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PLUGGABLE OPTICAL PACKING STRUCTURE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates generally to a pluggable optical packaging 

structure, and more particularly, to a pluggable optical packaging structure involving 

simultaneous packaging of photonic integrated circuits and electronic integrated 

circuits. 

2. The Prior Arts 

[0002] Application-Specific Integrated Circuit (ASIC) is an integrated circuit die 

designed and customized by developers according to the needs of specific applications, 

which is highly customizable and professional. ASIC can be used in various fields, 

such as communication, computer, automotive electronics, medical equipment, etc., 

and demands high performance and reliability. With the continuous demand for 

computing speed, certain ASICs will have both a Photonic Integrated Circuit (PIC) 

and an Electronic Integrated Circuit (EIC), so that the original electrical signal can be 

converted into an optical signal to cope with the ever-increasing computing speed. 

[0003] In the optical packaging structure, the electronic integrated circuit 

couples the signal to the photonic integrated circuit, so that the electrical signal is 

converted into an optical signal, and the optical fiber array connected to the photonic 

integrated circuit is used to receive or transmit the optical signal. The main medium 

for optical signal transmission is optical fiber, but if there are many exposed optical 

fibers in the initial optical packaging structure, the difficulty of packaging operations 

will increase as well as the defect rate. It is because the packaging process must be 

carried out between each workstation, pulling or touching the optical fibers 
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accidentally may cause fiber breakage or damage to other components during the 

process of continuous movement. In addition, in this type of optical packaging 

structure, the alignment of optical signals is a very important and difficult task. 

Because the accuracy requirements are strict, if misalignment occurs on any 

components, including photonic integrated circuits, optical fiber array connectors, and 

socket connectors, it will take a lot of time to rectify the mistake, which is 

time-consuming and labor-intensive. How to simplify the difficulty of assembly and 

maintain the accuracy of alignment is also a subject that must be investigated and 

improved by the present invention. Therefore, the primary objective of the present 

invention is to tpvide a pluggable optical packaging structure to address this problem.  

SUMMARY OF THE INVENTION 

[0004] In order to achieve the foregoing objective, the present invention adopts 

the following technical solutions: 

[0005] The present invention provides is a pluggable optical packaging structure, 

comprising: a substrate, a carrier ring, at least one optical connection assembly and a 

cover plate, wherein the substrate being disposed with at least one electronic 

integrated circuit and at least one photonic integrated circuit; the carrier ring being 

located on the substrate, and the electronic integrated circuit and the photonic 

integrated circuit being in an area enclosed by the carrier ring; the optical connection 

assembly comprising at least one socket, at least one connector, a plurality of optical 

fibers and at least one optical fiber array connector, the socket being located in a 

partial section of the carrier ring, the connector being disposed in the socket, the 

optical fibers having one end coupled to the connector, the other end coupled to the 

fiber array connector, and coupled to the photonic integrated circuit through the fiber 
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array connector; the cover plate being located on the carrier ring and extending 

inwardly to above the photonic integrated circuit. 

[0006] In a preferred embodiment, the present invention also comprises a heat 

dissipation unit, the cover plate has a window at the center, and the heat dissipation 

unit is located in the window and is in contact with the electronic integrated circuit. 

[0007] In a preferred embodiment, the heat dissipation unit is a heat sink, and the 

heat sink is located on the electronic integrated circuit. 

[0008] In a preferred embodiment, the socket has at least one docking chamber, 

and the connector is arranged in the docking chamber. 

[0009] In a preferred embodiment, the carrier ring has at least one gap, and the 

socket is arranged in the gap. 

[0010] In a preferred embodiment, the carrier ring comprises a plurality of fixing 

pieces stacked up and down in sequence and a bottom ring, the bottom ring is a closed 

ring and is located on the substrate, and the plurality of the fixing pieces are arranged 

on the bottom ring and form at least one gap, and the socket is located in the gap. 

[0011] In a preferred embodiment, the gap also has at least one positioning 

groove, at least one lug is provided at a corresponding position of the socket, and 

when the socket is arranged in the gap, the lug is also in the positioning groove. 

[0012] In a preferred embodiment, the optical fiber array connector has at least 

one first coupling portion, at least one second coupling portion is provided at a 

corresponding position of the top of the photonic integrated circuit, and when the 

optical fiber array connector is arranged on the photonic integrated circuit, the first 

coupling portion is coupled to the second coupling portion. 

[0013] Compared with the prior art, the pluggable optical packaging structure of 

the present invention utilizes the optical connection assembly as a medium for 
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external docking, and surrounds and shields the photonic integrated circuits and the 

electronic integrated circuits on the substrate in the area enclosed by the carrier ring 

and the cover plate to avoid the exposure of the optical fiber during the packaging 

operation and improve the yield rate of the packaging operation. In addition, 

positioning grooves or docking structures of corresponding shapes are used between 

the components of the present invention for passive alignment assembly method so as 

to greatly reduce the calibration and alignment time between components, shorten the 

assembly time, and improve product yield. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention will be apparent to those skilled in the art by 

reading the following detailed description of a preferred embodiment thereof, with 

reference to the attached drawings, in which: 

[0015] FIG. 1 is a perspective view of the present invention; 

[0016] FIG. 2 is a schematic view of the internal structure of the present 

invention after removing the cover plate; 

[0017] FIG. 3 is an exploded view of the present invention; 

[0018] FIG. 4 is an exploded view of another embodiment of the present 

invention; 

[0019] FIG. 5 is an exploded view of the optical connection assembly of the 

present invention; 

[0020] FIG. 6 is a cross-sectional view of the present invention; and 

[0021] FIG. 7 is a schematic view of the actual use of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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[0022] The technical solutions of the present invention will be described clearly 

and completely below in conjunction with the specific embodiments and the 

accompanying drawings. It should be noted that when an element is referred to as 

being "mounted or fixed to" another element, it means that the element can be directly 

on the other element or an intervening element may also be present. When an element 

is referred to as being "connected" to another element, it means that the element can 

be directly connected to the other element or intervening elements may also be present. 

In the illustrated embodiment, the directions indicated up, down, left, right, front and 

back, etc. are relative, and are used to explain that the structures and movements of 

the various components in this case are relative. These representations are appropriate 

when the components are in the positions shown in the figures. However, if the 

description of the positions of elements changes, it is believed that these 

representations will change accordingly. 

[0023] Unless otherwise defined, all technical and scientific terms used herein 

have the same meaning as commonly understood by one of ordinary skill in the art of 

the present invention. The terminology used herein is for the purpose of describing 

particular embodiments only and is not intended to limit the present invention. As 

used herein, the term "and/or" includes any and all combinations of one or more of the 

associated listed items. 

[0024] FIG. 1, FIG. 2 and FIG. 3 are respectively a perspective view, a 

schematic view of the internal structure, and an exploded view of the pluggable 

optical packaging structure of the present invention. The pluggable optical packaging 

structure of the present invention includes a substrate 10, a carrier ring 20, a plurality 

of optical connection assemblies 30, and a cover plate 40. At least one photonic 

integrated circuit 11 and at least one electronic integrated circuit 12, 13 are disposed 
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on the substrate 10. The carrier ring 20 is located on the substrate 10, and the photonic 

integrated circuit 11 and the electronic integrated circuits 12, 13 are disposed in the 

area surrounded by the carrier ring 20. The optical connection assembly 30 includes at 

least one socket 31, at least one connector 32, a plurality of optical fibers 33, and at 

least one fiber array connector 34. The socket 31 is located in a partial section of the 

carrier ring 20, and the connector 32 is arranged in the socket 31. The optical fiber 33 

has one end coupled to the connector 32, the other end coupled to the fiber array 

connector 34, and is coupled to photonic integrated circuit 11 through the fiber array 

connector 34. The cover plate 40 is located on the carrier ring 20 and extends 

inwardly to above the photonic integrated circuit 11. 

[0025] As such, the pluggable optical packaging structure of the present 

invention utilizes a plurality of exposed sockets 31 as the medium for signal docking, 

and covers most of the top surface area by the cover plate 40, so that the optical fibers 

are not exposed during the packaging operation. When testing is to be performed after 

the packaging operation is completed, the optical fiber plug of the test equipment is 

inserted into the socket 31 and connected to the internal connector 32; thereby, the 

present invention can greatly reduce the breaking or damage to the optical fibers due 

to pulling in the packaging process, as well as simplify the difficulty of the packaging 

process and improve the yield of production. 

[0026] The following describes the structure of each component in detail: 

[0027] The substrate 10 is a silicon substrate, and the substrate 10 is provided 

with at least one photonic integrated circuit 11 (PIC) and at least one electronic 

integrated circuit (EIC). In the present embodiment, various electronic integrated 

circuits 12, 13 with different functions are included, such as central processing units, 

graphics processing units, converters, and so on. The photonic integrated circuit 11 
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provides the conversion function of optical signal and electrical signal. The electronic 

integrated circuit 13 and the photonic integrated circuit 11 are arranged on the 

substrate 10, and the integrated circuits can transmit signals through the single-layer 

or internal multi-layer circuit on the substrate 10. The electronic integrated circuit 13 

can also be directly arranged on the photonic integrated circuit 11. In the present 

embodiment, the types and numbers of the photonic integrated circuits 11 and 

electronic integrated circuits 12 are not limited, and a plurality of the photonic 

integrated circuits 11 are mainly distributed close to the periphery of the substrate 10; 

that is, the positions are adjacent to the carrier ring 20. The electronic integrated 

circuits 12, 13 are arranged in the central area. 

[0028] As shown in FIG. 3, the carrier ring 20 is arranged on the substrate 10 to 

increase the rigidity of the substrate 10 so as to facilitate the smooth progress of the 

semiconductor manufacturing process. In the present embodiment, the carrier ring 20 

is a square or rectangular ring frame. The carrier ring 20 includes a bottom ring 21 

and a plurality of fixing pieces 22, the plurality of fixing pieces 22 are arranged on the 

bottom ring 21 and form at least one gap 23. As shown in FIG. 2, the gap 23 is used 

for the socket 31 to be installed therein, and the gap 23 can also define a positioning 

groove 231. The positioning groove 231 enables the socket 31 to be installed therein 

more accurately and conveniently. 

[0029] FIG. 4 shows another embodiment of the present invention. In the present 

embodiment, the carrier ring 20 is directly molded on the substrate 10, and the carrier 

ring 20 can have a plurality of gaps 23. The gap 23 is used for the socket 31 to be 

installed therein, and the gap 23 is also formed with a positioning groove 231 of a 

specific shape. In the present embodiment, the substrate 10 is directly molded into the 

structure of the carrier ring 20 during the semiconductor manufacturing process, 
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thereby reducing the number of steps in the process and allowing subsequent 

components to be aligned or assembled more accurately and conveniently. 

[0030] As shown in FIG. 5, the optical connection assembly 30 is used for the 

coupling of the photonic integrated circuit 11 and the external plug. The optical 

connection assembly 30 includes the socket 31, the connector 32, the optical fibers 33, 

and the fiber array connector 34. The socket 31 is hollow and flat and has at least one 

through docking chamber 311. The number of the docking chambers 311 corresponds 

to the number of the connectors 32, but the length of the through space is greater than 

the connector 32. Therefore, when the connector 32 is fixed in the docking chamber 

311, the external plug can be inserted from the other direction of the docking chamber 

311, so that the optical signals are aligned with each other to accomplish the docking. 

A plurality of lugs 312 are disposed around the socket 31, and the shape of the lugs 

312 corresponds to the positioning groove 231 so as to shorten the installation time of 

the socket 31 on the carrier ring 20 and ensure the accuracy of assembly. One end of 

the optical fiber 33 is connected to the connector 32, and the other end is coupled to 

the fiber array connector 34. The connector 32 is responsible for external signal 

connection, and the fiber array connector 34 is responsible for coupling to the 

photonic integrated circuit 11. The fiber optic array connector 34 shown schematically 

in the figure is a patented structure that utilizes the previous design of the present 

invention. The fiber array connector 34 has a plurality of V-shaped grooves inside for 

the plurality of optical fibers 33 to be glued therein, and is provided with a total 

reflection optical waveguide lens 341. In addition, in order to shorten the alignment 

time, the bottom of the optical fiber array connector 34 has at least one first coupling 

portion 342, and at least one second coupling portion 111 is provided at the 

corresponding position of the top of the photonic integrated circuit 11. In the present 



 9 

embodiment, the number of the second coupling portions 111 is two and the second 

coupling portions 111 are grooves. When assembling and aligning, the fiber array 

connector 34 is first inserted top down to be arranged on the photonic integrated 

circuit 11, so that the first coupling portion 342 is located in the second coupling 

portion 111. The plurality of optical fibers 33 is aligned with the photonic integrated 

circuit 11 through the optical fiber array connector 34 in a passive alignment 

operation, followed by fine-tuning and correction before gluing. Afterwards, the 

connector 32 is inserted into the socket 31 on the carrier ring 20 and then fixed, so 

that the assembly and alignment time can be greatly shortened, and the assembly of 

components can be quickly accomplished. 

[0031] As shown in FIG. 1 and FIG. 6, the cover plate 40 is arranged on the 

carrier ring 20 to cover the space above the photonic integrated circuit 11, so as to 

prevent other debris or impurity from entering the space during the packaging 

operation to cause damage to internal components. In the present embodiment, the 

cover plate 40 also has a window 41 in the center, and the window 41 is located above 

the electronic integrated circuits 12, 13. The present invention also includes a heat 

dissipation unit 50. In the present embodiment, the heat dissipation unit 50 is a heat 

sink with good thermal conductivity, such as a graphene sheet, which can also be 

called an integrated heat spreader (IHS). The IHS is a layer of metal material that is 

directly installed on the top of the IC by the IC processor manufacturer when 

manufacturing the IC processor, usually copper or aluminum, which can help 

dissipate heat and disperse the heat generated by IC processing, and cooperate with 

fans during operation to dissipate heat more effectively. As shown in FIG. 6, the heat 

dissipation unit 50 is directly glued on the top surface of the electronic integrated 

circuit 12, 13 during assembly, so that the heat generated by the electronic integrated 
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circuit 12, 13 during operation can be rapidly conducted through the heat dissipation 

unit 50 go out. 

[0032] FIG. 7 is a schematic structural view of the practical application of the 

present invention. The pluggable optical packaging structure of the present invention 

uses a plurality of exposed optical connection components 30 as a docking structure. 

More specifically, the present invention uses the protruding socket 31 for receiving 

the insertion of the external optical fiber plug 80 into the docking chamber 311 to 

dock with the internal connector 32 to complete the docking operation. The optical 

fiber plug 80 is connected to a test device during testing, and is connected to a laser 

light generator during actual operation. Therefore, the pluggable optical packaging 

structure of the present invention does not need to be connected with many optical 

fibers simultaneously during the packaging operation; that is, there will be no exposed 

optical fibers during the packaging operation, so that the packaging equipment factory 

can use the original mechanical equipment to carry out related operation without the 

need to re-develop new machines; thereby, the present invention can reduce 

equipment investment and use the original technology for production, and the yield 

rate is relatively improved. 

[0033] Although the present invention has been described with reference to the 

preferred embodiments thereof, it is apparent to those skilled in the art that a variety 

of modifications and changes may be made without departing from the scope of the 

present invention which is intended to be defined by the appended claims.  
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WHAT IS CLAIMED IS: 

1. A pluggable optical packaging structure, comprising: 

a substrate, disposed with at least one electronic integrated circuit and at least 

one photonic integrated circuit; 

a carrier ring, located on the substrate, and the electronic integrated circuit and 

the photonic integrated circuit being in an area enclosed by the carrier ring; 

at least one optical connection assembly, comprising at least one socket, at least 

one connector, a plurality of optical fibers and at least one optical fiber 

array connector, the socket being located in a partial section of the carrier 

ring, the connector being disposed in the socket, the optical fibers having 

one end coupled to the connector, the other end coupled to the fiber array 

connector, and coupled to the photonic integrated circuit through the fiber 

array connector; and  

a cover plate, located on the carrier ring and extending inwardly to above the 

photonic integrated circuit. 

2. The pluggable optical packaging structure according to claim 1, further 

comprising a heat dissipation unit, the cover plate having a window at the center, 

and the heat dissipation unit being located in the window and in contact with the 

electronic integrated circuit. 

3. The pluggable optical packaging structure according to claim 2, wherein the heat 

dissipation unit is a heat sink, and the heat sink is located on the electronic 

integrated circuit.  

4. The pluggable optical packaging structure according to claim 1, wherein the 

socket has at least one docking chamber, and the connector is arranged in the 

docking chamber. 
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5. The pluggable optical packaging structure according to claim 1, wherein the 

carrier ring has at least one gap, and the socket is arranged in the gap. 

6. The pluggable optical packaging structure according to claim 1, wherein the 

carrier ring comprises a plurality of fixing pieces stacked up and down in 

sequence and a bottom ring, the bottom ring is a closed ring and is located on the 

substrate, and the plurality of the fixing pieces are arranged on the bottom ring 

and form at least one gap, and the socket is located in the gap. 

7. The pluggable optical packaging structure according to claim 5, wherein the gap 

also has at least one positioning groove, at least one lug is provided at a 

corresponding position of the socket, and when the socket is arranged in the gap, 

the lug is also in the positioning groove. 

8. The pluggable optical packaging structure according to claim 1, wherein the 

optical fiber array connector has at least one first coupling portion, at least one 

second coupling portion is provided at a corresponding position of the top of the 

photonic integrated circuit, and when the optical fiber array connector is 

arranged on the photonic integrated circuit, the first coupling portion is coupled 

to the second coupling portion. 

 

 

 


