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net wor k" is norna used, but enera ere ces

transmi ssi on50fandgftals powet Oti')axmﬂcbhedn@ﬁwﬁﬁﬁ' yi@y aom&ihssuch
networks. 20 Traditionally tel econunications S|gnals have been transmtted
on i ndependent ®teFEFkILiEY LisEribwbien|andéor transmission network, and

a filter therefor. 1In particular it relates to the use of
mains electricity networks and/or lines for
telecommunications transmission (e.g. voice, data, image

10 and/or video).

In the UK, it is conventional to describe'a power network
for 33kV and above as a "transmission network", and one
for less than 33kV as a "distribution network". 1In this

15 specification the term "electricity distribution and/or
power transmission network" is normally used, but general
references to power networks and to transmission of
signals are to be construed as applying to all such
networks. |

20
Traditionally telecommunications signals have been
transmitted on independent networks e.g. telephone lines.
More recently, in order to simplify and increase
efficiency of telecommunications services to domestic or

25 industrial premises, there have been investigafions into
using existing electricity transmission and distribution

networks to carry telecommunications services.

It has been known to utilise above ground (overhead) power:
30 1lines for the transmission of additional control'speech
and data signals. However, with such transmissions, the

frequency spectrum must be allocated for and restricted to



More recent kyg odigds9y der to sinplify and increase efficiency obcricBes00sss
t el ecommuni cations services to donestic or 25 industrial prem ses, there

have been investigations into using existing electricity transm ssion and
di stribution networks to carry tel ecommuni cations services. It has been

known to util ipertdeveagrappilicaveoheath ooder 86 Hi/oed interiference
transm ssion of additional control speech and data signals. However, with
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produced by the transmssion 5 is related to the strength of the signal and

this radi at? ontsnEelatedcpe theastrangtm oSuthe: signalsandnthignal s nust
therefore be Qéa&fg%fgﬁeﬁust be kept to a minimum.

Such transmission signals must therefore be of low power
and confined within a specific frequency band allocated by
10 international agreement for such purposes, so this
mechanism is unsuitable for large scale voice and/or data
transmission where signals extend well into the radio

spectrum (e.g. 150 kHz and above).

15 It has been known to use spread spectrum techniques to
transmit data at carrier frequencies of between 6kHz and
148kHz on underground and overhead power networks. Again,
in this allocated frequency band such transmissions suffer
from low data rates and low traffic capacities due to

20 power line noise characteristics. Due to the limited
spectrum available and high noise levels encountered

wideband telecommunications signals cannot be sent.

Although papers such as that by J.R. Formby and R.N.

25 Adams, ("The mains network as a high frequency signalling
medium”, The Electricity Council, January 1970) suggested
a communications potential for the low and medium voltage
networks, no further work was undertaken. Even today,
with the prospect of remote meter reading and selective

30 1load control, solutions tend to employ techniques such as
telephony and radio communications, thus avoiding the

mains network where possible.
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Messrs Formby and Adams suggested using frequencies in the
range of 80 to 100 kHz. 100 kHz was recommended as a

10 maximum because theory suggested that higher frequencies
would suffer from excessive attenuation. Other papers
recommend a maximum of i50 kHz due to the fact that
radiated signals higher than 150 kHz would interfere with
broadcast radio signals.

15
A further situation where power lines are also used for
the transmission of speech and data signals is on the
electricity wiring inside buildings. 1In such
configurations the internal 240V mains wiring is used for

20 the transmission of data, with appropriate filtering being
provided to add and separate the data signals from the
power signals. Additionally a filter, such as the Emiux
filter described in European ?atent Application 141673,
may be provided to prevent data signals leaving the

25 building and entering the power supply network external to
the building. The Emlux filter described consists of a
tuned ferrite ring which acts effectively as a band stop
filter. In order to be effective the band stop filter
must be of narrow bandwidth and therefore is not suitable

30 for use with high speed data communications, since a large

number of such band stop filters would be required.
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5 branch multipoint" and/or "point to multipoint" networks

there may be many different propagation paths and
reflection points as a signal is transmitted along the
network. This results in what is known as "delay spread”
of the signai, that is the signal becomes spread out in

.10 time as it takes different propagation paths through the
network. A typical delay spread may be around 5S5us, and '
this must be taken into account when determining the data

transmission rate.

15 The present invention aims to provide a transmission
network which alleviates some or all of the above

problems.

Acgo:dingly, in a first aspect,_the preseht invention

20 provides an'eléctricity distribution and/or power
transmission network at least part of which is.external to
a building, the network including input means for the
input onto the network of a telecommunications signal
having a carrier frequency gregter-than approximately 1MHz

25 and output means for removing said telecommunications
signal from the hetwork; said signal being transmissible
along said external part of the network, wherein the
netwofk is adapted to transmit said signal using
frequency, time ahd/or code diviéion multiplexing

30 techniques.

A wide range of different transmission techniques are



A further Si {W¢pdsnossswher e power |ines are also used for the tpisiRespbdl Of
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such configurations the internal 240V nainsswiring is used for 20 the
transm ssion of data, with appropriate filtering being provided to add and

separate the dayaisapnal £o£-ra§;atmt1_aowéc&maaltg podert 1enal ly a filter,
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may be provideqommupieacﬁondapahsugﬁagsvae&ouﬁgmoﬁnlasignumethgdand
entering the powe uppl ¥_net wor k ext er nal ui, | di ng. m ux
F1 ter descri baBeLufthE: ExBRUAREY  cEipe) Aro.SpPRgadktehoRml EEpIREITar y s
a band stop fiktehas! Be@hd@etbembBedl tRAL! ¥Re! BP:QéadsﬁéeﬁrﬁH h&lehaust be
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speed data Sonnfifierst inherestnsecurisygendugbod dhtewferbacd segpctibners
woul d be required. 4
characteristics. These properties are achieved using a
large bandwidth and hence requires the design of a

specific filter.

10 Modulation methods include amplitude, frequency, phase:;
single, double and vestigal sideband, pulse position,
width and amplitude; frequency shift keying (FSK),
Gaussian filtered FSK (GFSK), Gaussian minimum shift
keying (GMSK), Quaternary phase shift keying (QPSK),

15 Orthogonal quatergary phase shift keying (OQPSK),
Quadrature amplitude modulation (QAM), Pi/4 QPSK etc.

‘A large number of standard cordless, mobile and cellular
radio phone communication techniques may be suitable for

20 effecting signal transmission over a conditioned network.

Preferably, the network is adapted to transmit said signal
using one or more of the following cordless telephony
techniques and/or standards: CTO, CT1 and CT2, AMPS, DECT

25 (Digital European Cordless Telephone Standard), 1S-54, IS-
95, GSM, Q-CDMA,R-CDMA, UD-PCS, PHS, PACS, TACS, ENTACS,
NMT450, NMT900, C-450, RTMS, Radicom 2000, NTJ, JTACS &
NTACS, DCS 1800, etc.

30 One particularly favourable telecommtnications standard
has been found to be the CT2 standard. However in normal

use, CT2 equipment transmits ahd receives at a radio



A further,
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edfap Hdgitpli rupPRgmisRionshardard-pndi ABPLEINS ABahsaf or
standard permits the signals to be frequency translated

and regenerated at requisite points on the network thus
extending the services to.any or all sections of a network
irrespective of the overall attenuation offered by the

network end to end. ' !

One possible problem with using the CT2 standard is that
the CT2 signal is prone to interference by noise. One way
round this problem is to use a different standardqd, namely
the CDMA (Code Division Multiple Access) spread spectrum

transmission techniques.

Wwith CDMA, fhe signal is spread across the frequency
spectrum and therefore intefference at any particular
frequency does not necessarily effect the effectiveness of
the data transmission included in the signal. _
Furthermore, as the signal is spread across the spectrum

then less power is needed to transmit the signal.

Advantageouély, the present invention may make further use
of this property of CDMA fransmission. Accordingly,
signals of a relatively narrow bandwidth may be
superimposed over the relatively broad bandwidth CDMA
signal. The narrow bandwidth signal(s) will interfere
with the CDMA signal at the particular frequency of the
narrow bandwidth signal, but the CDMA signal will remain



input onto t{e Jaghyerk of a tel ecommunications signal having $c§iHokGessq
frequency greater than approximtely 1WMHz 25 and output neans for renoving
said tel ecormuni cations signal fromthe network, said signal being
transm ssi ble along said external part of the network, wherein the network

i s adapted to  hAdgHurbedl dnSbeRalr pParts bECAHaNFrequiei®yaRdnge .CO8Rus
division nultiplexing 30 techniques. A wi de range of differenl transm ssion
t echni ques ar edelibexaxel finterderesceli thanecbecadded: toptiver COMAcsignal.

communi cation each using variou dul ati on net hods i ncluding frequency,
time and code EggﬁsFBHl P& ys i%o?'l O 2 8XBID &gl FTARS &tgﬁgtngﬁﬁ°¥pread

P Ler i B diticuaghatacsl upnit Watitisiehy speaq el erll o
hence requiEeSbEhawdeshgmeaéphony signal. ,
The term "carrier frequency”" refers to the unmodulated

frequency of the carrier signél,'and not to the frequency
of the telecommunications signal once modulated.
10
On, for example, a 415V network the carrier frequency may
preferably be between 1-10MHz, and on, eg., a 1llkV network
may be between e.g. 1-20MHz, or possibly 5-60MHz. However
the freguency may be up to 100's of MHZ depending on the
15 network and the application. .For example, over short
distances (10-20m) a frequency range of e.g. 1-600MHz or
1-800MHz may be used.

The power network may include one or more phases.

20 Preferably the network is a polyphase network including
e.g. any one or more of 2, 3, 4, 5, 6, 7 etc phases.
Different sections of the network may include different

numbers of phases.

25 The network may typically be a trunk and branch multipoint
{or multipoint to point) electricity distribution and/or

power transmission network.

Preferably the network is unbalanced i.e. provides
30 unbalanced transmission characteristics. The cable(s) of
the network may be screened or clad e.g. with a suitable

metal material, which enables the cable to behave as a



specific fj 10 Modul ati on net hods i nclude anplitude, ;

phase; si bé&hﬁ bl e and vestigal sideband, pulse positioﬁ%ﬁﬁﬁggﬁ&éﬁd
anpl i tude; frequency shift keying (FSK), gGaussian filtered FSK ( GFSK), .
Gaussi an m ni mum shi ft keying (GwBK), Quaternary phase shift keying (QPSK),

15 O thogorgleduiicaialeran sierticd doith iRaita ature anplitude
nodul ati on (CAN} Pi /4 CPSK etc. A large nunber of stan ard cordl ess,

nobi | e and cetanémissinh(nqﬁwnnk(ahnhha(tﬂansnissﬂun(ﬁnequanpybefsahEable
for 20 effecting signal transm ssion over a conditioned network.

Pref erabl y, RTRSORE veNWlMMapt ed to transnit said signal using one or
nmore of the follow ng cordl ess tel ephony techni ques and/or standards: CTQ,
CTl and CT2, AWMPS, DECT 25 (Digital European Cordl ess Tel ephone Standard),

1S-54, 1S$H %efﬂ&bﬁmﬁmﬂsmﬂj@&tﬁﬂ I\ ExterNal doNaigS, NMI450,
NMT900, C- 450, RTMS, Radi com 2000, NTJ, JTACS & NTACS, DCS 1800, etc. 30
ne parti culBi$lding RF Brenksese SiAh AT AN GEEi9eRRMPYES HdASIG8uNd to

be the CT2 SéM%&ilWi”tf%Mé@on distances are typically short

and therefore attenuation losses relativély unimportant.

10 Preferably the power network is a.major (e.g. overground
and/or underground) power network including e.g. any or
all of 132kv, 33kV, 11lkV, 415V and 240V sections. The '
voice and daté signals ﬁay be transmitted over any or all
of the séctions of the power network by suitable '
15 detection, amplification and/or regeneration and

reintroduction as and when necessary.

In a preferred embodiment, full duplex facilities are

provided by utilising, for example, frequency (FDD), time
20 (TDb) and/or code division multiplexihg and/or multiple -

access (CDMA) techniques,i.e. signals may be transmitted

and/or received in all directions simultaneously.

A network acco:ding to the present invention may be used
25 for many speech and/or data transmission purposes, such-as
remote'reading'of electricity meters, remote banking and
shopping, energy management sysfems; telephony (voice),
- switched telephony, security systems and/or interactive
data services, multimedia services and television.
30
According to a further aspect, the present invention

provides communications apparatus adaptgd for use with a



use, CT2 equiigygRBbsshransmits and receives at a radio 6 freguweRiosAises
around 866MHz. Accordingly, the network may include frequency conversion
neans for down converting the frequency of Bhe signal to a frequency nore
suited for propagation on the network. 5 CT2 is a digital transm ssion

standard and ampliypsnelectirieisyantangmissiions andyoxri ¢gigtribatienf r equency
transl ated and regenerated_at requisite points on the network thus

ext endi ng t he §@t¥eTks dpcindipg gignadctransmdssioneaRdrer1TecepEdpact i ve

of the overall nuat.i;0 rk_end to end. e i bl e
problemwi th ug?%ésfh%heTgrgggﬁéggd2%?%?%53%%ﬁ@E@F% %Fﬁh&%“??’%?&ﬁggﬁ
interference b¥ragueacyOdE waxighalOo¢dnkhittRidobrePeceivedudy aignhfier ent
standard, nanely the CDVA (Code Division Miltiple Access) spread spectrum
5 transmission and/or reception means tq a frequency which
facilitates improved propagation of the signal on the

network.

Preferably, the signal transmission and/or reception means
10 is adapted to operate according to a telephony standard
which uses a relatively high carrier frequency (e.g.
500MHz-1GHz ), and said frequency conversion means is
usable to convert a signal having a relatively high
carrier frequency to a signal having a lower carrier

15 frequency (e.g. 1-60MHz).

In a preferred embodiment, the signal transmission and/or

reception means is adapted to operate according to the CT2

or CDMA standards. Preferably the frequency conversion
20 meéns is usable to convert the carrier frequency of the

signal to between 1 and 20MHz.

Typically, the signal transmission and/or reception means
may comprise telephony equipment e.g. a telephone or fax

25 machine.

According to a further aspect, the present invention
provides a method of signal transmission including input
of a telecommunications signal having a carrier frequency
30 of greater than approximately 1MHz onto an electricity
power distribution and/or transmission network at least

part of which is external to a building and subsequent
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In a further aspect, the present invention provideé a
communications apparatus (known hereinafter as a "netwo:k
conditioning unit”) for use with a network according to
the first aspect of the present invention. The network
conditioning unit includes a low pass filter portion or
portions for filtering out the low fréquency high
amplitude mains power signal i.e. separating it from the
telecommunications signal(s) and allow;ng it to pass
through the conditioning unit. The unit also includes a
high pass coupling element for input and removal of
telecommunications signals from the network and,
preferably, a terminating element of similar impedance to

the characteristic impedance of the network at that point.

The use of such a ﬁnit ensures that the high frequency
telecommunications Signals do not contaminate the internal
low voltage wiring preéent inside a premises, and/or that
noise sources from the internal low voltage premises
wiring do not contaminate or corrupt the high frequency
telecommunications signals being transmitted over the
external electricity transmission and/or distribution

network.

Preferably, the variable electrical loading effects (i.e.
the load impedances) of all items which are coupled onto
the network from time to time and which utilise electrical

energy (i.e. the electrical loads) are isolated from the

The



del i berate " iy gédogs-ence” can be added to the CDMA signal. Thi

used for, for exanple, transmtting narrow bandw dth data signals on top of
a relatively broad 5 bandwi dth tel ephony sigmal. The term"carrier
frequency” refers to the unnodul ated frequency of the carrier signal, and

not to the freqgemynidativng &AM athed NEcti@hadf (e pask!| £dxtbr 10 -
On, for exanple, a 415V network the carrier frequency may preferably be
bet ween 1-10N+E?1%Hﬁpﬁﬁ§)eﬁf,tQP:EHRﬁ#E&QR#WQrﬁﬂi%@sgetmeen e.g. 1-20MHz,
or possibly 5-60MHz. However the frequency may be up to 100's of MiZ
depending on the 15 network and the application. For exanple, over short

di stances (10- 28i@ferdbEf U @lectitical £ilter - HH0MGEG it 1tiid Odteriacd e
used. The power network may include one or nore phases. 20 Preferably the

network is a5pdpgpiesr the wxternal distribytiomynetvwonk and cthe intexrnal
5, 6, 7 etc phases. q‘fégrﬁg\et sxeé:ut‘jons of the r}()atwork npy I ncl udéa di fferent
nunbers of phas@%. or P ises, e.g. a house, of ‘a user to ensure
that the two signals are separated. Such a filter should
have minimal effect on the normal domestic electricity
supply.
10
The filter element of the present invention, which aims to
reduce telecommunications signals entering the internal
network of a users premises, preferably has no more than 1
volt dropped across it whilst supplying a 100amp load from

15 a 240v, 50HZ, single phase source.

Preferably the network conditioning unit provides
impedance matching between reception/transmission devices
and the power network. Additionally fhe network

20 conditioning unit may carry full load or fault current at
power frequencies whilst still carrying the voice and data

signals.

In a third aspect, the present invention provides a method
25 of signal transmission using a network as described

herein.

Where signals are being transmitted along a polyphase

(e.g. three phase) electricity power cable, the signal
30 propagation may be between any or all of the phases and

ground. In a preferred embodiment the signal is injected

between only one of the phases and ground, which also



25 The netygloknd@y typically be a trunk and branch nulti poiggrEndsmnosss
multipoint to point) electricity distribution and/ or power transm ssion

network. Preferably the network is unbal @agced i.e. provides 30 unbal anced .
transm ssion characteristics. The cable(s) of the network may be screened

or clad e.g.pibvidds Suhbabasce® ! EtanBifisfdn dhirdceiridescd ihadatee to
behave as a seudo- coaxi al elenent to provide an unbal anced transm ssion

network at t@biebeheves s ia RRRUAY epaxirl prreansnissiamiline. 5
Preferably the transm ssion network is external to any building or prem ses
such as an office or house. Inside such buildings, transm ssion distances

are typical | yneher&1igndl s heref vE tngt tfdnsthi Oed 0856y ' £ fiAgd Yphase
uni nportant. 10 Preferably the power network is a major (e.g. overground
and/ or unf3erglechuichtyedistrioukiomcsenivice ccabplany pseuwdd-adgaxizdky, 33kV,
11kV, 415V aggféégwkggcgiggsbe gg@%ined. Single éhase cables may
typically.be either concentric 6r éplit-concentric. In
the case of a split-cpncentric cable, means (such as a
capaéitive coupling between the parts of the split-
10 concentric sheath) may be provided so that at the desired
frequency the cable behaves as a standard concentric
cable. Thus a pseudo-coaxial effect is achievable and the-

cable provides an unbalanced transmission characteristic.

15 The.network conditionihg unit preferably includes a low
pass filter domprising a main inductor arranged between a
mains electricity input and a méins electricity output and
connected at each end thereof to a signal input/output
line which is arranged in parallel to the mains

20 electricity input and mains electricity outpﬁt, the two
connections including a first capacifor and a second
capacitor each of a predetermined capacitance depending
upon the portion of the frequency spectrum which is to be
utilised for commﬁnications purboses. '

25 | |
In this arrangement the main inductor is operative to
prevent communications signais from the signal
input/output line from entering the domestic/industrial

| premises. This inductor is therefore preferably of a high
30 inductance such as IOﬁH_to 200uH for frequencies of 1MHz

and above.



voi ce and datpo 548384 S may be transmitted over any or all of tper&Rsdidogdss
of the power network by suitable 15 detection, anplification and/or

regeneration and reintroduction as and whenlB8ecessary. In a preferred
enbodi nent, full duplex facilities are provided by utilising, for exanple,
frequency (FDD)The ifiers ca(ﬂﬂiﬁ)tmdﬁﬁe}f;mn&dwim M ing | e dier Ficdyor
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present inventi ech and/.or data sm ss§i on
pur poses, such a EIr%yrmte regﬁ ng o%"%grl%ﬁn %gq’éﬁjgs &éﬁ%‘f gg’?ﬁﬁ '3‘ nd
shoppi ng, ener gyigreaiagianmnt /Y ETEL ide v sy aﬁ@mu@wam%& el ephony,

security systens and/or interactive data services, nultinedia services and
tel evi si on. 30 TRBINGK) JPRENentsHat pahout m@nmtelemcnm

provi des comruné&pagiipngrea&p M%} u(slea.d'apg&}%&&r use with a

The second capacitor arranged between the mains
electricity output and the signal input/output line

10 provides a further attenuation of communication signals
and is connected via the signal input/output line to

ground.

In the event of failure of either the first or second

15 capacitor each such capacitor is preferably proéided with
a respective fuse arranged between the first or second
capacitor and the signal input/oﬁtput line. Furthermore
an additional safety precaution can be incorporated by
provision of a second inductor arranged between the

20 connections between the signal input/output line and the
first and second capacitors. This inductor has no effect
on communication frequency signals but will provide a path
to ground if the first capacitor develops a fault, thereby
allowing the first fuse to blow without allowing the power

25 frequency signal onto the signal input/output line.

The inductance of the main inductor depends upon the
material of which it is made and the cross-section of the
wire wound around the core. The 10pH inductance

30 previously specified is preferably a minimum and with use
of better core material a higher inductance, for example

of the order of 200uH, can be obtained. Alternatively, a



9 mains ele tricity transni ssion and/or distribution networ

si gnal traf %#%n and/ or reception neans, and frequency ci#ﬂﬁﬁ&gdﬁ$4neans
for converting the frequency of a signal y{ansn1tted or received by signal .
5 transm ssion and/or reception neans to a frequency which facilitates

i mproved prog };koafoinapsta&gnelmagsfcaa BR! UBLLesPEBLTRBLY usbg® S! ONa!
transm ssion a reception neans I'S adapted to operare accofding to a
t el ephony standard which uses a relatively high carrier frequency (e.g.
500MHz- 1GHz), and said frequency conversion nmeans is usable to convert a

si gnal haV|n§h& F@P&iiﬂgl9aaﬁgﬁt§arhﬁ§rafﬁeagghcynce prefgrablyainnthe

| ower carrier f'he yepgy ( 0 ) preferred t he
si gnal transn1§ Foh g d?§ °'§8§Et%8§ %Eé ?ngngda ﬁiF8r Sg?g? g%%rding .
to the CT3 omaCh¥Feibaitedcity Bﬁe?ﬁtabkththﬁefEﬂgﬁﬂmcinﬁﬁﬁyeﬁ%bﬁﬂ 2Pngeans

Is usable to convert the carrier frequency of the
and ground has a capacitance preferably in the range of

0.001 to 0.50pF.

The second inductor arranged on the signal input/output

10 line preferably has a minimum ihductance of approximately
250uH. This inductor therefore has no effect on '
communication frequency signals on the signal input/output
line. The conductor used to construct the 250pH inductor
should be of sufficient cross-sectioned area to take fault

15 current éhould the decoupling capacitor fail to short

circuit condition.

Preferably, any spuriocus self resonance in the inductive

or capacitive elements are avoided.- As the lower cut off
20 frequency of the conditioning unit is increased the

minimum values of inductance and capacitance may be

proportionally reduced.

In a preferred embodiment the filter is assembled in a
25 screened box so as to provide a good earth and prevent

radiation of the communication signals.

in a further aspect, the present invention provides an
electricity distribution and/or power transmission network
30 having a number of phases, said number being chosen from
the 1list 1,2,4,5,6,7,8,9, ....n (where n is an integer
greater than 9), but preferably having 1 or 2 phases, and



si gnal to bewessnesszand 20MHz. Typically, the signal transm s$ic@/:g3
recepti on nmeans may conprise tel ephony equi pnent e.g. a tel ephone or fax 25
machi ne. According to a further aspect, thaspresent invention provides a
met hod of signal transm ssion including input of a tel econmunications

signal having incinding inpatemesns8Ofof gheaimputhep approxi mately 1Mz
onto an electricity power distribution and/or transm ssion network at |east
part of which FelekePEPEBicREiang $ignal havinghsecgarnier frequeneyti on of

t he signal, saj | [ 111 ed on aid_exterpal pari of the
network, where %eé‘giggaéygﬁagg?éé_??'g%ﬁh%@ﬁﬁsgﬂ§°f?gq BT ,°’P$n%£aﬂa?or
code divisi on phasé PEendugtdLSs B HISS  n€twOrR ANt HEEpEE PR&ans t REr Pr esent
i nvention provides a

5 removing said telecommunications signal from at least one

other phase conductor of the network.

In a further aspect, the present invention provides an
unbalanced electricity distribution and/or power

10 transmission network at least a part of which comprises a
clad cable, the network including input means for the
input onto the network of a telecommunications signal
having a carrier frequency greater than approximately 1MHz
and output means for removing said telecommunications

15 signal from the network, said signal being transmissible
along said part of the network having clad cable.

In a further aspect, the present invention provides a
trunk and branch multipoint electricity distribution

20 and/or power transmission network including input means
for the input onto the network of a telecommunications
signal having a carrier frequency greater than
approximately 1MHz and output means for removing said

. telecommunications signal from the network.

25
In a further aspect the present invention provides an
electricity distribution and/or power transmission network
at least part of which is external to a building, the
network including input means for the input onto the

30 network of a telecommunications signal having a carrier
frequency greater than approximately 1MHz and output means

for removing said telecommunications signal from the



communi catyenspegdpar at us (known hereinafter as a "network cg@flichasaakdyd
unit") for use with a network according to the first aspect of the present

i nvention. The network 10 conditioning unét includes a |ow pass filter
portion or portions for filtering out the | ow frequency high anplitude

mai Nns pover rdtywatk, .said eiynl being ftrandgnisdivllec @Ieng @aliigons signal (s)
and allowing it to pass through the conditioning unit. The unit also

i ncl udes a E“‘Fﬁ@ﬂpe&ﬂ?fc&fplﬁ%ﬁgfﬁ"éﬁ%- for input and renoval of

t el ecommuni cations signals fromthe network and, preferably, a termnating
el ement of simlar inpedance to the characteristic inpedance of the network

at that poi ifont¥arkhed thediteaetings Hf 19185 Prdior it isdhiogh of r equency
t el econmuni cati ons signals do not contami nate the internal |ow voltage
Wi ring presearnies direguengy ofs thisl magnituden dis ot umpradticalt due

Lo el S AR Sy " A Y SRS Yorl! e MO
electricity ¢GRS HE/Qib1lss Idf HHd Powtit dhsmission and/or
distribution network exhibit pseudo-coaxial '
characteristics and therefore attenuation is reduced.
10 _
In this way both speéch and data signals can be
transmitted at carrier ftequencies of greater than
approximately 1MHz, allowing for.a larger available
spectrum and greater transmission capacity. The carrier
15 frequency may in fact be less than 1MHz i.e. 800kHz ir
even as low as 600kHz, but as it is reduced so is the
bandwidth. A plurality of telecommunications signals may

be provided, each having different_carfier frequencies.

20 In a further aspect, the present invention provides a
method of signal transmission including input of a
telecommunications signal having a carrier frequency of

' greater than approximately 1MHz onto at.least ohe phase
conductor of an electricity power distribution and/or

25 transmission network, and subsequent reception of the
signal from at least one other phase conductor of the
network, said network having a number of phases, said
number being chosen from the list 1,2,4,5,6,7,8,9, .....n
(where n is an integer greater than 9), but preferably

30 having 1 or 2 phases.

Any or all of the above aspects may include features



#referably '%ﬁi 4 able electrical loading effects (i.e. 30 § SR8
3 . . G 9
| npedances) J? a I tens which are coupled onto the network f#gﬁ1#|ne y

time and which utilise electrical energy (iye. the electrical |oads) are
i sol ated fromthe 11 comruni cations signals by the action of |ow pass

filter el enentdsscPinédcersaihdr®MMothistéSaciPiedeiaRly an electrical
filter is used at the interface 5 between t e external distribution network

and the internal network of the prem ses, a house, of a user to ensure
that the two s s are separated. Suc s d have nlna

effect on the #1‘81??1’% %ﬁ%s?? {lé? e%f?ﬁ%ﬁ‘?yf%‘ﬁ%@m 1")3# “‘P‘Y’IIP% d o
the present inyephipdredbnéd £ "End CadSohiSany£h §C@£Wﬁh§§tmn§hf¢ﬂnal S

entering the |nternal network of a users prem ses, preferably has no nore
than 1 5

Fig. 1 is a schematic diagram of a part of a network in

which aspects of the present invention may be used;

Fig. 2 is a schematic diagram of a first transmission

10 system for a network according to figure 1:

Fig. 3 is a schematic diagram of a second transmission

system for a network according to figure 1;

15 Fig. 4 is a schematic diagram of a third transmission

system for a network according to figure 1;

Fig. S5A is a cross section through a typical three phase

cable;

20
Fig. 5B is a section through a typical coaxial cable:;
Fig. 6 is a first embodiment of a network conditioning
unit for use with the present invention:

25

Fig. 7 is a second embodiment of a network conditioning

unit for use with the present invention;

Fig. 8 is a plan view of a network conditioning unit

30 according to figure 6;

Fig. 9 is a view of a circuit board for the network



vol t droppgﬂbﬁ&bgﬁs it whilst supplying a 100anp | oad from Jeries 4 O0HZ,
si ngl e phase source. Preferably the network conditioning unit provides
_impedance mat chi ng between reception/trangm ssion devices and the power
network. Additionally the network 20 conditioning unit may carry full | oad

or fault cureeniigiongngr uhi€qoenpigs 8kil st still carrying the voice and
data signals. In a third aspect, the present invention provides a nethod 25
of signal transm ssion using a network as described herein. Were signals

are being tranpsmtie alon p e. thre tricity
power cabLe,ggﬁé-ébg gBP8§§§§t$§ ﬁé? %5 Be?ﬁggﬁr nﬁgﬁgiﬁg?nb?gthe
phases and ghag%dacharaia e%eraﬁdagaaeélBen%néhﬁrésaﬁel1h6eh€16ﬁted bet ween
only one of the phases and ground, which al so

Figs. 1lla and 1lb are schematic diagrams of network

conditioning units as used with the present invention:

Figs. 12A, 12B and 12C show sectional views through a
10 concentric, split-cohcentric and pseudo-concéntric cable

respectively:;

Fig. 13 is a block diagram for a frequency converter
according to an aspect of the present invention;
15 |

Fig. 14 is a circuit diagram for the frequency converter
of figure 13;

Fig. 15 is a circuit diagram of a synthesiser circuit for
20 +the frequency converter of figure 14;

Fig. 16 is a circuit diagram for a power supply for a CT2
handset interface according to an aépect of the present
~ invention;
25
Fig. 17 is a circuit diagram of a CT2 handset interface
for use with the power supply of figure 16;

Fig. 18 is a circuit diagram of a base station line

30 isolator circuit for use with the present invention; and

Fig. 19 is a schematic diagram showing the use of CDMA



p}ovides unbglyaa transm ssion characteristics and the cabl S a
pseudo coaxi al tégﬁgnission line. Where signals are being trangﬁﬁﬁgéﬁa%?ong
a single phase 5 electricity distribution gervice cable a pseudo-coaxi al
effect may al so be obtained. Single phase cables may typically be either

concentric or EPAhimLONCEN £dhniduddCas@sha Pig dSPhnta £ gpgabl e, -
means (such as a capacitive coupling between t%e parts of the split- 10

concentri c shepresembyinreemtinnded so that at the desired frequency the
cabl e behaves as a standard concentric cable. Thus a pseudo-coaxi al effect
I s achi evabl e and the cabl e provi des an unbal anced transm ssi on

char act eri sti crad5 TTéhad Vikde Ny 14 LAGHR! boPr ShelAD! %1 LOEHHIRS, @ | oW

pass filter conprising a naln I nductor arranged between a nalns ricity
i nput and a5 neemtexs ethie i metwoxkit firom cardl TIkWetiansmissioh Eive 42 epfato a
si gnal input/outgut | ine which is_arranged in parallel to the mains 20

electricity indu r%ﬁ‘ﬁif?ﬁ‘% 44 a1 i”Eg %&%th&!metwﬁ%m‘ew%s%- .
including a fipgd FARRCLEALe Pithde SREANSHIE APECLE001 £88 e S a bt S M ned

capaci t ance dependi ng
locations, such as buildings 48. Each of these buildings
may receive only a single phase electricity supply or

10 alternatively may receive a three phase power supply.

Voice and data signals may be injected into the network
(or alternatively received from the network) at an
injection point 50, to be received by users in the

15 premises 48. In order to separate the voice and data
communication signals from the low frequency high
amplitude power signal each signal source and/or
destination is provided with a network conditioning unit
52 - shown in more detail in figure lla. This network

20 conditioning unit includes a low pass filter for

separating out the two signals.

A further (high current) conditioning unit 51 - shown also
in figure 11b may be fitted between the electricity

25 distribution transformer 44 and the injection point 50 in
order to further remove transformer noise from the
conditioned network 40. The unit 51 is fitted with a high

current inductor.

30 Fig. 2 shows a portion of a three phase network 40 into
which and from which data signals may be transmitted and

received using the network conditioning units 52. The



upon the ' of the frequency spectrumwhich is to be L) r
connunicaﬁﬁ%%%ﬁgﬂrposes. 25 In this arrangenent the main ngt%?%gayéf
operative to prevent conmmunications sig s fromthe signal input/output
line.fromentering the donmestic/industrial prem ses. This inductor is

therefore pr r | I.ndugGt e _su rr. o.[.err] f-or
frequenci es %b%é/a%c? g‘o%\}'g;}éqolé'%#gaﬁ]ﬁs'te'cg%a%ﬁ‘[%%u\ﬁlec b%o%nect s the
mai ns el ect réiddth i41PW. ANGIdIYy 1NV isubEtamitiIly a1 aF 968S a coupling

capacitor to allow comunication signals through fromthe signa
i nput / out putlengkhwhiAds amexanplE . ngatia signals aanldhde daansmdivtedat or

about L he” T4 ot B 4 RIS el The secone
5 conditioning unit 52A i.e., the signal is applied between
the yellow phase and earth as shown. The transmitted data
'may then be recéived by any or_all of conditioning units
52B, 52C and 52D which are connected to the yellow, red
and blue phases respectively, In other words transmitted
10 data may be picked up on any phase of the cable, including
the phases onto which the signals weré not injected by the ‘
transmitting unit. This is due to the mutual capacitance
between the phase conductors producing an effecfively
pseudo-coaxial hature of the three phase cable. Aé can be

15 seen, data can be transmitted and received by each unit.

Each phase of the network 40 is shown to include a

transformer 43. Typically this is effected by a single

three phase transformer for sll three phases, and not by
20 threelseparate single phase transformers - although the.

latter may be possible.

Fig. 3 shows a portion of a three phase network 40 into
which and from which data signals may be transmitted and
25 received using four network conditioning units 52. As
shown, the data signals are transmitted across two phases
of the three phase network - in this case the red and blue

phases.

30 1If one or more phases are not in use (e.g. the yellow
phase in Fig. 3), the non-used phases(s) may be terminated

to provide an appropriate impedance. This may be done



electricity Y s3psmnd the signal input/output line 10 provi dggrichddobsdd’
attenuation of comunication signals and is connected via the signal

i.nput/output line to ground. In the event oifailure of either the first or
second 15 capacitor each such capacitor is preferably provided with a

respective fusasangrged Pelcireuiithd fd.r ¥ serissr dndutAiort iwivh andhuter
signal input/output |line. Furthernore an additional safety precaution can

be i ncor por at e FARPGHRF Sother transfermenm @iiderr s FPHdei @R t he 20
[ b ' ' / ] d fj d
connections bet | %ﬂ?ﬁ%@cﬁg% g&%ﬁ%ts ér!r%?l: A JE &l %S §EON

capacitors. Thi on co hi-Catlon equency signal s

but will provi ¢oupled bt @lg.i ftHehadd aiid GHIAGW PhadRee! ARs ndtf aul t,
thereby allowing the first fuse to bl ow without allow ng the power 25 .
frequency signshuntes dewnsibyha low umpedanae [tinansfbmmem qwnneatdonf. t he

mai n i nduct or ends. upon .th terial_qf ich it .s mad nd the
cross-section g‘&&%g%&&r‘%&jﬁ&r}}%aﬁﬁ‘ﬁe i\é%rtg‘erﬁéls[ Jﬂsj"%%ﬁ’&nce 30
previously speciddiRtive FHelctatle/ st 8.3 . WAL MIdW phdfse transformer

connection point.

10 In Fig. 4 an alternative transmission system to Fig. 2 is
shown, in which the data signals are transmitted across
all three phases, i.e. bhlue, red and yellow, of the three

phase network 40.

15 Fig. 13 is a schematic diagram showing an example of using
one particular telephonic protocol (CT2) with a network
according to the present invention. In normal use, CT2
equipment transmits and receives at a radio frequency of
866+2MHz. The network is not generally suited for the

20 transmission of signals at this frequency, and so the
system therefore incorporates frequency translation
equipment to convert the CT2 signal to a frequency range

of 8+2MHz, in this example.

25 The equipment of figure 13 is based around a standard
single line CT2 handset and base station pair. 1In order
to allow the handset to provide the functions of a
conventional wired telephone line at the subscriber's
premises, baseband interface circuitry (see figs 16 and
30 17) is used in addition to the frequency conversion

system.



of better qﬁﬁgygﬁ§prial a higher inductance, for exanple Ofaﬁﬁﬁnﬂ%ﬂﬁﬁ4°f
e obt uctors

[err], can ained. Alternatively, a 14 nunber of in
connected in series could be used. The cogpling capacitor has a capacitance.
preferably in the range 0.01 to [err] and the second capacitor |inking the

5 mai ns el ectTheidubstdibdr wWrd) substeivn eduipnent Hormd1s, aurgr ound has
a capacitance preferably in the range of 0.001 to [err]. The second

i nduct or ar r PRRERHN thee GT3Rauinkent kys tthed jaddigtianalaiopndss a

m ni mum i ndu [ oxi nat el err]..  This inductor,therefqore._has no
effect on co%%a%‘%%# 'eac(']éue S %ﬁ%ﬁ%%r??’hveeﬁ%@'ﬁpﬁﬂ U q'1 i ne.
The conduct orpawedl uppBPstrste) mdituldd ) lwHidh . sduidsbde 6f ot i ci ent

cross-sectioned area to take fault 15 current should the decoupling
capaci tor 9$aiéquipmgnts, ¢indthe dasibamgh interface boards which are

different for each unit.

The frequency converter consists of five main parts: the
synthesiser 200, down converter 202, up converter 204,

-10 transmit/receive switch 206 and a band pass filter 208.
Each of the up and down converter stages includes a RF
band pass filter 210, 212 respectively, a mixer 214, 216
respectively, an amplifier 218, 220 respebtively and a
harmonic filter 222, 224 respectively.

15 S
.In use, signals being transmitted from the conditioning
unit 230 to the CT2 telephone equipment 232 will have
their carrier frequency "up converted" by the up converter
204. Similarly, signals being transmitted from the CT2

20 equipment 232 to the conditioning unit (and then on to the
network) will be "down converted" using down converter
202. The transmit/receive switch 206 operates to ensure

that the appropriate ffequency conversion occurs.

25 Figure 14 shows in more detail a circuit diagram of a

suitable frequency converter.

Transmitted signals from the CT2 équipment are applied to

the "TX IN" port, passed through a ceramic filter 24L to
30 eliminate spurious products, and reach the down-converter

mixer via an attenuator and the mode switch ICS5. The

difference signal from the mixer is amplified by Al and



Pr ef er abl y, anyosmusst ous self resonance in the inductive or capefichbsfdsss
elenments are avoided. As the lower cut off 20 frequency of the conditioning
unit is increased the mnimum val ues of ind@3ance and capacitance may be
proportionally reduced. In a preferred enbodinent the filter is assenbl ed
in a 25 screenepagsesstoatheotpansmile a geodieeréﬁiﬁeﬂ pceyenhicndigti on of
t he communi cati on_si ls. . In a further aspect, the present invention

provi des an eIeﬁ??ﬁfgiﬁeéi§¥rF%ﬁt?ﬁﬁx§9d$bgnﬁbméroﬂrth%nﬁggiET@h@tunik-30
havi ng a nunber ppémPPRSSES L prgb ' ep, fromt st
1.2,4.56,7.8,9 .?.?ﬁ %mﬁ%?géﬂ rs aﬁi?ﬁﬁﬁgé?gggéaF2F°?% n€§7,$fﬁﬁ

preferably havi fijlten; @hpbhsesnsigts of lSascated POFtRPEEISRBStESFwdPen
i nput of a tel ecommuni cations_signal having a carrier frequency greater

than appr oxi Pmt Bigh1RRES oWRY 1PWiReSE Seetienshel6-9, C48-53). These
have cutoff frequencies of 6MHz and 10MHz respectively.

The filter output is passed through a 3dB attenuator,
which serves to provide a reasonable match for the filter

10 even when the impedance match of the output load is poor,
and emerges at the "8MHz RF to CU" port. This port is
connected to the mains conditioning unit (CU) which
couples the RF signal into the network.

15 Incoming signals from the conditioning unit pass back
through the 6-10MHz band-pass filter and TX/RX switch IC6,
emerge from port 'B' and are amplified by A2. The output
of this amplifier is harmonic filtered and applied to the
up-conversion mixer MX2. The output of this mixer is fed

20 to the input of the CT2 receiver via mode switch IC8 and a

second 866MHz ceramic band-pass filter.

The purpose of the mode switches is to allow access to the
866MHz transmit and receive paths of the CT2 radio. This
25 enables a link to be set up at 866MHz (either by cable or

through antennas) for test purposes.

The 866MHz signal paths are diverted away from the
frequency converter proper by IC5 and IC8, and are

30 recombined by IC7 which acts as a transmit/receive switch
controlled by the TXRXCO signal from the CT2 radio. In
this manner the "866MHz RF" port {which is brought out to



phase con%; os3°f the network and output means for 5 reng g.\l. §ﬁ68?4
t el ecommuni catrons signal fromat | east one other phase conductor t he
network. In a further aspect, the presenjginvention provides an unbal anced -
electricity distribution and/or power 10 transm ssion network at |east a

part of whi Gh GHBHrNES rest %@cﬁ%’%')eef%%ﬂ%@ '&e‘p‘i‘"a'dé@' ‘t‘:ﬁe' BRYgiARENS foOr

the input onto the network of a teleconmunicatrons signal having a carrier
frequency gratteana (portaf dhenwadip, 1k oah det msedrdansheosamenovi ng

sai d tel ecommuni cati Qqns 15 Si | fromthe network, said_signal bein
transm ssi bl“l?'%ﬂ (s?rei? %Gatﬁ'?@sn&qﬁoﬂ?%ﬂ%dclbé’d 1pg] F’eSigﬁaég

further aspeglon i RS d BARHO BT OUASS e Whls 38

mul ti point e ctr|C|t I stribution 20 &n power trans S|on né?work

i ncludingg i rqjlgnamsarbn:ﬁrrg generiated imniorddre teeisdmplify ahe routing
t el ecomuni cations signal having a carrier frequency greater than
appr oxi mat el9f 1Whey Rfhdrassuanaund the swifioh dfssai ¢t shewdfnbii cati ons

si gnal fromx{&?e&eéﬂ% Khe’hode control and 866MHz RF port are located

internally to the equipment and do not play a part in its
normal operation.

10
The 874.1MHz local oscillator is generated by the ‘
synthesiser circuit shown in figure 15. The VCO, which
operates on the output frequency, is a Colpitts oscillator
based around Ql. The frequency is determined by the

15 components around.coakial dielectric resonator DRl and
varactor diode Dl. The'output of the VCO is amplified and'
buffered by dual-gate MOSFET Q2, after which a signal is
taken off to drive the prescaler IC3. The oscillator
signal is then further amplified by IC2 and split two ways

20 by power divider PS1 to drive the up- and dowh- conversion

mixers.

The control loop is formed by the synthesiser IC2, dual-
modules prescaler IC3, and the loop filter based around
25 ICl and associated components. The loop is of
conventional Type II design, with a narrow bandwidth of
about 150Hz. The frequency reference is provided by a
12.8MHz TCXO module driving the refe:énce input of IC2.

30 Fig. 16 is a circuit diagram of a power supply for the
interface board to interface between the CT2 handset and |

a basic telephony service.



(n a f urt herysg’pedsst he present invention provides an el ectri giciigBosioosss
di stribution and/or power transm ssion network at |east part of which is

external to a building, the network includi2gy i nput neans for the input
onto the 30 network of a tel ecommuni cations signal having a carrier

frequency greatrhRé pbeerappppiynprovidédHenpad ovlpuyeneangstor renoving
sai d tel ecomuni cations signal fromthe 16 network, said signal being

transm ssi bl e al ong said external part of the network. Contrary to the

| S ot mpr act FRAP due ¢ 6E3F: SRASP; SxPefFkkycla¥ BTN ekl Pef"00, (¢

hi gher frequencies, the paghkg@y of the power transm ssion and/or
di stribution network exhi bit pseudo-coaxial characteristics and therefore
at t enuat i on5i s+b¥duced. tfor control logic

+50v -for line interface

The incoming supply is +12v. This is regulated down to
+5v by linear regulator IC6. The +50v supply is derived
10 from the +12v rail by a push-pull forward converter based
around ICl. Ql1l-2, D1-6,T1 and Ll. The design is
conventional, but an adjustment is provided for the
oscillator frequency. This allows the frequency to be set
so that its harmonics do not fall within the bandwidth of
15 the CT2 second IF at 500kHz. This is achieved by using a
frequency of 110kHz for the power converter, placing the
4th and 5th harmonics at 40kHz and 550kHz respectively.

Fig. 17 is a circuit diagram of an interface for the CT2
20 handset, inclusing the line interface, audio interface and

control logic.

The line interface is based around 3-9, IC2 and their
associated components, and handles both incoming and

25 outgoing calls.

For outgoing calls, under quiescent conditions, REVERSE is
low. When the subscriber's terminal goes off-hook, line
current flows from the +50v supply via Q3, the

30 subscriber's terminal and the constant-current sink formed
by Q7 (whose base is held at +5v) and R15. A voltage is

thereby developed across R15, and this performs three



In this wa peech and data signals can be transmitted |
frequenci eg‘"g&’g?’éat er than approximtely | VHz, all ow ng fo??“g’q%gé(gdg?;
avai | abl e spectrum and greater transm ssipgn capacity. The carrier 15
frequency may in fact be | ess than 1N+t i.e. 800kkt ir even as | ow as

600kHz, but fﬁnéﬁibﬁsIEdﬁfot @ﬁy
t el econmuni cat | ons signal s naipbe provi ded, eaé% %aV|ng d|%#%rent carrier

frequenci es. t20ggeéns a1C3a} hﬂxiabpenablebelquesﬁm abowtit 5@ms pr oxt4es a
met hod of S|8nal transm ssion includi ng i nput of teleconnunlcatlons

si gnal havin %PE%F??e?P?F%EH%Hc?f FhﬁrG%¥ePa¥4%§ta$p Linent ke ont o
at | east oneg Bﬂ?séaﬁga se %gsﬁéﬁc£6'f 1¥1%€¥@%nq6§%#é¥%§'éﬁif“d/Or 25

transm ssi on reception rom at | east

one other5phsaeoﬁdnﬁuciﬂrpailsheneeinpuk osaIdzceﬁﬂghk Which gforeember of
phases, said nunber belngéchosen fromthe list 1,2,4,5,6,7,8,9, .....n.

(where n i s BEVERBEGE? § tEPWthaﬁh§§dlﬁutibr§V%F%B?§ on Pvi nfhisor 2
phases. Any 803L! ¢RE jURcBP8NCoPSREE! SndPN21 "abWH L5 C8 Yo S1evel,

forward-biassing D8 and thus connecting C17 and the est of
the audio circuitry (based around ICS) fo the line.

10 : _
When the subscriber's terminal goes back on-hook, line
current ceases to flow and the voltage across R1l5 drops.
The falling edge of this signal triggers IC3b and IC4b,
which togefher simulate operation of the CT2 handset's

15 "Clear" key. This causes the CT2 system to clear down.

On receipt of an incoming call, the CT2 handset activates
an internal open-drain buffer (which would normally drive
the ringing transducer)'which is connected to the RING

20 1line and thereby discharges Cl10. This enables a 25Hz

oscillator formed by IC2a,b and associated components.

Provided that the subscriber's terminal is on-hook, the
- output from this oscillator is gated to REVERSE. During
25 the time that REVERSE is high, 03 and Q7 are switched off,
whilst Q4 and Q6 are enabled, reversing the polarity of
the voltage applied to the line. 1In this manner the line
is driven with a 25Hz square wave of 100Vpk-pk. Whilst
this is lower than the ringing voltage supplied by a
30 normai public exchange line, it is nevertheless sufficient
to cause the subscriber's terminal to register an incomihg

call. The ringing current is not sufficient to develop a



17 descri be saapyhgre in this specification. Enbodinents of g@
I nvention wi [T 'now be described with reference to the acconpanylng raw ngs
in which: 5 Fig. 1 is a schematic diagramafy a part of a network in which

aspects of the present invention nmay be used; Fig. 2 is a schematic diagram

of a first trapsTtagkoBctlssYRLEMhENAWILE WBPK AERORHRBICEOQHI ULR éacEl
3 is a schematic diagramof a second transm ssion systemfor a network

accordi ng.to fither zeasons5whiygQ94and Eﬁsehenﬁﬁkmedlagr&nlehsarehthdt this
transm ssi on sxsten1f network according to figure 1; a Cross

section throug s?yp?galhFﬁ?eE°ﬁﬁﬁ§3“E§bV 326°E|§re§B" tgegeffpgﬁ
through a typi ggkrreAexw8h182818w in €17, which would not only heavily

5 load the 50V supply, but would also trigger the "off-hook"
detection circuitry (IC2c, IC3) and thus cause malfunction
of the system.

In order to simplify the system, no facility is provided
10 for decoding the dialled digits from the subscriber's
terminal. It is therefore impossible to operate the
present system in loop-disconnect mode. DTMF tones
generated by the subscriber’'s terminal will be passed
transparently through the audio channel once the line is

15 established.

Recall is acheived by IC4c and associated components.
Since both wires of the line will normally have close to
+50v on them, the 'earth recall' facility on the

20 subscriber's equipment will pull the recall line, and thus
the control inout of IC4c, up to a high level (rather than
pulling the line voltage down to earth as would happen on
a public exchange). IC4c is connected across the ‘'recall’
key of the CT2 handset. It should be pointed out that the

25 ‘"earth” wire (actually the RECALL line) is at a more
negative voltage than the A_and B wires of the line,
rather than;more positive as is normal practice on public

exchange lines.

30 The hybrid is formed by IC5 and associated components, and
is coupled to the line wvia Cl7. Output from the CT2
handset is applied to the non-inverting input of IC5a,



Fig. 6is fi enbodi nent of a network conditioning unit ith
9 §?o§h@§§g 9 PéﬂE¥Hﬁﬁ%W'

t he prese lon; 25 Fig. 7 is a second enbodi nent of "‘a ‘networ
conditioning unit for use with the preseng invention; Fig. 8 is a plan view
of a network conditioning unit 30 according to figure 6; Fig. 9 is a view

of a circuityReahdisotohbegiifed0d¥ a udBeeogdihi BEELEr UNithefodtmut & Fi 0.
10 is a schematic diagramof a network conditioning unit according to an

aspect of th¥Cpredrhvesntbatline Bi&i the balanniing Iimpedancs dihnt iwhithgr ans
Ton 128 andidotosney BectLinafTo 88 ¥Poaln o 10 concentric, O
split-concentric and pseudo-concentric .cable
5 ICSb acts as a-convéntional differential amplifier. If
the impedance presented by the line is the same as Zb,
then any signals arising from the output of IC5a appear
purely in commbn mode at the inputs of ICS5b and thus do
not appear at the output of the latter. Incoming signals
10 from the line, however, are applied only to the non-
inverting input of IC5b and are passed on with a gain of
+2. The output from IC5b forms the inpuf signal for the
 CT2 handset. "

15 Fig. 18 is a circuit diagram of an isolation interface for
use between a base station and sub-station equipment.
It is necessary to isolate the base station from the PSTN
line to allow connection to mains earth as the line
interface is not isolated from the RF'part in the original
20 deéign. This is accomplished by means of a small add-on
board which takes over the hybrid and line switching

functions.

The circuit diagram of this board is shown in figure 6.

25 After passing through protection network L1-L2-VDR
(transferred from original GPT base station) the line
current is rectified by BR1 to make the circuit
independent of line polarity. Q1 prcvidés the line
switching function and is driven from the base station's

30 control logic via IL2 and R2, R3 and D2. rhe earth recall
facility is provided by Q2 and associated components,

driven via IL3. Conveniently, these functions are both



respecti vel wyolk@ossi3 is a bl ock diagram for a frequency CONVETABIS/00894
according to an aspect of the present invention; 15 Fig. 14 is a circuit

diagram for the frequency converter of fig@Be 13; Fig. 15 is a circuit
di agram of a synthesiser circuit for 20 the frequency converter of flgure
14; Fig. 16|:;thnQiiﬁd ufing aptorisolaters sippthe farigin@l? diammisiet,

|nterface accordi.n n aspect of t sent_ invention; 25 Fig. 17 is a
circuit diagrdth eé{]ffé’g%%f%?ehsﬂ’ﬂﬁwq r@%gt%pl y of
figure 16; Fi g.gohftiord C'fﬁ%ﬁoxﬁ@%éfﬂéﬁe@ @ff«g tHeld 19 by dé " 1&‘24:%1 or

circuit for use with the present 1 nvention; anc a schemati c
di agram show raf tl1& wel AL Hdve to be capable of withstandlng the peak

5 ringing voltage in the 'off' state, so high voltage types

are specified here.

Ringing current is rectified by BR2 and drives ILl1 via Rl
and D1 - the latter being present to prevent high level
10 audio signals from getting through to IL1l.

As there is no facility for loop-disconnect dialling in
this system, no masking circuitry is needed either for the
audio path or the ringing detector. This would otherwise
15 by required to prevent the loop-disconnect pulses from
operating the ringing detector or overloading the audio

channel.

The remaining circuitry provides the audio path. Signals
20 to be transmitted are applied to Darlington Q3-Q4 via
isolating transformer T1 and associated bias components.
This pair of transistors in conjunction with R13 and R14
form a constant-current source which is modulated by the
outgoing audio signal. The resulting signal splits via R8
25 and R9 between the line and the balance impedance formed
by C3-5 and R10-12. 1If the line impedance is equal to the
balance impedance, the signal voltages across R8 and R9
are equal and opposite and no signal appears across T2.
This arrangement thereby provides sidetone cancellation.
30 1Incoming signals from the line however, do develop a

signal in T2 which is output to the CT2 base station.



19 transm S§si chni ques according to an aspect of the pr ntion
Fig. 1 sho géﬁéfally a network 40. Mains electricity 5 epﬁgﬁghrﬁe!ﬁetmprk

froman 11kV transnission line 42, via aggransforner 44 and onto a 415V
t hree phase network 46. The 415V three p%ase network is supplied to a

nunber of | ogaldns é:.“if]:lrh :ﬁ?’g;}’ y
receive only a %I ngI e phase eﬁq ctri CI ty sup a1t£)ih§ifternat I vel yzlrrqu

recei ve a thise vabis ethpo vressarpp | inveiot ion aixl chme, srghatisg /e s ianj ect ed
into the network (or alternatively received fron1the networ k) at_ an
i nj ection podFRPHRE twwg%c@%%yfm% for Wﬁ]s%'@' £PMA n or der

to separate %ﬂ&h | &8 #EEA éﬂég fr w frequency
“high anmplitu p%%er SI gha each Sl ﬁ ourc@ an Sh- | na d|cgn i's
provi ded $i t desigitdtes ktive bhsi® COMA Ui gndl wh:EcElOV!{B lan maat:ﬁ&twl in

figure 11a. This network 20 conditioning unit includes a | ow pass filter
for separ at i PEodRand clowPayef fLgnal. However, according to one

aspect of the present invention, additional signals can

also be transmitted at the same time. Examples of such
additional signals are designated 402, 404 and 406, and it
10 will be seen from fig. 19 that such additional signals are

relatively narrow band signals.

The narrow band signals will interfere with the CDMA
signal in the regions covered by those narrow band

15 signals, but the data included in the CDMA signal may

| still be recoverabie'from the other parts of the frequency
spectrum of the CDMA signal. Thus additional data sighals
(402, 404 and 406) can be included along side the basic
CDMA signal 400.

20
Fig. 5A shows a simplified cross section of a three phase
power cable 54, including red phase 56, yellow phase 58,
and blue phase 60. Data signals are transmitted between
blue phase 60 and earth 62, and are injected into the

25 network via network conditioning unit 52. At high
frequencies, the mutual capacitance between the phases
effectivelé produces a short circuit. Therefore, such a
transmission system gives a pseudo-dbaxial characteristic,
roughly equivalent to the coaxial cable shown in Fig. 5B.

30 The mutual capacitance between any two of the phases in
the three phase cable is shown schematically as 64 in Fig.

'5A - similar mutual capacitance exists between other parts



A further (hiygh o§pgszent) conditioning unit 51 - shown also in fipw
may be fitted between the electricity 25 distribution transfor{r'rer &5/‘?10%%

the injection point 50 in order to further genove transformer noise from

the conditioned network 40. The unit 51 is fitted with a high current

I nductor. 30 Figf phades\s a portion of a three phase network 40 into which

and from which data signals nmay be transmtted and received using the

network conditioning units 52. The 20 cabl e of the network 40 is clad
or, substantially all of

i.e. is surrou sheath 41 e.q. along .all V.

its | ength. Asnggge@%srr% e ed'é%t%i%% NE _ tfé"f‘?ja’ﬁ’s‘?ﬁjﬁ%d“&ﬁ e

vel | ow phase ofaddiirdirigloid dhie MM O CEHU!I 3 QU0 Hidnt¥chh lade - the

signal is applied between the yell'ow phase and earth as shown. fhe

transm tted datblingtaakad Han Rigs vdd yarehyl . alFigpf Idendidowsni ng units
conditioning units as designated 52 and 51 in fig. 1
respectively. The conditioning unit can be considered to
be equivalent to a low pass filter 100 and a coupling
capacitor element 102 (which can be considered to be a

10 high pass filter element).

The low pass filter elerent 100 allows mains power to be
supplied from the distripbution network to a consumer
whilst preventing high frequency communication signals

15 from entering the consumers premises. A coupling
capacitor, or high pass filter element, 102 is provided to
couple the high frequency communication signals onto the
distribution network whilst preventing the mains power
from entering the communications apparatus.

20
The conditioning unit components may be fitted into e.g an
electricity meter case located in a consumer's premises,
or possibly may be set into a compartment at the rear of
such a meter. Alternatively the necessary components may

25 be located in e.g. a customer's high rupturing capacity

{(HRC) fuse or cut-out unit.

Referring to Fig. 6, an embddimeht of a conditioning unit
(essentially a filter) according to an aspect of the

30 invention is indicated generally by the reference numeral
10 and is connected between a mains electricity input 12

and a mains electricity output 14. A signal input/output



52B, 52C I ch are connected to the yellow, red an es
%pg o8y %&J,déhgssmm

respective n other words transmtted 10 data may be picke on any
phase of the cable, including the phaseszpnto which the signals were not
injected by the transmtting unit. This is due to the nutual capacitance

bet ween t he pites a6 ol UQlgy com@t@d Aridd e HiM@ly, Padiedamaaaxi al nature
of the three phase cable. As can be 15 seen, -.data can be transmtted and

recei ved by mwsgr ukine Ench standand SOz mains leltirlciltgwpoweri ncl ude a
transfornmer 43. Typical)Jy this js effected by a single three phas
t r ansf or mer ?‘Eﬁpglpfqﬁjé\{,‘%a?séﬁm%%(ﬁ%ﬁg%itw &‘?&pﬁ%‘%esl"%gl e phase

{r ansf or er 540 ) i Gk difor RbdaerLANO Sl For ribrmd 15 e POt on

of a three phase network 40 1nto which an rom whi c ata signals nay be
transm tt®d and 25 received using four network conditioning units 52. As
shown, the data a#gnals are transmtted across two phases of the three

phase network® $HLEeE 1@ A% agremled ANER R BRLAL DOX Fhich, preyents o
phases are nplaj eS¢ &£ he [mtiliH¥ion signals to externally '

located appliances and which provides a connection 18 to
earth for the signal input/output line 16. The filter 10

10 includes a first or main inductor 20 formed e.g. of 16mm’
wire wound on al10mm diameter, 200mm long ferrite rod with
30 turns of wire thereafcund. This provides an inductance
of approximately SOpH. This may be a minimum for the
signal characteristics utilised. - The use of better

15 materials or a plurality of series inductors would
increase the inductance of the inductor up to, for

example, approximately 200uH.

Each end of the main inductor 20 is provided with a

20 connection to the signal input/output iine 16. A first
connection 22 between the mains electricity input 12 and
signal input/output line 16 comprises a first or coupling
capacitor'24 having a;capacitance of between 0.0l and
0.50pF, and preferably around O.lpF; This coupling

25 capacitor 24 is connected to a first fuse 26 which is
arranged to blow in the event of failure or a fault

developing in capacitor 24.

A second connection 28 includes a second capacitor 30
30 having a capacitance of between 0.001 and 0.50pF, '
| preferably around 0.luF. This capacitor provides further

attenuation of the communication signals by shorting to



hase in Fi e non-used phases(s) may be term nated to ' n
: weei e eone ™ PRRbRB2,

appropriate 1 npedance. This nay be done 21 using an "L" cif :
series inductor with a shunter capacitor omghe transfornmer side. This
provi des an opti num i npedance and ensures that an RF signal which is

coupl ed bet weerng. 8artheokegraifay bl owvapBassna E§53°§25i§h595?QFg8“@oby a
Th I ul 1f there

| ow i npedance transfornmer connection. is is particularly Use
is insufficienblpwddft avfandtclevetops #ngthehsegdtiiocaphestorr 30sf or ner

connection poinh. ég In F%g. 4 an_alternative transm ssion systemto Fig.
ERePRePHSVERE

is shown, in wh 1pdafurther: ppit Apmageacross ail three

phases, i.e. blue, red and yellow, of the three phase network 40. 15 Fig.

13 is a schematic diagram showi ng an exanpl e of using one particul ar
t el ephoni c Br orheokigfa2) inpub/eutpuvoline 16 is connected to a second

inductor 34 having an inductance of approximately 250uH
minimum. This inductor is provided as a damage limiter in
the event of failure of the coupling capacitor 24. In the
event of such failure this inductor provides a path to the
‘10 ground 18 for the 50Hz mains electricity power frequency,
thereby blowing fuse 26. The inductor has no effect on
the communication frequency signals present on the signal

input/output line 16.

15 Fig. 7 shows a second embodiment of a filter according to
an aspect of the present invention. The filter 70
includes a pair of inductors L1, L2 arranged in series
between a mains electricity input 72 and a mains
electricity output 74. A preferred value for L1 and L2 is

20 approximately 16pH. Connected between the RF input line
80 and the mains input 72 is a first fuse Fl1 and capacitor
Cl, and connected between the RF input 80 and ground is a
third inductor L3, which acts as an RF choke and has a
typical value of 250uH.

25
Connected in a similar fashion between the connection
point of L1 and L2 and ground is a second fuse F2 and
second capacitor C2. Connected between the mains
electricity output 74 and ground is a third fuse F3 and

30 third capacitor C3. A typical value for the capacitors is
around 0.1luF and for the fuses approximately 5 amps HRC
(high rupturing capacity).

2



accor di ng Wwe okMgsPr esent invention. In normal use, CT2 equipFipeRosiohdqdsn t s

and receives at a radio frequency of [err]. The network is not generally
suited for the 20 transm ssion of signals4at this frequency, and so the
system therefore incorporates frequency translation equi pment to convert

the CT2 si greie tvaluds efuaiis Fomngresy doiipgdnerits ldties exemillary dhilhe -
equi pnent of figure 13 is based around a standard single |ine CT2 handset

and base st a&%rﬁ&feﬁere% rrafarzed yalyues vdldakes appropRisatel£orhe
functions of Iephone | ine at the subscriber's
' bas&f) gi/ Eg}t%rfac dﬂéxﬁﬁ

prem ses, G Ty (see figs 16 and 30 17) i's used in
addition to the frequency conversion system 22 The subscri ber and

substation equi pment normal |y each contain the CT2 eqU|pnent plus three
addi ti ond boar ds.

Turning to Fig. 8 a typical housing arrangement for a
network conditioning unit according to an embodiment of
the preseht invention is shown. The main inductors L1 and
L2 are housed within a shielding box 90. Various

10 connections are shown, including a communiéation interface

| port 92 to which a user's communication equipment would '

normally be connected. However, as shown in Fig. 8, this
port may be terminated in an impedance matching port
terminator 94.

15 .
Fig. 9 shows a ci:cuit board 96 which fits inside the unit
90 of figure 8 and houses the rest of the circuitry for
the network conditioning unit of figure 7. Connections A,
B, C, D and E are shown which connect to the appropriate

20 points of the box shown in figure 8.

Fig. 10 is a schematic representation of a network
conditioning unit 52, showing the various building blocks
80-86 of the network conditioning element. To design a

25 suitable network éonditioning unit, the circuits
represented by blocks 81 and 86_should bé high-impedance
elements ovér the required commﬁnications frequency '
spectrum (eg. 1MHz and abovg) and low impedance elements
at frequency of mains electricity supply (ie. 50/60HZ)

30 i.e. these elements are inductors. Similarly blocks 80
and 82 should be'low_impedance coupling elements over the

required communications frequency spectrum and high



‘These consi sig ednekdre frequency converters and ready-built povwrT/eBgmono4
(PSU) nodul es, which are identical in both 5 equipnents, and the baseband
interface boards which are different for e&8&h unit. The frequency converter
consists of five main parts: the synthesiser 200, down converter 202, up
converter 204impedanesshsblatingvelements 3R6thed fachaesicpasst thet aainss.
Each of the up_and down converter stages includes a RF band pass filter

210, 212 respB8ieFFErgity mppRplY2ie. EgSYr B85PcCAPAEAFOTEN anplifier 218, 220
respectively and a harnonic filter 222, 224 respectively. 15 In use,
signals being transmtted fromthe conditioning unit 230 to the CT2

t el ephone equHrEefaud2cirrbnfaleénitehly €asible Sa¥etonainked (8anwaat ed” by
the up converter 204. Simlarly, signals being transmtted fromthe CT2-20

equi prent 332850 esre pravidedningsemies(wddht edememtiso80handeBier kAnwi | | be
"down converted" i ng,down _converter 2. The transmt/recei,ve.sw tch 206
operates to eﬁgeégiPﬁgﬁ 3W8°§BBF8pWP§F§QPFeE&§H€§ g @P§i§ﬁ &PE&P??E

for connection to a communications port. This element may ‘

be external to the network conditioning unit 52.

10 The optimum values of items 81, 80, 82 and 86 will be

dependant upon factors including:-

a) The required frequency range over which the network is
to be conditioned.

15
b) The unit length of the network which is to be

conditioned.

c) The number and types of loads which may be encountered

20 on the network.

d) The characteristic impedance of the network phase
conductors with respect to earth ie. conductor outer
~ electrical sheath.
25

e) The impedance of the communications interface devices.

The network conditioning unit may be filled with air,
inert gas, resin compound or oil depending upon the

30 location and load and/or fault current ratings of the
conditioning unit. Also it may be, for example, sited

indoors, pole mounted, buried underground or inserted in



25 Figure ¥ootmmes in nore detail a circuit diagram of a suipcridpdsheseguency
converter. Transmtted signals fromthe CT2 equi pnent are applied to the
"TX IN' port, passed through a ceramc fi3&er 24L to 30 elim nate spurious
product's, and reach the down-converter m xer via an attenuator and the node
- switch | C5. Etredt lampmoplummsal fromthe nmixer is anplified by Al and

23 passes to the transmt - receive switch 1C6, which is controlled by the
TXRXCO signal fromthe CT2 radio unit. Fromthis switch the signal passes

t hrough t he f lgs ' gt d_fi -0order Butterworth
5 hi gh-pass ?g'%léﬁlxggéggcﬁlo%ﬁfg- Bm(}fcﬁ @ gg; gpeﬂ?e?e ggeg?ut of f
frequenci es dindiNddusld idddrores ierigserdes, Hid fiif nd inteldonnectisncd '

. through a 3dB attenuator, which serves to provide a reasonable match for
the filterS 10%wRequ#rad  FOr fxampice @R &h sireaste ldghtut items 84,p8&:,

83 and 86 may be omitted.

Items 80 and 82 may comprise of a number of capacitors in
series and/or parallel configuration depending upon

10 working voltages encountered ie. 240, 415, 1llkv, 33kV etc.
Alternatively, or additionally, items 80 and 82 may
comprise 6f two or mofe capacitors in parallel in order to
overcome, for example, deficienciés in capacitor design |
when conditioning a network over a relatively wide

15 frequency range, for example 50 MHZ to 500 MHZ.

Furthermore, items 81, 85 and 82 of the network
" conditioning unit may be cascaded if required. 1In a
typical design, the greater the number of cascaded
20 elements the sharper will be the roll off response of the

filter and the greater its attenuation.

Figs. 12A, 12B and 12C show sectional views through a
single phase.concentric, split-concentric and "pseudo"-

25 concentric cables respectively. A typical concentric
single phase cable (as illustrated in Fig. 12A) consists
of a central metallic conductor core (typically aluminium)
110 surrounded by an insulating layer 112 (typically PVC).
Around the insulafing layer 112 are laid a plurality of

30 metallic conductors 114 (typically copper) over which lies
an insulating and protective sheath 116 (typically PVC).

In use the neutral and earth are combined in the outer



and ener ges whoshex318Miz RF to CU' port. This port is connect edricBos/oa94
mai ns conditioning unit (CU which couples the RF signal into the network.
15 Incom ng signals fromthe conditioning BAit pass back through the

6- 10MHz band-pass filter and TXY RX switch |1 C6, enmerge fromport 'B and are
anplified by Aéhedtie afitmetaliic tondugtorfs etl4s harnonic filtered and -
applied to the up-conversion m xer MX2. The output of this mxer is fed 20
to the input of the CT2 receiver via node switch FCB and a second 866MHz

ceram ¢ band- gﬁ%ﬂ#lggx@&wr o ghﬁ% C%?'?%%dtﬁ@ I:ng

access to the transm f and recei ve pat i'0. This 25

enabl es a | i nksimiler sed thpe atoritdritizid atdlhibe da:ycemblﬂ'ml: the cgbtemnt ennas)
for test purposes. The 866NHz signal paths are diverted away fromthe

frequency cBnviaYeF of JiR¥ablic EPnductens b %ﬁesabrFéEEH%lﬁ%H by IC7
o he! &r3° SRS 450 o S woRRISS P8 B0 B TIRRA MR
out to 117. These portions are divided by insulators 118, 120
and in use the neutral and earth are split so that one
portion of the outer metallic sheath carries only one of
10 them.

In order to maintain a pseudo-coaxial effect in the split-
concentric service cables at the desired transmission
frequencies (e.g. above 1MHz) one or more capacitors 122

15 may be connected between the upper and lower portions 115,
117 of the outer metallic sheath 114. These capacitor(s)
may be fitted e.g. at the termination and/or conditioning
points of the cable.

20 It will be seen from the foregoing that the invention
provides a simple filter effectively separating signals
having a fregquency spectrum indicative of radio
communication signals from those of standard mains

~ electricity power supply without significant loss of power

25 or gquality in either signal. Thus the electricity
distribution and/or transmission network(s) can be used
for both the provision of electricity supply and the
propagation of telecommunications signals, which may be
analogue and/or digital in format.

30
The use of a filter according to the invention at each

consumer supply point in a low voltage electricity



24 an inte t socket) effectively .replaces the origin port
5/255?? /@ﬂ%}ﬁd&?ﬁ

of the radio,” and can be used in the sane manner. The npde switches are
controlled by logic signals fromthe on-lggard switch SW, both true and .
conpl enmentary 5 signals being generated in order to sinplify the routing of
the RF trackgistpibdtibr Sétwéhk | fPovides@UbshdLrihed hdahotibe node
control and 866MHz RF port are located internally to the equipment and do.
not play a pauitahletfonothel topremission 10f ThiglR78raqeentycal oscill ator

is generated by the synthesiser.cifcuit. sho in figure, 15. The VCO, which
operates on Fﬂémgﬁfﬁﬂ¥l??eﬁ gnrls '89§£%5F§¥¥F§ E&%i#i%?ﬁfbﬁﬁggﬁ 4 ound QL.
The frequencyoys, dea6y"E1R8g18YahdC415y COERPEE ﬁ@é%ﬂ&@f&@& dielectric
resonator DRL and varactor di ode D1. The output of the VCO s anplified and

buffered By dupplyese MIBEEDroRisidnecofwsuch a sonditiosed network

constitutes a further aspect of the invention.

The invention is not confined to the foregoing details and
variations may be made fhereto within the scope of the
invention. |

10



t aken of f t qy@biAasi he ;mﬂm Uﬂ:ﬂj e osci |l ator signal isci/eassidossd her
anplified by 1C2 and s y power divider PS1 to drive the
up- and down- conver si on” mi‘xers. The contrGB | oop is forned by the

synt hesi ser | C2, dual - nodul es prescaler IC3, and the |50ﬁﬂ§§@éﬁrﬁﬁ§§dgm
around 25 I Cl and associ ated conponents. The | oop is of jconveggposeep Type

Il design, wt rrow bandwi dth of about 150Hz. The teeguerey—referernce

is provided b *8MHz TCXO nodul e driving the reference input of 1C2. 30

Fig. 16 is a circuit diagramof a power supply for the interface board to
“interface between the CT2 handset and a basic tel ephony service. 25 The

power supply provi des éleetricityodiseributid®vand/or -powenutansmisst bty
(as supplled fégg;é?%lgga{égst part of which is external to a building,
the network including input means for the
input onto the network of a telecommunications signal
having a carrier frequency greater than approximately 1MHz
and output means for removing said telecommunications
10 signal from the network, said signal being transmissible
along said external part of.the network, wherein thé
network is adapted to transmit said signal using
frequency, time and/or code division multiplexing
techniques.
15
2. A network according to claim 1 wherein the network is
adapted to transmit said signal using Code Division

Multiple Access (CDMA) communication technigues.

20 3. A network according to claim 1 or claim 2 wherein the
network adapted to transmit said signal using one or more

of the following cordless telephony techniques:

25
R-CDMA (Rockwell-Code Division Multiple Access),
telephony standards CTO, CTl1l and CT2, AMPS, DECT (Digital
European Cordless Telephone Standard), IS-54, IS-95, GSM,
Q-CDMA, UD-PCS, PHS, PACS, TACS, ENTACS, NMT450, NMT900,
30 C-450, RTMS, Radicom 2000, NTJ, JTACS & NTACS, DCS 1800,

etc.

This Sheet Has Been RT
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Supply .smﬁ‘*ﬁ%c"”lﬂﬂlﬂlﬂﬁﬂllllamﬂlﬂm;Eé”b'yi TR o

+50v supply is derived*10°from"thé +12v gpgil by a push-pull forward
converter based around ICl. Ql-2, D1-6,T1l and L1. The design is :
conventionalg, buta %%ﬂ@td&fﬁrdi%@rw'&ﬁﬂ i dHecs Gddva wlélr:@quency
This allows the frequency to be set so that its harnonics do not fal
within the bermmein the cddrrinr Cregeowy i bat&h)kl@pfﬁxisnatelacm-eved by

Ug of 110kHz for the power converter, placing the 4th and
St THEORA fkt and 550kHz respectively. Fig. 17 is a circuit
agr am LA@% |ﬁg flace for the CT2 20 handset, inclusing the line

Riisc nijerface and control logic. The line interface is based
around @59,51C2 mrmiet‘hm'rk axcscsued frige dta campo neme Sof athie hebuitee ©lwdlins i ncom' ng
and 25 outgoin caIIs For outgoing calls, under quiescent conditi

REVERSE i s | ¥R rSigRal agation iis hetyeen At jieash e |9ﬁ1e'°

phase conductors of the network and earth.

6. Communications apparatus adapted for use with a mains
10 electricity transmission and/or distribution network,
including signal transmission and/or reception means, and
frequency conversion means for converting the frequency of
a signal transmitted or received by signal transmission
and/or reception means to a frequency which facilitates

15 improved propagation of the signal on the network.

7. Communications apparatus according to claim 6 wherein
said signal transmission and/or reception means is adapted
to operate according to a telephony standard which uses a
20 relatively high carrier fréquency,.and said frequency
conversion means is usable to convert a signal having a
relatively high carrier frequency to a signal having a

lower carrier frequency.

25 8. Communications apparatus according to claim 7 ﬁherein
said signal transmission and/or reception means is adapted
to operate according to the CT2 or CDMA telephone

standards.

30 09. Communications apparatus according to claim 7 or
claim 8 wherein said frequency conversion means is usable

to convert the carrier frequency of said signal to between

Sheet Has Been Reﬂlaccd
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current flowg,

t he constant current s|
A vol tage is thereby developed across R15 gnd this perforns three
functions. Firstly, the rising edge of this signal triggers |C3a, mhlc
enabl es | C4a fqr gaaogp mERs. | C4a sinmul ates operati on{for LI tih s
"Li ne" key and thus causes the CT2 systemto initiate éH“%u #4$§§§€$£
Secondly, it pulls one input of I|C2c high, which forcgs_RE\ a J
low. Thirdly, it sw.tches on ulls the junction of R20 and R21
down to a | ow F§Velc FﬂPﬂéFﬁtg$8§sP9§a%8tHﬁdaFﬁ8§dé6ﬂn§8tPH§ er? 9fd the

est of the audbgaghgculEbyg(bﬁéﬁﬂiﬁrgﬂﬁﬂ EgahaﬁotEQQSH&g§1°ﬁoa ?Pothe

subscri ber's term nal goes k on-hook, |1 ne current ceases to w and
t he voItageSacrecepRiBndmepas comprises telephone equipment.

the 30 subscriber ﬂ&ﬂ 9ﬁind
5.

=D!

11. Communications apparatus according to any one of
claims 6 to 10 connected to an electricity power
distribution and/or transmission network.

10
12. Communications apparatus according to claim 11
wherein said network is a network according to any one of

claims 1 to.S.

15 13. Use of a communications apparatus with an electricity
distribution and/or power transmission network, the
apparatus including signal transmission and/or reception
means, and frequency conversion means for converting the
frequency of a signal transmitted or received by signal

20 transmission and/or reception means to a frequency which
facilitates improved propagation of the signal on the

network.

14. A method of signal transmission including input of a
25 telecommunications signal having a carrier frequency of

greater than approximately 1MHz onto an electricity power

distribution and/or transmission network at least part of

which is external to a building and subsequent reception

of the signal, said signal being transmitted along said
30 external part of the network, wherein said signal is

transmitted using frequency, time and/or code division

nultiplexing technigues. .
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S rore s ish " ﬂﬂl@ﬁﬂﬁ@ﬁ@ﬂﬂsléw?oaQSr oy TRCTCNE

Cf2ﬂﬂ§§*ﬁﬁ%ﬂﬁ¥b$ééﬂ own. Fecei pt of agzinconming call, the CT2 handset
aftt i vatREPIACEDt er ndl open-drain buffer (which would nornally drgve hhe
rrnging SeMt £ ed ledumiaficait iidhd f&%u%o'édﬂ%éagg& 8HBRY -

di scharges.- C10. This enables a 25Hz oscilla?§¥ﬁ%ornﬁd by 1 Cla, .ang

associ at ed cApFrgeption of @ calegommuninatsanshaignale havizg ias on- hook,

t he output fr hi scillator is gateqd to REVERSE. During 25 the tine
t hat .REVERSE cuoésg“fﬁeg’%,é)’ﬁ?‘%ﬁWYQﬁraﬁ’é%ﬁm FRRTOxiftedy o are
enabl ed, reveistwtirk editdind e fardy'oneP|dA8 ARy 'fle%(%§'t he Tine. In this

manner the line is driven with a 25 square wave o 'k-pk: Whilst this
i s ower than the ringing voltage supplied by a 30 normal public exch?nge
line, it is neverthel ess sufficient to cause the subscriber's termnal to
regi ster an iTonmMy egl:gqtlr ¥ i‘ﬂgﬁ ands or, Powert itansmissigayel op

a network substantially as herein described with reference

to the accompanying drawings.

10 17. Communications apparatus substantially as herein

described with reference to the accompanying drawings. ‘

18. A method of signal transmission substantially as

herein described with reference to the accompanying

15 drawings.

19. An electricity distribution and/or power transmission
network having a number of phases, said number being
chosen from the list 1,2,4,5,6,7,8,9, ....n (where n is an
20 integer gréater than 9), including input means for the
input of a telecommunications signal having a carrier
frequency greater than approximately 1MHz onto at least
one of the phase conductors of the network and output
means for removing said telecommunications signal from at

25 least one other phase conductor of the network.

20. An unbalanced electricity distribution and/or power
transmission network at least a part of which comprises a
clad cable, the network including input means for the

30 input onto the network of a telecommunications signal
having a carrier freduency greater than approximafely.lMHz

and output means for removing said telecommunications

This Sheet Has Been Replaced




27 vol t age s 99HsHL5 Wy il | C2c or Q. In fact rdw@GEYAEEHA Why
Q@ and D8 are fitted 'gmmluml“uﬁnﬂma“fhl S is so. i These conponengs were
not present then ringing*curreént "wobll d"fl odBin Cl?L-%ﬂéﬁgf AR SRR nly
heavily 5 | oad the 50V supply, but would also trigger_t R ~hook”

det ection ciraiignal (fx©ic, thieChetanostkt, hiseidassignadl being drapsmilseibiet eni
In order to sinplify the syste no facility is provided 10_ for decoding
the dialled didftTy B3P BFFS ofs Ehepdetyord Ravang clads ceRdeef or e

i npossible to operate the present systemin | oop-di sconnect node. DTMF
tones generated by the subscriber's terminal will be passed transparently

t hrough the amii.0o ¢hamrurk ande brandh mulitdpbintedlsitrdedty Recal |l is

achei ved by | C4c and associ ated conponents. Since both wires of the line

wi |l normaldy HEFiQudon anddGr SPwere Franfdrlssdom nesuerk ipgdudipg on
the 20 subscrifaly SneaHy FEenY hptlt lontd o Htuddhe o2dd thus

telecommunications signal having a carrier frequency

s 1O

greater than approximately 1MHz and output means for
removing said telecommunications signal from the network.
10
22. An electricity distribution and/or power transmission
network at least part of which is external to a building,
the network including input means for the input onto the
network of a telecommunications signal having a carrier
15 £frequency greater than approximately 1MHz and output means
for removing said telecommunications signal from the
network, said signal being transmissible along said

external part of the network.

20 23. A method of signal transmission including input of a
telecommunications signal having a carrier freguency of
greater than approximately 1MHz onto at least one phase
conductor of an electricity power distribution and/or
transmission network, and subsequent reception of the

25 signal from at least one other phase conductor of the
network, said network having a number of phases, said
number being chosen from the list 1,.2, 4, 5, 6, 7, 8,

9... (where n is an integer greater than 9).

This Sheet Has Been Re{ilaced
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the control Wmes29887 | CAdc, up to a high level (rather than pulgdmehds/ageshi Ne
vol tage down to earth as woul d happen on a public exchange). I1Cic 1s
connected across the 'recall' key of the CI2 handset. It should be pointed
out that the 25 "earth” wre (actuallé, he RECALL line) is at a nore
negative voltage than the A and B wre the line, rather than nore
positive as is normal practice on public exchange lines. 30 The hybrid is
formed by I C5 and associ ated conponents, and is coupled to the line via
Cl7. Qutput fromthe CT2 handset is applied to the non-inverting input of

| Coa, 28 which is configured as a unity-gain buffer. The output of IC5a
drives the line via the bal anci ngFJpgedance zb, which is formed by C18, C19
and R28-30. 5 | C5b acts as a conventional differential anmplifier. If the

i npedance presented by the line is the sane as Zb,

40
N LR N |
| Network
48 _ conditioning
elements
52 — r“""1
-__7 48
|
52
48
= | =
I
. 52
Injection \
Point —— | 415 v 3 Phase
— G
50

11 kv

@ “
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then any sigmebes/zsssing fromthe output of | C5a appear purel YpdicsdsRoEa
node at the inputs of IC5b and thus do not appear at the output of the
l.atter. Incomng signhals 10 fromthe line, however, are applied only to the
non- inverting input of 1C5b and are pﬁ;icgd on with a gain of +2. The
output fromIC5b fornms the input signa r the CT2 handset. 15 Fig. 18 i's
a circuit diagramof an isolation interface for use between a base station
and sub-station equipnent. It is necessary to isolate the base station from
the PSTN line-to allow connection to mains earth as the line interface is
not isolated3romthe RF part in the original 20 design. This is
acconpl i shed sy Eeans of a small add-on boardjwhiich takes over g,he hybrid
and |ine SV\ﬁ txhi g functions. The circuit diagrdmof this boara,l_;i s shown in
figure 6. 2 i i work L1-L2- VDR
(transferred fr original GP }ase station) g lipe current s rectified
by BR1L to nmake e circuit indgpendent of |ine p‘ﬁl"él'ity. QL provides the

l'i ne

Transceiver/
Modem

52/
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Speech/Data out
Speech/Data in
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swi t chi ng f uwaotgsagssand is driven fromthe base station's 30 cpor/GBIsbhBY C
via IL2 and R2, R3 and D2. The earth recall facility is provided by @ and
associ at ed conponents, driven via IL3. Conveniently, these functions are
bot h 29 controlled using opto-isolatgrs in the original circuit,

al t hough these were used for |evel-shi /taong rather than isolation. It
shoul d be noted that the output transistors of IL2 and IL3 have to be
capabl e of withstanding the peak 5 ringing voltage in the 'off' state, so
hi gh vol tage types are specified here. Ringing current is rectified by BR2
and drives IL1 via RL and D1 - the latter being present to prevent high

| evel 10 audio signals fromgetting through to IL1. As there is no facility
for | oop-disconnect dialling in this system no masking circuitry is needed
either for the audio path or the rP-I‘@ gg detector. This would ot herw se

4«
33kV 415V/240V
BLUE 11kV .

T LRI
NS o L/
\ h /
2 “‘41 2
I
11kV | 1
I
|
RED z | | 1 g |
£ bl a1
N/ T 'f L/
b
P
11kV |1
||
]
by
N . a1
- Earth | {
—L L
, I
Transceiver/ } Transceiver/
Modem ] Modem
Speech/Data in ' l———— Speech/Data out
Speech/Data out —————‘ Speech/Data in
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15 by requi rwdosmesar event the | oop-disconnect pul ses from opepéat:Bokidodss
ringing detector or overloading the audio channel. The remaining circuitry
provi des the audio path. Signals 20 to be transmtted are applied to
Darlington B-Q4 via isolating transforner Tl and associ ated bi as
conponents. This pair of transistors #2@onjunction with R13 and R14 form a
constant-current source which is nodul ated by the outgoing audi o signal.
The resulting signal splits via R8 25 and RO between the |line and the

bal ance i npedance fornmed by C3-5 and R10-12. If the line inpedance is equal
to the bal ance i npedance, the signal voltages across R8 and RO are equal
and opposite and no signal appears across T2. This arrangenent thereby
provi des sidetone cancellation. 30 Incomng signals fromthe |ine however,
do develop a signal in T2 which i Fl€gtdut to the CT2 base station. 30

4

33kV 415V /240V
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2 | | =
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" |
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par.a | f TN
N~ = Earth H [
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Transceivers Transceiver/
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Speech/Datan ‘ Speech/Data out
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SUBSTITUTE SHEET (RULE 26)



Anot her partiWOI9&Rp7 sui t abl e comuni cation protocol for use WeghcBbGoosos
present invention is CDMA, and fig. 19 is a graph of vol tage agal nst
frequency for an exenplary CDVA signal according to the present invention.
Line 400 5 designates the basic CDVA skgpgl which is a relatively broadband
| ow power signal. However, according to one aspect of the present

i nvention, additional S|gnals can also be transmtted at the sane tine.
Exanpl es of such additi onal signals are designated 402, 404 and 406, and it
10 will be seen fromfig. 19 that such additional signals are relatively
narrow band signals. The narrow band signals will interfere wth the CDVA
signal in the regions covered by those narrow band 15 signals, but the
data included in the CDVA signal may still be recoverable fromthe other
parts of the frequency spectrum of the CDVA signal. Thus additional data
signals (402, 404 and 406) can be included al ong side the basic CDVA signal
400. 20 Fig. 5A shows a sinplified cross section of a three phase

FIG.5A | FIG.5B
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power cabl e wé,9skys3f udi ng red phase 56, yell ow phase 58, and 60.
Data signals are transmtted between bl ue phase 60 and earth ggﬂﬁg%gﬁgﬁa
injected into the 25 network via network conditioning unit 52. At high

-frequenci es, the mutual capacitance between the phases effectively produces
a short circuit. Therefore, such a tran§ sion systemgives a
pseudo- coaxi al characteristic, roughly gafvalent to the coaxial cable
shown in Fig. 5B. 30 The nutual capacitance between any two of the phases
in the three phase cable is shown schematically as 64 in Fig. 5A - simlar

mut ual capacitance exi sts between other parts 31 of phases. The basic
el ements of a network conditioning unit 101 according to one aspect of the
present invention are 5 illustrated in Figs. 1la and 1l1b. Fig. 1la shows

conditioning units as designated 52 and 51 in fig. 1

FIG.6
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respectivel y. WBRS288di ti oning unit can be considered to be equj fi‘ilﬁg}ﬁosﬁ-? a
| ow pass filter 100 and a coupling capacitor elenent 102 (which can be
considered to be a 10 high pass filter elenment). The | ow pass filter

el enent 100 aliows mains power to be s éﬁ%%ed fromthe distribution network
to a consuner whilst preventing high fr ncy communi cation signals 15
fromentering the consuners prem ses. A coupling capacitor, or high pass
filter elenent, 102 is provided to couple the high frequency conmunicati on
signals onto the distribution network whil st preventing the nmains power
fromentering the commmnications apparatus. 20 The conditioning unit
conponents may be fittfsd into e.g an electricity nmeter case located in a
consuner's prenises, o] possibly may, be set into a conpartnent at the rear
of such a nmeter. Alterpativel P the‘ﬁecessary conponents may 25 be | ocated
in e.g. a custonmer's h city (HRC) fuse or cut-out unit.
Referring to Fig. 6, ap enbodi nent a‘conditioning unit
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‘(essential | yygodhdst£r) according to an aspect of the 30 i nvengdpEBIsHOSs

I ndi cated generally by the reference nuneral 10 and is connected between a
mai ns electricity input 12 and a nains electricity output 14. A signal

i nput / out put 32 line 16 is also connected into the filter. The mains
power line is a standard 50Hz nmains electricity power supply providing &
donestic electricity power source of 248(2%t a nmaxi num current of 100 anps
for normal usage. 5 The filter 10 is assenbled into a netal box which
prevents radi ati on of the comunication signals to externally |ocated
appl i ances and whi ch provides a connectign 18 to earth for the signal

I nput/output line 16. The filter 10 10 igcludes a first or main inductor 20
formed e.g. of [err] wire wound on a 10 di aneter, 200mmlong ferrite rod
with 30 turns of wire the T €S ar, 1 1o

CONDUCTOR
CLAMP

F1G.8

2
COMMUNICA TION
INTERFACE PORT K//ﬂ
COMMUNICA TION %$/1

PORT TERMINATOR

_ P \
TO HR.C. FUSE MAN

INCOMING SUPPLY CONSUMERS TO
EARTH METER
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of approxi newelss29s3rr]. This may be a mninumfor the signal peygposionses
characteristics utilised. The use of better 15 materials or a plurality of
series inductors would increase the inductance of the inductor up to, for
exanpl e, approximately [err]. Each end of the main inductor 20 is provided
with a 20 connection to the signal inptété(?ut put line 16. A first connection
22 between the mains electricity input {90 and signal input/output line 16
conprises-a first or coupling capacitor 24 having a capacitance of between
0.01 and [err], and preferably around [err]. This coupling 25 capacitor 24
is connected to a first fuse 26 which is arranged to blow in the event of
failure or a fault devel oping in capacitor 24. A second connection 28

i ncl udes a second capacitor 30 30 having a capacitance of between 0.001 and
“[err], preferably around [err]. This capacitor provides further
attenuation of the conmunication ngfeiiny shorting to

96

&
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"33 the eart ky@bsspseund 18. A second fuse 32 is provided to blrvwénsmossaul t
devel ops in the second capacitor 30, thereby preventing further unit
‘damage. 5 The signal input/output [ine 16 is connected to a second i nductor
34 having an inductance of approximately [err] minimum This inductor is
provided as a damage limter in the event of failure of the coupling ’
capacitor 24. In the event of such fail@f@9this inductor provides a path to
the 10 ground 18 for the 50Hz nains electricity power frequency, thereby
bl owi ng fuse 26. The inductor has no effect on the conmunication frequency
signals present on the signal input/output line 16. 15 Fig. 7 shows a
second enbodi nent of a filter according to an aspect of the present
invention. The filter 70 includes a pair of inductors L1, L2 arranged in
series between a mains electricity input 72 and a nains electricity output
74. A prefer ngéP‘V&‘f%'-é“:f.“tﬁ:"“E’f‘énd L2 is 20 apgeeid matel y fegye]r=seonnect ed

-4

bet ween t he :j:ﬁ@ﬁf‘:il“ﬁ‘q—————-—.—“--:————_] .
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! | |
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80 and the nWOPS295put 72 is a first fuse F1 and capacitor ClpcaiecB9es/i0s94
connected between the RF input 80 and ground is a third inductor L3, which
acts as an RF choke and has a typical value of [err]. 25 Connected in a
sim lar fashion between the connecti on p0| nt of L1 and L2 and ground is a
second fuse F2 and second capacitor ected between the mains
electricity output 74 and ground is a t}n rgnf use F3 and 30 third capacitor
C3. Atypical value for the capacitors is around [err] and for the fuses

approximately 5 anps HRC (high rupturing capacity). 34 The val ues given
for these conponentsi¥are exenplary only, and different preferred val ues
w |l be appropriate r\?iher design frequencies. 5
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Turni ng to RvQ9es/®sar t ypi cal housi ng arrangenent for a networ KeCrRGBYSIONEIRI NQ
unit according to an enbodi nent of the present invention is shown. The main
inductors L1 and L2 are housed within a shielding box 90. Various 10
connections are shown, including a conmunication interface port 92 to which
a user's communi cati on equi pnment woul d 1r%z Bal | y be connected. However, as
shown in Fig. 8, this port may be termnated in an i npedance natchi ng port
termnator 94. 15 Fig. 9 shows a circuit board 96 which fits inside the
unit 90 of figure 8 and houses the rest of the circuitry for the network
conditioning unit of gure 7. Connections A, B, C, D and E are shown which
connect to the appropg ate 20 points of the box shown in figure 8. Fig. 10
is a schematic represg’ut ation of a network genditioning unit 52, show ng
the various building @ ocks 80-86 of the netork conditioning element. To
design a 25 suitable aetork conditioning urt, the circuits represented by
bl ocks 81 and 86 shouwge hi gh-i npedance
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el ements oveWQ M98 qui red communi cations frequency spectrum (peaycEbigeqNd
above) and | ow i npedance el enents at frequency of mains electricity supply
(ie. 50/60HZ) 30 i.e. these elenents are inductors. Simlarly blocks 80 and
82 shoul d be | ow i npedance coupling el s over the required

communi cati ons frequency spectrum and hig 35 inpedance isolating

el ements at the frequency of the mains electricity supply ie. they are
capacitors. HRC fault current limting fusible safety links (84 and 5 85)
are provided in series with elenents 80 and 82. An additional inpedance

mat chi ng network 83 nmay be included f§or connection to a comruni cations
port. This elenment nay be external tojthe network conditioning unit 52. 10
The optinmum values of itens 81, 80, 82 and 86 will be dependant upon
factors including:- a) ®he required ffequency range over which the network
is

o

FIG 12A

o FiG 128

FIG 12C
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to be condit wonwesiessk5 b) The unit |ength of the network which picgidudsiasho
condi tioned. c) The nunber and types of | oads which may be encountered 30
on the network. d) The characteristic inpedance of the network phase
conductors with respect to earth ie. conductor outer electrical sheath. 25
e) The inpedance of the comuni cati on¥/48 erface devices. The network
conditioning unit may be filled with air, inert gas, resin conpound or oil
dependi ng upon the 30 |ocation and | oad and/or fault current ratings of
the conditioning unit. Al SO.it Naywmbasctam@sanpl e, sited indoors, pole
nount ed, buried underground or insertet I n \336
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street lanp cwelossres37Simlarly itens 81 and 86 may conprise a
I ndi vi dual inductors in series, and if no interconnection 5 i59#28§%?@%?‘
for exanple, on a street light, itens 84, 80, 83 and 86 may be omtted.
Itenms 80 and 82 may conprise of a nunmber of capacitors in series and/or
paral |l el configuration dependi ng upon 10 wor ki ng vol tages encountered ie. .
240, 415, 11kV, 33kV etc. Alternativel y15620additionally, itens 80 and 82
may conprise of two or nore capacitors in parallel in order to overcone,
for exanple, deficiencies in capacitor design when conditioning a network
over a relatively wide 15 frequency range, for exanple 50 VHZ to 500 MHZ
Furthernore, itenms 81, 85 and 82 of tHe _network conditioning unit may be
cascaded if required. |In a typical dgs , the great g@gyhe nunber of
cascaded 20 el ements the sharper will zbe gRe roll off &r¥sponse of the
filter and the greater its attenuati ofi. 12A, 12B gnd 12C show
sectional views through a single phase_goncentric, splLilofoncentric gd
"pseudo” - i-
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25 concentriwoosfdsss respectively. A typical concentric singlgcR8asfogsd! €
(as illustrated in Fig. 12A) consists of a central netallic conductor core
(typically alumniun) 110 surrounded by an insulating |ayer 112 (typically
PVC). Around the insulating |ayer 112 are laid a plurality of 30 netallic
conductors 114 (typically copper) over which lies an insulating and ’
protective sheath 116 (typically PVC). 1ﬁﬁé(ﬁse the neutral and earth are
conbined in the outer 37 sheath of netallic conductors 114. A
split-concentric cable (as illustrated inFig. 12B) is simlar to the
concentric cable except that the outer 5 I’ayér of netallic conductors 114
is split into two portions - e.g. fan dpp po tion 115 and a | ower portion

117. These pqrti®ns aLe di vided bg |n$‘. | a ors 118, 120 and in use the
neutral and dar¥h areespllt so&h n of the outer netallic
sheath carri e |y oge of o =
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©10 them | Rygbseyszt O Nai ntain a pseudo-coaxial effect in thePCRGBLS/00894
concentric service cables at the desired transm ssion frequencies (e.g.
above 1MHz) one or nore capacitors 122 15 may be connected between the
“upper and | ower portions 115, 117 of the outer nmetallic sheath 114. These
capacitors) may be fitted e.g. at the term nation and/or conditioning
points of the cable. 20 It wll be sed//RPom t he foregoing that the

i nvention provides a sinple filter effectively separating signals having a
frequency spectrum3 ndigative @& radi o comunication $i gnals fromthose of

standard nmains eleciri city_ povvq’r suppl o Wi t hout significant | oss of power

25 or quality in t heff signalf. Thysea&he electricityl distribution and/or
transm ssi on network(s) {can be ‘ﬂe-ed‘ii-e#—‘aoth the prqvj sion of electricity
supply and the propgagatifon of tjel @onmunjcati ons s%ial s, which may be

anal ogue and/or digjtal {in for netr—Stlre—tuseof—ex lt er according to the
I nvention at each
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* consumer s
net wor k pr

* 50Hz,

gp‘?gglmgg nt in alowvoltage electricity
vides a conditioned network suitable for the transm ssion of
hi gh frequency comuni cation signals together with the distribution of

240v single and 415v,

t hree phase electricity 5

38 di staT/cBasI00894

supplies. The

provi sion of such a conditioned network constitutes a further aspect of
i nvention. The invention is not confirdd®200 the foregoing details and
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1. An el ect rwglgg}gggﬂvstrl bution and/ or power transm ssion net V\p&-k,ﬁgs,& t

part of which is external to a building, the network having a er

phase 5 conductors, said nunber being chosen fromthe |ist

2,4,5,6,7,8,9, .n (where n is an integer greater than 9), including |nput

means for the |nput of a tel econmunui cations signal having a carrier

frequency greater than approxi mately 18@20@nto at |east one of 10 t he

phase conductors of the network and out put nmeans for renoving said

t el econmuni cati ons signal fromat |east one other phase conductor of the

network, said signal being transm ssigblg gl ong said external part of the

network, wherein the network is a:dapi;ecptp transmt 15 sai d signal using

frequency, time and/or code digvi n’m# t¥pl exd ng techni ques. 2. A network

according to claim1l wher eigh t';,h %%pt ed to transmt said signal
|

using Code Division 20 I\ig tis Acgess communi cati on techni ques.
3. A network acco “.‘1 'mil or farm wherein the network i s adapted
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one or nore OVYOOHISBDI | owi ng cordl ess tel ephony 25  techni qu%CDNA
(Rockwel | - Code Division Miultiple Access), tel ephony standards ) BR8N
Cr2, AMPS, DECT (Digital European Cordl ess Tel ephone Standard), |1S-54, 30
| S-95, GSM Q CDVA, UD-PCS, PHS, PACS,ZQ}@S, ENTACS, 40 NMr450,- NMT900,
C- 450, RTM5, Radi com 2600, NTJ, JTACS ACS, DCS 1800. 4. A network
according to any one of the above clains 5 wherein the carrier frequency
is between approxinmately 1-60MHz . 5. A network according to any one of

t he above clains wherein signal propagation is between at |east one of 10
the phase conductors of the network and earth. 6. Communi cat i ons
apparatus adapted for use with a mains electricity transm ssion and/or

di stribution

400
X

- /406

FIG 19

<
Q.
g \
<
\__ —
————

SUBSTITUTE SHEET (RULE 26)



Rt L M it B BLE S S A Y A L1l <« . L§) e 323 ) 04— of$ +3 BT LS~ -
TR W 2 1U.Jo MEDLAN LLosd S va AR Reoll 020 b lol | xw-t-lffutad .4.3599“{,.‘/1.85.# 3

net wor k, i ncl udi ng’ si g. transm ssi on ard/ or, recepti 15 -~ neans, and }
frequency conversion neans for converting the frequency of a signal

transmitted or received by signal transm ssion and/ or receptu Hmlmmﬁ, ,"’

frequency which facilitates inproved propagation of the sign i

net wor k, wherein said signal transnissigg 20 and/or reception means is® *
n

adapted to operate according to a telep y standard which uses a

relatively hh§£$£§%[ier frequency, and said frequency conversion neans is
usable to co *signal having a relatively high carrier frequency to a

signal having; a | oNRIeL8EFFEEitAP didthSINRNIH agd/oxCquu i cations apparatus
e

according to claim6 wherein said signal transm ss and/ or reception
means i s adapteshéwnispiontmetaentk ditnd dsstt par€TefowhCBNALB0 exteehabhone
standards. 0 ébpglggf§§kng, the network having a number of phase
5 | conductors, said number being-qhosen from the list
2,4,5,6,7.8,9,....n (where n is an integer greater than
9), including input means for the input of a
telecomnunications signal having a carrier frequency
gxeaterlghan approximately AMHz onto at least one of
o 10  the phase conductors of the network and cutput means
for removing said belecommunications.signal from at
least one other phase conductor of the network, said
signal being transmissible along said external part of
the network, wherein the network is adapted to transmit
15 said signal using frequency, time and/or code division

multiplexing techniques.

2. A network according to claim 1 wherein the network
is adapted to transmit said signal using Code Division

20 Multiple Access (CDMA) communication techniques.

3. A network according to claim 1 or ¢laim 2 wherein
the network is adapted to transmit said signal using
one or more of the following cordless telephony

25 techniques:

R-CDMA (Rockwell-Code Division Multiple Access),
telephony standards CTO, CTl and CT2, AMPS, DECT
(Digital Eurcpean Cordless Telephone Standarxd), IS-S54,

30  18-95, GSM, Q-CDMA, UD-PCS, PHS, PACS, TACS, ENTACS,
REPLACEMENT SHEET
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41 8.* Communication ppar atus according to claim®é claim7 wherein
sai d frequency converston neans is usable to convert the carrier frequency

of said signal to between 1 and 60 MHz. 5 9. Communi cat i ons ﬂmﬂlﬂm
according to any one of clains 6 to 8 wherein said signal tran Hﬂ"“"“”""
and/ or reception means conprises tel ephone equi pnent. 10. Commiini Cat4i os s =

appar atus according to any one of claif®6 to 9 connected to an electricity
power distribution and/or transm ssion network. 11, Comruni cations

appar at us acdBfTASRy MIRICH mCrd5Ps RTHEer Badicand2 ARl wol'kd i sTERAGR thor k
according to n é% jms 1 to 5. 12. Use of a communications
apparatus with an ‘el'ectricity distribution and/or power transm ssion 20
network, the apparatus including signal transm ssion and/ or reception

means, and frequency conversion neans for converting the frequency of a
signal transriited gretwork according to any one of the above claims

5 wherein the carrier frequency is between approximately

1-60MHZ.

S. A network according to any one of the above claiwms
wherein éignal propagaticn is between at least cne of

" 10 the phase conductors of the network and earth.

6. Communications apparatus adapted for use with a
mains electricity transmission and/or distribution
network, including signal transmission and/or reception
15 means, and frequency conversion means for converting
the frequency of a signal transmitted or received by
signal transmission and/or reception means to a
frequency which facilitates improved propagation of the
signal on the network; wherein said signal transmission
20 and/or reception means is adapted to operate according .
to a teléphony standard which uses a relatively high
carrier frequency, and said frequency conversion means
is usable to convert a signal having a relatively high
carrier frequency to a signal having a lower carrier

25 frequency.

7. Communications apparatus according to claim 6
wherein sald signal transmission and/or reception wmeans

is adapted to operate according to the CT2 or CDMA

30 telephone standards.
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Ll ddn, 133V

recei ved by si gnal 'tra’i ssion and/ or receptjon rreans'o a frequency which
facilitates i nproved propagation 25 of the signal ontThe network, wherein

sai d signal transm ssion and/or reception neans is adapted to
according to a tel ephony standard which uses a relatively hi ghﬂ'“ﬁﬂlﬁ“"”"lll"I“I
frequency, and said frequency conversioglneans Is usable to convert & * s *
signal having a 30 relatively high carfier frequency to a signal having a

42" Ler f A methad of. signal. t i 5si on i ncl udi
foput of & t b conteTPantYarichs HRRTRRD PG O ELABn Gy s of |
greater than apai@xyphelyidMifi @ qudids ChREUGY nahndn s§! ectricity

power distribution and/or transm ssion network at |east part of which is
external to aubableihg aouvenhsthe erdrmiece[frieguercyt bf saddalsigham a second
phase conductgr of the nftggﬁkgosaid

AR AR 7 RNV A SUITIOTEEREET LGP e b
. ¥V, W M !

© between MHz.
5
9. Ccmmunications apparatus according to any one of
claims 6 to 8 wherein said signal transmission and/or
reception.means comprises telephone equipment.
. 10 10. Commu'nication.s apparatus according to any one of

claims .6 to 9 connected to an electricity power

distribution and/or transmission network.

11. Communications apparatus accoxding to claim 20
15 wherein said network is a network according to any one

of ¢laims 1 to 5.

12. Use cf a communications apparatus with an
electricity distribution-and/or power transmission

20 network, the apparatus including signal transmission

.' and/or reception means, and frequency conversion means

for converting the frequency of a signal transmitted or
received by signal transmission and/or reception means
to a frequency which.facilitates improved propagation

25 of the signal on the network, wherein said signal
transmission and/or reception means is adapted to
operate according to a telephony standard which uses a
relatively high carrier frequency, and said frequency
conversion means is usable to convert a signal having a

30 relatively high carrier frequency to a signal having a
REPLACEMENT SHEET
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10 si gnal being transn"[ed along said external part t he networKk,
wherein said signal istransmtted using frequency, ti and/ or code

divisjon multiplexing techniques. 15 14. Use of teleconnunlc
apparatus for transm ssion or reception of a tel econmunications l%ﬂwu"”""”“"
having a carrier frequency greater than approximtely 1MHz on a

according to any one of clains 1 to S. 40 15. An electricity distribution
and/ or power transm ssion network substantially as herein described with

ref erence to tdweraceugizyy ifrgqieanyngs. 25 16. Commruni cati ons appar at us
substantially as herein described with reference to the acconpanying

drawi ngs. 17. A nethod of signal transm ssion substantially as herein

described wiyy refy RN b2 HiGn2TCOPRARNI 081 ind @AY Sinput of
' a telecommunications signal having a carrier frequency
5 of greater than approximately 1MHz onto a phase

conductor of an electricity power distribution and/or
transmission network at. least part of which is external
to a building and subsequent reception of the signal
from a éééond phase conductor of the network, said

. 10 signal being transmitted along said extexnal part of
the network, wherein said signal is transmitted using
frequency, time and/or code division multiplexing

techniques.

15 14, Use of telecommunications apparatus for
transmission or reception of a telecommunications
signal having a carrier frequency greater than
approximately 1MHz on a network according to any one of
claims 1 to S.

20
15. An electricity distiibution and/or power
transmission network substantially as herein described

with reference to the accompanying drawings.

25 16. Communications apparatus substantially as herein

described with reference to the accompanying drawings.

17. A method of signal transmission substantially as

herein described with reference to the accompénying

30 drawings.

REPLACEMENT SHEET |

04 NOV 996




AT
PO

43 signal «fromthe network, said signal being transnissible al MU
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(57) Abstract

Communications apparatus is disclosed which is adapted for use with a mains electricity transmission and/or distributien network,
and includes signal transmission and/or reception means (232), and frequency conversion means (200-208) for converting the frequency
of a signal transmitted or received by signal transmission and/or reception means to a frequency which facilitates improved propagation
of the signal on the network. Preferably the signal transmission and/or reception means is adapted to operate according to a telephony
standard which uses a relatively high carrier frequency (e.g. CT2), and the frequency conversion means is usable to convert a signal having
a relatively high carrier frequency to a signal having a lower carrier frequency.




t el econmuni cati ons signa
approxi mately 1MHz onto at

power
the 25 signa

net work having a nunber of phases,
1, 2, 4, 5, 6, 7, 8, 9...

di stribution and/or transm ssion network,

having a carrier frequency of greater than

| east one phase conductor of an electricity

and subsequent reception of
| east one ot her phase conductor of the network, said
sai d nunber being chosen fromthe |ist
(where n is an integer greater than 9).
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