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(54) Optical amplifier and optical communication system employing the same

(57) An optical amplifier having an optical amplifying
medium, a pump light source outputting pump light, a
first optical coupler for supplying the pump light to the
optical amplifying medium, a probe light source for out-
putting probe light having a wavelength included in an
amplification band, a second optical coupl.er for supply-

ing the probe light to the optical amplifying medium, de-
tectors for detecting the powers of input signal light and
the probe light, respectively, and control unit for control-
ling the power of the probe light according to outputs
from the detectors. This structure makes it possible to
provide an optical amplifier which can reduce the wave-
length dependence of gain.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to an optical am-
plifier suitable for simultaneous amplification of a plural-
ity of wavelength-division multiplexed optical signals,
and also to application of this optical amplifier to an op-
tical communication system.

Description of the Related Art

[0002] For construction of a future multimedia net-
work, an optical communication system having a larger
capacity is demanded. Research is being intensively
conducted on an optical communication system for re-
alization of a very large capacity, such as a time-division
multiplexing (TDM) system, an optical time-division mul-
tiplexing (OTDM) system, and a wavelength-division
multiplexing (WDM) system. Of these systems, the
WDM system is expected to realize a flexible lightwave
network by utilizing a wide gain band of an erbium doped
fiber amplifier (EDFA) to perform cross-connect and
add/drop in an optical region or multiplexing of different
kinds of services. The WDM system is considered more
advantageous than the other systems in conducting
very-large-capacity transmission by using an existing
1.3µm-band zero dispersion single-mode fiber network
that is now most widespread on a worldwide scale. This
is due to the fact that the WDM system can realize a low
transmission rate per each optical carrier and therefore
set relatively large optical input power limited by permis-
sible wavelength dispersion and the nonlinear effects of
an optical fiber.
[0003] To realize the WDM system, an optical ampli-
fier having a constant gain over a wide band is neces-
sary. An EDFA has an amplification band (gain band) of
about 1530 nm to about 1560 nm; however, the gain is
not necessarily constant with respect to wavelength.
That is, the gain of the EDFA changes depending on the
wavelength of signal light.
[0004] As a technique for reducing the wavelength de-
pendence of the gain of the EDFA, there has been pro-
posed the use of a doped fiber doped with Al and Er (C.
G. Alkins et al., Electron. Lett., vol.25, pp910-911
(1989)). Further, there have been proposed other tech-
niques such as a method of optimizing an operation
point of an EDFA (M. Suyama et al., OAA'93, MB5-1
(1993)) and a method of flattening gain characteristics
by using an optical filter (H. Toba et al., IEEE Photon.
Technol. Lett., vol.5, No.2, pp248 (1993)). However, the
above-mentioned prior art techniques for reducing the
wavelength dependence of gain have a defect such that
the wavelength dependence of gain becomes large
when the input power of signal light or the number of
WDM channels changes, because of the presence of

problems inherent to each technique.

SUMMARY OF THE INVENTION

[0005] It is therefore an object of the present invention
to provide an optical amplifier which can reduce the
wavelength dependence of gain irrespective of a
change in input power and number of WDM channels.
[0006] It is another object of the present invention to
provide an optical communication system to which this
optical amplifier is applicable.
[0007] In accordance with a first aspect of the present
invention, there is provided an optical amplifier having
an amplification band for input signal light, for outputting
amplified signal light. The optical amplifier comprises an
optical amplifying medium to which the input signal light
is supplied; a pump light source for outputting pump
light; a first optical coupling means operatively connect-
ed to the optical amplifying medium and the pump light
source, for introducing the pump light into the optical
amplifying medium; a probe light source for outputting
probe light having a wavelength included in the amplifi-
cation band; a second optical coupling means opera-
tively connected to the optical amplifying medium and
the probe light source, for introducing the probe light into
the optical amplifying medium; a first power detecting
means for detecting power of the input signal light; a
second power detecting means for detecting power of
the probe light; and a control means for controlling the
power of the probe light according to outputs from the
first and second power detecting means to maintain
constant an amplifier gain for the input signal light.
[0008] Preferably, the input signal light comprises a
plurality of wavelength-division multiplexed optical sig-
nals.
[0009] Preferably, the optical amplifier further com-
prises a third power detecting means for detecting pow-
er of the amplified signal light, and a means for control-
ling power of the pump light so that an output from the
third power detecting means becomes constant.
[0010] In the optical amplifier according to the first as-
pect of the present invention, the power of the probe light
is controlled according to the results of detection of the
powers of the input signal light and the probe light to
thereby maintain constant the amplifier gain for the input
signal. Accordingly, the wavelength dependence of gain
in a specific band can be substantially eliminated irre-
spective of a change in input power or the like.
[0011] In accordance with a second aspect of the
present invention, there is provided an optical amplifier
for amplifying wavelength-division multiplexed signal
light and outputting amplified wavelength-division mul-
tiplexed signal light. The optical amplifier comprises an
optical amplifying medium to which the wavelength-di-
vision multiplexed signal light is supplied; a means for
pumping the optical amplifying medium; a monitor
means for detecting a spectrum of the amplified wave-
length-division multiplexed signal light output from the
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optical amplifying medium; and a parameter control
means for controlling a parameter upon which gain char-
acteristics representing a relation between gain of the
optical amplifying medium and wavelength are depend-
ent to maintain flat the gain characteristics in a band in-
cluding wavelengths of the wavelength-division multi-
plexed signal light.
[0012] In the optical amplifier according to the second
aspect of the present invention, the spectrum of the am-
plified wavelength-division multiplexed signal light is de-
tected, and the parameter is controlled according to the
spectrum detected. Accordingly, the wavelength de-
pendence of gain can be substantially eliminated irre-
spective of a change in input power and number of WDM
channels.
[0013] The optical communication system according
to the present invention comprises a first terminal station
for outputting wavelength-division multiplexed signal
light, an optical repeater for amplifying the wavelength-
division multiplexed signal light and outputting amplified
wavelength-division multiplexed signal light, and a sec-
ond terminal station for receiving the amplified wave-
length-division multiplexed signal light output from the
optical repeater. The first terminal station includes a
means for modulating at least two channels of the wave-
length-division multiplexed signal light by pilot signals
having different frequencies. The optical repeater in-
cludes an optical amplifier according to the second as-
pect of the present invention. The monitor means of the
optical amplifier includes a means for detecting compo-
nents corresponding to the pilot signals, and the param-
eter control means of the optical amplifier includes a
means for controlling the parameter so that amplitudes
of the components detected by the detecting means be-
come substantially equal to each other.
[0014] In the optical communication system accord-
ing to the present invention, at least two channels of the
wavelength-division multiplexed signal light are modu-
lated by the pilot signals having different frequencies.
Accordingly, by detecting the components correspond-
ing to the pilot signals in the optical repeater, the spec-
trum of the amplified wavelength-division multiplexed
signal light can be generally monitored. Each pilot signal
may be used also as a low-frequency superimposing
signal to be used for stabilization of the wavelengths of
the wavelength-division multiplexed signal light in the
first terminal station.
[0015] In accordance with an another aspect of the
present invention, there is provided an optical amplifier
comprising: an optical amplifying medium for being sup-
plied with an input signal light; a means for pumping the
optical amplifying medium by supplying the optical am-
plifying medium with a pump light such that the optical
amplifying medium has an amplification band for the in-
put signal light; a means for supplying the optical ampli-
fying medium with a prove light having a wavelength in-
cluded in the amplification band; a means for detecting
a power of at least one of the pump light and the prove

light; and a means for controlling the power of the prove
light based on the detected power.
[0016] The above and other objects, features and ad-
vantages of the present invention and the manner of re-
alizing them will become more apparent, and the inven-
tion itself will best be understood from a study of the
following description and appended claims with refer-
ence to the attached drawings showing some preferred
embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

FIG. 1 is a block diagram showing a basic configu-
ration of an optical amplifier to which the present
invention is applicable;
FIG. 2 is a graph showing a typical spectrum of
ASE;
FIG. 3 is a graph showing the relation between gain
and optical output power;
FIG. 4 is a graph showing the relation between 3-dB
bandwidth of ASE and number of optical amplifiers;
FIG. 5 is a graph showing a change in gain charac-
teristics with a population inversion ratio (N2/Nt)
used as a parameter;
FIG. 6 is a block diagram showing a prior art con-
figuration for maintaining the gain constant;
FIG. 7 is a block diagram showing a basic configu-
ration of an optical amplifier according to the first
aspect of the present invention;
FIG. 8 is a block diagram showing a first preferred
embodiment of the optical amplifier shown in FIG. 7;
FIG. 9 is a block diagram showing a second pre-
ferred embodiment of the optical amplifier shown in
FIG. 7;
FIG. 10 is a block diagram showing a third preferred
embodiment of the optical amplifier shown in FIG. 7;
FIG. 11 is a block diagram showing a fourth pre-
ferred embodiment of the optical amplifier shown in
FIG. 7;
FIG. 12 is a block diagram for illustrating a basic
configuration of an optical amplifier according to the
second aspect of the present invention;
FIG. 13 is a block diagram of an optical amplifier
showing a first preferred embodiment of the basic
configuration shown in FIG. 12;
FIG. 14 is a block diagram of an optical amplifier
showing a second preferred embodiment of the ba-
sic configuration shown in FIG. 12;
FIG. 15 is a block diagram of an optical communi-
cation system according to the present invention;
FIG. 16 is a block diagram showing a preferred em-
bodiment of a first terminal station; and
FIG. 17 is a block diagram showing a preferred em-
bodiment of a second terminal station.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0018] Some preferred embodiments of the present
invention will now be described in detail with reference
to the attached drawings.
[0019] FIG. 1 is a block diagram showing a basic con-
figuration of an optical amplifier to which the present in-
vention is applicable. This optical amplifier has an am-
plification band for input signal light to an input port 1,
and outputs amplified signal light from an output port 2.
The input signal light is supplied to an optical amplifying
medium 3. In general, the optical amplifying medium 3
is a doped fiber doped with a rare earth element such
as Er (erbium). Pump light from a pump light source 4
is introduced through optical coupling means 5 into the
optical amplifying medium 3. Accordingly, the optical
amplifying medium 3 becomes a pumped condition to
exhibit an amplifying operation for signal light having a
wavelength included in a specific band. In the case that
the erbium doped fiber is pumped by pump light having
a wavelength of 0.98µm, signal light having a wave-
length included in a band of 1.55µm. In the case that the
signal light and the pump light propagate in the same
direction in the optical amplifying medium 3, the optical
coupling means 5 includes a WDM coupler provided be-
tween the input port 1 and the optical amplifying medium
3, for example, whereas in the case that the signal light
and the pump light propagate in opposite directions in
the optical amplifying medium 3, the optical coupling
means 5 includes a WDM coupler provided between the
optical amplifying medium 3 and the output port 2, for
example.
[0020] In taking an erbium doped fiber amplifier (ED-
FA) as an example, the characteristics thereof or the like
will now be described. FIG. 2 is a graph showing a typ-
ical spectrum of ASE (Amplified Spontaneous Emis-
sion) in the EDFA. In FIG. 2, the vertical axis represents
power (dBm) and the horizontal axis represents wave-
length (µm). It is known that an ASE spectrum substan-
tially reflects gain characteristics of an optical amplifier
for a small signal. The gain characteristics represent the
relation between gain in an optical amplifying medium
and wavelength of input signal light. As understood from
FIG. 2, a gain peak is present near 1.535µm, that is, the
gain characteristics are not flat.
[0021] FIG. 3 is a graph showing the relation between
optical amplifier gain and optical output power. An un-
saturated region shown by NSR corresponds to a con-
dition where the proportion of Er ions in a population
inversion condition in the EDFA is large and a constant
gain is therefore obtained irrespective of a change in op-
tical output power. A saturated region shown by SR cor-
responds to a condition where the proportion of the Er
ions in the population inversion condition is reduced and
therefore the gain rapidly decreases with an increase in
optical output power. Whether the gain is in the unsatu-
rated region or in the saturated region is determined by

the power of pump light, for example. In the case that
the power of pump light is sufficient for input power, the
proportion of the Er ions in the population inversion con-
dition is large, so that the gain falls in the unsaturated
region, whereas in the case that the power of pump light
is small as compared with input power, the proportion of
the Er ions in the population inversion condition is re-
duced, so that the gain falls in the saturated region.
[0022] An example of measurement of an ASE band
when connecting a plurality of optical amplifiers operat-
ing in the unsaturated region and the saturated region
will now be described with reference to FIG. 4. FIG. 4 is
a graph showing the relation between 3-dB bandwidth
(nm) of ASE and the number of optical amplifiers. The
larger the 3-dB bandwidth, the flatter the gain charac-
teristics. As apparent from FIG. 4, when the optical am-
plifiers operate in the unsaturated region, a reduction in
the 3-dB bandwidth with an increase in the number of
the optical amplifiers is small. On the other hand, when
the optical amplifiers operate in the saturated region, the
3-dB bandwidth rapidly decreases with an increase in
the number of the optical amplifiers. This shows that
when WDM is applied to a multistage repeater system
including a first terminal station having optical transmit-
ters, a second terminal station having optical receivers,
and a plurality of optical amplifiers (optical repeaters)
provided between the first and second terminal stations,
fatal effects such as a reduction in reception sensitivity
appear because of unflatness of gain characteristics.
[0023] FIG. 5 is a graph for illustrating a change in
gain characteristics with the population inversion condi-
tion used as a parameter. In FIG. 5, the vertical axis rep-
resents local gain (dB/m) and the horizontal axis repre-
sents wavelength (nm). The parameter N2/Nt repre-
senting the population inversion condition shows the ra-
tio of the number of Er ions in the population inversion
condition to the number of total Er ions. In the case of
N2/Nt = 1, the total Er ions are shifted to an upper energy
level, thus obtaining a complete population inversion. It
is apparent that the gain characteristics continuously
change with a change in N2/Nt.
[0024] In a typical EDFA, the power of pump light is
controlled so that optical output power becomes con-
stant. Further, the power of signal light input into the ED-
FA changes according to use conditions and aged de-
terioration of the system. If the power of pump light is
controlled according to this change in input signal light
power so that optical output power becomes constant,
the population inversion condition changes to result in
a large change in gain characteristics, i.e., in wave-
length dependence of gain. This is due to the fact that
the gain characteristics largely depends on the power
of pump light as previously described with reference to
FIG. 3. Accordingly, a conventional technique using an
optical filter to make the gain characteristics flat requires
control of changing the characteristics of the optical filter
according to optical input power, causing a remarkably
complex configuration of the system.
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[0025] As apparent from FIG. 5, flat gain characteris-
tics are obtained in the vicinity of N2/Nt = 0.7 for a band
of 1540 - 1560 nm. Accordingly, if the operational con-
dition of the EDFA can be maintained always in this pop-
ulation inversion condition, the wavelength dependence
of gain can be eliminated.
[0026] For example, a technique of maintaining the
gain of an optical amplifier constant by optimally con-
trolling the power of pump light is described in Technical
Research Report of Electronic Information Communica-
tion Society, OCS 94-96, pp31-36.
[0027] FIG. 6 is a block diagram showing a conven-
tional technique of maintaining the gain constant. Signal
light from an input port 11 is supplied through an optical
isolator 12 to a WDM coupler 13. Pump light from a
pump LD 14 is added to the signal light in the WDM cou-
pler 13, and both the signal light and the pump light are
input to an EDF (erbium doped fiber) 15. The signal light
amplified in the EDF 15 is passed through an optical iso-
lator 16, an optical attenuator 17, and an optical coupler
18 in this order, and is output from an output port 19. A
drive current for the pump LD 14 is controlled by an au-
tomatic fiber gain controller (AFGC) 20. The gain con-
troller 20 controls the power of the pump light so that the
gain in the EDF 15 becomes constant, according to the
power of ASE output from the EDF 15, for example. A
part of the amplified signal light is branched off in the
optical coupler 18, and the branch light is converted into
an electrical signal by a photodetector 21. An automatic
power controller (APC) 22 controls the attenuation fac-
tor of the optical attenuator 17 so that the level of an
output signal from the photodetector 21 becomes con-
stant.
[0028] A point to be noted in the optical amplifier
shown in FIG. 6 is that the power of the pump light is
controlled, so as to maintain the gain in the EDF 15 con-
stant. To perform automatic power control (APC) for
maintaining the output power of the optical amplifier
constant, the signal light amplified by the EDF 15 is at-
tenuated intentionally by the optical attenuator 17 with
the attenuation factor controlled. Accordingly, this con-
ventional technique has defects such that a reduction in
maximum optical output power due to the use of the op-
tical attenuator and an increase in cost due to the use
of the optical attenuator of the variable attenuation factor
type.
[0029] FIG. 7 is a block diagram showing a basic con-
figuration of an optical amplifier according to the first as-
pect of the present invention. Like the configuration
shown in FIG. 1, the optical amplifier shown in FIG. 7
includes an input port 1, an output port 2, and an optical
amplifying medium 3 provided in a main optical path be-
tween the input port 1 and the output port 2. Pump light
from a pump light source 4 is introduced into the optical
amplifying medium 3 by first optical coupling means 5.
The basic configuration shown in FIG. 7 further includes
a probe light source 31, second optical coupling means
32 for introducing probe light from the probe light source

31 into the optical amplifying medium 3, first power de-
tecting means 33 for detecting the power of input signal
light, second power detecting means 34 for detecting
the power of the probe light, and control means 35 for
controlling the power of the probe light according to out-
puts from the first and second power detecting means
33 and 34. The wavelength of the probe light to be output
from the probe light source 31 is included in the ampli-
fication band of the optical amplifying medium 3. Pref-
erably, the wavelength of the probe light is different from
the wavelength of the signal light. As the result of control
by the control means 35, the amplifier gain of the optical
amplifying medium for the input signal light is main-
tained constant.
[0030] Preferably, this basic configuration further in-
cludes third power detecting means 36 for detecting the
power of the signal light amplified in the optical amplify-
ing medium 3 and means 37 for controlling the power of
the pump light so that an output from the third power
detecting means 36 becomes constant.
[0031] Preferably, the control means 35 includes
computing means 38 for performing computation ac-
cording to the outputs from the power detecting means
33 and 34 and outputting a result of this computation,
and means 39 for controlling the probe light source 31
so that the output from the computing means 38 be-
comes constant. For example, the computing means 38
adds a value aS1 obtained by multiplying an output S1
from the first power detecting means 33 by a first con-
stant a to a value bS2 obtained by multiplying an output
S2 from the second power detecting means 34 by a sec-
ond constant b, and outputs a signal having a level cor-
responding to the sum (aS1 + bS2). Then, the means 39
controls the probe light source 31 so that the level be-
comes constant.
[0032] The means 36 and 37 are provided to perform
APC for maintaining the output power of this optical am-
plifier constant. Since the power of the pump light is con-
trolled by APC in this configuration, the population in-
version ratio N2/Nt is accordingly changed. As a result,
as apparent from FIG. 5, the pump light power controlled
by APC changes the wavelength dependence of gain.
[0033] According to the first aspect of the present in-
vention, the power of the probe light is controlled, so as
to maintain the wavelength dependence of gain con-
stant. That is, by changing N2/Nt according to the power
of the probe light independently of a change in N2/Nt
due to the control of the pump light power by APC, the
wavelength dependence of gain is maintained constant.
Specifically, conditions are set in the following manner,
for example. The power of the probe light is preset equal
to a nearly intermediate value in a controllable range
when the power of the input signal light is a nearly inter-
mediate value between a maximum value and a mini-
mum value in a power change range (including a change
in the number of channels in the case of applying WDM).
Under this set condition, a parameter of the optical am-
plifying medium 3 and the power of the pump light are
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set so that the output power of the optical amplifier be-
comes a predetermined value and the gain characteris-
tics become flat. The parameter of the optical amplifying
medium 3 is the length of an EDF or the concentration
of Er ions as a dopant in the EDF, for example. The max-
imum output of the pump light source 4 is set preferably
so that power enough to obtain an optical output having
the predetermined power mentioned above remains
even when the power of the input signal light becomes
the minimum value.
[0034] By setting the conditions as mentioned above,
N2/Nt can be controlled to become a constant value of
0.7, for example. When N2/Nt is maintained a substan-
tially constant value around 0.7, constant gain charac-
teristics can be obtained for signal light having a wave-
length included in a flat gain region shown by FGR in
FIG. 5. In the example of FIG. 5, the flat gain region FGR
is a range of 1540 - 1560 nm.
[0035] In the case that the power of the input signal
light changes in its decreasing direction, the number of
Er ions in the population inversion condition increases
to cause a increase in value of N2/Nt, so that the gain
on the shorter wavelength side becomes larger than the
gain on the longer wavelength side (see FIG. 5). Accord-
ingly, by increasing the power of the probe light accord-
ing to the decrease in the power of the input signal light,
the value of N2/Nt can be returned to 0.7, thereby main-
taining flat gain characteristics. In contrast, when the
power of the input signal light changes in its increasing
direction, the number of Er ions in the population inver-
sion condition decreases to cause a decrease in value
of N2/Nt (see FIG. 5), so that the gain on the longer
wavelength side becomes larger than the gain on the
shorter wavelength side. Accordingly, by reducing the
power of the probe light according to the increase in the
power of the input signal light, the value of N2/Nt can be
maintained at 0.7.
[0036] By performing control such that the powers of
the signal light and the probe light to be supplied to the
optical amplifying medium 3 become substantially con-
stant, the value of N2/Nt can be maintained substantially
constant. The above-mentioned example of computa-
tion in the computing means 38 is suitable for realizing
such control as performing compensation for loss or the
like.
[0037] FIG. 8 is a block diagram showing a first pre-
ferred embodiment of the optical amplifier shown in FIG.
7. An optical isolator 41, an optical coupler 42, a WDM
coupler 43, an optical coupler 44, an EDF 45, an optical
isolator 46, an optical band-pass filter 47, and an optical
coupler 48 are optically connected in this order between
an input port 1 and an output port 2, thereby forming a
main optical path of signal light. The optical coupler 42
is provided to branch off a part of the input signal light.
The branch light is converted into an electrical signal by
a photodetector (photodiode) 49, and the electrical sig-
nal is supplied through an amplifier 50 to a control circuit
51. Pump light from a laser diode 53 being driven by a

pump drive circuit 52 is introduced into the main optical
path by the WDM coupler 43, and is next supplied
through the optical coupler 44 to a first end of the EDF
45. The first end of the EDF 45 is located on the up-
stream side of the main optical path, and a second end
of the EDF 45 is located on the downstream side of the
main optical path.
[0038] Probe light from a laser diode 55 being driven
by a probe drive circuit 54 is introduced into the main
optical path by the optical coupler 44, and is next sup-
plied to the first end of the EDF 45. The laser diode 55
outputs forward light and backward light whose powers
are equal to each other or change in proportion to each
other. In this preferred embodiment, the forward light is
used as the probe light. The backward light is converted
into an electrical signal by a photodetector 56, and the
electrical signal is supplied through an amplifier 57 to
the control circuit 51.
[0039] The optical band-pass filter 47 transmits the
signal light amplified in the EDF 45 and substantially
cuts off the probe light amplified in the EDF 45. The op-
tical band-pass filter 47 further cuts off the residual
pump light not consumed in the optical amplification
process in the EDF 45. A part of the light transmitted
through the optical band-pass filter 47 is branched off
by the optical coupler 48, and is next converted into an
electrical signal by a photodetector 58. This electrical
signal is supplied through an amplifier 59 to an APC cir-
cuit 60. A current to be supplied from the probe drive
circuit 54 to the laser diode 55 is controlled by the control
circuit 51, and a current to be supplied from the pump
drive circuit 52 to the laser diode 53 is controlled by the
APC circuit 60.
[0040] Throughout the drawings, substantially the
same parts are denoted by the same reference numer-
als. The correspondence between the parts shown in
FIG. 7 and the parts shown in FIG. 8 is as follows:
[0041] The first power detecting means 33 corre-
sponds to the optical coupler 42, the photodetector 49,
and the amplifier 50. The second power detecting
means 34 corresponds to the photodetector 56 and the
amplifier 57. The control means 35 corresponds to the
control circuit 51. The probe light source 31 corresponds
to the probe drive circuit 54 and the laser diode 55. The
second optical coupling means 32 corresponds to the
optical coupler 44. The optical amplifying medium 3 cor-
responds to the EDF 45. The first optical coupling
means 5 corresponds to the WDM coupler 43. The
pump light source 4 corresponds to the pump drive cir-
cuit 52 and the laser diode 53. The third power detecting
means 36 corresponds to the optical band-pass filter 47,
the optical coupler 48, the photodetector 58, and the am-
plifier 59. The means 37 corresponds to the APC circuit
60.
[0042] In the case that the computing means 38
shown in FIG. 7 performs the above-illustrated compu-
tation, it is required to detect the powers of the amplified
signal light and the amplified probe light and the power
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of an ASE component output from the optical amplifying
medium, and perform control such that the sum of these
powers becomes constant in order to maintain N2/Nt ac-
curately constant. In this case, the total input power into
the optical amplifying medium is maintained constant by
the control of the probe light, and the total optical output
from the optical amplifier is maintained constant. As a
result, this optical amplifier can maintain a constant
gain, so that N2/Nt can be maintained constant.
[0043] In the preferred embodiment shown in FIG. 8,
the third power detecting means 36 (see FIG. 7) in-
cludes the optical band-pass filter 47, and the optical
band-pass filter 47 removes the amplified probe light.
Accordingly, the APC circuit 60 controls the pump light
so that the power of the amplified signal light passed
through the optical band-pass filter 47 and the power of
the ASE component generating in a band near the
wavelength of the amplified signal light are maintained
constant. As a result, there is a possibility that it may be
difficult to maintain N2/Nt always constant in the case
that the dynamic range of the power of the input signal
light is large. A preferred embodiment intended to cope
with this problem will be described with reference to FIG.
9.
[0044] FIG. 9 is a block diagram showing a second
preferred embodiment of the optical amplifier shown in
FIG. 7. In contrast with the first preferred embodiment
shown in FIG. 8, the optical amplifier shown in FIG. 9 is
characterized in that a correcting circuit 71 is addition-
ally provided. The correcting circuit 71 receives an out-
put signal from the amplifier 50, that is, an output signal
from the first power detecting means (see FIG. 7) and
corrects a current to be supplied from the probe drive
circuit 54 to the laser diode 55. Accordingly, the power
of the probe light to be supplied to the EDF 45 can be
corrected to substantially widen a band where a change
in amplifier gain depending on wavelength does not oc-
cur.
[0045] FIG. 10 is a block diagram showing a third pre-
ferred embodiment of the optical amplifier shown in FIG.
7. In contrast with the first preferred embodiment shown
in FIG. 8, the optical amplifier shown in FIG. 10 is char-
acterized by the following points.
[0046] As a first characterizing point, the pump light
source 4 (see FIG. 7) includes a laser diode 82 to be
driven by a pump drive circuit 81 in addition to the laser
diode 53. With this change, there is further provided a
WDM coupler 83 for introducing pump light from the la-
ser diode 82 into the EDF 45 from its second end. The
WDM coupler 83 is provided between the EDF 45 and
the optical isolator 46. In this preferred embodiment, the
WDM couplers 43 and 83 correspond to the first optical
coupling means 5 shown in FIG. 7.
[0047] As a second characterizing point, the control
means 35 includes a CPU (Central Processing Unit) 84
for calculating the optimum power of the probe light ac-
cording to a predetermined program. The input/output
signals into/from the pump drive circuits 52 and 81 and

the probe drive circuit 54 and the output signals from the
amplifiers 50 and 59 are all analog signals. Accordingly,
to adapt these analog signals to a digital signal process-
ing in the CPU 84, the control means 35 further includes
a converter 85 for performing analog/digital conversion
and digital/analog conversion. The CPU 84 is connected
to a memory circuit 86 including a ROM for permanently
storing a program and a RAM for temporarily storing a
result of calculation or the like. The CPU 84 is provided
not only for calculation of the optimum power of the
probe light, but also for control of the power of the pump
light for APC. As a modification, the WDM coupler 43,
the pump drive circuit 52, and the laser diode 53 may
be omitted to thereby allow the pump light to be supplied
into the EDF 45 from its second end only.
[0048] FIG. 11 is a block diagram showing a fourth
preferred embodiment of the optical amplifier shown in
FIG. 7. The fourth preferred embodiment shown in FIG.
11 is the same as the third preferred embodiment shown
in FIG. 10 in the point that the first optical coupling
means 5 (see FIG. 7) includes the WDM couplers 43
and 83. In contrast with the third preferred embodiment
shown in FIG. 10, the optical amplifier shown in FIG. 11
is characterized in that the second optical coupling
means 32 (see FIG. 7) includes an optical coupler 44'
operatively connected to the EDF 45.
[0049] In the specification of the present invention,
the wording that optical components are operatively
connected to each other includes the case that the op-
tical components are directly connected together by fib-
er connection or spatial connection using a collimated
beam, and further includes the case that the optical
components are connected through another optical
component such as an optical filter.
[0050] The optical coupler 44' is provided between the
WDM coupler 83 and the optical isolator 46. The probe
light from the laser diode 55 is supplied through the op-
tical coupler 44' and the WDM coupler 83 in this order
into the EDF 45 from its second end. Power control for
the probe light is similar to that in the previous preferred
embodiments. In this preferred embodiment, the optical
coupler 44' is provided downstream of the EDF 45 in the
main optical path. Therefore, the probe light propagates
in a direction opposite to the propagation direction of the
signal light in the main optical path. Accordingly, the
probe light toward the output port 2 or the photodetector
58 can be easily cut off. More specifically, in the case
that the wavelength of the probe light is very close to the
wavelength of the signal light, the design accuracy of
the pass band of the optical band-pass filter 47 can be
relaxed. Further, since the optical coupler 44 (see FIG.
10) upstream of the EDF 45 in the main optical path is
unnecessary in this preferred embodiment, loss of the
input signal light to be supplied to the EDF 45 can be
reduced to thereby obtain a good noise figure.
[0051] However, since the propagation direction of
the signal light in the EDF 45 is opposite to the propa-
gation direction of the probe light, a spatial population
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inversion condition in the EDF 45 becomes different
from an intended power distribution of the signal light to
be amplified, so that it may be difficult to make the gain
characteristics flat over a wide band by the above-illus-
trated computation. In the case that such a difficulty is
expected, it can be removed by finely correcting the
power of the probe light according to the power of the
input signal light. For example, in the optical amplifier
shown in FIG. 11, a data table of optimum powers of the
probe light corresponding to the powers of the input sig-
nal light may be preliminarily stored in the memory cir-
cuit 86, and the probe light may be controlled according
to this data table.
[0052] While the optical amplifiers according to the
first aspect of the present invention described above are
suitable for transmission of WDM signal light consisting
of a plurality of wavelength-division multiplexed optical
signals, the application of the optical amplifiers is not
limited to a WDM system. Also in the case of amplifying
signal light having a single wavelength, the flat gain
characteristics can eliminate a degradation in transmis-
sion characteristics due to wavelength fluctuations.
[0053] An optical amplifier suitable for limited applica-
tion to a WDM system will now be described.
[0054] FIG. 12 is a block diagram for illustrating a ba-
sic configuration of an optical amplifier according to the
second aspect of the present invention. This optical am-
plifier amplifies WDM signal light supplied to an input
port 1 and outputs amplified WDM signal light from an
output port 2. To amplify the WDM signal light, this op-
tical amplifier includes an optical amplifying medium 3
and means 101 for pumping the optical amplifying me-
dium 3. This optical amplifier further includes monitor
means 102 for detecting a spectrum of the amplified
WDM signal light output from the optical amplifying me-
dium 3, and parameter control means 103 for controlling
a parameter on which the gain characteristics of the op-
tical amplifying medium 3 is dependent, according to the
detected spectrum to make flat the gain characteristics
in a band including the wavelengths of the WDM signal
light. The pumping means 101 includes, for example, a
pump light source 4 for outputting pump light and optical
coupling means 5 for introducing the pump light into the
optical amplifying medium 3. In this case, the power of
the pump light may be adopted as the parameter to be
controlled by the parameter control means 103.
[0055] In the case that the parameter to be controlled
is the power of the pump light, this optical amplifier pref-
erably further includes a variable optical attenuator 104
to which the amplified WDM signal light output from the
optical amplifying medium 3 is supplied, power detect-
ing means 105 for detecting the power of light output
from the variable optical attenuator 104, and means 106
for controlling the attenuation factor of the variable op-
tical attenuator 104 so that the detected power becomes
constant. In the optical amplifier shown in FIG. 12, the
parameter to be controlled by the parameter control
means 103 is the power of the pump light, so that the

variable optical attenuator 104 is used to perform APC.
However, the basic configuration of the optical amplifier
according to the second aspect of the present invention
is not limited to that shown in FIG. 12. For example, a
probe light source may be used like in the optical ampli-
fier according to the first aspect of the present invention,
and the power of probe light from the probe light source
may be adopted as the parameter to be controlled by
the parameter control means 103. In this case, APC may
be performed by using the power of the pump light.
[0056] FIG. 13 is a block diagram of an optical ampli-
fier showing a first preferred embodiment of the basic
configuration shown in FIG. 12. This optical amplifier in-
cludes the hardware used in the preferred embodiment
shown in FIG. 11, and the programs in the CPU 84 and
the memory circuit 86 have been modified according to
the second aspect of the present invention. This optical
amplifier further includes an optical coupler 110 provid-
ed between the optical coupler 48 and the output port 2
in the main optical path, and monitor means 102.
[0057] The optical coupler 110 branches the WDM
signal light amplified in the EDF 45 into first branch light
and second branch light. The first branch light is output
from the output port 2, and the second branch light is
supplied to the monitor means 102. The parameter to
be controlled by the parameter control means 103 (see
FIG. 12) is the power of the probe light output from the
laser diode 55, and the pump light output from the laser
diodes 53 and 55 is used for APC. The parameter con-
trol means 103 is understood to be included in the CPU
84. The monitor means 102 includes a grating 111, a
lens 112 for converting a beam parameter of the second
branch light from the optical coupler 110 and directing
the beam onto the entire surface of the grating 111, a
photosensor array 113 having a plurality of photosens-
ing elements, and a lens 114 for converging diffracted
light from the grating 111 to a photosensing surface of
the photosensor array 113.
[0058] Diffraction angles on the grating 111 are differ-
ent according to wavelengths. Therefore, by using an
optical power distribution obtained in the photosensor
array 113 according to the difference in diffraction angle,
the spectrum of the WDM signal light can be detected.
The optical power distribution obtained in the photosen-
sor array 113 is read by a read circuit 115, and an output
signal from the read circuit 115 is converted into a form
that can be easily handled by a signal processing circuit
116. Thereafter, an output signal from the signal
processing circuit 116 is supplied through the converter
85 to the CPU 84 or supplied directly to the CPU 84. The
signal processing circuit 116 calculates the values of
spectrum peaks corresponding to all the channels of the
WDM signal light, for example. In this case, the CPU 84
controls the power of the probe light so that the heights
of the spectrum peaks become substantially equal to
each other, for example.
[0059] FIG. 14 is a block diagram of an optical ampli-
fier showing a second preferred embodiment of the ba-
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sic configuration shown in FIG. 12. This optical amplifier
is applicable to the optical communication system ac-
cording to the present invention. In contrast with the pre-
ferred embodiment shown in FIG. 13, the optical ampli-
fier shown in FIG. 14 is characterized in that the monitor
means 102 and the parameter control means 103 (see
FIG. 12) are different in configuration and operation. The
detail of this preferred embodiment will be hereinafter
described.
[0060] FIG. 15 is a block diagram of the optical com-
munication system according to the present invention.
This system includes a first terminal station 121, a sec-
ond terminal station 122, an optical transmission line
123 such as an optical fiber laid between the first and
second terminal stations 121 and 122, and a plurality of
optical repeaters 124 inserted in the optical transmis-
sion line 123. Each of the optical repeaters 124 includes
an optical amplifier 125 (e.g., the optical amplifier shown
in FIG. 14) according to the second aspect of the present
invention. The first terminal station 121 outputs WDM
signal light. Each optical repeater 124 receives the
WDM signal light to amplify it and output the amplified
WDM signal light. The WDM signal light relayed by each
optical repeater 124 is received by the second terminal
station 122.
[0061] The first terminal station 121 includes means
for modulating at least two channels of the WDM signal
light by pilot signals having different frequencies. In
each optical amplifier 125, the monitor means 102 (see
FIG. 12) includes means for detecting components cor-
responding to the pilot signals, and the parameter con-
trol means 103 (see FIG. 12) includes means for con-
trolling a parameter so that the amplitudes of the detect-
ed components become substantially equal to each oth-
er.
[0062] FIGS. 16 and 17 are block diagrams showing
preferred embodiments of the first terminal station 121
and the second terminal station 122, respectively.
[0063] In the first terminal station 121, laser diodes
131 (#1 to #n) as transmission light sources are driven
by drive circuits 132 (#1 to #n), respectively. The laser
diodes 131 (#1 to #n) output optical signals having dif-
ferent wavelengths λ1 to λn, respectively. These output
signals are modulated according to transmission data
by external modulators 133 (#1 to #n) suitable for high-
speed transmission, respectively, and thereafter com-
bined together by an optical multiplexer 134. The optical
multiplexer 134 has two output ports 134A and 134B.
Most of the combined optical signals (WDM signal light)
is transmitted from the output port 134A through an out-
put port 140 of this terminal station 121 to the optical
transmission line 123 (see FIG. 15). The modulation ac-
cording to the transmission data by the external modu-
lators 133 (#1 to #n) is intensity modulation in this pre-
ferred embodiment. Oscillators 135 (#1 to #n) generate
pilot signals (tone signals) having different frequencies
f1 to fn, respectively. The pilot signals are supplied to the
drive circuits 132 (#1 to #n), respectively, thereby fre-

quency modulating the laser diodes 131 (#1 to #n) at
the frequencies f1 to fn, respectively. The pilot signals
are supplied also to a control circuit 136 having a syn-
chronous detecting circuit.
[0064] A part of the WDM signal light output from the
output port 134B of the optical multiplexer 134 is sup-
plied through a frequency discriminator 137 such as a
Fabry-Perot interferometer to a photodetector 138. By
passing the WDM signal light through the frequency dis-
criminator 137, an output from the photodetector 138
shows components of the pilot signals. The components
are next amplified by an amplifier 139 to be supplied to
the control circuit 136. The control circuit 136 controls
drive currents to be supplied from the drive circuits 132
(#1 to #n) to the laser diodes 131 (#1 to #n) in accord-
ance with the principle of general synchronous detec-
tion, thereby stabilizing the wavelengths of optical sig-
nals to be output from the laser diodes 131 (#1 to #n).
The frequencies of the pilot signals are set to different
values in a band of 1 KHz to 10 KHz, for example, so
that they have no influence upon main signals according
to the transmission data, and the pilot signals can be
easily detected.
[0065] As shown in FIG. 17, the second terminal sta-
tion 122 has an input port 141 for receiving the WDM
signal light. The WDM signal light received is branched
into a plurality of optical signals corresponding to the
channels of the WDM signal light by an optical demulti-
plexer 142. Then, the optical signals from the optical de-
multiplexer 142 are supplied to optical band-pass filters
143 (#1 to #n), respectively. The optical band-pass fil-
ters 143 (#1 to #n) selectively transmit optical signals
having the wavelengths λ1 to λn, respectively. The opti-
cal signals passed through the optical band-pass filters
143 (#1 to #n) are amplified by optical amplifiers 144 (#1
to #n), respectively, and converted into electrical signals
by opto-electric converters 145 (#1 to #n) including pho-
todetectors, respectively. Then, the transmission data in
all the channels are regenerated according to these
electrical signals.
[0066] An optical amplifier applicable to each optical
repeater 124 shown in FIG. 15 will now be described
with reference to FIG. 14. A part of the amplified WDM
signal light branched by the optical coupler 110 is sup-
plied to the monitor means 102 for detecting the spec-
trum of the WDM signal light. The WDM signal light sup-
plied to the monitor means 102 is supplied through a
frequency discriminator 151 such as a Fabry-Perot
interferometer to a photodetector 152. By passing the
WDM signal light through the frequency discriminator
151, an output signal from the photodetector 152 shows
components of the pilot signals. The components are
amplified by an amplifier 153 and then supplied to band-
pass filters 154 (#1 to #n). The band-pass filters 154 (#1
to #n) selectively transmit signal components having fre-
quencies f1 to fn, respectively. The signal components
passed through the band-pass filters 154 (#1 to #n) in-
clude the modulated components according to the rela-
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tively high-speed transmission data and the compo-
nents based on the relatively low-speed pilot signals. To
detect the amplitudes of the components based on the
pilot signals, envelope detectors 155 (#1 to #n) are pro-
vided. Output signals from the envelope detectors 155
(#1 to #n) are supplied through low-pass filters 156 (#1
to #n), respectively, to the converter 85.
[0067] The CPU 84 including the function of the pa-
rameter control means 103 (see FIG. 12) controls the
power of the probe light so that the amplitudes of the
components corresponding to the pilot signals detected
by the monitor means 102 become substantially equal
to each other or in a predetermined relation. According-
ly, flat gain characteristics of the optical amplifier can be
obtained. Particularly in the case that the system in-
cludes a plurality of optical repeaters 124 as shown in
FIG. 15, degradation in transmission quality due to un-
flatness of gain characteristics becomes remarkable.
Accordingly, the improvement in gain characteristics of
an optical amplifier according to the present invention is
effective for such a system.
[0068] In the configuration of the first terminal station
121 shown in FIG. 16, the pilot signals are used also for
stabilization of the wavelengths of the optical signals.
Therefore, the optical signals in all the channels are
modulated by the pilot signals. However, if only flatten-
ing of the gain characteristics in the optical amplifier is
intended, the optical signals in only two channels of the
WDM signal light may be modulated by the pilot signals.
For example, the two channels are a channel of the
shortest wavelength and a channel of the longest wave-
length in the WDM signal light.
[0069] Further, while the optical signals are frequency
modulated by the pilot signals in the preferred embodi-
ment shown in FIG. 16, the optical signals may be in-
tensity modulated by the pilot signals in the case that
the pilot signals are lower in speed than the transmission
data. In the case that the transmission light sources are
laser diodes in general, frequency modulation of the op-
tical signals can be easily carried out by superimposing
the pilot signals on the drive currents for the laser di-
odes. It should be noted that the optical signals are in-
tensity modulated at the same time. In the case that the
optical signals are intensity modulated by the pilot sig-
nals, the frequency discriminator 151 in the monitor
means 102 shown in FIG. 14 is unnecessary.
[0070] As described above, according to the present
invention, it is possible to provide an optical amplifier
and an optical communication system which can reduce
the wavelength dependence of gain irrespective of a
change in input power and number of WDM channels.
[0071] The present invention is not limited to the de-
tails of the above described preferred embodiments.
The scope of the invention is defined by the appended
claims and all changes and modifications as fall within
the equivalence of the scope of the claims are therefore
to be embraced by the invention.

Claims

1. An optical amplifier for amplifying wavelength-divi-
sion multiplexed signal light and outputting ampli-
fied wavelength-division multiplexed signal light,
comprising:

an optical amplifying medium to which said
wavelength-division multiplexed signal light is
supplied;
a means for pumping said optical amplifying
medium;
a monitor means for detecting a spectrum of
said amplified wavelength-division multiplexed
signal light output from said optical amplifying
medium; and
a parameter control means for controlling a pa-
rameter upon which gain characteristics repre-
senting a relation between gain of said optical
amplifying medium and wavelength are de-
pendent to maintain flat said gain characteris-
tics in a band including wavelengths of said
wavelength-division multiplexed signal light.

2. An optical amplifier according to claim 1, wherein:

said pumping means comprises a pump light
source for outputting pump light, and a means
for introducing said pump light into said optical
amplifying medium; and
said parameter is power of said pump light.

3. An optical amplifier according to claim 2, further
comprising:

a variable optical attenuator to which said am-
plified wavelength-division multiplexed signal
light output from said optical amplifying medium
is supplied;
a means for detecting power of light output from
said variable optical attenuator; and
a means for controlling an attenuation factor of
said variable optical attenuator so that the pow-
er detected by said detecting means becomes
constant.

4. An optical amplifier according to claim 1, further
comprising:

a probe light source for outputting probe light
having a wavelength included in an amplifica-
tion band of said optical amplifying medium;
and
a means for introducing said probe light into
said optical amplifying medium;

wherein said parameter is power of said probe
light.
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5. An optical communication system comprising:

a first terminal station for outputting wave-
length-division multiplexed signal light;
an optical repeater for receiving said wave-
length-division multiplexed signal light to ampli-
fy said wavelength-division multiplexed signal
light received and output amplified wavelength-
division multiplexed signal light; and
a second terminal station for receiving said am-
plified wavelength-division multiplexed signal
light output from said optical repeater;
said first terminal station including a means for
modulating at least two channels of said wave-
length-division multiplexed signal light by pilot
signals having different frequencies;
said optical repeater including an optical ampli-
fier, said optical amplifier comprising;
an optical amplifying medium to which said
wavelength-division multiplexed signal light is
supplied;
a means for pumping said optical amplifying
medium;
a monitor means for detecting a spectrum of
said amplified wavelength-division multiplexed
signal light output from said optical amplifying
medium; and
a parameter control means for controlling a pa-
rameter upon which gain characteristics repre-
senting a relation between gain of said optical
amplifying medium and wavelength are de-
pendent to maintain flat said gain characteris-
tics in a band including wavelengths of said
wavelength-division multiplexed signal light;
said monitor means including a means for de-
tecting components corresponding to said pilot
signals;
said parameter control means comprising a
means for controlling said parameter so that
amplitudes of said components detected by
said detecting means become substantially
equal to each other.

6. An optical communication system according to
claim 5, wherein said first terminal station further in-
cludes a means for stabilizing each wavelength of
said wavelength -division multiplexed signal light
according to said pilot signals.

7. An optical communication system according to
claim 5, wherein said optical repeater comprises a
plurality of optical repeaters connected in series.

8. An optical amplifier comprising:

an optical amplifying medium for being supplied
with an input signal light;
a means for pumping the optical amplifying me-

dium by supplying the optical amplifying medi-
um with a pump light such that the optical am-
plifying medium has an amplification band for
the input signal light;
a means for supplying the optical amplifying
medium with a prove light having a wavelength
included in the amplification band;
a means for detecting a power of at least one
of the pump light and the prove light; and
a means for controlling the power of the prove
light based on the detected power.

9. An optical amplifier having an amplification band for
input signal light, for outputting amplified signal
light, comprising:

an optical amplifying medium to which said in-
put signal light is supplied;
a pump light source for outputting pump light;
a first optical coupling means operatively con-
nected to said optical amplifying medium and
said pump light source, for introducing said
pump light into said optical amplifying medium;
a probe light source for outputting probe light
having a wavelength included in said amplifica-
tion band;
a second optical coupling means operatively
connected to said optical amplifying medium
and said probe light source, for introducing said
probe light into said optical amplifying medium;
a first power detecting means for detecting
power of said input signal light;
a second power detecting means for detecting
power of said probe light; and
a control means for controlling the power of said
probe light according to outputs from said first
and second power detecting means to maintain
constant an amplifier gain for said input signal
light.

10. An optical amplifier according to claim 9, wherein
said input signal light comprises a plurality of wave-
length-division multiplexed optical signals.

11. An optical amplifier according to claim 9, further
comprising:

a third power detecting means for detecting
power of said amplified signal light; and
a means for controlling power of said pump light
so that an output from said third power detect-
ing means becomes constant.

12. An optical amplifier according to claim 11, wherein
said third power detecting means comprises:

an optical band-pass filter operatively connect-
ed to said optical amplifying medium, for trans-
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mitting said amplified signal light and substan-
tially cutting off said probe light;
a means for branching said amplified signal
light output from said optical band-pass filter in-
to first branch light and second branch light;
and
a photodetector for receiving said first branch
light and outputting an electrical signal corre-
sponding to power of said first branch light re-
ceived;
said second branch light being output from said
optical amplifier.

13. An optical amplifier according to claim 9, wherein
said first power detecting means comprises a

means operatively connected to said first optical
coupling means, for branching said input signal light
into first branch light and second branch light; and
a first photodetector for receiving said first branch
light and outputting an electrical signal correspond-
ing to power of said first branch light received; said
second branch light being supplied to said optical
amplifying medium;

said probe light source comprises a laser di-
ode for outputting forward light and backward light,
said forward light being supplied to said optical am-
plifying medium; and

said second power detecting means compris-
es a second photodetector for receiving said back-
ward light and outputting an electrical signal corre-
sponding to power of said backward light received.

14. An optical amplifier according to claim 9, wherein
said control means comprises:

a computing means operatively connected to
said first and second power detecting means,
for performing computation based on outputs
from said first and second power detecting
means and outputting a result of said compu-
tation; and
a means for controlling said probe light source
so that said result output from said computing
means becomes constant.

15. An optical amplifier according to claim 14, wherein
said computing means adds a value obtained by
multiplying the output from said first power detect-
ing means by a first constant to a value obtained by
multiplying the output from said second power de-
tecting means by a second constant, and outputs a
result of such addition.

16. An optical amplifier according to claim 14, wherein
said control means further comprises a means for
correcting the power of said probe light according
to the output from said first power detecting means
to substantially widen a band where said amplifier

gain does not change depending on wavelength.

17. An optical amplifier according to claim 9, wherein
said control means includes:

an analog/digital converter for converting out-
puts from said first and second power detecting
means into digital signals; and
a processor for receiving said digital signals
and calculating optimum power of said probe
light in accordance with a predetermined pro-
gram.

18. An optical amplifier according to claim 9, wherein:

said optical amplifying medium comprises a
doped fiber doped with a rare earth element;
said doped fiber having a first end to which said
input signal light is supplied and a second end
for outputting said amplified signal light.

19. An optical amplifier according to claim 18, wherein
said rare earth element comprises erbium.

20. An optical amplifier according to claim 18, wherein
said first optical coupling means comprises a
means for supplying said pump light to any one of
said first end and said second end of said doped
fiber.

21. An optical amplifier according to claim 18, wherein:

said pump light source comprises a first laser
diode and a second laser diode;
said first optical coupling means comprises a
means for supplying light from said first laser
diode to said first end of said doped fiber, and
a means for supplying light from said second
laser diode to said second end of said doped
fiber.

22. An optical amplifier according to claim 18, wherein
said second optical coupling means comprises a
means for supplying said probe light to any one of
said first end and said second end of said doped
fiber.
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