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The invention described herein may be manufactured 

and used by or for the Government of the United States 
of America for governmental purposes without the pay 
ment of any royalties thereon ortherefor. 
The present invention relates to radio frequency trans 

formers and more particularly to a broad band toroid 
radio frequency transformer, 

In the field of radio frequency transformers it has been 
the general practice to employ iron cores either in a 
straight configuration or in a toroid configuration. These 
devices have the difficulty that they can be tuned only 
for one particular frequency. More often used in a me 
dium powered radio frequency amplifier is the well known 
pi network which consists of a large inductance, a band 
switch and two large tuning capacitors. This type of net 
work is very effective electrically. However, the size, 
weight and control circuits required for automatic tuning 
increase the complexity of design. The use of ferrite in 
a transformer has been previously suggested but trans 
formers constructed from ferrite materials were easily 
saturated at lower power levels and provided only a nar 
row band width of linear frequency response. 
The purpose of this invention is to provide a trans 

former of ferrite or other lighter weight material which 
gives high power with high efficiency and a broad band 
response. To attain this the present invention uses a 
ferrite or other light weight core with a bifilar primary 
winding in which the two windings of the primary have 
a capacitive interaction to prevent saturation and to pro 
vide a broad band linear response. The invention also 
comprises a new method of winding such a transformer 
to produce the aforesaid results. Accordingly, it is an 
object of the present invention to provide a broad band 
radio frequency transformer of lightweight material. 
Another object of the invention is to provide a radio 

frequency transformer of toroid configuration with a bifi 
lar primary winding. 
A further object of the invention is the provision of 

a radio frequency transformer which provides an auto 
matic impedance match over a wide band of radio fre 
quencies. 

Still another object of the invention is to provide a 
method of winding a transformer so as to provide a broad 
band frequency response with light weight at high power. 

With these and other objects in view as will hereinafter 
more fully appear and which will be more particularly 
pointed out in the appended claims reference is now made 
to the following description taken in connection with the 
accompanying drawings in which: 

FIG. 1 shows a plan view of a toroid transformer of a 
preferred embodiment of the invention. 

FIG. 2 illustrates a sectional view taken along line 2-2 
of FIG. 1. 

FIG. 3 shows a toroid transformer according to another 
embodiment of the invention. 

FIG. 4 shows a sectional view taken along line 4-4 of 
FIG. 3. 
FIG. 5 shows a graph of output power versus frequency 

for a typical transformer according to the invention. 
FIG. 6 shows a graph of input impedance versus fre 

quency for a typical transformer according to the inven 
tion. 
The embodiment of FIG. 1 shows a toroid core 11 which 

may be any of various cross sections, square, rectangular, 
round or oval, but preferably is round or oval. The com 
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position will be of any lightweight core material such as 
ferrite, ceramic or phenolic resins or any other compo 
sition which has a low loss dielectric as to radio frequency. 
A particular set of core materials made by General 
Ceramic Division, Indiana General Corporation are de 
signated Q-1, Q-2, Q-3 and Q-4 and are particularly 
suitable for the core material of the present transformer. 
An enamel coated wire is wound around the toroid for 
a number of turns sufficient to go completely around the 
toroid, and constitutes the first winding 12 of the primary 
winding. After this winding is put on, it is covered with 
a polytetrafluoroethylene (Teflon) tape 13 as shown in 
FIG. 2. This tape is very thin but has excellent insula 
tion qualities. Other plastic tapes capable of withstand 
ing voltages of up to 1,000 volts are also suitable. The 
second winding 14 of the primary is then wound around 
the Teflon tape in between the spaces of the first winding 
of the primary, as shown in FIG. 2. Because of the thin 
ness of the tape the second winding lies essentially side 
by side with the first winding of the primary, and the two 
windings of the primary may be considered to be bifiliarly 
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wound, in that they continue around the toroid core in 
parallel. It also is of note that each of the two windings 
of the primary will have substantially the same inductive 
area within their centers. These two windings of the 
primary will have a capacitive relationship due to the 
parallel winding around the core as well as the inductance 
resulting from the helical winding. Each point in the pri 
mary coil will be in capacitive relationship with a point 
one half of the coil away from it. By means of adjust 
ment of these two primary windings the core may be 
adjusted to resonate at the center of the radio frequency 
range desired. For example, if a frequency range of 3 
megacycles to 4.5 megacycles as shown in FIG. 5 is de 
sired the primary windings would be adjusted to resonate 
at approximately 3.8 megacycles. The secondary winding 
15 is wound on top of the two windings of the primary 
and is adjusted to provide impedance match as will be 
described subsequently. The secondary is connected be 
tween an antenna 16 or other output load and ground. 

FIG. 3 shows an alternate embodiment of the invention. 
A core similar to that of FIG. 1 is wound with a double 
strand wire 21. This wire 21 is the type of wire com 
monly known as a bifilar wind has two wires 22 and 23 
within an insulation core. When this is used it is wound 
around the core 11 for the number of turns desired and 
then, as shown in FIG. 3, one end of 22 is linked with the 
end of 23 of the opposite end of the bifilar wind so that 22 
becomes the first winding of the primary and 23 becomes 
the second winding in series with 22. This embodiment is 
not as desirable as that of FIG. 1 for a number of rea 
sons. One, it is impossible to adjust the turns of the 
first and second windings of the primary to resonate the 
coil to the particular frequency and therefore an added 
capacitance must be used. Secondly, the voltages between 
the first and second windings of the primary can be very 
high, as high as 1,000 volts or more. If the choice of 
composition of the biflar wind material is not very care 
full this voltage will be much too much and the insula 
tion between the two windings will be broken down quite 
easily. One therefore must choose expensive insulation 
materials which to some extent diminish from the purpose 
of the invention. The secondary of the embodiment of 
FIG. 3 is wound and adjusted in the same manner as FIG. 
1. It will be understood that "bifilar' as used broadly 
herein, refers to the arrangements of either FIG. 1 or 
FIG 3. 
The technique of adjusting the impedance to provide 

an impedance match is as follows. A type of meter known 
as an Rix checker is connected from the input to ground. 
The resonant frequency is applied to the input. One 



3,263,191 
3 

starts with the secondary wound near the grounded 
end of the primary. If a lower impedance is desired, 
the secondary is moved closer to the grounded end. If 
a higher impedance is desired the secondary is moved 
around the coil away from the grounded end. The num 
ber of respective turns in the primary and secondary will 
have already been chosen from the point of view of im 
pedance and voltage ratios. It will be found that when 
the coil is balanced for the center frequency it will also 
be balanced throughout the usable range of the coil which 
may be expressed either as 25% plus or minus of the 
center frequency or 75% of the lowest frequency. 
The broad band linear response of the transformer of 

the present invention stems from the fact that there is 
not only distributed inductance in the coil of the trans 
former but distributed capacitance as well between the 
first and second windings of the primary. Due to this 
distributed inductance and capacitance the device appears 
as a transmission line and by proper selection of the 
inductance and capacitance it may be made to look like 
an electrical quarter wave transformer. It is found, 
contrary to the expectations in the art, that the core 
material in the present transformer does not saturate at 
high power levels even with materials such as ceramic 
and phenolic resins. Moreover, it is discovered that it 
retains these characteristics over a broad band of re 
sponse. FIG. 5 shows a typical output power response 
for a transformer according to the present invention tuned 
from 3 megacycles to 4.5 megacycles. The band width 
shown in the figure is measured to the 1 db power level. 
If one goes down to the half power point, which is the 3 
db level, the band width will be even wider. However, 
in general it is better to use the transformer only within 
the 1 db band width. It will be noted also that the effi 
ciency of the transformer is very high, giving an output 
power of up to 400 watts p.e.p. for an input power of 700 
watts. This is an efficiency of over 55%. The input 
impedance provided by the transformer for a known an 
tenna resistance is even steadier over the band width, 
as shown in FIG. 6. This substantially constant input 
impedance enables the preceding amplifier to be designed 
for maximum efficiency with this load impedance. This 
is a vital necessity in producting high power amplifiers 
for transmitters. The input to output impedance ratio, or 
the plate to antenna impedance ratio, can be as high as 
80 to 1 or higher. Typically the antenna will be approxi 
mately 50 ohms and the input resistance will be anywhere 
from 500 to 7,000 ohms. 

In designing the band width of the transformers it is 
generally advisable to avoid a transformer that extends 
for more than one complete octave. The reason is that 
down at the lowest frequency of the band width the sec 
ond harmonic of this frequency will be within the band 
path and will therefore be transmitted without attenua 
tion. With the pass band actually selected in a constructed 
transformer there was an attenuation of the second 
harmonic of the input of 29 db. The second harmonic 
may be reduced by as much as 60 db with proper con 
struction. However, if the input signal is completely 
linear with no harmonics it will be possible to cover a 
range of from 2 megacycles to 30 megacycles with a single 
transformer using solid state devices. With harmonics 
present in the input signal it is advisable to have about 
eight transformers to cover this range, each of the trans 
formers operating over not more than three quarters 
of one octave in this frequency range. 
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The transformer of the present invention substitutes 

for the pi network previously utilized, resulting in a great 
decrease of size, weight and control circuits as well as 
the elimination of the necessity for retuning the circuit 
for each frequency. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described. 
What is claimed is: 
1. A broad band radio frequency transformer for 

operation at a predetermined frequency range and at high 
power levels and high input to output impedance ratio 
comprising: 

a toroid core; 
a first winding wound on said core; 
a second winding electrically in series with said first 

winding and wound directly on said core in close 
parallel relationship with said first winding, said first 
and second windings being adjusted with respect to 
each other around said core to resonate at the center 
of said frequency range and comprising the primary 
of said transformer; 

the inductance and capacitance of said first and second 
windings being selected to appear as an electrical 
quarter wave transformer at said frequency range; 
and 

a third winding wound over said first and second wind 
ings and comprising the secondary of said trans 
former. 

2. A broad band transformer as recited in claim 1 
wherein said first and second windings of said primary 
have substantially the same inductive coil area. 

3. A broad band transformer as recited in claim 2 
wherein the first winding is laid on the core; a thin layer 
of polymer tape is laid over the first winding and the 
second winding is laid over the tape in the spaces on the 
core between the coils of said first winding. 

4. A broad band transformer as recited in claim 3 
wherein the second winding has the same number of 
turns as the first winding, and each point in the second 
winding is opposite a point in the first winding one-half 
of the primary coillength from it. 

5. A broad band transformer as recited in claim 2. 
wherein said first and second windings comprise a double 
wire in a single insulated casing wound around the core 
together with one end of one of the wires linked to the 
opposite end of the other wire so as to connect the two 
coils in series. 
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