OPTICAL MODULE

FIELD OF THE DISCLOSURE
[0001] The present disclosure relates to the field of optical communication

technology, and more particularly to an optical module.

BACKGROUND OF THE DISCLOSURE

[0002] An optical module that is a core device for optical to electric and
electric to optical conversion in an optical communication system, and usually
includes a housing, and a circuit board assembly, an optical transmitter
assembly, and/or an optical receiver assembly that are disposed in the housing.
The housing has an electrical interface and an optical interface provided therein,
one end of the circuit board within the housing being an electrical connection
end. The electrical connection end is electrically connected to an electrical
interface within an optical cage of an optical communication host via the
electrical interface, and the optical interface is used to connect to an external
optical fiber. Through external optical fiber, an optical transmission with the
optical module within a remote optical communication host is achieved.

[0003] As disclosed in the background technology of the China Patent
Application “Optical Module” with the application number of 201410851476.6
and published on April 8, 2015, each of an optical transmitting assembly and an
optical receiving assembly within the commonly used optical module are
generally packaged as an optical transmitting sub-module and an optical
receiving sub-module, which are then electrically connected to the rigid circuit

board via a flexible circuit board, respectively, so as to realize signal



transmission between the rigid circuit board and the photoelectric chips in the
optical transmitting sub-module and optical receiving sub-module.
Alternatively, as disclosed in embodiments thereof, both the optical transmitting
assembly and the optical receiving assembly are assembled within the same
sub-module, and the sub-module is then electrically connected to the rigid
circuit board via the flexible circuit board.

[0004] An optical module provided in China Patent Application “Optical
Module” with the application No. 201710590788.X, published on July 19,
2017, includes a housing, a heat sink device disposed within the housing and
thermally connected to the housing, a printed circuit board partially disposed on
the heat sink device, and laser chips and detector chips disposed on the heat
sink device. The laser chips and the detector chips are both electrically
connected to the circuit board. In order to absorb processing errors and
assembly errors of the heat sink device and the circuit board, etc., an optical
interface structure at one end of the housing needs to be disposed as a discrete
structure, i.e., a movable head, with respect to the housing, so as to improve the
assembly tolerance by adjusting the optical interface structure (i.e., the movable
head) during the assembly process.

[0005] However, regardless of the packaging method, the laser chips and the
detector chips as well as the wavelength division multiplexer/demultiplexer, the
lens, and other optical processing elements are first assembled on a carrier, and
then connected to a circuit board, and then finally assembled into the housing of
the optical module. The above packaging methods have the following
shortcomings: 1., more structural components, complex production process, and

long production process; 2., the heat dissipation path of device being longer and



parts need to use low thermal conductivity materials, thus affecting
enhancement of the performance of the module in the full temperature range; 3.,
the module having a relatively high ratio of invalid space therein that is not
conducive for the module to be developed in a direction of miniaturization and
high-density integration; 4., variations in structure, the module assembly
process and production having higher costs, posing obstacles for application of
the module in batch, and so on. The above problems on the one hand, affect the
heat dissipation performance and integration of optical modules, and on the
other hand, the cost of optical modules remains high, making it difficult to

reduce costs.

SUMMARY OF THE DISCLOSURE

[0006] The purpose of the present disclosure is to provide an optical module
that facilitates assembly and reprocessing, so as to effectively reduce product
cost.

[0007] In order to achieve one of the above-mentioned goals, the present
application provides an optical module that includes a housing, a circuit board
assembly, an optical assembly, and an optical receptacle; the housing includes a
first housing, a second housing, and an optical fiber adapter, and the first
housing is covered with the second housing to form an internal accommodating
cavity; the circuit board assembly and the optical assembly are disposed in the
internal accommodating cavity; the circuit board assembly includes a rigid
circuit board;

[0008] the housing has an electrical interface and an optical interface, and the

circuit board assembly is fixed on the first housing and adjacent to one end with



the electrical interface;

[0009] the optical assembly is fixed to the first housing, the optical assembly
includes an optical processing assembly and photoelectric chips, and the optical
processing assembly includes a wavelength division multiplexer, a lens group
located between the wavelength division multiplexer and the photoelectric
chips, and a lens group between the wavelength division multiplexer and the
optical receptacle, respectively; the optical processing assembly is used for
optical transmission between the photoelectric chips and the optical receptacle,
and the photoelectric chips are adjacent to the rigid circuit board and electrically
connected to the rigid circuit board;

[0010] the optical fiber adapter is disposed at the optical interface of the
housing, the optical fiber adapter is integrally molded with the optical interface,
and one end of the optical receptacle extends into the optical fiber adapter; the
optical fiber adapter, the optical receptacle, the optical assembly, and the rigid
circuit board have hard connections therebetween.

[0011] As a further improvement on the embodiments, the optical fiber
adapter is partially integrally molded with the first housing and partially
integrally molded with the second housing, and the first housing and the second
housing are matched together to form the optical fiber adapter at the optical
interface; or, the optical fiber adapter is integrally molded with the first housing.
[0012] As a further improvement on the embodiments, the circuit board
assembly is fixed within the first housing by glue, fasteners, and/or snaps.
[0013] As a further improvement on the embodiments, the photoelectric chips
include laser chips;

[0014] the laser chips are disposed on a substrate, and the laser chips are



electrically connected to the substrate;

[0015] the substrate is electrically connected to the rigid circuit board by
bonding wires or transfer boards, or, the rigid circuit board is electrically
connected to the substrate by lap-jointing.

[0016] As a further improvement on the embodiments, the optical module
further includes transimpedance amplifiers, the photoelectric chips include
photodetector chips, the photodetector chips are electrically connected to the
transimpedance amplifiers via bonding wires, and the transimpedance
amplifiers are electrically connected to the rigid circuit board via bonding wires.
[0017] As a further improvement on the embodiments, the first housing
includes a bottom plate, and the optical processing assembly is directly fixed to
the bottom plate through an adhesive layer.

[0018] As a further improvement on the embodiments, the optical assembly
further includes an optical device carrier, and the optical processing assembly
and the photoelectric chips are disposed on the optical device carrier; the optical
device carrier is fixed in the first housing.

[0019] As a further improvement on the embodiments, the optical device
carrier has a first carrying surface, the lens group between the wavelength
division multiplexer and the optical receptacle is a third lens group, and the
third lens group is fixed to the first carrying surface.

[0020] As a further improvement on the embodiments, the lens group between
the wavelength division multiplexer and the optical receptacle is a third lens
group; the optical receptacle includes a sleeve assembly and an optical fiber
ferrule, the optical fiber ferrule is disposed at one end of the sleeve assembly

adjacent to the optical processing assembly, and another end of the sleeve



assembly away from the optical processing assembly is used to receive an
optical fiber ferrule of an external optical fiber when connecting to an external
optical fiber;

[0021] the one end of the sleeve assembly adjacent to the optical processing
assembly has an extension structure, and the third lens group is mounted on the
extension structure.

[0022] As a further improvement on the embodiments, the optical receptacle
is fixed in the first housing.

[0023] As a further improvement on the embodiments, the optical processing
assembly includes a transmitting-end optical processing assembly and a
receiving-end optical processing assembly, and the transmitting-end optical
processing assembly includes the wavelength division multiplexer and a first
periscope; the receiving-end optical processing assembly includes a wavelength
division demultiplexer and a second periscope.

[0024] As a further improvement on the embodiments, the optical receptacle
includes a transmitting-end optical receptacle and a receiving-end optical
receptacle;

the photoelectric chips include laser chips and photodetector chips;

[0025] the laser chips, the wavelength division multiplexer, and the receiving-
end optical receptacle are located on a same side within the first housing, and
the photodetector chips, the wavelength division demultiplexer, and the
transmitting-end optical receptacle are located on another side within the first
housing;

[0026] the first periscope and the second periscope overlap with each other,

the first periscope guides optical signals that are output from the wavelength



division multiplexer to the side with the transmitting-end optical receptacle, and
the second periscope guides optical signals that are received by the receiving-
end optical receptacle into the wavelength division demultiplexer.

[0027] Advantageous effects of the present application are: components
within the optical module are all in hard connections, and an absorption of
tolerances by soft connections of an FPC, an optical fiber, or a movable head is
not required, such that a quantity of material is reduced and an assembly
process is simplified, therefore the assembly is simpler and more convenient

and effectively reduces the cost.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028] FIG. 1 is a schematic view of a common optical module and an optical
cage of an optical communication host;
[0029] FIG. 2 is a schematic structural view of an optical module according to
a first embodiment of the present disclosure;
[0030] FIG. 3 is a schematic exploded view of the optical module of FIG. 2;
[0031] FIG. 4 is a schematic structural view of an optical receptacle;
[0032] FIG. 5 is another schematic structural view of the optical receptacle;
[0033] FIG. 6 is a schematic structural view of the optical module according
to a second embodiment of the present disclosure; and
[0034] FIG. 7 is a schematic structural view of the optical module according

to a third embodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0035] The present application will be described in detail below with



reference to the specific embodiments shown in the accompanying drawings.
However, these embodiments do not limit the present application, and any
structural, methodical, or functional changes made by those of ordinary skill in
the art based on these embodiments are included in the protection scope of the
present application.

[0036] In the various drawings of the present application, certain dimensions
of structures or portions may be exaggerated with respect to other structures or
portions for ease of illustration and, therefore, are only used to illustrate the
basic structures of the subject matter of the present application.
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[0037] In addition, terms used herein such as “on”, “above”, “under”,

b

“below” and other terms indicating relative positions in space are used for
convenience of explanation to describe the relationship of one member or
feature relative to another member or feature as shown in the drawings. The
terms indicating relative positions in space may be intended to encompass
different orientations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device in the diagram is

(9

turned over, elements described as “under” or “below” other elements or
features are then oriented “above” the other elements or features. Thus, the
exemplary term “below” may encompass both upper and lower orientations.
The device may be otherwise oriented (to rotate by 90 degrees or other
orientations) and the spatially relative descriptors used herein can be interpreted
accordingly. When an element or layer is referred to as being “on” or
“connected to” another component or layer, it can be directly on another

component or layer or connected to another component or layer, or an

intermediate element or layer may be present.



[0038] As shown in FIG. 1, an optical module 200 is usually mounted in an
optical cage 100 of the optical communication host in a pluggable manner. The
optical module 200 generally includes a housing, and a circuit board assembly,
an optical emitting assembly and/or an optical receiving assembly that are
disposed in the housing. The housing is provided with an electrical interface
200a and an optical interface 200b, and one end of the circuit board assembly
within it is an electrical connection end, the electrical connection end (typically
a gold finger) is electrically connected to an electrical interface in the optical
cage 100 of the optical communication host through the electrical interface
200a, and the optical interface 200b is an optical fiber adapter, used to connect
to an external optical fiber, and realize optical transmission with an optical
module of the remote optical communication host through the external optical
fiber.

[0039] Embodiment 1

[0040] As shown in FIGS. 2 and 3, the optical module of this embodiment
includes a housing 210, a circuit board assembly 220, and an optical assembly;
the optical assembly includes photoelectric chips 230 and an optical processing
assembly 240. In which, the housing 210 includes a first housing 211 and a
second housing 212. The first housing 211 is covered with the second housing
212 to form an internal accommodating cavity. The housing 210 is provided
with an optical interface 200b and an electrical interface 200a; the above-
mentioned circuit board assembly 220, the photoelectric chips 230, and the
optical processing assembly 240 are located in the internal accommodating
cavity of the housing 210.

[0041] In this embodiment, the circuit board assembly 220 includes a rigid



circuit board 221 (referred to as a circuit board), electronic elements (not shown
in the figures), and electrical chips; the electrical chips are such as controllers,
signal processors, drivers, and transimpedance amplifiers, in which the driver
and the transimpedance amplifier can be located on the rigid circuit board 221,
or can be not located on the rigid circuit board 221 but be provided on a bottom
plate 213 of the first housing 211 together with the photoelectric chips. The
rigid circuit board 221 is fixed on the above-mentioned first housing 211. One
end (the electrical connection end 222) of the rigid circuit board 221 extends
out of the above-mentioned electrical interface 200a for electrically connecting
to the electrical interface in the optical cage of the optical communication host.
The rigid circuit board 221 can be fixed to the first housing 211 by locking with
fasteners such as screws, or by snapping or gluing, or can be fixed on the first
housing 211 by locking with screws or snapping combined with gluing. In this
embodiment, the rigid circuit board 221 is locked and fixed on the first housing
211 through screws. Specifically, the bottom plate 213 of the first housing 211
is provided with a platform 216 for supporting the above-mentioned rigid
circuit board 221; the platform 216 is provided with a threaded hole 216a, and
the rigid circuit board 221 has a through hole 223 provided at the position
corresponding to the threaded hole 216a. A screw passes through the through
hole 223 and is locked into the threaded hole 216a, and the screw nut presses
the rigid circuit board 221, thereby fixing the rigid circuit board 221 on the
platform 216. In this embodiment, the platforms 216 are respectively located at
inner sides of two side walls 215 of the first housing 211 for supporting two
edges of the rigid circuit board 221. In other embodiments, the platforms can

also be disposed in a middle area of the bottom plate of the first housing for
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supporting the middle position of the rigid circuit board.

[0042] The above-mentioned first housing 211 includes the bottom plate 213
and the side walls 215 respectively located on two lateral sides of the bottom
plate 213; the photoelectric chips 230 are disposed on the bottom plate 213, and
the photoelectric chips 230 are electrically connected to the rigid circuit board
221; the optical processing assembly 240 is located a position on the bottom
plate 213 adjacent to the optical interface 200b, and the optical processing
assembly 240 is used for optical transmission between the photoelectric chips
230 and the optical interface 200b.

[0043] In this embodiment, the optical module 200 is a transceiver integrated
optical module, the photoelectric chips 230 include laser chips 231 and
photodetector chips 232, and the optical processing assembly 240 includes a
transmitting-end optical processing assembly and a receiving-end optical
processing assembly. The laser chips 231 are fixed on the bottom plate 213 of
the first housing 211 through a substrate 236, and the substrate 236 is fixed to
the bottom plate 213 by adhesion or soldering; the laser chips 231 are
electrically connected to the substrate 236, and the substrate 236 is electrically
connected to the above-mentioned rigid circuit board 221. Generally, the laser
chips 231 are mounted on the substrate 236 through a eutectic welding process
to form a chip on carrier (COC) structure. The laser chips 231 can be
electrically connected to the substrate 236 through wire bonding and the above-
mentioned eutectic welding, and the substrate 236 is then electrically connected
to the rigid circuit board 221 through bonding wires or a transfer board, so as to
realize the electrical connection from the rigid circuit board 221 to the laser

chips 231. In this embodiment, the substrate 236 is disposed on a thermoelectric
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cooler (TEC) 233, and the temperature of the COC is controlled through the
TEC 233; another side of the TEC 233 is fixed on the bottom plate 213 and
dissipates heat directly through the bottom plate 213. In other embodiments, the
substrate can also be directly bonded to the bottom plate through an adhesive,
and the substrate itself has an electrical isolation function to electrically isolate
a conductive layer of the substrate and the laser chips from the first housing.
Alternatively, an electrical isolation layer, such as an aluminum nitride sheet,
can be provided between the substrate and the bottom plate of the first housing
to achieve electrical isolation between the laser chips and the first housing.
[0044] In order to shorten a signal transmission distance between the laser
chips 231 and the rigid circuit board 221, the substrate 236 is generally located
on a position outside the rigid circuit board 221 and adjacent to the edge of the
rigid circuit board 221. In this embodiment, a driver is provided on the rigid
circuit board 221, and in other embodiments, the driver can also be provided on
the substrate.

[0045] In this embodiment, the rigid circuit board 221 has an avoidance hole
224, and the photodetector chips 232 and the transimpedance amplifier 235 are
located in the avoidance hole 224 and fixed to a position on the bottom plate
213 of the first housing 211 corresponding to the avoidance hole 224. An
electrical isolation layer 234, such as an aluminum nitride sheet, etc. is disposed
at a position corresponding to the avoidance hole 224 on the bottom plate 213.
The photodetector chips 232 and the transimpedance amplifier 235 are bonded
to the electrical isolation layer 234, the photodetector chips 232 are electrically
connected to the transimpedance amplifier 235 through bonding wires, and the

transimpedance amplifier 235 is electrically connected to the rigid circuit board
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221 through bonding wires, thereby realizing the electrical connection from the
photodetector chips 232 to the rigid circuit board 221. The avoidance hole 224
may be a square through hole in the rigid circuit board 221, or a U-shaped
through hole at the end portions or lateral sides of the rigid circuit board 211. In
other embodiments, the photodetector chips and the transimpedance amplifier
can also be disposed on a position outside the rigid circuit board and adjacent to
the edge of the rigid circuit board, or the transimpedance amplifier can also be
disposed on the rigid circuit board.

[0046] In optical communications, an optical module has a main heat
dissipation housing and a secondary heat dissipation housing (a top surface and
a bottom surface specified in the multi-source agreement). In this embodiment,
the first housing 211 is the main heat dissipation housing of the optical module,
and the second housing 212 is the secondary heat dissipation housing. When the
optical module is inserted into the optical cage of the optical communication
host, the first housing 211 is adjacent to a heat dissipation mechanism of the
optical cage that is the main area for heat dissipation between the optical
module and the external environment. The photoelectric chips 230, such as the
laser chips 231 and their substrates 236 (COC structures), the photodetector
chips 232, etc. and main power consumption chips, such as a transimpedance
amplifier and a driver, etc. are arranged on the bottom plate of the first housing
213, and the heat generated during operation can be quickly dissipated directly
from the first housing 213, so as to have a more rapid heat dissipation path and
faster heat dissipation speed than through the heat sink and heat dissipation
paste to the first housing in the conventional technology, thereby effectively

improving the heat dissipation performance of the optical module.
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[0047] The optical module in this embodiment is a multi-channel optical
transceiver module. The optical interface 200b of the housing 210 is provided
with a transmitting-end optical receptacle 260a and a receiving-end optical
receptacle 260b. The transmitting-end optical processing assembly includes a
wavelength division multiplexer 241, and a first collimating lens array (i.e., the
first lens group) 271 is provided between the wavelength division multiplexer
241 and the laser chips 231. A first coupling lens group 250a is provided
between the wavelength division multiplexer 241 and the transmitting-end
optical receptacle 260a. Multiple beams of light reflected by the multiple laser
chips 231 are respectively collimated by the respective collimating lens of the
first collimating lens array 271, and then incident to the wavelength division
multiplexer 241, and are combined into a beam of combined light by the
wavelength division multiplexer 241; the beam of combined light is coupled
into the transmitting-end optical receptacle 260a through the first coupling lens
group 250a, and is transmitted to an external optical fiber through the
transmitting-end optical receptacle 260a. The receiving-end optical processing
assembly includes a wavelength division demultiplexer 242; a second coupling
lens array (i.e., a second lens group) 272 is provided between the wavelength
division demultiplexer 242 and the photodetector chips 232, and a second
collimating lens group 250b is provided between the wavelength division
demultiplexer 242 and the receiving-end optical receptacle 260b; the above-
mentioned first coupling lens group 250a and the second collimating lens group
250b constitute a third lens group 250 that is correspondingly located at the
ports of the transmitting-end optical receptacle 260a and the receiving-end

optical receptacle 260b. After receiving a composite optical signal transmitted
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by the external optical fiber, the receiving-end optical receptacle 26b transmits
the received composite optical signal to the second collimating lens group 250b;
the composite optical signal is collimated by the second collimating lens group
250b and then incidents to the wavelength division demultiplexer 242, and is
demultiplexed into multiple single-channel optical signals by the wavelength
division demultiplexer 242; each of the single-channel optical signals is coupled
to the corresponding photodetector chip 232 through the respective coupling
lenses of the second coupling lens array 272; each photodetector chip 232
respectively converts the respective single-channel optical signal into an
electrical signal to be transmitted to the transimpedance amplifier 235, and the
transimpedance amplifier 235 amplifies each electrical signal that is then
transmitted to the rigid circuit board 221 for being signal processed on the rigid
circuit board 221 and being uploaded to the optical communication host through
the electrical interface 200a. In other embodiments, the wavelength division
multiplexer and the wavelength division demultiplexer can also be replaced by
a photonic integrated chip (PIC) or other optical waveguide chips; the photonic
integrated chip or the optical waveguide chip is bonded to the bottom plate of
the first housing of the optical module by soldering or a thermally conductive
adhesive.

[0048] In this embodiment, taking a dual-port optical module as an example,
that is, providing one transmitting port and one receiving port, the above-
mentioned first coupling lens group 250a is a coupling lens, and the second
collimating lens group 250b is a collimating lens. In an optical module with
more than two ports, such as with two transmitting ports and two receiving

ports, the above-mentioned first coupling lens includes two coupling lenses
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corresponding to the two transmitting ports, respectively, and the second
collimating lens group includes two collimating lenses corresponding to the two
receiving ports, respectively. Naturally, in other embodiments, the optical
module can also be a bi-directional transmission optical module that transmits
and receives via a single port; at this time, the third lens group is a single lens,
which is simultaneously used to couple the emitted optical signal to the optical
receptacle and to collimate the optical signal received by the optical module to
the optical processing assembly at the receiving-end.

[0049] In this embodiment, the optical processing assembly also includes
optical path deflecting prisms (periscopes) 260, and the transmitting-end optical
processing assembly is provided with a first periscope 243a disposed between
the wavelength division multiplexer 241 and the first coupling lens group 250a
for being used to adjust the optical path between the wavelength division
multiplexer 241 and the first coupling lens group 250a and the transmitting-end
optical receptacle 260a. The receiving-end optical processing assembly is
provided with a second periscope 243b disposed between the second
collimating lens group 250b and the wavelength division demultiplexer 242 for
being used to adjust the optical path between the receiving-end optical
receptacle 260b, the second collimating lens group 250b and the wavelength
division demultiplexer 242. In order to have a more reasonable layout for the
design of the high-speed signal path of the transmitting-end optical assembly
and the receiving-end optical assembly to the circuit board assembly in the
optical module, respectively, while meeting the requirements of the multi-
source agreement (MSA), in this embodiment, the transmitting-end optical

assembly such as the laser chips and the wavelength division multiplexer, etc.
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and the receiving-end optical receptacle in the housing of the optical module are
located on a same side of the first housing (that is, a left or right side when
facing the optical interface), and the receiving-end optical assembly such as the
photodetector chips and the wavelength division demultiplexer, etc. and the
transmitting-end optical receptacle are located on another side of the first
housing. The first periscope 243a and the second periscope 243b overlap with
each other, the first periscope 243a guides optical signals that are output from
the wavelength division multiplexer to the side with the transmitting-end optical
receptacle 260a that is a different side from the wavelength division
multiplexer, and the second periscope 243b guides optical signals that are
received by the receiving-end optical receptacle 260b into the wavelength
division demultiplexer that is located on the side that is a different side from the
receiving-end optical receptacle 260b. In this way, by designing an inclination
angle of periscopes 243 relative to the bottom plate 211 of the first housing 210
as required, the optical path can be guided to a corresponding height, such that
the layout design in the housing of the optical module becomes more flexible.
Moreover, this design can lengthen a length of the periscope to facilitate the
manufacture of the periscope and the coupling of the optical path.

[0050] In this embodiment, the optical processing assembly is bonded to the
bottom plate 213 of the first housing 211 through an adhesive layer. At the
transmitting-end, the first collimating lens array 271 is disposed on the TEC
233 or an electrical isolation layer, the wavelength division multiplexer 241 and
the first periscope 243a at the transmitting-end are directly bonded to the
bottom plate 213 through an adhesive layer (not shown in the figures); the

thickness of the adhesive layer is adjusted according to the optical path, such
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that the wavelength division multiplexer 241 and the first periscope 243a are
aligned with each other and are aligned with front and rear optical paths,
respectively. At the receiving-end, the photodetector chips 232 adopt surface
receiving chips, reflectors are provided above the photodetector chips 232, and
the second coupling lens array 272 is located above the photodetector chips 232
together with the reflector to reflect and couple each of the optical signals
output by the wavelength division demultiplexer 242 to the respective
photodetector chips 232, respectively. In other embodiments, the second
coupling lens array can also be replaced by a large lens. The wavelength
division demultiplexer 242 and the second periscope 243b at the receiving-end
are also directly bonded to the bottom plate 213 through the adhesive layer. The
thickness of the adhesive layer is adjusted according to the optical path, such
that the wavelength division demultiplexer 243 and the second periscope 243b
are aligned with each other and are aligned with the front and rear optical paths,
respectively.

[0051] The optical module directly uses the housing of the optical module as
a carrier to carry the optical processing assembly and main power consumption
chips, thereby omitting a heat sink carrying the photoelectric chips and a carrier
carrying the optical processing assembly, so as to reduce the structural parts in
the optical module, and the assembly process is optimized, which lowers the
cost, and reduces the occupation of redundant space, so as to improve the
utilization of effective space in the optical module to have a higher degree of
integration.

[0052] In this embodiment, the bottom plate 213 of the first housing 211

includes a first mounting area 217 and a second mounting area 218, the above-
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mentioned rigid circuit board 221 is fixed to the first mounting area 217, and
the laser chips 231 and the optical processing assembly are fixed to the second
mounting area 218. The first housing 211 has a first reference, and the optical
processing assembly is fixed on the second mounting area 218 at a first preset
position based on the first reference. Herein, the first reference may be a mark
provided in the second mounting area 218, a junction between the ports and side
walls of the first housing 211, or a limiting structure in the first housing 211,
etc. In this embodiment, the second mounting area 218 is provided with a
periscope positioning groove, a wavelength division multiplexer limiting
groove, and a wavelength division demultiplexer limiting groove, etc.,
according to a design of the optical path. In other embodiments, the second
mounting area may also be a plane, and optical elements such as periscopes,
wavelength division multiplexers, and wavelength division demultiplexers, etc.
are mounted on the plane; by adjusting the thickness of the adhesive layer
between each of the optical elements and the plane, the optical elements can be
aligned. Alternatively, the second mounting area includes multiple mounting
platforms of different heights, which are respectively used to mount periscopes,
wavelength division multiplexers, wavelength division demultiplexers, and
photoelectric chips, etc.; one end of the rigid circuit board adjacent to the
photoelectric chips can be bonded and fixed to a mounting platform carrying the
photoelectric chips on the first mounting area of the bottom plate. This structure
has lower requirements on the processing precision of the first mounting area
and the second mounting area, and can effectively reduce the processing cost of
the housing.

[0053] During assembly, the optical receptacle 260, the optical processing
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assembly 240, the photoelectric chips 230, and the circuit board assembly 220
are each mounted into the first housing 211 based on the first housing 211 of the
optical module. The photoelectric chips 230 and the rigid circuit board 221 are
electrically connected by wire bonding (such as gold wires) or transfer boards
between the photoelectric chips 230 and the rigid circuit board 221. By
adjusting the third lens group 250, the optical signal can be coupled between the
optical processing assembly 240 and the optical receptacles 260; the first
collimating lens array (first lens group) 271 is adjusted such that the optical
signals emitted by the laser chips 231 are collimated and then incident to the
optical processing assembly 240, and the second coupling lens array (second
lens group) 272 is adjusted to couple each optical signal output by the optical
processing assembly 240 to the respective photodetector chip 232, respectively.
Each of the assemblies is mounted based on the housing of the optical module;
by adjusting the third lens group, the assembly tolerances between the
aforementioned optical processing assembly, the photoelectric chips, and the
circuit board can be absorbed; therefore, there is no need to further adjust the
optical interface of the housing, and the optical interface of the housing can be
integrally formed with the first housing, so as to achieve full hard connections
between all assemblies in the optical module. That is, in the housing, between
the rigid circuit board, the photoelectric chips, the optical processing assembly
and the optical receptacle are all in hard connection; there is no need for flexible
circuit boards or optical fibers to absorb assembly tolerances, and there is no
need to configure the optical interface as a movable head, thereby further
simplifying the structure of the optical module. Moreover, the optical

receptacle, the optical processing assembly, the laser chips, the photodetector
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chips, and the circuit board assembly, etc. are all mounted and placed in the first
housing based on the optical module housing (the first housing), which
simplifies the production and assembly process, and can further improve
production efficiency and reduce costs. At the same time, more space is free up
around each device, and more crucial elements can be disposed, thereby further
optimizing the disposition within the module, improving integration, and
facilitating the realization of miniaturized packaging of high-speed optical
modules.

[0054] As shown in FIG. 4, the optical receptacles 260 (the transmitting-end
optical receptacle and the receiving-end optical receptacle) used in this
embodiment includes a sleeve assembly 261 and an optical fiber ferrule 262.
The optical fiber ferrule 262 is disposed within the sleeve assembly 261. In
which, the sleeve assembly 261 is provided with a first end 263 and a second
end 264 that are through; the first end 263 is used for coupling with the optical
processing assembly in the optical module, and the second end 264 is used for
connecting with the external optical fiber. The optical fiber ferrule 262 is
disposed in a section of the sleeve assembly 261 adjacent to the first end 263, a
section of the sleeve assembly 261 adjacent to the second end 264 is used to
receive an optical fiber ferrule of the external optical fiber when connecting to
the external optical fiber, and an end surface of the optical fiber ferrule 262
facing the second end 264 is used for mating with the ferrule of the external
optical fiber connector. The first end 263 of the sleeve assembly 261 is provided
with an extension structure 265 that extends axially along the optical receptacle
260; the extension structure 265 has a mounting surface 265a that is open, and

the mounting surface 265a is used for mounting a lens (such as the above-
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mentioned third lens group), that is, the first coupling lens at the transmitting-
end or the second collimating lens at the receiving-end, such that the lens is
located in the optical path transmitted by the optical receptacle. In other
embodiments, the mounting surface 265a can also be used for mounting other
passive optical elements such as isolators or filters, etc. The third lens group can
be fixed on the mounting surface 265a by soldering or adhesion. The mounting
surface 265a that is open indicates that the mounting surface 265a has an
opening in the radial direction of the sleeve assembly 261 to facilitate the
adjustment and fixing of the lens during the coupling process. In this
embodiment, the mounting surface 265a is a carrying plane located below a
core extension line of the fiber ferrule 262 for carrying the above-mentioned
lens. In other embodiments, the mounting surface can also be located at other
positions on lateral sides of the core extension line of the optical fiber ferrule
262, and can be a flat surface or other shapes, such as being an L-shaped
surface, a U-shaped surface, an arc surface, or a V-shaped surface, etc., which
can facilitate the adjustment and fixing of the lens is sufficient. That is, the
mounting surface is located outside the core extension line of the optical fiber
ferrule and faces the core extension line to make way for an optical
transmission path, such that the light-permissive surfaces of the external optical
element fixed on the mounting surface is aligned with the fiber core. In this
embodiment, the extension structure and the sleeve assembly are an integrally
formed structure, and the outer contour of the extension structure is an
extension of the outer contour of the first end of the sleeve assembly. In other
embodiments, the extension structure may also be soldered or bonded to be

integral with the sleeve assembly.
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[0055] By mounting the third lens group on the extension structure that is
integral with the optical receptacle, the problem of light loss caused by
displacement of the optical receptacle due to force displacement or aging creep
is avoided, thereby effectively improving the reliability of the optical module.
Moreover, during the assembly process, the optical path coupling between the
optical receptacle and the optical processing assembly can be easily realized by
adjusting the third lens group; after the adjustment is completed, the lens is
fixed on the above-mentioned extension structure, which reduces the difficulty
of optical path coupling. In this embodiment, the extension structure 265 and
the sleeve assembly 261 are an integrally formed structure. In other
embodiments, the extension structure may also be integral with the sleeve
assembly by soldering or bonding.

[0056] As shown in FIG. 3, in this embodiment, the optical interface 200b of
the optical module 200 is provided with an accommodating groove 214, and the
above-mentioned optical receptacle 260 is disposed in the accommodating
groove 214. The accommodating groove 214 is provided with a first limiting
structure, and the optical receptacle 260 is provided with a second limiting
structure 266. The first limiting structure and the second limiting structure 266
match to limit a position of the optical receptacle 260 in the accommodating
groove 214. In this embodiment, the optical interface 200b is integrally formed
with the first housing 211, and the optical receptacle 260 can be fixed in the
above-mentioned accommodating groove 214 by adhesion or soldering, or can
also be fixed in the above-mentioned accommodating groove 214 by other
means such as snaps or screws. The above-mentioned first limiting structure

may be a first protrusion or recess in the first housing 211, such as a protrusion
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or a flange, etc., and the second limiting structure 266 may be a second
protrusion on the outer periphery of the sleeve assembly 261, such as
protrusions or flanges, etc. During assembly, the second protrusion abuts
against the first protrusion to limit the position of the optical receptacle 260 in a
lengthwise direction of the optical module 200.

[0057] As shown in FIG. 5, another embodiment of an optical receptacle is
provided; the above-mentioned optical module can also use an optical plugin of
this embodiment, and the assembly method of the optical plugin in the optical
module 1s the same as the optical receptacle of the above-mentioned
embodiment. The optical receptacle 260 of this embodiment also includes the
sleeve assembly 261 and the optical fiber ferrule 262. The optical fiber ferrule
262 is provided in the sleeve assembly 261. In which, the sleeve assembly 261
is provided with a first end 263 and a second end 264, the first end 263 is used
for coupling with the optical processing assembly in the optical module, and the
second end 264 is used for connecting with an external optical fiber. The optical
fiber ferrule 262 is disposed on a position in the sleeve assembly 261 adjacent
to the first end 263, and a section of the sleeve assembly 261 adjacent to the
second end 264 is used to receive the optical fiber ferrule of the external optical
fiber when connecting to the external optical fiber. The difference is that, in this
embodiment, an optical window 267 is provided at the port of the sleeve
assembly 261 on the first end 263 of the optical receptacle 260, so as to seal the
optical fiber ferrule 262 in the sleeve assembly 261, thereby effectively sealing
and protecting the end surface of the optical fiber ferrule 262. In other
embodiments, an optical window can also be directly attached to the end

surface of the optical fiber ferrule adjacent to the first end. In this embodiment,
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the optical window 267 is an optical flat sheet, such as a glass sheet, and an
anti-reflective film can be provided on the light-permissive surfaces of the
optical flat sheet to reduce surface reflection.

[0058] The sleeve assembly of the optical receptacle of this embodiment can
be a sleeve assembly of a commonly used optical receptacle, that is, a sleeve
assembly without an extension structure, or a sleeve assembly having an
extension structure as in the above-mentioned embodiment, and the optical
window is likewise provided on the port of the sleeve assembly adjacent to the
third lens group.

[0059] Embodiment 2

[0060] As shown in FIG. 6, another optical module 300 is provided in the
present application; the optical module 300 in this embodiment includes a
housing 310, a circuit board assembly 320, and an optical assembly. The optical
assembly includes an optical device carrier 380, photoelectric chips 330, and an
optical processing assembly 340. In which, the housing 310 includes a first
housing 311 and a second housing 312. The first housing 311 is covered with
the second housing 312 to form an internal accommodating cavity; the optical
module 300 is provided with an optical interface 300b and an electrical
interface 300a; the above-mentioned circuit board assembly 320, the optical
device carrier 380, the photoelectric chips 330, and the optical processing
assembly 340 are located in the internal accommodating cavity of the housing
310.

[0061] In this embodiment, the optical device carrier 380 is a heat sink, which
is generally a thermally conductive metal; the photoelectric chips 330 and the

optical processing assembly 340 are disposed on the optical device carrier 380.

25



In other embodiments, the optical device carrier may also include a first carrier
and a second carrier that are joined together by lap-jointing-fixing or docking-
fixing, in which the first carrier is a heat sink, and the second carrier is a carrier
made of a material having a thermal expansion coefficient being close to or
same as a thermal expansion coefficient of the optical processing assembly, that
is, the thermal expansion coefficient of the second carrier matches with the
thermal expansion coefficient of the optical processing assembly. The
photoelectric chips are disposed on the first carrier, and the optical processing
assembly is disposed on the second carrier plate, so as to avoid the problem of
light loss when the ambient temperature has greater change due to a large
difference in thermal expansion coefficients of the optical device carrier and the
optical processing assembly. The optical device carrier 380 that carries the
photoelectric chips 330 and the optical processing assembly 340 is fixed to the
first housing 310 through a thermally conductive adhesive or soldering.

[0062] The above-mentioned circuit board assembly 320 includes a rigid
circuit board 321, electronic elements, and electrical chips; the electrical chips
are such as a controller, a signal processor, a driver, and a transimpedance
amplifier, etc.; in which the driver and transimpedance amplifier can be
disposed on the rigid circuit board 321, or can be not disposed on a rigid circuit
board, but disposed on the optical device carrier together with the photoelectric
chips. The rigid circuit board 321 is fixed on the above-mentioned first housing
311. One end (an electrical connection end 322) of the rigid circuit board 321
extends out of the above-mentioned electrical interface 300a for electrical
connection with the electrical interface in the optical cage of the optical

communication host. An end surface of one end of the rigid circuit board 321
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adjacent to the photoelectric chips 330 abuts against the substrate of the
photoelectric chips or the transimpedance amplifier, and is not fixed to the
optical device carrier 380. Alternatively, the end surface of the one end of the
rigid circuit board 321 adjacent to the photoelectric chips 330 abuts against an
end surface of the optical device carrier 380 and does not overlap with the
optical device carrier 380. The rigid circuit board 321 can be fixed on the first
housing 311 by locking with fasteners such as screws, or by snapping or gluing,
or can be locked or snapped to the first housing 311 through screws and other
fasteners in conjunction with an adhesive. The optical device carrier 380 and the
circuit board assembly 320 are respectively mounted and placed based on the
first housing 311 and fixed in the first housing 311, respectively; the optical
device carrier 380 and the rigid circuit board 321 do not need to be fixed to each
other, which allows the assembly manner of the optical module to be more
flexible, simplifies the production and assembly process, and facilitates
reworking, which can further improve production efficiency and reduce costs.
Specifically, the fixing manner of the rigid circuit board in this embodiment is
the same as that in Embodiment 1. A through hole 323 is formed on the rigid
circuit board 321, and screws pass through the through hole 323 and are
threadedly locked into a threaded hole of the first housing 311, so as to lock the
rigid circuit board 321 in the first housing 311.

[0063] Similar to Embodiment 1, the optical module of this embodiment is a
transceiver integrated optical module. The photoelectric chips 330 include laser
chips 331 and photodetector chips 332, the optical processing assembly 340
includes a transmitting-end optical processing assembly and a receiving-end

optical processing assembly, and a transmitting-end optical path and a
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receiving-end optical path are the same as those in Embodiment 1. The
assembly structure of the photoelectric chips 330 and the optical processing
assembly 340 on the optical device carrier 380 is the same as that of the
photoelectric chips and the optical processing assembly in Embodiment 1; the
electrical connection manner between the photoelectric chips 330 and the circuit
board assembly 320 is the same as in Embodiment 1, and will not be reiterated
herein. The difference is that, in this embodiment, the optical processing
assembly 340 is bonded to the optical device carrier 380 through an adhesive
layer, and the optical device carrier 380 is fixed into the first housing 311
through bonding via a thermally conductive adhesive or soldering. Similarly,
the above-mentioned rigid circuit board 321 has an avoidance hole 324, and the
photodetector chips 332 and the transimpedance amplifier are disposed in the
avoidance hole 324 and are fixed on a position on the optical device carrier 380
corresponding to the avoidance hole 324.

[0064] In this embodiment, the bottom plate 313 of the first housing 311 also
includes a first mounting area 314 and a second mounting area 315; the above-
mentioned rigid circuit board 321 is fixed to the first mounting area 314, and
the optical device carrier 380 with the photoelectric chips 330 and the optical
processing assembly 340 mounted thereon is fixed on the second mounting area
315. The first housing 311 is provided with a first reference, and the optical
device carrier 380 with the photoelectric chips 330 and the optical processing
assembly 340 mounted thereon is fixed on the second mounting area 315 at a
first preset position that is based on the first reference. Herein, the first
reference may be a mark provided in the second mounting area 315, a junction

between the ports and side walls of the first housing, or a limiting structure in
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the first housing.

[0065] The optical device carrier 380 is provided with a second reference.
Each optical element of the optical processing assembly 340 is bonded and
fixed on the optical device carrier 380 at second, third or other preset positions
that are based on the second reference through an adhesive layer. The second
reference may be a mark or a limiting structure provided on the optical device
carrier 380, or a corner of an end portion of the optical device carrier 380. In
this embodiment, the optical device carrier 380 is provided with a periscope
positioning slot, a wavelength division multiplexer limiting slot, and a
wavelength division demultiplexer limiting slot, etc. according to a design of
the optical path. In other embodiments, the optical device carrier can also be a
plane, on which optical elements such as periscopes, wavelength division
multiplexers, and wavelength division demultiplexers, etc. are mounted, and by
adjusting the thickness of the adhesive layer between each optical element and
the plane, the optical elements are aligned. Alternatively, the optical device
carrier plate includes multiple mounting platforms of different heights, which
are respectively used to mount periscopes, wavelength division multiplexers,
wavelength division demultiplexers, and photoelectric chips, etc. This structure
has lower precision requirements for the carrying surface of the optical device
carrier 380 for carrying the optical processing assembly 340 and the
photoelectric chips 330, which can effectively reduce the processing cost of the
optical device carrier.

[0066] The optical module in this embodiment can adapt the same optical
receptacle as in Embodiment 1. The optical receptacle can be fixed at the

optical interface of the housing as in Embodiment 1, or can also be fixed on the
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optical device carrier. Taking the optical receptacle fixed on the optical device
carrier as an example, the optical device carrier 380 is provided with a
receptacle mounting part 381 at an end portion adjacent to the optical interface
300b, and the optical receptacle 360 is soldered, bonded, threadedly screwed, or
snapped on the mounting part 381. The receptacle mounting part 381 may be a
side wall provided at the end portion of the optical device carrier 380, and a
receptacle accommodating groove 382 for mounting the optical receptacle 360
is provided on the side wall. The manner for mounting and positioning the
optical receptacle 360 on the optical device carrier 380 can be the same as the
manner for mounting and positioning the optical receptacle in the first housing
in Embodiment 1, and will not be reiterated herein.

[0067] During assembly, the optical plugin 360 and the optical processing
assembly 340 are fixed on the optical device carrier 380 in a passive manner,
and by adjusting a third lens group 350, optical signals are coupled between the
optical processing assembly 340 and the optical receptacle 360. The
photoelectric chips 330 are also passively fixed on the optical device carrier 380
or on a separate heat sink. The circuit board assembly 320 and the optical
device carrier 380 carrying the photoelectric chips 330 and the optical
processing assembly 340 are respectively mounted and fixed into the first
housing 311 based on the first housing 311. The optical device carrier 380 and
the rigid circuit board 321 do not need to be fixed to each other. Bonding wires
(such as gold wires) are used between the photoelectric chips 330 and the rigid
circuit board 321 to electrically connect the photoelectric chips 330 and the
rigid circuit board 321, the first collimating lens array (a first lens group 371) is

adjusted such that the optical signals emitted by the laser chips 331 are
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collimated and then incident to the wavelength division multiplexer, and the
second coupling lens array (a second lens group 372) is adjusted to couple each
optical signal output by the wavelength division multiplexer to the respective
photodetector chip 332, respectively. The circuit board assembly 320 and the
optical device carrier 380 are mounted based on the first housing 311 of the
optical module 300. By adjusting the lens group, the assembly tolerance
between the aforementioned optical processing assembly 340, the photoelectric
chips 330, and the circuit board assembly 320 can be absorbed, therefore, there
1s no need to further adjust the optical interface of the housing, and the optical
interface 300b of the housing 310 can be integrally formed with the first
housing 311, so as to achieve full hard connection between all assemblies in the
optical module. This structure does not require a flexible circuit board to absorb
assembly tolerances, nor does it require the optical interface to be configured as
a movable head, thereby further simplifying the structure of the optical module
and simplifying the production and assembly process, which can further
improve production efficiency and reduce costs.

[0068] Embodiment 3

[0069] As shown in FIG. 7, another optical module 400 is provided in the
present application. The optical module 400 in this embodiment includes a
housing 410, a circuit board assembly 420, and an optical assembly. The optical
assembly includes photoelectric chips 430 and an optical processing assembly
440. In which, the housing 410 includes a first housing 411 and a second
housing 412; the first housing 411 is covered with the second housing 412 to
form an internal accommodating cavity. The optical module 400 is provided

with an optical interface 400b and an electrical interface 400a; the above-
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mentioned circuit board assembly 420, the photoelectric chips 430, and the
optical processing assembly 440 are provided in the internal accommodating
cavity of the housing 410.

[0070] In this embodiment, the photoelectric chips 430 include laser chips
431. The laser chips 431 are mounted on a substrate 432. The laser chips 431
are electrically connected to the substrate 432. A gold wire bonding process is
usually used to realize the electrical connection between the laser chips 431 and
the substrate 432. The circuit board assembly 420 includes a rigid circuit board
421 and electronic elements or integrated circuit chips disposed on the rigid
circuit board 421, such as a digital signal processor (DSP) 422. In this
embodiment, the substrate 432 is partially overlapped with the rigid circuit
board 421, that is, the substrate 432 is lap-jointed with the rigid circuit board
421, and the surface of the substrate 432 of the lap-jointed portion is provided
with an electrical connection end. The surface of the rigid circuit board 421 is
also provided with an electrical connection end, and the above-mentioned
electrical connection ends on the substrate 432 and the rigid circuit board 421
are electrically connected and fixed together by processes such as flip-chip
soldering or anisotropic conductive film (ACF) to realize a direct hard
connection from the circuit board assembly 420 to the photoelectric chips 430.
[0071] In this embodiment, the substrate 432 is thermally connected to the
first housing 411 through a heat sink 433, the heat generated by the operation of
the laser chips 431 is transferred to the first housing 411 through the substrate
432 and the heat sink 433, and then the heat is dissipated through the first
housing 411. The optical processing assembly 440 is provided on an optical

device carrier 450, and the optical processing assembly 440 may include a
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wavelength division multiplexer, a periscope, and a coupling lens, etc. The
optical processing assembly 440 and the structure between it and the optical
receptacle are similar to that of Embodiments 1 or 2, such that the hard
connection between the photoelectric chips 430 and the optical interface 400b
can be realized, thereby realizing the hard connection between all assemblies in
the optical module; therefore, there is no need for a flexible circuit board to
absorb assembly tolerances, and there is no need to configure the optical
interface as a movable head, thereby further simplifying the structure of the
optical module and simplifying steps of the production and assembly process,
which can further improve production efficiency and reduce costs.

[0072] Since the electrical connection end of the rigid circuit board 421 is
directly overlapped with the electrical connection end of the substrate 432 to
achieve electrical connection, the above-mentioned electrical connection end of
the circuit board 421, the DSP 422, and the high-speed signal transmission lines
connecting the two can be disposed on the same surface of the rigid circuit
board 421 that faces the above-mentioned substrate 432, such as both being
disposed on a surface of the rigid circuit board 421 that faces the main heat
dissipation housing (which is the first housing 411 herein); the DSP 422 is
thermally connected to the first housing 411 through a heat dissipation pad 460,
and the heat generated by it is directly transferred out through the first housing
411. The electrical connection ends of the laser chips 431 and the substrate 432
are on the same surface of the substrate 432, which is the side of the substrate
432 facing away from the first housing 411; the rear side of the substrate 432
faces the first housing 411, and is thermally connected to the first housing 411

through the heat sink 433. In this way, the high-speed signal transmission lines

33



from the DSP 422 to the photoelectric chips 430 do not need to pass through
electrically conductive vias, nor do they need gold wire bonding, and nor do
they need a transfer board for connection, which reduces the impedance
mutation of the high-speed signal transmission lines to effectively improve the
high-frequency performance of assemblies and greatly increase the bandwidth
of assemblies. At the same time, the heat generated by the operation of the main
power consuming devices in the optical module: the laser chips 431 and the
DSP 422, can be all directly transferred out from the first housing 411 (i.e., the
main heat dissipation housing) of the housing 410, thereby further improving
the heat dissipation performance of the optical module.

[0073] In other embodiments, a thermoelectric cooler (TEC) may be disposed
between the above-mentioned substrate 432 and the heat sink 433 to further
improve the heat dissipation efficiency of the laser chips 431. The above-
mentioned heat sink 433 can also be an integral structure with the optical device
carrier 450; or, the substrate 432 and the optical processing assembly 440 are
directly bonded and fixed in the first housing 411, thereby eliminating the need
for a heat sink or an optical device carrier.

[0074] The series of detailed descriptions listed above are only specific
descriptions of feasible implementations of the present application, and they are
not intended to limit the protection scope of the present application; any
equivalent implementations or changes that do not deviate from the technical
spirit of the present application should all be included in the protection scope of

the present application.
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CLAIMS

What is claimed is:

1. An optical module, comprising a housing, a circuit board assembly, an
optical assembly, and an optical receptacle; the housing includes a first
housing, a second housing and an optical fiber adapter, and the first housing
is covered with the second housing to form an internal accommodating
cavity; the circuit board assembly and the optical assembly are disposed in
the internal accommodating cavity; the circuit board assembly includes a
rigid circuit board; wherein,

the housing is provided with an electrical interface and an optical
interface, and the circuit board assembly is fixed on the first housing and
adjacent to one end with the electrical interface;

the optical assembly is fixed to the first housing, the optical assembly
includes an optical processing assembly and photoelectric chips, and the
optical processing assembly includes a wavelength division multiplexer, a
lens group located between the wavelength division multiplexer and the
photoelectric chips, and a lens group between the wavelength division
multiplexer and the optical receptacle, respectively; the optical processing
assembly is used for optical transmission between the photoelectric chips
and the optical receptacle, and the photoelectric chips are adjacent to the
rigid circuit board and electrically connected to the rigid circuit board;

the optical fiber adapter is disposed at the optical interface of the
housing, the optical fiber adapter is integrally molded with the optical
interface, and one end of the optical receptacle extends into the optical fiber

adapter; wherein the optical fiber adapter, the optical receptacle, the optical
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assembly, and the rigid circuit board have hard connections therebetween.

The optical module according to claim 1,

wherein the optical fiber adapter is partially integrally molded with the
first housing and partially integrally molded with the second housing, and
the first housing and the second housing are matched together to form the
optical fiber adapter at the optical interface; or, the optical fiber adapter is

integrally molded with the first housing.

The optical module according to claim 1,
wherein the circuit board assembly is fixed within the first housing by

glue, fasteners, and/or snaps.

The optical module according to claim 1, wherein,

the photoelectric chips include laser chips;

the laser chips are disposed on a substrate, and the laser chips are
electrically connected to the substrate;

the substrate is electrically connected to the rigid circuit board by
bonding wires or transfer boards, or, the rigid circuit board is electrically

connected to the substrate by lap-jointing.

The optical module according to claim 1, wherein the optical module
further comprising transimpedance amplifiers, and the photoelectric chips
include photodetector chips, the photodetector chips are electrically

connected to the transimpedance amplifiers via bonding wires, and the
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transimpedance amplifiers are electrically connected to the rigid circuit

board via bonding wires.

The optical module according to claim 1,
wherein the first housing includes a bottom plate, and the optical
processing assembly is directly fixed to the bottom plate through an

adhesive layer.

The optical module according to claim 1,

wherein the optical assembly further includes an optical device carrier,
and the optical processing assembly and the photoelectric chips are
disposed on the optical device carrier; the optical device carrier is fixed in

the first housing.

The optical module according to claim 7, wherein the optical device carrier
has a first carrying surface, the lens group between the wavelength division
multiplexer and the optical receptacle is a third lens group, and the third

lens group is fixed to the first carrying surface.

The optical module according to claim 1, wherein,

the lens group between the wavelength division multiplexer and the
optical receptacle is a third lens group; the optical receptacle includes a
sleeve assembly and an optical fiber ferrule, the optical fiber ferrule is
disposed at one end of the sleeve assembly adjacent to the optical

processing assembly, and another end of the sleeve assembly away from the
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10.

11.

12.

optical processing assembly is used to receive an optical fiber ferrule of an
external optical fiber when connecting to an external optical fiber;

the one end of the sleeve assembly adjacent to the optical processing
assembly has an extension structure, and the third lens group is mounted on

the extension structure.

The optical module according to claim 1, wherein the optical receptacle is

fixed in the first housing.

The optical module according to claim 1, wherein the optical processing
assembly includes a transmitting-end optical processing assembly and a
receiving-end optical processing assembly, and the transmitting-end optical
processing assembly includes the wavelength division multiplexer and a
first periscope; the receiving-end optical processing assembly includes a

wavelength division demultiplexer and a second periscope.

The optical module according to claim 11, wherein,

the optical receptacle includes a transmitting-end optical receptacle and
a receiving-end optical receptacle;

the photoelectric chips include laser chips and photodetector chips;

the laser chips, the wavelength division multiplexer and the receiving-
end optical receptacle are located on a same side within the first housing,
and the photodetector chips, the wavelength division demultiplexer and the
transmitting-end optical receptacle are located on another side within the

first housing;
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the first periscope and the second periscope overlap with each other,
the first periscope guides optical signals that are output from the
wavelength division multiplexer to the side with the transmitting-end
optical receptacle, and the second periscope guides optical signals that are

received by the receiving-end optical receptacle into the wavelength

division demultiplexer.
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