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Fig 24—WØLMD graduated to this 8-foot dish with patch
feed for S band for AO-40. On the left is a helical
antenna for L band and on the right is a 2 × 9-element
offset-feed Yagi for U band. A home-brew Az-El mount
is provided. (WØLMD photo.)

Fig 22—Wilfred Carey, ZS6JT, constructed this cluster
of satellite and EME antennas. Left to right: 2 ×
23-element offset feed Yagi for U band; 1.64-meter dish
with 21/4-turn helix feed for S band; 2 × 11-element
coplanar feed Yagi for V band. (ZS6JT photo.)

Fig 23—Robert Suding, WØLMD, modified this 4-foot
dish antenna with a patch feed for S band and an Az-El
mount. (WØLMD photo.)

pact L-band antenna arrangement with two 22-element
antennas in a RHCP array shown in Fig 14 and 20. Other
operators have experience that using a 1.2-meter L-band
dish antenna and 40 W of RF power (6,100 W-PEP EIRP
with RHCP) can also provide a superb uplink for squint
angles even up to 25°. A dish antenna can have a practical
gain of about 21 to 22 dBic. These uplinks will provide

the user a downlink that is 10 to 18 dB above the transpon-
der noise floor. In more practical terms, this is an S7 to 8
signal over a S3 transponder noise floor, a very comfort-
able armchair copy.

Using the L-band uplink for AO-40, instead of the
U-band uplink, allows the use of Yagi antennas that more
manageable, since their size for a given gain is only one
third of those for U-band. With L band there is a nar-
rower difference between using a dish antenna and a Yagi,
since a 21- to 22-dBic dish antenna would be only about
1.2 meters (4 feet) in diameter. However, some of us may
not have such “real estate” available on our towers and
may seek a lower wind-loading solution offered by Yagis.
Long-boom rod-element Yagi, or loop-Yagi antennas are
commercially offered by M2 and DEM, although this band
is about the highest for practical Yagis. The example
shown in Fig 20 is a pair of rod-element Yagi antennas
from M2 in a CP arrangement with a gain of 18 to 19 dBic.

Other amateurs have successful AO-40 operation with
different arrangements. Fig 21 shows I8CVS’s 4 ×
23-element linear array for a 1270 MHz, a 1.2-meter solid
dish for 2400 MHz, a 15-turn helical antenna for 435 MHz,
and a 60-cm dish for 10,451 MHz. This arrangement clearly
shows the advantage and accessibility of having a roof-
mounted antenna.

Fig 22 shows ZS6JT’s setup, with a 1.64-meter
home-built mesh dish for 2400 MHz and two home-built
crossed Yagi antennas, one for 435 MHz and the other
for 145 MHz. Note that in these examples, the antennas
permit terrestrial communication as well as satellite ser-
vice. Two of these stations have also maintained the
capability to operate the LEO satellites with U- and V-
band antennas.

A number of amateurs have taken advantage of the
availability of surplus C-band TVRO dishes, since most
users of satellite television have moved up to the more
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Fig 27—Clair E. Cessna, K6LG, has this 10-foot dish
with S-band patch feed. This dish uses the original
polar-mounting system and offsets the patch feed to
compensate for AO-40’s deviation from the Clarke belt.
(K6LG photo.)

Fig 28—K5GNA’s “circularized” mesh modification of
an MMDS dish antenna with a helix-CP feed and DEP
preamp. The dish modification reduces the spillover
loss by making the antenna fully circular. (K5OE photo.)

convenient K band using 0.5-meter dishes. Some examples
of these dish conversions for satellite communications are
shown in Fig 23, a WØLMD 4-foot dish with patch feed
and Az-El mount. Fig 24 shows a WØLMD 8-foot dish with
patch feed, Az-El mount, a U-band Yagi, and an L-band
helical antenna.

Fig 25 is a WØLMD 10-foot dish with tri-band patch
feed and Az-El mount; and Fig 26 is also a WØLMD

Fig 25—WØLMD increased to this 10-foot dish for AO-40
operations, with a triband patch feed for U, L, and
S bands on an Az-El mount. (WØLMD photo.)

Fig 26—WØLMD found the ultimate in this 14-foot dish
for AO-40, with a triband patch feed and Az-El mount.
(WØLMD photo.)
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parabolic reflector or dish antenna must have a feed source
looking into the surface of the dish. Some dishes are
designed so that the feed source is mounted directly in front
of the dish. This is referred to as a center-fed dish. Other
dishes are designed so that the feed source is off to one
side, referred to as an off-center-fed dish, or just offset-
fed dish, as shown in Fig 30. The offset-fed dish may be
considered a side section of a center-fed dish. The center-
fed dish experiences some signal degradation due to block-
age of the feed system, but this is usually an insignificantly
small amount. The offset-fed dish is initially more diffi-
cult to aim, since the direction of reception is not the cen-
ter axis, as it is for center-fed dishes.

The basic design precepts of parabolic-dish antennas
are covered in more detail in the EME Antenna section of
this chapter. Dish antenna properties specific to satellite
operations are covered here. The dish’s parabola can be
designed so the focus point is closer to the surface of the
dish, referred to a short-focal-length dish, or further away
from the dish’s surface, referred to as a long-focal-length
dish. To determine the exact focal length, measure the
diameter of the dish and the depth of the dish.
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The focal length divided by the diameter of the dish
gives the focal ratio, commonly shown as f/D. Center-fed
dishes usually have short-focal ratios in the range of
f/D = 0.3 to 0.45. Offset-fed dishes usually have longer
focal lengths, with f/D = 0.45 to 0.80. If you attach two
small mirrors to the outer front surface of a dish and then
point the dish at the Sun, you can easily find the focus
point of the dish. Put the reflector of the patch or helix
feed just beyond this point of focus.

An alternate method for finding a dish’s focal length
is suggested by W1GHZ (ex-N1BWT), who provides a
computer program called HDL_ANT , available at:
www.w1ghz.org/10g/10g_home.htm. The method liter-
ally measures a solid-surface dish by the dimensions of
the bowl of water that it will form when properly
positioned. (See: www.qsl.net/n1bwt/chap5.pdf .)
WD4FAB used this method on the dish of Fig 30, care-
fully leveling the bowl, plugging bolt holes, and filling it
with water to measure the data needed by the W1GHZ
Web-site calculation.

While many of us enjoy building our own antennas,
surplus-market availability of these small dish antennas
makes their construction unproductive. Many AO-40
operators have followed the practices of AO-13 operators
using a surplus MMDS linear-screen parabolic reflector
antenna, Figs 28 and 29. These grid-dish antennas are
often called barbeque dishes. K5OE and K5GNA have
shown how to greatly improve these linearly polarized
reflectors by adapting them for the CP service desired for
AO-40. Simple methods can be used to circularize a linear
dish and to further add to its gain using simple methods to

Fig 37—Prototype 1.2-meter dish by Rick Fletcher,
KG6IAL, using a dual-band (L and S) patch-feed
antenna for AO-40. See text. This kit dish is covered
with 1/4-inch mesh. (KG6IAL photo.)

increase the dish area and feed efficiency.
Another approach is the construction of a kit-type dish

antenna, just becoming available in 1.2-meter and 1.8-meter
diameters. This ingenious design by KG6IAL is available
from his Web site www.teksharp.com/. Fig 37 shows the
prototype of the 1.2-meter dish with an f/D of 0.30. The
1.2-meter dish is fed with a dual-band patch feed for L and
S bands. The 1.8-meter dish is designed for up to three bands
using a tri-band patch feed for the U, L and S bands. This
dish will permit U-band operation. A Central States VHF
Society measurement on a similar sized dish (by WØLMD)
with a patch feed showed a gain of about 17.1 dBic (actual
measurement was 12.0 dBd linearly fed). This performance
along with a small V-band (145 MHz) Yagi would permit
a very modest satellite antenna assembly for all of the
VHF/UHF LEO satellites, as well as AO-40.

The ingenuity of the design of the KG6IAL antenna
is that it is constructed of robust, 1/8-inch-thick alumi-
num sheet that is numerically machined for the parabolic
shape of the ribs. The backsides of the ribs are stiffened
by a bent flange edge. The panel mesh is attached by using
small tie-wraps or small aluminum wire through the mesh
and holes provided along the parabolic edge. KG6IAL
used 1/4-inch mesh in the prototype antenna to reduce wind
loading. A single formed conduit post is provided in the
kit for mounting the patch-feed assembly. The post ex-
tends rearward to permit the attachment of a counter-
weight, if needed.

AO-40 has also provided some additional challenges
to the ham operator. Besides its well-known S-band down-
link, AO-40 also has a K-band downlink in the range of
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24.05 GHz. This quite low-powered transmitter has pro-
vided a substantial challenge to some operators, such as
N1JEZ, K5OE, W5LUA, G3WDG and others. N1JEZ
documented his work in QST while K5OE shows his
K-band work on his Web site and in the Proceedings of
the AMSAT Space Symposium. See Fig 38.

Parabolic Dish Antenna Construction

In the USA large numbers of dishes can be obtained
either free or at low cost. But in some parts of the world
dishes are not so plentiful, so hams make their own.
Fig 39 shows G3RUH’s S-band dish antenna. There are
three parts to the dish antenna—the parabolic reflector, the
boom and the feed. There are as many ways to construct
this as there are constructors. You need not slavishly rep-
licate every nuance of the design. The only critical dimen-
sions occur in the feed system. After construction, you will
have a 60-cm diameter S-band RHCP dish antenna with a
gain of about 20 dBi and a 3-dB beamwidth of 18°. Coupled
with the proper downconverter, performance will be more
than adequate for S-band downlink.

The parabolic reflector used for the original antenna
was intended to be a lampshade. Several of these alumi-
num reflectors were located in department-store surplus.
The dish is 585 mm in diameter and 110 mm deep, corre-
sponding to an f/D ratio of 585/110/16 = 0.33 and a focal
length of 0.33 × 585 = 194 mm. The f/D of 0.33 is a bit
too concave for a simple feed to give optimal performance
but the price was right, and the under-illumination keeps
ground noise pickup to a minimum. The reflector already
had a 40-mm hole in the center with three 4-mm holes
around it in a 25-mm radius circle.

The boom passes through the center of the reflector
and is made from 12.7-mm square aluminum tube. The
boom must be long enough to mount to the rotator boom
on the backside of the dish. The part of the boom extend-
ing through to the front of the dish must be long enough

Fig 38—K5OE found this
K-band dish on the Web
and has set it up for the
AO-40 K-band downlink.
(K5OE photo.)

Fig 39—Detail of 60-cm S-band dish antenna with feed.
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dishes do much better when fed with a helix antenna.
A helix feed is simplicity personified. Mount a type

N connector on a flat reflector plate and solder a couple of
turns wire to the inner terminal. Designs are anywhere from
2 to 6 turns. The two-turn helices are used for very short-
focal-length dishes in the f/D = 0.3 region, and the 6-turn
helices are used with longer-focal-length (f/D ~ 0.6) dishes,
typically offset-fed dishes. Since AO-40 is right circular
and the dish reflection will reverse the polarity, the helix
should be wound left circular, looking forward from the
connector. Helix feeds work poorly on the short-focal-
length dishes but really perform well on the longer-focal-
length offset-fed dishes. K5OE shows us the helix feed for
his modified MMDS dish in Fig 42. This design employs
the cupped reflector of W8JK.

A Helix Feed for an Offset-Dish Antenna

This section describes WD4FAB’s surplus PrimeStar
offset-fed dish antenna with a 7-turn helical feed antenna,
shown in Fig 30. This S-band antenna can receive Sun noise
5 dB above sky noise. (Don’t try to receive Sun noise with
the antenna looking near the horizon, since terrestrial noise
will be greater than 5 dB, at least in a big-city environ-
ment.) WD4FAB received the dish from NØNSV, who
renamed the finished product the “FABStar.”

The dish’s reflector is a bit out of the ordinary, with
the shape of a horizontal ellipse. It is still a single parabo-
loid, illuminated with an unusual feed horn. At 2401 MHz
(S band) we can choose to under-illuminate the sides of
the dish while properly feeding the central section, or over-
illuminate the center while properly feeding the sides.
WD4FAB chose to under-illuminate. The W1GHZ water-
bowl measurements showed this to be a dish with a focal
point of 500.6 mm and requiring a feed for an f/D = 0.79.
The total illumination angle of the feed is 69.8° in the ver-

tical direction and a feed horn with a 3-dB beamwidth of
40.3°. At 50% efficiency this antenna was calculated to
provide a gain of 21.9 dBi. A 7-turn helical feed antenna
was estimated to provide the needed characteristics for this
dish and is shown in Fig 43.

The helix is basically constructed as described for
the G3RUH parabolic dish above. A matching section for
the first λ/4 turn of the helix is spaced from the reflector
at 2 mm at the start and 8 mm at the end of that fractional
turn. Modifications of the G3RUH design include the
addition of a cup reflector, a design feature used by the
originator of the helical antenna, John Kraus, W8JK. For
the reflector, a 2-mm thick circular plate is cut for a
94 mm (0.75 λ) diameter with a thin aluminum sheet metal
cup, formed with a depth of 47 mm. Employment of the
cup enhances the performance of the reflector for a dish
feed, as shown by K5OE. (See the K5OE material on the
CD-ROM accompanying this book.)

The important information for this 7-turn helical
antenna is:

• Boom: 12.7-mm square tube or “C” channel.
• Element: 1/8-inch diameter copper wire or tubing.

Close wind the element on a circular 1.50-inch tube
or rod; the finished winding is 40 mm in diameter and
spaced to a helical angle of 12.3°, or 28 mm spacing.
These dimensions work out for an element circumference
of 1.0 λ about the center of the wire.

When WD4FAB tackled this antenna, he felt that the
small number of helical element supports used by G3RUH
would be inadequate, in view of the real-life bird traffic
on the antennas at his QTH. He chose to use PTFE
(Teflon) support posts every 1/2 turn. This closer spacing
of posts permitted a careful control of the helix-winding
diameter and spacing and also made the antenna very

Fig 41—WØLMD’s dual helix-dish feed for U and S
bands. This early experimental feed was found to be
wanting and he then turned to patch feeds for dishes.
(WØLMD photo.)

Fig 42—K5OE’s helix feed for his MMDS S-band dish
antenna. (K5OE photo.)
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robust. He set up a fixture on the drill press to uniformly
predrill the holes for the element spacers and boom.
Attachment of the reflector is through three very small
aluminum angle brackets on the element side of the boom.

Mounting of the helix to the dish requires modifica-
tion of the dish’s receiver-mounting boom. Fig 44 shows
these modifications using a machined mount. NM2A con-
structed one of these antennas and showed that a machine
shop is not needed for this construction. He made a “Z”
shaped mount from aluminum-angle plate and then used a
spacer from a block of acrylic sheet. The key here is to get
the dish focal point at the 1.5-turn point of the feed
antenna, which is also at about the lip of the reflector cup.

The W1GHZ data for this focal point is 500.6 mm
from the bottom edge of the dish and 744.4 mm from the
top edge. A two-string measurement of this point can
confirm the focal point, as shown by Wade in his writ-

ings. When mounting this feed antenna the constructor
must be cautious to aim the feed at the beam-center of
the dish, and not the geometric center, as the original
microwave horn antenna was constructed. Taking the
illumination angle information noted above, the helical
feed antenna should be aimed 5.5° down from the geo-
metric center of the dish.

As illustrated in Fig 44, a DEM preamp was directly
mounted to the feed helix, using a TNC female connector
on the helix, chosen for this case, since N connectors are
quite large for this antenna. A male chassis connector
should be mounted on the preamp  so that the preamp can
be directly connected to the antenna without any adaptors.
This photo also illustrates how the reflector cup walls were
riveted to the reflector plate.

Exposed connectors must be protected from rain-
water. Commonly materials such as messy Vinyl Mastic
Pads (3M 2200) or Hand Moldable Plastic (Coax Seal) are
used. Since this is a tight location for such mastic applica-
tions, a rain cover was made instead from a 2-liter soft-
drink bottle, Fig 45. Properly cutting off the top of the
bottle allows it to be slid over the helix reflector cup and
secured with a large hose clamp. You must provide UV
protection for the plastic bottle and that was done with a
wrapping of aluminum foil pressure-sensitive adhesive
tape.

There are many methods for mounting this dish
antenna to your elevation boom. You must give consider-
ation to the placement of the dish to reduce the wind load-
ing and off-balance to the rotator system. In WD4FAB’s
FABStar installation, the off-balance issue was not a major
factor, as the dish was placed near the center of the
elevation boom, between the pillow-block bearing sup-
ports. Since there is already a sizeable aluminum plate
for these bearings, the dish was located to “cover” part
of that plate, so as to not add measurably to the existing
wind-loading area of the overall assembly.

Fig 43—Seven-turn LHCP helix feed for an offset dish,
long f/D, antenna, with DEM preamp. (WD4FAB photo.)

Fig 44—Mounting details of seven-turn helix and
preamp. (WD4FAB photo.)

Fig 45—Rain cover for preamp using a two-liter soft-
drink bottle with aluminum foil tape for protection from
sun damage. (WD4FAB photo.)
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A mounting bracket provided with the stock dish
clamps to the end of a standard 2-inch pipe stanchion
(actual measure: 2.38 inches in diameter). This bracket
was turned around on the dish and clamped to the leg of
a welded-pipe Tee assembly. See Fig 46. Pipe-reducing
fittings were machined and fitted in the Tee-top bar, which
was sawn in half for clamping over the 11/2 inch pipe used
for the elevation boom. Bolts were installed through
drilled holes and used to clamp this assembly.

Patch Feeds for Dish Antennas

Patch feeds are almost as simple as helix feeds. A
patch is typically an N connector on a flat reflector plate
with a tuned flat-metal plate soldered to the inner termi-
nal. Sometimes the flat plate is square; sometimes it is
rectangular; sometimes it is round. It could have two feed
points, 90° out of phase for circular polarization, as used
in the construction of the AO-40 U-band antennas. Some
patches are rectangular with clipped corners to create a
circular radiation pattern.

On 2401 MHz, the plate is 57 mm square and spaced
3 mm away from the reflector. The point of attachment is
about halfway between the center and the edge. A round
patch for 2401 MHz is about 66 mm in diameter. These
patches work well on the shorter focal length center-fed

MMDS and TVRO dishes. G3RUH made a CP patch feed
for these short f/D dishes, shown in Fig 31 and Fig 47.

Robert, WØLMD, has done a considerable amount
of experimenting with patch feeds for his dish antennas.
One tri-band feed is shown in Fig 48. These are circular
patches that have CP properties through the arrangement
of the feed point and a small piston-variable capacitor
that is offset from the feed point. Fig 49 shows some of
the many patches that Robert has created for his trials.

A No-Tune Dual-Band Feed for Mode L/S

Jerry, K5OE, notes that the AO-40 transponder has
two uplink receivers active most of the time for CW/SSB
activity. Most operators use U band at 435 MHz (70 cm).
Also available, however, are two L-band (23-cm) receiv-
ers: L1 at 1269 MHz and L2 at 1268 MHz. The reasons
for going to L band can be varied, but there is no arguing
the benefits in reduced antenna size and AGC suppression.
The types of L-band antennas are varied as well. Many use
helices. Others use beams and arrays of beams. Still
others use dishes, small and large.

K5OE recently acquired an old UHF TV dish measur-
ing 1.2 meters in diameter. He wanted to use it both to re-
ceive on S band at 2401 MHz (13cm) and to transmit on the
uplink on L band. He covered it with aluminum mesh and
built a dual-helix feed for it, but was unhappy with the L-
band performance. It seems the concentric helices interacted
with each other substantially. Having had good success with
patch feeds on S band, he designed, built and installed a
dual-patch feed on a 1.5-meter solid dish for
Field Day 2002. This arrangement worked superbly on
uplink (with 25 W), but was embarrassingly deaf on receive.
This second dual-band feed failure led him to experiment
for months with different configurations, leading ultimately
to the design presented here. The project goals were:

• Good performance on both S-band receive and L-
band uplink.

• An easy-to-produce model using common hardware
and simple hand tools.

Patches are better than helices as dish feeds. This
revelation came to K5OE while doing investigation and

Fig 46—Welded pipefitting mount bracket for FABStar
dish antenna. (WD4FAB photo.)

Fig 47—Details of
CP-patch feed for short
f/D dish antennas by
G3RUH and ON6UG.
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A mounting bracket provided with the stock dish
clamps to the end of a standard 2-inch pipe stanchion
(actual measure: 2.38 inches in diameter). This bracket
was turned around on the dish and clamped to the leg of
a welded-pipe Tee assembly. See Fig 46. Pipe-reducing
fittings were machined and fitted in the Tee-top bar, which
was sawn in half for clamping over the 11/2 inch pipe used
for the elevation boom. Bolts were installed through
drilled holes and used to clamp this assembly.

Patch Feeds for Dish Antennas

Patch feeds are almost as simple as helix feeds. A
patch is typically an N connector on a flat reflector plate
with a tuned flat-metal plate soldered to the inner termi-
nal. Sometimes the flat plate is square; sometimes it is
rectangular; sometimes it is round. It could have two feed
points, 90° out of phase for circular polarization, as used
in the construction of the AO-40 U-band antennas. Some
patches are rectangular with clipped corners to create a
circular radiation pattern.

On 2401 MHz, the plate is 57 mm square and spaced
3 mm away from the reflector. The point of attachment is
about halfway between the center and the edge. A round
patch for 2401 MHz is about 66 mm in diameter. These
patches work well on the shorter focal length center-fed

MMDS and TVRO dishes. G3RUH made a CP patch feed
for these short f/D dishes, shown in Fig 31 and Fig 47.

Robert, WØLMD, has done a considerable amount
of experimenting with patch feeds for his dish antennas.
One tri-band feed is shown in Fig 48. These are circular
patches that have CP properties through the arrangement
of the feed point and a small piston-variable capacitor
that is offset from the feed point. Fig 49 shows some of
the many patches that Robert has created for his trials.

A No-Tune Dual-Band Feed for Mode L/S

Jerry, K5OE, notes that the AO-40 transponder has
two uplink receivers active most of the time for CW/SSB
activity. Most operators use U band at 435 MHz (70 cm).
Also available, however, are two L-band (23-cm) receiv-
ers: L1 at 1269 MHz and L2 at 1268 MHz. The reasons
for going to L band can be varied, but there is no arguing
the benefits in reduced antenna size and AGC suppression.
The types of L-band antennas are varied as well. Many use
helices. Others use beams and arrays of beams. Still
others use dishes, small and large.

K5OE recently acquired an old UHF TV dish measur-
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uplink on L band. He covered it with aluminum mesh and
built a dual-helix feed for it, but was unhappy with the L-
band performance. It seems the concentric helices interacted
with each other substantially. Having had good success with
patch feeds on S band, he designed, built and installed a
dual-patch feed on a 1.5-meter solid dish for
Field Day 2002. This arrangement worked superbly on
uplink (with 25 W), but was embarrassingly deaf on receive.
This second dual-band feed failure led him to experiment
for months with different configurations, leading ultimately
to the design presented here. The project goals were:

• Good performance on both S-band receive and L-
band uplink.

• An easy-to-produce model using common hardware
and simple hand tools.

Patches are better than helices as dish feeds. This
revelation came to K5OE while doing investigation and

Fig 46—Welded pipefitting mount bracket for FABStar
dish antenna. (WD4FAB photo.)

Fig 47—Details of
CP-patch feed for short
f/D dish antennas by
G3RUH and ON6UG.

chap 19.pmd 9/3/2003, 11:16 AM20



19-20 Chapter 19

A mounting bracket provided with the stock dish
clamps to the end of a standard 2-inch pipe stanchion
(actual measure: 2.38 inches in diameter). This bracket
was turned around on the dish and clamped to the leg of
a welded-pipe Tee assembly. See Fig 46. Pipe-reducing
fittings were machined and fitted in the Tee-top bar, which
was sawn in half for clamping over the 11/2 inch pipe used
for the elevation boom. Bolts were installed through
drilled holes and used to clamp this assembly.

Patch Feeds for Dish Antennas

Patch feeds are almost as simple as helix feeds. A
patch is typically an N connector on a flat reflector plate
with a tuned flat-metal plate soldered to the inner termi-
nal. Sometimes the flat plate is square; sometimes it is
rectangular; sometimes it is round. It could have two feed
points, 90° out of phase for circular polarization, as used
in the construction of the AO-40 U-band antennas. Some
patches are rectangular with clipped corners to create a
circular radiation pattern.

On 2401 MHz, the plate is 57 mm square and spaced
3 mm away from the reflector. The point of attachment is
about halfway between the center and the edge. A round
patch for 2401 MHz is about 66 mm in diameter. These
patches work well on the shorter focal length center-fed

MMDS and TVRO dishes. G3RUH made a CP patch feed
for these short f/D dishes, shown in Fig 31 and Fig 47.

Robert, WØLMD, has done a considerable amount
of experimenting with patch feeds for his dish antennas.
One tri-band feed is shown in Fig 48. These are circular
patches that have CP properties through the arrangement
of the feed point and a small piston-variable capacitor
that is offset from the feed point. Fig 49 shows some of
the many patches that Robert has created for his trials.

A No-Tune Dual-Band Feed for Mode L/S

Jerry, K5OE, notes that the AO-40 transponder has
two uplink receivers active most of the time for CW/SSB
activity. Most operators use U band at 435 MHz (70 cm).
Also available, however, are two L-band (23-cm) receiv-
ers: L1 at 1269 MHz and L2 at 1268 MHz. The reasons
for going to L band can be varied, but there is no arguing
the benefits in reduced antenna size and AGC suppression.
The types of L-band antennas are varied as well. Many use
helices. Others use beams and arrays of beams. Still
others use dishes, small and large.

K5OE recently acquired an old UHF TV dish measur-
ing 1.2 meters in diameter. He wanted to use it both to re-
ceive on S band at 2401 MHz (13cm) and to transmit on the
uplink on L band. He covered it with aluminum mesh and
built a dual-helix feed for it, but was unhappy with the L-
band performance. It seems the concentric helices interacted
with each other substantially. Having had good success with
patch feeds on S band, he designed, built and installed a
dual-patch feed on a 1.5-meter solid dish for
Field Day 2002. This arrangement worked superbly on
uplink (with 25 W), but was embarrassingly deaf on receive.
This second dual-band feed failure led him to experiment
for months with different configurations, leading ultimately
to the design presented here. The project goals were:

• Good performance on both S-band receive and L-
band uplink.

• An easy-to-produce model using common hardware
and simple hand tools.

Patches are better than helices as dish feeds. This
revelation came to K5OE while doing investigation and

Fig 46—Welded pipefitting mount bracket for FABStar
dish antenna. (WD4FAB photo.)

Fig 47—Details of
CP-patch feed for short
f/D dish antennas by
G3RUH and ON6UG.

chap 19.pmd 9/3/2003, 11:16 AM20

Antenna Systems for Space Communications 19-21

experimenting with helix antennas. In the middle of this
investigative foray, he saw the radiation pattern for the
G3RUH patch feed published on James Miller’s web site.
When he modeled that pattern and input it into the
W1GHZ feed pattern program, it produced an amazing
72% efficiency. The best helix he ever modeled has about
60% efficiency. I8CVS recently ran his own antenna range
tests of a design similar to the G3RUH patch and pro-
duced a similarly impressive pattern.

Then K5OE came across the truncated corners
square patch design popularized by K3TZ. This AO-40
design here is attributed to 7N1JVW, JF6BCC and
JG1IIK. There are references in the literature going back
over a decade for this now-common commercial design.
The first model K5OE built outperformed his best helix-
in-cup design by a full S unit (delta over the noise) on his
FT-100 portable setup. Compared to a helix, the patch
simply has better illumination efficiency with less
spillover from side lobes.

Patch theory is beyond the scope of this article, but
can be summarized as building a shape that resonates at the
desired frequency, compensated in size by the capacitive
inductance between itself and the reflector. A patch can be
practically any shape since it basically acts like a parallel-
plate transmission line. Current in the patch flows from the
feed point to the outer edge(s), where all the radiation
occurs. The reputed, but often disputed, circularity of the
truncated corner patch is accomplished by effectively
designing two antennas into the patch element (of two dif-
ferent diagonal lengths) and feeding them 90º out of phase.

For K5OE’s 1.2-meter dish, shown in Fig 50, com-

putations predicted 21-dBi gain on L band and almost 27
dBi on S band, with an assumed 50% efficiency:
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 where
η = efficiency
λ = wavelength in meters.
A = aperture of the dish in meters = π × r2

r = dish radius in meters = diameter/2 in meters =
             0.6 meters

At 1269 MHz, λ= 300/1269 = 0.236 meters:

( ) dBi21.1
0.236

3.144
0.63.140.50log10G

2
2

10 =






 ×
×××=

Fig 48—A triband (U, L and S bands) patch-CP feed for
large dish antennas for AO-40 service. (WØLMD photo.)

Fig 49—Some of the many experimental CP-patch-feed
antennas by WØLMD.  (WØLMD photo.)

Fig 50—The 1.2-meter dish with dual-band patch feed
installed. (K5OE photo; courtesy of The AMSAT
Journal.)
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At 2401.5 MHz, λ = 300/2401.5 = 0.125 meters:
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Where does the feed get mounted? The focal point is
where the parabolic shape of the dish concentrates the
reflected signal. In K5OE’s case the antenna was placed
flat on the garage floor to measure the depth:

f = D2 / 16d                                                          (Eq 9)

where

D = diameter of the dish in inches
d = depth of the dish in inches
f  = 482 / (16 × 7.25) = 19.8 inches (50.5 cm)

This is just one example of countless combinations
of hardware and patch designs. Inherent in this design,
however, are five key design and construction features
developed from building and empirical testing of a num-
ber of patch feeds.

1. The specified dimensions are critical for no-tune opera-
tion. Fig 51 shows the dimensions necessary to build
the dual-feed patch. (K5OE recommends you reproduce
this sketch accurately on graph paper. When you cut
your patches you can lay them on the paper template
for checking.) Repeat: These dimensions are critical.
Even a 0.5-mm error will throw your resonance off con-
siderably—patches are not broadband.

2. The reflector must be rigid. Spacing between the
driven element (patch) and the reflector affects the
resonant frequency. K5OE found 0.025-inch alumi-
num sheet and 26-gauge copper sheet acceptable for
a single S-band patch feed, but too flimsy for an
L-band reflector. Use more rigid material or provide
additional stiffening for the L-band reflector, as
shown in Figs 52, 53 and 54.

3. The patches must be electrically isolated from each
other. A metallic center support works for a single
patch but creates harmonic-coupling problems when
patches are stacked for multiband use. The use of
nylon machine screws and nuts helps solve the vexing
problem of the S-band patch coupling to the
L-band patch.

4. The “straight corners” of the truncated corner patch
must be kept clear of any nearby metal. This includes
the edges of the feed support or cup, if used. See Fig
54.

5. Feeding the patches at 90° to each other minimizes the
electromagnetic interaction between the two antenna
fields.

One final design issue deals with the first harmonic
of the L-band antenna. You must significantly reduce the
potentially destructive effect from the 1269-MHz signal’s
second harmonic. Severe desense of your receive signal
could occur and potentially even overload and damage the
first active device in your system. Sensitive preamps and
downconverters without a pre-RF-amplifier filter will need
an external filter. K5OE has used a G3WDG stub filter rated
at 100-dB rejection with good success ahead of his preamp.
His current setup, however, uses a AIDC-3731AA
downconverter with its internal combline filter providing
adequate filtering. Using the downconverter directly at the

Fig 51—Dual-band patch feed dimensions, in
millimeters. (K5OE diagram; courtesy of The
AMSAT Journal.)

Fig 52—Assembly of the L band reflector. (K5OE photo;
courtesy of The AMSAT Journal.)
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feed point has a noise figure (NF) of 1.0 dB, compared to
the cumulative NF of 1.6 dB using a filter and a preamp.

Construction of the feed begins with selection of
material for both the electrical parts (the antennas) and the
mechanical parts (the support structure). The L-band
antenna is constructed using a 6 × 6-inch double-sided cir-
cuit board for the reflector and a piece of 26-gauge copper
sheet for the driven element (patch). A flanged female type-
N connector is used for the feed connection. The S-band
antenna is constructed of two pieces of 26-gauge copper
sheeting and the feed connection is made with a short piece
of UT-141 (0.141-inch copper-clad semirigid coax) termi-
nated in a male SMA fitting. Fig 52 illustrates the assem-
bly of the L-band reflector with the nylon-center support
bolt, the L-band N-connector, and the S-band semirigid
coax terminated onto an SMA-to-N adapter through the

circuit board.
The support structure began life as a paint can, mea-

suring 155 mm in diameter. It was cut down to a 15-mm
depth. Cut a hole in the middle of the bottom of the can
and trim the PC board to fit inside the can bottom. Use
stainless-steel 3/8-inch 4-40 bolts, washers and nuts to
secure the PC board to the can bottom. A 11/2-inch
6-32 nylon bolt is secured through the center of the PC
board with two nylon nuts to provide the 6-mm spacing
for the L-band patch. Fig 53 shows the L-band patch in
position and ready to be soldered to the N-connector. Note
the hole through the L-band patch allowing the S-band
UT-141 coax to pass (without making contact).

The remainder of the antenna is then assembled in
order: First the L-band patch is secured with two nylon
nuts and soldered to the N-connector. Then the S-band
reflector is secured with one nylon nut to provide 3-mm
spacing, and the UT-141 coax shield is soldered to the
S-band reflector. Finally, the S-band patch is secured with
a single nylon nut (3-mm spacing) and soldered to the cen-
ter conductor of the UT-141 coax. To summarize the over-
all order of assembly: L-band reflector, two nylon nuts,
L-band patch, two nylon nuts, S-band reflector, one nylon
nut, S-band patch, and one nylon nut.

An electrical check with an ohmmeter of the com-
pleted feed should show the two reflectors connected, with
the patches isolated from the reflectors and from each other.
Fig 54 shows the completed feed. Note how the sides of
the support are cut out to avoid proximity to the L-band
patch and how the L-band and S-band patches are at 90º to
each other. Fig 55 shows the back of the feed, complete
with an angle support for the downconverter. The flanged
N-connector is for the L-band coax and the male-N adapter
is secured from the other side of the feed with the SMA
fitting on the UT-141 coax.

For those who are tempted to tune the patch, K5OE
recommends doing it with the feed installed on the an-
tenna—since the dish surface affects the feed-point im-
pedance slightly. The feed-point impedance, and thus the
resonant frequency, can be changed quite a bit by
adjustment of the spacing of just the straight corners.
There is no need to change the spacing at the center or the
feed—just a slight up or down bending of the straight cor-
ners will change the tuning. Do this carefully: a little bit
goes a long way. This patch design is very repeatable and
will work adequately (an SWR below 1.5:1) with no
adjustments.

The antenna performs to the calculated predictions
above. On receive, this antenna is 4 S units better than
K5OE’s 45-cm dish and 3 S units above his 65-cm dish
(both other dishes have similar patch feeds and the same
downconverter). It also clearly outperforms his previous
dual-helix arrangement on the 1.2-meter dish, but he was
unable to do a side-by-side comparison.

On transmit, it does equally well, with a decent sig-
nal into the satellite with only 10 W measured at the

Fig 53—The support, L-band reflector and patch. (K5OE
photo; courtesy of The AMSAT Journal.)

Fig 54—The completed dual-band patch feed.
(K5OE photo; courtesy of The AMSAT Journal.)
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antenna. The L band is noticeably improved over the helix
predecessor. At low squint angles K5OE finds the
L-band uplink to be about 1 S unit weaker than his U-
band uplink. He later added a small plastic hat to extend
over the top of the patches to keep the rain and bird drop-
pings off—both detune the patches when built up between
the patch and the reflector.

Though simple and effective, this is merely one way
to construct a dual feed. Cookie-tin lids also make excel-
lent supports. Tin snips are a good investment and much
easier to use than a hacksaw. Use a flat file to remove burrs
from the edges of the patches. Use stainless-steel hard-
ware, most notably 3/8-inch 4-40 machine bolts and nuts
for the antenna hardware and 1/2-inch 6-32 for the support-
structure connections to the support arms (1/2-inch alumi-
num tubing). The copper sheet is much easier to solder to
than aluminum. Once completed, the feed received a few
coats of white enamel paint to protect the copper and to
minimize the visual reflections.

This is not the only dual-band antenna on AO-40.
There are many varied, innovative designs available,
including G6LVB’s simple and effective 1.2-meter home-
brew stressed chicken wire dish with a dual-G3RUH helix
feed. G3WDG has a 3-meter dish with L/S-band helices
and a K-band (1.3-cm) feed horn, and WØLMD has devel-
oped some popular dual- and tri-band “round” patch feeds.
(See the Notes and References, as well as the CD-ROM
bundled with this book.)

For additional information on constructing anten-
nas, feeds and equipment techniques for use at micro-
wave frequencies, see The ARRL UHF/Microwave
Experimenter’s Manual and The ARRL UHF/Microwave
Projects Manual. Both of these books have a wealth of
information for the experimenter.

PORTABLE HELIX FOR 435 MHZ

Helical antennas for 435 MHz are excellent uplinks
for U-band satellite communications. The true circular
polarization afforded by the helix minimizes signal spin
fading that is so predominant in these applications. The
antenna shown in Fig 56 fills the need for an effective por-
table uplink antenna for OSCAR operation. Speedy assem-
bly and disassembly and light weight are among the
benefits of this array. This antenna was designed by Jim
McKim, WØCY.

As mentioned previously, the helix is about the most
tolerant of any antenna in terms of dimensions. The
dimensions given here should be followed as closely as
possible, however. Most of the materials specified are avail-
able in any well supplied do-it-yourself hardware or build-
ing supply store. The materials required to construct the
portable helix are listed in Table 1.

The portable helix consists of eight turns of 1/4-inch
soft-copper tubing spaced around a 1-inch fiberglass tube
or maple dowel rod 4 feet, 7 inches long. Surplus alumi-
num jacket Hardline can be used instead of the copper tub-
ing if necessary. The turns of the helix are supported by
5-inch lengths of 1/4-inch maple dowel mounted through
the 1-inch rod in the center of the antenna. Fig 57A shows
the overall dimensions of the antenna. Each of these sup-
port dowels has a V-shaped notch in the end to locate the
tubing, as shown in Fig 57B.

The rod in the center of the antenna terminates at
the feed-point end in a 4-foot piece of 1-inch ID galva-

Fig 55—Rear of the completed feed. (K5OE photo;
courtesy of The AMSAT Journal.)

Fig 56—The
portable 435-MHz
helix assembled
and ready for
operation. (WØCY
photo.)
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