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(57) ABSTRACT 

An optical amplifying module having an internal pumping 
source is provided. WDM signal light obtained by Wave 
length division multiplexing a plurality of optical signals 
allocated to different Wavelength channels is supplied to the 
optical amplifying module. An output poWer from the inter 
nal pumping source is adjusted so that the optical amplifying 
module provides a gain for the WDM signal light. Abooster 
module having an external pumping source for supporting 
the gain is connected to the optical amplifying module. An 
output poWer from the external pumping source is set 
according to the number of channels of the WDM signal 
light. This method alloWs easy response to a change in the 
number of channels of the WDM signal light. 
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METHOD, APPARATUS, AND SYSTEM FOR 
OPTICAL AMPLIFICATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method, appara 
tus, and system for optical ampli?cation, and more particu 
larly to a method, apparatus, and system for optical ampli 
?cation suitable for WDM signal light obtained by 
Wavelength division multiplexing a plurality of optical sig 
nals allocated to different Wavelength channels. 

[0003] 2. Description of the Related Art 

[0004] An optical communication system using an optical 
?ber transmission line is used to transmit a relatively large 
amount of information. A loW-loss (e.g., 0.2 dB/km) optical 
?ber has already been produced and is being used as the 
optical ?ber transmission line. In addition, an optical ampli 
?er for compensating for loss in the optical ?ber transmis 
sion line is used to alloW long-haul transmission. 

[0005] A related art optical ampli?er includes an optical 
amplifying medium pumped by pump light to provide a gain 
band. The optical amplifying medium and the pump light are 
selected so as to provide a gain band including the Wave 
length of signal light to be ampli?ed. As a result, the signal 
light is ampli?ed during propagation in the optical ampli 
fying medium being pumped. For example, an erbium doped 
?ber ampli?er (EDFA) includes an erbium doped ?ber 
(EDF) as the optical amplifying medium, and a pumping 
light source for pumping the EDF. The pumping source 
supplies pump light having a predetermined Wavelength to 
the EDF. By presetting the Wavelength of the pump light 
Within a 0.98 pm band or 1.48 pm band, a gain band 
including a Wavelength band of 1.55 pm can be obtained. As 
a result, signal light having a Wavelength band of 1.55 pm 
is ampli?ed. 

[0006] Another type of the related art optical ampli?er has 
a semiconductor chip as the optical amplifying medium. In 
this case, pumping is performed by injecting an electric 
current into the semiconductor chip. 

[0007] As a technique for increasing a transmission capac 
ity by a single optical ?ber, Wavelength division multiplex 
ing (WDM) is knoWn. In a system adopting WDM, a 
plurality of optical carriers having different Wavelengths are 
individually modulated by data. Each modulated carrier 
provides one channel of a WDM system for transmitting 
optical signals. These optical signals (i.e., the modulated 
carriers) are Wavelength division multiplexed by an optical 
multiplexer to obtain WDM signal light. The WDM signal 
light thus obtained is transmitted through an optical ?ber 
transmission line to a receiving end. At the receiving end, the 
WDM signal light is separated into individual optical signals 
by an optical demultiplexer. Then, the original data can be 
detected according to these individual optical signals. 
Accordingly, by applying WDM, the transmission capacity 
in a single optical ?ber can be increased according to the 
number of WDM channels. 

[0008] In the case that an optical ampli?er is inserted in a 
transmission line of an optical communication system adopt 
ing WDM, a transmission distance is limited by the Wave 
length characteristic of gain (Wavelength dependence of 
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gain) Which is represented by a gain tilt or gain deviation. In 
an EDFA, for example, it is knoWn that a gain tilt is 
produced at Wavelengths near 1.55 pm and that this gain tilt 
varies With the total input poWer of signal light to the EDFA 
and the poWer of pump light. 

[0009] KnoWn is an optical ampli?er for optical ampli? 
cation Which can maintain the Wavelength characteristic of 
gain constant and obtain a Wide input dynamic range. This 
optical ampli?er includes ?rst and second optical amplifying 
sections and a variable optical attenuator optically connected 
betWeen the ?rst and second optical amplifying sections. 
Automatic gain control (AGC) is applied to each of the ?rst 
and second optical amplifying sections, thereby maintaining 
constant the Wavelength characteristic of gain of each of the 
?rst and second optical amplifying sections. Further, auto 
matic output level control (ALC) is performed by using the 
variable optical attenuator to thereby obtain a Wide input 
dynamic range. That is, the output level of the second optical 
amplifying section is maintained constant irrespective of the 
input level of the ?rst optical amplifying section, so that the 
input dynamic range of this optical ampli?er is Widened. 

[0010] In such an optical ampli?er, the attenuation of the 
variable optical attenuator is controlled so that the poWer per 
channel of WDM signal light to be supplied to the second 
optical amplifying section becomes constant, for example. 
Further, the output poWer of an internal pumping source in 
the second optical amplifying section is controlled to main 
tain the gain constant. It is knoWn that if the number of 
channels of WDM signal light to be ampli?ed changes or is 
modi?ed, the poWer of a pumping source for obtaining a 
constant gain increases With an increase in total poWer of 
light to be ampli?ed. oWing to this fact, the output poWer of 
the internal pumping source may fall outside of an adjust 
able range. For example, When the number of channels of 
WDM signal light to be ampli?ed increases in concert With 
system upgrading, there is a possibility that the output poWer 
of the internal pumping source may exceed the adjustable 
range. HoWever, the related art method cannot easily 
respond to such a change in the number of channels of WDM 
signal light. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention to 
provide a method, apparatus, and system for optical ampli 
?cation Which can easily respond to a change in the number 
of channels of WDM signal light. 

[0012] Other objects of the present invention Will become 
apparent from the folloWing description. 

[0013] In accordance With a ?rst aspect of the present 
invention, there is provided a method for optical ampli?ca 
tion. An optical amplifying module having an internal 
pumping source is provided. WDM signal light obtained by 
Wavelength division multiplexing a plurality of optical sig 
nals allocated to different Wavelength channels is supplied to 
the optical amplifying module. An output poWer from the 
internal pumping source is adjusted so that the optical 
amplifying module provides a gain for the WDM signal 
light. Abooster module having an external pumping source 
for supporting the gain is connected to the optical amplify 
ing module. An output poWer from the external pumping 
source is set according to the number of channels of the 
WDM signal light. 
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[0014] According to this method, although the number of 
channels of the WDM signal light has changed, the output 
power from the external pumping source is set according to 
the number of channels, thereby supporting the gain given to 
the WDM signal light by the optical amplifying module. 
Accordingly, this method can easily respond to a change in 
the number of channels of the WDM signal light, thus 
achieving one of the objects of the present invention. 

[0015] Preferably, the poWer per channel of the WDM 
signal light to be supplied to the optical amplifying module 
is maintained constant. In this case, the poWer (e.g., total 
poWer) of the WDM signal light to be supplied to the optical 
amplifying module may be detected and the number of 
channels of the WDM signal light may be obtained accord 
ing to the poWer detected above. 

[0016] Preferably, the gain of the optical amplifying mod 
ule is detected, and the output poWer from the internal 
pumping source is controlled so that the gain detected is 
maintained constant. The adjustable range of the output 
poWer from the internal pumping source is predetermined 
according to the capacity of the internal pumping source. On 
the other hand, an optimum output poWer from the internal 
pumping source for maintaining the gain constant increases 
With an increase in the number of channels of WDM signal 
light to be ampli?ed. Accordingly, by applying the present 
invention, such control for maintaining the gain constant can 
be easily performed. 

[0017] In accordance With a second aspect of the present 
invention, there is provided a method comprising the steps 
of (a) providing an optical amplifying module having an 
internal pumping source; (b) supplying signal light to the 
optical amplifying module; (c) adjusting an output poWer 
from the internal pumping source so that the optical ampli 
fying module provides a gain for the signal light; (d) 
connecting a booster module having an external pumping 
source to the optical amplifying module; and (e) setting an 
output poWer from the external pumping source according to 
the poWer of the signal light. 

[0018] In this method, the signal light to Which the gain is 
provided by the optical amplifying module is not limited to 
WDM signal light. Also in the case that the signal light is an 
optical signal of only one channel, there is a possibility that 
the output poWer from the internal pumping source may fall 
outside the adjustable range because of a change in poWer of 
the optical signal. Accordingly, by setting the output poWer 
from the external pumping source according to the poWer of 
the signal light, the output poWer can easily respond to a 
change in poWer of an optical signal to be ampli?ed. 

[0019] In accordance With a third aspect of the present 
invention, there is provided an apparatus comprising an 
optical amplifying module having an internal pumping 
source, to Which WDM signal light obtained by Wavelength 
division multiplexing a plurality of optical signals allocated 
to different Wavelength channels is supplied; an adjusting 
unit for adjusting an output poWer from the internal pumping 
source so that the optical amplifying module provides a gain 
for the WDM signal light; and a booster module having an 
external pumping source for supporting the gain, the booster 
module being connectable to the optical amplifying module; 
an output poWer from the external pumping source being set 
according to the number of channels of the WDM signal 
light. According to the third aspect of the present invention, 
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it is possible to provide a suitable apparatus for carrying out 
the method according to the ?rst aspect of the present 
invention. 

[0020] In accordance With a fourth aspect of the present 
invention, there is provided a system comprising an optical 
?ber transmission line and at least one optical repeater 
arranged along the optical ?ber transmission line. Each 
optical repeater may include the apparatus according to the 
third aspect of the present invention. According to the fourth 
aspect of the present invention, it is possible to provide a 
suitable system for carrying out the method according to the 
?rst aspect of the present invention. 

[0021] In accordance With a ?fth aspect of the present 
invention, there is provided an apparatus comprising a 
front-stage optical amplifying section and a rear-stage opti 
cal amplifying section each for providing a gain to WDM 
signal light obtained by Wavelength division multiplexing a 
plurality of optical signals allocated to different Wavelength 
channels; a variable attenuator optically connected betWeen 
the front-stage optical amplifying section and the rear-stage 
optical amplifying section; a circuit for controlling the 
variable attenuator so that the poWer per channel of the 
WDM signal light to be supplied to the rear-stage optical 
amplifying section is maintained constant; and a booster 
module having an external pumping source for supporting 
the gain in the rear-stage optical amplifying section; an 
output poWer from the external pumping source being set 
according to the number of channels of the WDM signal 
light. 
[0022] The above and other objects, features and advan 
tages of the present invention and the manner of realiZing 
them Will become more apparent, and the invention itself 
Will best be understood from a study of the folloWing 
description and appended claims With reference to the 
attached draWings shoWing some preferred embodiments of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 is a block diagram shoWing a preferred 
embodiment of the system according to the present inven 
tion; 

[0024] 
[0025] FIG. 3 is a graph shoWing changes in Wavelength 
characteristic of gain With a population inversion condition 
(N2/Nt) used as a parameter; 

[0026] FIG. 4 is a diagram for illustrating a preferred 
embodiment of the apparatus according to the present inven 
tion; 
[0027] FIG. 5 is a block diagram shoWing a preferred 
embodiment of a front-stage optical amplifying module; 

[0028] FIG. 6 is a block diagram shoWing a preferred 
embodiment of a rear-stage optical amplifying module; 

[0029] FIG. 7 is a block diagram shoWing a preferred 
embodiment of a booster module; 

[0030] FIG. 8 is a poWer diagram in the preferred embodi 
ment of the present invention; and 

[0031] FIG. 9 is a graph shoWing an example of the 
relation betWeen the pump light poWer from an external 
pumping source and the number of channels of WDM signal 
light. 

FIG. 2 is a graph for illustrating gain tilt in an EDF; 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] Some preferred embodiments of the present inven 
tion Will noW be described in detail With reference to the 
attached drawings. Throughout the drawings, the same ref 
erence numerals denote the same elements. 

[0033] FIG. 1 is a block diagram shoWing a preferred 
embodiment of the optical ?ber communication system 
according to the present invention. This system includes a 
?rst terminal station 2, a second terminal station 4, an optical 
?ber transmission line 6 connecting the terminal stations 2 
and 4, and a plurality of (tWo in this preferred embodiment) 
optical repeaters 8 arranged along the optical ?ber transmis 
sion line 6. Each optical repeater 8 includes an optical 
ampli?er 10 optically connected to the optical ?ber trans 
mission line 6. While the tWo optical repeaters 8 are shoWn 
in FIG. 1, tWo or more optical repeaters may be used, 
depending on parameters of system design. Further, a single 
optical repeater may be used in some system. 

[0034] The ?rst terminal station 2 includes a plurality of 
optical transmitters (TX) 12(#1) to 12(#N) for respectively 
outputting a plurality of optical signals having different 
Wavelengths, an optical multiplexer (MUX) 14 for Wave 
length division multiplexing the optical signals output from 
the optical transmitters 12(#1) to 12(#N) to obtain WDM 
signal light, and an optical ampli?er (postampli?er) 16 for 
amplifying the WDM signal light obtained from the optical 
multiplexer 14 to output resultant ampli?ed WDM signal 
light to the optical ?ber transmission line 6. 

[0035] The second terminal station 4 includes an optical 
ampli?er (preampli?er) 18 for amplifying the WDM signal 
light from the optical ?ber transmission line 6, an optical 
demultiplexer (DMUX) 20 for separating resultant ampli?ed 
WDM signal light output from the optical ampli?er 18 into 
a plurality of optical signals, and a plurality of optical 
receivers (RX) 22(#1) to 22(#N) for respectively receiving 
the optical signals from the optical demultiplexer 20. 

[0036] With this system con?guration, loss of the WDM 
signal light can be compensated by at least an optical 
repeater or repeaters 8 arranged along the optical ?ber 
transmission line 6, thereby alloWing long-haul transmis 
sion. Furthermore, the optical signals of plural channels are 
transmitted by the optical ?ber transmission line 6, thereby 
increasing a transmission capacity. 

[0037] FIG. 2 is a graph for illustrating a gain tilt occur 
ring in an optical ampli?er. More speci?cally, there are 
shoWn in FIG. 2 the spectra of output light When WDM 
signal light based on optical signals of four channels (having 
Wavelengths of 1548, 1551, 1554, and 1557 nm) having the 
same poWer (—35 dBm/ch) is input into an EDFA (erbium 
doped ?ber ampli?er). In FIG. 2, the vertical axis represents 
output poWer (dBm), and the horiZontal axis represents 
Wavelength 

[0038] The spectrum shoWn by A corresponds to the case 
Where the poWer of pump light is relatively high, causing a 
negative gain tilt in a band of about 1540 to 1560 nm. That 
is, the negative gain tilt is a gain tilt such that the gain 
decreases With an increase in Wavelength, and the derivative 
of gain (G) With respect to wavelength (9») is negative 
(dG/d>\.<0). 
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[0039] The spectrum shoWn by C corresponds to the case 
Where the poWer of pump light is relatively loW, causing a 
positive gain tilt in a band of about 1540 to 1560 nm. That 
is, the positive gain tilt is a gain tilt such that the gain 
increases With an increase in Wavelength, and the derivative 
of gain (G) With respect to Wavelength (A is positive 
(dG/d>\.>0). 
[0040] The spectrum shoWn by B corresponds to the case 
Where the poWer of pump light is optimum so that no gain 
tilt is induced or the gain tilt becomes ?at in a band of about 
1540 to 15 60 nm, and the derivative of gain (G) With respect 
to wavelength (9») is Zero (dG/d>\.=0). 

[0041] Each spectrum has such a shape that four sharp 
spectra corresponding to the optical signals of the four 
channels are superimposed on a gentle spectrum of ASE 
(ampli?ed spontaneous emission). It is knoWn that the 
Wavelength characteristic of gain for a small signal depends 
on an ASE spectrum. 

[0042] In the case that a plurality of optical ampli?ers are 
cascaded as shoWn in FIG. 1, a gain tilt occurring in each 
optical ampli?er is accumulated over the optical ?ber trans 
mission line, causing a degradation in signal-to-noise ratio 
in a loW-level channel or a degradation in Waveform due to 
nonlinear effects or the like in a high-level channel, so that 
a transmission distance for obtaining a required receiving 
sensitivity is limited. Accordingly, in this kind of system, it 
is greatly effective in increasing a transmission distance to 
perform a control such that the gain tilt in each optical 
ampli?er becomes ?at. 

[0043] FIG. 3 is a graph shoWing changes in Wavelength 
characteristic of gain With a population inversion condition 
N2/Nt used as a parameter in an EDFA having an EDF 
formed mainly of Al2O3—SiO2 glass. In FIG. 3, the vertical 
axis represents local gain (dB/m), and the horiZontal axis 
represents Wavelength The parameter N2/Nt repre 
senting a population inversion condition shoWs a proportion 
of the number of Er ions in the population inversion con 
dition to the number of all the Er ions. In the case that 
N2/Nt=1, all the Er ions make a transition to an upper level 
to obtain a complete population inversion. The Wavelength 
characteristic of gain continuously changes With changes in 
the parameter N2/Nt. 

[0044] As apparent from FIG. 3, a substantially ?at Wave 
length characteristic of gain is obtained in a Wavelength 
region of 1540 to 1560 nm in the case that N2/Nt is near 0.7. 
Accordingly, by alWays maintaining the operating condition 
of the EDFA in this population inversion condition, the 
Wavelength dependence of gain can be eliminated. Other 
Wise if the Wavelength characteristic of gain is not ?at and 
a constant gain is maintained, gain equalization can be 
performed by using a passive optical ?lter or the like having 
a constant Wavelength characteristic of loss. 

[0045] In any case, maintaining the Wavelength character 
istic of gain constant is greatly effective in ?attening the gain 
tilt. An example of maintaining the Wavelength character 
istic of gain constant is detecting a gain at some given 
Wavelength or in some given band and controlling the poWer 
of pump light so that the detected gain becomes constant 
(automatic gain control: AGC). In this manner, AGC is 
performed on the basis of the fact that the Wavelength 
characteristic of gain changes in response to the poWer of 
pump light as shoWn in FIG. 2. 
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[0046] However, the Wavelength characteristic of gain 
changes not only in response to the power of pump light, but 
also in response to the total poWer of signal light to be 
ampli?ed. In FIG. 3, for example, in the case that the total 
poWer of signal light to be ampli?ed decreases, the number 
of Er ions in the population inversion condition increases to 
result in an increase in value of the parameter N2/N t, so that 
the gain provided at shorter Wavelengths becomes relatively 
large With respect to the gain provided at longer Wave 
lengths. On the contrary, in the case that the total poWer of 
signal light to be ampli?ed increases, the number of Er ions 
in the population inversion condition decreases to result in 
a decrease in value of the parameter N2/Nt, so that the gain 
provided at shorter Wavelengths becomes relatively small 
With respect to the gain provided at longer Wavelengths. 

[0047] Accordingly, in the case that the signal light to be 
ampli?ed is WDM signal light and that the poWer per 
channel of the WDM signal light is maintained at the input 
of the optical ampli?er, the total poWer of the signal light to 
be ampli?ed changes With a change in the number of 
channels, so that the Wavelength characteristic of gain 
changes in accordance With the above-mentioned principle. 
HoWever, by performing AGC, the poWer of pump light is 
adjusted so as to cancel the above change in the Wavelength 
characteristic of gain. Such control is effective in the case 
that the change in the total poWer due to the change in the 
number of channels is small. In general, hoWever, a required 
poWer of pump light largely changes according to the 
number of channels to be handled, so that there is a 
possibility that the required poWer of pump light may fall 
outside a pump light adjustable range determined by the 
capacity of a pumping source. If the required poWer of pump 
light falls outside the adjustable range, a required gain 
cannot be obtained to cause a change in the Wavelength 
characteristic of gain. 

[0048] The present invention has solved this problem, for 
example, by adopting a booster module having an external 
pumping source for supporting a required gain. This Will be 
described beloW more speci?cally. 

[0049] FIG. 4 is a diagram for illustrating a preferred 
embodiment of the apparatus according to the present inven 
tion. This apparatus includes a front-stage optical amplify 
ing section 28 and a rear-stage optical amplifying section 30 
betWeen an input port 24 and an output port 26. A variable 
attenuator (VAT) 32 and a dispersion compensating ?ber 
(DCF) 34 are connected betWeen the optical amplifying 
sections 28 and 30. This apparatus may be used as each of 
the optical ampli?ers 10, 16, and 18 in the system shoWn in 
FIG. 1, for example. 

[0050] WDM signal light obtained by Wavelength division 
multiplexing a plurality of optical signals allocated to dif 
ferent Wavelength channels is supplied to the input port 24. 
To give a gain to the WDM signal light, each of the 
front-stage optical amplifying section 28 and the rear-stage 
optical amplifying section 30 has an erbium doped ?ber 
EDF through Which the WDM signal light is passed and an 
internal pumping source IPS for supplying pump light to the 
erbium doped ?ber EDF. 

[0051] The WDM signal light supplied to the input port 24 
is ampli?ed by the front-stage optical amplifying section 28, 
and the ampli?ed WDM signal light from the section 28 is 
then attenuated With a controlled attenuation by the variable 
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attenuator 32, thereafter passing through the dispersion 
compensating ?ber 34. The WDM signal light from the 
dispersion compensating ?ber 34 is further ampli?ed by the 
rear-stage optical amplifying section 30, and the ampli?ed 
WDM signal light from the section 30 is output from the 
output port 26. 

[0052] To maintain the Wavelength characteristic of gain 
constant, automatic gain control (AGC) is performed in each 
of the front-stage optical amplifying section 28 and the 
rear-stage optical amplifying section 30. The attenuation of 
the variable attenuator 32 is controlled so that the poWer per 
channel of the WDM signal light to be supplied to the 
rear-stage optical amplifying section 30 becomes constant. 

[0053] As described above, in the case that the number of 
channels of the WDM signal light to be ampli?ed in the 
rear-stage optical amplifying section 30 performing AGC 
changes, there is a possibility that the output poWer of the 
internal pumping source IPS in the section 30 may lack 
because of AGC. To cope With this, this preferred embodi 
ment employs a booster module BM connected to the 
rear-stage optical amplifying section 30. The booster module 
BM has an external pumping source EPS for supporting the 
gain of the rear-stage optical amplifying section 30. 

[0054] A setting process 36 is adopted to properly set the 
output poWer of the external pumping source EPS. In the 
setting process 36, an input poWer to the rear-stage optical 
amplifying section 30, i.e., the total poWer of the WDM 
signal light to be supplied to and to be ampli?ed by the 
rear-stage optical amplifying section 30 is ?rst detected in 
step 38. Then, the number of channels of the WDM signal 
light is calculated according to the detected poWer in step 40. 
Then, the output poWer of the external pumping source EPS 
is decided according to the above-obtained number of chan 
nels in step 42. Finally, the driving condition for the external 
pumping source EPS is set in step 44. 

[0055] According to this preferred embodiment, the driv 
ing condition for the external pumping source EPS is set 
according to the obtained number of channels of the WDM 
signal light, thereby easily responding to a change in the 
number of channels of the WDM signal light. 

[0056] More speci?cally, the apparatus shoWn in FIG. 4 is 
provided by a front-stage optical amplifying module 45 
shoWn in FIG. 5, a rear-stage optical amplifying module 83 
shoWn in FIG. 6, and booster modules 134 and 136 shoWn 
in FIG. 7. The front-stage optical amplifying module 45 
includes the front-stage optical amplifying section 28 and 
the variable attenuator 32 shoWn in FIG. 4. The rear-stage 
optical amplifying module 83 includes the rear-stage optical 
amplifying section 30 shoWn in FIG. 4. The booster mod 
ules 134 and 136 correspond to the booster module BM 
shoWn in FIG. 4. 

[0057] Referring to FIG. 5, an EDF 46 corresponding to 
the erbium doped ?ber EDF in the front-stage optical 
amplifying section 28 is used. Further, laser diodes 48, 50, 
and 52 corresponding to the internal pumping source IPS in 
the front-stage optical amplifying section 28 are used. The 
laser diode 48 outputs a pump light beam having a Wave 
length of about 980 nm. The laser diode 50 outputs a pump 
light beam having a P-polariZation plane parallel to the sheet 
plane of FIG. 5 and having a Wavelength of about 1480 nm. 
The laser diode 52 outputs a pump light beam having an 
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S-polariZation plane perpendicular to the sheet plane of 
FIG. 5 and having a Wavelength of about 1480 nm. 

[0058] The pump light beam output from the laser diode 
48 is supplied through a ?ber grating 53 and a WDM coupler 
54 into the EDF 46 from its front end. The ?ber grating 53 
is used to stabiliZe the center Wavelength of the pump light 
beam passing therethrough. Accordingly, an optical band 
pass ?lter having a narroW passband may be used in place of 
the ?ber grating 53. 

[0059] The pump light beams output from the laser diodes 
50 and 52 are combined by a polariZation beam splitter 56, 
and as a result, a pump light beam having a Wavelength band 
of 1480 nm is obtained. The pump light beam thus obtained 
is supplied through a WDM coupler 58 into the EDF 46 from 
its rear end. 

[0060] WDM signal light to be ampli?ed is supplied to the 
input port 24 provided by an optical connector. The WDM 
signal light from the input port 24 is supplied to a WDM 
coupler 60 to eXtract a supervisory optical signal (SV). The 
supervisory optical signal eXtracted by the WDM coupler 60 
is supplied through an optical connector 62 to a supervisory 
circuit (not shoWn). 
[0061] The WDM signal light left after the extraction of 
the supervisory optical signal is supplied through a beam 
splitter 64, an optical isolator 66, and the WDM coupler 54 
into the EDF 46 from its front end. The beam splitter 64 
branches off monitor light re?ecting an input poWer to the 
front-stage optical amplifying module 45. The monitor light 
from the beam splitter 64 is supplied to a photodetector (PD) 
68 and converted into an electrical signal having a level 
corresponding to the poWer of the monitor light by the 
photodetector 68. The electrical signal output from the 
photodetector 68 is supplied to an AGC circuit 70. 

[0062] When the WDM signal light is supplied to the EDF 
46 being pumped by the laser diodes 48, 50, and 52, the 
WDM signal light is ampli?ed during propagation in the 
EDF 46. The ampli?ed WDM signal light from the EDF 46 
is supplied through the WDM coupler 58, an optical isolator 
72, a ?ber grating 74, and an optical coupler 76 to the 
variable attenuator 32. The ?ber grating 74 functions as a 
gain equaliZer or compensating device for compensating the 
Wavelength characteristic of gain generated in the EDF 46 to 
obtain a ?at gain tilt. 

[0063] The attenuation given to the WDM signal light by 
the variable attenuator 32 is controlled by an ALC (auto 
matic level control) circuit 82. This control Will be herein 
after described in detail. The WDM signal light passed 
through the variable attenuator 32 is supplied through an 
optical connector 80 to the dispersion compensating ?ber 
(DCF) 34. 

[0064] The optical coupler 76 branches off monitor light 
re?ecting an output poWer from the front-stage optical 
amplifying module 45. The monitor light from the optical 
coupler 76 is supplied to a photodetector 78 and converted 
into an electrical signal having a level corresponding to the 
poWer of the monitor light by the photodetector 78. The 
electrical signal output from the photodetector 78 is supplied 
to the AGC circuit 70 as an adjusting unit. 

[0065] The AGC circuit 70 controls drive currents (bias 
currents) for the laser diodes 48, 50, and 52 so that the gain 
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given to the WDM signal light by the EDF 46 is maintained 
constant. This control alloWs the Wavelength characteristic 
of gain generated in the EDF 46 be maintained constant. 
Accordingly, although the Wavelength characteristic of loss 
of the ?ber grating 74 is ?Xed, the gain tilt of the front-stage 
optical amplifying module 45 can be maintained ?at. 

[0066] Referring to FIG. 6, the WDM signal light passed 
through the dispersion compensating ?ber 34 is supplied 
through an optical connector 84 to the rear-stage optical 
amplifying module 83. The rear-stage optical amplifying 
module 83 has tWo EDFs 86 and 88 corresponding to the 
erbium doped ?ber EDF in the rear-stage optical amplifying 
section 30 shoWn in FIG. 4. Further, the rear-stage optical 
amplifying module 83 has three laser diodes 90, 92, and 94 
corresponding to the internal pumping source IPS in the 
rear-stage optical amplifying section 30 shoWn in FIG. 4. 
The laser diode 90 outputs a pump light beam having a 
Wavelength of about 980 nm. The laser diode 92 outputs a 
pump light beam having a P-polariZation plane and having 
a Wavelength of about 1460 nm. The laser diode 94 outputs 
a pump light beam having an S-polariZation plane and 
having a Wavelength of about 1460 nm. 

[0067] The pump light beam output from the laser diode 
90 is supplied through a ?ber grating 95 and a WDM coupler 
96 into the EDF 86 from its front end. The ?ber grating 95 
is provided to stabiliZe the center Wavelength of the pump 
light beam passing therethrough. Accordingly, an optical 
band-pass ?lter having a narroW passband may be used in 
place of the ?ber grating 95. 

[0068] The pump light beams output from the laser diodes 
92 and 94 are combined by a polariZation beam splitter 97, 
and as a result, a pump light beam having a Wavelength band 
of 1460 nm is obtained. The pump light beam thus obtained 
is supplied through a WDM couplers 98 and 100 into the 
EDF 88 from its rear end. 

[0069] The WDM signal light passed through the optical 
connector 84 is supplied through an optical coupler 102, an 
optical isolator 104, and the optical coupler 96 into the EDF 
86 from its front end. The optical coupler 102 branches off 
monitor light re?ecting an input poWer to the rear-stage 
optical amplifying module 83. The monitor light from the 
optical coupler 102 is supplied to a photodetector 106 and 
converted into an electrical signal having a level correspond 
ing to the poWer of the monitor light by the photodetector 
106. The electrical signal output from the photodetector 106 
is supplied to an AGC circuit 108 as an adjusting device. 

[0070] When the WDM signal light is supplied to the EDF 
86 being pumped by the laser diode 90, the WDM signal 
light is ampli?ed during propagation in the EDF 86. The 
ampli?ed WDM signal light from the EDF 86 is supplied 
through an optical isolator 110, a ?ber grating 112, a WDM 
coupler 114, and an optical isolator 116 into the EDF 88 
from its front end. 

[0071] The ?ber grating 112 functions as a gain equaliZer 
or compensating device for compensating the Wavelength 
characteristic of gain given to the WDM signal light by the 
rear-stage optical amplifying module 83 to maintain the gain 
tilt ?at. 

[0072] When the WDM signal light is supplied to the EDF 
88 being pumped by the laser diodes 92 and 94 or by the 
laser diodes 90, 92, and 94, the WDM signal light is 
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ampli?ed during propagation in the EDF 88. The ampli?ed 
WDM signal light from the EDF 88 is passed through the 
WDM coupler 100, an optical isolator 118, a beam splitter 
120, a beam splitter 122, and a WDM coupler 124, and 
?nally output from the output port 26 of the rear-stage 
optical amplifying module 83. The output port 26 is pro 
vided by an optical connector. 

[0073] The beam splitter 120 branches off monitor light 
for monitoring the Wavelength of each channel of the WDM 
signal light. The monitor light from the beam splitter 120 
may be supplied through an optical connector 126 to an 
optical spectrum analyZer (not shoWn) as required. 

[0074] The beam splitter 122 branches off monitor light 
re?ecting an output poWer from the rear-stage optical ampli 
fying module 83. The monitor light from the beam splitter 
122 is supplied to a photodetector 128 and converted into an 
electrical signal having a level corresponding to the poWer 
of the monitor light. The electrical signal output from the 
photodetector 128 is supplied to the AGC circuit 108. 

[0075] The supervisory optical signal updated in the 
supervisory circuit is supplied through an optical connector 
130 to the WDM coupler 124. Accordingly, this supervisory 
optical signal is transmitted as one additional channel in the 
WDM signal light to an optical repeater or the like on the 
doWnstream side of this apparatus. 

[0076] The AGC circuit 108 controls drive currents (bias 
currents) for the laser diodes 90, 92, and 94 so that the gain 
given to the WDM signal light by the rear-stage optical 
amplifying module 83 is maintained constant. As a result, 
the Wavelength characteristic of gain in the rear-stage optical 
amplifying module 83 is maintained constant. Accordingly, 
although the Wavelength characteristic of loss of the ?ber 
grating 112 is ?xed, the gain tilt of the rear-stage optical 
amplifying module 83 can be maintained ?at. 

[0077] The ALC circuit 82 controls the attenuation of the 
variable attenuator 32 so that the poWer per channel of the 
WDM signal light to be supplied to the rear-stage optical 
amplifying module 83 is maintained constant. To perform 
ALC, the output signal from the photodetector 106 for 
detecting the input poWer to the rear-stage optical amplify 
ing module 83 is supplied to the ALC circuit 82. A signal 
giving the number of channels of the WDM signal light is 
also supplied from the supervisory circuit to the ALC circuit 
82. The ALC circuit 82 includes a comparator for comparing 
the level of the output signal from the photodetector 106 
With a reference level to output an error signal correspond 
ing to the difference betWeen these levels. In this case, the 
reference level is modi?ed according to the signal giving the 
number of channels. 

[0078] Thus, the poWer per channel of the WDM signal 
light to be supplied to the rear-stage optical amplifying 
module 83 is maintained constant. Accordingly, the number 
of channels of the WDM signal light to be supplied to the 
rear-stage optical amplifying module 83 can be detected 
according to the output signal from the photodetector 106. In 
this preferred embodiment, a channel number calculating 
circuit 132 is connected to the photodetector 106 to calculate 
the number of channels according to the output signal from 
the photodetector 106. 

[0079] Referring to FIG. 7, the booster module 136 has 
laser diodes 138 and 140 corresponding to the external 
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pumping source EPS shoWn in FIG. 4. The laser diode 138 
outputs a pump light beam having a P-polariZation plane and 
having a Wavelength of about 1480 nm. The laser diode 140 
outputs a pump light beam having an S-polariZation plane 
and having a Wavelength of about 1480 nm. The pump light 
beams output from the laser diodes 138 and 140 are com 
bined by a polariZation beam splitter 144 to obtain a pump 
light beam having a Wavelength band of 1480 nm. The pump 
light beam from the polariZation beam splitter 144 is sup 
plied through an optical coupler 146 and an optical connec 
tor 148 to the rear-stage optical amplifying module 83. The 
optical connector 148 is detachable With respect to the 
rear-stage optical amplifying module 83. 

[0080] The optical coupler 146 branches off monitor light 
from the pump light beam output from the polariZation beam 
splitter 144. The monitor light from the optical coupler 146 
is supplied through an optical attenuator 150 to a photode 
tector 152. A setting circuit 142 is connected to the laser 
diodes 138 and 140. The setting circuit 142 receives the 
signal indicative of the number of channels of the WDM 
signal light from the channel number calculating circuit 132 
in the rear-stage optical amplifying module 83, and sets 
drive currents (bias currents) for the laser diodes 138 and 
140 according to the number of channels. 

[0081] The booster module 134 has laser diodes 154, 156, 
158, and 160 corresponding to the external pumping source 
EPS shoWn in FIG. 4. Drive currents (bias currents) for the 
laser diodes 154, 156, 158, and 160 are set by a setting 
circuit 162 as in the booster module 136. 

[0082] The laser diode 154 outputs a pump light beam 
having an S-polariZation plane and having a Wavelength of 
about 1460 nm. The laser diode 156 outputs a pump light 
beam having a P-polariZation plane and having a Wavelength 
of about 1460 nm. The laser diode 158 outputs a pump light 
beam having a P-polariZation plane and having a Wavelength 
of about 1480 nm. The laser diode 160 outputs a pump light 
beam having an S-polariZation plane and having a Wave 
length of about 1480 nm. 

[0083] The pump light beams output from the laser diodes 
154 and 156 are combined by a polariZation beam splitter 
164 to obtain a pump light beam having a Wavelength band 
of 1460 nm. The pump light beams output from the laser 
diodes 158 and 160 are combined by a polariZation beam 
splitter 166 to obtain a pump light beam having a Wave 
length band of 1480 nm. The pump light beam from the 
polariZation beam splitter 164 and the pump light beam from 
the polariZation beam splitter 166 are Wavelength division 
multiplexed by a WDM coupler 168 to obtain a multiplexed 
pump light beam. The multiplexed pump light beam from 
the WDM coupler 168 is supplied through an optical coupler 
170 and an optical connector 172 to the rear-stage optical 
amplifying module 83. The optical connector 172 is detach 
able With respect to the rear-stage optical amplifying module 
83. 

[0084] The optical coupler 170 branches off monitor light 
from the multiplexed pump light beam. The monitor light 
from the optical coupler 170 is supplied through an optical 
attenuator 174 to a photodetector 176. 

[0085] Referring again to FIG. 6, the pump light beam 
from the booster module 136 through the optical connector 
148 is supplied through an optical coupler 178, the WDM 
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coupler 98, and the WDM coupler 100 into the EDF 88 from 
its rear end. The optical coupler 178 branches off monitor 
light from this pump light beam. The monitor light from the 
optical coupler 178 is supplied through an optical attenuator 
180 to a photodetector 182. 

[0086] The multiplexed pump light beam from the booster 
module 134 through the optical connector 172 is supplied 
through an optical coupler 184, the WDM coupler 114, and 
the optical isolator 116 into the EDF 88 from its front end. 
The optical coupler 184 branches off monitor light from the 
multiplexed pump light beam. The monitor light from the 
optical coupler 184 is supplied through an optical attenuator 
186 to a photodetector 188. 

[0087] FIG. 8 is a poWer diagram in the above preferred 
embodiment of the present invention. In this preferred 
embodiment, the attenuation of the variable attenuator 32 is 
controlled so that the poWer per channel of the WDM signal 
light is maintained constant at the input of the rear-stage 
optical amplifying section 36 shoWn by A in FIG. 8. For 
example, the target value of the optical poWer at the input of 
the rear-stage optical amplifying section 36 is —12.7 dBm/ 
ch. 

[0088] Since the attenuation of the variable attenuator 32 
is controlled as mentioned above and AGC is performed in 
the front-stage optical amplifying section 28, a required 
input dynamic range can be obtained. For example, the input 
dynamic range is from —16.6 dBm/ch. to —9.6 dBm/ch. 

[0089] Since AGC is also performed in the rear-stage 
optical amplifying section 36, the poWer per channel of the 
WDM signal light to be output from the output port 26 can 
be maintained constant. For example, the controlled optical 
poWer at the output port 26 is 7.3 dBm/ch. 

[0090] Accordingly, the gain of the rear-stage optical 
amplifying section 36 is 20 dB in this preferred embodiment. 
As shoWn in FIG. 6, this gain is maintained constant by 
controlling the drive currents for the laser diodes 90, 92, and 
94 as the internal pumping source IPS by means of the AGC 
circuit 108. HoWever, in the case that the number of channels 
of the WDM signal light is increased in association With 
system upgrading, there is a possibility that the required 
poWer of pump light may exceed the upper limit of a pump 
light adjustable range, causing a problem that AGC cannot 
be effectively performed. In this preferred embodiment, the 
booster module 134 and/or the booster module 136 are/is 
used to support the gain in the rear-stage optical amplifying 
module 83. The operation of the setting circuits 142 and 162 
in the booster modules 134 and 136 Will noW be described 
more speci?cally. 

[0091] FIG. 9 is a graph shoWing an example of the 
relation betWeen the pump light poWer from the external 
pumping source and the number of channels of the WDM 
signal light. In this preferred embodiment, the range of the 
plurality of the number of channels of the WDM signal light 
is predetermined, and a constant output poWer from the 
external pumping source is decided according to the above 
predetermined range. This Will noW be described more 
speci?cally. 

[0092] When the poWer (input poWer) of the WDM signal 
light to be supplied to the rear-stage optical amplifying 
module 83 is in the range of —12.0 to —3.0 dBm, the number 
of channels is determined to fall Within the range of 1 to 8. 
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In this case, the booster modules 134 and 136 are not 
required, and a required gain can be maintained constant by 
controlling the output poWer of the internal pumping source 
Within its adjustable range. 

[0093] When the input poWer is in the range of —2.9 to 
—1.2 dBm, the number of channels is determined to fall 
Within the range of 9 to 12. In this case, the booster module 
136 is used, and the output poWer of the booster module 136 
is set to 1/2 of its maximum output poWer. For example, the 
setting circuit 142 supplies to one of the laser diodes 138 and 
140 its maximum drive current. 

[0094] When the input poWer is in the range of —1.1 to 0.0 
dBm, the number of channels is determined to fall Within the 
range of 13 to 16. In this case, the booster module 136 is 
used, and the output poWer of the booster module 136 is set 
to its maximum output poWer. For example, the setting 
circuit 142 supplies to both the laser diodes 138 and 140 
their respective maximum drive currents. 

[0095] When the input poWer is in the range of 0.1 to 1.0 
dBm, the number of channels is determined to fall Within the 
range of 17 to 20. In this case, the booster modules 134 and 
136 are used. The output poWer of the booster module 136 
is set to its maximum output poWer. For example, the setting 
circuit 142 supplies to the laser diodes 138 and 140 their 
respective maximum drive currents. Further, the output 
poWer of the booster module 134 is set to 1A1 of its maximum 
output poWer. For example, the setting circuit 162 supplies 
to each of the laser diodes 154, 156, 158, and 160% of its 
maximum drive current. 

[0096] When the input poWer is in the range of 1.1 to 1.8 
dBm, the number of channels is determined to fall Within the 
range of 21 to 24. In this case, the booster modules 134 and 
136 are used. The output poWer of the booster module 136 
is set to its maximum output poWer. The output poWer of the 
booster module 134 is set to 1/2 of its maximum output 
poWer. For example, the setting circuit 162 supplies to each 
of the laser diodes 154, 156, 158, and 1601/2 of its maxi 
mum drive current. 

[0097] When the input poWer is in the range of 1.9 to 2.4 
dBm, the number of channels is determined to fall Within the 
range of 25 to 28. In this case, the booster modules 134 and 
136 are used. The output poWer of the booster module 136 
is set to its maximum output poWer. The output poWer of the 
booster module 134 is set to 3A1 of its maximum output 
poWer. For example, the setting circuit 162 supplies to each 
of the laser diodes 154, 156, 158, and 160% of its maximum 
drive current. 

[0098] When the input poWer is in the range of 2.5 to 3.0 
dBm, the number of channels is determined to fall Within the 
range of 29 to 32. In this case, the booster modules 134 and 
136 are used. The output poWer of the booster module 136 
is set to its maximum output poWer, and the output poWer of 
the booster module 134 is also set to its maximum output 
poWer. For example, the setting circuit 162 supplies to each 
of the laser diodes 154, 156, 158, and 160 its maximum drive 
current. 

[0099] In this manner, the output poWer of the booster 
module 134 and/or the output poWer of the booster module 
136 are/is set according to the number of channels of the 
WDM signal light to be ampli?ed, so that nearly optimum 
pumping conditions can be obtained in the rear-stage optical 
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amplifying module 83. Accordingly, AGC can be performed 
only by adjusting the output poWer of the internal pumping 
source, thereby allowing easy response to a change in the 
number of channels of the WDM signal light. 

[0100] As a modi?cation of this preferred embodiment, a 
method including preliminarily providing a high-output 
pumping source capable of supporting inputs of 32 channels 
as the internal pumping source may be proposed. HoWever, 
the number of channels to be used differs according to a user, 
and it is sometimes demanded to gradually increase the 
number of channels. Accordingly, the above-mentioned 
method that may be proposed has a problem such that the 
required speci?cations are excessive at the time of construct 
ing a system, causing a remarkable increase in initial cost. 
To the contrary, this preferred embodiment has an advantage 
that the booster modules 134 and 136 can be selectively 
connected to the optical amplifying module 83, thereby 
alloWing easy upgrading of the system. Further, since each 
booster module has a plurality of laser diodes as the external 
pumping source, the output poWer of each booster module 
can be easily set, thereby improving the in-service upgrad 
ability of an optical ampli?er. 

[0101] In this preferred embodiment, the variable attenu 
ator 32 and the ALC circuit 82 are used to maintain constant 
the poWer per channel of the WDM signal light to be 
supplied to the rear-stage optical amplifying module 83. As 
a result, the number of channels of the WDM signal light to 
be supplied to the rear-stage optical amplifying module 83 
can be obtained according to a detected value of the poWer 
of the WDM signal light. As another Way, it may be 
proposed to obtain the number of channels according to the 
signal from the supervisory circuit. In this case, hoWever, 
there occurs a time lag from the time the number of channels 
changes to the time the supervisory circuit detects this 
change, so that the output poWer of the booster module 
cannot be maintained optimal. To the contrary, this preferred 
embodiment has an advantage that the number of channels 
can be obtained in real time according to a detected value of 
the poWer of the WDM signal light to be supplied to the 
rear-stage optical amplifying module 83. 

[0102] In this preferred embodiment, a gain in the rear 
stage optical amplifying module 83 is detected, and the 
output poWer of the internal pumping source is controlled so 
that the detected gain is maintained constant (AGC). In other 
Words, the external pumping source is not included in a loop 
for the AGC. In the case that the external pumping source is 
included in the loop for the AGC, the transfer of complex 
analog signals is required betWeen the booster module and 
the optical amplifying module. The analog signals for the 
control betWeen the modules are susceptible to noise, result 
ing in a possibility of large error in the AGC. Accordingly, 
the AGC using the internal pumping source only is effective 
in solving the above problem. 

[0103] In the booster module 136 shoWn in FIG. 7, the 
laser diodes 138 and 140 are used as the external pumping 
source, and the setting circuit 142 selects either driving one 
of the laser diodes 138 and 140 With its maximum drive 
current or driving both the laser diodes 138 and 140 With 
their respective maximum drive currents. Accordingly, the 
laser diode 138 or 140 is driven With its maximum drive 
current, so that the spectrum of the pump light beam can be 
maintained stable. 
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[0104] In the booster module 134 shoWn in FIG. 7, the 
four laser diodes 154, 156, 158, and 160 are used as the 
external pumping source, and the setting circuit 162 sets the 
drive current for each laser diode. Accordingly, by stepWise 
changing each drive current, the output poWer of the external 
pumping source can be easily set. 

[0105] While each booster module has a plurality of laser 
diodes in the preferred embodiment shoWn in FIG. 7, a 
booster module having one laser diode may be adopted. In 
this case, the output poWer of the external pumping source 
may be set by stepWise changing the drive current for the 
laser diode in the setting circuit, for example. 

[0106] This preferred embodiment adopts a feedback loop 
for maintaining constant the poWer per channel of the WDM 
signal light to be supplied to the rear-stage optical ampli 
fying module 83. This feedback loop includes the variable 
attenuator 32 for giving a variable attenuation to the WDM 
signal light. Particularly in this preferred embodiment, this 
feedback loop further includes the dispersion compensating 
?ber 34 as a dispersion compensator through Which the 
WDM signal light is passed. The loss by the dispersion 
compensating ?ber 34 changes according to a set amount of 
chromatic dispersion to be given by the dispersion compen 
sating ?ber 34. Accordingly, by making the dispersion 
compensating ?ber 34 be included in the feedback loop, 
variations in the loss by the dispersion compensating ?ber 
34 can be absorbed to thereby alloW more accurate control. 

[0107] While the booster modules 134 and 136 are detach 
able With respect to the rear-stage optical amplifying module 
83 in the above preferred embodiment, the con?guration of 
the front-stage optical amplifying module 45 may be modi 
?ed to make the booster modules detachable With respect to 
the front-stage optical amplifying module 45. 

[0108] While the booster module is applied to the optical 
amplifying module undergoing AGC in the above preferred 
embodiment, the booster module is applicable also to the 
optical amplifying module not undergoing AGC. 

[0109] While the number of channels of the WDM signal 
light to be supplied to the optical amplifying module is 
detected according to a detected value of the poWer of the 
WDM signal light in the above preferred embodiment, the 
number of channels may be detected according to the 
supervisory optical signal. 

[0110] While the optical amplifying module is con?gured 
by using an EDF in the above preferred embodiment, the 
present invention is not limited to this con?guration, but any 
other doped ?bers doped With rare earth elements such as Nd 
(neodymium) and Yb (ytterbium) may be used. 

[0111] Further, the present invention is not limited by the 
point that the optical amplifying module has a doped ?ber. 
The optical amplifying module may be con?gured by using 
a semiconductor optical ampli?er. 

[0112] According to the present invention as described 
above, it is possible to provide a method, apparatus, and 
system for optical ampli?cation Which can easily respond to 
a change in the number of channels of WDM signal light. 
The effects obtained by the speci?c preferred embodiment of 
the present invention have been described, so the description 
thereof Will be omitted herein. 
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[0113] The present invention is not limited to the details of 
the above described preferred embodiments. The scope of 
the invention is de?ned by the appended claims and all 
changes and modi?cations as fall Within the equivalence of 
the scope of the claims are therefore to be embraced by the 
invention. 

What is claimed is: 
1. A method comprising the steps of: 

(a) providing an optical amplifying module having an 
internal pumping source; 

(b) supplying to said optical amplifying module WDM 
signal light obtained by Wavelength division multiplex 
ing a plurality of optical signals allocated to different 
Wavelength channels; 

(c) adjusting an output poWer from said internal pumping 
source so that said optical amplifying module provides 
a gain for said WDM signal light; 

(d) connecting to said optical amplifying module a 
booster module having an external pumping source for 
supporting said gain; and 

(e) setting an output poWer from said external pumping 
source according to the number of channels of said 
WDM signal light. 

2. A method according to claim 1, Wherein said step (b) 
includes the step of maintaining constant the poWer per 
channel of said WDM signal light to be supplied to said 
optical amplifying module. 

3. A method according to claim 2, Wherein said step (e) 
comprises the steps of detecting the poWer of said WDM 
signal light to be supplied to said optical amplifying module, 
and obtaining said number of channels according to said 
poWer detected. 

4. A method according to claim 1, Wherein said step (c) 
comprises the steps of detecting said gain, and controlling 
the output poWer from said internal pumping source so that 
said gain detected is maintained constant. 

5. A method according to claim 1, Wherein said step (e) 
comprises the steps of predetermining a range of plurality of 
said number of channels, and deciding a constant output 
poWer from said external pumping source for said predeter 
mined range. 

6. A method according to claim 1, Wherein: 

said optical amplifying module further has a doped ?ber 
doped With a rare earth element; 

each of said internal pumping source and said external 
pumping source supplying pump light to said doped 
?ber. 

7. A method according to claim 6, Wherein said doped 
?ber comprises an erbium doped ?ber. 

8. A method according to claim 6, Wherein: 

said external pumping source comprises ?rst and second 
laser diodes each for outputting said pump light; 

said step (e) comprising the step of selecting either 
driving one of said ?rst and second laser diodes or 
driving both of said ?rst and second laser diodes. 

9. A method according to claim 6, Wherein: 

said external pumping source comprises a plurality of 
laser diodes each for outputting said pump light; 
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said step (e) comprising the step of setting a drive current 
for each of said laser diodes. 

10. A method according to claim 6, Wherein: 

said external pumping source comprises a laser diode for 
outputting said pump light; 

said step (e) comprising the step of setting a drive current 
for said laser diode. 

11. A method comprising the steps of: 

(a) providing an optical amplifying module having an 
internal pumping source; 

(b) supplying signal light to said optical amplifying 
module; 

(c) adjusting an output poWer from said internal pumping 
source so that said optical amplifying module provides 
a gain for said signal light; 

(d) connecting a booster module having an external 
pumping source to said optical amplifying module; and 

(e) setting an output poWer from said external pumping 
source according to the poWer of said signal light. 

12. A method according to claim 11, Wherein said signal 
light comprises WDM signal light obtained by Wavelength 
division multiplexing a plurality of optical signals allocated 
to different Wavelength channels. 

13. Amethod according to claim 11, Wherein said step (c) 
comprises the steps of detecting said gain, and controlling 
the output poWer from said internal pumping source so that 
said gain detected is maintained constant. 

14. An apparatus comprising: 

an optical amplifying module having an internal pumping 
source, to Which WDM signal light obtained by Wave 
length division multiplexing a plurality of optical sig 
nals allocated to different Wavelength channels is sup 
plied; 

an adjusting unit for adjusting an output poWer from said 
internal pumping source so that said optical amplifying 
module provides a gain for said WDM signal light; and 

a booster module having an external pumping source for 
supporting said gain, said booster module being con 
nectable to said optical amplifying module; 

an output poWer from said external pumping source being 
set according to the number of channels of said WDM 
signal light. 

15. An apparatus according to claim 14, further compris 
ing a feedback loop for maintaining constant the poWer per 
channel of said WDM signal light to be supplied to said 
optical amplifying module. 

16. An apparatus according to claim 15, Wherein said 
feedback loop includes a variable attenuator for giving a 
variable attenuation to said WDM signal light to be supplied 
to said optical amplifying module. 

17. An apparatus according to claim 15, Wherein said 
feedback loop includes a dispersion compensator through 
Which said WDM signal light is passed. 

18. An apparatus according to claim 15, further compris 
ing a detector for detecting the poWer of said WDM signal 
light to be supplied to said optical amplifying module, said 
number of channels being obtained according to the poWer 
detected by said detector. 
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19. An apparatus according to claim 14, wherein said 
booster module further has a setting circuit for setting the 
output poWer from said external pumping source according 
to said number of channels of said WDM signal light. 

20. An apparatus according to claim 14, Wherein said 
adjusting unit comprises a gain control circuit for detecting 
said gain and controlling the output poWer from said internal 
pumping source so that said gain detected is maintained 
constant. 

21. An apparatus according to claim 20, further compris 
ing a compensating device for compensating the Wavelength 
dependence of said gain. 

22. An apparatus according to claim 14, Wherein a range 
of plurality of said number of channels is predetermined, and 
a constant output poWer from said external pumping source 
is decided for said predetermined range. 

23. An apparatus according to claim 14, Wherein: 

said optical amplifying module further has a doped ?ber 
doped With a rare earth element; 

each of said internal pumping source and said external 
pumping source supplying pump light to said doped 
?ber. 

24. An apparatus according to claim 23, Wherein said 
doped ?ber comprises an erbium doped ?ber. 

25. An apparatus according to claim 23, Wherein: 

said external pumping source comprises ?rst and second 
laser diodes each for outputting said pump light; 

said booster module further having a setting circuit for 
selecting either driving one of said ?rst and second 
laser diodes or driving both of said ?rst and second 
laser diodes. 

26. An apparatus according to claim 23, Wherein: 

said external pumping source comprises a plurality of 
laser diodes each for outputting said pump light; 

said booster module further having a setting circuit for 
setting a drive current for each of said laser diodes. 

27. An apparatus according to claim 23, Wherein: 

said external pumping source comprises a ?rst laser diode 
for outputting a ?rst pump light beam having a ?rst 
polariZation plane, and a second laser diode for out 
putting a second pump light beam having a second 
polariZation plane perpendicular to said ?rst polariZa 
tion plane; and 

said booster module further has a polariZation beam 
splitter for combining said ?rst and second pump light 
beams to obtain said pump light. 

28. An apparatus according to claim 23, Wherein: 

said external pumping source comprises a ?rst laser diode 
for outputting a ?rst pump light beam having a ?rst 
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Wavelength, and a second laser diode for outputting a 
second pump light beam having a second Wavelength 
different from said ?rst Wavelength; and 

said booster module further has a WDM coupler for 
Wavelength division multiplexing said ?rst and second 
pump light beams to obtain said pump light. 

29. A system comprising: 

an optical ?ber transmission line for transmitting WDM 
signal light obtained by Wavelength division multiplex 
ing a plurality of optical signals allocated to different 
Wavelength channels; and 

at least one optical repeater arranged along said optical 
?ber transmission line; 

said optical repeater comprising: 

an optical amplifying module having an internal pumping 
source, to Which said WDM signal light is supplied; 

an adjusting unit for adjusting an output poWer from said 
internal pumping source so that said optical amplifying 
module provides a gain for said WDM signal light; and 

a booster module having an external pumping source for 
supporting said gain, said booster module being con 
nectable to said optical amplifying module; 

an output poWer from said external pumping source being 
set according to the number of channels of said WDM 
signal light. 

30. An apparatus comprising: 

a front-stage optical amplifying section and a rear-stage 
optical amplifying section each for providing a gain to 
WDM signal light obtained by Wavelength division 
multiplexing a plurality of optical signals allocated to 
different Wavelength channels; 

a variable attenuator optically connected betWeen said 
front-stage optical amplifying section and said rear 
stage optical amplifying section; 

a circuit for controlling said variable attenuator so that the 
poWer per channel of said WDM signal light to be 
supplied to said rear-stage optical amplifying section is 
maintained constant; and 

a booster module having an external pumping source for 
supporting said gain in said rear-stage optical ampli 
fying section; 

an output poWer from said external pumping source being 
set according to the number of channels of said WDM 
signal light. 


