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ABSTRACT: A transformer having controlled low coupling
between its windings. The transformer comprises a unitary
core of ferromagnetic material, such as ferrite or carbonyl
iron, fabricated in one piece with first and second pairs of
apertures formed therein. A primary winding is threaded
through the first pair of apertures and a secondary winding is
threaded through the second pair of apertures. The coupling
between these windings is controlled by means including a
portion of the -unitary core which is located between the two
pairs of apertures. This provides completely closed magnetic
paths in the core material for all the magnetic flux produced
by driving either the primary or secondary windings.
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1.
TRANSFORMER WITH CONTROLLED LOW COUPLING

GOVERNMENT CONTRACT

The invention herein claimed was made in the course of, or
under contract with The Department of the Army.

BACKGROUND OF THE INVENTION

This invention relates to transformers and, more particu-
larly, to a transformer having controlled low coupling between
its windings. '

In the field of analog circuitry there has existed a need for a
transformer with controlled low coupling which would func-
tion as a narrow band-pass filter. The need for such a device is
particularly urgent in certain transmission circuits and delay
line networks employed in radar and communication systems.
In addition, it is desired that the shape of the device be such as
to have a low or flat profile so that it can be incorporated as an
appliqued part in integrated circuit assemblies.

SUMMARY OF THE INVENTION

The present invention is designed to provide a transformer
construction having inherent controlled low coupling between
its windings. The transformer is fabricated in one piece having
a unitary core in the shape of a disk with first and second pairs
of apertures formed therein. A primary winding is threaded
through the first pair of apertures and a secondary winding is
threaded through the second pair of apertures. By virtue of
this construction, the coupling between these windings is con-
trolled by means including a portion of the unitary core which
is located between the two pairs of apertures. This is because
the unitary core provides completely closed magnetic paths in
the core material for all the magnetic flux produced by driving
either the primary or secondary windings.

The core material is composed of magnetically soft materi-
al; that is, material that cannot be permanently magnetized.
This is an important feature of the invention because, due to
the low retentivity of the soft magnetic material, the core will
return to its unmagnetized state when current is removed from
the windings. Accordingly, the core is made of a suitable fer-
romagnetic material, such as ferrite or carbonyl iron. The low,
flat profile of the disk renders it suitable for incorporation as
an appliqued part in an integrated circuit assembly.

Another important feature of this invention is that the soft
magnetic core provides at least two distinct and completely
closed paths for magnetic flux to flow whenever either of the
windings is energized. The magnetic flux therefore divides
between the available paths in a manner that is controlled by
the construction of the disk. It is this division of the flux
between the paths that produces the desirable results obtained
from using this invention.

The control of the division of the flux between the paths is
achieved by the particular design of the core as is explained in
more detail hereinafter. It is sufficient at this point to state that
the coupling can be increased by positioning the pairs of holes
closer together. The coupling can also be increased by in-
creasing the spacing between the holes in each pair. Reduc-
tion in the degree of coupling can be accomplished by remov-
ing, such as by gouging, some of the magnetic material in that
portion of the unitary core which is located between the two
pairs of apertures.

It should be noted that, due to the variable control of the
coupling, the device of this invention is basically a frequency
selective device. In addition, since it is made of magnetic
material having low retentivity, it constitutes a linear circuit
element or component in that all of Kirchhoff’s laws apply at
any discrete frequency.

The invention is not restricted to a core having only two
pairs of apertures therein because the number of apertures
can be increased and can be variously disposed, as is described
hereinafter, to constitute other useful frequency selective,
linear circuit elements.
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2
BRIEF DESCRIPTION OF THE DRAWING

The features of this invention are more fully discussed
hereinafter in connection with the following detailed descrip-
tion of the drawing in which:

FIG. 1 is a perspective view of one embodiment of the in-
vention showing a disk having primary and secondary
windings threaded through respectively different pairs of holes
formed therein;

FIG. 2 is a schematic plan view on an enlarged scale of the
device shown in FIG. 1 and includes a representation of the
magnetic flux paths therein;

FIG. 3 is a circuit diagram of a transmission network that is
equivalent to the device shown in FIG. |;

FIG. 4 is a plan view of a device somewhat similar to that
shown in FIG. 1 but which has been modified to provide
greater frequency selectivity;

FIG. § is a schematic diagram of the device shown in FIG. 4;

FIG. 6 shows a circuit which is equivalent to the device
shown in FIG. 4;

FIG. 7 is a plan view of a device having three pairs of holes
with windings threaded through them for functioning in the
manner of a narrow band-pass filter;

FIG. 8 is a diagram of a circuit that is equivalent to the
device showninFIG.7;

FIG. 9 is a plan view of a different device having windings
threaded through three pairs of holes and having a wedge-
shaped portion cut or removed from the core material; and

FIG. 10 is a diagram of a multiple path linear circuit which
is equivalent to the device shown in FIG. 9 and which con-
stitutes a separation filter.

DETAILED DESCRIPTION

In the exemplary embodiment of the invention that is shown
in FIGS. 1 and 2, a transformer is represented as comprising a
disk-shaped unitary core 1 having a first pair of holes 2 and 3
formed or drilled therein. The turns of a primary winding 4 are
threaded through the first pair of holes 2 and 3. The core 1 is
further provided with a second pair of holes 5 and 6 through
which the turns of a secondary winding 7 are threaded. As was
explained above, the low, flat profile of the disk 1 makes it
suitable for use as an appliqued part in an integrated circuit as-
sembly.

When an electric current is applied to one of the windings,
such as the primary winding 4, a magnetic flux will be formed
in the core 1 principally around the primary winding 4 as is il-
lustrated by the arrows in the groups indicated by the
reference numerals 8 and 9. Some of the flux will travel
through the central portion of the core 1, as is shown by the
group of arrows indicated by the reference numeral 10, and
will induce an electric current in the secondary winding 7.
This central core flux will travel around outer portions of the
core 1 as is represented by the groups of arrows indicated by
the reference numerals 11 and 12. All of these flux paths are
closed in the magnetic material of which the core 1 is
fabricated thereby keeping the stray flux field and undesired
couplings to other circuit components at a minimum.

At this point, it should be stated that the unitary core 1 is
fabricated in one piece from soft magnetic material of a suita-
ble ferromagnetic type, such as ferrite or carbonyl iron. The
term ‘“‘soft magnetic material” is used to signify a material
which has low retentivity and which cannot be permanently
magnetized in contrast to a “hard magnetic material” which
retains a remanent magnetization. Thus, when an electric cur-
rent is applied to one of the windings, such as the primary
winding 4, the core 1 will be temporarily magnetized. How-
ever, when the electric current is removed, the core 1 will
return to its unmagnetized state. Accordingly, the device
shown in FIGS. 1 and 2 constitutes a linear circuit element or
component because all of Kirchhoff’s laws will apply to it for
any discrete frequency of the electric current in either of the
windings 4 or 7.
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Due to the manner in which this device is constructed, the
coupling between the primary winding 4 and the secondary
winding 7 is controlled by means including principally that
portion of the unitary core 1 which is positioned, or inter-
located, between the first pair of holes 2 and 3 and the second
pair of holes 5 and 6. This controlled coupling is low because
the magnetically soft material of the core 1 provides two
separately distinct and completely closed magnetic paths so
that only part of the magnetic flux that is produced by energiz-
ing either the primary winding 4 or the secondary winding 7
will flow to couple the other winding.

Since at least two distinct and completely closed paths are
provided in the core 1 for the flow of the magnetic flux, the
flux will therefore divide among the available paths in a
manner that is controlled by the coupling construction of the
core 1. This coupling can be increased by forming the second
pair of holes 5 and 6 closer to the first pair of holes 2 and 3.
The coupling can also be increased by widening the spacing
between the holes 2 and 3 in the first pair and between the
holes 5 and 6 in the second pair. Obviously, these two methods
of varying the coupling must be performed before the device is
fabricated. However, the coupling can be varied after the
transformer has been fabricated by removing, such as by
scraping or gouging, some of the magnetic material in the cen-
tral portion of the core 1. This removal of the core material 1
reduces the thickness of this portion of the core 1 and thereby
reduces the coupling between the primary winding 4 and the
secondary winding 7.

As was stated above, it is this controlled division of the flux
between the closed paths in the core 1 that produces the
desirable results obtained from employing the device of this
invention. Because of this adjustable control of the coupling
provided by the core 1, the device is basically a frequency
selective component.

In one embodiment of the form of the invention shown in
FIGS. 1 and 2, the core 1 is constituted by a disk having a
diameter of five-sixteenths of an inch and a thickness of one-
sixteenth of an inch. Each of the holes 2, 3, 5, and 6 was
drilled with a No. 60 drill. The spacing between the first pair
of holes 2 and 3 and the second pair of holes 5 and 6 is 0.170
inch. A spacing of 0.075 inch is provided between the holes 2
and 3 and also between the holes 5 and 6. The primary wind-
ing 4 and the secondary winding 7 are each formed with thir-
teen turns of No. 36 copper wire. This construction provides a
coupling of 2 percent.

The device shown in FIGS. 1 and 2 may be regarded as con-
stituting a transmission network that is equivalent to a 7 con-
figuration of inductances with associated parasitic
capacitances, The equivalent network is shown in FIG. 3
wherein two shunt inductors 13 and 14 are bridged by a series
inductor 15. The terminals 16 and 17 represent the ends of the
primary winding 4, and the terminals 18 and 19 represent the
ends of the secondary winding 7. In this circuit, the two shunt
inductances 13 and 14 are constituted respectively by the pri-
mary winding 4 and the secondary winding 7. The series in-
ductor 15 is produced by the coupling between the two
windings 4 and 7 and this is provided by the core material 1.
By thus using the single core 1 and the two windings 4 and 7 in
the manner shown in FIGS. 1 and 2, the effect is that which
might be produced by employing the three equivalent induc-
tors 13, 14, and 15. In addition, it should be noted that the
device shown in FIGS. 1 and 2 provides ground isolation
between the windings 4 and 7.

The three inductor elements of the device shown in FIGS. 1
and 2 may be independently adjusted by changing the number
of turns on the windings 4 and 7 and by changing the coupling
through removal of some of the magnetic core material in the
manner described above.

Since the equivalent series inductor effect produced by the
core 1 is actually not a physical inductor, it is possible to place
shields between the windings 4 and 7 and thereby reduce the
stray capacity in the core 1 to a value which is appreciably less
than that which can be obtained when using conventional in-
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ductors. Thus, for the same equivalent value of series induc-
tor, the device shown in FIGS. 1 and 2 can be operated at
higher frequencies than is possible when a physical inductor is
used.

FIG. 4 illustrates the manner in which the device shown in
FIGS. 1 and 2 may be modified to provide greater frequency
selectivity. It can be seen in FIG. 4, that a third winding 21 is
threaded through the holes 3 and 6 while a fourth winding 22
is threaded through the holes 2 and 5. Both of the windings 21
and 22 are of suitable electrically conductive wire.

FIG. 5 shows a circuit schematic of this device wherein the
inductor 24 represents the primary winding 4, the inductor 25
represents the upper winding 21, the inductor 26 represents
the lower winding 22, and the inductor 27 represents the
secondary winding 7. If the primary winding 4 is driven from a
source 28 and is tuned to a first frequency while the secondary
winding 7 is also tuned to the first frequency, then the tuning
of theé upper and lower windings 21 and 22 to a second
frequency will prevent the uncoupled flux at this second
frequency from passing through these windings 21 and 22 if
they are not loaded. The tuning of the windings can be accom-
plished in any suitable manner, such as by adjusting the varia-
ble capacitances 23 and 23'. .

Thus, greater frequency selectivity can be achieved by using
the device shown in FIG. 4 than can be obtained with the
device shown in FIGS. 1 and 2. This is due to the fact that the
tuning of the upper and lower windings 21 and 22 prevents the
flux from passing through these windings at the tuned frequen-
cy thereby increasing the degree of coupling.

FIG. 6 represents a ladder circuit that is equivalent to the
device illustrated in FIG. 4. In FIG. 6, the inductor 31
represents the primary winding 4, the inductor 32 represents
the secondary winding 7, the inductor 33 represents the series
combination of windings 21 and 22, and the inductor 34
represents the effect of the controlled coupling.

FIG. 7 shows a different embodiment of the invention in
which a third pair of holes 41 and 42 are formed or drilled in
the core 1 and an auxiliary winding 43 of electricaily conduc-
tive wire is threaded therethrough. Normally, when the prima-
ry winding 4 is driven, there will be an output current at the
secondary winding 7. However, if the auxiliary winding 43 is
tuned to a particular frequency and is unloaded, this will
restrict the coupling flux between the primary and secondary
windings 4 and 7 at the frequency to which the auxiliary wind-
ing 43 is tuned. Thus, no current at this frequency will appear
at the output of the secondary winding 7. Accordingly, it can
be understood that the device shown in FIG. 7 functions in the
manner of a narrow band-pass filter.

FIG. 8 shows a circuit which. is equivalent to the device
represented in FIG. 7. In FIG. 8, the inductor 44 represents
the primary winding 4, the inductor 45 represents the secon-
dary winding 7, the inductor 46 represents the coupling pro-
vided by the core 1 between the primary and secondary
windings 4 and 7, and the inductor 47 represents the auxiliary
winding 43. ‘

The filtering function of the devices shown in FIGS. 4 and 7
can be combined with the function of a modulator by driving
windings 21 and 22 in the device shown in FIG. 4 or winding
43 in the device shown in FIG. 7 as a control winding, such as
by shorting it by means of a diode, thereby varying the
coupling between the two other windings. This modification
can function in the manner of a balanced modulator without
the necessity of employing balanced diodes.

FIG. 9 illustrates the manner in which the device of this in-
vention can be modified to function in the manner of a separa-
tion filter using multiple path linear circuits. In FIG. 9, the pri-
mary winding 4 remains in the same position as is shown in
FIGS. 1 and 2 but the secondary winding 7 has been moved
downward at an angle. A third winding 51 of electrically con-
ductive wire is threaded through a third pair of holes 52 and
53. A wedge-shaped opening 54 is cut in the core 1 to provide
a physical separation between the second pair of holes 5' and
6! and the third pair of holes 52 and 53 thereby preventing the
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flow of flux between their windings 7 and 51. The tuning of the
winding 7 to a first frequency and the tuning of the winding 51
to a second frequency will cause the device shown in FIG. 9 to
function in the manner of a separation filter. Since each of the
windings 4, 7, and 51 is separate and distinct, ground isolation
is available if desired.

FIG. 10 shows a circuit which is equivalent to the device il-
lustrated in FIG. 9. In FIG. 10, the inductor 55 represents the

. primary winding 4, the inductor 56 represents the secondary
winding 7, and the inductor 57 represents the third winding
51. The inductor 58 represents the coupling which is provided
by that portion of the core material 1 which is between the pri-
mary winding 4 and the third winding 51. Similarly, the induc-
tor 59 represents the coupling which is provided by that por-
tion of the core material 1 which is between the primary wind-
ing 4 and the secondary winding 7.

Whatis claimedis:

1. An inductive device comprising a transformer having pri-
mary and secondary windings with controlied low coupling
between said windings and-adapted for functioning in the
equivalent manner of a transmission network having a # con-
figuration of two shunt inductances bridged by a series in-
ductance,

said device comprising a flat unitary core of magnetically
soft material having means defining a plurality of holes
therein,

a primary winding of electrically conductive wire threaded
through a first pair of said holes,

a secondary winding of electrically conductive wire
threaded through a second pair of said holes,

said primary and secondary windings being adapted for
producing the effect of said two shunt inductances of said
7 configuration,

means for electrically energizing said primary winding for
creating a magnetic flux in said core,

a first portion of said magnetic flux being adapted to flow in
said core in the immediate area therein around said first
pair of holes,

coupling means for providing at least one closed path
between said primary and secondary windings for the
flow therein of a second portion of said magnetic flux
from said primary winding to said secondary winding,

said coupling means including an integral portion of said
unitary core that is positioned between said first and
second pairs of holes,

said integral core portion being so constructed and
fabricated as to provide said controlled low coupling
between said primary and secondary windings,

and said integral core portion being adapted for producing
the effect of said series inductance of said 7 configura-
tion.

said coupling means including a portion of said core that is
positioned between said first and second pairs of holes,

and said core portion constituting said series inductance.

2. An inductive device having a substantial degree of

frequency selectivity,

said device comprising a disk of magnetically soft material
having means defining a plurality of holes therein,

a first winding of electrically conductive wire threaded
through a first hole and a second hole,

a second winding of electrically conductive wire threaded
through a third hole and a fourth hole,

means for tuning said first and second windings to a first
frequency,

means for electrically energizing said first winding for creat-
ing a magnetic flux in said disk,

coupling means for electrically coupling said first winding to
said second winding,

said coupling means comprising means for providing a
closed path for the flow of said flux from said first winding
to said second winding,
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said last-mentioned means including a portion of said disk

that is located between said four holes
and instrumentalities for increasing the degree of said

coupling,

said instrumentalities including a third winding of electri-
cally conductive wire threaded through said first hole and
said third hole,

a fourth winding of electrically conductive wire threaded
through said second hole and said fourth hole,

and means for turning both said third and fourth windings to
a second frequency.

3. An inductive device for functioning in the manner of a

narrow band-pass filter,

said device comprising a flat core of magnetically soft
material having means defining first and second pairs of
holes therein, ‘

a first winding of electrically conductive wire threaded
through said first pair of holes,

a second winding of électrically conductive wire threaded
through said second pair of holes,

means for electrically energizing said first winding for creat-
ing a magnetic flux in said core,

coupling means for electrically coupling said first winding to
said second winding,

said coupling means comprising means for providing a
closed path for the flow of said flux from said first winding
to said second winding,

said last-mentioned means including a portion of said core
that is located between said first and second pairs of
holes, :

and instrumentalities for blocking the flow of flux in said
portion of said core for energy of a particular frequency,

said instrumentalities comprising means defining a third
pair of holes in said core, -

said third pair of holes being located in said portion of said
core between said first and second pairs of holes,

a third winding of electrically conductive wire threaded
through said third pair of holes,

and means for tuning said third winding to said particular
frequency.

4. An inductive device for functioning in the manner of a

separation filter,

said device comprising a disk of magnetically soft material
having means defining three pairs of holes therein,

a first winding of electrically conductive wire threaded
through a first pair of said holes, .

a second winding of electrically conductive wire threaded
through a second pair of said holes,

a third winding of electrically conductive wire threaded
through a third pair of said holes,

means for electrically energizing said first winding for creat-
ing a magnetic flux in said disk,

first coupling means for providing a closed path for the flow
of said flux from said first winding to said second winding,

said first coupling means including a first portion of said
disk that is located between said first and second pairs of
holes,

second coupling means for providing a closed path for the
flow of said flux from said first winding to said third wind-
ing,

said second coupling means including a second portion of
said disk that is located between said first and third pairs
of holes,

means for tuning said second winding to a first frequency,

means for tuning said third winding to a second frequency,

and means for preventing the flow of said flux between said
second and third windings,

said last-mentioned means including means defining a
wedge-shaped opening formed in said disk between said
second pair of holes and said third pair of holes.
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