Chapter 6
Feeds for Parabolic Dish Antennas
Paul Wade W1GHZ © 1994,1997,1998,1999

Section 6.2 — Dipole and Wire Feeds

6.2.1 — Dipole feeds

One of the simplest and most popular antennas is the half-wave dipole, so it is not surprising that it
was one of the earliedeed antennas for a parabolic dish. A dipole antenna has a simple radiation
pattern that most hams are familiar with — in free space, it looks like a donut with the dipole through
the hole. Ifitis near ground or a reflector, the pattern in the plane perpendicular to theHdipole (
plane) is distorted to emphasize radiation away from the reflector. The distance between the dipole
and reflector influences the shape of the radiation in this plane, while the shape of the radiation in a
plane parallel to the dipol&{plane) does not change significantly. Thus the pattern might be ad-
justed somewhat by varying the reflector spacing.

Figure 6.2-1 shows thadiation pattern calculated usiNg:C2 for a dipole with a simple rod reflec-

tor spaced 0.24 which can also be described as a 2-element Yagi-Uda antenna. The radiation
patterns in thél-plane is much broader than tBeplane, and the front-to-ratio is poor, only about

10 dB. These two factors result in the mediocre efficiency shown in the lower plot in Figure 6.2-1; a
calculated dish efficiency of about 66% would probably result in about 50% efficiency in practice.
We can also see that the dipole feed is better for very deep dishes, wiibla@stind 0.25. The
calculated phase center is (\d&hind the dipole (toward the reflector). An intuitive phase center
would be at the center of the dipole, which is close enough so that the error is small.

A version of the dipole feed that is frequently seen has a round disc reflector rather than a simple rod.
Does this make the radiation pattern more symmetrical? Figure 6.2-2, for the version described in the
RSGBMicrowave Handbodk shows almost no difference from the version with the rod reflector.

The small difference is due to a different reflector spacing, @aBher than the shape of the reflector.

The calculated phase center is @.b&hind the dipole, not far from the published starting point of
halfway between dipole and reflector.

However, increasing the size of the reflector will affect the radiation pattern. A dipole feed spaced
0.25\ from a larger reflector, 1.25square, is plotted in Figure 6.2-3. The larger reflector narrows
the pattern, so beBD is around 0.35 to 0.4, and the front-to-back ratio is improved, raising the
efficiency slightly. However, thE- andH- plane patterns are still not symmetrical. An unexpected



Dipolewith rod reflector spaced 0.24A, by NEC2
Figure 6.2-1

90
D 675
2 45

22.5 I
: [

—F-plane

— H-plane

0dB

-/

-67.5

Feed Phase A

Feed Radiation Pattern

0 10 20 30 40 50 60 70 80 90

Rotation Angle around specified

Dish diameter =10\ Feed diameter =1 A Phase Center = 0.06 A behind dipole

— MAX [Possible Efficiency with Phase grror
% -+ MAX [Efficiency|without phaseerror| AFTER[LOSSES:
REAL WORLD at lgast 15% lower
< 0t ] Spillover
>, [ 1dB
i e J
S 70
= \ L 2dB
[
5 60 N
ﬁ 50 \\ 3dB
© 40 —= - 4dB
O 3 N -5 dB
© TN
ES B “~.--~ -6 dB
A 20 == —~ 1748
L8 dB
10
0.25 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Parabolic Dish f/D
W1GHZ 1998



RSGB dipole-splashplate feed, by NEC2
Figure 6.2-2
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Feed Radiation Pattern

0dB

Dipole over 1.25A squarereflector, by NEC2
Figure 6.2-3
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result is the calculated phase center, ®l2ghind the dipole, or just above the reflector.

Another technique for improving a dipole feed was desctibgdV1YLV and KB1QV. They bent the

dipole into av-shape toward the rod reflector to improve the symmetry by broadenikeptlaae

pattern, usindMININEC to model the result.  This feed was used with a 12-foot TVRO dish with

f/ID = 0.3 for EME at 432 MHz. The radiation pattern calculated USEEG2 is plotted in Figure

6.2-4, showing a small improvement in efficiency for very deep dishes. The calculated phase center is
0.11A behind the center of the dipole.

In summary, simple dipole feeds can provide reasonable performance with very deep dishes, which are
difficult to feed effectively. However, it is difficult to make a dipole at the higher microwave frequen-
cies which is not buried in the supporting structure, so a dipole should only be considered for UHF

and lower microwave frequencies. Most dishes at these frequencies are electrically small, so the small
size of the dipole feed helps reduce loss due to feed blockage.

6.2.2 — EIA dual-dipole feeds

All of the single dipole feeds above have the same basic weaknesdH-plhee pattern is much

broader than thE-plane. One solution is to narrow tHeplane pattern by adding a second dipole,
parallel and in-phase with the first. One implementatdhis is based on the EIA standard-gain
reference antenhawith two dipoles a half-wave apart spa@edl above a one-wavelength square
ground plane; the dipoles are supportedMystubs of heavy open-wire feedline. Variations of this
feed have been used for many of the UHF and lower microwave bands. An example | built for 1296
MHz is shown in Figure 6.2-5, the photograph below.

The radiation pattern calculated RC2 for an

EIA dual-dipole feed is shown in Figure 6.2-6. The
forward part of thé&- andH-planes are well
matched, and the efficiency plot shows very good
efficiency forf/D around 0.5. The calculated phase
center is 0.15 behind the dipoles, centered be-
tween them.

This feed is very popular for 432 MHz EME and
has been used successfully by many stations. Itis
easy to build and adjust spreading or squeezing
the open-wire transmission line between the dipoles
will usually minimize the VSWR. Circular polariza-
tion is possible by adding another pair of dipbtas
the same reflector at right angles to the first pair,
with the ends of the dipoles bent to minimize
interaction.

The EIA standard dimensions were chosen to provide an easily duplicated reference antenna for gain
measurements — strict adherence is only necessary if the gain of the antenna is important. As a feed
antenna, the whole radiation pattern is important, not just the axial gain, and we might choose to
adjust the dimensions to provide better illumination for a specific parabolic reflector. KF4JU de-
scribed his attempts to adjust the EIA dimensions to better illuminate &f3&flector, using
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ElA dual-dipolereference antenna asfeed, by NEC2

Figure 6.2-6
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MININEC for the pattern calculations. He started with the basic EIA dimensions, with a larger
1.25\ square reflector, and referred to it as an NBS feed. (A common practice among hams is to
erroneously refer to the EIA reference antenna as the “NBS” antenna; the NBS referencé lzadenna
different dimensions: twoAldipoles above a 1IA\6x 2\ plane. KF4JU is following this practice.)

The radiation pattern calculated R¥£C2 for the KF4JU “NBS” feed is shown in Figure 6.2-7. As
we might expect, it is very similar to the EIA feed in Figure 6.2-6. The larger reflector raises the best
f/D slightly, to about 0.55, and moves the phase center further from the dipoles.

Since thd/D of the target dish is 0.37, a broader pattern is needed for proper illumination. The first
modification is to move the two dipoles closer together, to broadet-tilane pattern. The result-

ing pattern, shown in Figure 6.2-8, is a small step in the right direction. Next, the spacing of the
dipoles from the ground plane is increased to A403urther broaden the pattern in both planes.
Optimizing this dimension results in very good efficiency peaking close to the déBiyed shown

in Figure 6.2-9.

Another way to adjust the pattern of a dual-dipole feed was desthip&d7PUA, bending the ends

of the dipoles toward the reflector so that they will not radiate toward the dish. Since the two ends of
a dipole are always out of phase, bending the ends of the dipole parallel to each other tends to cancel
the radiation in unwanted directions. The smaller remaining part of the dipole still illuminating the

dish will have a broader pattern. He usedEA&IEC program to analyze the effect of the bends.

W7PUA calls this feed the Double Handlebar, since it resembles a bicycle handlebar, and he de-
scribed two versions with different bend points. The pattern for the Type A double handlebar feed,
with an effective dipole length of about B,2s shown in Figure 6.2-10; bd#b is around 0.38, and

the phase center is about GA\I3ehind the center of the dipoles. The Type B version has the bend
point closer to the center of the dipole, to make the effective dipole radiators smallex)@i@5

provide a broader pattern. Figure 6.2-11 shows that thé/Deftr this version is around 0.32; peak
efficiency is slightly lower, but is good for such a deep dish. The phase center for the Type B is about
0.185\ behind the dipole centers

The W7PUA double handlebar feeds have a simple wire reflector rather than a plane reflector, reduc-
ing the size and weight. Thus, this feed might be a good choice for lower frequencies where the other
feeds might require more metal so that size and weight become unattractive. Construction of the feed
does not appear difficult.

6.2.3 — Loop feeds

Another variation on a dual dipole feed is to bend the two dipoles toward each other until the ends
are joined, making a full wavelength loop. One advantage is that a loop may be fed at a single point
instead of needing to phase two dipoles. HowevelNHEE2 calculations showed a slight skewing

of the pattern with a single feedpoint, so | stuck with two feedpoints to simplify plotting. In practice,
the effect is probably negligible.

KF4JU experimented with optimizing this loop féad well as the dual-dipole described above. He
started out with a square loop, A\2&n a side, spaced O0R%om a 1.23 square groundplane; he
called this a Quad loop feed. Figure 6.2-12 show®HE2 results for the quad loop feed, with



KF4JU "NBS' dual-dipole over 1.25A reflector, by NEC2
Figure 6.2-7
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Feed Radiation Pattern
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KF4JU optimized " NBS" dual-dipole feed, by NEC2
Figure 6.2-9
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Feed Radiation Pattern

W7PUA Double Handlebar feed - Type A, by NEC2
Figure 6.2-10
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W7PUA Double Handlebar feed - Type B, by NEC2
Figure 6.2-11
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good efficiency and be$tD around 0.42. The phase center is B.B&hind the center of the loop, at
the center of the ground plane. Although the square loop is physically symmetrieakp doee
pattern is broader than tkeplane.

Since the targdtD for this feed was again 0.37, KF4JU adjusted the dimensionsM&NYIEC .

The first modification was to narrow tle plane without changing the circumference by making the
loop rectangular, 0.404by 0.093,, resulting in higher efficiency as shown in Figure 6.2-13. How-
ever, the bedtD moved in the wrong direction, to about 0.48. The final optimization was the same
as for the dual-dipole feed, to adjust the groundplane spacing, increasing it to (F8§re 6.2-14
shows the result of the optimization — very high efficiency at the desired/D.3The phase center
has moved back, to 0.4dehind the loop, so that the feed must be closer to the dish to have the
phase center at the dish focus.

There is no reason a loop must
rectangular. DLAMEA sent me a
picture of the round loop feétle -
uses for 1296 MHz and 13 cm., |
shown in Figure 6.2-15, at right. |
He modeled this feed using
NEC4WIN95 by approximating
the round loop with an octagon
— using more sides would be a
slightly better approximation.
The loop is one wavelength in
circumference, spaced approxi-
matelyA/8 from a half-wave-
length diameter reflector. The
pattern calculated OYEC2, in
Figure 6.2-16, shows good
efficiency for arf/D range around
0.36 to 0.42, with a phase center

just behind the center of the loop.

Like the square quad loop above, Hlane pattern is broader than tglane. Even so, this feed
has an attractive simplicity.

6.2-4 Note on pattern calculations

The radiation patterns shown here were all calculated d68@P. They do not agree exactly with

results in the original articles referenced below because of differences in the models and in the differ-
entNEC programs. The other versions were derived fMNINEC , aBASIC code derived from

the originaINEC2. NEC2 is a double-precisioRORTRAN code provides more accurate calcula-

tions than th&ASIC code of many of the derivatives, and is capable of calculating much larger
models. Also, the phase output needed for efficiency and phase center calculations is not available in
many of the derivatives. WA4RNLhas discussed some of the differencestennaX.The major
disadvantage dIEC2 is the primitive user interface, but the better accuracy and the phase informa-
tion are worth the trouble. See Chapter 12 for a brief discussiB©2 modeling, and thBIEC2

manual* for all the gory details.
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KF4JU modified quad loop feed, by NEC2
Figure 6.2-13
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KF4JU optimized quad loop feed, by NEC2

Figure 6.2-14
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DL4MEA Full-wave round loop, by NEC2

Figure 6.2-16
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In spite of the differences and discrepancies, most of the feeds described above were successfully
modeled and optimized by their originators using the sinN#&C variants. So, if you hear about a
new feed or have a great idea, or just want to tweak an existing feed for thE@xdgtour dish,

get hold of a program and have at it. Some of them, incldi£©2, are even available free for
downloading. WB6TPU maintains an unoffidMEC websité? with many of these resources.
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