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arise. Surprisingly, the same degree of non-linearity arises even below
threshold; so the same proportion- The present invention relates to optical
amplifica-  al increase in output (is level of bistability) can be ach-
tion, in particular to absorptive non-linearity and bist-  ieved by
operating the device as an amplifier rather ability in laser diodes.
5   than a laser. Typically, the amplifier may be both ini- Absorptive
bistable lasers are known, and they  tially biassed and subsequently
operated at about 10- have been used for experimental purposes. In one
20% below the threshold bias. such known device, an InGaAsP buried
heterostruc-      Furthermore, one is not limited to output at the ture
laser diode has its upper contact layer split Into  lasing wavelength
defined by the peak of the gain two electrically isolated portions, and
each portion   10  curve. For any input at a wavelength within the gain can
be differently biassed. One portion is subjected  spectrum, an amplified
output is obtained atthe same to a bias current sufficient to cause
operation above  wavelength. Thus, there is a wide choice of output wa- the
laser threshold, whilst the other is biassed so that  velengths. Also, it
is not necessary to use an expen- little injection current flows. This
second portion acts  sive narrowband laser, such as a DFB laser, for the as
a non-linear saturable absorber. It was found that,  15  device with
saturable absorber, since with this inven- at suitable temperatures and
with the first portion in-  tion monomode output from the device is
obtained tially biassed at fractionally below threshold (eg 99%  whenever
the Input to the device is monomode. It has of threshold), optical or
electrical pumping to above  also been found that in those devices with
significant- the lasing threshold causes non-linearity and bistabil-  ly
reflective facets lower switching energies are ob- ity with, in some cases,
large hysteresis effects. Rel-  20  tained by tuning the Input wavelength
to the peak of atively high bias currents, typically to far above  a
Fabry-Perot mode in the gain spectrum for the de- threshold, are required.
Details of practical work and  vice. theoretical calculations for
absorptive bistability In  The present invention provides a method of am-
semiconductor injection lasers have been published  plifying an optical
signal, the method comprising the by a number of researchers. A useful
review of the   25  steps of locating an optical amplifier device having an
subject is given in J. Optical & Quantum Electronics,  amplification region
and a saturable absorption re- Vol. 19, (1987) S1-36, H. Kawaguchi.
gion arranged so that the device is capable of reso- In this specification,
the term "non-linear" is used  nating and so that an optical input signal
of selected to refer to a device or its operation where there is, at
wavelength [err] is receivable by the amplification re- some point, a jump
In output for given operating con-  30  gion; pumping the amplification
region to below the ditions. "Bistability" is an enhanced non-linear effect
lasing threshold of the device; the input optical signal (i.e. the
non-linearity is more pronounced) where  impinging on one of said regions
via the other of said there Is hysteresis. At the onset of bistability
there Is  regions; operating the device in a non-linear manner a region of
instability, where there are small bistable  such that the optical output
signal non-linearly de- effects and frequent switches in output may arise
35  pends on the optical input signal and has a bistable (self-pulsation)
due to very small unintended operat-  operational characteristic; and
receiving via said one ing or environment changes (e.g. temperature).
region an amplified output at the input wavelength [err], Absorptive
bistable lasers can be made to lase by  characterised in that the input
optical signal is at such optical pumping to above threshold
atanywavelength  a wavelength, and the amplification region is pumped
within the gain spectrum although of course optical  40  to a level of 5%
or more below the lasing threshold of pumping on a Fabry-Perot mode will be
inefficient.  the device, that laser oscillation is avoided. Whatever
pumping wavelength is chosen, lasing (with    The device may comprise an
input facet, through the laser resonating at the wavelength where the Q of
which the optical signal is input into said one region, the laser cavity is
highest) occurs at the device's las-  and an outputfacetforthe outputting
of said amplified ing wavelength (defined by the peak of the gain  45
output, the device including means to reduce the re- curve). Normal lasers
have multiple longitudinal   flectivity of the facets. The reflectivity of
each of fac- emission modes at several wavelengths, and hence   ets may be
20% or less, preferably 10% or less, more will give a multimode output at
the peak of the gain  preferably 3% or less, and yet more preferably 1% or
curve, and this Is often a disadvantage. DFB lasers  less. with absorptive
regions have therefore been used to  so  The invention also provides an
optical amplifier overcome this problem and provide single mode op-  of the
type having a lasing threshold, and partially re- eration. DFB or other
narrow band lasers tend to be  flective facets, the ampiflier comprising an
amplifica- expensive, which is a disadvantage.                tion region,
a saturable absoption region, and means The present invention provides a
new and advan-  for inputting an optical signal of selected wavelength
tageous non-linear optical device and mode of oper-  55  [err] Into one of
said regions via the other of said regions, ation.
the device being such as being to operate in a non- First, it has been
found that it is not necessary to  linear manner such that the optical
output signal non- initiate lasing (ie resonance) for non-linear effects to
linearly depends on the optical input signal so that an 2    
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outputwith a bistableoutputcharac-    bias under various conditions, for
the device of teristic atwavelength [err] is generated, characterised In
Figure 1; that the amplifier further comprises means adapted      Figure 3
is a sketch of an arrangement of compo- to pump the amplification region to
a maximum value     nents including the device of Figure 1; of 95% of the
lasing threshold such that laser oscilla-   5  Figure 4 is a graph of
switching threshold vs fre- tion of the device is avoided.
quency for bistable operation and Figure 4(a) is For an understanding of
the present invention       a sample transfer characteristic; and its
significance, it is important that the differenc-  Figure 5 is a spectrum
at the output of the device es between laser amplification and laser
oscillation    of Figure 1 when it is operating bistably; be well
understood. Laser oscillation occurs in lasers,  10  Figure 6 is a typical
gain spectrum for a device of that is those devices in which a material
with gain is  the type shown iin Figure 1; positioned within an optical
resonator, laser oscilla-  Figure 7 is a transfer characteristic and pulse
tion only taking place if there is a sufficiency of both  shaping effect
obtainable when the device of Fig- gain and feedback. For any resonator
construction,      ure 1 is operated non-linearly; the lasing threshold
("threshold") defines the pump-  15  Figure 8 shows transfer
characteristics for a ing limit above which laser oscillation will take
place.  range of input powers for the device of Figure 1 Laser
amplification occurs in devices where there is    operated non-linearly
when the absorber region gain but where the combination of gain and
feedback     is biassed; and Is sufficiently low for resonance not to
occur. Conse-  Figure 9 and 10 show further examples of device quently, a
laser amplifier which has feedback may, If  20  structures. pumped hard
enough (optically or electrically) start to  Referring to Figure 1, there
is shown a long wa- oscillate and hence change from being an amplifier
velength diode 11, which is an InGaAsP buried het- to being a laser. The
change from amplifying opera-  erostructure laser diode, with active area
dimensions tion to operation as a laser results from pumping   of
0.15x1.6x400 [err] and a confinement factor of 0.3. above threshold. It is
possible to pump both a laser  25  The device has an upper p contact layer
which is oscillator (laser") and a laser amplifier optically. The  split
into two electrically isolated portions 13, 15 (as- pump wavelength may In
both cases have a wave-      sociated with sections 14, 16 of the device)
by a pho- length which is shorterthan the shortwavelength limit
tolithographically controlled wet etching process. The of the gain
spectrum. The pump wavelength may al-   separation between the two portions
is 10[err], giving ternatively be within the gain curve, although if the
30   a resistance between the two Au/Ti metallisation por- pump wavelength
coincides with a Fabry-Perot mode   tions of typically about 450 Ohms.
Portion 13 is of the laser there will be little absorption and hence  120pm
long and portion 15 is 270[err] long. The whole little if any pumping there
will however be amplifica-  device is mounted on a Peltier cooler (not
shown) and tion.                                               the
temperature of the device is adjustable by varying An optical input (within
the gain curve or with a   35  the temperature of the cooler using a
platinum resis- shorter [err]) can cause either one of two things to hap-
tor (not shown). pen; it can either be absorbed or it can be amplified.
Respective gold bond pads 17, 19 are pressure If the optical input is
absorbed, there is optical pump-  bonded onto the Au/Ti metallisation on
portions 13, ing and hence carriers will be excited. Excitation of  15, so
that the two ends of the device can be differ- carriers will increase
spontaneous emission. As spon-   40  entially biassed. taneous emission
rises the absorber will start to sat-  Section 14 remains unbiassed during
operation, urate. When the absorber has saturated, the device  and thus the
active layer at this end of the device acts will resonate at the peak of
the gain curve (that is, it  as a non-linear saturable absorber. The
saturable ab- will lase).                                         sorption
region absorbs radiation at the frequency at If the optical input Is
amplified, the carrier density  45   which it would, under different
circumstances, emit. is reduced, but the density of the photons is in-
Only a finite amount of radiation is absorbed, and the creased. Increasing
the photon density indicent on  region therefore saturates, thereafter
providing no the absorber will eventually cause the absorber to
furtherabsorption. Prior art publications, such as the saturate, and the
output will switch. Hence, when am-  article by Kawaguchi referred to
above, explain in plifying, the device has switched output without the   50
quantum mechanical terms how a fabricated device device being taken over
threshold (and hence without  with one or more absorber regions acts when
one lasing).                                            contact portion is
biassed at the threshold level and The invention will now be described,
byway of ex-  the other is unbiassed. ample, with reference to the
accompanying drawings      Figure 2 is a graph showing this known mode of
in which:                                      55   operation. Output power
is plotted against amplifier Figure 1 is a view of an embodiment of a
device  bias currentfora varietyof temperatures ofthe Peltier according to
the present invention;              cooler. Note that at 291K, there is
non-linear emission Figure 2 is a graph of output power vs amplifier  above
the threshold (16mA). At 299K there is an un- 3    
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threshold, and at 312K the first hys-  of laser 21 (not shown) between
device 11 and detec- teresis effects are visible, with full hysteresis
effects  tor 29, the low state is reduced to 1[err] and the high at 325K.
The bistability becomes more pronounced   state to 30[err] (an extinction
ratio of 15dB). A sample as temperature is increased further. At very much
transfer characteristic (10 MHz triangular wave) is higher temperatures,
non-linearity disappears, as   5   shown in Figure 4(a). gain fails with
increasing temperatures, and absorp-  The speed of switching of device 11
when oper- tion increases. It will be appreciated that optical, in-  ated
as a bistable optical amplifier biassed well below stead of electrical,
power can be used for biassing.  threshold is limited by the recovery time
of the ab- For example, it may be convenient to bias electrically  sorber
region. As explained above, reverse biasing to threshold, and use optical
power for switching in  10  the absorber region decreases the recovery time
of the bistable (hysteresis) region. Control over the  the absorber.
Maximum switch repetition rate is about characteristics may be achieved by
varying bias (opt-  0.25GHz. ical or electrical or both) as well as (or
instead of) tem-  With the absorber section 14 completely un- perature.
biassed the maximum switch repetition rate is limited We have discovered
that the device can be   15  to about 0.25GHz. It has been discovered that
by pos- biassed and operated below the lasing threshold, and  itively
biassing the absorber region slightly, the width that non-linearity and
bistability are still observable  of the hysteresis decreases and, with
bias of about even with a small forward bias on the absorber. Re-  0.6mA in
the absorber region, the device loses its verse biasing the absorber
increases speed by de-  bistability and becomes simply non-linear. Another
creasing the recovery time of the absorber. However,  20  effect is that
recovery time decreases. This is dis- the amount of reverse bias which can
be applied is  cussed in more detail below, when non-linear opera- limited
by the resistance between the contacts asso-  tion is described. ciated
with the portions 13 and 15, excessive reverse  As the device 11 has
reflective facets, minimum bias results in a surface leakage current across
the  switching power is achievable by tuning the input to gap between the
electrodes. An arrangementof com-   25  the peak of one of the devices
Fabry-Perot modes. ponents used for operation according to one embodi-
Figure 5 Is a mode spectrum for device 11 showing ment of the invention is
illustrated in Figure 3. The re-  mode peaks 41 and troughs. By selecting a
peak, im- sults of operation at a range of modulation frequen-  proved gain
and a lower switching threshold are ob- cies of the input light intensity
are shown in Figure 4.  tainable. The response of device 11 depends on the
Asample transfercharacterlstic (10MHz triangular in-  30  modulation
frequency, but by tuning to a peak of one put wave) is shown in the inset.
of the Fabry-Perot modes, the best possible gain is Referring to Figure 3,
a DFB laser 21 provides  achieved. With this particular device, an output
power optical input at 1.556[err]. The input Is tunable over  of about
36[err] was achieved, while the minimum 2nm by adjusting the lasers
operating temperature.  power required to change state was 2[err] and at
the Laser 21 is isolated from device 11 using a tailed   35   maximum
repetition frequency of 150MHzthe thresh- Faraday rotation isolator23, with
an isolation of 35dB.  old for repeated state changes was 36[err] (note
these Atapered, lensed fibre 25 is used to couple light from  are not pulse
energies). Thus the net gain of the am- laser 21 via a polarisation
controller 27 to the TE  plifier varied between 0 and 12dB for bistable
opera- mode in the amplifier section 16, which is biassed at
tion(unsaturated gain). The gain is much lower and a selected value (40mA
in this example) which Is be-  40  the switching threshold much higherthan
fora device low threshold (45mA). The output of unbiassed ab-  operated
above the lasing threshold, but the extinc- sorber section 14 is coupled
via a second tapered,  tion ratio is unchanged. lensed fibre to a detector
29. Detector 29, which is a  if the bias current is reduced from 40mA, but
the 30[err] PIN photodiode with a bandwidth of 13.5GHz,  temperature
maintained at 335K, (threshold is is connected via two amplifiers
(notshown) to a sam-   45  45mA), the hysteresis is reduced and the
switching pling oscilloscope 31.                             threshold
increases. With a bias current of 25mA, the The response of device 11 to an
optical input   switching threshold was 100 [err] 100 [err] was the max-
while biased below the lasing threshold (45mA) for a  imum power obtainable
from the input laser 21 and range of modulation frequencies is shown in
Figure 4.  hence it was not possible to determine switching With the device
operating bistably, at 335K, the out-  50  thresholds for lower bias
currents. put of the device 11 switches from a low state of 8[err]  The
input wavelength from the input laser 21 may to a high state of 35[err] at
the input wavelength of  be any suitable wavelength compatible with device
1.556[err], with rise time of around 200ps. The width  11. For this
particular device, the range of possible of the hysteresis, expressed by
the difference in bias  wavelengths is around 30nm, centered at the lasing
current between the top and bottom of the hysteresis  55   wavelength,
1.57[err]. Typically, the range Is 30-50nm step, was 1mA. As a result, a
sine wave input is con-  centered on the lasing wavelength. One important
verted into a square wave output. By locating a 1nm  feature of the device
operated below the threshold is band pass filter 33 tuned to the emission
wavelength  that the incident light is amplified, so the output light 4    
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wavelength (or spread of wavelengths)    Thus, in the simple non-linear
regime, the device as the input. With a DFB laser input, a useful single
is useful as a regenerative amplifier. Other applica- mode output is
obtainable.                         tions of the device are as an optical
limiter, as a pulse In contrast, if operated above threshold, the de-
compressor, and as a low noise amplifier. vice operates as a wavelength
shifter, and the output   5  It has been explained above that by biassing
the is always at the lasing wavelength (and will be multi-  absorber region
when the device is operating in the mode even with input light from a DFB
laser, if device  bistable regime, the device loses its bistability. One 11
is constructed as a multi-mode laser).          example of the use of the
device of Figure 1 with a As illustrated in Figure 6, for a device with
facet  biassed absorber region will now be given. The am- reflectivities of
0.08%, at well below threshold (70%   10  plifier 11 is operated at [err]
with 16mA bias in the of threshold), the gain spectrum is relatively flat
with  amplifier region 16 and 0.6mA bias in the absorber only a small
amount (3dB) of residual ripple, so a wide  section 14. The optical
transmitter 21, as before, is a range of wavelengths may be amplified and
tuning is  DFB laser, aligned with a peak of the gain curve of relatively
easy. At higher bias (95%) the spectrum Is  amplifier 11. Other circuit
details are as before. more peaked (about 10dB here), Its 3dB width Is nar-
15  A sample transfer characteristic of the device 11 rower, and the mode
bandwidth is reduced. This trend  for a triangular wave Input is shown in
Figure 8. This applies to all laser amplifiers regardless of the reflec-
characteristic is strongly non-linear (but not bistable) tivity of their
facets, and the optimum operating point  and the non-linearity has a
detector limited risetime is always a compromise between the available gain
of 200ps. The maximum repetition rate is 1-4GHz for and the required
bandwidth. For an input signal to be   20  non-linear operation, compared
to 0.25GHz maxi- amplified, the bandwidth of the input signal must be  mum
switching rate with bistable operation. The non- less than the bandwidth of
the Fabry-Perotpeaks. Ad-  linearity Is dependent on the optical gain and
is thus ditionally, the variabilityof the centre frequencyof the  dependent
on the detuning between the input wave- input signal combined with the
input signal bandwidth  length and the Fabry-Perot modes of device 11. In
must be less than the width of the Fabry-Perot  25  general, detuning the
inputtoshorterwavelengths re- modes. Hence if the Fabry-Perot modes are
narrow,  suits in a reduction in gain and a reduction in the opt- one needs
to control the centre frequency of the Input  ical output power, as already
explained. The minimum signal and there is a limit on the transmission
band-  Input power required for non-linear gain was -51dBm width. The best
trade-off for most purposes is ob-  and the minimum input power for a
contrast ratio of tained at about 70% of threshold, where the gain is  30
10dB was-30dBm. The maximum input modulation reasonable, the range of
wavelengths which may be  frequency at which pulse shaping occurred was
amplified Is acceptably wide, and tuning is easy.  700MHz, corresponding to
a minimum repetition time As explained above, the input wavelength needs
of 700ps. to be tuned, for best gain, to a peak of the mode spec-  Figures
9 and 10 show alternative device struc- trum for device 11. This may be
achieved by tuning   35  tures. In the Figure 9 embodiment, there are three
the source with a grating for example, or by varying  electrode portions
51, 53 and 55. Portions 51 and 53 its temperature by adjusting the
temperature of the  are biassed at several mA, but below the device Peltier
cooler. Well below the device threshold, the  threshold, and portion 53 is
zero biassed, or biassed mode peaks are broader, with lower peak to trough
ra-  to a small extent, for example at below 1mA, thereby tios, so less
accurate control is needed to tune to a   40  creating a saturable absorber
section 57. Portions mode peak.                                         51,
53 may be differentially biassed for additional The operation of the device
11 in the bistable re-  control. gion has been described above. Operation
at lower      The device structure shown in Figure 10, in which
temperatures, in the region of non-linearity only with-  the amplification
region and the absorption region are out hysteresis effects (referred to
here as simple non-  45  defined by a "zig-zag" gap there between, is
particu- linearity), will now be described. One application for  larly
advantageous. With such a structure, the length the device 11 operated
below threshold in the simple  and/or area available for mounting a bonding
pad for non-linear regime is for reshaping and amplifying of  the
absorption region is/are increased. Since the ab- pulses. One example of
the pulse shaping effect ob-  sorption region is short, possibly as short
as 15[err], tainable is shown in Figure 7(b). The transfer charac-  50
conventional arrangements are difficult to bond to. Of teristic is shown in
Figure 7(a). The sinusoidal input  course, it is not essential that the gap
between the pulse is shown in the upper part of Figure 7(b) and the
contact layers of the two regions crosses the active reshaped square wave
output Is shown below. The    layer waveguide perpendicularly as shown, but
the precise shape of the output can be varied by altering  arrangement
shown is particularly convenient. the temperature or bias of the absorber
section 14 -   55   As many electrode portions as desired may be raising
the bias to decrease the absorption or raising  provided - In fact the
absorber and amplifier regions the temperature to Increase absorption (but
not so  may be distributed along the length of the device al- high as to
introduce bistable effects).            ternately, in a stripe pattern, as
shown schematically 5    
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have found that while such struc-  flectivity facets the rise time is
slower. tures can be used according to the invention, their    Repetition
time is a function of the rise time and performance is generally worse than
that of the sim-  the fall time, the fall time being limiting. Fall time
has ple devices such as that described with reference to  two components:
one, as in rise time, is a change in Figure 1. In particular, we have found
that devices   5   photon density; the other is recovery time of the ab-
with distributed absorption and amplifier regions  sorber. As facet
reflectivity falls, a shorter absorber is have higher thresholds and lower
switching speeds  needed for the same degree of absorption. Photon than
those of Figure 1 type devices. If such "distrib-  lifetime falls as
reflectivity falls, and hence changes uted" devices are fabricated the
amplifier regions 63  in photon density are quicker and hence rise time and
may be about twice as long as absorption regions 65.  10  fall time both
decrease. The use of a shorter absorber The absorption regions may be doped
so that they   also results in shorter recovery times. cannot be biassed,
whilst the amplifier regions can be  Pulse compression can also be achieved
with de- biassed - for example zinc may be diffused into these  vices
operated according to the present invention, the regions to provide
conductivity.                   minimum output pulse width which can be
achieved The ratio of absorption region to amplifying re-  15  depending on
the facet reflectivities. The Minimum gion may be selected depending on the
desired char-  achievable pulse width depends upon the photon life-
acteristics, as may the total length of the device. For  time in the device
and upon the bandwidth of the gain InGaAsP, device length may conveniently
be in the  within the device. In general, reducing the facet re- range
200-500[err] for uncoated devices (reflectivity  flectivities also reduces
the minimum achievable typically 30%). The absorption region is generally
no-  20  pulse width, although the relationship is notsimply lin- ticeably
shorter than the amplifier region- say in the  ear. Forlowreflectivities,
that is about 1%, the photon ratio 2:3 to 1:3. An unduly long absorption
region (or  lifetime Is the limiting factor in determining minimum long
total length if there is distributed absorption)  pulse width. For example,
with a facet reflectivity of would restrict the non-linearity - if the
absorption ex-  0.5%, the device of Figure 1 would have a photon life-
ceeds the gain in the amplifying region, the absorber  25  time of about
7ps and the minimum achievable pulse does not saturate and non-linear
effects are not seen.  length would be about 1Ops. Such a device, receiving
The spacing between differently biassed regions  an input optical pulse of
length 20ps. Would output an needs to be chosen with some care. In the
Figure 1  optical pulse of only 10ps. As facet reflectivity is in- example,
the spacing was about 10[err] and the inter-  creased, for an otherwise
fixed system the photon contact resistance 400 Ohms. If the resistance is
too   30  lifetime increases. low, then the non-linear properties are lost,
as bias  For reflectivities above about 1%, the gain band- leaks into the
absorber, and absorption is reduced.  width becomes an increasingly
important factor. With On the other hand, If the gap is too big, loss is
Intro-  uncoated facets having a minimum pulse duration of duced between
the two regions as the result of wa-  about 100ps. With 3% reflectivity the
Figure 1 device veguide loss from the exposed active layer, effective-  35
would have a minimum pulse duration of about 20ps. ly reducing the gain.
One major advantage of operating devices as de- As mentioned above, the
reflectivitles of the two  scribed below threshold is the good wavelength
con- ends of the device are conveniently, if uncoated,  trol over the
output - essentially the output has the about 30% (a typical laser
reflectivity). These are ad-  same wavelength or range of wavelengths as
the in- vantages in reducing the reflectivities of the device  40  put. The
input wavelength may be any selected wa- facets. In general, as one reduces
the facet reflectiv-  velength within the gain curve. This overcomes one
ities the transmission bandwidth increases, the    of the major
disadvantages of devices operated amount of hysteresis reduces and the
maximum       above threshold where a selected wavelength within switching
rate increases. However, within these gen-  a permissible range could be
input, but for any given eral rates, we have found that the amount of
hystere-  45  device, only a single output is possible at the lasing sis
falls with falling facet reflectivities, and that 3% re-  wavelength. This
output, for most current lasers, is flectivity appears to be a limiting
value below which  multimode, although DFB devices may enable mono- there
is simple non-linearity and no hysteresis. Also,  mode output to be
achieved. The present invention while the maximum switching rate increases
with fall-  avoids such difficulties, as only a narrow band source ing
facet reflectivitles, there appears to be a limit  so  (such as DFB laser
21) is required for a narrow band about 0.5%, below which the maximum
switching rate  output. is constant.
A further significant advantage of devices oper- When operated as a switch,
the switch rise time  ating according to the present invention is that they
is also dependent on facet reflectivity. With reflectiv-  can be used for
low noise amplification. Since the de- ities below about 0.1%, the rise
time is determined by  55  vices have a low (essentially zero) output when
there the length of the absorber zone. With an absorber  is no optical
input, only switching on when there is an length of about 120[err], and
facet reflectivities below  optical input, in the absence of an optical
input, there 0.1%, the rise time is about 2ps, while for higher re-  is,
unlike the situation with conventional laser ampli- 6    
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due to spontaneous emission in the    flectivity of each of the facets is
20% or less. amplifier. This is of a particular advantage where the
amplifier is being used to boost the output of a trans-  6. A method as
claimed in claim 5, wherein the re- mitter, because It usefully reduces the
degradation of  flectivity of each of the facets is 1% or less. signal to
noise ratio at the front end of a system.  5 Reducing the reflectivity of
the output facet with-  7. A method as claimed in any one of claims 4 to 6,
outsimilarly reducing the reflectivty of the inputfacet  wherein the input
facet has substantially the will tend to increase the output contrast
ratio.       same reflectivity as the output facet. Reducing the
reflectivity of the input facet is use- ful in maintaining bistability
overa wide range of input  10  8. A method as claimed in any one of claims
4 to 6, signal bandwidths.                                     wherein the
input and output facets have sub- Various useful effects are realisable
with devices  stantially different reflectivities. in which the input
facets and the output facets have different reflectivities.
9. A method as claimed in any one of claims 1 to 8, 15
furthercomprising the step of controlling the tem- perature of the device
(11), and/or the bias of the Claims
amplification region (16), thereby to operate the device in said nonlinear
manner. 1. A method of amplifying an optical signal, the method comprising
the steps of locating an opti-  20  10. A method as claimed in any one of
claims 1 to 9, cal amplifier device (11) having an amplification   further
comprising the step of varying the input region (16) and a saturable
absorption region       wavelength so as to control the output wave- (14)
arranged so that the device is capable of res-  length. onating and so that
an optical input signal of se- lected wavelength [err] is receivable by the
amplifi-  25  11. A method as claimed in any one of claims 1 to 10, cation
region; pumping the amplification region     further comprising the step of
controlling the de- to below the lasing threshold of the device; the in-
vice (11) so as to operate bistably. put optical signal impinging on one of
said re- gions via the other of said regions; operating the  12. An optical
amplifier (11) of the type having a las- device in a non-linear manner such
that the opt-  30  Ing threshold and partially reflective facets, the ical
output signal non-linearly depends on the      amplifiercomprising an
amplification region (16), optical input signal and has a bistable
operational  a saturable absorption region (14), and means for
characteristic; and receiving via said one region   inputting an optical
signal of selected wavelength an amplified output at the input wavelength
[err],     [err] Into one of said regions via the other of said re-
characterised in that the input optical signal is at  35  gions, the
amplifier being such as to operate in a such a wavelength, and the
amplification region     non-linear manner such that the optical output is
pumped to a level of 5% or more below the las-  signal non-linearly depends
on the optical input ing threshold of the device, that laser oscillation
signal so that an amplified optical output with a is avoided.
bistable output characteristic at wavelength [err] is 40      generated,
characterised in that the amplifierfur- 2. Amethod as claimed in claim 1,
wherein said one     ther comprises means adapted to pump the am- region is
the saturable absorption region (14).     plification region to a maximum
value of 95% of the lasing threshold such that laser oscillation of 3.
Amethod as claimed in claim 1 orclaim 2, where-     the device is avoided.
in the amplification region (16) and the saturable  45 absorption region
(14) together are bounded so  13. An optical amplifier as claimed in claim
12, as to form an effective cavity, and wherein the in-  wherein a first
electrode (19) is provided for the put optical signal is tuned to a peak of
a Fabry-   biasing of the amplification region (16), a second Perot mode in
the gain spectrum for the device.     electrode (17) is provided for the
biasing of the 50      saturable absorption region (14), and wherein the 4.
A method as claimed in any one of claims 1 to 3,    electrical resistance
between said first and sec- wherein the device (11) comprises an input
facet    ond electrodes is sufficiently high to enable the through which
the optical signal is input into said  amplification region and the
saturable absorption one region, and an output facet for the outputting
region to be differentially biassed with a substan- of said amplified
output, the device including   55  tially lower voltage applied to the
second elec- means to reduce the reflectivity of the facets.     trode than
to the first electrode. 5. A method as claimed in claim 4, wherein the re-
14. An optical amplifier comprising a buried hetero- 7    11
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flers, no output due to spontaneous emission in the     flectivity of each
of the facets is 20% or less. amplifier. This is of a particular advantage
where the amplifier is being used to boost the output of a trans-  6. A
method as claimed in claim 5, wherein the re- mitter, because it usefully
reduces the degradation of  flectivity of each of the facets is 1% or less.
signal to noise ratio at the front end of a system.  5 Reducing the
reflectivity of the output facet with-  7. A method as claimed in any one
of claims 4 to 6, out similarly reducing the reflectivity of the inputfacet
wherein the input facet has substantially the will tend to increase the
output contrast ratio.        same reflectivity as the output facet.
Reducing the reflectivity of the input facet is use- ful in maintaining
bistability overa wide range of input  10  8. A method as claimed in any
one of claims 4 to 6, signal bandwidths.
wherein the input and output facets have sub- Various useful effects are
realisable with devices  stantially different reflectivities. in which the
input facets and the output facets have different reflectivities.
9. A method as claimed in any one of claims 1 to 8, 15
furthercomprising the step of controlling the tem- perature of the device
(11), and/or the bias of the Claims
amplification region (16), thereby to operate the device in said nonlinear
manner. 1. A method of amplifying an optical signal, the method comprising
the steps of locating an opti-  20   10. A method as claimed in any one of
claims 1 to 9, cal amplifier device (11) having an amplification   further
comprising the step of varying the input region (16) and a saturable
absorption region       wavelength so as to control the output wave- (14)
arranged sothatthe device Is capableof res-    length. onating and so that
an optical input signal of se- lected wavelength [err] is receivable by the
amplifi-  25   11. A method as claimed in any one of claims 1 to 10, cation
region; pumping the amplification region     further comprising the step of
controlling the de- to belowthe lasing threshold of the device; the In-
vice (11) so as to operate bistably. put optical signal impinging on one of
said re- gions via the other of said regions; operating the  12. An optical
amplifier (11) of the type having a las- device in a non-linear manner such
that the opt-  30  Ing threshold and partially reflective facets, the ical
output signal non-linearly depends on the      amplifiercomprising an
amplification region (16), optical input signal and has a bistable
operational  a saturable absorption region (14), and means for
characteristic; and receiving via said one region   inputting an optical
signal of selected wavelength an amplified output at the input wavelength
[err],      [err] into one of said regions via the other of said re-
characterised in that the input optical signal is at  35  gions, the
amplifier being such as to operate in a such a wavelength, and the
amplification region     non-linear manner such that the optical output is
pumped to a level of 5% or more below the las-   signal non-linearly
depends on the optical input ing threshold of the device, that laser
oscillation  signal so that an amplified optical output with a is avoided.
bistable output characteristic at wavelength [err] is 40      generated,
characterised in that the amplifierfur- 2. Amethod as claimed in claim 1,
wherein said one      ther comprises means adapted to pump the am- region
is the saturable absorption region (14).     plification region to a
maximum value of 95% of the lasing threshold such that laser oscillation of
3. Amethod as claimed in claim 1 orclaim 2, where-      the device is
avoided. in the amplification region (16) and the saturable  45 absorption
region (14) together are bounded so   13. An optical amplifier as claimed
in claim 12, as to form an effective cavity, and wherein the in-  wherein a
first electrode (19) is provided for the put optical signal is tuned to a
peak of a Fabry-   biasing of the amplification region (16), a second Perot
mode in the gain spectrum for the device.     electrode (17) is provided
for the biasing of the 50      saturable absorption region (14), and
wherein the 4. A method as claimed in any one of claims 1 to 3,
electrical resistance between said first and sec- wherein the device (11)
comprises an input facet    ond electrodes is sufficiently high to enable
the through which the optical signal is input Into said  amplification
region and the saturable absorption one region, and an output facet for the
outputting  region to be differentially biassed with a substan- of said
amplified output, the device including   55  tially lower voltage applied
to the second elec- means to reduce the reflectivity of the facets.
trode than to the first electrode. 5. A method as claimed in claim 4,
wherein the re-  14. An optical amplifier comprising a buried hetero- 7
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nal passage channel, and first and second elec- trodes (19, 17) spaced
apart by at least approxi-  1. Verfahren zum Verstarken eines optischen Si-
mately 10[err] longitudinally along and above the    gnals mit den
Schritten: channel for applying different electrical bias cur-   5
Anbringen elnes optischen Verstirkerbauelse- rents to the diode at
respectively located spaced-  ments (11) mit einem Verstfirkerbereich (16)
und apart regions, thus defining a corresponding opt-  einem sattlgbaren
Absorberbereich (14), die so ical amplification region (16) under the first
elec-  angeordnet sind, daR& das Bauelement resonanz- trode and a saturable
optical absorber region      fihig Ist, so daR ein optisches Eingangssignal
(14) under the second electrode; the diode hav-  10  von
ausgewfhiterWellenlfinge XvomVerstirker- ing partially reflective facets of
substantially less  bereich empfangen werden kann; than 30% reflectivity
located at opposite ends of  Pumpen des Verstirkerbereichs bis unter die
La- the channel, between which facets the first and    serschwelle des
Bauelements, wobei das opti- second electrodes are sequentially disposed;
the   sche Eingangssignal einen der Bereiche (14, 16) diode further
comprising means to bias the first  15  Ober den anderen der Bereiche
erreicht; electrode to a maximum level of 5% or more be-     Betreiben des
Bauelements in nichtlinearer Wei- low the lasing threshold of the diode as
to remain  se, so daR das optische Ausgangssignal nichtli- therebelow even
when an input light signal pulse   near vom optischen Eingangssignal
abhangt und Is received via one of the facets and causing the  eine
bistabile Betrlebskennlinle aufweist; und corresponding amplification
region of the diode   20  Empfangen sines verstirkten Ausgangssignals to
operate as a non-linear light amplifier with a  bei der Eingangswellenlange
X Ober besagten ei- bistable operational characteristic; and the sec-  nen
Bereich, ond electrode being conditioned to cause the sat-  dadurch
gekennzelchnet, dal urable optical absorber region to act as a satur-  das
optische Eingangssignal sine solche Wellen- able light absorber when
receiving light signals  25  lange hat, und der Verstirkerbereich auf ein
Ni- output from the amplification region just prior to  veau von 5 % oder
mehr unterhalb der Laser- outputting a processed light signal via the re-
schwelle des Bauslements gepumpt wird, daR maining one of the facets.
Laserschwingung vermieden wird. 15. An optical amplifier as claimed in
claim 14,  30  2. Verfahren nach Anspruch 1, whereinthefirstelectrode (19)
isatleastapprox-     dadurch gekennzeichnet, daR imately twice as long as
the second electrode      besagter einer Berelch der sattigbare Absorber-
(17) along the channel.                            bereich (14) Ist 16. An
optical amplifier as claimed in claim 14 or  35  3. Verfahren nach Anspruch
I oder Anspruch 2, claim 15, wherein there are no electrodes in ad-
dadurch gekennzelchnet, daR dition to the first and second electrodes (19,
17)  derVerstirkerbereich (16) und dersattigbare Ab- between the facets.
sorberbereich (14) verbunden sind, um einen wirksamen Hohiraum zu bilden,
und daB des op- 17. An optical amplifier as claimed in any one of  40
tische Eingangssignal auf eine Spitze einer claims 14 to 16, wherein the
facets have reflec-   Fabry-Perot-Mode im  Verstirkungsspektrum tivities of
substantially less than 10%.           des Bauelements abgestimmt ist. 18.
An optical amplifier as claimed in claim 17,   4. Verfahren nach einem der
Ansprflche I bis 3, wherein one facet has a substantially higher re-  45
dadurch gekennzelchnet, daR flectivity than the other facet.
das Bauelement (11) eine Eingangsfensterfli- che, durch die das optische
Signal in besagten ei- 19. An optical amplifier as claimed in any one of
nen Bereich eingegeben wird und sine Aus- claims 14 to 18, further
comprising means for      gangsfensterflachezurAusgabedesverstirkten
controlling the wavelength of input light signals to  so  Ausgangssignals
hat, wobel das Bauelement Mit- correspond to a lasing mode of the diode
(11) if   tel zum Verringern der Reflektivitfit der Fenster- it were to be
biassed above its lasing threshold.  flachen umfaot. 20. An optical
amplifier as claimed in any one of  5. Verfahren nach Anspruch 4, claims 14
to 17, wherein the electrodes (19, 17)  65  dadurch gekennzeichnet, daR are
biassed to cause bietable optical outputs      die Reflektivitfit
einerJeden Fensterflfiche 20 % from the amplifier.
oder weniger ist.    15                 EP 0 338 863 B1                 16
6. Verfahren nach Anspruch 5,                         schen der ersten und
derzweiten Elektrode grol dadurch gekennzeichnet, daB
genug !st, um zu ermoglichen, daB der Verstar- die Reflektivitat einer
Jeden Fensterflache I %   kerbereich und der sattigbare Absorberbereich
oder weniger it.                                  differentiell vorgespannt
werden, wobei an die 5      zwoite Elektrode sine deutlich niedrigere Span-
7. Verfahren nach einem der Anspr~che 4 bis 8,        nung angelegt wird
als an die erste Elektrode. dadurch gekennzeichnet, daB 



die Eingangsfensterflache im wesentlichen die-  14. Optischer Verstirker
mit einer Festk8rperdiode selbe Reflektivitat wie die Ausgangsfensterfli-
(11) mit vergrabener Heterostruktur, mit einem che hat.
10      Llchtsignaldurchgangskanal und ersten und zwelten Elektroden (19,
17), die in elnemAbstand 8. Verfahren nach elnem der AnsprOche 4 bis 6,
von wenigsetns ca. 10 pm in Lingsrichtung des dadurch gekennzeichnet, daB
Kanals Oiber diesem angeordnet sind, um unter- Elngangs- und
Ausgangsfensterflachen deutlich     schledliche elektrische Ruhestrome an
die Diode unterschiedliche Reflektivititen haben.   1s      in jewells
beabstandet liegenden Bereichen an- zulegen und so einen entsprechenden
optischen 9. Verfahren nach einem derAnsprfche I bis 8, mit
Verstarkerbereich (16) unterderersten Elektrode dem weiteren Schritt des
Steuerns der Tempera-    und einen sittigbaren optischen Absorberbe- tur
des Bauelements (11) und/oder der Ruhe-       relch (14) unter derzweiten
Elektrode zu definie- energieversorgung des Verstarkungsbereichs   20
ren; wobei die Diode an entgegengesetzten En- (16), um dadurch des
Bauelement in besagter       den des Kanals angeordnete teilreflektierende
nichtlinearer Weise zu betreiben.                 Fensterflichen mit einer
Reflektivitit von deut- lich woniger als 30 % besitzt, zwischen welchen 10.
Verfahren nach einem derAnsprOche 1 bis 9, mit    Fensterflachen die erste
und zwelte Elektrode dem weiteren Schritt des Veranderns der Ein-  25
nachelnander angeordnet sind; wobei die Diode gangswellenlange, um so die
Ausgangswellen-       forner Mittel zum Vorspannen derersten Elektro- linge
zu stbuern.                                 de auf sin maximales Niveau
aufwest, das 5 % oder mehr unterhalb der Laserschwelle der Di- 11.
Verfahren nach einem der Ansprflche I bis 10,     ode liegt, um auch dann
unter dieser zu bleiben, mit dem weitren Schritt des Stbuerns des Bau-  30
wenn oin Eingangslichtsignalpuls Ober sine der elements (11) zum bistabilen
Betrieb.             Fensterflfichen empfangen wird und den Betrieb des
enteprechenden Verstirkerbereichs der Di- 12. OptischerVerstArker (11) mit
einer Laserschwel-   ode als nichtlinearer Llchtverstarker mit bistabi- le
und toilreflektierenden FensterflAchen, der si-  ler Betriebscharakteristik
verursacht; und die nen Verstirkerbersich (16), oinen sittlgbaren   35
zweite Elektrode eingerichtet let, um den Betrieb Absorberbereich (14) und
Mittel zum Eingeben      des sfittigbaren optischen Absorberbereichs als
eines optischen Signals von ausgewihlter Wel-     sattigbarer Lichtabsorber
beim Empfang von lenlange X In einen dieser Bereiche Ober den an-  vom
Verstirkerbereich ausgogebenen Lichtsi- deren dieserBerelche umfagt, wobei
derVerstar-    gnalen unmittelbar vor dem Ausgeben sines ver- ker
beschaffen et, um in der Weise nichtlinear zu  40  arbelteton Uchtsignals
Ober die verbleibende arbeiten, daB das optische Ausgangssignal nicht-
Fensterflche zu bewirken. linear vom optischen Elngangssignal abhangt, so
dalB eln verstirktes optisches Ausgangssignal  15. Optischer Verstfirker
nach Anspruch 14, mit bistabiler Ausgangskennllnle bel der Wellen-  dadurch
gekennzeichnet, daB linge 1 erzeugt wird,                     45      die
erste Elektrode (19) in Richtung des Kanals dadurch gekennzeichnet, daB
wenigstens ca. zweimal so lang wie die zweite der Verstarker Mittel umfa~t,
die elngerichtot    Elektrode (17) et. sind, um den Verstarkerbereich auf
einen Maxi- malwert von 95 % der Laserschwelle zu pumpen,  1. Optischer
Verstirker nach Anspruch 14 oder 15, so daS Laserschwingung des Bauelements
ver-  so   dadurch gskennzeichnet, daB mieden wird.
auSer der ersten und zweiten Elektrode (19, 17) keine weiteren Elektroden
zwischen den Fen- 13. Optischer Verstarker nach Anspruch 12, bel dem
sbtrflichen vorhanden sind. oine ersat Elektrode (19) zum Vorspannen des
Verstfirkerbereichs (16) vorgesehen !et, eine  cc   17. OptischerVerstirker
nach einem derAnsprOche zweite Elektrods (17) zum Vorspannen des sit-
14 bis 16, tigbaren Absorberbereichs (14) vorgesehen let,    dadurch
gekennzeichnet, daB und bei dem der elektrische Widerstand zwi-       die
Fensbtrflachen Reflektivitben von deutlich 9    17                  EP 0
338 863 B1                 18 unter 10 % haben.
born6es lFune vis-a-vis de l'autre de fagon A for- mer une cavit6
effective, et dans lequel le signal 18. Optlscher Verstarker nach Anspruch
17,            optique d'entr6e est accorde A une pointe d'un dadurch
gekennzelchnet, daS                        mode de Fabry-Pirot dans le
spectre de gain du elne  Fensterflache  sine  deutlich  hohere   s
dispositif. Reflektivitat als die andere Fensterflache hat. 4. Un procede
solon l'une quelconque des revendi- 



19. Optischer Verstarker nach einem der Ansprfche     cations 1 A 3, dans
lequel le dispositif (11) 14 bis 18,
comprend une facette d'entree A travers laquelle gekennzelchnet durch
10      le signal optique est entr6 dans ladite premiere Mittel zurm
Steuern der Wellenlange von Ein-       regbon, et une facette de sortie
pour sortir ladite gangslichtsignalen entsprechend einer Laser-
sortie arnplifi6e, le dispositif incluant un moyen mode der Diode (11),
wenn diese Ober Ihre Laser-   de r6duction de la r6flectlvUt6 des facette.
schwelle vorgespannt wurde. 15  5. Un proced6 selon la revendication 4,
dans lequel 20. Optischer VerstArker nach einem der Ansprfuche     la
r6flectivit6 de chacune des facettes est de 20% 14 bi 17,
ou moins. dadurch gekennzeichnet, daR die Eiektroden (19, 17) vorgespannt
werden, um  6. Un procede solon la revendlcation 5, dans lequel bistabile
optische Ausgangssignale des Verstar-  20  la r6flectivit6 de chacune des
facettes est de 1% kers hervorzurufen.                                ou
moins. 7. Un proc6db solon lNune quelconque des revendi- Revendlcatlons
cations 4 A 6, dans lequel la r6flectivit6 de la fa- 25      cette d'entree
est sensiblement la mbine quo cel- I. Un procede d'amplification de signaux
optiques,    le de la facette de sortie. Ie procede comprenant les etapes
consistant A positionner un dispositif amplificateur optique  8. Un procede
solon l'une quelconque des revendi- (11) qui Inclut une region
d'amplification (16) et  cations 4 a 6, dans lequel les r6flectivit6s des
fa- une r6gion d'absorption saturable (14) agenc6s   30  cettes d'entree et
de sortie sont sensiblement d'une manlere tbel que Is dispositif est
suscep-   diff6rentes. tible de resonner et d'une manibre telle qu'un si-
gnal optique d'entr6e d'une longueur d'onde     9. Un procede solon l'une
quelconque des revendi- choisie ) eat recovable parla r6glon d'amplifica-
cations 1 A 8, comprenant en outre le'tape tion; pomper la region
d'amplification a un niveau   35  consistant A regler la temperature du
dispositif inferieur au seuil d'effet laser du dispositif; le sl-  (11),
et/ou la polarisation de la region d'amplifl- gnal optique
d'entreefrappantune premiere des-     cation (16) de maniere A mettre ainsi
en oeuvre dites r6gions en passant par l'autre desditis r6-  le dispositif
de ladit maniere non lineaire. gions; mettre en oeuvre le dispositif d'une
manie- re non lineaire af In quo le signal optique de sortie  40  10. Un
procede solon l'une quelconque des revendi- depende de fagon non lin6aire
du signal optique    catlons 1 A 9, comprenant en outre l'6tape d'entree et
presente une caracteilstique opera-    consistant A faire varier la
longueur d'onde dTen- tionnelle bistable; et recevoir par l'interm6diaire
tree de fagon A regler la longueur d'onde de sor- de ladite premiere region
une sortie amplifiee A   tie. Ia longueur d'onde d'entree A, caracterIse en
ce   45 quo la longueurd'onde du signal optique d'entr6e  11. Un proced6
solon i'une quelconque des revendi- et le niveau de pompage, inferieur de
5% ou da-    cations I A 10, compronant en outre l'tape vantage au seull
d'effet laser du dispositif, de la  consistent A regler le dispositif (11)
pour qu'll region d'amplification sont tels qu'une oscillation  fonctionne
de facon bistable. laser est Avit0e.                          50 12. Un
amplificateuroptique (11) du type A soull d'ef- 2. Un procede solon la
revendication 1, dans lequel   fet laser et A facettes partiellement
r6flchissan- ladite premiere r6gion est la r6glon d'absorption  tes,
I'amplificateur comprenant une r6gion d'am- saturable (14).
pliflcation (16), une r6gion d'absorption satura- 55      ble (14) et un
moyen d'entrer un signal optique 3. Un proc6de solon la revendication I ou
la reven-   d'une longueur d'onde choislse i dans une pre- dication 2 dans
lequel la r6gion d'ampliflcation   minre desdites r6glons en passant par
l'autre (16) et la r6gion d'absorption saturable (14) sont  desdites
r6gions, l'amplificateur 6tant apte A 10    19                  EP 0 338
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fonctionner d'une maniere non lin6alre de faon     gion d'amplification
immidiatement avant de quo le signal de sortie optique d6pende d'une
sortir par l'intermediaire de la facette restante un maniere non lineaire
du signal optique d'entree,   signal lumineux traite. de fagon quo soit
engendree unO sortie optique amplifi6e A caracteristique de sortie bistable
5   15. Un amplificateur optique selon la revendication pour une longueur
d'onde X, caract6rise on ce      14, dans lequel la premiere electrodo (19)
est au quo I'amplificatour comprend en outre un moyen     moins
approximativement deux fois plus longue 



apte A pomper la regbon d'amplificatbon A une va-  quo la deuxieme
electrode (17) le long du canal. oeur maximale de 95% du seull d'effet
laser de sorte quo l'oscillation laser du dispositif est evi-  1o  16. Un
amplificatbur optique selon la revendication tee.
14 ou la revendication 15, dans lequel iI n'existe, en plus de la premiere
et de Ia deuxieme electro- 13. Un amplificateur optique selon la
revendication   des (19, 17), aucune autre electrode entre les fa- 12, dans
lequel une premiere electrode (19) eat    cettes. disposee de fagon A
polarilser la reg Ion d'amplifl-  15 cation (16), une deuxieme electrode
(17) est dis-  17. Un amplificatbur optique selon l'une quelconque posee de
fagon A polariser la region d'absorption  des revendications 14 A 16, dans
lequel la riflc- saturable (14), et dans lequel la resistance elec-  tivite
des facettbs est sensiblement inferieure A trique entre lesdites premiere
et deuxieme 6lec-   10%. trodes est suffisamment elevee pour permettre A
20 la region d'amplification et A la region d'absor-  18. Un amplificateur
optique selon la revendication ption saturable d'etre polarisees de fagon
diffe-  17, dans lequel la reflectivite de l'une des facet- rentielle, la
tension appliquee A la deuxibme elec-  tes est sensiblement plus elevee quo
cello de trode etantsensiblement plus basse quo cello qui   l'autre
facettb. est appliquee A la premiere Mlectrode.     25 19. Un amplificateur
optique solon l'une quelconque 14. Un amplificateur optique comprenant une
diode     des revendications 14 A I 8, comprenant en outre d'etat solide
(11) A heterostructure enterree In-  un moyen de reglage de la longueur
d'onde des cluant un canal de passage de signaux lumineux,    signaux
lumineux d'entree pour qu'ils correspon- et une premlere et une deuxilme
electrodes (19,  30  dentaun mode d'effet laserde la diode (11) ai elle 17)
espacees longitudinalement d'au moins 10       devait etre polarisee
au-dela de son seull d'effet prn le long du canal et au-dessus do celul-ci
af in  laser. d'appliquer des courants electriques differents de
polarisation A la diode A des regions respecti-  20. Un amplificateur
optique selon l'une quelconque vementaituees a distance l'une de l'autre,
en de-  35  des revendications 14 A 17, dans lequel les elec- finissant
ainsi une rigion correspondantb d'am-    trodes (19, 17) sont polarisees de
fagon A provo- plification optique (16) sous la premiere electro-  quer des
sorties optiques bistables A partir de de et une region d'absorbeur optique
saturable     l'amplificateur. (14) sous la deuxieme electrode; la diode
Incluant :>       des facettes partiellement reflichissantes d'une   40
riflectivit6 sensiblement inffineure A 30% A des extremites opposees du
canal, facettes entre les- quelles la premibre et la deuxieme electrodes
sont disposies en sequence; la diode compre- nant en outre un moyen de
polarlsation de la pre-  45 miere electrode A un niveau maximal inferieur
de 5% ou davantage au seull d'effet laser de la diode de fagon A rester
au-dessous de colul-ci meme lorsqu'une Impulsion de signal lumineux
d'entrie estregue parl'intermedialre de l'une des facettes   50 et amenant
la region d'amplification correspon- dante de la diode A fonctionner sous
forme d'am- plificateur de lumiere non llneaire A caracteristi- quo
operationnelle bistable, et la deuxieme elec- trode etant conditionnee de
fagon A amener la re-  55 gion d'absorbeuroptique saturable A agircomme
absorbeur saturable de lumlbre lorsqu'elle regoit une sortie de signaux
lumineux venant de la re-    


