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MULTI-WAVELENGTH LIGHT AMPLIFIER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a light 
ampli?er for a Wavelength division multiplexed (WDM) 
optical transmission system, and more particularly to a light 
ampli?er having a tWo-stage con?guration Which eliminates 
a Wavelength-dependence of the gain of the light ampli?er. 

[0003] Recently, an optical communications netWork has 
increasingly been used in practice. NoWadays, it is required 
that the optical communications netWork cope With multi 
media netWorking. A WDM system is more attractive, 
particularly in terms of an increase in the transmission 
capacity. In order to realiZe the WDM system, it is necessary 
to use a multi-Wavelength light ampli?er capable of ampli 
fying a Wavelength division multiplexed signal. It is 
required that such a multi-Wavelength light ampli?er does 
not have Wavelength-dependence of the gain, Which is 
further required not to be changed due to a-variation in the 
poWer of the input light. 

[0004] A light ampli?er is knoWn Which has an optical 
?ber doped With a rare-earth element and directly ampli?es 
the input light. There has been some activity in-the devel 
opment of a multi-Wavelength light ampli?er Which ampli 
?ers a Wavelength division multiplexed light signal includ 
ing signal components having different Wavelengths 
(channels). 
[0005] HoWever, normally, the rare-earth-element doped 
?ber ampli?er has a very narroW range in Which the gain 
thereof does not have the Wavelength-dependence. In this 
regard, noWadays, there is no available light ampli?er Which 
can practically be used for the WDM system. That is, there 
is no available light ampli?er Which does not have Wave 
length-dependence of the gain, Which is not changed due to 
a variation in the poWer of the input light. Particularly, the 
Wavelength-dependence of the gain, Which takes place When 
the input poWer changes, deteriorates the signal-to-noise 
ratio With respect to a particular signal. This prevents the 
multi-Wavelength light ampli?er from being used in prac 
tice. 

SUMMARY OF THE INVENTION 

[0006] It is a general object of the present invention to 
provide a multi-Wavelength light ampli?er in Which the 
above disadvantages are eliminated. 

[0007] Amore speci?c object of the present invention is to 
provide a multi-Wavelength light ampli?er Which does not 
have Wavelength-dependence of the gain, Which is not 
changed due to a variation in the poWer of the input light. 

[0008] The above objects of the present invention are 
achieved by a multi-Wavelength light ampli?er comprising: 
a ?rst-stage light ampli?er Which has a ?rst light amplifying 
optical ?ber amplifying a light input; a second-stage light 
ampli?er Which has a second light amplifying optical ?ber 
amplifying a ?rst light output from the ?rst-stage light 
ampli?er; and an optical system Which maintains a second 
light output of the second-stage light ampli?er at a constant 
poWer level. The ?rst-stage, and second-stage light ampli 
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?ers have different gain vs Wavelength characteristics so that 
the multi-Wavelength light ampli?er has no Wavelength 
dependence of a gain. 

[0009] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er com 
prises a ?rst pump source Which pumps the ?rst light 
amplifying optical ?ber so as to have a ?rst gain vs Wave 
length characteristic in Which as a Wavelength of light to be 
ampli?ed becomes shorter, a gain of the ?rst-stage light 
ampli?er becomes higher. The second-stage light ampli?er 
comprises a second pump source Which pumps the second 
light amplifying optical ?ber so as to have a second gain vs 
Wavelength characteristic in Which as a Wavelength of light 
to be ampli?ed becomes longer, a gain of the ?rst-stage light 
ampli?er becomes higher. 

[0010] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er com 
prises a ?rst pump source Which pumps the ?rst light 
amplifying optical ?ber so as to have a ?rst gain vs Wave 
length characteristic, having a ?rst linear gain slope. The 
second-stage light ampli?er comprises a second pump 
source Which pumps the second light amplifying optical 
?ber so as to have a second gain vs Wavelength characteristic 
having a second linear gain slope. A combination of the ?rst 
and second linear gain slopes results in a ?at gain vs 
Wavelength characteristic of the multi-Wavelength light 
ampli?er. 

[0011] The above multi-Wavelength light ampli?er may 
further comprise an optical ?lter Which emphasiZes the gain 
vs Wavelength characteristic of the ?rst-stage light ampli?er. 

[0012] The above multi-Wavelength light ampli?er may 
further comprise an optical ?lter Which compensates for a 
difference betWeen the gain vs Wavelength characteristics of 
the ?rst-stage light ampli?er and the second-stage light 
ampli?er. 

[0013] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The optical ?lter is provided so as to 
folloW the ?rst-stage light ampli?er. The ?rst-stage light 
ampli?er comprises a ?rst pump source Which pumps the 
?rst light amplifying optical ?ber so as to have a ?rst gain 
vs Wavelength characteristic having a ?rst linear gain slope. 
The second-stage light ampli?er comprises a second pump 
source Which pumps the second light amplifying optical 
?ber so as to have a second gain vs Wavelength characteristic 
having a second linear gain slope. The optical ?lter empha 
siZes the ?rst linear gain slope to provide an emphasiZed ?rst 
linear gain slope. A combination of the emphasiZed ?rst 
linear slope and the second linear gain slope results in a ?at 
gain vs Wavelength characteristic of the multi-Wavelength 
light ampli?er. 

[0014] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The optical ?lter is provided so as to 
folloW the ?rst-stage light ampli?er. The ?rst-stage light 
ampli?er comprises a ?rst pump source Which pumps the 
?rst light amplifying optical ?ber so as to have a ?rst gain 
vs Wavelength characteristic having a ?rst linear gain slope. 
The second-stage light ampli?er comprises a second pump 
source Which pumps the second light amplifying optical 
?ber so as to have a second gain vs Wavelength characteristic 
having a second linear gain slope. The optical ?lter com 
pensates for the difference betWeen the ?rst and second 
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linear gain slopes so that a ?at gain vs Wavelength charac 
teristic of the multi-Wavelength light ampli?er can be 
obtained. 

[0015] The above multi-Wavelength light ampli?er may be 
con?gured as follows. The ?rst-stage light ampli?er has a 
?rst AGC (automatic gain control) system so that a ratio of 
the input light and the ?rst light output is constant. The 
second-stage light ampli?er has a second AGC system so 
that a ratio of the ?rst light output and the second light output 
is constant. 

[0016] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er has an 
AGC (automatic gain control) system so that a ratio of the 
input light and the ?rst light output is constant. The second 
stage light ampli?er has an automatic poWer control (APC) 
system so that the second light amplifying optical ?ber is 
pumped at a predetermined constant poWer level. 

[0017] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er has an 
AGC (automatic gain control) system so that a ratio of the 
input light and the ?rst light output is constant. The second 
stage light ampli?er has an automatic level control (ALC) 
system so that the second light output is maintained at a 
predetermined constant poWer level. 

[0018] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst AGC system comprises ?rst 
means for detecting a ?rst level of the light input and a 
second level of the ?rst light output and pumping the ?rst 
light amplifying optical ?ber so that a ratio of the ?rst and 
second levels is maintained at a ?rst predetermined constant 
value. The second AGC system comprises second means for 
detecting a third level of the ?rst light output and a fourth 
level of the second light output and pumping the second light 
amplifying optical ?ber so that a ratio of the third and fourth 
levels is maintained at a second predetermined constant 
value. 

[0019] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er has a 
?rst AGC (automatic gain control) system Which detects a 
?rst ampli?ed spontaneous emission of the ?rst light ampli 
fying optical ?ber and pumps the ?rst light amplifying 
optical ?ber so that the ?rst ampli?ed spontaneous emission 
is maintained at a ?rst predetermined constant level. The 
second-stage light ampli?er has a second AGC system 
Which detects a second ampli?ed spontaneous emission of 
the second light amplifying optical ?ber and pumps the 
second light amplifying optical ?ber so that the second 
ampli?ed spontaneous emission is maintained at a second 
predetermined constant level. 

[0020] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er has a 
?rst AGC (automatic gain control) system Which detects a 
?rst pump light propagated through the ?rst light amplifying 
optical ?ber and pumps the ?rst light amplifying optical 
?ber so that the ?rst pump light is maintained at a ?rst 
predetermined constant level., The second-stage light ampli 
?er has a second AGC system Which detects a second pump 
light propagated through the second light amplifying optical 
?ber and pumps the second light amplifying optical ?ber so 
that the second pump light is maintained at a second 
predetermined constant level. 
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[0021] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The ?rst-stage light ampli?er com 
prises a ?rst pump source Which pumps the ?rst light 
amplifying optical ?ber through a ?rst coupler so as to have 
a ?rst gain vs Wavelength characteristic in Which as a 
Wavelength of light to be ampli?ed becomes shorter, a gain 
of the ?rst-stage light ampli?er becomes higher. The second 
stage light ampli?er comprises a second pump source Which 
pumps the second light amplifying optical ?ber through a 
second coupler so as to have a second gain vs Wavelength 
characteristic in Which as a Wavelength of light to be 
ampli?ed becomes longer, a gain of the ?rst-stage light 
ampli?er becomes higher. At least one of the ?rst and second 
couplers has a characteristic Which emphasiZes one of the 
gain vs Wavelength characteristics of the ?rst-stage and 
second-stage light ampli?ers. 
[0022] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The optical system Which maintains 
the second light output of the second-stage light ampli?er at 
a constant poWer level comprises a variable attenuator Which 
is provided betWeen the ?rst-stage light ampli?er and the 
second-stage light ampli?er and attenuates the ?rst output 
signal on the basis of the poWer level of the second light 
output. 

[0023] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The optical system Which maintains 
the second light output of the second-stage light ampli?er at 
a constant poWer level comprises a variable attenuator Which 
is provided so as to folloW the second-stage light ampli?er 
and attenuates the second output signal on the basis of the 
poWer level of an attenuated second light output from the 
variable attenuator. 

[0024] The above multi-Wavelength light ampli?er may be 
con?gured as folloWs. The optical system Which maintains 
the second light output of the second-stage light ampli?er at 
a constant poWer level comprises a variable attenuator Which 
is provided betWeen the ?rst-stage light ampli?er and the 
second-stage light ampli?er and attenuates the ?rst output 
signal on the basis of the poWer level of an attenuated ?rst 
light output from the variable attenuator. 

[0025] The above multi-Wavelength light ampli?er may 
further comprise a rejection ?lter Which is provided betWeen 
the ?rst-stage light ampli?er and the second-stage light 
ampli?er and prevents a pump light Which pumps the ?rst 
light amplifying optical ?ber from being transmitted to the 
second-stage light ampli?er. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in, conjunction 
With the accompanying draWings, in Which: 

[0027] FIG. 1 is a block diagram of a multi-Wavelength 
light ampli?er according to a ?rst embodiment of the present 
invention; 
[0028] FIG. 2 is a diagram shoWing a principle of a 
multi-Wavelength light ampli?er according to a second 
embodiment of the present invention; 

[0029] FIG. 3 is a block diagram of a multi-Wavelength 
light ampli?er according to a third embodiment of the 
present invention; 
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[0030] FIG. 4 is a diagram showing a principle of the 
multi-Wavelength light ampli?er according to the third 
embodiment of the present invention; 

[0031] FIG. 5 is a block diagram of a multi-Wavelength 
light ampli?er according to a fourth embodiment of the 
present invention; 

[0032] FIG. 6 is a diagram shoWing a principle of the 
multi-Wavelength light ampli?er according to the fourth 
embodiment of the present invention; 

[0033] FIGS. 7A and 7B are diagrams shoWing a principle 
of a multi-Wavelength light ampli?er according to a ?fth 
embodiment of the present invention; 

[0034] FIG. 8 is a block diagram of a multi-Wavelength 
light ampli?er according to a seventh embodiment of the 
present invention; 

[0035] FIG. 9 is a block diagram of a multi-Wavelength 
light ampli?er according to an eighth embodiment of the 
present invention; 

[0036] FIG. 10 is a block diagram of a multi-Wavelength 
light ampli?er according to a ninth embodiment of the 
present invention; 

[0037] FIG. 11 is a block diagram of a multi-Wavelength 
light ampli?er according to a tenth embodiment of the 
present invention; 

[0038] FIG. 12 is a block diagram of a multi-Wavelength 
light ampli?er according to an eleventh embodiment of the 
present invention; 

[0039] FIG. 13 is a block diagram of a multi-Wavelength 
light ampli?er according to a tWelfth embodiment of the 
present invention; 

[0040] FIG. 14 is a block diagram of a multi-Wavelength 
light ampli?er according to a thirteenth embodiment of the 
present invention; and 

[0041] FIG. 15 is a block diagram of a multi-Wavelength 
light ampli?er according to a fourteenth embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0042] FIG. 1 is a block diagram of a multi-Wavelength 
light ampli?er according to a ?rst embodiment of the present 
invention. The ampli?er shoWn in FIG. 1 includes a ?rst 
stage (front-stage) light ampli?er 1 and a second-stage 
(rear-stage) light ampli?er 2. A variable attenuator (ATT) 11 
is provided betWeen the ?rst and second ampli?ers 1 and 2. 
The variable attenuator 11 is controlled by an automatic 
level control (ALC) circuit 14, Which is controlled by a 
photodetector 13 such as a photodiode. The photodiode 13 
receives split light from a beam splitting coupler 12, Which 
folloWs the second-stage ampli?er 2. An optical system 
having a feedback loop is formed by the light splitting 
coupler 12, the photodiode 13, the ALC circuit 14 and the 
variable attenuator 11. 

[0043] The ?rst-stage ampli?er 1 includes a ?rst-stage 
light input monitor made up of a beam splitting coupler 31 
and a photodiode 41, and a ?rst-stage light output monitor 
made up of a beam splitting coupler 32 and a photodiode 42. 
Further, the ?rst-stage ampli?er 1 includes a light amplify 
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ing optical ?ber 7 such as a rare-earth-element doped optical 
?ber and an exciting-light source (hereinafter referred to as 
a pump source: PS) 91, Which is controlled by an automatic 
gain control (AGC) circuit 61 provided in the ?rst-stage 
ampli?er 1. An AGC system including the AGC circuit 61 
and the above input and output monitors performs an AGC 
control of the pump source 91 so that the ratio of the light 
input poWer level detected by the light input monitor and the 
light output poWer level detected by the light output monitor 
can be maintained at a constant value. The above ratio 
corresponds to the gain of the ?rst-stage ampli?er 1. 

[0044] The second-stage ampli?er 2 includes a second 
stage light input monitor made up of a beam splitting coupler 
33 and a photodiode 43, and a second-stage light output 
monitor made up of a beam splitting coupler 34 and a 
photodiode 44. Further, the second-stage ampli?er 2 
includes a light amplifying optical ?ber 8 such rare-earth 
element doped optical ?ber, and a pump-source 92, Which is 
controlled by an AGC circuit 62 provided in the second-stage 
ampli?er 2. An AGC system including the AGC circuit 62 
and the above input and output monitors performs a AGC 
operation of the pump source 92 so that the ratio of the light 
input poWer level detected by the light input monitor and the 
light output poWer level detected by the light output monitor 
can be maintained at a constant value. 

[0045] The combination of the ?rst-stage ampli?er 1 and 
the second-stage ampli?er 2 functions to cancel the differ 
ence between the gain of the ampli?er 1 and the gain of the 
ampli?er 2 in each of the Wavelengths of the multiplexed 
signal. That is, the ampli?ers 1 and 2 have different gain vs. 
Wavelength characteristics (Which may be simply referred to 
as gain characteristics), Which can be compensated by the 
combination of the ampli?ers 1 and 2. As a result, the entire 
multi-Wavelength light ampli?er has a ?at gain vs Wave 
length characteristic. 

[0046] It Will noW be assumed that GO,l denotes an AGC 
control setting level Which causes the ampli?er 1 to have a 
?at gain vs Wavelength characteristic in Which the output 
spectra at the respective Wavelengths of the multiplexed 
signal have a constant peak value. Similarly, GO,2 is denoted 
as an AGC control setting level Which causes the ampli?er 
2 to have a ?at gain vs Wavelength characteristic in Which 
the output spectra at the respective Wavelengths of the 
multiplexed signal have a constant peak value. In order to 
achieve the above cancellation, the practical AGC control 
setting levels G1 and G2 of the ampli?ers 1 and 2 are set so 
that Gl EGO,l and G2 EGO’? In this case, as Will be described 
later With reference to FIG. 2, the ampli?ers 1 and 2 can have 
gain vs Wavelength characteristics that can be compensated 
by the combination thereof. For example, the gain of the 
ampli?er 1 at a Wavelength is large, While the gain of the 
ampli?er 2 at the same Wavelength as described above is 
small. Hence, the total gain obtained by the ampli?ers 1 and 
2 can be maintained at a constant (?at) level. By combining 
the tWo ampli?ers together as described above, it is possible 
for the multi-Wavelength light ampli?er to have no Wave 
form-dependence of the gain thereof. 

[0047] The above Waveform-dependence of the gain can 
be maintained at a constant level irrespective of a variation 
in the input poWer by means of the feedback loop including 
the light splitting coupler 12, the photodiode 13, the ALC 
circuit 14 and the variable attenuator 11. The split light from 
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the beam splitting coupler 12 is applied to the photodiode 
13, Which generates an electric signal corresponding to the 
light level. The above electric signal is applied to the 
variable attenuator 11, and the amount of attenuation caused 
therein is varied on the basis of the light level detected by the 
photodiode 13. In this manner, the light output level of the 
second-stage ampli?er 2 can be maintained at a constant 
level. The variable attenuator 11 may be formed by using a 
Faraday rotator or the electro-optical effect of a lithium 
niobate (LiNbO3) crystal. 

[0048] The ampli?ers 1 and 2 are pumped forWard by the 
pump sources 91 and 92. Alternatively, it is possible to pump 
the ampli?ers 1 and 2 backWard. It is also possible to pump 
the ampli?ers 1 and 2 forWard and backWard. 

[0049] The light ampli?er shoWn in FIG. 1 is capable of 
amplifying all the Wavelengths to be multiplexed so that the 
light ampli?er does not have the Wavelength-dependence of 
the gain, Which is not changed due to a variation in the 
poWer of the input light. If some Wavelengths are not used 
or only some Wavelengths are used, a ?lter (not shoWn) 
having a corresponding Wavelength characteristic may be 
placed before the photodiode 41 (43) or 42 (44) of the 
?rst-stage (second-stage) ampli?er 1 (2) or both thereof. 

[0050] FIG. 2 is a diagram of the operation of a multi 
Wavelength light ampli?er according to a second embodi 
ment of the present invention. The second embodiment has 
the same con?guration as shoWn in FIG. 1. According to the 
second embodiment of the present invention, the optical 
?bers 7 and 8 are erbium-doped (Er-doped) optical ?bers, 
Which are examples of rare-ear‘th-element doped optical 
?bers. Normally alumina (A1203) is added to the Er-doped 
optical ?bers at a high concentration level. In this regard, the 
Er-doped optical ?ber may be called a co-doped optical 
?ber. The Er-doped optical ?ber has a substantially linear 
gain vs Wavelength characteristic in an amplifying band 
about 1550 nm, as shoWn in FIG. 2. 

[0051] Part (a) of FIG. 2 shoWs a gain vs Wavelength 
characteristic obtained in the amplifying band about 1550 
nm When the exciting rate is relatively high, and part (b) of 
FIG. 2 shoWs a gain vs Wavelength characteristic obtained in 
the amplifying band about 1550 nm When the exciting rate 
is relative loW. The characteristics shoWn in parts (a) and (b) 
of FIG. 2 are due to the characteristics of absorption/ 
emission of Er ions in the Er-doped optical ?ber With 
alumina added thereto at a high concentration level. The 
horizontal axes of the parts (a), (b) and (c) of FIG. 2 denote 
the Wavelength, and the vertical axes thereof denote the gain 
of the Er-doped optical ?ber. 

[0052] As shoWn in part (a) of FIG. 2, in the amplifying 
band about 1550 nm, the ?ber has a relatively high gain on 
the short-Wavelength side, and a relatively loW gain on the 
long-Wavelength side. In other Words, as the Wavelength 
becomes shorter, the gain becomes higher. As shoWn in part 
(b) of FIG. 2, in the amplifying band about 1550 nm, the 
?ber has a relatively high gain on the long-Wavelength side, 
and a relatively loW gain on the short-Wavelength side. In 
other Words, as the Wavelength becomes longer, the gain 
becomes higher. 

[0053] According to the second embodiment of the present 
invention, the Er-doped ?ber 7 of the ?rst ampli?er 1 is long 
enough to increase the exciting rate and obtain the charac 
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teristic shoWn in part (a) of FIG. 2. The Er-doped ?ber 8 of 
the second ampli?er 1 is short enough to decrease the 
exciting rate and obtain the characteristic shoWn in part (b) 
of FIG. 2. Generally, When the pumping of the Er-doped 
?ber is increased, the gain vs Wavelength characteristic is 
changed from part (b) of FIG. 2 to part (a) through part (c). 

[0054] The linear gain slope characteristic of the ?rst 
stage ampli?er 1 and that of the gain characteristic of the 
second-stage ampli?er 2 are canceled by the combination of 
the ampli?ers 1 and 2, so that a ?at gain vs Wavelength 
characteristic (a spectrum characteristic having a constant 
gain) as shoWn in part (c) of FIG. 2 can be obtained. 

[0055] It is preferable for the ?rst-stage ampli?er 1 to be 
a loW noise ?gure. In this regard, the Er-doped ?ber 7 of the 
?rst-stage ampli?er is used at a relatively high exciting rate. 
In this case, the exciting ef?ciency is not high. The Er-doped 
?ber 8 is used at a relatively loW exciting rate. Hence, it is 
possible to improve the exciting ef?ciency of the second 
stage ampli?er 1. This contributes to reducing energy con 
sumed in the second-stage ampli?er 2. 

[0056] The folloWing data has been obtained through an 
experiment in Which the multi-Wavelength light ampli?er 
Was actually produced. The light ampli?er produced in the 
experiment Was deigned to amplify four Wavelengths (1548 
nm, 1551 nm, 1554 nm, 1557 nm). The light input level used 
in the experiment Was selected so as to fall Within the range 
of —25 dBm through —15 dBm. The gain and the gain tilt of 
the ?rst-stage ampli?er 1 Were respectively set to 20 dB and 
1.5 dB at a maximum poWer of the exciting light equal to 
—160 mW (980 nm). The second-stage ampli?er 2 Was 
adjusted so as to produce, for each channel, the light output 
equal to +7 dBm at a maximum poWer of the exciting light 
equal to —100 mW (1480 nm). In this case, the multi 
Wavelength light ampli?er has a maximum noise ?gure of 
5.6 dB and a maximum gain tilt of 0.2 dB. 

[0057] FIG. 3 is a block diagram of a multi-Wavelength 
light ampli?er according to a third embodiment of the 
present invention. In FIG. 3, parts that are the same as those 
shoWn in FIG. 1 are indicated by the same reference 
numbers. The light ampli?er shoWn in FIG. 3 has an optical 
?lter 15 for compensating for a Wavelength characteristic, as 
Will be described beloW. The optical ?lter 15 is provided 
betWeen the variable attenuator 11 and the input side of the 
second-stage ampli?er 2. 

[0058] FIG. 4 is a diagram shoWing the operation of the 
light ampli?er shoWn in FIG. 3. More particularly, part (a) 
of FIG. 4 shoWs a gain vs Wavelength characteristic of the 
?rst-stage ampli?er 1 shoWn in FIG. 3; and part (b) thereof 
shoWs a gain vs Wavelength characteristic obtained by the 
combination of the ?rst-stage ampli?er 1 and the optical 
?lter 15. Part (c) of FIG. 4-shoWs a gain vs Wavelength 
characteristic of the second-stage ampli?er 2 shoWn in FIG. 
4, and part (d) shoWs a total gain vs Wavelength character 
istic of the Whole light ampli?er shoWn in FIG. 3. 

[0059] The con?guration of the ?rst-stage ampli?er 1 
shoWn in FIG. 3 is the same as that of the ampli?er 1 shoWn 
in FIG. 1. The con?guration of the second-stage ampli?er 2 
shoWn in FIG. 3 is the same as that of the ampli?er 2 shoWn 
in FIG. 1. 

[0060] The optical ?lter 15 emphasiZes the gain vs Wave 
length characteristic of the ?rst-stage ampli?er 1. As shoWn 














