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SURFACE WAVE POWER LINE 
COMMUNICATIONS SYSTEM AND 

METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. § 119(e) 
to US. Provisional Patent Application Ser. No. 60/511,260 
?led Oct. 15, 2003, Which is incorporated herein by refer 
ence in its entirety. 

FIELD OF THE INVENTION 

The present invention generally relates to data commu 
nications over a poWer distribution system and more par 
ticularly, to a poWer line communication system employing 
surface Wave communications and conductive communica 
tions and method of using the same. 

BACKGROUND OF THE INVENTION 

Well-established poWer distribution systems exist 
throughout most of the United States, and other countries, 
Which provide poWer to customers via poWer lines. With 
some modi?cation, the infrastructure of the existing poWer 
distribution systems can be used to provide data communi 
cation in addition to poWer delivery, thereby forming a 
poWer line communication system (PLCS). In other Words, 
existing poWer lines, that already have been run to many 
homes and of?ces, can be used to carry data signals to and 
from the homes and o?ices. These data signals are commu 
nicated on and off the poWer lines at various points in the 
poWer line communication system, such as, for example, 
near homes, of?ces, Internet service providers, and the like. 

While the concept may sound simple, there are many 
challenges to overcome in order to use poWer lines for data 
communications. Such lines also. Overhead poWer lines are 
not designed to provide high speed data communications 
and are a relatively high impedance communication medium 
to conductive transmission frequencies used to carry high 
speed communications. Conductive communications on 
overhead poWer lines also are very susceptible to interfer 
ence. Additionally, federal regulations limit the amount of 
radiated energy of a poWer line communication system, 
Which therefore limits the poWer of the data signal that can 
be injected onto poWer lines. 

PoWer distribution systems include numerous sections, 
Which transmit poWer at different voltages. The transition 
from one section to another typically is accomplished With 
a transformer. The sections of the poWer distribution system 
that are connected to the customers premises typically are 
loW voltage (LV) sections having a voltage betWeen 100 
volts(V) and 240V, depending on the system. In the United 
States, the LV section typically is about 120V. The sections 
of the poWer distribution system that provide the poWer to 
the LV sections are referred to as the medium voltage (MV) 
sections. The voltage of the MV section is in the range of 
1,000V to 100,000V. The transition from the MV section to 
the LV section of the poWer distribution system typically is 
accomplished With a distribution transformer; Which con 
verts the higher voltage of the MV section to the loWer 
voltage of the LV section. 

PoWer system transformers are one obstacle to using 
poWer distribution lines for conductive data communica 
tions. Transformers act as a loW-pass ?lter, passing the loW 
frequency signals (e.g., the 50 or 60 HZ) poWer signals and 
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2 
impeding the high frequency signals (e.g., frequencies typi 
cally used for data communication). As such, poWer line 
communication systems face the challenge of communicat 
ing the data signals around, or through, the distribution 
transformers. 

Furthermore, up to ten (and sometimes more) customer 
premises Will typically receive poWer from one distribution 
transformer via their respective LV poWer lines. HoWever, 
all of the customer premises LV poWer lines typically are 
electrically connected at the transformer. Consequently, a 
poWer line communications system must be able to tolerate 
the interference produced by many customers. In addition, 
the poWer line communication system should provide bus 
arbitration and router functions for numerous customers Who 
share a LV subnet (i.e., the customer premises that are all 
electrically connected to the poWer lines extending from the 
LV side of the transformer) and a MV poWer line. 

In addition, components of the poWer line communication 
system must electrically isolate the MV poWer signal from 
the LV poWer lines and the customer premises. In addition, 
a communication device of the system should be designed to 
facilitate bi-directional communication and to be installed 
Without disrupting poWer to customers. These and other 
advantages are provided by various embodiments of the 
present invention. 

SUMMARY OF THE INVENTION 

The present invention provides a poWer line communica 
tion system employing surface Wave communications and 
conductive communications and method of using the same 
that is comprised of a plurality of netWork elements, Which 
may take the form of Wave couplers, ampli?ers, regenera 
tors, communication interface devices, backhaul devices, 
aggregation points and others. In one embodiment, surfaces 
Wave communications are used to communicate data on the 
MV poWer lines and conductive communications are used to 
communicate data on the LV poWer lines to and from the 
customer premises. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is further described in the detailed descrip 
tion that folloWs, by reference to the noted draWings by Way 
of non-limiting illustrative embodiments of the invention, in 
Which like reference numerals represent similar parts 
throughout the draWings. As should be understood, hoWever, 
the invention is not limited to the precise arrangements and 
instrumentalities shoWn. In the draWings: 

FIG. 1 is a diagram of an exemplary embodiment of the 
present invention; 

FIG. 2 is a diagram of components of one embodiment of 
the present invention; 

FIG. 3 is a schematic of an embodiment of an ampli?er of 
the present invention; 

FIG. 4 is a diagram of a number of example antenna 
con?gurations in accordance With an embodiment of the 
present invention; 

FIG. 5 is a diagram of a number of example antenna 
con?gurations in accordance With an embodiment of the 
present invention; 

FIG. 6 is a functional block diagram of a portion of a 
communication interface device, in accordance With an 
embodiment of the present invention; 

FIG. 7 is a diagram of an example embodiment of a 
medium voltage transducer of the present invention; 
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FIG. 8 is a diagram of an example embodiment of a Wave 
coupler of an embodiment of the present invention; 

FIG. 9 is a diagram of another example embodiment of a 
medium voltage transceiver of an embodiment of the present 
invention; 

FIG. 10 illustrates another embodiment of a medium 
voltage transducer and communication interface device, in 
accordance With another embodiment of the present inven 
tion; 

FIG. 11 is a schematic of a portion of a poWer line 
communication system in accordance With an embodiment 
of the present invention; and 

FIG. 12 is a schematic of a portion of a poWer line 
communication system in accordance With another embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

In the folloWing description, for purposes of explanation 
and not limitation, speci?c details are set forth, such as 
particular netWorks, communication systems, computers, 
terminals, devices, components, techniques, data and net 
Work protocols, softWare products and systems, operating 
systems, development interfaces, hardWare, etc. in order to 
provide a thorough understanding of the present invention. 

HoWever, it Will be apparent to one skilled in the art that 
the present invention may be practiced in other embodi 
ments that depart from these speci?c details. Detailed 
descriptions of Well-knoWn netWorks, communication sys 
tems, computers, terminals, devices, components, tech 
niques, data and netWork protocols, softWare products and 
systems, operating systems, development interfaces, and 
hardWare are omitted so as not to obscure the description of 
the present invention. 

System Architecture and General Design Concepts 
PoWer distribution systems typically include components 

for poWer generation, poWer transmission, and poWer deliv 
ery. A transmission substation typically is used to increase 
the voltage from the poWer generation source to high voltage 
(HV) levels for long distance transmission on HV transmis 
sion lines to a substation. Typical voltages found on HV 
transmission lines range from 69 kilovolts (kV) to in excess 
of 800 kV. 

In addition to HV transmission lines, poWer distribution 
systems include MV poWer lines and LV poWer lines. As 
discussed, MV typically ranges from about 1000 V to about 
100 kV and LV typically ranges from about 100 V to about 
240 V. Transformers are used to convert betWeen the respec 
tive voltage portions, e.g., betWeen the HV section and the 
MV section and betWeen the MV section and the LV section. 
Transformers have a primary side for connection to a ?rst 
voltage (e.g., the MV section) and a secondary side for 
outputting another (usually loWer) voltage (e.g., the LV 
section). Such transformers are often referred to as distri 
bution transformers or a step doWn transformers, because 
they “step doWn” the voltage to some loWer voltage. Trans 
formers, therefore, provide voltage conversion for the poWer 
distribution system. Thus, poWer is carried from substation 
transformer to a distribution transformer over one or more 

MV poWer lines. PoWer is carried from the distribution 
transformer to the customer premises via one or more LV 
poWer lines. 

In addition, a distribution transformer may function to 
distribute one, tWo, three, or more phase currents to the 
customer premises, depending upon the demands of the user. 
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4 
In the United States, for example, these local distribution 
transformers typically feed anyWhere from one to ten homes, 
depending upon the concentration of the customer premises 
in a particular area. Distribution transformers may be pole 
top transformers located on a utility pole, pad-mounted 
transformers located on the ground, or transformers located 
under ground level. 
One embodiment the present invention communicates 

data to and from communication devices at the customer 
premises via conductive communications through the LV 
poWer lines. In addition, the embodiment may communicate 
data signals over the MV poWer line via surface Wave 
communications. 
The present invention employs surface Waves (otherWise 

knoWn as GouBau Waves) and conductive communications 
to communicate data signals over poWer lines, and prefer 
ably, to provide broadband communications for data, voice, 
video, audio, and telephony. Such transmissions may be 
internet protocol packets in some embodiments. As dis 
cussed, poWer lines provide a relatively high impedance to 
high frequency conductive transmissions, Which means the 
data signals are attenuated over distance. Because higher 
frequencies correlate to higher data rates, netWork designers 
have had to make a design choice as to Whether to design 
PLC netWorks for higher data rates or for greater distances. 
Repeaters have been used to periodically repeat data signals 
resulting in signi?cant costs. 

In contrast, poWer line surface Wave communications do 
not suffer from the propagation dif?culties associated With 
poWer line conductive transmissions. Thus, the present 
invention makes use of surface Waves to facilitate high 
speed communications over the poWer lines. 
As shoWn in FIGS. 1 and 2, one example embodiment of 

the present invention comprises a ?rst communication inter 
face device (CID) 1011 that is in communication With a ?rst 
medium voltage transceiver (MVT) 20a. The ?rst MVT 20a 
is in communication With a second MVT 20b via surface 
Wave communications over the MV poWer line. The second 
MVT 20b is in communication With a second CID 10b. 
A CID 10 may include a transceiver and a loW voltage 

interface, Which are in communication With each other. As 
Will be described in more detail beloW, a CID 10 may also 
include a poWer supply Which receives poWer from the loW 
voltage poWer lines via the loW voltage interface and sup 
plies poWer to other functional components of the CID 10. 

In this example embodiment, the transceivers of the CIDs 
10 are 2.4 GHZ transceivers and may also be in communi 
cation With a directional parabolic antenna 111a. The loW 
voltage interfaces of the CIDs 10 may be communicatively 
coupled to the loW voltage poWer lines (external) of the 
customer premises. While only tWo customer premises are 
depicted in FIG. 1, the loW voltage interfaces (LVI) of the 
CIDs 10 may be communicatively coupled to a plurality of 
customer premises through numerous (e.g., ten or more) loW 
voltage poWer lines. 
The CIDs 10 also may include one or more signal 

conditioning circuits (e.g., one for the LVI and one for the 
transceiver) and a controller (e.g., a processor and associated 
programming), Which may perform routing, media access 
control processing, measuring loW voltage poWer line volt 
ages (e.g., via an A/D converter), bandWidth tiering, user 
auto provisioning (e.g., assigning and transmitting an 
address such as an IP address), ?ltering, receive softWare 
updates via the poWer line, prioritizing certain types of data 
(e.g., voice over data) and all those functions performed by 
the controller of the bypass device described in US. appli 
cation Ser. No. l0/64l,689 entitled “A PoWer Line Com 
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munication System and Method of Operating the Same,” 
?led Aug. 14, 2003, Which hereby incorporated in its entirety 
by reference. 

In this example, the directional parabolic antennas 11 
have a three degree beam With a gain of 23 dBi. In essence, 
the antenna 11 concentrates the poWer output of the trans 
ceiver into a very small area. 

The antennas 11 of CIDs 10 are directed toWards the 
antennas 21 of their associated MVTs 20. In this embodi 
ment, antenna 21 also has a three degree beam With a gain 
of 23 dBi. Antenna 21 is communicatively coupled to a Wave 
communicator 22 via a coaxial cable (or other suitable 
medium). The Wave communicators 22, Which may be a 
dielectric coated metal cone, are ?tted around the MV poWer 
line. Alternately, the Wave communicators may be plastic 
With metal embedded therein. 
MVT 20b includes a ?rst Wave communicator 22b and a 

second Wave communicator 23b, and a directional parabolic 
antenna 21b that communicate With each other via a length 
of coaxial cable. Speci?cally, Wave communicator 23b is in 
bi-directional communication With Wave communicator 22b 
and antenna 21b. The communication may be accomplished 
via coaxial cable extending betWeen Wave communicators 
22b and 23b With a “T” connector that connects to another 
coaxial cable Which also connects to the antenna 21b. 
Alternately, a ?rst conductor may extend betWeen the ?rst 
and second Wave communicators 22b, and 23b and a second 
conductor may extend betWeen the second Wave communi 
cator 23b and the antenna 21b. 
CID 10b may be comprised of substantially the same 

components, and operate substantially the same as CID 1011 
as described above. 
MVT 200 may be comprised of substantially the same 

components as MVT 20a. 
Backhaul device 70 is comprised of a directional antenna 

71 (substantially similar to antenna 11), a controller (sub 
stantially similar to the controller of CID 10 and operable to 
perform the functions of the backhaul device of the refer 
ence incorporated above) and a backhaul transceiver that is 
communicatively coupled to a backhaul link 80 for com 
munications (direct or indirect) With point of presence, 
Which provides access to the Internet and/or a voice com 
munications provider. 

Backhaul transceiver may be a ?ber optic transceiver and 
be communicatively coupled to a ?ber optic cable, Which 
may form backhaul link 80 in this embodiment. Alternately, 
backhaul transceiver may be a Wireless transceiver, a coaxial 
modem, a DSL modem, or other transceiver for communi 
cating through the available communications medium. The 
backhaul device 70 may include a poWer supply and be 
coupled to a loW voltage poWer line to draW poWer there 
from, and also, but not necessarily, may provide communi 
cations to customer premises coupled to those loW voltage 
poWer lines. 
As another alternative backhaul link 80, unidirectional 

MVT 200 may be replaced With a bi-directional MVT such 
as MVT 20b. Thus, the MV poWer line may provide the 
backhaul link and the backhaul device 70 may transmit data 
upstream through its bi-directional MVT via surface Waves. 
The backhaul upstream data signals may be transmitted in 
the same or a different frequency band (e.g., in the 5 GHZ 
range). 

Operation for DoWnstream Communications 
Data received by the backhaul device 70 via the backhaul 

link 80 may be processed and a representative data signal 
transmitted to the MVT 200 via a Wireless 2.4 GHZ trans 
mission from antenna 71, Which is received by antenna 210 
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6 
and communicated to Wave communicator 220 (via the 
coaxial cable). Wave communicator 220 communicates the 
data signal over the MV poWer line via surface Wave 
transmissions Where the data signal is received by Wave 
communicator 22b of MVT 20b. Wave communicator 22b 
converts the surface Wave to a conductive transmission and 
conductively communicates the data signal to antenna 21b 
via the coaxial cable. Antenna 21b communicates the data 
signal (via a 2.4 GHZ Wireless transmission) for reception by 
antenna 11b of CID 10b. Wave communicator 22b also 
communicates the data signal to Wave communicator 22b, 
Which transmits the data signal as a surface Wave (a 2.4 GHZ 
transmission) over the MV poWer line for reception by Wave 
communicator 22a of MVT 20a. 

Similarly, Wave communicator 22a of MVT 20a converts 
the surface Wave to a conductive communication and con 
ductively communicates the data signal to antenna 21a. 
Antenna 21a transmits the data signal (a 2.4 GHZ Wireless 
transmission) for reception by antenna 11a of CID 10a. 
When a CID 10 (e.g., 1011 or 10b) receives data via its 

associated antenna 11, the CID 10 may perform the pro 
cessing described in the application incorporated above. 
Such processing may include, but is not limited to, demodu 
lating, decoding, decryption, and routing. If the address of 
the data matches the address of a device on the CID’s loW 
voltage subnet, the data may then be transmitted via the LVI 
over the loW voltage poWer lines for reception by the 
addressed device. 

Operation for Upstream Communications 
Data received by CID 1011 via the loW voltage poWer line 

may be processed (as described in more detail beloW) and a 
representative data signal transmitted to the MVT 20a via a 
Wireless 2.4 GHZ transmission from antenna 11a, Which is 
received by antenna 21a and conductively communicated to 
Wave communicator 2211 (via the coaxial cable). 
Wave communicator 22a communicates the data signal up 

the MV poWer line via surface Wave transmissions Where it 
is received by Wave communicator 23b of MVT 20b. Wave 
communicator 23b converts the surface Wave transmission 
to a conductive signal and conductively communicates the 
data signal to Wave communicator 22b via the coaxial cable. 
Wave communicator 22b converts the conductive signal to 
a surface Wave transmission and communicates the data 
signal as surface Wave transmission (a 2.4 GHZ transmis 
sion) up the MV poWer line for reception by Wave commu 
nicator 220 of MVT 20c. 

Wave communicator 220 communicates the data signal to 
antenna 210 Which broadcasts the data signal (a 2.4 GHZ 
Wireless transmission) for reception by antenna 71 of back 
haul device 70. Backhaul device 70 receives the data signal, 
processes the data signal (e.g., as described beloW) and may 
transmit the data through the backhaul link 80 to the 
destination address. 

In an alternate embodiment, in Which antenna 21b also 
receives data signals from Wave communicator 23b, the data 
signal is transmitted to antenna 11b for processing by CID 
10b. CID 10b, hoWever, does not transmit the data over its 
associated loW voltage poWer lines. For example, the data 
received may be encrypted With a different encryption key 
than the key used by CID 10b, Which Would prevent CID 
10b from decrypting the data. Such data signals Would be 
discarded. Alternately, the router of CID 10b may discard the 
data after determining that the destination address of the data 
packet does not correspond to a device on its subnet or that 
the source address of the data packet is not that of the 
backhaul device 70. 
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In any of the above embodiments, each CID may be 
con?gured to receive data signals in a different frequency 
range (frequency division multiplexing) and, therefore, each 
CID 10 may include a band pass ?lter tuned to a different 
band than other CIDs. Likewise, each CID 10 may be 
con?gured to transmit data signals in a different frequency 
range (frequency division multiplexing), With the backhaul 
device 70 transmitting and receiving in each of the bands. 

As Will be evident to those skilled in the art from this 
description, the MVTs 20 of this example embodiment are 
passive devices that do not require an energy source. Con 
sequently, the description that includes “broadcasting” or 
“transmitting” is simply meant to convey a direction of 
communication4either along a poWer line or to an 
antennaiand do not necessarily require transmitting by 
adding energy to the signal. 

The medium voltage poWer line carries poWer signals that 
have a voltage component in the thousands of volts (greater 
than one thousand volts and often greater than ?ve thousand 
volts). One challenge to using the MV poWer lines as a 
communication medium is coupling the data signals to and 
from the MV poWer line, While prohibiting the thousand plus 
volt poWer signal from being conducted or in other Words, 
isolating the poWer signal of the MV poWer line. 
As Will be evident to those skilled the art, the MVTs 

described herein are electrically isolated from the other 
components. In other Words, the MVTs are not electrically 
connected to any other device that is also not electrically to 
the MV poWer line (e.g., such as CIDs). Communications 
betWeen the MVTs and the CIDs is accomplished via a 
non-conductive communication linkia Wireless link in the 
above exampleiWhich provides electrical isolation and 
permits data communications. 
As an alternate embodiment, the non-conductive commu 

nication link could be a ?ber optic link, a laser link, an 
inductive link (e.g., a transformer formed by a Winding 
around toroids around an insulated underground distribution 
cable Whose center conductor is coupled to the Wave com 
municator), a capacitive link (e.g., a lightning arrestor), or 
other suitable link that does not normally conduct the poWer 
signal carried by the MV poWer line. 

While the above MVT 20 is a passive device, it may 
desirable to use a poWered MVT, for example, to amplify 
and transmit the data signals on the MV poWer line or to 
communicate data through the non-conductive communica 
tion medium to the CID at greater poWer. HoWever, a MVT 
that includes a poWer supply must derive poWer in a manner 
that provides isolation of the MV poWer signal (i.e., does not 
provide an electrical path for voltages on the MV poWer 
line). For example, if the MVT circuit is disposed adjacent 
the MV poWer line, it Would be unsafe to simply connect a 
LV poWer line (and ground) to the MV circuit as the MV 
poWer line must be kept in spaced apart relation from 
grounds and the LV poWer line. 

Thus, the MVT poWer supply must derive poWer in a 
manner that Will provide electrical isolation of the MVT. 
One manner of providing such poWer Would be by employ 
ing photocells (solar cells) to derive poWer from ambient 
light. Another Would be to connect a ?ber optic conductor to 
the MVT photocells and transmit light energy to the MVT 
poWer supply. Such a poWer supply is described in US. Ser. 
No. 10/292,745, entitled “Floating PoWer Supply and 
Method of Using the Same,” ?led Nov. 12, 2002, Which is 
hereby incorporated by reference in its entirety. 

In another embodiment, the poWer supply may employ 
magnetically permeable toroids (perhaps enclosed in hinged 
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8 
casing) that are fastened around the MV poWer line. A 
Winding around the toroids provides a second Winding of the 
transformer (the MV poWer line through the toroids is the 
?rst Winding) so that poWer is inductively derived from the 
poWer signal carried by the MV poWer line. The device may 
include a battery, or a battery back-up (e.g., for When 
ambient light is insufficient or When the current through the 
MV poWer line is too loW to provide suf?cient inductive 
poWer) Which is recharged periodically (e.g., during the day 
in the case of a solar poWered MVT or during peak poWer 
usage times in the case of an inductively poWer supply). 

In another embodiment, the CID supplies poWer through 
a Wireless transmission (either using the same or a second set 
of antennas) such as 2.4 GHZ or 5 GHZ transmission, Which 
is received and recti?ed by the amplifying MVT to amplify 
the data signals traversing the MV poWer line and also to 
Wirelessly transmit the data signals to the CID. Such an 
embodiment is shoWn in FIG. 7. 

In another embodiment, the poWer supply may receive 
poWer transmitted via a Tesla coil. 
Wave Coupler 
As is knoWn in the art, surface Waves tend to travel Well 

along a substantially straight conductor. HoWever, bends can 
cause signal loss and sharp turns in the conductor can cause 
signi?cant signal loss. LikeWise, objects on and along the 
poWer line can disrupt the surface Wave transmission result 
ing in signal loss. One Way of managing such signal attenu 
ators is to bypass them. 
AWave coupler may be comprised a ?rst and second Wave 

communicator coupled together via a coaxial cable. In 
essence, the Wave coupler is comprised of substantially the 
same components of MVT 20b (in FIG. 2), but does not 
employ an antenna 21b. As shoWn in FIG. 8, a Wave coupler 
alloWs the surface Wave transmission to bypass insulators, 
bends in the MV conductor at the insulator, and the distri 
bution transformer connection. The Wave coupler may also 
be used to bypass a sharp bend in the poWer line, a sWitch, 
a capacitor bank, and other attenuators. The Wave coupler 
may also be used to communicate the data signal doWn both 
branches (Which may require a ?rst Wave communicator on 
the main branch and a Wave communicator on each branch 
leg coupled to the main branch Wave communicator via 
coaxial cable). 

If not used at a juncture, much of the poWer of the surface 
Wave signal may tend to travel doWn the leg that is sub 
stantially in alignment With the main branch (and not doWn 
the other branch legs). So the Wave coupler can be used to 
more evenly disseminate the poWer doWn the desired branch 
legs. In addition, the Wave coupler may be used to couple 
from one phase conductor to another and to couple from a 
phase conductor to a neutral conductor. 

Another system component is the ampli?er. FIG. 3a 
illustrates one example embodiment of an ampli?er for a 
frequency division multiplexing PLC system. In this 
embodiment, upstream data signals are transmitted in a ?rst 
frequency band and doWnstream data signals are transmitted 
in a second frequency band. The ampli?er of FIG. 311 
includes a ?rst Wave communicator 22 that receives the data 
signal and provides it to the ?rst Band Pass Filter (BPFl) for 
?ltering for the upstream data signals. The output of the ?rst 
BPFl feeds to an ampli?er (AMPl) Which ampli?es the 
signal and feeds the ampli?ed signal to the second Wave 
communicator 23 for transmission as a surface Wave. 

Similarly, the second Wave communicator 23 receives 
doWnstream data signals (in a different frequency band) and 
provides them to a second band pass ?lter BPF2, Which 
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?lters for the second frequency band. The output of BPF2 is 
supplied to a second ampli?er (AMP2) that supplies the 
ampli?ed data signal to the ?rst Wave communicator 22 for 
transmission as a surface Wave. 

The ampli?er may designed to receive poWer in order to 
amplify the data signals. As shoWn in FIG. 3a, the poWer 
may be transmitted via a Wireless link. Altemately, the 
ampli?er may include one or more toroids (e. g., in a hinged 
enclosure) that fasten around the MV (or LV) poWer line. A 
Winding through the toroids forms a transformer that induc 
tively draWs poWer from the poWer line supplying poWer to 
a poWer supply to poWer the device. The ampli?er may be 
poWered by any suitable means that provides the necessary 
isolation such as those described for the MVT 20 above. 

Like Wave couplers, ampli?ers provide a data bypass 
around attenuators and therefore may be suitably positioned 
(although not necessarily so) at the places described for the 
Wave couplers (e.g., around bends, at branches, at insulators, 
etc.). 
As shoWn in FIG. 3b, the ampli?er itself may be isolated 

from the MV poWer line and receive the signal to be 
ampli?ed through an isolation communication link such as 
a Wireless link. After ampli?cation, the signal is Wirelessly 
transmitted to the Wave communicators for transmission on 
the MV poWer line. In this embodiment, the poWer may be 
derived from the LV poWer line. Also, this embodiment may 
be integrated into or form part of a CID 10, for example, in 
a netWork in Which the CIDs are communicatively daisy 
chained together. 
A pulse repeater may also be used to increase the poWer 

of the signal. A pulse repeater may improve the signal to 
noise ratio (in contrast to the ampli?er), but does not require 
demodulation and remodulation of the data signal. 

Regenerator 
A regenerator ?lters the signal, demodulates the data 

signal, modulates the data (in the same or a different 
frequency band as the received data signal) and then ampli 
?es and transmits the data. Thus, a regenerator may include 
a ?rst and second modem, Which also may include one or 
more additional functional submodules such as an Analog 
to-Digital Converter (ADC), Digital-to-Analog Converter 
(DAC), a memory, source encoder/decoder, error encoder/ 
decoder, channel encoder/ decoder, MAC (Media Access 
Control) controller, encryption module, and decryption 
module. These functional submodules may be omitted in 
some embodiments, may be integrated into a modem inte 
grated circuit (chip or chip set), or may be peripheral to a 
modem chip. The regenerator function may be performed by 
(or integrated into) a CID 10, or backhaul device 70, or a 
stand alone regenerator device. In one embodiment, the 
regenerator receives the data signals to be regenerated via a 
Wireless link from an MVT and is poWered from a LV poWer 
line. The regenerator may be used at locations in the system 
Where the signal-to-noise ration (SNR) needs improvement 
such that ampli?cation may not suf?ce to further commu 
nicate the signal. 

Antennas 

As discussed, one embodiment of the present invention 
employs a Wireless link betWeen the MVT 20 and its 
associated CID 10. This Wireless link may cause a certain 
amount of signal loss as the Wireless data signal travels 
through air. In order to reduce and mitigate this loss, the 
described embodiment may employ spaced apart directional 
antennas that are directed toWard each other. Consequently, 
the more accurately the tWo antennas are aligned, the less the 
loss of the link. 
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10 
Each antenna may be attached to the other via a rigid 

member such as a cylinder. FIG. 4 illustrates a number of 
antenna con?gurations. In FIG. 4a, each antenna 11 and 21 
is attached to the other via ?rst and second alignment braces 
111 to keep the antennas in proper alignment With each 
other. Additionally, each antenna includes a mounting 
bracket 112 attached thereto to attach the antennas to the 
utility pole or other structure. 

After the antennas are mounted to the utility pole, the 
alignment braces 111 may be removed to prevent snoW, ice, 
and Water that might come to rest on the braces 111 from 
creating a conductive path betWeen the tWo antennas. In 
some embodiments (or environments), the braces 111 may 
be designed to prevent a conductive path from forming and 
the braces 111 may remain attached after installation and 
during operation. 

FIG. 4b illustrates a con?guration in Which the antennas 
are coupled to each other via an enclosure, Which in this 
embodiment is a cylinder 115 that keeps the antennas in 
alignment. The cylinder may be metallic or of another 
material, Which may re?ect RF radiation. Altemately, the 
cylinder 115 may be designed from material to absorb RF 
radiation, such as a metal or other material coated With an 
RF absorbing material such as EccosorbTM. These con?gu 
rations may reduce RF emissions and alloW compliance With 
FCC regulations at greater transmission poWer. If the cyl 
inder 115 conducts electricity (e.g., is a metal or poor 
insulator), it may be desirable to insulate the antennas from 
the inside of the cylinder, such as using insulator 113. 
Alternately, the cylinder 115 may be non-metallic and 
employed primarily for alignment of the antennas. 
The cylinder may or may not be removed after installation 

depending on the environment, isolation requirements, the 
material of the cylinder, the design and purpose of the 
cylinder, and other factors. If the cylinder or other enclosure 
includes an apex on the top side and/or the con?guration is 
mounted at a 60 degree angle to prevent a conductive path 
from forming betWeen the antennas by Water, snoW, and ice, 
it may be viable to leave the cylinder in place after instal 
lation to keep the antennas in alignment. 

FIG. 40 illustrates a con?guration in Which the antennas 
are disposed in a dielectric or metal enclosure shaped to have 
a substantially square cross section. While a dielectric 
provides a resistance to the passage of electricity, a high 
enough voltage can pierce through a dielectric. To prevent 
the How of electricity through the dielectric or metal enclo 
sure, the cables entering the enclosure are surrounded by an 
insulator 114. In an alternate embodiment, the antennas also 
may be insulated from the interior of the enclosure via 
insulators (such as insulator 113 in FIG. 4b). 

In each of these embodiments, the cable(s) may be a 
conventional coaxial cable, a coaxial underground residen 
tial distribution (URD) poWer line cable (e.g., Which may 
have the outer concentric neutral removed), or other cable. 
Additionally, these illustrations are merely schematic rep 
resentations and While the antennas illustrated throughout 
this description are shoWn as substantially conical in shape, 
they may be of any shape, siZe, or con?guration desired. 

Also, While the antennas illustrated in the ?gures are 
con?gured horiZontally and vertically, they may be tilted to 
any angle such as a forty-?ve degrees, sixty degrees, or 
thirty degree angles, Which may to alloW debris, rain, Water, 
snoW and ice to slide off the outer surface of the antenna. 
The disclosed embodiments may employ a 2.4 or 5 GHZ 

Wireless link or a Wireless link in another frequency range. 
For example, the Wireless link may be at a frequency band 
of 30-50 MHZ. HoWever, FCC regulations provide more 
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severe emission restrictions at these frequencies. Conse 
quently, it may be necessary to employ an antenna enclosure 
that reduces RF radiation. 

FIG. 5a illustrates one embodiment of such an enclosure. 
The enclosure is comprised of a non-metallic container 109, 
Which houses the antennas 11 and 21. The container 109 is 
lined With a conductive RF absorbing material 116, Which 
are Well knoWn in the art. The regions around the cables is 
lined With a non-conductive RF absorbing material 117 
(such as Eccosorb), Which, While more expensive than the 
conductive RF absorbing material, provides electrical iso 
lation betWeen the cable entering the enclosure and the 
surrounding conductive RF absorbing material 116. Thus, 
the entire interior of the container 109 is lined With RF 
absorbing material. 
An alternative to this embodiment is shoWn in FIG. 5b. in 

Which the container 109 is conductive (e.g., metallic), and 
may be externally coated With an insulator or plastic. As 
shoWn in FIG. 5b, the container is grounded. Additionally, 
the aperture through Which the cables entering the container 
109 pass is ?tted With the non-conductive RF absorbing 
material 117 (such as Eccosorb) thereby isolating the cables 
from the metal box. The extraneous RF radiation emitted by 
the antennas is absorbed by the conductive RF absorbing 
material 116, conducted to the metal container 109 and 
grounded (e.g., through a shielded ground conductor). This 
embodiment may be further altered to remove the by the 
conductive RF absorbing material 116 so that the metal box 
simply conducts the radiation to ground. In any of these 
embodiments, a fuse (such as a cut-out fuse assembly) may 
be installed serially into the cable (e.g., Which may be a 
URD cable) attached to the MV poWer line to provide 
additional safety in case of a fault. 

Finally, at the frequencies of this embodiment (the 30-50 
MHZ range), surface Waves may not be practical and the 
more conventional data signals may be communicated using 
a poWer line coupler (as opposed to the above described 
Wave communicator) as described in Us. Ser. No. 10/348, 
164. entitled “PoWer Line Coupling Device and Method of 
Using the Same” and ?led Jan. 21, 2003, Which hereby 
incorporated in its entirety by reference. 
CID Embodiment 
As shoWn in FIG. 6, the CID 10 may include a loW volt 

interface (LVI) that includes a loW voltage poWer line 
coupler, a loW voltage signal conditioner, and a loW voltage 
modem. Additionally, the CID 10 may include a controller 
that includes a processor and softWare functioning as a 
router. A detailed description of these components and their 
operation is described in Us. application Ser. No. 10/ 641, 
689 entitled “A PoWer Line Communication System and 
Method of Operating the Same,” ?led Aug. 14, 2003, Which 
Was incorporated above. In addition, the CID 10 may 
include a medium voltage modem, medium voltage signal 
conditioner and an antenna, Which cooperate to communi 
cate over the medium voltage poWer line (e.g., via surface 
Wave transmissions). 

Upstream Data FloW through CID 
LV Modem 
For upstream data traf?c the output of the LV signal 

conditioner 420 is supplied to the LV modem 450, Which 
includes a modulator and demodulator. The LV modem 450 
also may include one or more additional functional submod 
ules such as anAnalog-to-Digital Converter (ADC), Digital 
to-Analog Converter (DAC), a memory, source encoder/ 
decoder, error encoder/decoder, channel encoder/decoder, 
MAC (Media Access Control) controller, encryption mod 
ule, and decryption module. These functional submodules 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
may be omitted in some embodiments, may be integrated 
into a modem integrated circuit (chip or chip set), or may be 
peripheral to a modem chip. In the present example embodi 
ment, the LV modem 450 is formed, at least in part, by part 
number INT5130, Which is an integrated poWer line trans 
ceiver circuit incorporating most of the above-identi?ed 
submodules, and Which is manufactured by Intellon, Inc. of 
Ocala, Fla. 
The incoming signal from the LV signal conditioner is 

supplied to the ADC to convert the incoming analog signal 
to a digital signal. The digital signal is then demodulated. 
The LV modem 450 then provides decryption, source decod 
ing, error decoding, channel decoding, and media access 
control (MAC) all of Which are knoWn in the art and, 
therefore, not explained in detail here. 

With respect to MAC, hoWever, the LV modem 450 may 
examine information in the packet to determine Whether the 
packet should be ignored or passed to the router 310. For 
example, the modem 450 may compare the destination 
MAC address of the packet With the MAC address of the LV 
modem 450 (Which is stored in the memory of the LV 
modem 450). If there is a match, the LV modem 450 
removes the MAC header of the packet and passes the 
packet to the router 310. If there is not a match, the packet 
may be ignored. 

For doWnstream data How, the data is received from the 
router 310. The LV modem 450 then provides MAC pro 
cessing, Which may comprise adding a MAC header that 
includes the source MAC address (Which may be the MAC 
address of the LV modem 450) and the destination MAC 
address (Which may be the MAC address of the PLM 
corresponding to the user device identi?ed by the destination 
IP address of the packet). 

To determine the MAC address of the PLM that provides 
communications for the user device identi?ed by the desti 
nation IP address of the packet, the LV modem 450 ?rst 
determines if the destination IP address of the packet is an 
IP address stored in its memory (e.g., stored in its bridging 
table). If the IP address is stored in memory, the LV modem 
450 retrieves the MAC address for communicating With the 
destination IP address (e.g., the MAC address of the PLM 
50) from memory, Which Will also be stored therein. If the 
IP address is not stored in memory, the LV modem 450 
transmits a request to all the devices to Which it is coupled 
via the loW voltage poWer line (e.g., all the PLIDs). The 
request is a request for the MAC address for communicating 
With the destination IP address of the packet. The device 
(e.g., the PLM) that has the MAC address for communicat 
ing With the destination IP address Will respond by providing 
its MAC address. The LV modem 450 stores the received 
MAC address and the IP address for Which the MAC address 
provides communications in its memory (e. g., in its bridging 
table). The LV modem 450 then adds the received MAC 
address as the destination MAC address for the packet. 
The packet is then channel encoded, source encoded, error 

encoded, and encrypted. The data is then modulated and 
provided to the DAC to convert the digital data to an analog 
signal 

Router 
In the upstream direction of data How, the data packet 

from the LV modem 450 may be supplied to the router 310, 
Which forms part of the controller 300. The router 310 
performs prioritization, ?ltering, packet routing, access con 
trol, and encryption. The router 310 of this example embodi 
ment of the present invention uses a table (e.g., a routing 
table) and programmed routing rules stored in memory to 
determine the next destination of a data packet. The table is 
















