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the current through the laser diode. This means that the laser frequency
can be stabilized at any desired Technical Field
value by appropriately controllng the laser diode cur- rent. The present
invention relates to a narrowband   5  To control the diode current, it is
necessary first lasersource according to the preamble of claim 1 suit-  to
determine the frequency of the light emitted by the able for controllable
frequency optical communica-  diode laser, then to determine the difference
between tion systems in general, and more particularlyfor opt-  this actual
light frequency and the desired one, and ical communication devices that
are especially suited  then to adjust the current flowing through the laser
di- for use in such systems.                      10  ode accordingly. All
of this must be done on a contin- uous or frequently repetitive basis so as
to keep the Background Art                                     actual laser
emission frequency from unacceptably drifting away from the desired one. It
may be seen There are already known various constructions of  that, for
this control operation to achieve the desired communication systems, among
them such employ-  15  results, that Is to obtain tuning of the laser to
the de- ing frequency division multiplexing (FDM) that pro-  sired
frequency, it is important to use a frequency vides versatile multi-channel
capability because dif-  standard or reference external to the laser diode
that ferent types of Information (digital, voice, analog vid-  can be
accurately tuned to and maintained at the de- eo, radar) can be transmitted
simultaneously in dif-  sired frequency. The requirement for accuracy of
ferent frequency bands or channels. Yet, radio fre-  20  such a frequency
standard becomes a paramount quency and microwave bands offeronly limited
band-  concern when it Is desired to provide a high density width for these
services. Furthermore, secure radio  optical communication system.
frequency and microwave transmission media are         Another important
consideration, which also ac- difficult to deploy and consume a large
amount of  quires critical significance as the communication electrical
power. Therefore, for very high capacity  25  channel density Increases, is
the ability of the optical networks, it is desirable if not mandatory to
move the  receiver to tune or remain tuned to the optical carrier
information carrier to higher frequencies, especially  frequency of the
respective optical communication into the optical domain.
channel. While currently available frequency stan- Fiber-optic transmission
offers a lightweight, se-  dards operating in the optical domain
(resonators, cure medium requiring relatively low power transmit-  so  comb
filters and the like) deliver acceptable perfor- ters and exhibiting
Intrinsic Immunity to electromag-  mance for many current applications
where it is not netic interference along transmission paths. Fiber op-
mandatory to determine the actual frequency of the tictransmission media
offer more than 20,000GHzof      emitted laser light with a high degree of
precision, bandwidth for high speed transmissions from AlGaAs  they still
leave much to be desired as far as the band- and InGaAsP semiconductor
lasers. Such transmit-  35  width of their operation is concerned, so that
they ters currently provide up to 10 GHz signalling rate.  cannot be used
in telecommunication applications re- Optical frequency or wavelength
division multiplexing  quiring close spacing of adjacent optical channels.
(WDM) may then be used to transmit different signal  More particularly, WDM
filters currently used for fil- types simultaneously.
tering in the optical domain are not selective enough In optical FDM
networks, it is necessary to insure  40  forfull utilization of the optical
spectrum. As a matter the alignment of system elements In the optical fre-
of fact, the conventional optical filters are merely ca- quency domain.
Lasers in local oscillators must be  pable of separating channels down to a
600 GHz tuned to laser transmitter frequencies, and transmit-  spacing,
which by far exceeds the modulation band- ters must be tuned to the pass
bands of optical filters.  width of laser transmitters. As a result,
commercially In frequency division multiplex systems, the toleranc-  45
available WDM systems typically provide only ten es accompanying these
alignments require that a ref-  channels or less within the transmission
band of the erence standard be available at each of the transmit-
transmitter and, consequently, most of the optical ters and receivers. It
would be advantageous, for a va-  spectrum is either wasted or not fully
utilized. riety of reasons, to use solid state lasers as the laser  One
previously adopted approach to avoid this light sources in such networks.
However, such lasers  50  problem and to obtain higher density optical FDM
have the drawback that, due to the inadequate control  communication
systems has been to heterodyne the of their laser frequency dependency on
applied elec-  optical carrier at the receiver down to intermediate tric
current as a result of unavoidable manufacturing  frequency that is either
in the radio frequency or in the tolerances, as well as to their
considerable thermal  microwave frequency range, and then to use the su-
drift characteristic, they cannot serve as reliable fre-  55
periorselectivity of electronic filters for discriminating quency standards
on their own. On the other hand, a  between the various channels. Under
these circum- significant advantage of solid state lasers is that their
stances, the optical communication channels can be operating frequency can
be easily tuned by varying  more closely packed than when optical filtering
using 2    



3                   EP 0 436 202 B1                  4 the conventional
optical filters is used at the receiver.  cordance with the present
Invention as employed However, this approach requires complex frequency
at one of the transmitters of Figure 1; tracking in the receiver and has
problems in signal ac-  Figure 4 is a diagrammatic view of a tunable con- -
quisition, especially when many carriers are present   struction of the
Bragg grating that can be used in as they are in a frequency multiplex
network. For ex-   5  the arrangement of Figure 2; ample, to initially find
the desired carrier frequency,  Figure 5 is a view similar to that of
Figure 4 but a receiver must usually scan the entire transmission    of an
arrangement utilizing a plurality of Bragg band in search of a recognizable
signal, and only then  fiber gratings of different stopbands, and a will it
be able to extract the information modulated    switching device operative
for selecting one of onto the thus located carrier frequency.        10
such gratings; and A narrowband laser source as set forth in the pre-
Figure 6 Is a view similar to that of Figure 1 but amble of claim 1 Is
disclosed in EP-A-88 104 289.       showing a modified construction of the
receiver This known narrowband lasersource requires two de-      part of
the optical communication system. tectors in the form of two photodiodes.
The output sig- nals of both photodiodes are supplied to two inputs of  15
Best Mode for Carrying Out the invention a servo amplifier. The output
signal of the servo am- plifier is used for controlling the laser emission
wave-  Referring now to the drawing in detail, and first to length. This
known lasersource requires a laser diode  Figure 1 thereof, it may be seen
that the reference nu- having two output signals, a front and a rear output
meral 10 has been used therein to identify an optical signal. The rear
signal is where the detection by the   20  communication of the present
invention in its entirety. photodlodes and filtering and controlling of the
signal  The optical communication system 10 includes a plur- are performed.
The front side of the laser diode is  ality of transmitters 11a to 11n
(wherein n is any ar- where the output signal is provided.
bitrary integral number within the capacity of the sys- Accordingly, it is
an object of the present inven-  tem 10), and a plurality of receivers 12a
to 12m tion to design a narrowband laser source of the above   25  (wherein
m is any arbitrary integral number within the type in such a manner as to
be relatively simple in  capacity of the system 10 which may but need not
be construction, inexpensive to manufacture, easy to   the same as n). The
transmitters 11a to 11n are con- use, and yet reliable in operation.
nected with the receivers 12a to 12m by respective in- dividual optical
transmitter links 13a to 13n, a com- Disclosure of the Invention
30   mon optical transmission link 14, and respective indi- vidual optical
receiver links 15a to 15m. The present invention provides a narrowband las-
As further shown in Figure 1 of the drawing, each er source as defined in
claim 1. An optical waveguide  of the transmitters 11a to 11 n includes a
laser diode communication system including such a narrowband
transmitter circuitry 16a to 1 On and an external opti- laser source is
defined in claim 2.             35  cal frequency grating 17a to 17n that
is connected to The narrowband laser source of the present in-   the
respective transmitter circuitry 17a to 17n in a vention requires one
detector only for detecting the  manner that will be explained later.
Similarly, each of amount of light passing through said grating region  the
receivers 12a to 12m includes a laser diode local and for issuing an
electrical error signal. In contrast,  oscillator 18a to 18m, an external
optical frequency the known narrowband laser source needs two detec-  40
grating 19a to 19m and, furthermore, a coherent opt- tors and a servo
amplifier.                          ical receiver 20a to 20m which receives
laser light not only from the respective one of the individual receiver
Brief Description of the Drawing                     links 15a to 15m, but
also from the output of the as- sociated one of the local oscillator
circuitries 18a to The present invention will be described in more  45
18m. The frequency standards 17a to 17n of the detail below with reference
to the accompanying      transmitters 11a to 1m are tuned to respective
fre- drawing in which:                                    quencies f1 to
fn, while the frequency standards 19a Figure  is a diagrammatic view of an
optical com-  to 19m of the receivers 12a to 12m are indicated to be
munication system of the present invention util-  tunable (to all or
selected ones of the transmitter fre- izing a plurality of Bragg fiber
gratings serving as   50   quencies). While the transmitters 11a to 11 m,
on the frequency standards at respective optical trans-  one hand, and the
receivers 12a to 12m, on the other mitters and receivers;
hand, are shown to be situated at spaced locations, Figure 2 is a graphic
representation of the de-  it stands to reason that, to enable two-way
communi- pendence of transmissivity of the grating used as  cations, the
respective transmitters 11a to 11m can the frequency standard in the
arrangement of  55   be colocated with the respective receivers 12a to
Figure 1 on frequency,                           12m, or even be combined
therewith into respective Figure 3 is a diagrammatic view of the compo-
transceivers in which the transmitter and receiver nents of a frequency
locking arrangement in ac-  sections share as much of the structure as is
common 3    



5                   EP 0 436 202 B1                 6 -        to them. In
the latter case, the shared transmitter and  tion therein in a propagation
direction, only that hav- receiver section frequency standard of the
respective  ing a wavelength within a very narrow range, back, transceiver
may be tunable or each transceiver may  along the fiber axis opposite to
the original propaga- Include a plurality offrequency standards, each tuned
tion direction while being substantially transparent to to a different
optical carrier frequency, as will be ex-   5   light at wavelengths
outside the aforementioned nar- plained in some more detail later.
Obviously, If the  row band so that it does not adversely affect the fur-
system 10 were to include only one transmitter, such  ther propagation of
such other light. It may  be seen as 11a, and one or more of the receivers
12a to 12m,  that, in effect, this type of grating creates a notch In then
all of the employed frequency standards 17a and  the transmission spectrum.
The performance of this 19a (to 19m) could be matched tooperate at the same
10  grating is illustrated in Figure 2 of the drawings where frequency
(f1), or the receiver frequency standards  it may be seen that a notch or
stopband 22 formed in 19a to 19m could be fixed to operate at different
car-  a transmission spectrum 21 by the grating of this kind rier
frequencies, and the transmitter frequency stan-  has a very narrow
relative width. dard 17a could be tunable to be able to individually   The
present invention utilizes the relatively nar- address the receivers 12a to
12m.              15  row width of the notch 22 to determine the operating
According to the present invention, the frequency  orcarrierfrequency of a
current-controlled laser used standards 17a to 1 7n and 1 9a to 19m are
constituted  in one of the transmitters 11a to 11 n in a manner that by
respective optical fiber gratings that are applied to  will become apparent
from the following explanation coherent optical frequency division
multiplex network  of a transmitter 11 thatis depicted in some detail In or
system 10 to define the carrier frequencies to  20   Figure 3 of the
drawings. While the following discus- which the respective transmitters 11a
to 11 n and re-  sion will concentrate on the use of a frequency stan-
ceivers 12a to 12m are tuned. Here, the fiber gratings  dard grating 17 as
used, in conjunction with a circuitry 17a to 17n define the frequencies of
the transmitters  16, In the transmitter 11, Itshould be clear that the op-
11a to 11n in the network 10,while the identical grat-    eration and
cooperation of the components 18a to Ings 19a to 19m in the receivers 12ato
12mdefinethe   25   18m and 19a to 19m of the respective receivers 12a
frequencies of the local oscillators that determine the  to 1 2m are akin
to those discussed here, so that only carrier frequencies to which the
receivers 12a to 12m  the differences need be discussed. are tuned. The
inherent parallelism of frequency divi-  As shown In Figure 3, the
circuitry 16 includes a slon multiplex allows a nonblocking circuit
switched  laser23 the light emission frequency of which is to be network.
This concept uses a communication topolo-  30   maintained within, and is
determined by, the notch 22 gy compatible with highly connected, redundant
dis-  of Figure 2. A bias current source 24 generates a cur- tributed star
network, such as that depicted in Figure  rent of such a magnitude as to
initially bring the light 1.
emission frequency of the laser 23, in any well known Advantageously, the
gratings used for the fre-  manner, Into the rather narrow range of the
notch 22. quency standards 17a to 17n and 19a to 19m are of  35  The light
emitted by the laser 23 then propagates not the type that has been
developed for sensing stress  only Into a communication link 13 but also,
through an and/or temperature changes In structures and that is  optical
coupler25 and anotheroptical link 26, such as advantageously made by the
method disclosed, for   an optical fiber, to the Bragg grating 17. From
there, instance, in the commonly owned U. S. Patent No.  the light
transmitted through the grating 17 is sup- 4,807,950. As discussed in this
patent, as much of the   40  plied through an optical output link27 toan
optical de- disclosure of which as necessary to fully appreciate  tector
28. While the elements 17, 26 and 27 are the manner in which such gratings
are made and how  shown and described above as being separate, it will they
operate is incorporated herein by reference, per-  be appreciated that they
could be Integral with one an- manent periodic gratings of this kind can be
provided  other or, in other words, that the grating 17 could be -    or
impressed in the core of an optical fiber by expos-  45  Incorporated in an
optical fiber that leads all the way -           ing the  core through the
cladding to the interference  from the coupler 25 to the detector 28.
pattern of two compatible ultraviolet light beams that  The detector 28
converts the optical signals are directed againstthe opticalfiber at two
angles rel-  reaching the same through the grating 17 Into electri- ative
to the fiber axis that complement each other to  cal signals, and these
electrical signals are then sup- 180. This results in a situation where
material of the   50  plied, through an electrical lead 29, to one input of
a fiber core has permanent periodic variations in Its re-  mixer 30. The
circuitry 16 is further shown to include fractive Index impressed therein
by the action of the  a dither oscillator 31 whose output Is connected,
interfering ultraviolet light beams thereon, with the in-  through an
electric connecting line 32, to another in- dividual grating elements (i.e.
the periodically repeti-  putof the mixer30 which Is constructed, In
anyknown tive regions of the core exhibiting the same refractive  55
manner, to mix the electrical signals supplied to its in- index behavior)
being oriented normal to the f iber axis  puts with one another. The output
signal generated by so as to constitute a Bragg grating that reflects, of
the  the mixer 30 is supplied, through a connecting line 33 light launched
into the fiber core for guided propaga-  that has a low pass filter 34
Incorporated therein, to 4    



7                   EP 0 436 202 B1                  8 a summing junction
35 where the output signal ap-  Multiple lasers 23 could be selected to
cover different pearing at the output of the low pass filter 34 is com-
adjacent frequency ranges of the available 10 nm bined with the oscillating
output signal originating at  band so the total system capacity would then
be up the local oscillator 31 and the result is supplied to an-  to 1,000
channels. other summing junction 36 where It is combined with   5  The
grating 17 could be used to tune the single the bias signal issued by the
bias current source 24.  laser diode 23 within its tuning bandwidth in
various In operation, the output signal stemming from the  ways one of
which is illustrated in a simplified fashion ditheroscillator 31 causes the
emission frequency of  in Figure 4 of the drawing. As shown there, the
grating the laser 23 to move, within the confines of the narrow  17 is
constructed as a tunable grating in that It con- notch 22, around a central
frequency Initially deter-  10  sists of a grating section 38 and of a
transducer 39, mined by the current generated by the bias source 24.  such
as one of the electromechanical variety, which As a result the attenuation
of the light passing  applies longitudinal stresses to the grating section
through the Bragg grating 17 to the detector28 (which  38. Such
longitudinal stresses result In longitudinal reaches its maximum when the
laser emission fre-   strains in the grating section 38, with attendant
quency coincides with the central frequency of the   15  change In the
grating periodicity and a commensurate notch 22) varies as the actual laser
emission frequen-  shift in the frequency of the stopband. cy oscillates
around the central frequency of the grat-  Another approach to the tuning
of the laser 23 is Ing 17, and the output signal of the filter 34 varies
ac-  Illustrated In Figure 5 of the drawings where a plural- cordingly, so
that the combination signal leaving the  ity of fixed gratings 17'a to
17'o, each of a different summing junction 35 Is adjusted accordingly, that
is,  20  periodicity and hence having its stopband at a differ- in a sense
that brings the laseremission frequency to-  ent frequency, is incorporated
in separate branches ward coincidence with the central frequency of the
26'a to 26'o and 27 a to 27'o leading to separate light Bragg grating 17.
The principles involved in the   detectors 28'a to 28'o. The electrical
signals from the above-discussed electronic circuitry, as well as in the
detectors 28'a to 28'o are then supplied to a switching modulation of the
information to be transmitted onto  25  arrangement 20 which selectively
supplies such elec- the carrier frequency in the transmitter 11, are suffi-
trical signals to the electric connecting line 29 (lead- ciently well known
so that no further explanation of  Ing to the mixer 30), In dependence on
which carrier the construction and operation thereof is deemed   frequency
the laser 23 is to be tuned to. necessary. Similarly, the demodulation of
the infor-   Figure 6 of the drawings shows an alternative ap- mation from
the carrier in that or those of the receiv-  30  proach to the arrangement
of the receivers which are ers 12a to 12m that is or are tuned to the
respective  identified by reference numerals 12'a to 12'm in this carrier
frequency also follows well known principles.  instance. The receivers 12'a
to 12'm are arranged In this case, the extraction of the data or
Information  along a common optical link such as an optical fiber is
performed in the respective coherentoptical receiv-  or bus, which
'ncorporates individual gratings 19'a to er20a to 20m which is supplied
with the incoming opt-  35   19'm of the type discussed above. These
gratings ical signal, as well as with the output signal of the local  19'a
to 19'm are spaced along the optical link 41 and oscillator circuitry 18a
to 18m that is constructed and  each of them has a different frequency of
its stop- operates in a manner akin to that described above  band so as to
reflectlight only in this stopband toward with the only difference being
that the laser output to  the associated one of the receivers 12a' to 12'm.
In network, that is identified by the reference numeral  40  this manner,
it is possible to build a passive linearfre- 13 in Figure 3, is connected
to or replaced by a re-  quency division multiplex data bus in which
fibergrat- spective optical link 37a to 37m (see Figure 1) that  ings are
used to form frequency selective taps. Iden- leads to an optical input of
the associated one of the  tical gratings then determine the frequencies of
a coherent optical receivers 20a to 20m. The coherent  tunable transmitter
which can address the taps by optical receivers 20a to 20m are of well
known con-  45  tuning to the appropriate frequency. structions and operate
In a well known manner that     The optical power budget in the types of
net- need not be addressed here.                        works described
above is dominated by power divi- Frequency division multiplex provides a
large   slon losses and limits the number of terminals on the number of
channels on all links in the distributed star  network. State of the art
single-mode laser diodes of system 10 of Figure 1, providing extra capacity
for dy-  50  the type contemplated for use in such networks cur- namic
reconfiguration. Based on the 44 GHz spectral  rently provide up to 100 mW
optical power output. width and high extinction achieved in the optical
fiber  Given 10 dB source coupling loss to provide 10 dBm grating of the
type described above, 4 GHz (0.01 nm  to the network, 47 dBm heterodyne
receiver sensi- wavelength) channel spacing could be maintained us-  tivity
at 1 Gbs, and -10 dB excess system losses, the ing suitable control
electronics. Since Individual Al-  55  system power budget for power
division would be 47 GaAs laserdiodes are typicallytunable overa 60 GHz
dB. Power division over 1,000 channels would appear range, rapid access to
15 channels can be achieved  as a 30 dB loss per channel, leaving a 17 dB
margin. using direct current tuning of a single laser diode 23.  A variety
of signal modulation techniques could 5    



9                   EP 0 436 202 B1                  10 be used in networks
of the above kind. Available op-  uncompensated temperature drift of these
gratings is tions include analog frequency modulation, digital  only 7
ppm[err]compared to 5 ppm[err] for UHF oscil- frequency shift keying, and
spread spectrum. Ampli-  lators and 80 ppm/[err]for laser transmitters.
This sta- tude and phase modulation are not currently practical  bility
allows channel spacing in the optical domain because amplitude modulation
would cause exces-   5   equal to the direct modulation bandwidth of
semicon- sive chirp in the laser frequency and the commercial  ductor laser
diodes, thus providing maximum utiliza- lasers discussed above have
excessive phase noise.  tion of the optical fiber transmission bandwidth.
An array of switchable gratings for laser frequency  Therefore, such
narrow-band filters can be used as control opens the possibility of spread
spectrum cod-  the basis of a dense optical FDM system where the ing
techniques In the optical domain to achieve se-  10  optical carriers are
separated by 4-6 GHz rather than cure communications. The above system Is
also ca-   the conventional > 600 GHz separation. pable of achieving
simultaneous transmission of dig- ital FSK, analog FM, video, and digital
spread spec- trum Information.                                   Claims To
summarize, it may be seen that, by using co-  15 herent optical receivers,
frequency modulation of   1. A narrowband laser source for use in an
optical semiconductor laser diodes, and narrow-band refrac-     waveguide
communication system including at tive Index grating filters in optical
fibers, it is possible  least one optical transmitter (11 a... 11 n), at
least to achieve as little as 4 GHz channel spacing for opt-  one optical
receiver (12a... 12m), and at leastone ical frequency division multiplex.
Current and future  20  optical communication link (13a... 13n, 14, 15a...
telecommunication networks require high capacity,       15m) connecting the
optical transmitter (11a... multi-channel transmission capability in
secure, easi-  11n) with the optical receiver (12a... 12m), atleast ly
deployable transmission media. The present inven-    one of the receiver
(12a... 12m) and transmitter tion provides an approach that fulfils the
above        (11a... 11n) including said laser source, said laser needs, by
implementing a dense optical FDM system   25  source comprising using an
optical fiber grating filter to allow extremely  an optical waveguide
section (26, 27) including a close (4-6 GHz) optical channel spacing.
grating region (17) comprising a multitude of Theuse of embedded
fibergratings asfrequency        Bragg grating elements to significantly
reduce standards provides an improved approach to aligning     the amount
of light passing therethrough when the frequencies of lasers and filters in
frequency mul-  30  the frequency of such light is in a predetermined
tiplex systems. These gratings have several advan-      narrow range around
and including a predeter- tages. For one, they can be reproduced to precise
mined center frequency, to an extent proportion- specifications. Therefore,
they can be used as stan-    ate to the deviation of such frequency from
said dards throughout a network. The frequency of the fib-   center
frequency, ergrating filtercan be controlled in production with an   35  a
laser (23) operative for issuing light at any fre- accuracy of 1 GHz
whereas the frequency of laser di-    quency within a frequency band
including said odes cannot be controlled in production to better than
narrow range in dependence on the amount of 300 GHz without unacceptably
low yields. Thus, a co-    electric energy applied thereto, herent optical
receiver using a fiber grating as fre-   electric excitation means (24) for
causing said quency reference or standard in the local oscillator  40
laser (23) to operate at a frequency within said can tune directly to an
optical frequency within 1 GHz  narrow range, without a complex, time
consuming search and acqui-     means (25) for supplying a portion of the
light is- sition algorithm. Unlike gas absorption cells, the fre-  sued by
said laser (23) into said optical wave- quency of the grating can be
anywhere In the emis-      guide section (26, 27) for propagation
longitudin- sion band of semiconductor lasers. Unlike other opt-  45  ally
thereof toward said grating region (17), ical filter types, the fiber
gratings provide the narrow  means (28) for detecting the amountof light
pass- filter characteristic required for dense frequency divi-  ing through
said grating region (17) and means sion multiplex networks.
for issuing an electrical error signal indicative of Stable, narrow-band
optical filters of the above    the extent and direction of deviation of
the fre- type using embedded index gratings in optical fibers  50  quency
of such light from said center frequency, allow dense carrier spacing in
the optical domain and   and avoid the need for complex electronic
frequency         means (31-38) for controlling said electric excita-
tracking. These-gratings are formed in the fiber core   tion means (24) In
the sense of varying the using a nondestructive technique (i.e., no fiber
lap-   amount of electric energy supplied to said laser ping/cladding
removal). The stabilityof thesegratings   54  (23) in proportion to the
value of said electrical er- as a frequency reference is comparable to that
of ra-   ror signal, dio frequency oscillators and an order of magnitude
characterized in that better than that of semiconductor laser diodes. The
the optical waveguide section consist of an opti- 6*    



9   EP 0 436 202 B1                           10 be used in networks of the
above kind. Available op-  uncompensated temperature drift of these
gratings is tions include analog frequency modulation, digital   only 7
ppm/C compared to 5 ppm/[err] for UHF oscil- frequency shift keying, and
spread spectrum. Ampli-  lators and 80 ppm/[err]C for laser transmitters.
This sta- tude and phase modulation are not currently practical  bility
allows channel spacing in the optical domain because amplitude modulation
would cause exces-   5   equal to the direct modulation bandwidth of
semicon- sive chirp in the laser frequency and the commercial  ductor laser
diodes, thus providing maximum utiliza- lasers discussed above have
excessive phase noise.  tion of the optical fiber transmission bandwidth.
An array of switchable gratings for laser frequency  Therefore, such
narrow-band filters can be used as control opens the possibility of spread
spectrum cod-  the basis of a dense optical FDM system where the ing
techniques in the optical domain to achieve se-   10  optical carriers are
separated by 4-6 GHz rather than cure communications. The above system is
also ca-   the conventional > 600 GHz separation. pable of achieving
simultaneous transmission of dig- ital FSK, analog FM, video, and digital
spread spec- trum information.                                    Claims To
summarize, it may be seen that, by using co-  15 herent optical receivers;
frequency modulation of   1. A narrowband laser source for use in an
optical semiconductor laser diodes, and narrow-band refrac-     wavegulde
communication system including at tive Index grating filters in optical
fibers, It is possible  least one optical transmitter (11a... 11n), at
least to achieve as little as 4 GHz channel spacing for opt-  one optical
receiver (1 2a... 1 2m), and at least one ical frequency division
multiplex. Current and future  20  optical communication link (13a... 13n,
14, 15a... telecommunication networks require high capacity,       15m)
connecting the optical transmitter (11a... multi-channel transmission
capability In secure, easi-  11 n) with the optical receiver (12a... 12m),
atleast ly deployable transmission media. The present inven-    one of the
receiver (12a... 12m) and transmitter tion provides an approach that
fulfils the above            (11a... 11n)includingsaid
lasersource,saidlaser needs, by implementing a dense optical FDM system
25  source comprising using an optical fiber grating filter to allow
extremely  an optical waveguide section (26,27) including a close (4-6 GHz)
optical channel spacing.                grating region (17) comprising a
multitude of Theuse ofembeddedfibergratings asfrequency           Bragg
grating elements to significantly reduce standards provides an improved
approach to aligning  the amount of light passing therethrough when .
the frequencies of lasers and filters in frequencymul-  so  the frequency
of such light is In a predetermined tiplex systems. These gratings have
several advan-      narrow range around and including a predeter- tages.
For one, they can be reproduced to precise       mined center frequency, to
an extent proportion- specifications. Therefore, they can be used as stan-
ate to the deviation of such frequency from said dards throughout a
network. The frequency of the fib-    center frequency, er grating filter
can becontrolled in productionwithan   35  a laser (23) operative for
issuing light at any fre- accuracy of 1 GHz whereas the frequency of laser
di-    quency within a frequency band including said odes cannot be
controlled in production to better than  narrow range in dependence on the
amount of 300 GHz without unacceptably low yields. Thus, a co-    electric
energy applied thereto, herent optical receiver using a fiber grating as
fre-   electric excitation means (24) for causing said quency reference or
standard In the local oscillator  40   laser (23) to operate at a frequency
within said can tune directly to an optical frequency within 1 GHz  narrow
range, withouta complex, time consuming search and acqui-      means (25)
for supplying a portion of the light is- sition algorithm. Unlike gas
absorption cells, the fre-  sued by said laser (23) into said optical wave-
quency of the grating can be anywhere in the emis-      guide section
(26,27) for propagation longitudin- sion band of semiconductor lasers.
Unlike other opt-  45  ally thereof toward said grating region (17), ical
filter types, the fiber gratings provide the narrow  means (28)
fordetecting the amount of light pass- filter characteristic required for
dense frequency divi-  ing through said grating region (17) and means sion
multiplex networks.                                for issuing an
electrical error signal indicative of Stable, narrow-band optical filters
of the above     the extent and direction of deviation of the fre- type
using embedded index gratings in optical fibers  50  quency of such light
from said center frequency, allow dense carrier spacing in the optical
domain and   and avoid the need for complex electronic frequency
means (31-36) for controlling said electric excita- tracking. These
gratings are formed In the fiber core  tion means (24) in the sense of
varying the using a nondestructive technique (i.e., no fiber lap-  amount
of electric energy supplied to said laser ping/cladding removal). The
stability of these gratings  55  (23) in proportion to the value of said
electrical er- as a frequency reference is comparable to that of ra-   ror
signal, dio frequency oscillators and an order of magnitude
characterized in that better than that of semiconductor laser diodes. The
the optical waveguide section consist of an opti- 6    



cal fiber section (26, 27) including a core cen-   optischen
Wellenleiterabschnitt (26, 27), damit tered on a longitudinal axis and a
cladding sur-   es sich in dessen LAngsabschnitt in Richtung auf rounding
said core, the grating region (17) being  die Gitterzone (17) ausbreltet,
embedded in said core, said multitude of Bragg     eine Einrbchtung (28)
zum Erfassen der Licht- grating elements extending with a substantially   5
menge, die durch den Gitterabschnitt (17) hin- equal longitudinal spacing
substantially normal to  durch gelangt, und eine Einrichtung zum Ausge-
said longitudinal axis for said core, and     ben elnes elektrischen
Fehlersignals, welches that the detecting means and the Issuing means
kennzelchnend let fir das AusmalB und die Rich- consists of a single
detector (28) coupled to the  tung der Abweichung der Frequenz dieses
Lichts 5    output of the grating region (17).       10       von der
Mittenfrequenz, und eine Einrichtung (31-36) zum Steuern der eletri- 2. An
optical wavegulde communication system          schen Anregungselnrichtung
(24) im Sinne elner comprising
Anderung der Menge elektrlsche Energle, die at least one optical
transmitter (11a... 11n);    dem Laser (23) zugeffihrt wird, Im VerhAltnis
zu at least one optical receiver (12a... 12m); and  15  dem Betrag des
elektrischen Fehlersignals, at least one optical communication link (13a...
dadurch gekennzelchnet, dao 13n, 15, 15a... 15m) connecting said optical
deroptische Wellenlelterabschnitt ausueinem op- transmitter (11a... 11 n)
with said optical receiver    tischen Faserabschnitt (26, 27) besteht, der
el- (12a... 12m);                                       nen auf elner
Langsachse zentrierten Kern und atleastone of said transmitter (11a...
11n)andre-  20  elnen den Kern umgebenden Mantel aufwelst, ceiver (12a...
12m) including a narrow band laser   daBl die Gitterzone (17) in den Kern
eingebettet source according to claim 1.                       let, und daB
die mehreren Bragg-Gitterelemente sich miteinem etwa glelchen Lingsabstand
etwa senkrecht zu der Langsachse ffir den Kern er- Patentanspruche
25       strecken, und daB die Detoktoreinrichtung und dleAusgabeeln- 1.
Schmalbandige Laserquelle zur Verwendung in        richtung aus elnem
einzelnen Detektor (28) be- elnem optischen Wellenleiter-Kommunikations-
stshen, dermit dem Ausgang der Gitterzone (17) system, welches mindestens
elnen optischen         gekoppelt Ist. Sender.(11a.. 11n), mindestens eoen
optiachen. :30 Empfinger(12a...12m) und mindestens ine op-     2. Optisches
Welienlelterkommunikationssystem, tische Obertragungsetrecke (13a.... 13n,
14,       umfassend 15a.. 15m) aufwelst, welche den optiechen Sen-
mindestens oinen optiechen Sender (11a ... lln); der (1lai...l1n) mit dem
optiachen Empfanger       mindestens  einen  optischen   Empfinger *
(12a... 12m) verbindet, wobei der Empfingoer  35    (12a ... 12m); und (12a
...12m) undloder Sender (11a... 11n) die La-  mindestens eine optische
Obeitragungestrecke serquelle enthalt, wobel die Laserquelle auf-
(13a...13n, 15,15a...15m),welchedenoptischen weist:
Sender(1la ...l 11n) mitdem optischen Empfanger ohen optischen
Wellenleiterabschnitt (26, 27)      (12a ...12m) verbindet; mit diner
Gitterzone (17), mit mehreren Bragg-  40  wobel der Sender(11a (... 11 n)
undloder der Emp- Gitterelementen zur wesentlichen Verringerung      finger
(12a...12m) sine schmalbandige Laser- des ale durchsetzenden Lichts, wenn
die Fre-       quells nach Anspruch 1 enthalt. quenz dieses Lichts in elnem
vorbestimmten en- gen Bereich um sine vorbestimmte Mittenfro- quenz herum,
und diese enthaltend, liegt, bis zu   45   Revendicatlons einem AusmaB, das
im Verhiltnis steht zu der Abweichung dlner solchen Frequenz von der go-
1. Source laser a bande 6troite A utillser dans un nannten Mittenfrequenz,
systeme de communication par guides d'ondes einen Laser (23) zum Ausgeben
von Licht bel ir-    optiques comprenant au moins un 6metteur opti-
gendeiner Frequenz Innerhalb sines Frequenz- 6o    que (Ila.. 11n), au
molns un r6cepteur optique bandes, welches den engen Bereich enthalt, ab-
(12a... 12m), et au moins une liaison de commu- hingig von der Menge ihm
zugefflhrter elektri-     nication optique (13a.... 13n, 14, 15a.... 15m)
re- scher Energle,                                     liant l'6metteur
optique (Ila... 11n) au receptsur sine elektrische Anregungeeinrichtung
(24), die    optique (12a.... 12m), un au moins du r6ceptour den Laser (23)
veranialt, bel elner Frequenz In-  a5  (12a... 12m) etde emetteur(11a....
11 n), compor- nerhalb des engen Berelchs zu arbelten,            tant
laditb source laser, laditb source laser sine Einrichtung (25) zum Uefern
elnes Tells des   comprenant: von dem Laser (23) abgegebenen Uchts in den
une section (26, 27) de guide d'ondes op- 7 I I:  .  I   1111111 111
1111111    
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une r6glon de reseau (17) qui       au moins l'un dudit 6metteur (I1a...
11n) et comports une multitude d'6eiments de r6seau do    dudit riceptsur
(12a... 12m) comportant une Bragg pour r6dulre notablement la quantite de
lu-  source laser a bande 6trolte selon la revendice- miere qul le traverse
lorsque la frequence de cot-  tion 1. to lumiore se situe dane une plage
6trolt doter-   c minee d'avance et contbnant une fr~quence cen- trale
dhtermin~e d'avanco, jusqu'a une amplitu- de proportionnee a l'ocart do
cette frequence par rapport a ladite froquenco centrale, un laser (23)
fonctionnant en emetteur de   10 lumlere sur une qulconque frequence d'une.
bande defrequence contenant ladit bando etrol- to en fonction do la
quantite d'energie electrique qui lul est appliqu~e, un moyon electrique
d'excitation (24) pour  15 faire fonctionner ledit laser (23) sur une
frequen- ce appartenant A laditb bands otroibt, un moyen (25) pour
appliquer une partie de Is lumlere Amise par ledit laser (23) dans ladito
section (26, 27) de guide d'ondes optiques et  20 pour que cello-cl se
propago longitudinalement dans le guide en direction de la reglon du reseau
(17), un moyen (28) pour dotecter la quantith de lumlbre traversant ladite
reglon de reseau (17) at  25 un moyon pour d6livrer un signal 6lectrique
d'erreur indiquant I'amplitude et la direction de I'ecart de frequence de
cettb lumlere par rapport a ladite frequence centrale, et un moyen (31-36)
pour commander ledit  3o moyen eiectrique d'excitatlon (24) dans la direc-
tion qul fait varier la quantite d'onergle electrique appliquho audit laser
(23) proportlonnellemeht A la valour dudit signal electrique derreur,
caracterisee en co quo la section de guide  35 d'ondes optiques comprend un
troncon de fibres optiquos (26, 27) ayant une amne centr~e sur un axe
longitudinal etun revtotment ontourant cetto ame, Ia region du reseau (17)
otant enrobee dans laditeo me, ladite multitude dolements de reseau   40 de
Bragg s'6tendant avec un espacemont longi- tudinal sensiblement Agal dans
une direction sensiblement perpendlculaire audit axe longitudl- nal de
ladite me, ot en ce quo le moyen dte(c- tsur ot le moyen d'6mission sont
constitues par  45 un unique detocteur (28) accouple A la sortie de Ia
region de reseau (17). 2. Systeme de communication par guide d'ondes
optiques comprenant:                      50 au molns un emetteur optique
(la.. 1 . n); :au molns un rdcepteur optique (12a... 12m); et au molns une
liaison do communication  au optique (13a... 13n, 15, 15a.;. 15m) reliant
ledit emetteur optique (Ila... 11 n) audit rlcepteurop tique (12a....12mi);
*C   L  N  S*    


