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NODE | N OPTI CAL TD$/I NETWORK BACKGROUND TO THE | NVENTI JGB95/03017 'N€
present | nVERPHEMY el ates to optical tine division mul tip exegl0
comuni cation systens, and in particular, toa 5 node for use in such

systens, and to a nmethod of opera e uch systens.

Tel ecomruni cati ons operators, i nﬂépﬁgﬂ P%T@EMQEWORE demand fromtheir
custoners for increasingly SOphI sticated and bandwi dth intensive
services, requi ﬁgcﬁ&h&%ﬁlﬁsfm;ﬁ; Yvediron econfigurable, and which operate
at hlgher dat a Install ed to date. Opt.ical

transm ssion |inks The paesepteinventicerelrtes é&mﬁ%ﬁ t&ﬂ‘? dévisirg
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transm ssion |igkngaeWger sl dystems.channels by interleaving the
channels in tinme. To_i crease L he flexi btl Lty of t he corrg%nl cat.i ogé
Sor Bt

network, provision i felecompunicarions operatarss df fee ¢
or "drop", 20 dem&hanfebmothebantestomera ﬁozle:,ncnre&s:.adﬂy soplisticateda

channel or channels,at q%ﬁl%ﬁ‘e ﬁé@ i‘% g%ggcgg pgﬁ%uﬁ Mf&%ﬁ{@h

and for OTDM ne? %rﬁ’?
de- mul ti pl3Xi ngareropconfidgunabile) asdcuhucbdoperatsu@teheqheund%'aa|:yatesne
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t he operating et onc conponent s. rat her t
converting opt |b§1’35|gﬂans uwbidisedr ohnc %‘Fbﬂ‘a?@m%lﬁﬁEHO"s nﬁ%ﬂ@rﬁﬁ t\‘a%'

network, carryi{i§cPahsdWhe GLes BarFf ¢ dpiitity of the network from one

point to another point. It is known to employ OTDM '
" 15 (optica.l time division multiplexing) to share the bandwidth
available on the optical transmission link between several
channels by interleaving the channels in time. To increase
the flexibility of the communications network, provision is
often made, at nodes of the network, to e:ktract, or "drop",
20 a channel or channels at a node, or to add, or "insert", a
channel or channels at a node. Both for point to point
OTDM systems, and for OTDM networks, if the processing (ie.
multiplexing, de-multiplexing, drop, and insert) is carried
out electronically, the data carrying capacity of the
25 communications system will be limited by the operating
speed of the electronic components. Thus, rather than
convérting optical signals to electronic signals at each
node of the network, carrying out any necessary processing
on. the signals electronically, and reconverting the
30 resultant electronic signals to optical signals for onward
transmission, it is desirable to perform the processing
- functions optically so as not to restrict the bandwidth of

the OTDM system. | -

Many of the -e_xperimental OTDM systems employing
35 optical processing that have been reported, for example by
D M Spirit and L C Blank in "Optical Time Division
Mul'tiplexing For Future High  capacity Network



on the signals electronically, and reconverting the 30 resul t ant
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desirable to performthe processing functions optically so as not to
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single optical _ source practical' OTDM systens ar
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sources do not firomluae Aulbegntofl Idisinct dapuﬂimil Bogbcgsal i t wfopthesk
pul ses the error rate

subsequent ehe Ls‘f%%j?catﬂﬁrst%%\ﬂ% o m@exgﬁggﬁﬁﬁ %‘S%é§§ggﬁg
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because each optic ecel v a particu
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net wor k, often comprise single point to point optical links.

For an OTDM network, as opposed to a point to point

15 link, a further problem arises because each opticai channel
received at a particular node of the network may have
travelled a different distance. Thus in an OTDM network,

even if all the optical sources produce identical 'optical
pulses, or a single optical source is employed for the

20 whole network (as suggested in Spirit and Blank), the
outgoing optical pulses from a particular node will have
different optical properties. The outgoing optical pulses

may, for example, be of differing widths due to dispersion
suffered during transmission over previous 1links of

25 different lengths. The pulses are attenuated during
transmission and the changes in pulse width make it
difficult to match the local launch power to that of the
received pulses, since the ratio of mean to peak power
varies with pulse width. These differing optical

30 properties of the pulses may cause difficulties both within
the node (eg. affecting the receiver sensitivity and
switching efficiency), and in their subsequent propagation

in the OTDM network where the differing optical properties

of the pulses may cause them to evolve in a different

35 manner leading, for example, to time slot errors. These
effects would be cumulative as further nodes of the OTDM
network are encountered, ‘and would be exacerbated in a




even if all the optical sources produce identical optical pul ses, or
single optical source is enployed for the 20 whol e netmor ted
SPIHRIT,

kn Spirit WOPERPISK), the out goi ng optical pul ses from
node will have. di fferent optical properties. The outgoing opti-cal
pul ses may, for exanple, be of di fferlﬁg wi dt hs due to dispersion

suffered during transm ssion over previous links of 25 _ different |engths.
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cal data sighals; P y
wher e nunerousreﬁgrifvllélgdt 1(1:1aluseo' taptj] a sources are likely to be

enpl oyed.10 SUMVER¥POL TI-E#WEI\#‘PU\I transmittingcoi ngine adivision
aspect of the ﬂﬁﬁ%ﬁgtle'x@ﬂe%ﬁrbal Qatd Eighd5; yi ded a node for an

optical tinme divisi
a source of optical radiation, wherein the optical
-data signal transmitted by the output means consists only
of optical pulses from said source.

15 " According to a second aspéct of the present invention,
there is provided a method of operating a node in an
optical time division multiplexed communication system, the
method comprising the steps of:-

receiving a plurality of data signals'at the node, at
20 least one of said signals being an opti'cal data signal; and
transmitting an optical data signal from said node,
characterised in that the transmitted optical data
signal consists only of optical pulses from a single source
of optical radiation.

25 Thus, by providing a source of optical radiation which
is local to the node, and ensuring that the optical data
signal transmitted onwards by the node consists only of
optical pulses from this 1local source, the present
invention provides a number of advantages. All optical

30 pulses leaving the node can be of a consistent character,
regardless of the origln, and transmission history, of the
data signals received by the node. It can thus be easily

" ensured that all pulses leaving the node are of high
optical gquality e.g. that they have the same centre

35 wavelength, and amount of chirp. ‘The error rate
performance of the optical transmission link between a
first node and a second node in a communications network is



mul ti pl exed comruni cati on system the node conpri sing:-

mul tipl exer having a plurality of input neans for recei

si gnal s, aWVOP é’ﬁwgone of said input means recei vi ng, r?éa'ggn Yca

data si gnal s; 10 - output neans for transmtting a time divi SI on

mul ti pl exed optical data signal; and 4 a source of optical

radi ation, wherein the opti.cal ta gnal transmtted b¥ t he out put
means consi st s BHSy less ¥ ch&P ;f% ft°(5'm§%?d XFGHide. of5 the data

According to assgaen@ Feredived ﬁ;hetrpé eﬁmtlmwr l omrthembPEF ethe use

provi ded armtﬂ?m of. opergtlggano ghe an n@ﬁg ti.me di vision

mul ti pl exed co RPE&Si BRCOFELES, “Pn Pregenkodn¥eRELPE; AdSPRBSES Wi ths : -

receiving a pI thel ingedf fd:rtaopi:gnalls sdutbesnarte, eath2(hodé eadithiie the

said si’ gn S REQQPQ,R eRt bga d%%éﬂcsalgnal and transmtting an
. .

optical data-signa om sai ‘Characterised in that the
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15 pulse w1dth or pulse locatlon of pulses in the ‘OTDM signal
entering the node can be corrected.
The present xnventlon may be applied to nodes which
are not all optical. For example, a node may receive an
OTDM optical signal at a high bit rate from a remote node,
20. and receive a low bit rate electrical signal generated
locally to the node, and may combine these incoming optical
and electrical signals to givé an outgoing optical OTDM
signal. 1In this case, the node may convert the localiy
generated electrical signal to an optical signal, prior to
25 inserting this local signal into the OTDM optical signal.
Although embodiments of the present invention do. not
require means for recovering a clock signal from an input
. data signal (for example if the node performs only an add
function, and not a drop function), preferably the node is
30 provided with clock recovery means for recovering a clock
signal from an input data signal.
"The clock recovery means may be electrlcal or
~optical. Electrical clock recovery means are, at present,
simpler to implement than optical means, and can operate at
35 very high data rates, - up to 100 GHz operation is.likely.
Electronic clock recovery at these déta rates is feasible
since far lower bandwidth operatidn is needed for clock
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4 thus less likely to depend on the origin of the dat 951036 nal s
recei ved byVOR#24S543 st node. Furthermore, the use of noé:rs accor di ng
to the present invention di spenses with . the need for optical sources
at each node within the 5 ¥ network to be 3 dentical . A further

advant age of t resent i_nvention_i,S a re.Qut put of a
node may be easﬂr?g Yahéa 37 °pp°5ﬁgve4‘£né?ﬁa del%%]&l#wgay 613' aﬁ%ﬁﬂygﬁsgus
i f wavel engt h electdicali axlouk t sphaailngis ediveimupse fierabdy bempddyet:dto

with 10 ho e_30 . opL. i r t t he
node may b%ynclggﬁ lﬁﬁo% V\B%IJ%E&S.%%I’CZ %ﬁf%gr%bﬁéigﬁge sg%%geé)géhﬁ Q
optical radiatimedés lecked cBibreopingl lplslesbs A pfurther padMatitagen of
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signal at a high bit rate froma repote node, receive a low bit

rate el ectrical $3%t@al 2afeMsied perein dsq I?i“‘t’%mPﬂ%sﬁ%d@ modnlaker: isede

these incom ng @pgi Gélth a CREb@Estdndatasrgingsout gh'enfLoGohg ga€ing
opti cal nal In this case, the node may convert the locally

gener at ed ect#‘?’&%’?g%?gnal to an optical signal, prior to 25 inserting
this local signal inkbtélmwativblyppti thle sicloak recod&ﬁj’lomgiambmﬁyﬁrﬁs
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only an add stream of optical pulses at the clock frequency, in this
. case the clock recovery means may serve as the source of
15 opticalnpulses. A mode locked ring laser incorporating
some form of modulation, for example cross phase
modulation, may be utilised as an optical clock recovery
means. _ |
~ Preferably, for both electrical or optical clock
20 recovery means, there is provided an optically controlled
gate. The optically controlled gate may be connected to
receive a multiplexed optical signal from the multiplexer
and optical pulses from the source of opticallpulses, and
to gate the optical pulses in accordance with the
.25 multiplexed optical signal. Clock division ﬁay be
. performed as part of the clock recovery process.

Although the multiplexer may comprise an electrically
contfolled device e.q. 'a Lithium Niobate modulator,
preferably the multiplexer is an all optical device.

30 DESCRIPTION OF THE WINGS |

Embodiments of the present invention will now be
described, by way of example only, and with reference to
the accompanylng drawings, in which: '

Flgure 1 is a schematic diagram showing a typical,

35 prior art, OTDM network; :



function, and not a drop function), preferably the node is 30 provi ded

with cl oc§1 re y neans for recovering a clock si gnalpedy b1y nput
data sign 99&% The cl ock recovery neans may be el ectrical, or
optical. Electrical clock recovery neans are, at present, sinpler to

I npl ement than optical neans, and can opergte at 35 very high data rates,
- up to 100 GHz operation is,likely. . Electronic _clock recovery at
these data rates i< ¥YBYS f S 2 s%’f%%t*ﬁrdeﬂEPmbgﬁd\ﬁi (T(%{eoﬁ%r éﬁy&?%
needed for cl pelework, WrEs¥dPiXgl5 to an embodiment of the present
PCT/ GB95/ 03017 c oy 5 recovery, as :
opposed to datBVER%Y S ion.  The recovered electrical clock signal is
then preferably emFigpare t 3 is asyschesatie t ddagramceoff aphionall imeazes,
for exanple a_ .. de.l.qc d.bre. ki lase _ vant age of
5 enpl o%/i ngogfté'gtarq:)cg?bgl lé)'g% {Aelkc)'ovte"?;}&?'g eﬁiaé.nana{ﬁ?%%&@iﬁne%@d%% s?’g‘r?
that may be rpireseat winviention @sdeam pptical muttipdexer,pandras an
electrically tyi Rh . "gate" as used herein also
enconpasses abﬁggtﬁﬁgtlgrc%tfsﬁet(fo-&rﬁé ?.rd;,e'yvith a CWsource and carrying out an
anal ogous gating 1§iguxgnd; igna schematic @iagram: oL & yode,dagksdk fibEgvery
nmeans may be ring Opaségl,. Wwtirfséde iresan! ehbogiment CoOLClHELCPYEEENLS 2
stream of opti cal” pyl ses at the cl ock frequenc i n_thi _ case the

cl ock retdver yNVER %f%@ﬂ/é’%@ﬁe%"(ﬁﬁ er%%lb‘I%ryoﬁPéEﬁysb'ﬁPées. A
mode | ocked ring | gdefuriesc BHoandi 6B are schematiosobfradunede ousingra

exanpl e CrOSSKgQ%S%ate regenerator, and a detail of an EDFA amplifier - (

respectively;
Figure 6 is a schematic of an alternative
15 - implementation of the node using electronic clock recovery
and _ '
Figure 7 is a schematic of a network embodying the
present invention; and '
Figure 8 is a schematic of a cross-connect node.

20 DESCRIPTION OF EXAMPLES o :
A typical OTDM network is shown in Figure 1, having a
transmit node 1, drop and insert nodes 2 and 3 and a
receive node 4, connected by trahsmi-s.sion links 5, 6, and
7. Transmission links 5, 6 and 7 may comprise optical
25 amplifiers and regenerators. The transmit node 1 comprises
an electronic interface 8, a multiplexer 9, and a source of
optical pulses 10. In operation the optical pulse source
10 transmits optical pulses to the transmission link 5 in
accordance with the multiplexed signal prqduced by the
30 multiplexer 9. The drop and insert-nodes 2, and 3 comprise
an electronic interface 8, sources of optical pulses 11 and
12, an optical modulator 13 and an optical mu_ltiplexer 14.
In use, the drop and insert nodes 2 and 3 receive an
optical OTDM signal from, respectively, the transmission
35 1link 5 or 6. The drop and insert node 2 or 3 will then
either insert an additional channel to the optical OTDM



nodul at i on, may be utilised as an Optical cl ock recovery means.
Preferably, for both electrical or optical clock 20 recovg qﬁmn
there is pMRIPI¥San optically controlled gate. The opt | Al

controll ed gate may be connect ed to receive a multipl exed optlcal
signal fromthe nultiplexer" and opticadl pulses fromthe source of
optical pulses, and to gate the optical pulses i'n accordance with the
25 multipl exctigndti A exbRaFt i.€ o8FOPdi \A sFBANNGL, fpem the OTDM

perforned as paggn#f.the clock recovery process. Al t hough the
mul ti pl exer may co se an elecfrica ontrolled, devic
Li thi um N obate- %ﬁl 2 o?°nvent18’f’§#er &F yp’t'i%r miESiepl AKEP | %arf"éﬁg?rt
optical devi cehodi, 1EESCI%1F£H&\1 (EsTo BeAVind@#irted a pulsenmmlircants of
the present inventio I es l.e onl
and with ef’eg@ftaei go tlh eac%bnﬁgnq'f r‘%{l@r gﬁ% n& gﬁ%o\%&u%%gp ]S i’
Figure 1 is aandmdamcedwaghammmhg ant yghecathamiel ppei e dinserdEd
net wor k; 9 54 : : ; 3
PCT/ GRO5/ 0301.;['h\@ 6143‘9 éptlca.ll c.hannel 1s. thgn inserted Filgrhtroe L
schemati c di agpprapriatedyasant, ©ime) slot nid wohk, OFHreignal obyn the
enbodi ment  of oyt%]&!fsﬁiﬂltipleié‘f’e&w on, fthe outputF' ¢rom Sthe %p;:g;'b?iﬂt i C
non-

di agramof a | near opt i cal Ioop mrror, ufil |sed in an
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opt:Lcal pulses which originate from the optical pulse

source 10 of the transmit node 1, interleaved with optical

pulses from the optical pulse source 11 of the drop and

insert node 2. Since these pulses originate from different

15 pulse sources they. may have different optical

characteristics e.g. centre wavelength, width, or chirp.

.~ Furthermore even if the optical pulse sources 10 and 11 are

- identical the pulses from optical pulse source 10 will have

travelled along the transmission link 5 (and may have been

20 amplified or regenerated) and thus, nevertheless are likely

to have different optical characteristics when they arrive

at drop and insert node 2. If a further channel is

inserted to the OTDM optical signal at drop and insert node

3, this additional channel will comprise optical pulses

25 from optical pulse soufce 12 of drop and insert node 3.

Hence the OTDM optical signal arriving at receive node 4

may contain optical pulses originating from three distinct

optical pulse sources 10, 11 and 12, which pulses have

different transmission histories. This may lead to

30 numerous problems at the receive node, for example time

slot errors, or varying bit error rates between the

channels. The source of these problems, within the OTDM
network, will be difficult to trace. ' o

Figure 2 shows a node of an OTDM network according to

35 an embodiment of the present invention. The node comprises

an optical multiplexer 15, a clock recovery sub-system 16

(which may be electrical or optical), an optical amplifier



optically controlled gate; Figure 4 is a schematic diagramof a
node | ocked fibre ring laser, wutilised in an enbodi nent _of the
present 1¥09%203¢%ti on as an optical clock recovery sub-sys BISNI01T

Fi gures 5A and 5B are schematics of a node using a Kerr gate

regenerator, and a detail of an EDFA anpli Bier respectively;,
Figure 6 is a schematic. of an _alternative 15 I npl enment ati on of the

node using el 87t ABFi ePEicaklycEontrplled gake 18. If thericdock recovery
schematic of gupekyetlenciigody edeltPical, Rﬂ@@iﬁd 'I‘Yﬁ"%h'e‘i“ oi,?%ﬁ
Figure 8 is a 'él tic of a cross- cc%r?naect node. DESCRI PT s&g an

EXAMPLES %lca B STRERR ndPwor TN %%WM gl giplexer hadingna

transmt nodeuse,drepedndsi aﬁeo'rnnodpﬁzaaanﬂnﬁuar@h@al .20 raQHBhV[QoEE(ﬁ%/'
sion |links 6

b
connected, by LLATSISS! GAULS1 € Rre Ml cicay aian PP BSLORLLIKS 2

node 1 conprisnto the arDy edgnarl 20 nt eTHeckoder sbitl tapeecztyndl 21dig

10 transmi ts SRERELER iRLbCET et LlaMREI o Se Brh sighal 20 058 HER ..
with the nul trpsulﬁdngu puitiplesedes ignalh@3ds pasisedpl vier the dheidadp
and insert no#g d C r e o] fac ces
of optical %gfiagndﬁ £ep ﬂ,ﬁéar?ogﬁtl’a(}al iﬁgg{: '%%rbqs%gzﬁd ggéjd%??gg
nul ti pl &fer 1qontr°11¢ﬁ gake t}R- dr Theareptical t mudtiplexend 15 risecalsoan

optical QT DM&ﬂﬁeétéaorﬁor%mecmww r&aevhi-@n%nssw&éﬁ 1d. "k pppg 6.

The drop and i nsert nod {dio’rec{:z.o}-xai s t her sert an additional

channel to tl"fé°%?? Cfl‘f)l\’? ince the opt: cal multiplexer
15 requires a clock signal in order to insert the low bit
rate signal 21 into the correct time slot of the OTDM

15 signal 20. If the clock recovery sub-system 16 generates
optical clock pulses, these are passed directly to the
input 24 of the optically controlled gate 18. If the clock

- recovery sub-system 16 generates electrical clock pulses,
these are passed to the optical pulse source 19, are used

20 . to synchronise the pulse source 19, and the synchronised
output of the pulse source 19 is passed to the input 24 of
the optically controlled gate 18. The regular optical
clock pulses, generated in the clock recovery sub-system
16, or the pulse source 19, enter the 6ptically controlled

25 gate at its input 24, and are gated by the multiplexed OTDM
signal entering the control input 23 of the optically
controlled gate 18. Thus all of the. optical pulses
comprising the OTDM signal 25 leaving the node originate
-from a single optical pulse source. ' -

30 If it is desired to alter the wavelength of the
outgoing OTDM signal, from that of the incoming OTDM
signal, this can be easily achieved, simply by ensuring
that the single optical pulse source is of the desired
. wavelength. : -

35 All components of the node according to the present
embodiment are known per se and will now be described in

greater detail.

(
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7 si.gnal, or extract i.e. drop; a channel fromthe OT | .
For a conveMOWMF4S or prior art, drop and insert node DMPFIGB, a%urilZI
is to be inserted a pul se source 11, 5 | ocal to the node 2, is nodul ated
by a nodulator 13, in accordance with tBe data in the channel to be

I nserted. This new optical channel is then inserted into an
appropri ate vacant t iNenslinedn aptl b\ PR RirEQre HENOLM) axe iqapable of
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with optical redufepedFon t Ae soRtiatAly m&wmm&m&ﬁnﬁd he;d&eadari@h

t node 2. Since th | te fromdiff .
Sources oy TRy embRATBERt at crhdi PRaren) LnvenEifh £ breVide sn

centre wavel engtffunct ibrtal Dty Clofr pthe opﬁmahennumap&aeﬁf 1B6he(lspth Cc for

pul se sources 10, and .1 are tlc S . rom | ul se
Bource 10 w11 REAPPing Wiannats and arqntify B M lenbintt
have been 20 amay idlso be utj2ihsedt &) pzmjlldiustheaeﬁunchebaaiiayeofl It.hley

to have differe enthey arrive at drop and
i nsert node 2. %&1@%&% &Fﬁi nndelsééeé 18 nserted to the OIDM opti cal
signal at ¥Pop and i r&murm@d@hows ap, Nomscampmsenql ioputrports A and D,

compr i se 0pti CaloytfieSpdPs B ARMOR |GahnaLtes toUkER 1ike 18850 via

I nsert node 3 tical |ﬁnal arriving at recelve no

4 may cont &K%&qws pRil seRd 028 gRR% P T i fused ePuPleEt29. The
optical pulse s@iies iSop 1ésa@$mb%iséa ca B@'l&&ﬁ.s’&k\i%n conthdirnenio, a

%22?\%5%32 Pla.,set S cI(:Lls‘pLgrsz.c:nrly shitat c{ flan e 31"and tud WD lggﬁp te::‘tshe

15, 32 and 33. Such an NOLM is described in "Bit-rate Flexible
. All-Optical Demuitiplexing Using a Non-linear Optical Loop
Mirror", D M Patrick, A D Ellis and D M Spirit, Electronics
Letters, 15 April 1993, Vol. 29, No. 8, pp702-703, which is

. incorporated herein by reference. The OTDM optical signal

20 to be processed is input to the NOLM via input port A, and
a control signal is input to the NOLM via input port 34 of
WDM coupler 32. The NOLM is able to optically process
~input optical signals because the input'optical signals
which co-propagate with the optical control pulses

25 experience a greater cross phase modulation induced non-
linear phase shift than the counter propagating opt.ical
signals. In the absence of a control pulse, optical
s'i'gnals' input at A will be output at B. However, when
control pulses are input to input 34 of WDM coupler 32 the

30 clockwise propagating optical signal, co-propagating with
the control pulses, will expériencé a phase change, due to
cross phase modulation in the dispersion shifted fibre.

The anti-clockwise propagating optical signals, counter
propagating relative to the control pulses, will not

35 experience such a phase shift. Thus - when the counter
. propagating optical signals return to the 50:50 coupler 29,

for a relative phase shift of m radians, they will emerge



slot errors, or varying bit error rates between the channels. The
sour ce of these probl ens, within the OIDM network, wll be difficult
to trace.W096/20545  Fjgure 2 shows a node of an OTDM netmrme‘yﬁ’?ﬂ”% to

35 an enbodi nent of the present invention. The node conprises_ an
optical nultiplexer 15, a clock recovery 80b- system 16 (whi ch may be

electrical or optical), an optical anplifier WO 96/ 20545
PCT/ GB95/ 0301from output port C. Hence a partigular chamlean@foptheal | y

control l ed gag@eidail bfrbhesqt;ﬁah HRPRCat A canss@ f ﬁg?.&ﬁ LS out
el ectrical, the node further ri Ses an lca se sourc "1'9
The opti cal mP¥E pFeR¥r aEBr°Pﬁ'13 e cop&gol, é’(’:’éﬁﬂg -"d?P‘GI’UM dghe dﬁQLM-nput

signal 20 and a | opakl Yeontrol gpaksassd ﬂx@w att yg! ecant ivedl gt

f t DM t fRted)
o o odither ledet TGt lyu PR ARt P RsErige] L.
resul ti Rg rruldxtpfmﬁﬂngl gnal optmalpaelsenl:lf \8 ghdk, op.ttildf?nlsmg ta gé_l_lher
17 to the conf rol l.e a e
opt i gal mul t| 9 exee‘? r#%g?'s%‘aﬁo hggﬁglgg ne% %ga?tgﬁﬁgpgﬁgcghg%%&)’é%?d
sub-system 1&oop-'r1’wne Clockcmmenyn Girdnilt rUsingnal Trd vedd irfge-Wave cal
mul ti pl exer r 1516881 451 £ fd0CksS 0 BhokR_iflie ¢ xgewéeé w i Nyl @Y D1

rate signal 1 |ntothe correct tine slot hal

the cl 0dR re&awaniskdb, sijsTekara, g¥ndruvatari ang,@ d%iltcdhocﬂ&qgﬂmmest hese
are passed d']’.féiﬁiéﬂs}olbh%eptemﬁé’houisgﬁ ofydih @@pt Nsahby ql.lle)qsqate

18. If the clp&%lil poverz syb- sy stem 16 rates ele |caI clock
pul ses, ough’ th:Ls technical paper de cr .bes the extraction of (

a single low frequency optical clock signal, this technique

. can be adapted to generate a clock pattern having pulses

15 only in the channels which are to be dropped at the node,

. for example by optically. splitting the low frequency clock

signal and introducing appropriate optical delays before

recombining the signal.  An all optical .technique for

generating the control pulses to be input at 34, is

20 described in our cdp_ending International patent application

PCT/GB94/02239, incorporated herein by reference. This

technique utilises a ring laser to generate a clock pattern

comprising the control pulses to be input at 34. The

cavity frequency of the ring laser is arranged to be an

25 integer sub-multiple of  the = repetition rate of an

individual OTDM channel. In order to start up the ring

laser, it is arranged that only data in the OTDM channels

to be dropped at the node is sent to the ring laser. The

data in these channels then initiates pulse formation in

30 the ring laser, and the output of the ring laser is

3 dJ.rected to the J.nput 34 of the NOLM shown in Figure 3.

The output from port C of the NOLM. shown in Figure 3, i. e.

the dropped data, is directed to the input of the ring

_ laser, so as to maintain pulse generation- from the ring

35 laser in the appropr:.ate data channels. . _

In order to perform an insert funct;on utilising the

NOLM, the optical data to be inserted is applied to input



these are passed to the optical pulse source 19, are used 20 to

synchroni sa,dw se source 19, and the synchronised optpMBISD30INE
pul se. source 19 Is passed to the input 24 of the optically controlled
gate 18. The regular opti cal clock pyl;ses, generated in the clock
recovery sub-system 16;.:0r the pul se source 19, enter the optically

controlled 25 p_gat enakpiel Sorddelcedorddd Gk SuP¥et Be i e DM
signal entering the lgont rolsgi._nputc 23°of t he opﬁ%:ﬁry © (r%{n%rg{nﬁgdiga e

18.  Thus al | opticdd @atacdnpul &ds D willchepeuspng €RencBDMtieydxiopped

| eaving the nodgadinedl N 11 beiﬁgomtpﬁicn@mpm calpnp¢hee i S 8f a
If it is desired to alter, the vvaveleng h_of si gnal ,

the_ outag_gl ng OI

fromthat of tRFORSTOIniRtsSOVFhe optigad sigRad dApPWe akadh yiddnemerge
sinply by snsugiriess B. tlwastHe stafl depseénl thatsethouoptidarf sibfal
-desired wavel en%th. 35 Al | c%g}éoggﬁgs of tt'n1e nogde gggordi ng. to
the present  SMEXSARG FETR B SOPREAHTES RS FAEP2noRPBe 2895 EPi ABRUEN
greater detailA, minus\@35/@0S6gped channel emerging from output C, and
PCT/ GB95/ 03017, _ : . 9 . n-1.i near
optical |oop mr rt gr strﬁ\laéefh_'&rig ncaﬁ?)gt[:)lté1 of msert%%i ﬁgaﬂé’&} fb?pﬁ?t Ak ale
optical switchHepcend refgeraing topFigurei Ag, thed 0T signalvcfor onward
consi der eig : ol rs q._r;.;1 | t.abl y configured NOLM i s
utili sedaﬁl 5 ESPE@ESB od r%ezntl%(c)f t %E{%suétn?%éﬁt ion to provide the
functionality of thd SHELBEF mAGqqndeNQLM5 ag inserided above and shown

in Figure 3, can be utilised as the optically controlled

gate 18 shown in Figure 2. In order to achieve the
functionality required, the OTDM signal for onward
15 transmission 23 is input to the WDM coupler at 34, and
forms the control signal for the NOLM. The regular optical
clock pulses generated by the optical clock 'recovery sub-
system 16, or the optical pulse source 19, are input to the
NOLM at A. The signals input at A are thus gated by the
20 control signal input to the WDM coupler at 34, and are
output from C. The output from C thus forms the OTDM
signal for onward transmission 25, of Figure 2. '
The optical clock recovery sub-system 16, of Figure 2,
comprises a mode locked fibre 1laser as described and
25 claimed in our co-pending international patent application
WO 93722855, filed on 26 Apfil 1993, which is incorporated
herein by reference. With reference to Figure 4, the mode
locked fibre laser comprises a loop of fibre 46 forming a
ring laser cavity, a non-linear bptical modhlator 47, a
30 data input 48 and output '49, and a coupler 50 having an
output S51. In use, optical data is input to the mode
locked fibre laser via input 48, and outputs, via output 51
of coupler 50, an optical clock pulse train locked to the
timing waveform of the optical signal input at 48. The
35 generation of the optical clock pulse train is achieved , as
is fully described in our co-pending application WO
93/22855, due to cross phase modulation in the non-linear



droppi ng channel s and inserting channels), and furthernore may al so be
utilised Lde the functionality of the optically#§¥gi @ date
18. 10 %aog&gﬁﬁﬂre 3 shows an NOLM conpri'sing input ports én&gg? .
out put ports B and C connected to the fibr s | oop 26 via circulators 27
and 28 and a 50:50 fused coupler 29. The fibre loop 26 conprises a

pol ari sati on rQlil er h di shpfte
and two V\DM C%&Q{lgr%sl 5‘“3‘9%5&05 Sghqq%fjchgén e§,_.l esc#%begm&;ﬁ‘t%d%
"Bit-rate Fl empldluéatlon ‘RY| capsiipgl mgéﬁuﬂpp!sllém E3:) the reinrg Nasexr neshen

t | L , R d
Elect roni o SPPIOYSL A eppdldidg of i bisienl ivihEish the moge.

is i ncor é@F&?éd ﬁb‘?’é?nh?f%‘éf%?ﬁﬁé@es 'Fhem&BM’ &Meelam‘%%neptwal to
be processed k3g hanutfrtdm teife I\@Maaa QR pl@derA1HNbE Fig&réOEtrah
signal is input to P(leg ’}P f 4of %g .. The
NOLM i s abl e PBtBHFFCQI TatRojbfptrica ‘hi)?ﬁ Rhises %ﬁv% eo@E’&EtEélthe

i nput optical congrelded gatehiigh co- propagat e with.the optical control

pul ses 25 experi grea o] e a duced_no

| i near phase shi ft§f§§ﬁ%ﬁh§i %E‘ﬁt éP %?’88’ §§I dn%gg % g}xr!tpner E?‘ﬂﬂ&&? of |
t he absence o(::.acuamsr of punode dpplementing stlgnmlseseqmtluaveﬁtmm be

out put afq B. Hat4R! S n isQp 4. qf
VDM coup er 32 the §8 ﬂ&ﬁ;cﬁw se pr opggaﬁar?;@ogtlca %iéﬁ iﬂ L{Ise?‘ i8
co- propagat i ngomneated tehdheynneswork s&9, weFeivspan emouimasemu

change, due t@atastrehfSS apldsh Bttt g Brt”Bt R idnS RY LaipRdd (E&dehabr e
The anti-cl ockw se ropa ating opt] cal count er propaga g
relative to tREEYeR r%‘l’r&ﬂ%@“’%"?ﬁ ?ﬁﬂ“%f ssignaf Sata Sxom shehaede

shift. Thusméenlhbﬁtcowat&rstream propagapilig opti ca ssozmds é&iﬂiérto
:E:yS\(/)vl % Cﬁéﬁl e\flfactured byo ' Sé}.fra% a%v':.%g por?ge Sé?:'tf t 8£nger radc': oc
recovery/pulse generation stage 519 and the other part
going via multiplexer 515 to regenerator stage 518.
- In this example, the clock recovery of the pulse
generation stage then uses the mode locked fibre laser
20 described in our above-cited international patent
application WO 93/22855. The circuit of the. present
example is modified in that, as is further described below,
a polariser is included in the optical cavity.
. The regenerator stage 518 is based on a fibre Kerr
25 gate. ' _
In the absence of data input, the clock recovery
circuit lases continuous-wave as a fibre ring laser at the
wavelength to which the band pass filter (BPF) is tuned,
namely 1.553uM. With an input datastream, light in the
30 cavity co-propagates with the datastream along 1 km of
dispersion shifted fibre (DSF), A, = 1.550uM. The
datastream imposes a frequency modulation on the ring laser
due to XPM (cross-phase modulation). ~ The XPM is also
accompanied by NPR (non-linear polarisation rotation) of
'35  the cavity light by the Kerr effect, which is converted to
an amplitude modulation by the polariser in the cavity'.
The round trip time of the cavity is matched to a multip'le



WO 96/ 20545 | '  PCT/ GB95/ 03017

10 ~fromoutput port C. Henceia partlcul ar._ channel . of l;[pﬁ
epti cal orXP g i nput at A can be "dfopped": to output . %%?5{0387
appropriate control pulses input to the NOLM S The control

pul ses, input at 34, can be generated 5 ¥ther el ectrlcally, or

opti cal ly. An el ect rical netho ractin opt.i c cl,oc

Si gnal , utilisi9fg epﬁggzéstrearq G’GIFeHeF&ﬁ rfgrdég’gﬂqﬁeawfiﬁ ilockmg. 20%
"Utr ah: ?h Speesk Riweecavikgdiight ilsoqpupybed Chutk tBed@rar \tHd rﬁeudvédsemg

a Travel |l 1 ng- vva

Di od f Q Ph
3 10 Raven: s iaek RS T Eb S vATPh. A5 FeRheRn I A0 PO RC AT Yave Y
Letters, 17 Se[ﬂm’nber‘rh@&&cd#drém cldeK QuisEs lalrd Hassed to A tﬁuimghsdn s
tech | t w f
o 6o gl S REGe L RREER' " Blm pe el O 1 G
cl ock pattern Advithe mutpet 16£ tlamIQSFn the emammmm:mxmsa@ass
dropped at the ?ﬁqﬁzgh a rsfet:%'hdeisaﬁm"ig@f RRich2E LY cpBkLkE! Qgtﬁh& (f"irst.

frequency clock I ntroduci ng appropriate opti cal
bef or e r eddnthe ng gRBCS| @fala SWlAﬁh&FB faakal tbecﬁ'ﬁic&ﬁférﬁér Slock

genergtl ngI t he s¢@iaup! llaulcaeemg thle;té}m&tea 34,Thé Sa®k }Uzggeacrdd%e%ﬂféaw
O e St g e o moasiAbeR Pue o s, af e
| aser to genermweﬁeazlemn adttream motmel pregence oI idatla.pulthds NPROE
L AR LT - SR
i ndi vi dual OTDibprapagatirg) mechvered schockupulse.ri Mhe recdmeﬂ clocks
oL ange, Lo Bkl ek dige O URCVa ey ask, PEGONEd Hribifgloce
pul se forkati odaltnstream and hence the function of regeneration is
complete. A fibre stretcher is included at the input to
the Kerr gate to phase match the clock recovered pulses and
the amplified input datapulses.
Figure 5B shows the components making up the EDFA’s.
20 The isolators I are commercially available from Isoware as
model I1SPIPTX-A. A pump for the fibre amplifiers is
coupled via WDM couplers mamifactured .by' JDS, model No. PB-
WD1415M1~-Al. The filte;‘ F is JDSTB1500S.
In the clock recovery circuit, the WDM coupler is
25 model JDSWD1515U~All. The DSF is manufactured by cording
with the géntre wavelength referred to above. The 80:20
couplers are manufactured by Sifam and. the polariser is
Sifam model 1550. The BPF is commercially available as JDS
TB1500S Corresponding components are used elsewhere in the
30 circuit. As an alternative to the use of or all-
optical clock recovery, nodes embodying the present
invention may use electronic clock recovery stages.
Figure 6 shows such an electronic clock recovery stage
616 used together with an electronically controlled
35 multiplexer 615 and a modulator stage 621 for adding local
channels into the onwards datastream. The output of the



30 the ring laser, and the output of the ring Iaser S directed to
the input 34 of the JjQ hown in Figure 3. . ... "The output fron1§ rt C of

t he NOLMWRASER034E Fi DTHR t he dropped‘ data, ' i s BEVEBINBUYD the
i nput of the ring mai ntai 1 pul se generation fromthe

ring 35 laser in the ] a - chdnnel s. In order to
performan insert functlon ut|I|S|ngthe NOLM the optical data to be
inserted i s afpFr¥dt oShapnt in Figyye 9/ Ab4then regenerated using an

PCT/ GB95/ 03014 tJ.cally controlled %ate as descrzﬁéd prev:.g'asly' n the

presence of a Contﬁ&E pul se in the tTcal ta‘i'nput at D
will be output fro erK 615 1"C\H’&hﬁeﬁx§{"Pﬂ-P FempF isespat padam C.

I n the absencefof électrorﬁ@iﬂl@ pebatrolledpt ampl ituded! hn%a\htla%Bré wi |l
Thus it_can, be seeg th%1 the |cal S|gna

ener ge
ener gi ng% ron‘?%aﬂfgﬁﬁ’rll B SORRTE ¥ dRaru 1.5=20p ®Theus
t he dropped chaput| tmestage faiEn mtsphﬁ 5050 wlth\/\hhh.ft hgoiastfli €6 0@ Of

the inserted ffggeelméa‘%&t%h DM°D153| af gcthe %%J to F| gure 2 tg

OTDM si gnal for~ onwar ansmi IS
A further, seseddlaler] MODZsscri Bedsab’ﬂ(/s aavaiﬂuaiﬁe commarEu.guay 3ascan

" 770 RPN e orical e S ARG gk i,

In order to ac

for onddd . F‘Péi\@rﬁtﬁ%naﬂs drivesutelectnicably c vl can aampaif der
forms the CO@E@&eSI@BﬂbrEQ&n@hetB@bM widebgfHl aamsmma!rs wA1£50Ckng

pul ses generaélggqggné{;edgglﬁ%@ 2%' OCk rfcgler WAl is an ERA wideband 1W
20GHz amplifier. WA2 is ERA amplifier model WBA20-20-10
and WA3 is ERA WBA2115-20P.. The power splitters PS are
15 available commercially as HP11667B.
Prior to the clock recovery stage the optical
- datastream is dete'ct_ed using a PIN pho‘tcfdiodé, available
commercially as HP83440B  38GHz  PIN. The resulting
electronic signal is amplified using an MITEQ JS4-38004100-
20 MA-11P-4 amplifier. A phase locked loop is then used to
recover an electronic clock signal. . In the loop, the"
frequency doublers are models SMD1840 manufactured by
Watkins Johnson. The amplifier A is MITEQ model
AF54-00102 and the further amplifier A2 is MITEQ J54-
25 38004100~-NA-11P-4. The VCO is a- VTO-8950.

In use,- the recovered electronic clock is used to
drive the modulators of the multiplexer 615. These are
controlled in a complementary fashion so that the first
modulator MOD1 passes on the channels to be dropped

30 locally, and completely cancels. all remaining channels,
while modulator MOD2 passes all channels other than those
to be dropped locally. Channels to be added locally are
added to the data stream using a semiconductor optical
mode-locked laser MML and - an 8Ghz 1lithium niobate

35 modulator, manufactured by BT & D. :

As an alternative to the optically controlled gates
already discuséed, a travelling wave semiconductor




éystem 16, or the optical puI se source 19, are input to the NOLM at A

The si gnal : - rguprprieeti<oy  t he' 20 -control  si ggl
the WDM co&ﬁ’g&g@ﬁ? \ -'L‘ IAS BBEN put fromC ~ The out put ?rom C!thus
forms the OTDM sifgnal tmeed_t ansrq $i,Qn-. 25, of F| gure 2.

The optical clock recovery sub-system 1o, of Pgure 2, . rgonprises a
node | ocked fi br S | g C

i nt ernati onal paaﬁﬂeFL ff"g{)% %f?égé Q?ghﬁ&oa 202]{551? 10 gg’ %lrgaZlGQ' & %1%9?
which is incor polat dae usedhe%|®W&f§%¢m@f Whis r"c,ﬁf"é?’é?{'cﬂgl{ Smaraking,

the mode | oekegobhPE ps! 280k SR DL iR ﬂ‘i’@ppé’éef' Byeath BTGt a1
ring |l aser cavit a non-11near optical m)dul ator 4 ta | nput 48
and output 49, aRAtA cEE#ven SEPREILAGNLPE semjponductpr apR bgéerodt‘?‘{!’al

data is inpgt tGyifeoriie 40Gb11i[§'k,ecbﬂli)4S-imvrm/é@trdﬂm&s%t'lﬁétﬁh 20th
out puts, via output 51 L 3#1 § 85 an optlcal clock pulse train

| ocked to the “hfi:h?% wWaltt o of%th Optical signal input at 48. The
?5| I ggnerat Log of tmmet%@m‘jmé&mrms{/\ﬁéﬁ shacgpeyedéfamlqse st:u'me
ully descri be |£ our. cot{) gr?pp d&ak {08 a1 u%p Qcal
cross phase moddt%t#B% IR i near n\/\é%/ééé%

PCT/ GB95/ 03017 modulation 40Ghz bit frequency cohversion sgliiitexi source,

modul at or gﬂﬂ U}Peil;ﬁ%“?é%réid %Qctﬁgﬂhbguﬂ‘éttera gpg%@%ﬁmige ﬂlng

mode | ocki &
present inventi @t mo-rml‘ﬁ PP1362+33630 fi bre | aser receives a nulti pI exed

OfDM optical 5 sig@lndeod 4B6vept thdl ud bePla®priista sehuried 4o may AR
some cases advantageously be replaced by a local CW laser
source. In this case the gate 18 combines the functions of

is pulse fbrmihg and gating. The CW laser source may be, for
example, a DFB semiconductor laser operating at 1.558um,
and the gate 18 may use XPM modulation in an 1ikm
dispersion shifted. fibre. Appropriate components are -
discussed in the paper by D M Patrick and A . D Ellis

20 published at Electronics Letters, 22nd July 1993, Vol. 29,
No. 15 ppl391-1392. -

The invention is applicable to a variety of different
network topologies. One simple topology is illustrated in
Figure 7, in which each of the nodes, NODE1l, NODE2, etc.

25 interfaces local traffic to a broadband optlcal network N.
The network might be used 1n telecommunlcatlons, or, e.g.
for the interconnection of processors in an optlcal
.computing system.

Equally,'the node may perform functions other than a

30 simple ADD/DROP function. For example, Figure 8 shows a
node configured for a cross-connect function with two input
ports A,A’ and two output ports OP1, OP2. By comparison
with Fig. 2, the node includes an additional amplifier 17’
and gate 18’. The same components may be used to implement

35 the gate 18’ as discussed above in relation to Figure 2 and
gate 18. Such a cross-connect node might be used, for
example, in an SDH switching centre.



outputs a train of optical clock pul ses t inmel |y controlled
gate 18. Fi gures 5A and 5B sfm‘zimlmm*ﬁ”ﬂﬂm“ﬁrt h@hmgﬁ.l“ﬁwf
circuits OB | npl ementi.ng the presentc i nventi on.* 10 e node .
500 has an input port A whi | e | S _--connected to the network to

recei ve an i ncomi [y TGNEET HAS BBENt ream 18nd an output port B which is
coupled to the | netﬂfgpugcg[pr t he onvvargi E ransm ssion of data fromthe
node. The i npul-—datast+e rs=spl i LELME 50: 50 coupler 15

CTAaTinT 1T oS

manuf actured by Sifamw th one part going to a cl ock recovery/ pul se
generation stage 519 and t ot her part. ing.via multiplexer. 515 t0
regenerator stage &18’?"&19' For an no%lfa&aﬁgﬁ‘g, ?ﬁgi‘ﬁf’SBk ‘E‘éﬁ%‘b@}?"%‘? t he
pul se gerenmiuhboasiagesybtenysche odeamnrmdeihdi-bre | aser 20

descri be in our -cLt l &t ek naj.i ' SN lcation WO
93/22855?jj The ci?cﬁﬁ?iég?i%fgggpr(é's%«gnth%@m(a?gxgﬁlp%ﬂst%oflf_lﬁiﬁhll' nﬁé%%, as
is further de6t31pd82befom, receivingotiathssighalsacatidieast ohe abtsaid
cavity. S 20 ' t 3ge w2b8 ioptt d i rr 25
gate. 1“?'1‘% }taﬁgﬁgbggﬁ%?’g? gza?' g‘ i nput ,oittﬁ:e C} gcﬁ} a?egc]'o ea%/éﬁe. L
circuit |ases contPRtbut- BeARSas(18}i FPE hransmikking antime digisiemgth

to which the faneipresedi bpeicaBPAhtas sl ; and nanely |.553[err]M
Wth an_input datastream |9ht én tge 3Q._.cavity co-propagates with the
dat astr 88mn al ong 12kfPBFce of gpticadi FadiakilONiy” fipre (DSF),

[err][err] = 1.55chera¢bbrisedhin that dfeasutpirt mepnsecare ar ‘o

nodul ation orn . the ring_laser s..due.to. XPM (cr.oss-phase, nodul ati.on). :
The XPMis Wsmr@ 88%&%&ni%%t%yshﬁﬂa nSi %’T%:éfpgpo?’a}¥sg i (ﬂ?troj(f%ﬂt i on)
of 35 ‘the quilses|fobm tiyet haidespurtlsct, which is converted to an

e o e 7 R R S5 b, 9K bicn the WA i P
"15 . (18) include an optically controlled gate having a control
' input (181) -con’n_ec’:ted to an output 'of the multiplexer, a
signal input (182) connected directly or indirectly to the
source (19) of optical radiation, and a signal output (25)
connected to  the output of the node and which in use
20 outputs an OTDM data strean.
3. A node according to claim 1 or 2, in which one of the
‘said input means (151,152) is connected to an input port
(A) of the node and in use receives an OTDM data stream
from a source remote from the node and another of the input
25 means is connected to a local {iata' source..
4. A node as claimed in claim 1 or 2, wherein the source
of optical radiation is a continuous wave source.
5. A node as claimed in claim 4 when dependent' on claim
2, wherein the optically controlled gate _coniprises an
30 optical modulator, connected to receive the multiplexed
optical signal from ‘the multiplexer and continuous wave
opticall radiation from the source of optical radiation, and
to transmit optical pulses modulated in accordance with the
- multiplexed optical signal.
35 6. A node as claimed in claim 1, 2 or 3, wherein the
source of optical radiation is a source of optical pulses.
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“the cavity W coup*edtout- th formhth ere,-oa.e.e.r :

stream which is re-nodul ated in the Kerr gate | THIS SHBET HABEBEERC vered

cl ock pul ses are passed to a polariser 5 Jtaf‘hal propmnggghroug a 12km
DSF nodul ator [err][err] = 1.551[err]m DSF, .t he
recovered cl ock Ful sk ﬁ&§§ as cipiBggh H‘s@EXnd’Eﬁﬂ ing, C)aipy jfurther

crossed with thedmpsising clddk o aRalis 41%)i f6ki ngcdearing e clock
recovered clock |, streamis tot‘gkl X?ﬁttenuat d. The anplified

dat astream 10 SAFRAL AP RRIEP 8 B&EMAoaul at or causing NPR of the
recovered clock gtrean mdéﬂeaeresmmmf itatelaimi % ,I\IPRherelncatﬂses clock

1 ook put se8 ThaeiiReet e e dre Yrrdited o AN MdRTRE"

fromthe origi nalddck sﬂgnai;t apdmsaid ledeatrical un]:ccbnsmgnaégmmnsna s

conplete. A fi bre # Pe&e%,kfcéfdbgfggsahége i nput to the Kerr gate
p .

to phase match 8 overe ur'ses'an the anplified input

czigt ap_tIJ_Ihses I 9. AFrnglsiee 88 shadmede inonpbaimt 7 .mawhagedp ke EoRack
e isol at I b f O\Wg! uledsl

| 15P1 PTX. A ?%A"?faf FREEF [1) LIt pen e e SR oA B

coupl ers mafuf a J@r)eoarm} Imaisepg@enepates. an optipalsipck swnélf-. lter F

i s JDSTBLS00S. 419, nodé‘ AEecTh DREAr ERONAYY ofiel B8 the! peeWBMlitgUR1AAMSS

t2 ﬁe cgﬁ? (rale ;/]vg\?\e/\DI‘é%F## réq;rg&fyggﬁﬁgnf;ﬁ%%g%féoopQXcagogﬁygpg “ar e\M '
manuf act ured by 13.f amA #ivdd s pRhdme@cini slaim 105 fmré)delthﬁiﬁltibaew
's commercially a\{na;;zl'iasbelse 3 non-?'l:mear loop mirror.
15 12. A node as claimed in claim 11, wherein the non-linear
loop mirror includes a semiconductor laser amplifier.
13. A node as claimed in 2 or any one of claims 3 to 12
when dependent on claim 2, wherein the optically controlled
gate comprises a semiconductor laser amplifier.
20 14. A node as claimed in claim 2 or any one of claims 3 to
12 when dependent on claim 2, wherein the optically
controlled gate comprises an interferometric device.
15. A node as claimed in claim 13, wherein the
interferometric device is a non-linear loop mirror.
25 16. A node as claimed in claim 15, wherein the non-linear
loop mirror includes a semiconductor laser ami)lifier.
17. A node according to claim 2, in which the gate is an
NPR (Non-linear Polarisation Rotation) gate. '
18. A node according to any one of the preceding claims
30 including a plurality of input ports arranged to receive
| different respective remotely generated OTDM data streams,
and a plurality of output ports, the node being configured
for a cross-connect function.
19. An optical time division multlplexed commum.cation
35 system comprising an optical network connecting a plurality
of nodes including at least one node as claimed in any

preceding claim.
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enbodyi ng ent THlS SHEEEM So use &l ekt r'oni’c &l ock recovery
st ages. " Fi gure’ REBMNJEQJ géect roni ¢ clock recovery stage
616 used toget her wi-t ronically controlled 35 mul ti pl exer 615

ot et roam Al of piebd phe ChaRERG) 5,opead0HC!h | BbBILRE SHRCE,

14 ci rmxsmmv\multrplgemdes commuRicatiener systiensi nghen nethod
optically co £ t Sg riped previously. The
mul ti pl exer %ﬁ#énl%h g’)’(%ﬁpﬁgagolﬁrl ses a_pair : el ectronically

controll ed anplitxereivbngl atplerality %@aﬁ#%l%lﬁbﬁiﬁréFth? nedesy@t ono

model TMgL. 5-120hct Bife of sax'd‘@‘ibnEstbéQﬁ 655 bﬁtiéhﬂ.t d&RaSHiyhdD; hald
going to a thI’S npdul at or he f.era r to a.dsecond
nmodul at or MOD2. ‘trapsmitting iVaPPEBF@ rsé'lgé’lal meffa12A

gre Connlect ed belt V&%rl é@@eﬁpsahatl@nr Stmlthwaﬂﬁuﬁbednnﬂ:lﬂmhor aiﬁaeb .
riven electrica via an S| {ree wideban
anpl i fiers V@@a%ﬁfns"s g’h‘d’eﬁ%°3§&5?§r gﬁs °#" g‘ﬂﬂ ¢ SR
wi deband 1W of op¥¥eé#l argdidtion. WA2 is ERA anplifier: m)del WBA20- 20- 10

22?an\ng3|5| y%s‘m%fé%%%acmgﬁ%\g%r Sgiég{“e‘fsiépﬁ %over yI taageng[ he

opti cal thﬁeaaxdapﬂuramﬂbmnqﬁid@tmgsagnamsmﬁncﬁb@ﬂeanaﬁﬁpﬂaﬁata
stream, applying the said OTDM data stream to a control
input of an optical gate connected directly or indirectly
to the said optical source, and outputting the said optical
15 data signal from the optical gate. . |
22. A method according to claim 20 or 21, in which the
plurality of data signals include_at least one data signal
received from a data source located remotely from the node.
23. A method according to claim 22 in which the plurality
20 of data signals further comprise at least cne local data
stream for adding to the data signals received from the
~remote data source for onwards transm1551on.
24. A method according to any one of claims 20 to 23, in
which the node cross-connects a plurality of remotely
25 sourced OTDM data streams.
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comercially as HP83440B 38GHz PIN. The resulting el ectronic
signal is g&Pllfled using an M TEQ JS4- 38004100- 20 NA—IIP—ﬂ 5$5g; A
phase | ock §'s then used to recover an-'electronic cl'oC S|gnal

In the | oop, the frequency doubl ers are nodels SMD1840 nanufactured by
“Wat ki ns Johnson. The anplifier Ais NIng model AF54- 00102 and the
further anplifier A2 is MTEQ J54- 25 504100-NA—IIP—4. The VCOis a

VTO 8950. In use, the recovered electronic clock is used to
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Further alternative forns for the optical pulse source 19 and gate 18

conver oi orWATIT Sour o, 10 A D Elis et al: B ectron corCRCPaERRsrgcY
August 1995, Vol . 31, No. 16 PP1362-1363" As not ed above,
the use of a pul sed source 19 may in 5 sone cases advant ageously be

repl aced by a | ocal CWI aser sour é In this case the gate 18 conbi nes
the functions of 15 pul se form ng and gating. The CWI aser source may be,
for exanpl e, a DFB sem conductor |'aser operating at 1.558[err]m

and the gate 18 » USes XPM nodul ation in an }*Bh] di spersion shifted
fibre. Approprﬂ;¥ G onents gpe arsewgsed in the paper by D M
Patrick and A D EIIiIS 20 publ ifShed at El ectroNics Letters, 22nd July
1993, Vol . 29, No. 15 ppl 3p1-1392. The invention is
applicable to a variety of diffferent net worfk t opol ogi es. One sinple
topology is illustrated in Figure 7, in wh 38ach of the nodes,

NCDElI , NODE2, etc. 25 interfages local traffi¢Jto a broadband optical
networ k N. The network m ght be used in telyfecommuni cations, or, e.g.
for the interconnection of py [ an JQpti cal conputi ng

system Equal | vy, MGt i ons other than a 30
si npl e ADD/ DROP function.3z%or Exanple, Figure § sh@&s a node
configured for a cross-connect function with t i nput ports A Alerr]

and two output ports OPl, OP2.
i ncl udes an additional anplifi
conponents may be used to inplenent 35
above in relation to Figure 2 and

m ght be used, for exanple, in an

730h Fig. 2, the node
6 d gate 18[err]. The sane
th~ gate 18[err] as discussed

! ?g Such a cross-connect node
i4 mntchlng centre.
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WO 96/ 20545 PCT/ GB95/ 03017

CLAI V5 node for an optical time division nultipl ﬁé?
connunicatigﬁ)%vg?ﬁ%] t he node conprising:- 5 a nult|p¢§ ?ﬂF¥%3
having a plurality of input neans (151, 152) for receiving data
signals, at |east one of said I nput ans receiving, in use, optical
data signals; out put neans (18? or transmtting a tine d|V|S|on
mul ti pl exed optical data signal; and 10 a source of optical

radi ation; characterised in that the output neans are arranged to
transmt optical data signal consisting only of optical pul ses from
the said source. 2. A node according to claiml1, in which the output
nmeans 15 (18) include an optically controlled gate having a control

i nput (181) connected to an out put of the mul tiplexer, a si gnal i nput
(182) connected directly or indirec source (19) of optica
radi ati on, and a signal output (25)t|:E E;&iected to the output of the
node and which in use 20 out puts an DNIdata stream 3. A node
according to claim1 or 2, in which one of the sai d |nput neans

151, 152) is connectfe an ot—trre—mot I ] use
Eecei ves)an OTDM datja égﬁe CLwckf -g ]XE&yur ﬁlﬁ)@ D 1 Tr!oce and
anot her of the inputf 25 nea i ne to I I ta é%g de. 4,
A node as clained ir claimlyor t he SoJirce . tlcal
radiation i s a contijnuousf waje ur g€. 5. A node as clal ifn cl ai m

4 when dependent on EDFA BPF POL
A =H?
FIBRE 12km DSF

RETCHER oM O wom POL -

MUX _ U —(=
515 "O< PO | —p 5

\~—{ED

KERR GATE 518
REGENERATOR

LOCAL ADD/DROP

Fig.5b.
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i, wherein the optically controlled gate conprises an 30 opti cal

nodul at or, —-connected to receive the nultipl exed opticalf%ﬂgﬁ&yﬁﬁfyn
the nul ti p%?éf’z‘&ﬂa conti nuous wave optical radiation fromtné source
of optical radiation, and to transmt optical pulses nodulated in
accordance with the mul ti pl exed optical signal. 35 6. A node as
claimed in claiml, 2 or 3, wherein the source of optical radiation is
a source of optical pulses. WO 96/ 20545 PCT/ GB95/ 03017

7. A node as clained in any precqung claim further conpri sing

cl ock recovery neans (16) for recovawi ng a clock signal from an input
data signal. 8. A node as clai in claim6, wherein the clock 5
recovery neans (16) are arranged to @emerate an el ectrical cl ock
signal and said electrical clock siggd® controls a . source of optical
pul ses (19). 9. A node as claittred in claim7., wherein the clock

e of optical pulses 10 (19) and in

recovery neans (16) includes the sour
10. A node as clained in any

use, generates an optical clock signa|.

one of the preceding clains whergin the nultiplexer is an all optical
device. 11. A node as clained imgclaim10, wherein the multipl exer
conprises a non-linear |loop mrror. 12. A node as clained in claim
11, wherein the non-linear | o ror includes a sem conductor | aser

anplifier. 13. A node as cl ai in 2 G e Ot aE—3—0 12
| ol in 2 pr—sey :
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3 . . .
when dependent on claim2, wherein the optically controlled gate

conpri ses enm.copductor |aser anplifier. 20 14. A node in
claim2 or ﬁ?agﬁggof clains 3 to 12 when dependent on 3ﬁaﬁh@§5§ﬁ7

wherein the optically controlled gate conprises an interferonetric
devi ce. 15. A node as clained in clajm 13, wherein the
interferonetric device is a non-linear | mrror. 25 16. A node as
‘clained in claim15, wherein the non-I|inear | oop mirror includes a
sem conductor |aser anplifier. 17. A node according to claim2, in
which the gate is an NPR (Non-1linear Polarisation Rotation) gate.

18. A node according to any one of the preceding clains 30 i'ncl udi ng a
plurality of input ports arranged to receive different respective
renmotely generated OIDM data streans, - and a plujahg;y f output ports,
t he node being confi gur edREMOTEOSQBURCESS- connect funcs?bh.* 19." An

optical tine divi siti pl exed communi cation 35 system conpri sing an
0

optical network co g a plurality of nodes including at |east one
node as clainmed in\g preceding claim WO 96/ 20545

PCT/ GB95/ 03017 \. A nethod of operating a node i-n an optical tine
di vision multiplexed conmuniNeati gn. system
steps of: - recei vi ngyQ jplNrality
5 least one of said signals pSOHF} i

t he nmet hod conprising the
igogl s at the node, at

LOCAL - LOCAL
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A node for an optical ume division multIplexed commumcatlon system, and a method of operating such a node, are disclosed. In
embodiments of the invention, the node comprises a multiplexer for receiving a plurality of optical signals, and a source of optical radiation,
which may be a continuous wave source, or a source of optical pulses. 'menodexsamngedsothattheoutgomgopucalumedmsmn




