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This invention relates to an optical network component, and in particular 

to an optical network comprising one or more of such componems. 

S Currently, in the United Kingdom, the telecommunications network 

includes a trunk network which is substantially completely constituted by optical 

fibre, and a local access network which is substantiallv completely constituted 

by copper pairs. In future, it would be highly desirable to have a fixed, resilient, 

transparent telecommunications infrastructure all the way to customer premises, 

10 with capacity for alt foreseeable service requirements. One way of achieving this 

would be to create a fully-managed fibre network for the whole access 

topography. Preferably, such a topography should comprise passive optical 

networks (PONs) which incorporate single mode optical fibre and no bandwidth· 

limiting active electronics. 

15 In a PON, a single fibre is fed out from a head-end (exchange), and is 

fanned out via passive optical splitters at cabinets and distribution points <DPs) 

to optical network units (ONUs). The ONUs can be in customers' premises, or in 

the street serving a number of customers. The use of optical splitters enables 

sharing of the feeder fibre and the exchange-based optical line termination COL Tl 

2 O equipment, thereby giving PONs cost advantages. At presem, simplex 

deployment of PONs is the preferred option, that is to say separate upstream and 

downstream PONs are provided whereby each customer has two fibres. A 

downstream PON (that is to say a PON in which traffic is transmitted by the 

head-end for reception by the customers) uses passive optical splitters to feed 

2 5 the ONUs. Similarly, an upstream PON (that is to say a PON in which traffic is 

transmitted to the head-end by the customers} uses passive optical combiners to 

combine the customer traffic for reception by the head·end. In practice, the 

splitters and combiners are identical in structure. Although simplex working 

increases the complexity of the infrastructure due to the two fibres per circuit 

3 o required, it benefits from a low optical fnsenion loss (owing to the absence of 

duplexing couplers), and a low· return loss, since such systems are insensitive to 

reflections of less than 25dBm with separate transmit and receive paths. 

Typically, a PON has a four-way split followed by an eight-way split, so that a 

single head-end fibre can serve up to 32 customers. 
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In a known arrangement • TPON (telephony over a passive optical 

network) • a head-end station broadcasts time division multiplex (TOM) frames to 

all the terminations on the network. The transmitted frames include both traffic 

data and control data. Each termination recognises and responds to 

5 appropriately-addressed portions of the data in the broadcast frames, and ignores 

the remainder of the frames. In the upstream direction, each termination 

transmits data in a predetermined timeslot, and the data from the different 

terminations are assembled at the head-end into a time division multiple access 

(TOMA) frame of predetermined format. 

10 The present applicant has developed a bit transport system (BTS) for use 

in a PON which operates using TOMA. The BTS is described in our European 

patent specifications 318331, 318332, 318333 and 318335. 

Recently, the PON principle has been expanded to form what is known 

as the SuperPON concept, in which high power optical amplifiers are used to 

15 allow very large, high split PONs to be built. For example, the use of optical 

amplifiers (such as fibre amplifiers) permits up to 3500 customers to be 

connected to a single head-end station over distances of up to 200km. 

Unfortunately, until now, optical amplifiers have only been used on 

downstream SuperPONs, as the use of amplifiers on an upstream SuperPON 

2 O would cause noise problems resulting from the superposition of amplified 

stimulated emissions (ASEs) from the amplifiers. 

25 

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

optical network component comprising: 

a combiner; 

a plurality of optical fibres for connecting the combiner to network 

elements downstream thereof; 

an optical fibre for connecting the combiner to the network elements 

upstream thereof; and 

characterised in that said plurality of optical fibres have respective gated 

3 o amplifiers positioned therein, each optical amplifier being operable selectively to 

amplify a signal being sent in the upstream direction so as to provide an 

amplified output signal on receiving a desired input signal and to provide 

substantially no output signal otherwise. 



W096131023 PCflGB96I00'702 

3 

It is to be understood that the combiner and amplifiers may be integrated 

into a single article of manufacture or maybe located, for example, in different 

buildings from one another. The meaning of the word 'component' is intended to 

encompass both these po~sibilities. 

5 In some embodiments of the invention, the gated optical amplifier 

10 

comprises: 

an input for receiving an optical signal to be amplified; 

an output for outputting an amplified optical signal: 

an optical amplifier device for amplifying an optical signal input thereto; 

a detector; and 

an optical switch for allowing the amplified optical signal to leave the 

output upon the detector detecting the presence of an optical signal exceeding a 

predetermined magnitude. 

Advantageously, the optical amplifier device and the optical switch may 

15 be positioned along an optical fibre leading from the input to the output. The 

optical switch may be positioned at the output side of the optical amplifier 

device. 

Preferably. the amplifier further comprises an optical tap for tapping off 

part of an optical signal during its passage from the input to the output, the 

2 O tapped-off part being input to the detector. The optical tap may be positioned at 

the input side of the optical amplifier device, between the optical amplifier device 

and the optical switch, or part-way along the optical amplifier device. 

The amplifier may further comprise delay means positioned at the output 

side of the optical amplifier device. Preferably, the delay means comprises an 

2 5 adjustable electrical delay means. 

Advantageously, the optical tap may be a fused fibre coupler, and such 

as to tap off substantialty 10% of said optical signal to the detector, and to pass 

the untapped part of said optical signal to the optical switch. 

The optical amplifier device may be a fibre amplifier or a semiconductor 

30 laser amplifier (SLAl. If the optical amplifier device is an SLA. the SLA may also 

constitute the optical switch. Otherwise, the optical switch may be an electro• 

absorptiory modulator lEAM) or similar type of optical switch. 

Alternatively, the optical switch is a non-linear optical switch whose 

switching threshold is set to allow the amplified optical signal to pass 



r 

W096131023 PCl'/GB96/00'702 

4 

therethrough, the non·linear optical switch also constituting the detector. 

Preferably, the non·linear optical switch is a saturable absorber such as multiple 

quantum well (MQW) device or a non-linear fibre loop mirror. 

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

5 an optical network comprising one or more components according to the first 

aspect of the present invention. 

As each of the gated amplifiers is such that it is only turned on when it 

is required to amplify a signal being transmitted upstream along its associated 

fibre, and as upstream transmissions on the PON are typically such that each 

la customer terminal transmits data in a predetermined time slot, the data from the 

different customer terminals being assembled at the head-end station into a TOM 

frame of predetermined format, only one of the amplifiers, at any given time, wiU 

be required to amplify a signal from one of its downstream customer terminals. 

Consequently, this upstream PON does not suffer from noise problems resulting 

15 from the superposition of ASEs from the amplifiers. 

Advamageously, each of the plurality of fibres may be connected to a 

further passive optical combiner via a respective further optical fibre. In larger 

networks. each of the respective further optical fibres is connected to yet 

another optical combiner, each of which is connected to a plurality of customer 

20 terminals. 

According to a third aspect of the present invention there is provided a 

method of operating an optical telecommunications network comprising the step 

of: 

combining a plurality of optical inputs carried by respective optical fibres 

25 into a single optical output carried by a single optical fibre; and 

characterised by the step of: 

selectively amplifying, at any one time, only those optical inputs in 

which a desired signal is detected. 

Specific embodiments of the invention will now be described, by way of 

3 O example, with reference to the accompanying drawings, in which: 

Figure 1 is a schematic representation of part of a SuperPON; and 

Figures 2-6 are schematic representations of gated amplifiers, each of 

which is constructed in accordance with the invention, for use in the SuperPON 

of Figure 1. 
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Referring to the drawings, Figure 1 shows a head-end station 1 of an 

upstream SuperPON, the head-end station· being connected to a combiner 2 by 

an optical fibre 3. The combiner 2 is fed by four fibres 4 (only two of which are 

shown in full), each of .which leads to 144 customer ONUs (not shown} via 

5 further combiners (not shown). A respective gated amplifier 5 is provided in 

each of the fibres 4. 

Each of the gated amplifiers 5 is such that it is only turned on when it is 

required to amplify a signal being transmitted upstream along its associated fibre 

4. As upstream transmissions on the SuperPON are such that each ONU 

l O transmits data in a predetermined time slot, and the data from the different 

ONUs are assembled at the head-end station 1 into a TOM frame of 

predetermined format, only one of the amplifiers 5 at any given time will be 

required to amplify a signal from one of its downstream ONUs. Consequently, 

the upstream SuperPON described above does not suffer from noise problems 

15 resulting from the superposition.of ASEs from the amplifiers. 

Figure 2 shows a first form of gated amplifier 5, the gated amplifier 

including an optical amplifier 11, which receives upstream transmissions along 

the associated fibre 4 at an input 12. The output of the optical amplifier 11 

leads to an optical tap 13, whose output is fed to an optical switch 14 via a 

2 O delay member 15. The optical switch 14 is controlled by a threshold detector 

16, which receives the tapped off optical signal from the optical tap 13. 

The optical amplifier 11 is an erbium doped fibre amplifier, and the 

optical switch 14 is an electro-absorption modulator CEAMJ. The optical tap 13 

is a 90/10 fused fibre coupler, arranged so that 90% of the signal is output to .. 
2 5 the optical switch 14 and 10% to the detector 16. The delay member 15 

comprises an electrical cable to provide a coasrsely predetermined delay and an 

electrical circuit to provide an additional finely adjustable delay. Alternatively, 

the delay member may comprise a length of optical fibre. The threshold detector 

16 is a PINFET receiver. 

3 O In use, the signal being transmitted upstream along the fibre 4 is 

amplified by the optical amplifier 11. 10% of the amplified signal is tapped off 

to the threshold detector 16 by the optical tap 13, the remaining 90% of the 

amplified signal being passed to the optical switch 14 via the delay member 15. 

The threshold detector 16 is such as to produce an output to turn on the optical 
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switch 14 when it detects an input signal above a predetermined level. This 

level is chosen such that the switch 14 is gated only when the fibre 4 carries an 

upstream signal, so that the switch is not turned on in response to noise carried 

by the fibre 4 and amplified by the amplifier 11 . The length of the optical fibre 

5 constituting the delay member 15 is chosen to synchronise the arrival of the 

main part of the optical signal at the switch 14 with the gating signal from the 

detector 16. TypicaUy, the length of the delay fibre 15 is of the order of a few 

metres. Additionally, fine or coarse delay adjustment means may be present in 

the control path between the optical tap 13 and the optical switch 14. 

10 It is, of course, necessary to turn the switch 14 off, once the upstream 

signal carried by the associated fibre 4 has been passed - otherwise, the 

amplifier 11 would remain active, which could result in problems at the head-end 

station 1, caused by the amplification of noise. Closing the optical switch 14 at 

the end of data transmission could be timed by using a monostable or by 

15 counting bit periods or by looking for unique data transitions or sequences to 

indicate the end of the data. For example, a monostable could be set to a fixed 

delay which is dependent upon the packet length of the data being transmitted. 

Where A TM cells are being transmitted, the monostable would be set up to pass 

a signal which has a length of 424 bits (that is to say the number of bits - 8x63 -

2 o in an A TM cell). The period of the monostable could be tuned with external 

capac:.itance and resistance to give a time period equivalent to the length of the 

data burst. However, the capacitance and resistance values are not sufficiently 

precise to define an accurate period. Hence, a dead period would be required to 

ensure that data bursts are not cut short. Alternatively, a counter can be used, 

2 s the counter being set to the number of bits in a data burst (424 for A TM cells). 

The counter would be clocked at the data rate (or by a free-running clock). and 

would be started on detection of the start of the data burst. After the counter 

had counted down to zero, it would be is re-set and the optical switch 14 would 

be closed. This approach allows precise gating of the switch 14. A further 

3 O alternative would be to put a flag in the customer transmissions - say. sixteen 

"O"s at the end of each transmission - to indicate the end of that transmission. 

It will be apparent that the gated amplifier described above could be 

modified in a number of ways. For example, the erbium doped fibre amplifier 11 

could be replaced by a semiconductor laser amplifier . (SLA>, and the electro· 
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absorption modulator constituting the switch 14 could be replaced by a Mach 

Zehnder device, a lithium niobate switch, or any other optical switch which 

meets the system requirements. 

Figure 3 shows a modified arrangement of the components of the gated 

5 amplifier of Figure 2. As the gated amplifier of Figure 3 uses basically the same 

components as the amplifier of Figure 2, like reference numerals will be used for 

like parts, and only the modifications will be described in detail. Thus, the 

optical tap 13 of the Figure 3 embodiment is positioned at the input of the 

optical amplifier 11. Apart from tapping the incoming optical signal at the input 

lo of the amplifier 11, the gated amplifier of Figure 3 operates in exactly the same 

way as that of Figure 2. Similarly, modifications to the components of Figure 3 

could be made in a similar manner to those in which the components of Figure 2 

could be modified. 

Figure 4 shows a further modification of the amplifier of Figure 2 and, 

1 S again, like reference numerals will be used for like pans. The only difference 

between this embodiment and that of Figure 2, is that the optical tap 13 is 

positioned part way along the optical amplifier 11. Here again, the same options 

for modification of components apply as for the two earlier embodiments. 

In the modification of Figure 5, the optical tap 13 and delay member 15 

2 O are placed at the input of the optical amplifier 11. Preferably, the optical 

amplifier 11 is an SLA, which can act as both a switch and an amplifier. In this 

case, there is no need for a separate optical switch, and the output of the 

detector 16 is used to control the operation of the amplifier 11. In this 

embodiment, the use of an SLA is preferred, as it operates quicker than a fibre 

25 amplifier. However, in applications where switching speed is not crucial, lt 

would be possible to use a fibre amplifier, in which case the output of the 

detector would be used to control the pump laser of the fibre amplifier. Here 

again, similar options for modification of the components apply as for the earlier 

embodiments. Figure 6 shows a further modification to the embodiment of 

3 o Figure 5. Here again, therefore, the optical amplifier 1 1 acts as both a switch 

and an amplifier, but the optical tap 13, which leads to the detector 16, is taken 

from part-way along the amplifier. As with the embodiment of Figure 6, the 

amplifier 11 is preferably an SLA, but it would also be possible to use a fibre 

amplifier. 

1if 1i1i11inr 
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In another modification (not shown), a non-linear optical switch could be 

used to fulfil the functions of the optical switch 14 and the threshold detector 

16. For example, a non-linear optical fibre loop mirror could be positioned at the 

output of the optical amplifier 11. The loop mirror could have either an 

5 asymmetric coupler and a simple fibre loop, or a symmetric coupler with an 

amplifier in the fibre loop. In either case, the loop mirror exhibits different non­

linear properties in the two directions of propagation, so that it acts as a switch, 

having low transmission for low intensity noise components and high 

transmission for data pulses. The ·advantage of this approach is that the 

J.O threshold detector is in effect built into the optical switch, the threshold being 

the transition point from low transmission to high transmission. Consequently, 

this type of switch results in automatic synchronisation of switching. If the fibre 

loop mirror includes an amplifier, this can be either a fibre amplifier, or a 

semiconductor amplifier. Other types of non-linear switch such as a saturable 

15 absorber - e.g. a multiple quantum well (MOW) device - could also be used. 

It will be realised by those skilled in the art that the number of ONUs 

that can be connected via the network to a head-end fibre without unacceptably 

degrading the quality of transmission is dependent on the bit-rate used in ~e 

network. If the bit-rate is low, then it may be necessary to reduce the the 

20 number of ONUs below the numbers present in the above embodiment. 

ili1im11r111i11r · 
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CLAIMS 

An optical network component comprising: 

a combiner; 

a plurality of optical fibres for connecting the combiner to network 

elements downstream thereof; 

an optical fibre for connecting the combiner to network elements upstream 

thereof; and 

characterised in that said plurality of optical fibres have respective gated 

10 optical amplifiers positioned therein, each optical amplifier being operable 

selectively to amplify a signal being sent in the upstream direction so as to provide 

an amplified output signal on receiving a desired input signal and to provide 

substantially no output signal otherwise. 

15 2. A network element according to claim 1, wherein said gated optical 

20 

amplifier comprises: 

an input for receiving an optical signal to be amplified: 

an output for outputting an amplified optical signal: 

an optical amplifier device for amplifying an optical signal input thereto; 

a detector; and 

an optical switch for allowing the amplified optical signal to leave the 

output upon the detector detecting the presence of an optical signal exceeding a 

predetermined magnitude. 

25 3. A network element as claimed in claim 2, wherein the optical switch is 

positioned at the output side of the optical amplifier device. 

4. A network element as claimed in claim 2 or 3, further comprising an 

optical tap for tapping off part of an optical signal during its passage from the 

3 o input to the output, the tapped-off part being input to the detector. 

5. A network element as claimed in claim 4, wherein the optical tap is 

positioned at the input side of the o~tical amplifier device. 
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6. A network element as claimed in claim 4, wherein the optical tap is 

positioned between the optical amplifier device and the optical switch. 

5 7. A network element as claimed in claim 4, wherein the optical tap is 

positioned pan-way along the optical amplifier device. 

8. A network element as claimed in any one of claims 5 to 7, further 

comprising delay means positioned at the input side of the optical switch. 

10 

9. A network element as claimed in claim 8, wherein delay means comprises 

an adjustable electrical delay means. 

10. A network element as claimed in any one of claims 4 to 9, wherein the 

15 optical tap is a fused fibre coupler. 

20 

25 

11. A network element according to claim 2, wherein said gated optical 

amplifier comprises: 

an input for receiving an optical signal to be amplified; 

an output for outputting an amplified optical signal: 

a semiconductor laser amplifier for amplifying an optical signal input 

thereto; and 

a detector for providing a signal indicative of whether said input signal is a 

desired signal or noise; 

wherein said semiconductor laser amplifier is responsive to said detector 

signal so as to provide an amplified output signal on receiving a desired input signal 

and to provide substantially no output on receiving the input noise. 

1 2. A network element according to claim 2, wherein said gated optical 

3 o amplifier comprises: 

an input for receiving an optical signal to be amplified: 

an output for outputting an amplified optical signal; 
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an optical amplifier device for amplifying an optical signal input thereto; 

and 

a non-linear optical switch whose switching threshold is set to allow an 

amplified desired optical signal to pass through and to prevent an amplified noise 

s signal from passing through. 

13. A network element as claimed in claim 12, wherein the non-linear optical 

switch comprises a saturable absorber. 

10 14. A network element according to claim 13, wherein said saturable absorber 

comprises a multiple quantum well (MQWl device. 

16. A network element according to claim 13, wherein said saturable absorber 

comprises a non-linear fibre loop mirror. 

15 

16. An.optical network comprising one or more components according to claim 

1. 

17. An optical network according to claim 16 further comprising a head-end 

2 O receiver station and a plurality of customer terminals. 

18. An optical network according to claim 16 or 17, which optical network is 

a passive optical network. 

25 19. A method of operating an optical telecommunications network comprising 

the step of: 

combining a plurality of optical inputs carried by respective optical fibres 

into a single optical output carried by a single optical fibre; and 

characterised by the step of: 

30 selectively amplifying, at any one time, only those of the optical inputs in 

which a desired signal is detected. 


