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ers station employs heterodyne detection. Upstream transmission from a
customer's station is obtained by The present invention relates to optical
networks,  feeding the output of a separate opto-electronic con- and
particularly but not exclusively to broadband pas-  verter into a fibre
coupler in the customers station sive optical networks (BPON) for carrying
high def I-   5   and, for each customer, feeding an output from a re-
nition television (HDTV) signals.                 spective coupler at the
head station to a respective It Is well known to use a BPON having a
branched  opto-electronic converter. configuration to convey suitably
encoded signals      According to the present Invention a system for from a
head-end station to a number of customer sta-  distributing a plurality of
channels from a head station tions. The use of such a system has been
proposed   10  to a number of customer stations comprises; for carrying
standard definition PAL television. The    a head station arranged to
provide a plurality proposed technical standards for BPONs require a  of
output channels at respective frequencies, a plur- maximum head-end to
customer power loss of 26 dB.  silty customer stations, and a broadband
passive With a zero dBm launch power, this power budget is  branched
optical network coupled to the output of the adequate to enable up to 32
channels of standard def-  15  head station and arranged to distribute the
output inition PAL to be carried using standard technology.  channels from
the head station to the customer sta- HDTV however requires a far higher
bandwidth than  tions, each customer station including a coherent re-
conventional television channels and so It is possible  ceiver having a
local oscillator laser and arranged to to fit only a few channels within
the power budget of  demodulate a selected one of the channels: charac- a
conventional BPON. Along with the developments  20  terised In that the
head station comprises a head-end in technical standards associated with
the switch from  optical source having a frequency [err] and an associ- PAL
to HDTV there is expected to be a proliferation  ated modulator arranged to
receive light from the opt- in the number of channels available to the
viewer. Ac-  ical source and to modulate the light with a sub-carrier
cording an optical system capable of carrying' fewer  multiplex of n
channels, where n Is a integer greater than, say, 16 channels is lkely to
be commercially un-  25  than 2, the n channels having frequencies [err]
acceptable to cable network operators.             separated In
frequency-space from each other and There is disclosed In ECOC 87,
Technical Digest,  from [err] the output of the modulatorforming the output
vol 11, pages 122-125; R. Olshansky: "RF multiplexing  of the head station.
techniques applied to video distribution in local net-  The present
Invention provides a system with a works" a system employing sub-carrier
multiplexing   30  combination of features which together give it a num- In
a head station for the distribution of video signals  ber of significant
advantages, particularly for HDTV. over an optical network.
The use in a preferred embodiment of a single source In the Olshansky
system a number of voltage    and wavelength multiplexing at the head-end
in com- controlled oscillators operating at microwave fre-  bination with
coherent detection at the customer end quencies are directly frequency
modulated. The out-  35  makes It possible to increase significantly the
number puts from the oscillators are combined In a combiner  of channels
which can be encompassed within the whose output is used to intensity
modulate the trans-  limits of the power budget. With the system of the
mitter laser, and Olshansky refers to wide bandwidth  present invention it
Is not necessary unduly to in- (15 GHz) devices as detectors in the remote
termi-  crease the number of sources used at the head-end, nals. With the
Olshansky head-end arrangement it  40  which would add undesirably to the
cost and complex- would not be possible to employ a coherent hetero-  ity
of the head-end, and it may be possible to use only dyne detection system
In the customer stations be-  onesource. Equally It Is not necessary to
increase the cause of a characteristic of the transmission spec-  power of
the optical source used: the use of high- trum of such a head-end know by
engineers as       power lasers Is undesirable since In general they
chirp".                                      45  have a higher cost and
shorter mean lifetime. Since This problem Is avoided in the system of the
pres-  the system of the present invention uses coherent de- ent Invention
by the use of the external modulator  tection it is possible to use a
low-frequency hetero- which receives the light from the head-end laser and
dyne receiver at the customer end. The use of such a modulates it with the
transmission signal.        receiver rather than the broadband envelope
detec- There is known from ECOC 87, Technical Digest,  so  tors commonly
used with BPONs leads to Improved Vol 111, pages 79-87; C. Baack et al.:
"Coherent multi-  performance at the customer station. The use of a carrier
techniques In future broadband communica-  low-frequency receiver Is
particularly advantageous tion networks a system for providing ISDN
services,  in that a much highersensitivity can be achieved than broadband
communication service, video telephone  can be reallsed using a wideband
receiver. With a re- and broadband distribution services such as HDTV to
55  ceiver bandwidth of 80 MHz, the theoretical sensitiv- customers via
respective single fibres. The head sta-  ity for an amplitude-shift-keyed
heterodyne system 



tion employs a separate laser for each wavelength to  with sufficient
correctly polarised local oscillator pow- be transmitted onto the fibre
networkand the custom-  er, is approximately -60 dBm. This Is approximately
2    3                   EP 0 473 667 B1                4 35 dB better than
could be achieved by a wideband  a distributed feedback laser 4 having an
operating receiver having the 4 GHZ bantwidth necessary to   wavelength of
1 .52nm and an output power of I mW. encompass a typical sixteen channel
sub-carrier mul-  The output from the laser 4 Is fed to an external LIN-
tiplex of analogue HDTV signals. In practice some of  [err] modulator 5
where it is Intensity-modulated by a this power advantage is lost by the
effective splitting   5   sub-carrier multiplex signal as described below.
Alter- of the transmitter power between the channels, but  natively a
modulator formed from potassium titanyl even so using the system of the
present invention a  phosphate (KTP) may be used. power advantage of the
order of 13 dB has been re-    The amplitude of the optical outputfrom the
mod- alised. Although in practice this power advantage Is  ulator 5 varies
In accordance with the applied modu- found to be most effectively used to
enable a reduc-  10  lating signal. Phase orfrequency modulation may al-
tion In the power of the source and an increase In the  ternatively be
used. In the present example the mod- number of channels it may in some
applications be  ulating signal Is a sub-carrier multiplex of 16 HDTV used
alternatively to allow an Increase in the number  channels occupying a
total bandwidth of approxi- of customers served by one head-end transmitter
or  mately 1 OGHZ. Although the channels may be analo- to allow the use of
other services at different wave-  15  gue encoded in the preferred example
they are digi- lengths on the same network. A further advantage of  tally
encoded with a data rate of the order of 500Mb/s the system of the present
invention is that because  in which case the signals are encoded on the
carrier each customer station includes its own local oscillator  from the
laser using frequency shift keying. Figure 3 laser the system can readily
be adapted to provide a  shows part of the spectrum of the output from the
two-way service with upstream data transmission   20   modulator. from the
customer stations to the head-end In addi-   The signal from the modulator
5 is coupled to the tion to the transmission downstream from the head-
optical fibre network 2 via a birefringent coupler 10. end to the
receivers.                              The network 2 comprises a broadband
passive Preferably each customer station Includes fre-  branched optical
network using a configuration with quency control means arranged to control
the fre-  25  a single fibre extending to each customer station and quency
of the local oscillator laser, a modulator ar-  passive splitters or
couplers at each node of the net- ranged to receive at least a portion of
the light output  work. by the local oscillator laser and to modulate the
light  In Figure 2 the coupler 10 is shown as having two received from the
local oscillator laser with data for  output ports connected to two fibres,
and may be con- transmission upstream to the head-end station, the   30
sidered as the first stage of splitting In the branched frequency control
means being arranged to select a  network. Depending on the coupler
construction it frequency f, where f. Is a frequency different from  may
have any convenient number of output ports. the frequencies [err] of the
downstream channels,  Each customer station 3 includes a receiver em- when
data is to be transmitted upstream from the   ploying a coherent heterodyne
detection system. The customer stations.                            35
respective arm of the fibre network 2 Is fed to a cou- Preferably n Is
greater than or equal to 16.   pier 6 at the input of each receiver. The
coupler 6 also Preferably the system includes at least 16 cus-  receives an
optical input from a local oscillator laser tomer stations and the single
optical source of the  7 which Is mixed with the input signal from the net-
head-end station has an optical power output of sub-  work. The frequency
of the local oscillator laser 7 is stantially 1[err]
40  controlled by an AFC control loop 8 which is in turn A system in
accordance with the present inven-  controlled by an input from a channel
select circuit 9. tion will now be described In detail with respect to the
The AFC control 8 locks the local oscillator laser 7 at accompanying
drawings in which:                    a frequency offsetfrom the 1.52nm
carrier frequency Figure 1 Is a block diagram;                   by an
appropriate amount toselect a desired channel. Figure 2 is a schematic
showing the head-end   45  Then when the signal from the local oscillator
laser 7 station in greater detail;                     is mixed with the
input to the coupler 6 a low-frequen- Figure 3 Is a graph showing the
spectral positions  cy heterodyne output Is produced. This output is fed of
frequency components of an HDTV signal; and  to a low-frequency optical
receiver 16 having a band- Figure 4 is a schematic showing a customer sta-
width of approximately 80 MHz for an analogue sys- tion.
50  tem or350 MHz for a digital system. Such an ASK het- 



A system for distributing HDTV signals comprises  erodyne system has a
theoretical maximum sensitiv- a head-end station I connected via a passive
branch-  ity of -80 dBm and in practice a sensitivity as high as ed optical
fibre network 2 to a number of customer  -50 dBm can be achieved. stations
3. In Figure 1, for clarity, only a single cus-  The data outputfrom the
receiver may be used to tomer station is shown but In practice 16 or more
sta-  55   provide feedback to the channel select mechanism, tions will be
connected to a single head-end station.  the initial tuning being achieved
by looking for an en- The head-end station I includes a single optical
coded channel identification on the received signals source, which in the
present example Is provided by  and the lock subsequently being maintained
by the 3    5                   EP 0 473 667 B1                  6 AFC
loop. The tuning Is controlled by varying the   2. A system according to
claim 1, in which each cus- drive current to the local oscillator and only
a small  tomer station includes frequency control means shift is required
to select a given channel.           (8, 9) arranged to control the
frequency of the lo- In the preferred embodiment digital modulation is
cal laser oscillator (7), and a modulator (13) ar- used and then it Is
straightforward to provide polari-   5  ranged to receive at leasta portion
of the lightout- sation independence in the demodulation at the re-
put by the local oscillator laser and to modulate ceiver. If however it is
required to carry analogue     the light received from the local oscillator
laser modulated signals on the network then polarisation     with data for
transmission upstream to the head scrambling is used at the receiver to
provide the re-   station (1), the frequency control means being ar- quired
polarisation Independence. The techniques of  10  ranged to select a
frequency f., where f, Is a fre- polarisation scrambling In coherent
detection are de-  quency differentfrom thefrequencies [err] of scribed In
detail In the paper by T.G. Hodgkinson et   the downstream channels, when
date Is to be al. published at pages 513-514 of Electronics Letters,
transmitted upstream from the customer sta- Vol. 23, No.10, 7th Nay 1987.
tions. Since each receiver Includes Its own local laser  15 the system can
be adapted to provide upstream data  3. Asystem according to claim 2, in
which n is great- transmission from the customer station to the head-
er than or equal to 16. end station. As shown in Figure 4, each customer
In- cludes a modulator 11 and polarization scrambler 12  4. A system
according to any one of the preceding placed in a signal path between Its
respective laser 7   20  claims, in which the system Includes at least 16
and the coupler 6 joining the receiver to the network.  customer stations
(3) and the optical source (4) The head-end station includes a conventional
wide-     of the head station has an optical power output of band optical
receiver 17 and microwave system. The     substantially 1mW. system for
upstream data transmission is described and claimed in our application
WO-A-90 14733, pub-  25  5. A system according to any one of the preceding
lished on 29 November 1990. Although, as shown in       claims, In which
the head station (1) includes a bi- Figure 4, the upstream transmissions
are conveyed      refringent coupler (10) arranged to couple the on the
same fibre as the downstream transmission,       output of the modulator
(5) to the network (2). an alternative arrangement would be separate go and
return fibres to each customer.                30  6. A system according to
any one of the preceding claims, in which the head station Includes a fur-
ther head-end optical source (4) having a fre- Claims
quency [err] and an associated modulator (5), the n channels of the
corresponding sub-carrier multi- 1. A system for distributing a plurality
of channels  35  plex having frequencies [err] separated from a head
station (1) to a number of customer     in frequency - space from each
other and [err] and stations (3), comprises; a head station (1) ar- ranged
to provide a plurality of output channels at  from [err] respective
frequencies, a plurality of customer stations (3), and a broadband passive
branched   40   PatmntansprOche optical network (2) coupled to the output
of the head station (1) and arranged to distribute the output channels from
the head station (1) to the customer stations (3), each customer station
(3)    nilen von elner Hauptstelle (1) auf eine Zahl von 



including a coherent receiver (6, 7, 8 16) having   45  Nebenstellen (3),
das umfalt: eine Hauptstelle a local oscillator laser (7) and arranged to
demod-  (1), die eine Vieizahl von Ausgangskanglen ent- ulate a selected
one of the channels: character-    sprechend hiufIg bedienen kann, eine
Vielzahl ised In that the head station (1) comprises a       von
Nebenstellen (3) und em passives verzweig- head-end optical source (4)
having a frequency      teas optisches Breltbandnetzwerk (2), das an den
[err] and an associated modulator (5) arranged to  50  Ausgang      v der
Hauptstelle (1) gekoppelt ist und die receive light from the optical source
(4) and to modulate the light with a sub-carrier multiplex of  Nebenstellen
(3) verteilen kann, wobei jede Ne- n channels, where n is a integer greater
than 2,    benstelle (3) elnen kohdrenten Empflnger (6, 7, the n channels
having frequencies [err]           8, 16) mit einem lokalen Laseroszillator
(7) um- separated in frequency-space from each other  55  falt, und
soangeordnet ist, einen selektierten un- and from [err] the output of the
modulator forming    ter den KanAlen zu demodulieren: the output of the
head-end station (1).            dadurch gekennzeichnet, dal die
Hauptstelle (1) kopfseitig eine optische 4    5                   EP 0 473
667 1                   6 AFC loop. The tuning Is controlled by varying the
2. Asystem according to claim 1, in which each cus- drive current to the
local oscillator and only a small  tomer station includes frequency control
means shift is required to select a given channel.            (8, 9)
arranged to control the frequency of the lo- In the preferred embodiment
digital modulation is   cal laser oscillator (7), and a modulator (13) ar-
used and then it Is straightforward to provide polari-   5  ranged to
receive at leasta portion of the lightout- satlon Independence In the
demodulation at the re-      put by the local oscillator laser and to
modulate ceiver. If however It is required to carry analogue     the light
received from the local oscillator laser modulated signals on the network
then polarisation      with data for transmission upstream to the head
scrambling Is used at the receiver to provide the re-   station (1), the
frequency control means being ar- quired polarisation Independence. The
techniques of  10  ranged to select a frequency [err] where [err] Is a fre-
polarisation scrambling In coherent detection are de-   quency different
from the frequencies [err], of scribed in detail In the paper by T.G.
Hodgkinson et    the downstream channels, when data is to be al. published
at pages 513-514 of Electronics Letters,  transmitted upstream from the
customer sta- Vol. 23, No.10, 7th Nay 1987.
tions. Since each receiver includes Its own local laser  15 the system can
be adapted to provide upstream data   3. Asystem according to claim 2, in
which n is great- transmission from the customer station to the head-
er than or equal to 16. end station. As shown In Figure 4, each customer
In- cludes a modulator 11 and polarization scrambler 12  4. A system
according to any one of the preceding placed in a signal path between Its
respective laser 7   20  claims, In which the system includes at least 16
and the coupler 6 Joining the receiver to the network.  customer stations
(3) and the optical source (4) The head-end station Includes a conventional
wide-      of the head station has an optical power output of band optical
receiver 17 and microwave system. The      substantially 1mW. system for
upstream data transmission Is described and claimed in our application
WO-A-90 14733, pub-  25  5. A system according to any one of the preceding
lished on 29 November 1990. Although, as shown In       claims, in which
the head station (1) includes a bi- Figure 4, the upstream transmissions
are conveyed       refringent coupler (10) arranged to couple the on the
same fibre as the downstream transmission,       output of the modulator
(5) to the network (2). an alternative arrangement would be separate go and
return fibres to each customer.                30   6. A system according
to any one of the preceding claims, in which the head station Includes a
fur- ther head-end optical source (4) having a fre- Claims
quency [err] and an associated modulator (5), the n channels of the
corresponding sub-carrier multi- 1. A system for distributing a plurality
of channels  35  plex having frequencies [err] separated from a head
station (1) to a number of customer      In frequency - space from each
other and fo and stations (3), comprises; a head station (1) ar-     from
[err] ranged to provide a plurality of output channels at 



respective frequencies, a plurality of customer stations (3), and a
broadband passive branched   40   PatentansprOch. optical network (2)
coupled to the output of the head station (1) and arranged to distribute
the  I  System far die Vertellung einer Vlslzahl von Ka- output channels
from the head station (1) to the    nilen von elner Hauptstelle (1) auf
eine Zahl von customer stations (3), each customer station (3)
Nebenstellen (3), das umfaSt sine Hauptstelle including a coherent receiver
(6, 7, 8 16) having   45  (1), die e6n Vielzahl von Ausgangskanlen ant- a
local oscillator laser(7) and arranged to demod-  . p.cen ( 1),  die
sine Vielzahl ulate a selected one of the channels: character-    seh
led h  3ufig     ein panine verzahl avon Nebenstellen (3) und emn passives
verzweig- ised In that the head station (1) comprises a
...teesoptisches Breltbandnetzwerk (2), das an den head-end optical source
(4) having a frequency      Aesgopisces Brelt    etzweko(2),tdas an de
Ausgang der Hauptstelle (1) gekoppelt 1st und die [err] and an associated
modulator (5) arranged to           50... ~Ausgangskanlle von der
Hauptatelle (1) auf die receive light from the optical source (4) and to
N.benstalle       ver   kanpwsi jade die modulate the light with a
sub-carrier multiplex of   Nebenstelle (3) e lnen kaenn EmpfAnger (6, 7, n
channels, where n Is a integer greater than 2,    8, 16) mit elnem lokalen
Laseroszillator (7) um- the n channels having frequencies [err]
faSt, und so angeordnet !st, elnen seektlerten un- separated in
frequency-space from each other  55    tar den Kanglen zu demodulieren: and
from [err] the output of the modulator forming    dadurch gekennzelchnet,
the output of the head-end station (1). da4 die Hauptstlle (1) kopfsitig
sine optische    7                   EP 0473 667B1                  8
Quelle (4) mit einer Frequenz f4 und einen dazu-  livrer une pluralit de
canaux de sortie A des fr6- gehorigen Modulator (5) hat, der Licht von der
op-  quences respectives, une pluralit6 de postes tischen Quelle (4)
empfangen kann und das Licht    d'abonn6s (3), et un rdseau optique deriv6
passif mit elner Subtragervielfalt von n Kanalen modu-    A large bande (2)
coupl6 A la sortie du post. de lieren kann, wobel n sine ganze Zahi gr6Ber
als   5  tteb de r6seau (1) et agenc6s de maniere A dis- 2 lst, und die n
Kanale die Frequenzen fl, f2, ... -f  tribuer les canaux de sortie depuis
le poste de haben, die Im Frequenzraum voneinander und        tote de
reseau (1) aux postes d'abonnes (3), cha- von fo getrennt sind, wobel der
Ausgang des Mo-    quo poste d'abonn6 (3) poss6dant un recepteur dulators
den Ausgang derkopfseltigen Station (1)  coherent (8,7,8,16) possddant un
laser oscilla- bildet.                                   10      tur local
(7) et agence de maniere A demoduler lNun selectionne des canaux;
caracterise en ce 2. System nach Anspruch 1, In welchem jede Ne-        quo
le poste de tte de r6seau (1) comprend une benstelle sine
Frequenzsteuerungsvorrichtung      source optique de teit de riseau (4)
possedant (8, 9) umfalt die die Frequenz des lokalen Laser-  une frequencoe
fo; et un modulateur associe (5) oszillators (7) stbuern kann, und einen
Modulator  15  agenc6 de maniere A recevoir une lumiere de la (13), der
wenigstens oinen Tell des Llchtes, das  source optique (4) et A moduler la
lumibre avec von dem lokalen Laseroszillator emittiert wird,    un
multiplex de sous-portbuses de n canaux, n empfangt und das von dem lokalen
Laseroszilla-     etant un entier sup6iieur A 2, les n canaux pos- tor
empfangene Licht mit Datbn far die Stromauf-  sedantlesfrequences fl, f2 .f
separ6es les unes wartsulbertragung an die Hauptstolle (1) modu-  20  des
autres et de fo dans une gamme de frequen- lieren kann, wobel die
Frequenzsteuerungsvor-     ces, la sortie du modulateur constituant la
sortie richtung elne Frequenzfo selektleren kann, wobel   du posts de t~te
de riseau (1). fo sine Frequenz lst, die sich von den Frequenzen f1, f2,
... fn der stromabwArtigen Kanale unter-  2. Systime solon la revendication
1, dans lequel scheidet, wenn Daten stromaufwarts von den   25    chaque
posts d'abonn6 comprend des moyens Nobenstellen Obertragen warden sollen.
de commando de frequence (8, 9) agenc6s de maniere A commander la frequence
de l'oscilla- 3. System nach Anspruch 2, be! welchem n gr8ger       tour
local (7), et un modulatbur (13) agenc6 de odor glelch 18 Ist.
manlere A recovoir au moins une partie du signal 30      de sortie lumineux
d6livr6 par le laser de l'oscil- 



4. System nach einem der vorangehenden AnsprG-       latbur local, et A
moduler la lumiere recue de la che, be! welchem das System wenigetens 16
Ne-      part du laser de l oscillateur local, au moyen de benstellen (3)
umfailt und die optiache Quells (4)  donnees pour une retransmission amont
au pos- der Hauptstelle die optische Ausgangslelstung      to de tteb de
reseau (1), les moyens de comman- von etwa I mW hat.
35       de de fr6quence etant agenc6s de maniere A s6- lectionner une
fr6quence f., f, etant une fr6quen- 5. System nach einem der vorangehenden
Anspril-       co diffhrente des fr6quences fl, f2, ... f. des ca- che, bei
welchem die Hauptatelle (1) einen dop-    naux aval, lorsque des donnees
doivent Otre pelbrechenden Koppler (10) umfa~t, derdenAus-     transmises
en amont a partir des postes d'abon- gang des Modulators (5) ins Netzwerk
(2) kop-  40  nes. poin kann. 3. Systbme solon la revendication 2, dans
lequel n 6. System nach elnem der vorangehenden Anspru-        est
sup6rieur ou egal A 16. che, be! welchem die Hauptsatlle esne weltbre
kopfseitige optische Quelle (4) mit einer Fre-  45  4. Systbme selon l'une
quelconque des revendica- quenz fol sowle oinen dazugehrigen Modulator
tions precedentbs, dans lequel le systhme (5) umfalt, wobel die n Kanale
der entsprechen-   comprend au moins 16 postes d'abonn6s (3) et la den
Subtragervielfalt die Frequenzen f1l, f21, ... fn'  source optique (4) du
poste de tteb de r6seau haben, die Im Frequenzraum voneinander und
possado une puissance de sortie optique egale von fo' sowie von fo, fl, f2,
... f, getrennt sind.  50  sensiblement a 1 mW. 5. Systime solon l'une
quelconque des revendica- Revendicatlons
tions pr6c6dentes, dans loquel le poste de t~te de reseau (1) comprend un
coupleur birefringent 1. Systbme pour distribuer une pluralit de canaux  55
(10) agenc6 de maniAre A accoupler la sortie du depuis un poste de tote de
r6seau (1) A un nom-    modulatbur (5) au r6seau (2). bra de postes
d'abonn6s (3), comportant un pos- to de tote de reseau (1) agenc6 de
manibre A d6-  6. Systbme solon l une quelconque des revendica-    EP 0 473
667 81                 10 tions pr6c6dentes, dans lequel Is posts de t~te
de reseau comprend une autre source optique de tteb de r6seau (4) poss6dant
une frequence ,io, et un modulateur assocle (5), les n canaux du multiplex
de sous-porteuses correspondant pos-   s sbdant des fr6quences fl1, f2
...ef, s6parees les unes des autres et de Po ainsl quo de fo, f1, f2 ... fn
dans la gamme des frequences. 10 15 20 25 30 35 40 45 60 55 6    


