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SUSUMU KINOSHITA, 
KAWASAKI'SHI (JP) An object of the invention is to provide a WDM optical 

C d Add _ ampli?er and an optical communication system Which can 

82,2220; :ZiSEYreISJSI'JP ensure Wavelength ?atness for gain across a Wide range of 
700 11TH STREET NW input light poWer levels, and Which can obtain noise char 
SUITE 500 ’ acteristics With minimum Wavelength dependency. Accord 

ingly, the basic construction of the WDM optical ampli?er 
WASHINGTON’ DC 20001 (Us) has; an optical ampli?cation section connected betWeen 

. _ input and output ports, an input light monitoring section for 
(73) Asslgnee' FUJITSU LIMITED measuring the input light poWer input to the input port, a 

(,F) Notice This is a publication of a Continued pros_ variable gain equalizer With variable insertion loss Wave 
' ecution application (CPA) ?led under 37 length characteristics, connected to the optical ampli?cation 

CFR 1 53((1) section, and a gain equalization control section for control 
' ' ling the insertion loss Wavelength characteristic of the 

(21) APPL NO: 09/451,088 variable gain equalizer in accordance With the~inp~ut light 
poWer measured by the input light poWer momtormg sec 

' - tion. Due to this construction, the variable ain e ualizer is (22) Filed. Nov. 30, 1999 g q 
supplied With an insertion loss Wavelength characteristic 

(30) Foreign Application Priority Data Which corresponds With the variation in the gain Wavelength 
characteristic of the optical ampli?cation section, enabling 

Mar. 2, 1999 (JP) ......................................... .. 11-054374 compensation for any gain deviation in the output light. 
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WAVELENGTH DIVISION MULTIPLEXING 
OPTICAL AMPLIFIER WITH FUNCTION OF 

GAIN-EQUALIZING AND OPTICAL 
COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] (1) Field of the Invention 

[0002] The present invention relates to an optical ampli?er 
Which ampli?es in one batch a Wavelength division multi 
plexed (WDM) signal light incorporating a plurality of 
optical signals of different Wavelengths, as Well as to an 
optical communication system Which utiliZes the optical 
ampli?er and carries out repeater transmission of the WDM 
signal light, and in particular relates to a WDM optical 
ampli?er and an optical communication system Which dis 
play excellent noise characteristics and Which Will accom 
modate input light poWer level over a Wide range. 

[0003] (2) Description of the Related Art 

[0004] The Wavelength Division Multiplexing (WDM) 
optical transmission system is a transmission system Which, 
by transmitting a plurality of optical signals of different 
Wavelengths through a single optical ?ber, enables an 
increase in communication capacity. The WDM optical 
transmission system offers several advantages including loW 
introduction costs due to the fact that existing optical ?bers 
can be utiliZed, and ease of any future upgrades as the 
transmission path is bit rate free due to the use of optical 
ampli?ers and the like. 

[0005] In order to achieve the required transmission char 
acteristics, an important factor for optical ampli?ers for use 
in WDM optical transmission systems is the requirement to 
maintain the output light at a predetermined constant level 
While simultaneously suppressing the Wavelength depen 
dency of the gain in the signal light band. Speci?cally, the 
maintenance at a constant level of the output light poWer per 
single Wavelength as Well as the Wavelength ?atness of the 
gain is required even if the input light poWer varies over a 
Wide range. 

[0006] An example of an optical ampli?er Which meets the 
aforementioned requirements, in Which the basic construc 
tion thereof comprises the positioning of a variable optical 
attenuator betWeen the tWo stages of an optical ampli?cation 
section of a tWo stage construction, has been proposed by the 
present applicants. In the proposed optical ampli?er basic 
construction, automatic gain control (AGC) is carried out at 
both the former stage optical ampli?cation section and the 
latter stage optical ampli?cation section to control the gain 
at a constant level, and automatic level control (ALC) is 
carried out, by adjusting the amount of optical attenuation at 
the variable optical attenuator positioned betWeen the tWo 
stages, to control the output light level from the optical 
ampli?er at the required constant level. Consequently, even 
if the poWer level of the input light varies, the gain Wave 
length characteristic for each optical ampli?cation section is 
maintained at a constant level, and moreover the output light 
level from the optical ampli?er is also maintained at the 
required level. 

[0007] Optical ampli?ers of tWo stage construction have 
also been proposed in, for example, Japanese Unexamined 
Patent Publication No. 8-248455 and Japanese Unexamined 
Patent Publication No. 6-169122. In the optical ampli?ers 
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proposed therein, the gain for the entire optical ampli?er is 
controlled at a constant level, and the Wavelength charac 
teristic of the gain is maintained at a constant level even if 
the input light poWer changes. Moreover, the applicant of the 
present invention has also proposed a technique Wherein a 
gain equaliZer (optical ?lter) is used for ?attening the gain 
Wavelength characteristic of the optical ampli?cation sec 
tion (refer to Japanese Patent Application No. 9-216049). 

[0008] With the aforementioned conventional optical 
ampli?ers, in the case Where the input light poWer is 
comparatively small, AGC operation of each of the ampli 
?cation sections is possible, but in the case Where the input 
light poWer increases and the excitation light poWer of the 
former stage optical ampli?cation section reaches an upper 
limit value, AGC operation of the former optical ampli?ca 
tion section stops and the excitation light poWer is controlled 
at a constant level, resulting in a reduction in the former 
stage gain. Consequently, in the case Where the excitation 
light poWer of the former optical ampli?cation section 
reaches the upper limit value, in order to keep the gain for 
the entire optical ampli?er at a constant value regardless of 
the input light poWer, the gain for the latter optical ampli 
?cation section is controlled to be increased by an amount 
equivalent to the gain reduction in the former optical ampli 
?cation section, thus maintaining the Wavelength ?atness of 
the gain at a constant level. 

[0009] HoWever, With the aforementioned conventional 
optical ampli?ers, in the case Where the input light poWer 
into the former optical ampli?cation section reaches the 
upper limit value of the excitation light poWer, any increase 
in the input light poWer Will result in the gain Wavelength 
characteristic for each optical ampli?cation section varying 
from the design value thereof. As a result, in those cases 
Where compensation for the gain Wavelength characteristic 
of the optical ampli?cation section is made based on ?xed 
characteristics referenced to the design value (for example, 
the use of a gain equaliZer With a ?xed loss Wavelength 
characteristic in both the former and latter optical ampli? 
cation sections), the system is unable to cope With variations 
in the gain Wavelength characteristic When the input light 
poWer is large, and a situation arises Where the signal light 
poWer is lost in excessive amounts in the former optical 
ampli?cation section Which has stringent noise characteris 
tics. 

[0010] Speci?cally, in conventional optical ampli?ers of 
tWo stage construction, the gain Wavelength characteristics 
of the former optical ampli?cation section and the latter 
optical ampli?cation section vary in accordance With the 
input light poWer as shoWn in FIGS. 17(A) and 17(B) 
respectively. The gain Wavelength characteristics shoWn in 
FIG. 17 are those Where each of the optical ampli?cation 
sections are knoWn erbium doped optical ?ber ampli?ers 
(EDFA) and the Wavelength band is the 1.55 pm band 
(around 1535 nm~1561 nm). 

[0011] Focussing on the former optical ampli?cation sec 
tion, Which has a large effect on the noise characteristics of 
the optical ampli?er, as shoWn in FIG. 17(A), When the 
input light poWer is a comparatively small —16.6dBm/ch the 
gain at the short Wavelength side of the 1.55 pm band is 
higher than the gain at the long Wavelength side of the band. 
On the other hand, When the input light poWer increases 
to - 9.6dBm/ch there is insufficient excitation light poWer to 




























