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(57) ABSTRACT 

In a light source for generating light containing multiple 
Wavelengths substantially uniform in intensity, a Wavelength 
demultiplexing element 10 (for example, Waveguide-type 
Wavelength selecting ?lter) demultiplexes input light into a 
plurality of wavelengths 211 through 9132. Optical ampli?ers 
14-1 through 14-32 amplify outputs of the element 10 and 
applies them to input ports of a Wavelength multiplexing 
element 12. The Wavelength multiplexing element 12 Wave 
length-multiplexes their input. Output of the Wavelength 
multiplexing element 12 is applied to a ?ber coupler 16 
Which, in turn, applies one of its outputs to the Wavelength 
demultiplexing element 10. The optical ampli?ers 14 have a 
gain larger by approximately 10 dB than the loss in the 
optical loop made of the element 10, optical ampli?er 14, 
element 12 and ?ber coupler 16. The other output of the ?ber 
coupler 16 is Wavelength-multiplex light containing Wave 
lengths )»1 through A32. 
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MULTI-WAVELENGTH LIGHT SOURCE AND 
DISCRETE-WAVELENGTH-VARIABLE LIGHT 

SOURCE 

FIELD OF THE INVENTION 

[0001] This invention relates to a multi-Wavelength light 
source and a discrete-Wavelength-variable light source, and 
more particularly, to a multi-Wavelength light source for 
supplying one or more optical outputs With different Wave 
lengths concurrently or selectively and a discrete-Wave 
length-variable light source capable of selecting one of a 
plural of Wavelengths, Which are suitable for transmission or 
tests of a Wavelength division/multiplex transmission sys 
tem. 

BACKGROUND OF THE INVENTION 

[0002] In Wavelength division multiplex transmission sys 
tems, it is essential to reliably obtain laser lights With a 
number of close Wavelengths. For transmission tests or tests 
of optical components used in Wavelength division/multi 
plex transmission systems, there is the need for a laser light 
source highly stable in Wavelengths and outputs. 

[0003] ITU has recommended 0.8 nm (100 GHZ) as the 
Wavelength interval in Wavelength division multiplex trans 
mission systems. While temperature coef?cients of Wave 
length changes of semiconductor lasers are approximately 
0.1 nm/° C. That is, semiconductor lasers are very sensitive 
to temperature ?uctuation. Therefore, it is dif?cult to main 
tain Wavelength intervals of 0.8 nm in a number of semi 
conductor laser light sources over a long period. Moreover, 
in ordinary laser sources, injected current is used to stabiliZe 
optical outputs. Control current for stabiliZation of optical 
outputs causes changes in temperature, and it results in 
changes in Wavelength. That is, control of optical outputs 
affects Wavelengths, and makes it dif?cult to stabiliZe Wave 
lengths. 

[0004] A prior proposal to cope With the problem is to 
connect an optical ?lter and an optically amplifying element 
in a ring to form a multi-Wavelength light source for 
collectively supplying multiple Wavelengths. FIG. 15 is a 
schematic block diagram shoWing a prior example A Fabry 
Perot optical ?lter 210, erbium-doped optical ?ber ampli?er 
212 and optical ?ber coupler 214 are connected to form a 
ring. 

[0005] FIG. 16 shoW characteristic diagrams of the prior 
example of FIG. 15. FIG. 16(1) shoWs transparent Wave 
length characteristics of the Fabry-Perot optical ?lter 210, 
FIG. 16(2) shoWs amplifying characteristics of the optical 
?ber ampli?er 212, and FIG. 16(3) shoWs the spectral 
Waveform of output Wavelength. The Fabry-Perot optical 
?lter 210 is a kind of Wavelength selecting optical ?lters 
having Wavelength transparent characteristics Which permit 
speci?c Wavelengths in certain Wavelength intervals called 
FSR (Free Spectral Range) to pass through as shoWn in FIG. 
16(1). Individual transparent Wavelengths of the Fabry-Perot 
optical ?lter 210 are selected from the spontaneous emission 
light generated in the optical ?ber ampli?er 212. The output 
spectral Waveform coincides With that obtained by multi 
plying the transparent Wavelength characteristics of the 
optical ?lter 210 by the amplifying characteristics of the 
optical ?ber ampli?er 212. Theoretically, laser oscillation 
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outputs are obtained in Wavelengths Where the gain of the 
optical ?ber ampli?er 212 surpasses the loss of the optical 
loop. 

[0006] In the prior art example shoWn in FIG. 15, the 
output intensity is large near the gain center Wavelength 
Within the amplifying range of the optical ?ber ampli?er 
212, Where oscillation is most liable to occur, and largely 
decreases in peripheral portions, as shoWn in FIG. 16(3). 
That is, the prior art example cannot realiZe simultaneous 
oscillation in multiple Wavelengths in substantially uniform 
output levels. 

[0007] Moreover, Wavelength interval in output light in 
the prior art example exclusively depends on transparent 
characteristics of the Fabry-Perot optical ?lter 210. When 
the Wavelength interval is 0.8 nm (100 GHZ), the Wave 
length interval FSR of the transparent Wavelength charac 
teristics of the Fabry-Perot optical ?lter 210 is less than the 
uniform extension Width of the erbium-doped optical ?ber 
ampli?er 212. Therefore, even When a plurality of oscilla 
tion Wavelengths are obtained near the gain center Wave 
length of the erbium-doped optical ?ber ampli?er 212, mode 
competition occurs, and results in unstable output intensities 
and Wavelength ?uctuations of respective Wavelengths. 

[0008] A Fabry-Perot semiconductor lasers is a multi 
Wavelength light source, other than the ?ber ring light 
source. HoWever, it involves unacceptable ?uctuations in 
oscillation Wavelengths due to mode competition or mode 
hopping, and fails to uniform intensities of respective oscil 
lated Wavelength components. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the invention to provide 
a multi-Wavelength light source and a discrete-Wavelength 
variable light source capable of simultaneously or selec 
tively outputting one or more Wavelengths With a uniform 
intensity. 

[0010] Another object of the invention is to provide a 
multi-Wavelength light source capable of selecting one or 
more Wavelengths among a plurality of Wavelengths. 

[0011] Another object of the invention is to provide a 
multi-Wavelength light source and a discrete-Wavelength 
variable light source immune to temperature ?uctuations. 

[0012] The invention uses a Wavelength demultiplex/am 
plify/multiplexing unit for demultiplexing input light into a 
plurality of different predetermined Wavelengths, optically 
amplifying individual Wavelengths, and multiplexing the 
Wavelengths, and connects its output to its input to form an 
optical loop. Since individual Wavelengths are optically 
ampli?ed by the Wavelength demultiplex/amplify/multi 
plexing unit, laser oscillation in a plurality of Wavelengths 
With substantially the same intensity is promised in the 
optical loop. Since the structure is simple and the most 
elements are passive ones, it is highly stable against tem 
perature ?uctuations. 

[0013] When using Wavelength demultiplexing means for 
demultiplexing input light into a plurality of predetermined 
Wavelengths in predetermined Wavelength intervals, the 
light containing multiple Wavelengths in substantially con 
stant Wavelength intervals can be obtained. Usable as the 
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Wavelength demultiplexing means is a Waveguide-type 
Wavelength selecting ?lter, for example. 

[0014] When using the optical band pass ?lter means 
Which is transparent only to light Within a predetermined 
Wavelength band, the light source can prevent that light 
beyond the desired Wavelength band circulates in the optical 
loop. This contributes not only to stabilization of laser 
oscillation but also to reliably preventing that the output 
contains undesirable Wavelengths. 

[0015] By using optical modulation means for intensity 
modulating circulating light in the optical loop With a 
modulation signal having a frequency, Which is an integer 
multiple of the circulation frequency (namely, c/nL) in the 
optical loop, the light source can conjoin multiple-Wave 
length light into pulsating light synchronous With the modu 
lation signal. Location of the optical modulation means may 
be either posterior to Wavelength division or posterior to 
Wavelength multiplexing. When it is located after Wave 
length division, ?ne adjustment of individual Wavelengths is 
easier, but a plurality of optical modulating means for 
individual Wavelengths must be used. When it is located 
after Wavelength multiplexing, optical modulating means 
may be only one, but adjustment of individual Wavelengths 
must be done in another portion. Polarization adjusting 
means may be provided in the input side of the optical 
modulating means to previously adjust polariZation so as to 
ensure optimum operations of the optical modulating means. 
If, of course, necessary means is of a polariZation holding 
type, polariZation adjusting means may be omitted to reduce 
elements. 

[0016] When individual optically amplifying means are 
capable of selectively supplying or blocking outputs to the 
Wavelength multiplexing means, multiplex output light con 
taining one or more selected Wavelengths can be obtained. 
If each of the optically amplifying means comprises an 
optical ampli?er for amplifying corresponding one of optical 
outputs from the Wavelength demultiplexing means and an 
optical sWitch means for feeding or blocking the optical 
output of the optical ampli?er, undesired noise light is 
prevented from entering into the Wavelength multiplexing 
means While the optical sWitch means blocks the path. 

[0017] In another aspect of the invention, an output of 
Wavelength demultiplex/amplify/multiplexing means for 
demultiplexing input light into a plurality of predetermined 
Wavelengths, then optically amplifying them individually, 
and thereafter multiplexing them is connected to the input of 
the same Wavelength demultiplex/amplify/multiplexing 
means via polariZation means, optical dividing means and 
depolariZation means to form an optical loop. There is also 
provided modulation means for modulating divisional opti 
cal outputs from the optical dividing means in accordance 
With a modulation signal. 

[0018] With this arrangement, light components With mul 
tiple Wavelengths Which are simultaneously oscillated in the 
optical loop can be modulated collectively by the modula 
tion means. 

[0019] Since the polariZation means suppresses ?uctua 
tions in plane of polariZation, ?uctuations in the ring cavity 
mode are less likely to occur, and simultaneous oscillation in 
multiple Wavelengths is stabiliZed. Since the polariZation 
adjusting means in an appropriate location selects and 
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maintains an appropriate plane of polariZation for each 
element, behaviors of individual elements are stabiliZed. If 
essential means are of a polariZation holding type, polariZa 
tion means and polariZation adjusting means may be omitted 
to reduce elements. 

[0020] In another aspect of the invention, an output of 
Wavelength demultiplex/amplify/multiplexing means for 
demultiplexing input light into a plurality of predetermined 
Wavelengths, then optically amplifying them individually, 
and thereafter multiplexing them is connected to the input of 
the same Wavelength demultiplex/amplify/multiplexing 
means to form an optical loop and Wavelength shifting 
means is provided in the optical loop to slightly shift the 
Wavelengths. As a result, laser oscillation is suppressed, and 
an ASE (Ampli?ed Spontaneous emission) light source for 
multiple Wavelengths can be realiZed. 

[0021] Since the polariZation adjusting means and depo 
lariZation means in appropriate locations select and maintain 
an appropriate plane of polariZation for each element, behav 
iors of individual elements are stabiliZed. By taking out the 
light from the optical loop after depolariZation, output light 
independent from or less dependent on polariZation can be 
obtained. If essential means are of a polariZation holding 
type, polariZation adjusting means may be omitted to reduce 
elements. 

[0022] In another aspect of the invention, an optical loop 
is formed such as demultiplexing input light into a plurality 
of predetermined Wavelengths, then optically amplifying 
them individually, thereafter multiplexing them and feed 
back to the input, and it is activated for simultaneous 
oscillation in multiple Wavelengths. Lights Which are Wave 
length-demultiplexed and individually ampli?ed are 
divided, individually modulated outside and thereafter 
Wavelength-multiplexed. As a result, multi-Wavelength light 
containing individually modi?ed Wavelengths can be 
obtained. 

[0023] In another version of the invention, an output of 
selective-demultiplex/amplifying means for selectively 
demultiplexing a predetermined Wavelength from input light 
and optically amplifying it is connected to the input of the 
selective-demultiplex/amplifying means to form an optical 
loop. Thus, a single Wavelength selected by the selective 
demultiplex/amplifying means can be supplied as output 
light. That is, any one of a plurality of discrete Wavelengths 
can be selected. Since it is selected from predetermined 
Wavelengths, output With a stable Wavelength can be 
obtained. Since the polariZation adjusting means in an 
appropriate location selects and maintains an appropriate 
plane of polariZation for each element, behaviors of indi 
vidual elements are stabiliZed. If essential means are of a 
polariZation holding type, polariZation adjusting means may 
be omitted to reduce elements. 

DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic block diagram shoWing a 
general construction of a ?rst embodiment of the invention; 

[0025] FIG. 2 shoWs Waveform characteristics of the same 
embodiment; 

[0026] FIG. 3 is a schematic block diagram of a general 
construction of a modi?ed embodiment; 
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[0027] FIG. 4 shows Waveform diagrams of a version 
using AWGs as a Wavelength demultiplexing element 10 and 
a Wavelength multiplexing element 12, and containing tWo 
FSRs of these AWGs in the band of ampli?cation of the 
optical ampli?er 14; 
[0028] FIG. 5 shoWs a Waveform obtained by an experi 
ment; 

[0029] FIG. 6 is a schematic block diagram shoWing a 
general construction of a version commonly using tWo 
optical ampli?ers 14-1 and 14-2; 

[0030] FIG. 7 is a schematic block diagram shoWing a 
general construction of an embodiment con?gured to modu 
late multi-Wavelength light collectively; 

[0031] FIG. 8 is a schematic block diagram shoWing a 
general construction of an embodiment of the invention 
applied to a multi-Wavelength ASE light source; 

[0032] FIG. 9 is a schematic block diagram shoWing a 
general construction of an embodiment con?gured to modu 
late each Wavelength component individually; 

[0033] FIG. 10 is a schematic block diagram shoWing a 
general construction of an embodiment con?gured to extract 
one or more desired Wavelengths among a plurality of 
Wavelengths in given Wavelength intervals; 

[0034] FIG. 11 is a schematic block diagram shoWing a 
general construction of an embodiment applied to a Wave 
length-variable light source for outputting a single discrete 
Wavelength; 
[0035] FIG. 12 shoWs distribution of Wavelengths in 
output of the embodiment shoWn in FIG. 11; 

[0036] FIG. 13 is a schematic block diagram shoWing a 
general construction of an embodiment applied to a multi 
Wavelength mode lock pulse light source; 

[0037] FIG. 14 is a schematic block diagram shoWing a 
general construction of a Wavelength converting apparatus 
using the Wavelength-variable light source shoWn in FIGS. 
10 and 12 as its pump light source; 

[0038] FIG. 15 is a schematic block diagram shoWing a 
general construction of a conventional multi-Wavelength 
light source; and 

[0039] FIG. 16 is a characteristics diagram of the con 
ventional light source shoWn in FIG. 15. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] Embodiments of the invention are explained in 
detail With reference to the draWings. 

[0041] FIG. 1 is a schematic block diagram shoWing a 
general construction of a ?rst embodiment of the invention. 
FIG. 2 shoWs Wavelength characteristics of this embodi 
ment. 

[0042] In FIG. 1, reference numeral 10 denotes a Wave 
length demultiplexing element for demultiplexing input 
light through an input port #1 into a plurality of predeter 
mined Wavelength components (in this embodiment, com 
ponents of Wavelengths L1 to A2). Numeral 12 denotes a 
Wavelength multiplexing element for Wavelength-multiplex 
ing the light components With multiple Wavelengths (in this 
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embodiment, Wavelengths )»1 to 232). Namely, these ele 
ments are Waveguide-type Wavelength selecting ?lters 
(AWG). Other than AWG, knoWn as another optical element 
for demultiplexing and multiplexing a plurality of Wave 
lengths collectively is the optical demultiplex/multiplexing 
?lter developed by Optical Corporation of America, USA. 
Also this type of optical element can be used as the Wave 
length demultiplexing element 10 and the Wavelength mul 
tiplexing element 12. 

[0043] Output ports #1 through #32 of the Wavelength 
demultiplexing element 10 are connected to input ports #1 
through #32 of the Wavelength multiplexing element 12 via 
optical ampli?ers 14 (14-1 through 14-32). Output port #1 of 
the Wavelength multiplexing element 12 is connected to a 
?ber coupler 16, and one of tWo outputs of the ?ber coupler 
16 is connected to input port #1 of the Wavelength demul 
tiplexing element 10. Thus, the other output of the ?ber 
coupler 16 is extracted as desired multi-Wavelength light. 
The unused output end of the ?ber coupler 16 is made as a 
non-re?ective end. As a result, instable oscillation by 
Fresnel re?ection can be prevented. The same also applies to 
all embodiments shoWn beloW. 

[0044] Each optical ampli?er 14 includes an erbium 
doped optical ?ber ampli?er, pumping light source and 
Wavelength demultiplex/multiplexing (WDM) coupler for 
supplying output light from the pumping light source to the 
optical ?ber ampli?er. The optical ampli?er 14 may be made 
of a semiconductor laser ampli?er and a Raman ampli?er. 

[0045] Brie?y explained beloW are functions of AWG 
used as the Wavelength demultiplexing element 10 and the 
Wavelength multiplexing element 12. AWG is an optical 
element in Which Wavelengths )»1 through 232 entering in 
the input port #1 are output from output ports #1 through 
#32, and Wavelengths )»1 through 232 entering in the input 
port #2 are output from output ports #2 through #32 and #1. 
Those entering in the subsequent ports are output from 
output ports With corresponding and subsequent numbers, 
and Wavelengths )»1 through K32 entering in the input port 
#32 are output from output ports #32 and #1 to #31. 
Wavelength intervals of Wavelengths )»1 through K32 are 
determined by the inner interference structure. Therefore, 
When Wavelength-division multiplexed light containing 
Wavelengths )»1 through 232 enters in the input ports #1, 
these Wavelengths k1 through 232 are Wavelength-demul 
tiplexed and output from corresponding output ports #1 
through #32. In contrast, When lights of Wavelengths k1 
through K32 enter in respective corresponding input ports #1 
through #32, Wavelength-multiplexed light containing the 
entered Wavelengths )»1 through 232 is output from the 
output port #1. 

[0046] AWGs have a periodicity, and these Wavelengths 
k1 through 232 are so-called basic Waves. Also longer 
Wavelengths k1‘ through 232‘ and shorter Wavelengths K31m 
and K32m are Wavelength-demultiplexed and Wavelength 
multiplexed. 

[0047] FIG. 2 (1) shoWs composite transparent Wave 
length characteristics obtained When output ports of the 
Wavelength demultiplexing element 10 are connected to 
common-numbered input ports of the Wavelength multiplex 
ing element 12, respectively. In this embodiment, in Which 
the Wavelength demultiplexing element 10 and the Wave 
length multiplexing element 12 are 32x32 type AWGs, the 



US 2001/0012144 A1 

transparent Wavelength characteristics are periodic, and 32 
Wavelengths form one cycle, as explained above. In general, 
this is de?ned as FSR (Free Spectral Range) of AWG. There 
are Wavelengths k1‘, k2‘, . . . and . . . , K31m and X32“ outside 

)»1 through )\32 used in the embodiment, as shoWn in FIG. 
2(1). For example, X1‘ and )\32m entering in the input port 
#1 of the Wavelength demultiplexing element 10 are output 
from output ports #1 and #32. 

[0048] If the composite transparent Wavelength character 
istics of the Wavelength demultiplexing element 10 and the 
Wavelength multiplexing element 12 are such that the trans 
parent Wavelength Width for each Wavelength is suf?ciently 
narroW, longitudinal modes of ring resonance, described 
later, can be decreased to a feW or only one. This is attained 
by narroWing the transparent Wavelength Width of each 
Wavelength in the transparent Wavelength characteristics of 
the Wavelength demultiplexing element 10 and the Wave 
length multiplexing element 12, respectively, or by slightly 
shifting the transparent Wavelength characteristics of the 
Wavelength demultiplexing element 10 from those of the 
Wavelength multiplexing element 12. The latter is advanta 
geous for obtaining a desired Wavelength Width more easily 
although the loss is larger. 

[0049] Ideally, each of the optical ampli?ers 14-1 through 
14-32 has amplifying Wavelength characteristics covering 
one cycle of FSR, namely, the Wavelength range of )»1 
through X32, and preferably exhibiting a drastic decrease in 
gain beyond the range. Actually, in accordance With the 
amplifying Wavelength characteristics of available optical 
ampli?ers, AWGs having FSRs consistent With the ampli 
fying Wavelength characteristics are used as the Wavelength 
demultiplexing element 10 and the Wavelength multiplexing 
element 12. The gain of ampli?cation by each optical 
ampli?er 14 is determined larger by approximately 10 dB 
than the loss in one circulation of the loop made of the 
Wavelength demultiplexing g element 10, optical ampli?er 
14, Wavelength multiplexing element 12 and ?ber coupler 
16. 

[0050] Basically, it is suf?cient for each of the optical 
ampli?ers 14-1 through 14-32 that its gain center Wave 
length can cover a single Wavelength assigned to it. HoW 
ever, the use of different optical ampli?ers With different 
gain center Wavelengths makes the process of producing and 
assembling respective element more troublesome, and it is 
preferable to use optical ampli?ers 14-1 to 14-32 With the 
same amplifying Wavelength range. From this point of vieW, 
the amplifying Wavelength characteristics in Which the gain 
is ?at throughout one cycle, namely one FSR OF AWGs 10 
AND 12, and drastically decreases outside this range is 
preferable. 

[0051] Due to the composite transparent Wavelength char 
acteristics of the Wavelength demultiplexing element 10 and 
the Wavelength multiplexing element 12 (FIG. 2(1)) and the 
amplifying Wavelength characteristics of the optical ampli 
?ers 14-1 through 14-32 (FIG. 2(2)), the loop gain of the 
embodiment shoWn in FIG. 1 draWs peaks at Wavelengths 
k1, . . . K32, and light output from the ?ber coupler 16 to the 
exterior of the optical loop results in the spectrum shoWn in 
FIG. 2(3). Since the Wavelength demultiplexing element 10 
and the Wavelength multiplexing element 12 have the same 
transparent center Wavelength and uniform transmissivity to 
respective Wavelengths, and the optical ampli?ers 14-1 
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through 14-32 have substantially the same gain, respective 
Wavelengths )»1 to K32 in output light extracted by the ?ber 
coupler 16 have substantially the same optical intensity. In 
AWG, variance in loss among different Wavelengths upon 
Wavelength division and Wavelength multiplexing can be 
readily reduced to 3 through 4 dB or less in the process of 
fabrication, and this degree of variance can be compensated 
by ?ne adjustment of ampli?cation gains of respective 
optical ampli?ers 14-1 thorough 14-32. 

[0052] Since each optical ampli?er 14-1 to 14-32 ampli 
?es a single Wavelength alone, mode competition does not 
occur, and stable ampli?cation of input light is promised. 
Therefore, this embodiment can realiZe multi-Wavelength 
oscillation in Wavelengths L1 to I32, and can substantially 
equaliZe intensities of respective Wavelengths. 

[0053] It is no problem, provided that one of the Wave 
length demultiplexing element 10 and the Wavelength mul 
tiplexing element 12, preferably the Wavelength demulti 
plexing element 10, does not have a Wavelength periodicity. 
HoWever, under the conditions Where the Wavelength 
demultiplexing element 10 (and the Wavelength multiplex 
ing element 12) has a Wavelength periodicity, and FSR of the 
Wavelength demultiplexing characteristics is narroWer than 
the ampli?cation band of the optical ampli?ers 14, Which 
results in containing tWo FSRs in the ampli?cation band of 
the optical ampli?ers 14, the loop gain happens to exist also 
for Wavelengths outside )»1 to K32, e.g. Wavelengths X1‘ and 
X32“, and possibly causes mode competition or instable 
oscillation. 

[0054] This can be prevented by locating an optical band 
pass ?lter in the loop to pass Wavelengths )»1 to K32 alone. 
FIG. 3 is a schematic block diagram shoWing a general 
construction of another embodiment taken for this purpose. 
Reference numeral 20 denotes a Wavelength demultiplex/ 
amplify/multiplexing unit containing the Wavelength demul 
tiplexing element 10, Wavelength multiplexing element 12 
and optical ampli?ers 14 of FIG. 1. Numeral 22 denotes an 
optical band pass ?lter (optical BPF) transparent to Wave 
lengths )»1 through )\32 alone in output light from the 
Wavelength demultiplex/amplify/multiplexing unit 20. 
Numeral 24 denotes a ?ber coupler Which demultiplexes 
output light of the optical BPF 22 into tWo components, and 
supplies one to the Wavelength demultiplex/amplify/multi 
plexing unit 20 and extracts the other as multi-Wavelength 
output. 

[0055] FIG. 4 shoWs Waveforms of a version using AWGs 
as the Wavelength demultiplexing element 10 and the Wave 
length multiplexing element 12, and containing tWo FSRs of 
AWGs in the ampli?cation band of the optical ampli?ers 14. 
FIG. 4(1) shoWs transparent Wavelength characteristics of 
AWGs used as the Wavelength demultiplexing element 10 
and the Wavelength multiplexing element 12. FIG. 4(2) 
shoWs ampli?cation characteristics of the optical ampli?ers 
14. FIG. 4(3) shoWs Wavelength characteristics of light 
passing through the optical ampli?er 14-1 When the optical 
BPF 22 is not provided. As shoWn, since three Wavelengths 
k1, X1‘ and k1“ pass through the optical ampli?er 14-1 and 
are ampli?ed, competition of these Wavelengths invites 
instable oscillation of the target Wavelength X1. 

[0056] FIG. 4(4) shoWs transparent characteristics of the 
optical BPF 22. FIG. 4(5) shoWs Wavelength characteristics 
of light passing through the optical ampli?er 14-1 When the 
















