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This report describes the developz=nt of two very brosdband horn aztennas
usicg double=-ridged waveguide technisues. The first design accomplished was
that ¢f a feed horn to be used to illuminate a six-foot parabciic reflector
over the frequency range fiom 1 &z to 12 GHz. Pattern data show that the
bearnwidth of this horn design repidiy becomes narrower than would normally be
cousidered accertable for that purpose. However, that wvas considered tec be
useful I-r tne intended application since it was required that the half-pover
beamwidth from the six-foot parsbols not becume less thau two degrees. That
indicates that only sbout one half of the reflector should be i{lluminated =-
the urper frequency limit.

The second development consisted of desiagning a larger horn with a nom-~
inal gain of approximately 15 db end with a significant requirement that the
gain veariaticn be held to a minisum over the frequency range. The technique
used to reduce the gain variation cousisted of using relativeiy large T ure
angles to introduce increasingly greater phase error with increasing fre-
guency snd thus reduce the aperture efficleucy.

Electrical performence characteristics are presented for the two norn

designs as well as data measured with the feed horn illuminating a six~foot
parabolic reflector.
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BROADBAKD HORNS

INTRODUCTION

Qver the past several years, perscnnel of this Laboratory have been en=
gaged in the development of Iarious broadband horn antennas using double=-
ridged waveguide techniques.™ The very early work, for countermeasures
spplications, began more than s decade ago and resulted in the development of
several feed horns which exhibited bancwidths of sliightly more than three to
one. Duriug that effort, the possibility of achieving greatly increased
bandwidth was recoguized but little additional work was done for a period ot
=~me gix years. Incresased bandwidth requirements, for radio frequency inter=-
ference measurements, revived the program and resulted in the design of a
feed horn having & six-to-gne tandwidth; covering the frequency range from
1.8 @z to 10.8 @z. That horn was used to illuminate a four-foot parabolic
reflector which served as an interim high-gain antenna.

Since it was still the goal to cover the entire frequency renge from
1 GHz to 12 (Hz with a single antenna, additional effort was directed toward
further increasing the bandwidth. This more recent work, alsoc for RFI appli-
cation, has resulted in achieving bandwidths in excess of twelve to one for
tvo horn designs to meet separate sets of requirements in the 1 GHz to 12 (H:z
frequency range.

The first design accomplished was that of & feed horn to be used te
illuminate a six~foot parabolic reflector for high-gain applications. In
addition to the high-gain antenna, the nee”’ existed for & moderate=-gain an=
tenna with a minimum of gain variation over the bhand of interest.

DESCRIPTION (Broadband Feed Horn)

The broadband feed norn (Figure 1) consists of a short section (about

1.5 inches) of S-band wvaveguide with inner dimensions of 2.84 inches by 1.34
inches. Tapered inserts ar~ used to reduce the width of the waveguide from
2.84 inches to 1.39 inches in the region from the ceunter line of the coaxial
input feed point to a shorting plate which is 0.325 inches away (to the left
in Figure 1). The width increases from 1.39 inches at the feed point to the
fuil guide width of 2.84 inches at the waveguide-hors junction which is ax-
ially one inch away {to the right in Figure 1). The height of the waveguide
remains constant at 1.34 inches throughout.

The tapered section of the horn hus en axi:-: length of 12 inches. The
inside dimensions increase from 2.84 inches by .34 inches at the throat to
7.5 inches in the H-plane by 5.2 inches in the E-plane at the aperture. The
ridges are fabricated of 0.375-inch thick sluminum plate and are dimensioned
s0 that the spacing between them increases logarithmically frow 0.050 inches
at the waveguilde-horn junction to 5.2 inches st the aperture plane of the
[¥ahe ¢ 1Y




Figure Z 18 a photograph of the development model. Figure 3 is the zreph from
which the ridge curvature vag determined. The X-coordisates are azial dis~
tances weasured along the center line of the antenna with X = U baing lesoisd
at the plane of the waveguide~horn lunction. The Y-cocrdinatee are perpendi~
cular distances from the ceuter line of the antenna tc the ridge surface. is
indicated on the grsph, au eddit.ional linear taper i{s superimposed oun the
logaritomic curve.

MRASURED CEARACTERISTICS {Broadband Feed Horn)

The electrical performance characteristics of the broadband feed horn
vere determibed by messuriog VBWR, radisticn patterns; «nd gain ~ver the 1 GEz
to 12 (Hz frequency rsnge.

™iring the early stages of the develicpzent, an attempt was made to limit
the axial length of the iccu awrn to six imchesr. VEWR readings wevre found ¢
be somewhat higher than desired 1n the 1 &z to 2 Az range. tao .igis SGLGED
wele thought to be due tc the short length of the transition snd therefore
the axial length wos gradueliy iacreased to twelve inches in an attempt to
improve the perforwance in that reginc. Near the end of the development of
the longer model, it was determined that addition of & small linear taper
superimposed on the logarithmic curve provided s substantial improveasut 1p
the VBWR at the lower end ¢f the band spnd had little effect slgevhere. The
ancwmt of additional lineur taper has varied for different horn configura~
tions and was found to be O.008X ‘nches for opiimum results in this Aesign.
VSWR measurements also revealed a very high pesk (grester thsn seven to ane)
at 8.8 GHz. Two small metal pins, waking contact with Lie bsck shorting plate
and approximateiy the center of the back edge of each ridge, wers used %o
effectively suppress the very high reflectior. The exact reason for the high
VSWR was not determined. It was mouet likely due to modiug or a resonante
effext in the back cavity since 11 is quite large in terms of wavelength at
the frequency of peak VSWR. Tbe pins ternd to increase the VBWR slightly st
the lower end of the frequency rsnge but not enough <t be of any concern.
Figure 28 shows the VBWR und gain as measured on the development model.
Figures 4 through 27 are typical E- and H-plane patterns plotted on & rels-
tive voitage scale. It can readily be seen that the beamwidth of the horn
rapidly becomes narrover than would normally be considered appropriste for
{lluminating a parabolic reflector with a focal length-to-dismeter ratio of
one half. Tha! was not considercd t¢ be detrimental for ihe intended appli-
cation since it was required tha. the half-power besmwi..ch of the high-gmin
antenns not become less than two degrees at the upper eud of the frequency {
range. From that point of view, approximately oue hall of the parabola
should be illuminated at 12 (z.

MERASURED CFARACTERISTICS {b~Fuot Purabols - Broadband Peed Horn)

lu order te wmeet the requirements for a broadband, high~gein antenna the
norp was used Lo illuminate s gix-foot paraboliec reflecteor with s focoal
length to diameter ratio of one half. The feed position along the focal axis
was first optimized for cperation in the mid-band regicr around 5 Ez. Pat-
tern measurements with the feed at that j.cation showed main lobe aplitting
above 10 (. The feed was then repositicned along the axis to a point which
gave best results at 1 GH:. That positi. produced usable pattern dats over
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the entire 1 GHz to 12 (Hz frequency range and appeared to be the dbest com-
{ rroaise available. Tnis final Jocaticn resulted in having the aperture plane
0f the feed horn siightly more than three inchesa inside the focal point of the
parabola. The same horn design was later used in another application vhere
the frequency range of interest was limited tc the 1 GHz to 2 GHz band. Opti-~
mizing the focal position for tbat range resulted in having the aperture plane
4 of the horn located at the focus of the parabola. This gives an indicaticn of
how the location of the phase center of this horn de .ign changes over such a
large frequency range. That is not surprising considering thet the size of
+he horn is such that it represents little more than an onen-~ended waveguide
pt 1 (Hz but is a rather long horn with a relatively large aperture at the
higher frequencies.

Figures 29 through 42 are representative E- and H-plaane patterns over the
range of interest. The patterns from 4 GHz to 12 Gz show far-out side lobes
and/or back lobes. These are due to various sources of reflection which were ‘
present on an improvised range being used at the time to meet the distance
requirement in that frequency range. The patterms at 1 (Hz and 2 @z were
measured on another range which did not have that problem. The largz smount
of spillover apparent on Figure 29 is due to the very wide beamwidth ot the f
E-plane pattern of the feed horn (Figure 4). Although the broadbend horn pat-
terns narrow considaerably in the upper pordon of the band, it can be seen 1
that the half-power beamwidth of the high-gain antenns has not been maintained
at two degrees or more at some of the higher frequencies. Figure 43 shows the
side~lcbe leveli and gain over the frequency range. The gain curve includes
the loss incurred in using a 4.5-foot length of RGIB/U feed cable as well as
losses due to the non-optimum location of the rhase center of the feed horn at
various freguencies.

DESCRIPTION (Moderate-Cain Horn)

In addition to “he high-gain antenns just described, a recuirement also
existed for & moderate-gain antenna (cu the order of 15 éb) with the gain
variation over the band held to & minirmm. From an azerture point of view,
assuning & constant aperture distribution over the twelve-to-one band; the
gain veriation wouvld be approxivately 21.6 db. 1In the case of horn antennas
constant gperture distribution is not the case since phage error increases
with increasing frequency. That is, for optimum resuits® in horns with rel- J
t+ively laige apertures, long axinl lengths with samnll laxe angles nre re-
quired. The approach used here tc minimize the gain variation was the use of
ratter large flare englea. That introduces increasingly greater phase error
ac 88 the aperture as frequency is incressed and results in iowered aperture
e“ficiency in the upper portion of the band. Based cn observation of pattern
performance of various double-ridged horns, it appeared that perhaps the lar-
ger flare angles could be utilized without experiencing the pattern deterio-
1ation observed in ordinary p, dal horng: particularly ir the E-plane.
Another very broadband antenna- has heen developed based on the above obser-
vation and the fact that .t was noted during the develornent of the moderate-
¢sin horn that the VSWR was not greatly affected when the horn sides were
removed.

The moderate-gain horn (Figure bb4) consists of a short section (about 1.5
‘nckes) of double-ridged weveguide with a ccaxial input. The waveguide at the
feed point is 1.4 incheo. wide by 0.872 lnches high. That cross section is

3




maintained for « *istance of 0.325 inches back to a shorting plate (to the left
in ¥igwe k), Tt is ioteresting to note that both the cross sectico of the
launcber and thez lergth of the back cavity are extremely sanil, with the

length of the cavity being about an order of magnitude shorter than usual for
operation at tbhe lov end of the frequency rengs. The size of the cavity in-
creases from 1.4 inchee by 0.(72 inches at the feed point to 3.4 inches by
2.616 inches at the waveguide-horn junction which is one inch frca the feed
point (to the right in Figure 4k4). The horn section bas an axial length of

18 inches and an aperture of 15 inches in the H-plane by 12 inches in the R~
plane. The distance between the ridge surfaces increeases from 0.050

at the waveguide-horn juncticn to 12 inches at the aperture plane of
Figure 45 is a photograph of the development model. PFigure 46 is the grsph
from wvhich the ridge cuzvature wvas determined. Noce that in this des
aoount of additional linear taper is 0.0llX inches yather than 0.008X

&3 was the case Tor the feed horm.

]
E

MEASURED CHARACTERISTICS {(Moderate-Gain Horm)

The initisl modei fabricated for this development utilized the S-band
waveguide launcher described earlier for the feed horn. Preliminary pettert
measurements indicated pattern deterioration Gbove 10 (Hz. Investigation of
this problem pointed to the waveguide launcher as being a msjor source of the
trouble and led to & complete redesigun. The waveguide lawmicher just dascribed
permitted operation to 12 (Hz. The reduced height of the cavity also elimi~
nated th'- need for the mode-suppressing pins ws required in tbhe broafband feed
born.

Typical B- and H-plane radiation patterms, plotted on & relative voltage
scale, are shown in Pigures &7 through 70. Figure 71 shows the VBWR and sain
over the 1 GHz to 12 GHz bend. As can be seea from the gain curve, tie vari-
ation is approximately seven db over tha twelve-~to-one frequsncy range. It
is interesting to compare the gain curves for tbhe feedi horn and the mndorats-
éain horn (Figures 28 and 71). Although the aperture ares of the moderate-
éain horn is more than four times that of the feed bornm, the maximum geins
are about equal: indicating thaot =ome aeasure of guccess has been achicved
in reduction in aperture efficiency On the other hand, at lower frequencies,
where the phsse error is lsss savere, the moderzte-gaia horm shows a substan-
tiel increase in gain over the feed horn.

COXCLUBIONS

Two very broadband horn designs have been accomplished. Both cover the
frequency range from 1 GHz to 12 GHz and have performance chersctoristics
which are acceptable for the intended applications. For many ,urposes the
feed horn beamwidth rapidly becomes narrower than would ugually be considerwd
acceptable. In addition, there is a significant shift in the location of the
Phase center of the horn over the frequency range. That leads :o losses w*
are due to the fact that the focal position chosen represents a compromir
The moderate-gain horn was made to operate over the twelve-to-one band b 2=
design of the waveguide launcher. The gain variation was heid to approx
mately 7 db by using relatively large horn sngles sc that the locreasing orase
error over the band reduced the aperturc efficiency at higher frequencies.




As stated earlier in the report, it wvas found that a small linear Liper
superimposed on the logarithmic ridge curve tended to give a gubstartial ‘m-
provemant in VBWR in the first octave of the bandvwidtL. This led to the
thought that the axial length of the feed horn could be reduced. That was
found to be 80 in a m0del with an axial length of six laches.

It is wow felt that the problems of narrowing beamv:.dth and shifting phsse
center associated witk the feed horn can be allevisted to some extent by the
short axial length design. It also appears likely that the gain variation of
the moderste-gain horn can be further reduced for applications requiring aore
nearly constsnt gain.

In addition to the above possibilities, otber developments based or: the
six-inch axial length design have been mccomplished. These are to de the
wibject of a future report.
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