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3,449,704 
IMPEDANCE TRANSFORMER FOR VHF BANDS 
Mitsuo Matsushima, Higashi Katsushika-gun, and 

Tadaharu Akino and-Shigeru Kato, Ichikawa-shi, 
Japan, assignors to TDK Electronics Company, 
Limited, Tokyo, Japan, a corporation of Japan 

Filed Mar. 16, 1967, Ser. No. 623,696 
Int. ‘Cl. H01f 17/06, 27/28 

U.S. Cl. 336-175 2 Claims 

ABSTRACT OF THE DISCLOSURE 
An impedance transformer having a single close-in type 

through hole with at least a two turn primary and a single 
turn secondary wound thereon.’ Both of the windings are 
maintained in close contact with the inside wall of the 
hole of the core, and, in regions inside the hole, are 
brought into close contact with each other. The respective 
turns of the primary winding in regions outside said hole 
are spaced from one another. 

The present invention relates to the improvements of 
impedance transformers for VHF bands. 

In the prior art, such an impedance transformer has 
twin-lead or bi?ler windings on a coil bobbin or magnetic 
core and has a required connection. For example, an 
impedance transformer for the input circuits of a tele 
vision receiver has a few turn windings of twin-lead 4 
and 5 matched with the characteristic impedances of the 
circuits on a magnetic core 3 having two through holes 1 
and 2 as illustrated in FIG. 1. It can be used for the im 
pedance matching of two circuits of an impedance ratio of 
4:1 between terminals 6 and 7, if necessary, either in a bal 
anced to balanced connection as in (A) in FIG. 2 or in a 
balanced to unbalanced connection as in (B) in FIG. 2. 
By this transformer, the antenna circuit of an impedance of 
3009 and an input circuit of a television receiver of 759 
can be matched with each other. 

However, in the conventional transformer, the char 
acteristic impedances of the twin-leads, the dimensions of 
the magnetic cores and the permeabilities around the two 
through holes are so nonuniform that the characteristics 
will be nonuniform. In manufacturing such transformer, 
the operations of winding the twin-leads through the two 
holes and removing the ?lm covering the twin-leads can 
not help being complicated. Further, as the magnetic core 
has two holes, it can not be made so small. Therefore, 
there are great defects that the characteristics are not 
uniform, that the price is not low and that the magnetic 
core can not be made smaller. The present invention has 
been suggested to eliminate the above mentioned defects. 
An object of the present invention is to provide an im~ 

pedance transformer wherein the characteristics are uni~ 
form, the operation of winding wires is simpli?ed and the 
size can be easily made smaller. 
Another object of .the present invention is to provide 

an vimpedance transformer wherein the impedances of 
two circuits can be matched by only limiting the shape 
dimension ratio and the frequency transmitting character 
istics are improved. 
An embodiment of the present invention shall be ex 

plained with reference to the accompanying drawings. 
FIG. 1 illustrates a conventional impedance trans 

former. 
(A) and (B) in FIG. 2 show a balanced to balanced 

connection diagram and balanced to unbalanced connec 
tion diagram of an impedance transformer, respectively. 

FIG. 3 illustrates an impedance transformer of the 
present invention. 
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(A) and (B) in FIG. 4 show connections of balanced 

to balanced and balanced to unbalanced impedance trans~ 
formers, respectively. 

FIG. 5 shows insertion loss characteristics of an im 
pedance transformer of the present invention. 

FIG. 6 shows SWR (standing wave ratio) character 
istics. 

FIG. 7 illustrates the details of an impedance trans 
former of the present invention. Therein, (A) is a wiring 
diagram, (B) is a vertically sectioned view and (C) is a 
cross-sectioned view. 

FIG. 8 shows relations between the ratio of the out 
side diameter to the inside diameter of the magnetic core 
and the insertion loss in the impedance transformer. 
FIG. 9 shows relations between the ratio of the length 

to the inside diameter of the magnetic core and the in 
sertion loss in the impedance transformer. 

FIG. 10 shows an example of application of an im 
pedance transformer according to the present invention. 

FIG. 3 illustrates an impedance transformer embody 
ing the present invention. In the drawing, 8 is a magnetic 
core in which a primary winding 10‘ made, for example, 
of a polyurethane enameled copper wire is wound by 
two turns and a secondary winding 11 is wound by one 
turn through a through hole 9 and they are connected 
either in a balanced to balanced as in (A) in FIG. 4 or 
in a balanced to unbalanced as in (B) in FIG. 4, if neces 
sary, so that the impedances of two circuits of an im 
pedance ratio of 4:1 may be matched with each other 
between the terminals 12 and 13. 

In the impedance transformer according to the present 
invention, in order to decrease the leakage inductance 
which will deteriorate the high frequency transmitting 
characteristics or will increase the insertion loss and to 
decrease the wiring volume, it is necessary to make the 
hole 9 made through the magnetic core as small as possi 
ble, to bring the wirings 10 and 11 into close contact with 
the inside wall of the magnetic core and to wind the pri 
mary winding on the magnetic core in turns spaced from 
each other as much as possible. ‘In the thus formed im 
pedance transformer, the characteristics are uniform, the 
winding operation can be simpli?ed and the shape is so 
simple that the size can be easily made smaller. 
FIGS. 5 and 6 show characteristics of a balanced to 

unbalanced impedance transformer made by winding 21 
primary winding by two turns and a secondary Winding by 
one turn on a cylindrical Ni=Cu=Zn series ferrite mag 
netic core of an outside diameter of 5 mm., inside diam 
eter of 1 mm. and length of 20 mm. FIG. 5 shows inser 
tion losses, the frequency being taken on the abscissa and 
the insertion loss being taken on the ordinate. FIG. 6 
shows VSWR, the frequency ‘being taken on the abscissa 
and the VSWR (voltage standing wave ratio) being taken 
on the ordinate. It is found from this diagram that, in a 
frequency band of 20 to 250 mc./s., the insertion loss is 
less than 1 db and VSWR is less than 1.2. It is ‘found 
from this fact that the same characteristics as of a con 
ventional product can be obtained in the product of the 
present invention and that the product of the invention 
can be well practically used, for example, for matching 
impedances of the input circuits of a television receiver. 

In the impedance transformer of the above mentioned 
formation, when a cylindrical high frequency magnetic 
body is made a ‘magnetic core for the transformer, the 
primary and secondary windings are wound so as to be 
in very close contact with the inside wall of the magnetic 
core and the ratio of the outside diameter to the inside 
diameter and the ratio of the length to the inside diameter 
of the magnetic core are properly selected, the leakage in 
ductance will be able to be made smaller and the high 
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frequency transmitting characteristics will be able to be 
improved. 

In FIG. 7, (B) is a vertically sectioned view of an 
impedance transformer of the formation in (A) and (C) 
is a cross-sectioned view of the same. 14 and 15 are 
terminals on the primary side. 16 is center tap. 17 and 
18 are terminals on the secondary side. 19 is a cylindrical 
magnetic core. 20 is a hole in the center of the magnetic 
core. D1 is the inside diameter of said cylindrical mag 
netic core. D2 is the outside diameter of the same. L is 
the length of the same. The inside diameter D1 of the 
cylindrical magnetic core is made as small as possible. 
The primary winding and the secondary winding are 
brought into very close contact with the inside wall of 
said magnetic core and also into close contact with each 
other as depicted in FIG. 7C. The ratio Dz/Dl of the out 
side diameter to the inside diameter and the ratio L/D1 
of the length to the inside diameter of the above mentioned 
magnetic core are properly selected in winding the wires. 

FIG. 8 shows insertion losses against the ratios Dz/Dl 
at frequencies of 40 to 250 mc./s. in an impedance trans 
former according to the present invention wherein the 
primary winding and secondary winding are wound by 
two turns and one turn, respectively, and are connected 
in a balanced to unbalanced on a cylindrical magnetic core 
of an outside diameter of 5 mm., ratio D2/D1 of the out 
side diameter to the inside diameter varied to be 2.5, 3.3 
and 5 length of 20 mm. 
FIG. 9 shows insertion losses against the ratios L/D1 

at frequencies of 40' to 250 mc./s. in an impedance trans~ 
former wherein the primary ‘Winding and secondary wind~ 
ing are wound by two turns and one turn, respectively, 
and are connected in a balanced to unbalanced on a cylin 
drical magnetic core of an outside diameter of 5 mm., 
inside diameter of 1 mm. and ratio L/Dl of the length 
to the inside diameter varied to be 10, 15 and 20. 
As evident from FIGS. 8 and 9, the larger the ratio 

D2/D1 of the outside diameter to the inside diameter of 
the cylindrical magnetic core, the smaller the insertion 
losses at the respective frequencies and also the larger the 
ratio L/ D1 of the length to the inside diameter, the smaller 
the insertion losses and the better the high frequency 
transmitting characteristics. 

Therefore, in the present invention, the cylindrical mag 
netic core is formed of a magnetic body for high fre 
quencies, the ratio of the outside diameter to the inside 
diameter and the ratio of the length to the inside diameter 
of the magnetic core are selected to be more than 5 and 
more than 10, respectively, so that the insertion oss may 
be less than 3 db. 

FIG. 10 shows an example of application of an im 
pedance transformer according to the present invention 
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as used as a transformer for the impedance matching of 
the input circuits of a television receiver of an antenna 
circuit of 3009 and an input circuit of 759. 
As described above, according to the present invention, 

only by limiting the shape and dimensions of an imped 
ance transformer, the impedances of the antenna circuit 
and input circuit can be matched with each other, the 
high frequency transmitting characteristics can be im 
proved and the transformer can be ‘made smaller. 
What is claimed is: 
1. An impedance transformer comprising a high fre 

quency magnetic core having a single close-in type 
through hole, and a primary winding thereon wound by 
at least two turns and a secondary winding thereon wound 
by one turn, both of Said windings being maintained in 
close contact with the inside wall of said hole of the core, 
the respective turns of said primary and secondary wind 
ings in regions inside said hole being brought into close 
contact with one another, and the respective turns of said 
primary winding in regions outside said hole being spaced 
from each other as far as possible. 

2. An impedance transformer comprising a high fre 
quency cylindrical magnetic core having a single close-in 
type through hole, and a primary winding thereon wound 
by at least two turns and a secondary winding thereon 
wound by one turn, both of said windings being main 
tained in close contact with the inside wall of said hole 
of the core, the respective turns of said primary and sec 
ondary windings in regions inside said hole being brought 
into close contact with one another, the respective turns 
of said primary winding in regions outside said hole being 
spaced from each other, the ratio of the outside diameter 
to the inside diameter of said core being more than 5, 
and the ratio of the length to the inside diameter of the 
core being more than 10. 
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