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(54) OPTICAL FIBER AMPLIFIER AND OPTICAL FIBER AMPLIFIER GAIN ADJUSTMENT METHOD

(57) A fiber amplifier (100) and a gain adjustment
method for the fiber amplifier (100) are provided. The
fiber amplifier (100) includes a first power amplifier (101),
a wavelength level adjuster (102), and a controller (103),
where the first power amplifier (101) and the wavelength
level adjuster (102) are sequentially connected; the con-
troller (103) includes a first input end and a control output
end, where the first input end is configured to receive an
input optical signal of the fiber amplifier (100), and the
control output end is configured to output a first amplifi-

cation control signal to the first power amplifier (101), and
output an adjustment control signal to the wavelength
level adjuster (102); and the wavelength level adjuster
(102) is configured to perform power adjustment on each
wavelength based on the adjustment control signal. The
fiber amplifier (100) can perform power adjustment on
each wavelength of the fiber amplifier (100), thereby im-
proving adjustment precision of a gain curve of the fiber
amplifier (100).
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Description

TECHNICAL FIELD

[0001] This application relates to the field of optical
communications technologies, and in particular, to a fiber
amplifier and a gain adjustment method for the fiber am-
plifier.

BACKGROUND

[0002] Fiber amplifiers are widely used in the fields of
optical communications and optical sensing technolo-
gies. The fiber amplifiers include a semiconductor optical
amplifier, a rare-earth-doped fiber amplifier, and the like.
The rare-earth-doped fiber amplifier, for example, an er-
bium-doped fiber amplifier (erbium-doped fiber amplifier,
EDFA), is an essential device in a wavelength division
multiplexing (wavelength division multiplexing, WDM)
system, and is used to amplify an optical signal transmit-
ted in the system. However, a gain curve of this type of
fiber amplifier is not flat. In other words, when optical
signals with different wavelengths pass through this type
of fiber amplifier, gains of the different wavelengths are
different. A wavelength with a low gain corresponds to
low optical signal power. Consequently, this increases a
corresponding bit error rate and even affects transmis-
sion performance of the entire system. Therefore, how
to adjust the gain curve of the fiber amplifier becomes a
major technical problem.
[0003] Currently, the fiber amplifier is equipped with a
built-in gain flattening filter (gain flattening filter, GFF),
and an insertion loss curve of the GFF interacts with the
gain curve of the fiber amplifier, to adjust the gain curve
of the fiber amplifier. This solution can only adjust the
gain curve of the fiber amplifier as a whole, and adjust-
ment precision is not ideal.

SUMMARY

[0004] Embodiments of this application disclose a fiber
amplifier and a gain adjustment method for the fiber am-
plifier, so that power adjustment can be performed on
each wavelength of the fiber amplifier, and adjustment
precision of a gain curve of the fiber amplifier reaches a
wavelength level. This improves adjustment precision of
the gain curve of the fiber amplifier.
[0005] According to a first aspect, an embodiment of
this application discloses a fiber amplifier, including a first
power amplifier, a wavelength level adjuster, and a con-
troller, where the first power amplifier and the wavelength
level adjuster are sequentially connected, or the wave-
length level adjuster and the first power amplifier are se-
quentially connected; the controller includes a first input
end and a control output end, where the first input end
is configured to receive an input optical signal of the fiber
amplifier, and the control output end is configured to out-
put a first amplification control signal to the first power

amplifier, and output an adjustment control signal to the
wavelength level adjuster; and the wavelength level ad-
juster is configured to perform power adjustment on each
wavelength based on the adjustment control signal.
[0006] In this embodiment of this application, the con-
troller may obtain the first amplification control signal and
the adjustment control signal through calculation based
on the input optical signal received by the first input end.
The adjustment control signal may control the wave-
length level adjuster to perform power adjustment on
each wavelength. In this way, single-wavelength gain ad-
justment is implemented on a gain curve of the fiber am-
plifier, and adjustment precision of the gain curve of the
fiber amplifier is improved.
[0007] With reference to the first aspect, in a first op-
tional implementation, the controller includes a first stor-
age module and a first calculation module, where the first
storage module is configured to store a gain character-
istic parameter of the first power amplifier, an adjustment
control characteristic parameter of the wavelength level
adjuster, and information about target output optical pow-
er of the fiber amplifier; and the first calculation module
is configured to obtain the first amplification control signal
and the adjustment control signal through calculation
based on the content stored by the first storage module
and optical power of each wavelength of the input optical
signal of the fiber amplifier.
[0008] With reference to the first optional implementa-
tion of the first aspect, in a second optional implementa-
tion of the first aspect, the controller may further include
a second input end, where the second input end is con-
figured to receive an output optical signal of the fiber am-
plifier; the first calculation module is further configured
to obtain a second amplification control signal and a sec-
ondary adjustment control signal through calculation
based on the content stored by the first storage module
and optical power of each wavelength of the output op-
tical signal when an absolute value of a difference be-
tween power of the output optical signal and the target
output optical power is greater than a secondary calcu-
lation threshold; the control output end is further config-
ured to output the second amplification control signal to
the first power amplifier, and output the secondary ad-
justment control signal to the wavelength level adjuster;
and the wavelength level adjuster is further configured
to perform power adjustment on each wavelength based
on the secondary adjustment control signal.
[0009] Compared with the first optional implementation
of the first aspect, the second input end is added in this
implementation. The first calculation module may obtain
the second amplification control signal and the secondary
adjustment control signal through calculation based on
the optical power of each wavelength of the output optical
signal when the absolute value of the difference between
the power of the output optical signal and the target output
optical power is greater than the secondary calculation
threshold. The secondary adjustment control signal may
control the wavelength level adjuster to perform power
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adjustment on each wavelength again, until an absolute
value of a difference between power of the output optical
signal and the target output optical power is less than the
secondary calculation threshold, so that the power of the
output optical signal is closer to the target output optical
power. This improves adjustment accuracy of the gain
curve of the fiber amplifier.
[0010] With reference to the first aspect, in a third op-
tional implementation, the fiber amplifier further includes
a second power amplifier, and the first power amplifier,
the wavelength level adjuster, and the second power am-
plifier are sequentially connected; and the control output
end is further configured to output a second amplification
control signal to the second power amplifier.
[0011] In this implementation, the first power amplifier
and the second power amplifier may be respectively used
as a preamplifier and a power amplifier, and cooperate
with the wavelength level adjuster to adjust the gain curve
of the fiber amplifier.
[0012] With reference to the third optional implemen-
tation of the first aspect, in a fourth optional implemen-
tation of the first aspect, the controller includes a second
storage module and a second calculation module, where
the second storage module is configured to store gain
characteristic parameters of the first power amplifier and
the second power amplifier, an adjustment control char-
acteristic parameter of the wavelength level adjuster, and
target output optical power of the fiber amplifier; and the
second calculation module is configured to obtain the
first amplification control signal, the second amplification
control signal, and the adjustment control signal through
calculation based on the content stored by the second
storage module and optical power of each wavelength
of the input optical signal of the fiber amplifier.
[0013] In this implementation, the first power amplifier
and the second power amplifier amplify optical power of
different wavelengths based on the first amplification
control signal and the second amplification control signal,
and the wavelength level adjuster performs power inser-
tion loss on the different wavelengths based on the ad-
justment control signal. Therefore, the first power ampli-
fier, the second power amplifier, and the wavelength level
adjuster interact with each other to adjust the gain curve
of the fiber amplifier.
[0014] With reference to the fourth optional implemen-
tation of the first aspect, in a fifth optional implementation
of the first aspect, the controller may further include a
second input end, where the second input end is config-
ured to receive an output optical signal of the fiber am-
plifier; the second calculation module is further config-
ured to obtain a third amplification control signal, a fourth
amplification control signal, and a secondary adjustment
control signal through calculation based on the content
stored by the second storage module and optical power
of each wavelength of the output optical signal when an
absolute value of a difference between power of the out-
put optical signal and the target output optical power is
greater than a secondary calculation threshold; the con-

trol output end is further configured to output the third
amplification control signal to the first power amplifier,
output the fourth amplification control signal to the sec-
ond power amplifier, and output the secondary adjust-
ment control signal to the wavelength level adjuster; and
the wavelength level adjuster is further configured to per-
form power adjustment on each wavelength based on
the secondary adjustment control signal.
[0015] Compared with the fourth optional implementa-
tion of the first aspect, the second input end is added in
this implementation. The second calculation module may
obtain the third amplification control signal, the fourth am-
plification control signal, and the secondary adjustment
control signal through calculation based on the optical
power of each wavelength of the output optical signal
when the absolute value of the difference between the
power of the output optical signal and the target output
optical power is greater than the secondary calculation
threshold. The secondary adjustment control signal may
control the wavelength level adjuster to perform power
adjustment on each wavelength again, until an absolute
value of a difference between power of the output optical
signal and the target output optical power is less than the
secondary calculation threshold, so that the power of the
output optical signal is closer to the target output optical
power. This improves adjustment accuracy of the gain
curve of the fiber amplifier.
[0016] With reference to any one of the first aspect and
the first to the fifth optional implementations of the first
aspect, in a sixth optional implementation of the first as-
pect, the wavelength level adjuster includes a dispersion
module, a wavelength level insertion loss adjustment
module, and an aggregation module, where the disper-
sion module, the wavelength level insertion loss adjust-
ment module, and the aggregation module are sequen-
tially connected; the dispersion module is configured to
perform spatial separation on a multi-wavelength optical
signal; the aggregation module is configured to perform
spatial aggregation on the multi-wavelength optical sig-
nal; and the wavelength level insertion loss adjustment
module is configured to perform power adjustment on
each wavelength based on the adjustment control signal.
[0017] In this implementation, the dispersion module
performs space separation on the multi-wavelength op-
tical signal, which facilitates power adjustment of each
wavelength by the wavelength level adjuster, and the ag-
gregation module may re-aggregate a separated optical
signal, which facilitates subsequent transmission.
[0018] With reference to the sixth optional implemen-
tation of the first aspect, in a seventh optional implemen-
tation of the first aspect, the wavelength level insertion
loss adjustment module is a liquid crystal on silicon LCOS
chip, a micro-electro-mechanical systems MEMS ele-
ment, or a liquid crystal LC element.
[0019] With reference to the sixth optional implemen-
tation of the first aspect, in an eighth optional implemen-
tation of the first aspect, the wavelength level adjuster
further includes a first beam shaping module and a sec-
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ond beam shaping module, and the first beam shaping
module, the dispersion module, the wavelength level in-
sertion loss adjustment module, the aggregation module,
and the second beam shaping module are sequentially
connected; and the first beam shaping module and the
second beam shaping module are configured to perform
beam focusing and beam collimation.
[0020] According to a second aspect, an embodiment
of this application discloses a gain adjustment method
for a fiber amplifier, where the method is applied to the
fiber amplifier disclosed in any one of the first aspect, or
the second optional implementation of the first aspect,
or the third optional implementation of the first aspect, or
the fourth optional implementation of the first aspect, and
the method includes: receiving an input optical signal of
the fiber amplifier; obtaining a first amplification control
signal and an adjustment control signal through calcula-
tion based on the input optical signal of the fiber amplifier,
where the adjustment control signal is used to control the
wavelength level adjuster to perform power adjustment
on each wavelength; and outputting the first amplification
control signal to the first power amplifier, and outputting
the adjustment control signal to the wavelength level ad-
juster.
[0021] In this embodiment, the adjustment control sig-
nal obtained through calculation based on the input op-
tical signal of the fiber amplifier may control the wave-
length level adjuster to perform power adjustment on
each wavelength. In this way, single-wavelength gain ad-
justment is implemented on a gain curve of the fiber am-
plifier, and adjustment precision of the gain curve of the
fiber amplifier is improved.
[0022] With reference to the second aspect, in a first
optional implementation, the obtaining a first amplifica-
tion control signal and an adjustment control signal
through calculation based on optical power of each wave-
length of the input optical signal of the fiber amplifier in-
cludes: obtaining the first amplification control signal and
the adjustment control signal through calculation based
on a gain characteristic parameter of the first power am-
plifier, an adjustment control characteristic parameter of
the wavelength level adjuster, target output optical power
of the fiber amplifier, and the input optical signal of the
fiber amplifier.
[0023] With reference to the first optional implementa-
tion of the second aspect, in a second optional imple-
mentation of the second aspect, after the outputting the
first amplification control signal to the first power ampli-
fier, and outputting the adjustment control signal to the
wavelength level adjuster, the method further includes:
receiving an output optical signal of the fiber amplifier;
obtaining a second amplification control signal and a sec-
ondary adjustment control signal through calculation
based on the gain characteristic parameter of the first
power amplifier, the adjustment control characteristic pa-
rameter of the wavelength level adjuster, the target out-
put optical power of the fiber amplifier, and optical power
of each wavelength of the output optical signal when an

absolute value of a difference between power of the out-
put optical signal and the target output optical power is
greater than a secondary calculation threshold; and out-
putting the second amplification control signal to the first
power amplifier, and outputting the secondary adjust-
ment control signal to the wavelength level adjuster.
[0024] In this implementation, the second amplification
control signal and the secondary adjustment control sig-
nal are obtained through calculation based on the optical
power of each wavelength of the output optical signal
when the absolute value of the difference between the
power of the output optical signal and the target output
optical power is greater than the secondary calculation
threshold. The secondary adjustment control signal may
control the wavelength level adjuster to perform power
adjustment on each wavelength again, until an absolute
value of a difference between power of the output optical
signal and the target output optical power is less than the
secondary calculation threshold, so that the power of the
output optical signal is closer to the target output optical
power. This improves adjustment accuracy of the gain
curve of the fiber amplifier.
[0025] With reference to the second aspect, in a third
optional implementation, the method is applied to the fib-
er amplifier disclosed in the first optional implementation
of the first aspect, and the method further includes: ob-
taining a second amplification control signal through cal-
culation based on the optical power of each wavelength
of the input optical signal of the fiber amplifier; and out-
putting the second amplification control signal to the sec-
ond power amplifier.
[0026] In this implementation, the first power amplifier
and the second power amplifier amplify optical power of
different wavelengths respectively based on the first am-
plification control signal and the second amplification
control signal.
[0027] With reference to the third optional implemen-
tation of the second aspect, in a fourth optional imple-
mentation of the second aspect, the obtaining a first am-
plification control signal and an adjustment control signal
through calculation based on optical power of each wave-
length of the input optical signal of the fiber amplifier, and
the obtaining a second amplification control signal
through calculation based on the optical power of each
wavelength of the input optical signal of the fiber amplifier
include: obtaining the first amplification control signal,
the second amplification control signal, and the adjust-
ment control signal through calculation based on gain
characteristic parameters of the first power amplifier and
the second power amplifier, an adjustment control char-
acteristic parameter of the wavelength level adjuster, tar-
get output optical power of the fiber amplifier, and the
optical power of each wavelength of the input optical sig-
nal of the fiber amplifier.
[0028] In this implementation, the first amplification
control signal and the second amplification control signal
respectively control the first power amplifier and the sec-
ond power amplifier to amplify optical power of different
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wavelengths, and the adjustment control signal controls
the wavelength level adjuster to perform power insertion
loss on the different wavelengths based on the adjust-
ment control signal. Therefore, the first power amplifier,
the second power amplifier, and the wavelength level
adjuster interact with each other to adjust the gain curve
of the fiber amplifier.
[0029] With reference to the fourth optional implemen-
tation of the second aspect, in a fifth optional implemen-
tation of the second aspect, after the outputting the first
amplification control signal to the first power amplifier,
and outputting the adjustment control signal to the wave-
length level adjuster, and the outputting the second am-
plification control signal to the second power amplifier,
the method further includes: receiving an output optical
signal of the fiber amplifier; obtaining a third amplification
control signal, a fourth amplification control signal, and
a secondary adjustment control signal through calcula-
tion based on the gain characteristic parameters of the
first power amplifier and the second power amplifier, the
adjustment control characteristic parameter of the wave-
length level adjuster, the target output optical power of
the fiber amplifier, and optical power of each wavelength
of the output optical signal when an absolute value of a
difference between power of the output optical signal and
the target output optical power is greater than a second-
ary calculation threshold; and outputting the third ampli-
fication control signal to the first power amplifier, output-
ting the fourth amplification control signal to the second
power amplifier, and outputting the secondary adjust-
ment control signal to the wavelength level adjuster.
[0030] In this implementation, the third amplification
control signal, the fourth amplification control signal, and
the secondary adjustment control signal are obtained
through calculation based on the optical power of each
wavelength of the output optical signal when the absolute
value of the difference between the power of the output
optical signal and the target output optical power is great-
er than the secondary calculation threshold. The second-
ary adjustment control signal may control the wavelength
level adjuster to perform power adjustment on each
wavelength again, until an absolute value of a difference
between power of the output optical signal and the target
output optical power is less than the secondary calcula-
tion threshold, so that the power of the output optical
signal is closer to the target output optical power. This
improves adjustment accuracy of the gain curve of the
fiber amplifier.

BRIEF DESCRIPTION OF DRAWINGS

[0031]

FIG. 1 is a schematic structural diagram of a fiber
amplifier according to an embodiment of this appli-
cation;
FIG. 2 is a schematic structural diagram of a control-
ler according to an embodiment of this application;

FIG. 3A is a schematic structural diagram of a wave-
length level adjuster according to an embodiment of
this application;
FIG. 3B is a schematic structural diagram of another
wavelength level adjuster according to an embodi-
ment of this application;
FIG. 4A is a schematic structural diagram of a fiber
amplifier according to another embodiment of this
application;
FIG. 4B is a schematic structural diagram of another
fiber amplifier according to another embodiment of
this application;
FIG. 5 is a schematic flowchart of a gain adjustment
method for a fiber amplifier according to an embod-
iment of this application;
FIG. 6 is a schematic flowchart of a gain adjustment
process of a fiber amplifier according to an embod-
iment of this application; and
FIG. 7 is a schematic flowchart of a gain adjustment
method for another fiber amplifier according to an
embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0032] This application is mainly specific to a rare-
earth-doped fiber amplifier, for example, an EDFA. A per-
son skilled in the art may learn that, with development of
technologies, technologies in this application are also ap-
plicable to another rare-earth-doped fiber amplifier that
is being developed or to be developed. The following
describes the technical solutions in the embodiments of
this application with reference to the accompanying
drawings in the embodiments of this application.
[0033] Currently, a fiber amplifier is equipped with a
built-in gain flattening filter (gain flattening filter, GFF),
and an insertion loss curve of the GFF is applied to optical
power of each wavelength of the fiber amplifier, so that
gains corresponding to different wavelengths of the fiber
amplifier are attenuated to some extent. In this way, a
gain curve of the fiber amplifier can be adjusted. Howev-
er, the gain curve of the fiber amplifier can only be ad-
justed as a whole in such an adjustment manner, and
adjustment precision of the gain curve is not ideal.
[0034] To ensure that adjustment precision of the gain
curve of the fiber amplifier reaches a wavelength level,
the embodiments of this application disclose a fiber am-
plifier and a gain adjustment method for the fiber ampli-
fier. Details are separately described below.
[0035] FIG. 1 is a schematic structural diagram of a
fiber amplifier according to an embodiment of this appli-
cation. It can be learned from FIG. 1 that the fiber amplifier
includes a first power amplifier 101, a wavelength level
adjuster 102, and a controller 103. The first power am-
plifier 101 and the wavelength level adjuster 102 are se-
quentially connected, where an input end of the first pow-
er amplifier is an input end of the fiber amplifier, and an
output end of the wavelength level adjuster is an output
end of the fiber amplifier. The controller includes a first
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input end I1 and a control output end O, where the first
input end I1 is configured to receive an input optical signal
of the fiber amplifier, and the control output end O is con-
figured to output a first amplification control signal to the
first power amplifier 101, and output an adjustment con-
trol signal to the wavelength level adjuster 102. The
wavelength level adjuster 102 is configured to perform
power adjustment on each wavelength based on the ad-
justment control signal.
[0036] In this embodiment, positions of the first power
amplifier 101 and the wavelength level adjuster 102 may
be interchanged. In other words, the wavelength level
adjuster 102 and the first power amplifier 101 are se-
quentially connected. This is not limited in this applica-
tion.
[0037] In this embodiment, the first power amplifier 101
may include a pump source and a doped fiber. The pump
source is disposed upstream or downstream of the doped
fiber along a transmission direction of an optical signal,
and there may be one or more pump sources.
[0038] In this embodiment, that the wavelength level
adjuster 102 performs power adjustment on each wave-
length based on the adjustment control signal means that
the wavelength level adjuster performs power adjust-
ment on each wavelength by generating different inser-
tion loss for each wavelength. In other words, power of
an optical signal carrying different wavelengths is ampli-
fied a corresponding number of times based on a gain
characteristic parameter of the first power amplifier. The
wavelength level adjuster generates different insertion
loss values for the optical signal with different wave-
lengths, and the insertion loss values are applied to op-
tical power of each wavelength output by the first power
amplifier. In this way, power adjustment is implemented
on each wavelength.
[0039] In this embodiment, the controller may obtain
the first amplification control signal and the adjustment
control signal through calculation based on the gain char-
acteristic parameter of the first power amplifier, an ad-
justment control characteristic parameter of the wave-
length level adjuster, information about target output op-
tical power of the fiber amplifier, and the input optical
signal of the fiber amplifier. The gain characteristic pa-
rameter of the first power amplifier may be a power am-
plification factor of each wavelength by the first power
amplifier. The adjustment control characteristic parame-
ter of the wavelength level adjuster may be a relationship
parameter between an insertion loss of each wavelength
and the adjustment control signal.
[0040] It may be understood that the fiber amplifier dis-
closed in this embodiment may obtain the first amplifica-
tion control signal and the adjustment control signal
through calculation based on the input optical signal re-
ceived by the first input end. The first amplification control
signal may control the first power amplifier to perform
power amplification on each wavelength, the adjustment
control signal may control the wavelength level adjuster
to perform insertion loss adjustment on each wavelength,

and an effect of insertion loss adjustment is applied to
optical power of each wavelength of the fiber amplifier.
In this way, single-wavelength gain adjustment is imple-
mented on a gain curve of the fiber amplifier, and adjust-
ment precision of the gain curve of the fiber amplifier is
improved.
[0041] Therefore, the gain curve of the fiber amplifier
disclosed in this embodiment may be adjusted to be rel-
atively flat, thereby improving system flatness, releasing
a flatness margin designed in a system specification, and
reducing a power equalizer (dynamic gain equalizer,
DGE) site.
[0042] Currently, a fiber amplifier equipped with a built-
in GFF is used as a solution to adjust the gain curve of
the fiber amplifier. The GFF has a relatively narrow in-
sertion loss adjustment range, and usually needs to per-
form insertion loss adjustment in cooperation with a var-
iable optical attenuator (variable optical attenuator, VOA)
to meet a requirement of the target output optical power.
However, the wavelength level adjuster of the fiber am-
plifier disclosed in this embodiment of this application
has a relatively wide insertion loss adjustment range, and
can independently perform insertion loss adjustment on
the optical power of each wavelength without cooperation
with the original VOA.
[0043] In addition, the fiber amplifier disclosed in this
embodiment can implement single-wavelength gain ad-
justment, so that insertion loss values of some wave-
lengths can be correspondingly controlled when a wave-
length is dropped or added in a live network. This effec-
tively suppresses power jitter.
[0044] In an optional implementation, the controller
103 includes a first storage module 1031 and a first cal-
culation module 1032. The first storage module 1031 is
configured to store the gain characteristic parameter of
the first power amplifier, the adjustment control charac-
teristic parameter of the wavelength level adjuster, and
the information about the target output optical power of
the fiber amplifier. The first calculation module 1032 is
configured to obtain the first amplification control signal
and the adjustment control signal through calculation
based on the content stored by the storage module and
the input optical signal of the fiber amplifier.
[0045] FIG. 2 is a schematic structural diagram of a
controller according to an embodiment of this application.
The gain characteristic parameter of the first power am-
plifier may be a power amplification factor of each wave-
length by the first power amplifier. The adjustment control
characteristic parameter of the wavelength level adjuster
may be a relationship parameter between an insertion
loss of each wavelength and the adjustment control sig-
nal. For example, for a wavelength level adjuster includ-
ing an LCOS chip, an adjustment control characteristic
parameter of the wavelength level adjuster including the
LCOS chip may be a relationship parameter between an
output deflection angle of a signal of each wavelength
and a drive voltage.
[0046] In an optional implementation, FIG. 3A is a

9 10 



EP 3 754 870 A1

7

5

10

15

20

25

30

35

40

45

50

55

schematic structural diagram of a wavelength level ad-
juster according to an embodiment of this application.
The wavelength level adjuster 102 includes a dispersion
module 1021, a wavelength level insertion loss adjust-
ment module 1022, and an aggregation module 1023.
The dispersion module 1021, the wavelength level inser-
tion loss adjustment module 1022, and the aggregation
module 1023 are sequentially connected. The dispersion
module 1021 is configured to perform spatial separation
on a multi-wavelength optical signal. The aggregation
module 1023 is configured to perform spatial aggregation
on the multi-wavelength optical signal. The wavelength
level insertion loss adjustment module 1022 is configured
to perform power adjustment on each wavelength based
on the adjustment control signal.
[0047] The dispersion module 1021 may include an
optical element having a dispersion characteristic, such
as a grating and a prism, to perform spatial separation
on the multi-wavelength optical signal, in other words, to
spatially separate an optical signal with different wave-
lengths. This better facilitates single-wavelength power
adjustment performed by the wavelength level insertion
loss adjustment module. The aggregation module 1023
may include a dispersion element disposed in a reverse
direction, to perform spatial aggregation on the multi-
wavelength optical signal, in other words, to spatially ag-
gregate an optical signal with different wavelengths. The
wavelength level insertion loss adjustment module 1022
may include an LCOS chip, a MEMS element, an LC
element, or the like that may control, by using a control
signal, an optical power loss of each wavelength of the
LCOS chip, the MEMS element, the LC element, or the
like. For example, for the LCOS chip, when different drive
voltages are loaded on the LCOS chip, the different wave-
lengths can be controlled to perform corresponding angle
rotation, and an output direction of the optical signal de-
viates from a direction of a receive port by a specific an-
gle. In this way, different insertion loss adjustment is im-
plemented for different wavelengths.
[0048] In an optional implementation, FIG. 3B is a
schematic structural diagram of another wavelength level
adjuster according to an embodiment of this application.
Compared with the wavelength level adjuster 102 shown
in FIG. 3A, a wavelength level adjuster 102’ in FIG. 3B
further includes a first beam shaping module 1024’ and
a second beam shaping module 1025’. The first beam
shaping module 1024’, a dispersion module 1021’, a
wavelength level insertion loss adjustment module 1022’,
an aggregation module 1023’, and the second beam
shaping module 1025’ are sequentially connected. The
first beam shaping module 1024’ and the second beam
shaping module 1025’ are configured to perform beam
focusing and beam collimation, and may include ele-
ments having a beam focusing function and a beam col-
limation function, such as a lens and a prism.
[0049] Another embodiment of this application disclos-
es another fiber amplifier. Compared with the fiber am-
plifier shown in FIG. 1, the controller 103 not only includes

the first input end I1 and the control output end O, but
also includes a second input end 12. The first input end
I1 is configured to receive the input optical signal of the
fiber amplifier, and the second input end 12 is configured
to receive an output optical signal of the fiber amplifier.
[0050] The controller 103 obtains the first amplification
control signal and the adjustment control signal through
calculation based on the input optical signal.
[0051] The controller 103 obtains a second amplifica-
tion control signal and a secondary adjustment control
signal through calculation based on the output optical
signal when an absolute value of a difference between
power of the output optical signal and the target output
optical power is greater than a secondary calculation
threshold.
[0052] The control output end O is configured to output
the first amplification control signal or the second ampli-
fication control signal to the first power amplifier 101, and
output the adjustment control signal or the secondary
adjustment control signal to the wavelength level adjuster
102.
[0053] The wavelength level adjuster 102 is configured
to perform power adjustment on each wavelength based
on the adjustment control signal or the secondary adjust-
ment control signal.
[0054] In this embodiment, positions of the first power
amplifier and the wavelength level adjuster may be inter-
changed.
[0055] In this embodiment, the controller reads the in-
put optical signal, analyzes optical power of each wave-
length of the input optical signal, and obtains the first
amplification control signal and the adjustment control
signal through calculation based on the gain character-
istic parameter of the first power amplifier, the adjustment
control characteristic parameter of the wavelength level
adjuster, and the information about the target output op-
tical power of the fiber amplifier that are stored in the
controller. The first power amplifier performs power am-
plification on each wavelength based on the first ampli-
fication control signal, and the wavelength level adjuster
performs power adjustment on each wavelength based
on the adjustment control signal.
[0056] To accurately adjust the gain curve of the fiber
amplifier, the first power amplifier and the wavelength
level adjuster may perform adjustment for a plurality of
times. Specifically, when the absolute value of the differ-
ence between the power of the output optical signal and
the target output optical power is greater than the sec-
ondary calculation threshold, the controller 103 reads the
output optical signal of the fiber amplifier, analyzes opti-
cal power of each wavelength of the output optical signal,
and obtain the second amplification control signal and
the secondary adjustment control signal through calcu-
lation based on the gain characteristic parameter of the
first power amplifier, the adjustment control characteristic
parameter of the wavelength level adjuster, and the in-
formation about the target output optical power of the
fiber amplifier. The first power amplifier 101 performs
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power amplification on each wavelength again based on
the second amplification control signal, and the wave-
length level adjuster 102 performs power adjustment on
each wavelength again based on the secondary adjust-
ment control signal.
[0057] Compared with the fiber amplifier shown in FIG.
1, the second input end 12 is added to the controller of
the fiber amplifier disclosed in this embodiment. The con-
troller may obtain the second amplification control signal
and the secondary adjustment control signal through cal-
culation based on the optical power of each wavelength
of the output optical signal when the absolute value of
the difference between the power of the output optical
signal and the target output optical power is greater than
the secondary calculation threshold. The secondary ad-
justment control signal may control the wavelength level
adjuster to perform power adjustment on each wave-
length again, until an absolute value of a difference be-
tween power of the output optical signal and the target
output optical power is less than the secondary calcula-
tion threshold, so that the power of the output optical
signal is closer to the target output optical power. This
improves adjustment accuracy of the gain curve of the
fiber amplifier.
[0058] In an optional implementation, the controller
may further include a first storage module and a first cal-
culation module. The first storage module has the same
function and stores the same content as the first storage
module 1031 shown in FIG. 2. In addition to completing
work to be completed by the first calculation module 1032
shown in FIG. 2, the first calculation module is further
configured to obtain the second amplification control sig-
nal and the secondary adjustment control signal through
calculation based on the content stored by the storage
module and the output optical signal when the absolute
value of the difference between the power of the output
optical signal and the target output optical power is great-
er than the secondary calculation threshold.
[0059] The wavelength level adjuster in this embodi-
ment is the same as the wavelength level adjuster 102
or 102’ in the previous embodiment. Details are not de-
scribed herein.
[0060] FIG. 4A is a schematic structural diagram of a
fiber amplifier according to another embodiment of this
application. It can be learned from FIG. 4A that the fiber
amplifier 400 includes a first power amplifier 401, a sec-
ond power amplifier 403, a wavelength level adjuster 402,
and a controller 404. The first power amplifier 401, the
wavelength level adjuster 402, and the second power
amplifier 403 are sequentially connected. The controller
404 includes a first input end I1 and a control output end
O. The first input end I1 is configured to receive an input
optical signal of the fiber amplifier. The control output end
O is configured to output a first amplification control signal
to the first power amplifier 401, and output a second am-
plification control signal to the second power amplifier
403, and output an adjustment control signal to the wave-
length level adjuster 402. The wavelength level adjuster

402 is configured to perform power adjustment on each
wavelength based on the adjustment control signal.
[0061] In this embodiment, the first power amplifier 401
and the second power amplifier 403 are respectively
used as a preamplifier and a power amplifier of the fiber
amplifier, and may include a pump source and a doped
fiber. The pump source is disposed upstream or down-
stream of the doped fiber along a transmission direction
of an optical signal, and there may be one or more pump
sources.
[0062] Compared with the fiber amplifier shown in FIG.
1, the second power amplifier 403 is added to the fiber
amplifier disclosed in this embodiment. The controller
404 may obtain the first amplification control signal, the
second amplification control signal, and the adjustment
control signal through calculation based on gain charac-
teristic parameters of the first power amplifier 401 and
the second power amplifier 403, an adjustment control
characteristic parameter of the wavelength level adjuster
402, information about target output optical power of the
fiber amplifier, and the input optical signal of the fiber
amplifier. The first power amplifier 401 and the second
power amplifier 403 perform power amplification on each
wavelength respectively based on the first amplification
control signal and the second amplification control signal.
The wavelength level adjuster 402 performs power ad-
justment on each wavelength based on the adjustment
control signal. Therefore, the first power amplifier 401,
the wavelength level adjuster 402, and the second power
amplifier 403 cooperate with each other to implement
wavelength level adjustment on a gain curve of the fiber
amplifier.
[0063] In an optional implementation, the controller
404 includes a second storage module 4041 and a sec-
ond calculation module 4042. In addition to storing the
content stored by the first storage module 1031 shown
in FIG. 2, the second storage module 4041 further stores
the gain characteristic parameter of the second power
amplifier. The second calculation module 4042 is config-
ured to obtain the first amplification control signal and
the adjustment control signal through calculation based
on the content stored by the second storage module 4041
and optical power of each wavelength of the input optical
signal of the fiber amplifier.
[0064] In an optional implementation, as shown in FIG.
4B, a controller 404’ further includes a second input end
12, where the second input end 12 is configured to re-
ceive an output optical signal of a fiber amplifier. A second
calculation module 4042’ is further configured to obtain
a third amplification control signal, a fourth amplification
control signal, and a secondary adjustment control signal
through calculation based on the content stored by the
storage module and optical power of each wavelength
of the output optical signal when an absolute value of a
difference between power of the output optical signal and
the target output optical power is greater than a second-
ary calculation threshold. The control output end O is
further configured to output the third amplification control

13 14 



EP 3 754 870 A1

9

5

10

15

20

25

30

35

40

45

50

55

signal to a first power amplifier 401’, output the fourth
amplification control signal to a second power amplifier
403’, and output the secondary adjustment control signal
to a wavelength level adjuster 402’. The wavelength level
adjuster 402’ is further configured to perform power ad-
justment on each wavelength based on the secondary
adjustment control signal.
[0065] Compared with the fiber amplifier shown in FIG.
4A, the second input end 12 is added to the controller of
the fiber amplifier disclosed in this implementation. The
controller may obtain the third amplification control sig-
nal, the fourth amplification control signal, and the sec-
ondary adjustment control signal through calculation
based on the output optical signal when the absolute val-
ue of the difference between the power of the output op-
tical signal and the target output optical power is greater
than the secondary calculation threshold. The secondary
adjustment control signal may control the wavelength lev-
el adjuster to perform power adjustment on each wave-
length again, until an absolute value of a difference be-
tween power of the output optical signal and the target
output optical power is less than the secondary calcula-
tion threshold, so that the power of the output optical
signal is closer to the target output optical power. This
improves adjustment accuracy of the gain curve of the
fiber amplifier.
[0066] The wavelength level adjuster in this embodi-
ment is the same as the wavelength level adjuster 102
or 102’ in the previous embodiment. Details are not de-
scribed herein.
[0067] FIG. 5 shows a gain adjustment method for a
fiber amplifier according to an embodiment of this appli-
cation. The method is applied to the fiber amplifier shown
in FIG. 1, and the method includes the following steps:

501. Receive an input optical signal of the fiber am-
plifier.
502. Obtain a first amplification control signal and an
adjustment control signal through calculation based
on optical power of each wavelength of the input op-
tical signal of the fiber amplifier, where the adjust-
ment control signal is used to control a wavelength
level adjuster to perform power adjustment on each
wavelength.
503. Output the first amplification control signal to a
first power amplifier, and output the adjustment con-
trol signal to the wavelength level adjuster.

[0068] In this embodiment, the obtaining a first ampli-
fication control signal and an adjustment control signal
through calculation based on optical power of each wave-
length of the input optical signal of the fiber amplifier may
be obtaining the first amplification control signal and the
adjustment control signal through calculation based on
a gain characteristic parameter of the first power ampli-
fier, an adjustment control characteristic parameter of
the wavelength level adjuster, information about target
output optical power of the fiber amplifier, and the input

optical signal of the fiber amplifier. The gain characteristic
parameter of the first power amplifier may be a power
amplification factor of each wavelength by the first power
amplifier. The adjustment control characteristic parame-
ter of the wavelength level adjuster may be a relationship
parameter between an insertion loss of each wavelength
and the adjustment control signal.
[0069] In this embodiment, the first amplification con-
trol signal is used to control the first power amplifier to
perform power amplification on an optical signal with dif-
ferent wavelengths. The adjustment control signal is
used to control the wavelength level adjuster to imple-
ment different insertion losses for optical power of the
different wavelengths.
[0070] It may be understood that, according to the gain
adjustment method disclosed in this embodiment, the
first amplification control signal and the adjustment con-
trol signal may be obtained through calculation based on
the optical power of each wavelength of the input optical
signal received by a first input end. The first amplification
control signal may control the first power amplifier to per-
form power amplification on each wavelength, the ad-
justment control signal may control the wavelength level
adjuster to perform insertion loss adjustment on each
wavelength, and an effect of insertion loss adjustment is
applied to optical power of each wavelength of the fiber
amplifier. In this way, single-wavelength gain adjustment
is implemented on a gain curve of the fiber amplifier, and
adjustment precision of the gain curve of the fiber ampli-
fier is improved.
[0071] In an optional implementation, the obtaining a
first amplification control signal and an adjustment control
signal through calculation based on optical power of each
wavelength of the input optical signal of the fiber amplifier
includes: obtaining the first amplification control signal
and the adjustment control signal through calculation
based on a gain characteristic parameter of the first pow-
er amplifier, an adjustment control characteristic param-
eter of the wavelength level adjuster, target output optical
power of the fiber amplifier, and the input optical signal
of the fiber amplifier.
[0072] Specific explanations of the gain characteristic
parameter of the first power amplifier and the adjustment
control characteristic parameter of the wavelength level
adjuster are the same as explanations of the gain char-
acteristic parameter of the first power amplifier and the
adjustment control characteristic parameter of the wave-
length level adjuster in the fiber amplifier shown in FIG.
1. Details are not described herein.
[0073] In an optional implementation, after that output-
ting the first amplification control signal to a first power
amplifier, and outputting the adjustment control signal to
the wavelength level adjuster, the method further in-
cludes: receiving an output optical signal of the fiber am-
plifier; obtaining a second amplification control signal and
a secondary adjustment control signal through calcula-
tion based on the gain characteristic parameter of the
first power amplifier, the adjustment control characteristic
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parameter of the wavelength level adjuster, the target
output optical power of the fiber amplifier, and optical
power of each wavelength of the output optical signal
when an absolute value of a difference between power
of the output optical signal and the target output optical
power is greater than a secondary calculation threshold;
and outputting the second amplification control signal to
the first power amplifier, and outputting the secondary
adjustment control signal to the wavelength level adjust-
er.
[0074] A specific flowchart of this implementation is
shown in FIG. 6.
[0075] First, read the input optical signal of the fiber
amplifier (step 601), and analyze the optical power of
each wavelength of the input optical signal.
[0076] Then, read the gain characteristic parameter of
the first power amplifier, an adjustment parameter of the
wavelength level adjuster, and the information about the
target output optical power (step 602).
[0077] Calculate the first amplification control signal
(step 603) and the adjustment control signal (step 604)
based on the read content, output the first amplification
control signal to the first power amplifier (step 603), and
output the adjustment control signal to the wavelength
level adjuster (step 604).
[0078] Obtain the output optical signal of the fiber am-
plifier (step 605), and analyze the optical power of each
wavelength of the output optical signal.
[0079] To accurately adjust the gain curve of the fiber
amplifier, the first power amplifier and the wavelength
level adjuster may perform adjustment for a plurality of
times. Therefore, the controller reads the output optical
signal of the fiber amplifier (step 607) when the absolute
value of the difference between the power of the output
optical signal and the target output optical power is great-
er than the secondary calculation threshold (step 606).
[0080] In addition, obtain the second amplification con-
trol signal (step 603) and the secondary adjustment con-
trol signal (step 604) through calculation based on the
gain characteristic parameter of the first power amplifier,
the adjustment control characteristic parameter of the
wavelength level adjuster, and the information about the
target output optical power of the fiber amplifier.
[0081] The second amplification control signal controls
the first power amplifier to perform power amplification
on each wavelength again. The secondary adjustment
control signal controls the wavelength level adjuster to
perform power adjustment on each wavelength again.
[0082] It may be understood that the second amplifi-
cation control signal and the secondary adjustment con-
trol signal are obtained through calculation based on the
optical power of each wavelength of the output optical
signal when the absolute value of the difference between
the power of the output optical signal and the target output
optical power is greater than the secondary calculation
threshold. The secondary adjustment control signal may
control the wavelength level adjuster to perform power
adjustment on each wavelength again, until an absolute

value of a difference between power of the output optical
signal and the target output optical power is less than the
secondary calculation threshold, so that the power of the
output optical signal is closer to the target output optical
power. This improves adjustment accuracy of the gain
curve of the fiber amplifier.
[0083] FIG. 7 shows a gain adjustment method for an-
other fiber amplifier according to an embodiment of this
application. The method is applied to the fiber amplifier
shown in FIG. 4A, and the method includes the following
steps:

701. Receive an input optical signal of the fiber am-
plifier.
702. Obtain a first amplification control signal, a sec-
ond amplification control signal, and an adjustment
control signal through calculation based on optical
power of each wavelength of the input optical signal
of the fiber amplifier, where the adjustment control
signal is used to control a wavelength level adjuster
to perform power adjustment on each wavelength.
703. Output the first amplification control signal to a
first power amplifier, output the second amplification
control signal to a second power amplifier, and out-
put the adjustment control signal to the wavelength
level adjuster.

[0084] A specific implementation method for this im-
plementation is the same as the adjustment implemen-
tation method for the fiber amplifier shown in FIG. 4A.
The first amplification control signal, the second amplifi-
cation control signal, and the adjustment control signal
are obtained through calculation based on gain charac-
teristic parameters of the first power amplifier and the
second power amplifier, an adjustment control charac-
teristic parameter of the wavelength level adjuster, infor-
mation about target output optical power of the fiber am-
plifier, and the input optical signal of the fiber amplifier.
[0085] The first amplification control signal, the second
amplification control signal, and the adjustment control
signal cooperate with each other. The first amplification
control signal and the second amplification control signal
respectively control the first power amplifier and the sec-
ond power amplifier to perform power amplification on
each wavelength. The adjustment control signal controls
the wavelength level adjuster to perform power adjust-
ment on each wavelength.
[0086] In an optional implementation, the obtaining a
first amplification control signal and an adjustment control
signal through calculation based on optical power of each
wavelength of the input optical signal of the fiber amplifier,
and the obtaining a second amplification control signal
through calculation based on the optical power of each
wavelength of the input optical signal of the fiber amplifier
include: obtaining the first amplification control signal,
the second amplification control signal, and the adjust-
ment control signal through calculation based on gain
characteristic parameters of the first power amplifier and
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the second power amplifier, an adjustment control char-
acteristic parameter of the wavelength level adjuster, tar-
get output optical power of the fiber amplifier, and the
optical power of each wavelength of the input optical sig-
nal of the fiber amplifier.
[0087] Specific explanations of the gain characteristic
parameters of the first power amplifier and the second
power amplifier and the adjustment control characteristic
parameter of the wavelength level adjuster are the same
as explanations of the gain characteristic parameters of
the first power amplifier and the second power amplifier
and the adjustment control characteristic parameter of
the wavelength level adjuster in the fiber amplifier shown
in FIG. 4A. Details are not described herein.
[0088] In an optional implementation, after the output-
ting the first amplification control signal to a first power
amplifier, outputting the adjustment control signal to the
wavelength level adjuster, and outputting the second am-
plification control signal to a second power amplifier, the
method further includes: receiving an output optical sig-
nal of the fiber amplifier; obtaining a third amplification
control signal, a fourth amplification control signal, and
a secondary adjustment control signal through calcula-
tion based on the gain characteristic parameters of the
first power amplifier and the second power amplifier, the
adjustment control characteristic parameter of the wave-
length level adjuster, the target output optical power of
the fiber amplifier, and optical power of each wavelength
of the output optical signal when an absolute value of a
difference between power of the output optical signal and
the target output optical power is greater than a second-
ary calculation threshold; and outputting the third ampli-
fication control signal to the first power amplifier, output-
ting the fourth amplification control signal to the second
power amplifier, and outputting the secondary adjust-
ment control signal to the wavelength level adjuster.
[0089] A specific implementation method for this im-
plementation is the same as that of the fiber amplifier
shown in FIG. 4B. Details are not described herein.
[0090] A person of ordinary skill in the art may be aware
that, in combination with the examples described in the
embodiments disclosed in this specification, units and
algorithm steps may be implemented by electronic hard-
ware or a combination of computer software and elec-
tronic hardware. Whether the functions are performed by
hardware or software depends on particular applications
and design constraint conditions of the technical solu-
tions. A person skilled in the art may use different meth-
ods to implement the described functions for each par-
ticular application, but it should not be considered that
the implementation goes beyond the scope of this appli-
cation.
[0091] It may be clearly understood by a person skilled
in the art that, for the purpose of convenient and brief
description, for a detailed working process of the forego-
ing system, apparatus, and unit, refer to a corresponding
process in the foregoing method embodiments, and de-
tails are not described herein again.

[0092] In the several embodiments provided in this ap-
plication, it should be understood that the disclosed sys-
tem, apparatus, and method may be implemented in oth-
er manners. For example, the described apparatus em-
bodiment is merely an example. For example, the unit
division is merely logical function division and may be
other division in actual implementation. For example, a
plurality of units or components may be combined or in-
tegrated into another system, or some features may be
ignored or not performed. In addition, the displayed or
discussed mutual couplings or direct couplings or com-
munication connections may be implemented by using
some interfaces. The indirect couplings or communica-
tion connections between the apparatuses or units may
be implemented in electronic, mechanical, or other forms.
[0093] The units described as separate parts may or
may not be physically separate, and parts displayed as
units may or may not be physical units, may be located
in one position, or may be distributed on a plurality of
network units. Some or all of the units may be selected
based on actual requirements to achieve the objectives
of the solutions of the embodiments. In addition, func-
tional units in the embodiments of this application may
be integrated into one processing unit, or each of the
units may exist alone physically, or two or more units are
integrated into one unit.
[0094] The foregoing embodiments may be imple-
mented by using a combination of software, hardware,
firmware, and the like. When the controller in the forego-
ing embodiments is implemented by using software, all
or a part of the controller may be implemented in a form
of a computer program product. The computer program
product includes one or more computer instructions.
When the computer program instructions are loaded and
executed on the computer, the procedure or functions
according to the embodiments of this application are all
or partially generated. The computer may be a general-
purpose computer, a dedicated computer, a computer
network, or other programmable apparatuses. The com-
puter instruction may be stored in a computer readable
storage medium, or may be transmitted by using the com-
puter readable storage medium. The computer instruc-
tions may be transmitted from a website, computer, serv-
er, or data center to another website, computer, server,
or data center in a wired (for example, a coaxial cable,
an optical fiber, or a digital subscriber line (digital sub-
scriber line, DSL)) or wireless (for example, infrared, ra-
dio, or microwave) manner. The computer-readable stor-
age medium may be any usable medium accessible by
a computer, or a data storage device, such as a server
or a data center, integrating one or more usable media.
The usable medium may be a magnetic medium (for ex-
ample, a floppy disk, a hard disk, or a magnetic tape), an
optical medium (for example, a digital versatile disc (dig-
ital versatile disc, DVD), a semiconductor medium (for
example, a solid-state drive (solid-state disk, SSD)), or
the like.
[0095] A person of ordinary skill in the art may under-
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stand that all or some of the processes of the methods
involving the controller in the embodiments may be im-
plemented by a computer program instructing relevant
hardware. The program may be stored in a computer
readable storage medium. When the program runs, the
processes of the methods in the embodiments are per-
formed. The foregoing storage medium includes: any me-
dium that can store program code, such as a read-only
memory (read-only memory, ROM), a random access
memory (random access memory, RAM), a magnetic
disk, or an optical disc.

Claims

1. A fiber amplifier, comprising a first power amplifier,
a wavelength level adjuster, and a controller, where-
in the first power amplifier is connected to the wave-
length level adjuster;
the controller comprises a first input end and a control
output end, wherein the first input end is configured
to receive an input optical signal of the fiber amplifier,
and the control output end is configured to output a
first amplification control signal to the first power am-
plifier, and output an adjustment control signal to the
wavelength level adjuster; and
the wavelength level adjuster is configured to per-
form power adjustment on each wavelength based
on the adjustment control signal.

2. The fiber amplifier according to claim 1, wherein the
controller comprises a first storage module and a
first calculation module;
the first storage module is configured to store a gain
characteristic parameter of the first power amplifier,
an adjustment control characteristic parameter of the
wavelength level adjuster, and information about tar-
get output optical power of the fiber amplifier; and
the first calculation module is configured to obtain
the first amplification control signal and the adjust-
ment control signal through calculation based on the
content stored by the storage module and optical
power of each wavelength of the input optical signal
of the fiber amplifier.

3. The fiber amplifier according to claim 2, wherein the
controller further comprises a second input end, and
the second input end is configured to receive an out-
put optical signal of the fiber amplifier;
the first calculation module is further configured to
obtain a second amplification control signal and a
secondary adjustment control signal through calcu-
lation based on the content stored by the storage
module and optical power of each wavelength of the
output optical signal when an absolute value of a
difference between power of the output optical signal
and the target output optical power is greater than a
secondary calculation threshold;

the control output end is further configured to output
the second amplification control signal to the first
power amplifier, and output the secondary adjust-
ment control signal to the wavelength level adjuster;
and
the wavelength level adjuster is further configured
to perform power adjustment on each wavelength
based on the secondary adjustment control signal.

4. The fiber amplifier according to claim 1, wherein the
fiber amplifier further comprises a second power am-
plifier, and the first power amplifier, the wavelength
level adjuster, and the second power amplifier are
sequentially connected; and
the control output end is further configured to output
a second amplification control signal to the second
power amplifier.

5. The fiber amplifier according to claim 4, wherein
the controller comprises a second storage module
and a second calculation module;
the second storage module is configured to store
gain characteristic parameters of the first power am-
plifier and the second power amplifier, an adjustment
control characteristic parameter of the wavelength
level adjuster, and target output optical power of the
fiber amplifier; and
the second calculation module is configured to obtain
the first amplification control signal, the second am-
plification control signal, and the adjustment control
signal through calculation based on the content
stored by the storage module and optical power of
each wavelength of the input optical signal of the
fiber amplifier.

6. The fiber amplifier according to claim 5, wherein the
controller further comprises a second input end, and
the second input end is configured to receive an out-
put optical signal of the fiber amplifier;
the second calculation module is further configured
to obtain a third amplification control signal, a fourth
amplification control signal, and a secondary adjust-
ment control signal through calculation based on the
content stored by the storage module and optical
power of each wavelength of the output optical signal
when an absolute value of a difference between pow-
er of the output optical signal and the target output
optical power is greater than a secondary calculation
threshold;
the control output end is further configured to output
the third amplification control signal to the first power
amplifier, output the fourth amplification control sig-
nal to the second power amplifier, and output the
secondary adjustment control signal to the wave-
length level adjuster; and
the wavelength level adjuster is further configured
to perform power adjustment on each wavelength
based on the secondary adjustment control signal.
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7. The fiber amplifier according to any one of claims 1
to 6, wherein the wavelength level adjuster compris-
es a dispersion module, a wavelength level insertion
loss adjustment module, and an aggregation mod-
ule, and the dispersion module, the wavelength level
insertion loss adjustment module, and the aggrega-
tion module are sequentially connected;
the dispersion module is configured to perform spa-
tial separation on a multi-wavelength optical signal;
the aggregation module is configured to perform spa-
tial aggregation on the multi-wavelength optical sig-
nal; and
the wavelength level insertion loss adjustment mod-
ule is configured to perform power adjustment on
each wavelength based on the adjustment control
signal.

8. The fiber amplifier according to claim 7, wherein the
wavelength level insertion loss adjustment module
is a liquid crystal on silicon LCOS chip, a micro-elec-
tro-mechanical systems MEMS element, or a liquid
crystal LC element.

9. The fiber amplifier according to claim 7, wherein the
wavelength level adjuster further comprises a first
beam shaping module and a second beam shaping
module, and the first beam shaping module, the dis-
persion module, the wavelength level insertion loss
adjustment module, the aggregation module, and
the second beam shaping module are sequentially
connected; and
the first beam shaping module and the second beam
shaping module are configured to perform beam fo-
cusing and beam collimation.

10. A gain adjustment method for a fiber amplifier,
wherein the method is applied to the fiber amplifier
according to any one of claims 1 to 9, and the method
comprises:

receiving an input optical signal of the fiber am-
plifier;
obtaining a first amplification control signal and
an adjustment control signal through calculation
based on optical power of each wavelength of
the input optical signal of the fiber amplifier,
wherein the adjustment control signal is used to
control the wavelength level adjuster to perform
power adjustment on each wavelength; and
outputting the first amplification control signal to
the first power amplifier, and outputting the ad-
justment control signal to the wavelength level
adjuster.

11. The method according to claim 10, wherein the ob-
taining a first amplification control signal and an ad-
justment control signal through calculation based on
optical power of each wavelength of the input optical

signal of the fiber amplifier comprises:
obtaining the first amplification control signal and the
adjustment control signal through calculation based
on a gain characteristic parameter of the first power
amplifier, an adjustment control characteristic pa-
rameter of the wavelength level adjuster, target out-
put optical power of the fiber amplifier, and the optical
power of each wavelength of the input optical signal
of the fiber amplifier.

12. The method according to claim 11, wherein after the
outputting the first amplification control signal to the
first power amplifier, and outputting the adjustment
control signal to the wavelength level adjuster, the
method further comprises:

receiving an output optical signal of the fiber am-
plifier;
obtaining a second amplification control signal
and a secondary adjustment control signal
through calculation based on the gain charac-
teristic parameter of the first power amplifier, the
adjustment control characteristic parameter of
the wavelength level adjuster, the target output
optical power of the fiber amplifier, and optical
power of each wavelength of the output optical
signal when an absolute value of a difference
between power of the output optical signal and
the target output optical power is greater than a
secondary calculation threshold; and
outputting the second amplification control sig-
nal to the first power amplifier, and outputting
the secondary adjustment control signal to the
wavelength level adjuster.

13. The method according to claim 10, wherein the meth-
od further comprises:

obtaining a second amplification control signal
through calculation based on the optical power
of each wavelength of the input optical signal of
the fiber amplifier; and
outputting the second amplification control sig-
nal to a second power amplifier.

14. The method according to claim 13, wherein the ob-
taining a first amplification control signal and an ad-
justment control signal through calculation based on
optical power of each wavelength of the input optical
signal of the fiber amplifier, and the obtaining a sec-
ond amplification control signal through calculation
based on the optical power of each wavelength of
the input optical signal of the fiber amplifier comprise:
obtaining the first amplification control signal, the
second amplification control signal, and the adjust-
ment control signal through calculation based on
gain characteristic parameters of the first power am-
plifier and the second power amplifier, an adjustment
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control characteristic parameter of the wavelength
level adjuster, target output optical power of the fiber
amplifier, and the optical power of each wavelength
of the input optical signal of the fiber amplifier.

15. The method according to claim 14, wherein after the
outputting the first amplification control signal to the
first power amplifier, and outputting the adjustment
control signal to the wavelength level adjuster, and
the outputting the second amplification control signal
to the second power amplifier, the method further
comprises:

receiving an output optical signal of the fiber am-
plifier;
obtaining a third amplification control signal, a
fourth amplification control signal, and a second-
ary adjustment control signal through calcula-
tion based on the gain characteristic parameters
of the first power amplifier and the second power
amplifier, the adjustment control characteristic
parameter of the wavelength level adjuster, the
target output optical power of the fiber amplifier,
and optical power of each wavelength of the out-
put optical signal when an absolute value of a
difference between power of the output optical
signal and the target output optical power is
greater than a secondary calculation threshold;
and
outputting the third amplification control signal
to the first power amplifier, outputting the fourth
amplification control signal to the second power
amplifier, and outputting the secondary adjust-
ment control signal to the wavelength level ad-
juster.

25 26 



EP 3 754 870 A1

15



EP 3 754 870 A1

16



EP 3 754 870 A1

17



EP 3 754 870 A1

18



EP 3 754 870 A1

19



EP 3 754 870 A1

20



EP 3 754 870 A1

21

5

10

15

20

25

30

35

40

45

50

55



EP 3 754 870 A1

22

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

