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Transmission line transformers have been in existence for more than four decades. But very lit-
tle information has been available on specific design principles and in the characterization and specifi-
cation of ferrites for their use in high-power applications. In fact, practically all of the research and devel-
opment on ferrites have been directed toward their uses In conventional transformers and inductors.

This catalog is very likely, in a commercial way, to give the first information on new transformers
and the availability of their various components for use in power applications in the MF and HF bands.
Availability has been a major problem as noted in the feedback forms returned to the publisher from the
author's book Transmission Line Transformers (1). The principles reviewed here should also be of some
help for their uses in other applications.

This catalog also attempts to present, briefly, the following: a) the theory of these very broad-
band, highly efficient and flexible transformers, b) the power rating considerations of this class of trans-
formers, c) the practical considerations in their uses and d) a list of transformers that are available from
Amidon Associates. Inc. All of these transformers were selected from the author's book. Many of the
examples listed here are improvements over those in the book since they offer more margins at the low-
frequency end where excessive core flux (and hence possible damage) could occur.

The earliest presentation on transmission line transformers was by Guanella in 1944 (2). He
proposed the concept of coiling transmission lines to form a choke that would suppress the undesired
mode in balanced-to-unbalanced matching applications. His 1:1 balun, also known as the Basic
Building Block, is shown in Figure 1. The choking reactance, which isolates the input from the output, Is
usually obtained by coiling the transmission line around a ferrite core or by threading the line through
ferrite beads. The objectives, in practically all cases, are to have the characteristic impedance, Z0, of
the transmission line equal to the value of the load, RL, (which is called the optimum characteristic
impedance) and to have the choking reactance much greater than RL (and hence Z0). Meeting these
objectives results in a 'flat' line and hence maximum high-frequency response and maximum efficiency
since conventional transformer currents are suppressed.
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Figure 1. The Guanella 1:1balun : the basic building block
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By combining coiled transmission lines in parallel-series arrangements, Guanella was able to
demonstrate very broadband baluns, with ratios of 1:n2 where n is the number of transmission lines.
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Figure 2. The Guanella 1:4 balun

Figure 2 shows the schematic for his 1:4 balun. His simple and important statements, "a frequency
iIndependent transformation,” which appeared in his paper, had been overlooked by almost everyone as
IS evidenced by the scarcity of information in the literature on his approach to this class of transformers.
Using straight, beaded lines or having sufficient separation between bifilar windings on a core, results in
near-ideal transformers. Further, Guanella's baluns can also be easily converted to very broadband
ununs (unbalanced-to-unbalanced transformers) by accounting for their low-frequency circuit models.

Ruthroff presented, in his classical 1959 paper (3), another technique for obtaining a 1:4 imped-
ance transformation. It involved summing a direct voltage with a delayed voltage which traversed a sin-
gle transmission line. Figure 3(A) shows his 1:4 unun and Figure 3(B) his 1:4 balun.
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Figure 3. The Ruthroff 1:4 transformer : (A) Unun and (B) Balun

(1) J. Sevick, Transmission Line Transformers, Newington, CT ARRL 2nd ed., 1990. Also available from
Amidon Associates.

(2) Guanella G. 'Novel Matching Systems for High Frequencies,' Brown-Boverie Review, Vol 31, Sept
1944, pp 327-329.

(3) Ruthroff C.L., 'Some Broad-Band Transformers, Proc IRE, Vol 47, August 1959, pp 1337-1342.

Amidon Associates, Inc., 240 Briggs Ave., Costa Mesa, CA 92626

Tel.: (714) 850-4660 Fax: (714) 850-1163 Copyright © August 1997 by Amidon
web Page: http://www.amidoncorp.com




Figure 3(A) shows the basic building block connected in the "boot-strap” configuration. By con-
necting terminal 3 to terminal 2, the transmission line is "lifted-up by its own boot-straps” to V1. The
choking reactance of the windings prevents conventional transformer currents to flow resulting in a volt-
age of V1 + V2 across load, RL . Figure 3(B) shows the basic building block connected in the "phase-
inverter" configuration. Since a negative potential gradient now exists along the tansmission line, the
voltage access the load, RL , is now V1 on the left side and -V2 on the right side.

Since Ruthroff's transformers summed a delayed voltage with a direct voltage, his transformers
had a built-in, high-frequency cut-off. Although his transformers don't have the inherent high-frequency
response of Guanella's transformers (which sums voltages of equal delays), they are easier to construct
and many of his ununs should find use in matching 50 ohms to 12.5 ohms in the 1.5MHz to 30MHz
range. This also includes rod transformers which do not possess as high a choking reactance because
of the much higher reluctance of the large air-path for the magnetic field. Further, Ruthroff's "boot-
strap" technique has been the basis for the author's very broadband fractional-ratio ununs which use
higher-order windings (trifilar, quadrifilar, etc.).
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Power Ratings

Transmission line transformers exhibit far wider bandwidths over conventional transformers
because the stray inductances and interwinding capacitances are generally absorbed into the charac-
teristic impedance of the transmission lines. With transmission lines, the flux is also effectively can-
celled out in the core and extremely high efficiencies are possible over large portions of the pass band -
- losses of only 0.02 dB to 0.04 dB with certain core materials. A 0.02 dB loss translates 10 a 99.5 per-
cent efficiency! Therefore very small transformers can safely handle surprisingly high powers.
Experiments by the author have shown that toroids of 1-inch OD and wound with No. 18 wire can han-
dle 600 watts of continuous power without thermal runaway. Reports have also been made of trans-
formers, of the high-power types available here having withstood over 50KW of peak power without
damage. Therefore it can safely be said that, with properly designed transformers, the power ratings of
transmission line transformers are more determined by the ability of the conductors to handle the volt-
ages and currents than by the size of the cores.

Accurate measurements have also shown that ferrite permeabilities of 300 and less are necessary for
the extremely high efficiencies these transformers are capable of. Further, the measurements showed
that loss is related to impedance levels. This indicates that the losses are more of a dielectric type than
those experienced by conventional transformers (hysteresis, ohmic and eddy current).

Measurements have also shown that, even with permeabilities below 300, there are trade-offs
in low-frequency response for efficiency, Here are some of the expected efficiencies for permeabilities
of 250 to 300 (which are used in many of our transformers) as a function of the characteristic imped-
ance of the transmission lines:

Characteristic Impedance Efficiency:
50 ohms or less 99 %
50 ohms to 100 ohms 97-98 %
100 ohms to 200 ohms 95-97 %

These results show that with impedance levels of 50 ohms and less (including a 50:50-ohm balun),
the ferrite of choice is in the 250 to 300 permeability range. Further experiments have also shown that
transformers matching 50 ohms to 300 or 400 ohms (or even 600 ohms) using Guanella's approach,
can achieve 99 percent efficiencies by using permeabilities of 40. But this is at an almost 10-fold
(300/40) expense in low-frequency response. Instead of 1.5MHz, the low-frequency limit would be
raised to 15MHz.
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W2FMI-9:1-LMMUS0

A) Description

The W2FMI-9:1-LMMUS50 is a low-power, multimatch unun (unbalanced-to-unbalanced) trans-
mission line transformer designed to match 50 ohms to five lower impedances ranging from 32 ohms to
5.56 ohms. Specifically, the ratios and bandwidths (where the impedance ratios are constant) are:

a) 9:1(50:5.56-ohms) 1MHz to 30MHz d) 2.25:1 (50:22.22-ohms) 1MHz to 25MHz
b) 6.25:1 (50:8.68-ohms) 1MHz to 25MHz e) 1.56:1 (50:32-ohms) 1MHz to 15MHz
c) 4:1(50:12.5-0hms) 1MHz to 30MHz

This transformer also performs as well when matching 75 ohms to the appropriate lower imped-
ances. A very conservative power rating of 150 Watts of continuous power and 300 Watts of peak
power. The efficiency is 99 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. There
are eight trifilar turns on an Amidon PN FT-125-K. The center winding in Figure 1 Is No. 14 Formvar SF.
The other two are No. 16 Formvar SF wire. The top winding is tapped at four turns from terminal 5. The
ratios are:

W2FMI-9:1-LMMU50 0 B
A-L:9:1
B-L:6.25:1 4o s 0 A
C-L;4:1
A-H : 2.25:1 9 4
B-H:1.56:1
L C 1 2 0 ©

Figure 1. Schematic diagram of the multi-match UNUN transformer
designed to match 50 ohms to five lower impedences

C) Photograph
A view of the transformer (cover removed) is shown in Figure 2. The photograph attempts to
show the various connections.

Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-LMMUS0 transformer.
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W2FMI-1.78:1-LDU50

A) Description

The W2FEMI-1.78:1-LDU50 is a low-power, dual-output unun (unbalanced-to-unbalanced) trans-
mission line transformer designed to match 50 ohms to 28 ohms or 12.5 ohms. When connecting this
transformer (in parallel on their 50 ohm sides) with W2FMI-1.56:1-LDUS0, four broadband ratios of
(nominally) 4:1, 3:1, 2:1 and 1.5:1 become available. In matching 50 ohms to 28 ohms (1.78:1) the
impedance transformation ratio is constant from 1MHz to 456MHz. In matching 50 ohms to 12.5 ohms
(4:1), it is constant from 1 MHz to 45MHz. A conservative power rating 1s 150 watts of continuous power
and 300 watts of peak power. The efficiency Is 99 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. SixX
quadrifilar turns of No. 16 Formvar SF wire are wound on an Amidon PN FT-125-K ferrite core. When
connecting A to C, the ratio is 1:1.78. When connecting Bto C, it is 1:4

LA

28 ohms
A QO Yy C
50 ohms
B O
12.5 ohms

Figure 1. Schematic diagram of the dual-output transformer
designed to match 50 ohms 10 28 ohms or 12.5 ohms

C) Photograph
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph
attempts to show the various connections. The connector is on the low-impedance side.

Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.78:1-LDU50 transformer.
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W2FMI-1.78:1-LMMUS0

A) Description

The W2FMI-1.78:1-LMMUS5O0 is a low-power, multimatch unun (unbalanced-to-unbalanced) trans-
mission line transformer. It basically uses the schematic diagram of the W2FMI-1.78:1-LDUS0 transformer
with more connections. It is designed to match 50 ohms to eight lower impedances ranging from 38.3 ohms
down to 3.125 ohms. Specifically, the ratios and bandwidths (where the impedance ratio are constant) are:

) 1.36:1 (50:36.86-ohms) 1MHz to 25MHz d 4:1 (50:12.50-ohms) 1MHz to 30MRz

) 1.78 :1 (50:28.13-ohms) 1MHz to 45MHz e) 9:1 (50:5.560-ohms) 1MHz to 30MHz

a) 2.25:1(50:22.22-ohms) 1MHz to 45MHz d) 1225:1 (50:4.080-ohms) 1MHzto 15MHz

b) 3.06:1(50:16.34-ohms) 1MHz to 20MHz e) 16:1 (50:3.125-ohms) 1MHz to 20MHz
A conservative power rating is 150 watts of continuous power and 300 watts of peak power. The effi-

ciency for all ratios is 99 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer. Six
quadrifilar turns of No. 16 Formvar SF wire are wound on an Amidon PN FT-125-K ferrite core. Winding 5-6
is tapped at three turns from terminal 5. The connections to the eight ratios are:

W2DMI-1.78:1-LMMUS50
A-D;1:1.78 C — 0O F
B-D:1:4
C-D;1:16 N D
B-E:1:2.25 A
B-F:1:3.06 N E
A-F:1:1.36 B
C-E:1:9
C-F:1:12.25 1 2

Figure 1. Schematic diagram of the multi-match UNUN transformer
designed to match 50 ohms to five lowe impedences

C) Photograph
A view of the transformer (with cover removed) is shown in Figure 2. The photograph attempts to
show the various connections.

Figure 2 - A view of the highly efficient and broadband W2FMI-1.78:1-LMMUS0 transtormer.
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A) Description

The W2FMI-1.56:1-LDU50 is a low-power, dual-output unun (unbalanced-to-unbalanced) trans-
mission line transformer designed to match 50 ohms to 32 ohms or 18 ohms. When connecting this
transformer (in parallel on their 50 ohm sides) with W2FMI-1.78:1-LDUS0, four broadband ratios of
(nominally) 4:1, 3:1, 2:1 and 1.5:1 become available. In matching 50 ohms to 32 ohms (1.56:1) the
impedance transformation ratio is constant from 1MHz to 45MHz. In matching 50 ohms to 18 ohms
(2.78:1), it is also constant from 1 MHz to 45MHz. A conservative power rating is 150 watts of continu-
ous power and 300 watts of peak power. The efficiency is 99 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of this highly efficient and broadband transformer.
Five quintufilar turns are wound on an Amidon PN FT-125-K ferrite core. Windings 3-4 and 7-8 are
Formvar No. 16 wire. The other three are no. 18 Formvar SF wire. When connecting A to C, the ratio is
1:1.56. When connecting Bto C, itis 1:2.78

9 1C
32 ohms
A O A 8 D C
50 ohms
5 6
B O 3 4
18 ohms 1

Figure 1. Schematic diagram of the dual-output transformer
designed to match 50 ohms to 32 ohms or 18 ohms

C) Photograph
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph
attempts to show the various connections. The connector is on the low-impedance side

Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1.56:1-LDUS0 transformer.
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W2FMI-1:1-LB50

A) Description

The W2FMI-1:1-LB50 is a low-power balun transmission line transformer designed to match 50-
ohm coaxial cable to a balanced load of 50 ohms. It is especially designed to have a characteristic
impedance of the most popular coaxial cables and significant margins in bandwidth and power hanaling
capability. The response is essentially flat from 1MHz to 50MHz. The conservative power rating is 150
Watts of continuous power and 300 Watts of peak power. The efficiency is 99 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of this highly efficient and broadband balun. It is the
Guanella balun which uses a bifilar winding. There are ten bifilar turns of No. 16 wire on an Amidon PN
FT-125-K. One wire is H. Imideze. The other is Formvar SF with one layer of Scotch No. 92 tape. The

characteristic impedance of the windings is 52 ohms.

0O 3 fYYY\L4 O
50 ohms
balanced

W T

50 ohms cable

==

Figure 1. Schematic diagram of the Guanella 1:1 balun
transformer

C) Photograph
The bottom-view of the transformer (before mounting) is shown in Figure 2. The photograph
attempts to show the various connections.

Figure 2 - Bottom-view of the highly efficient and broadband W2FMI-1:1-LB50 transformer.
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W2FMI-4:1-LB200

A) Description

The W2FMI-4:1-LB200 is a low-power balun transmission line transformer designed to match
50-ohm coaxial cable to a balanced load of 200 ohms. The windings are especially designed to have a
characteristic impedance of 100 ohms. With these optimized windings, as well as a ferrite core which
allows for the best trade-off in efficiency for low-frequency response, this balun is capable of maintaining
a constant impedance ratio of 4:1 from 1.7MHz to 50MHz. The conservative power rating is 150 Watts
of continuous power and 300 Watts of peak power. The efficiency is 98 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of the highly efficient and broadband balun. It is the 4:1
Guanella balun which sums the voltages of two equal delay lines. There are six bifilar turns on each
transmission line. The wires are No. 18 Formvar SF and they are covered with 8-mil wall Teflon sleeving.

The core is an Amidon PN FT-125-K.

7 8 ®
0 5 6
50 ohms 200 ohms
1 2 °

Figure 1. Schematic diagram of theGuanella balun
transformer designed to match 50 ohms to 200 ohms

C) Photograph
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to
show the various connections.

Figure 2 - A view of the high power and broadband W2FMI-4:1-LB200 transformer.
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A) Description

The W2FMI-6:1-LB300 is a low-power, compound-balun transmission line transformer designed
to match 50-ohm coaxial cable to a balanced load of 300 ohms. It consists of a 1:1.5 unun (50:75-0hm)
in series with a 1:4 (75:300-ohm) Guanella balun. In matching 50 ohms to 300 ohms, the impedance
transformation ratio is constant from from 1.7MHz to 45MHz. The power rating is 150 Watts of continu-
ous power and 300 Watts of peak power. The efficiency i1s 97 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of the highly-efficient and broadband balun. The 1:1.5
unun on the left has six quintufilar turns on an Amidon PN FT-125-K. The top winding in Figure 1 is No.
18 Formvar SF wire. The other four are No. 18 Formvar SF wire. The 1:4 balun, on the right, has eight
bifilar turns (each) on a 1.75-inch OD ferrite with a permeability in the 250 to 300 range. The wires
(which are actually hook-up wires) have a 12-mil coating on No. 19 gauge wire. They are further sepa-
rated by a 50-mil OD Teflon tubing. The characteristic impedance of the windings is 150 ohms.

- 9 10 7 8 -
50 ochms . g i :
S 6 300 ohms
3 4
1 2 1 2 o

Figure 1. Schematic diagram of the compound-balun transtormer with
a 1:1 ratio designed to match 50 ohms to 300 ohms

C) Photograph
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to
show the various connections.

Figure 2 - A view of the low-power and broadband W2FMI-6:1-LB300 compound-balun
transformer.
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A) Description

The W2FMI-9:1-LB450 is a low-power balun designed to match 50-ohm coaxial cable to a bal-
anced load of 450 ohms. It uses the Guanella approach of connecting transmission line In a series-par-
allel arrangement such that in-phase voltages are summed at the high-impedance side. At the 50:450-
ohm impedance level, the response is flat from 1.7MHz to 45MHz. The power rating is 150 Watts of
continuous power and 300 Watts of peak power. The efficiency is 97 percent.

B) Schematic Diagram

Figure 1 shows the schematic diagram of this efficient and broadband balun. It consists of
fifteen bifilar turns on each of the three 1.75-inch OD ferrites with a permeabillity in the 250 to 300 range.
The wires (which are actually hook-up wires) have a 12-mil coating. They are further separated by a
50-mil OD Teflon tubing. The characteristic impedance of the windings is 150 ohms.

11 12 ®
9 10
O 7 8
50 ohms 450 ohms
5 6

177 : 4

1 2 O

Figure 1. Schematic diagram of the Guanella balun transformer
designed to match 50 ohms to 450 ohms

C) Photograph
A view of the transformer (before mounting) is shown in Figure 2. The photograph attempts to
show the various connections.

Figure 2 - A view of the high power and broadband W2FMI-9:1-LB450 balun transformer.
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