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(57) Abstract

An RF choke (30) that can have a higher inductance and a higher current carrying capacity than RF chokes heretofore available. Two
coils (42, 44) are counter-wound around two cylindrical cores (32, 34) so that the magnetic fields add in the respective cores. This can be
accomplished in at least two ways: 1) two independent but counter—-wound electrically parallel coupled cores located closely together, and
2) two cores wound in a figure—eight pattern. The two approaches yield one effective choke on two counter—wound cores.
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RF CHOKES COMPRISING
PARALLEL COUPLED INDUCTORS

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to radio frequency (RF)
chokes, and more particularly to a device for
separating a single phase AC power signal from a
broadband signal carried on the same conductor, the
device having a higher inductance and a higher current
carrying capacity than RF chokes heretofore available.

2. Introduction to the Invention

It is well known in systems distributing RF
signals, such as cable television signals, data
transmission signals, and the like, to combine the
broadband RF signals, e.g. 5 MHz to 1 GHz, with an AC
power signal, e.g. 60 Hz in the United States, on a
single coaxial cable. The AC power signal is
transmitted on the same cable that transmits the RF
signal in order to supply power to amplifiers,
repeaters, and other equipment associated with the
cable system. It is common for such cable systems to
carry AC power at a current magnitude generally in the
range of about 10 to 12 amps, and even as high as about
14 to 15 amps.

At gpecified locations in a cable distribution
system, it is then necessary to separate the combined

AC power and RF signals, for example, to provide the AC
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power to associated equipment, and to do so without
degrading the RF signal. It is well known to employ
inductors in circuits designed to separate the AC power
from the RF signals. In such applications, the
inductors are commonly referred to as RF chokes. Since
the impedance, i.e. reactance, of an inductor increases
with frequency, RF chokes are designed to exhibit a
relatively high impedance to signals in the RF
frequency range, commonly above 5MHz, a relatively low
impedance to the AC power signal, and to minimize
resonance effects at the higher frequencies.

It is known that, in general, the quality of an RF
choke may be characterized in terms of three
properties: inductance value, current carrying
capacity, and resonant frequency. It is known that
these three properties must be balanced in a practical
design. Standard cylindrical chokes commonly include
an insulated wire coiled into a helix. The inductance
level needed to present a sufficiently high impedance
at the RF frequencies 1s achieved by introducing a
magnetic core into the center of the coil. The
magnetic core is commonly comprised of ferrite
material. Other linear magnetic materials, e.g.
powdered iron and laminated steel may also be used.
Ferrite cores are commonly preferred for high
frequency, e.g. greater than about 1 MHZ, applications.
However, it is known that the properties of the
magnetic core will change above a saturation level of
magnetic flux density. This limits the current
carrying capacity of the RF choke to a level below the
saturation level of the core.

Parasitic capacitance can result from wrapping a
conductor around a core. The effect of parasitic
capacitance electrically coupled in series with the
inductor is to form a series LC circuit having a
resonant frequency, with a concomitant sharp loss in

impedance at the resonant frequency. The Q of the
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resonant LC circuits may be quite high.

The inductance of an RF choke can be raised by
increasing the number of turns in the coil. However,
this can lower the resonant frequency into the band of
operation. Reducing the number of turns in the coil to
reduce the resonance may reduce the inductance to a
value that makes the RF choke no longer useful in the
frequency range of interest.

Several attempts have been made at improving the
performance of RF chokes. In order to reduce the Q of
the series LC circuit, a resistor may be electrically
coupled between specified turns of the inductor coil.
The spacing between the individual conductor coils may
be increased to decrease parasitic capacitance and damp
the resonance. However, the inductance of an RF choke
is dependent on the coil spacing to the second order.
Therefore, an effect of spreading out the coil spacing
can be to reduce the inductance of the coil. Air coils
of one or more turns may be included to avoid
saturating the core. However, this approach requires a
compromise at the lower freguencies since much less
inductance can be obtained. The diameter of the core
may be increased to lower the flux density for a given
current level. However, this increases the wire length
and causes high frequency resonance problems.

There ig therefore a need for an RF choke which
can have a higher inductance and a higher current
carrying capacity without a significant resonance in
the RF band of interest.

SUMMARY OF THE INVENTION

We have now invented an RF choke that can have a
higher inductance and a higher current carrying
capacity than RF chokes heretofore available. 1In a
first aspect the invention provides an RF choke
comprising first and second cores.

In one embodiment, an RF choke of the invention

comprises a first wire coil wound upcn the first core;
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and a second wire coil wound upon the second core;
wherein: the two cores are aligned substantially
parallel; the first wire coil and the second wire coil
are wound in opposite directions around the first and
second cores; and the first wire coil and the second
wire coil are electrically coupled in parallel.

In a second embodiment, an RF choke of the
invention comprises a wire coil wound upon the cores,
wherein: the two cores are aligned substantially
parallel; the wire coil forms at least two successive
windings in series with each other, with a first
winding wound in one direction around the first core
and a second winding wound in the opposite direction
around the second core.

While cylindrical cores are preferred for use in
RF chokes of the invention, elongate cores having other
cross-sections, e.g. polygon, having parallel
longitudinal axes, may also be used. 1In addition, it
is preferred that the core comprise a low-loss material
with a relative magnetic permeability greater than 1.
Air or dielectric coreg may also be used, in which case
the current carrying capacity would be limited by the
thermal power limit of the wires rather than core
saturation.

If two cylindrical chokes are placed side by side,
each interacts with the fringing magnetic field of the
other. Depending on the direction of the windings, the
magnetic fields can add or subtract. If the coils are
counter wound, so that the magnetic fields add in each
core, higher inductance is obtained and much higher
currents are feasible. This can be accomplished in at
least two ways: 1) two independent but counter-wound
parallel connected cores located closely together, and
2) two cores wound in a figure-eight pattern. The two
approaches yield one effective choke on two counter-
wound cores.

The inductance of a choke comprising two
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cylindrical cores increases as the cores are moved
closer together. Thus, in preferred embodiments, the
wire-wound cores are placed in juxtaposition. In an
embodiment comprising two independent, counter-wound
cores, the cores are placed substantially two wire
thicknesses apart. In an embodiment comprising two
cores wound in a figure-eight pattern, the cores are
placed substantially one wire thickness apart.

By way of example, one present commercial line of
outdoor cable TV taps includes a choke that is made on
a .164 inch diameter by .873 inch long ferrite core.
The choke is wound with 12 turns of 20 gauge wire
tightly wound together except for an approximately .050
inch gap in the center, i.e., 5 1/2 turns, then a 1
turn spread, then 5 1/2 more turns. This choke has an
inductance of about 2 uH and is fairly linear up to
about 7 amps RMS of 60 Hz current. The choke does have
a small hum in a 14 dB 4-way outdoor tap. Above about
7 amps RMS, the peak current saturates the ferrite core
and causes significant hum modulation of the RF signal
through the tap.

An improved RF choke of the invention was made by
winding two chokesg, one wound identical to the choke
used in the tap described above, and the second in the
same manner except wound with the opposite pitch. The
two chokes were then connected in parallel. The
parallel combination provided about 2 pH inductance,
not 1 pH that a simple parallel element calculation
would predict. The RF performance, i.e. return loss
and insertion loss, of the tap was unimpaired, and the
tap was free of significant hum modulation to greater
than 10 amps.

The scope of the invention is not limited to RF
chokes in cable TV applications. RF chokes in
accordance with the invention may be used to advantage
in applications, e.g., from 800 MHZ cellular telephones

through the millimeter wave band. Improved chokes of
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the invention may be used in bias tees for amplifiers
and other active elements where current carrying
capability is often a limiting factor.

Moreover, RF chokes of the invention may be
employed to advantage both: in applications, including
those referenced above, in which the low frequency AC
gsignal is passed, and the high frequency RF signal is
filtered in a manner so as to preserve the RF signal
for subsequent use; and in applications, e.g. RFI
filters, wherein the AC power is passed, and the higher
frequency signal is filtered out and not preserved for
subsequent use.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is illustrated in the accompanying

drawings, in which:

FIG. 1 is a plan view of a prior art RF choke.
FIG. 2 is a plan view of an embodiment of an RF

choke of the invention.

FIG. 3 is a cross sectional view of the embodiment
of an RF choke in FIG. 2 taken along the plane 3-3.

FIG. 4 is a plan view of a second embodiment of an
RF choke of the invention.

FIG. 5 is a cross sectional view of the embodiment
of an RF choke in FIG. 4 taken along the plane 5-5.

Note that none of the drawings are to scale,
including, in particular, the representations of the
windings and the spacing of the windings of the wire
coils.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 is a plan view of a prior art RF choke

which is indicated generally by the reference numeral

10. The choke 10 comprises a cylindrical core 12 and a
conductor 14 wound on the core 12 to form a winding 18

having a predetermined number of turns. The conductor
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has an input lead 16 and an output lead 22. Parasitic
capacitance between the windings 18 is represented by a
capacitor 24 shown electrically coupled between two of

the windings. The magnetic field generated by a

current I flowing through the conductor is indicated by
the pattern generally representing the flux density B.
Since the choke 10 comprises a single winding 18, the
current I flowing through the winding 18 is the same as
the current I flowing in the input lead 16 and out the
output lead 22. The number and spacing of the windings
18 may vary among chokes used for different

applications, and among chokes produced by different
manufacturers. In addition, as described above, prioxr
art RF chokes may include additional components, e.g.
resistors electrically coupled between selected
windings (not illustrated in any of the FIGS.), etc.

FIG. 2 is a plan view of an embodiment of an RF

choke of the invention which is indicated generally by

the reference numeral 30. The choke 30 comprises a
first cylindrical core 32, a second cylindrical core
34, and a conductor 36. The first core 32 and second
core 34 have the same length and the same diameter.

The conductor 36 has an input lead 38, an output lead
46, a first winding 42 and a second winding 44. The
first winding 42 and second winding 44 are electrically

coupled in parallel, with the parallel combination
electrically coupled in series between the input lead

38 and output lead 46. The first winding 42 and second
winding 44 are wound in opposite directions about the
first core 32 and second core 34, respectively. Since
the choke 30 comprises two windings 42, 44 the current

flowing through each of the respective windings 42,
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44, represented ag I/2, is half of the total current,
represented as I, flowing in the input lead 38 and out
the output lead 46. A first inductor 52 formed by the
combination of the first core 32 and first winding 42

is thus electrically coupled in parallel with a second

inductor 54 formed by the combination of the second
core 34 and second winding 44. The magnetic field
generated by a current I flowing through the choke 30

is indicated by the pattern generally representing the

flux density B. With the first inductor 52 and second
inductor 54 positioned in parallel, and side-by-sgide,

each inductor interacts with the fringing magnetic
field of the other inductor.

FIG. 3 is a cross sectional view of the embodiment
of an RF choke in FIG. 2 taken along the plane 3-3.
This view depicts the two inductors 52, 54 formed from
the counter wound cores 32, 34, and the direction of
current flow in the respective windings 42, 44 around
the two cores 32, 34.

FIG. 4 is a plan view of a second embodiment of an

RF choke of the invention which is indicated generally

by the reference numeral 60. The choke 60 comprises a
first cylindrical core 62, a second cylindrical core
64, and a conductor 66. The first core 62 and second
core 64 have the game length and the same diameter.

The conductor 66 has an input lead 68, an output lead
76, and a winding 72, 72’. The winding 72, 72’ is
wound alternatively around the first core 62 and second
core 64, in a figure-eight pattern, and is thereby
wound in opposite directions about the first core 62

and second core 64. Since the choke 60 comprises only
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one winding 72, 72’, the current flowing through the
winding 72, 72’ is the same as the total current,
represented as I, flowing in the input lead 68 and out
the output lead 76. The result is a single choke 60
formed on the two counter-wound cores 62, 64. The
magnetic field generated by a current I flowing through
the choke 60 is indicated by the pattern generally
representing the flux density B.

FIG. 5 is a cross sectional view of the second
embodiment of an RF choke in FIG. 4 taken along the
plane 5-5. This view depicts the two cores 62, 64 with

the counter wound figure-eight winding pattern, and the

direction of current flow in the windings 72, 72’
around the two cores 62, 64.

Although not illustrated in any of the FIGS.,
those skilled in the art recognize that the turn-to-
turn spacing of the windings on each of the cores in
the embodiments of the invention depicted in the FIGS.
may be selected to obtain a desired turn-to-turn
capacitance, in order to adjust the resonant
frequencies of the RF chokes. In particular, while the
invention provideg RF chokes with a higher current
carrying capacity with a swmaller core, the larger
resonances which, in prior art RF chokes would require
resistors electrically coupled between selected turns
of the winding, typically fall outside the frequency
band of interest. However, those skilled in the art
will also recognize that a gap between the center turns
of the windings on each core will serve to further
reduce the effects of remaining smaller resonances.

The foregoing detailed description of the
invention includes passages which are chiefly or
exclusively concerned with particular parts or aspects

of the invention. It is to be understood that this is
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for clarity and convenience, that a particular feature
may be relevant in more than just the passage in which
it is disclosed, at that the disclosure herein includes
all the appropriate combinations of information found
in the different passages. Similarly, although the
various figures and descriptions herein relate to
specific embodiments of the invention, it is to be
understood that where a specific feature is disclosed
in the context of a particular figure, such feature can
also be used, to the extent appropriate, in the context
of another figure, in combination with another feature,
or in the invention in general.

Further, while the present invention hag been
particularly described in terms of certain preferred
embodimentsg, the invention is not limited to such
preferred embodiments. Rather, the scope of the

invention is defined by the appended claims.
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WHAT IS CLAIMED IS:

1.

cores.

wherein,
i.
10

ii.

iii.
15

20 b.

wire coil

25 a.

30

35

An RF choke comprising first and second

An RF choke according to claim 1 comprising:
a first wire coil wound upon the first core;
and

a second wire coil wound upon the second

core;

the two cores are aligned substantially
parallel;

the first wire coil and the second wire coil
are wound in opposite directions around the
first and second cores; and

the first wire coil and the second wire coil
are electrically coupled in parallel.

An RF choke according to claim 2 wherein:
the first wire coil and second wire coil
comprise an insulated wire having a
thickness; and

the first core and second core are mounted in
juxtaposition substantially two wire
thicknesses apart.

An RF choke according to claim 1 comprising a
wound upon the cores wherein:

the two cores are aligned substantially
parallel;

the wire coil forms at least two successive
windings in series with each other, with a
first winding wound in one direction around
the first core and a second winding wound in
the opposite direction around the second
core.

An RF choke according to claim 4 wherein:
the wire coil comprises an insulated wire
having a thickness; and

the first core and second core are mounted in



WO 98/43255 - PCT/US98/05365

10

15

20

25

-12-

juxtaposition, substantially one wire
thickness apart.

6. An RF choke according to claim 1 wherein the
first core and second core comprise a low-loss material
with a relative magnetic permeability greater than 1.

7. An RF choke according to claim 6 wherein the
first core and second core comprise a material selected

from the group comprising:

a. ferrite;

b powdered iron; and

C. laminated steel.

8 An RF choke according to claim 1 wherein the

first core and second core comprise a material selected

from the group comprising:

a. air; and
b. a dielectric material.
9. An RF choke according to claim 1 wherein the

first core and second core have elongate cylindrical
shapes, with the first core having a first length and a
first diameter, and the second core having a second
length and a second diameter.

10. An RF choke according to claim 9 wherein the
first core and second core have the same length and the

same diameter.
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