1 WAVELENGTH- | NDEPENDENT AMPLI FI ER APPARATUS AND METHOD OF OPERATI ON The
invention relates to a wavel engt h-i ndependent anplifier apparatus and a
5nmet hod of operation of the apparatus. The invention relates to
anplification of light signals having any wavel ength in a range of

wavel engths in the C band. The invention has particular, but not exclusive,
application with bi-directional erbiumdoped fibre anplifiers. 10Nunerous
devi ces and techni ques have been proposed for the bi-directional
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requires one optical amplifier (OA) for signal amplification. Based on this

conventional layout, an increase in the network capacity will lead to increased

15 numbers of fibres used as well as the number of optical amplifiers. This situation can

be solved by using a bidirectional or full duplex transmission as shown in Figure 2.

Previous endeavours in bi-directional amplification include, for example, United
States Patent No. 7,346,280 which discloses wavelength division multiplexing (WDM)

20  technigues that combine long haul {LH), and ultra long haul (ULH) optical
communication capabilities on the same fibre but in opposite directions in different
bands. In addition to using Erbium-doped fibre amplifier (EDFA) amplification for
both the LH and ULH bands, the ULH signal is also subjected to distributed Raman
amplification. A conventional/long band pump module provides coherent optical

25  energy which is coupled into the transmission fibre via a four-port optical circulator
and a fibre Bragg grating is configured to reflect optical energy at the pump
wavelengths and allows transmission of optical energy at other wavelengths. The
Raman pump energy is thus inserted into the fibre transmission in a counter-
propagating direction relative to the ULH signal to be amplified. In this design a high

30 power laser pump is heed as a Raman pump.



30power | aser punp is need as a Raman punp. 2 In this design, the purpose
of the circulator is to circulate the punp signal used. A four-port
circulator is used not only to ci rcul at e2t he ULH signal to a C band EDFA
but also to provide circulation for a C band punp nodul e and Raman

di stributed S5anplification. Thus, the ULH signal is subjected to
anplification twice. The techniques in this docunent therefore use two
types of anplifier, EDFA and Raman. The system al so uses a punp refl ector
to reflect the Cband signal while letting LH signal be passed into the
span. 10United States Patent No. 5,815,308 provides a bidirectional optical
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attenuator (FTRA) coupled between the first and the second optical amplifiers. The

FTRA is used to control the direction of the signals’ propagation.

15  United States Patent No. 5,452,124 discloses a device using a four-port wavelength-
division muitiplexing (WDM) filter and a single erbium-doped optical amplifier
{EDFA) to implement a dual wavelength bi-directional optical amplifier. The purpose
of WDM filters is to couple multiple wavelengths into and out of the transmission
fiber as well as the EDFA. However, the uses of WDM filter results in a fixed

20  wavelength transmission. it means that if the WDM filter is for wavelength, A1 and

A2 while other wavelengths are not allowed to pass through the filter.

Such techniques are usually operable with a limited number of wavelengths only
since the functionality of a WDM is to combine several wavelengths into a single

25 fibre. A dedicated wavelength is usually assigned to each of the input ports of such
devices. For example 1x2 WDM, means signal A1 of a first wavelength enters a first
port and signal A2 of a second wavelength enters a second port. However, if a signal
2.3 of a third wavelength which is not in the specification of the WDM passes through
the WDM device, the performance for this signal will be downgraded. The insertion

30 loss will increase and this will contribute to a higher noise figure in the amplifier. This



A3 of a third wavelength which is not in the specification of the WM
passes through the WDM devi ce, the performance for this signal wll be
downgraded. The insertion 30loss will indrease and this will contribute to
a higher noise figure in the anplifier. This 3 also will degrade the
capability of signal 23 for propagation of the full-duplex bidirectional
signal, since the anplified signal will be deceased due to the insertion

| oss. 5The invention is defined in the independent clains. Sone optional
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need for 10a wavelength filter deployed in the apparatus, then the

appar at us cdessoperate across a range of wavel engths, not being limted to,
say, two wavelengths as in the typical prior art. Thus, bi-directional
transm ssion in order to increase network capacity and reduce the nunber of
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t he apparatus can provi X STgna I'cation using, for

exanmpl e, er hhwhtidARPEddfineben e ddpeh@em e, the two [ight signals are
propagat ed concurrently. The design is substantially wavel ength

i ndependent, subject to the wavel ength of the or each light signal being in
the C-band. 20The invention will now be described, b . of exanpl e only,
and w th T erGeCRG RarHES Bud BRHAAS TS VLA IR COPReRRErE AHi A T 3 s
bl ock di agr ﬁd?bé&ér?%grea&f'm%eféﬂgt‘ﬁgm{h%r@Ba&ﬂocHer ShpilfRE2As Herd'Rlnb fiugléx

transm ssi on;
10 awavelength filter deployed in the apparatus, then the apparatus can operate

across a range of wavelengths, not being limited to, say, two wavelengths as in the
typical prior art. Thus, bi-directional transmission in order to increase network
capacity and reduce the number of fibres used may be realised across a broader
range of wavelengths. Use of the apparatus can provide full duplex signal

15  amplification using, for example, erbium-doped fibre amplifiers when the two light
signals are propagated concurrently. The design is substantially wavelength
independent, subject to the wavelength of the or each light signal being in the C-

band.

20  The invention will now be described, by way of example only, and with reference to

the accompanying drawings in which:

Figure 1 is a block diagram illustrating conventional unidirectional or half duplex
transmission;

25  Figure 2 is block diagram illustrating conventional bidirectional or full duplex
transmission;
Figure 3 is a block diagram illustrating a wavelength-independent amplifier
apparatus for amplifying light signals in a range of wavelengths;
Figure 4 is a flow diagram illustrating a process of operation of the apparatus for a

30 first signal A1; and



25Figure 2 is block diagramillustrati ng conventional bidirectional or ful
duplex transm ssion; Figure 3 is a block diagramillustrating a

wavel engt h-i ndependent anplifier apparatﬂs for amplifying light signals in
a range of wavel engt hs; Figure 4 is a flowdiagramillustrating a
process of operation of the apparatus for a 30first signal X1; and 4
Figure 5is a flowdiagramillustrating a process of operation of the
apparatus for a first signal X2. Turning nowto Figure 3, a
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anplifier stfg;geg,gh@ 32 first optical circulator 1 and a second opti cal
circulator 5. First optical circulator 1 receives a first |ight signal Txl1
froma first optical fibre (not 103hovvn) First light signal Tx1 is of a

first wavel ength X1 in _the C band an es in.a first direction
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(right-to-left as shown in 15Figure 3). Thus, the first direction is

"opposi te" tdreulstrdnd direction, and bi-

First optical circulator 1 receives a first light signal Tx1 from a first optical fibre (not
10  shown). First light signal Tx1 is of a first wavelength A1 in the C-band and propagates
in a first direction indicated by the arrow (left-to-right as shown in Figure 3). Second
optical circulator 5 receives a second light signal Tx2 from a second optical fibre (not
shown)}. Second light signal Tx2 is of a second wavelength A2 in the C-band and
propagates in a second direction indicated by the arrow (right-to-left as shown in
15  Figure 3). Thus, the first direction is “opposite” the second direction, and bi-
directional amplification in full duplex communication is realised. The apparatus is
wavelength-independent in the C-band and is capable of amplifying light signals
having any wavelength in the range of wavelengths, with the proviso that the first
wavelength is different from the second wavelength, a requirement for full duplex
20  communication. Thus, as the amplifier apparatus can operate without a wavelength
selective filter (as required by the typical prior art systems discussed above), all
wavelengths in the range of wavelengths can be propagated and amplified within
the apparatus, thus removing a serious limitation with the prior art. One suitable
range of wavelengths in the C-band is 1525nm to 1565nm.
25
After receiving the first light signal Tx1 at a first port (e.g. port 2) of first optical
circulator 1, first light signal Tx1 is then propagated from a second port (e.g. port 3)
of first optical circulator 1 to an input of fibre amplifier stage 10, where first light
signal Tx1 is amplified to produce an amplified first light signal. The apparatus then

30 propagates the amplified first light signal from an output of the fibre amplifier stage



directional anplification in full duplex comrunication is realised. The
apparatus i s wavel engt h-i ndependent in the C band and is capabl e of
anplifying light signals having any mave?ength in the range of wavel engt hs,
with the proviso that the first wavelength is different fromthe second
wavel ength, a requirenent for full duplex 20comuni cation. Thus, as the
anplifier apparatus can operate w thout a wavel ength selective filter (as
required by the typical prior art systens di scussed above), all wavel engths
in the rang ?9?£ thin the
appar at us, ﬁéaﬁgxgbgﬂggg %%??Hﬁge gﬁ“@ﬁ? ﬁ?ﬁﬁcgéﬁﬁkﬁgft One
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receiving the first light signal Tx1 at a first port (e.g. port 2) of first
optical circirceletar51, first light signal Tx1 is then propagated from a
second port (e.g. port 3) of first optical circulator 1 to an input of
fibre anplifier stage 10, where first light signal Tx1 is anplified to
produce an X I gates
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circulator 5 to an input o anplifier stage 10, where Second si gnal
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control the signal propagation direction into, through, and out of the
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attenuation at wavelengths other than the principal wavelengths of the prior art
devices. Also, the optical circulators direct the appropriate signal to the correct
20  direction of amplification, from left to right or right to left and separates the

propagated signal from Tx1 to Rx1 and Tx2 to Rx2

The oberation of the apparatus of Figure 3 is also illustrated with reference to
Figures 4 and 5.

25
In the example of Figure 3, fibre amplifier stage 10 comprises first and second
erbium-doped fibre amplifiers 4, each of which has a laser diode pump 3 to provide
the required pumping action to the amplifiers 4. As is known, the laser diode pump 3
has its own controller board. It is controlled by varying current to the controller

30 board. The LD is a laser diode with an optical signal at certain wavelength, {in the



propagated signal fromTx1l to Rx1 and Tx2 to Rx2 The operation of the
apparatus of Figure 3 is also illustrated with reference to Figures 4 and
5. 25 In the exanple of Figure 3, fibre énplifier stage 10 conprises first
and second erbiumdoped fibre anplifiers 4, each of which has a | aser diode
punp 3 to provide the required punping action to the anplifiers 4. As is
known, the | aser diode punp 3 has its own controller board. It is
controlled by varying current to the controller 30board. The LD is a | aser
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anplifier suita or ogeratlon I n the C band. urther, and also in
t he exanpl e lipditdd tguise with drbiani-tosdd figreiaegdlifiets; but radpbe Lssdvitihenyl§peobdnd
optical circulators are three-port optical circulators. The optical

ci rcul at or s fire amglifiefsuigablgforeperatipnindheCthand, Furthernore, it is not
necessary to provide two fibre anplifiers 4, as a single fibre anplifier
may be used as a bi-directional optical anplifier for each direction.

Further, and also in the example of Figure 3, the first optical circulator 1 and the
10 second optical circulator 5 are three-port optical circulators. The optical circulators

are suitable for use in the C-band,

Furthermore, it is not necessary to provide two fibre amplifiers 4, as a single fibre
amplifier may be used as a bi-directional optical amplifier for each direction.

15  However, with such an arrangement, the amplifier will saturate more easily. This is
because the concentration of ions in the fibre used as the amplifier are used twice as
quickly when compared with use of separate fibre amplifiers, one for each direction

of propagation.

20  Yet further, in the example of Figure 3, the amplifier apparatus comprises a first
optical isolator 2a for isolating the first optical circulator 1 from noise from fibre
amplifier stage 10. Alternatively {or additionally), first optical isolator 6a isolates
second optical isolator 5 from noise from the fibre amplifier stage 10. So, when fibre
amplifier stage 10 includes one or more fibre amplifier, the (or each} first optical

25  isolator is provided to suppress the backward amplified stimulated emission (ASE)
from the fibre amplifier from interfering with the signal propagating from either of
optical circulators 1, 5 to the fibre amplifier stage. The provision of the or each first
optical isolator 2a, 6a obviates the possibility of breakdown of isolation between
ports in the circulators 1, 5. If the ASE was high enough to overcome the isolation

30 value between the ports, there would, otherwise, be leakage between ports.



15However, with such an arrangenent, the anplifier will saturate nore
easily. This is because the concentration of ions in the fibre used as the
anplifier are used twice as quickly mhen7conpared with use of separate
fibre anplifiers, one for each direction of propagation. 20Yet further, in
the exanple of Figure 3, the anplifier apparatus conprises a first optical
isolator 2a for isolating the first optical circulator 1 from noise from
fibre anplifier stage 10. Alternatively (or additionally), first optica

i sol ator 6a isolates second optical isolator 5 fromnoise fromthe fibre
anplifier stage 10. So, when fibre anplifier stage 10 includes one or nore
fibre anpli fAlfyin théexdrsle @RFiBUref3, t5é aMplificalppaQitsdomifiset § seond iofeichlt O
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the anplifier apparatus conprises a second optical isolator 6b for

i sol ati ng t Hibre pimpéfierstdgef i er stage fromnoise fromfirst optical
circulator 1. Alternatively (or additionally), second optical isolator 2b
isolates the 5fibre anplifier stage 10 fromnoise fromthe second optica
circulator fHap tF?é |58%95|'s%%6@Mtﬁﬁttb%?dck'aﬁ?Elgﬁé!rlea?@ge fBm 1BAQb &L Boke
circulators from’forward fromthe fibre amplifier stage. Furt her,
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fron110propagat|ng nto Tx2 and Rx2 path. If any such signal |eakage is not
bl ocked, it GaH$gIn gGenterference. It will be appreciated that the

i nvention has been described by way of exanple only.

It will be appreciated that the invention has been described by way of example only.
Various modifications may be made to the techniques described herein without

15  departing from the spirit and scope of the appended claims. The disclosed
techniques comprise technigues which may be provided in a stand-alone manner, or
in combination with one another. Therefore, features described with respect to one

technique may also be used and presented in combination with another technique.



Various nodifications may be nmade to the techni ques described herein

w t hout 15departing fromthe spirit and scope of the appended cl ains. The
di scl osed techni ques conpri se techniquesgmhich may be provided in a

st and- al one manner, or in conbination with one another. Therefore, features
described with respect to one technique may al so be used and presented in
conbi nation with another technique. dCains 1. A wavel ength-independent
anplifier apparatus for anplifying light signals in a range of wavel engt hs

in the C—baqﬁﬂn&he apparatus conprising: 5a fibre anplifier stage; a
first optical crrculator for receiving a first light signal of a first
wavel ength propagating in a first direction; a second opti cal

circulator for receiving a second |light signal of a second wavel ength
propagati ng i-n a Awawiengih-ndapeoadentainnidienapreraes ienasndifges lighi digpelpirent
apparatus is arranged to lify.light,k signals having any wavel ength in the
range of waAPBEYP ?Veﬁ?{@?l?nﬁp§'Pé/§7§\?a$’etﬁ§taﬂpﬂéfﬁgcompfg@|gent fromthe second
wavel engkh, and whey ei.mhdigr fibgst direction is opposite the second
directio%; and mheréig fﬁe %pﬂ%fatus is arranged for the fibre anplifier

stage to anplify dfivet dpticat citcdufpitdr fbbedcgivirg 4 firer ligby sigoalpf adustevaeleapyhl | f i ed
first light signal and for the anplified first Iight signal to be
propagat ed tRsoRIEBtIgEHOMtrsbPe@®dN: circul ator for continued propagation in
the first direction; and . . he, appar at us_ i [,an g faor_the fibre
anpli 11 or stage G0 anel PRy A gtieRRRebe Srsshnf TeRSHERL st Bhuce an
anplified Se‘mﬂzn{gﬂgﬂop%ﬂﬂ@in 8R6cdn@rdifeloMidréihed 20second |ight signal
to be propagated to the first optical circulator for continued
10 the wavelength-independent apparatus is arranged to amplify light signals
having any wavelength in the range of wavelengths, the first wavelength being
different from the second wavelength, and wherein the first direction is opposite the
second direction; and wherein
the apparatus is arranged for the fibre amplifier stage to amplify the first light
15  signal thereby to produce an amplified first light signal and for the amplified first
light signal to be propagated to the second optical circulator for continued
propagation in the first direction; and
the apparatus is arranged for the fibre amplifier stage to amplify the second
light signal thereby to produce an amplified second light signal and for the amplified
20  second light signal to be propagated to the first optical circulator for continued

propagation in the second direction.

2. The apparatus of claim 1 wherein the first optical circulator and the second
optical circulator are three-port optical circulators.

25 |
3. The apparatus of claim 1 or claim 2 further comprising a first optical isolator
for isolating the first optical circulator or the second optical circulator from noise

from the fibre amplifier stage.



propagation in the second direction. 2. The apparatus of claim1l wherein
the first optical circulator and the second optical circulator are
three-port optical circulators. 25 3. Thé apparatus of claim1 or claim?2
further conprising a first optical isolator for isolating the first optical
circulator or the second optical circulator fromnoise fromthe fibre
anplifier stage. 9 4.The apparatus of any preceding claim further
conprising a second optical isolator for isolating the fibre anplifier

stage from noi se ﬁhe%gggag%sfdg@wf&%aﬁg'cla rfaghg; BimPHisitd)fsct8RBHLaR" | ca

circulator. 55.A net ng -1 ght S across ge of

wavel engt hs isdlatbhfor(soldtmadhe fibe: ammplified stage Aoni nRsefremttad firs optical
wavel engt h-i ndependent anplifier apparatus, and conpri sing:

recei ving a drculgtorior ghe sesputhapticsf cizcufatpet wavel ength propagating in a first
direction at a first optical circulator; 10receiving a second |ight signal
of a second wavel ength propagating in a second direction at a second

optical giraulat of meWRI&a ph{\g/n% llghttQ%n%ﬁ@o@?ﬂHﬁgb@@%@é‘gﬁé’cﬁs ArRkicti er

apparatus is arrange to anpli si gnal s having any wavel ength in the
range of wa\talndn@mhﬁethbﬁlbemgﬁmblemeécbnmgima\mmm thdepemdumt afmplifiet he second
wavel ength, and wherein the first direction is 15opposite the second
direction; tapearasehead FePPRERs:conpri sing

receiving a first light signal of a first wavelength propagating in a first
direction at a first optical circulator;
10 receiving a second light signal of a second wavelength propagatingin a
second direction at a second optical circulator; wherein
the wavelength-independent amplifier apparatus is arrange to amplify light
signals having any wavelength in the range of wavelengths, the first wavelength
being different from the second wavelength, and wherein the first direction is
15  opposite the second direction; the method further comprising
amplifying the first light signal in a fibre amplifier stage thereby to produce
an amplified first light signal, and propagating the amplified first light signal to the
second optical circulator for continued propagation in the first direction; and
amplifying the second light signal in the fibre amplifier stage thereby to
20  produce an amplified second light signal and propagating the amplified second light
signal to the first optical circulator for continued propagation in the second

direction.

6. The method of claim 5 wherein the first optical circulator and the second

25  optical circulator are three-port optical circulators.

7. The method of claim 5 or claim 6 further comprising using a first optical
isolator to isolate the first optical circulator or the second optical circulator from
noise from the fire amplifier stage.
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anplifying the first light signal in a fibre anplifier stage thereby to
produce an anplified first light signal, and propagating the anplified
first light signal to the second opticaJ“%ircuIator for continued
propagation in the first direction; and anplifying the second |ight signal
inthe fibre anplifier stage thereby to 20produce an anplified second |ight
signal and propagating the anplified second |light signal to the first
optical circulator for continued propagation in the second direction. 6.
The met hod cl ai r.el I i ' I r . Second
250pti cal cﬁicu|?W%?gﬂﬁggfﬁ?@%§@%¥%gég ?ggﬁhgﬁ%b r%ﬁ%v@&%af?&$ﬁgﬁﬁg? od of
claim5 or Giclatar fo kolatd e fiHeBrhpRfidratdgdifitin Aoiké Froin YRtfirqapticsiiraligtort 0
isolate the first optical circulator or the second optical circulator from
noi se from tardhé pguendeptical ciseulatonge. 10 8. The nethod of any of clains 5 to
7 further conprising using a second optical isolator to isolate the fibre
anplifier stage fromnoise fromthe first optical circulator or the second
optical circulator.



