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CHANNEL SELECTION IN AN OPTICAL TDMA NETWORK

The present invention relates to an optical network for carrying TDMA
{Time Division ‘Multiple Access) signals and particularly to receivers for use in
nodes of such a network.

A network embodying the :present .invention might ibe used, ‘for -example,
as a local area -network {LAN) for intefconnecting computer systems. The
increasing :power of computer systems in terms. of processor speeds .and: storage

capacity has made it ‘possible for cbnvqh;ighal ;personal computers 10 handle

multimedia applications invélying real time video and animation and computer

.graphics. The high bandwidth data associated. with such appliications: place heavy

demands on the network and the performance of conventional LANs has failed to
keep pace.

An optical network using synchronous. TDMA potentially offers a far
higher bandwidth, and so might ‘be -used as a high speed LAN to replace a-

-conventional LAN. However, in existing optical. networks, while signal

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 infrastrdcture
constitute a bottleneck restricting the performance of the network. _ |
“A High Speed Broadcast and ‘Select TDMA network Using All-Optical
Demuitiplexing”, L P Barry et al, ECOC '95 pp 437-440, describes an experimental
‘OTDM network. At the receivers in the network nodes, an optical clock signal is
detected and a variable delay applied in the electrical domain to the detected clock
signal to select a particular TDMA channel. After pulse shaping, the signal is taken

back into the optical domain by driving a local optital source, a. DFB laser, which

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

The paper by Prucnal et al, “Ultrafast all-optical synchronous muitiplex

-access fibre networks”, IEEE Journal on Selected Areas in Communications, SAC-

4, no. 9, December 1986 proposes an alternative. approach in which different
delays, and hence different TDMA channels, are 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 ékéct‘robptic 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 obtical TDMA {time division multiple

access) network, the receiver comprising:
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 electricai domain;

c) a variable delay stage 'arran:ged to apply é delay to the clock
signal in the electrical domain; and '

d) a non-linear electro-optic modulator comprising:
] an optical input arranged to receive a TDMA

datastream and
i) an electrical control inpixt which is connected to the
output of the variable delay stage, "
in use the electro-optic modulator cutputting a TOMA channel
. which is selected by setting the delay of _the' variable delay
stage. A I
Preferably the electro-optic modulator is an electfo-absorption modulator
(EAM). | |
_ ‘The present inventors have found that significant advantages can be
achieved by combining ¢hannel 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, relatively high switching rates can be achieved without the power iosses
typically associated with all-optical channe! -sélecfiori. It is found to be particularly
advantageous to use an EAM. The fast respo.nse' time of such a device makes
possible a switching window as short 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 inciudes means for separating the clock signal in

the optical domain from the received TDMA datastream. Preferably the said '

means for separating comprise a2 polarising beam splittef, in use the clock signal

being marked by a different polarisation state to the TDMA datastream.
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Preferably a first output of the means for separating is connected to the
optical input of the electro-optic modulator, in use TDMA 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 10 the detector.

Preferably an impuise generator is connected between the .output of the
'vari,_able delay stage and the control input of the electro-optic modulator.

The electro-optic modulator :may require a drive .signal having somewhat
shorter puises than those .output by the delaystage. In this case mdvantageously
some form of puise 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 diodes to generate short electrical pulses from a sine wave.

Preferably the variable delay stage :comprises: a plurality of logic gates,
‘means- connecting a first input-of each gate to an input 'path for. the clock signal,
«control means connected to .a 'second -input ‘of each gate, and means connecting
-outputs of the gates in commen to an output;path for-the delayed clock signal, the
said means connecting inputs and.outputs of the gates to respective inpuf and
output paths being arranged to provide paths of different respective lengths via
different gates, in use the control means applying control signals to the gates to
.select a path and a corresponding delay for the clock signal.

This preferred feature of the present invention uses an array of logic gates
to provide an electronic channel selector suitable for an integrated construction,
and capable of quick reconfiguration. This channel selector is not limited in
applicability to receivers in accordance with the first aspect of the present
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. modulator of the first
aspect of the invention.

According to a second aspect of the present invention, there is provided a
receiver according to any one of the preceding claims, in which 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 'inp'ut 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 controller applying control signals to the gates to
select a path and a corresponding delay for the clock signal.

Pr_éferably at least one of the said means connecting inputs and outputs
comprises a 'micrdstrip- delay line. Preferably the means connecting inpufs and
outputs compnse a pair of mrcrostrlp delay lines and the gates are connected'
between the pair of microstrip delay lines, -

Preferably ad;a‘cent connections to the g’afes on the microstrip delay line
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 t(; 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 TDMA signal. ' -

According to a third aspect of the present invention, there is provided a
method of operating a receiver at a node of an optical TDMA (time diVision multiple
access) network, the method comprising: ' '

a) receiving a TDMA datastream and a_iw associated optical clock signal;

" b) . detecting the optical clock signal and thereby converting the optical
clock to the electrical domain; '

c} applying a variabie delay to the clock signal in the electrical domain;

d)  passing the TDMA datastream through a non-linear electro-optic

modaulator; and

e}  controlling the modulator in dependence upon the delayed clock

signal, the modulator thereby outputting a selected one of more
TDMA channels.

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

[ 4|
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method of selectively demultiplexing some only of a plurality of TDMA (time

division multiple access) channgls which are carriéd on an optical communications

network, the method comprising:

a)

b}

c)

d)

e)

receiving a TDMA datastream and an associated optical clock
signal;

detecting the optical clock signal and thereby conwverting the optical
cldck signal to the electrical domain;

setting a value for a variable delay in dependence:upon which :of the

said plurality of chahnels is to.be demultiplexed;.

applying the said variable delay to the clock signal:in the electrical
domain;

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

maodulator; and

ccontrolling the modulator in dependénce upon the delayed clock:

signal, the modulator théreby outputting a selected one or more
TDMA channels.

The present invention also encompasses ah optical network incorporating

-a :receiver in accordance with -the first or second aspects and ailso: LANs formed
_using such a-network.

_Svgtgms embodying the present invention will now be describéd in. furtheér

detail, by way of example only, with reference to the accompanying drawings in '

which:-

'=F_ig_ure 1 is a schematic of a network embodying the present invention;.

Figure 2 is a diagram showing the structure of one of :the nodes of Figure

‘Figure 3 is a schematic of a.transmitter for use in the network of Figure 1;

Figure 4 is a schematic of a receiver for use in the network iof Figure 1;

Figure § is a circuit diagram for an electrical channel selector;

‘Figure 6 is a diagram illustrating the use of the electrical channel selector
with a local optical source;

Figure 7 is a detailed schematic' of a receiver 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 {LAN) 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.
Although, for clarity, only three nodes are shown, in practice the network may
support many more nodes. The network uses‘l 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
are coupled to the respective. pérsonal computer by an electronic interface 23.

The network operates using a synchronous TDMA (time division multiple
access) protocol. A clock stream is distributed to alil dsers of the network thereby
ensuring that each node is synchronised. A clobk pulse'ma'rks the start of each
frame. - The frame is precisely divided into time-siots - for example slots of 10ps
duration for a 100Gbit/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 hetwork, 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 speéd (say
155Mbit/s) channel from a fibre optic pipe which itself carries rates in excess of
100Gbit/s. To minimise the costs of the electronic components required, the
electronic speeds within each node are at most 2.5Gbit/s in this exampte. The
clock source is typically located at the network controller 3 associated with the
server 2. The clock produces a regular stream of 'picosec.ond duration optical
pulses at a low repetition rate, say 1565 or 260MHz, relative to the peak line rate of
the optical pipe (100Gbit/s}). Such a source may be provided by a mode-locked
laser or a gain-switched laser with external pulse compression. As a guideline, for
a 100Gbit/s LAN a puise duration of around 2ps is required whe"rea's.'for a 40Gbit/s
system around 5-7ps suffices. A pulse source suitable for oberatibn at 100Gbit/s
or higher is disclosed and claimed in the present applicant’s co-pending European
Patent Application filed 16th February 1996 and ‘entitled “Optical Pulse Source”
(applicant’'s ref. A25146). The disclosures of that earlier applica'tion are

incorporated herein by reference. This pulse soufce may comprise a ridge-
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waveguide gain-switched distributed feedback semiconductor laser -diode {DFB-
SLD) having its output gated by an electro-absorption modulator. Continuous
wave (6wl light is injected into the ‘optical cavity of the DFB-SLD. A synchronised
RF drive is applied to the DFB-SLD and:o the EAM. This pulse source is shown
schematically fn Figure 8.

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 modulator. This may be, for example, a‘lithium niebate modulator such as

that available commercially from United Technologies, model no. APE MZM-1.5-3-
T-1-1-B/C, or an electro-absorption modulator (EAM). A suitable EAM is described
|n the paper by D.G. Moodie et al published at.pp 1370-1371:Electron. Letts., 3
August 1995, Vol 31, no. 16. The variable time delay in the transmitter then
places the modulated :pulse stream into. the correct time :slot for onward
transmission. The data and clock streams must be distinguishable, and in :this-
example polarisation is used to distingish-fthe clack 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 be a separate A___dev_ige but might be integrated with the EO modulator. For

-example, the United Technologies EAM referred to above is inherently polarisation-
'selective in operation . The delay line provides the required delay and data -pulses
are inserted into the appropriate -time-slbt with a polarisation orthogonal to the
clock stream. This polarisation rotation may be :done via a simple -polarisation
rotator such as a retardation plate or, where polarisation maintaining fibre is: used
to implement the circuit, then rotation may be achieved by physically rotating the
waveguide before reinserting it into the fibre optic pipe.

At the receiver, 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 clock and the data pulses are then forced to suffer a
relative (programmable) optical -delay .using a variable time delay device. This
means that the clock puilse can be temporally overlapped with any data pulse slot
and therefore used to demultiplex or read any channel. After the channel is
demultiplexed, it is converted back into the 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 recei'ver and in particular
shows how an electrical channel selector (ECS) is used to provide a signal which,
after suitable amplification and shaping . drives an 'electro;absorptibn moduiator
([EAM). The electrical channel selector (ECS) is shown in'Figure 5. The optical
LAN clock is first detected using a detector 52 which might be. for ekample, a PIN
photodiode. After amplification, the signal is flltered to generate a clean electrical
sine wave. The signal is then mput to a delay stages 53 compnsmg a series of
electrical AND gates LG arranged in a linear array. The array is |mplemented as a
single low cost chip available commerci:ally as NEL NLB6202. The AND gates
control access to the microstrip delay lines. The delay lines are accurateky stepped
in delays equal to the channel separation of the LAN. For a system operatmg at
40Gbit/s, the channel delay t equals 25ps. The AND 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

select word generated by the PC connected 1o the node into an appropnate gatmg

- signal for the AND gate array and thereby selects the appropnate detay

20

As an a!_te_rnatl_ve to the use of dtscrete logic gates to set the delay, a
continously variable microwave analogue phase shifter may be used. A suitable
device is available commercially from Vectronics Microwave Corp as model no.
DPV2425-360L. ' This device has a bandwidth of 2. SGHz and produces phase
shifts of O to 360 degrees in response to an mput control voitage of O 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

25

30

appropriate drive ‘signal required for the next stage. The next stage may be, for
example, an EAM, or a ‘laser diode. If the pulses output by_the ECS require
shortening to drive the next component, then an electrical impulse generator may

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

commercially as ELISRA series MW15900. Given that electronic clock recovery

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

can be controlled to picosecond accuracy, it is potentlally possxble to use such an
electrical channel selector at rates as high as 1OOGbltIs
Although the circuit of Figure 4 uses an EAM, the ECS might alternatively

be used in combination with a local optical source. With sueh a source, the ECS
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may be used either ip the transmitter for programmable channel insertion (Figure
6), or in the receivé; for channel dropping (Figm;"ln). In the case of channel
dropping, the output of the local picosecond pulse 1aser is combined with the data
in an optical AND gate. Advances in picosecond pulse lasers in recent years are
such that it is possible to generate stable picosecond duration optical pulses using
semiconductor based active media. One example of such a laser is a gain-
switched DFB laser followed by ichirp cofmpensation as described in our above-cited
copending application. This provides a simple reliable source of picosecond
duration pulses at flexible repetition rates from. MHz to 10s of GHz. ‘In the present
example, such a source is driven :by the output of the ECS after :broadband
amplification and using an impulse generator. The resulting stream of optical

puises is then used directly to demultiplex the -requ_ired .channel in an optical AND

:gate. The use of an optical AND gate as a demuitiplexer is described in detail in

the present Applicant’s :earlier International 'Application no. PCT/GB 95/00425,
filed 28th February 1995, The wavelength of the source depends on the design
of th_g 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.
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1. A receiver suitable for use in a node in an optical TDMA (time division

muitiple access) network, the receiver comprising:

5 : : a) an input for an optical clock signal;
b) a detector which is arranged to convert an optical ctock signal
received at the said input to the electrical d&rﬁain;
c) a variable delay stage -afranged to apply a delay to the élbck
signal in the electrical domain; and ' |
10 . _ d) a non-linear electro-optic modulator comprising:
i) an optical input arranged to receive a TDMA

datastream and
)] an electrical control input which is connected to the
output of the variable delay stage,
156 . . in use the electro-optic modulator 6utputting a TDMA channel
which is selected by setting the delay of the variable delay
stage. '

2. A receiver 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 TDMA 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 TDMA 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 TDMA 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.

A
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6. A receiver édbording to any ohe of the preceding claims, further
comprising an impulse generator which is .connected between the output of the

variable delay stage and the -electrical control input of the electro-optic ‘modulator.

7. A receiver according to any one of the preceding claims, in which the
variable delay stage comprises:

a plurdlity of logic gates;

means connecting a first input of :each gate to an input path forithe 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 outpyt path for
the delayed clock signalk; |
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 controller applying control signals to the gates to
select a path and a corresponding delay f.or the clock signal.

8. ‘A receiver for a node in an optical network comprising:

a)  an input for an optical clock signal;

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

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

' signal in the electrical domain, the variable delay stage comprising:
a plurality of logic gates;
means connecting a first input of each date to an input path
for the ciock signél: _
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

AR O
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controller applying control signais 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

' ~ clock signal and is arranged to select one or more channels
from a TDMA datastream.

9. A receiver according to claim 7 or 8 in whrch at Ieast one of the said

means for oonneting comprlses a mlcrostrlp delay line.

10. A receiver according to clarm 9 in which the saud means for connecting

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

11. A receiver accordirig’ to ‘claim 10, in which adjacent connections to the

gates on the mrcrostrlp delay lines on the mput side of the gates are separated by
a path length correspondlng to a delay to tl2 and connections on the ricrostrip

delay line on the output srdes of the gates are separated by a path Iength

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

by muitiples of t, where 't corresponds to the channel spaclng in the time domain of
the channels in the TDMA datastream. C

12, An optical network 'includi'n'go a receiver according to any one of claims 1
“to 11. ;
13. A local area network interconnecting a plurality of computer systems and

comprising an optical network according to claim 12,

14. A method of operating a receiver at a node of an optical TDMA (time
division multiple access) network, the method comprlsing:
a) receiving a TDMA'datastream and an aSSOciated optical clock signal;
'b) - detecting the optical clock signal and thereby converting the optical
clock to the electrical domam,

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

* [ L M S *

'l
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d) passing the TDMA datastream through a _non-line.ar electro-optic
modulator; and
e) controlling the modulator in dependence upon the delayed clock
signal, the modulator thereby outputting a selected one of more
B TDMA channels.
15. A method accordirig to claim 14 in which the modulator is an electro-

absorption modutator.

10 16. A method according to claim 15 or 16, in which step (¢} ir_tcludes:

16

i) at a first time, applying a first delay to the clock signal in the
electrical domain and thereby sélecting‘ one of ithe TDMA
channels;

i) 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 TDMA channeis.

17. A method of selectively demuitiplexing some only of a plurality of TDMA

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

20 communications network, the method comprising:

a)

b)

25 c)

d)

e)

30
f)

receiving a TDMA datastream and an associated optical clock
signal;

-detécting the optical clock signal and thereby converting- the optical

clock signal to the electrical domain;

setting a value for a variable delay in dependence upon which of the
said plurality of channels is to be demultiplexed;

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

passing the TDMA 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
TDMA channels.

A,
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18. A method according to claim 17, turther cqmprising subsequently

changing the value of the variable 'delay and thereby selectively demultiplexing a
different TDMA chaninel. | | |

N
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