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KATE HIEPE-WOHLLEBEN, of Neukollner Str. 7, 7250 Leonberg, Germany 
MANFRED KAISER, of Zeppelinstr. 2, 7254, Hemmingen, Germany; 
FRIEDEMANN MOHR, of Staufenstr. 6, 7253 Renningen, Germany and

HORST OHNSORGE, of Zellerstr. 4, 7149 Freiberg/N, Germany 
xxXare the actual inventors of the invention, and

,t the facts upon which the applicant is entitled to
, , make the application are as follows:-

ALCATEL N.V. is the Assignee of STANDARD ELEKTRIK LORENZ AG 
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1. A broadband optical communication system, particularly for a sub­

scriber area/’coniprlsing at least one optical transmitter, at least one op­

tical receiver, and an optical waveguide in which only the fundamental mode 

can propagate above a cut-off wavelength, wherein the optical transmitter 

and the optical receiver are a semiconductor laser and a semiconductor 

photodiode, respectively, whose operating wavelengths are below the cutoff 

wavelength of the optical waveguide, and that the laser is coupled to and 

precisely fixed in relation to the optical waveguide 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 waveguide is accomplished by'joining that
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end of tho optical waveguide 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.
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e# e The following statement is a full description of 

this invention, Including the best method of 

performing It known to us:-
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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., 

l,280nm. A system of this kind is described in "ntz", Vol. 39 (1986), No. 

7, pp. 484-489. In that printed publication, it is held that a single-mode 

optical waveguide, which has the smallest loss and the largest bandwidth in 

the optical long-wave range from 1300 nm to 1600 nm, is the transmission 

medium suitable for all broadband optical communication systems, including

10 the subscriber area, where the subscribers are connected to the local ex­

change in a star network.O tt ft» © ft
”” is we-Q Renown, such single-mode optical wavelengths are "single-

© tt ftft tt ft
mode" only for wavelengths above a cutoff wavelength (which depends on the

tt ©ft ft tt ft
.... core diameter and the refractive indices of the core and cladding), i.e.,

tt ft I 
a « *

above this cutoff wavelength, only the fundamental mode can propagate. At
β ·ft ft

wavelengths below this cutoff wavelength, two or more modes can propagate 

("ntz", Vol. 39 [1986], pp. 454 to 459).
tt '' tt tt 9

/,··„ In the first-mentioned publication it is stated that the opticalft ««
transmitters and receivers must be tuned to the optical long-wave rangeft © ft ft- ©ft

20 *„ (1300 nm to 1600 nm), and that great efforts must be made to achieve low-
ft ft ft ft ft tt « ft

cost manufacture, which is not yet possible at this time. A low-cost sol-
ft «»«

’««* « ution to the problem of transmitting optical signals over optical
ft

ft ft< ♦ ft ft
• c wavelengths in the subscriber area is not given in the printed publication.

In "ntz", Vol. 39 (1986), No. 7, pp. 502 to 508, it is also held that 

the single-mode optical wavelength is the optical-wavelength type best 

suited for the optical subscriber line, but that the high costs of the nec­

essary optical-to-electrlc transducers prevent an early introduction of 

broadband optical subscriber lines.

30
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It is, therefore, an object of the present invention to remedy this 

drawback and provide a system which represents a low-cost solution partic­

ularly for applications in the subscriber area.

According to the invention there is provided a broadband optical com­

munication system, particularly for a subscriber area, comprising at least 

one optical transmitter, at least one optical receiver, and an optical 

waveguide in which only the fundamental mode can propagate above a cut-off 

wavelength, e.g., l,280nm wherein the optical transmitter and the optical 

receiver are a semiconductor laser and a semiconductor photodiode, respec­

tively, whose operating wavelengths are below the cutoff wavelength of the 

optical waveguide, and that the laocr is coupled to the optical waveguide 

in such a way that only a single mode can he excited in the wavelength.

Hie invention has the following advantages:

For the optical transmitters and optical receivers, semiconductor com­

ponents are used which are already now available at low cost. Thus, 

the biggest obstacle to the introduction of a low-cost optical sub­

scriber line is removed.

The transmission medium used is the optical-waveguide type which has 

gained acceptance for long-distance applications and which has the low­

est loss and the lowest dispersion in the waveguide range from 1300 to 

1600 ran, i.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 waveguide specif­

ically designed for the subscriber area. Since, because of the large 

number of subscriber lines in the subscriber area, considerably greater 

quantities have to be produced than if the waveguide were used exclu­

sively for long-distance applications, economic production of this type 

of optical waveguide is made possible at all.

30
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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 literature, 

"ntz", Vol. 39 (1986), No. 7, pp. 502 to 508, which is less severe for 

applications in the subscriber area than for long-distance applications

but still is described as a hitherto unsolved problem.

Hie advantage of the laser-waveguide coupling by means of an adhesive

over a lens coupling, with which the laser light would exit into the

air, is that the angle of emergence of the laser light from the laser

is decreased, because the adhesive has a higher refractive index than 

10 air. Thus, the adhesive, too, provides a certain focusing action. In

addition, the coupling by means of an adhesive has the advantage that
a ft 9* ft 0

light transmitted in the cladding either due to back=scattering or to

reflections within the optical transmission path cannot reach the laser
CO»4 ft ft

and deteriorate the properties of the latter, as would be the case if aft ft · ft ft ft
j·, lens were used to couple the laser light into the optical waveguide.
ft ft ft ft

The invention is also applicable to a bidirectional communication sys- 

tern since it turned out that the fused-flbre couplers commonly used
ft· ft ft <

there to separate the two directions of transmission and the wave-
ft ft ft

lengths do not impair the stability of the transmitted fundamentalft ft ft ft ft ft
*20* mode; on the contrary, these couplers even suppress any higher-order

·»·«»« 
ft ft

modes that may arise anywhere on the transmission path.
ft ft * ft

‘«t‘ « According to the invention, it is also possible to transmit two optical 
<

'* * signs,Is of the same wavelength but with different modes over the op­

tical. waveguide. This saves the considerable costs that would result

from the use of different wavelengths.

Embodiments of the invention will now be described with reference to

the accompanying drawing, in which:

30
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Fig. 1 shows the basic principle of the combination of an electrlc-to- 

optical transducer, an optical-to-electric transducer, and a single-mode 

optical waveguide in accordance with the invention;

Fig. 2 shows an embodiment of the laser-waveguide coupling;

Fig. 3 shows an application of the invention to a bidirectional op­

tical communication system;

Fig. 4 shows a bidirectional communication system in accordance with

the invention;

Fig. 5 shows a unidirectional corrmunlcation system in accordance with

I

3 ■*

1i

10 the invention; and

Fig. 6 shows an embodiment of a modal filter.
β ηft fl ft ■

*"*’ In the optical communication system of Fig. 1, like in all opticalft
communication systems, an optical transmitter S, also called "electrlc-to-

ft 0 ft e © «
«... optical transducer”, is connected via an optical waveguide 1, used as the 8 1»# ft ft :

.., transmission medium, to an optical receiver E, also called "optical-to-
ft ft ft ft

electric transducer". A feature of this system is that a 1300-nm single- 

.. mode optical waveguide Is combined with an optical transmitter and an
• ft. ft ft

optical receiver whose operating wavelengths lie In the range of 800 nm
β * ft

and, thus, clearly below the cutoff wavelength of the single-mode opticalft ft ft ft ftft
20*’, wavelength, which is suitable for transmission in the range of 1300 nm to

• ft e » »ι
1600 nm. Single-mode operation is necessary in order to be able to trans-

• ft » 8
*««' > mit digital signals at high bit rates, e.g., 1ΑΌ Mb/s, error-free. If the

ftftft ft ft I t
‘ ‘ light propagated in the optical waveguide In two or more modes, this would

be impossible because of the known effect of modal dispersion.

According to the invention, the necessary single mode operation is 

achieved by coupling the light to the optical waveguide 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 waveguide too, will not form at

30 all. The optical transmitter S is a QaAlAs laser operating at 800 nm, and
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the receivers are silicon photodiodes, whose properties are precisely known 

and which are currently the least expensive transmitting and receiving de­

vices obtainable 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 attenuations 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 lit­

erature, which operates at 1300 or 1500 nm, but this attenuation increase

10 cab be readily tolerated for applications at the subscriber level, where 

the length of the transmission path from the local exchange to the sub-
* ft0«ft#
.... scriber does not exceed 12 km, in 95% of all cases even 6 km, since a suf- «

ficient reserve is available in view of the transmitter power and the
ft # ft ft ft ft
,.., receiver sensitivity. For all applieations in which such an attenuatione ft ft ft ft «

can be tolerated, i.e., not only for applications in the subscriber area,
« ft ft ft

the invention is the appropriate solution.

.. If single-mode operation is to be achieved at a wavelength at which
ft ft ft ft
,·,··. multimode operation would also be possible, the coupling of the laser to

« ft ft
the optical waveguide is of primary importance, because, firstly, only oneft ft# ft ft ft

*20*. Node, preferably the fundamental mode LP01, is to be excited as far as pos-
ftftftftftft ft ft

sible, and secondly, the coupling must be stable in time and insensitive to
i ft ft t

‘·.' «’ temperature variations. If the coupling shifts, the next-hlgher-order mode
ft

LPli will be exalted, so that the necessary single-mode operation will be 

adversely affected.

Ihe coupling of a laser to a single-mode optical waveguide in accord­

ance with the invention will how be explained with the aid of Fig, 2. A 

laser 2 with an active layer 3 is fastened to a substrate 4. The single- 

mode optical waveguide 1, whose core is designated 5, is positioned rela­

tive to the laser 2 in such a way that its end face into which the laser

3Q light is to be coupled is as close as possible to the light-emitting sur-

6
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face of the laser 2. The optical waveguide is a so-called fibre pigtail 

and has a length of about 1 m. The waveguide end facing the laser 2 is ad­

justed so that the near field observable at the end of its length of 1 m 

shows an intensity distribution which is exactly equal to that of the fun­

damental mode LP01. For the adjustment, a positioning table can be used 

with which the optical waveguide is shiftable ln all three co-ordinate di­

rections with high accuracy.

Prior to the adjustment, an adhesive 6 is applied to that surface of 

the laser 2 to which the optical waveguide is 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 optical waveguide j olned to the 

laser is separated from the laser by a distance of about 20 um. A shorter 

distance may result in the optical waveguide coming into contact with the 

light-emitting surface of the laser and damaging this surface, and a 

greater distance would degrade coupling efficiency. To stabilize the adhe­

sive joint between the end face of the optical waveguide and the laser sur­

face, the optical waveguide is cemented onto a support 7 at a short 

distance from the laser. The stability of the coupling is 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 excitation of the unwanted next 

higher-order mode LP11.

In tests, the coupling obtained by using an adhesive as described 

proved to be extremely rugged. It was stable to vibration and exhibited no 

variation with time. In view of the properties of the adhesive, no change 

in the coupling is to be expected even over periods of years. The adhesive 

used is a commercially available optical cement which, because of its good 

permanent properties, is recommended by the manufacturer for splicing op­

tical waveguides. Favourable properties of this cement are, for example,

30
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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

istics 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 780 nm, has the property of becoming multimode when driven with high- 

frequency signals. The modes formed are longitudinal modes which do not 

appreciably Influence the form of the emergent light cone in which the fun­

damental mode is emitted. Thus, the excitation of the fundamental mode as

10 the single mode remains independent of whether the laser is unmodulated or

is modulated with a high-frequency signal. In any cse, single-mode light
0 ft Ό
ft 8 ft

propagation was observed in the optical waveguide. The higher-order modes0« * * 4 β »
‘i(t’ which are present in the emitted laser light when the laser is modulated

ο « a « β «
.... with a high-frequency signal result in an increase of the llnewldth of the

* e »
• < t . -

•«, emitted light. Because of the. material dispersion of the optical
0 * ♦ <

waveguide, the light pulses of the transmitted optical signal are thus sub- 

.. jected to Increased delay distortion. This delay distortion, however, can
« 9 ft ♦

be tolerated without a substantial deterioration of transmission quality if
ft β a

the length of the optical-waveguide link is only a few kilometers, as is* ft * »
**2'0 the case with subscriber lines.*
♦' ft

An experiment has shown that digital signals can be transmitted at a
«t » t

,* bit rate of 34 Mbs and with sufficient quality over a 12-kiloineter link of
ί

' * the kind described, Even after 12 km, no components of the higher-order

mode LP11 could be observed.

It is quite suprising that the excited fundamental mode remains stable 

over the fibre length and does not transform into higher-order modes. This 

was not necessarily to be expected, for there is no equation in the litera­

ture with the aid of which it would have been possible to predict the cou­

pling length, i.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 LP01 and LP11. The stabil­

ity of the fundamental mode in the single-mode optical waveguide Is 

presumably connected with the fact that the fundamental mode LP01 is

greatly different from the next higher-order mode LP11 in the spatial en­

ergy distribution.

In optical communication systems, connectors and splices are commonly 

used. For example, the fibre pigtail joined to the laser with an adhesive 

is connected with the waveguide by means of a connector, and a correspond­

ing connection is made at the receiving end in the optical receiver E. To

10 demonstrate the realizability of the system in accordance with the in­

vention, it was important to show that neither at connectors nor at
* «. *
*"* splices, the excited fundamental mode changes into one or more higher-order

o :
a & « a e 9

modes. Surprisingly, the fundamental mode turned out to be extremely sta-
β# β ■ : ■
ββφφ ble in this respect, too, ani no degradation of transmission performance«f ft* * ft

due to the insertion of connectors or splices into the link was determined
ft ft ft« ;

if connectors with losses lower than 1 dB were used and if the splices were 

., made expertly.io
β ftftft .

In connection with the above-mentioned adhesive 6 for obtaining a sta-
ft ftβ ■ ' ' .

ble laser-waveguide coupling, two advantageous properties should be men-ft ft . ■ " ' ' ' '

tioned:ft ■I β ft · ft « : . ■t . ' . . . .
For matching the refractive index of the active layer 3 of the laser

* ft ♦ ft ■
« 2, which lies in the range from 3 to 5, to the refractive index of the core 

***'*' 5 of the optical waveguide 1, which is 1.45, the adhesive refractive index

of I.56 is better suited than the refractive index of air, which is i. The 

refractive index of the adhesive, which is higher than that of air, ensures 

that the laser light emerges from the laser, and is 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 optical waveguide were on air gap. The ad­

hesive thus provides focusing action and, consequently, increases the oou-

30 pling efficiency.
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The -second advantageous property is as follows. The laser-waveguide 

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 is 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 Rayleigh 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 accomplish the laser-waveguide

coupling, the cladding light scatbered from the optical waveguide back to 

10 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-
ft β ft .0 & ft
’·*· quency and intensity. By contrast, the adhesive joint of Fig. 2 has theβ . 'ft ft 9 ft ft ».

advantageous effect that much less light is reflected into the laser than
ft ft ft ' ■ft ft «
,.,. if a lens were present.

ft ♦ ft ' : ■ft * ft .
If the system according to the invention is used in the subscriber

ft ·♦ ft ♦ ' ' :
area, it is desirable for the transmission to take place in both directions 

over a single optical waveguide. It turned out that even bidirectional op-
ftftft'».' :
,»,*·, eration over a fibre-optic link containing conventional f used-fib re dlrec-

ft * * : '
tional couplers for wavelength-selective direction separation is possible

ft * ft ■ ■
*2*0*, on the principle of the invention.

ft ftft ft ft ftft ft ■ ■
Fig. 3 shows such a system for bidirectional optical transmission us-

ft« ft t . '
*»t‘ «* ing different wavelengths. A wavelength of 780 run is used for one dlrec- 

• tion of transmission from a transmitter* SI to an optical receiver El, and a

wavelength of 830 nm Cor the opposite direction from a transmitter S2 to a 

receiver E2.

To separate the two directions of transmission, wavelength-selective 

directional couplers 8 and 9 in the form of conventional fused-fibre cou­

plers are present at both ends of the transmission path. Like in Fig. 1, 

the transmission medium Is a single-mode optical wavelength 1 whose cutoff

30
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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-fibre directional couplers to laser pigtails or to 

the optical waveguide 1.

Surprisingly it turned out that light with a wavelength of 780 nm 

which is 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 applies analogously to the coupler 9. In other words, 

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

waveguide is possible with conventional couplers even in bidirectional 

wavelength-division multiplex. It was even found that the fused-fibre di­

rectional couplers suppress higher-order modes if such modes should form 

anywhere on the transmission path or be excited by imperfect coupling,

In a system aa shown in Fig, 3, a low-cc- c bidirectional broadband op­

tical subscriber tine can thus be Implemented with a single optical 

Waveguide. A link as shown in Fig, 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 bo the power -9 was 

achieved.

Also within the scope of the invention are systems in which, in addi­

tion to the fundamental mode, higher-order modes are excited and transmit- 

bed in a greatly reduced but still observable measure, and in which these 

higher-order modes are suppressed by suitable mode filters, such as the 

above-mentioned fused-fibre directional couplers, at the end of the trans­

mission path before the light enters the opbical-to-elecbrlc transducer, 

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

11



use a single-mode optical waveguide not in its single-mode wavelength range 

as in its typical application, but in Its multimode operation.

A coupling corresponding to Fig. 2 is also possible between the op­

tical waveguide and the photodiode at the receiving end, both in systems 

according to the present invention and in any other system.

In the following, an advantageous aspect of the Invention will be de­

scribed with the aid of Figs. 4 and 5, which permits each of two optical 

signals to be transmitted over the optical waveguide in a single mode using 

only a single wavelength which, in accordance with the principle of the in-

10 ventlon explained above, lies below the cutoff wavelength of the optical 

waveguide.
* tfI » I .

Fig. 4 shows a bidirectional optical conmunlcation system with a sin­t ' : :ft β » 4 / t
‘ ' gle optical waveguide 1 as the transmission medium. Unlike in the system

, of Fig. 3, the optical signals to be transmitted in the two directions havet ί — ' ■ ■ :
Ϊ ft .

= the same wavelength. Coupled to each end of the optical waveguide I is a
* : : :

semiconductor laser SI, S2. These two optical transmitters operate at the 

same wavelength, which is so chosen with regard to the optical waveguide i
ft' . ft ft i ' ' ;

that only the fundamental mode LPOI and the next higher-order mode LP11 can
ft I ft

propagate in the optical waveguide 1, With respect to the coupling of the< ft f ft " ' ' ' : Z " ' * ’T'
**2Q« two optical transmitters to the optical waveguide 1> the statements made
ft ft . ■ ... . . ■

above in connection with Fig. 1 apply, namely that the coupling la so con-
ftft I t

’ oti tuted that the output of the optical transmit ben is coupled into the ορ- 

*·' ticai waveguide 1 only in the fundamental mode lpoi.

At the two terminals, modal filters MF1 and MF2 are inserted in the 

optical waveguide 1 near the transmitters. These modal filters do not in­

fluence an optical signal which is guided in the fundamental mode, Any* 

where on the transmission path between the two modal filters, preferably in 

the area of a terminal, in the embodiment of Fig» 4 near the tr"Vi- 

Sl, the optical waveguide contains a modal coupler MK which hr

30 erty of converting an optical signal arriving in the fundamental
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to the next higher-order mode LPll, and this in each of the two directions 

of transmission. A modal coupler suitable for this purpose is described in 

"Optics Letters", March 1986, Vol. 11, No. 3, pp. 177 to 179.

The optical signal coupled into the optical waveguide by the transmit­

ter SI is thus transmitted to the modal coupler MK in the fundamental mode 

LP01, and from there to the distant terminal in the next higher-order mode 

LPll. In the opposite direction, the optical signal coupled into the op­

tical waveguide by the transmitter· S2 is transmitted to the modal coupler 

MK in the fundamental mode LPQ1, and from there to the modal filter MP2 in

10 the next higher-order mode LPll, Each of the two modal filters MEI and MP2 

couples the optical signal transmitted in the higher-order mode LPll out of
t ♦ » . , . .

***· the optical waveguide and passes it to the associated optical receiver El,
< ' . '■« t· * *t t :

’ ti’ E2. The receiver El thus receives the optical signal from the transmitter 
* 1 1
,, Si, and at any point of the transmission path It is ensured that the two

» < t '« * f
.. existing optical signals have different modes.

There is no coupling Of components of one signal to the other signal

., since, as mentioned above, the two modes LP01 and LPll are greatly differ-» » . : -« ♦ « Ϊ
gyt. erit with respect to their spatial energy distribution over the cross sec- 

« «» .
tion of the optical waveguide 1, Each of the two modes thus has a high 

20\ stability.

’ If a small portion of a transmitted signal converted to. the other 

c ? mode, this would only result in a corresponding loss of power. The con-

’· verted portion would hot Strike a receiver anywhere, and would thus in no 

way interfere with a signal transmission.

The system of Eig, 4 may be called a "bidirectional modal multiplex 

system", which, because of the uniform transmitters and the uniform receiv­

ers, is superior to a bidirectional wavelength-dlvlsion-multlplex system in 

terms of cost and offers all advantages mentioned In connection with the 

system of Eig. 1.

30
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In the simplest case, the modal filters MF1 and MP2 for coupling out 

the optical signal transmitted in the higher-order mode LP11 and passing it 

to the receiver will be an optical-waveguide section as shown in Pig. 6, 

which is reduced in diameter and from which the plastic coating was removed 

("taper"). In the region of the reduced cross section, only the fundamen­

tal mode LP01 can propagate,, so that the other optical signal, which is 

present in the higher-order mode LP11, is radiated from this section into 

the environment and reaches an optical receiver E located in the environ­

ment. The region of the optical-waveguide section of reduced cross section 

10 is preferably embedded in a medium which protects the surface of the

optical-waveguide section and focuses the radiation emerging from that re­

gion on the optical receiver E.

Another type of modal filter which contains a coupler is described in 

"Optics Letters", Vol. 11, No. 9, September 1986, pp. 581 to 583.

Pig. 5 shows an optical communication system for transmitting two op­

tical signals at a single operating wavelength in a unidirectional mode.

In this case, the two semiconductor lasers used as the optical trans­

mitters Si and S2 are coupled to one end of the optical waveguide 1, and 

the associated optical receivers El and E2 to the other end. For the oper­

ating wavelengths of the transmitters and receivers in relation to the 

transmission characteristics of the optical waveguide 1, the same assump­

tions are made as ln the bidirectional system of Pig. 4.

The optical transmitter SI couples its output through a fused-fibre 

coupler 21 into the optical waveguide 1 in the fundamental mode LP01. In 

thia fundamental mode, the signal passes through the optical waveguide, in­

cluding a modal filter MS inserted therein, and reaches an optical receiver 

El. The second optical transmitter Si couples its output in the fundamen­

tal mode LP01 into a fibre pigtail 20 coupled to tile optical waveguide 1 

via the coupler 21, This fibre pigtail 20 contains a modal coupler MK 

3θ which aonverts the fundamental mode LP01 to the next higher-order mode

14



LP11, so that this optical signal propagates down the optical waveguide 1

in the higher-order mode until it is coupled out of the optical waveguide 1

in the modal filter MF and reaches the optical receiver E2. The reference

numerals 22 denote fibre-optic connectors which connect the ends of the

fused-fib re coupler 21 to fibre pigtails or to the optical waveguide 1. In 

Figs. 4 and 5, the modal coupler can be Inserted into the optical waveguide

by using connectors or splices.

In this system, care must be taken to ensure that no unwanted mode

conversion takes place, because otherwise one of the receivers might re-

10 celve an optical signal not destined for it.

Both the system of Fig. 4 and that of Pig. 5 work on the fundamental
Oft»ft ft ft

principle of the invention that for each of the optical signals to be0ft ft ft «« ft
transmitted, transmission takes place in a single mode although at the op-

ft* ft «

erating wavelength chosen, a second mode could propagate as well.
* < <

«»
* ♦
« »«*

«<
« «* ft s V

ft « ft 
I ft ft 

ft ft ft

H £ ί ft ftt ί ί ft
¢-6ft
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The claims defining 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 receiver, and an optical waveguide in which only the fundamental mode

can propagate above a cut-off wavelength, wherein the optical transmitter

and the optical receiver are a semiconductor laser and a semiconductor

photodiode, respectively, whose operating wavelengths are below the cutoff 

wavelength of the optical waveguide, and that the laser is coupled to and 

precisely fixed in relation to the optical waveguide 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 waveguide is accomplished by joining that
• « β
*·ϊ·.’ end of the optical waveguide into which the laser light is to be coupled to
a « « « » »

* ’ the light emitting surface of the laser by means of an optical adhesive
* f I «

« t «

’ ’ ' having a refractive index greater than the refractive index of the environ-
» ' f ί a t c
. , ment surrounding the coupling of the laser and the waveguide.
ι ■ t r v

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

operated bi-directionally using wavelength-division multiplexing, and that

.,,, as direction-separating/directlon-comblning devices, wavelength-division-
«a 

ft * ff ♦

multiplexer/demultiplexers in the form of fused-flbre directional couplers
ft « ♦

are used.
ft · 

t ft

M ff

IT ., ***<* .. . ’»

3. A system as claimed in claim 2, wherein the cut-off wavelength of 

the waveguide is l,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, wherein a second 

optical transmitter and a second optical receiver are provided whose oper­

ating wavelengths are equal to those of the first optical transmitter and 

the first optical receiver respectively, and are so chosen that only the 

fundamental mode LP01 and the next higher-order mode LP11 can propagate in 

the optical waveguide, and in that the optical transmitters and the optical 

receivers ane coupled to the optical waveguide in such a Way that two op-

16



tical 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 

waveguide in the fundamental mode LP01, that at the other end, the second

optical transmitter couples its optical output signal into the optical

waveguide with the same wavelength and also in the fundamental mode LP01,

that the optical waveguide contains a modal coupler which converts the

transmitted optical signal from the fundamental mode LP01 to the next

higher-order mode LP11 in each of the two directions of transmission, and
© © 9

between each of the first and second transmitters and the modal coupler,
©

• ’ the optical waveguide contains respective first and second modal filtersβ © * β
‘'t ' which couple the optical signal transmitted to the respective end of the

« t ft

,, waveguide, which is present in the higher-order mode LP11, from the optical
t ftt s t ε

waveguide to the associated optical receiver.

6. A system as claimed in claim 4, wherein the optical waveguide is

,,,» operated unidirectionally, and wherein the first optical transmitter andft ftft ft ft ft
•«; ·, the second optical transmitter are coupled to one end of the optical

waveguide in such a manner that the optical output signal of the first op-f ί ft ft ft
“ tical transmitter is coupled into the optical waveguide in the fundamental 

mode LP01, while the optical output signal of the second optical transmit­

ter is coupled in the fundamental mode LP01 into an optical-waveguide 

pigtail containing a modal coupler which converts it to the next higher- 

order mode LP11 and couples it into the optical waveguide in this mode, and 

wherein at the other end of the optical waveguide, the optical waveguide

-—- contains a modal filter which allows the optical signal transmitted in the 

fundamental mode LP01 to propagate along the optical waveguide up to the 

first optical receiver and couples the optical signal transmitted in the

17



higher-order mode LP11 from the optical waveguide to the second optical re­

ceiver.

7· A system as claimed in claim 5 or claim 6, wherein the modal filter 

is a section of optical waveguide whose diameter is such that the optical 

signal transmitted in the higher-order mode LP11 cannot propagate any fur­

ther and is radiated into the environment of the optical waveguide section 

for reception by the receiver intended therefor, whereas the optical signal 

transmitted in the fundamental mode LP01 is transmitted by the optical

waveguide section.

8. A broadband optical communication system, substantially as herein

described with reference to Pigs, 1 to 6 of the accompanying drawings.
g 0 0 0
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