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A method and apparatus for enabling a local area network wiring structure to simultaneously carry digital data and analog
telephone signals on the same transmission medium. It Is particularly applicable to a network in star topology, in which remote
data units (e.g. personal computers) are each connected to a hub through a cable comprising at least two pairs of conductors,
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(voice band) signals between a telephone near the data set and a PBX, through both conductor pairs in a phantom circuit
arrangement. All such communication paths function simultaneously and without mutual interference. The modules comprise
simple and inexpensive passive circuit components.
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(57) Abstract: A method and apparatus for enabling a local area network wiring structure to simultaneously carry digital data and
analog telephone signals on the same transmission medium. It is particularly applicable to a network in star topology, in which
remote data units (e.g. personal computers) are each connected to a hub through a cable comprising at least two pairs of conductors,
providing a data communication path in each direction. Modules at each end of the cable provide a phantom path for telephony (voice
o band) signals between a telephone near the data set and a PBX, through both conductor pairs in a phantom circuit arrangement. All
such communication paths function simultaneously and without mutual interference. The modules comprise simple and inexpensive

passive circuit components.
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Telephone communication system and method
over local area network wiring

FIELD OF THE INVENTION

The present mvention relates to the field of common networks for data
communication and telephony, and, more specifically, to the networking of
telephone sets within a building over digitally oriented local area network

wiring, simultaneously with the data transmission.

BACKGROUND OF THE INVENTION

Small office and business environments commonly employ a
multiplicity of work cells, each equipped with a telephone set and a computer.
Two separate networks are usually employed for communication among the
cells and between them and the outside world — a telephone network,
connecting between the telephone sets and outside telephone lines, and a so-
called local area network (LAN), connecting the computers among themselves
and to outside network lines.

The term computer or personal computer will be understood to include a
workstation or other data terminal equipment (DTE) or at least one digital
device capable of mputting and outputting data, whereby each computer
includes an interface for connection to a local area network (LAN), used for
digital data transmission; any such device will also be referred to as a remote
digital device. The term telephone set will be understood to include any device

which can connect to a PSTN (Public Switched Telephone Network), using

telephony band signals, such as fax machine, automatic answering machine or
dial-up modem; any such device will also be referred to as a remote- or local

telephone device.
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Such an environment 1s depicted in Figs. la and 1b, which show a
typical small office/busmess configuration, requiring two separate and
independent networks. Fig. 1a shows a telephony network 10 comprising a
PABX (Private Automatic Branch Exchange) 11, connected via lines 12a, 12b,
12¢ and 12d to telephone devices 13a, 13b, 13c¢ and 13d respectively. The
telephone are of the POTS (Plain Old Telephone Service) type, requiring each
of the connecting lines 12 to consist of a single pair of wires.

Fig. 1b shows a local area network (LAN) 15 for allowing
communication between computers. Such a network comprises a hub (or
switching hub) 16, connected via lines 17a, 17b, 17¢ and 17d to computers
18a, 18b, 18c¢ and 18d respectively. Popular types of LANs are based on the
IEEE802.3 Ethernet standard, using 10BaseT or 100BaseTX interfaces and

employing, for each connecting line 17, two twisted pairs of wires — one pair
for transmitting and one pair for receiving.

Installation and maintenance of two separate networks 1s complicated
and expensive. It would therefore be advantageous, especially in new
installations, to have a combined wiring network system that serves both
telephony and data communication requirements.

One approach 1s to provide a LAN only, which serves for normal inter-
computer communication, and make 1t serve also for telephony. One general
method for this approach, in common usage today, utilizes so-called Voice-
Over-Internet-Protocol (VolP) techmiques. By such techniques, known in the
art, telephone signals are digitized and carried as data in any existing LAN.
Systems employing such techniques are, however, complex and expensive, and
the quality of the voice carried by currently available technology 1s low.

Another, opposite approach 1s to utilize an existing telephone
infrastructure for simultaneously serving as both telephone and data

networking. In this way, the task of establishing a new local area network in a
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home or other building 1s simplified, because there are no additional wires to
mstall.

U.S. Patent 4,766,402 to Crane teaches a way to form a LAN over two-
wire telephone lines, but without the telephone service.

The concept of frequency division multiplexing (FDM) 1s well-known in
the art, and provides a means of splitting the inherent bandwidth of a wire into
a low-frequency band, capable of carrying an analog telephony signal, and a
high-irequency band, capable of carrying data or other signals. Such a
technique, sometimes referred to as ‘data over voice’, 1s described, for
example, m U.S. Patents 5,896,443, 4,807,225, 5,960,066, 4,672,605,
5,930,340, 5,025,443 and 4,924,492. It 1s also widely used m xDSL systems,
primarily Asymmetric Digital Subscriber Loop (ADSL) systems.

A typical system employing FDM 1is illustrated mm Fig. 2, which shows
schematically a combined telephony/data network 20, providing in this case
connections to two work cells by means of corresponding two cables 12a and
12b, each comprising a single twisted pair of wires. The lower part of the
spectrum of cable 12a 1s 1solated by Low Pass Filters (LPF) 22a and 22b, each
connected to a respective end of the cable. Similarly, the higher part of the
spectrum 1s 1solated by respective High Pass Filters (HPF) 21a and 21b. The
telephony network uses the lower spectrum part by connecting the telephone
13a and the PABX 11 to the respective LPFs. In order to use the higher part of
the spectrum for data communication, telephone-line modems 23a and 23b are
respectively connected to the HPFs 21a and 21b at both cable ends. Hub 16
connects to modem 23a, while, on the user side, modem 23b connects to
computer 18a, thus offering connectivity between the computer and the hub.
The spectrum of the other cable 12b 1s similarly split and cable 12b connects
telephone set 13b to PABX 11 via LPFs 22¢ and 22d, while computer 18b
connects to hub 16 via modem 23d, coupled to HPF 21d, and modem 23c¢,
coupled to HPF 21c. Additional telephones 13 and computers 18 can be added
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in tﬁe same manner. This prior-act concept is disclosed in U.S. Patent 4,785,448
t0 Reichert ef gl. (hereinafter referred to as “Reichert™) and U.S. Patent
5,841,841 to Dodds ef al. (hereinafter referred to as “Dodds™). Both Reichert
and Dodds suggest a method and apparatus for applying frequency
domain/division multiplexing (FDM) techmique for residential telephone
wiring, enabling simultaneously cartying telephone and data communication
signals, as described above.

U.S. Patent 5,610,922 to Balaton discloses a method and apparatus for’
transferring analog voice telephone signals and digital data service signals
simultancously from a telephone company location to a customer premises over
a single twisted 'pair telephone line. The apparatus includes an easily installed
voice plus digital data service remote terminal and voice plus digital data
service central office terminal. The apparatus can provide a 3-to-1 pair gain by
multiplexing signals representing the analog voice telephosne signals and 4-wire
digital data service signals.

Networls 20, employing an FDM. method, typic:.ﬂiy requires two
modems (such as 23a and 23b in Fig. 2) tor each connected cell. Such modems
are complex and expensive. In addition, the low communication quality of a
typical telephone line, which was designed to carry low-frequency (telephony)

signals only, limits both the data-rate and the distance of the data

communication.
The concept of forming a phantom channel! to serve as an additional path

in a two wire-pairs communication system. is known in the art of telephony, and
disclosed in several patents, classified under U.S. Class 370/200. Commonly,

such. a2 phantom channel path is used to carry power to feed remote equipment -
or intermediate repeaters. In some prior-art systems, exemplified by .U.S
Patents 4,173,714, 3,975,594, 3,806,814, 6,026,078 and 4,937,811, the

phantom channel is used to carry additional signals, such as metering and other
- j
auxiliary signals. Thus, all such systems use the phantom chanpel only as

|
|

Enpfangs AMENDED SHEET
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means for helping the communication service over the main channels. None of
the mentioned prior-art uses the phantom chanpel for carrying an additional
communication type of service, or for functionally combining two distinct
EtWOorKs. '

It would thus be desirable to allow a data networking system to

simultancously also provide telephone service without any additional wiring.

SUMMARY OF THE INVENTION

It is an object of the invention to allow a data networking system to
simultaneously also provide telephone service without any additional wiring.
This object is realized in accordance with a broad aspect of the invention

by a circuit for use with a bundle containing at least two pairs of conductors,

the circuit comprising;:

first connections for coupling to an end of said bundie;

second conneciions for coupling to at least one digital device; and

third connections for coupling to at Jeast one telephone device;
characterized in that:

two of said circuits, coupled by respective ones of said first connections
to opposite ends of a respective pair of conductors in said bundle, cooperate to
form at least ope phantom channel allowing for telephone communication
between. respective telephone devices connected at opposite ends thereof via
respective ones of the third connections simuitancous with digital communica- .

tion between respective digital devices cach coupled at opposite ends of the

bundie to the second connections of a respective one of said circuits, :'

;

Conventional data networks use a four-conductor circuit arran geJ::n ent
. . b
providing two communication channels between two units. For example,, in a
|
local area network based on Ethernet 10BaseT or 100BaseTX, two pairs of

|
conductors are employed between a hub and DTE such as a computer. By

: . . |
means of the invention, POTS connection, such as between exchangt? and
|
|
f

|
:
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“telephone apparatus, is accomplished simultaneously over the same four |

conductors used for the two communication channels without interference. The
POTS service communpication is accomplished via a phantom circuit
arrangement over the four conductors.

| Such configuration can be employed within small office or small
business, wherein single wiring infrastructure is used for distribufing both data
and telephone signals from a central Jocation, including a hub and an exchange
to a remote station, each such station comprising a telephone unit and a data
unit (e.g. desktop computer).

| The present invention provides a circuit arrangement wherem a cable
that includes two twisted-conductor pairs provides both a two-way data
communication channel for a connected computer and, simultaneously, a path
for POTS signal to and from a connected telephone set, using the phantom

channel method. In the preferred embodiment, the data communication channel
consists of an Ethemet TEEE802.3 LAN channel and 10BaseT, or 100BaseTX,

interfaces.

According to a specific embodiment of the invention, each two- |
conductor pair is terminated at each of its ends with a center tapped primary
transformer winding (hereinafter cable-side winding), whereby each copductor
of the pair is connected to a respective end of the cable side winding. Each
winding is inductively coupled to a secondary winding (hereinafter referred to
as equipment side winding), whose ends are conpected to another pair of
conductors that form the continuation channel for the data carrying signal, |
wherein the equipment side winding is connected to the data communication

equipment. The center taps of each of the two primary winding at any end of
the cable are connectable to the respective conductors of a telephone circuit, {0

carry the POTS signals. Thus, the two pairs of conductors at opposite en.ds of
the cable, through the center taps of the respective primary frans fopn.er

i
!
:
}
|
i
!

Enpfangs AMENDED SHEET
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windings, form first and second connections of the two conductor phaptom
channél., which is used for carrying the telephone signal.

The invention can be implemented by means of two modules each
containing a respective circuit — one at each end of the two—conductor-pairs
cable. Each circuit comprises two transformers, with a center-tap in the primary
(cable side) winding. The module retains the two-pair data communication
capability, while simultaneously including a pﬁantom channel via the center-
tap ‘conne ctions, for telephone service. The phantom channel can be accessed
via a commector in. the module. The module can be a stand-alone unit, or
integrated within any unit in the network, such as a digital network hub, a
telephone exchange, a server computer or telephone set. Alternatively, the -

module can be inte grated within a wall gutlet connected to one or both ends of

the cable.
In another embodiment, the modules form a kit, which is used 10 .
upgrade an existing Jocal area network to support telephone networking also.
The invention can be used m a smmll office or small business
envitonment, which has a central Jocation that comprises a telephone exchange
and a digital network concentration unit (such as 2 hub, a switch or a router),

conneccted to multipie remote work stations via LAN wiring,

~N

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out
i practice, a preferred embodiment will now be described, by way of non-
limiting example only, with reference to the accompanying drawings, in which:
Figs. 1a and 1b show respectively a common prior art telephone and
Loca] Area Network configuration. as used within a small office or a small

business;
Fiz. 2 shows a prior art telephone and Jocal area networks using the

telephone-wiring infrastructure;

|
!
!

Earfangs AMENDED SHEET
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. Fig. 3 shows a combined telephone and data communication nctwork
accordfng to the present invention; o
Fig. 4 shows schematically a data communications network baving
multiple phantom. channels according to the present invention. all sharing a

5 common return,

Fig. 5a shows schematically a computer modified according to the
invention for direct coupling to a telephone set;

.Fig. Sb shows schematically a telephone set modified according to the |
invention for direct coupling to a computer;

10 Fig. 6 shows modified wall outlet that adds a phantom channel
telephone service to an existing data communication. system according to the .
present invention; and

Figs. 7a to 7d show different views of an attachable wall plug connector .

that adds a phantom channel telephone service to an existing data communi-

15 cation system according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION ‘

In the following description 1t is to be noted that the drawings and -
descriptions are conccptual only. In actual practice, a single component can
implement one or more functions; alternatively, each function can be -
20 implemented by a plurality of components and circuits. In the drawings and -
descriptions, identical reference numerals are use to indicate those components
that are common to different embodiments or configurations.

Fig. 3 illustrates a preferred embodiment of the present invention. The
nctwork 30 is a part of an IEEE802.3 local area network, using IOBase.T ,
25 mlerfaccs A hub 16, detining a central location, is connected to a typu:al
computer 18a via a cable that includes two wire paits 17al and 17a2. Each pau‘
is operative to carry data in one direction only, one pair, say 17al, carrying -

| .
data from the hub 16 to the computer 18a, while the other pair, 17a2, cafnes

!

Enpfangt AMENDED SHEET
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data in the other direction. Fig. 3 also shows a telephone set 13a, associated
with computer 18a and preferably near it, and 2 tel.t-:p.llor.lfe:° private automatic
branch exchange (PABX) 11, which ts preferably also at the ceptral location.
The term. bub 1s used herein to represent any digital network concentrating vnit .
and may equally refer to a switching hub, a router, a server computer or to any
digital device having multiple data ports; any of these being also referred to
herein as a central digital device. Similarly, PABX is used herein to represent
any type of central telephone switching unit and will also be referred to as a
central telephone device.

According to the invention. a signal transformer i1s mserted at each end
of each wire pair, whereby, for example, transformer 312l is inserted at the end
of wire pair 17al that is near hub 16 and transformer 31b1 is inserted at the end
of wire pair 17al that 15 near computer 18a. Similarly, transformers 31a2 and
31b2 are inserted at the ends of wire pair 17a2 that are near hub 16 and
computer, 18a, respectively. The signal transformers bearing the prefix 31 are
designed so that the signal attenuation via these transformers is negligibie.
Hence, the performance of the data communication network is fully retained,
and the hub 16 continues to communicate fully with the computer 18a in the
usual manner. Such transformers are known. 1 the art and are often used in
LLANS, in order to meet isolation and comsmop~mode rejection requirements.
Commonly, such signal transformers are equipped with a primary winding and -
a secondary winding both being untapped. coils. In. the invention, each signal
transformer bearing the prefix 31, say 31a2 has a prumary winding 33, whose
ends are copnected to the respective wires of the cable, and a secondary
winding 36, whose ends are connected to the respective system component

(tub. 1.6 or computer 18a).

However, unlike the conventional configuration for signal transformers,
according to the present invention each primary winding 35 has a center-tap
shown as 37al and 37a2, for the two signal transformers 31al and 3}az,

N

Faefangs AMENDED SHEET
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- respectively. The ends of the primary windings 35 constitute first connections

of a circuit comprising the two the two signal transformers 31al and 31a2 and
serve for coupling to respective pairs of conductors in the bundie. The ends of

the secondary windings 36 constitute second connections for coupling to at

5 deast one digital device such as 16 or 18; and the center-taps 37al and 37a2

10

13

serve as third connections for coupling to at Jeast one telephone device such as
11 or 13. Thus, PABX 11 is copnected, via two respective wires 38a, to the
center-taps 37al and 37a2 of transformers 31al and 31a2. Similarly, the
telephone éet 13a is connected, via two respective wires 38b, to the center-taps
37b1 and 37b2 of trapsformers 31bl and 31b2, respectively., In this
configuration, the telephony signals are carried in a ‘phantom’ way together
with the data communication signals, without any interference between the

two. In practice, the hub side transformers 31al and 31a2 may be integrated to |

form a module 32a, while the computer side transformers 31b1 and 31b2 may |
be integrated to form a module 32b. While the network 30 bas so far been

Enptanes AMENDED SHEET
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described as supporting a single computer and a single telephone, additional
work cells, each comprising a telephone and a computer can be supported,
whereby each computer 1s connected with hub 16 through a corresponding two
wire pairs cable, by mnserting an additional set of modules 32a and 32b 1n each
such cable.

While the imvention has been described specifically for 10BaseT
(10Mb/s) iterfaces, the invention can be equally applied to 100BaseTX
(100Mb/s) interfaces. Furthermore, the mvention can be equally applied in any
wired networking system using at least two wire pairs. Transformers can be
used 1n all wired communication systems whose signals do not imnclude direct
current (DC) components. In systems that use four or more pairs of wires, such
as those based on the evolving 1000BaseTX Ethernet standard, each two pairs
can be used to form a single phantom channel. Thus, four pairs can form two
phantom channels, each carrying one POTS circuit, by terminating each pair
with a transformer as described above. Alternatively and preferably, as shown
in Fig. 4, three pairs 17al, 17a2 and 17a3 can each form a phantom channel
with the fourth pair 17a4, which serves as the common return path. In this case,
each telephone circuit 13a, 13b and 13c¢ has one of 1ts two wires connected to
the center-tap 37b1, 37b2 and 37b3 of the respective transtformer 31b1, 31b2
and 31b3 at the corresponding end of the respective pair and the other wire — to
the center-tap 37b4 of the transformer 31b4 at the corresponding end of the
common pair. More generally, with N pairs ot conductors, each pair serving as
a data channel, 1t 1s possible to similarly provide N-1 phantom channels for
telephone service.

In the configuration shown i Fig. 3 the modules 32a and 32b are stand-
alone modules, mechanically separate from other components in the network.
However, also other configurations are possible. For example, the hub side
module 32a can be integrated, fully or in part, within the hub 16. In such a

case, the hub’s existing data connection-unit (such as a distribution frame — for
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connecting thereto all line pairs) 1s preferably substituted by one that includes
module 32a; in addition, a telephone connector is provided, for connecting all
telephone lines (whose other ends are connected to their respective center taps
in module 32a) to the PABX. Alternatively, module 32a can be similarly
integrated within PABX 11, whereby an appropriate connection with the hub is
provided.

Fig. 5a shows schematically an arrangement where the computer side
module 32b is integrated, fully or in part, within the computer 18a. Thus, the
secondary windings 36 of the transformers 31al and 31a2 are connected to
receiver and transmitter circuitry 39a and 39b within the computer 18a. The
ends of the primary windings 35 of the transformers 31al and 31a2 are
connected to a standard socket outlet 40 for connecting to the network. The
center-taps 37al and 37a2 are connected to a standard telephone outlet 41,
enabling connection thereto of a telephone set such as designated 13a in Fig. 3.

F1g. 5b shows schematically the complementary arrangement where the
module 32b is integrated the telephone set 13a. Thus, the secondary windings
36 of the transformers 31al and 31a2 are connected to a standard outlet 42 for
connecting thereto a computer such as designated 18a m Fig. 3. The ends of the
primary windings 35 of the transformers 31al and 31a2 are connected to a
standard socket outlet 43 for connecting to the network. The center-taps 37al
and 37a2 are connected to telephone circuitry 44, within the telephone set 13a.

Alternatively, the computer side module 32b can be integrated within a
wall connector allowing direct or indirect connection to an existing wall socket
outlet. Thus, such a wall connector can be constituted by a substitute wall
socket having integrated therein a pair of signal transtormers and two female
outlets for connecting a computer and telephone thereto, respectively.
Alternatively, the wall connector can be constituted by a plug connector having
integrated therein a pair of signal transformers and two female outlets for

connecting a computer and telephone thereto, respectively. Such a plug
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connector allows a computer and telephone to be connected to an existing wall
socket outlet without requiring any modification thereto.

Fig. 6 shows the faceplate of a modified socket outlet 45 according to
the mvention. Two conductor pairs are connected to the outlet at the rear (not
shown 1n the Figure), connected to the primary windings of two signals
transformers housed in 1t (not shown in the Figure). The secondary windings of
the transformers are connected to RJ-45 data connector 46, while the center
taps are connected to the RJ-11 telephony connector 47. Such an outlet is
physically similar in size, shape, and overall appearance to a standard outlet, so

that such an outlet can be substituted for a standard outlet in the building wall.

No changes are required in the overall LAN line layout or configuration. Such

an outlet can easily substitute an existing standard data outlet to thus
additionally provide telephony support. Thus a conventional outlet has a single
female connector having two pairs of wiper contacts connected to the
respective twisted-wire pairs for data transmission and reception. A computer is
plugged mnto such a conventional outlet via a single male connector (plug)
having four pins: two for handling data transmission and two for handling data
reception. On inserting the plug mnto the socket outlets, the pins brush against
the wiper contacts 1n the socket outlet, thus establishing electrical connection
between the two.

The imvention allows for the conventional outlet to be replaced by a
modified outlet having therein a pair of signal transformers, the ends of whose
respective primary windings are adapted to be connected to the ends of a
respective conductor pair 1 the network. The secondary winding of each signal
transformer 1s connected internally to a respective pair of wiper contacts of a
first female connector. Thus, the ends of both secondary windings are
connected to first female connector by means of four wiper contacts 1 total.
The respective center-taps of each of the two primary windings are connected

to a pair of wiper contacts in a second female connector proximate the first
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female connector. Thus, a computer can be connected, via four pins of a
suitable jack plug, to the first female connector, while a telephone can be
connected, via two pins of a suitable jack plug to the second female connector.
The two wire pairs 17al and 17a2 are routed and connected to such an outlet,
which will now comprise two faceplate connectors — a data connector (e.g. RJ-
45 for 10BaseT) and a telephone connector (e.g. RJ-11).

Such an mmplementation requires that the socket outlets in an existing
data network be replaced by a modified outlet according to the invention. Figs.
7a to 7d show various views of a plug assembly 50 according to the invention
for operation m 10BaseT or 100BaseTX environment that allows the invention
to be 1mplemented without requiring any modification to the data network or to
the existing socket outlet. In use, the plug assembly 50 is plugged into a
standard socket outlet and 1s retained theremn by means of a latch 51. The plug
assembly 50 contains the module 32b connected to separate data- and
telephony socket outlets 52 and 53 1n a similar manner to the modified socket
outlet 45 described above with reference to Fig. 6. A standard RJ45 jack plug
54 1s connected to the module 32b for mating with the wall outlet when
plugged into 1ts socket. The jack plug 54 thus includes two pairs of pins each
connected to the primary winding of a respective signal transformer within the
module 32b. The secondary windings of the two signal transformers are
connected to respective wiper contacts 1n the data-telephony socket outlet 52.
The respective center-taps of each of the primary windings are connected to a
pair of wiper contacts 1n the telephony socket outlet 53 proximate the data-
telephony socket outlet 52. Cables from the computer and the telephone set
terminate in standard jack plugs that are plugged into the respective data- and

telephony socket outlets 52 and 53 within the plug assembly 50. Thus, the plug

assembly 50 obwviates the need for any changes to be made to the existing

mnfrastructure.
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As mentioned above, 10BaseT and 100BaseTX interfaces, as well as
other data communication interfaces, often include signal transformers in the
line connection circuitry, in order to meet isolation and common-mode
rejection requirements. In such cases, additional transformers, though possible,
are not required and the method of the present invention can be implemented
by adding center-tap connections to the respective windings of the existing
transformers and using them to form a phantom channel, to serve for telephone
connection 1n the manner described above. Alternatively, the existing
transformers can be substituted by ones with center-taps as specified above.

It 1s noted that, while a phantom channel has been known in the art, its
use 1n the system and method disclosed herein is novel, because:

(a) Local area networks (LANSs) in general, and Ethernet networks in
particular, currently do not employ phantom channels, nor is any configuration
employing such channels specified in the IEEE802.3 standards; the concept is
known 1 the realm of telephony only, which is very different from that of data
communication LAN:S.

(b) Using a phantom channel itself to carry POTS service is not known
in the art; rather, phantom channels are used only to carry power to remote
units and/or management- or control signals to support the main service that is
provided by the two conductor pairs.

While the mvention is described above relating to hub units, it is clear
that any other multi-port data communication device can be used, such as
switch, router or gateway.

The present mvention also embraces a method for upgrading an existing
local area network (LAN) installation that includes a two-conductor pair cable
between two digital devices, to also and simultaneously comvey signals
between two telephone devices, the method comprising:

(a) 1inserting a first pair of signal transformers having center-tapped

primary windings at a first end of the cable, with respective ends of
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the primary windings connected to respective conductors of the
cable; and
(b) 1inserting a second pair of signal transformers having center-tapped
primary windings at a second end of the cable, with respective ends
of the primary windings connected to respective conductors of the
cable;
thereby allowimg respective secondary windings of each signal
transtformer to be connected to the digital devices and allowing the respective
center-taps of the signal transformers to be connected to telephone equipment.
If the LAN already imncludes signal transformers that do not have center-
taps, they are, i step (a) above, replaced by the specified transformers or,
alternatively, a center-tap 1s added to each primary winding.
While the invention has been described with respect to a limited number
of embodiments, 1t will be appreciated that many variations, modifications and

other applications of the invention may be made.
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CLAIMS:

1. A circuit (32a) for use with a bundle containing at least two pairs of
conductors (17al, 17a2), the circuit comprising:
first connections for coupling to an end of said bundle;

5 second connections for coupling to at least one digital device (16,18); .

and

_ third connections (38) for coupling fo at least one telephone device
(11,13); | |
chamcteﬁzed in that:

10 two of said circuits (32a, 32b), coupled by respective ones of said first -
connections to opposite ends of a respective pair of conductors i said bundle,
cooperate to form at least one phantom channel allowing for telephone ;.
communication between respective telephone devices conmected at oppostte
ends thereof via respective ones of the third connections simultaneous with

j5 digital communication between respective digital devices each coupled at |

i

opposite ends of the bundle to the second conpections of a respective one of

said circuiis.

2.  The circuit according to Clam 1, comprising at Jeast two signal
transformers (31al, 31a2), each signal transformer having a primary winding

20 (35) and a secondary winding (36), the primary winding baving a center-tap .

(37al, 37a2), wherem: |

the first connections are coupled to respective ones of the primary

windings, the second conmections are coupled to respective ones of the

secondary windings, and |
25 the third connections are coupled to respective ones of the center-taps.

3. A module (32) including:
a casing accommodating therein the circuit according to Claim 1 or 2,

|
i
|
!

Empfang: AMENDED SHEET
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a first connector (54) for coupling to the first connections in said circuit,
at least one second connector (32) for coupling to respective ones of the
second connections in said civcuit, and
"~ at least one third connector (53) for coupling to respﬁctivc ones of the

third connections in said circuit.

4. The module according to Claim 3, wherein at least one of said first,

second or third connectors includes an off-the-shelf connector.

5. The module according to Claim 4, wherein the off-the-shelf connector is
sclected from the group RJ-11, RJ-45.

6. The module according to any of Claims 3 to 5. wherein the first
commector (54) is constituted by a plug assembly protruding from the casing.

7. The module according to any of Claims 3 to 5, being a combination

outlet.

3. The combination outlet according to Claim 7, wherein the first
commector (54) mcludes female connectors for accommeodating respective -

conductors of the bundle.

0. The combination outlet according to Claim 7 or 8, being dimensioned to
conform to an existing wall-mounted connector of a data communications

petwork.

10. The combination outlet according to Claim 7, wherem the first
connector (54) is constituted by a plug assembly protruding from the casing for .
removably coupling with a socket outlet of a data network. '

¢
‘
)

11. A communications network (30) comprising a bundle containing at i,east '
two pairs of conductors (17al, 17a2) routed between a first and second

25 location;

tapfangs AMENDED SHEET
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characterized in that:

iy

a respective circuit according to Claim 1 or 2 is connected at each end of
the bundle so as to cooperatively provide a phantom channel for conveying
telephone signals between telephone devices (11) situated at opposite ends of

5 the bundle simultancous with digital signals via respective data channels ‘

formed by pairs of said conductors.

12. The communications network according to Claim 11, comprising N
pairs of conductors connected via respective opes of said circuits to provide

N-1 phantom channels and N data channels.

10 13. The communications network (30) accordibg to Claim 11 or 12, wheren |
at least one of said circuits is contained within a module (32), comprising:
a casing accommodating therein the circuit according to Claim 1 or 2,
" a first conmector (54) for coupling to the first connections mn said circuit,
at Jeast one second connector (52) for coupling to respective ones of the
15 second connections in said circuit, and
at least one third connector (53) for coupling to respective ones of the

third connections 1n said ciroud.

14. The communications network according to Clabm 13, wherein at least

one of said first, second or third connectors includes an off-the-shelf connector.,

20 15. The communications network according to Claim 14, wherein the off-

the~-shelf connector is selected from. the group RJ-11, RJ-43.

16. The communications network according to any of Clains 13 to' 15,
wherein the first connector (34) is constituted by a plug assembly protruéling

from the casing. i
l
|

75 17. The communications network according to any of Claims 13 toj 15, °

wherein the module is a combination outlet.

tmpfangs AMENDED SHEET
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18. The communications network according to Claim 17, wherein the .
cambination outlet is-adapted for wall-mounting and the first connector (54)

includes female connectors for accommodating respective copductors of the

bupdle.

19. The communications network according to Claim 17 or 18, wherein the

combination outlet is dimensioned to conform to an existing wall connector of

the data commiunications network.

20. The network of any one of Claims 11 to 19, wherein each of said data

channels conforms to the IEEE802.3 standard.

21. A digitat device for use in the communication network (30) according to -

Claim 11 or 12 including therein the circuit according to Claim 1 or 2.

22.  The digital device according to Claim 21, wherein. the circuit 1s at least
partially accommodated in the module according to any one of Claim 3 to 8.

23. A telephone device for use in the communications network (30)

according to Claim 11 or 12 including therein the circuit according to Claim 1

or 2.

24.. The telephone device according to Claim 23, wherein the circuit is at
Jeast partially accommodated in the module according to any one of Claim 3 to

8.

75. A method for enabling a bundle containing two pairs of conductors,

which are normally operative to convey data between at Jeast two digital
devices, to also and simultaneously convey signals between at Jeast two

telephone devices, the method compnsmg

(a) connecting to a first end of the two pairs of conductors a first cn'cult '

providing a first connection of a phantom channel, and

Enpfang AMENDED SHEET
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(b) connecting to a second end of the two pairs of conductors a second -
circuit providing a second connection of the phantom channel;

thus allowing two telephone devices to°be connected to the first and

second connections respectively of said phantom channel.

5 26. The method of Clamm 25, wherein at least one of steps (a) and (b) ::

comprises:

(1) inserting a pair of signal transformers having center-tapped |
primary windings at a first end of the bundle, with respective ends f
of the primary windings connected to the first end of each of the -

10 two pairs of conductors;

thereby allowing respective secondary windings of the signal |

trapsformers to be connected to one of the digital devices and allowing the

respective center-taps of the signal transformers 1o be connected to one of the

telephone devices.

15 27. The method of Claim 25 or 26, wherein at least the first circuit is

connected to a respective one of the ielephone devices using a telephone

connector.

28. The method of Claim 27, wherein said telephone connector is of RJ-]]
type.

20 29. The method of Claim 25 or 26, wherein. at Jeast the first circuit is .

coupled to a respective one of the digital devices using a data connectot,

3

30. The method of Claim 29, wherein, said data connector is of RJ-43 type.

31, The method of any one of Claims 25 to 30, when used to upgrade an

cxisting data network wiring to simultaneously carry telephone signals.

Erofang: AMENDED SHEET
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32. The method of any one of Clauns 25 to 31, mcluding providing at least

the first circuit is in discrete form.

33. The method of any one of Claims 25 to 3], wherein step (2) mcludes

connecting the first end of the two pairs of conductors to an outlet containing

5  said first circust.

34. The method of any one of Claims 25 to 31, wherein step (a) includes

connecting the first end of the two pairs of conductors to one of the telephone

devices coptaining said first circuit.

35. The method of any one of Claims 25 to 31, wherein step (a) includes
10 connecting the first end of the two pairs of conductors to one of the digital

devices containing said first circuit.

36. The method of any one of Claims 25 to 35, wherein the bundle carries
signals conforming to the IEEE802.3 standard.

Enpfangs AMENDED SHEET
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