1-OPTI CAL TI ME DOVAI N REFLECTOMETRY This invention relates to optical
“time domain reflectonetry (OTDR). In particular, the invention relates 5
to an optical anplifier means for a waveguide carrying systemsignals
at a first wavel ength and OTDR signals at a second wavel ength, the
anplifier neans being constituted by an optical anplifier and an isol ator
I n cascade. In OIDR, an opti cal pulse i s launched into an optical 10 fibre
(or nore generally intgpmraa » B2 mspeei fication the
expression 'optical fibre' iIs used to |ncIer The nore general case of a
wavegui de as well as an optical fibre) - and backscattered signals
returning to the |'Buheh enseateomdnideliartbs to tbetévadt tdiae t higmaiate 15
di sconti nui ti $ %suc@ as(fqgﬁgs or splices) in the fibre, the anount of
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concei ve of aa_om_tuuoef fhacits aathmpiory gayeraiz\hgrfencheals'eaks amgy any gurhaded
simply by mpflLhybngst 88tEEETEN2h the monitored signals. Backscattering

and reflection also occur from elements such as couplers, and

15 so the monitored signals are usually compared with a
reference record, new peaks and other changes in the
monitored signal level or plot being indicative of changes in
the fibre path, normally indicating a fault. The time
between pulse launch and receipt of a backscattered signal is

20 proportional to the distance along the fibre to the source of
the backscattering, and so OTDR is a useful technique for
fault location.

The rapid evolution of erbium-doped fibre amplifiers
has freed telecommunications system designers from the

25 constraints of opto-electronic regenerators. It is now
possible to conceive of a future fixed transport layer where
the links may be upgraded simply by modifying the terminal
equipment. Similarly, it will reduce operations and

~maintenance costs 1f fault location can also be enabled

30 remotely from the terminal locations. The application of
OTDR to an optically amplified éystem was first successfully
demonstrated for semiconductor laser amplifiers (SLAé) - see
Blank & Cox - ’'Optical Time Domain Reflectometry on Optical
Amplifier Systems’, Journal of Lightwave Technology, vol. 7,

35 no. 10, pages 1549-1555. The major obstacle overcome was that
the amplifiers produce amplified spontaneous emission (ASE),
and this may be sufficient to overload the OTDR receiver,
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equi pnent . Simlarly, it wll reduce operations and naintenance
costs if fault location can also be enabled renptely fromthe term nal

| ocati ons. The application of OTDR to an optically anplified system was
first successfully 5 denpnstrated for senjiconductor |aser anplifiers (SLAs)
- see Blank & Cox - 'Optical Tine Domain Reflectonetry on Optical Anplifier
Systens', Journal of Li ght wave Technol ogy, vol. 7, no 10, pages 1549-1555.
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systens 30 h&y gg%% plurality of anplifiers is inportant - if the ASE of
one anplifie $ }T|C|ently large, it will be anplified REPLACENMENT

SHEET Unfortunately, this technique can only be used in
15 systems which do not include in-line optical isolators. For
the majority of systems, however, it is necessary (or at
least desirable) to include at least one optical isolator in-
line with each fibre amplifier to ensure system stability
under all conditions. Thus, the control of ASE in systems
20 having a plurality of amplifiers is important - if the ASE of
one amplifier is sufficiently large, it will be amplified by
the other amplifiers in the system (ASE travels in both
directions), and this can cause the entire system to
oscillate (lase). The use of in-line optical ‘isolators
25 prevents oscillations, as effectively light signals can
travel in only one direction. Typical values for the
isolation are likely to be in the range 30-40d4B. Not only
does this preclude system upgrades to bi-directional working,
but it also removes any possibilities for enabling fault
30 location using OTDR at the system wavelength. A number of
schemes have been suggested as ways of addressing this issue.
Unfortunately, these schemes involve the use of optical
circulators, routing the "go" and "return' paths through
separate amplifiers, and the extra complexity involved is

35 1likely to bé justified only in specialised applications.
The present invention provides optical amplifier means
for a waveguide carrying system signals at a first wavelength
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by-the other anplifiers in the system (ASE travels in both directions),

and this ‘can cause the entire system to oscillate (lase). The use
of in-line optical isolators prevents oscillations, as effectively Iight
signals can 5 travel in only one direction. Typical values for the

isolation are likely to be in the range 30-20dB. ~ Not only does this
preclude system upgrades to bi-directional working, but it also renpves
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tﬁe first QE§%| dt ISdB at éie sZ%ond wavelength.

In a preferred embodiment, the waveguide is an optical

15 fibre, and the optical amplifier is a rare earth doped fibre
amplifier which is provided with a pump laser, the doped
fibre being connected to said optical fibre and to the pump
laser by means of a WDM coupler.

In this case, the WDM coupler has a low loss at the

20 first and second wavelengths.

The WDM coupler may be a fused fibre coupler or a
dichroic coupler.

' Alternatively, the waveguide is an optical fibre and
. the optical amplifief is an SLA.

25 The invention also provides an optical
telecommunications system comprising a waveguide, an optical
signal transmitter for launching system signals at a first
wavelength into the waveguide, and an OTDR for launching OTDR
signals at a second wavelength into the waveguide, wherein

30 the waveguide is provided with optical amplifier means as
defiend above.

Preferably, the waveguide is an optical fibre, and the
first wavelength lies in the 1300nm low loss window for
optical fibres, and the second wavelength lies in the 1500nm

35 low loss window for opticai fibres. 1In this case, the rare
earth doped fibre amplifier may be an erbium doped £fibre
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amplifier, and the pump laser mavy _operate at a wavelength of




but not the second wavel ength. Thus, by ensuring that the isolation factor
is high at the first wavelength, systemsignals can only travel in 5 one
direction (thereby ensuring systemstability), whilst OIDR signals can
travel in both directions (thereby permt‘fl ng nonitoring of the wavegui de).
In a preferred enbodi nent, the waveguide s an optical fibre, and the
optical anplifier is a rare earth 10 doped fibre anplifier which is

provi ded Wit & pUnp | aser, the doped fibre being connected to said optical
fibre and to the punp Iaser by neans of a WDM coupler. In this case, the
VDM coupl er has a WB&M dae apmphifiersisamd stlcbndthay diasd eavabength
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response of the WDM coupler of the embodiment
of Fig.1l; and

Fig. 3 is a schematic trace of the OTDR of the

15 embodiment of Fig. 1.

Referring to the drawings, Fig:l1 shows an OTDR
arrangement and part of an associated optical fibre
telecommunications line to be tested. The arrangement has a
head end which includes an OTDR 1 and an optical transmitter

20 2 which are connected to an optical fibre telecommunications
line 3 via a WDM coupler 4. The OTDR 1 operates at a
wavelength A,,. in the 1300nm window. The optical transmitter

2 operates at a wavelength A in the 1500nm window, and

system
constitutes a terminal transm;tter of system signals.

25 The line 3 incorporates a fibre amplifier, indicated
generally by the reference numeral 5, and an isolator 6. The
fibre amplifier 5 is constituted by a 60m length of erbium-
doped fibre Sa, a pump laser Sb and a fused fibre WDM coupler
S5c having four ports numbered 1, 2, 3 and 4. Although the

30 erbium-doped fibre can be of any length, it is preferable for
its length to lie within the range of from 20m to 100m. The

pump of 1480nm, and the
WDM coupler S5c couples light at the system wavelength ks”nm
and light at the OTDR wavelength A,,, (from port 1) and light

35 from the pump at lwm (from port 2) to the erbium-doped fibre

pump laser 5b operates at a wavelength A

Sa via port 4. The isolator 6 is, for example, a BT&D
OIC1100-1550 whose output is connected to the 1line 3



When the anplifier is an SLA, the first wavelength preferably lies within
the 1300nm | ow | oss wi ndow for optical fibres, and the second wavel ength
lies in the 1500nm | ow |l oss 5 wi ndow for optical fibres. The invention wll
now be described in greater detail, by way of exanple, with reference to

t he acconpanying drawi ngs, in which:- F¢ -1 Is a schematic di agram
showi ng an enbodi nent 10 of the invention; Fig. 2 Is a
graph illustrating the wavelength response of the WM coupl er of the
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coupl er 5¢ havi fQur ports nynmbered 1, 2, 3 and 4. Al though the 30

er bi um db%ea'afvi%%@g%ih Yestof 2By 3 0% I’r,soi%'latil§npta§f e F DR vavel engi h to
lie within dgg,rame wéef rohe2dfie, 16 £idie mpld fiasers Sk meﬁtﬁisveﬁt a
wavel engt h rr of .. 1480n nd .t he WOM coupl er._5¢ coupl es |ight, at the
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preventing light at this wavelength travelling backwards

15 factor for signals at the system wavelength A

towards the head end of the system and so ensuring system
stability), while providing low isolation at the OTDR
wavelength lmnk(thereby'permitting signals at'this wavelength

20 to pass in both directions along the line 3 so that returning
backscattered and reflected signals at this wavelength can
reach the OTDR 1). 1In other words, the.wavelength lmm!of the
laser in the OTDR 1 should be selected as follows: -

- 1. so that there is poor isolation at the isolator
25 6;
2. so that the signal is unaffected by the doped

fibre 5a (that is to say Ay, is out of the
amplification bandwidth and experiences no

absorbtion); and
30 3. so that light from the OTDR 1 passes through the
WDM coupler 5c with low loss. :
For the 1480nm—pﬁmped erbium-doped fibre amplifier 5,
this implies that the OTDR 1 is equipped with a laser in the
1300nm window. The tolerance on the OTDR wavelength Amm
35 depends on the type of WDM coupler used, and is tighter for
a fused fibre coupler than for a dichroic coupler. None the

less, a Fabry Perot laser of approximately 5nm bandwidth



O €1100- 1550 whose output is connected to the line 3 -5- downstream

t hereof via one output |eg of a coupler 7. The other output |eg of the
coupler 7 is connected to a nonitor 8. The WDM coupler 5c is arranged to
have a low loss 5 (fromport 1 to port 4)_at both the system wavel ength”
[err] and the OIDR wavel ength [err]. The %Io'foed fibre 5a is arranged to have
a high gain at the systemwavelength [err] and substantially no | oss at

t he OTDR waygl t i The isolator 6 is arranged to have a high
i sol ation aza%tﬁe%gsb%sgsgarnt{lfof'%slge%éngth [err] and a low isolation at the OIDR
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backwar ds tomardé_the head end of the system and so ensuring system
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through thepolarisation of instant light by n/4 radians. 1In this way,
the "go" and "return' light are in orthogonal polarisation
15 states at the input to the crystai, and may be separated by
a polariser. However, the level of Faraday rotation is. a
slowly-varying function of the signal wavelength. The-
implication of this is that the isolation provided is tuned
to a. range of wavelengths, so that for an isolator which
20 gives high isolation in the 1550nm window (say from 1540-
1560nm), a much lower level of isolation will be provided in
the 1300nm window.
2. The fibre Sa - for any rare earth dopant,.the gross
absorption spectrum is defined by the energy level structure
25 of the element. Small scale changes may be introduced, for
example, by changing the composition of the host material.
However, the loss spectrum is generally well defined, and
cannot be changed significantly. For example, erbium-doped
fibre exhibits no ground-state or excited-state absorption
30 throughout the 1300nm transmission window, the loss being
simply that due to the undoped fibre alone.
3. The WDM coupler 5c¢c - the technique of the invention
relies on the transmission of the OTDR test pulses through
all the components, inéluding the WDM c¢oupler 5c, with
35 relatively low loss. The fused fibre WDM coupler S5Sc
described above has a wa&elength response which is periodic,

being approximately sinusoidal (see Figure 2). As shown, the



WDM coupl er 5¢c with low |l oss. For the 1480nm punped erbi um doped fibre
anplifier 5 this inplies that the OTDR 1 is equipped with a laser in the
1300nm wi ndow. The tol erance on the OIDR wavel ength [err] 35 depends on
the type of WDM coupl er used, and is tighter for a fused fibre coupler than
for a dichroic coupler. None the |less,~al Fabry Perot |aser of

approxi mately 5nm bandw dt h -6- would be satisfactory. It wll be
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readily available at this wavelength, which leads to the
choice of an OTDR laser operating at 1280nm when the WDM
15 coupler Sc is a fused fibre coupler.

Alternatively, the fused 1fibre coupler could be
replaced by dichroic coupler. Such a three-port device
normally has a "top hat" response, with & one path low loss
across a range of pump wavelengths and another one path low

20 loss across a range of signal wavelengths. Normally, the
out-of-band range of wavelengths is not of interest, and the
filter response is only optimised for the pump and signal
bands. In principle, however, it would not be difficult to
design a dichroic coupler which would have a second low loss

25 band to allow both the system and OTDR wavelengths to pass
through with low loss. '

As an example, the OTDR arrangement of Figure 1 has a
loss budget (the average of the "go" and "return" paths)
through the amplifier 5 of 0.5dB for the coupler 5c¢, 5.5 4B

30 for the isolator 6 and 0.0 dB for the fibre 5a. Including
the loss of 0.5 dB for the splices, therefore, the total loss
of the amplifier 5 is 6.5 dB at Amm- The loss of a single
mode optical fibre in the 1300nm window is about 0.4 4B/km,
so the loss in the amplifier 5 is equivalent to 16.25km of

35 fibre. The dynamic rangé of state of the art 1300nm OTDR
instruments is about 30 4B (that is to say 75km of fibre).
Figure 3 shows a schematic OTDR trace obtained using the



25'of the el enent. Smal | scal e changes may be introduced, for exanple, by
changi ng the conposition of the host material. However, the |oss spectrum
is generally well defined, and cannot be changed significantly. For
exanpl e, erbiumdoped fibre exhibits no ground-state or excited-state
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[err] and [ erqurdile toanamitsad By Wéilleﬁfeafbérﬁédtﬁplﬁhél&'ohpnrarelsms@f | t

i's clear §hainpiiifeitdies,sijgnak Qﬁibkéﬁytiﬁé\.s@htet aﬁpaafh%rrrl:pawﬁa %111 Sl so
transmissive with . ow.l oss at [efrr] where nis an even

i nt eger and SUrfcie Rty |1 °W[E¥ ]Per“‘ll";luéTDPJc 8P5F§V?‘Fl°n§48€nrﬁ%@s[ g =
1550nm [er rs]ewrm??glmmuthﬁnl[erdﬂa? 14 50RNpbek thon anlﬁﬂe]:&&%h’ﬁ 1;] or
n = 4. rr] .at not |11 e 0 u as 1S, 1S Wthin
t he "higL$ F%%%’ L s pa e BEaR eranaflfhﬁscﬁfﬁPib¥% Ufsen
to 10 have f@w.va\neﬁ emgy,h a{:ees$ f:.bitésSOnhil beapsoivigiedn wiath ntch:es than
wavel endldl Idees shig1llss it igh e 13Q0pOLHADGOY %%ﬁetgﬁ APL8n | ARdind S

| ow. reover, -—sem conductor |asers —are-readr|
wavel engt h, famdc riden @PR1G aatd arhdinc £1drean corBR Fl%ém%eratl ng at 1280nm

when the WM 15 combe@oésthénalﬁyﬁsdeéI@é:ﬁ‘emlﬁ fék%&@iée@&rys Ade
fused fibre coupler could be replaced by dichrojic cou 6}1

three-port d&VSEE Sfor FAYy 1FadCasay obf Ha :emré§pbﬁs*éhev\}§q’igamo‘1’ﬂen%'l rﬁ’}dow

| oss Aorog 1S in the 1550nm window. In this case, the amplifier
15 loss is similar, but the equivalent length of fibre is
doubled, since the fibre attenuation is halved. Thus,
considering a system with 40km amplifier spacing, the loss
per span (40km fibre at 0.2 dB/km + 6.5 dB amplifier loss) is
now 14.5 dB. This implies that a 1550nm OTDR with 30 4B
20 dynamic range could observe two complete spans (including two
amplifiers), as shown in Figure 3. Thus, by using OTDR from
each end, an optically-amplified system of a least 160km in
length could be monitored using the technique of the

invention.
25 In an alternative embodiment, the fibre amplifier 5
could be replaced by an SLA. In this case, of course, the
SLA would be spliced directly into the optical fibre
telecommunications line 3, and there would be no need for
either a WDM coupler or a pump laser. Here again, however,
30 the isolator should have a high isolation factor at the
system wavelength Asymm and a low isolation factor at the OTDR
wavelength Ay,.. In this case, however, the OTDR wavelength
Agipg must be longer than the system wavelength Asymm,
otherwise the OTDR signals would be absorbed in the SLA.
system should be in the

1300nm low loss window for optical fibres, and the OTDR

35 This implies that the system wavelength A

wavelength .}'OTDR should be in the 1500nm low loss window for



across a range of punp wavel engt hs and anot her one path |ow 20 | oss across

" a range of signal wavel engt hs. Normal | y, the out-of-band range of
wavel engths is not of interest, and the filter response is only optim sed
for the punp and signal bands. 1In principle, however, it would not be °
difficult to design a dichroic coupler which would have a second | ow | oss

25 band to allow both the system and OTDR wavel engths to pass through with

| ow | oss. aml he OTDR arrangenent of Figure 1 has a | oss budget
(the aver aé?pgpﬁerﬂg%6§énd "return” paths) through the anplifier 5 of
0.5dB for the coupfér ¥§dl 5P @Br3gensr thet | thae apsragaament. (e fidred he

fibre 5a. lanviedidhiidiend ogsapfidd dndB Bﬁﬁxbébeo%pkd;ﬁ?%s.i tesr e Lufp1 4 e

total loss of the anplifier is 6. 5 dB at [err]. e | oss of 'asm.g'le
‘mode opti caltPfi bPELPGIPHE 1860nPF RFdIW LR uf ovaxedppgih sehiel 1ids in
the anplisi @i fFerermfiroal elatt @f16he25¥8toh Shghiabs ecoul dhBe dydedrivi trange

of- state of the art 1300nm QIDR instruynments is _ about 30 dB (that is to, say
75km of 11 bPBNL AL FOREPIRRNE SRS GHA CTORB LA AR LE TRA CRIRhe
-8- arrangemenh @hn Kppiraall,isolahori ciFdd esanplles e d dveitifdbreodigyond
the anmplifi c e rved, swhkeh s t Ssi [ . _conyentj gnal
t echni ques. Be ﬁg?a I‘gﬁgﬁhaaﬁf (.L)[Ml?lhj% e_ t?gﬁlscn@gsﬁ'gg%leav%ége%rlﬁrﬁesl?ypﬂog"al ly -
have a chai ﬁsépcsaéa@ﬂ Witdy #n iatn}Hlé @ ke Ly M%\!_tldt e seanNe foasrs ispacitmy

Wl be spf bl etthley oWt iRA Mii tATDR ORI 34 ORfhidh f HadS 4 heqﬁ%cco”d
anplifier in such a chain. The positigon in the access network wll,

"however, bePdrAeEREA negd, Rl 5t ngr HREdce ath ibher sWs tam Havelanadds fams es

will be prowi datadrid npredéhaﬁmiﬁe@nes@[mlti:ih?r, fxitdat ag he thechiyapge of
t he inventigg i nd wi ication j bre a s networ ks. The

| d,f | '
position i rrprg\%gglﬁg%ﬁv\hatswc etgggﬁ\%gf“eﬁﬁ% a#% used “td nterrogate

preferentially fibre along a specified route downstream of
15 the coupler. Again, it would be possible to use the
invention where an optical fibre telecommunications line
includes an attenuator. In this caSe, the attenuator could
be arranged to have a high attenuation factor at the system
wavelength and a much lower loss at the OTDR wavelength. All
20 of these components, therefore, could be designed to have
appropriate spectral responses to enable the use of OTDR
testing at a wavelength different to that of the system
signals.
It should also be noted that the system of the
25 invention is suitable for in-service testing, that is to say
that OTDR measurements can be made whilst the system laser is
turned on. This would require the installation, at test
points, of appropriate WDM couplers to combine the system and
OTDR wavelengths.
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reversed, that is to say if [err] is in the 1300nm w ndow and [err] is in

" the 1550nm wi ndow. In this case, the anplifier 15 loss is simlar, but
t he equi val ent | ength of fibre is doubled, since the fibre attenuation
is halved. ~Thus;~considering a systemw th 40km anplifier spacing, the

| oss per sp 0. 2 dB/ km +%6~ 5 dB anplifier loss) is now
14.5 dB. ﬂlmﬂm“ug @ﬂla 1550nm OTDR with 30 dB 20 dynam c range

coul d observe*two conpl.ete spans (incl #Eéﬂgitm anplifiers), as shown in
Figure 3. Thus, by -using OTDR from eac . an optically-anplified system

of a least 160kmin | ength could be nonitored using the technique of -the

i nvention. 25 oPtLeaQn &JnéﬂﬁaéfV%&.{@d'f@?cm t@QvéﬁQ:[% ar@f;{)}etgg
coul d be replaced by an . his case, of course T d e
spliced di r #S5eM rﬁlcsrt%s (ﬁ)‘%|%aﬁ~¥%r@aveieeaﬁhuﬁnéa9T@ﬁs siigrals, adnc

there WOU$dsléQ:dMﬁ reﬁ%lféafgtei t ke BN QP 2 Kol TeddsE tutdd€ iy
agai n, however, ct@ma i so] ator shoul'd have_a high isolation factor at” the
syst em wavel3&he 91:"[ FOWRSoR Bt FERLAECTor RRTERE GPSR IFRMATHYt h

[err]. In tas aahﬁghhbs\ailat;ohhﬂaéﬁﬁR anﬁ\tﬂ'ieeligt:bt[ ealv]alaugth a8d 4 Qrger
than the gfgg; rr erW| S OTDR si gnal s woul d be
absor bed i ni%é%e%?ﬂﬁ%% I's I rrf)"l | e]ssetct%’t gﬁ g’ vvavel ength A shoul d

be in the system 1300nm | ow | oss w ndow for optlcal fibres, and the OIDR

wavel engfd berr] SﬂﬂgiggggriQIEBE 1200 f&lﬂ&ﬁlgﬁséwﬁ¥mwﬁfo§'ere?nogﬁica
fibres. It should e noted that t esstemof t n\/enlonl
sui t abl e fofsSichasexyikas t a8t L§glathen |fsaqf<9%a9ft B&t XORBE n20dRr ekerithe can

be made whi lfgirstheas¥seagthaSandbahsit sl 880oRNfacdbi SoPOMt tud Ui T thie

installation, L kBl wavelength.

15 3. Amplifier means as claimed in claim 1 or claim 2,
wherein the waveguide is an optical fibre and the optical
amplifier is an SLA.

4, Amplifier means. as claimed in claim 1 or claim 2,
20 wherein the waveguide is an optical fibre, .and the optical
amplifier is a rare earth doped fibre amplifier which is
provided with a pump laser, the doped fibre being connected
to said optical fibre and to the pump laser by means of a WDM
coupler.
25
5. Amplifier means as claimed in claim 4, wherein the WDM

coupler has a low loss at the first and second wavelengths.

6. Amplifier means as claimed in claim 4 or claim 5,
30 wherein the WDM coupler is a fused fibre WDM coupler.

7. Amplifier means as claimed in claim 4 or claim 5,

wherein the WDM coupler is a dichroic coupler.

- 35 8. An optical telecommunications system comprising a
waveguide, an optical signal transmitter for launching system
signals at a first wavelength into the waveguide, and an OTDR
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. pornts, of -appropriate WDM couplers to conbine the systemand OTDR
wavel engt hs 10 CLAIMS Optical anplifier nmeans for a wavegui de (3)

carrying sy ’!H ,P"ﬂ "] first wavel ength and OTDR signals at a 5
second wave fier means being constituted by an opti cal
anplifier (5) and ‘an i 8l at or (6) in caddade, characterised in that the
isolator (6) has an isolation factor of at |east 30dB at the first

wavel engt h n isolation factor of at nost 15dB at the second wavel ength
10 and Tho G duSRY | BrORSs SHASLan kg [HIGRRS HEYRLRAEA HaHS CEhe

i ncl udes th@rafvdg&hdmvedm@gébnb&henmaﬁ@f&&Oﬂﬁ WAL ERE hud&h %;m:.cal
Amplifier in clai.ml erein the vequi s an
optical fi rt;trae Pand e op nldscaﬁs cr’?bafllrﬁ%ru( 53n¥ Lo %{Acvﬂs’“% A%

lifier
nmeans as. clainmed in claim1 wherein the waveguide (3) is an optical flbre,

dth | | 2 | fl
(52) whi b 195 r ovRaEde P s STRuhBalih bERER" bl HRBES A PhS ARyl sl
connected t dssanl eptieal fh-brr@ (31)ndar1'€h¢ ofihetpunweﬂ&sxerth( Shi)eshyi meeins  of

a WDN|C0UP|Q@dHHQ 16w foss ARl £ §c§§ fkﬁkggd'dhdﬂ [N Soubggei n
i

: r ns as
i met o Bt ril o8 { he. b I £ Spisa wirdent A CoupFLReL 30
11/12 fibres. s
10
10. A system as claimed in claim 9 when appendant to claim
4, wherein the rare earth doped fibre amplifier is an erbium
doped fibre amplifier, and the pump laser operates at a
wavelength of 1480nm.
15
11. A system as claimed in claim 8 when appendant to claim
3, wherein the first wavelength lies withih the 1300nm low
loss window for optical fibres, and the second wavelength
lies in the 1500nm low loss window for optical fibres.
20
12. An optical telecommunications system comprising a
waveguide, an optical signal transmitter for launching system
signals at a first wavelength into the waveguide, and an OTDR
for launching OTDR signals at a second wavelength into the
25 waveguide, wherein the waveguide is provided with an optical
component having an operational characteristic which has
different values at the first and second wavelengths.

13. A system as claimed in claim 12, wherein the optical
30 component is an optical isolator having a high isolation
factor at the first wavelength and a low isoclation factor at

the second wavelength.

14, A system as claimed in claim 12, wherein the optical
35 component is a coupler having a first splitting ratio at the
first wavelength and a second splitting ratio at the second

wavelength. mmmm
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6. An opt|calaneLecgnnunJCatlons system conprising a waveguide

(3), an transmtter (2) for launching systemsignals

at a first vva Mﬁﬂﬂﬂ wavegui de (3), and an OIDR instrunent for

| aunchi ng OT econd mgv?keggth into the waveguide (3), °
wherein the waveguide (3) is provided Wi optical amplifier neans as
clainmed in any one of clainms-1 to 5. 7. A systemas clained in claim®6,
wherein the yavegu d 3l ti;¢als a.a e gth
lies in the %%OOnn?lg Pgéskﬁn% ggr %b |C§P{?Fbr§?é¥g(ﬁ €ﬁ§ %@g égf
wavel engt h Iqoé‘@qf’r?f’t%el&S@GhnPPB%'\FPbssaﬁ/ﬁWﬁofrorhéﬁ%PEalaflfb#'éfn 1‘51811

A SyStenlanﬂqﬁdﬂaiﬂdh(ﬁa@t@k7awheﬂeaEDQQGaﬁavéPeﬁéﬁhn&ﬁd s ebRal heogare
earth doped flbre aan|£ is an erbi um doped f h?re anpllfler and

the punp | ad&r™BHEGer3E a@ta 81°600Eh V4V 188G 20 9. A system
as claimesl in claim6 when appendant to claim2, wherein the first

wavel ength lies within the 1300nmlow | oss mﬁndom/ for optical fibres,
and the second wavelength lies in the 1500nm | ow | oss wi ndow for optical
fibres. 25 : '

This Sheet Has Been laeed

il



