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Abstract

In this paper, we present two new corrugated hortenna designs in circular waveguide. The first ana
converter horn antenna from monomode circular waidegTE; to corrugated waveguide HiEnode in a very efficient way.
The conversion efficiency varies between 98 % 29%.9

The HE: mode has highly desired radiation pattern chanaties for applications like satellite communicats,
radar, remote- sensing, etc, nevertheless, whemetiigrements are more stringent this mode is votdgenough and we
must look for other solution. This one correspotalthe fundamental gaussian beam, which has odisigfeatures, such
as being a free space mode, having high matchfigieeicy with a reflector, no sidelobes, perfeansyetry, etc. The second
horn antenna presented generates very efficiediagfuental gaussian beams at the output (99%-9919#)mportant to say
that the input must look like a gaussian beam, Bn fér instance, which presents a 98.4% of gausséambor similar.

We also show a new design in which we are workiog, consisting in the junction of the two aforert@med
designs. They form an unique horn antenna thattsesuthe Tk; mode, from the fundamental gaussian beam mode.

These components have been analysed using the Matdding and the Generalised Scattering Matrixégues
and the Moment Method as well as the equationd]ind get the far field radiation pattern. Our fiéstnave been checked
against those obtained by other authors.

Introduction

In many applications a complete antenna systeragaired. Basically, it consists on a generatoraasimission
line and finally an antenna. The generator has aom@de waveguide output, typically in rectangulaveguide but
sometimes in circular waveguide. The transmissiioa transports the power from the generator ouiptihe antenna input
using a rectangular or circular waveguide. We aglsume the TE mode as input power working in a circular monomode
waveguide. This mode does not have a good radigidtern and for large number of applications it @t be used as
radiation source. So, it is necessary to transfointo another mode more adequate to radiate.

This mode conversion will take place by using ¢benponent that we present in this paper. This compbuse
corrugated waveguide technology due to its higligmerance, [2] [3] [4] : i.e. the high symmetry, wicbandwidth and
robustness.

With this technology we can think of two possiti#s, the first one is to get an HEnode which is the corrugated
waveguide fundamental mode and the second onegerterate a free space fundamental gaussian bedm mo

The HE; mode has good far field radiation features andbeansed in applications ranging from reflectodfseto
communications, radar, remote-sensing, radio liakspsphere studies,....with very good results.

The fundamental gaussian beam [5] is obtained fi&in mode [6] in order to improve the radiation featur€his
is very useful in critical applications where thighefficiencies and sensibilities are requiredgtrasi-optical transmission
line applications which mirrors are involved thiswid be the only solution because it is necessansé a free space mode
to minimise the transmission losses [7], [8].

In this article, we show in detail the above hamtenna designs and their results. Furthermorelseecomment
on an alternative design in which we are workinth& moment to join the two antennas.

TE,-HE,, Horn Antenna Converter




As we have already mentioned before, this deviaears due to the necessity to obtain a good radigattern
from a monomode circular waveguide ;TE

The chosen profile is defined by two hyperbolag/iich we fix a continuous derivative at the matchplane and
a zero derivative at the output. In this way, we jan it with other devices.

Superimposed to the two hyperbolas we put a seiifapedance adapter to match in adequate way thenidtle
to the HR; mode. This adapter has a corrugation depth vanidgtomA/2 to A/4 (beingA the free space wavelength) in a
length L. This one must be chosen in such way that thé fathus just allows the propagation of the fivhode.

The equations defining the horn profile are tHofaing :
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Figure 1: Horn antenna converter TTEHE;; equations and picture.

a being a value approximately of 1.3 (it can be gmahbetween 1.1 and 1.5) which controls de tapgreslk is the free
space wave number, ahdhe total length which is calculated to achieve d¢brrect output radius (between O\@d 0.83)
obtaining, in this way, approximately the HEhode. This means, there are a lot of possibijitiesl we have to choose the
best one for our particular application.

It is important to remind, that the KiEmode composition changes with the parameterseottirugation: period
(p), depth (d) and duty cycle (w). In our designvee chosen the period equal8 and duty cycle equal to p/2. Then, it
is very difficult to know, simply looking the outpumixture if we are exciting or not an eigenmodetioé corrugation
waveguide. To show that we are exciting a pureugated waveguide eigenmode, one can add a streqghigated
waveguide, in order to see if the field structueeps constant or not along the waveguide. Anotbssipility is to compare
the far field pattern of the output mixture and theoretical HE; mode.

Furthermore, if we inspect equation (1) we cantBaeit depends on the k value, so the desigrtlaadvorking is
completely independent of the chosen frequencyevalu

Now, we show the obtained result from the analgsithis antenna. Firstly, we can see the inpufiéd pattern
(TE11 mode) versus the output one (see figure 2), tipeduements in the radiation pattern are evident.

The conversion efficiency to a kilEmode of the field structure on the horn antenniputuis 98.3%, so we can
affirm that we have obtained a very goodiHBesides, in the far field radiation pattern weé ge excellent characteristics
like very low crosspolarization (-43 dB), no sideds (this is due to the relation between k andusadalues) and very high
symmetry between E and H planes. Another impoffieaiiure is the total length, this one is 2.67 cn67®), so we have
obtained a very good HEmode in a very short length.

In figure 3 we present the field lines of the;TEode and those from the output field structurthefhorn antenna,

as result we can see the horn antenna designmgetscallent lineal polarisation in the output mieuthis is very important
in communications, radar, remote-sensing, low pdesting applications.

TE;; far field pattern Output mixture far field pattern
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Figure 2: Far field radiation pattern of (a) TEnmode and (b) HE mode, obtained at 30 GHz, with 7.9 mm output re@ind
a horn antenna length of 26.7mm.
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Figure 3: Field lines of the (a) input mixture (TEnode) and (b) output mixture.

In figure 4 we represent the bandwidth. To caleuig we have used two different procedures, itts¢ dne consist
on the relation between the frequency and the asiore efficiency to the HE mode and the second one the frequency
versus the reflected power.

We show two different ways to calculate the banitlwibecause the knowledge of the reflected powerois
enough to determine the bandwidth. Also it is viemportant to analyse the conversion efficiencyawse this one must be
larger than 97.5% to think over it like a good jdEode. Inspecting figure 4, we can determine thatttandwidth is about
20% of the working frequency and it is limited tnetconversion efficiency parameter.

As we will see later, this component can be useal as first step to get a fundamental gaussiambbathis case,
the output of this converter does not have to lmessarily a pure HEmode, because it is not the final output of theey,
besides, the second component improves the inpdatiraiobtaining high efficient gaussian beams.

Summarising, we have proved that with this degoed features are achieved, and can be used isaa mumber
of applications requiring low crosspolarizationglhi efficiency, excellent symmetry pattern radiatiand of course a
bandwidth of about 20.
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Figure 4 : Horn Antenna converter TEHE;; bandwidth, related to (a) the conversion efficieand (b) reflected power.

HE,-Fundamental Gaussian Beam ) Antenna.

Nevertheless, sometimes, the iddEode is not good enough for some specific apjdinat For instance, if we
need to improve some horn parameters like the gaereflector efficiency or the matching factoitiwthe free space. In
these cases, a high purity fundamental gaussian t@hbe the preferred choice.

Before beginning to explain the component design,should notice that the fundamental gaussian eanbe
developed as a combination of circular waveguide, BEd TM,, modes. The obtained results are shown in thediduyr
where the mixture of modes depend on the relatetwéen the output radius (R) and the beam weaigtdf the obtained
fundamental gaussian beam.
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Figure 5: Mode mixture of Tk, (a) and TM, (b) necessary to get a fundamental gaussian beam.

These plots are independent of the frequency, isa fiven value for R and, (beam waist) the same amplitude
mode mixtures to get a fundamental gaussian bearalaays defined. Besides, the amplitude mixtutetally independent
of the beam waist position, only a variation in thede phases to obtain the gaussian expansionecaxplected.

Once the theoretical mode mixtures to obtain thedfumental gaussian beam are known, we design thieede
which will produce them. This will be a corrugateorn antenna whose profile (see equation 2 an@)fig.expanded in the
same way that a gaussian beam. This componenthraust with an appropriate gaussian field distidnuti. e., the quasi-
HEi1; mode generated with the mode converter previopsigented. This consideration is not critical, beeathis horn
antenna improves, in an efficient way, the inputtmie, obtaining high efficient fundamental gausdiams. For instance,
if the input mixture is varied between 80-20% a®d19% of Tk, and TM; respectively with a phase difference among 0
and 15 degrees the conversion to a fundamentasigauiseam is always bigger than 99%.
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where g is the input radius) is the free space wavelength amglis the beam waist for the desired fundamental gjans
beam.

The profile and the corrugation depth of this hare presented in figure 6, wheg< A/3, d =A/4 and
w=p/2.

With this profile, figure 5 power mixture and pkasare automatically generate to get a fundameyatasian
beam, then, we can select the desired total lef@thy some little variations in the total efficignconversion (existing an
optimal value) and the antenna gain are obtained.

Analysing the output mixture versus the real fundatal gaussian beam, we can absolutely deteriépdsition
of the beam waist (which defines phase centre)thadeam waist valuey) of the generated fundamental gaussian beam.
Furthermore, looking for the relation output radiedue (R) and obtained beam waisk)(in figure 5, the difference
between practise and theoretical results can berobd.
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Figure 6: HE;; mode to fundamental gaussian beam horn antenfigepro

The far field radiation pattern obtained with thiern antenna taking as input is the previous;ttbde (see figure
2) are shown in the following picture. The usedgtlris 100mm, the output radius 41mm and the frequ80GHz.
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Figure 7: Far field radiation pattern (a) of the JHHEIE;; mode antenna converter together the fundamenteisgen beam
and (b) HE;-fundamental gaussian beam antenna together thiinelamental gaussian beam.

We can see the conversion efficiency to the furatged gaussian beam improvement of the output maxtn (a)
is only 97.5% (we can see in the figure 7(a) tHedince between the E and H planes and the funaaimgaussian beam)
and the gain 13dB, if we join the second compottemefficiency is increased until 99.86% (see fggudr(b) high similitude
between the horn antenna output mixture and theéafunental gaussian beam) and the gain until 22dBveSbave obtained
a highly gaussian structure at the output mixtueey useful for stringent applications.



Also, as results we present two graphics wherdémelwidth can be determined. As in the above@®ciin figure
8 (a), we see the relation between the frequendytla® gaussian conversion efficiency, and in 8tide) relation with the
reflected power. This figure has been obtainedguai horn antenna working at 30 GHz, with 19.75nfiimput radius and
with a value of 0.58 over a length of 200mm.
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Figure 8 : Bandwidth in function of (a) conversion efficinto a fundamental gaussian beam and (b) reflquecer .

As conclusions of figure 8, we can say the compbigemore limited on low frequencies than on higiyuencies
obtaining a wide bandwidth (50% around central dextry).

Summarising, with this type of horn antenna weehiawroved the gaussian conversion efficiency simemetry is
very high and the bandwidth is excellent (biggemt’50%), so this one can be used in very hard mimgjent applications.

Future Working Lines

Nowadays, we are working with a new type of coated horn antenna, this one is the result of jairifre two
ideas presented above, and consists on generaérfigridamental gaussian beam directly from the fiede.

The equation that defines the profile is the straein the above section (the gaussian propagagemequation 2)
but now the difference is in the value. In this case, it has to be bigger, in thigy, the horn antenna aperture velocity is
slower, so we can control the mode conversion batwibe Tk and the HEmode. Of course, we also have to use the
impedance adapter.

With this type of horn antenna we will obtain sleordevices than in the case of joining the twoviones single
components, but the total gaussian conversioniefity will decrease a little bit.

Firstly results we show the far field radiatiorttpen (see figure 9) and bandwidth studies varyireggcorrugation
period (see figure 8). This variation is done ieside impedance adapter, changing the corrugatipnaycle between 7p/8
and p/2 (p is the corrugation period) on the addptegth (L).

Analysing the radiation pattern, in figure 9, vancsee the gaussian beam versus the horn antetma oixture
pattern, the conversion efficiency is 98.3% (obitajna fundamental gaussian beam with a beam wéiei, 0.53Rout
placed 15mm inside of antenna throat). The refteptawver is -50 dB, and the crosspolarization isaurd0dB. These values
change in function of the case under study. Fomgka working at 8 GHz and using anvalue of 0.8 we have obtained a
conversion efficiency of 99.3%, crosspolarizatiower -42dB and directivity about 14.8 dB.
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Figure 9: Far field pattern obtained with anvalue of 1.8, working frequency 90 GHz, an outadius of 9.2 mm and a
length of 43mm.

Now, in figure 10, a comparison between changingai the corrugation period is presented. We aealy case
with duty cycle constant and equal to p/2 and agrottase in which varies between 7p/8 and p/2 duairgngth L
maintaining the last value on the rest of componéfe will call them case 1 and case 2 respectively.
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Figure 10: Reflected power and crosspolarization on twéed#t cases of impedance adapter inside horn mat&ase 1 :
fixed period, and case 2 variable period.

As results, we can say that, in general, the kliperiod works better than the fixed one to getde bandwidth.



Conclusion

We have shown two different components to genexdte;; and a fundamental gaussian beam mode respectively
in a very efficient way. These components are viidny frequency obtaining a very good resulthwtiort length such in
radiation features like in bandwidth.

Also, we have presented our new developments atmutigated horn antennas, to get directly a furshdah
gaussian beam from monomode circular waveguide. TWith the first results, we can say the componeatks in a
efficient way, and it is an alternative electiorfumction of necessities in our applications.

Finally, all these components have been succéssfimhulated using the mode matching and scatteniadrix
techniques and the Moment Method
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