Collinear Phased Antennas for
the HF Bands

Need a good-performing wire antenna? A collinear phased array
could be just what you’re looking for!

By Douglas J. Fouts, KIGQR

Dept of Electrical and Computer Engineering

University of California
Santa Barbara, CA 83106

part of Amateur Radio. With the

increase in sunspot activity, there’s
more IDX fun every day! Unfortunately,
newcomers {and some old-timers)
sometimes think that the ouly way to work
DX is with the aid of costly towers, rotators
and beams. This article shows you how to
design and build an effective DX antenna
called a collinear phased array, Collinear
antennas are easy and inexpensive to
construct, and if you already have a dipole
or an inverted V, you already have many
of the materials vou’ll need.

T he thrill of chasing DX is an integral

Collinear-Array Fundamentals

Basically, a collinear array is nothing
more than two or more radiating elements
that are strung together, end to end.! The
radiating elements are uwsually a half
wavelength long, but other lengths can be
used. Fig 1 shows a collinear array that is
composed of three half-wave, center-fed

-dipoles. If the three transmission lines that
lead from the common feed point in Fig 1
to the centers of each dipole are the same
length, the currents in all three dipoles will
always be traveling in the same direction
at a given time (the three dipoles are in
phase). The term colfinear is used because
the radiating elements are arranged
geometricaily in a straight line.

If the three dipoles shown in Fig 1 are
fed in phase, the fields created by the
dipoles will also be in phase. At a distant
receiving antenna in a direction perpen-
dicular to the array elements, the energy
radiated by the three dipoles adds, creat-
ing a received signal that is stronger than
if only one dipole was used. This principle
also applies to the reception of incoming
waves: A perpendicular incoming wave
strikes all three dipoles at the same time.
The signals induced in the dipoles add in
phase, making the received signal stronger
than if only one dipole was used. The the-

oretical gain of a collinear phased array

Notes appear on p 32.

OPEN-WIRE
THANSMISSION LINE

Fig 1—A three-element, collinear phased
array fed with equal-length sections of
open-wire line. (This is the simplest way to
feed a collinear array.} See text.

Table 1

Number of wavelengths of open-
wire transmission line required to
connect two fo five elements to a
common feed point

Number of Wavelengths of
elements transmission fine
2 1.5
3 3.0
4 5.0
8 7.5

over a half-wave dipole is 1.9 dB for an ar-
ray with two elements, 3.2 dB for a three-
element antenna and 4.3 dB for an array
with four elements.

Feeding Collinear-Phased Arrays

The use of multiple feed lines as shown
in Fig 1 has the advantage of ease of
construction and tuning. The only things
you need to tune this antenna system are
4 tape measure, a transmitter and an SWR
bridge. The use of multiple feed lines has
several disadvantages, however, Feed lines

should run perpendicular to the antenna for
at least a half wavelength before turning
any corners. This can be an unsightly mess,
difficult to implement (depending on the
installation) and, most of all, costly. Table
1 shows the minimum amount of parallel-
conductor transmission line that is
necessary to connect multiple elements to
a common feed point.

The preferred methods of feeding
collinear phased arrays are shown in Figs
2 and 3. Fig 2 shows the feed system for
an antenna with an odd number of
elements, and Fig 3 is that for an antenna
with an even number of ¢lements. The
advantage of these feed methods is that
only one feed line is required, and its length
isn’t critical. In general, the feed methods
shown in Figs 2 and 3 are less costly, easier
to construct, and visuafly unobtrusive, The
disadvantage is that some means (such as
an RF noise bridge) is required to adjust
the quarter-wave phasing lines.

The short arrows next to the antenna
elements in Figs 2 and 3 indicate the

" direction of current flow during half of a

cycle of the applied signal. During the
following half cycle, all currents flow in the
reverse direction. In a long, continuous
wire, the direction of current flow reverses
every half wavelength. Figs 2 and 3 show
that all currents in the radiating sections are
in phase.

The short vertical sections shown in Figs
2 and 3 are quarter-wave phasing stubs.
The current flowing on one side of a stub
is equal in amplitude to the current flowing
on the other side at every point along the
length of the stub. Because the currents
flow in opposite directions, their magnetic
fields cancel, and the stub does not radiate.
The current amplitude is not constant along
the length of the stub: The current is at a
minimum at the top of the stub, and
reaches a maximum at the bottom of the
stub,

Both voitage- and current-feed methods

are shown in Figs 2 and 3. Voltage feed is
so named because the antenna is fed at a
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Fig 2---Feeding an odd number of collinear elements.
At A, balanced current teed. At B, unbalanced voltage

feed. At C, current feed.

point of maximum voltage (minimum
current). Current feed is feed at a point of
maximum current {minimum voltage).
Collinear phased arrays work best if they
are balanced (equal signal amplitudes flow
on both sides of the antenna at a given
time). Therefore, current feed is preferred
for an antenna with an odd number of
clements {Fig 2A). The feed-point
impedance of a current-fed auntenna is
slghtly over 300 @ aod provides a
reasonable match to 300- or 450-1 open-
wire transmission line. Voltage feed is
preferred for an antenna with an even
number of elements (Fig 3A). The feed-
point impedance of a voltage-fed antenna
is over 1000 £, If a particular installation
requires an off-center feed, current feeding
is the preferred method because of its more
favorable feed-point impedance.
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Fig 3—Feeding an even number of collinear elements. At A, balanced

voltage feed. At B, unbalanced voltage feed. At C, current feed.
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Fig 4—Radtation patterns of center-fed col-
tinear phased arrays. The unshaded pat-
tern is for an antenna with two elements;
the shaded pattern is for a four-element
antenna.

Radiation Patterns

Collinear phased arrays are bidirectional.
In addition to some minor lobes, they
produce two major lobes perpendicuiar to
the antenna wire. The more elements the
antenna has, the more narrow the major
fobes (and the more numerous the minor
lobes). Fig 4 shows the radiation pattern
for collinear phased arrays with two and
four elements. In addition to the coverage
provided by the major lobes, the minor
lobes usually provide adequate coverage for
local communication.

Construction

The first step in constructing a collinear
phased array is to decide the directions of
the major lobes and how many elements the
antenna should have. This depends on the
location of the desired DX, whether or not




these locations all lie in (or close to) a
straight line and how much room there is
at the instaflation site. If the desired DX
locations all lie in (or close to) the same
direction (or 180° from each other), the
antenna can be built with many elements,
assuming that the necessary space is
available. On the other hand, if the desired
DX is fairly spread out, the wider major
lobes of an antenna with fewer elements
may be more desirable.

If the gain and directivity of a three-
element array is desirable but there isn’t
enough space for it, and if there is more
than the required amount of space for a
two-element array, an extended double
Zepp (EDZ) should be considered. The
EDZ—a special case of the two-element
collinear phased array—has a gain of
approximately 3 dB over a half-wave
dipole, and is only 1.28 X long. For
information on this antenna, see The
ARRL Antenng Book and QST.?

Collincar phased arrays work best if they
are erected parallef to the ground. This
means that a support is needed at each
end-—the higher the support, the better, If
minimizing cost is important, or if less
directivity is desired, the antenna can be
erected as an inverted V. If this is done, the
apex angle should not be less than 90°. The
antenna may have to be raised and lowered
several times during construction and tun-
ing, so it is a good idea to use support struc-
tures with pulleys, as shown in Fig 5. The
antenna can then be raised and lowered eas-
ily with halyards.

Materials

The radiating sections of the array
should be constructed from no. 12 or 14
copper-clad steel wire, such as
Copperweld™. The extra strength of steel
wire is desirable because the antenna must
bear the weight of the phasing stubs and
transmission line. If minimizing cost is
important, the antenna can be built from
no. 12 insulated copper wire (the kind used
for house wiring). If copper wire is used,
however, the antenna may not stay up
during severe weather, and the conductors
may streich excessively if they’re not well
supported.

The radiating sections of a collinear
phased array must be an elecirical half
wavelength long, which means that they
will be slightly shorter than the calculated
value given by the equation

length (feet} = 468+ f (MHz) (Eq 1)

There are two methods that can be used
to find the correct electrical fength for the
materials being used; both start with the
same step. Calculate the length of a half
wavelength of wire using Eg 1. Use a
frequency at the center of the desired band
for this calculation.

The next step in using the first method
is the construction of a half-wave dipole

S

F:ig 5—Supporting mast for a collinear phased array. The guy cable that pulls in the same
direction as the antenna prevents the mast from bending backward when tension on the

antenna is released.

that uses the same antenna wire and
insulators that will be used in the
construction of the collinear antenna.
Connect a 30- or 75-(1 transmission line to
the dipole, and raise the antenna into po-
gition. Good-quality transmission line is not
necessary for this test; an old piece of
RG-58 or RG-59 will work fine. A balun
is not required either. Resonate the dipole
by pruning equal amounts off each end for
best SWR. Once the dipole is resonant, it
can be lowered and measured to determine
the correct fength for the half-wavelength
elements.

The second method for determining the
proper element length is similar to the first,
except that vou’ll need to build a full-wave
dipole and then prune it for resonance at
half of the desired center frequency. (You
can only use this method if half of the
desired center frequency falls in ann amateur
band.)

The first method is preferred if you are
building a current-fed antenna, because the
test dipole can be used as an element of the
collinear array. The second is the preferred
method when constructing a voltage-fed
antenna, for the same reason. Once an
electrical half wavelength has been
determined, the radiating elements for the
collinear antenna can be cut and assembled.
A word of caution is in order here: The
ends of the radiating elements are points
of high voltage. If you intend to use high
power (1 kW or more), large insulators,
such as those shown in Fig 5, should be
used. If large insulators aren’t available, or
if cost must be minimized, two smaller
insulators in series can be substituted.

The Phasing Stubs
The quarter-wave phasing stubs can be

fediEd

Fig 6—A coiled quarter-wave phasing stub
constructed from no. 12 insulated copper
wire.

consiructed from almost any type of wire.
If the antenna is to be fed with less than
100 W, 300-2 TV twin lead can be used.
If higher power levels are anticipated, no.
14-conductor, l-inch spaced, balanced
transmission line can be used. Wide-spaced
line such as this can, however, be hard to
resonate because of its low Q. 1t is also
more expensive than no. 12 insulated
copper wire,
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The phasing stub shown in Fig 6 is
constructed {rom ne. 12 insulated-copper
house wire: Two quarter-wavelength pieces
of wire are twisted tightly together. No. 14
zip cord could aiso be used to make the
phasing stubs. Figs 2 and 3 show the
phasing stubs hanging straight down, but
this is visually obtrusive. {(To make the
stubs even less noticeable, make them of
wire with blue or clear insulation.) Because
the stubs don’t radiate, they can be coiled,
as shown in Fig 6.7 This lowers their
resonant frequency a bit, s0 coil them
before pruning them to resonance.

To resonate the phasing siubs, an RF
noise bridge is required. Any of the
commonly available commercial units work
fine for this.* Connect the bridge’s
unknown input to the end of the phasing
stub that will eventually connect to the
radiating elements. Leave the other end of
the stub open. An open guarter-wave
transmission line behaves like a series
resonant circuit. Follow the instructions
that come with your bridge for finding the
resonant frequency of a series resonmant
circuit. The actual resonant frequency
should be lower than the calculated value.
Prune each stub until it is resonant at the
antenna’s center frequency, and then attach
it to the radiating elements. Solder together
the wires at the other end of the stub.

Collinear phased arrays should be fed
with balanced transmission line. At output
power levels of 100 W or less, if the line
iength is not too great, 300-0 TV twin lead
can be used. TV twin lead is too lossy for
long runs, though, and it can’t handle high
power. For runs of more than 1 A and/or
high-power applications, transmission line
with no. 14 (or heavier) conductors should
be used. If this is unavailable, or if cost is
being kept to a minimum, a suitable
transmission line can be made from two
lengths of no. 12 or 14 copper wire, Keep
the wires 1 inch apart with plasticsheet
or weatherproofed-wood spacers attached
at 6-inch intervals along the length of the
line.

[f the antenna is current fed and has been
designed and built correctly, the
transmission-tine SWR should be less than
3:1. The SWR on a voltage-fed antenna will
be higher. With a short, low-loss
transmission line, a high SWR can be
tolerated. If, however, the line length is
more than I A and low-loss line isn’t used,
a matching stub may be required.
Information on stub maiching with
transmission lines can be found in The
ARRL Antenna Book.’

Because of the SWR-protected final
amplifiers in today’s solid-state, broadband
tigs, antenna tuners are needed with most
antennas—including collinear phased
arrays—to present a suitable SWR to such
radios. If you use a tuner that doesn’t have
2 balanced-line output, connect the feed
line to a 4:1 balun and run a short piece
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of coax from the balun to the tuner. If a
tuner is used, a collinear array can be used
on bands other than the one that it is
designed for, with some sacrifice in
performance.

A Coflinear-Phased Array in Action

I constructed my antenna for 21.225
MHz, the center of the 15-meter band. The
antenna has four elements, is voltage fed
through a home-brew L-network tuner, 50
feet of RG-213 coax, a 4:1 balun and 20
feet of open-wire transmission line. The
antenna height is 30 feet, and the wire is
oriented in a southwest/northeast
direction. The major lobes point toward the
middle of South America and Japan.

[ tested the antenna during the 1988 CQ
WPX SSB contest, in which 1 worked many
stations in South America and Asia. Signal
reports were quite good. After the contest,
I had lengthy QSOs with several stations
in South America and Japan, during which
I received signal reports indicating that the
collinear works about as well as a three-
element triband Yagi. [ aiso made some
contacts with stations in Eastern Europe,
Australia and New Zealand. Although
signal levels off its ends are lower, the
antenna is oot totally useless in these
directions.

With the aid of a tuner, my 15-meter
collinear is useful on other bands. 1 used
the antenna on 40 and 80 meters during the
WPX contest, and 1 worked stations all
over the US with my 100-W signal.

Conclusion

After constructing and using the
1 5-meter collinear antenna as described in
this article, [ have come to the conclusion
that, for my needs, it is probably the best-
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The February issue of QEX includes:

* A Low-Noise Preamp For Weather Satel-
lite VISSR. Reception,’”” by H. Paul Shuch,
N6TX. Paul describes a preamp that not only
does a credible job receiving stretched VISSR
signals on a 12-foot-diameter TVRO dish, but
provides spectacular standard WEFAX recep-
tion using a dish made from a 2-foot-diameter
snow sled!

* “RF Power FETs—Their Characteristics
and Applications,” Part 2, by H. O.
Granberg, K7ES. With RF power FET's turn-
ing up in Amateur Radio circuits at an ever-
increasing rate—make sure you don’t fall
behind the times. Learn about the advantages
and disadvantages of modern power

performing antenna for the money. Like
many hams, when 1 first got started in ham
radio I put up a multiband dipole and fed
it through a tuner. Because of this exercise,
two guved masts, antenna wire,
transmission line, a balun, a tuner and
some insulators were already on hand. |
borrowed an RF noise bridge, so the only
parts 1 had to buy for this project were the
wire for the phasing stubs and a few
insulators. In {otal, I spent less than $10—a
lot less than I'd have to spend to put up
a small Yagi!
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Notes

For more information on collingar-array theory,
see G. L. Hall, ed, The ARRL Antenna Book,
15th edition (Newington; ARRL, 1988).

28ee note 1 and J. Reh, “An Extanded Double
Zepp Antenna for 12 Meters,” QST, Dec 1987,
pp 25-27. Also see J. Reh, "'Extended Double
Zupp Calculations,” QST, Aug 1988, p 51.

3AL any point along the stub, most of the energy
is concentrated close to and hetwaen the
conductors. Therefore, cailing the stubs does
not degrade their performance. See J. . Kraus
and K. R. Carver, Electromagnetics, 2nd edition
{New York: McGraw-Hill, 1973), pp 520-521.

4Palomar Engineers, MFJ and Heathkit® all make
AF noise bridges.

5See note 1, Chapters 26 and 28. HE7)

MOSFETs (as compared to bipolar transis-
tors) in this fact-filled article.

* [n *““Correspondence,’” Craig Carter,
KA900P, tells how to build a simple, high-
stability audio oscillator using a single quad
op amp.

* “VHF + Technology,”” by Geoff Krauss,
WAZ2GFP. This month: 432-MHz state of the
art, and where’s that good, old-fashioned
VHF +er gumption?

* “Components’ by Mark Forbes, KCSC.
A scan of AMD’s Am79C401 packet con-
troller; Siemens’ SAB82525 data controller;
an Esxar high-speed datacomm chip set;
Ericsson/Rifa’s PBL3726/19 telephone
speech-circuit IC; a Silicon Systems DTMF
transceiver; a digital audio converter 1C
from Crystal Semiconductor; US Sertek’s
PS/2 chip set; and an active 180° splitter from
Anpadigics.
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for 12 issues; for nonmembers, $20. There are
additional postage surcharges for mailing out-
side the US; write to Headquarters for details.



