
As we head toward the CQ WW 160 Meter Contest season,
W2FMI shows us how to improve our chances through
better matching.

Ununs For Beverage Antennas
BY JERRY SEVICK", W2FMI

'32 Granville Way, Basking Ridge, NJ
07920
tKits and finished units are available from
AmidonAssociates, tnc., 2216EastG/ad
wick Street. Dominguez Hills, CA 90220.

T he Beverage antenna ' is well-known 10
160 meter enthusiasts for enhanced sig
nat-to-norse ratios in high levels at in
terference and atmospheric noise. If they
are erected property. Beverages also
have excellent directivity. They are Quite
inefficient, however, and therefore gen
erally are not suitable as transmitting
antennas , Important considerations with
Beverages are the terminating resistor
(for the more common single-wire ver
sion) and the input matching unun (unbal
anced-to-unbalanced transformer). The
terminating resistor and the impedance
ratio of the unun are determined by the
characteristic impedance of the antenna
acting as a long transmission line with one
good conductor and one poor conductor
(the earth). It is generally between 400
and 600 ohms and theoretically given by:
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At terminal 8, it becomes

and the impedance ratio becomes

The voltage at the tap in wind ing 7-8 is

Vo '" 3V, + Vs
'" 3V, + n/NV, '" V,(3 + nIN ) (6)

at terminal 6,

There are two methods for obtaining
broadband operation at these high-imped
ance levels. One uses Guanella's 9:1 and
16:1 baluns, which are converted to unun
operation.e The other uses higher order
windings (quadrifilar in this case) on a sin
gle core,which is anextensionof Authroffs
approach.a The Guarena approach, which
uses coiled transmission line connected in
series at the high-impedance side and in
parallel at the low-impedance side, results
in very broad bandwidths, but with difficul
ty in meeting low-frequency object ives
Low-frequency modetee show that with
ratios above 4:1, some of the coiled wind
ings are connected in parallel, resulting in
reduced reactances. However, with the
Authroff approach all of the inductances(at
the low-frequency end) end up mutually
aiding. But Ruthroff's approach suffers at
the high-frequency end because a direct
voltage is summed with three voltages
which traverse various lengths of transmis
sion lines. As a result, Guaneua's approach
of summing voltagesof equal delays is pre
ferred for the higher frequency bands, and
Authroffs approach is preferred for the
lower frequency bands. This article pre
sents designs using Authroff s approach.

Fig. 1 shows the schematic diagram of
a quadrifilar-wound unun. If the lengths
of the transmission lines are very short
compared to the wavelength (therefore,
phase-delay and standing waves are
negligible), then:

Transmission line trans formerse(the unun
being a subset thereof) are known for the
greater bandwidths and efficienc ies over
their counterparts---conventional trans
formers. It is also known that their design
considerations are vastly different. They
involve chokes and transmission lines ,
while conventional transformers involve
flux linkages.

High-impedance ununs (and ba'uns)
which match 50 ohms, unbalanced, to
impedances as high as 800 ohms are at
about the edge of capabi lity of this tech
nology. The reasons are (1) the windings
require more turns , since higher reac
tances are needed for isolating the input
from the output, and (2) they require high~

ercharacteristic impedances in the trans
mission lines, since the loads they see are
greater. Therefore, one just runs out of
space on toroidal cores in Irying 10 satis
fy the low-frequency and high-frequency
objectives. Incidentally, beaded trans
mission lines are not recommended at
these impedance levels because of their
excessive losses.

A lillie Theory

A bit of theory on how these devices
are designed is presented next.

Fig. 1- Schematic diagram of the quean
filar design using Ruthroff 's approach for
high-impedance, low-frequency ununs
such as the Beverage antenna matching

transformer.

(1)Zo'" 138 x log(4h/d)

where: Zo '" characteris tic impedance of
the Beverage; h '" height of the wire above
ground: and d '" diameter of the wire.

This article presents low-power and
high-power verstonst of muitimatch un
uns designed to match 50 ohm cable 10
unbalanced loads from 450 ohms to 800
ohms. The low-power unit, which is capa
ble of hand ling continuous power levels
up to 100 walls, is specifically designed
for the Beverage antenna when it is per
forming as a receiving antenna The high
power unit, which is capable of handling
1 KW of continuous power, can be used
with the Beverage or any other traveling
wave antenna when used as a transmit
l ing antenna.Addttionauy.this article pre
sents high-power designs capable of flat
response , including the entire AM broad
cast band. These murnmatch ununs may
be of interest to designers of high-power
amplifiers for the broadcast band.
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Photo A- The bottom view of the low
power Beverage antenna unun.

where: N = total number of turns; n = num
ber of turns from terminal 7.

The impedance ratio. using the tapped
windmg. becomes

(7)

When the lengths of the transmission
lines are significant, then important phase
delays can occur and reduce the high
frequency response. As can be seen in
fig. 1, V2 travels one transmission line, V3
travels rwotransmission lines, and V4 trav
els three transmission lines. Add itionally,
the high-frequency response is further
diminished if the characteristic imped
ances of the transmission lines are not at
thei r optimum values (wh ich is hard to do

•

Photo B- The low-power Beverage anten
na unun mounted in a 4"L x 2'Wx 2. 7S'H

minibox.

at these impedances levels). Even with
these major flaws, the Ruthroff approach
is better for Beverage antenna use, since
the greatest advantages are on the lower
frequency bands (80 and 160 meters).

A Low-Power Design

Photo A shows the bottom view of an unun
designed to handle 100 watts of continu
ous power with constant ratios from 9: 1
to 16:1 on the 80 and 160 meter bands.
In fact, since its transmission lines are
very short (about 12 inches long), the
ratios only increase by 5 percent on the
40 meter band .

The design uses the Ruthroff approach
shown in fig. 1. It has 6 quad rifila r turns
on a 1,5 inc h 0 0 ferr ite toroid w ith a per-
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Photo C- Three high~power, low-frequency ununs using a quadrifilar design with
Ruthroff"s approach. One on the left is designed to cover the 80 and 160meter bands

Other two are designed to cover the 160 meter and AM broadcast bands.
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increase by about 6 percen t. At 7 MHz
they increase by about 20 percent.

The unun on the right in photo C shows
another way of obtaining the same per
formance as above . In this case the de
sign has 12 quadrifilar turns (of the same
wires as above) on a 2.68 Inch 00 ferrite
wi th a pe rmeability of 290. The tap on
wind ing 7-8 is at 6 turns from terminal 7,
yieldmg a 12.25:1ratio (instead of 11.86 1
as above). Although the performance of
this design is practically the same as the
one above (using the two 2.4 inch 00
cores), it is a much more expensive de
sign, since the 2.68 inch 00 core is not
nearly as popular. But if a b roadband.
high-power and high-impedance unun
(or balu n) is requ ired to cover 1.5 MHz to
30 MHz, then these expensive 2.68 Inch
0 0 ferrite cores are very likely the only
alternative!
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Photo D- Bottom view of the high-power
Beverage antenna unun.

pedance ratio) increases to about 20 per
cent. Photo 0 attempts to g ive a better
view of the connections.

The other two high-power ununs in
photo 0 are specifically designed to cov
er the broadcast and 160 meter bands,
The one in the center has 9 quadrifilar
turns (of the same wires as above) on a
stack of two 2.4 inch 00 ferrite toroids
with permeab ilities of 250. The tap on
winding 7-8 is now at 4 turns from termi
nal 7, yielding a ratio of 11.86'1. When
matching 50 ohm cab le to 450 ohms (ter
minaI6), 593 ohms (the tap), or 800 ohms
(terminal 8), the response is literally flat
from 0.5 MHz to 2 MHz.At 4 MHz the ratios
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High-Power Designs

Photo C shows three high-power designs.
The one on the left is specifically de
signed to cover the frequencies general
ly used with traveling-wave structures
such as the Beverage antenna. It has 10
quadrifilar turns on a 2.4 inch 00 ferrite
toroid with a permeability of 250. Wind ing
1-2 is No. 14tinned copper wire and the
other three are No. 16 tinned copper wire.
The wires are also covered with Tellon
sleeving .Winding 7-8 is tapped at5turns
from terminal 7, yie lding a ratio of 12.25:1,
When matching 50 ohm cable to loads of
450 ohms (terminal 6), 612.5 ohms (the
tap), and 800 ohms (terminal 8), the vari
ation in response is less than 5 percent
from 1.5 MHz to 4 MHz. At 6.5 MHz the
variation (wh ich is an inc rease in the im-

meabili ty of 250 . The bottom winding is
No. 20 hook-up wire, and the other three
are No. 22 hook-up wire. Wind ing 7-8 is
tapped at 2 turns from terminal 7 yie lding
a 11.11 :1 ratio and at 3 turns from termi
nal 7 yielding a 12.25:1 rat io. Therefore,
with outputs also at terminals 6 and 8, this
unun matches 50 ohm cable to loads of
450, 555.6, 612 .5, and 800 ohms.

Photo B shows the unit mounted in a
4"L x 2"W x 2.75"H minlbox. The output
(the feed-through insulator) is connected
to one of the taps, A grounded bind ing
post is also shown.
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