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POWER LINE TELEPHONY EXCHANGE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

More than one reissue application has been filed concur 
rently herewith for the reissue of US. Pat. No. 6,668,058. 
This is a divisional reissue ofU.S. Pat. No. 6, 668,058. One of 
the other applications is a divisional reissue of US. Pat. No. 
6,668,058 and the other application is a reissue of US. Pat. 
No. 6,668,058. This application claims the priority of US. 
Provisional Patent Application Ser. No. 60/ 187,394 ?led 
Mar. 7, 2000, and is a continuation-in-part of US. patent 
application Ser. No. 09/781,346, entitled METHODS AND 
APPARATUS FOR PROVIDING COMMUNICATION 
SERVICES, ?led Feb. 12, 2001, which claims priority to 
US. Provisional Patent Application Ser. No. 60/181,519 
?led Feb. 10, 2000. 

INTRODUCTION 

This invention relates to methods and apparatus for estab 
lishing a telephony exchange for multiple potential users 
within a designated area, free of a requirement for ?rst 
installing a hardwired telephone line, cable, ?beroptic or 
other physical connection, for such users. More particularly, 
this invention is concerned with utilization of an electrical 
power grid, for a concentration of electrical power 
consumers, and use of existing consumer power lines to pro 
vide for worldwide voice and data telephony exchange. 

OBJECTS OF THE INVENTION 

A primary objective is providing hardwired voice and 
digital data communication, for potential telephony 
exchange subscribers, where no such service previously 
existed, free of a requirement to ?rst install a hardwired 
telephone line to such users. 

A related object is to provide receiving and sending capa 
bilities for both voice and digital data to subscribers of a 
telephony exchange, established free of a requirement to ?rst 
install telephone copper wire, or other dedicated physical 
carrier, extending to each such subscriber. 

Another objective is to provide the advantages of a hard 
wired telephony exchange for local subscribers, free of a 
long-established prerequisite to install a new physical tele 
phone linkage to such subscribers. 
A speci?c objective is to enable use of existing electrical 

power lines to premises of consumers as a physical linkage 
for providing both voice and digital data services for poten 
tial consumer subscribers. 

A further object is to adapt electronic technology for sort 
ing voice and data, for controlling priority of voice and digi 
tal data transfers, for encoding packetized data signals for 
delivery to individual telephone exchange subscribers, and 
for enabling use of existing electrical power lines to con 
sumer premises for sending and receiving such communica 
tions. 

The above and other objects, contributions and advan 
tages of the invention are described in more detail with ref 
erences to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic general-arrangement of a power-line 
telephony exchange for describing the invention; 
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2 
FIG. 2 is a schematic presentation of a power-line tele 

phony exchange layout pattern for describing distribution of 
telephony exchange services of the invention to a plurality of 
subscribers concentrated within such pattern; 

FIG. 3 is a diagrammatic presentation of components as 
combined for coaction with a local transformer enabling use 
of a consumer electrical power line to provide telephony 
exchange services to a plurality of subscribers, and for 
describing functions of those components in the power-line 
telephony exchange of the invention; and 

FIG. 4 is a diagrammatic presentation of components, as 
combined for providing selective communication services to 
an electrical power consumer telephony exchange 
subscriber, for describing functions of those components in 
the power-line telephony exchange of the invention. 

DETAILED DESCRIPTION 

Needs persist worldwide for hardwired telephony 
exchange service in areas of advanced industrialized nations 
and advancing industrialized nations. Problems which have 
avoided resolution in ful?lling those needs have been found 
to be at least partially due to longstanding construction prac 
tices in certain areas which, previously, made installing a 
hardwired telephony exchange dif?cult and costly, while 
other developing telecommunication technologies confront 
serious dif?culties in such areas. 

Hardwired voice and digital data services are also lacking 
within industrial sites, and in other multiple user complexes 
in the above-mentioned areas. Present concepts not only 
make hardwired telephony exchange available in such areas 
but, also, cost effective. 

Telephony exchange methods combined with electrical 
and electronic technologies by the invention enable safe 
adaptation of existing electrical power grid structures for a 
concentration of electrical power consumers, for power-line 
telephony exchange services, including voice and digital 
data. The physical linkage telephony exchange provided by 
present teachings eliminates an initial requirement to install 
a new physical linkage to premises of potential telephony 
subscribers. Solid-state and electrical technologies, com 
bined as taught herein, enable utilizing existing electrical 
power lines: (i) to control digital signal exchange, (ii) to 
provide for routing packetized voice communications, (iii) 
to provide access to the World Wide Web, and (iv) to provide 
for routing digital data. 

In the general-arrangement view of FIG. 1, incoming 
communications are converted at operations center 10 into 
packetized data signals (also referred to as packets) for trans 
fer by carrier line 12. The latter can take the form of an E-1 
carrier as used in Europe and elsewhere, or a T-1 carrier as 
used in North America. Such packets include header infor 
mation for routing purposes. 

Electrical power is provided by a public utility substation 
14 over power line 16 at a voltage level, prior to 
transforming, which is greater than that used at premises of 
most electrical power consumers. A local power transformer 
18 transforms the higher voltage level of line 16 to a con 
sumer voltage level. Transformer 18 which provides con 
sumer electrical power is reactance coupled with trans 
former service unit 19. Transformer service units (TSU’s) 
are shown schematically in FIG. 2 and a TSU is described in 
more detail in relation to FIG. 3, including reactance cou 
pling to a respective transformer for power-line telephony 
purposes. 
Power line 16 and carrier line 12 (FIG. 1) are separate, but 

can be coextensive in reaching a selected location for the 
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above-mentioned coupling. Carrier line 12 extends to trans 
former service unit (TSU) 19 and power line 16 extends to 
transformer 18 in FIG. 1, as depicted schematically in FIG. 1 
and shown in more detail in FIG. 3 in which transformer 18 
and TSU 19 are reactance coupled. 
As a result of such reactance coupling, line 20 of FIG. 1 

carries both electrical power at consumer voltage level and 
packetiZed data signals to subscriber service units of loop 
22. As shown schematically in FIG. 2, each such combina 
tion of a transformer and a TSU serves a plurality of tele 
phony exchange subscribers; an individual subscriber ser 
vice unit is shown by, and described in more detail in 
relation to, FIG. 4. 

FIG. 2 presents a more detailed layout with telephony 
exchange operations center 10 providing worldwide access 
by means of public-switched telephone network (PSTN) 24, 
and with Internet service provider (ISP) access at 26. Gate 
way 28 processes digital telephone signals, forming pack 
etiZed data packets at about a ten-to-one reduction ratio, 
which increases capacity and ef?ciency. 

Gatekeeper 29 selects the optimum traf?c path for such 
packets to respective end-user subscribers by initially mak 
ing a sorting selection, based on the header information of a 
packet. Router 30 sorts, based on that header information, 
with router output to a selected carrier from those designated 
“A” through “J” in FIG. 2. 

The power-line telephony exchange embodiment partially 
shown schematically in FIG. 2 is laid out to be capable of 
serving ten thousand (10,000) potential telephony subscrib 
ers. Each of the potential router selections (A through J) is 
laid out to include ten transformer service units (TSU’s) 
located along the direction indicated by arrow 32. Each such 
TSU is powered by its respective power transformer; such 
transformers are disposed along a direction indicated by 
arrow 33, with one such transformer being positioned for its 
respective TSU. 

Ten transformers and ten TSU’s exist along schematically 
represented telephony exchange paths, A through I of FIG. 
2, providing a system of one hundred (100) individual local 
transformers and one hundred (100) transformer service 
units. 
One or more electrical power substations, such as 34 in 

FIG. 2, can be used. A power station directs power at a 
higher voltage level, to an individual local transformer, than 
is used within the premises of electrical consumers of a local 
transformer; and, each respective local transformer provides 
electrical power at a consumer voltage level to multiple 
subscribers, such as represented by loop 35 in FIG. 2, with 
each subscriber having a subscriber service unit, as shown in 
FIG. 4. 

Centrally-located villages or groupings of residences, 
which have electrical power service but no central hardwired 
telephone service, utiliZe the embodiment shown schemati 
cally in FIG. 2. However, the numerical siZe for a power-line 
telephony exchange of the invention is also adaptable, for 
example, to use within an industrial site, where electrical 
power lines can extend to a lesser number, such as one thou 
sand (1000) work stations and/or o?ices. Communication 
can be readily coordinated by the telephony exchange of the 
invention, and can extend to an existing power outlet at each 
such location; and that can be accomplished free of a 
requirement to ?rst install a new telephone line to each such 
location. Voice phone and/or personal computer services can 
be made available at each such location, in accordance with 
present teachings. 
One criterion for determining a limitation, if any, for a 

single telephony exchange of the invention is a time-lag fac 
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4 
tor (latency) of the exchange, which is dependent on the 
number of transactions in the exchange; a nominal delay of 
?fty (50) milliseconds has been selected for achieving opti 
mum communications for a single telephony exchange of 
the invention. 
As taught herein, differing electrical power substations 

can serve local transformers for electric power consumers 

within a single power-line telephony exchange. The pre 
ferred location for is within about a half-mile radius of each 
transformer/transformer service unit; that radius is selected 
for purposes of maintaining desired signal strength, without 
relying on supplementary transponders/repeaters. 

Referring to the combination of FIG. 2, certain individual 
components of such exchange can be ordered for manufac 
ture commercially to speci?cations determined by the siZe of 
the telephony exchange, as follows: 

TABLE I 

COMPONENT MANUFACTURER 

Gateway Switch 28 Nuera 
San Diego, CA 92121 

Gatekeeper 29 Nuera 
San Diego, CA 92121 

Router 30 CISCO Systems, Inc. 
San Jose, CA 95134 

Also, as taught herein, in the event a “right-of-way” is not 
available for an E-1 or T-1 packetiZed data line between 
in-line sequential transformer service units of FIG. 2, a 
point-to-point radio frequency microwave system can be 
adapted to use between such transformer service units in the 
power-line telephony exchange of the invention. RF micro 
waves in the Ku/X band are currently preferred. 

In FIG. 3, reactance line couplers within control access 
board 40 couple remaining components of transformer ser 
vice unit (TSU) interrupted line 42 to local three-phase 
transformer 44. As shown, three reactance couplers are pro 
vided within access control board 40, one for coupling each 
low (transoformed) voltage phase line of the three-phase 
transformer 44 to enable power-line transfer of both con 
sumer electrical pwoer and packetiZed data pokets. 

In areas where each residence is served by single-phase 
electricity, a three-phase transformer enables increasing the 
number of subscriber units served in a loop such as 45 of 
FIG. 3. For example, That is, transformer low voltage line 46 
delivers electrical power and packetiZed data signals to 
thirty-four subscriber service units in segment 47 of loop 45; 
transformer low voltage line 48 supplies electrical power 
and packetiZed data signals to thirty-three subscriber service 
units in segment 49 of loop 45, and transformer low voltage 
line 50 supplies electrical power and packetiZed data signals 
to thirty-three subscriber service units in segment 52 of loop 
45. Each telephony exchange subscriber has a subscriber 
service unit (as shown in FIG. 4) connected to an outlet at 
the premises of the consumer for electrical power and trans 
fer of packetiZed data signals. Loop 45 of FIG. 3 enables one 
hundred (100) subscriber service units to receive packetiZed 
data signals. Each segment (47, 49, 52) of the loop 45 is 
reactance coupled, by control access board 40, to enable 
providing electrical power from the local transformer to each 
one of those segments, while providing an interface between 
the transformer voltage level and the high frequency-low 
voltage level of the packetiZed data signals. 

Additional components within a transformer service unit 
(TSU), shown within the interrupted line boundary 42 of 
FIG. 3, include power line modem 56 for sorting packetiZed 
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data signals for individual designated subscriber service 
units (of segments 47, 49, 52 of loop 45); and CPU 58 for 
directing such packetiZed data signals. 

Further, in FIG. 3, single chip transceiver unit 60 receives 
and sends packetiZed data signals, by means of a designated 
tra?ic path (A through I) as shoWn in FIG. 2, to operations 
center 10; single chip transceiver unit 62 receives and sends 
packetiZed data signals, in accordance With packet header 
information, to transformer service units for respective sub 
scribers of remaining transformer/TSU combinations. 

Certain individual components of the combination of FIG. 
3 can be ordered for commercial manufacture to speci?ca 
tions of a particular telephony exchange of the invention, as 
folloWs: 

TABLE II 

COMPONENT MANUFACTURER 

Control Access Board 40 Telkonet, Inc. 
Annapolis, MD 21401 

Power Line Modern 56 Inari 
Draper, Utah 84020, or 
Intellon 
Ocala, FL 34482 

CPU 58 Intel Corp. 
Santa Clara, CA 95052 

Single Chip Transceivers Dallas Semiconductors 
Dallas, TX 75244 

Referring to FIG. 4, electrical poWer and packetiZed data 
signals are directed by poWer/signal line 70 to a subscriber 
served by a single transformer service unit (TSU) (Which can 
comprise one hundred subscribers as described in relation to 
the embodiment of FIG. 3). 

Referring to FIG. 4, the subscriber service unit (SSU) 
Within the interrupted border line to 72 includes components 
for plain old telephone service (POTS) and digital phone 
service. As described above, each combined transformer/ 
transformer service unit (TSU) can serve a plurality of sub 
scribers. As indicated, each subscriber service unit, such as 
72, includes a poWer line modem 74 Which sorts packetiZed 
data signals for the subscriber of SSU 72, While ignoring 
packets for other subscriber service units Which are served 
by the same designated TSU. 

Central processing unit (CPU) 76 directs voice coded 
packetiZed digital signals (V OIP signals) to telephone chip 
78; and, line 82 directs packetiZed data signals for digital 
signal phone or Internet use by computer 86 and/or for print 
ing at printer 88. Telephone chip 78 is an integrated circuit 
(ASIC) containing a voice coder for processing plain old 
telephone service at phone 90. 

Individual components selected for the subscriber service 
unit combination of FIG. 4 can be ordered for commercial 
manufacture to speci?cations for a particular poWer-line 
telephony exchange of the invention, as folloWs: 

TABLE III 

MANUFACTUREIU 
COMPONENT SUPPLIER 

PoWer Line Modern 56 Inari 
Draper, Utah 84020 
Intellon 
Ocala, FL 34482 
Intel Corp. 
Santa Clara, CA 95052 
Netergy Networks, Inc. 
Santa Clara, CA 95054 

CPU 76 

Telephone Chip 78 
(vocoder) 

While speci?c steps, components and uses for compo 
nents have been set forth for purposes of describing the 
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6 
invention, it should be recogniZed that other speci?c method 
steps and components Would be available, in the light of the 
above teachings, to those skilled in the art; therefore, for 
purposes of determining the scope of patent coverage of the 
present invention, reference shall be made to the appended 
claims, in combination With the above disclosure. 
What is claimed is: 
1. A method for providing hardWired telephony service, 

comprising the steps of: 
(A) laying out a concentration of electrical poWer con 

sumer premises selected from the group consisting of 
individual users and multiple-user apartment buildings, 
of?ce buildings, and industrial complexes, With exist 
ing electrical poWer Wiring; 

(B) preparing a pattern, Within the concentration of elec 
trical poWer consumer premises, for estimating poten 
tial subscribers for telephony exchange service, by: 
(i) determining [the] a number and location of trans 

formers supplying consumers With electrical poWer 
Within such concentration, 

(ii) determining [the] a number of such consumers sup 
plied With electrical poWer by each respective trans 
former With electrical poWer consumers being 
located Within a selected preferred radius of each 
such respective transformer; 

(C) establishing an operations center, selectively located 
With relation to such concentration, for control of 
reception and re-transmitting of telecommunications 
for potential telephony exchange subscribers in such 
pattern; 

(D) providing public-sWitched telephone access means 
and a WorldWide Internet service provider at such 
operations center; 

(E) extending a packetiZed data signal carrier, or predeter 
mined capacity, from such operations center to a loca 
tion for at least one electrical poWer transformer con 
nected for delivery of transformer output by means of 
an electrical poWer line to respective consumers Within 
such preferred radius, from such at least one trans 
former; 

(F) electrically connecting a transformer service unit 
(T SU), for potential telephony exchange subscribers, to 
such transformer output by reactance coupling, so as to 
enable transferring both electrical poWer and pack 
etiZed data signals, for such poWer and telephony 
exchange subscribers; 

(G) sorting packetiZed data signals, being carried by such 
reactance coupled connection betWeen such trans 
former and such TSU, for transfer on such existing 
electrical poWer Wiring extending from such respective 
transformer unit to such poWer consumers and tele 
phony exchange subscribers; 

(H) installing a subscriber server means connected to a 
poWer outlet, at such electrical poWer consumer’s 
premises, for receiving packetiZed data signals; 

(I) converting packetiZed data signals for subscriber use 
selected from the group consisting of 
(i) plain old telephone communications, 
(ii) digital phone communications, and 
(iii) WorldWide Internet communications. 

2. The method of claim 1, further including 
extending such packetiZed data signal carrier to a plurality 

of sequential combinations of a poWer transformer, 
With a respective transformer service unit for sequen 
tially sorting of packetiZed data signals, for telephony 
exchange subscribers receiving transformer output 
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power from each such respective sequential power 
transformer for power line delivery With packetiZed 
data signals, to its respective TSU. 

3. The method of claim 2, further including 
sorting such packetiZed data signals carrier supplied to at 

least one TSU, With remaining packetiZed data signals 
being directed to sequential TSU’s for other subscriber 
server means. 

4. The method of claim 2, [in Which such] wherein the 
subscriber server means enables 

selecting from such group consisting of plain old tele 
phone service, digital phone service, and WorldWide 
Internet communication. 

5. The method of claim 1, further including [the] a step of 
selecting from the group consisting of (a) end-user loca 

tion Within about a half-mile radius of each such 
respective transformer, and (b) adding a transponder/ 
repeater for an end-user located at a distance greater 
than about one-half mile from such transformer. 

6. [Apparatus] An apparatus for providing hardWired tele 
phone services to a concentration of electrical poWer con 
sumer premises selected from the group consisting of indi 
vidual users and multiple-user apartment buildings, of?ce 
buildings, and industrial complexes, With existing electrical 
poWer Wiring, comprising 

(A) means for establishing an operations center, selec 
tively located With relation to such concentration of 
electrical poWer consumers, for control of reception of 
telecommunications and re-transmitting for potential 
telephony exchange subscribers; 

(B) means for providing public-sWitched telephone access 
means and a WorldWide Internet service provider at 
such operations center; 

(C) packetiZed data signal means extending from such 
operations center to a location for at least one electrical 
poWer transformer With poWer line for delivery of trans 
former output by means of an electrical poWer line to 
respective consumers Within such preferred radius, 
from such at least one transformer; 

(D) reactance means electrically connecting a transformer 
service unit (TSU), for potential telephony exchange 
subscribers, to such transformer so as to be capable of 
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transferring both electrical poWer and packetiZed data 
signals for potential telephony exchange subscribers; 

(E) means for sorting packetiZed data signals for transfer 
on such transformer poWer line to such electrical poWer 
consumers and telephony exchange subscribers; 

(F) subscriber server means connected to a poWer outlet, 
at such electrical poWer consumer’s premises, for 
receiving packetiZed data signals; 

(G) means for converting packetiZed data signals for sub 
scriber use selected from the group consisting of 
(i) plain old telephone communications, 
(ii) digital phone communications, and 
(iii) WorldWide Internet communications. 

7. The apparatus of claim 6, further including a 
means for extending such packetiZed data signal carrier to 

a plurality of sequential combinations of a poWer trans 
former With a respective transformer service unit for 
sorting of packetiZed data signals, for delivery With 
electrical poWer, to subscribers of each transformer 
With its respective transformer service unit. 

8. The apparatus of claim 7, further including 
means for sorting such packetiZed data signals supplied 

for at least one transformer service (T SU) unit electrical 
poWer to telephony exchange subscribers [(TSU)], With 
remaining packetiZed data signals being directed to 
sequential TSU’s for other subscriber server means. 

9. The apparatus of claim 7, further including 
means for enabling a subscriber to select from such group 

consisting of plain old telephone service, digital phone 
service, and WorldWide Internet communication. 

10. The method ofclaim ],further including 
extending such packetized data signal carrier to a plural 

ity of sequential combinations of a power transformer, 
with a respective transformer service unit for sequen 
tially sorting of packetized data signals, for subscribers 
receiving transformer output power from each such 
respective sequential power transformer for power line 
delivery with packetized data signals, to its respective 
T S U. 


