This month we wrap up the series on ununs by W2FMI.
In this final part the author offers 14 variations on
matching 50 ohm cable, which should satisfy just
about any requirement.

The Ultimate Multimatch Unun

The use of the adjective “ultimate” to
describe one's design can berisky busi-
ness. The author assumes that the de-
sign will meet one of the most commen
definitions for this adjective—namely,
“beyond which it is impossible to go.”
To many of us, the classic use of this
adjective was initiated by Lew McCoy in
describing his popular Transmatch. Al-
though there have been some improve-
ments in his design, his use of this def-
inite (and strong) adjective can be said
to have withstood the test of time. | hope
my use has a similar success.

Recently | described a multimatch
design® which had five broadband ra-
tios matching 50 ohm cable to lower Im-
pedances. Infact, two of the lower ratios
worked well in matching 50 ohm cable
to higher impedances. Thus, this gave
seven usable applications in matching
50 ohm cable to impedances as high as
112.5 ohms and as low as 5.56 ohms.
But the design’ in this article goes well
beyond this. It offers ten broadband
ratios, four of which work quite well in
either direction! Therefore, this design
offers 14 applications in matching 50
ohm cable to impedances as high as
112.5 ohms and as low as 3.125 ohms,

This achievement, however, comes at
a price called difficulty. It uses a quadri-
filar winding on the smallest feasible fer-
rite toroid in order to minimize the stand-
ing waves by using the shortest pos-
sible transmission lines. The 5-ratio un-
un used a ftrifilar winding which was
considerably easier to wind. Further-
more, the 10-ratio unun has two of its
windings tapped, while the 5-ratio unun
had only one.

If you have had little experience in
winding ununs or baluns, then a simpli-
fied version should be attempted first.
This version would eliminate the tapping
of the two windings, resulting in the fol-
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Fig. 1- Circuit diagrams for the 10-ratio unun: (A) diagram for analysis; (B) trans-
posed windings for best overall performance.

lowing five broadband ratios matching
50 ohm cable to lower impedances:
1.78:1.2.25:1,4:1,9:1,and 16:1. In fact,
the 1.78:1 and 2.25:1 ratios can be used
(quite successfully) in matching 50 ohm
cable up to 89 ohms and 112.5 ohms.

Again, for those interested in the de-
sign considerations of this broadband
multimatch unun, a brief review is pre-
sented in the first section. The second
section presents a high-power design
capable of handling the full legal limit of
amateur radio power. The third, and the
last, section includes a low-power de-
sign capable of handling the output of
any HF transceiver.

Finally, | would like to conclude this
introduction by referring to another pop-
ular application of the adjective ulti-
mate. It is “to come to an end.” This arti-
cle presents the sixth, and quite likely
my last, in the series on ununs. | think |
have covered most of the important

Photo A- Bottom view of the 10-ratio
unun. The connector is on terminal A.
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applications for amateur radio use. If
not, | would entertain any suggestions.

The Circuit

Fig. 1(A) is presented here because it
is the easiest form of a quadrifilar-wound
unun to explain. With the input voltage,
V/1\, connected to the various terminals
on the left (the low-impedance side),
and with very short transmission lines
compared to the wavelength, we have
the following transformation ratios:
1. V, connected to terminal A

a) At terminal D the output voltage V.,
s 4/3V,.Therefore, the transformation
ratio, g, with connection A-D is

g=(4/32=1:1.78 (1)
b) At terminal F the output voltage is
V, = V(1 +n/3N) (2)

where N = total number of turns and

'F =]

Photos B— Three different views of the 10-ratio unun mountedina 4'l. x2'Wx2.75'H
CU-3015A minibox.

n = number of tums from terminal 7.

The transformation ratio with connec-
tion A—+ then becomes

g=(V,/V:)2=(1 +n/3N)? (3)
2.V, connected to terminal B

a) At terminal E the output voltage is

3/2V,. Thus, the transformation ratio with

connection B-E is

= (3/2)2=1:2.25 (4)

b) At terminal G the output voltage is

Vo= Vi(1 + n/2N) (5)

where n = number of turns from ter-
minal 5.

The transformation ratio with connec-
tion B—-G becomes

g=(V/Vy)2=(1+n/2N)2 (6)

c) At terminal D the output voltage is

2V,. The transformation ratio with con-
nection B-D is

g=(2F =14 (7)

d) At terminal F the output voltage is

V.=V, (3/2 + n/2N) (8)

where n = number of turns from ter-
minal 7.

The transformation ratio with connec-
tion B-Fthenis

=(VJVs)2=(3/2+n/2N)  (9)

3. V, connected to terminal C

a) At terminal E the output voltage is
3V,. The transformation ratio with con-
nection C-E becomes

g=(3)¢=139 (10)
b) At terminal G the output voltage is
Vo= V4(2 + n/N) (11)

where n = number of turns from ter-
minal 5.

The transformation ratio with connec-
tion C-G is

g=(V/V)2=

c) At terminal D the output voltage is
4V, The transformation with connection
C-D becomes

(2 + n/N)2 (12)

=(4)2=1:16 (13)
d) At terminal F the output voltage is
= V4(3+n/N) (14)

where n = number of turns from ter-
minal 7.

The transformation ratio with connec-
tion C-F is

= (V,/V;)2=(3 + n/N)2 (15)

A High-Power 10-Ratio Unun

After several attempts at rearranging
the windings of fig. 1(A) for best overall
performance (optimizing the effective
characteristic impedances of the wind-
ings), fig. 1(B) evolved. Photo A shows
the bottom view of an unmounted unun
using the circuit of fig. 1(B). The top-left
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Photo C- The low-power 10-ratio unun
mounted inahomemade2.25L x 1.5"W
2 25'H minibox.

lead is terminal E. The top-right lead is
terminal D. The bottom-left lead is ter-
minal B. The center lead (connected to
the S0O-239 connector) is terminal A.

The bottom-right lead is terminal C.
Below these three leads is a ground
connection (terminal 3 in fig. 1[B]) to the
S0-239 connector. Photo B shows three
different views of this high-power unit
mounted in a 4L x 2'W x 2.75'"H CU-
3015A minibox.

This 10-ratio unun has four quadrifilar
turns of No. 14 H Thermaleze wire on a
1.5 inch OD ferrite toroid with a perme-
ability of 250, Winding 5-6 is tapped at
2 turns from terminal 5 and winding /-8
is tapped at 2 turns from terminal 7.

If the 9:1 ratio (connection C-E), the
12.25:1 ratio (connection C-F), and the
16:1 ratio (connection C-D) are to be
used at the full legal limit of amateur
radio power, then it is suggested that
winding 3-4 be replaced with No. 12 H
Thermaleze wire. If not, then these three
ratios should be used at lower power
levels (of 500 watts continuous and 1 kW
peak). It should also be mentioned that
using No. 12 wire for winding 3-4 adds
some more difficulty in the construction
pProcess.

A listing of the expected performance
across the band from 1.7 MHz to 30
MHz, with the various ratios, is as fol-
IOWS:

16:1 (D-C); 50:3.125 ohms
Ratio is constant up to 21 MHz. It then
decreases by 15 percent.
12.25:1 (F-C); 50:4.08 ohms
Ratio is constant.
9:1 (E-C); 50:5.56 ohms
Ratio increases by 5 percent.
6.25:1 (G-C); 50:8 ohms
Ratio is constant.

4:1 (D-B); 50:12.5 ohms
Ratio decreases by 5 percent.
3.06:1 (F-B); 50:16.3 ohms
Ratio decreases by 10 percent.
2.25:1
a) (E-B); 50:22.22 ohms
Ratio increases by 4 percent.
b) (B-E); 50:112.5 ohms
Ratio increases by 50 percent (the
greatest deviation across the band
of any of the ratios).
1.78:1
a) (D-A); 50:28.1 ohms.
Ratio is constant.
b) (A-D); 50:89 ohms.
Ratio increases by 15 percent.
1.56:1
a) (G-B); 50:32 ohms
Ratio increases by 10 percent.
b) (B-G); 50:78 ohms
Ratio increases by 40 percent.
1.36:1
a) (F-A); 50:36.8 ohms
Ratio decreases by 9 percent.
b) (A-F); 50:68 ohms
Ratio increases by 1.5 percent.

A Low-Power 10-Ratio Unun

Photo C shows a low-power unit mount-
ed in a home-made 2.25°L x 1.5'W x
2.25"H minibox. It has five quadrifilar
turns of No. 16 H Thermaleze wire on a
1.25 inch OD ferrite toroid with a per-
meability of 250. The tap on winding 5-6
(fig. 1[B]) is at three turns from terminal
5, and on winding 1-2 it is three furns
from terminal 1. Since the number of
turns is different from the high-power
unit, so are the ratios which use the taps.
In this case they are a little larger. Spe-
cifically, the tapped ratios are now as
follows: 1:12.96, 1:6.76, 1:3.24, 1:1.69,
and 1:1.44. If the taps were at two turns
from terminals 5 and 1, the ratios would
be a little less than those of the high-
power unit. You can play with the equa-
tions in the first section in this article and
arrive at many different ratios.

Since this unun has shorter transmis-
sion lines than its high-power counter-
part, the deviations of the ratios across
the HF band are generally less. Also, if
winding 3-4 (in fig.1[B]) were replaced
with No. 14 H Thermaleze wire, this low-
power unit could well be rated at 500
watts of continuous power for all ratios!
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INTERMODULATION FILTER
FOR 2 METER RADIOS

Is your 2M radio
receiving signals
that you do not
want? Having
problems work-
ing packet, re-
pealers, Or across
town because of intermodulation? The new
Orion 3 stage HELICAL filter will reduce
signals outside the 2M band by at leasl
40dB. Automatic sensing circuit switches
filter in and out. Connection to your hand-
held or mobile rig is fast and easy.

SNAP-ON CHOKE
Fights Interference

Thousands of snap-on
chokes have been used

, world wide to eliminate
interference to TV's,
radios. computers, and

many other electronic
devices. Snap-on chokes
are of the common mode
type which reduce the
currents that may travel
on the outside of cables,
Installation possible on
cables up to 10mm diam-

eter. Effective from

ORF-S0 0.5MHz to 200 MHz.

ROOF TOWERS

Strong and lightweight,
Orion roof towers are
|designed for easy
assembly and mounting
of a wide variety of
antennas. Aluminum
legs and bracing are
1/8" thick! Rotator
plate and upper bearing
plate are galvanized
- | steel. Hardware is stain-

e less steel. ORT-4 (4 f1.)

and ORT-8 (8 ft.)
models are available.

CONTACT YOUR LOCAL DEALER

U.S. Distributor:

Orion Business Intermational, Inc.
360 W. Bedford Ave., Ste. 111
Fresno, CA 93711
Tel. 209-432-4155 Fax: 209-261-0662

Canada Distributor: Texpro Sales Canada, Inc.
2280 Industrial St. Burlington
Ontario L7P 1A1
Tel. 416-332-5944 Fax 416-332-5946
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