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An advanced method of multi-operator contesting is in-band operation where two operators
share the same band and mode, with interlocks to prevent simultaneous transmission. Typically,
one operator is running while the other is searching for multipliers, thus offering a potential
increase in scores. At N6RO [Ref. 1], this has barely been explored so we decided to acquire and
install the necessary equipment, starting with 15 m.

Several things are required for in-band operation, including a pair of skilled and cooperative
operators and two radios with transmit interlocks. Beyond that, a major technical challenge is RF
isolation between those stations. Given two antennas in proximity and high transmitter power,
damage to the associated receiver is quite possible. Isolation methods include custom-designed
high-performance external filters, spatial antenna separation, and cross-polarized antennas. We
chose the latter two.

Primary antennas at N6RO on 40 through 10 m are Yagis stacks. Therefore, adding secondary
vertical antennas can provide polarization isolation. Also, the station is located on 10 acres,
allowing good spatial separation. Previously, we had positive experience with a vertical antenna
array on 40m [Ref. 2], intended specifically to support CW plus SSB operation during the
California QSO Party. Isolation was a pleasing 55 dB between the stack and the verticals; 1 kW
input would yield 3 mW at the receiver, an electrically safe value though very taxing on the
receiver’s dynamic range.

Vertical Dipole Array (VDA) Design

In recent years, some DXpeditions have been deploying four-element VDAs on their island
adventures with great success. This relatively simple structure offers directionality and pattern
gain roughly on the order of a vertically-oriented 2-element Yagi. It is also easy to erect and can
be fabricated from low-cost materials. A comprehensive design article was published by the
Lagunaria DX Group [Ref. 3], which in turn is based on a great body of previous work that they
reference. Figure 1 shows a pictorial representation of their design, which uses bent vertical
dipoles suspended from the top of a non-conductive mast.



Figure 1. Basic VDA design with bent dipoles as deployed by DXpeditions.

Operation of this VDA is as follows. All four elements are center-fed via common-mode chokes
at their feed points. The four coaxial feed lines join together at a centrally-located box
incorporating relays for direction control. At any given direction setting, one element is driven
while the others are disconnected and serve as reflectors. To force an element to be a reflector, it
needs to appear electrically longer. This is accomplished by a transmission line trick, where a
precise length of coax (left completely open and disconnected) produces a specific inductive
impedance at the antenna feed point. Finding that length would be impractical by
experimentation, but simulation in EZNEC makes it easy.

Modification for the N6RO Application

For maximum polarization isolation, I used straight vertical dipoles instead of bent elements
which have some horizontal radiation. Simulation is straightforward and dimensions proved to
be sufficiently accurate in the field. Figure 2 shows the azimuth and elevation patterns, assuming
average ground, with a peak gain of 5.4 dBi way down at 15 degrees. Like every vertical antenna
system, it would perform far better over salt water, with closer to 10 dBi gain. Front-to-back
ratio is 11 dB, similar to a basic two-element Yagi.
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Figure 2. Simulated azimuth and elevation patterns over average ground.

The Build

An general illustration of this antenna is shown in Fig. 3. Detailed drawings are included in the
appendix. The central pole is telescoping fiberglass tubing, available from Max-Gain Systems,
Inc. (https://mgs4u.com/). Top support arms were made from old 1.25 in. aluminum antenna
tubing from the boneyard. I built a custom spider clamp assembly for those arms that slips over
the fiberglass tube. Three rope guys are sufficient for moderate winds. I estimate the top wind
load is 2.5 SF, which would produce roughly 23 Ib of force at 60 MPH.
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Figure 3. Overall VDA geometry and major components.



RG400 coax was selected for it high power handling ability and resistance to weather. Common-
mode chokes consisted of 9 turns of coax on a Fair-Rite 2631803802 toroid, yielding 4k Ohms
of resistive impedance on 15 m. Figure 4 shows the feed point assembly, fabricated on acetal
sheet. Note that polarity is important, and all four dipoles must match. Wires are 14 AWG
THHN. They are attached via dog bone insulators and rope at the top, and insulators plus
extension springs at the bottom to allow some flex in the overall system. Construction stakes
anchor the wires. Coax is pulled out to the center pole and taped in place. Once the wires are
modestly tensioned, the coax straightens right out.

Figure 4. Feed point assembly with common-mode choke, coax, and dipole wires.

Relays and connectors were installed in a 4x4x2 inch PVC junction box (Fig. 5). These small
relays are well-proven in QRO antenna switches, though hot-switching is not recommended! An
aluminum tab is provided to bolt the enclosure to the fiberglass tube. It ends up roughly 10 ft
above ground, allowing servicing via a step ladder. A simplified schematic is shown in Fig. 6.
Note that DPDT relays are required because both the center conductor and the shield must be
switched in order to completely isolate (float) the reflector elements. To control this antenna, a
pair of toggle switches send 12 VDC to select N-S and E-W, providing four possible directions.



Figure 5. Relay enclosure, 4x4x2 inches.
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Figure 6. Simplified schematic of relay enclosure.
Installation

We planted a 10-foot 4x4 in concrete as a primary base support. A half-inch lag bolt served as a
pivot at the bottom of the mast. This is a lightweight antenna, only requiring one person to walk
it up with another pulling on a guy rope. A couple of heavy sheet metal straps tied the mast to the
post. It’s very stable and solid with the guy ropes. Our crew over several days consisted of
K6KM, WoWZZ, AA6MU, N6WM, W2DON and NA6O.

Tuning proceeded with the switch box temporarily connected. Resonance was initially 200 kHz
low. That turned out to be caused by all the support wires holding up the grape vines! We
replaced them with rope and things snapped back to reality. Ultimately we found that the
elements were 3% too long compared to the model—not bad. SWR ended up less than 1.8:1
across the band in the worst direction.



Figure 7. NA6O stands by the final product in the vineyard that is N6RO.



Performance

The VDA is located 800 ft (21 wavelengths) from the 15m stack. Feedline is LMR600, with
about 2.7 dB of loss. The good news about all that loss is that the SWR seen from the shack is
even lower, about 1.3:1 worst-case, so at least the amplifiers will be very happy.

An initial on-the-air check proved that the VDA has a good pattern with a solid 2 S-units (12 dB)
front-to-back ratio, as simulated. A direct measurement of F/B radio was obtained with a
network analyzer, using our 40 m vertical array located 850 ft away as the receiving antenna.
The fact that they are not resonant is of no concern since this is a single-frequency, relative
measurements. What is important is that everything is vertically polarized. Rotating the VDA
yielded a 13.1 dB F/B ratio, consistent with both simulation and S meter observation.

Isolation between the 15 m stack and the VDA is perhaps the most critical factor. Again using a
network analyzer (Fig. 8), total system loss (isolation) was measured exactly as a transmitter-
receiver combination would use the system. The stack is located to the East of the VDA. With
the stack pointed at Europe (30 deg) and having the middle and upper antennas driven, and the
VDA pointed NE, isolation was 75.6 dB. With the stack pointed at Japan (310 deg) and the VDA
pointed NW, isolation was 66.0 dB. Superior NE isolation is due to the better F/B ratio of the
Yagis, ~25 dB vs. only 13 for the VDA, thus the ~10 dB difference.
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Figure 8. Isolation test. Best results were obtained with both antennas oriented NE.

With 75.6 dB isolation, 1 kW transmit power on the Yagi yields -15.6 dBm at the in-band
receiver on the VDA. That is equivalent to S9+57 dB. With a nominal 100 dB dynamic range
receiver, signals as weak as S2 could theoretically be copied, assuming the transmitter is
perfectly clean and no other spurious energy appears. In on-air testing, N6WM reports that the
Europe direction is completely useable (Flex 6600 transmitter plus PGXL; Elecraft K3 receiver
on the VDA). However in the Japan direction, the 10 dB poorer isolation is problematic, raising
the apparent broadband noise floor to roughly S5. Luckily, our contest strategy would only rarely
require hunting for JA mults, in contrast to European and North American activity to the NE.

The only thing I’'m waiting for is actual on-air performance comments. I’ll revise this article
when I get such information.
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Appendix - Construction Details
Overview Vineyard Installation
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