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l At optical communication system for the transmission of an optical signal/s,
comprising at least one first optical transmitter coupled to at least one first optical
receiver by a transmission link comprising a main optical waveguide in which only the
fundamental mode can propagate above & cul-off wavelength, the operating wave-
length of said optical transmitler and said first optical receiver being of a predeter-
mined value and below the said cut-off wavelength, said optical signal/s being
transmitted in the fundamental mode whercein said transmission link contains scetions
of single mocle optical waveguides to attenuate higher-order modes, respective
sections being located at cach end of said main optical waveguide and joined thereto
at one end by a fusion splice, the other end belng coupled (o sald optical
transmitter/receiver via optical conncetor means,

3. A transmitting device for an optical communicalion system whercin an optical
glgnal is transmitted over a single-mode first optical waveguide in the fundamental
mode and at an operating wavelength lower than the cut-off wavelength of the said
optical waveguide, said transmitting device including an oplical transmitter having a
section of second optical waveguide coupled thereto which is a single-made optical
wavegttide al the operating weavelength, and wherein an optical connector means is
inserted in said section, and that the free end of said section is designed to be joined
to the [lirst optical waveguide by a fusion splice.
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5. A receiving device for an optical communication system wherein an optical
signal is transmitted over a single-mode first optical waveguicde in the fundamental

~ mode and at an opcrating wavelength lower than the cut-off wavelength of the optical
wavceguide, said receiving device including an optical recciver having a scction of scc-
ond optical waveguide coupled thereto which is a single-mode optical waveguide at
the operating wavelength, and whercin an optical connector means is inscrted in said
section, and that onc end of said scction is coupled to the optical recciver, while the

other free end is arranged Lo be joined (o the first optical waveguide by a fusion’splice.
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COMPLET® SPECIFICATION FOR THE INVENTION ENTITLSD

"OPTICAL COMMUNICATION SYSTEM"

The followlng statement 1s a full description of
this invention, including the best method of
performing it kmown to us:=



: This irivention relates tc an an optical communication system, for the.
transmission of an optilcal signal/s, comprising at least one first optical

transmitter coupled to at least one first opticél recelver by a trans-
mission link comprising a main'opticai wavegulde in which only the funda-
mental mode can propagate above a cut-off wévelength, the operating
wavelength being below the cut-off wavelength, sald optlcil signal/s being
transmitted in the fundamental mode.

Such a system is described in SPIE Vol. 841 Fibre Optic Networks & Co-
herent Technology in Fibre Optic Systems II (1987), pages 116 to 123. This
system uses low-cost optical transmitters and recelvers with an operacing
Wavelengbh of about 800 nm, and a single-mode optical wavegulde which, how-~
ever, 1s "single-iwode" only above a cut-off wavelength of 1300 nm. Never-
theless it 1is ensured that transmission takes place only in the fundamental
mode . | | |

Thls 1s achleved, inter alia, by mode filters which attenuate the _

-higher%ordev modes and are-impleménted as sectlons of optical waveguide,

which areisingle—mode optical waveguides at the operating wavelength of the

'opﬁical transmitters and recelvers. ‘The optical-wavegulde section at the

transmitting end has one end éoupied to the optical transmittep; while 1its
other end 1s connected elther by a connector td the optiqal_waveguide form-
ing the trahsmiSsion link.ov by a fusion splice to an.optical wavegulde
jumper. The optical-wavegulde section at the receiving end £"0.25 m 800 rm
SM fibre") has one end connected by a fusion splice to the optical
wavegulde forming the transmission link, while the other end 1is not chpled
directly to the recelver but spliced to a multimode pigtall coupled to the
recelver. The article further states that at connectors and splices, the
funamental mode LPOl may be partially converted to the next-higher-order
mode group LP11, and that as a result, undesired modal noise and undesired

modal dispersion can occur. The only measure proposed in the article for
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reducing this modal nolse and modal dispersion is to filter the higher-
order LP1; mode group.

It is, therefore, the object of the inventlon to provide a system of
the above kind which represents an improvement on the prior art system with
regard to modal nolse and modal dispersion.

According to a first aspect of invention there is provided an optical
communication system for the transmlssion of an optical signal/s, compris-—
ing at least one first optical transmitter coupled to at least one first
optical recelver by a transmission link comprising a main optical wavegulde
in which only the fundamental mode can propagate above a cut-off wave-
length, the operating wavelength being below the cut-off wavelength, sald
optlcal signal/s belng transmitted in the fundamental mode wherein sald
transmission 1link contalns sections of single mode optical waveguldes to
attenuate higher-order modes, respectlve sections belng located at each end
of saild main optical wavegulde and jolned thereto at one end by a fuslon
splice, the other end belng directly coupled to sald optical
transmitter/recelver.

According to a further aspect of the inventlon there is provided a
transmitting device for an optlcal communication system wherein an optical
signal 1s transmitted over a single-mode optical waveguide in the fundamen-
tal mode and at an operating wavelength lower than the cut-off wavelength
of the optical wavegulde, sald transmitting device including an optical
transmitter having a section of optlcal wavegulde coupled thereto which is
a single-mode optical wavegulde at the operating wavelength, and wherein an
optical connector 1s inserted in sald section of optical wavegulde, and
that the free énd of sald section of optical wavegulde is designed to be
Joined to the optical wavegulde by a fusilon splice.

According to a still further aspect of the invention there is provided
a recelving device for an optlcal communication system wherein an optical

glgnal 1s transmitted over a single-mode optical waveguide in the fundamen-
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tal mode and at an operating wavelength lower than the cut-off wavelength
of the optical waveguide, sald recelving device including an optical re-
celver having a section of optical v.laveguidc:z roupled thereto which is a
single-mode optical wavegulde at the operating wavelength, and whereln an
cptical_connector- is insér'ted in sald sectiion Q'f"opt.ical wavegulde, and
ﬁhat one end of saild _sectioﬁ of optical waveguide is coupled to the optical
receiver, Whiie the other, free end 1s de.cigned _t:o be Jolned to the optical.
wavéguide by a f‘uéioﬁ splice. | o

Tne 1nventlon will now be described by way of example with ref'er'ence
to the accompanying drawings, in which _ .

Fig. 1 illustrates the basic principle of the system according to the
1n§ention for unidirectional communication; _ '

Fig. 2 shows a bildirectional system in vhich signals are transmitted
at equal wavelengths using frequency-division multiplexing; |

Fig. 3 shows a bidirectional system using wavelength—division multi-
plexing;

Fig. 4 shows a doubly bidirectional system using wavelength-division
multiplexing, and

Fig. 5 shows a modification of the system of Fig. 4.

Relerring to Fig. 1, the system comprises an optical transmitter S and

an optical recelver E with an operating wavelength of about 790 nm, and the

transmission medium is a 1300-rm single-mode optilcal wavegulde 1 whose cut-

Off wavelength typically lies between 1100 nm and 1280 nm. Sultable steps

are taken to ensure that transmission takes place only in the fundamental

- mode, although at the operating wavelength the higher-order mode group LPpq

could also p'r'opeigate in the optical waveguide 1.

According to¢ the invention, at the_ transmitting end between the op-
t1cal trensmitter S and the optical wavegulde 1 and at the recelving end
between this optical waveguide 1 and the optical recelver E, there are

single-mode optical-wavegulde sectlons 2 and 3, ﬁespectivel_y; which have a
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cut-off wavelength of, e.g., 640 nm and, thus, are single-mode optical
waveguides at the operating wavelength. The cut-off wavelength could also
be 790 nm, l.e., 1t only must be less than the operating wavelength. One
end of each of the optical-wavegulde sectlons 2 and 3 is spliced to the op-
tical waveguide 1, and the other end is coupled directly to the optical
transmitter S and the optical receiver E, respectively. The optical-
wavegulde sections 2 and 3 contain optical connectors 4 and 5, respec-
tively.

The splices are fusion splices, which are designated throughout the
figures by the reference numerals 20 and 21.

It 1s known that for practicability reasons, optical connectors must
be present near the transmitter and near the recelver but in prlor art sys-
tems, these connectors are located not within the optical-waveguide
sections serving as mode filters, but at the junctions between these op-
tical wavegulde sections and the optical waveguide forming the transmission
medium. Placing the optical connector within the single-mode optical-
wavegulde sectlon 2 or 3 has the advantage that in the direction of trans-
mission behind the connector, the hilguer-order mode LPy1, which, as is well
known, may form in any optical connector as a result of mode conversion,
cannot occur, because 1t cannot propagate in such an optical-wavegulde sec-
tion,

If' the connector were located at the junction between the optical-
wavegulde section and the optlcal waveguide forming the transmission me-
dium, LPy1/LPj; mode conversion weuld take place there, and because of the
resulting modal noilse in the optlcal wavegulde 1, the signal-to-nolse ratio
would be reduced by 1.4 dB, as was determined in a laboratory experiment.
Further, measurements have shown that at low-loss fusion spliced (<0.2 db),
each marked in Fig. 1 by a dot, LPj; /LPj; mode conversion occurs only to an
insignificant extent.
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In the system according to.the invention, modal nqise'and modal
dispersion due to LPOl/LP11 mode conversion are thus largely avoided.

The optical transmitter S, like the optical transmitter in the prior
art systeﬁ, is a 790-nm semiconcductor laser of the kind commonly used for
CD players, which is avallable at a low price.

The optical recelver E is a silicon photodiode, which is also avail-
able at low cost.

The optical transmitter 1s preferably a laser emitting several, e.g.,
12 to 20, longitudinal modes. On the one hand, these 12 to 20 longitudi-
nal, highly stable laser modes, whose energy propagates in the optical
wavegulde as an LEBj; fundamental que,_cause mode partition ﬂaise_due to.
ﬁhe material dispersion of the éptical waveguide, but on tﬁe other hand,
such a multimode laser has the advantage that laser feedback noise and so-
called.laser—mode'hopping are suppfessed. This.is due_to_the.fact that the

light of such a laseb has a short coherence 1ength, so that the light fed

‘back to the laser cannot interfere with the laser light in the resonator.

Multimode lasers with a coherence length of 1 m or less are especlally
sultable. In a éorresponding singlejmode laser, such an undesilrable effect
would occur because of the gréater coherence length. 'It-has'turned out
that mode partition nolse and material Glspersion are more readily accepta-
ble than laser feedback noise and laser-mode hopping, so that the multimode
laser will be preferred to the singie—mode laser.

If the communicatlon system 1g Lo contain further optical cohnectors,
e.g.; wlthin the optical waveguide 1, these connectors will be inserted not
directly in this optical waveguide 1, but in optical-wavegulde sections of
the same kind as the optilcal-wavegulde sectlions 2 and 3 which are then
spliced into the optical waveguide 1.

The system according to the inventlon has the advantage of ensuring a
high signal-to-nolse ratlo for short transmissicn links as are typlcal for

the subscriber area (in an analog-signal-transmitting experimental system,




30

the optical waveguide 1 had a length of 1.2 km, and the fibre plgtalls were
2m long.) This signal-to-nolse ratin 1s so good that even the require-
ments placed on analog transmission, which are much more stringent than
those placed on digltal transmission, can be met.

de example, analog signals from several broadband or narrow-band
channels can be transmitted in a frequency-division multiplex mode by modu-
.lating_difrerent-RF carbiers, euitable modulation methods being emplitude

modulation, frequency.mOdulatign, or frequency-shift keyihg. For example,

~ a (broadband) analog television signal (video signal and_associated=audio

signai) is modulated onto an BF carrier with a'frequency of'20.7 MHz or
38.9 MHz by amplitude or frequency moduiation, and a (nerrow—band) analog
television signal 1s modulated Qnto'an.RF carrimo_with a frequency:of 0.225
MHz by elther ef these modulation te rues, and the mixture of these two
modulated RF carriers 1s used to drive the laser. At the receiving end,
the two signals are separated from.each otheﬁ by electric filﬁering. An
advantage of analog transmission over digital transmission is that the ex-~
peunslve analog—to—digitél and diglital-to-analog conQerterS can be dilspensed
with, and that signal-processing devices avallable at low cost, fuch as
filters, modulators, frequency converters, etc., can be ehployed.

In connexion with conventional enalog,transmission techniques, the op-
tlcal communicatlon system according to the invention permlits extremely
low-cost communication in the publlc subscriber area as well as in local
networks ("LANs" - Usubseriber pr'emises networks'") .

As for the practical implementatlon of the system of Fig. 1, the fol-
lowing should be added. The optical transmltter S, together with the asso-
éiaﬁed elentpic:COntvoller'(not.shown) and the mechanical holding devices
(not shown), 1s housed in a case 6, in whose wall the part of th¢ connector
I assoclated with the transmitter (S) is mounted. One part of the optical-
wavegulde section 2 1is ﬁhus located within the case, and the other outside

the case. One end of the part lodated.outside_the_case terminates 1n the



part located within the case, and the other end is jolned to the optical
wavegulde 1 by a fusion splice, indicated in the drawings by a dot. The
same applies analogously to the recelver E, whose case 1s denoted by the

reference numeral 7.

A bidirectional transmission system based on the above-explained prin-
ciple of the invention will now be described wlth the ald of Fig. 2. In
this example, a first optical transmitting and recelving device, housed in
a case 10, is connected to one end of the optical waveguide 1 forming the
transmission medium, and a second optical transmitting and recelving de-
vice, housed in a case 11, to the other. The first optical transmltting
and recelving device, shown in the figure at the left, contalns an optical
transmitter S1 and an optical receiver E2 which operate at the same wave-
length of 790 nm. Coupled to the transmitter S1 and bthe recelyver E2 are
optical-wavegulde sectlons which are of the same kind as the optical-
wavegulde sections 2 of Fig. 1. The other ends of these optical-wavegulde
sections are connected to a fuslon coupler 8 whose cut-off wavelength 1s
chosen so that it 1s "single-mode" at the operating wavelength of 790 nm.
The third end of the fusion coupler 8 is connected by a fusion spllice to an
optical-wavegulde section of the same kind as the optical waveguide section
2 of Fig. 1, which contalns a connector 4 and whose other end is spliced to
the optical waveguide 1 by a fusion splice. In other words, Fig. 2 differs
from Fig. 1 in that a fusion coupler 8 is spliced into the optical-
wavegulde sectlon 2 between the optlcal transmitter and the optical connec-
tor 4 and has a rccelver E2 spliced thereto.

Correspondingly, the transmitting and recelving device shown in the
right-hand portion of Fig. 2, which 1s housed in a case 11, contalns an op-
tical transmitter S2, an optical recelver El having the same operating
wavelength of 790 nm as the units Sl and E2 at the distant end, and a

fusion coupler 9, which are connected together and to the optical wavegulde
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1 in a manner analogous to that explalned above for the transmltting and
recelving device 10.

This system can be used for bildirectional communication as follows,
for example. In one direction, in Fig. 2 from the left to the right, a
broadband analog signal modulated onto a 20.7-MHz carrler or a mlxture of
two or more modulated RF carriers 1is transmitted. This modulated carrier
is applied tc the input of the optical transmitter S1 of the transmitting
and recelving device 10.  In the distant transmitting and recelving device
11, this analog signal appears at the output of the optical recelver El and
passes through a subsequent high-pass filter 12.

In the opposite direction, an analog or digital narrow-band signal
modulated onto a 0.225-MHz carrier is transmitted, the modulated carrier
being applied to the input of the optical transmitter S2 of the transmit-
ting and recelving device 11. In the distant transmitting and recelving
device 10, this signal appears at the output of the optical recelver E2 and
passes through a subsequent low-pass filter 13. The low-pass filter 13 in
the transmitting and recelving device 10 serves to attenuate the slgnal
with the 20.7-MHz carrler frequency from the assoclated transmitter S1;
simllarly, the high--pass filter 12 in the transmitting and recelvlrig de-
vice 1l serves to attenuate the signsl with the 0.225-MHz carrier frequency
from the assoclated transmitter S2.

This bldirectional comnunication system of Fig. 2 is suited, for exam-
ple; for transmitting one or more broadband, and optionally, narrow-band
signals In the higher frequency band from the exchange to the subscriber,
and one or more digltal or analog narrow-band signals in the lower fre-
quency barid in the opposite direction, i.e., from the subscriber to the ex=
change.

All propertles and advantages mentioned and explained in connection
with the unidirectional conmunication system of Fig. 1 also apply to the
bidirectional system of PMg. 2, particularly the advantage that -~ here in
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both directions of transmission - the requirement for a high signal-to-
nolse ratio can be met, so that even analog transmission 1is made possible,

i.e., that conventional low-cost transmission equipment can be employed.

In the embodiment of the inventlon described so far, the optical
waveguide 1 is operated at only one vavelength, elther for transmlssion in
a single direction (Fig. 1) or for bldlrectional transmission (Fig. 2).
It 1s also possible, of course, tc operate the optical wavegulde 1 in a
wavelength-division multiplex mode by connecting a second transmitting and
recelving device to each end of the optical wavegulde 1 via wavelength-
division multiplexer/demultiplexers, these second transmitting and receiv-
ing devices having a second operating wavelength, recelving devices having
a second operating wavelength, e.g., 840 nm. For this wavelength, too,
low-cost lasers as are commonly used for laser printers are avallable.
Aside from having a different operating wavelength, these second transmit-
ting and recelving devices are ldentical in constructlon to the transmit-
ting and recelving devices shown in Fig. 2, so they need not be explained
again or shown in a drawing. Such a system wlth two transmitting and re-
celving devices at each end of the optical waveguide 1 can be used if two
subseribers are to he supplied from an exchange over a single optical
waveguide and also have to transmit signals to the exchange.

A further embodiment of the inventlon 1s shown in Fig. 2. Like in
Fig. 2, an optical transmitting and recelving device 16, 17 is present at
each end of the optical wavegulde 1 and contalns an optlcal transmitter and
an optical recelver, so that bidirectlonal commnication is possible. In
each of the two transmitting and recelving devlces 16 and 17, the operating
wavelength of the optical transmitter is different from that of the optical
receiver, and the fusion coupler 14, 15 is a wavelength-selective coupler
which 1s "single-mode" at the two operating wavelengths and capable of sep=
arating optical signals with the different wavelengths, so that the re-
celver E2 in tie transmitting and recelving device 16 can only be reached

10
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by light of one wavelength, e.g., 840 nm, and the recelver El in the trans-
mitting and recelving device 17 by light of the other wavelength, e.g., 790
nm.

Instead of the fusilon couplers 14 and 15, other wavelength-selective
couplers can be used in conjunction with a single-mode fibre plgtail, e.g.,
sharp cut-off interference fllters or grating couplers.

Because of the wavelength separation, the same frequencles can be used
in both dlrectlons of transmission for modulating the optical transmitters,
€ffey A 38.§—MHz carrler and, 1f necessary, further carriers, e.g., a
20.7-MHz carrier if analog signals are to be transmitted. It 1s also pos-
sible, of course, to transmit digital signals with fthis system, e.g., a
280-Mo/s signal from ait exchange with the transmitting and recelving device
16 to a subscriber with the transmitting and recelving device 17, and a
140-Mb/s signal in the opposite direction. The system of Fig. 34 thus
serves to transmit analog or digltal signals using wavelengti-divislon mul-
tiplexing and frequency-division multiplexing.

In the system of Flg. 3, like in the systems of Figs. 1 and 2, the
transmisslon equipment required at the transmitters and recelvers, such as
modulators, converters, etc., 18 now shown. The other parts of the system
of Fig. 3 are ldentical in constructlon to the correspondingly designated
parts of IMgs. 1 and 2, so they need not be explalned agéln.

In a further embodiment of the inventlon, an additional transmitting
and recelving device 1s coupled to each end of the optlcal wavegulde 1.
These additional transmitting and recelving devices operate in the same
manner as the transmitting and recelving devices 16 and 17 of Flg. 3, but
at a different palr of wavelengths, e.g., at the wavelength pailr 1180 nm
and 1220 nm. ‘Te two transmltting and recelving devices at each end of the
optical wavegulde 1 are then coupled to the latter by means of so-called
bidivectional optical multipiexer/demultiplexers; 1in thls case, too, the

30 prineiple of the invention that the connectors necedsary in the system ave

11
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inserted in optical-wavegulde sectlons which are "single-mode' at the oper-
ating wavelengths 1s applied.

In this embodiment, the fibre plgtall projecting from each of the two
transmitting and recelving devices 1s spliced not directly to the optical
wavegulde 1 as in Figs. 1 to 3, but Lo two ends of a fusion coupler which
has 1ts third end spliced to the op=tc.:l wavegulde 1. This fusion coupler
forms the bidlrectional wavelength/division multiplexer/demultiplexer and,
like the optilcal wavegulde 1, is "single-mode" only clearly above the oper-
ating wavelengths. The same applied analogously to the comnectlon of the
two transmitting and recelving devices at the other end of the optical
wavegulide 1.

The advantages of the inventlon, which were explained abcve in con-
nectlon with the embodiments described, also apply to communication in both
directions with the ald of the second wavelength pair. As in the compara-
ble example described above, such a system can be used if not only one, but
two subscribers are to be connected to an exchange via a single optilcal
waveguide to provide bidirectlonal communication for each subscrilber.

Figs. U and 5 show further embodiments of the invention in which, like
in the embodiment just described, not only one, but two bidirectional con-
nectlons can be establlished over the optlcal wavegulde 1. The system of
Flg. 4 differs from the system of Fig. 3 as follows.

A bidirectlonal optical wavelength-division multiplexer/demiltiplexer
22 1s gpliced between the fuslon coupler 14 and the optieil covnector 4.
Via. this wavelength-dlvislon multiplexer/demultiplexer 22, a second optical
transmitting and recelving device, conslsting of a btransmitter S3 and a re-
celver El, is coupled to the optical-wavegulde section 2. The paipr of op=
erating wavelengths of this second optlcal transmitting and recelving
device differs from that of the flrst optical transmitting and recelving
device, consisting of the transmitter S1 and the recelver E2. In the em-
bodiment shown, the flrst transmitting and recelving device has the operats

12
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ing wavelengths 780 nm and 820 nm, and the second optical transmitting and
recelving device has the operating wavelengths 1180 nm and 1220 nm. Asilde
from the fact that the two trsnsmitting and recelving devices oprate at
different wavelength palrs, there are no differences.

The hidirectiorial optical wavelength-dlvision
multiplexer/demiltiplexer 22 ensures that the two wavelength palrs cannot
reach the respective other transmitting and recelving device, but can reach
the optical waveguide 1.

At the opposite end, the system of Fig. 4 differs from that of Fig. 3
in that a bidirectional optilcal wavelength-divislon
multiplexer/demuitilplexer 23 is spliced between the ccrnector 5 and the
fusion coupler 15. Via this bidirectional wav:‘ength-divislon
multiplexer/demultiplexer, a second optical transmitting and receiving de-
vice, consisting of an optical transmitter S4 and an optical recelver E3,
which operate at the wavelength pair 1180 nm and 1220 nm, 1s connected to
the optical wavegulde [. These two transmitting and receliving devlces are
connected to the device 23 via optical-waveguide sectlons 3 of the same
kind as the optical-wavegulde sectlons mentloned above.

Thus, not only one bidirectional connection is provided over the op-
tical waveguide 1 (at a first palr of wavelengths), but a second, likewlse
bldirectlonal connection (at a second :ilr of wavelengths).

In this embodiment of the invention, too, the optlcal connectors and
all wavelength-division-multiplexing/demultiplexing devices are contalned
in the optlcal-wavegulde sections 2 and 3, so that the same advantages as
those explained shove are gained.

The system of Fig. 5 differs from that of Fig. U4 in that the con-
nections between the bidirectional optlcal wavelnrgth-divislon
multiplexer/demultiplexer 23 and the two fusion couplers 15 are somewhat
more complex than in Fig. 4. BSeen from the coupler 15, each of these

onnecbions consists of an optilcal-wavegulde section 3 spliced to one end of

13



the coupler 15, an optical wavegulde 1 spliced to the optical-waveguide

section 3, and an optical-wavegulde section 3 spliced between this optical

wavegiiide 1 and the bidirectional optical wavelength-dlvision
multiplexer/dem:ltiplexer 23; with the optical-waveguide sections 3 con-

talning optical connectors 24 and 25 which are mounted in case walls in a

manner simllar to that explained with reference to Fig. 1. As in all exam-

ples explalned so far, the optical-waveguide sections 3 are single-mode op-
tlcal waveguides at the operating wavelengths, whereas the optical
waveguide 1 is the single-mcde optical waveguide optimized for transmission

- 10 1n the 1300-nm range, which, however, 1s "single-mode" only clearly above

the operating wavelength.

R Both embodiments, Fig. 4 and Fig. 5, are sultable for connecting two
or more subscribers to an exchange, shown in the flgures at the left, wlth
bldirectional communication belng possible between the exchange and each of
the subscribers. In Fig. 5, the device 23 assoclated wlth the subscrlbers
1s located further from the subscribers as in Fig. 4, so that more complex
connections, containing not only optlcal-wavegulde sectlons, must be pro-
vided between this device and the subscribers.

Unlike in the prior art system referred to at the beginning, the

20 multiplexing/demultiplexing devices are contained not in the optical

waveguide 1 operated below its cut-off wavelength, but in optical-wavegulde

sectlons operated above their cutoff wavelength.

14



.
-
e eb60c 2000 ea

evoa

e

e e
[
ssee 20

10

15

20

25

30

1S

The claims defining the invention are:

I, An optical communication system for the transmission of an optical signal/s,
comprising at least one first optical transmitter coupled to at Icast onc first optical
receiver by a transmission link comprising a main optical waveguide in which only the
fundamental mode can propagate above a cul-ofT wavelength, the operating wave-
length of said optical transmitter and said first opiical recciver being of a predeter-
mincd valuc and below the said cut-oIT wavelength, said optical signal/s being
transmitted in the fundamental mode wherein said transmission link contains scctions
of single modc optical waveguides Lo attenuate higher-oraer modes, respective
scctions being located at cach end of said main optical waveguide and joined thereto
at onc end by a fusion splice, the other end bicing coupled to said optical
transmitter/receiver via optical connector means.

2, A systcm as claimed in claim I, wherein the optical transmitler is a semicon-
ductor laser emitting scveral longitudinal modes, o '

3. A transmilling device for an optical com municatior system wherein an optical
signal is transmitted over a single-mode first optical v aveguide in the fundamental
modc and at an opcrating wavelength lower than the cut-off wavelength of the said
optical waveguide, sald transmitting device including an optical transmitter having a
section of sccond optical waveguide coupled thereto which is a single-mode aptical
waveguide at the operating wavelength, and wherein an optical connector means is
inserted In said section, and that the free end of said section is designed o be joined
to the first optical waveguide by a fusion splice.

4, A transmitting device as claimed in ¢laim 3, 'including mcans for modulating
analog narrow-band and/or broadband clectric signals onto RF carriers and applying
the modulated RF carrier or 4 mixture of the modulated RF carriers as a control
signal Lo the optical transmitter,

S. A receiving device for an optical communication system wherein an optical
sighal is transmitled over a single-mode first optical aveguide in the fundamental
mode and at an opecrating wavelength lower than the cu -off wavelength of the optical
wavegtlde, said receiving device including an aptical receiver having a scction of scc-
ond optical waveguide coupled thercto which is a single-mode optical waveguide at
the operating wavelength, and whercin an optical connector means is inserted in said
scction, and that one end of said section is coupled to the optical receiver, while the
other free end is arranged to be joined Lo the first optical waveguide by a fusion splice,
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6. A receiving device as claimed in claim 5, including means for scparating a
ml\tmc of clectric signals delivered by the optical recciver into mdlwdual moduiated
RF carricrs ax‘cl for demodulaling Lhc IdU.Ll

7. A system as claimed in clalm | or 2 wherein fusion couplers are qphccd into
said Scctlons of single mode optical wavegtides, and wherein in addition to the said
first optical transmitter a second optical recciver and, in addition to said first optical
receiver, a sccond optical transmitler is coupled via the fusion couplers o the optical
waveguide in such a manncr that signals can be transmitted in both directions of
transmission, all optical transmitters and receivers having the same operating wave-

length, means being provided at the transmitters and reecivers for transmitting signals

in both directions using (requency-division multiplexing,

8. A transmitting device as claimed in claim 3 or 4, wherein it is expanded into
a transmitting and receiving device by the addition of a fusion coupler spliced into the
section of optical waveguide and a sccond optical receiver coupled via the fusion
coupler to the scction of optical waveguide for receiving signals from a distant trans-
mitter, and wherein the sccond optical recciver has the same operating wavelength
as the first optical transmitter of the transmitting and receiving device, the transmit-
ting and recciving device including means for transmitting signals in both directions
using frequency-division multiplexing.

9. A receiving device as claimed in claim S or 6, wherein it is expanded into a
transmitting and receiving device by the additon of a fusion coupler spliced into the
scetion of optical waveguide and a sccond optical transmitler coupled via the fusion
coupler to the section of optical waveguide for transmitting signals to a distant sccond
receiver, and wherein said sccond optical transmitler has the same operating wave-
length as the lirst optical recciver of the transmitting and recelving device, the trans-
mitting and receiving device including means for transmitting signals in both
directions using frequency-division multiplexing,

10. A system as claimed i claim | or 2, wherein couplers arc spliced into the
scctions of optical waveguide, and in addition to the first optical transmitter, a sccond
optical receiver and, in addition to the first optical receivery a sccond optical trans-
mitter is coupled by means of the couplers to the optical waveguide in such a manner
that signals can be transmitted in both directions, and wherein one transmitter-
receiver pair has an operating wavelength different from that of the second
Jlransmitter-receiver pair, the couplers being wavelength-sclective such that the signals
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Lo be transmitted in both dircctions can be transmitted using wavelength-division
multiplcrﬁng. '

[1. A transmitling device as.claimed in claim 3 or 4, wherein it is expanded into
a transmitting and rcceiving device by the addition of a coupler spliced into the sce-
tion of ths optical waveguide and a sccond optical reeciver coupled through the cou-
pler to the scction of the optical waveguide for receiving signals from a distant second
transmitter, and wherein the operating wavelength of the sccond optical receiver is
different, from that of the first optical transmitter of the transmitling and receiving
device, the coupler being wavelength-sclective such that the signals to be transmitled
in the two directions of transmission can he transmitted using wavelength-division
multiplexing.

12. A receiving device as claimed in claim S or 6, wherein it is cxpanded into a
transmitting and receiving device by the addition of a fusion coupler spliced into the
scction of optical waveguide and a sccond optical transmitter coupled through the
fusion coupler to the scction of the optical waveguide for transmitling signals to a
distant sccond receiver, and wherein the operating wavelength of the second ()[Stical
transmitter is different from that of the first optical recciver of the transmilting and
receiving device, Lhe fusion coupler beli, waveiength sclective such that the signals
to be transmitted in the two dircetions of transmission can be transmitted using
Wa,vélcngth-division multiplexing. _ | _

(3. A system as claimed in claim 10, wherein bi_'d,irc'ctional, optical wavelength-
_'(liviéion multiplexer/demultiplexers are inserted in the optical-waveguide scctions, and

wherein a third optical transmitler and a third optical receiver dre connceted via said

bidirectlonal optical wavelength=division multiplexer/demultiplexers in such a way

that two or more bidircctional connections exist simultancously over the optical
waveguide by wavelength-divislon multipiex operation.

DATED THIS TWENTY-SIXTH DAY OF JULY 1991
ALCATEL N.V,
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