Chapter 6

Feeds for Parabolic Dish Antennas
Paul Wade W1GHZ ©1998,1999

Section 6.7 Other feeds

The feeds in this chapter are those that don't fit in any of the other categories. One thing they seem
to have in common is a lack of design methodology: no explanation is given for why they should

work, so there is no way of telling how the dimensions given were derived. In most cases, the dimen-
sions were arrived at empirically, but performance data is sketchy or nonexistent, so we can't tell if
some of these feeds really work. Where possible, | N&P? computer modeling for the feeds, but

some of the arcane topologies make modeling very difficult. For those feeds, I include published data
where available. Finally, for the popular “Penny” feed, data was not available and good modeling
seemed unlikely, so | built one and measured the pattern.

6.7.1 Clavin Feed

A feed described by Clavim 1974 is a cavity antenna fed by a resonant slot. Probes on either side

of the slot excite th&M waveguide mode in addition to the domin&dBt mode to broaden the

E-plane pattern to matéh the H-plane — this is a dual-mode feed. THe feed is physically small and
can be built with hand tools; Figure 6.7-1 is a photograph of a 10 GHz version that | made from a
1-inch copper plumbing pipe cap. Dimensions are shown in Figure 6.7-2, and a photograph of a 5760
MHz version made by K1DPP is shown in Figure 6.7-3. The resonant slot makes this feed rather
narrowband — if you are building one, make the slot slightly
short and file it for good VSWR.

I've used the Clavin feeds successfully on small dishes at 10
GHZ and 5760 MHZ Figure 6.7-4 is a plot of Clavin’s
original published data, with best efficiency atdharound
0.351t0 0.4. Peak efficiency is not as high as some other feql
However, on small dishes the efficiency of the better feeds
would be reduced by feed blockage. | measusaeh effi-
ciency on an 18-inch dish wittD = 0.42.
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Clavin Feed (1974) from published data
Figure 6.7-4

N1BWT 1997

90

80

70

60

50

40

30

20

10

0dB| -

H-plane

Dish diameter =9 A

Feed diameter = 0.88 A

Parabolic Dish f/D

— MAX [Possible Efficiency AFTER|LOSSES:
REAL|{WORLD at least 15% lower

........ Sp|||over

L 1dB
N
\ . ““‘ i 2 dB
\;\ 3dB
\

- 4dB

X N
] 5 dB
| 6dB
7 dB
L 8dB

I : I 1
0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9



1 |[NCH COPFER FIFE CAF, CUT DOWN

J

——

Jfﬁ 4 WIRE

WH-00 1

WANCGUIDE M
—
j —————
n.185
I".|=
Oo.za0 k_ SLOT 0.3 X ©.08
_ 0323 DIMENSIONS IN INGHES
Figure 6.7-2

Only the amplitude data was published for this feed, an
it would be difficult to model for NEC2 calculation.

Thus, the calculated efficiency in Figure 6.7-4 does not§
account for possible phase error.

6.7.2 Backward or rear feeds L. ' Figure 6.7-3

An enticing way to feed a conventional dish is with a waveguide through the center of the dish. The
waveguide is both feedline and feed support. There are a few feeds that radiate backwards, along the
incoming waveguide toward the reflector. We shall refer to these as back-

ward or rear feeds. A backward feed providing good performance would be

an ideal solution.

A popular backward feed in Britain is tALN “Penny” feed?*, shown in

Figure 6.7-5a. It consists of an old (pre-decimalisation) English penny sol-
dered to the end of a waveguide, with slots in the broad walls of the
waveguide. | built one to test in 1995; the only English coin | had of the right
diameter was ten new pence rather than an old penny (Scots must be aghast!),
but silver should work at least as well as copper. The feed, shown close up in
Figure 6.7-5Db, is easy to build and has good VSWR, so it is easy to see why it
is popular.




On an antenna range, we meastieedisappoint-
ing efficiency of 41.5% feeding a 25-inch dish with
f/D = 0.45. Since no radiation patterns have been
published and modeling would be difficult, |
measured the E- and H-plane patterns at 10.368
GHz. These are plotted in Figure 6.7-6, with
mediocre efficiency peaking at 8D around 0.25
and falling off significantly for the measurement
dishf/D of 0.45. Since only amplitude data was
measured, the calculated efficiency does not
include phase error. However, for very deep
dishes withf/D ~ 0.25, the Penny feed might be a
reasonable choice since there aren’t many feeds
that provide better efficiency. A better choice
would be a shallower dish!

Other variationson the Penny feed have been
described, with the round penny replaced with
various shapes of metal with sundry bends, but
these probably don’t change the performance
greatly.

Clavin described another feed in 19%/hich appears to be a dipole projecting through the broad

sides of a waveguide, with a cavity reflector at the end of the waveguide so that the radiation is
backwards along the incoming waveguide. The plot of the published radiation pattern in Figure 6.7-7
shows lower efficiency than the 1974 version in Figure 6.7-4.

The1954 Clavin feeds described as a significant improvement on those World War Il vintage feed
designs found in the old books (unfortunately, some newer books keep copying them). One type of
vintage feedlhas a flat metal projecting from the end of an open rectangular waveguide. The strip is
the full width of the waveguide and is centered in the narrow dimension. A stubby dipole and reflec-
tor are centered in the flat metal strip, so it looks like a two-element Yagi with a flattened boom
pointing back past the waveguide mouth toward the dish. In operation, the dipole is excited by
radiation from the open waveguide, but it is hard to imagine that it would work well.

Other types of vintage feeds have some sort of cavity at the end of the waveguide with slots facing
the reflector. One variation, which | has been referred td@ilaox” feed , is sold byProcon® for

10 GHz, with a claimed 27 dBd gain on a 480 mm dish, which works out to about 30% efficiency.
This probably qualifies as truth-in-advertising, a rare commaodity in antenna advertising.
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G4ALN Penny Feed measured at 10.368 GHz
Figure 6.7-6
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Waveguide Dipole with Cavity Reflector (Clavin 1954)
Figure 6.7-7
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TheRSGB Microwave Manual, Volumel8scribes amdirect rear feed” with a flat disc

subreflector partway between the reflector and the focus, illuminated by a horn fed through the center
of the dish. The illustrated geometry is such that the illumination angles for the dish and the disc
subreflector coincide, so that the reflected feedhorn is a mirror image of the direct feed. When the
indirect feed geometry is sketched out using geometric ray-tracing, a common optical technique
illustrated in Figure 6.7-8, it looks like it should work.

| made arNEC2 model of the indirect feed using a 2 diameter disc subreflector illuminated by a
conical horn of 1.8 diameter. First, | calculated the radiation pattern of the horn as a direct primary
feed. Figure 6.7-9 shows this horn to provide very good efficiendyDaround 0.5. The phase

center is 0.05 inside the center of the aperture — information necessary for positioning the indirect
feed horn and subreflector. Then | ubdeIC2 to calculate the radiation pattern for the indirect feed,
as shown in Figure 6.7-10. The results are not good, with large spillover loss due to poor front-to-
back ratio and large sidelobes.

6.7.3 Diffraction

A rule-of-thumb is that ray optics do not work well for reflector dimensions less thandt@to
diffraction. Figure 6.7-11 adds some diffraction effects to the indirect feed geometry, shown in red.
Diffraction occurs at every edge and results in energy scattering around the edge in all directions.
The significant edge in this case is the perimeter of the subreflector, which is illuminated with a
significant energy level.

When seen from the far-field, the horn appears to radiate from a single phase center; mirror reflec-
tions from the subreflector and parabolic reflector still appear to come from the phase center. How-
ever, the subreflector edge not a reflector; since it is very close to the horn, not in the far field, the
horn radiation is a broad curved wavefront. Figure 6.7-11 shows how the subreflector edge is a
varying distance from different parts of this curved wavefront, so that the edge illumination is not of
constant phase. As a result, the diffracted radiation scattered from the edge will have peaks and
valleys at different angles, adding sidelobes to the pattern. One additional factor is the spillover
that misses both reflectors and contributes to the sidelobes.

How can we quantify the effects of diffraction? The mathematics appear rather difficult, more than
| care to tackle at the moment. However, a couple of antenna®bbdésliscuss diffraction loss in
Cassegrain antennas with small subreflectors; the Cassegrain uses a hyperbolic subreflector. Dif-
fraction losses for small flat disk subreflectors should be in the same ballpark. The two books have
slightly different numbers, so | have plotted both in Figure 6.7-12. The blue curve shows a diffrac-
tion loss of almost 5 dB for the A.dliameter subreflector of Figure 6.7-10; using the right hand

scale on the efficiency plot, we can see that the indirect feed efficiency is roughly 5 dB lower than
the direct feed in Figure 6.7-9.
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Feed Radiation Pattern

Conical horn feed, 1.3l diameter, 60 deg flare, by NEC2
Figure 6.7-9
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RSGB indirect rear feed, 2.4\ dia disk subreflector, by NEC2
Figure6.7-10
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Subreflector Diffraction Loss
. Figure 6.7-12
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It might occur to you to ask how the dipole-splasher feed in Figure 6.2-2 works well with
areflector diameter of only ¥4 . The answer isthat a the splasher is a parasitic element
like the reflector of the 2-element Yagi feed in Figure 6.2-1 —the elements are tightly
coupled to the dipole and shape the field to affect the radiation pattern. The reflector
and subreflector of a dish antenna function like mirrors and suffer from diffraction when
they are small in terms of wavelengths.

6.7.4 Backward or rear feeds continued

If diffraction lossisincreases for small subreflectors, then larger subreflectors should
work better. | tried increasing the subreflector disc diameter in steps, adjusting other
dimensions appropriately, to 3.1l , before NEC2 ran out of memory. The larger discs
provide a small improvement in efficiency, shown in Figure 6.7-13, but it is still far
worse than the same horn used as a direct feed. Varying the other dimensions affected
the f/D for best efficiency, but didn’t improve the efficiency — the diffraction loss is till
large.

Shortly thereafter, my new employer provided me with afaster PC with more memory: a
500 MHz Pentium 3 with 128 Megabytes of RAM. Since it often sitsidle overnight, |
gave it some work: larger subreflectors. A 3.8 diameter subreflector shows dlightly
better efficiency in Figure 6.7-14, but even larger subreflectors do not. The 4.8 diameter
subreflector in Figure 6.7-15 and the 5.6] diameter subreflector in Figure 6.7-16 have
decreasing calculated efficiencies. Closer examination of the plots shows why: the feed
blockage due to the larger subreflectors is lowering the efficiency. Recalculating the



RSGB indirect rear feed, 3.1\ dia disk subreflector, by NEC2
Figure 6.7-13
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RSGB indirect rear feed, 3.8\ diadisk subreflector, by NEC2

Figure6.7-14
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RSGB indirect rear feed, 4.8\ diadisk subreflector, by NEC2

Figure6.7-15
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RSGB indirect rear feed, 5.6\ dia disk subreflector, by NEC2

Figure6.7-16
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5.6\ diameter subreflector with a veryd@ main reflector raises the calculatéficeency to around
40%, still far lower than provided by a direct feed.

At this point,NEC2 was again running out of menypso lager subreflectors were not considered.
Also, the 5.8 diameter pattern took over an hour to calculate. Glead are pushing the limits of
computer simulation with tod&yhardware, and should remember that simulation is only an approxi-
mation. The real point is that it doésmake sense to use an inefficient feed omgeldish.

Another alternative is to hammer the subreflector disc into a hyperbolic shape and make a true
Cassegrain antenfa This works well for large antennas, as we shall see in Section 6.10, but small
reflectors will still suffer from significant ffraction loss. One analy$isuggested that a Cassegrain
antenna must have a minimum diameter of, %@th a subreflector diameter of 2(efore the

efficiency is higher than an equivalent dish with a primary feed.

There are other rear feeds using small subreflectors DKRV?*3 described aircular
waveguiderear feal, with a small disk subreflector illuminated by an open circular waveguide. The
radiation pattern calculated B¥EC2, in Figure 6.7-17, is rather ygl The H-plane pattern shows a
regular sidelobe pattern agfdacted energy from the edge of the disk adds and cancels, and a poor
front-to-back ratio. The disk diameter is 30 mm, barely one wavelengthRDKroved this feed

by enlaging the disk to 60 mm and adding a 7 mm high rim toward the refldctéigure 6.7-18,

the radiation pattern calculated B§C2 is improved somewhat, but the front-to-back ratio is still

low due to difraction around the edges.

The DKZRV feeds require complicatddEC2 models and rather long run times, so | did not try to
optimize them. There is probably a more optimum combination of feed position and disk spacing,
since the measureffieiencies reported by DKRV are better than the calculated values. Howeve

at 35% efficiency for the plain disk version and 40% for the improved version, these are still low-
performance feeds.

6.7.5 Summary i

What the backward feeds seem to have i
common is low performance — we are
paying a price for convenience. The feed
will appear to be working, since the dish
will provide a sharp pattern and good gai
— it’s just that the gain is 3 or more dB
below what is achievable with a good
feed.Without measurements;steasy to
be fooled. In this league, the Penny feed
is a stellar perfornrebut there are many
superior primary feeds.

If a rear-fed antenna is important, a plain
horn antenna can easily and reproducibly

Figure 6.7-19



DK2RYV circular waveguiderear feed with 30 mm disk, by NEC2

Figure 6.7-17
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DK2RYV circular waveguiderear feed, 60mm with rim, by NEC2

Figure 6.7-18
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provide gain of 20 to 25 dBi, as much as a small dish with a rear feed, and the horn is no more un-
wieldy. For gain higher than a horn alone can easily provide, a dish with a higher performance feed is
required — or a muchiger dish with the poor feedfo feed the dish from behind, a “shepherd

crook” arrangement may be used with the higher performance feedhorn. The version in Figure 6.7-19
made by N2LI\** uses copper water pipe as circular waveguide, formed into a shieptreak as

described byVAGEXV ™. Occasionally a formed J-bend in rectangular waveguide may be located as
surplus, but the waveguide need not pass through the center of the dish — KB1VC simply runs
waveguide over the top of the dish, as shown in Figure 6.7-20.

Finally, if the waveguide bends seem like too much plumbing, ordinary semi-rigid coax may be used.
A %2 meter length of RG-141 is plenty for a small dish, and has roughly one dB of loss, a much
smaller penalty than the 3 to 5 dB penalty incurred by the backward feeds. For larger dishes, you
would be crazy to use an ffieient feed when a smaller dish with a good feed can provide the same
gain!

Better still is an tiset dish — since the feed is not in the main beam, the electronics can be right next
to the feed for minimal loss.
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