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imposed on the carrier wavelength assigned to the receiver for the
particular transmission session. If The present invention relates to an
optical re-  the system were to have N parallel data channels, ceiving
device and more particularly to an optical  each receiver would have to be
equipped with N receiving device which can be tuned to receive   5
optical detectors, of which N-1 would be idle at any data transmitted on a
particular carrier wavelength   given time. This is obviously undesirable
from a in a set of such wavelengths.                       cost/performance
standpoint since the greater cost Optical fibers have well known advantages
as a   of the parallel optical detectors does not yield any digital data
transmission medium. The potential     greater performance. transmission
rates or bandwidths of optical fibers  10  Furthermore, equipping all
receivers to receive are higher than those achieveable with conventional
all data channels poses a security problem. While electrical conductors.
Optical fibers are considered  it may be intended that a given receiver
respond less susceptible to signal degradation due to exter-  only to
signals on a particular data channel, the nal fields or influences than are
conventional con-  conventional receiver will nevertheless receive all
ductors. Also, optical fibers offer better security   15  channels. There
is little to prevent an unauthorized than do conventional conductors since
it is more    user from using outputs from any of the other data difficult
to tap or intercept data carried on such  channels. fibers without leaving
evidence of the tap.             While receiver costs could be reduced and
Conventionally, optical fibers have been used    security could be improved
by equipping each to transmit data serially; that is, one bit at a time. It
20  receiver with a single detector tuned to a particular is possible,
however, to use optical fibers to trans-  carrier wavelength, this is not
thought to be a mit several bits of data simultaneously (in parallel)
desirable solution. A receiver with a single detector through the use of
frequency or wavelength di-      tuned to a particular carrier wavelength
would nec- vision multiplexing techniques. In a wavelength di-  essarily be
able to receive signals only on the vision multiplexing system, parallel
bit streams or   25  channel using that wavelength. If that channel were
data channels independently modulate optical car-   occupied, the receiver
would have to wait for the riers having different wavelengths. The
modulated   channel to be cleared notwithstanding other parallel carriers
are combined into a single multiwavelength  channels might be idle during
the entire time. optical signal using known grating or prism ar-
The US-A-3,431,504 patent discloses an acous- rangements. The
multiwavelength optical signal is  30  tical light signal translating
apparatus which com- transmitted to a receiver over a single optical fiber.
prises a receptor of a diffracted order of the light At the receiver,
gratings, prisms or wavelength-  for demodulating the carrier modulation. A
selector selective filters are used to separate the multi-   is used in the
apparatus to diffract the incident light wavelength composite optical
signal into parallel   before the light energy is converted efficiently
into optical signals, each characterized by a particular  35  electrical
energy by a detector. carrier wavelength. The parallel optical signals are
Optical detectors, whether used in single or applied to parallel detectors,
each of which is tuned  multiple carrier receivers, have another disadvan-
to a particular carrier wavelength.                 tage. While any carrier
wavelength has a nominal In a common wavelength division multiplexing
assigned value, the actual value of the carrier application, the parallel
data channels are used for  40   wavelength may change or drift from time
to time different bits in the same byte of information. Every  due to
changes in ambient conditions, component byte in a transmission is intended
for the same     tolerances or component aging. If the carrier receiver.
That receiver must have optical decoders  wavelength drifts from the
wavelength to which the capable of simultaneously processing data modu-
receiving detector is tuned, a loss in received sig- lated at the different
carrier wavelengths.    45  nal strength occurs. For certain applications,
it may be desirable to    While carrier drift can be controlled to some use
the different channels in a wavelength mul-     extent by establishing
strict controls on the receiver tiplexing arrangement to carry data
intended for    environment or by tightly controlling component different
receivers. In such systems, the receiver  tolerances or performing frequent
maintenance op- would respond only to data transmitted in a particu-  50
erations, all of these forms of control add either to lar channel; that is,
at a  particular carrier      the cost of the receiver or to the cost of
receiver wavelength.                                         operation. A
conventional wavelength division multiplexing     The US-A-4,039,249 patent
discloses an in- receiver could be used for such an application. The
tegrated optical device which includes a tunable parallel optical detectors
in the  conventional  55  fixed grating interposed in the path of an
optical wavelength division multiplexing receiver would still  beam
propagated in the device. The tuning is ac- 



receive signals of the different carrier wavelengths  complished by a
variable electric field in the propa- but would ignore all signals other
than those super-  gating medium to central its refractive index. In that 2
3                 EP 0 275 456 B1                    4 way the effective
grating spacing is changed.      24 both to a differential amplifier 26 and
to a The present invention is a wavelength agile    summing amplifier 28.
Component 20 is connected optical receiver which can be tuned to receive
through an identical amplifier 30 to the differential signals transmitted
with a given carrier wavelength  amplifier 26 and the summing amplifier 28.
The selectable  from  a  set of different carrier   5   output from
amplifier 28 provides the receiver out- wavelengths. The receiver can track
the selected   put but is also applied to a receiver controlling wavelength
even though it may drift from its nomi-  processor 32. The functions
performed by the pro- nal value for the reasons discussed above.
cessor 32 are described in more detail later. An A receiver constructed in
accordance with the   output from processor 32 is supplied to a voltage
present invention includes a tunable grating which   io  controlled
oscillator 34. A second input to the os- is placed in the path of an
incoming signal. The   cillator 34 is provided by the differential
amplifier refractive characteristics of the grating are depen-  26.
Oscillator 34 has a single output to acoustic dent upon the value of an
external drive signal. A  transducer 12, which generates the acoustic wave
split optical detector receives an optical signal re-  for controlling the
properties of the electroacoustic fracted from the grating. The receiver
includes  is  grating 10. means for generating a drive signal having char-
The voltage controlled oscillator 34 and dif- acteristics dependent upon a
selected wavelength   ferential amplifier 26, in combination with the split
for tuning the grating to refract optical energy re-  optical detector 16
and amplifiers 24 and 30, form ceived at that wavelength onto said split
optical  a servo system which causes acoustic transducer detector which
comprises two terminals for provid-  20  12 to change the generated
acoustic wave to track ing a first and second output signals to a means
slight changes in the wavelength of the optical responsive to said output
signals for adjusting the  signal due to changes in ambient conditions or
drive signal to fine tune the grating to follow slight  component aging. If
the wavelength of the optical changes in the wavelength of the received
signal   signal drifts from its nominal wavelength, the direc- due to
temperature changes or component aging.    25  tion in which the optical
signal is deflected by Details of a preferred embodiment of the inven-
grating 10 changes, causing more optical energy to tion may be more readily
ascertained from the      be applied to one of the components 18 and 20
following technical description when read in con-  and less optical energy
to be applied to the other junction with the accompanying drawings wherein:
of the components. The difference in electrical Figure 1 is a schematic
diagram of a wavelength  30  outputs from the components 18 and 20 is am-
agile optical receiver constructed in accordance  plified by differential
amplifier 26 to produce a with the present invention; and
difference signal that is applied to the voltage con- Figure 2 is a flow
chart of the control actions  trolled oscillator 34. The change in output
of the performed by the processor within the receiver.  oscillator 34
causes acoustic transducer 12 to Referring to Figure 1, the wavelength
agile  35  change the acoustic wave applied to the grating optical receiver
includes a variable pitch optical  material 10. The resulting change in the
variable grating 10 having a grating spatial frequency which  pitch of the
grating 10 returns the deflected optical is determined by an acoustical
signal provided by  beam to a position in which components 18 and 20 an
acoustic transducer 12. The acoustic wave im-   are equally illuminated.
pinging on the grating material changes the optical  40  The preceding
description does not deal with index of the material in a periodic way
proportion-  the manner in which the acoustic transducer 12 is ate to the
frequency of the acoustic signal. The   driven to provide deflection of an
incoming optical periodic change in optical index is a form of optical
signal at a nominal carrier wavelength. The initial grating which acts to
deflect an optical signal pro-  selection of a nominal carrier wavelength
is carried vided by optical fiber 14 in a direction dependent  45  out in
processor 32 which provides a second input upon the wavelength of the
optical signal and the  to voltage controlled oscillator 34. Assuming that
frequency of the acoustic wave.                    differential amplifier
26 provides no input to voltage The proper acoustic wave for a given
optical    controlled oscillator 34, the output of oscillator 34 is
wavelength will deflect the optical signal to a split  directly dependent
upon the output of processor detector 16 including a first photo active
compo-  50  32. The oscillator output cause acoustic transducer 



nent 18, a second photo active component 20 and    12 to generate an
acoustic wave which affects the a common source 22 of bias voltage. The
electrical  variable pitch optical grating 10 in such a way as to outputs
of each of the components 18 and 20 is a   properly deflect incoming
optical energy received function of the energy level of the impinging
optical  at the nominal carrier wavelength. As discussed signal. If both
components are subjected to optical  55  earlier, variations in the
wavelength of the carrier signals having the same energy level, both compo-
from the nominal wavelength are reflected through nents should produce the
same electrical output.  the split transducer 16 and the differential
amplifier Component 18 is connected through an amplifier     26 to one of
the inputs to the voltage controlled 3    5                  EP 0 275 456
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While there has been described what is consid- Since processor 32 can
produce a number of       ered to be a preferred embodiment of the inven-
different control signals, it is possible to vary the  tion, variations and
modifications in that embodi- output of voltage controlled oscillator 34 to
provide  ment will occur to those of skill in the art. deflection for
optical signals received at any   5 wavelength in a given set of
wavelengths. Optical   Claims signals appearing on the incoming fiber 14
can be used to set the optical receiver to receive signals at  1. A
wavelength agile optical receiver device for a given carrier wavelength.
Between transmissions,      receiving a signal superimposed upon a carrier
the optical receiver assumes a quiescent state in  10   having a wavelength
selectable from a set of which a quiescent or default control signal is
pro-     wavelengths, including: vided by processor 32 to voltage
controlled oscilla-    a tunable grating (10) in the path of an incom- tor
34. This quiescent control signal is reflected      ing signal, said
grating having refractive char- through acoustic transducer 12 to grating
material      acteristics dependent upon the value of an 10 to cause
incoming optical energy transmitted at  15  external drive signal, a
default carrier wavelength to be deflected onto       a split optical
detector (16) for receiving an the split optical detector 16. Such an
arrangement      optical signal refracted from said grating, said is the
optical equivalent of an order wire used in      detector comprising a
first and a second termi- electrically conductive systems.
nals (18,20) for providing a first and second Figure 2 is a flow chart of
control actions taken   20  output signals, and by processor 32 in order to
drive the receiver from     means (12) for generating a drive signal having
the quiescent or order wire mode to an active           characteristics
dependent upon a selected receiving mode at a given carrier wavelength and
wavelength for tuning said grating to refract to return the receiver to the
quiescent mode when       optical energy received at that wavelength onto
transmission has been completed. Referring to that  25  said optical
detector, figure, processor 32 monitors signals provided by       said
optical device is characterized in that it summing amplifier 28 for a
particular code pattern      further comprises: during operation in the
quiescent or order wire         means (24, 26, 28, 30) responsive to output
mode. The code pattern is one which indicates that      signals from said
split optical detector (16) for an active data transmission is about to
occur and   30  adjusting the drive signal to fine tune the grat- which
includes information indicating the carrier       ing to follow slight
changes in the wavelength wavelength for the information to be transmitted.
of the received signal due to temperature The processor 32 continually
monitors the incom-        changes or component aging. ing data until an
operation 36 determines that a wavelength indicating code (BOT code) has
been   35   2. The device as defined in claim 1 wherein said detected. When
a BOT code is detected, processor        output responsive means comprise:
32 accesses a look up table (operation 38) to           a differential
amplifier (26) for comparing the recover a voltageindicating value
appropriate for       difference in outputs from opposite terminals of the
wavelength identified by the BOT code. The          said split optical
detector (16), and retrieved voltage value is used to drive the voltage
40  a voltage controlled oscillator (34) having an controlled oscillator
(operation 40). The output of     input from said differential amplifier
and an the oscillator 34 causes acoustic transducer 12 to      output to
said drive signal generating means produce acoustic waves which modify the
grating         (12). characteristics of grating material 10 in such a way 



that optical signals subsequently received at the   45   3.  The device as
defined in claim 2 further includ- selected wavelength are deflected onto
the split        ing a summing amplifier (28) connected to detector 16.
These signals, representing data, are      opposite terminals of said split
optical detector output from the system through the summing am-
(16) for summing the signals produced by said plifier 28. The processor 32
continues to monitor       detector to provide a receiver output signal.
the active data until an end of transmission (EOT)   50 code is detected
(operation 42). The EOT code is a  4. The device as defined in any one of
the pre- signal to processor 32 to return the wavelength         ceding
claims further including logic means agile optical receiver to its
quiescent state. In order  (32) responsive to a predetermined pattern in to
do this, processor 32 changes the input to           the optical energy
received at the selected voltage controlled oscillator 34 to provide the
ap-   55  wavelength to terminate the characteristic vary- propriate
quiescent drive signal for acoustic trans-    ing drive signal so that the
tunable grating (10) ducer 12.
assumes its quiescent characteristics. 4    5                 EP 0 275 456
B1                    6 oscillator 34.
While there has been described what is consid- Since processor 32 can
produce a number of      ered to be a preferred embodiment of the inven-
different control signals, it is possible to vary the  tion, variations and
modifications in that embodi- output of voltage controlled oscillator 34 to
provide  ment will occur to those of skill in the art. deflection for
optical signals received at any   5 wavelength in a given set of
wavelengths. Optical  Claims signals appearing on the incoming fiber 14 can
be used to set the optical receiver to receive signals at  1. A wavelength
agile optical receiver device for a given carrier wavelength. Between
transmissions,    receiving a signal superimposed upon a carrier the
optical receiver assumes a quiescent state in  10  having a wavelength
selectable from a set of which a quiescent or default control signal is
pro-    wavelengths, including: vided by processor 32 to voltage controlled
oscilla-   a tunable grating (10) in the path of an incom- tor 34. This
quiescent control signal is reflected     ing signal, said grating having
refractive char- through acoustic transducer 12 to grating material
acteristics dependent upon the value of an 10 to cause incoming optical
energy transmitted at  15  external drive signal, a default carrier
wavelength to be deflected onto      a split optical detector (16) for
receiving an the split optical detector 16. Such an arrangement     optical
signal refracted from said grating, said is the optical equivalent of an
order wire used in     detector comprising a first and a second termi-
electrically conductive systems.                       nals (18,20) for
providing a first and second Figure 2 is a flow chart of control actions
taken   20  output signals, and by processor 32 in order to drive the
receiver from    means (12) for generating a drive signal having the
quiescent or order wire mode to an active          characteristics
dependent upon a selected receiving mode at a given carrier wavelength and
wavelength for tuning said grating to refract to return the receiver to the
quiescent mode when      optical energy received at that wavelength onto
transmission has been completed. Referring to that  25  said optical
detector, figure, processor 32 monitors signals provided by      said
optical device is characterized in that it summing amplifier 28 for a
particular code pattern     further comprises: during operation in the
quiescent or order wire        means (24, 26, 28, 30) responsive to output
mode. The code pattern is one which indicates that     signals from said
split optical detector (16) for an active data transmission is about to
occur and   30  adjusting the drive signal to fine tune the grat- which
includes information indicating the carrier      ing to follow slight
changes in the wavelength wavelength for the information to be transmitted.
of the received signal due to temperature The processor 32 continually
monitors the incom-       changes or component aging. ing data until an
operation 36 determines that a wavelength indicating code (BOT code) has
been   35  2. The device as defined in claim 1 wherein said detected. When
a BOT code is detected, processor       output responsive means comprise:
32 accesses a look up table (operation 38) to          a differential
amplifier (26) for comparing the recover a voltageindicating value
appropriate for      difference in outputs from opposite terminals of the
wavelength identified by the BOT code. The         said split optical
detector (16), and 



retrieved voltage value is used to drive the voltage   40  a voltage
controlled oscillator (34) having an controlled oscillator (operation 40).
The output of   input from said differential amplifier and an the
oscillator 34 causes acoustic transducer 12 to     output to said drive
signal generating means produce acoustic waves which modify the grating
(12). characteristics of grating material 10 in such a way that optical
signals subsequently received at the   45  &  The device as defined in
claim 2 further includ- selected wavelength are deflected onto the split
ing a summing amplifier (28) connected to detector 16. These signals,
representing data, are     opposite terminals of said split optical
detector output from the system through the summing am-         (16) for
summing the signals produced by said plifier 28. The processor 32 continues
to monitor      detector to provide a receiver output signal. the active
data until an end of transmission (EOT)   50 code is detected (operation
42). The EOT code is a  4. The device as defined in any one of the pre-
signal to processor 32 to return the wavelength        ceding claims
further including logic means agile optical receiver to its quiescent
state. In order  (32) responsive to a predetermined pattern in to do this,
processor 32 changes the input to         the optical energy received at
the selected voltage controlled oscillator 34 to provide the ap-  55
wavelength to terminate the characteristic vary- propriate quiescent drive
signal for acoustic trans-  ing drive signal so that the tunable grating
(10) ducer 12.                                              assumes its
quiescent characteristics. 4    7                 EP 0 275 456 B1
8 Patentansprache                                        gen wurde,
empfindlich sind, um den Kennwert des sich verandernden Treibersignals so
fest- 1. Esne wellenlangeagile optische Empfangsein-         zulegen, daB
das abstimmbare Gitter seinen richtung fUr den Empfang eines Signals, das
Ruhekennwert annimmt. von einem Trager mit einer aus einem Satz   5
Wellenlingen auswihlbaren Wellenlinge Ober-    Revendicatlons lagert ist,
umfa~t: ein abstimmbares Gitter (10) im Weg des an-    1. Un dispositif
recepteur optique agile en fre- kommenden Signals, wobei das Gitter Bre-
quence pour recevoir un signal superpose a chungseigenschaften besitzt, die
von dom   10      une porteuse dont la longueur d'ondes peut Wert des
externen Treibersignals abhangen,         Otre selectionnee parmi un
ensemble de Ion- einen geteilten optischen Detektor (16) fOr den    guours
d'ondes, comprenant: Empfang eines von dem Gitter gebrochenen             -
une grille accordable (10) sur le chemin optischen Signals mit einen ersten
und zweiten          d'un signal entrant, ladite grille ayant des AnschluB
(18, 20) fOr die Bildung eines ersten   15     caracteristiques de
refraction dependant und zweiten Ausgangssignals; und
de la valeur d'un signal de commande Mittel (12) fUr die Generierung eines
Treibersi-        exteme, gnals mit Eigenschaften, die von einer fOr die
- un detecteur optique fractionnd (16) pour Abstimmung des Gitters
ausgewihiten Wellen-             recevoir un signal optique r6fracte par
linge abhangen, um die optische Energie, die  20       ladite grille (10),
ledit detecteur compre- bei dieser WellenlInge an dom  optischen
nant une premibre et une seconde bor- Empfanger empfangen wurde, zu
brechen,                  nes (18, 20) pour ddlivrer un premier et die
optische Einrichtung ist dadurch gekenn-            un second signaux
d'entrde, et zeichnet, daB:                                       - des
moyens (12) pour generer un signal sie weiterhin Mittel (24, 26, 28, 30)
enthilt, die  25  de commande presentant des caracteris- auf die
Ausgangssignale des geteilten opti-            tiques dependant d'une
longueur d'ondes schen Detektors (16) reagieren und dom Ab-
selectionnee pour accorder ladite grille gleichen des Treibersignals far
die Feinabstim-         pour refracter l'dnergie optique rogue & mung des
Gitters dienen um leichten Anderun-            cette longueur d'ondes sur
ledit d~tec- gen in der Wellenlange des empfangenen Si-  3o         tour
optique, gnals infolge von Temperaturschwankungen              ledit
dispositif optique dtant caracterise en oder Alterung von Komponenten zu
folgen.           ce qu'il comprend en outre: des moyens (24, 26, 28, 30)
sensibles aux 2. Die Einrichtung, wie sie in Anspruch 1 definiert   signaux
de sortie dudit d6tecteur optique frac- 



wurde, wobei die fUr die Ausgabe verantwortli-  3s  tionne (16) pour
ajuster le signal de commando chen Mittel umfassen:
pour l'accord fin de la grille afin de suivre de einen
Differentialverstirker (26) fOr den Ver-     legeres modifications de la
longueur d'ondes gleich der Differenz in den Ausgangssignalen       du
signal regu dues a des changements de von entgegengesetzten AnschlUssen des
go-          temperature ou au vieillisement des compo- teilten optischen
Detektors (16), und      40      sants. einen spannungsgesteuerten
Oszillator (34) mit einem Eingangssignal von dem Differentialver-  2. Le
dispositif solon la revendication 1 dans le- starker und einem
Ausgangssignal zu dem das        quel lesdits moyens sensibles aux signaux
de Treibersignal generierende Mittel (12).            sortie comprennent:
45        - un amplificateur diff6rentiel (26) pour a  Die Einrichtung, wie
sie in Anspruch 2 definiert        comparer la difference entre des sorties
wurde, enthilt weiterhin einen addierenden              de bornes opposdes
dudit detecteur opti- Verstirker (28), der mit den entgegengesetz-
quo fractionnd (16), et ten AnschlOssen des geteilten optischen De-
- un oscillateur commandd par tension (34) toktors (16) fUr die Addition
des durch den   5o        recevant une entrde dudit amplificateur Detoktor
erzeugten Signals verbunden ist, um            differentiel et d6livrant
une sortie auxdits ein Empfaingerausgangssignal zu bilden.
moyens de gendration de signal de com- mando (12). 4. Die Einrichtung, wie
sie in einem der vorherge- henden AnsprUche definiert wurde, umfaft wel-
55   3  Le dispositif salon la revendication 2 compre- terhin logische
Mittel (32) die fUr ein vorher     nant en outre un amplificateur de
sommation festgelegtes Muster in der optischen Energie,      (28) connect4
aux bomes opposees dudit de- die bei der ausgewihiten Wellenlinge empfan-
tecteur optique fractionn6 (16) pour sommer 5    9                 EP 0 275
456 B1                    10 les signaux produits par ledit ddtecteur afin
de d~livrer un signal de sortie de rdoepteur. 4. Le dispositif selon l'une
quelconque des reven- dications pr6c dentes comprenant en outre   s des
moyens logiques (32) sensibles a une configuration prdd~termin6e dans
l'6nergie op- tique regue & la longueur d'ondes sdlectionnde pour terminer
lI signal de commande de varia- tion de caract~ristiques de fagon quo la
grille  lo accordable (10) prenne ses caract~ristiques de repos. 15 20 25
30 35 40 45 50 55 6    


