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The left-hand side of Photo 4-A shows a design
using Figure 4-1A mounted in a CU 3006 minibox
5.25 inches long by 3 inches wide by 2.25 inches high
(Radio Shack carries a similar enclosure). The 1:1.56
unun has 4 quintufilar turns on a l.S-inch OD fenite
toroid with a permeability of 250. Winding 7-8 is No.
14 H Thermaleze wire and the other four are No. 16 H
Thermaleze wire.

The l:1 Guanella balun has 11 bifilar turns of No.
14 H Thermaleze wire on a2.4-inch OD fenite toroid
with a permeability of 250. One wire is covered with
TeflonTM tubing, resulting in a characteristic imped-
ance very close to 78 ohms (the optimum value).

When matching 50-ohm cable to a balanced load of
78 ohms, the impedance transformation ratio is literal-
ly flat (within a percent or two) from 1.5 MHz to 40
MHz! You might be interested to know that (separate-
ly) the I:l (75:75 ohm) balun would make an excel-
lent isolation transformer for 75-ohm hardline, and
the 1.56:1 (78:50 ohm) unun an excellent match be-
tween 75-ohm hardline and 50-ohm cable.

The right-hand side of Photo 4-A shows a design
using Figure 4-18 mounted in a similar enclosure.
The 1.56:1 unun has 5 quintufllar turns on a l.5-inch
OD fenite toroid with a permeability of 250. Winding
5-6 is No. 14 H Thermaleze wire and is tapped at one
turn from terminal 5. The other four wires are No. 16
H Thermaleze.

The 1:1 Guanella balun has 7 turns of homemade
coaxial cable on a l.5-inch OD fenite toroid with a

Photo &A. Baluns using the sche-trc
diagrams of Figure 4-'1 . Balun on ti'le et
matches 50-ohm cable to a balan:e:
l oad  o f  78  ohms .  Ba lun  on  the  r ,  ; - :
m a t c h e s  5 0 - o h m  c a b l e  t o  b a i a r c e :
loads of 37.6 or 32 ohms.

permeability of 250. The inner conductor is No. 14 H
Thermaleze wire and is covered with Teflon tubi-ng"
The outer braid. which is from a small coaxial cahle
or from l/8-inch tubular braid, is also tightly wrappral
with Scotch No. 92 tape to preserve the low character-
istic impedance.

In matching 50-ohm cable to a balanced load ot
37.6 ohms (connection A), or to a balanced load of 3l
ohms (connection B), the response is essentially flar
(within a percent or two) from 1.5 to 30 MHz.

Sec 4. 3 2: l  Bo lu ns
The 2:I balun lends itself to more choices in desigl,
than the 1.56:1 balun. This is especially true because
the parallel-type design, which provides a2.25:I b'al-
un with the widest possible bandwidth, can easilS' tre
employed. The 1.56:1 balun is at a disadvantage here"
This section presents many baluns using both seri*
and parallel-type designs.

Sec 4.3.,| Series-type Boluns
Figure 4-2 shows circuit diagrams for two versions of
the series-type balun. Photo 4-B shows a design usin_e
Figure 4-2A mounted in a CU 3005-4 minibox 5
inches long by 4 inches wide by 3 inches high. The
1:2 unun has 7 trifilar turns on a l.s-inch OD ferrite
toroid with a permeability of 250. The output tap is
located 6 turns from terminal -5. Windins 5-6 is No.
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Figuretl-2. Schematic diagrams of twoversions of the series-type balun: (A) 1:2 (50:100 ohms)balun; (B)1:2.2s (S0:112.5
ohms) balun.

14 H Thermaleze wire and the other two are No. 16 H
Thermaleze wire.

The 1:1 Guanella balun has 14 bifilar turns of No.
14 H Thermaleze wire on aL.4-inch OD fenite toroid
with a permeability of 250. Both wires are covered
with Teflon tubing, which results in a characteristic
impedance of 100 ohms (the optimum value). A
crossover, placing 7 turns on one side of the toroid
and 7 turns on the other, is used so the output and in-
put are on opposite sides of the toroid. Figure 4-3 is a
drawing of the crossover. Although this technique has
no electical advantage at HF, the mechanical advan-
tage is obvious.

When matching 50-ohm cable to a balanced load of
100 ohms, the response is literally flat (within 2 to 3
percenD from 1.5 to 30 MHz. By connecting the out-
put of the unun to terminal 6 instead of to the tap, the
balun would match 50-ohm cable to a balance.d load
of 112.5 ohms with about the same response.

Photo 4-C shows two slightly different versions of
rries-type 2.25:.l baluns using the circuit of Figure
4-28. Both have the same 1.78:1 step-down unun,
which has 5 quadrifilar turns on a 1.5-inch OD fenite
toroid with a permeability of 250. Winding 5-6 is No.
14 H Thermaleze wire, and the other three are No. 16
H Thermaleze wire. Each version also has 8 bifilar
turns of No. 14 H Thermaleze wire on both of the 1.5-
inch OD ferrite toroids, with a permeability of 250.

The differences are: 1) the balun on the left in
Photo 4-C has one layer of Scotch No. 92 tape on one
of the wires in each bifilar winding and a crossover
afier the fourth turn, and 2) the balun on the right has
rwo layers of Scotch No. 92 tape on one of the wires
on one toroid and no extra insulation on the wires of
the other toroid. Therefore, one of the;windings in the
1:4 Guanella balun has a characteristic impedance a

Photo 4-8. A series-type balun using the schematic dia-
gram of Figure 4-2A designed to match 50-ohm cable to a
balanced load of 100 ohms.

little less than 50 ohms and the other a little greater
than 50 ohms, resulting in a canceling effect. Fur-
thermore, the crossover isn't used in this design. The
balun on the left is mounted in a CU 3006 minibox
5.25 inches long by 3 inches wide by 2.25 inches
high. The balun on the right is mounted in a CU 3015-
A minibox 4 inches long by 2 inches wide by 2.75
inches high.

The performance of these two baluns is essentially
the same. When matching 50-ohm cable to balanced
loads of 112.5 ohms, the responses are essentially flat
(within 2to 3 percent) from 1.5 to 30 MHz.

From preliminary measurements on series-type 2:l
baluns, the balun in Photo 4-B is the one I'd recom-
mend for matching 50-ohm cable to balanced loads of
100 ohms, while the baluns in Photo 4-C would be
best for matching to balanced loads of 112.5 ohms.
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Figure 4-3. Construction of a 1:1 Guanella balun with a
crossover placing the input and output terminals on oppo-
site sides of the toroid.

Photo 4-G. Two series-type baluns using the schematic
diagram of Figure 4-2B designed to match 50-ohm cable to
balanced loads of 1 12.5 ohms.

Also, by replacing the 1.78:1 unun in Figure 4-28
with a 2.25:1 unun, and not adding any extra insula-
tion to the windings of the 1:4 balun, it's possible to
obtain an excellent balun matching 50-ohm cable to a
balanced load of 89 ohms.

Figure 4-4 is the schematic diagram of a series-type
balun designed to match 50-ohm cable to balanced

loads of 25 or 22.22 ohms. Photo 4-D shows tqo
sions of this dual-ratio balun. The balun on the
for its unun, has 6 trifilar turns of No. 14 H Tkrm.
leze wire on a l.5-inch OD ferrite toroid with a
meability of 250. Winding 3-4 is tapped one turn
terminal 3, yielding the2:l ratio. The 1:1 Guaneile
balun has 6 turns of homemade coaxial cable on
similar toroid. The inner conductor is No. 12 H
maleze wire and is covered with Teflon tubine. Thc
outer braid, from a small coax or from 1/8-inch
lar braid, is tightly wrapped with Scotch No. 92
to preserve its low characteristic impedance.

In matching 50-ohm cable to balanced loads of
ohms (connection A) or to 22.22 ohms (co
B), the response is essentially flat (within a percem c
two) from 1.5 to 30 MHz.

The balun on the risht in Photo 4-D has
windings on a single 2.4-inch OD fenite toroid rdrh e
permeability of 250. Its performance is quite
rable to the balun on the left.

Sec 4.3.2 Porollel-type Boluns
As you saw in the previous section, the series-
baluns presented here are combinations of ununs rri
ratios of 1.33:1, 1.78:1, 2:1, and2.25:L in series
Guanella 1:1 or 4:1 baluns. The ununs, which
really an extension of Ruthroff'sg bootstrap techn'rqre
for obtaining a 4:1 unun, sum direct voltages with
layed voltages that traverse a single tansmission lim-
Therefore, the unun eventually limits the high-fre-
quency response of the series-type balun.

On the other hand, the parallel-type balun is m er
tension of Guanella's technique of summing voltages
of equal delays. Instead of simply connecting trensmis-
sion lines in parallel-series, the parallel-type bahm ctn-
nects Guanella baluns in parallel-series. As I noted in
Reference 25, two 4:1 Guanella baluns can be ccrn-
nected in parallel-series, yielding very broadbmd r*
tios of 6.25:1,. This section shows how a 1:1 Gumelle
balun can be connected with a 4:1 Guanella balun in
parallel-series, yielding il very broadband ratio of
2.25:1.

Figure 4-5 is the schematic diagram of the high-fre-
quency model of a 2.25:l unun which is used for a+
alysis purposes. Because the current through tF lo,ad
is 3/211, the transformation ratio is (3/2)2, or 2.8:1.
Therefore, if the impedance seen on the left side is 50
ohms, a matched impedance on the right side is 22.T.
ohms. Because two thirds of the 50 ohms appears
across the input of the Guanella 1:1 balun, its opti-


