
EP 0 372 711 B1                2 Description
puts a signal and Its complement, two fiber optic transmission lines, and
two optical receivers. A sub- This invention relates to optical networks.
tractor subtracts the two received signals for the pur- pose of providing a
two-fold increase in output signal Background of the Invention
5   power. Patent Abstract of Japan, vol. 8, no. 285 (E- Many
communications carriers, companies, gov-  287)(1722) 26-12-84 & JP-A-59 151
543 (TOSHIBA) ernmentagenciesand corporationsthattransmitdata   discloses
an optical transmission system having a from one location to another have
an interest in pro-  transmitterand a directional couplerthatareconnect-
viding or having provided for them uninterrupted  10  ed toan optical
switch that can switch between a com- transmission of data between two
distant locations  mon use optical fiber and a spare fiber should the lev-
via optical fiber. Currently, to avoid an interruption of  el of a received
signal drop below a prescribed level service caused bya break in an optical
fiber, separate  on the common use fiber to thereby cope automatical- and
distinct lightwave paths are utilized. For exam-  ly with a open wire
fault. pie, at the transmitting end, a fiber line is split into  15
According to this Invention there is provided an two, and each of the two
fiber links transverse phys-  optical network as claimed in claim 1. ically
diverse paths to a remote destination. At the re-  A directional coupler
modulator which has a true ceiving end, the optical signal in one of the
two fibers  output signal and a complement output signal is used is
selected for use. If, for any reason, there is an in-  to minimize the 50%
signal loss associated with 3dB terruption in the received signal, a
receiver at the re-  20  splitter in lightwave systems equipped with
external ceiving end is switched to receive the optical signal  modulators.
The directional coupler modulator, which from the other or standby line to
avoid a partial or  can comprise a lithium niobate switch, modulates an
complete loss of information for a long period of time.  optical beam with
a digital signal. The directional cou- Normally, in standard lightwave
systems, terminals,  pier modulator has an optical input port, two optical
regenerators and other equipment are IXN protected.  25  output ports and
an electrical control input port. Nor- Thus, a major cause of signal
interruption for long dur-  mally, energy from a laser operating in CW mode
is ation would be a break in the fiber cable.         fed to the optical
Input port. This signal is then modu- Diverse routing can be achieved by
one of the fol-  lated by the electrical signal applied to the electrical
lowing two methods:                                input port, and a
modulated optical signal appears at A) The use of two physically separate
optical fib-  so  each of the two optical output ports. The signal on one
ers to transmit the same signal simultaneously  output port is a true
signal, and the signal on the other along both paths. This system requires
the use of  output port is its complement. There is no 3dB split- duplicate
transmitters, receivers, multiplexers,  ting loss of optical energy. The
true modulated optical and the like--one of each for each fiber path; or,
output signal is coupled to one optical fiber and the B) By coupling the
optical signal, from the trans-  35  complement signal is coupled to the
other optical fib- mitter into a fused-fiber 3dB splitter and then  er. The
receiver is normally coupled to receive the connecting the two outputs of
the 3dB splitter to  true signal. In the event of a failure, the receiver
is two separate optical fibers. At the receiver site, a  switched to the
other fiber to receive the complemen- simple 2 x 2 electromechanical
optical switch (or  tary signal. An inverter converts the complementary
even a lithium niobate switch) can be used to se-  40  signal to a true
signal. Thus, the loss producing 3dB lect the optical fiber from which the
signal is to be  splitters are eliminated in 1+1 lightwave systems
utilized.                                      which utilize external
modulators. Obviously, the use of a single 3dB splitter is more economical
than the use of the various components  Brief Description of the Drawing
for two separate and complete transmitting and re-  45 ceiving systems.
However, a main disadvantage of      In the drawing: the use of a 3dB
splitter is that it introduces a loss  Fig. 1 is an Illustration of a
typical lightwave sys- which is excessive for the loss budget provided by
tem; most optical systems. Thus, as diverse routing is nor-  Fig. 2 is an
illustration of typical attenuation and mally added to existing lightwave
systems, systems.  50  dispersion characteristics of a silica single mode
Thus, as diverse routing is normally added to existing  fiberas a function
of the wavelength of the carrier lightwave systems, the use of 3dB
splitters for diverse  light; routing can create serious signal level
related prob-  Fig. 3 illustrates external modulation of the output lems.
of a CW mode laser, Patent Abstract of Japan, vo. 11, no. 179 (E-  55  Fig.
4 illustrates a lithium niobate directional cou- 514)(2626) 9-6-87 &
JP-A-62 012 221 (FUJITSU) dis-    pler modulator, closes an optical
transmission system having a single  Fig. 5 illustrates an optical system
equipped with laser transmitter, a switch which simultaneously out-  a
lithium niobate external modulator, 2    



3            EP 0 372 711 B1                  4 Fig. 6 illustrates a
typical diverse route optical  length of the carrier light is Illustrated
In Fig. 2. It is to system;                                          be
noted that the attenuation characteristic shows Fig. 7 illustrates a
diverse route optical system  that there is minimum loss in the wavelength
region embodying the invention; and                    of approximately
1.55 [err]. Unfortunately, at this wa- Fig. 8 illustrates the operation of
the modulator.   5   velength, the dispersion is significantly high and at
high bit rates, the maximum length of fiber is limited Detailed Description
by this phenomenon rather than by loss. The second minimum in the
attenuation curve is at approximately Referring to Fig. 1, there is
illustrated a typical  1.31 [err]. Currently, most optical systems operate
in lightwave system. Normally several low rate (tribu-  10  this wavelength
region. tary-rate) electrical digital signals are multiplexed to-
Currently, Internal modulation Is used to modu- gether in multiplexer 10 to
generate a high capacity  late semiconductor lasers. Thus, the laser is
turned line-rate electrical signal at the output port. The tribu-  "on" or
"off" according to the presence or absence of tary rate signals can be
multiplexed together by bit in-  bits in the modulating data stream as
illustrated in terleaving or block interleaving to generate the high   15
Fig. 1. In operation, even when the laser is biased at capacity line rate
signal. The multiplexed digital elec-  a point to minimize wavelength
broadening, turning trical signal is transmitted over line 12 to an input
port  the laser on and off introduces a few Angstroms of which modulates a
laser beam by turning the output  wavelength variations normally referred
to as signal of laser 14 "on" or "off" according to the data.  "chirps".
Regardless of how close the laser beam is The modulated outputof the laser
is coupled into afib-   20  to a single frequency, chirp causes an increase
in er optic transmission line 16 (usually a single mode  bandwidth which,
in turn, causes dispersion in long- fiber) for transmission to a remote
location.       haul transmission systems. At the remote location, the
optical data, in digital  As an alternative to turning the laser on and off
form, is detected by an optical receiver 18 and con-  to modulate the data,
the digital signal can be modu- verted to an electrical signal. The
electrical signa Is  25  lated onto the lightwave by means of an external
mod- amplified, retimed and reshaped. Thereafter, the sig-  ulator.
Referring to Fig. 3, an unmodulated laser 22, nal is fed to demultiplexer
20 where it is demultiplexed  which operates in the CW mode is coupled, via
a con- into its tributary rate components to recover the orig-  necting
fiber, to an external modulator 24. The output inal tributary rate digital
signals. The laser 14, the opt-  of the external modulator is connected to
an optical ical receiver 18 and the multiplexing electronics are  30
transmission fiber 26. Electrical data for modulating referred to,
collectively, as the line terminating equip-  the optical beam from the
laser is coupled to a control ment.
port of the external modulator. To be cost effective, lightwave
transmission sys-   Use of an external modulator permits the laser to tems
are normally designed to transmit the maximum  operate in its CW mode and
at its characteristic wa- signal bit rate along the maximum distance
possible  35   velength. The advantages of using an external mod- before
requiring a signal regeneration equipment.   ulator are as follows: A) the
operation of the laser is With no signal regeneration, the capacity and the
more stable; B) the occurrence of chirps is reduced; length of a fiber
transmission path 18 limited by two  C) the design of the laser Is not
influenced by modu- factors: system loss and dispersion. The system loss
lation problems and, therefore, the laser can be de- is governed bythe
power of the signalfrom the trans-  40   signedforstability and D) the use
of an external mod- mitter, the sensitivity of the receiver, and the losses
ulator enables the phase of the light from the laser to in the fiber and in
the various components such as  be preserved. This lastfeature is essential
in systems connectors, etc. that are part of the transmission  which
utilize phase shift keying (PSK) modulation path. Dispersion
characteristics of optical fiber also  techniques. The disadvantages of
using an external limits the length of a fiber transmission path. If a
light  45   modulator are that the modulator is an additional de- source
does not have a single frequency, the disper-  vice in the system and that
there are insertion losses sion causes the light pulse to broaden as it
travels  associated with placing the modulator in the system. down the
fiber, and this broadening of the light pulse  Lithium  niobate ([err])
directional coupler will reduce the maximum bit rate that can be transmit-
modulators can be used as optical cross-over ted. In addition, dispersion
reduces the amplitude of  50  switches and high speed external optical
modulators. a pulse signal and, therefor, appears as attenuation  Referring
to Fig. 4, there is illustrated a schematic to effectively reduce the
maximum length over which  drawing of a directional coupler modulator. The
de- an optical signal can be transmitted. Thus, to mini-  vice consists ofa
directional coupler formed from two mize optical signal impairment due to
dispersion, the  identical waveguides brought into proximity 26 and a laser
source should be operated with the shortest  55  traveling wave electrode
25 which, with its input ter- bandwidth or frequency variation (chirp)
possible.  minal 23, is used to electro-optically control the cou- Typical
attenuation and dispersion characteris-  pler state. Briefly, the coupler
Is normally designed tics of a single mode fiber as a function of the wave-
with an interaction length corresponding to one cou- 3    



5                    EP 0 372 711 B1                     6 pling length. In
this Instance, the coupler is in the  the receiver and demodulator 46 is
switched from de- crossover state without an application of a voltage to
fective fiber 42 to good fiber 40. the port 23. The coupler can be switched
to the         A major problemwiththesystemillustratedinFig.
straight-through state when the proper voltage is ap-  6 is that the end
switch loss (the 2 x 2 switch 44) is plied to the port. Functionally, the
directional coupler   5   typically of the order of 1dB, and the front end
sp1itter can be represented as a cross-over switch and, is ba-  38 has a
loss which is more than 3dB. This last men- sically a high speed
electrically operated 2 x 2 optical  tioned loss Is primarily due to the
fact that one-half of switch. Light on an Input fiber is coupled to the
cross  the power received by the 3dB splitter is sent to each output fiber
when there is no voltage at the control  of the two fibers. port; and is
coupled to the direct output fiber when a   10  Referring to Fig. 7, there
is illustrated structure voltage is applied at the electrical control input
port.  embodying the invention. It is to be noted that the Fig. 5
illustrates a typical optical transmission  need for a loss producing 3dB
splitter is eliminated. A system which uses an external modulator to
transmit  laser 50, which operates in its CW mode, is coupled data over a
single path. In operation, laser 28 is on  to an optical fiber input 52 of
a directional coupler continuously and, therefor, can operate at or close
to  15   modulator54 which has first 56 and second 58 optical a single
frequency. Normally, the optical energy from  fiberports, and an electrical
control input port 59. The the laser is transmitted through the modulator
30 to  electrical signal on port 59 is a digital signal which output fiber
32, and then into optical transmission fib-  contains all the tributary
signals multiplexed at the er 34 when the value of the digital data coupled
to the  line-rate. electrical control input port 31 is a binary "0". The
oc-  20  Optical fiber output 56 is connected to an optical currence of a
binary "1" at the electrical control input  fiber transmission path 60;
and, optical fiber 58 is port 31 causes the light from the laser to switch
from  connected to a separate and distinct optical fiber output fiber 32 to
output fiber 36. Light on fiber 36  transmission path 62. The two optical
fiber transmis- travels directly into an index matching fluid which ab-
sion paths 60,62 terminate in a 2x2 optical switch 64 sorbs the light
energy received.                25   which supports two optical output
paths 61, 63 and an If the unused energy of output fiber 36 is not ter-
electrical control port 65. In normal operation, when minated into the
index matching fluid, undesired opt-  there is no electrical signal on
control part 65, switch ical reflections can occur. Thus, in operation, in
the  64 is in its cross-state such that the optical signals on system
disclosed in Fig. 5, optical energy is lost ap-  optical fiber 60 pass
through the switch to outputfiber proximately 50% of the time.
30   61, and optical signals on optical fiber 62 pass As noted in the
Background of the Invention, cur-  through the switch
tooutputfiber63.Applicationofan rently, to avoid an interruption of
service, separate  electrical signal to control port 65 conditions switch
and distinct lightwave paths are being proposed or   64 to assume its bar
or straight through condition utilized. Fig. 6 illustrates, in simplified
form, what can  which causes the optical signal on fiber 62 to appear be
considered to be a typical diverse route optical  35   on fiber 61. Switch
64 maintains its straight through system using a directional coupler to
generate a     condition for the duration of the control signal. The
modulated light beam and a 3dB splitter to divide the  signal from one of
the optical fibers, in this instance, modulated light beam into two beams
for transmis-    fiber 60, is coupled through fiber 61 to an optical re-
sion along two separate optical paths. Optical energy,  ceiver 66 for
conversion to its equivalent electrical modulated to contain information
which is to be trans-  40   signal when there is no control signal on
control sig- mitted, is directed to a 3dB splitter 38. Splitter 38 di-  nal
port 65. The output of optical receiver 66 is cou- rects one-half of the
received optical energy to an opt-  pled directly to one input port 69 of
an electrical or ical fiber 40 which follows a firstroute to a destination;
electronic 2x1 or 2x2 switch 70. The output of the opt- and, splitter 38
directs the remaining one-half of the  ical receiver 66 is also coupled
through an inverter received optical energy to an optical fiber 42 which
45  (NOT gate) 72 to a second input port 71 of switch 70. follows a second
route to the same destination. Each  An output port 75 of switch 70 is
connected to demul- fiber 40, 42 terminates at a 2 x 2 optical switch 44.
tiplexer and desynchronizer network 74 to recover One output fiber of the 2
x 2 optical switch is coupled  the original tributary rate signals. to an
optical receiver and demodulator 46 which con-     Output port 75 of switch
70 is also connected to verts the received optical signal into an
electrical sig-  50   an input port 77 of a control unit 78. An output port
79 nal for demultiplexing or regeneration and transmis-  of control unit 78
is coupled to feed an electrical con- sion to its ultimate destination. The
other output fiber  trol signal to control input ports of optical switch 64
of the 2 x 2 optical switch is coupled to a standby mon-  and switch 70.
The occurrence of an electrical control itor. Let's assume that, under
normal operation, the  signal on part 79 operates switch 64 to pass the
opt- switch 44 In its cross-state, the receiver input port is  55  ical
signal on the standby line (in this instance optical connected to fiber 42
and the signal in fiber 40 is  fiber transmission path 62) to the optical
receiver 66, monitored as standby. Upon the occurrence of a       and also
operates switch 70 to pass the electrical sig- break in fiber 42, the 2 x 2
switch 44 is activated and  nal on the complementary input port (in this
instance 4    



7                    EP 0 372 711 B1                 8 input port 77) to
the output port 75.                safe or survivable networks for optical
signals can be The alternate output fiber 63 of switch 64 is cou-  used
with any architecture where a fiber splitter nor- pled to a standby monitor
76 which monitors the      mally follows an externally modulated laser.
Thus, the standby optical signal on optical fiber. An output port
invention can be used to provide fail-safe protection 88 of standby monitor
76 is coupled to an inhibit port   5   for lightwave transmission lines. It
can also be used 82 on control unit 78. Standby monitor 76, upon sens-  to
provide fail-safe protection for terminal and regen- ing that the standby
optical signal on the alternate  erator, and otherequipment used forthe
transmission route Is either defective or absent, generates an elec-  of
optical signals by selectively switching the optical trical signal which
prevents control unit 78 from op-  signal to duplicate equipmentwhen the
original equip- erating to switch the system to a defective alternate  10
ment fails. It can also be used to provide redundant optical cable route.
(1+1) protection for all critical components which may In operation,
optical energy from  the laser     be used therein; and, it can be used to
simplify pro- 50,which is designed to operate in Its CW mode, is di-
tection switching in dual-fabric photonic cross- rected to and modulated by
the electrical signal on  connects, if input ports of such units are
equipped control input port 54 of directional coupler modulator   15   with
optical regenerators or transmitters. When the 54. Referring to Fig. 8, if
the electrical input signal is  term light, optical or optical energy is
used in this ap- the digital data [err], then the modulated light DL which
plication, it is to be understood that it encompasses corresponds to the
bitpattern in [err] will appearon out-  photon energy which can be in the
range which ex- put optical fiber 56. If it is assumed that the occur-
tends from Infrared through ultraviolet, or any other rence of a potential
on control port 59 represents a   20   wavelength in the electromagnetic
spectrum which '1", then the occurrence of "light' (indicated by "B" for
can be transmitted via a fiber. bright) represents a "1" and the absence of
"light" (in-  This invention can also be used, if an external dicated by
"D" for Dark) represents a "0". In the oper-  modulator is used, for
modulating digital signals by ation of the lithium niobate directional
coupler modu-  frequency shift keying (FSK) techniques where two lator, the
optical signal on fiber output 58 is the logical  25   different laser
wavelengths [err]and [err] are used to rep- one's complement of the optical
signal on the fiber  resent the ones and zeros in the digital system. The
output 56. Thus, the optical signal on output fiber 58,  alternate path in
this case would carry the comple- is the complement of the input electrical
signal DE and  ment of the signal where assignment of [err] and [err] to is
illustrated in Fig. 8 as [err]. Returning again to Fig.  the logic levels
of "one" and "zero" are reversed. The 7, in operation, the optical signal
which is carried on   30  same electro-optic circuit described above can be
fiber 60 corresponds to the electrical signal on the  used to recover the
original signal at the destination. control input port 59, and its
complement is carried on fiber 62. Thus, the 'true" modulated signal is
trans- mitted via the normally used optical transmission    Claims path 60.
and the 'complement" of the true modulated  35 signal is transmitted via
the alternate optical trans-  1. An optical network comprising a single
laser (50) mission path 62.                                         for
generating optical energy, a directional cou- The two signals are
transmitted simultaneously       pler modulator (54) having a control port
(59) cou- on both routes and, during normal operation, the true    pled to
simultaneously transmit optical signals to optical signal is routed, via
optical switch 64, to the   40  a first output port (56) and the
complementof said optical receiver 66 where it is converted to an electri-
optical signals to a second output port (58), a first cal signal. The
output of the optical receiver is trans-  transmission network (60) coupled
to receive the mitted directly through electrical switch 70 to the de-
optical signals from said first port, a second multiplexer and
de-synchronizer circuit 74 and to con-   transmission network (62) coupled
to receive the trol unit 78. In the event of a break in optical fiber 60,
45  complementary optical signals from said second control unit 70 detects
the absence of signals or in-    port, and CHARACTERIZED BY a single
optical creased error rate from the signal on port 75 of elec-   receiver
(66) for converting received optical sig- trical switch 70 and,
simultaneously activates           nals to electrical signals, an optical
switch (64) switches 64, 70. Regardless of which route is used to
coupled to said first and second transmission carry the signal, the two
switches operate such that  50  networks for normally passing only the
optical the inverter is connected at the appropriate time to in-  signals
on said first transmission network to said sure that the proper digital
signal is always present at  single optical receiver, and control means
(78) the output 75 of switch 70. As noted above, if the opt-  coupled to
selectively activate said optical switch ical signal on the alternate fiber
optical path 62 is de-  to pass only the optical signals on said second
fective when the optical signal on the normal fiber op-  55  transmission
network to said single optical re- tics path is defective, standby monitor
76 will present  ceiver. the central unit from operating. Clearly, the
invention disclosed for providing fail- 2. A network as claimed in claim 1
comprising an 5    



7                   EP 0 372 711 B1                     8 input port 77) to
the output port 75.                safe or survivable networks for optical
signals can be The alternate output fiber 63 of switch 64 is cou-  used
with any architecture where a fiber splitter nor- pled to a standby monitor
76 which monitors the      mally follows an externally modulated laser.
Thus, the standby optical signal on optical fiber. An output port
invention can be used to provide fail-safe protection 88 of standby monitor
76 is coupled to an inhibit port   5   for lightwave transmission lines. It
can also be used 82 on control unit 78. Standby monitor 76, upon sens-  to
provide fail-safe protection for terminal and regen- ing that the standby
optical signal on the alternate  erator, and other equipment used forthe
transmission route is either defective or absent, generates an elec-  of
optical signals by selectively switching the optical trical signal which
prevents control unit 78 from op-  signal to duplicate equipmentwhen the
original equip- erating to switch the system to a defective alternate  10
ment fails. It can also be used to provide redundant optical cable route.
(1+1) protection for all critical components which may In operation,
optical energy from  the laser      be used therein; and, it can be used to
simplify pro- 50,which is designed to operate In its CW mode, is di-
tection switching In dual-fabric photonic cross- rected to and modulated by
the electrical signal on  connects, if input ports of such units are
equipped control input port 54 of directional coupler modulator  15   with
optical regenerators or transmitters. When the 54. Referring to Fig. 8, if
the electrical input signal is  term light, optical or optical energy is
used in this ap- the digital data [err], then the modulated light DL which
plication, it is to be understood that it encompasses corresponds to the
bitpattern in [err] will appearon out-   photon energy which can be in the
range which ex- put optical fiber 56. If it is assumed that the occur-
tends from infrared through ultraviolet, or any other rence of a potential
on control port 59 represents a   20   wavelength in the electromagnetic
spectrum which "1", then the occurrence of "light" (indicated by "B" for
can be transmitted via a fiber. bright) represents a "1"and the absence of
"light" (in-  This invention can also be used, if an external dicated by
"D" for Dark) represents a "0". In the oper-  modulator is used, for
modulating digital signals by ation of the lithium niobate directional
coupler modu-  frequency shift keying (FSK) techniques where two lator, the
optical signal on fiber output 58 is the logical  25   different
laserwavelengths [err] and [err] are used to rep- one's complement of the
optical signal on the fiber  resent the ones and zeros in the digital
system. The output 56. Thus, the optical signal on output fiber 58,
alternate path In this case would carry the comple- is the complement of
the input electrical signal DE and  ment of the signal where assignment
of[err] and[err] to is illustrated in Fig. 8 as [err]. Returning again to
Fig.  the logic levels of "one" and "zero" are reversed. The 7, in
operation, the optical signal which is carried on   30  same electro-optic
circuit described above can be fiber 60 corresponds to the electrical
signal on the  used to recover the original signal at the destination.
control input port 59, and its complement is carried on fiber 62. Thus, the
"true" modulated signal is trans- mitted via the normally used optical
transmission    Claims path 60. and the "complement" of the true modulated
35 signal is transmitted via the alternate optical trans-  1. An optical
network comprising a single laser (50) mission path 62.
for generating optical energy, a directional cou- The two signals are
transmitted simultaneously       plermodulator (54) having a control port
(59) cou- on both routes and, during normal operation, the true    pled to
simultaneously transmit optical signals to optical signal is routed, via
optical switch 64, to the   40  a firstoutputport (56) and the complementof
said optical receiver 66 where it is converted to an electri-  optical
signals to a second output port (58), a first cal signal. The output of the
optical receiver is trans-  transmission network (60) coupled to receive
the mitted directly through electrical switch 70 to the de-  optical
signals from said first port, a second multiplexer and de-synchronizer
circuit 74 and to con-   transmission network (62) coupled to receive the
trol unit 78. In the event of a break in optical fiber 60,  45
complementary optical signals from said second control unit 70 detects the
absence of signals or in-    port, and CHARACTERIZED BY a single optical
creased error rate from the signal on port 75 of elec-   receiver (66) for
converting received optical sig- trical switch 70 and, simultaneously
activates           nals to electrical signals, an optical switch (64)
switches 64, 70. Regardless of which route is used to    coupled to said
first and second transmission carry the signal, the two switches operate
such that  50  networks for normally passing only the optical the inverter
is connected at the appropriate time to in-  signals on said first
transmission network to said sure that the proper digital signal is always
present at  single optical receiver, and control means (78) the output 75
of switch 70. As noted above, if the opt-  coupled to selectively activate
said optical switch ical signal on the alternate fiber optical path 62 is
de-  to pass only the optical signals on said second fective when the
optical signal on the normal fiberop-  55  transmission network to said
single optical re- tics path is defective, standby monitor76will present
ceiver. the central unit from operating. Clearly, the invention disclosed
for providing fail-  2. A network as claimed in claim 1 comprising an 5    



9                  EP 0 372 711 B1               10       *   C   L  M    S
* electrical switch (70) having a first input terminal  Ausgangsport (56)
und das Komplement der op- (69) coupled to receive the output signal from
tischen Signale an einem zweiten Ausgangsport said single optical receiver,
a second input termi-  (58) abertrigt, elnem ersten Obertragungsnetz- nal
(77) coupled to receive the output signal from  werk (60), das so
angeschaltet ist, daa es die op- said single optical receiver through an
inverter   5  tischen Signale von dem ersten Ausgangsport (72), and an
output port normally (75) coupled to  empfingt und elnem zweiten
Obertragungsnetz- receive the signal on said first input port, said  work
(62), das so angeschaltet ist, daB es die electrical switch being coupled
to said control   komplementaren optischen Signale von dem means to
selectively switch the output port from  zweiten Ausgangsport empfangt said
first input port to said second input port when  10  gekennzeichnet durch
said control means selectively activates said opt-  oinen einzigen
optischen Empfanger (66), der ical switch.
empfangene optische Signale in elektrische Si- gnale umwandelt ohen
optiachen Schalter (84), 3. A network as claimed in claim 2 comprising mon-
der an das erste und das zweite Obertragungs- itor means (78), interposed
between said optical  15  netzwerk angekoppelt ist und normalerweise nur
switch and said control means, coupled to pre-    die optischen Signale des
ersten Obertragungs- vent the control means from activating the optical
netzwerks zu dem einzigen optischen Empfan- switch and the electrical
switch when the optical  ger durchll1t, und signal on the second
transmission network indi-   sine Steuereinrichtung (78), die so geschaltet
ist, cates a defect in said second transmission net-  20  daB sie selektiv
den optischen Schalter aktiviert, work.
um nur die optischen Signale des zwelten Ober- tragungsnetzwerks zu dem
einzgen optischen 4. A network as claimed in claim 1, 2 or 3 wherein
Empfinger durchzulassen. said optical switch comprises an optical 2x2 di-
rectional coupler switch.                25  2. Netzwerk nach Anspruch I
mit einem elektri- schen Schalter (70), der esnen ersten Eingangs- 5. A
network as claimed in any preceding claim       anschluB (69) zur Aufnahme
des Ausgangssi- wherein each of said first and second transmis-   gnals
vomroptiachen Empfanger, onen zweiten sion networks comprises optical
fiber.            EingangsanschluB (77) zur Aufnahme des Aus- 30
gangssignals vom optischen Empflnger fiber ei- 6. A network as claimed in
any preceding claim       nen Inverter (72) und oinen Ausgangsport be-
wherein said single laser is coupled to operate in  sitzt, der
normalerweise (75) so geschaltet let its CW mode, said directional coupler
modulator   daB er das Signal am ersten Eingangsport auf- is coupled to
modulate the optical energy from    nimmt, wobei der elektrische Schalter
mit der said single laser, and said control port of said di-  35
Steuerelnrichtung verbunden ist, umrselektiv den rectional coupler is
coupled to receive an electri-  Ausgangaport vom ersten Eingangsport auf
den cal signal representative of data to be modulated  zweiten Eingangsport
umzuschalten, wenn die onto said laser beam.
Steuereinrichtung den optischen Schalter selek- tiv aktiviert. 7. A network
as claimed in any preceding claim   40 wherein said directional coupler
modulator isa II-  3. Netzwerk nach Anspruch 2 mit einer Oberwa- thium
niobate directional coupler modulator.      chungseinrichtung (76), die
zwlschen den opti- schen Schalter und die Steuereinrichtung gelegt a  A
network as claimed in any preceding claim       ist, und so geschaltet ist
daM sie die Steuerein- wherein said output signal of said single optical
45  richtung daran hindert, den optischen und den receiver is coupled
through an Inverter (72) only  elektrischen Schalter zu aktivieren, wenn
das op- when said optical switch is configured to pass    tische Signal auf
dem zweiten Obertragungs- only said optical signals on said second
transmis-  netzwerkelnen Fehlerim zweiten Obertragungs- sion network to
said single optical receiver.     netzwerk anzeit. 50 4. Netzwerk nach
Anspruch 1, 2 oder 3 be! dem der Patentanspruche
optische Schalter oinen 2x2-Richtkopplerschal- ter umfalt. 1. Optisches
Netzwerk mit einem einzigen Laser (50) zur Erzeugung optischer Energle
einem  5s 5. Netzwerk nach einem der vorhergehenden An-
Richtkoppler-Modulator  (54)  mit  elnem          sprfiche, bel dem das
erste und das zwelte Ober- Steuerport J59) der so geschaltet let, daa er
tragungsnetzwerk jeo ine optische Faser umfas- glelchzeltig optische
Signale an eonen ersten     sen.    11                 EP 0 372 711 B1
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*   C    L   M   S    * 6. Netzwerk nach einem der vorhergehenden An-
ment couple pour recevoir le signal sur ledit pre- spriiche, bei dem der
einzige Laserso geschaltet  mier port d'entr6e, ledit commutateur
electrique Ist, daB or in seiner kontinuierlichen CW Be-     6tant coupl6
audit moyen de commands pour triebsart arbeitet, der Richtkoppler-Modulator
so  commuter s6lectivement 1s port de sortie dudit geschaltet ist, daB or
die optische Energle von   5  premier port d'entr6o audit deuxieme port
d'en- dem Laser moduliert und der Steuerport des        tr6e quand ledit
moyen de commando actionne Richtkoppler-Modulators ein elektrisches Signal
aslectivement ledit commutateur optique. aufnimmt, das dem Laserstrahl
aufzumodulie- rende Daten darstollt.                         3. R6seau
solon Ia revendication 2, comprenant un 10      moyen de controle (78),
interposb entre ledit 7. Netzwerk nach elnem der vorhergehenden An-
commutateur optique et ledit moyen de comman- spruche, bel dem der
Richtkoppler-Modulator ein   de, coupl6 pour empecher Is moyen de comman-
Lithiumniobat-Rlchtkoppler-Modulator st.          do d'actionner le
commutateur optique et Is commutateur 6lectrique quand le signal optique 8.
Netzwerk nach einem der vorhergehenden An-  15    sur le deuxibme reseau de
transmission indique spriche, bei dem das Ausgangssignal des einzl-    un
d6faut dudit deuxilme reseau de transmis- gen optischen Empfangers Ober
einen Inverter      sion. (72) nur dann gekoppelt wird, wenn der optische
Schalter so konfiguriert ist, daM or nur die opti-  4. R6seau solon la
revendicatfon 1, 2 ou 3, dans le- schen Signale auf dem zweiten
Obertragungs-  20   quel ledit commutateur optique comprend un netzwerk zum
optischen Empfanger durchliaSt.      commutateur A coupleur directif 2x2
optique. 5. i*seau solon Ilune quelconque des revendica- Revendliatlons
tions predcdentes, dans lequol chacun desdits 25      premier et deuxihme
r6seaux de transmission 1. R6seau optique comprenant un laser uniqueL(5Q)
cmprend une fibre optique. pour g6n6rer de l'6nergie optique, un modulateur
3 coupleurdirectif (54) ayantun port de comman-  6. Reseau sWlon l'une
quelconque des rovendica- de (59) couple pour transmettre simultandment
tions pr6c6dentes, dans lequel ledit laser unique des signaux optiques a un
premier port de sortie  30  est coupl6 pour fonctionner sur son mode d'on-
(56) et le compIement desdits signaux optiques a  des entretenues, ledit
modulateur a coupleur di- un deuxieme port de sortie (58). un premier re-
rectif est coupl6 pour moduler lenergqie optique seau de transmission (60)
coupl6 pour recevoir    provenant dudit laser unique, et ledit port de les
signaux optiques provenant dudit premier      commando
duditcoupleurdirectif est couple pour port, un deuxieme r6seau de
transmission (62)  35  recevoir un signal 6lectrique reprhsentatif des
coupIl  pour recevoir les signaux optiques        donnbes a moduler sur
ledit faisceau laser. compl6mentaires provenant dudit deuxieme port, et
CARACTERISE PAR un recepteuroptique uni-    7. R6seau selon lune quelconque
des revendica- que (86) pour convertir lea signaux optiques re-  tions
pr6cedentes, dans lequel leditmodulateurA ,us en signaux electriques, un
commutateur op-  40  coupieur directif est un modulateur a coupleur di-
tique (64) coupl6 auxdits premier et deuxieme r6-  rectif en niobate de
lithium. seaux de transmission pour ne passer normale- ment quo les signaux
optiques sur ledit premier  8. RMseau solon l une quelconque des revendica-
r6seau de transmission audit r6cepteur optique    tions precedentes, dans
lequel ledit signal de sor- unique, et un moyen de commando (78) couple  45
tie dudit recepteur optique unique est coupl6 par pour actionner
s6lectivement ledit commutateur    l'interm6diaire d'un inverseur (72)
uniquement optique pour no passer quo les signaux optiques   quand ledit
commutateur optique est configure sur ledit deuxieme reseau de transmission
audit   pour no passer que lesdits signaux optiques sur recepteur optique
unique.                         ledit deuxieme reseau de transmission audit
r6- co      cepteur optique unique. 2. R6seau selon la revendication I
comprenant un commutateur electrique (70) ayant une premlere borne d'entree
(69) coupl6e pour recevoir le si- gnal de sortie provenant dudit r6cepteur
optique unique, une seconds borne d'entr6e (77) coupl6e  5s pour recevoir
Is signal de sortie provenant dudit recepteur optique unique par
l'intermidiaire d'un inverseur (72), et un port de sortie (75) normale- 7


