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(57) Abrégé/Abstract:

This invention disclosure relates to a community access television (CATV) signal distribution system which improves signal isolation
issues for systems which are distributing both CATV signals and in-home entertainment (IHE) signals. The signal distribution
system includes a signal input port, a first multi-port signal splitter and a second multi-port signal spilitter. The first multi-port signal
splitter is coupled to the signal input port through a first diplexer, and the second multi-port signal splitter is coupled to the signal
input port through a second diplexer. In some embodiments the first diplexer high-pass node and the second diplexer high-pass
node are coupled together. In some embodiment the signal distribution system includes a signal output port coupled to the signal
input port through a third diplexer. The high-pass node of the third diplexer is coupled to the high-pass node of the first diplexer.
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(57) Abstract: This invention disclosure relates to a com-
munity access television (CATV) signal distribution system
which improves signal isolation issues for systems which are
distributing both CATYV signals and in-home entertainment
(IHE) signals. The signal distribution system includes a sig-
nal input port, a first multi-port signal splitter and a second
multi-port signal splitter. The first multi-port signal splitter is
coupled to the signal input port through a first diplexer, and
the second multi-port signal splitter is coupled to the signal
input port through a second diplexer. In some embodiments
the first diplexer high-pass node and the second diplexer
high-pass node are coupled together. In some embodiment
the signal distribution system includes a signal output port
coupled to the signal input port through a third diplexer. The
high-pass node of the third diplexer is coupled to the high-
pass node of the first diplexer.
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METHOD AND APPARATUS FOR REDUCING ISOLATION IN A
HOME NETWORK

Cross Reference to Related Applications

[0001]  This application claims priority to U.S. Provisional Patent Application to Erdogan
Alkan entitled “Method and Apparatus for Reducing Isolation in a Home Network,” serial
number 61/425,680, filed December 21, 2010;

and this application claims priority to U.S. Provisional Patent
Application to Erdogan Alkan entitled “Method and Apparatus for Reducing Isolation in a
Home Network,” serial number 61/427,351, filed December 27, 2010;

and this application claims priority to U.S.

Provisional Patent Application to Erdogan Alkan entitled “Method and Apparatus for Reducing
Isolation in a Home Network,” serial number 61/552,458, filed October 28, 2011.

Field of the Invention

{0002]  This disclosure relates generally to community access or cable television (CATV)
networks and to in-home entertainment (IHE) networks. More particularly, the present
disclosure relates to a CATV signal distribution system for improving signal isolation problems
within an in-home cable infrastructure that distributes both CATV signals and in-home

entertainment signals.
Background of the Invention

[0003] Community access television, or cable television, (CATV) networks use an
infrastructure of interconnected coaxial cables, splitters, amplifiers, filters, trunk lines, cable
taps, drop lines and other signal-conducting devices to supply and distribute "downstream"
signals from a main signal distribution facility, known as a head-end, toward subscriber
premises such as homes and businesses. The downstream signals operate the subscriber

equipment, such as television sets, telephones, and computers. The typical CATV network is a
1
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two-way communication system. CATV networks also transmit "upstream" signals from the
subscriber equipment back to the head-end of the CATV network. For example, upstream
bandwidth may include data related to video-on-demand services, such as video requests and
billing authorization. Two-way communication is also utilized when using a personal computer
connected through the CATV infrastructure to the public Internet, for example when sharing
photo albums or entering user account information. In yet another example, Voice over Internet
Protocol (VOIP) telephones and sccurity monitoring cquipment use the CATV infrastructure
and the public Internet as the communication medium for transmitting two-way telephone

conversations and monitoring functions.

[0004] To permit simultaneous communication of upstream and downstream CATYV signals
and the interoperability of the subscriber equipment and the equipment associated with the
CATYV network infrastructure outside of subscriber premises, the downstream and upstream
CATYV signals are confined to two different frequency bands. In most CATV networks the
downstream frequency band, or downstream bandwidth, is within the range of 54-1002
megahertz (MHz) and the upstream frequency band, or upstream bandwidth, is within the range
of 5-42 MHz.

[0005] An in-home entertainment (IHE) network may be coupled to the CATV network via
the same coaxial cable delivering the downstream and upstream bandwidth of the CATV
system. The in-home entertainment network can be a network providing multiple streams of
high definition video and gaming entertainment. Examples of in-home entertainment network
technologies include Ethernet, HomePlug, Home Phoneline Networking Alliance (HPNA),
Multimedia over Coax Alliance (MoCA) and 802.1 1n protocols. The in-home entertainment
(IHE) network is coupled to the CATV network within a subscriber premises to allow the
CATYV network to distribute IHE signals from one multimedia device to another within the

subscriber premises.

[0006] Since the operation of the subscriber premises IHE network must occur
simultancously with the operation of the CATV services, the THE signals often utilize a

frequency range different from the frequency ranges of the CATV upstream and downstream
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signals. A typical IHE frequency band is 1125-1675 MHz, which is referred to in this document
as the multimedia-over-coax frequency range, or bandwidth. In this document multimedia-over-
coax signals are IHE signals within this frequency range. A specific IHE network technology
can includes other frequency ranges, but the 1125 to 1675 MHz frequency range is of major
relevance because of its principal use in establishing connections between the multimedia

devices within a subscriber network.

[0007] Although using the in-home cable infrastructure as the communication medium
substantially simplifies the implementation of the IHE network, there arc certain disadvantages
to doing so. One noted problem arises when multimedia-over-coax signals pass backwards
through a conventional splitter en route to another IHE-enabled device within the network. The
CATYV network and the in-home cable infrastructure were originally intended for the
distribution of CATV signals. The typical in-home cable infrastructure uses signal splitters to
divide CATV downstream signals into multiple CATV downstream paths and to combine
multiple CATV upstream signals into a single CATV upstream path. The CATV entry adapter
was not originally intended to communicate multimedia-over-coax signals between its ports, as
is necessary to achieve multimedia-over-coax signal communication in the IHE network. To
implement the IHE network, the multimedia-over-coax signals must traverse between separate

signal component legs of a signal splitter/combiner which are connected to the multiple ports.

[0008] The typical signal splitter has a high degree of signal rejection or isolation between
its separate output signal component legs. When the multimedia-over-coax signals traverse
between the separate signal component legs of the splitter, the degree of signal rejection or
isolation greatly attenuates the strength of the multimedia-over-coax signals. According to field
tests, IHE devices coupled to output ports of a two, three, or four-way signal splitter are able to
communicate in the multimedia-over-coax frequency band. However, IHE-compatible devices
coupled to the output ports of multi-port splitters such as six-way and eight-way signal splitters
arc having trouble communicating using multimedia-over-coax signals. For splitters having
more than four output ports, the splitters must have special circuitry to overcome

communication problems in the multimedia-over-coax band. Thus it is desirable to have a
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system which transmits both CATV and IHE signals without attenuating or rejecting the IHE

signals that are travelling between splitter output ports.
Summary of the Invention

[0009] This disclosure relates generally to community access or cable television (CATV)
networks and to in-home entertainment (IHE) networks. More particularly, the present disclosure
relates to a CATV signal distribution system for improving signal quality within an in-home

cable infrastructure that includes both CATV signals and in-home entertainment signals.

[0010] Disclosed is a community access television (CATV) signal distribution system that
includes a signal input port, a first multi-port signal splitter, a second multi-port signal splitter,
and a signal output port. A first multi-port signal splitter input port of the first multi-port signal
splitter is coupled to the signal input port through a first diplexer. A second multi-port signal
splitter input port of the second multi-port signal splitter is coupled to the signal input port
through a second diplexer. The signal output port is coupled to the signal input port through a
third diplexer. In some embodiments the signal input port is coupled to a first diplexer low-pass
node of the first diplexer, a second diplexer low-pass node of the second diplexer, and a third

diplexer low-pass node of the third diplexer.

[0011] In some embodiments the third diplexer includes a third diplexer common node
coupled to the signal output port and a third diplexer high-pass node coupled to the first
diplexer. In some embodiments the first diplexer comprises a first diplexer common node
coupled to the first multi-port signal splitter input port, and a first diplexer high-pass node
coupled to the third diplexer high-pass node. In some embodiments the second diplexer
includes a second diplexer common node coupled to the second multi-port signal splitter input
port, and a second diplexer high-pass node coupled to the first diplexer high-pass node
through an attenuator circuit. In some embodiments the attenuator circuit includes an

equalizer circuit. In some embodiments the attenuator circuit includes a reflectance circuit.

[0012] Disclosed is a community access television (CATV) signal distribution system that

includes a signal input port, a first four-way signal splitter, a second four-way signal splitter,
4
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and a signal output port. A first four-way signal splitter input port of the first four-way signal
splitter is coupled to the signal input port through a first diplexer. A second four-way signal
splitter input port of the second four-way signal splitter is coupled to the signal input port
through a second diplexer. The signal output port is coupled to the signal input port through a
third diplexer. In some embodiments the signal input port is coupled to a first diplexer low-pass
node of the first diplexer, a second diplexer low-pass node of the second diplexer, and a third

diplexer low-pass node of the third diplexer.

[0013] In some embodiments the third diplexer includes a third diplexer common node
coupled to the signal output port and a third diplexer high-pass node coupled to the first
diplexer. In some embodiments the third diplexer includes a third diplexer common node
coupled to the signal output port and a third diplexer high-pass node coupled to the first and
the second diplexers. In some embodiments the first diplexer comprises a first diplexer
common node coupled to the first four-way signal splitter input port, and a first diplexer high-
pass node coupled to the third diplexer high-pass node. In some embodiments the second
diplexer includes a second diplexer common node coupled to the second four-way signal
splitter input port, and a second diplexer high-pass node coupled to the first diplexer high-
pass node through an attenuator circuit. In some embodiments the attenuator circuit includes

an equalizer circuit. In some embodiments the attenuator circuit includes a reflectance circuit.

[0014]  Disclosed is a CATV signal distribution system that includes a signal input port, a
first four-way signal splitter, and a second four-way signal splitter. The first four-way signal
splitter is coupled to the signal input port through a first diplexer. The second four-way signal
splitter is coupled to the signal input port through a second diplexer. In some embodiments a
first diplexer high-pass node of the first diplexer and a second diplexer high-pass node of the
sccond diplexer arc coupled together.  In some embodiments a first diplexer high-pass node
of the first diplexer and a second diplexer high-pass node of the second diplexer are coupled
together through an attenuator circuit. In some embodiments the attenuator circuit includes an
equalizer circuit. In some embodiments the attenuator circuit includes a reflectance circuit. In

some embodiments the first diplexer includes a first diplexer common node coupled to a first
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four-way signal splitter input port, and a first diplexer low-pass node coupled to the signal
input port. In some embodiments the second diplexer includes a second diplexer common
node coupled to a second four-way splitter input port, and a second diplexer low-pass node

coupled to the signal input port.

[0015] A method of electrically coupling two multi-port signal splitters is disclosed. The
method according to the invention includes the steps of coupling a first multi-port signal
splitter to a signal input port through a first diplexer, coupling a second multi-port signal
splitter to the signal input port through a second diplexer, and coupling a first diplexer high-
pass nodc of the first diplexer to a second diplexcr high-pass nodce of the sccond diplexer. In
some embodiments coupling a first multi-port signal splitter to a signal input port through a
first diplexer includes the steps of coupling a first diplexer common node to a first multi-port
signal splitter input port, and coupling a first diplexer low-pass node to the signal input port.
In some embodiments coupling a second multi-port signal splitter to a signal input port
through a second diplexer includes the steps of coupling a second diplexer common node to a
second multi-port signal splitter input port, and coupling a second diplexer low-pass node to

the signal input port.

[0016]  In some embodiments the step of coupling a first diplexer high-pass node of the
first diplexer to a second diplexer high-pass node of the second diplexer includes coupling the
first diplexer high-pass node of the first diplexer to the second diplexer high-pass node of the
second diplexer through an attenuator circuit. In some embodiments the attenuator circuit
includes an equalizer circuit. In some embodiments the method of electrically coupling two
multi-port signal splitters according to the invention includes the step of coupling a signal
output port to the signal input port through a third diplexer, where a third diplexer common
node is coupled to the signal output port, and where a third diplexer low-pass node is coupled
to the signal input port. In some embodiments the method includes the step of coupling a
high-pass node of the third diplexer to the high-pass node of the first diplexer. In some
embodiments the method includes the step of coupling a high-pass node of the third diplexer

to the high-pass nodes of the first and the second diplexers.
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[0017] A method of electrically coupling two four-way signal splitters is disclosed. The
method according to the invention includes the steps of coupling a first four-way signal
splitter to a signal input port through a first diplexer, coupling a second four-way signal
splitter to the signal input port through a second diplexer, and coupling a first diplexer high-
pass node of the first diplexer to a second diplexer high-pass node of the second diplexer. In
some embodiments coupling a first four-way signal splitter to a signal input port through a
first diplexer includes the steps of coupling a first diplexer common node to a first four-way
signal splitter input port, and coupling a first diplexer low-pass node to the signal input port.
In some embodiments coupling a second four-way signal splitter to a signal input port through
a second diplexer includes the steps of coupling a second diplexer common node to a second
four-way signal splitter input port, and coupling a second diplexer low-pass node to the signal

input port.

[0018]  In some embodiments the step of coupling a first diplexer high-pass node of the
first diplexer to a second diplexer high-pass node of the second diplexer includes coupling the
first diplexer high-pass node of the first diplexer to the second diplexer high-pass node of the
second diplexer through an attenuator circuit. In some embodiments the attenuator circuit
includes an equalizer circuit. In some embodiments the method of electrically coupling two
four-way signal splitters according to the invention includes the step of coupling a signal
output port to the signal input port through a third diplexer, where a third diplexer common
node is coupled to the signal output port, and where a third diplexer low-pass node is coupled
to the signal input port. In some embodiments the method includes the step of coupling a
high-pass node of the third diplexer to the high-pass node of the first diplexer. In some
cmbodiments the method includes the step of coupling a high-pass node of the third diplexer

to the high-pass nodes of the first and the second diplexers.

[0019] The foregoing and other features and advantages of the present invention will be
apparent from the following more detailed description of the particular embodiments of the

invention, as illustrated in the accompanying drawings.
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Brief Description of the Drawings

[0020] The features described herein can be better understood with reference to the
drawings described below. The drawings are not necessarily to scale, emphasis instead
generally being placed upon illustrating the principles of the invention. In the drawings, like

numerals are used to indicate like parts throughout the various views.

[0021] FIG. 1 shows a simplified schematic view of a prior art CATV signal distribution

system in which the signal arriving at input port 112 is split eight ways;

[0022] FIG. 2 shows a simplified schematic view of a prior art CATV signal distribution
system that includes an output port used to connect to a piece of embedded multimedia

terminal adapter (eMTA) subscriber equipment;

[0023] FIG. 3 is a schematic diagram of onc embodiment of CATYV signal distribution

system 110 according to the invention;

[0024] FIG. 4 is a schematic diagram of a further embodiment of CATYV signal

distribution system 110 according to the invention;

[0025] FIG. 5 is a schematic diagram of a further embodiment of CATYV signal

distribution system 110 according to the invention;

[0026] FIG. 6 is a schematic diagram of another embodiment of CATYV signal distribution

system 110 according to the invention;

[0027]  FIG. 7 is a schematic diagram of another embodiment of CATV signal distribution

system 110 according to the invention; and

[0028]  FIG. 8 illustrates method 200 of electrically coupling two four-way signal splitters

according to the invention.
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Detailed Description of Embodiments of the Invention

[0029] Community access television, or cable television, (CATV) networks use an
infrastructure of interconnected coaxial cables, splitters, amplifiers, filters, trunk lines, cable
taps, drop lines and other signal-conducting devices to supply and distribute "downstream”
signals from a main CATYV signal distribution facility, known as a head-end, toward
subscriber premises such as homes and businesses. The downstream signals operate the
subscriber equipment, such as television sets, telephones, and computers. The typical CATV
network is a two-way communication system. CATV nctworks also transmit "upstrcam”
signals from the subscriber equipment back to the head-end of the CATV network. For
example, upstream bandwidth may include data related to video-on-demand services, such as
video requests and billing authorization. Two-way communication is also utilized when using
a personal computer connected through the CATV infrastructure to the public Internet, for
example when sharing photo albums or entering user account information. In yet another
example, Voice over Internet protocol (VOIP) telephones and security monitoring equipment
use the CATYV infrastructure and the public Internet as the communication medium for

passing two-way telephone conversations and monitoring functions.

[0030] To permit simultaneous communication of upstream and downstream CATV
signals and the interoperability of the subscriber equipment and the equipment associated with
the CATV network infrastructure outside of subscriber premises, the downstream and
upstream signals are confined to two different frequency bands. In most CATV networks the
downstream frequency band, or downstream bandwidth, is within the range of 54-1002
megahertz (MHz) and the upstream frequency band, or upstream bandwidth, is within the

range of 5-42 MHz.

[0031] The downstrecam signals arc delivered from the CATV network infrastructure to the
subscriber premiscs at a CATV entry adapter, which is also commonly referred to as an entry
device, terminal adapter or a drop amplifier. The entry adapter is a multi-port device which
connects at a premises entry port to a CATV drop cable from the CATV network

infrastructure. The entry adapter connects at a multiplicity of other distribution ports to
9
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coaxial cables which extend throughout the subscriber premises to a cable outlet. Each cable
outlet is available to be connected to subscriber equipment. Typically, most homes have
coaxial cables extending to cable outlets in almost every room, because different types of
subscriber equipment may be used in different rooms. For example, television sets, computers
and telephone sets are commonly used in many different rooms of a home or office. The
multiple distribution ports of the entry adapter deliver the downstream signals to each cable
outlet and conduct the upstrcam signals from the subscriber cquipment through the entry

adapter to the drop cable and the CATV infrastructure.

[0032] In addition to television sets, computers and telephones, a relatively large
number of other entertainment and multimedia devices are available for use in homes. For
example, a digital video recorder (DVR) is used to record broadcast programming, still
photography and moving pictures in a memory medium so that the content can be replayed on
a display or television set at a later time selected by the user. As another example, computer
games are also played at displays or on television sets. Such computer games may be those
obtained over the Internet from the CATV network or from media played on play-back
devices connected to displays or television sets. In another example, receivers of satellite-
broadcast signals may be distributed for viewing or listening throughout the home. These
types of devices, including the more conventional television sets, telephone sets and devices
connected to the Internet by the CATV network, are generically referred to as multimedia

devices.

[0033] An in-home entertainment (IHE) network may be coupled to the CATV
network via the same coaxial cable delivering the downstream and upstream bandwidth of the
CATYV system. The in-home entertainment network can be a network providing multiple
streams of high definition video and gaming entertainment. Examples of in-home
entertainment network technologies include Ethernet, HomePlug, Home Phoneline
Networking Alliance (HPNA), Multimedia over Coax Alliance (MoCA) and 802.11n
protocols. The in-home entertainment (IHE) network is coupled to the CATV network within

a subscriber premises to allow the CATV network to distribute IHE signals from one

10
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multimedia device to another within the subscriber premises.

[0034] In a specific example, the in-home entertainment network may employ
technology standards developed to distribute multimedia-over-coax signals within the CATV
subscriber premises. Products designed to use multimedia-over-coax signals can be used to
create an in-home entertainment network by interconnecting presently-known and future
multimedia devices, such as set-top boxes, routers and gateways, bridges, optical network
terminals, computers, gaming systems, display devices, printers, network-attached storage,

and home automation such as furnace scttings and lighting control.

[0035] An THE network uses the in-home coaxial cable infrastructure originally
established for distribution of CATYV signals within the subscriber premises, principally
because that coaxial cable infrastructure already exists in most homes and is capable of
carrying much more information than is carried in the CATV frequency bands. An THE
network is established by connecting IHE-enabled devices or multimedia-over-coax interface
devices at the cable outlets in the rooms of the subscriber premises. Each IHE-enabled device
is capable of communicating with every other IHE-enabled device in the in-home or
subscriber premises network to deliver the multimedia content throughout the home or
subscriber premises — as long as THE signal attenuation does not prohibit communication. The
multimedia content that is available from one multimedia device can be displayed, played or
otherwise used at a different location within the home, without having to physically relocate
the originating multimedia device from one location to another within the subscriber
premises. The communication of multimedia content is considered beneficial in more fully

utilizing the multimedia devices present in modern homes.

[0036] Since the operation of the subscriber premises IHE network must occur
simultancously with the operation of the CATV services, the multimedia-over-coax signals
utilize a frequency range different from the frequency ranges of the CATV upstream and
downstream signals. A typical multimedia-over-coax frequency band is 1125-1675 MHz. A
particular IHE network frequency band may include other frequency ranges, but the 1125-

1675 MHz band is of major relevance because of its principal use in establishing connections
11



CA 02831220 2013-09-24
WO 2012/088350 PCT/US2011/066645

between the multimedia-over-coax interface devices within the CATYV network.

[0037] Although using the in-home cable infrastructure as the communication

medium substantially simplifies the implementation of the IHE network, there are certain
disadvantages to doing so. One noted problem arises when multimedia-over-coax signals pass
backwards through a conventional splitter en route to another IHE-enabled device within the
network. The CATV network and the in-home cable infrastructure were originally intended
for the distribution of CATYV signals. The typical in-home cable infrastructure uses signal
splitters to divide CATV downstream signals into multiple CATV downstream paths and to
combine multiple CATV upstream signals into a single CATV upstream path, as shown in
FIG 1.

[0038] FIG. 1 shows a typical configuration for splitting/combining a CATV signal eight
ways. In this system two four-way signal splitters 130 and 140, and two-way signal splitter
SP1 are used to divide downstream CATYV signal 102 eight ways. CATV downstream signals
102 travel from input port 112 to first four-way signal splitter output ports 134, 135, 136, and
137 and second four-way signal splitter output ports 144, 145, 146, and 147 to the pieces of
subscriber equipment 115 that may be connected to any or all of output ports 134, 135, 136,
137, 144, 145, 146, or 147. First four-way signal splitter 130 in this example uses two-way
splitters SP2, SP3, and SP4 to execute the four-way signal split, and second four-way signal
splitter 140 in this example uses two-way splitters SP5, SP6, and SP7 to make the four-way
signal split. CATYV upstream signals 104 that originate from pieces of subscriber equipment
115 are combined by four-way splitters 130 and 140 and splitter SP1 into a single upstream
CATYV signal 104 that is sent to the CATV network and head-end. Low-pass filter circuit 186
is a circuit designed to keep IHE signals106 from exiting the IHE network and entering the
CATYV network. Low-pass filter circuit 186 is optional and may be used in any of the systems

shown or described in this document.

[0039] Ideally, the picces of subscriber equipment 115 that are IHE-compatible should be
able to communicate through the splitter legs to the other pieces of IHE-compatible subscriber

equipment 115 with multimedia-over-coax signals 106. For example, subscriber equipment
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115 at output port 134 is IHE compatible, and can communicate with subscriber equipment
115 at output port 135 by sending multimedia-over-coax signals 106 to output port 135 by
jumping the splitter legs of splitter SP3. Subscriber equipment 115 should be able to
communicate with subscriber equipment 115 at output port 147 by sending multimedia-over
coax-signals 106 which jump several splitter legs to travel from output port 134 to output port

147.

[0040] However, the typical signal splitter has a high degree of signal rejection or
isolation between its separate output signal component legs. Because conventional signal
splitters are designed for the CATV bandwidth signals (c.g., 5 — 1002 MHz), thcy have low
and non-flat isolation as well as high and non-flat insertion loss in the IHE bands, in particular
in the multimedia-over-coax band of 1125 to 1675 MHz. Additionally, inherent losses in
coaxial cables also increase with increasing frequency, resulting in roll-off (e.g., non-flat
insertion loss) characteristics in the multimedia-over-coax frequency band. When the
multimedia-over-coax signals 106 traverse between the separate signal component legs of a
splitter, the degree of signal rejection or isolation greatly attenuates the strength of the
multimedia-over-coax signals 106. According to field tests, IHE-enabled devices coupled to
the output ports of a single two, three, or four-way signal splitter are able to communicate
using the multimedia-over-coax frequency band. However, IHE-enabled devices coupled to
the output ports of two different multi-port signal splitters have signal loss problems because
of the high isolation and signal path loss of the system for multimedia-over-coax signals 106.
Thus IHE-compatible subscriber equipment 115 at port 134, for example, will have signal loss
problems when trying to communicate with IHE-compatible subscriber equipment 115 at port

147.

[0041] Some THE network communication protocols recognize the possibility of variable
strength multimedia-over-coax signals 106 and provide the capability to boost the strength of
multimedia-over-coax signals 106 to compensate for the variable strength of multimedia-over-
coax signals 106 that would otherwise be communicated between IHE-enabled devices.

However, boosting the strength of multimedia-over-coax signals 106 can result in the strength
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or power of multimedia-over-coax signals 106 being substantially greater than the strength or
power of CATYV signals 102 and 104 communicated within the subscriber premises.
Consequently, the multimedia-over-coax signals 106 have the capability of adversely
affecting the proper functionality of standard CATV subscriber equipment, such as a digital

video recorder or an embedded multimedia terminal adapter (eMTA).

[0042] FIG. 2 shows a typical example of an IHE network that includes signal output port
114 for embedded multimedia terminal adapter (eMTA) 116. An eMTA device combines a
high-speed data cable modem with Voice over Internet Protocol technology to create a
platform that connects analog telephones and terminal equipment (c.g., fax) to the cable
operator's advanced Internet protocol communications network. The cable modem provides a
data interface for communicating Internet protocol packets to and from the CATV network
and head-end, and an analog telephone adapter provides a Voice over Internet protocol (VoIP)
interface for an analog telephone set. The eMTA device converts between analog voice
signals and packets. A lifeline telephone is a well-known example of an eMTA device. The
eMTA device is a device which must be assured of communication with the CATV network
and head-end even when power is down, because the eMTA device is used for safety and

security purposes.

[0043]  When eMTA devices are used within a multi-split CATV signal distribution
system such as that shown in FIG. 1, EMTA device 116 can lose connection with the head-
end of the CATV system because of the losses resulting from the multiple signal splits. In the
prior art it is strongly recommended to use a first initial signal split for eMTA device 116 so
that eMTA device 116 can be guaranteed to not lose connection with the head-end due to low
signal strength caused by multiple signal splits. In the prior art signal distribution system of
FIG. 2, splitter SP8 is added to separate signal output port 114 from the main signal branch
coming from input port 112. The advantage of this system is that output port 114 is assured
of good communication with the CATV head-end. Thus output port 114 is used as the eMTA
port. The problems is that this approach will not only result in higher isolation between the

output ports of four-way splitters 130 and 140, it may prevent communication between the

14



CA 02831220 2013-09-24
WO 2012/088350 PCT/US2011/066645

eMTA device 116 coupled to signal output port 114 and the IHE-compatible subscriber
devices 115 that are coupled to any of output ports 134, 135, 136, 137, 144, 145, 146, or 147
of the four-way splitters. Therefore, there is a need for a new approach for classic eight-way

CATV signal splitters and eMTA-compatible multiport entry devices to solve these issues.

[0044]  FIG. 3 shows a simplified schematic of an embodiment of CATV signal
distribution system 110 according to the invention. CATV signal distribution system 110
according to the invention can be included in an entry adapter or other enclosed CATV
device. CATYV signal distribution system 110 according to the invention can be a distributed
device with multiple picces distributed throughout a home or business network, for cxample.
In some embodiments CATV signal distribution system 110 is contained within a single
building. In some embodiments CATYV signal distribution system 110 is contained within a

single premises network.

[0045]  CATV signal distribution system 110 of FIG. 3 includes signal input port 112, first
multi-port signal splitter 130, and second multi-port signal splitter 140. In some embodiments
CATYV signal distribution system 110 includes more than two multi-port signal splitters. In
the embodiment shown in FIG. 3, multi-port signal splitter 130 is a four-way signal splitter,
but the invention is not limited in this aspect. In the embodiment shown in FIG. 3, multi-port
signal splitter 140 is a four-way signal splitter, but the invention is not limited in this aspect.
In some embodiments CATV signal distribution system 110 according to the invention
includes two or more multi-port signal splitters, where each of the multi-port signal splitters

has two or more multi-port signal splitter output ports.

[0046] CATV signal distribution system 110 of FIG. 3 includes signal input port 112, first
four-way signal splitter 130, and second four-way signal splitter 140. In this embodiment first
four-way signal splitter 130 includes signal splitters SP2, SP3, and SP4, but other
configurations of first four-way signal splitter 130 arc envisioned. In this embodiment second
four-way signal splitter 140 includes signal splitters SP5, SP6, and SP7, but other

configurations of second four-way signal splitter 130 are envisioned.
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[0047] Two-way splitter SP1 and first and second four-way signal splitters 130 and 140
split downstream CATYV signals 102 eight ways such that downstream CATYV signals 102 are
received by first four-way signal splitter 130 output ports 134, 135, 136, and 137, and second
four-way signal splitter 140 output ports 144, 145, 146, and 147.

[0048] First four-way signal splitter 130 is coupled to signal input port 112 through first
diplexer 150. First diplexer common node 156 is coupled to first four-way signal splitter input
port 132. First diplexer low-pass node 152 is coupled to signal input port 112 through first
signal splitter SP1. In this way first four-way signal splitter 130 is coupled to signal input
port 112 through first diplexer 150.

[0049] Second four-way splitter 140 is coupled to signal input port 112 through second
diplexer 160. Second diplexer common node 166 is coupled to second four-way signal
splitter input port 142. Second diplexer low-pass node 162 is coupled to signal input port 112
through first signal splitter SP1. In this way second four-way signal splitter 140 is coupled to
signal input port 112 through second diplexer 160.

[0050] A diplexer is a signal splitting device which splits signals according to frequency.
In this embodiment multimedia-over-coax signals 106 will be conducted through first diplexer
150 by being conducted back and forth between common node 156 and high-pass node 154,
and downstream and upstream CATYV signals 102 and 104 will be conducted through first
diplexer 150 by being conducted back and forth between common node 156 and low-pass
node 152. Similarly, in this embodiment, multimedia-over-coax signals 106 will be
conducted through second diplexer 160 by being conducted back and forth between common
node 166 and high-pass node 164, and downstream and upstream CATYV signals 102 and 104
will be conducted through second diplexer 160 by being conducted back and forth between
common node 166 and low-pass node 162. In this way CATYV signal distribution system 110
of F1G. 3 separates the multimedia-over-coax signal 106 path from the CATYV signal 102 and
104 path.
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[0051]  In the embodiment of CATV signal distribution system 110 shown in FIG. 3, first
diplexer 130 high-pass node 154 is coupled to second diplexer high-pass node 164. This
allows multimedia-over-coax signals 106 to be conducted from first four-way splitter input
port 132 to second four-way splitter input port 142 through diplexers 150 and 160, avoiding
two-way splitter SP1. This eliminates the signal isolation loss that would occur in the prior
systems shown in FIG. 1 and FIG. 2, where multimedia-over-coax signals 106 being
conducted from output port 134 to output port 147 would undergo signal attenuation due to
having to jump between the signal output legs of splitter SP1, from node 118 to node 119. 1t
has been found that in 8-way splits the signal losses occurring by having signals traverse
between two different four-way splitters is high enough to disrupt communication between the
devices at the output ports of the different four-way splitters. In CATYV signal distribution
system 110 of FIG. 3, however, the signal losses incurred by jumping the splitter legs of SP1
have been eliminated. In this embodiment the signal losses between first four-way signal
splitter input port 132 and second four-way signal splitter input port 142 have been
eliminated. In this embodiment multimedia-over-coax signals 106 see no more losses in
traveling from first four-way signal splitter output port 134 to second four-way signal splitter
output port 147 than they see in travelling from output port 134 to output port 137.
Subscriber devices 115 coupled to first four-way signal splitter ports 134, 135, 136, and 137
can communicate using multimedia-over-coax signals 106 with subscriber devices 115
coupled to second four-way signal splitter ports 144, 145, 146, and 147 without the signal
losses and possible loss of communication that would occur in the situations illustrated in

FIG. 1 and FIG. 2.

[0052]  In some embodiments CATV signal distribution system 110 of FIG. 3 includes
active circuit clements, such as onc or morc amplificr or other active network circuit
elements. In some embodiments an active circuit element is placed between first diplexer
common node 156 and first four-way splitter input node 132. In some embodiments an active
circuit element is placed between second diplexer common node 166 and second four-way

splitter input node 142. In some embodiments an active element is placed elsewhere in
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CATV signal distribution system 110 of FIG. 3.

[0053]  FIG. 4 shows a further embodiment of CATV signal distribution system 110
according to the invention. CATYV signal distribution circuit 110 of FIG. 4 operates the same
as CATYV signal distribution system shown in FIG. 3, except that in the embodiment of CATV
signal distribution system 110 shown in FIG. 4, first diplexer high-pass node 154 is coupled to
second diplexer high-pass node 164 through attenuator circuit 180. Attenuator circuit 180 can
be many different types of signal conditioning circuits. In this embodiment attenuator circuit
180 controls the attenuation of signals passing from first diplexer high-pass node 154 and
sccond diplexer high-pass node 164. Attenuator circuit 180 in this embodiment allows the
level of attenuation of multimedia-over-coax signals 106 passing between first four-way
splitter 130 and second four-way splitter 140 to be adjusted to a particular desired level of
attenuation. In some embodiments attenuator circuit 180 includes an equalizer circuit which
allows equalization of multimedia signals 106 being conducted between first four-way signal
splitter 130 and second four-way signal splitter 140. In some embodiments attenuator circuit
180 includes a reflectance circuit which controls signal reflection of multimedia signals 106
being conducted between first four-way signal splitter 130 and second four-way signal splitter
140. Attenuator circuit 180 can be have an adjustable amount of attenuation. In some
embodiments attenuator circuit 180 has an amount of attenuation that is adjustable from 0 dB

to a predetermined amount of attenuation.

[0054] In some embodiments attenuator circuit 180 can include an active circuit clement
such as an amplifier. Including an amplifier in circuit 180 allows multimedia-over-coax

signals 106 to be amplified as well as attenuated.

[0055] FIG. 5, FIG. 6, and FIG. 7 each show embodiments of CATV signal distribution
system 110 according to the invention for systems which include eMTA port 114. In the
cmbodiments shown in FIG. 5, FIG. 6, and FIG. 7, CATV signal distribution system 110
includes signal input port 112, first multi-port signal splitter 130, second multi-port signal
splitter 140, and signal output port 114, where output port 114 is meant to be coupled to a

picce of eMTA equipment. First multi-port signal splitter 130 is coupled to signal input port
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112 through first diplexer 150 as explained with reference to FIG. 1 and FIG. 2. Second
multi-port signal splitter 140 is coupled to signal input port 112 through second diplexer 160
as explained with reference to FIG. 1 and FIG. 2. Signal output port 114 is coupled to signal
input port 112 through third diplexer 170. In some embodiments CATV signal distribution
system 110 includes more than two multi-port signal splitters. In the embodiment shown in
FIG. 5, FIG. 6, and FIG. 7, multi-port signal splitter 130 is a four-way signal splitter, but the
invention is not limited in this aspect. In the embodiment shown in FIG. 5, FIG. 6, and F1G. 7,
multi-port signal splitter 140 is a four-way signal splitter, but the invention is not limited in
this aspect. In some embodiments CATYV signal distribution system 110 according to the
invention includes two or more multi-port signal splitters, where each of the multi-port signal

splitters has two or more multi-port signal splitter output ports.

[0056] In the embodiments shown in FIG. 5, FIG. 6, and FIG. 7, CATV signal distribution
system 110 includes signal input port 112, first four-way signal splitter 130, second four-way
signal splitter 140, and signal output port 114, where output port 114 is meant to be coupled to
a piece of eMTA equipment. First four-way signal splitter 130 is coupled to signal input port
112 through first diplexer 150 as explained with reference to FIG. 1 and FIG. 2. Second four-
way signal splitter 140 is coupled to signal input port 112 through second diplexer 160 as
explained with reference to FIG. 1 and FIG. 2. Signal output port 114 is coupled to signal
input port 112 through third diplexer 170.  Third diplexer 170 is used to allow a piece of
eMTA subscriber equipment such as subscriber equipment 116, that is IHE compatible, to
communicate with IHE-compatible subscriber equipment 115 coupled to first and second
four-way splitters 130 and 140. In the embodiments shown in FIG. 5, FIG. 6, and FIG. 7,
signal input port 112 is coupled to first diplexer low-pass node 152 of first diplexer 150,
second diplexer low-pass node 162 of second diplexer 160, and third diplexer low-pass node
172 of third diplexer 170. These connections allow downstream CATYV signals 102 and
upstream CATV signals 104 to be conducted from signal input port 112 to signal output ports
114, 134, 135, 136, 137, 144, 145, 146, and 147 through the low-frequency paths of first
diplexer 150, second diplexer 160, and third diplexer 170.
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[0057]  Multimedia-over-coax signals 106 in the embodiments shown in FIG. 5, FIG. 6,
and FIG. 7 are conducted between signal output ports 114, 134, 135, 136, 137, 144, 145, 146,
and 147 through the high-pass nodes of first diplexer 150, second diplexer 160, and third
diplexer 170, as explained further below.

[0058] In some embodiments CATYV signal distribution system 110 as shown in FIG. 5,
FIG. 6, and FIG. 7 is included in a CATV entry adapter. In some embodiments CATV signal
distribution system 110 as shown in FIG. 5, FIG. 6, and FIG. 7 is distributed among several
locations and enclosurcs within a home or business. In some cmbodiments first and sccond
diplexers 150 and 160 and attcnuator circuits 180, 181, and 182 arc includc in a singlec modulc
— an adjustable isolation module 190 as shown in the figures. Adjustable isolation module
190 allows the isolation of multimedia-over-coax signals 106 to be adjusted. It is to be
understood that the figures show examples of CATV signal distribution system 110 and
adjustable isolation module 190, and that many other specific embodiments are possible with

different components and interconnections.

[0059] In some embodiments CATV signal distribution system 110 of FIG. 5, FIG. 6, and
FIG. 7 includes active circuit elements, such as one or more amplifier or other active network
circuit elements. In some embodiments an active circuit element is placed between splitter
SP8 and splitter SP1. In some embodiments an active circuit element is placed within
adjustable isolation module 190. In some embodiments an amplifier is placed between splitter
SP8 and splitter SP1. In some embodiments an amplifier is placed within adjustable isolation
module 190. In some embodiments an active circuit element is placed between first diplexer
common node 156 and first four-way splitter input node 132. In some embodiments an active
circuit element is placed between second diplexer common node 166 and second four-way
splitter input node 142. In some embodiments an active clement is placed clsewhere in

CATYV signal distribution system 110 of FI1G. 5, FIG. 6, or FIG. 7.

[0060] In the embodiment shown in FIG. 5, first and second diplexer high-pass nodes 154

and 164 are coupled together through attenuator circuit 180, and third diplexer high-pass node

174 is coupled to first diplexer high-pass node 154 through splitter SP9. In this embodiment
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first diplexer 150 includes first diplexer common node 156 coupled to first four-way signal
splitter input port 132, first diplexer high-pass node 154 coupled to third diplexer high-pass
node 174, and first diplexer low-pass node 152 coupled to signal input port 112. In this
embodiment first diplexer high-pass node 154 is coupled to third diplexer high-pass node 174
through signal splitter SP9. In this embodiment first diplexer low-pass node 152 is coupled to
signal input port 112 through signal splitters SP1 and SPS.

[0061] In the embodiment shown in FIG. 5, second diplexer 160 includes second diplexer
common node 166 coupled to sccond four-way signal splitter input port 142, second diplexer
high-pass node 164 coupled to first diplexer high-pass node 154 through attenuator circuit 180
and splitter SP9, and second diplexer low-pass node 162 coupled to signal input port 112. In
this embodiment second diplexer low-pass node 162 is coupled to signal input port 112
through signal splitters SP1 and SP8. Attenuator circuit 180 allows adjustable attenuation of
multimedia-over-coax signals 106 conducted between first diplexer high-pass node 154 and
second diplexer high-pass node 164. In some embodiments attenuator circuit 180 includes an
equalizer circuit. An equalizer circuit section of attenuator circuit 180 adjusts the frequency
response tilt, when needed, in the multimedia-over-coax band. In some embodiments
attenuator circuit 180 includes a reflectance circuit. A reflectance circuit section of
attenuator circuit 180 is used to adjust the isolation level among output ports of the individual
four-way splitters 130 and 140, and signal output port 114. In some embodiments attenuator
circuit 180 can include an active circuit element such as an amplifier. Including an amplifier

in circuit 180 allows multimedia-over-coax signals 106 to be amplified as well as attenuated.

[0062] In the embodiment shown in FIG. 5, multimedia-over-coax signals 106 are
conducted between signal output ports 114, 134, 135, 136, 137, 144, 145, 146, and 147 using
the high-frequency signal path that connects high-pass nodes 154, 164, and 174 of first,
second, and third diplexers 150, 160, and 170. This minimizes isolation losses of multimedia-
over-coax signals 106 being conducted between multimedia devices connected to signal
output ports 114, 134, 135, 136, 137, 144, 145, 146, and 147, and allows adjustment of the

frequency response and reflectance of the multimedia-over-coax signals 106. This also allows
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management of multimedia-over coax signals 106 without damaging or compromising the
CATV network or CATYV signals 102 or 104. In this embodiment the eMTA subscriber
equipment coupled to signal output port 114 can communicate with IHE-compatible
subscriber equipment 115 coupled to any of the output ports 134, 135, 136, 137, 144, 145,
146, or 147 of first four-way signal splitter 130 and second four-way signal splitter 140. This
communication is difficult to impossible in the prior art system shown in FIG. 2 due to
multimedia-over-coax signal 106 losses due to the signals jumping the legs of the signal
splitters. Also, in the system shown in FIG. 5, IHE-compatible subscriber equipment 115
coupled to output ports 134, 135, 136, or 137 of first four-way signal splitter 130 can
communicate using multimedia-over-coax signals 106 with any of the IHE-compatible
subscriber equipment 115 coupled to output ports 144, 145, 146, or 1470f second four-way
signal splitter 140. This communication is difficult to impossible in the prior art systems
shown in FIG. 1 and FIG. 2 due to multimedia-over-coax signal 106 losses from signals 106

jumping the legs of the signal splitters.

[0063]  In the embodiment shown in FIG. 6, first and second diplexer high-pass nodes 154
and 164 are coupled together, and third diplexer high-pass node 174 is coupled to first
diplexer high-pass node 154 and second diplexer high-pass node 164 through attenuator
circuit 180. In this embodiment first diplexer 150 includes first diplexer common node 156
coupled to first four-way signal splitter input port 132, first diplexer high-pass node 154
coupled to third diplexer high-pass node 174, and first diplexer low-pass node 152 coupled to
signal input port 112. In this embodiment first diplexer high-pass node 154 is coupled to third
diplexer high-pass node 174 through signal splitter SP9 and attenuator circuit 180. In this
cmbodiment first diplexer low-pass node 152 is coupled to signal input port 112 through
signal splitters SP1 and SP§. Attenuator circuit 180 allows adjustable attenuation of
multimedia-over-coax signals 106 conducted between third diplexer high-pass node 174 and
both first diplexer high-pass node 154 and second diplexer high-pass node 164. In some
embodiments attenuator circuit 180 includes an equalizer circuit that allows adjustment and
equalization of the frequency response of multimedia-over-coax signals 106 conducted

between third diplexer high-pass node 174 and both first diplexer high-pass node 154 and
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second diplexer high-pass node 164. An equalizer circuit section of attenuator circuit 180
adjusts the frequency response tilt when needed in the multimedia-over-coax band. In some
embodiments attenuator circuit 180 includes a reflectance circuit. A reflectance circuit
section of attenuator circuit 180 is used to adjust the isolation level among output ports of the
individual four-way splitters 130 and 140, and signal output port 114. In some embodiments
attenuator circuit 180 can include an active circuit element such as an amplifier. Including an
amplifier in circuit 180 allows multimedia-over-coax signals 106 to be amplified as well as

attenuated.

[0064] In the embodiment shown in FIG. 6, sccond diplexer 160 includes second diplexer
common node 166 coupled to second four-way signal splitter input port 142, second diplexer
high-pass node 164 coupled to first diplexer high-pass node 154, and second diplexer low-
pass node 162 coupled to signal input port 112. In this embodiment second diplexer low-pass
node 162 is coupled to signal input port 112 through signal splitters SP1 and SP8. In this
embodiment second diplexer high-pass node 164 is coupled to first diplexer high-pass node
154 through splitter SP9.

[0065] In the embodiment shown in FIG. 6, multimedia-over-coax signals 106 are
conducted between signal output ports 114, 134, 135, 136, 137, 144, 145, 146, and 147 using
the high-frequency signal path that connects high-pass nodes 154, 164, and 174 of first,
second, and third diplexers 150, 160, and 170. This minimizes isolation losses of multimedia-
over-coax signals 106 being conducted between multimedia devices connected to signal
output ports 114, 134, 135, 136, 137, 144, 145, 146, and 147, and allows adjustment of the
frequency response and reflectance of multimedia-over-coax signals 106. This also allows
management of multimedia-over coax signals 106 without damaging or compromising the
CATYV network or CATYV signals 102 or 104. In this embodiment an eMTA subscriber
device, such as eMTA device 116, coupled to signal output port 114 can communicate with
IHE-compatible subscriber equipment 115 coupled to any of the output ports 134, 135, 136,
137, 144, 145, 146, or 147 of first four-way signal splitter 130 and second four-way signal

splitter 140. This communication is difficult to impossible in the prior art system shown in
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FIG. 2 due to multimedia-over-coax signal 106 losses due to the signals jumping the legs of
the signal splitters. Also, in the system shown in FIG. 6, IHE-compatible subscriber
equipment 115 coupled to output ports 134, 135, 136, or 137 of first four-way signal splitter
130 can communicate using multimedia-over-coax signals 106 with any of the THE-
compatible subscriber equipment coupled to the output ports 144, 145, 146, or 147 of second
four-way signal splitter 140. This communication is difficult to impossible in the prior art
systems shown in FIG. 1 and FIG. 2 duc to multimedia-over-coax signal 106 losscs due to 106

signals jumping the legs of the signal splitters.

[0066]  FIG. 7 shows a further embodiment of CATV signal distribution system 110
according to the invention. CATYV signal distribution system 110 shown in FIG. 7 is similar
to the CATV signal distribution systems 110 shown in FIG. 5 and FIG. 6, except CATV
signal distribution system 110 shown in FIG. 7 includes several attenuator circuits, attenuator
circuit 180, attenuator circuit 181, and attenuator circuit 182. Attenuator circuits 180, 181,
and 182 are shown in dotted lines to indicate that each one of them is optional, and can be
used in any combination with the other attenuator circuits. Attenuator circuits 180, 181, and
182 can be used in combination or individually to adjust and/or balance the attenuation
between four-way splitter output ports 134, 135, 136, 137, 144, 145, 146, or 147, and signal
output port 114 used with the eMTA device. Any of attenuator circuits 180, 182, or 182 can
include an equalizer circuit. An equalizer circuit section of attenuator circuit 180, 181, or 182
adjusts the frequency response tilt, when needed, in the multimedia-over-coax band. Any of
attenuator circuits 180, 181, or 182 can include a reflectance circuit. A reflectance circuit
section of attenuator circuit 180, 181, or 182 is used to adjust the isolation level among output
ports of the individual four-way splitters 130 and 140, and signal output port 114. Attenuator
circuits 180, 181, or 182 can be fixed or adjustable attenuator circuits. Attenuator circuit 180,
181, or 182 can be designed to have an attenuation level that is adjustable from 0 dB to a
required attenuation level. In some embodiments attenuator circuit 180, 181, or 182 can
include an active circuit element such as an amplifier. Including an amplifier in circuit 180,

182, or 182 allows multimedia-over-coax signals 106 to be amplified as well as attenuated.
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[0067]  FIG. 8 shows method 200 of electrically coupling two four-way signal splitters
according to the invention. Method 200 of electrically coupling two four-way signal splitters
includes step 210 of coupling a first four-way signal splitter to a signal input port through a
first diplexer, and step 220 of coupling a second four-way signal splitter to the signal input
port through a second diplexer. Method 200 of electrically coupling two four-way signal
splitters according to the invention also includes step 230 of coupling a first diplexer high-
pass nodc of the first diplexer to a second diplexer high-pass node of the second diplexer.
Mecthod 200 can include many other steps. In some embodiments method 200 includes the
step of coupling a signal output port to the signal input port through a third diplexer. In some
embodiments a third diplexer common node is coupled to the signal output port, and a third
diplexer low-pass node is coupled to the signal input port. In some embodiments method 200
includes the step of coupling a high-pass node of the third diplexer to the high-pass node of
the first diplexer. In some embodiments method 200 includes the step of coupling a high-pass
node of the third diplexer to the high-pass node of the first diplexer through an attenuator
circuit. In some embodiments the attenuator circuit includes an equalizer circuit. In some

embodiments the attenuator circuit includes a reflectance circuit.

[0068] Step 210 coupling a first four-way signal splitter to a signal input port through a
first diplexer can include many other steps. In some embodiments step 210 includes the step
of coupling a first diplexer common node to a first four-way signal splitter input port. In
some embodiments step 210 includes the step of coupling a first diplexer low-pass node to the

signal input port.

[0069] Step 220 coupling a second four-way signal splitter to the signal input port through
a second diplexer can include many other steps. In some embodiments step 220 includes the
step of coupling a second diplexer common node to a second four-way signal splitter input
port. In some embodiments step 220 includes the step of coupling a second diplexer low-pass

node to the signal input port.

[0070] Step 230 coupling a first diplexer high-pass node of the first diplexer to a second

diplexer high-pass node of the second diplexer can include many other steps. In some
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embodiments step 230 includes the step of coupling the first diplexer high-pass node of the
first diplexer to the second diplexer high-pass node of the second diplexer through an
attenuator circuit. In some embodiments the attenuator circuit includes an equalizer circuit.

In some embodiments the attenuator circuit includes a reflectance circuit.

[0071] A method of electrically coupling two multi-port signal splitters is disclosed. The
method according to the invention includes the steps of coupling a first multi-port signal
splitter to a signal input port through a first diplexer, coupling a second multi-port signal
splitter to the signal input port through a second diplexer, and coupling a first diplexer high-
pass nodc of the first diplexer to a second diplexcr high-pass nodce of the sccond diplexer. In
some embodiments coupling a first multi-port signal splitter to a signal input port through a
first diplexer includes the steps of coupling a first diplexer common node to a first multi-port
signal splitter input port, and coupling a first diplexer low-pass node to the signal input port.
In some embodiments coupling a second multi-port signal splitter to a signal input port
through a second diplexer includes the steps of coupling a second diplexer common node to a
second multi-port signal splitter input port, and coupling a second diplexer low-pass node to

the signal input port.

[0072]  In some embodiments the step of coupling a first diplexer high-pass node of the
first diplexer to a second diplexer high-pass node of the second diplexer includes coupling the
first diplexer high-pass node of the first diplexer to the second diplexer high-pass node of the
second diplexer through an attenuator circuit. In some embodiments the attenuator circuit
includes an equalizer circuit. In some embodiments the method of electrically coupling two
multi-port signal splitters according to the invention includes the step of coupling a signal
output port to the signal input port through a third diplexer, where a third diplexer common
node is coupled to the signal output port, and where a third diplexer low-pass node is coupled
to the signal input port. In some embodiments the method includes the step of coupling a
high-pass node of the third diplexer to the high-pass node of the first diplexer. In some
embodiments the method includes the step of coupling a high-pass node of the third diplexer

to the high-pass nodes of the first and the second diplexers.
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[0073] While the present invention has been described with reference to a number of
specific embodiments, it will be understood that the true spirit and scope of the invention
should be determined only with respect to claims that can be supported by the present
specification. Further, while in numerous cases herein wherein systems and apparatuses and
methods are described as having a certain number of elements it will be understood that such
systems, apparatuses and methods can be practiced with fewer than the mentioned certain
number of clements. Also, while a number of particular embodiments have been described, it
will be understood that fecaturcs and aspects that have been described with reference to cach

particular embodiment can be used with each remaining particularly described embodiment.
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What is claimed is:

1. A community access television (CATV) signal distribution system comprising:

a CATV port configured to connect the CATV signal distribution system to a CATV
network;

a first plurality of device ports configured to connect the CATV signal distribution
system to a first plurality of in-home entertainment-compatible subscriber devices;

a second plurality of device ports configured to connect the CATV signal distribution
system to a second plurality of in-home entertainment-compatible subscriber devices;

a CATV signal splitter comprising a common terminal, a first output terminal, and a
second output terminal, wherein:

the common terminal of the CATV signal splitter is coupled to the CATV signal
input port and configured to receive a CATV signal from an input port;

the CATV signal splitter is configured to divide a CATV downstream signal
received at the common terminal into multiple CATV downstream signals supplied to the
first and second output terminals of the signal splitter; and

the CATV signal splitter is configured to combine CATV upstream signals
received at the first and second output terminals of the CATV signal splitter;

a first device signal splitter comprising a first common terminal and a first plurality of
output terminals, wherein the first plurality of output terminals of the first device signal splitter
are coupled to the first plurality of device ports;

a second device signal splitter comprising a second common terminal and a second
plurality of output terminals, wherein the second plurality of output terminals of the second
device signal splitter are coupled to the second plurality of device ports;

a first diplexer comprising a common terminal, a high-pass terminal, and a low-pass
terminal, the first diplexer configured to:

communicate signals within a predetermined high frequency band between the
common terminal and the high-pass terminal, and
communicate signals within a predetermined low frequency band between the

common terminal and the low-pass terminal,
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wherein the common terminal is coupled to the common terminal of the first
device signal splitter,

wherein the low-pass terminal is coupled to the common terminal of the CATV
signal splitter, and
a second diplexer comprising a common terminal, a high-pass terminal, and a low-pass

terminal, the second diplexer configured to:

communicate signals within the predetermined high frequency band between the
common terminal of the second diplexer and the high-pass terminal of the second
diplexer,

communicate signals at the predetermined low frequency band between the
common terminal of the second diplexer and the low-pass terminal of the second
diplexer,

wherein the common terminal of the second diplexer is coupled to the common
terminal of the second device signal splitter,

wherein the low-pass terminal of the second diplexer is coupled to the second
output terminal of the CATV signal splitter, and

wherein the high-pass terminal of the second diplexer is coupled to the high-pass
terminal of the first diplexer; and
an attenuator circuit configured to:

couple the high-pass terminal of the first diplexer to the high-pass terminal of the
second diplexer,

bidirectionally communicate the signals within the predetermined high frequency
band transmitted between the common terminal of the first diplexer and the common
terminal of the second diplexer through the high-pass terminal of the first diplexer and
the high-pass terminal of the second diplexer, and

control reflection of the signals conducted between at least one in-home
entertainment-compatible subscriber device of the first plurality of in-home
entertainment-compatible subscriber devices and at least one in-home entertainment-
compatible subscriber device of the second plurality of in-home entertainment-
compatible subscriber devices via a reflectance circuit of the attenuator circuit to control

the reflection of the signals in the predetermined high frequency band bidirectionally
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communicated between the high-pass terminal of the first diplexer to the high-pass

terminal of the second diplexer.

2. The CATYV signal distribution system of claim 1, wherein the attenuator circuit includes
an equalizer circuit configured to equalize the signals within the predetermined high frequency

band bidirectionally communicated between the first and second pluralities of subscriber devices.

3. The CATYV signal distribution system of claim 1, wherein the level of attenuation in the

attenuator circuit is adjustable.

4. The CATYV signal distribution system of claim 1, wherein the attenuator circuit includes
an active circuit element comprising an amplifier, the attenuator circuit configured to control
attenuation and amplification of the signals within the predetermined high frequency band

bidirectionally communicated between the first and second pluralities of subscriber devices.

5. A community access television (CATV) signal distribution system comprising:
a CATV port configured to connect the CATV signal distribution system to a CATV
network;
a first plurality of device ports configured to connect the CATV signal distribution
system to a first plurality of in-home entertainment-compatible subscriber devices;
a second plurality of device ports configured to connect the CATV signal distribution
system to a second plurality of in-home entertainment-compatible subscriber devices;
a CATV signal splitter comprising a common terminal, a first output terminal, and a
second output terminal, wherein:
the common terminal of the CATV signal splitter is coupled to the CATV
signal input port and configured to receive a CATYV signal from the input port;
the CATYV signal splitter is configured to divide a CATV downstream
signal received at the common terminal into multiple CATV downstream signals
supplied to the first and second output terminals of the signal splitter, and
the CATYV signal splitter is configured to combine CATV upstream signals
received at the first and second output terminals of the CATV signal splitter;
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a first device signal splitter comprising a first common terminal and a first plurality of
output terminals, wherein the first plurality of output terminals of the first device signal splitter
are coupled to the first plurality of device ports;

a second device signal splitter comprising a second common terminal and a second
plurality of output terminals, wherein the second plurality of output terminals of the second
device signal splitter are coupled to the second plurality of device ports;

a first diplexer comprising a common terminal, a high-pass terminal, and a low-pass terminal, the
first diplexer configured to:
communicate signals within a predetermined high frequency band between
the common terminal of the first diplexer and the high-pass terminal of the first
diplexer, and
communicate signals within a predetermined low frequency band between
the common terminal of the first diplexer and the low-pass terminal of the first
diplexer,
wherein the common terminal of the first diplexer is coupled to the
common terminal of the first device signal splitter,
wherein the low-pass terminal of the first diplexer is coupled to the first
output terminal of the CATV signal splitter, and

a second diplexer comprising a common terminal, a high-pass terminal, and a low-pass
terminal, the second diplexer configured to:

communicate signals within the predetermined high frequency band
between the common terminal of the second diplexer and the high-pass terminal
of the second diplexer,

communicate signals at the predetermined low frequency band between
the common terminal of the second diplexer and the low-pass terminal of the
second diplexer,

wherein the common terminal of the second diplexer is coupled to the
common terminal of the second device signal splitter,

wherein the low-pass terminal of the second diplexer is coupled to the

second output terminal of the CATYV signal splitter, and
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wherein the high-pass terminal of the second diplexer is coupled to the

high-pass terminal of the first diplexer; and
an attenuator circuit configured to:

bidirectionally communicate the signals within the predetermined high
frequency band transmitted between the common terminal of the first diplexer and
the common terminal of the second diplexer through the high-pass terminal of the
first diplexer and the high-pass terminal of the second diplexer, and

control reflection of the signals conducted between at least one in-home
entertainment-compatible subscriber device of the first plurality of in-home
entertainment-compatible subscriber devices and at least one in-home
entertainment-compatible subscriber device of the second plurality of in-home
entertainment-compatible subscriber devices via a reflectance circuit of the
attenuator circuit to control the reflection of of the signals in the predetermined
high frequency band bidirectionally communicated between the high-pass

terminal of the first diplexer to the high-pass terminal of the second diplexer.

6. The CATYV signal distribution system of claim 5, wherein the attenuator circuit includes
an equalizer circuit configured to equalize the signals within the predetermined high frequency

band bidirectionally communicated between the first and second pluralities of subscriber devices.

7. The CATYV signal distribution system of claim 5, wherein the level of attenuation in the

attenuator circuit is adjustable.

8. The CATYV signal distribution system of claim 5, wherein the attenuator circuit includes
an active circuit element comprising an amplifier, the attenuator circuit configured to control
attenuation and amplification of the signals within the predetermined high frequency band

bidirectionally communicated between the first and second pluralities of subscriber devices.

9. A community access television (CATV) signal distribution system comprising:

a CATV signal input port configured for connection to a CATV network;
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a signal splitter comprising a common splitter terminal and at least two splitter output
terminals, wherein:
the common splitter terminal couples to the CATYV signal input port,
the signal splitter is configured to divide a CATV downstream signal
received at the common terminal into multiple CATV downstream signals
supplied at the at least two splitter output terminals,
the signal splitter is configured to communicate upstream signals received
at the at least two splitter output terminals to the common splitter terminal;
a first diplexer comprising a first common node, a first high-pass node, and a first low-
pass node, wherein:
the first diplexer is configured to communicate signals within a
predetermined high frequency band between the first common node of the first
diplexer and the first high-pass node of the first diplexer,
the first diplexer is configured to communicate signals at a predetermined
low frequency band between the first common node and the first low-pass node,
the first low-pass node directly connects to a first splitter output terminal
of the at least two splitter output terminals, and
the first common node is configured to be coupled to at least a subscriber
device;
a second diplexer comprising a second common node, a second high-pass node, and a
second low-pass node, wherein:
the second diplexer is configured to communicate signals within the
predetermined high frequency band between the second common node of the
second diplexer and the second high-pass node of the second diplexer,
the second diplexer is configured to communicate signals at the
predetermined low frequency band between the second common node of the
second diplexer and the second low-pass node of the second diplexer,
the second low-pass node of the second diplexer directly connects to a
second splitter output terminal of the at least two splitter output terminals,
the common node of the second diplexer is configured to be coupled to at

least a second in-home entertainment-compatible subscriber device, and
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the second high-pass node of the second diplexer is configured to couple
to the first high-pass node of the first diplexer, and

a first multi-port splitter having a common port and a plurality of output ports, the
common port configured to be coupled to the common node of the first diplexer, and at least one
of the output ports of the first multi-port splitter configured to be coupled to the first in-home
entertainment-compatible subscriber device;

a second multi-port splitter having a common port and a plurality of output ports, the
common port of the second multi-port splitter being configured to be coupled to the common
node of the second diplexer, and at least one of the output ports of the second multi-port splitter
configured to be coupled to the second in-home entertainment-compatible subscriber device;

an attenuator circuit configured to:

condition the signals within the predetermined high frequency band by
controlling reflection of the signals conducted between the first and second in-
home entertainment-compatible subscriber devices, wherein the second high-pass
node of the second diplexer and the first high-pass node of the first diplexer are
configured to bidirectionally communicate the signals within the predetermined
high frequency band among a plurality of subscriber devices via the attenuator
circuit and the controlling the reflection comprises controlling a strength of the in-
home entertainment signals returning in an opposite direction, and

adjust a frequency response tilt of the in-home entertainment signals
within the predetermined high frequency band bidirectionally communicated
between the first plurality of in-home entertainment-compatible subscriber
devices and the second plurality of in-home entertainment-compatible subscriber
devices through the high-pass terminal of the first diplexer and the high-pass

terminal of the second diplexer.
10. The CATV signal distribution system of claim 9, wherein the attenuator circuit includes

an equalizer circuit configured to equalize the in-home entertainment signals conducted between

the first and second in-home entertainment-compatible subscriber devices.
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11. The CATV signal distribution system of claim 9, wherein the attenuator circuit includes
a reflectance circuit configured to control signal reflection of the in-home entertainment signals

conducted between the first and second in-home entertainment-compatible subscriber devices.

12. The CATV signal distribution system of claim 9, wherein the attenuator circuit is

configured to adjust a level of attenuation from 0 dB to a predetermined level of attenuation.

35

Date Regue/Date Received 2020-12-10



CA 02831220 2013-09-24

WO 2012/088350 PCT/US2011/066645
1/8
130 134
132 122 115
102 135
—_— 115
<1 sp3 136
< \ | 115
104 SP2 { —
106
102 I 123 SP4 119
- 137
112
ittt
, 186 —
. 118
SP1
{ 140 144
119
145
106 102 | 115
<1 sPs 146 ——
< \ 115
104 SP5 L —
SP7 115
147
Prior Art

FIG. 1



WO 2012/088350

1 OGI

102

112

CA 02831220 2013-09-24

SP8

104

PCT/US2011/066645
2/8
102
, 114
116
104 eMTA port
130 134
132 115
135
102 ] 115
yd SP3 136 "'LI—/—
-— \ 115
104 SP2 = —
SP4 115
106 137
118
SP1
140 144
119 142 —— 115
106I 102 | 115
<[ sPs 146
«— _l_ 115
104 SP5
115
SP7 —
147
Prior Ant

FIG. 2




WO 2012/088350

110

102 T

102

112 ——»

CA 02831220 2013-09-24

3/8

A

104

SP1 <

119

102 l

PCT/US2011/066645

134
\135

7136
137

AV ANUg

144
\ 145
/

AN
/146
147

AVANd

150 130
152 dk' 156 132
L N
154 yd =)
<4 SP3
1104 Ho| o | sz U
106
SP4
1106
118
164 160 140
\ If/ 166 142
H — |
104162\ <] sPe
L L
SP5
SP7

FIG. 3




WO 2012/088350

110

CA 02831220 2013-09-24

4/8

PCT/US2011/066645

150 130
152 >\ 156 132
L [
154 < SP3
1104 H SP2 _l_
1106 SP4
130
118
164 160 140
/J 166 142
104 H / /—l
162\ < SP6
L SP5 _I—
SP7

FIG. 4




CA 02831220 2013-09-24

WO 2012/088350 PCT/US2011/066645
5/8
110 170
\KA 172 >
N\
176
L 114
174 \%/
H eMTA port
190
102T 1104 \K _________________
150 130 134
i 152 >\ 1565 132 >135
i L / i [ 2136
{154 AN <[ sP3
! : 137
! H ! | >
: : SP2 {
! ] 7
: 1106 106 . SP4
: A :
112 102 1021; 104 !
e ! :
{ : SP9
i JI106 i
<5 i | 180 :
— SP1 i ! 144
! 160 | 140
104 : 164 :
102]; /./ 1661142 $145
! E N
104T: 162\ ; <] sps
: : 147
| - i s5 L ¢
! 7
(SR SP7
FIG.5




CA 02831220 2013-09-24

PCT/US2011/066645

WO 2012/088350

6/8

SP7

< w0 © I~ <t 0 0 I~
© M ™ N ™ < < < <
o - ~— — — - ~— — —
N & AN VAN ANV YN
<
T
< =
A
)
T ™ N ©
o n o
© wn (7p]
™~
h
= \V4 S \V4
- N To)
V I @ = @
0\/\
= S N
S
A AN\ -
|||||||| 6 ||||||||||||||||||||||||||||6|||||||||||||NQ||||||.|||||||||..
L ol L ol \ — o Allv o -
! 0 ©
1 h h
“ / I % ~ T -
1
s = &
“ «—> «—> —
1 < [Te)
1 N <t o o &
@ fToTmTmTTmTmTomomomommomomom e O N —> n./_ -----.Al.M. ........
s s 2 =
S - o
2
e
P )
N
2 = 8 g
— i - ”n | o
2
|
-
-

FIG. 6




CA 02831220 2013-09-24

PCT/US2011/066645

WO 2012/088350

7/8

+ 0  © I~ < 1 © I~
= 28 282 I3 I F
h h
N S AN AR AN AN N AN
<
T
= | 3
— < ~
0 o 0 o
7] 7]
© %) 7]
~
h
- \VAR 2 \VAK:
/1 T @ i @
0\/\
~
= N N
— AN ‘ A
o <t _1 IIIIIII [{o D D II|||||HIII..I||6| IIIIIIIIIIII [ o 2
s} I — ©
= | F m - _ o e o N\ N~
“ _8__ _ .
! Ly O
1 - —
i LL
!
1
1
1
1
1

110

SP8

104




CA 02831220 2013-09-24
WO 2012/088350 PCT/US2011/066645

8/8

200

{./

) 210
Coupling a first four-way signal splitter to a ~

signal input port through a first diplexer

N\ 220
Coupling a second four-way signal splitter /\/
to the signal input port through a second
diplexer

230
Coupling a first diplexer high-frequency

node of the first diplexer to a second
diplexer high-frequency node of the second
diplexer

FIG. 8



110

102T

102
12—

+«—— SP1
104

102

150 130
152 3\ 156 132
L
154t SP3
1104 H sP2 —l_
1106 SP4
180
118
164 160 140
£~ 168142
104 H ]
162 SP6
L SP5 Y

SP7




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	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 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - CLAIMS
	Page 32 - CLAIMS
	Page 33 - CLAIMS
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - DRAWINGS
	Page 46 - DRAWINGS
	Page 47 - REPRESENTATIVE_DRAWING

