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1. A broadband optical communication system; particularly for a sub-
scribvey ar'ea,"compr'ising, at least one optical transmitter, at least one op-
tical recslvsr, and an optieal wavegulde in which only the fundamental mode
can propagate above a cut-off wavelength, wherein the optical transmitter
and the optical recelver are & semlconductor laser and a semlconductor
photodlode; respectively, whose operating wavelengths are below the cutoff
wavelength of the optical wavegulde,; and that the laser is coupled to and
precisely fixed in relation to the optical wavegulde in such a way that
only a single mode can be excited in the wavelength, and wherein the coupl~

Ing of the laser to the optical wavegulde 1s accomplished by joining that
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end of the optical waveguide into which the laser light 1s to be coupled to
the light emitting surface of the laser by means of an optical adhesive
having a refractive index greater than the refractive index of the environ-

ment surrounding the coupling of the laser and the waveguide.
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The following statement 1s a Full description of
this invention, including the best method of

performing 1t known to us:-

B T s st RS - N e it e
A
Z

e ek



This invention relates to a broadband optical communication system,
particularly for a subscriber area, comprising at least one optical trans-
mitter, at least one optical receiver, and an optical waveguide in which
only the fundamental mode can propagate above a cut-off wavelength, e.g.,
1,280nm. A system of this kind is described in "ntz", Vol. 39 (1986), No.
T, pp. U84-489, In that printed publication, it 1s held that a single-mode
optical waveguide, which has the smallest loss and the largest bandwldth in
the optical long-wave range from 1300 nm to 1600 nm, 1% the transmission
medium sultable for all broadband optlcal commnication systems, including

10 the subscriber area, where the subscribers are connected to the local ex-
change 1n a star network.

As is well known, such single-mode optlcal wavelengths are "single-
mode" only for wavelengths above a cutoff wavelength (whilch deperds on the
e core dlameter and the refractive indices of the core and cladding), l.e.,
. above thils cutoff wavelength, only the fundamental mode can propagate. At

wavelengths below this cutoff wavelength, two or more modes can propagate
. ("ntz", Vol. 39 [1986]1, pp. 454 to 459).

%t In the flrst-mentioned publication 1t 1is stated that the optical

transmitters and recelvers must be tuned to the optical long-wave range
20 , (1300 nm to\}600 nm), and that great efforts must be made to achleve low-
cost manufacture, which 1s not yet possible at thls time. A low-cost sol-
ution to the problem of transmitting optical signals over optical

wavelengths in the subscriber area 1s not glven in the printed publication.

In "tz", Vol. 39 (1986), No. 7, pp. 502 to 508, it is also held that
the single-mode optlcal wavelength 1s the optical-wavelength type best
sulted for the optical subscriber line, but that the high costs of the nec-
essary optilcal-to-electrlc transducers prevent an early lntroduction of

broadband optical. subscriber lines.
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It 1s, therefore, an object of the present invention to remedy this
drawback and provide a system whilch represents a low-cost solution partic-
ularly for applications in the subscriber area.

According to the inventlon there is provided a broadband .ptical com-
munlcation system, particularly for a subscriber area, comprising at least
one optical transmitter, at least one optical recelver, and an optical
wavegulde in which only the fundamental mode can propagate above a cut-off
wavelength, e.g., 1,280nm wherein the optical transmitter and the optical
recelver are a semiconductor laser and a semliconductor photodiode, respec-
tively, whose operating wavelengths are below the cuboff wavelength of the
optical waveguide, and that the lascr is coupled to the optical waveguide
In such a way that only a single mode can he exclted in the wavelength.

The invention has the following advantages:

For the optical transmitters and optical recelvers, semiconductor com-
ponents are used which are already now avallable at low cost. Thus,
the blggest obstacle to the introduction of a low-cost optical sub-
scriber line is removed.

The transmission medium used 1s the optlcal-waveguide type which has
gained acceptance for long-dilstance applications and whlch has the low-
est loss and the lowest dispersion in the waveguide range from 1300 to
1600 nm, L.e., which is currently the optimum optical-waveguide type
for long-distance applications and for such wavelengths. The use of
this type saves the cost of developing an optical wavegulde specif-
1lcally designed for the subscriber area. Since, because of the large
number of subscriber lines 1n the subscriber area, considerably greater
quantities have to be produced than if the wavegulde were used exclu-
sively for long=distance applilcatlons, economic production of this type

of optical wavegulde is made possible at all,
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The laser-waveguide coupling in accordance with the invention is a very
simple solution to the coupling problem described in the llterature,
"tz", Vnl. 39 (1986), No. 7, pp. 502 to 508, which is less severe for
appllications in the subscriber area than for long-distance applications
but still 1s described as a hitherto unsolved problem.

The advantage of the laser-wavegulde coupling by means of an adhesive
over a lens coupling, with which the laser light would exit into the
air, 1s that the angle of emergence of the laser light from the laser
1s decreascd, because the adhesive has a higher refractive index than
air. Thus, the adhesive, too, provides a certaln focusing action. In
addition, the coupling by means of an adhesive has the advantage that
light transmitted in the cladding either due to back=scattering or to
reflections within the optical transmission path cannot reach the laser
and deteriorate the properties of the latter, as would be the case 1if a
lens were used to couple the laser llight into the optical waveguide.
The inventlon 1s also applicable to a bidirectional communicatlon sys-
tem since 1t turned out that the fused-iibre couplers commonly used
there to separate the two directlions of transmission and the wave-
lengths do not lmpair the stabllity of the transmitted fundamental
mode; on the contrary, these couplers even suppress any higher-order
modes that may arlse anywhere on the transmission path.

According to the 1nvention, 1t 1s also possible to transmit two optical
signals of the same wavelength but with different modes over the op-
tlcal wavegulde. This gaves the consilderable costs that would result

from the use of different wavelengths.

Embodiments of the inventlon wlll now be descrlbed with reference to

the accompanying drawing, in which:
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Fig. 1 shows the basic principle of the combination of an electric-to-
optical transducer, an optlcal-to-electrilc transducer, and a single-mode
optical wavegulde in accordance with the invention;

Flg. 2 shows an embodiment of the laser-wavegulde coupling;

Fig. 3 shows an application of the invention to a bidlrectional op-
tical communication system;

Fig. 4 shows a bildirectional communication system in accordance with
the inventilon;

IMg. 5 shows a unidirectional communication system in accordance with
the Invention; and

Fig. 6 shows an embodiment of a modal filter.

In the optical communicatlion system of Fig. 1, like in all optilcal
communication systems, an optical transmitter S, also called "electric-to-
optical transducer'", is connected vlia an optlcal wavegulde 1, used as the
transmission medium, to an optical recelver E, also called "optical-to-
electrlc transducer". A feature of thls system is that a 1300-nm single-

mode optical waveguide is combined with an optical transmitter and an

. optical recelver whose operating wavelengths lie in the range of 800 nm

and, thus, clearly below the cutoff wavelength of the single-mode optical
wavelength, which 1s sultable for transmission in the range of 1300 nm to
1600 nm. Single-mode operation is necessary in order to be able to trans-
mit digital signals at high bit rates, e.g., 140 Mb/s, error-free., If the
light propagated in the optical wavegulde in two or more modes, this would
be impossible because of the known effect of modal dispersion.

According to the inventlon, the necessary slngle mode operation is
achleved by coupling the light to the optlcal wavegulde in such a way that
only a single mode will be excited, while higher-order modes, which, since
the laser's operating wavelength lies below the cutoff wavelength of the
optical waveguide, could propagate in the wavegulde too, will not form at
all. Te optlcal transmitter S is a GaAlAs laser operating at 800 nm, and




the recelvers are sllicon photodlodes, whose properties are precisely known
and which are currently the least expensive transmitting and recelving de-
vices obtalnable GaAlAs lasers with a wavelength of 780 nm, for example,
are produced in millions for use in CD players.
Since the single-mode waveguide 1 has an attenuation of about 2.5
dB/dm at an operating wavelength of 780 nm, while the attenuatlons at 1300
nm and 1550 nm are 0.4 dB/km and 0.2 dB/km, respectively, the attenuation
of the novel system is higher than that of the system proposed in the 1it-
erature, which operates at 1300 or 1500 nm, but thls attenuation increase
10 can be readlly tolerated for appllcatlons at the subscriber level, where
the length of the transmission path from the local exchange to the sub-
°*** scriber does not exceed 12 km, in 95% of all cases even 6 km, since a suf-
ficient reserve 1s avallable in view of the transmitter power and the
recelver éensitivi‘cy. For all applications in which such an attenuatlon
+  can be tolerated, l.e., not only for applicatlons in the subscriber area,
the lnvention is the appro_priat;e solution.
. | If single-mode operation is to be achileved at a wavelength at which
Mot multimode operation would also be possible, the coupling of the laser to

the optlcal wavegulde is of primary importance, because, firstly, enly one

20 ' mode, preferably the fundamental m_dde LPOl, is to be exclted as far as pos-
sible, and secondly, the coupling must be stable in time and insensitive to

' | temperature variations. If the coupling shifts, the néxb-higher‘#or'den made

IP11 will be exclted, so thab the necessary single-mode operation will be
- adversely affected. | | |
The coupling of a laser to a single-mdde optlcal waveguide 1n accord-
anée with the inventlon will now be explalned wit_:h_ the ald of Fig, 2. A
laser 2 with an actlve layer 3 1s fastened to a substrate 4, The single-
mode optlcal wavegulde 1, whose core ié, destgnated 5, 1s positioned rela-
tive to the laser 2 in such a way that 1its end face into which the laser

30 1ight 1s to be coupled is as close as possible to the light-emitting sur-
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face of the laser 2. The optical wavegulde 1s a so-called fibre pigtall
and has a length of about 1 m. The waveguide end facing the laser 2 1s ad-
Justed so that the near field observable at the end of its length of 1m
shows an intensity distribution which 1s exactly equal to that of the fun-
damental mode LPCl. For the adjustment, a positioning table can be used
with which the optilcal wavegulde is shiftable in all three co-ordinate di-
rections with high accuracy.

Prior to the adjustment, an adhesive 6 1s applied to that surface of
the laser 2 to which the optical wavegulde 1s to be coupled, and after the
adjustment, this adhesive is cured by irradiation with ultraviolet light.
It must be ensured that the end face of the optlcal wavegulde joilned to the
laser 1s separated from the laser by a distance of about 20 um. A shorter
dlstance may result 1in the optical wavegulde coming into contact wilith the
light-emitting surface of the laser and damaging this surface, and a
greater distance would degrade coupling efficiency. To stabllize the adhe-
sive jolnt between the end face of the optical waveguide and the laser sur-

face, the optical wavegulde 1s cemented onto a support 7 at a short

, distance from the laser. The stability of the coupling 1s of fundamental

importance to reliable single-mode operation. A slight change in the cou-

pling in the form of a longitudinal displacement of the fibre by as little

as 0.1 um would immediately result in the excltation of the unwanted next
higher-order mode LE1l.

In tests; the coupling obtalned by using an adhesive as described
proved to be extremely rugged. It was stable to vibratlon and exhibilted no
variation with time. In view of the propertles of the adheslve, no change
in the coupling 1s to be expected even over periods of years. The adhesive
used 1s a commerclally avallable optilcal cement which, because of 1ts good
permanent properties, 1s secommended by the manufacturer for splicing op-

tlcal wavegrildes. Favourable propertles of this cement are, for example,

R ~ —p———— %
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its refractive index of 1.56 and its long-term temperature stability from
-80°C to +90°C.

After this description of the laser-waveguide coupling, the character-
1stics of the system of Fig. 1, which uses this coupling, will be dealt
with. The CD laser HL 7801 of Hitachi, which has an operating wavelength
of T80 nm, has the property of becoming multimode when driven with high-
frequency signals. The modes formed are longltudinal modes which do not
appreclably influence the form of the emergent light cone in which the fun-
damental mode is emitted. Thus, the excitatlon of the fundamental mode as
the single mode remairis independent of whether the laser Ls unmclulated or
is modulated with a high-frequency signal. ‘In any cse, single-mode light
propagatlon was observed in the optical wavegulde. The higher-order modes
which are present in the emitted laser light when the laser is modulated
with a high-frequency signal result in an lncrease of the linewldth of the
emitted light. Because of the material dispersion of the optical
wavegulde, the light pulses of the transmitted optical signal are thus sub-
Jected to increased delay distortion. This delay distortion, however, can
be tolerated without a substantial deterioration of transmission quality if
the length of the optical-waveguide link is only a few kilometers, as 1s
the case wilth subscriber lines.

An experiment has shown that digital signals can be transmitted at a
bit rate of 34 Mbs and with sufficlent quality over a 12-kilometer link of
the kind described, Lven after 12 km, no components of the higher-order
mode LP11l could be observed.

It 1s quite suprising that the exclted fundamental mode remalns stable
over the fibre length and does not transform into higher-order modes. This
was not necessarily to be expected, for there 1s no equation in the lltera-
ture wlth the ald of which 1t would have been possible to predict the cou-
pling length, 1.e., the length after which the light energy coupled into

30 the fibre in a single mode divides evenly between the modes which are pos-
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sible in the optical waveguide, i.e., the modes LPOl and LPll. The stabil-
1ty of the fundamental mode in the single-mode optical waveguide is
presumably connected with the fact that the fundamental mode LPOl is
greatly different from the next hlgher-order mode LPll in the spatial en-
ergy distribution.

In optical comminication systems, connectors and. spllices are commonly
used. For example, the fibre pigtail jolned to the laser wilth an adhesive
is connected with the wavegulde by means of a connector, and a correspond-
ing connection 1s made at the receilving end in the optical receiver E. To
demonstrate the realizabllity of the system in accordance with the in-
vention, it was important to show that neilther at connectors nor at
splices, the exclted fundamental mode changes into one or more higher-order
modes. Surprisingly, the fundamental mode turned out to he extremely sta-
ble in this respect, too, and no degradation of transmissilon performance
due to the insertion of connectors or splices into the link was determined
if connectors with losses lower than 1 dB were used and if the splices were
made expertly.

In connection with the above-mentioned adhesive 6 for obtalning a sta-
ble laser-wavegulde coupling, two advantageous properties should be men-
tloned:

For matching the refractive index of the active layer 3 of the laser
2, which lles in the range from 3 te 5, to the refractive index of the core
5 of the optlcal waveguide 1, which 1s 1.45, the adhesive refractive index
of 1.56 1s better sulted than the refractive index of air, which 1s 1. The
refractive index of the adhesive, which is higher than that of alr, ensures
that the laser light emerges from the laser, and 1s launched into the core
of the optical waveguide, at a smaller angle than would be the case if the
space between the laser and the optlcal wavegulde were on alr gap., The ad~
hesive thus provides focusing actlon and, consequently, increases the cou-

pling efficliency.
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The second advantageous property is as follows. The laser-wavegulide
coupling of Fig. 2 has a coupling loss of 6 dB, whereas a lens coupling
would have a loss of only 3 dB, but it 1s this increased loss of the coupl-
ing in accordance with the invention which has the advantage that light
transmitted in the cladding back to the laser due to reflections at connec-
tors or due to Raylelgh scattering does not adversely affect the laser. At
a wavelength of 800 nm, light scattering is much more intensive than at
1300 nm and 1500 nm. If a lens were used to accompllsh the laser-wavegulde
coupling, the cladding light scattered from the optical waveguide back to
the laser would be focused on the laser, too, and would degrade the laser
performance by causing line narrowing as well as abrupt changes in fre-
quency and Intensity. By contrast, the adheslve jolnt of Fig. 2 has the
advantageous effect that much less light 1s reflected into the laser than
i a lens were present.

If the system according to the inventlon is used in the subscriber
area, it 1s desirable for the transmisslon to take place in both dlrections

over a single optical wavegulde. It turned out that even bidirectional op-

, eratlon over a fibre-optic link containing conventlonal fused-fibre direc-

tlonal couplers for wavelength-selective direction separation i1s possible
on the principle of the invention.

Fig. 3 shows such a system for bidirectional optical transmissilon us-
ing different wavelengths. A wavelength of 780 nm 18 used for one direc-
tion of transmission from a transmitter S1 to an optilcal receiver El, and a
wavelength of 830 nm for the opposite direction from a transmitter S2 to a
recelver E2.

To separate the two directions of transmisgion, wavelength-selective
directional nouplers 8 and 9 in the form of conventional fused-fibre cou=
plers are present at both ends of the transmisslon path. Like in Fig. 1,

the transmisslon medium 1s a single-mode optlcal wavelerigth 1 whose cutoff

10



wavelength is just under 1300 nm and which, like the optical waveguide in
the system of Fig. 1, is operated clearly below this cutoff wavelength.

The reference numerals 10 denote fibre-optic connectors which connect
the ends of the fused-filbre directional couplers to laser pigtails or to
the optical waveguide 1.

Surprilsingly it turned out that light with a wavelength of 780 nm
which 1s coupled into the port 11 of the coupler 8 in the fundamental mode
emerges from the port 13 of the coupler in pure form in the same mode, and
that light with a wavelength of 830 nm coupled into the port 13 of the cou-
pler 8 in the fundamental mode appears at the port 12 in pure form in the
same mode; the same applles analogously to the coupler 9. In other words,

single-mode operation in the multimode reglon of a single-mode optical

" wavegulde 1s possible with conventional couplers even in bidirectional

30

wavelength-division multiplex. It was even found that the fused-filbre di-
rectional couplers suppress higher-order modes if such modes should form
anywhere on the transmlsslon path or be excited by imperfect coupling.

In a system as shown in Fig. 3, a low-c¢+¢ bldirectlonal broadband op-
tleal subseribér line can thus be implemented with a single optical
wavegulde. A link as shown in Flg. 3 with a length of 5.5 km was tested at
a bit rate of 140 Mbs in the bidirectional mode using the two wavelengths

specified above, and a stable bit-error rate of 10 to the power -9 was

" achileved.

Also within the scope of the inventlon are systems in which, in addi-
tlon to the fundamerital mode, higher-order modes are exclted and transmit-
ted in a greatly reduced but still observable measure, and in which these
higher-order modes are suppressed by sultable mode fllters, such as the
above-mentioned fused-fibre directlonal couplers, at the end of the trans-
migsion path before the light enters the optlcal-to-electrle transducer,

because such systems, too, make use of the principle of the inventlon to

11
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use a single-mode optical wavegulde not 1n its single-mode wavelength range
as 1n 1its typlcal application, but in its multimode operation.

A coupling corresponding to Fig. 2 is also possible between the op-
tical wavegulde and the photodiode at the recelving end, both 1n systems
according to the present inventlion and in any other system.

In the following, an advantageous aspect of the inventilon will be de-
scribed with the ald of Figs. 4 and 5, which permits each of two optical
signals to be transmitted over the optical wavegulde in a single mode using
only a single wavelength which, in accordance with the principle of the in-
vention explalned above, lles below the cutoff wavelength of the optical
waveguide.

Fig. 4 shows a bidirectional optical communication system with a sin-
gle optical wavegulde 1 as the transmisslon medium. Unlike in the system
of Fig. 3, the optlcal signals to be transmitted in the two directions have
the same wavelength. Coupled to each end of the optical wavegulde 1 is a
semiconductor laser S1, S2, These two optical transmitters operate at the
same wavelength, whilch 1s so chosen with regard to the optilcal wavegulide 1
that only the fundamental mode LPOL and the next higher-order mode LPll can
propagate in the optical wavegulde 1. Wlth raspect to the coupling of the
two optical transmitters to the optical wavegulde 1, the statements made
above 1in connectlon with Fig. 1 apply, namely that the coupling is so con-
stituted that the output of the optical transmitter is coupled into the op-
tlcal wavegulde 1 only in the fundamental mode LPOL,

At the two terminals, modal filters MFl and ME2 are inserted in the
optical wavegulde 1 near the transmitters. These modal fllters do not in-
fluence an optical signal which 1s gulded in the fundamental wode. Any=
where on the transmission path between the two modal fllters, preferably in
the area of a terminal, in the embodiment of FMg. 4 near the tpv
S1, the opulcal wavegulde contains & modal coupler MK which b

erty of converting an optlcal signal arriving in the fundameritar

12




30

Sy

to the next higher-order mode LP1l, and this in each of the two dlrectlons
of transmission. A modal coupler suitable for thils purpose is described in
"Optlcs Letters", March 1986, Vol. 11, No. 3, pp. 177 to 179.

The optical signal coupled into the optical waveguide by the transmlt-
ter S1 is thus transmitted to the modal coupler MK in the fundamental mode
LPO1l, and from there to the distant terminal 1in the next higher-order mode
LP1l. 1In the opposite dlrection, the optical signal coupled into the op-
tical wavegulde by the transmitter S2 is transmitted to the modal coupler
MK in the fundamental mode LP0l, and from there to the modal filter MF2 in
the next higher-order mode LP1l. FKach of the two modal filters MFLl and MF2
couples the optical signal transmitted in the hilgher-order mode LP1l out of
the optical wavegulde and passes it to the assoclated optlcal receiver El,
E2. The recelver El thus recelves the optical signal from the transmitter
Sl, and at any point of the transmission path 1t 1s ensured that the two
exlsting optical signals have different modes.

There 1s no coupling of components of one signal to the other signal
since, as mentloned above, the two modes LPOL and LPll are greatly dlffer-
enit with respect to their spatlal energy dilstributlon over the cross sec-
tion of the optlcal wavegulide 1. Each of the two modes thus has a high
stability.

If a small partion «f a transmitted sigrial. converted to the other
mode, this woulc only result in a corresponding loss of power. The con-
verted portion woulc not strike a recelver anywhere, and would thus in no
way interfere with a signal tiansmission.

The system of Fig, 4 may be called a "bidirectlonal modal multiplex
system', which, because of the unlform transmitters and the uniform receiv-
ers, 1s guperior to a bidirectlonal wavelength-divislon-multiplex system in
terms of cost and offers all advantages mentloned in connection with the

system of Fig. 1.
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In the simplest case, the modal filters MF1l and MF2 for coupling out
the optical signal transmitted in the higher-order mode LP1ll and passing 1t
to the recelver will be an optical-wavegulde sectlon as shown in Fig. 6,
which 1s reduced in dlameter and from which the plastic coating was removed
("taper"). In the reglon of the reduced cross section, only the fundamen-
tal mode LPOl can propagate,, so that the cther optical signal, which is
present in the higher-order mode LP11l, 1s radlated from this section into
the environment and reaches an optical recelver E located in the environ-
ment. The reglon of the optilcal-wavegulde sectlon of reduced cross section
1s preferably embedded in a medium which protects the surface of the
optical-wavegulde section and focuses the radlation emerging from that re-
glon on the optical recelver E.

Another type of modal filter which contalns a coupler is described in
"Optics Letters", Vol. 11, No. 9, September 1986, pp. 581 to 583.

Fig. 5 shows an optical commnication system for transmitting two op-
tical signals at .a single operating wavelength in a unidirectlonal mode.

In this case, the two semiconductor lasers used as the optlcal trans-

, mitters Sl and S2 are coupled to one end of the optical wavegulde 1, and

the assoclated optical receivers El and E2 to the other end. For the oper-
ating wavelengths af the transmitters and recelvers in relatlon to the
transmission characteristics of the optlcal wavegulde 1, the same assump-
tions are made as in the bidirectional system of Fig. 4.

The optical transmitter S1 couples 1ts output through a fused-fibre
coupler 21 into the optical waveguide 1 in the fundamental mode LPOl. In
this fundamental mode, the signal passes through the optical waveguide, in-
cluding a modal fllter MS inserted therein, and reaches an optical receiver
Els The second optical transmitter S1 couples lts output in the fundamen-
tal mode LPOLl into a fibre pigtall 20 coupled to the optilcal wavegulde 1
via the coupler 21, This fibre pigtall 20 contalns a modal coupler MK

which converts the fundamental mode LPOl to the next higher-order mode

14
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LP11, so that this optical signél propagates down the optical waveguilde 1
in the higher-order mode until it is coupled out of th_e optical wavegulde 1
In the modal filter MF and reaches the optical receiver E2. The reference
numerals 22 denote fibr'é—optic connectors which connect the ends of the
fused-fibre coupler 21 to fibre pigtalls or to _the optical waveguide 1. In
Figs. 4 and 5, the modal coupler can be 1nsér'ted into the opfilcal wavegulde
by using connectors or splices. .

In this system, care must be talcen_ to ensure that no unwanted mode
conversion take_s place, because otherwise one of the receivers might re- '
celve an optical signal not destined for it.

Both the system of Fig. I and that of Flg. 5 work on the fundamental
principle of the inventlon that for each of the optlcal signals to bé

transmitted, transmission takes place in a single mode although at the op-

’ erating anelehgth, chosen, a second mode could propagate as well.
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The claims deflning the invention are as follows:

1. A broadband optical communication system, particularly for a sub-
scriber area, comprising at least one optical transmitter, at least one op-
tical recelver, and an optical wavegulde in which only the fundamental mode
can propagate above a cut—-off wavelength, wherein the optical transmitter
and the optical recelver are a semiconductor laser and a semilconductor
photodiode, respectively, whose operating wavelengths are below the cutoff
wavelength of the optical wavegulde, and that the laser 1s coupled to and
precisely fixed in relation to the optical wavegulde in such a way that
only a single mode can be exclted in the wavelength, and wherein the coupl-
ing of the laser to the optical waveguide is accomplished by joining that

«eoe  end of the optical wavegulde into which the laser light is to be coupled to
* ' the light emitting surface of the laser by means of an optical adhesive
having a refractive index greater than the refractive index of the environ-
. "~ ment surrounding the coupling of the laser and the waveguide.

2. A system as claimed in claim 1, wherein the optical wavegulide is

operated bl-directionally using wavelength-division multiplexing, and that
JETTTRE- directlon-separating/direction-combining devices, wavelength-division-
vess  multiplexer/demultiplexers in the form of fused-fibre directional couplers
are used.

3. A system as claimed in claim 2, whereln She cut-off wavelength of
the waveguide 1s 1,280nm and wherein the two wavelengths for the two di-
rections of transmission are 780 nm and 830 nm.

4. A system as claimed in any one of claims 1 to 3, whereln a second
optical transmitter and a second optical precelver are provided whose oper-
ating wavelengths are equal to those of the flrst optical transmitter and
the first optlcal recelver respectively, and are so chosen that only the
fundamental mode LP0l and the next higher-order mode LP1ll can propagate in
the optical wavegulde, and in that the optical transmitters and the optical

recelvers are coupled to the optlcal wavegulde in such a way that two op-
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tlcal signals are transmitted unidirectionally or bidirectionally in dif-

ferent modes.

5. A system as claimed in claim 4, wherein the optical waveguide is
operated bidirectionally, at one end of the optical waveguide, the first
optical transmitter couples its optical output signal into the optical
wavegulde in the fundamental mode LPOl, that at the other end, the second
optical transmitter couples its optical output signal into the optical
wavegulide with the same wavelength and also in the fundamental mode LPO1,
that the optical waveguide contains a modal coupler which converts the
transmitted cptical signal from the fundamental mode LP0Ol to the next
higher-order mode LP11l in each of the two directions of transmission, and

"eses® Dbetween each of the first and second transmitters and the modal coupler,

* * the optical waveguide contalns respective first and second modal filters

which couple the optilcal signal transmitted to the respective end of the

. wavegulde, which is present in the higher-order mode LP11, from the optical
wavegulde to the assoclated optical receiver.

6. A system as clalmed in claim 4, wherein the optical wavegulde is
jrese operated unidirectionally, and wherein the first optical transmitter and
the second optical transmitter are coupled to one end of the optical
waveguide 1n such a manner that the optical output signal of the first op-
tical transmitter is coupled into the optlcal waveguide in the fundamental

mode LPOl, while the optical output signal of the second optical transmit-

ter 1s coupled in the fundamental mode LPOl into an optical-wavegulde
pigtall contalning a modal couvler which converts it to the next higher-
order mode LP1l and couples 1t into the optical waveguide in this mode, and
whereln at the other end of the optlical waveguide, the optlcal waveguilde
~— contalns a modal filter which allows the optical signal transmitted in the
fundamental mode LPOl to propagate along the optical wavegulde up to the

first optical receiver and couples the optical signal transmitted in the
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higher-order modé LP11 from the optical wavegulde to the second optical re-
celver. |

7. A system as claimed in claim 5 or claim 6, wherein the modal filter
is a section‘of optlcal wavegulde whose diameter 1s such that the optlcal
signal transmitted in the higher-order mode LPll cannot propagafe any fur-
ther and 1s radiated into the enVivonmeﬁt of the optical‘anegdide‘seCCion
foh réception by the recelver 1ntended‘therefor, whereas the optical signal
transmitted in the fundamental mode LPOl 1s transmitted by the optical
waveghide section. | |

8. A broadband optical COmmunibation‘system, substantlally as herein

described with reference to FMgs. 1 to 6 of the accompanying drawings.

DATED THIS FIRST DAY OF FEBRAURY, 1990
ALCATEL N.V.
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