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CHANNEL SELECTION IN .AN' ~PTI.CAL T.b.M..' 'NElWORK 

The present invention relates to ~n optical network for carrying TOMA 

(Time Division I.Multiple Ac9ess~ si~~i;ils ·and .particularly to receivers for use ·in 

5 nodes of such a network. 

A network embodying the -present ·invention ni·ight '!be used, :for ·example, 

as a local area •network (l:ANt ~for intetCon.necting computer systems. The 

increasing :power of computer systems in term~" of -processor speeds .and storage 

capacity has made it ·possible ifor -.ct>~v~ntipnal ,per~Qnal computers ·to handle 

1 O .multimedia applications inv()lying real time vi~'o ,and ·animation and computer 

.graphics. The high b_andwidth data. associa_ted>with such applications· place heavy 

demands on the network and the performancf! of conventional LANs has failed to 

-keep pace. 

·An optical network using synchrc;mous TOMA potentially offers a far 

15 higher bandwidth, and so m!~ht ·'be <used ,as a- high ·speed LAN- to replace a· 

·conventional LAN. HowA,:tver, in existing optical. networks, while signa~ 

transmission 'has been carried :out in the optical domain, .in practice some electronic 

circuits have been required for ·such functions. as channel selection. 'It has been 

recognised that such electronic ·components .of the network infrastructure 

20 constitute a bottleneck restricting the. performance of the network. 

"A High Speed Broadcast and Select TOMA network Using All-Optical 

Demultiplexing", L P Barry .et al, ·ECOC '9~ pp 437-440; describes an experimental 

OTDM network. At the receivers in. the network nod!,!s. an optical clock signal is 

detected and a variable delay applied in the electrical domain to the detected clo.ck 

25 ·signal to select a particular TOMA channel. After .pulse shaping; the signal is taken 

back into the optical domain by driving. a local opti~al •source, a. OFB laser, which 

produces an optical signal for use in a.subsequent all-optical switching stage. 

The paper by Prucnal et al, "Ultrf,lfast all-optical synchronous multiplex 

·access fibre networks", IEEE Journal on Selected Areas in C<;>mmunications, SAC-

30 4, no. 9, December 1986 proposes an alternative approach in which different 

delays, and hence different TOMA •channels, ar:e. selected in the optical domain. 

The optical signal is split between different paths each having a different 
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characteristic delay and an electro-optic gate in each path is controlled so that the 

signal passes only through the path having the desired delay. 

According to a first aspect of the present invention, there is provided a 

receiver suitable for use in a node in an optical TOMA (time division multiple 

5 access) network, the receiver comprising: 

10 

15 

a) an input for an optical clock signal; 

b) a detector which is arranged to convert an optical clock signal 

received at the said input to the electrical domain; 

c) a variable delay stage arranged to apply a delay to the clock 

d) 

signal in the electrical domain; and 

a non-linear electro-optic modulator comprising: 

i) an optical input arranged to receive a TOMA 

ii) 

datastream and 

an electrical control input which is connected to the 

output of the variable delay stage, 

in· use the electro..:optic modulator outputting a TOMA channel 

which is selected by setting the delay of the variable delay 

stage. 

Preferably the electro-optic modulator is an electro-absorption modulator 

20 (EAM). 

· The present inventors have found that significant advantages can be 

achieved by combining channel selection in the electrical domain with the use of 

an electro-optic switch with a fast non-linearity to read the selected channel. In 

particular, retatively high switching rates can· be achieved without the power losses 

25 typically associated with all-optical channel selection. It is found to be particularly 

advantageous to use an EAM. The fast response time of such a device makes 

possible a switching window as shoct as a few picoseconds. The receiver as a 

whole is therefore capable of operating at bit rates of 40Gbit/s or higher. 

Preferably the receiver includes means for separating the clock signal in 

30 the optical domain from the received TOMA datastream. Preferably the said 

means for separating comprise a polarising beam splitter, in use the clock signal 

being marked by a different polarisation state to the TOMA datastream. 

I limf 
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Pref er ably a first output of the means for separating is connected to 1.the 

optical input of the electro-optic modulator, 'in use TOMA .data ·passing from the 

first output to the modulator, and a second output of the means for separating -is 

connected to the :detector, in u.i:;e optical clock signals passing tram the second 

~s. output 'to the det~ctor. 

1Prete.rably an· imput~e genen1tor is co1:mected between the ,output :of the 

vari!ible delay stage and the control input of thei ;et.ectro-optic modulator. 

The electro-optic modulator :may require a C!lrive .signal havil)g s_omewhat 

shorter .pulses than •thO,.se .output: by ,the delay.si•g~. In ·this c~se \advantageously 

;.1 O ·some !form of puls~ shaping: may be used,· and ·in particular ·the output of •the delay 

-stage may be applied to an ·electrical impulse generator. This may be a device 

using step recovery dio~es to generate short '.electrical pulses from a sine wave. 

Preferably the variable delay stage 1.~~mprises a ;pl~rality of fogic gates, 

·means connecting a· first ililput ,of eac.h ga~e. ~to an input ·path -for the clock signal, 

l~ •control means connepted to .a ·.second -input (of each gate, and means connecting 

·outputs of the ,gates in common to an output~path for~:the -delayed clock signal, the. 

said means connecting inputs and . outputs ·Of th~ gates •to r.espective input and 

ou~put paths. b~ing arranged to provide paths :of different r~spective lengths via 

different gates, in use the control ·me.ans. applying control -Signals to the gates to 

20 s~lect a path and a corresponding delay for .the -clock =signal. 

This preferred feature of the ,present invention uses an array of log·ic gates 

to .provide an electronic channel selecior suitable for an integrated construction, 

and c.apabte of quick reconfigura~ion. This channel selector is not limited in 

appligability to receivers in accordance with the first ·aspect of the present 

25 invention, but may be used with other receiver designs, or in node transmitters. In 

particular, it may be combined with a local optical source in .a receiver in which an 

all-optical switch was used ·in place. of the electro-optic' modula~or of the first 

aspect of the invention. 

According to a second aspect of- the present invention, -there is provided a 

30 receiver according to any one of the preceding .claims, in whit:h the variable delay 

·stage comprises: 

a plurality of logic gates: 
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means connecting a first input of each gate to an input path for the clock 

signal; 

a controller which is connected to a· second input of each gate; and 

means connecting outputs of the gates in common to an output path for 

5 the delayed clock signal; 

10 

the said means connecting inputs and outputs of the gates to respective inputs 

and output paths being arranged to provide paths of different respective lengths 

via different gates, and iii use the controller applying control signals to the gates to 

select a path and a corresponding delay for the clock signal. 

Preferably at least one of the said means connecting inputs and outputs 

comprises a ·microstrip· delay line. Preferably the means connecting inputs and 

outputs comprise a pair of microstrip delay lines and the gates are connected 

between the pair of microstrip delay lines. 

Preferably adjacent connections to the gates on the microstrip delay line 

15 on the input side of the gates are separated by a path length corresponding to t/2 

and adjacent connections on the microstrip delay : line on the output side of the 

gates are separated by a path length corresponding to t/2, in use the· gates·. being 

controlled to vary the delay by multiples of t, where t corresponds to·· the channel 

spacing in the time domain of the TOMA signal. · 

20 

25 

30 

According to a third aspect of the present invention, there is provided a 
method of operating a receiver at a node of an optical TOMA (time division multiple 

access) network, the method comprising: 

a) receiving a TOMA datastream and an associated optical clock signal; 

b) detecting the optical clock signal and thereby converting the optical 

clock to the electrical domain; 

c) 

d) 

e) 

applying a variable delay to the clock signal in the electrical domain; 

passing the TOMA datastream through a non-linear electro-optic 

modulator; and 

controlling the modulator· in dependence upon the delayed clock 

signal, the modulator thereby outputting a selected one of more 

TOMA channels. 

According to a fourth aspect of the present invention, there is provided a 

11!11 
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m,ethod of selectively demultiplexing some only of a pl!,Jra.lity of TOMA {time 

division multiple acces~l ch"nn~ls whi(:h :are -carried on an ·optical communication$ 

network, the method comprising: 

a) r-eceiving a TOMA datastreai'n ~nd an associated optic!3t clpck 

signi:tl; 

·bl d~tecting ,the .optic~I cloc.k si~nal and ther~by c,Qnvettirig the optic£sl 

clock signal to the electrical. domain; 

c) setting a value for a variabl• delay ·in depenttence ~upon which :of the 

:said,pluratity of chat'!nels 'is tO,.t>e~ve,multiplexed; . 

. dl applying ·the said vari,ble i'delay to the clock :sigrial·in .. the ·electrical 

domain; 

e) passing the TOMA datas~r~arn thr:ou~h a non-line~( electro-op.tic 

modulator; and 

•f) ;c~ntrolling·the mod.ulator in .dttpenci~nce upon :the 'delayed clock: 

15 signal, the- modt.1l2:1~~r '!thereby o~tputtirig a selected. one or more 

"rQMA chamels. 

20 

The present invention also encompasses an optical .network ·incorporating 

·a 'receiver in accord~nAe with 'the first or ·s,cond aspef:tS and. also· LANs formed 

U$ing such a ·network. 

Sy$t~ms emboqying the .present inventic;m will now be describekl' in fur:th1*r 

de,ail, by way of example only, with ref.erence ··to. the accpmpanying drawings in 

which:· 

figure ·1 is a schematic of a network empodyi"g the present invention; 

Figure Z is a diagram showing the- structure of one of ·-the nodes of Figure 

25 1; 

-Figure 3 is a schematic '.Qf. a. transmitt~r fpr use in ,the network of Figure 1 ; 

Figure 4 is a schematic of a receiver for us~ in the network ;of figure· 1 ; 

Fi,ur~ '5 is a circuit diagram for an electrical channel selector; 

·Figure 6 is a diagram illustrating -the use of the electfical ·charm~I selector 

30 with a local optic;1l source; 

Figµre 7 is a detailed schematic" of a. retceiver based on the topology of 

Figure 6; 

Figure 8 is a schematic of a pulse -source. 
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An optical network comprises a number of nodes N1, N2. N3 ....•.. 

connected to an optical fibre bus 1. In the present example, the network is a local 

area network ILAN) and a number of personal computers PC1, PC2, PC3 ......... . 

are connected via the optical fibre bus to each other and to a network server 2. 

5 Although, for clarity, only three nodes are shown, in practice the network may 

support many more nodes. The network uses a structure termed by the inventors 

a re-entrant bus topology. As seen in Figure 2, each node includes a transmitter 

21 coupled to the bus 1 at two points and a receiver 22 coupled to the fibre bus 1 

at a point downstream from the transmitter.· The transmitter 21 and receiver 22 

10 are coupled to the respective personal computer by an electronic interface 23. 

The network operates using a synchronous TOMA (time division multiple 

access) protocol. A clock stream is distributed to all users of the network thereby 

ensuring that each node is synchronised. A clock pulse marks the start of each 

frame. The frame is ·precisely divided into time-slots - for example slots of 1 Ops 

15 duration for a 1 OOGbit/s line rate. In general each node has a tuneable transmitter 

and tuneable receiver and can thereby transmit and receive in any of the time­

slots. The granularity of the network, that is the relationship between the overall 

network bandwidth, and the bandwidth of individual channels, may be chosen to 

be relatively high so that each user has access to a relatively low speed (say 

20 155Mbit/s) channel from a fibre optic p·ipe which itself carries rates in excess of 

1 OOGbit/s. To minimise the costs of the electronic components requi·red, the 

elec~ronic speeds within each node are at most 2.5Gbit/s in this example. The 

clock source is· typically located at the network controller 3 associated with the 

server 2. The clock produces a regular stream of picosecond duration optical 

25 pulses at a low repetition rate, say 155 or 250MHz, relative to the peak line rate of 

the optical pipe ( 1 OOGbit/st. Such a source may be provided by a mode-locked 

laser or a gain-switched laser with ext.ernal pulse compression. As a guideline, for 

a 1 OOGbit/s LAN a pulse duration of around 2ps is required whereas for a 40Gbit/s 

system around 5-7ps suffices. A pulse source suitable for operation at 1 OOGbit/s 

30 or higher is disclosed and claimed in the present applicant's co-pending European 

Patent Application filed 16th February 1996 and entitled "Optical Pulse Sourceu 

(applicant's ref. A25146). The disclosures of that earlier application are 

incorporated herein by reference. This pulse source may comprise a ridge-
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waveguide gain-switched distributed feedback semiconductor laser -diode {DFB­

SLPl having its outp\Jt gated by .an electro.;absorption modulator. Continuous 

wave (cw) light is injected into the :optical cavity of the OFB-SLD. A synchronised 

RF drive is applied to the DF~-SLD and ~to the £AM. This pulse source is shown 

·5 s·chematically in Figure ·a. 
Figure 3 shows the transmitter in one .of the nodes. At the transmitter, a 

fraction of the ·distributed clock stream is ._split-off and then ~encoded via. an electro­

:optic modufator. This may be. for example, a •lithium niobate modulator ,such as 

that available- commerci~lly frgm United Technqlogies. moctel no. APE -MZM-1 .5-3-

lO T-1-1-B/C, or an·eleetro-absorption.modulator (:EAIVi). 'A suitable ·EAM is ldescribed . .. " .. 

in the- paper:by O.G. Moodie et al published at .P,P 1370-1371 ~Electron. Letts., 3 

August 1995, Vol 31. no. 16. The .variable time delay in the transmitter then 

,.plS!ces the modulated .:pulse stream into the correct time- ·'slot for onward 

transmission. The data ~f:ld clock streams must be distinguishable, and in ithis-

15 example pol~risation is ·usec;t to distir:,g1:Jish-,the clock from -the 'rest' of the frame. In 

the transmitter, a polariser P eliminates the possibility of data channels ·breaking 

through and _being modulated in_ the electro-optic modulator ;~EOmod}. The ,polariser 

-need not b~ a s~pa,rate·~evic;;e but might be integrated with the EO modulatQr. For 

-example, the United T.echnolo,gies :EAM ref~rred to -above is inherently potarisation-

20 ·selective in operation . The d~lay line provides the required delay and data 'PUises 

are inserted into the appropriate ,time-slot with a polarisation orthogonal to the 

clock stream. This pglarisation rota1.ion may :be '~one via a simple .polarisation 

rotator such as a retardation .,plate or, wh,re polarisation maintaining fibre is used· 

to implement the circuit, then rotation may .be achieved by physically rotating the 

25 waveguide before reinsenin~-- it into the fibre optic pipe. 

At the receiv~r, after -tapping. a fraction of -the light from the optical pipe, 

the clock and the data are separated.· A polarising beam splitter (PBS} is used to 

perform this function. The ci~ck and the .data pulses are then forced to suffer a 

relative (programmabl~) optical -delay using a variable time delay device. This 

30 means that the ·clock pulse can be- temporally overlapped with any data pulse slot 

and therefore used to dem~ltiplex or read any channel. After the ,channel is 

demultiplexed. it is conv~rted back into th~ electrical domain using a receiver 

operating at up to 2.5 Gbit/s, the allocated bandwidth per user. 
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Figure 4 shows in detail' the structure of the receiver and in particular 

shows how an electrical channel selector IECSl is used to provide a signal which, 

after suitable amplification and shaping . drives an electro-absorption modulator 

IEAM). The electrical channel selector (ECS) is shown in Figure 5. The optical 

5 LAN clock is first detected using a detector 52 which might be, for example, a PIN 

photodiode~ After amplification, the signal is filtered to generate a clean electrical 

sine wave. The signal is then input to a delay 'stages 5.3 comprising a series of 

electrical AND gates LG arranged in a linear array. The array is implemented as a 

single low cost chip available commercially as· NEL NLB6202. The AND gates 

10 control access to the microstrip delay lines. The delay iines are accurately stepped 

in delays equal to the channel separation of the LAN. For a system operating at 

40Gbit/s, the channel delay t equals 25ps. The ANO gates are controlled via an 
' ' 

input from a demultiplexer 54. In this example the demultiplexer is an NL4705 

device manufactured by NEL. The demultiplexer converts an incoming serial delay 

15 select word generated by the PC connected to the node info an appropriate gating 

. signal for th~ AND gate array and thereby selects the appropriate· delay. 

As an a!ternative to the use of discrete logic gates to set the delay, a 

continously variable microwave analogue phase ~hifter may be used. A suitable 

device is available commercially from Vecttonics Microwave Corp as model no. 

20 DPV2425-360L. ·This device has a bandwidth of 2.5GHz and produces phase 

shifts of 0 to 360 degrees in response to an input control voltage of 0 to 10 Volts. 

The electrical channel selector produces at its output a stepped sine wave. 

This may then . be amplified and suitably shaped in order to generate the 

appropriate drive signal required for the next stage. The next stage may be, for 

25 example, an EAM, or a laser diode. If the pulses output by the ECS require 

shonening to drive the next component, then an electrical impulse generator may 

be used. A suitable coaxial step r.ecovery diode comb generator is available 

commercially as ELISRA series MW1 5900. Given that electronic clock recovery 

can be carried out with sub-picosecond temporal jitter and microstrip delay lines 

30 can be controlled to picosecond accuracy, it is potentially possible to use such an 

electrical channel selector at rates as high as 1 OOGbit/s. 

Although the circuit of Figure 4 uses an EAM, the ECS might alternatively 

be used in combination with a local optical source. With such a source, the ECS 
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may be used either in the transmitter for .programmable channel insertion (Figure 

6). or in the receiv~r for channel dropping (Figur~ 7). In the case of channel 

dropping, the output of the local picosecond pulse 'laser is combined with the data 

in an optical AND gate. Advances in picosecond pulse lasers in recent years are 

·5 such that it is possible ·to generate stable ·picose9ond duration optical :pulses using 

semiconductor based -a~iy~ media. One example of such a laser is a gain­

switched 1[)FB .laser fo!lo,"'ted by ;chirp compensation as described in .our above-cited 

copending application. This provides a simple reliable source of picosecond 

duration pulses at flexible r_E!petition rate$ 'from. '¥Hz to 1 Os of GHz. ·In the present 

10 example, such a source is driven ·bY rthe output of the ;ECS after 'broadband 

amplification and using an impulse generator. The resulting stream of optical 

pulses is then used directly to demultiplex the ·required chatmel in an optical AND 

:gate. The use .of an .optiqal AND gate as a de11"1ultiplexer is described in detail in 

the present ApplicfSnt's .·earUer lntemational Application no. PCT/GB 95/00425, 

15 fif~d .28th F:~bruary 1995. Tt:te wavel.ngth of the .'source depends on the design 

of the optical AND· gate, but is not .at all restricted to :be the same as the data 

wavelength. The optical AND gate may be an SLA - NOLM or may be an 

integrated semiconductor-based device. 



W097/31443 PCT/GB97/00429 

10 

CLAIMS 

1 . A receiver suitable for use in a node in an optical TOMA (time division 

multiple access) network, the receiver comprising: 

5 al an input for an optical clock signal; 

10 

15 

bl a detector which is arranged to convert an optical ctock signal 

received at the said input to the.electrical domain; 

c) a variable delay stage arranged to apply a delay to the clock 

signal in the electrical domain; arid 

d) a non-tinear electro-optic modulator comprising: 

i) an optical input arranged to receive a TOMA 

datastream and 

ii) an electrical control input which is connected to the 

output of the variable delay stage, 

in use the electro-optic modulator outputting a TOMA channel 

which is selected by setting the delay of the variable delay 

stage. 

2. A receiv~r according to claim 1 , in which the electro-optic modulator is an 

20 electro-absorption modulator (EAM). 

3. A receiver according to claim 1 or 2, including means for separating the 

clock signal in the optical domain from the received TOMA datastream. 

25 4. A receiver according to claim 3, in which the said means for separating 

comprises a polarising beam splitter, in use the clock signal being marked by a 

different polarisation to the TOMA datastream. 

5. A receiver according to claim 3 or 4, in which a first output of the means 

30 for separating is connected to the optical input of the electro-optic modulator, in 

use TOMA data passing from the first output to the modulator, and a second 

output of the means for separating is connected to the detector, in use optical 

clock signals passing from the second output to the detector. 

I 1111111111111 11111 "'" " 1111 * C L M S * 
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6. A receiver according· to any one of th~ .preceding claims, further 

:Comprising an impulse generator Which is connected between the oµtput of the 

variab1e del~y stage and the ·electrical ~ontrol input of the electro-optic ,modul~tor. 

7. A receiver .. according to any one of the preceding claims, in which the. 

variable delay stage comprises: 

a plurcWty of logic gates; 

means c~nnecting a first ·input of ;each gate to an input path for i.the clock 

10 signal; 

a ·controller·which is connected to a·second input of ·each gate; and . . . 

means connecting outputs of the ·gates in common •to an outp4t p~th for 

the delayed clock signai; 

the •$aid. means connecting; inputs and· outp~ts .of tbe 'gates to resp~ctive ;inputs 

15 and ·output .. p~hs :being arranged -to .provide ·p~ths of differ~nt :respective lengths 

.via different gates, and :in use the .controli~r applying control ·signals to the gates to 

select a path and a corresponding delay for :th• clock signal. 

8 . 

. 20 

.25 

30 

A receiver for a node in an optical network compri$)ng: 

a) an input for an optical clock signal; 

b) a detector for converting- the clock signal to the electrical domain; 

c) a variable detay stage for applying a selected delay to the clock 

signal in the electrical domain, the v .. ariable delay stage compri$ing: 

a plurality of logic gates; 

means connecting a first input of each date to an input path 

for the clock signal; 

a controller which is connected to a second input of each 

gate; and 

means connecting outputs of the gates in common to an 

output path for the delayed clock signal, the said means 

connecting inputs and outputs of the gates to respective 

inputs and output paths being arranged to provide paths of 

different respective lengths via different gates, and in use the 

I 1111111 11111111111 11111111111 
* C L M s * 
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12 

controller applying control signals to the gates to select a 

path and a corresponding delay for the clock signal; and 

d) a switch which is controlled in dependence upon the delayed 

c'lock signal and is arranged to select one or more channels 

from a TOMA datastream. 

A receiver according to claim 7 or 8 in which at least one of the said 

means for oonneting comprises a microstrip delay line. 

10 t 0. A receiver according to claim 9 in which the said means for connecting 

comprises a pair of microstrip delay lines and the gates are connected between the 

pair of microstrip delay lines. 

11. A receiver according to claim 10, in which adjacent connections to the · 

15 gates on the micrcistrip delay· lines on the input side of the gates are separated by 

a path length corresponding to a delay to tti and connections on the microstrip 

delay line on the output sides of the gates are separated by a path length 

corresponding to a delay of t/2, in use the gates being controlled to vary the delay 

by multiples of t,.where·t corresponds to the channel spacing in the time domain ·of 

20 the channels in the TOMA datastream. 

12. · An optical network including a receiver according to any one 'of claims 1 

to 11. 

25 13. A local area network interconnecting a plurality of computer systems and 

30 

comprising an optical network according to claim 12. 

14. A method of operating a receiver at a node of an optical TOMA (time 

division multiple access) network, the method comprising: 

a) receiving a TOMA datastream and an associated optical clock signal; 

b) detecting the optical clock signal and thereby converting the optical 

clock to the electrical domain; 

c) applying a variable delay to the clock signal in the electrical domain; 

111111111111111111111111111111 
* C L · M S * 
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d) 

e) 

13 

passing the TOMA datastream through a non-linear electro-optic 

modulator; and 

controlling the modulator in dependence upon the delayed clock 

signal, the modulator thereby outputting_ a setec:~ed ·one of more 

TOMA channels. 

1'5. A method according to claim 1-4 in which the modulator is an -electro-

absorption modulator. 

10 16. A method according to claim 15 or 16, in which step (ct includes: 

15 

i) at a first time, applying a first delay to the clock· signal in the 

electrical domain and thereby selecting one of ··,the TOMA 

channels; 

ii) at a second time, subsequent to the said first time, apply a 

second delay to the ·clock signal in ·the electrical domain and 

thereby selecting another one of the TOMA channels. 

17. A method of selectively demultiplexing some only pf a plurality of TOMA 

(time division multiple access) channels which are carried on an optical 

20 communications network, the method comprising: 

25 

30 

a) receiving a TOMA datastream and an associated optical clock 

signal; 

b) ·detecting the optical clock signal and thereby converting the optical 

clock signal to the electrical domain; 

c) setting a value for a variable delay in dependence upon which ·of the 

said plurality of channels is to be demultiplexed; 

d) applying the said variable delay to the clock signal in the electrical 

el 

f) 

domain; 

passing the TOMA datastream through a non-linear electro-optic 

modulator: and 

controlling the modulator in dependence upon the delayed clock 

signal, the modulator ·thereby outputting a selected one or more 

TOMA channels. 

I lllllll llllll lllll lllll II llll 
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18. A method according to claim 17, further comprising subsequently 

changing the value of the variable delay and thereby selectively demultiplexing a 

different TOMA channel. 

111111111111111111111111111111 · 
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