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(54) DEVICE AND METHOD FOR PROCESSING LIGHT SIGNAL

(57) An apparatus (300) and a method for processing
an optical signal are provided. The apparatus includes:
an optical beam splitter (310), configured to perform
beam splitting processing on the optical signal to obtain
a plurality of optical components; an optical delay unit
(320), configured to perform delay processing on the plu-
rality of optical components obtained by the optical beam
splitter (310) by using beam splitting processing; a mode
division multiplexer (330), configured to perform mode
conversion on the plurality of optical components ob-
tained by the optical delay unit (320) by using delay
processing, to obtain a plurality of optical components,
where any two of the plurality of optical components ob-
tained by using mode conversion are corresponding to
different guided wave modes, and the mode division mul-
tiplexer (330) is further configured to superimpose the
plurality of optical components obtained by using mode
conversion, to obtain a superimposed optical signal; and
a photodiode detector (340), configured to convert the
superimposed optical signal obtained by the mode divi-
sion multiplexer (330) by using superimposition into a
current signal. According to the apparatus (300), a plu-

rality of optical components can be superimposed in an
optical domain, and a quantity of photodiode detectors
(340) can be reduced.
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Description

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
the optical communication field, and more specifically, to
an apparatus and a method for processing an optical
signal.

BACKGROUND

[0002] In an optical communications system, optical
signal distortion or impairment may cause a system er-
rorless working tolerance to be reduced, thereby affect-
ing normal working of the system. In the prior art, a feed
forward equalizer (Feed-Forward Equalizer, FFE) may
be used to compensate or equalize an optical signal. An
FFE in FIG. 1 is used as an example below to briefly
describe a process of compensating or equalizing an op-
tical signal in the prior art. As shown in FIG. 1, the FFE
includes a grating coupler, a delay unit, an optical beam
splitter, and a double input photodiode detector (Double
Input Photo Diode, DIPD). A process of processing an
optical signal by the FEE is described in detail below.
[0003] An optical signal X(t) in which intersymbol inter-
ference exists is input from the grating coupler. The op-
tical signal X(t) is then split into two beams after entering
an optical beam splitter 1, and a component X0 is directly
received by a DIPD1. After being delayed by a delay unit
1, a remaining optical signal is split into two beams by
an optical beam splitter 2, and a component X1 is received
by a DIPD2. After being delayed by a delay unit 2, a re-
maining optical signal is split into two beams by an optical
beam splitter 3, and a component X2 is routed by an
optical beam splitter 4 and enters the DIPD1 or the DIPD2.
After being delayed by a delay unit 3, a remaining optical
signal is split into two beams by an optical beam splitter
5, and a component X3 is routed by an optical beam
splitter 6 and enters a DIPD3 or a DIPD4. After being
delayed by a delay unit 4, a component X4 is routed by
an optical beam splitter 7 and enters the DIPD3 or the
DIPD4. In FIG. 1, because the DIPD2 and the DIPD4 are
grounded, and a bias voltage is applied to the DIPD1 and
the DIPD3, symbols of current signals i1 and i3 obtained
by respectively converting optical components by the
DIPD1 and the DIPD3 are positive, and symbols of current
signals i2 and i4 obtained by respectively converting op-
tical components by the DIPD2 and the DIPD4 are neg-
ative. In this way, a finally output current is a current ob-
tained by subtracting a sum of current values of the DIPD2
and the DIPD4 from a sum of current values of the DIPD1
and the DIPD3.
[0004] The equalizer may gradually split an optical sig-
nal into a plurality of optical components by using a plu-
rality of optical beam splitters, perform delay processing
on these optical components by using delay units, sep-
arately convert a plurality of optical components obtained
by using delay processing into current signals by using

photodiode detectors, and superimpose the plurality of
current signals to obtain a superimposed current signal.
In this way, the initially input optical signal is converted
into the current signal, so that the optical signal is com-
pensated or equalized. However, superimposition can
be performed only after the equalizer first performs delay
processing on the optical components and then converts
the optical components into the current signals. It may
be learned that the equalizer cannot superimpose the
optical components in an optical domain, but need to
separately convert the optical components into the cur-
rent signals before superimposition can be performed.
Therefore, when there are a relatively large quantity of
optical components, a relatively large quantity of high-
speed photodiode detectors are also required. As high-
speed devices increase, device costs are increased, and
a structure of the equalizer becomes relatively complex,
for example, design of an optical waveguide or a chip of
the high-speed photodiode detector becomes more com-
plex. In addition, because the plurality of high-speed pho-
todiode detectors are connected in parallel, overall elec-
trical bandwidth of the equalizer is reduced, which is un-
favorable to optical signal processing.

SUMMARY

[0005] Embodiments of the present invention provide
an apparatus and a method for processing an optical
signal, so as to superimpose a plurality of optical com-
ponents in an optical domain, and reduce a quantity of
photodiode detectors.
[0006] According to a first aspect, an apparatus for
processing an optical signal is provided, including: an
optical beam splitter, configured to perform beam splitting
processing on the optical signal to obtain a plurality of
optical components; an optical delay unit, configured to
perform delay processing on the plurality of optical com-
ponents obtained by the optical beam splitter by using
beam splitting processing; a mode division multiplexer,
configured to perform mode conversion on the plurality
of optical components obtained by the optical delay unit
by using delay processing, to obtain a plurality of optical
components, where any two of the plurality of optical
components obtained by using mode conversion are cor-
responding to different guided wave modes, and the
mode division multiplexer is further configured to super-
impose the plurality of optical components obtained by
using mode conversion, to obtain a superimposed optical
signal; and a photodiode detector, configured to convert
the superimposed optical signal obtained by the mode
division multiplexer by using superimposition into a cur-
rent signal.
[0007] With reference to the first aspect, in an imple-
mentation of the first aspect, the mode division multiplex-
er is specifically configured to convert the plurality of op-
tical components obtained by the optical delay unit by
using delay processing into optical components with dif-
ferent transverse electric TE modes.
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[0008] With reference to either the first aspect or the
foregoing implementation of the first aspect, in another
implementation of the first aspect, the apparatus further
includes an optical switch, configured to: receive the plu-
rality of optical components obtained by the optical delay
unit by using delay processing, and choose a first-type
output port or a second-type output port of the optical
switch to output the plurality of optical components; and
the mode division multiplexer is specifically configured
to: perform mode conversion on optical components out-
put from the first-type output port of the optical switch,
and superimpose mode conversion results to obtain a
first superimposed optical signal; and perform mode con-
version on optical components output from the second-
type output port of the optical switch, and superimpose
mode conversion results to obtain a second superim-
posed optical signal.
[0009] With reference to any one of the first aspect or
the foregoing implementations of the first aspect, in an-
other implementation of the first aspect, the photodiode
detector is specifically configured to: convert the first su-
perimposed optical signal output from the mode division
multiplexer into a first current signal; convert the second
superimposed optical signal output from the mode divi-
sion multiplexer into a second current signal; and super-
impose the first current signal and the second current
signal to obtain a superimposed current signal.
[0010] With reference to any one of the first aspect or
the foregoing implementations of the first aspect, in an-
other implementation of the first aspect, the optical signal
is an optical signal with a plurality of wavelengths, and
the apparatus further includes: a wavelength division de-
multiplexer, configured to perform wavelength division
processing on the superimposed optical signal output
from the mode division multiplexer, to obtain a plurality
of superimposed optical signals, where any two of the
plurality of superimposed optical signals have different
wavelengths; and the photodiode detector is specifically
configured to convert the plurality of superimposed opti-
cal signals output from the wavelength division demulti-
plexer into a plurality of current signals.
[0011] With reference to any one of the first aspect or
the foregoing implementations of the first aspect, in an-
other implementation of the first aspect, the apparatus is
an optical equalizer or a photodiode hybrid equalizer.
[0012] With reference to any one of the first aspect or
the foregoing implementations of the first aspect, in an-
other implementation of the first aspect, the mode divi-
sion multiplexer is a mode division multiplexer based on
an asymmetric DC coupler, a Y branch, or a multimode
interference coupler (multimode interference coupler,
MMI coupler).
[0013] With reference to any one of the first aspect or
the foregoing implementations of the first aspect, in an-
other implementation of the first aspect, the optical beam
splitter may be an optical beam splitter based on cascad-
ed Mach-Zehnder interferometers.
[0014] According to a second aspect, a method for

processing an optical signal is provided, including: per-
forming beam splitting processing on the optical signal
to obtain a plurality of optical components; performing
delay processing on the plurality of optical components;
performing mode conversion on the plurality of optical
components obtained by using delay processing, to ob-
tain a plurality of optical components, where any two of
the plurality of optical components obtained by using
mode conversion are corresponding to different guided
wave modes; superimposing the plurality of optical com-
ponents obtained by using mode conversion, to obtain a
superimposed optical signal; and converting the super-
imposed optical signal into a current signal.
[0015] With reference to the second aspect, in an im-
plementation of the second aspect, the performing mode
conversion on the plurality of optical components ob-
tained by using delay processing includes: converting
the plurality of optical components obtained by using de-
lay processing into optical components with different
transverse electric TE modes.
[0016] With reference to either the second aspect or
the foregoing implementation of the second aspect, in
another implementation of the second aspect, before the
performing mode conversion on the plurality of optical
components obtained by using delay processing, the
method further includes:
receiving the plurality of optical components obtained by
using delay processing, and choosing a first-type output
port or a second-type output port of an optical switch to
output the plurality of optical components obtained by
using delay processing; and the performing mode con-
version on the plurality of optical components obtained
by using delay processing includes: performing mode
conversion on optical components output from the first-
type output port of the optical switch, and superimposing
mode conversion results to obtain a first superimposed
optical signal; and performing mode conversion on opti-
cal components output from the second-type output port
of the optical switch, and superimposing mode conver-
sion results to obtain a second superimposed optical sig-
nal.
[0017] With reference to any one of the second aspect
or the foregoing implementations of the second aspect,
in another implementation of the second aspect, the con-
verting the superimposed optical signal into a current sig-
nal includes: converting the first superimposed optical
signal into a first current signal; converting the second
superimposed optical signal into a second current signal;
and superimposing the first current signal and the second
current signal to obtain a superimposed current signal.
[0018] With reference to any one of the second aspect
or the foregoing implementations of the second aspect,
in another implementation of the second aspect, the op-
tical signal is an optical signal with a plurality of wave-
lengths, and before the converting the superimposed op-
tical signal into a current signal, the method further in-
cludes: performing wavelength division processing on
the superimposed optical signals to obtain a plurality of
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superimposed optical signals, where any two of the plu-
rality of superimposed optical signals have different
wavelengths; and the converting the superimposed op-
tical signal into a current signal includes: converting the
plurality of superimposed optical signals into a plurality
of current signals.
[0019] In the embodiments of the present invention,
the mode division multiplexer performs mode conversion
on the plurality of optical components to obtain the plu-
rality of optical components corresponding to different
guided wave modes. In this way, the plurality of optical
components can be incoherently superimposed in an op-
tical domain, and therefore the optical signal is compen-
sated or equalized in the optical domain. In addition, a
quantity of optical components is reduced by superim-
posing the plurality of optical components, and therefore
a quantity of photodiode detectors is reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

FIG. 1 is a schematic diagram of a feed forward
equalizer in the prior art;
FIG. 2 is a schematic diagram of a finite impulse
response filter based on a tapped delay line;
FIG. 3 is a schematic block diagram of an apparatus
for processing an optical signal according to an em-
bodiment of the present invention;
FIG. 4 is a schematic structural diagram of a 1:3 ad-
justable optical beam splitter based on cascaded
Mach-Zehnder interferometers;
FIG. 5 is a schematic structural diagram of a mode
division multiplexer according to an embodiment of
the present invention;
FIG. 6 is a schematic block diagram of an apparatus
for processing an optical signal according to an em-
bodiment of the present invention;
FIG. 7 is a schematic block diagram of an apparatus
for processing an optical signal according to an em-
bodiment of the present invention; and
FIG. 8 is a schematic flowchart of a method for
processing an optical signal according to an embod-
iment of the present invention.

DESCRIPTION OF EMBODIMENTS

[0021] The following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the present invention. Apparently,
the described embodiments are some but not all of the
embodiments of the present invention. All other embod-
iments obtained by a person of ordinary skill in the art
based on the embodiments of the present invention with-
out creative efforts shall fall within the protection scope
of the present invention.
[0022] For ease of understanding, how to equalize or

compensate an optical signal is briefly described with
reference to FIG. 2. FIG. 2 is a schematic diagram of a
finite impulse response (Finite Impulse Response, FIR)
filter based on a tapped delay line. The tapped delay line
is a quite classical structure, and the tapped delay line
may be used to cancel intersymbol interference (Inter-
symbol interference, ISI) generated due to various sourc-
es in an optical signal, for example, chromatic dispersion
in an optical fiber, polarization mode dispersion, or a nar-
rowband effect of an optical filter. In FIG. 2, the FIR filter
includes N (an integer greater than or equal to 1) delay
units and (N+1) gain elements. An input signal x(t) se-
quentially passes through the N same delay units, and
(N+1) taps including a tap before each delay unit and a
tap after a last delay unit pass through the gain elements
and are superimposed and output to finally obtain an out-
put signal y(t). Specifically, y(t)=c0x(t)+c1x(t-τd)+c2x(t-
2τd)+...+cNx(t-Nτd). The value τd of the delay unit is re-
lated to an element rate. During actual application, a gain
of each component may be repeatedly adjusted, and an
eye pattern of the signal y(t) output by an equalizer is
observed by using an oscilloscope. When the eye pattern
of y(t) is open to the largest extent, setting of the gain of
each component is completed. In this case, the filter best
compensates the input signal x(t). During actual applica-
tion, to equalize or compensate an optical signal, the op-
tical signal is usually converted into an electrical signal
first, the electrical signal is then compensated or equal-
ized by using the FIR filter, and then the electrical signal
is converted into an optical signal. In this case, the ob-
tained optical signal is an optical signal obtained after
compensation or equalization processing. In an actual
process, an optical signal is often first converted into an
electrical signal before other processing is performed.
Therefore, after the electrical signal converted from the
optical signal is compensated or equalized by using the
FIR filter, the current signal may not be further converted
into an optical signal, and instead, other subsequent
processing may be directly performed on the electrical
signal. In this way, the optical signal is indirectly com-
pensated or equalized by using the FIR filter.
[0023] FIG. 3 is a schematic block diagram of an ap-
paratus for processing an optical signal according to an
embodiment of the present invention. The apparatus 300
in FIG. 3 includes an optical beam splitter 310, an optical
delay unit 320, a mode division multiplexer 330, and a
photodiode detector 340.
[0024] The optical beam splitter 310 is configured to
perform beam splitting processing on a received optical
signal to obtain a plurality of optical components.
[0025] The optical beam splitter 310 may split an opti-
cal signal into a plurality of optical components according
to a requirement. The optical beam splitter 310 may con-
trol a size of each optical component during beam split-
ting. The optical beam splitter herein may be an optical
beam splitter based on cascaded Mach-Zehnder inter-
ferometers. For example, when the optical beam splitter
splits an optical signal X(t) into three optical signals X0,

5 6 



EP 3 358 767 A1

5

5

10

15

20

25

30

35

40

45

50

55

X1, and X2, a possible structure of the optical beam split-
ter is shown in FIG. 4. The beam splitter includes two
cascaded Mach-Zehnder interferometers. The beam
splitter has two thermodes, one 1x2 coupler, and two 2x2
couplers in total. Sizes of the three to-be-output optical
components X0, X1, and X2 may be adjusted by adjusting
voltages on the thermodes.
[0026] The optical delay unit 320 is configured to per-
form delay processing on the plurality of optical compo-
nents obtained by the optical beam splitter by using beam
splitting processing.
[0027] The optical delay unit 320 is an important part
for compensating or equalizing an optical signal. The op-
tical delay unit 320 may include a tapped delay line, and
the tapped delay line may be used to cancel intersymbol
interference (Inter-symbol interference, ISI) generated
due to various sources in an optical signal, for example,
chromatic dispersion in an optical fiber, polarization
mode dispersion, or a narrowband effect of an optical
filter. Generally, the optical delay unit 320 delays optical
components for different time. The optical delay unit 320
may adjust a phase of each optical component by using
delay processing. In this way, the optical signal can be
equalized or compensated by combining or superimpos-
ing optical signals obtained by using delay processing.
The optical delay unit herein may include a waveguide
of a specific length.
[0028] The mode division multiplexer 330 is configured
to perform mode conversion on the plurality of optical
components obtained by the optical delay unit by using
delay processing, to obtain a plurality of optical compo-
nents, where any two of the plurality of optical compo-
nents obtained by using mode conversion are corre-
sponding to different guided wave modes.
[0029] The mode division multiplexer 330 is further
configured to superimpose the plurality of optical com-
ponents obtained by using mode conversion, to obtain a
superimposed optical signal.
[0030] It should be understood that mode conversion
is performed on each of the plurality of optical compo-
nents. Because the plurality of optical components ob-
tained by using mode conversion are corresponding to
different guided wave modes, the plurality of optical com-
ponents are incoherently superimposed. In this way, the
plurality of optical components can be superimposed in
an optical domain after mode conversion is performed
on the plurality of optical components, instead of being
converted into electrical signals before superimposition
is performed. Therefore, the optical signal can be equal-
ized or compensated in the optical domain.
[0031] Optionally, the mode division multiplexer may
further convert the plurality of optical components into
optical components with different transverse electric
(Transverse Electric, TE) modes. It should be understood
that any two of the plurality of optical components ob-
tained by using mode conversion herein are correspond-
ing to different TE modes. For example, when there are
three optical components c0, c1, and c2, after the mode

division multiplexer converts the three optical compo-
nents, the three optical components c0, c1, and c2 are
respectively corresponding to a TEO mode, a TE1 mode,
and a TE2 mode. In this case, the three optical compo-
nents may be incoherently superimposed to obtain a su-
perimposed optical signal.
[0032] The mode division multiplexer may alternatively
convert the plurality of optical components into optical
components in a TM mode provided that it is ensured
that different optical components in a same output
waveguide are corresponding to different guided wave
modes.
[0033] The mode division multiplexer may be imple-
mented based on an asymmetric DC coupler, a Y branch,
or a multimode interference coupler (MMI coupler, mul-
timode interference coupler).
[0034] To facilitate understanding of a process of per-
forming mode conversion on the optical component by
the mode division multiplexer, how the mode division
multiplexer converts the plurality of optical components
into optical components in different modes is briefly de-
scribed below with reference to FIG. 5. A double output
mode division multiplexer shown in FIG. 5 includes two
3:1 mode division multiplexers. It should be understood
that FIG. 5 merely shows a possible structure of the dou-
ble output mode division multiplexer. Each 3:1 mode di-
vision multiplexer includes three input ports (06), two
asymmetric couplers (07), and one output port (08). As-
suming that three optical components X0, X1, and X2 are
respectively input into the mode division multiplexer from
input ports c0, c1, and c2, all the three optical components
are input in a fundamental TE mode (TE0) of a waveguide
at the input port. After passing through the asymmetric
DC coupler (07), the optical component X2 is converted
from the TEO mode to a TE1 mode, the optical compo-
nent X0 is converted from the TEO mode to a TE2 mode,
and the optical component X1 is always transmitted in
the TEO mode. At the output port (08), the different optical
components in different modes are incoherently super-
imposed. Likewise, the other 3:1 mode division multiplex-
er may also incoherently superimpose different optical
components in different modes by using a similar meth-
od. In this way, different optical components are in dif-
ferent modes by using conversion by using the mode
division multiplexer, so that the different optical compo-
nents can be incoherently superimposed.
[0035] It should be understood that the mode division
multiplexer may include a first main waveguide and a
second main waveguide. The first main waveguide is
used to perform mode conversion on an optical compo-
nent received from a first-type output port of an optical
switch, and the second main waveguide is used to per-
form mode conversion on an optical component received
from a second-type output port of the optical switch. To
ensure that optical components output from these two
output ports are converted into optical components in
different guided wave modes, a quantity of guided wave
modes in the first main waveguide should be greater than
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or equal to a quantity of optical components received
from the first-type output port of the optical switch, and
likewise, a quantity of guided wave modes in the second
main waveguide should be greater than or equal to a
quantity of optical components received from the second-
type output port of the optical switch.
[0036] The photodiode detector 340 is configured to
convert the superimposed optical signal obtained by the
mode division multiplexer by using superimposition into
a current signal.
[0037] The photodiode detector is configured to con-
vert the superimposed optical signal into the current sig-
nal, to equalize or compensate the optical signal. In ad-
dition, in a process of processing an optical signal, the
optical signal is often converted into an electrical signal
for further processing. Therefore, herein the optical signal
is converted into the current signal, so that other process-
ing can be performed on the current signal.
[0038] It should be understood that in the apparatus
shown in FIG. 3, the optical delay unit 320 performs delay
processing on the optical components, and then the
mode division multiplexer 330 performs mode conver-
sion on the optical components, so that the optical com-
ponents are incoherently superimposed. In this way, the
optical signal is partially equalized or compensated in the
optical domain.
[0039] In this embodiment of the present invention, the
mode division multiplexer performs mode conversion on
the plurality of optical components to obtain the plurality
of optical components in different modes. In this way, the
plurality of optical components can be incoherently su-
perimposed in the optical domain, and therefore the op-
tical signal is compensated or equalized in the optical
domain. In addition, a quantity of optical components is
reduced by superimposing the plurality of optical com-
ponents, and therefore a quantity of photodiode detectors
is reduced.
[0040] Optionally, in an embodiment, the apparatus for
processing an optical signal may further include an opti-
cal switch 350. The optical switch 350 includes a first-
type output port and a second-type output port. Each of
the two types of output ports is connected to an input port
of the mode division multiplexer. The optical switch 350
is configured to: receive, from the optical delay unit, the
plurality of optical components obtained by using delay
processing, and choose the first-type output port or the
second-type output port to input the plurality of optical
components into the mode division multiplexer.
[0041] When the apparatus for processing an optical
signal includes the optical switch 350, the mode division
multiplexer is specifically configured to: receive the plu-
rality of optical components from the first-type output port
and the second-type output port of the optical switch 350;
perform mode conversion on optical components output
from the first-type output port of the optical switch 350,
and superimpose mode conversion results to obtain a
first superimposed optical signal; and perform mode con-
version on optical components output from the second-

type output port of the optical switch 350, and superim-
pose mode conversion results to obtain a second super-
imposed optical signal.
[0042] A symbol of the first-type output port may be
positive, and a symbol of the second-type output port
may be negative. The mode division multiplexer sepa-
rately superimposes the optical components output from
the two types of output ports, to obtain the first superim-
posed optical signal and the second superimposed opti-
cal signal. A symbol of the first superimposed optical sig-
nal is positive, and a symbol of the second superimposed
optical signal is negative. The "symbol" herein means
that a symbol of a current signal converted from a super-
imposed signal whose symbol is positive is also positive,
and a symbol of a current signal converted from a super-
imposed signal whose symbol is negative is also nega-
tive. The plurality of optical components are separately
processed by using the first-type output port and the sec-
ond-type output port, so that different equalization or
compensation operations can be used for the plurality of
optical components.
[0043] When the mode division multiplexer outputs two
superimposed signals: the first superimposed optical sig-
nal and the second superimposed optical signal, the pho-
todiode detector is specifically configured to: convert the
first superimposed optical signal into a first current signal,
convert the second superimposed optical signal into a
second current signal, and then superimpose the first
current signal and the second current signal to obtain a
superimposed current signal. A symbol of the first current
signal is positive, and a symbol of the second current
signal is negative. In this way, superimposing the first
current signal and the second current signal is equivalent
to obtaining a current signal by calculating a difference
between a current value of the first current signal and a
current value of the second current signal.
[0044] Optionally, in an embodiment, when the optical
signal is an optical signal with a plurality of wavelengths,
the apparatus 300 for processing an optical signal further
includes a wavelength division demultiplexer 360. An in-
put port of the wavelength division demultiplexer 360 is
connected to an output port of the mode division multi-
plexer. The wavelength division demultiplexer is config-
ured to: receive the superimposed optical signal output
from the mode division multiplexer, and perform wave-
length division processing on the superimposed optical
signals to obtain a plurality of superimposed optical sig-
nals. Any two of the plurality of superimposed optical sig-
nals have different wavelengths. That is, during wave-
length processing, the superimposed optical signals are
distinguished according to different wavelengths, so that
optical signals of a same wavelength are grouped togeth-
er, and optical signals of different wavelengths are sep-
arated. In this case, the photodiode detector is configured
to: receive the superimposed optical signals of a plurality
of wavelengths, separately convert optical signals of a
same wavelength into current signals, and output the cur-
rent signals. In a specific case of this embodiment, when
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the plurality of optical components are optical signals of
two wavelengths, two wavelength division demultiplex-
ers are required. Each wavelength division demultiplexer
classifies received superimposed optical signals into two
types according to different wavelengths, and then sep-
arately sends the two types of optical components of dif-
ferent wavelengths to corresponding photodiode detec-
tors for processing.
[0045] Optionally, in an embodiment, the apparatus for
processing an optical signal may be an optical equalizer
or a photodiode hybrid equalizer. It should be understood
that the optical equalizer herein may convert an optical
signal into an electrical signal after equalizing or com-
pensating the optical signal, so that another apparatus
further processes the electrical signal. However, the pho-
todiode hybrid equalizer not only can compensate or
equalize an optical signal in the optical domain, but also
can convert the optical signal into an electrical signal after
equalizing or compensating the optical signal, and per-
form further processing on the electrical signal.
[0046] FIG. 6 is a schematic block diagram of an ap-
paratus for processing an optical signal according to an
embodiment of the present invention. The apparatus may
be configured to process an optical signal of a single
wavelength. As shown in FIG. 6, the apparatus includes
an adjustable optical beam splitter (01), an optical delay
unit (02), a 1x2 optical switch (03), a double output mode
division multiplexer (04), and a photodiode detector (05).
There are (N+1) optical delay units and optical switches,
where N is an integer greater than or equal to 0. Each
output port of the adjustable optical beam splitter (01) is
connected to an input port of the optical delay unit (02).
An output port of each optical delay unit (02) is connected
to an input port of one 1x2 optical switch (03). Each 1x2
optical switch (03) has two output ports: a positive output
port and a negative output port. Each of the two ports is
connected to an input port of the double output mode
division multiplexer (04). Two output ports of the double
output mode division multiplexer (04) are respectively
connected to two photodiode detectors (05). It should be
understood that the positive output port herein is equiv-
alent to the foregoing first-type output port of the optical
switch, and the negative output port is equivalent to the
foregoing second-type output port of the optical switch.
[0047] A process of processing an optical signal by the
equalizer is as follows: The adjustable optical beam split-
ter (01) receives an optical signal X(t), and then performs
beam splitting processing on the optical signal X(t) to
obtain (N+1) optical components. The optical compo-
nents are X0, X1, X2, ..., and XN, where N is an integer
greater than or equal to 0. Sizes of these optical compo-
nents may be determined by the optical beam splitter
during beam splitting, and a size of each optical compo-
nent may be adjusted according to an actual case during
beam splitting. Then the optical delay unit (02) separately
performs delay processing on the (N+1) optical compo-
nents, (N+1) optical components obtained by using delay
processing respectively enter optical switches, and each

optical switch (03) needs to choose a positive output port
or a negative output port to output a received optical com-
ponent to the double output mode division multiplexer
(04). The double output mode division multiplexer (04)
classifies received optical components into two groups,
where a first group of optical components are optical com-
ponents input from positive output ports of the optical
switches (03), and a second group of optical components
are optical components output from negative output ports
of the optical switches (03); performs mode conversion
on the first group of optical components in a first output
waveguide, and outputs a first optical signal after super-
imposition; and performs mode conversion on the second
group of optical components in a second output
waveguide, and outputs a second optical signal after su-
perimposition. The photodiode detector (05) receives the
first optical signal and the second optical signal output
from the double output mode division multiplexer (04),
and respectively converts the first optical signal and the
second optical signal into a first current signal and a sec-
ond current signal. Because one photodiode detector is
grounded, and a bias voltage Vbias is applied to the other
photodiode detector in the figure, a symbol of the first
current signal is positive, and a symbol of the second
current signal is negative. Finally, the first current signal
and the second current signal are superimposed to obtain
a superimposed current signal, and the superimposed
current signal is output. In this way, the optical delay unit
performs delay processing on the optical components,
the optical signals obtained by using delay processing
are superimposed, and the optical signal obtained by us-
ing superimposition is converted into an electrical signal.
In the entire process, the optical signal is equalized or
compensated, and the optical signal is converted into the
electrical signal, so that the optical signal is further proc-
essed.
[0048] FIG. 7 is a schematic block diagram of an ap-
paratus for processing an optical signal according to an
embodiment of the present invention. The apparatus is
a parallel optical equalizer based on a double output
mode division multiplexer. The parallel equalizer may be
configured to process optical signals of two wavelengths.
As shown in FIG. 7, to-be-processed optical signals are
x(t, λ1) and x(t, λ2). On the basis of FIG. 4, one pair of
photodiode detectors (05) connected in series and two
wavelength division demultiplexers (06) are added to the
parallel equalizer. A process before x(t, λ1) and x(t, λ2)
enter the wavelength division demultiplexers (06) is con-
sistent with a process of processing an optical signal by
the equalizer shown in FIG. 4. x(t, λ1) and x(t, λ2) are
processed in parallel by the parallel equalizer without af-
fecting each other, and are respectively received by cor-
responding photodiode detectors after the wavelength
division demultiplexers (06) perform wavelength division.
An optical signal of a wavelength λ1 enters one pair of
photodiode detectors, and an optical signal of a wave-
length λ2 enters the other pair of photodiode detectors.
It should be understood that with an increase of types of
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wavelengths of optical signals, a quantity of output ports
of the wavelength division demultiplexer also needs to
increase accordingly, and a quantity of photodiode de-
tectors also needs to increase accordingly. That is, if op-
tical signals have M wavelengths, the wavelength divi-
sion demultiplexer has M output ports, and there are 2M
photodiode detectors, where M is an integer greater than
or equal to 1. In addition, photodiode detectors corre-
sponding to different wavelengths are independent of
each other, and exert no impact on a working rate of the
optical equalizer. It should be understood that for an
equalizer that processes optical signals of M wave-
lengths, 2M photodiode detectors are required, whereas
for an equalizer that processes an optical signal of a sin-
gle wavelength, only two photodiode detectors are re-
quired.
[0049] With reference to FIG. 3 to FIG. 7, the apparatus
for processing an optical signal according to the embod-
iments of the present invention is described in detail
above. With reference to FIG. 8, a method for processing
an optical signal according to an embodiment of the
present invention is described below. It should be under-
stood that in the method for processing an optical signal
described in FIG. 8, the apparatus for processing an op-
tical signal described in FIG. 3 to FIG. 7 can be used to
process an optical signal. For brevity, repeated descrip-
tions are appropriately omitted.
[0050] FIG. 8 is a schematic flowchart of a method for
processing an optical signal according to an embodiment
of the present invention. The method may be executed
by a corresponding apparatus for processing an optical
signal in FIG. 3 to FIG. 7. The method in FIG. 8 includes:

810. Perform beam splitting processing on the opti-
cal signal to obtain a plurality of optical components.
820. Perform delay processing on the plurality of op-
tical components.
830. Perform mode conversion on a plurality of op-
tical components obtained by using delay process-
ing, to obtain a plurality of optical components, where
any two of the plurality of optical components ob-
tained by using mode conversion are corresponding
to different guided wave modes.
840. Superimpose the plurality of optical compo-
nents obtained by using mode conversion, to obtain
a superimposed optical signal.
850. Convert the superimposed optical signal into a
current signal.

[0051] In this embodiment of the present invention, a
mode division multiplexer performs mode conversion on
the plurality of optical components to obtain the plurality
of optical components corresponding to different guided
wave modes. In this way, the plurality of optical compo-
nents can be incoherently superimposed in an optical
domain, and therefore the optical signal is compensated
or equalized in the optical domain. In addition, a quantity
of optical components is reduced by superimposing the

plurality of optical components, and therefore a quantity
of photodiode detectors is reduced.
[0052] Optionally, in an embodiment, the performing
mode conversion on the plurality of optical components
obtained by using delay processing includes: converting
the plurality of optical components obtained by using de-
lay processing into optical components with different TE
modes.
[0053] Optionally, in an embodiment, before the per-
forming mode conversion on the plurality of optical com-
ponents obtained by using delay processing, the method
further includes: receiving the plurality of optical compo-
nents obtained by using delay processing, and choosing
a first-type output port or a second-type output port of an
optical switch to output the plurality of optical components
obtained by using delay processing; and the performing
mode conversion on the plurality of optical components
obtained by using delay processing includes: performing
mode conversion on optical components output from the
first-type output port of the optical switch, and superim-
posing mode conversion results to obtain a first super-
imposed optical signal; and performing mode conversion
on optical components output from the second-type out-
put port of the optical switch, and superimposing mode
conversion results to obtain a second superimposed op-
tical signal.
[0054] Optionally, in an embodiment, the converting
the superimposed optical signal into a current signal in-
cludes: converting the first superimposed optical signal
into a first current signal; converting the second super-
imposed optical signal into a second current signal; and
superimposing the first current signal and the second cur-
rent signal to obtain a superimposed current signal.
[0055] Optionally, in an embodiment, the optical signal
is an optical signal with a plurality of wavelengths. Before
the converting the superimposed optical signal into a cur-
rent signal, the method further includes: performing
wavelength division processing on the superimposed op-
tical signals to obtain a plurality of superimposed optical
signals, where any two of the plurality of superimposed
optical signals have different wavelengths; and the con-
verting the superimposed optical signal into a current sig-
nal includes: converting the plurality of superimposed op-
tical signals into a plurality of current signals.
[0056] 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 the present
invention.
[0057] It may be clearly understood by a person skilled
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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.
[0058] In the several embodiments provided in this ap-
plication, it should be understood that the disclosed ap-
paratus and method may be implemented in other man-
ners. For example, the described apparatus embodiment
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 integrated into an-
other system, or some features may be ignored or not
performed. In addition, the displayed or discussed mutual
couplings or direct couplings or communication connec-
tions may be implemented by using some interfaces. The
indirect couplings or communication connections be-
tween the apparatuses or units may be implemented in
electronic, mechanical, or other forms.
[0059] 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
according to actual requirements to achieve the objec-
tives of the solutions of the embodiments.
[0060] In addition, functional units in the embodiments
of the present invention may be integrated into one
processing unit, or each of the units may exist alone phys-
ically, or two or more units are integrated into one unit.
[0061] When the functions are implemented in the form
of a software functional unit and sold or used as an in-
dependent product, the functions may be stored in a com-
puter-readable storage medium. Based on such an un-
derstanding, the technical solutions of the present inven-
tion essentially, or the part contributing to the prior art,
or some of the technical solutions may be implemented
in a form of a software product. The software product is
stored in a storage medium, and includes several instruc-
tions for instructing a computer device (which may be a
personal computer, a server, or a network device) to per-
form all or some of the steps of the methods described
in the embodiments of the present invention. The fore-
going storage medium includes: any medium that can
store program code, such as a USB flash drive, a remov-
able hard disk, a read-only memory (ROM, Read-Only
Memory), a random access memory (RAM, Random Ac-
cess Memory), a magnetic disk, or an optical disc.
[0062] The foregoing descriptions are merely specific
implementations of the present invention, but are not in-
tended to limit the protection scope of the present inven-
tion. Any variation or replacement readily figured out by
a person skilled in the art within the technical scope dis-
closed in the present invention shall fall within the pro-
tection scope of the present invention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

Claims

1. An apparatus for processing an optical signal, com-
prising:

an optical beam splitter, configured to perform
beam splitting processing on the optical signal
to obtain a plurality of optical components;
an optical delay unit, configured to perform delay
processing on the plurality of optical compo-
nents obtained by the optical beam splitter by
using beam splitting processing;
a mode division multiplexer, configured to per-
form mode conversion on the plurality of optical
components obtained by the optical delay unit
by using delay processing, to obtain a plurality
of optical components, wherein any two of the
plurality of optical components obtained by us-
ing mode conversion are corresponding to dif-
ferent guided wave modes; wherein
the mode division multiplexer is further config-
ured to superimpose the plurality of optical com-
ponents obtained by using mode conversion, to
obtain a superimposed optical signal; and
a photodiode detector, configured to convert the
superimposed optical signal obtained by the
mode division multiplexer by using superimpo-
sition into a current signal.

2. The apparatus according to claim 1, wherein the
mode division multiplexer is specifically configured
to:
convert the plurality of optical components obtained
by the optical delay unit by using delay processing
into optical components with different transverse
electric TE modes.

3. The apparatus according to claim 1 or 2, wherein the
apparatus further comprises:

an optical switch, configured to: receive the plu-
rality of optical components obtained by the op-
tical delay unit by using delay processing, and
choose a first-type output port or a second-type
output port of the optical switch to output the
plurality of optical components; and
the mode division multiplexer is specifically con-
figured to:

perform mode conversion on optical com-
ponents output from the first-type output
port of the optical switch, and superimpose
mode conversion results to obtain a first su-
perimposed optical signal; and
perform mode conversion on optical com-
ponents output from the second-type output
port of the optical switch, and superimpose
mode conversion results to obtain a second
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superimposed optical signal.

4. The apparatus according to claim 3, wherein the pho-
todiode detector is specifically configured to:

convert the first superimposed optical signal out-
put from the mode division multiplexer into a first
current signal;
convert the second superimposed optical signal
output from the mode division multiplexer into a
second current signal; and
superimpose the first current signal and the sec-
ond current signal to obtain a superimposed cur-
rent signal.

5. The apparatus according to any one of claims 1 to
4, wherein the optical signal is an optical signal with
a plurality of wavelengths, and the apparatus further
comprises:

a wavelength division demultiplexer, configured
to perform wavelength division processing on
the superimposed optical signal output from the
mode division multiplexer, to obtain a plurality
of superimposed optical signals, wherein any
two of the plurality of superimposed optical sig-
nals have different wavelengths; and
the photodiode detector is specifically config-
ured to:
convert the plurality of superimposed optical sig-
nals output from the wavelength division demul-
tiplexer into a plurality of current signals.

6. The apparatus according to any one of claims 1 to
5, wherein the apparatus is an optical equalizer or a
photodiode hybrid equalizer.

7. A method for processing an optical signal, compris-
ing:

performing beam splitting processing on the op-
tical signal to obtain a plurality of optical com-
ponents;
performing delay processing on the plurality of
optical components;
performing mode conversion on the plurality of
optical components obtained by using delay
processing, to obtain a plurality of optical com-
ponents, wherein any two of the plurality of op-
tical components obtained by using mode con-
version are corresponding to different guided
wave modes;
superimposing the plurality of optical compo-
nents obtained by using mode conversion, to
obtain a superimposed optical signal; and
converting the superimposed optical signal into
a current signal.

8. The method according to claim 7, wherein the per-
forming mode conversion on the plurality of optical
components obtained by using delay processing
comprises:
converting the plurality of optical components ob-
tained by using delay processing into optical com-
ponents with different transverse electric TE modes.

9. The method according to claim 7 or 8, wherein before
the performing mode conversion on the plurality of
optical components obtained by using delay
processing, the method further comprises:

receiving the plurality of optical components ob-
tained by using delay processing, and choosing
a first-type output port or a second-type output
port of an optical switch to output the plurality of
optical components obtained by using delay
processing; and
the performing mode conversion on the plurality
of optical components obtained by using delay
processing comprises:

performing mode conversion on optical
components output from the first-type out-
put port of the optical switch, and superim-
posing mode conversion results to obtain a
first superimposed optical signal; and
performing mode conversion on optical
components output from the second-type
output port of the optical switch, and super-
imposing mode conversion results to obtain
a second superimposed optical signal.

10. The method according to claim 9, wherein the con-
verting the superimposed optical signal into a current
signal comprises:

converting the first superimposed optical signal
into a first current signal;
converting the second superimposed optical
signal into a second current signal; and
superimposing the first current signal and the
second current signal to obtain a superimposed
current signal.

11. The method according to any one of claims 7 to 10,
wherein the optical signal is an optical signal with a
plurality of wavelengths, and before the converting
the superimposed optical signal into a current signal,
the method further comprises:

performing wavelength division processing on
the superimposed optical signals to obtain a plu-
rality of superimposed optical signals, wherein
any two of the plurality of superimposed optical
signals have different wavelengths; and
the converting the superimposed optical signal
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into a current signal comprises:
converting the plurality of superimposed optical
signals into a plurality of current signals.
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