OPTI CAL COYPLER This invention relates to an optical céuplfer for*a “.'o* 3
communi cation network. A multipoint comunication network, such as a |ocal
5 exchange for tel ephony, has conventionally used a copper wire central
exchange- based swi tching network and el ectronic or nmechanical sw tching.
Fol | owi ng the devel opnent of:optical fibres,l optical: networks h@(& S@lﬂ\ kp
devel oped. The advantage of an optical fibre based network is that i n
suppq;} 10 consider.ably nor e si mul_t anequs communi cat i ons and/ or
commuhf cati ons of a considerably gr egm&mver t he sane opti cal
fibre. Current passive optical networks (PONs) are based on conventi onal
centralised switchifg... technigues, sing,15 electronie sw tghing
devices. Their reli an@gl%nlev * %’lcreslvﬁlgec%iﬁa i a?P%Jf%éejr':wic?é“pgﬁﬁ 05?r a
fibre based netomminbaatiibinneswobrk.paths in the network to the capacity of
the sw tches, creati i O T ! YPi C : rre

4 ﬂﬂlts\*}tsg £0Tcm téa‘i‘ﬂgf{l(ibeibc;f%‘? gubh 4%0hcal

generations of electronic s ‘can support B S throughput. hi's
is sufficieft ¢dphangfafPrikpdbRPheRrYsitafl CATRIEiaNald X WaRtkias coppen wire .

i nadequat e forcéMeriay eXthatijeibasdd stritehiR§ nHERErk fadla EXEE®LEnic ok
vi deo conf erenci

. It |s also_inadequa fqQr supporfing broadpan

br oadcast comw‘ﬁ?ﬁr’]gad’f‘fﬁﬁi, s?&iﬁhégghi gl’f“’g Wi dﬁ{)et éi%‘(ﬁ%s‘?%‘?n’i?g optical
Di stributed swEibbesg optkoatnnetwokbkshhahe peéhsdenebopewor fher advantage
connected to nggdal_ _con Ses 1A et K| [padca sed, h

cust oner bei ng‘ggtbfa‘é1 to@ﬁtf?fe%:%iq Vg’-;ﬁ% oq’u s\;l)% %%E‘E’%éﬁofq %e?{%%gt g%er&ﬁgr%uﬁg%:ﬁ
However, tHA@seceneiderabhyl y momet edsimubtavecvni c gommenioaksobscaussddbr
the potential é&ﬁﬁ&ﬁiééé%h@t 8¢ W nsh@ aR1GAlo LG L Sawla€h Youl-dthe
requi/ed at the network nodes. U. S.” 4787693 di scl oses a passive star
optical coupl faR®rcRthrBAdEADE®: ype | ocal area network (LAN) in which a 35

message transnmitted yueréntiSpassdfebopteeslVvadtyrisl (oW 5.addephsecon

coupler is a reflectjve star arran n
'p conven :Yonafl cen%rgf:[.nsae&

switching techniques, using

15 electronic switching devices. Their reliance on electronic

switching in an otherwise optical fibre based network band

limits the paths in the network to the capacity of the

switches, creating an ‘electronic bottleneck’. Typically,

cur.i'ent generations of electronic switch can support 64

20 kbit/s throughput. This is sufficient for a small number of

simultaneous voice channels, but it is inadequate for two-way

switching of +video as |used, for example, in wvideo

conferencing. .It is also inadequate for supporting_broadbahd

\ . broadcast communications, such as high definition television.

.25 Distributed switching is known in which the paths in

a network are connected to nodal connectors. The network is

broadcast based, each customer being able to receive the
output of the other customer terminals.

_ However, these are currently limited to electronic

o 30 networks because of the potential losses associated with the

- optical connectors which would be requiréd at the network

nodes. |

U.S. 4787693 discloses a passive star optical coupler

for a broadcast type local area network (LAN) in which a

35 message transmitted by one user can be received by all

others. The basic coupler is a reflective star arrangement



-2-.in which one port of a transnissive star is térrihated in a r&fl&ctive”
surface in order to produce a coupler which is transparent to all termnals
connected to the remaining ports. 5 There are, of course,

various ways in which a reflective star coupler can be constructed
which will be apparent to the skilled person. Another sinple reflective
coupl er arrangenent for a serial data bus is disclosed in U S. 4457581. 10
However, a5 waRthobad doedeof he ﬁﬁﬁszﬁrmﬁnwaiael@veéﬁﬁﬂﬁatéat Iﬂat aof’ he
| osses in t?e-c% | er ch can Ieg ﬁ§9 egiadatlon in.the S|gng |ng
t hrough i FEHPEERIe W AT i AFES FTFPFLEDi Bi (P Hpt YR&FRs re
coupl ers tnanspamehtappbleﬂﬂjOMermmnmhschcannentederamleﬂnunhemamhlhﬁ '
coupl ers ?5@ eqU|red The present invention provides an optical  coupler
for coupltng a first plurality of light transmssive elenents to a second
plural ity of |igheereansnessiof eperedts variqueoupkiag poi nwhich fier st

el ement  ofekEheckikat sp&aﬁ abbh}ﬁl@ﬁ: ?&axel saemmd&éu ovhded Wriin | bght
ret ransm ssive neans . for re agg | eavi ngqt e coupl er ‘in that

el enent bAPRAFEPERE S JhR grﬁﬁgrel noLhen sipPle oreftersive so

provi ded %hblemwrménwnfag EE @Rl tdnaewabbsoflst heig¢tDbéed in
transn1tt§ Ioggs?g q first element, whereby light 25 transmtted along a
second el 8nght 8%irst pIurallty of elenments is coupled into each of
the elldnents of Héwewverpndspmendiionedofakbesentbe and niporathen i got be

transm “89?%%% i‘ﬁytﬁ% gk EHS f?ggﬁg Ehu{:ﬁé' %Guﬁieﬁ' %ﬁ?hssbﬁ ¢augl ed

into each el errent e second-pluralit | ement s.
Thus, thet@o@m4ﬁ9#%§§?%ﬁﬁphFeﬁPetélﬁqﬁkﬂEﬁﬁﬁﬂ¥%et9§PPEBsM&(ﬂﬁ#ﬁslsbu

t he’ |0$S€ﬁh§.1§SQﬁiah®1M'&é1 ﬁrhe a@ymloamqartyﬂm bpteeant einsecdolprbhe = -
signal co dltl%ﬁ%eﬂe ] Alternat % t he mgagl ﬁﬁﬁ%dl tllu%n ng %I ement
may be us ?ﬂ%l BdupPer nd p&PEfAt €4 &
pr edetiér ntoepleaschergtregudredanges of wavel engt hs. In one form the
si gnal 'CO”d't'QEKQQpPSEEEE'fnvéﬂtEQR'§Lé${aes axhgpélggflcoupler for
' coupllng a first plurality of light transmissive elements to
a second plurallty of light transm1551ve elements at a.
coupling point, a first element of the first plurality of
20 elements being provided'with light retransmissive means for
re- applylng light leav1ng the coupler in that element back to
the coupllng p01nt, whereln said flrst element is also
prov1ded with signal condltlonlng means in the path of the
light transmitted along said first element whereby 1light

O

25 transmitted along a second element of'the first plurality of
elements is coupled into each of the elements_qf the second
plurality of elements, and whereby_light'transmitted along
any one of the second_plnrality of elements is coupled into
each of the other elements of the second plurality of

'30 elements. ' ' -
Thus, the coupler is transparent to- s1gna1s in the
various elements, but the losses associated with the coupler
‘can now be counteracted by the signal conditloning_element.
Alternatively, the signal conditioning element may be used to
35 render the 'eoupler transparent only at predetermined
~ wavelengths or raﬁges of wavelengths;__ In_one form, the
signal conditioning' means is an amplifier. The signal



-3~ conditi-oning nmeans nay also be a filter or a filtek/afplifier*. . .°*3
conbi nation. Wien a filter is used it may be frequency domain or tine.
dormai n sel ective. 5 The invention also provides an optical
swi t chi ng network conprising an optical exchange transmitter, a plurality
of custoner terminals, and liight transni sstv® el enent's connecting the
custoner termnals to the exchange transmtter, wherein the network

incl udes at |east, one 10 optical coupler for coupling a first plurality
of it transﬁP§§F$é°§Péﬁéﬁ?§nﬁom§Ységﬁﬁdbﬁlin%ﬂ%?%ﬁcﬁrIﬁ FAd terdamplistipr
el enents at a eemphinagipm.nt, a first elenent of the first plurality of

el enents being provi

wth_light retransm,ssive a for reapplyin
li ght |eaving the couprgP 35f%%gﬁﬁafsepg ﬁ%b§@W}£§{E%?QﬁﬁﬁﬁYrék%kﬁﬁt?r
wherein said ftime dbewdmt sied emtdorepr ovi ded with signal conditioni ng neans

in the pathgeof the Ii t ' d g .5ai6k sfirst, e ﬁﬂ? . .
| i ght transns1' tted al o'glgéa %ﬁ%%éﬁen%%&of%‘gl?éér stsérbl §Fa {1%%/1 \g%%eé?r?elnrf% B
i s coupl ed i nt BetHelkof compri@igienén s epti¢rl scesnbapger atrepsgiitter, a

el enents, and P@ﬁi‘:ﬁ!ﬂtkﬂ 08F (é@dEThéLCo S Wafdy QA O il SREAMEmissive
plurality of elenents i's coupled into each of the other el'ements of the

second pl ur al i ByeBENEFe AONRECHINY RSP cFHELRRES FSF A R ntC o REN & HGhaNge
plurality of etesnsmsteem)eciheir@®nexthengRetRotkanteli®ést cat hal cup! &Sne

e e 1B, Bah bR RL ek Y2 BRnb ol L S AoDELERE L o
wavel engt hs outsademibeiwviesi leleneniist Band,a f cseesndpl plunadlatyed odnd 1ight
ultra-violet 30-hhohiselte RiGaRMed i i&&;gf{dh&egayati NtQ BI3EY Gl ddbnt
vari ways sone o Ich w11 now be described, by way of exanple, wt
reference to tRE hReofipaffi Ryuardiitigef Phewsnes: bedng proviged e th Light
bl ock di agram gét2aB8m$k%e vePheaak PELVPEAPplying 1ight leaving the coupler
15 in that element back to the coupiing poi'nt,' wherein said
first element is also provided wit'h signal conditioning means
in the path of the 1light ‘transmitted along said first
element, whereby light transmitted along a second element of
the first plurality of elements is coupied into each of the
20 elements of the second plurality of elements, and whereby
light transmitted along any one of the second plurality of
elements is coupled into each of the other elements of the
second plurality of elements, and wherein the second élement
of the first plurality of elements connects the exchange
\~ 25 transmitter to the éouple_r. _ |

Reference is made to optical fibres and it will be
understood that the present invention:is equally_applicable
to electromagnetic radiation having wavelengths outside the
visible light band, for example infra-red ‘and u_ltra—yic;let

30 light. ' '

The present invention can be put _ihto practice in
various ways some of which will now be described, 'by way of
example, with referende to the accompanying drawings, in
which: | |

35 Figure 1 is a block diagram of a passive optical
network; '



-4- Figure 2.is a schematic diagramof a 2x2 star coupler accordlng‘to t he”
invention; Figure 3 is a block diagramof a reflective star distributed
swi tch network i ncorporating an alternative form5 of star coupler also
according to the invention; Figure 4 4|s a schematic diagram of a
modi fi ed semi conductor | aser chip according to the i nventi on; Figure 5is a
further .formof reflective coupler according to the invention; 10
Ty
Figure 6 is a bpegls,di egtentaotceewa%t 1 g Ye AR LddBLer -
i nventi.on; and Figure IS, a heterodyne opt’ cal tuner incorporating the
~inventi oRCOREBNY rﬁ?tﬁ?qqkﬂN%Pﬁ.°%; conventional passive optical 15 network
local exchange FQ ﬁ:esee ldsCeﬂt rmloaxcaaag&awwm avm reh1ébtikechstsar
connecteg a.fir a t J%Jltor ot S dnsturn, s copnected to
each of iﬁ%&P ﬁ%ﬁ iﬁﬁﬁ(ﬁé% (ﬁﬂﬁfﬁf%ﬁﬁ ﬁﬂ MY G eb 8T Br
splitt®ereflgétar cBupkervu&*ocmmecrdunestoatherEBVentmnhbgurat|on in 20
which the centr gl oauefclh 19 4rout eecaeuasutco iagtall Oy CUP! Qfifdprida or der
to conpete with cgpper wireé networks, It s nécessary f an equl val ent
optical Spsise Qtﬁnakﬂﬁﬁ#l?hibmﬁceﬁrﬁbﬂﬁrt°lHB?a#PXPP&ﬁ°@hd mai nt enance
costs. "Thus, ORjidar® PesiiG | aVekurtheks fiaf I 3kl exré £l Hetabbe dOupIPEenent
an optical .systemto provide naryow band services, such as voice and | ow
speed daESOAMHRHEL EhRI RYSB¥LS % ovi de -t he potential for evolution
to breadband, Ftt\gnr\eays sw techelloskr diiaerans t&f nat xexssbrngoeplerk on.a
hi gher | evel é¥)5|nc nh nt capacity and only the term na
eqU|pnent\ﬁﬂﬁ qﬁxﬁ? gra eﬁ{%@*er%ﬁﬁg to Flgure 2, a 2x2 optical
coupler is showFigmrehiThs 4 hetexpdyghe apiéch bﬁ@nE$|¥FQQXHﬂtﬁti@9er
sui t abl e (gQURl{yhdigi.ance L, to a single mode :fi bre 20. The 35 left- hand
end 18a o the fibre 18 is connected to the trunk = -~
Referrlng to Figure 1, a conventlonal pa851ve optical
15 network local exchange comprlses a central exchange trunk
switch 10 which is connected to a first local distributor
12, ‘This, in turn, is connected to each of a plurality of
customers 14'through a set of power_div;ders or splltters'
16. The network constltutes a 'treef configuration in
20 which the central switch 10 routes calls ‘to the various
customers. _ . s _
In order to compete with copper wire networks, it is
necessary for an equivalent optical system to. have equally
low, or lower, 1nstallat10n and malntenance costs . ‘Thus,- on

O

25 a basic level, it 1s de51rable to be able to 1mplement an
optical system to provide narrow band serv1ces, .such as
voice and low speed data telephony, and yet also prov;de the
potential for evolutlon to broadband two-way switched
services within the existing network on a higher level,

30 since it has the inherent capac1ty.and only the terminal
equipment would need upgrading ' o _

Referring to Figure 2, a 2x2 optlcal coupler is shown
'in which a first single mode flbre_le.;s_coupled, over a
suitable coupling distance L, to a single'node fibre 20. The

35 left-hand end 18a of the fibre 18 is connected to the trunk
exchange switch 10. The right-hand ends 18b and 20b of both



) _ P e,
exchange switch 10. The right-hand €nds 18b“and 20b df Irgth **5- fLibres
18 and 20 are connected to the power dividers 16 and thence to the customer
termnals 14. The left-hand end 20a of the fibre 20 is connected to a
termnating reflective surface 22 through an anplifier 24. 5 The coupler is
used to replace the distributor 12 in Fi gurse -1. The coupl er allows

I nt er-comuni cation of signals on either fibre, fromeither end, to be
transmtted on the other fibge, Thus, the network. functions as a

di st riBut ed” svlfikred o 8| andl 26r atei comnectedsitydihe @owee dividezsel6 and
transn1tted:U%ﬁgﬁgyggotQﬁecgugkghegotggﬁlggﬁgr1Q|bres in the network. In

addition, the network still tree structure to _signals

transmitted from the The H-I@fe'écctmfbee%‘%\n 3¢ ab ?%et#eb’é%s?%nﬁ scennegged to
result, the neiwdimbeseiRg aefﬁébesbevgugeaeéenz(eﬁréegfi an aaph i e4SHORRY )
in a dlstrlgut d switc |ng 15 ne mork ile in % areg structure
requi red byt rﬁ? ¢ rORHPESE Hhfges edi tente a%ﬁs? %Efégg PE thelRet RETRTSS

via a single rode dnte)eboupnom Callmc&ntem momimdmgiaqd.eak bfansigmssl ®Non
power and Nl Seapet \dbid. O AR LI, LY BB, 8LaBbRl chAROA0LnC U rb

20 reflective’s having on
opti cal pathtﬁihﬁ@h cnbuanethanaeﬁypwéeﬁumqwqgn&-aﬁ &nﬁ#&#ﬁ#hut¢ﬁ|SUltW@

reflective st caygdar %ﬂ@%éﬁ:@f& \gnlfglagws bheoﬁapkiﬁkerar&,heraﬁgﬁ&%tea
resulting fromreflection 25 and the ' round i p _path afforded b

y t
coupl er ar 8% ndth W?%?%n???cﬁﬁPplerTﬁPstﬁﬁo&téﬂr FiRres fllréot%eﬂetWOrk In
consi der abl e raameuzso@)‘ s:m@ﬁ BOLPOLK S sALQ 1T amnrkeedaisn & sregl ethivbike the

| | of the | k hit ' h

i g at - eaclt St S RELECR ebaB ke Yrhaf FRehpbuPlakthRBoR0erS she
enhance the suwomml 14nd Bnrperssnkt f orhe metmsbsbemmstacueﬁlectwe
advant age of {Eﬁﬁﬁ ué% (E{lse SHEH 'ﬂy acH ¢ SQ%oh%U)e&‘g thiétkg{aﬁtéagél@i%ci{%%

a doubl e pass anpl I"fying device
anplificat}®n answo while maintaining the tree structure required by the

trunk exchange switch 10. Customer access to the network is
via a single mode optoelectronic transceiver with high peak
transmission power and high sensxt1v1ty

There are other forms of star topology, but the

20 reflective star topology has the advantage of having only a
single optical path to each customer and between any pair of
customers. |

While the reflective star coupler could be used

_ without the amplifier, the losses resulting from reflection
o 25 and the ‘! round trip'.path afforded by the coﬁpler are not.

' insignificant. This problem is magnified when considerable
numbers of such couplers are required in a single network.
The level of the losses in the network rise with the
splitting ratio of the signal at each ooupler. Thus, the
30 amplifier is provided in order to enhance the signal level

and compensate for the losses. | -

A particular advantage of locating the amplifier at
the reflection is that Signals make a double pass through
the amplifying device and a double amplification is

35 obtained. _ - _

One particularly suitable amplifiér is a semiconductor

laser device. In this case, the reflecting medium can take



35 obtained.  One particularly suitable anplifierfis'é-seniconducfor'laser ’
device. In this case, the reflecting nmediumcan'take -6- the formof a
coating on the device, and only a single fibre connection is required.

Thus, a conventional single fibre devige_can be used. A suitable

sem conductor | aser device is discussed in nore detail below 5.

Figure 3 illustrates a nodified network in which the reflection is nmade

frequencyngelrRein W& Y doatidre off thef aletv&rceZG anadorﬂqwass,umee Sﬁfi‘?m@f fert
woul d- be achi eved: by, us wavel ength sel-ective %g Fﬁ.l er (I “n

active fCPPRSCHEL fbp‘p%s’é%‘g%r?ﬂe sé& até‘ a‘f&‘PY?‘i‘H% rede Lﬁﬁ’?relo

i1l ustragedice chi bei ibed. mIitddiee ssmmu]ctoﬁe&slef hiaah—\hecfé e | VFI
net wor.k L3S A | ect ed wavehand but not at other wave engt S. In a

ot her regggc seti Thétor € }?t}_ "3 is simlar to-that in Figure
1, adapted i nFigucredénaslwstdra%legurae t@qdifne@nsetwork andnws!nrql'btnm

switch 1543900kn a9 | hdds T ShRIRIGRNURBE 8LE1 DAY epbeathgisgd ol opgenpt e the

sanme el enents alternative th fiil ing, it wou so be

possi bl efigdgers 6. urPf Foursectihe|same cef @FFnQOHlﬂaﬁgemleb@ﬁechbn a

synchronusetihgtl ge davaseagtﬁuléepé@tzaeacex@&piﬂéﬁm Plee. ahi adudl
reqU| re ti ot allocati.on to. cust oner.s, lgl’ QupS of CL{St oners,

eligible ligetz?c‘:(?e% oppoged §|°gﬁ§PssFﬁ’a§€It€cPé‘@ e % B FiddeF unit
sem cdndudlos tdated. s andl éither lecawss e canticesed 'sedsbl eHevo- port

ol ect 1 8 TXARY hEERRER . A pi e BoTTRE R RYobEHE, ETRRE: idhalane

reflectlve armof thée ¢o ese Vi Ces are |d|r
can, 't heoghexe Wamlens@thﬁ)-et Wée!n ahio o'ehﬁrna‘lespte@t&npltmy segwelkk iaf bo@
S

direct opg gud el eghi ves haser app! st 18{! salqirean be Jada g for

in the present I nvention by di_ng | ective. mrror ‘or to one
port of §o8ORAREU MEh | écgélrred@vl ('99 °8§S§H6Wf"'re| & ﬂFQGFéb&ted switch

15 network, and like reference numerals have been used to denote
the same elements. : _

As an alternative to wavelength filtering, it would
also be poss:.ble to set up a. selectively reflecting
arrangement based on a synchronised time division multiple

20 access princ:Lple This would require time slot allocation
to customers, or groups of customers, e-ligi_ble to access
certain signals in selected time slots. |

Both semiconductor lasers and fibre lasers are
considered suitable two-port light ampli'inng devices in

25 order to amplify low level ‘signals in the reflective arm of -/
the coupler. These dev:.ces are normally hi-directional and
can, therefore, be used between two- terminals to -amplify
signals J.n both directions. . _

A reflective laser amplifier reflector can be made

30 for wuse in the present invention by adding a reflective
mirror or coating to one port of a semiconductor laser
dev:.ce, as shown in Figure 4. _

The ‘device comprises a semiconductor laser chip 27

- conventionally powered from an electrical input 28 on one
35 terminal, and having a ground connection 30 to the substrate.-
A high reflectivity coating 32 is applied to one end o_f"the
chip in order to produce substantially total reflection at



1

The device.conprises a semiconductor |aser chip 27 convenfional | §*:poweket:
froman el ectrical input 28 on orie 35 ternmnal, and having a ground
connection 30 to the substrate. A high reflectivity coating 32 is applied
to one end of the chip in order to produce substantially total reflection
at -7- that end. The other end of the-chip is aligned with a tapered

| ens-ended optical fibre which constitutes the fibre 20 in Figure 2. An
anti-reflective coating 33 is.:preferably applied-to the enmitting end of the
| asersehi p 27. that end. Thj Theepotdhay vepg afnether ichight f8alalignedewidtdn a
ther Ief ore, bedgt&?éx%ﬁ tl(l;elﬁxsa-@tﬂdhefa/idtig;irc%fll FEH L wHikh Qforf_slﬁiafl.h@é‘é | e SEDbre
coupler in a digtri .ed switch_network. e device can a e arranged as
ol er havi ndOud o FR0EE 2ol o2 B Gy TRt o A oL 1 g AR ADLY
mul ti-layer 10appillied itee tontemigtissgpandiof the plaslerechipediranges of
wavel engt hs of [ight, eit . fa _ e Iy to } §,.Or
reflect light, respec b\ggl y,ggé%cgéld‘?%gyt ocotq%egéoe’fé;ct gg&k/%\%é’l enggﬁ%;e can,
Al ternativel y, thiexrefonre, depusedelas ctire bamplifvjog ixeflegtspenspde taf a

only a predet erdgisiei il d %g&& gbupave! eR9k g s VhePute8Us@PLen RELESLKYE The

node, with gain, a sem conductor laser anplifier such as this would
normal |y be bi 983 9% AR BLsanibssidFrangedngfda 1§ Lkrr ghariggp&araleagth

transnmit signakeligeitd dihebgetawply g bisasiage bayeht Pepdndéneshnlicti 1 Tayer
tinme division nultiplex (TDW% systens, .this addgd Si | facility could.'bef
used for netbiote L diNhi SR FORSan dESP AL £O RFSHR HO I FyRETe &
| ow duty cycl ewa¥ed eygythsofofl Rd gl tbi el tbeunl dfatbe bacesrofdtivy ddvice to
LTS P AR TR <L Relecllub, MRS BELILEY] SlcsLil ol e
to add downst r 6&hesit@sawavel engihr.onehlternerhyvely: | fheslogserTishimddisel
chip could be aabr osébardadguiacerst bEC M sHomd wiCRoaD PUL @edetermined
het erostructure, or a narrow band device,
15" range of wavelengths. _

When used as a reflective node, with lgain, a
semiconductor laser amplifier such as this would normally be
biased below its emission threshold. It could also be used
to transmit signals into the network by biasing above the

20 threshold. _
In time division multiplex (TDM) systems, this added
signal facility could be used for network synchronisation
: and/or control, and would normally have a low duty cycle.
| The gain of the amplifier could also be varied by
&j— 25 varying the bias current. This facility may be particularly
useful in the event of failure of other methods of signal
modulation and/or control, or to add downstream signals in a
‘customer terminal’s time slot. | o
' The laser chip could be a broadband device structure,
30 such as a buried heterostructure, or a narrow band device,
such as a distributed feedback laser. a _

The device structure and packaging is very similar to
that used for conventionél, unmodified semiconductor lasers.
Consequently, single port amplifiers of this type can be

35 packaged using conventional productioﬁ methods whibh_could
' mean they are as - cheap to produce as a conventional

semiconductor laser source.



such .as a distributed feedback |aser. The devi ce st r'Ucture “and * packagl ng IS
very simlar to that used for conventional, unmodified sen conduct or

| asers. Consequently, single port anpllflers of this type can be 35
packaged using conventional pr OdUCtIOFh nmet hods whi ch could nean they are as
cheap to produce as a conventional conduct or | aser source. A fibre

| aser anplifier based coupler-reflector is illustrated in Figure 5. '

Signals Trom the BeLYrl Afes LiGeusheR NldEd Bhupid.t PR QURLen ST N

bot h dir.ect.i ons, nmeans a 1{)
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energy eghebiighhg £0Peerf3hrend G036 cetupeéxe\ael Wl sBtReBlree oyl gain
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connagted to a PRAPELItES 38 SH0MEhIr&8OHsCpBeveiRBURD, ehBrig) TroRse, the

filter 4gnggging the network and/or to. select wavelengths for
' amplified retransm1551on Thus, in part; it serves the same
function as the filter 26 in Figure 3. _
The filter 40 is required to prevent reflection of
20 the 51gna1 at the end of the fibre connected to the pump 38.
Ideally, the filters 34 and 40 would not be required in a
‘"situation in which no wavelength filtering was used, as the
coupler would split power evenly at both_the pump- and_signal
wavelengths Thus, the arrangement would be sufficiently
25 well balanced to prevent signal energy arriv1ng at the pump, o
or pump energy being delivered to the network fibre '
Another form of reflecting termination for the fibre
20a is a single mode fibre loop connected to a coupler as is
shown in Figure 5. However, in this case, the filter 40 and
30 pnmp 38 are dispensed with, and the fibre to.the right of the
" coupler can be left unterminated, or properly terminated if
the coupler is unbalanced as necessary.. Again, the filter
34 is optional, and can be included if the reflective coupler
is to be wavelength selective In this reflective coupler,
35 a bi-directional semiconductor laser chip is 1nserted in the
| loop to amplify the light paséing into the 1oop and out via
the coupler.



30: punp 38 :are dispensed with, and the fibre'to the ri'ght “of the*toupler' :
can be left unterm nated, or properly terminated if the coupler is

unbal anced, as necessary. Again, the filter 34 is optional, and can be
included if the reflective coupler is to be wavelength selective. 1In this
reflective coupler, 35 a bidirectional sentc®nductor |aser chip is inserted
in the loop to anplify the Iight passing into the Ioop and out via the
coupler -9- The npanner #n.which the  network - accessed by
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band or broadbaagtsnées Iasapmgcwnbﬁndtﬁervmes,nea:mwg P60beC Pperaidell
be 5 designed {0 it _64 kbl?]ﬁl hon and. woul d be TDVA based. =
Broadband accet® §§E|Ba65°& %&Rﬂﬂfﬁl % di vi si on mul tiple
access (VWDMWA). For naﬁ’wnvmbandwsbanaceervacsynchr vrwe rkaphrert odedn could be
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relatively ch ectronics in the custoner ter

the system perbessfonePragdbanse QQQRﬁﬂ)PQHkﬁnbes%%FFGEeFRHénOthﬂﬁﬁheﬂﬂth
the fibre, Opt@ﬂ&Eibﬁnhﬁﬁtﬁ.@l%C@db@s PNANIMIS] OMEFo ACARE SR BENAOBIEESri ces,
Install ation costs could be m nimse ng blown fibre te hnlques nd Iqw
cost pol yt hene®d@YBchygnous g£§§hcﬁ§6ﬁou§ SYBORTOPE & Xﬁiﬁp
obt ai ni ng.an abaudaidthlmdwﬂdlewtphaam waidial  eesaks day tmiébtkeny Hhemp
clock woul ¢4id o] he li,Ag 4 f.Qr
conventlongl g?u’ﬁrgﬁlgan ?hl% éugFgJﬁzi 1’I%hﬂas"f;ock :%gr)ce%\%&uléif tHe
normal ly be fosm@ltem phe wmmea m@h@m roughlilm svenlae lspdiighdletwsan dhse

broadcast to agbsEUEORBS flfb@eSeesee%@e%f:ﬂwﬂcowrans@eww SHEY ctEtidher
pulséef The chosen sequence cou seudo-random bi nary seguence or, a

Bar ker sequenc%cﬁﬁFEheﬂ§§9¥qqiﬁ%wobéBFEF%iaEF°Beﬂﬂ§qﬁrﬁQﬁk@ By mindmises,
the network. 28sing blowhe febaek ﬂébliﬁl&pféss'iaﬁm?rlovs @RI PPETY tRéfe baudekay-

| ocked to Eg i ncom e nce. 3@ custo i.s_all.ocated a
bortodi ¢t e sl'or 1 of) BYARGEPRevE, AHl nFLaFED, aepenad® Udn obBahifng an
- accurate clock to which all other clocks may be locked. This
- clock would ideally be a multiple of 8 kHz, which is the
sampling rate for conventional telephony bandwidth signals.

A master clock source WOuld'normaliy be found in the trunk
20 exchange. This clock signal could be broadcast to élll
- customers as a sequenée of narrow, i.e. low duty cycle,
pulses. The chosen sequence could be pseudo—random binary
sequence or a Barker seqﬁence which has a low probability of
being mimicked by traffic on the network. ,

st 25 The clock in the customer’s equipment can be Qelay-
locked to the 1ncom1ng sequence., Each customer is allocated

a unique periodic time slot following the synchronlsatlon
pulse, which serves as a destination address. The customer’s
equipment contains a variable delay line which allows the

30 customer to transmit pulses in any predetérmined vacant time
slot, and to communicate with other 'terminals via the

- reflective node. Each customer’s terminal feceives the sync.
pulses at different times depending upon the optical path
length from the reflective node. The round trip propagation

35 delay must be determined and sﬁbtracted'fromhthe value stored
in the variable delay line memory so that the correct
destination time slots can be accessed. In a transparent



pul se, - whi ch serves as a destination address. The cust omer?” s equitpment
contains a variable delay line which allows ‘the 30 customer to transmt

pul ses in.any predeternined vacant tlne slot, and to comunicate with other
termnals via the reflective node. g$ customer’ s terninal receives the
sync. pul ses at different tines dependtfng upon the optical path Iength from
the reflective node. The round trip propagation 35 del ay nmust be determ ned
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10 t ake @iwbuhbubivehsodeutd toipcidetwetbutheneimadslessegecitécoter come

this, e:&? tg{lghgﬁgr ?dﬁ&%‘éb@ﬁd with a delay tine nenory specific to its

di st anc romt reffective node. This is ‘accessed for ‘a. particular
custonmer, and Thu apheofime: etadykehrenne gystosen Heranumkhs t ME8tnessage

to 150n’e€ékéh§céoﬁﬁt3of)ttl?é :.td\ma afdigf o/ € neodas tohe x' aaasietsrsea delray could
be determ ned when:the cus rquglgnal I S cga SCt eg 0 t%& net To
do this, CHPFEPEer EBPsi GRS t}5nBRPVEEES With\8 ﬂF’m ses
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noi se ‘'t hres recervers o correla I on et ect or
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conphisCahéd tMet Bimbhisot! @ENRMEUSeflSctiRAl nddee custoner 25 transceiver
woul d be required to swtch fromtransmt_to

The round trip delay could be . determlned when the
'cus_tomer' s signal is connec_ted to the_ -ne_t_work. To do this,
an upstream signal would be trja_.n_smitte_d_ in a way which
"minimises interference with other users For example, a
20 'pseudo random blnary sequence is transmltted at a 1low
ampl:.tude so that it is below the noise threshold of other

'recelvers on the network. A qorrelation detector would then

be used to determine the round trip delay.  The main
complication with this technique is that the _'cus'tomer -
25 transceiver would be required to switch.from_transmit to L

receive rapi'dly d'uring' ranging to recover enough of - the
sequence to make an accurate correlat:.on _ _
An alternat:_ve method is to operate the system clock
rate at a slightly higher rate than is strictly necessary,
30° such as 8.08 kﬁz. - Every 100th sync. frame of 124 micro
" seconds is designated as redundant and . left -empty for .
ranging. The edded requirement of this approach is that
additional timinq and memory .circuitry .ie required in each
termJ.nal to restore the 8 kHz reference data rate.
35 A further alternative method would be to send ranging
.'pulses at a time when the traffic on the network is low, so
that the number _of_ _error bits detected b_y_ the customers!’



recei ve rapidly. during ranging to recover enough of tte sequence ‘to nhke’s
an accurate correlation. An alternative nmethod is to operate the system
clock.-rate at a slightly higher rate than is strictly necessary, 30 such as
8.08 kkz. Every 100th sync. frane of 124 micro seconds is designated
as redundant and left enpty for rangingl - The added requirenent of
this approach is that additional timng and nenory circuitry is required in
each termnal to restoretheBkHz reference data rate. 35 ' A further
al terhati ve neERCELRRASI HE T FLEBAR r G0 nyipitses fora examphpmenlthbit in
traffic on them@t\mfd( is low, so that the nunber of error bits detected by
t he custoners’

ce is wth set ' for examp
it 300, 000, A BerdF FRHLEG] PatinahrRGLPRE RRETUES o RGNS 2BRs e
calls are corr etishyre e@&llledaaﬁd donredtly efecei¥88 RrebSEraheini t€adur eSThe

are as foll g nkcII are hed into the tinme slot of the
destination ermsng\qzmoaq' & roca %x%hanggg\j()]th&/' if it is found to be enpty

for a predeternned titngoméng tasminiaaldsecurrisswitched intSorhhe itions| stst
are allocated ¢ thidnlgesdilna3873te Sl ddie ﬂgPCb‘He PHIAN e chdH é'é’ﬁlﬂ%aikslt

are made by accessing an enpty trunk tinme sl’ot; Internal calls are g
accessing the £EmefeRBd &6 rBpGHRtYy GPFh e Herederesuined; Hdney nengh 250
bei ng cal |l ed; ﬂcrosecoﬁy’mon channel signalling procedures are

i npl enent ed, by desi gni enet V., addi tional. 8 it/s data |
ol errent ed - des, Sl HEnRCH 9L, 126 BN, e 000 OB S K g dete
in a pri vate brtalech.o&»edhasmdr@() coutsli de cableneneecdadei by sofdesarieng an
resident in ea 0 additional comunication channel; and
An addf ess rren%lrﬂ?ttl srprfel%%ﬁ \rlll'el élnmfe%%’h term nal which woul' d be updated as
each termnal is addedntemaajetahde shre made PYecacopsepag ypheotime slot

reflective corresponding with the address of the terminal being called;
15 Common channel signelling procedures are implemented
by designing the network to have an additional 8 kbit/s data
channel with a 64 kbit/s channel. ‘Most of - the special
features required in a private branch exchange (PBX) could be
implemented using software resident in each terminal via this
20 additional communication channel; and
An address memory is requ:.red in each termlnal which
would be updated as each terminal is added.
The network size is limited by the type of reflective
node(s) used, and the optical power budget of the customer
&,A 25 transceivers. The transmitters operate wi'.th a duty-cycle
approximately equal to the split ratio and coﬁld,_ therefore,
operate with a higher peak power than their no.rmai ‘continuous
rating. This compensates for the loss of up to one pass
-through the network, and ensures that the received power
30 levels from the trunk exchange and | customers are
approximately equal. Initially, the network need not be
fully utilised, but sufficient power dividers would be needed
to allow for growth. |
The receiver sensitivity is inversely proportional to
35 the bit rate and corresponding split ratio.  If the split
. ratio is doubled, the round trip loss _is .quad-rupled and the
receiver sensitivity is halved. This poses a severe



node(s) used, and the optical power budget of The cust oner 25“transce|vers
The transnmitters operate with a duty-cycle approxi mately equal to the split
ratio and could, therefore, operate with a higher peak power than their
normal continuous rati ng. Thi s conpﬁ?sates for the loss of up to one pass
t hrough the network, and ensures that The received power .30 levels  from
the trunk exchange and custoners are approxi matel'y equal .
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each reflectlve leg 44. _ . o
The use of trunking on the network 1tse1f allows call_'
cOncentratlon Time slots are then allocated to customers on
" demand. A separate sxgnalling time slot would be requlred
20 which would be common to all users. Thls technlque -adds
complexity, but allows better utlllsatlon of the available
bandwidth. The amount of concentration would depend upon the
ratio of external to internal traffic and the grade of
_ 'service allowed o
25 ~ The nominal bit. rate avallable to any customer is ot
determined by the repetltlon rate of his time slot. However,
the local network can. support more 1nformatlon than a single
bit in each tlme_slot._ Provided that an internal call is
made,'addltional bits'or a pulse amplitnde modulated'(PAM)
30 signal c¢ould be added in the 'period of - the time slot,
provided that the destination terminal is able to receive the
broader bandw1dth signal ) _ ,
The reflective star network could also be upgraded
using coherent technology to provide interactive broadband
35 services in the local area A frequency diviSion multiplex
(FDM) access protocol is established whlch has similar
features to that for TDM Frequency bands are allocated to



bandwi dth. . The. amount of concentrati on woul d depend u’ﬁon'.the ratio of's *
external to internal traffic and ‘the grade of service allowed. 25

The nominal bit rate available to any custoner is determ ned by the
repetition rate of his tineg slot. However, the | ocal network can support
nmore information than a single bit in each &8ne slot. Provi ded that an
internal call is made, additional bits or a pul se anplitude nodul ated (PAM
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| owner, t hatt
provides the terminal B access intermediate frequency as the

difference between the <two. As a practical matter, the

intermediate frequency is desirably significantly lower,' i.e.

a radio frequency or lower, than the optical frequencies on
20 the network in order to lessen the terminal costs.

One method of locking the customer’'s laser to a
selected frequency is shown in Figure 7. The coherent
customer terminal includes a tunable coherent source 46
which has a frequency control loop 48 referenced to the

V 25 incoming local oscillator frequency detected by a receiver
50 connected to the network through a terminal coupler 51.
This source is locally tuned to a selected frequency pridr to
transmission in the network via an optical switch 52. The
reference local oscillator is received over the network to
30 lock the local intermediate frequency (IF) tunable ci_r'cuit.
The optical switch 52 is then switched to allow transmission

to the network through the terminal coupler 51.

As an alternative to TDMA and FDMA, code division

multiple access (CDMA) could be used to allow selective
35 access to each terminal by other terminals. In this case,
-each terminal has a code correlator which enables access to
the terminal when the code is received from another terminal
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the custoner's laser to a selected frequency is shown in Figure 7.* The
coherent custoner term-nal includes a tunable coherent source 46 which has
a frequency control |oop 48 referenceg o the 25 incom ng | ocal oscillator
frequency detected by a receiver 50 c fnécted to the network through a
term nal coupler 51. This source is Iocally tuned to a sel ected frequency
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- 45 - CLALMS 1. An optical coupler for -coupling asirst plurdlity of

| i ght transmi ssive elenents to a“second plurality of |ight transnissive

el ements at a coupling point, a first elenent 5 of the first plurality of

el ements being provided with light retransm ssive neans for re-applying

| ight |eaving the coupler in.that el enment-bask-to the coupling point,
wherein said first elenent is also provided with signal conditioning neans
in the path of the light transmtted along said first 10 el enent; whereby
Ilghbxkransnltted al ong a second el ement GLAIMB first plurality of el ements
is coupled into each of the elenments of the second plurality of el enents,

and whereby light transmtted al ong any one of the second plurality_of
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elements of the second plurallty of elements, and whereby

light transmitted along any one of the second plurality of

" elements is coupled into each of the other elements of the
15 second plurality of elements.

2. A coupler as claimed in.claim i, in which the light
retransmissive means are light reflective means arranged to
reflect light in said first element back to the coupling
point.

20 3. A coupler as claimed in claim 2, in which the light
reflective means reflect the light in said first element back
ot along it to the coupling point.

4. 1 coupler as claimed in claim 2 or claim 3, in which
said first element is terminated in the light reflective
25 means.

5. A couple: as claimed in any one of claims 2 to 4, in
which the signal conditioning means are disposed between the
coupling point and the light reflective means.

6. A coupler as claimed in any one of claims 2 to 5, in
30 which the light reflective means and the signal conditioning
means are constituted by a single device.
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anplifier. 8. A coupler as claimed in claim *7, -in-Whi*th' the 5
anplifier has a pair of light enmitting ports, at |east one of the ports

bei ng comuni catively connected with the said one el enent. 9. A coupl er
as clained in claim8, in which the_oquL of the ports is coated wth
a light reflective coating 10 constituting light reflective nmeans. 10.

A coupler as claimed in any one of claims 2to0 9, in which the |ight

reflective mana gb@pdbx e@SlolRIANA Ady S8 kYol gih8C ¢ 6llin \_’
coupl er %iﬁCIalnE 5 which the si
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conditio

11, in wamplitfded.ilter is wavel ength sel ective. 13. A coupl er as
claimed in any one of claims 1 to 12, in which the signal conditioning
means are tine slot selective. 20 14. A coupler as claimed in claim1 or

claim 2, 8in whi 3h ehuplpikghas reiadmedi skhvecladgansy, i sn awhicdp tie |ight
transnrg S%.h‘{ﬂirﬂte%r hfals aaisam b%sweﬁ'é &mpéf&g dp&ewera@rl%aaéé%ﬁl&%hed to

sai.d first. el ement A coupler as clalne claim 14, t he

|l oop i s EBea BpgFed Q?dﬂ%a‘?%‘!“!ﬂ’ec?%\bellénﬁwﬁe%?@hwbﬁheﬁéﬁgﬁa& & al so
coupl ed egehizat.oop. 16. A coupler as claimed in claim14, in which a
| aser anplifier is connected in the |oop. - 17 - 17. - A coupler as

claimed in any one of claims 1 to 16, in which at least. a further one of
the firs®.plurahi cyupleel aseot 3ined piw\ildeidn it i whdsyledthes @ tiieghto £
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said at |east “one f enent I S. provi a respective sigra
condi¥q oﬁpﬁghﬁmnmélght AePRqEae MRanthi ng network conprising an - \J
opti cal exchange transnltter a plurallty of custoner ternlnals and -

10. = A coupler as claimed in any one of clalms 2 to 9, in
which the light reflective means are at least substantlally- .
totally reflective.

_ 11. A coupler as claimed in any one of claims 1 to 10, in
15 which the signal conditioning means include a filter.

12. A coupler as claimed in Claim 11, in which the filter
is wavelength selective. '

13. A coupler as claimed in any one of claims 1 to 12, in -
which the signal conditioning means are time slot selective. [
20 14. A coupler as claimed in claim 1 o:'claim 2, in which

the 1light retransmissive means is a loop of light
transmissive material having its ends coupled together and
also coupled to said first element.

‘15. A coupler as claimed in claim 14, in which the loop is
25 a doped 6ptiéal fibre'loop,'and in which ap_energy pump is .
also coupled to the loop.

16. A coupler as claimed in claim 14, in which a laser
amplifier is connected in the loop.
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10 light transmi ssive el ements connecting the custoneg téemnal $*to the® $

exchange transnitter, wherein the network includes at |east one optical

coupler for coupling a first plurality of light transm ssive elenents to a

second plurality of light transm ssive elenments at a coupling point (L),

a first 15 element of the first plurality df7 et enents (20a) being provided

with [ight retransm ssive nmeans (22, 32, 36/35) for reapplying light

| eavi,ng the coupler in that .gl.enent back to the coupling point, wherein

sai d ¥Frst el dient | # SOWPLRGASIS atimad ding 1Y QRiah Siaigvnehniko (2a, DB,

\ZAE, 321) :_n ﬁ? viﬂlazrpath oide&tlbe la gbhrtnagsralﬁé eég-:‘m?E?E&'&ﬁ(j[ bilhrﬁh;!!%?ntof
ereby lig ransnitted al ong_a_sec¢ el enment . 0 e firs uraljty, o
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el enents, andnearrereby |ight-transmtted al ong any one of the second

plurality of elenments 25 is coupled into each of the other elenents of the

second plurality of elenents, and wherein the second el enent of the first
plurality o¥ difenentd oupkers ahecdadmedgdn rehaimt dd tiont whicbusiadd @b,

A network as ql@id®dond CrAithd2: d1emiitChisnG YvEfdd ¥ tEOUR! Sespective
constitutes a node in a distributed swtch network.
signal conditioning means.

19, An optical switching network comprising an optical
exchange transmitter, a plurality of customer terminals, and
gﬁg 10 light transmissive elements connecting the customer terminals
to the exchange transmitter, wherein the network includes at
least one optical coupler for coupling a first plurality of
light transmissive elements to a second plurality of 1light
transmissive elements at a coupling point (L), a first
15 element of the first plurality of elements (zba) being
prévided with light retransmissive means (22, 32,'36/35) for
reapplying light leaving the coupler in that element back to
the coupling point, wherein said first element is also
provided with signal conditioning means (24, 26, 27, 34) in
20 the path of the light transmitted along said first element,
whereby light transmitted along a second element of the first
plurality of elements is coupled into each of the elements of
Eg’ the second plurality of elements, and whereby 1light
transmitted along any one of the second plurality of elements
25 is coupled into each of the other elements of the second
' pPlurality of elements, and wherein the second element of the
first plurality of elements connects the exchange transmitted

to the coupler.

-20. A hetwork as claimed in claim 19, in which the or each
30 coupler constitutes a node in a distributed switch network.
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