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METHOD TO REDUCE SIGNAL DISTORTION CAUSED BY
DIELECTRIC MATERIALS IN TRANSMISSION WIRES AND CABLES

BACKGROUND OF THE INVENTION

Technical Field

[0001]  The present invention relates generally to consumer electronics, and more
particularly to high-end home entertainment systems and systems used in the recording and
mastering industry, and still more particularly to a method and apparatus for improving the
performance of interconnecting cables used between recording or playback audio and video
components by reducing signal distortion caused by dielectric materials in the wires and

cables.

Background Art
[0002] U.S. Pat. No. 7,126,055 to Low et al (“Low ‘055”) teaches a method to apply a

bias voltage to the dielectric of a cable without interfering with the signal. An energy source
is required and must be applied to at least one conductor that is not in the signal path. The
purpose of the invention, as stated, is to create a static bias voltage upon the dielectric
material. This bias voltage is provided by a battery or possibly a power supply that would be
used to generate an equivalent DC voltage potential.

[0003] U.S. Pat. No. 5,307,416 to Martin (“Martin ‘416”’) teaches an apparatus and circuit
that biases a cable to a biased voltage. Martin places a bias voltage upon the signal conductor
itself, in effect placing a DC voltage bias upon the conductor and then modulating the DC
voltage with the signal. This requires complex circuitry to create the DC voltage and circuitry
to prevent the DC voltage from interacting with the electronic devices to which the cable is
attached. As with Low ‘055, Martin ‘416 does not prevent dielectric polarization, nor does it
claim to do so.

[0004] The foregoing patents reflect the current state of the art of which the present

inventor is aware. Reference to, and discussion of, these patents is intended to aid in
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discharging Applicant’s acknowledged duty of candor in disclosing information that may be

relevant to the examination of claims to the present invention. However, it is respectfully
submitted that none of the above-indicated patents disclose, teach, suggest, show, or
otherwise render obvious, either singly or when considered in combination, the invention

described and claimed herein.

Disclosure of Invention

[0005]  The present invention is a method and apparatus that improves the performance of
interconnecting cables used between recording and/or playback audio and video components.
These cables may include but are not limited to RCA interconnects, XLLR interconnects,
speaker cables, AES/EBU digital cables, AC mains power cables, guitar cables, microphone
cables, and the like. The electrical components (devices) that these cables are used to
interconnect may include, but are not limited to: CD players, amplifiers, preamplifiers,
DACSs, microphones, speakers, tape recorders, and the like.

[0006]  Although designed for audio and recording cables, the present invention may also
have application in high speed digital signal transmission since implementation of the
invention can significantly increase the useful length of copper conductor based cables.
Digital signal transmission at gigabit speeds and beyond severely limits the practical
maximum length of interconnecting transmission cables. The present invention significantly
increases maximum cable lengths and increases digital signal integrity and reliability.

[0007] The present invention is adapted for use with wires used to transmit an alternating
electromagnetic signal. Dielectric material is commonly used to insulate the wires. Examples
of dielectric materials that may be used to insulate wires include but are not limited to the
following plastics and rubbers: polyethylene, thermoplastic, polyvinyl chloride, rubber,
nylon, Teflon etc.

[0008]  An electrical current that propagates through a wire, generates a corresponding
electromagnetic field that surrounds and interpenetrates the conductor. The electromagnetic
field is composed of two fields: the electric field (E-field) and the magnetic field (H-field).
Dielectric materials react to electric fields but do not react to the magnetic field. Dielectric

materials demonstrate an effect called dielectric polarization and dielectric relaxation. In
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essence, a dielectric may store and release electric field energy when exposed to an

alternating electric field.

[0009]  The present invention significantly reduces or entirely eliminates the charge and
discharge of the dielectric material. This contrasts with Low ‘055, discussed in the
background, above, which attempts to charge or bias the dielectric to a static voltage level.
Biasing a dielectric to a static level cannot prevent dielectric polarization and re-radiating as
described by the present invention. Further, the present invention tracks the signal and
dynamically adjusts the electric level applied to the dielectric in such a way as to neutralize
dielectric polarization, while Low simply applies a fixed bias level. Further, Low does not
require that each signal conductor have a corresponding surround conductor. Without a
surround conductor around a center conductor it is impossible to evenly distribute an electric
charge so as to eliminate the dielectric polarization of the dielectric as described in the
present invention. In Low ‘055, a bias is applied to both the positive signal wires and to the
return path negative wires. This would also preclude the possibility of neutralizing the
dielectric charge upon each individual signal wire.

[0010] Low ‘055 requires a battery or other external voltage supply for its operation. The
present invention requires no external voltage supply or battery and acquires its dynamically
varying electric field from the signal itself.

[0011] Martin ‘416, also discussed in the background, above, does not require a dual
conductor wire or electric field compensation circuit that would prevent dielectric
polarization as does the present invention. The present invention does not require a DC
voltage or complex circuitry and does not pre-bias the conductor and or dielectric as does
Martin ‘416.

[0012] The foregoing summary broadly sets out the more important features of the present
invention, as well as those that distinguish it from known prior art, so that the detailed
description that follows may be better understood, and so that the present contributions to the
art may be better appreciated. There are additional features of the invention that will be
described in the detailed description of the preferred embodiments of the invention which

will form the subject matter of the claims appended hereto.
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Brief Description of the Drawings

[0013] The invention will be better understood and objects other than those set forth
above will become apparent when consideration is given to the following detailed description
thereof. Such description makes reference to the annexed drawings wherein:

[0014] FIG. 1 is an upper perspective view showing a dual conductor wire with conductor
and dielectric layers sectioned;

[0015] FIG. 2 is an upper perspective view showing the EFC wire of the present
invention;

[0016] FIG. 3 is a schematic end view in elevation showing the dielectric polarization;
[0017] FIG. 4 is a schematic end view in elevation showing the dielectric polarization
neutralized;

[0018] FIG. 5 is a schematic circuit diagram showing of the ECF wire of FIG. 2;

[0019] FIG. 6 is a schematic diagram showing a coaxial cable;

[0020] FIG. 7 is a schematic diagram showing the EFC cable of the present invention;
[0021] FIG. 8 is a schematic diagram showing an AC power cable;

[0022] FIG. 9 is a schematic diagram showing a balanced analog audio transmission;
[0023] FIG. 10 is a schematic diagram illustrating the electric field compensation circuit
built into the inventive apparatus;

[0024] FIG. 11 is an upper partial cross-sectional perspective view showing the E-field
and H-field conductors;

[0025]  FIGS. 12a and 12b are schematic diagrams illustrating a single-ended
transmission;

[0026] FIG. 13 is a graph showing a square wave input signal;

[0027]  FIGS. 14a and 14b are graphs showing square wave output signals;

[0028] FIG. 15 is an upper perspective view of an alternative embodiment in which the

electric field compensation circuit uses a single capacitor and a jumper wire.

Best Mode for Carrving Out the Invention

[0029]  Asused herein, the term “wire” describes a wire 100 composed of two conductors,

such that both conductors carry the transmission signal, as illustrated in FIG. 1. This figure
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shows that a first conductor 101 is a primary, center conductor insulated with a standard

dielectric material 102. The second conductor 103 surrounds and is coaxial with the center
conductor 101 and is essentially cylindrical in cross-section. The second conductor may be
protected by a jacket or insulation 104. This type of wire is similar in construction to
conventional coaxial cable; however, in the context of the present invention, and as used in
this disclosure, it is not used in a manner typical of the ways in which coaxial cable is used.
[0030] FIGS. 2-12b show the inventive method and apparatus to reduce signal distortion
caused by dielectric materials in transmission wires and cables.

[0031] Referring first to FIG. 2, there is shown a preferred embodiment of the present
invention, which includes a wire with two conductors and an electric field compensation
circuit. The invention is therefore summarily referred to herein by its initials as an “EFC
wire.” It includes a dual conductor wire and the electrical field compensation circuit, wherein
element 201a is a source end center conductor, 202a and 202b are each ends of a center
conductor insulation, 203a is the source secondary conductor, 204a and 204b are exposed
ends of the wire jacket insulation, and 203b is the destination end secondary conductor. A
destination end center conductor is shown as element 201b. A first capacitor, C1, connects
the source end center conductor 201a to the source end surround conductor 203a. Second
capacitor, C2, connects the destination end surround conductor 203b to the destination end
center conductor 201b. Capacitors C1 and C2 represent the electrical field compensation
circuit.

[0032] As will be appreciated, the EFC wire must include the two conductors, with the
first, center conductor (201a and 201b) and the second surround conductor (203a and 203b).
The electric field compensation circuit is provided by at least two capacitors, first capacitor
C1 and second capacitor C2, the first, C1, connected at the source end 201a (beginning) of
the signal wire. One side of the first capacitor is connected to the primary conductor 201a
while the other side is connected to the second conductor 203a. First capacitor C1 is in series
with the second conductor. Second capacitor C2 connects at the destination end of the signal
wire. As with the first capacitor, it is connected in series with the second conductor 203b and
attached to the center conductor 201b. The two conductors establish two parallel and

coincident signal paths within the wire. The center, primary conductor acts similarly to a
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conventional wire by providing a signal transmission path and current path. The second

conductor is not intended to carry current, but rather is charged by the electric field from the
source signal. Additionally, the series capacitors prevent significant current flow through the
second, surrounding conductor.

[0033] In an alternate embodiment, the electric field compensation circuit may comprise a
network of capacitors and resistors so as to achieve the same desired result of minimal
current flow within the second surround conductor and a predominance of E-field field
strength within the surround conductor so as to counter the E-field generated by the center
conductor.

[0034] In yet an another embodiment, the electric field compensation circuit can include
an active circuit comprising a small amplifier designed to deliver an electric field to the
surround conductor that is designed to counter the E-field generated by the center conductor.
The amplifier can be very small because it need not supply any significant amount of current.
It must only supply a dynamically varying electric charge that tracks and is in phase with the
input signal, and which is sufficient to counter the varying E-field generated by the center
conductor. The amplifier is tailored to deliver minimal current flow within the second
surround conductor and a predominance of E-field field strength within the surround
conductor so as to counter the E-field generated by the center conductor.

[0035] Referring next to FIG.3, there is illustrated a cross-sectional view of the dual
conductor wire 300 as used in the present invention. The primary center conductor 301 is
surrounded by center conductor insulation 302, provided by dielectric material surrounding
the center conductor. The second surround conductor 303 is a conductive shield disposed
around center conductor insulation. The arrows 304 with positive and negative charge
indicators at their ends represent the molecular polarity orientation that indicates a dielectric
polarization. In this view, for simplicity the jacketing insulation layer, which would normally
insulate the shield, is not shown. When a signal is transmitted through the wire, it generates
an electric field around the conductor 301 as represented by the arrows. The electric field
from the conductor causes a polar movement of the molecules within the dielectric as
represented by the positive and negative symbols. The dielectric 302 stores an electric charge

by way of this molecular polarization. When the signal is removed or changes direction, the
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electric charge reverses and the stored charge within the dielectric is released. The electric

field generated by the dielectric induces a current within the conductor 301, which distorts
the original intended signal.

[0036] Referring now to FIG. 4, there is shown in an elevational schematic end view the
dielectric polarization neutralized. In this view, primary center conductor 401 is insulated by
center conductor insulation 402, and 403 is the second surround conductor. The center
conductor 401 has a relative negative electrical charge while the second conductor 403
imposes an opposing negative electrical charge. The arrows 404 in the dielectric material 402
illustrate an off-setting net neutral electrical charge within the dielectric.

[0037] FIG. 5 is an electrical schematic diagram showing the electrical circuit of the
preferred embodiment illustrated in FIG.2. In this view, element 501 is the primary center
conductor, and second surround conductor 502. Capacitor C1 is the source end capacitor
connecting the source primary conductor to the source second conductor. Capacitor C2 is the
destination end capacitor connecting the destination end primary conductor to the destination
second conductor. Impedance Z1 is the impedance of the primary conductor, including its
resistance and inductance. Impedance Z2 is the impedance of the secondary conductor
including its resistance and inductance. It does not represent or include the impedance
imposed by capacitors C1 and C2 to the circuit. In most cases the impedance of Z1 and Z2
will be very nearly equal.

[0038] Capacitors C1 and C2 together with the surround conductor 502 form a parallel
signal path to the center conductor 501. This creates a current divider network because the
impedance Z1 of the conductor 501 will create a voltage drop across the length of the wire.
This in turn creates an identical voltage drop across the secondary signal path composed of
C1, C2 and 502.

[0039]  Although FIG. 5 is an equivalent electric diagram of FIG. 2, it cannot accurately
illustrate the importance that surrounding conductor 502 completely and substantially evenly
surrounds the center conductor 501 and that it is coincident to the center conductor. This is
necessary to ensure that the electric field is evenly distributed through the dielectric

insulation in such a manner so as to counter the electric field of the center conductor.
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[0040] FIG. 6 is a schematic diagram 600 illustrating how a traditional coaxial cable is

commonly used and terminated. The devices DEV-A 601 and DEV-B 602 represent two
electrical devices that have a signal connection through the coaxial cable 603. Only the center
conductor 604 and the shield conductor 605 are represented, not the insulation layers. The
coaxial cable illustrated in FIG. 6 does include two conductors. The center conductor 601
provides the positive signal connection while the surrounding shield 602 is used as the
negative connection and provides a return current path. Together, the center conductor and
shield provides a completed circuit path for the signal transmission. FIG. 6 thus illustrates the
typical manner in which a coaxial cable would be connected to transmit a signal from a first
electronic device DEV-A 601 to a second electronic device DEV-B 602. DEV-A represents
an electronic component with a simple output amplifier circuit. DEV-B represents a second
electronic component receiving the signal transmission from DEV-A. Center conductor 601
is connected to the positive signal terminal while the shield 602 is connected to the negative
signal terminal. Note should be made that only a single coaxial wire is necessary to complete
a signal path between the two devices.

[0041] FIG. 7 is a schematic diagram 700 showing that two wires are required to make a
complete circuit using EFC wire connecting two electrical devices 701, 702. A first EFC
wire 703 connects to the positive terminal 705 of DEV-A 701. A second EFC wire 704
connects to the negative terminal 706 of DEV-B 702, thereby making a complete signal path
between DEV-A and DEV-B. Capacitors C1 and C2 represent the electrical field
compensation circuit for EFC wire 703. Capacitors C3 and C4 represent the electrical field
compensation circuit for the second EFC wire 704. In contrast to a coaxial type connection,
using the invention to complete a transmission circuit path, it is necessary to use two EFC
wires. Note should be made that in the schematic of FIG. 7, each of the two EFC wires
include two conductors and an electric compensation circuit for each EFC wire, represented
by capacitors C1, C2, and C3, C4, respectively. EFC wire 703 connects to the positive signal
terminal while the second EFC wire 704 is connected to the negative signal terminal and
provides the return current path. The EFC wires, 703 and 704, form a complete signal path
between DEV-A and DEV-B.



WO 2012/045033 PCT/US2011/054411

9
[0042] In a typical coaxial cable connection, the surround conductor is conventionally

used as an RFI/EMI shield by connecting it to a ground pin, a ground wire, or a grounding
surface. However, in the EFC wire of the present invention, the second surround conductor is
never used as a shield, as a grounding wire, or as a grounding surface, nor is it ever connected
to any other conductive surface. Further, in the present invention, the surround conductor is
never used to complete a current path with the primary conductor. Instead, the center
conductor and the surround conductor are always operated in parallel and in unison to the
signal path. This requires the use of a separate wire to complete a signal path, as illustrated in
FIG. 7.

[0043]  FIG. 8 shows that the EFC wire of the present invention may be used within an AC
mains power cable as a power cord connection 800. This cable is commonly used to connect
an electronic component power supply 806 to an AC wall outlet 807. First EFC wire, EFC-1,
801, is the electrically charged “hot wire” (L1) within the power cable that provides power to
the load. Second EFC wire, EFC-2, 802, is the neutral wire or current return (L2) within the
power cable. Common type wire W1 is used for the safety ground connection.

[0044] In most countries, a power cable includes three wires within a typical power cable.
The individual wires include a hot wire and a current return path wire (i.e., a neutral wire). In
some countries the hot wire and the neutral wire are both AC voltage wires. A third wire is a
safety ground wire. For the embodiment shown in FIG. 8, it is preferable that both current
carrying wires, 801, 802, utilize an EFC wire.

[0045] In another embodiment variation, L1 can utilize an EFC wire and L2 can utilize a
common wire type. In such a configuration, however, there would be significant performance
loss because the signal distortion reduction method provided by the present invention would
be applied to only half of the current path.

[0046] Digital cables may use a minimum of two wires (or more) and commonly use
RCA, XLR and BNC style connectors. Regardless of the type of connector used, it is
preferable that wires carrying the digital signal use an EFC wire. In a digital cable
embodiment it is important to select proper values for the capacitors in the electric field
compensation circuit. Since digital signals are commonly much higher in frequency than

audio band signals, the value or values of the capacitors must be much smaller. Testing may
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be required to optimize the values depending upon the fundamental frequency of the digital

transmission, but in general the recommended ratios range between 50-80:1.

[0047]  FIG. 9 is a schematic diagram illustrating an example of a balanced interface
connection 900 using the EFC wire of the present invention. A first electronic device DEV-C
901 is the signal source electronic component and second electronic device DEV-D 902 is the
destination component. A first EFC, namely, EFC-4 903 represents the positive (S1) wire
within the cable, while a second EFC, EFC-5 904 represents the return (S2) or negative wire
within the cable. Common type wire W1 connects to the ground pins. EFC-4 903 and EFC-5
904 constitute a complete signal path between DEV-A 901 and DEV-B 902. Wl is a
common type wire and is a ground connection between the devices and does not carry any
signal information.

[0048] As may be appreciated, the present invention may be used in a speaker cable in
which an EFC wire would be used for both the positive and negative wires to connect an
amplifier to one or more speakers.

[0049]  FIG. 10 is a schematic diagram illustrating an alternate embodiment 1000 wherein
the electric field compensation circuit is incorporated into one or more electronic devices
1001, 1002, rather than within a wire alone. Conductor CX1 1003 is the required dual
conductor wire, and capacitor C1 is the electric field compensation circuit located within
electronic device DEV-A 1001. Capacitor C2 is the corresponding electric field
compensation circuit located within electronic device DEV-B 1002. Wire W1 is the common
ground. In this embodiment, both electrical devices must be designed specifically to
implement the present invention. This requires a two contact connector for each interface,
and further requires an external electrical contact for the center wire and separate electrical
contact for the second surround wire. In the view, for clarity only the positive conductor is
represented with an EFC style interface. However, in a preferred embodiment, both the
positive and the negative interface would be of an EFC type.

[0050] Further, in this embodiment, a BNC or RCA connector could be used, though in an
unconventional manner. Both the BNC and the RCA are designed to provide a complete
signal and current path conductor. In this embodiment, each connector and associated wire

represents only a single wire and requires a second wire W1 to complete a signal or current
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path. Further, the BNC or RCA connectors on the electrical device cannot be connected to

ground or the chassis, as is commonly done with these connector types. While the BNC and
RCA connectors are used as examples, any suitable connector with two or more contacts can
be used.

[0051] FIG. 11 shows a primary, center conductor 101, which carries a preponderance of
the current and, therefore, the predominance of the magnetic field (or H-field). The
secondary, surround conductor 102 carries the predominance of the electric field (or E-field)
because the electric field compensation circuit ensures that there is virtually no current flow
within the surround conductor. Both conductors are in the signal path, but because the
surround conductor 102 predominates in the E-field, and surrounds and is coincident to the
center 101 conductor, it tends to counter the E-field generated by the center conductor within
the dielectric material.

[0052] FIGS. 12a and 12b are schematic views showing a single-ended type interface
connection using the invention. In FIG. 12a, first electronic device DEV-A 1201a is the
signal source electronic component and second electronic device DEV-B 1202a is the
destination component. First EFC wire EFC-1 1203 represents the positive wire within the
cable, while second EFC wire, EFC-2, 1204, is the return, or negative wire within the cable.
EFC-1 and EFC-2 constitute a complete signal path between DEV-A and DEV-B. This is an
example of an audio, single-ended type interface using RCA type connectors.

[0053] FIG. 12b shows an alternate embodiment 1200b to FIG. 12a using only one EFC
wire, EFC-3, 12085, for the positive wire. In FIG. 12b, DEV-C 1206 is the signal source
electronic component and DEV-B 1207 is the destination component. EFC-3 represents the
positive wire within the cable. W1 represents the negative wire within the cable. In this
embodiment, illustrating an audio, single-ended connection between the two devices DEV-C
and DEV-D, only one of the interconnecting wires uses the present invention. There will,
therefore, be significant performance loss, since the signal return wire W1 is a common wire
and not an EFC type.

[0054] FIG. 13 is an oscilloscope screen capture 1300 showing the square wave signal

1301 as applied to the input of the EFC wire.
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[0055] FIG. 14ais an oscilloscope screen capture 1400a showing the square wave signal

1401 as it appears at the output of a cable that does not utilize the inventive EFC elements,
while FIG. 14b is an oscilloscope screen capture 1400b showing the square wave signal 1403
as it appears at the output of a cable using the inventive technology.

[0056] FIG. 15 shows yet another embodiment of the EFC wire of the present invention.
In this embodiment, the electrical field compensation circuit may include only a single
capacitor. In this embodiment, the elements are generally identical to those of the
embodiment shown in FIG. 2, and corresponding reference numbering is therefore retained.
Specifically, it includes a dual conductor wire and the electrical field compensation circuit,
wherein element 1501a is a source end center conductor, 1502a and 1502b are each ends of a
center conductor insulation, 1503a is the source secondary conductor, 1504a and 1504b are
exposed ends of the wire jacket insulation, and 1503b is the destination end secondary
conductor. A destination end center conductor is shown as element 1501b. A first capacitor,
C1, connects the source end center conductor 1501a to the source end surround conductor
1503a. However, in this instance, the second capacitor is replaced by a simple jumper wire
J1 connecting the destination end surround conductor 1503b to the destination end center
conductor 1501b. First capacitor C1 prevents significant current flow through the surround
conductor, satisfying the requirement of a preponderance of E-field energy in the surround
conductor. To complete a signal path through the outer conductor, the simple wire jumper J1
is used to complete a connection between 1503b and 1501b, instead a second capacitor as
used in the preferred embodiment. This embodiment uses fewer parts and is less costly to
produce than the embodiment shown in FIG. 2. However there may be a reduction in
performance due to the possibility of signal reflections or eddy currents through J1.

[0057] The electric field compensation circuit used in the present invention is a circuit
designed to minimize current flow through the second, surround conductor while imposing
and maximizing an electric field charge upon the surround conductor that tracks the source
signal and dynamically counters the E-field as radiated into the diclectric material by the
center conductor. The selection of the values of the capacitors is critical to the effectiveness
of the invention. To achieve the desired result, the values of the two capacitors must be

chosen carefully. Since the impedance of a capacitor is dependent upon the transmission
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frequency, the value of the capacitors will be dependent upon the frequency or spectrum of

frequencies that the signal wire will be used for.

[0058]  Since the primary center conductor is responsible for carrying the current load, it
should have a very low impedance. The second conductor must have as little current flow as
possible, therefore the conductor should have a relatively high impedance to the signal. To
accomplish this, the second conductor has two capacitors in series, one each at the
corresponding source and destination of the wire. This eliminates any possible DC current
flow through the second conductor and will tend to substantially increase the impedance of
the second conductor, depending upon the frequency of transmission and of the value of the
capacitor. The results of many experiments and tests indicate that the ideal value for the
capacitors creates an impedance differential between the primary and secondary conductors
in the ratio of approximately 50-80:1. Stated another way, the second conductor should have
50-80 times the impedance of the primary center conductor at the desired frequencies of
signal transmission. If the value selection for the capacitor is too low, then the magnitude of
the E-field within the second conductor will be too small to achieve the desired counter
dielectric polarization effect. If the value selected for the capacitor is too high then there will
be increased current flow in the second conductor which will negate the desired effect of a
predominance of E-field within the conductor. Essentially, the second conductor simply
becomes another current path for the signal and the desired effect will not be realized.

[0059]  Characteristic Impedance Tests: The application of the invention to a cable

dramatically reduces the characteristic impedance of the cable. A 30 meter twisted pair wire
has been tested using the present invention. Data are presented for two tests. In the first test,
a conventional cable (not employing the present invention) was tested to establish baseline
readings for the type of wire used. In a second test, an identical type of cable was tested,
except that this cable included the electrical field compensation circuit of the present
invention.

[0060] Test equipment included a signal generator and a high bandwidth oscilloscope. A
custom designed output buffer connected the signal generator and the CUT (cable under test).
The output buffer provided a high current output with fast transient response to ensure that

the low impedance of the cable did not significantly load the signal generator, which might
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have skewed measurements. The CUT was terminated into a custom designed termination

pad adjustable from zero to 600 ohms.

[0061] FIG.12a shows the test setup in which DEV-A 1201 was the generator and buffer.
The CUT cable is represented by EFC-1 1203 and EFC-2 1204. The custom terminated load
1s represented by DEV-B 1202.

[0062] A 20 kHz pulse was applied to the input of the CUT. The oscilloscope monitored
the input to the cable. The cable generated a reflection from the end of the cable visible on
the oscilloscope. This is similar to a time domain reflectometer measurement and indicates
that the impedance of the cable and the termination impedance were not the same. The
custom termination pad was adjusted until the reflection was reduced to a minimum,
indicating that the impedance of cable and resistance of the termination pad were identical.
Then, the resistance of the termination pad was measured to determine the corresponding
characteristic impedance of the CUT.

[0063] Test 1: The CUT was a dual conductor type of the kind used in the present
invention, however with the electric field compensation circuit removed. There was no
connection to the surround conductor at either the input or output of the cable. (An equivalent
cable diagram is illustrated in FIG. 12a, except that C1, C2, C3 and C4 have been removed.)
The cable was 30 meters in length.

[0064] Test 1 Result: The equivalent characteristic impedance measured 68.0 ohms.
[0065] Test 2: The CUT was an EFC type as described in the invention with the inclusion
the electric field compensation circuit. An equivalent cable diagram is illustrated in FIG. 12a
which is composed of EFC-1 and EFC-2 with C1, C2, C3 and C4 connected. The cable
length of 30 meters was the same as in Test 1.

[0066] Test 2 Result: The equivalent characteristic impedance measured 31.6 ohms.
[0067]  These tests clearly demonstrate that the present invention significantly reduces the
characteristic impedance of a cable. The characteristic impedance of the CUT in Test 2 was
reduced by more than 50% compared to the baseline CUT in test one.

[0068] Square-wave Response Test: A square-wave response test is commonly used to

test audio equipment to test phase linearity and high frequency bandwidth. The test reliably
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demonstrates the storage and re-radiation of electromagnetic fields within a device, circuit or

cable.

[0069] The test equipment used in this test was the same as that used in the characteristic
impedance test. The test setup was also identical. The custom designed output buffer was set
to one ohm output impedance and the custom designed termination pad was set to 25 ohms.
This was not changed or adjusted for the duration of the following two tests.

[0070]  Test procedure. A 100 kHz square wave was applied to the input of the CUT. The

oscilloscope monitored the input of the CUT on channel one and the output of the cable on
channel two. FIG. 13 is a scope screen capture of the square wave applied to the input of the
CUT.

[0071] Test 3: The CUT was a dual conductor type as used for the invention, with the
electric field compensation circuit has been removed. There was no connection to the
surround conductor at either the input or output of the cable. An equivalent cable diagram is
illustrated in FIG. 12a, except that C1, C2, C3 and C4 have been removed. The cable was 30
meters in length.

[0072]  Test 3 Result: The results of this test are shown in the oscilloscope screen capture
shown in FIG. 14a.

[0073] Test4: The CUT was an EFC type as described above with the inclusion of the
electric field compensation circuit. An equivalent cable diagram is illustrated in FIG. 12a,
which comprises first and second EFC wires, EFC-1 and EFC-2, with capacitors, C1, C2, C3
and C4 connected. The cable length of 30 meters was the same as in Test 1.

[0074]  Test 4: Results of this test are shown in the oscilloscope screen capture of FIG.
14b.

[0075] The results of the square wave response test clearly indicate that the cable in Test 3
absorbed significant amounts of high frequency energy. This is indicated by the significant
rounding off of the rise and fall of the transients of the square waves. By comparison, the
CUT in Test 4, which uses the invention, has faster rise and fall times and the output square
wave more approximates the input waveform at the input of the cable.

[0076]  While the particular EFC wire and circuit configuration herein shown and

disclosed in detail is fully capable of attaining the objects and providing the advantages stated
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herein, it is to be understood that it is merely illustrative of the presently preferred

embodiment of the invention and that no limitations are intended to the detail of construction
or design herein shown other than as defined in the appended claims. Accordingly, the proper
scope of the present invention should be determined only by the broadest interpretation of the
appended claims so as to encompass all such modifications as well as all relationships
equivalent to those illustrated in the drawings and described in the specification.

[0077]  As for additional details pertinent to the present invention, materials and
manufacturing techniques may be employed as within the level of those with skill in the
relevant art. The same may hold true with respect to method-based aspects of the invention,
particularly with respect to additional or alternative acts commonly or logically employed.
Also, it is contemplated that any optional feature of the inventive variations described may be
set forth and claimed independently, or in combination with any one or more of the features
described herein. Reference to a singular item, includes the possibility that there are plural of
the same items present. Thus, as used herein and in the appended claims, the singular forms
"a," and, "said," and "the" include plural referents, unless context clearly dictates otherwise.
Further, the claims may be drafted to exclude any optional element. As such, this statement is
intended to serve as antecedent basis for use of such exclusive terminology as "solely,"
"only," and the like, in connection with the recitation of claim elements, or use of a
"negative" limitation. Unless defined otherwise herein, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. The breadth of the present invention is not to be limited by the

subject specification, but rather only by the plain meaning of the claim terms employed.
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CLAIMS

What is claimed as invention is:

1. An electric field compensation wire configured to improve the performance of
digital signal transmission cables and interconnecting cables used between recording and/or
playback audio and video components, comprising:

a center conductor having a center conductor source end and a center
conductor destination end;

a layer of center conductor insulation axially disposed around said center
conductor;

a surround conductor axially disposed around said center conductor insulation
and having a source conductor source end and a source conductor destination end;

wire jacket insulation axially disposed around said surround conductor; and

an electric field compensation circuit.

2. The electric field compensation wire of claim 1, wherein said electric field
compensation circuit includes a first capacitor connecting said center conductor source end to
said surround conductor source end, and a second capacitor connecting said surround

conductor destination end to said center conductor destination end.

3. The electric field compensation wire of claim 2, wherein said first capacitor is

connected in series with said second capacitor.

4. The electric field compensation wire of claim 1, wherein said electric field
compensation circuit includes at least a first capacitor connecting said center conductor
source end to said surround conductor source, and a second capacitor connecting said center
conductor destination end to said surround conductor destination end, and wherein said first

and second conductors establish two parallel and coincident signal paths within said wire.
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5. The electric field compensation wire of claim 1, wherein said center conductor

provides a signal transmission path and current path, and said second conductor does not

carry current but is charged by the electric field from a source signal.

6. The electric field compensation wire of claim 1, wherein said capacitors prevent

significant current flow through said surround conductor.

7. The electric field compensation wire of claim 1, wherein said electric field
compensation circuit comprises a network of capacitors and resistors configured so as to
minimize current in said surround conductor and such that said surround conductor has a
predominance of E-field field strength to counter the E-ficld generated by said center

conductor.

8. The electric field compensation wire of claim 1, wherein said electric field
compensation circuit includes an active circuit comprising an amplifier that delivers an
electric field to said surround conductor so as to counter the E-field generated by said center

conductor.

9. The electric field compensation wire of claim 8, wherein said amplifier supplies to
said surround conductor a dynamically varying electric charge that tracks and is in phase with
the input signal to said wire, which is sufficient to counter the varying E-field generated by

said center conductor.

10. The electric field compensation wire of claim 1, wherein said electric field
compensation circuit includes a first capacitor coupling said center conduct source end to said
surround conductor source and a second capacitor coupling said center conductor destination
end to said surround conductor destination end to form a current divider path and a parallel

signal path to said center conductor.
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11. The electric field compensation wire of claim 1, wherein said surround conductor

substantially completely and substantially evenly surrounds said center conductor and is

substantially coincident to said center conductor.

12. The electric field compensation wire of claim 11, wherein said surround
conductor is evenly distributed around said center conductor so as to evenly distribute the
electric field through said center conductor insulation to counter the electric field of the

center conductor.

13. A method to reduce signal distortion caused by dielectric materials in

transmission wires and cables, the method comprising the steps of:

providing an electric field compensation (“EFC”’) wire having a center
conductor with a center conductor source end and a center conductor destination end, a layer
of center conductor insulation axially disposed around the center conductor, a surround
conductor axially disposed around the center conductor insulation and having a source
conductor source end and a source conductor destination end, wire jacket insulation axially
disposed around the surround conductor, and an electric field compensation circuit;

providing a first electronic component having a positive terminal and a
negative terminal,

providing a second electronic component having a positive terminal and a
negative terminal,

connecting the center conductor of the EFC wire to the positive terminals of
both the first and second electronic components; and

connecting the surround conductor to the negative terminal of both the first
and second electronic components;

wherein the center conductor provides the positive signal connection while the
surround conductor provides the negative connection and a return current path, and wherein
together, the center conductor and surround conductor provide a completed circuit path for

the signal transmission.
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14. The method of claim 13, wherein the first electronic component has a simple

output amplifier circuit and the second electronic component receives the signal transmission

from the first electronic component.

15. A method to reduce signal distortion caused by dielectric materials in

transmission wires and cables, the method comprising the steps of:

providing first and second electric field compensation (“EFC”’) wires, each
having a center conductor with a center conductor source end and a center conductor
destination end, a layer of center conductor insulation axially disposed around the center
conductor, a surround conductor axially disposed around the center conductor insulation and
having a source conductor source end and a source conductor destination end, wire jacket
insulation axially disposed around the surround conductor, and an electric field compensation
circuit;

providing a first electronic component having a positive terminal and a
negative terminal,

providing a second electronic component having a positive terminal and a
negative terminal,

connecting the center conductor of the first EFC wire to the positive terminals
of both the first and second electronic components; and

connecting the center conductor of the second EFC wire to the negative
terminal of both the first and second electronic components so as to form a complete signal

path between the first and second electronic components.

16. The method of claim 15, wherein the center conductor and the surround conductor

are operated in parallel and in unison to the signal path.

17. The method of claim 16, wherein the first electronic component is an AC wall
outlet and the second electronic component is a power supply for an electronic device, and
wherein the center conductor of the first EFC wire is an electrically charged wire providing

power to the load in the electronic device and the second EFC wire is a neutral wire
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providing a current return, and further including the step of connecting a common type wire

for a safety ground connection.

18. The method of claim 15, wherein the cable is a digital cable carrying a digital
signal, and the values of the capacitors in the EFC wire are selected in accordance with the

fundamental frequency of the digital transmission and are in a range between 50-80:1.

19. The method of claim 15, wherein the first electronic component is a signal source
component and the second electronic component is a destination component, and further
including the step of connecting a common type wire to the ground pins of each of the first

and second electronic components.

20. The electric field compensation wire of claim 1, wherein said electric field
compensation circuit includes a first capacitor connecting said center conductor source end to
said surround conductor source end, and a jumper wire connecting said surround conductor

destination end to said center conductor destination end.
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