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BETWEEN TWO DEVICES

(57) Abstract: Various embodiments of apparatus and sys-
tems are provided for electrically isolating two devices (110,
4 120) while transferring power and RF signals therebetween.
An electrical isolation apparatus (130) includes an isolation
transformer (230) that operates to transfer electrical power be-
tween first and second devices. The electrical isolation appa-
ratus also includes a decoupling device (240) that transfers
radio frequency (RF) signals between the first and second de-
vices. The isolation transformer and the de-coupling device
cooperatively operate to electrically isolate the first device
from the second device.
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APPARATUS AND SYSTEMS FOR ELECTRICALLY ISCLATING AND
TRANSMITTING RF SIGNALS BETWEEN TWO DEVICES

Background

{0001} Electrical safety codes require grounding of externally mounted
antennas, e.g., satellite antennas. Satellite antennas are typically earth grounded
through a coaxial cable that is electrically coupled to a ground block or other
grounded location outside a home. Any hazardous or excess currents contacting the
satellite antenna {¢.g., a nearby lightning strike) flow to the carth ground rather than
entering a home's electrical system. However, if a satellite antenna is ungrounded
and accumulates electrical charge, for example charge induced by nearby lightning,
wind friction or other mechanisms, then the current generated by the accumulated
charge may emter a home’s electrical system through the coaxial cable connected to
the satellite antenna. This can potentially damage equipment within the home, or
worse, injure the inhabitants of the home.

{06021 it 15 often problematic to earth ground a satellite antenna. For many
structares, an earth ground path is not readily available near the installation location
of a satellite antenna. For example, many apartment buildings and other multiple-
dwelling structures do not have ground block connections available near each unit of
the structure. As a result, a satellite antenna cannot be installed at the stracture
without violating electrical codes and compromising the safety of the inhabitants of
the structure. Thus, a significant number of structures are unavailable to satellite
television providers or other service providers that rely upon a wireless Hnk requiring

an outdoor mounted reception device.

Brief Description of the Drawings
00631 The same number represents the same element or same type of element
in all drawings.
{8004} FIG. 1 illustrates an embodiment of a signal transmission system.
{065] FIG. 2 illustrates an embodiment of an electrical isolator of FIG. 1.
{8086} FIG. 3 illustrates an embodiment of a satellite television system.

{6007 FIG. 4 llustrates the embodiment of an electrical isolator of FIG. 3.
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Detailed Description

{00081 The various embodiments described herein generally provide apparatus
and systems for electrically isolating two devices while transmitting power and radio
frequency {RF} signals between the devices, The isolator apparatus provides separate
communication paths for the R¥F signals and the power, and decouples the first device
from the second device. In at least one embodiment, the isolator apparatus transfers
power and signals between a receiver (e.g., a set-top box) and an externally mounted
antenna system {e.g., a satellite antenna with a Low Noise Block Frequency
Downconverter with Integrated Feedhorn or *LNBFE’). The isolator apparatus passes
the power and RY signals between the receiver and the antenna while electrically
isolating the receiver from the antenna. The electrical isolation prevents hazardous
currents contacting the antenna from entering a structure’s wiring syvstem.

{0609] The isolator apparatus provides at least two signal paths, including a
communication path and a power path. Electrical power is transferred between the
two devices through a transformer. In at least one embodiment, the transformer
comprises an isolation transformer. A diclectric material may be utilized between the
windings of the transformer that provides insulation against at least 10,000V, A DC-
DC converter, incorporating an isolation transformer, may be used o transfer
cleetrical power between the two devices.

{0016} The solator apparatus further includes a decoupling device for
transterring RE signals between the receiver and the antenna. In at least one
embodiment, the RF signals may be transterred between two devices using an opto-
isolator. The opto-isolator converts the RF signals received from a first device {e.g.,
an antenna} inte an optical signal and transfers the optical signal over a short
fransmission path. The optical signal is then converted back to an electrical signal
and further transmitted to a second device (e.g., a receiver). In other embodiments,
the R¥ signals may be transterred between the devices through a transformer. The RF
signals and the electrical power are transmitted over a communication path that
electrically decouples the two devices. The communication may be one way,
simplex, or twe way, duplex, depending on application.

{80111 In at least one embodiment, multiple commumnication paths of the
isolator apparatus, each incloding transformers and/or opto-isolators, are utilized to
transfer difterent R¥ signals of varying frequencies. For example, an RF signal

carrying television programming, which is moduolated on a GHz frequency, may be

[39]
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transferred by the 1solator apparatus across an opto-isolator. A separate RF signal

ncluding control information, which is modulated on a KHz frequency, may be
transterred by the 1solator apparatus across a transformer or a separate opto-isolator.
Thus, the electrical isolator allows for the transmission of multiple signals between
two devices while decoupling the two devices.

{00121 FIG. 1 illustrates an embodiment of a signal transmission svstem 100,
The signal transmission system 100 includes a first device 110, a second device 120
and an isolator 130, The first device 110 is communicatively coupled to the isolator

130 through a frst cable 140. The second device 120 1s communicatively coupled to
the isolator through a second cable 142, Each of the components of FIG. 1 will be
subsequently described in detail below. Further, signal transmission system 100 may
include other components, elements or devices not illustrated for the sake of brevity.

{0013} The first device 110 outputs RF signals onto the first cable 140, The
first device 110 may generate the RF signals, or may re-transmit RF signals received
frony a signal source {not shown). In at least one embodiment, the Hrst device 110
recetves an RF signal from an external signal source {(e.2., a satellite antenna), and up-
converts or down-converts the RF signal for iransmission through the signal
transmission system 100,

{0014} In at least one embodiment, the first cable 140 comprises a coaxial
cable, which is ¢fien used for transmitting television signals between two devices,
£.g., a satelhite antenna and a set~top box or a set-top box and a television. The
coaxial cable may be connected to the first device 110 using an F-connector.
However, it is to be appreciated that the first cable 140 may comprise other types of
wiritig. For exampile, the first cable 140 may comprise composite video connectors
{e.g., RCA connectors) or other types of cabling that include one or more conductors
for carrying signals between the first device 110 and the second device 120,

{6015} The coaxial cable is configured to transmit electrical power and RF
signals between the first device 110 and the second device 120. In at least one
embodiment, the first device 110 receives electrical power from the second device’
128, or other power sources within the strocture, through the first cable 140. For
example, the second device 120 may provide clectrical power to the first device 110
through coaxial cable via the isolator 130,

{0016} The second device 120 may comprise any type of device capable of

receiving, demodulating and processing RF signals outputted by the first device 110.
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in at least one enrbodiment, the first device 110 comprises a set-top box
commumicatively coupled to a presentation device (not shown in FIG. 1}. The
presentation device may comprise any device capable of presenting audio and/or
video content to a user. Exemplary presentation devices include televisions, stereos,
computers, telephones and the like. The second device 120 receives RF signals and
demodulates the RF signals into a presentation format and outputs the presentation
format to the presentation device. In some embodiments, the second device 120 may
be integrated into a presentation device, e.g., a television. The second device 120
may also be coupled to other electronic devices that perform processing of received
RF signals. For example, the sccond device 120 may be integrated with or coupled to
a computer that performs data collection based on the RF signals and further transfers
the collected data to other systems or electronic devices.

{6017} The second device 120 communicatively couples to the electrical
1solator 130 through the second cable 142, In at least one embodiment, the second
cable 142 comprises a coaxial cable. As described above, the second device 120
provides electrical power {e.g., a DC current) to the first device 110 through the
second cable 142 via the isolator 130

{8018} The electnical isolator 130 communicatively couples the first cable 140
and the second cable 142, thus, communicatively coupling the first device 110 with
the second device 120. The electrical isolator 130 operates to transfer electrical
power and/or R¥ signals from the second device 120 to the first device 110, The
electrical isolator 130 includes one or more transformers, DC-DC converters and/or
opto-isolators that function to transfer electrical power and/or RF signals between the
first device 110 and the second device 120 while electrically isolating the second
devige 120 from the first device 110,

{0019} FIG. 2 illustrates an embodiment of an electrical isolator 130A of FIG.
1. The electricat isolator 130A meludes a first connector 210, a second connector
212, a first power path 220, a first communication path 222, a second power path 224,
a second commurgcation path 226, a transformer 230 and a decoupling device 240.
Each of the components of the electrical isolator 130A will be subsequently described
in detait below. Further, the electrical isolator 130A of FIG. 2 may include other
components, elements or devices not tlustrated for the sake of brevity.

{0828] The first connector 210 connects to the first cable 140, which 1s

commmunicatively coupled to the first device 110, In at least one embodiment, the first

e
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connector 210 comprises an F-connector. The first connector 210 communicatively

3 5

couples the first cable 140 to the first power path 220 and the first communication
path 222 within the clectrical isolator 130A. If the first cable 140 does not provide
two separate signal paths for the electrical power and the RF signals, then th
electrical isolator 130A may inclade a splitter/combiner to separate incoming signals
from the first cable 140 into separate power and RF components. The
splitter/combiner may further combine outgoing signals from the first power path 220
and the first commuuication path 222 for transmission along the single signal path
provided by the first cable 140.

{0021 The second connector 212 may be similar to the first connector 210.
The second connector 212 communicatively couples the second cabie 142 to the
second power path 224 and the second communication path 226 of the electrical
isolator. 1 the second cable 142 does not include separate signal paths, then the
electrical isolator may inclade a splitter/combiner for interfacing between the seconsd
cable 142 and the second power and communication paths 224 and 226.

{6022] The first power path 220 and the second power path 224 are
communicatively coupled through the transformer 230, The transformer 230

minimally includes a magnetic core 232, first windings 234 and second windings 236.

The first windings 234 are mounted on a first end of the maguetic core 232 and are
comnmuncatively coupled to the second device 120 through the second cable 142,
The second windings 236 are mounted on a second end of the magnetic core opposite
the tirst end and are communicatively coupled to the first device 110 through the first
cable 140. The magnetic core 232 may comprise a single piece magnetic core or a
muliiple piece magnetic core 232 depending on desired design criteria.

{0023} The transformer 230 operates, through magnetic induction, to transfer
electrical energy from the first windings 234 to the second windings 236. The second
windings 236 output the clectrical power, thus, transferring electrical power between
the first power path 220 and the second power path 224. In at least one embodiment,
the transformer 230 comprises an isolation transformer that provides a 1:1 power
transformation. The wansformer 230 operates to transfer AC currents between the
first cable 14{ and the second cable 142 while restricting the passage of DC currents
from the first cable 140 to the second cable 142, The transformer 230 decouples the
first power path 220 from the second power path 224, electrically isolating the first

device 110 and the second device 120. In at least one embodiment, the first windings
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234 and the second windings 236 may optionally transfer contrel signals {e.g., RF
signals including control commands) between the second device 120 and the first
device 11

{36241 The first communication path 222 and the second communication path
226 are communicatively coupled through the decoupling device 240, The
decoupling device 240 comprises any device capable of transferring electrical signals
while electrically solating two or more devices and/or eircuits. In at least one
embodiment, the decoupling device 240 comprises an opto-coupler, i.e., any device
that converts an clectrical signal info an optical signal and transmits the signal across
a relatively short optical transmission path. The optical signal is then converted back
to an electrical signal and further transmitted by the decoupling device 240. The
optical transmission breaks clectrical contact between the first device 110 and the
second device 120, electrically isolating the second device 120 from the first device
1O,

1025 In ot least one embodiment, the decoupling device 240 includes a
transmitter/modulator and a receiver/demodulator. The decoupling device 240 may
operate bi~directionally, transferring RF signals containing video content or other data
from the first device 110 to the second deviee 120, and transferring RF signals
containing control signals or other data from the second device 120 to the first device
110.

{8026] In at least one embodiment, the decoupling device 240 comprises an
isolation transformer that operates similarly to the transformer 230. When embodied
as an 1solation transformer, the decoupling device 240 operates to transter RF signals
across the windings of the isolation transformer using magnetic induction, elecirically
decoupling the first device 110 from the second device 120. In at least one
embodiment, the decoupling device 240 comprises a DC-DC converter that inclades
an 1solation franstormer, allowing for the transmission of DC signals outputted by the
first device 110 while electrically isolating the first device 110 from the second device
120.

18027 The transformer 230 and the decoupling device 240 cooperatively
operate to electrically isolate the first device 110 from the second device 120,
preventing hazardous currents from passing between the first and second devices 110
and 120, If the first device 110 comprises an antenna, then the isolator 130A

eluminates the need 1o electrically ground the antenna to protect against rapid

-6-
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discharge of accomulated/stored electrical energy induced by nearby hightning, wind
friction, or other mechanisms. The isolation provided by the isolator 130A prevents
the stored energy from flowing and entering the house.

{0028] Further, 1n 2 lightning storm, clouds become polarized electrically.
Negative charges move to the bottom side of the clouds and positive charges move to
the top side of the clouds. During this event, positive charges will be induced on the
surface ol the Earth under the clouds. Lightning occurs from the clouds to the Earth if

the Earth is at lower potential than the clouds. The positive charges thus have a
tendency to migrate towards the surface of the Earth. Lightning occurs between the
least resistive path between a cloud and the Earth, In some installations, an antenna
and & coaxial cable provide the least resistive path between the cloud and the Earth, If
the first device 110 {e.g., an antenna} is isolated from the second device 128 {e.g., g
recetvery, then the first device 110 does not provide the least resistive path between
the cloud and the Earth due to the high impedance provided by the isolator 130A.
Thus, the lightning will likely oceur at another path between the cloud and the Earth
that is less resistive. While the isolator 130A does not eliminate the likelthood that
lightning will strike an antenna, the isolator 130A does significantty reduce the
attractiveness of an solated antenna to a lightning strike.

{30291 In one embodiment described herein, the isolator apparatus is vithized
within a satellite telovision system. However, it 13 to be appreciated that the apparatus
and systems described herein {(and/or extensions and/or adaptations thereof) may be
operable to provide electrical isolation between any type of electronic device and any
anterma. For example, the isolator apparatus described herein may be utilized to
electrically 1solate receiving devices from WiMax antennas or over-the-air broadcast
television antennas. Another attribute that makes the isolator apparatus desirable for
grounding a satellite amenna is the premise that the satellite antenna dish is very small
and has a low charge storage capacity. The isolator apparatus is more effective for
small antennae systems like satellite reception systems since these isolated small
systems have low charge storage capacity and, therefore, and are less of a potential
safety hazard

{0036] FIG. 3 illustrates an embodiment of a satellite television system 300.
The satellite television system 300 inchudes a satellite antenna 310, a receiver 320 and
an clectrical tsolator 130, The satellite antenna 310 communicatively couples to the

electrical isolator 130 through a first cable 140, The receiver 320 communicatively
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couples 1o the electrical 1solator 130 through a second cable 142. The receiver 320
may optionalty electrically couple to an earth ground 350 through an electrical
connection 360. Each of the components of FIG. 3 will be subsequently described in
detail below. Fuarther, satellite television system 300 may inclode other components,
clements or devices not iHustrated for the sake of brevity.

{80311 The satellite antenna 310 receives RF signals from a signal source (not
shown} and outputs the RF signals onto the first cable 140. In the illustrated
embodiment, the satellite antenna 310 receives RF signals from an Earth orbiting
satellite. However, it is to be appreciated that other types of antennas may be utilized,
such as over-the-air broadeast antennas, WiMax antennas and the like which receive
RF signals from terrestrial transmitters.

{6032} I at least one embodiment, the first cable 140 comprises a coaxial
cable, which 18 offen used for fransmitting television signals between a satellite
antenna and a receiver 320, such as a set-top box or television. The coaxial cable may
be connected to the satellite antenna 310 and the isolator 130 through F-connectors.
However, it 1s to be appreciated that the first cable 140 may comprise other types of
wiring. For example, the first cable 140 may comprise composite video connectors
{e.g., RCA connectors) or other types of cabling that include one or more conductors
for carrying signals between the receiver 320 and the satellite antenna 310,

16033} The coaxial cable is configured to transmit electrical power and RF
signals between the receiver 320 and the satellite antenna 310, In at least one
embodiment, the satellite antenna 310 receives electrical power from the receiver 329,
or other power sources within the structure, through the first cable 140, For example,
the recetver 320 may provide electrical power to the satellite antenna 310 through
coaxial cable.

[0034] The recetver 320 may comprise any type of device capable of
recetving, demoduolating and processing RF signals outputted by the satellite antenna
310, In at least one embodiment, the receiver 320 comprises a set-top box
communicatively coupled to a presentation device {(not shown in FIG. 3). The
presentation device may comprise any device capable of presenting audic and/or
video content to a user. Exemplary presentation devices include televisions, stereos,
computers, telephones and the Iike. The receiver 320 receives RF signals and
demodulates the RF signals into a presentation format and outputs the presentation

format to the presentation device. In some embodiments, the receiver 320 may be

8-
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integrated into a presentation device, ¢.g., a television. The recetver 320 may also be
coupled to other electronic devices that perform processing of received RF signals.
For example, the recetver 320 may be integrated with or coupled to a computer that
performs data collection based on the RF signals and further transfers the collected
data to other systems or electronic devices.

[0835] The receiver 320 is optionally electrically coupled to an earth ground
350 through the electrical connection 360. In at least one embodiment, the clectrical
connection 360 includes a three prong power cord that is electrically coupled to a
wiring system of the structure. It is to be appreciated that the receiver 320 may also
be electrically coupled to the carth ground 350 or placed at an earth ground potential
through other coupling technigues. In at least one embodiment, the receiver 320 may
be electrically coupled to a wall outlet using a two-prong connection, and thus, may
not be electrically coupled to the earth ground 350 as illustrated in FIG. 3

{00361 The receiver 320 communicatively couples to the electrical 1solator
130 through the second cable 142, In at least one embodiment, the second cable 142
comprises a coaxial cable. As described above, the receiver 320 provides electrical
power {e.g., a DC current) to the antenna 310 through the second cable 142,

{00371 The electrical isolator 130 communicatively couples the first cable 140
and the second cable 142, thus, communicatively coupling the satellite antenna 310
with the recetver 320. The electrical 1solator 130 operates to transfer electrical power
and/or RF signals from the receiver 320 to the satellite antenna 310, The electrical
isolator 130 includes one or more transformers and/or opto-isolators that function to
transter elecirical power and/or RF signals between the satellite antenna 310 and the
receiver 324 while electrically isolating the receiver 320 from the satellite antenna
310.

{80387 FIG. 4 illustrates an embodiment of an electrical isolator 130B of FIG.
3. The electrical isolator 130B includes a splitter/combiner 410, a DC-DC converter
430, an opro-isolator 440, a control signal transformer 450, a splitter/combiner 470
and a power supply 480. The electrical isolator 130B also inclodes a first power path
420, & fust conmununication path 422, a first signal path 424, a second power path 460,
a second conmunication path 462 and a second signal path 464 that electrically

ouple the sphitter/combiners 410 and 470 with the DC-DC converter 430, the opto-

isolator 440 and the control signal transformer 450. Each of these components 1s

.
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discussed in greater detail below. The electrical isolator 130B may tnclude other
components, elements or devices not iltustrated for the sake of brevity.

{80391 The splitter/combiner 410 connects to the second cable 142, which
communicatively couples the electrical 1solator 130B to the receiver 320. In at least
one embodiment, the second cable 142 comprises a coaxial cable, and the

splitter/combiner 410 communicatively couples to the second cable 142 through an F-
connector. The splitter/combiner 410 separates a signal from the second cable 142
into components. In at least one embodiment, the components inclade an clectrical
power component, an RF component carrying video content and another RF signal
carrying control signals between the satellite antenna 310 and the receiver 320, The

control signals and the video content may be modulated on different frequency
ranges. For example, the RE signals carrying the video programming may be
modulated on the 950 MHZ-2350 MHz frequency range, and the RF signals carryving
the control signals may be modulated in the 22 KHz frequency range.

[8048] The sphitter/combiner 410 thus provides three separate data paths,
meluding the first power path 420, the first communication path 422 and the first
signal path 424, The first power path 420 is communicatively coupled to the DC-DC
converter 430, The first communication path 422 is communicatively coupled to the
opto-isolator 440, and the first signal path 424 {s communicatively coupled to the
controt signal transformer 450.

{0841} In at least one embodiment, the electrical isolator 1308 includes a
power supply 480 that 18 communicatively coupled to a power source 482, The
power supply 480 combines the electrical power received from the power source 482
with electrical power received from the second cable 142 to supplement the electrical
power provided to the satellite antenna 310 by the receiver 320. In at least one
emboediment, the power source 482 comprises a three-prong plug connected to a
wiring system of the structure. However, it is to be appreciated that other power
sources may be utilized 1o supply electrical power to the power supply 480

(8842} Another splitter/combiner 470 connects to the first cable 140, which is
commumicatively coupled to the satellite antenna 310, The first cable 140 may also
comprise a coaxtal cable, and the splitter/combiner 470 may communicatively couple
to the fivst cable 140 through an F-connector. The splitter/combiner 470 separates a
signal on the first cable 140 into components. Similar to the components separated by

the splitter/combiner 410, the splitter/combiner 470 may output an electrical power

~10-
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component, an RF signal component carrying video content and another RF signal
component carrying the control signals between the satellite antenna 310 and the
recerver 320,

{0043] The splitter/combiner 470 also provides three separate data paths,
including the second power path 460, the second communication path 462 and the
second signal path 464, The second power path 460 18 communicatively coupled to
the DC-DC converter 430, The second communication path 462 is communicatively
coupled to the opto-isolator 440, and the second signal path 464 is communicatively
coupled to the control signal transtormer 450. The DC-DC converter 430, the opto-
isolator 440, and the control signal transformer 450 communicatively couple the first
and second cables 140 and 142, thus, communicatively coupling the satellite antenna
310 and the recerver 320, Simultaneously, the DC-DC converters 430 and 450 and
the opto-isolator 440 decouple and electrically isolate the first cable 140 from the
second cable 142,

13644] The DC-DC converter 430 has an input communicatively coupled to
the first power path 420, and an output communicatively coupled to the second power
path 460, The DC-DC converter 430 receives electrical power from the first power
path 420 and transfers the elecirical power from its input to its output (i.¢., to the
second power path 4640),

[6045] In of least one embodiment, the DC-DC converter 430 includes an
isolation transtormer. The isolation transformer may include a dielectric matertal that
provides at least 10,000 V of insulation. Exemplary dielectric materials include
rubber, rubber compounds, plastics, Mylar, epoxy resins, oil and like materials that
are avatlable for high voltage insulation. In at least one embodiment, the magnetic
core of the wolation transformer comprises a magnetic material that is a relatively
poor conductor. The high impedance of the magnetic material provides a larger
resistive path such that high voltage currents from lightning strikes occur at less
resistive paths between a cloud and the Earth. Fervite 1s one exemplary high
mpedance material utilized for the magnetic core.

{8846} The opteo-coupler 440 is communicatively coupled between the first
and second communication paths 422 and 462. The opto-coupler receives an RF
signal from the second communication path 462, and transfers the RF signal to the
first commusication path 422, electrically 1solating the receiver 320 from the satellite

antenna 310, The control signal transformer 450 1s commumnicatively coupled

-11-
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between the first signal path 424 and the second signal path 464, and transfers a
controf signal between the first signal path 424 and the second signal path 464. One
exemplary control signal transterred by the control signal transformer 45018 a 22
KHz Digital Satellite Equipment Control (DiSEqC) signal. The DiSEqC is a bi-
directional communication protocol utilized between a receiver 320 and a satellite
antenna 310,

18047} The DC-DC converter 430, the opto-isolator 440 and the control signal
transformer 450 cooperatively operate to electrically isolate the satellite antenna 310
from the receiver 320, eliminating the need to electrically ground the satellite antenna
310, Utilizing the 1solator 130B, sateflite antennas 310 may be installed in locations
tacking a proper earth ground connection on the exterior of the structure. Thus,
satellite television and other wireless services may now be provided in many
structures that were previously considered unsafe for antenna installation.

10048} Although specific embodiments were deseribed herein, the scope of the
invention is not mited to those specitic embodiments. The scope of the invention 18

defined by the following claims and any equivalents therein.
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Claims

What 1s clatimed:

i,

An apparatus comprising:
an tsolation transformer having:

a magnetic core;
first windings mounted on a first end of the magnetic core and

communicatively coupled to a first device, the first windings receiving

trical power from the first device; and
second windings mounted on a seeond end of the magnetic core

30
opposite the first end and commuuicatively coupled to a second device, the
magnetic core operating to transfer the electrical power fromm the first windings

to the second windings, the second windings outputting the electrical power;

and
a decoupling device that transfers radio frequency (RF) signals between the

first device and the second device;
the isolation transformer and the decoupling device cooperatively operating to

electrically isolate the second device from the first device.
2. The apparatus of claim 1, wherein the decoupling device comprises a second
isolation franstormer.

3. The apparatus of claim 2, wherein the decoupling device comprises a DC-DC
converter incorporating the second isolation transformer.

The apparatus of claim 1, whevein the decoupling device comprises an opto-

4,

isolator.
The apparatus of claim 4, wherein the opto-isolator further transfers control

3.
signals between the first device and the second device.

The apparatus of claim 1, wherein the first windings and the second windings

5. ' varatus of «
further transfer control signals between the first device and the second device.
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7. The apparatus of claim 1, further comprising:
a transformer communicatively coupled between the first device and the

second device that transfers control signals between the first device and the second

device.
8. The apparatas of claim 7, further comprising:

a first sphitter/combiner communicatively coupling the first device to the first
windings, the decoupling device and the transformer; and
a second sphitter/combiner communicatively coupling the second device to the

second windings, the decoupling device and the transformer.

9. The apparatus of claim 1, wherein the magnetic core comprises a single piece

magnetic core.

1. The apparatus of claim 1, wherein the magnetic core comprises & multiple

plece magnetic core.

1L The apparatus of claim 1, further comprising a power supply electrically
coupled to a power source that supplements the electrical power provided to the

second device by the first device.

12, Axn apparatus comprising:

a first splitter/combiner communicatively coupled to a first device through a
first cable, the first spiitter/combiner providing separate first power and
communication paths commundeatively coupled to the first cable;

a DO-D converter having an input and an output, the input communicatively
coupled to the first power path, the DC-DC converter receiving electrical power from
the first power path and transferring the electrical power from the input to the output,
and electrically isolating the first device from a second device;

a second splitter/combiner communicatively coupled to the output and
communicatively coupled to the second device through a second cable, the second
spiitter/combiner providing separate second power and communication paths
communicatively coupled to the second cable, the second splitter/combiner

ransterring the electrical power from the output to the second cable through the

<14
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second power path and receiving a radio frequency (RF) signal from the second
device through the second communication path; and

an opto-isolator communicatively coupled to the first and second
communicaiion paths, the opto-isolator receiving the RF signal from the second
commnunication path and transferring the RF signal to the first communieation path,
and electricaily isolating the first device from the second device;

wherein the first splitter/combiner receives the RF signal along the first

communication path and transfers the RF signal to the first cable.

13, The apparatus of claim 12, wherein the DC-DC converter includes a dielectric

matertal providing at least 10,000 volts of insulation.

14, The apparatus of claim 12, wherein the first splitter/combiner further provides
a first signal path communicatively coupled to the first cable, and the second
sphitter/combiner further provides a second signal path communicatively coupled to
the second cable, and wherein the apparatus further comprises a transformer that

transfers a control signal between the first signal path and the second signal path.

15, The apparatus of claim 12, wherein the DC-DC converter transfers a control

signal between the first power path and the second power path.

k6. The apparatus of claim 12, wherein the opto-isolator transfers a control signal

between the first communication path and the second communication path.

17. Axn apparatus comprising;

a first splitter/combiner communicatively coupled to a first device through a
first cable, the first splitter/combiner providing separate first power and
communication paths communicatively coupled to the first cable;

a transformer having a first input and a first output, the first input
communicatively coupled to the first power path, the transformer receiving electrical
power from the first power path and transferring the electrical power from the first
mput to the first ontput, and electrically isolating the first device from a second

device;
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a second splitter/combiner communicatively coupled to the first output and
communicatively coupled to the second device through a second cable, the second
splitter/combiner providing separate second power and comimunication paths
commuueatively coupled to the second cable, the second splitter/combiner
transferring the electrical power from the first output to the second cable through the
second power path and receiving a radio frequency (RF) signal from the second
device through the second communication path; and

a DC-DUC converter having a second input and g second output, the second

mput communicatively coupled to the first power path, the DC-DC converter
receiving electrical power from the first power path and transferring the electrical
power from the second input to the second output, and electrically isolating the first
device from the second device,

wheretn the first splitter/combiner receives the RF signal along the first

communication path and transfers the RY¥ signal to the first cable.

18, The apparatus of claim 17, wherein the DC-DC converter and the transformer

include a dielectric material providing at least 10,000 volts of insulation.

19, The apparatus of claim 17, wherein the first splitter/combiner further provides

a first signal path communicatively coupled to the first cable, and the second
sphitter/combiner further provides a second signal path communicatively coupled to
the second cable, and wherein the apparatus further comprises a second transformer

that transfers a control signal between the first signal path and the second signal path.

20, The apparatus of claim 17, wherein the first and second cables comprise
coaxial cables, and wherein the first and second splitter/combiners comprise F-

connectors that comurunicatively couple to the coaxial cables.

21 An apparatus comprising:
an isclation transformer having:
& magnetic core;
first windings mounted on a first end of the magnetic core and
communeatively coupled to a receiver, the first windings recetving electrical

power [rom the receiver; and

-16-



WO 2009/085441 PCT/US2008/083984

second windings mounted on a second end of the magnetic core
opposite the first end and communicatively coupled to an antenna, the
magnetic core operating to transfer the clectrical power from the first windings

o the second windings, the second windings outputting the electrical power;

an opio-isoiator that transfers radio frequency (RF) signals between the
receiver and the antenna;
the isolation transtformer and the opto-isolator cooperatively operating to

clectrically tsolate the antenna from the receiver.

22, The apparatus of claim 21, wherein the first windings and the second windings

further transier control signals between the receiver and the antenna.

23, The apparatus of claim 21, wherein the opto-isolator further transfers control

signais between the recerver and the antenna.

24, The apparatus of claim 21, further comprising:
a transformer communicatively coupled between the recetver and the antenna

that transters control signals between the receiver and the antenna.

25, The apparatus of claim 24 further comprising:

a first splitter/combiner communicatively coupling the receiver to the first
windings, the opto-isolator and the transtormer; and

a second splitter/combiner communicatively coupling the antenna to the

second windings, the opto-isolator and the transformer.

26, The apparatus of claim 21, wherein the magnetic core comprises a single piece

magnetic core,

27, The apparatus of claim 21, wherein the magnetic core comprises a multiple

pIeCe magnetic corg.

~17-
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28, The apparatus of claim 21, further conprising a power supply electrically
coupled to a power source that supplements the electrical power provided to the

antenna by the receiver.

29, An apparatus comprising:

g first splitter/combiner communicatively coupled to a receiver through a first
cable, the first splitter/combiner providing separate first power and communication
paths commumicatively coupled to the first cable;

a DC-DC converter having an input and an output, the input communicatively
coupled to the first power path, the DC-DC converter receiving electrical power from
the first power path and transterring the electrical power from the input to the output,
and electrically isolating the receiver fron an antenna;

a second splitter/combiner communicatively coupled to the output and
communteatively coupled to the antenna through a second cable, the second
sphitter/combiner providing separate second power and communication paths
communicatively coupled to the second cable, the second splitter/combiner
transferring the electrical power from the output to the second cable through the
second power path and receiving a radio frequency {RF) signal from the antenna
through the second communication path; and

an opto-isolator commmunicatively coupled to the first and second
communication paths, the opto-isolator receiving the RF signal from the second
communteation path and transferring the RF signal to the first communication path,

and electrically isolating the receiver from the antenna;

1

wherein the first splitter/combiner receives the RF signal along the first

communication path and transfers the RF signal to the first cable.

30. The apparatus of claim 29, wherein the DC-DC converter inchudes g dielectric

material providing at least 10,000 volts of insulation.

31, The apparatus of claim 29, wherein the first splhitter/combiner further provides
a first signal path communicatively coupled to the first cable, and the sccond
splitter/combiner further provides a second signal path communicatively coupled to
the second cable, and wheremn the apparatus forther comprises a transformer that

transfers a control signal between the first signal path and the second signal path.

-i8-
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32 The apparatus of claim 29, wherein the DC-DC converter transfers a control

signal between the first power path and the second power path.

33, The apparatus of claim 29, wherein the opto-isolator transfers a control signal

between the first communication path and the second communication path.

34, The apparatus of claim 29, wherein the DC-DC converter comprises a single

piece magnetic core.

5. The apparatus of claim 29, wherein the DC-DC converter comprises a multiple

(%)

piece magnetic core.

36, A system comprising:
a recetver that recerves and demodulates radio frequency (RF) signals into a
presentation format and outputs the presentation format to a presentation device;
an antenna that receives the RF signals from a signal source; and
an isolator apparatus including:
an input commumicatively coupling the isolation apparatus to the
receiver through a first cable, the input providing a first power path and a first
communication path communicatively coupled to the first cable;
an output communicatively coupling the isolation apparatus to the
antenna through a second cable, the output providing a second power path and
a second communication path communicatively coupled to the second cable;
a DC-DC converter communicatively coupled to the first and second
power paths that transfers electrical power between the first and second power
paths; and
an opto-isolator communicatively coupled to the first and second
communication paths that transfers RF signals between the first and second
commaunication paths;
wheremn the DC-DC converter and the opto-isolator cooperatively

operate to electrically solate the antenna and the receiver.

-19-
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37.  The system of claim 36, wherein the DC-DC converter incluades a dielectric

material providing at least 10,000 volts of insulation.

38.  The gystem of claim 37, wherein the receiver comprises a set-top box, the
antenna comprises a satellite antenna and the signal source comprises a satellite.

39, The system of claim 36, further comprising a transformer that transfers control
signals between the receiver and the antenna, electrically isolating the receiver from

the antenna.
40.  The system of claim 36, wherein the isolator apparatus further comprises a

power supply electrically coupied to a power source that supplements the electrical

power provided t¢ the antenna by the receiver.

20~



WO 2009/085441 PCT/US2008/083984

100

v

FIRST DEVICE ISOLATOR SECOND DEVICE
g o B0 L 120
M"{ \ _— \142 _—
140
FIG. 1
130A
142 234 A 230 140
’ ’ Y236 '
2 = = < = | 110
7
vy e 222 I\,
P
226 240

FIG. 2



WO 2009/085441

320 ; ]
. N

PCT/US2008/083984

Ny
-

i

ISCLATOR
138

]
/
K\ d//af/

RECEIVER |

\142

FIG. 3




WO 2009/085441

(€3]
s
{63]

|

PCT/US2008/083984

320 1308
487 ’//
Y, 142
-
POWER SPLITTER
SUPPLY - COMBINER
480 410
420 424
l/) /
422
_
DC-DC CONVERTER OPTO-ISOLATOR TRANSEORMER
430 440 450
460 464
462
o /

SPLITTER
COMBINER
470




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/083984

A. CLASSIFICATION OF SUBJECT MATTER

INV. H01Q1/50 HO1Q1/52 HO4N7/10 HO04H40/90 H02G13/00

According to International Patent Classification ({PC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

HO1Q HO4N HO4B HOA4H

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC

C. DOCUMENTS CbNSIDEHED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X EP 1 416 583 A (ICOMERA AB [SE]) 1-40
6 May 2004 (2004-05-06)
the whole document

1-3,
2 May 2000 (2000-05-02) _ 6-11,21
* abstract; figures 5,6 '
A US 5 841 467 A (DAVIDSON CRAIG A [US]) 1-3,
24 November 1998 (1998-11-24) . 6-11,21
abstract; figures 1-4
A DE 28 21 377 Al (KABEL METALLWERKE GHH) _ 1,4,12,
22 November 1979 (1979-11-22) 17,21,
29,36

page 5, line 17 - page 6, line 24; figure
/-

Further documents are listed in the continuation of Box C. E See patent family annex.

* Special categories of cited documents : X i , -

"T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"A" document defining the general state of the art which is not
considered to be of particular relevance }

"E* earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date . cannot be considered novel or cannot be considered to

*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P" document published prior to the international filing date but ,inthe art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search repont
3 March 2009 11/03/2009
Name and mailing address of the iSA/ Authorized officer

European Patent Office, P.B. 5818 Palentlaan 2
NL — 2280 HV Rijswijk

Tel. (+31-70) 340-2040, : :
Fax: (+31-70) 340-3016 Angrabeit, Frank

Fom PCT/iISA/210 {second shest) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2008/083984

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

GB 2 248 530 A (PROMOS ELECTRONIC GMBH
[DE]) 8 April 1992 (1992-04-08)

abstract; figure

US 2004/110463 A1 (PERLMAN STEPHEN & [US])
10 June 2004 (2004-06-10)

figure 6

1,12,17,
21,29, 36

1,12,17,
21,29,36

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2008/083984
ciod In ssavch roport e i e
EP 1416583 A 06-05-2004 NONE
US 6057873 A 02-05-2000  NONE
US 5841467 A 24-11-1998  NONE
DE 2821377 Al  22-11-1979  NONE
6B 2248530 A 08-04-1992 DE 4121634 Al 13-02-1992
US 2004110463 Al NONE

10-06-2004

Form PCT/ASA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - wo-search-report
	Page 27 - wo-search-report
	Page 28 - wo-search-report

