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Abstract - The structure of a TEM horn with new plate 
separation and width profiles is described.  It is shown that the 
combination of a superellipse for the separation function, and a 
new function for the pate width, results in a horn with 
nominally frequency-independent properties to beyond 42 
GHz.  The new separation function has elliptic properties at 
the throat of the horn, and gradually opens to an almost linear 
taper. 
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I INTRODUCTION 

Previously [1] it was found that the radiation properties 
of TEM horns can, to a certain extent, be controlled by 
varying the flare as well as the plate width of the horn [2].  
It was also shown that the popular approach to the plate 
width specification of choosing some form of impedance 
match, is not valid.  The important variable is to ensure 
mode matching between the feed and free space. 

In [3], the plate separation was described by a 
superellipse, which made it possible to separately control 
the dimensions in the throat and those in the vicinity of the 
aperture of the horn.  This in turn made it possible to have 
some measure of control over the high frequency 
performance as compared to the low frequency properties. 

A number of authors have recently proposed a variety of 
new horn structures. Different aperture impedances, 
combined with a linear horn, are investigated in [4], while in 
[5], a binomial impedance taper is compared to an 
exponential, Klopfenstein and triangular taper; in [6], a 
Hecken taper is combined with a number of different 
aperture impedances.  A modification of the aperture edge 
in order to improve the radiation pattern properties is 
proposed in [7]; this was previously analytically treated in 
[8]. 

In this paper, a superelliptic plate separation function is 
employed; this is combined with a new function, in which a 
modified superelliptic function is employed for calculating 
the plate width.  It is shown that this results in a structure 
that exhibits extreme wideband and frequency independent 
radiation properties. The structure is analyzed numerically 
and gain, VSWR and radiation properties are presented.  

 

II HYBRID ELLIPTIC HORN STRUCTURE 

A.  Parallel Line Feed 

The TEM horn described here is a balanced parallel 
plate structure.  The plates of the feed line are spaced 1.0 
mm, and 5.9 mm wide, for a 50 Ω characteristic impedance. 

A balun for feeding the structure is not considered in the 
analysis; previously [9] the design described in [10] was 
used with success.  Alternatively, the method described in 
[11] can be applied.  It is, however, important to eliminate 
the effects of the feed point in the numerical analysis.  To 
that end, a back-to-back feed was evaluated and it was 
ensured that it does not contribute to the input impedance 
performance of the antenna; Fig. 1 shows the VSWR of the 
feed.  This will later be compared to the corresponding 
properties of the feed plus antenna.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1.  VSWR of numerically modelled parallel plate feed. 
 

B.  Horn Parameters 

The general description of an ellipse in parametric form 
is given by  

(1) 
 
 

For m, n < 2, the function is a hypoellipse; for m, n > 2, a 
hyperellipse; and for m = n = 2 a standard ellipse.  The 
major and minor axes are a and b, and ϑ  is the parameter.  
The general shape of these functions are illustrated in Fig. 2 
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for different values of m, n; only the first quadrant, 
2/0 πϑ ≤≤ , is relevant.  In Fig. 2, the values 0=ϑ and 

2/πϑ = are shown; however, note that ϑ is not the angle 
between (u,v) and the u-axis.   
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2.  Ellipses.  a: m = n = 2,  b: m = n = 4; c: m = n = 1.5; 
 d: modified superellipse. 

Through application of different powers of m, n, various 
profiles can be achieved. The aim is to shape the E- and H-
plane patterns to be congruent, as well as to obtain as little 
variation with frequency as possible.  In this way the main 
beam of radiation will be symmetrical, and the gain 
response vs frequency flat. 

1)  Plate separation function: To this end, a plate 
separation function similar to that used in [3], was 
employed, with a slight increase in the rate of separation at 
the aperture.  

     
 

      
 
 
 

The function has hypoelliptical properties in the axial 
direction and hyperelliptical properties in separation. The 
plates are separated 1 mm at the throat, and 241 mm at the 
aperture, while the total length of the horn is 480 mm, as 
shown in Fig. 3.  Note the format for the expression for z(t); 
this is to ensure that the correct branch of the hyperellipse is 
used. 

2)  Plate width function: In order to control the radiation 
properties in the H-plane, it is necessary to employ a 
function that is smooth at the throat of the horn, with typical 
elliptic properties, but is wider at both the middle and the 
aperture of the horn than the standard ellipse, while 
maintaining continuity of the profile.  This would contract 
the H-plane radiation patterns to more closely map onto the 
E-plane patterns.  

By choice of m = 0.5, the width of the horn increases 
almost linearly towards the aperture of the horn.  However, 
the change in width is too rapid at the throat, and 
consequently the whole of the parametric function was 
raised by an additional power of 1.5.  This ensures that the 

width changes very slowly at the throat, approximating that 
of an ellipse for small ϑ, while maintaining a linear profile 
as the aperture is approached.  The width function is given 
by (4) and (5). 

 
         

     
 
 

This function is shown in Fig. 2(d); note that the function is 
smooth at 0=ϑ , but that discontinuous at 2/πϑ = .  Fig. 3 
shows the geometry of the horn.  The plates are 5.9 mm 
wide at the throat, and 176 mm at the aperture.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.  Horn dimensions and profiles.  (a) Separation; (b) oblique view; 

(c) width.  The dashed profile in (c) is that of a conventional ellipse. 
 

III CALCULATED PERFORMANCE 

The radiation and impedance performance of the horn 
were calculated using FEKO [12], over the frequency band 
100 MHz to 42 GHz.  The gain vs frequency response is 
shown in Fig. 4, while the input impedance and VSWR is 
shown in Fig. 5. Fig. 6 is an expanded plot of the impedance 
between 100 MHz and 3 GHz. 

Fig. 7(a) shows the E- and H-plane radiation patterns for 
250 and 700 MHz, respectively, while the patterns for 2 and 
6 GHz are shown in Fig. 7(b).  Similar sets of radiation 
patterns for 6, 12, 18, 24, 30, 36 and 42 GHz are shown in 
Figs 8(a) to 8(g).  In Fig 9(a) all the E-plane radiation 
patterns from 6 to 42 GHz are plotted overlaying each other, 
and the same is done for the H-plane patterns in Fig. 9(b). 
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Figure 4. Gain vs frequency response. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Variation of Impedance and VSWR with frequency. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Expanded impedance response. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7.  (a) E-(red) and H- (blue) plane radiation patterns for 250 
(──) and 700 MHz (- - -), and (b), 2 (──) and 6 GHz (- - -). 

 

 
Fig. 10 shows the 3-D radiation pattern at 42 GHz. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. E-(red) and H- (blue) plane radiation patterns for 6, 12, 18, 
24, 30, 36 and 42 GHz shown in (a) to (g) respectively. 
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Figure 9.  Overlaid radiation patterns.  (a) E-plane and (b) H- plane. 

IV DISCUSSION 

The proposed horn has an impedance bandwidth that 
stretches from 250 MHz to 42 GHz, the VSWR lying well 
below 2, as seen in Fig. 5.  However, the gain only rises to 
within 3 dB of its maximum of 24.5 dB at about 6 GHz.  A 
study of the radiation patterns up to 6 GHz reveals that a 
main beam has not yet formed at the lower frequencies.  In 
fact, this corresponds to the so-called dipole region [13] as 
can also be very clearly seen from the expanded impedance 
response of Fig. 6.   

The oscillations evident in Fig. 6 correspond to multiple 
half wavelength resonances of the horn structure, if the 
length is measured along the curve of the horn plates; the 
first resonance occurs at almost exactly the frequency where 
the total plate length is λ/2.  Many of the extremely 
wideband claims found in the literature refer only to the 
impedance bandwidth and neglects the fact the horn radiates 
rather poorly at the lower frequencies. 

The region between 1 and 6 GHz corresponds to the 
resonant part of the horn, where standing waves are formed 
between the horn throat and the aperture. It is similarly 
characterized by fairly rapidly changing gain, and Fig. 7(b) 
shows how the radiation patterns are starting to form.  As 
such, these regions are characteristic of all TEM horns and a 
function of the length of the horn. 

V CONCLUSION 

The proposed horn can be considered to be functional 
above 6 GHz.  Performance beyond 42 GHz will only be 
limited by the practical realization of the structure and the 
ability to construct a balun of sufficient bandwidth. Over 
this entire frequency band, the E- and H-plane patterns are 
almost identical up to the -6 dB points; furthermore, there is 
little variation with frequency beyond about 12 GHz. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 10.  3-D radiation pattern at 36 GHz. 
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