.2 Recently, work has been 
done on elliptical and disk monopoles that are well matched to 50 Ω and exhibit 
superior broadband performance.3 One might expect that if a monopole element 
were well matched to 50 Ω, the corresponding element in a dipole configuration 
would have a characteristic impedance of around 100 Ω. 

This note introduces a new class of planar ultra-wideband (UWB) dipoles 
that use elliptical elements.  Counter to expectation, these antennas are well-
matched to 50 Ω, and offer good dipole performance over nearly two octaves in 
frequency.  This note discusses the performance of a variety of elliptical planar 

dipoles with differing 
eccentricity. 

Elliptical Dipoles: 
Four different 

elliptical dipoles are 
discussed in this note.  
The ratio of major to 
minor axes of the test 
antennas were 1.00:1, 
1.25:1, 1.50:1, and 
1.75:1.  A photo of these 
antennas is provided in 
Figure 1.  The antennas 
were implemented on 60 
mil Rogers RO4003 
substrate. 
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Figure 1:  Matched pairs of planar elliptical dipoles.  

From left to right, the ratio of major to minor axes are: 
1.00:1, 1.25:1, 1.50:1, and 1.75:1 
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Matching: 

Figure 2 shows return loss or S11 for four planar elliptical dipoles with 
various eccentricities.  All four antennas have a return loss –10 dB or better for 
minor axis .  This is somewhat smaller than the 0.25λ usually thought 
to be necessary for efficient radiation.  In fact, these antennas have a radiation 
efficiency of greater than 50% for . 

0.20lλ ≥ λ

0.14lλ ≥ λ

Match improves with increasing eccentricity.  The 1.00:1 elliptical 
(circular) elements yield an S11 of around –12 dB; for the 1.25:1 elliptical 
elements, the S11 is about –15 dB; the 1.50:1 elliptical elements’ reflection is 
about -20 dB; and the 1.75:1 elements exhibit an S11 around –30 dB. 

 
Figure 2:  Return loss (S11) for various eccentricity planar elliptical dipoles. 

Gain and Pattern: 

In their lowest order mode, these antennas behave like dipoles.  This 
dipole behavior dominates for roughly a 1:3.5 span in frequency.  Boresight gain 
is nominally around 2.0 dBi, as one would expect for a dipole.  Boresight gain is 
shown in Figure 3.  A time domain impulse pattern range was used to acquire 
azimuthal (H-plane) patterns of these planar dipoles.  A broadband 1-6 GHz 
impulse source was used to excite the antenna, and the peak radiated power was 
determined as a function of angle.  The resulting patterns are shown in Figure 4.  
As can be seen, increasing eccentricity yields an increasingly asymmetric pattern. 
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Figure 3:  Boresight gain of various eccentricity planar elliptical dipoles. 

Influence of Eccentricity on Antenna Pattern
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Figure 4:  Azimuthal (H-plane) peak power patterns of various 

eccentricity planar elliptical dipoles. 
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Planar Elliptical Dipoles As 
Parallel Horns: 

One way to think of a 
planar elliptical dipole is as a 
pair of opposing slotline horns.  
Expressions are available to 
calculate the impedance of a 
slotline.4  Treating the slotline 
as a 100Ω-377Ω transformer 
between the feed and a circular 
boundary, slot widths were 
calculated assuming an 
exponential and a Klopfenstein 
taper.5  Additionally, an 
analysis of energy flow around 
an ideal dipole was used to 
determine yet another taper.6  
All three of these methods 
yielded results virtually 
indistinguishable from an 
elliptical dipole with an 
element axial ratio of 1.50:1 (see
Time Domain Corporation’s pa
wideband planar dipole antennas.7

Summary: 
The planar elliptical dipole

receiver of ultra-wideband RF en
matching but a less uniform azi
techniques including exponential
analysis all converge to an elemen
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Figure 5:  Antenna shapes found using an 
exponential taper (black), a Klopfenstein taper 

(red), an energy flow analysis (green) and a 
1.50:1 element axial ratio ellipse (blue).  All 

four results are virtually identical. 
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