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SEMICONDUCTOR STRUCTURE AND MANUFACTURING METHOD 

THEREOF 

 

CROSS-REFERENCE TO RELATED APPLICATION 

[ 0001] The present application claims the priority to Chinese Patent Application 

202110265111.5, titled ''SEMICONDUCTOR STRUCTURE AND MANUFACTURING 

METHOD THEREOF'' and filed on March 10, 2021. The entire contents of this Chinese 

Patent Application are incorporated herein by reference. 

 

TECHNICAL FIELD 

[ 0002] The present application relates to the technical field of semiconductors, and in 

particular to a semiconductor structure and a manufacturing method thereof. 

 

BACKGROUND 

[ 0003] In the prior art, a metal conductive material filled in a communication portion 

may affect the lattice around the communication portion during thermal expansion, thus 

affecting the performance of the semiconductor structure. 

 

SUMMARY 

[ 0004] The present application provides a semiconductor structure and a 

manufacturing method thereof.  

[ 0005] According to a first aspect of the present application, a semiconductor structure 

is provided, including: 

[ 0006] a base; 
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[ 0007] a communication portion, the communication portion being located in the base 

and the communication portion including a first connection layer, a second connection 

layer, and a third connection layer, the second connection layer being located on the first 

connection layer, and the third connection layer being located on the second connection 

layer; 

[ 0008] wherein the first connection layer, the second connection layer, and the third 

connection layer include different conductive materials, and thermal expansion 

coefficients of the second connection layer and the third connection layer are both less 

than a thermal expansion coefficient of the first connection layer. 

[ 0009] According to a second aspect of the present application, a semiconductor 

structure is provided, including: 

[ 0010] a base; 

[ 0011] a communication portion, the communication portion being located in the base 

and the communication portion including a first connection layer, a second connection 

layer, and a third connection layer, the second connection layer being located on the first 

connection layer, and the third connection layer being located on the second connection 

layer; 

[ 0012] wherein the second connection layer and the third connection layer both 

include graphene, and thermal expansion coefficients of the second connection layer and 

the third connection layer are both less than a thermal expansion coefficient of the first 

connection layer. 

[ 0013] According to a third aspect of the present application, a method of 

manufacturing a semiconductor structure is provided, including: 

[ 0014] providing a matrix; and 

[ 0015] forming a communication portion on the matrix, the communication portion 

including a first connection layer, a second connection layer, and a third connection layer, 

the second connection layer being formed on the first connection layer, and the third 
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connection layer being formed on the second connection layer; 

[ 0016] wherein the first connection layer, the second connection layer, and the third 

connection layer include different conductive materials, and thermal expansion 

coefficients of the second connection layer and the third connection layer are both less 

than a thermal expansion coefficient of the first connection layer. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0017] The preferred embodiments of the present application are described in detail 

below with reference to the accompanying drawings to make the objectives, features and 

advantages of the present application more obvious. The drawings are merely exemplary 

illustrations of the present application, and are not necessarily drawn to scale. The same 

reference numerals in the drawings always represent the same parts. In the drawings:  

[ 0018] FIG. 1 is a schematic structural diagram of a semiconductor structure 

according to a first exemplary implementation; 

[ 0019] FIG. 2 is a schematic structural diagram of a communication portion of the 

semiconductor structure according to the first exemplary implementation; 

[ 0020] FIG. 3 is a schematic structural diagram of a semiconductor structure 

according to a second exemplary implementation; 

[ 0021] FIG. 4 is a schematic structural diagram of a communication portion of the 

semiconductor structure according to the second exemplary implementation; 

[ 0022] FIG. 5 is a schematic structural diagram of a semiconductor structure 

according to a third exemplary implementation; 

[ 0023] FIG. 6 is a schematic flowchart of a method of manufacturing a semiconductor 

structure according to an exemplary implementation; 

[ 0024] FIG. 7 is a schematic structural diagram of forming a hole in a method of 

manufacturing a semiconductor structure according to a first exemplary implementation; 
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[ 0025] FIG. 8 is a schematic structural diagram of forming a hole in a second 

insulation layer in the method of manufacturing a semiconductor structure according to 

the first exemplary implementation; 

[ 0026] FIG. 9 is a schematic structural diagram of forming a hole in a third insulation 

layer in the method of manufacturing a semiconductor structure according to the first 

exemplary implementation; 

[ 0027] FIG. 10 is a schematic structural diagram of forming a first initial connection 

layer in the method of manufacturing a semiconductor structure according to the first 

exemplary implementation; 

[ 0028] FIG. 11 is a schematic structural diagram of forming a second initial 

connection layer in the method of manufacturing a semiconductor structure according to 

the first exemplary implementation; 

[ 0029] FIG. 12 is a schematic structural diagram of forming a second connection layer 

in the method of manufacturing a semiconductor structure according to the first 

exemplary implementation; 

[ 0030] FIG. 13 is a schematic structural diagram of forming a third initial connection 

layer in the method of manufacturing method of a semiconductor structure according to 

the first exemplary implementation; 

[ 0031] FIG. 14 is a schematic structural diagram of forming a third connection layer 

in the method of manufacturing a semiconductor structure according to the first 

exemplary implementation; 

[ 0032] FIG. 15 is a schematic structural diagram of forming a first initial connection 

layer in a method of manufacturing a semiconductor structure according to a second 

exemplary implementation; 

[ 0033] FIG. 16 is a schematic structural diagram of forming a second initial 

connection layer in the method of manufacturing a semiconductor structure according to 

the second exemplary implementation; 
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[ 0034] FIG. 17 is a schematic structural diagram of forming a second connection layer 

in the method of manufacturing a semiconductor structure according to the second 

exemplary implementation; 

[ 0035] FIG. 18 is a schematic structural diagram of forming a third initial connection 

layer in the method of manufacturing a semiconductor structure according to the second 

exemplary implementation; and 

[ 0036] FIG. 19 is a schematic structural diagram of forming a third connection layer 

in the method of manufacturing a semiconductor structure according to the second 

exemplary implementation. 

[ 0037] List of reference symbols： 

[ 0038] base 10; silicon substrate 11; functional layer 111; insulation layer 12; 

conductive portion 20; communication portion 21; first connection layer 211; second 

connection layer 212; third connection layer 213; first conductive layer 22; second 

conductive layer 30; connection pillar 31; 

[ 0039] matrix 13; opening 14; first insulation layer 15; hole 16; second insulation 

layer 17; third insulation layer 18; first initial connection layer 19; second initial 

connection layer 32; third initial connection layer 33 

 

DETAILED DESCRIPTION 

[ 0040] The typical embodiments embodying the features and advantages of the 

present application are described in detail below. It should be understood that the present 

application may have various changes in different embodiments, which do not depart 

from the scope of the present application. The description and drawings herein are 

essentially used for the purpose of explanation, rather than limiting the present 

application.  

[ 0041] Different exemplary embodiments of the present application are described 

below with reference to the accompanying drawings. The accompanying drawings form a 
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part of the present application, which show by way of example different exemplary 

structures, systems and steps that can implement various aspects of the present 

application. It should be understood that other specific solutions of components, 

structures, exemplary devices, systems and steps may be used, and structural and 

functional modifications may be made without departing from the scope of the present 

application. Moreover, although the terms such as "above", "between" and "within" may 

be used in this specification to describe different exemplary features and elements of the 

present application, these terms are used herein only for convenience of description, for 

example, according to the directions of the examples in the drawings. Nothing in this 

specification should be understood as requiring a specific three-dimensional direction of 

the structure to fall within the scope of the present application. 

[ 0042] An embodiment of the present application provides a semiconductor structure. 

Referring to FIG. 1 to FIG. 5, the semiconductor structure includes: a base 10; and a 

communication portion 21, the communication portion 21 being located in the base 10, 

the communication portion 21 including a first connection layer 211, a second connection 

layer 212, and a third connection layer 213, the second connection layer 212 being 

located on the first connection layer 211, and the third connection layer 213 being located 

on the second connection layer 212; wherein the first connection layer 211, the second 

connection layer 212, and the third connection layer 213 include different conductive 

materials; thermal expansion coefficients of the second connection layer 212 and the 

third connection layer 213 are both less than a thermal expansion coefficient of the first 

connection layer 211. 

[ 0043] The semiconductor structure in an embodiment of the present application 

includes a base 10 and a communication portion 21, wherein the communication portion 

21 includes a first connection layer 211, a second connection layer 212, and a third 

connection layer 213 that are made of different conductive materials; thermal expansion 

coefficients of the second connection layer 212 and the third connection layer 213 are 

both less than a thermal expansion coefficient of the first connection layer 211. That is, 

the second connection layer 212 and the third connection layer 213 change little under 

thermal expansion, thereby reducing the impact on the lattice around the communication 

portion 21, thus improving the performance of the semiconductor structure. 
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[ 0044] It should be noted that, since the thermal expansion coefficients of the second 

connection layer 212 and the third connection layer 213 are both less than the thermal 

expansion coefficient of the first connection layer 211, a material with a low thermal 

expansion coefficient is used as part of the conductive materials of the communication 

portion 21, to reduce the impact of metal thermal expansion on an active element region, 

and also reduce electrical changes of MOS elements in the peripheral lattice, thus 

reducing the size of the chip design. The second connection layer 212 and the third 

connection layer 213, which have lower thermal expansion coefficients, are deformed 

less under heat, thus avoiding squeezing the lattice around the communication portion 21 

with a high pressure, thereby avoiding the impact on other components in the base 10. 

[ 0045] In some embodiments, the communication portion 21 is a part of a conductive 

portion 20. The conductive portion 20 further includes a first conductive layer 22. The 

first conductive layer 22 is located above the communication portion 21, and the third 

connection layer 213 is connected to the first conductive layer 22. Because the second 

connection layer 212 and the third connection layer 213 are close to the first conductive 

layer 22, and the thermal expansion coefficients of the second connection layer 212 and 

the third connection layer 213 are relatively low, the first conductive layer 22 is not 

excessively squeezed. 

[ 0046] In some embodiments, the communication portion 21 is a through-silicon via. 

[ 0047] In an embodiment, the thermal expansion coefficient of the second connection 

layer 212 is less than the thermal expansion coefficient of the third connection layer 213. 

That is, in the communication portion 21, the conductive material with the lowest thermal 

expansion coefficient is located in the middle position. The base 10 is generally provided 

with a large number of components at a position corresponding to this middle position. 

Therefore, the conductive material with the lowest thermal expansion coefficient is 

subject to the smallest impact of thermal expansion, and basically will not squeeze 

components. 

[ 0048] In an embodiment, the second connection layer 212 or the third connection 

layer 213 includes graphene, and the first connection layer 211 includes copper. Copper 

has a higher thermal expansion coefficient. However, since copper is arranged at the 
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bottom, it does not affect the components in the base 10. The second connection layer 

212 or the third connection layer 213 is closer to the components in the base 10, and 

graphene has a negative thermal expansion coefficient. Therefore, graphene can offset the 

thermal expansion of copper, thus avoiding the problem of squeezing. 

[ 0049] In some embodiments, the first connection layer 211 is made of copper, the 

second connection layer 212 is made of graphene, and the third connection layer 213 is 

made of tungsten. 

[ 0050] It should be noted that, when the second connection layer 212 includes 

graphene, which is sandwiched between the first connection layer 211 and the third 

connection layer 213, graphene that has a certain thermal storage function can absorb 

heat from the conductive materials with the higher thermal expansion coefficients, that is, 

absorb heat from the first connection layer 211 and the third connection layer 213, 

thereby reducing thermal expansion of other conductive materials. 

[ 0051] When the second connection layer 212 includes graphene, heat generated by 

the first connection layer 211 and the second connection layer 212 can be transferred to 

the first conductive layer 22 via graphene in time, and transmitted out through a structure 

connected to the first conductive layer 22, thereby achieving the effect of rapid heat 

dissipation. 

[ 0052] In an embodiment, as shown in FIG. 1 and FIG. 2, the second connection layer 

212 is located in the first connection layer 211, that is, the second connection layer 212 is 

peripherally surrounded by the first connection layer 211. The first connection layer 211 

with the higher thermal expansion coefficient can protect the second connection layer 

212. However, due to the lower thermal expansion coefficient of the second connection 

layer 212, the second connection layer 212 will not generate a large squeezing force 

caused by thermal expansion. 

[ 0053] In some embodiments, the second connection layer 212 is located in the first 

connection layer 211; the bottom of the third connection layer 213 is flush with the top of 

the second connection layer 212 and the top of the first connection layer 211. 

[ 0054] In some embodiments, the second connection layer 212 is located in the first 
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connection layer 211, and the third connection layer 213 is located in the first connection 

layer 211. That is, the second connection layer 212 and the third connection layer 213 are 

both peripherally surrounded by the first connection layer 211, specifically as shown in 

FIG. 1 and FIG. 2. 

[ 0055] In an embodiment, as shown in FIG. 1 and FIG. 2, in a direction perpendicular 

to the base 10, projection of the second connection layer 212 coincides with projection of 

the third connection layer 213, that is, a cross sectional area of the second connection 

layer 212 is equal to a cross section of the third connection layer 213. 

[ 0056] Optionally, the top of the third connection layer 213 is flush with the top of the 

first connection layer 211. In this case, a groove is formed in the first connection layer 

211. The second connection layer 212 and the third connection layer 213 are located in 

the groove, and the top of the first connection layer 211 and the top of the third 

connection layer 213 are connected to the first conductive layer 22, specifically as shown 

in FIG. 1 and FIG. 2. In this embodiment, the first connection layer 211, the second 

connection layer 212, and the third connection layer 213 include different conductive 

materials. The thermal expansion coefficient of the second connection layer 212 is less 

than the thermal expansion coefficient of the third connection layer 213, and the thermal 

expansion coefficient of the third connection layer 213 is less than the thermal expansion 

coefficient of the first connection layer 211. The first connection layer 211 is made of 

copper, the second connection layer 212 is made of graphene, and the third connection 

layer 213 is made of tungsten. 

[ 0057] In an embodiment, as shown in FIG. 3 and FIG. 4, in the direction 

perpendicular to the base 10, projection of the first connection layer 211, projection of 

the second connection layer 212, and projection of the third connection layer 213 

coincide with each other. That is, the first connection layer 211, the second connection 

layer 212, and the third connection layer 213 are sequentially stacked along a height 

direction of the base 10, and the cross sectional area of the first connection layer 211, the 

cross sectional area of the second connection layer 212, and the cross sectional area of 

the third connection layer 213 are equal. In this case, only the third connection layer 213 

is directly connected to the first conductive layer 22. In this embodiment, the first 
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connection layer 211, the second connection layer 212, and the third connection layer 

213 include different conductive materials. The thermal expansion coefficient of the 

second connection layer 212 is less than the thermal expansion coefficient of the third 

connection layer 213, and the thermal expansion coefficient of the third connection layer 

213 is less than the thermal expansion coefficient of the first connection layer 211. The 

first connection layer 211 is made of copper, the second connection layer 212 is made of 

graphene, and the third connection layer 213 is made of tungsten. 

[ 0058] In some embodiments, as shown in FIG. 5, the second connection layer 212 is 

located in the first connection layer 211, and in the direction perpendicular to the base 10, 

projection of the first connection layer 211 coincides with projection of the third 

connection layer 213. That is, the bottom of the third connection layer 213 is flush with 

the top of the second connection layer 212 and the top of the first connection layer 211. 

[ 0059] In an embodiment, as shown in FIG. 1, FIG. 3 and FIG. 5, the base 10 

includes: a silicon substrate 11, the bottom of the second connection layer 212 being 

lower than an upper surface of the silicon substrate 11; and an insulation layer 12, the 

insulation layer 12 covers the upper surface of the silicon substrate 11 and covers an 

outer surface of the communication portion 21, and the first conductive layer 22 is 

located in the insulation layer 12. 

[ 0060] Specifically, the base 10 includes the silicon substrate 11 and the insulation 

layer 12. The communication portion 21 is partially located in the silicon substrate 11; 

the bottom of the second connection layer 212 is lower than the upper surface of the 

silicon substrate 11, and the thermal expansion coefficient of the second connection layer 

212 is less than the thermal expansion coefficient of the first connection layer 211. 

Therefore, the second connection layer 212 will not be expanded excessively under heat, 

thereby avoiding the impact on a part of the silicon substrate 11 which is close to the 

upper surface of the second connection layer 212. 

[ 0061] In an embodiment, a functional layer 111 is formed in the silicon substrate 11, 

and the bottom of the second connection layer 212 is lower than a lower surface of the 

functional layer 111. That is, a total height of the second connection layer 212 and the 

third connection layer 213 is not less than a height of the functional layer 111 in the 
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silicon substrate 11, thereby avoiding squeezing the functional layer 111 under thermal 

expansion. The height of the second connection layer 212 may be greater than the height 

of the functional layer 111. 

[ 0062] It should be noted that various components may be provided in the functional 

layer 111. Types of the components are not limited herein, and can be selected according 

to the actual needs. The focus herein is that the second connection layer 212, after overall 

thermal expansion, will not squeeze the functional layer 111, thereby protecting the 

functional layer 111. 

[ 0063] In an embodiment, the top of the second connection layer 212 is higher than 

the upper surface of the silicon substrate 11. That is, the height of the second connection 

layer 212 may be greater than the height of the functional layer 111, thereby protecting 

the part of the silicon substrate 11 which is close to the insulation layer 12, and avoiding 

squeezing the functional layer 111. 

[ 0064] In some embodiments, the first connection layer 211, the second connection 

layer 212, and the third connection layer 213 may be columnar structures. 

[ 0065] In some embodiments, the second connection layer 212 may have a diameter 

of 200 nm to 10 µm and a depth of 1 µm to 20 µm. A portion of the second connection 

layer 212 which enters the silicon substrate 11 has a depth greater than or equal to 1 µm. 

[ 0066] Specifically, the silicon substrate 11 may be made of a silicon-containing 

material. The silicon substrate 11 may be made of any suitable material, including, for 

example, at least one of silicon, monocrystalline silicon, amorphous silicon, silicon-

germanium, monocrystalline silicon-germanium, silicon carbide, or sapphire. 

[ 0067] The insulation layer 12 may include silicon dioxide (SiO2), silicon oxide 

carbon (SiOC), silicon nitride (SiN), silicon carbon nitride (SiCN), and other related 

integrated-circuit insulation materials. 

[ 0068] In an embodiment, as shown in FIG. 1, FIG. 3 and FIG. 5, the semiconductor 

structure further includes: a second conductive layer 30, the second conductive layer 30 

being located in the base 10, the second conductive layer 30 is spaced apart from the first 
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conductive layer 22 and is located above the first conductive layer 22, the first 

conductive layer 22 is connected to the second conductive layer 30 through connection 

pillars 31, and the connection pillars 31 are conductive structures. 

[ 0069] An embodiment of the present application further provides a semiconductor 

structure, including: a base 10; and a communication portion 21, the communication 

portion 21 being located in the base 10, the communication portion 21 includes a first 

connection layer 211, a second connection layer 212, and a third connection layer 213, 

the second connection layer 212 being located on the first connection layer 211, and the 

third connection layer 213 being located on the second connection layer 212; the second 

connection layer 212 and the third connection layer 213 both include graphene, and 

thermal expansion coefficients of the second connection layer 212 and the third 

connection layer 213 are both less than a thermal expansion coefficient of the first 

connection layer 211. 

[ 0070] Compared with the foregoing embodiment, the semiconductor structure in this 

embodiment includes the first connection layer 211 and graphene located above the first 

connection layer 211, graphene can effectively avoid impact on the lattice around the 

communication portion 21, and heat can be transmitted out in time through graphene. In 

this way, the performance of the semiconductor structure is improved. 

[ 0071] It should be noted that, reference may be made to the foregoing embodiment 

for other related structures, and details are not described herein. 

[ 0072] An embodiment of the present application further provides a method of 

manufacturing a semiconductor structure. Referring to FIG. 6, the method of 

manufacturing a semiconductor structure includes: 

[ 0073] S101: Provide a matrix 13. 

[ 0074] S103: Form a communication portion 21 on the matrix 13, the communication 

portion 21 including a first connection layer 211, a second connection layer 212, and a 

third connection layer 213, the second connection layer 212 being formed on the first 

connection layer 211, and the third connection layer 213 being formed on the second 

connection layer 212. 
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[ 0075] The first connection layer 211, the second connection layer 212, and the third 

connection layer 213 include different conductive materials; thermal expansion 

coefficients of the second connection layer 212 and the third connection layer 213 are 

both less than a thermal expansion coefficient of the first connection layer 211. 

[ 0076] According to the method of manufacturing a semiconductor structure in an 

embodiment of the present application, a communication portion 21 is formed on a 

matrix 13, the communication portion 21 including a first connection layer 211, a second 

connection layer 212, and a third connection layer 213 that are made of different 

conductive materials; thermal expansion coefficients of the second connection layer 212 

and the third connection layer 213 are both less than a thermal expansion coefficient of 

the first connection layer 211, and the third connection layer 213 is connected to a first 

conductive layer 22. That is, the second connection layer 212 and the third connection 

layer 213 change little under thermal expansion, thereby reducing the impact on the 

lattice around the communication portion 21, thus improving the performance of the 

semiconductor structure. 

[ 0077] In an embodiment, the second connection layer 212 or the third connection 

layer 213 includes graphene, and the first connection layer 211 includes copper. Copper 

has a higher thermal expansion coefficient. However, since copper is arranged at the 

bottom, it does not affect the components be the base 10. The second connection layer 

212 or the third connection layer 213 is closer to the components in the base 10, and 

graphene has a negative thermal expansion coefficient. Therefore, graphene can offset the 

thermal expansion of copper, thus avoiding the problem of squeezing. 

[ 0078] In an embodiment, an opening 14 is formed in the first connection layer 211; 

the second connection layer 212 and the third connection layer 213 are sequentially 

formed in the opening 14, that is, the structure shown in FIG. 1 and FIG. 2 is formed. 

[ 0079] Specifically, as shown in FIG. 7, the matrix 13 includes a silicon substrate 11 

and a first insulation layer 15. A hole 16 is formed in the silicon substrate 11 and the first 

insulation layer 15; the hole 16 penetrates the first insulation layer 15 but does not 

necessarily penetrate the silicon substrate 11, which is not limited herein. 
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[ 0080] On the basis of FIG. 7, a second insulation layer 17 is covered on the first 

insulation layer 15, and the second insulation layer 17 covers the wall of the hole 16, as 

shown in FIG. 8. 

[ 0081] On the basis of FIG. 8, a third insulation layer 18 is covered on the second 

insulation layer 17, and the third insulation layer 18 covers an upper surface and side 

surfaces of the second insulation layer 17, as shown in FIG. 9. 

[ 0082] On the basis of FIG. 9, a first initial connection layer 19 is covered on the third 

insulation layer 18; the first initial connection layer 19 fills part of the hole 16, and an 

opening 14 is formed above the first initial connection layer 19, as shown in FIG. 10 

[ 0083] On the basis of FIG. 10, a second initial connection layer 32 is covered on the 

first initial connection layer 19, and the second initial connection layer 32 fills the 

opening 14, as shown in FIG. 11. 

[ 0084] On the basis of FIG. 11, a part of the second initial connection layer 32 which 

covers an upper surface of the first initial connection layer 19 and is located on an outer 

side of the opening 14 is removed, and the opening 14 is partially exposed, to form the 

second connection layer 212, as shown in FIG. 12. 

[ 0085] On the basis of FIG. 12, a third initial connection layer 33 is covered on the 

first initial connection layer 19, and the third initial connection layer 33 fills the opening 

14, as shown in FIG. 13. 

[ 0086] On the basis of FIG. 13, the third initial connection layer 33 which covers the 

upper surface of the first initial connection layer 19 and is located on the outer side of the 

opening 14, and a part of the first initial connection layer 19 which is located on the third 

insulation layer 18 are removed, to form the first connection layer 211 and the third 

connection layer 213, as shown in FIG. 14. That is, the semiconductor structure shown in 

FIG. 1 can be finally formed. 

[ 0087] In an embodiment, the first connection layer 211, the second connection layer 

212, and the third connection layer 213 are sequentially formed in the matrix 13. In a 

direction perpendicular to the matrix 13, projection of the first connection layer 211, 
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projection of the second connection layer 212, and projection of the third connection 

layer 213 coincide with each other. That is, the structure shown in FIG. 3 and FIG. 4 is 

formed. 

[ 0088] Specifically, on the basis of FIG. 10, part of the first initial connection layer 19 

is removed, that is, an area above the hole 16 is exposed, to form the first connection 

layer 211, as shown in FIG. 15. 

[ 0089] On the basis of FIG. 15, a second initial connection layer 32 is covered on the 

third insulation layer 18, and the second initial connection layer 32 fills the hole 16, as 

shown in FIG. 16. 

[ 0090] On the basis of FIG. 16, the second initial connection layer 32 is partially 

removed, that is, an area above the hole 16 is exposed, to form the second connection 

layer 212, as shown in FIG. 17. 

[ 0091] On the basis of FIG. 17, a third initial connection layer 33 is covered on the 

third insulation layer 18, and the third initial connection layer 33 fills the hole 16, as 

shown in FIG. 18. 

[ 0092] On the basis of FIG. 18, the third initial connection layer 33 is partially 

removed, that is, an upper surface of the third initial connection layer 33 is made to be 

flush with an upper surface of the third insulation layer 18, to form the third connection 

layer 213, as shown in FIG. 19. That is, the semiconductor structure shown in FIG. 3 can 

be finally formed. 

[ 0093] It should be noted that, the first insulation layer 15, the second insulation layer 

17, and the third insulation layer 18 may include silicon dioxide (SiO2), silicon oxide 

carbon (SiOC), silicon nitride (SiN), silicon carbon nitride (SiCN), and other related 

integrated-circuit insulation materials. 

[ 0094] It should be noted that, a formation process of the first insulation layer 15, the 

second insulation layer 17, the third insulation layer 18, the second initial connection 

layer 32, and the third initial connection layer 33 can be selected from a group consisting 

of a physical vapor deposition (PVD) process, a chemical vapor deposition (CVD) 
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process, an atomic layer deposition (ALD) process, an in-situ steam generation (ISSG) 

process, and a spin on dielectric (SOD) process, etc., which is not limited herein. 

[ 0095] The formation process of the opening 14 and the hole 16 includes lithography 

and etching. After each coating is formed, a chemical mechanical polishing (CMP) 

process can be performed to ensure the flatness of the coating. The first initial connection 

layer 19 can be formed by a process such as electroplating or sputtering, which is not 

limited therein. 

[ 0096] In an embodiment, the semiconductor structure can be formed by using the 

foregoing method of manufacturing a semiconductor structure. The method of 

manufacturing a semiconductor structure can further include forming a second 

conductive layer 30, and the like, which is not limited herein. The silicon substrate 11 

and the various insulation layers described above are all part of the base 10, that is, the 

matrix 13 is a part of the base 10. The first insulation layer 15, the second insulation layer 

17, and the third insulation layer 18 are all part of the insulation layer 12. 

[ 0097] A person skilled in the art may easily think of other implementation solutions 

of the present application after considering the specification and practicing the content 

disclosed herein. The present application is intended to cover any variations, purposes or 

applicable changes of the present application. Such variations, purposes or applicable 

changes follow the general principle of the present application and include common 

knowledge or conventional technical means in the technical field which is not disclosed 

in the present application. The specification and implementations are merely considered 

as illustrative, and the real scope and spirit of the present application are directed by the 

appended claims. 

[ 0098] It should be noted that, the present application is not limited to the precise 

structures that have been described above and shown in the accompanying drawings, and 

can be modified and changed in many ways without departing from the scope of the 

present application. The scope of the present application is defined by the appended 

claims. 
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CLAIMS 

 

1. A semiconductor structure, comprising: 

a base; and 

a communication portion, the communication portion being located in the base and the 

communication portion comprising a first connection layer, a second connection layer, and a 

third connection layer, the second connection layer being located on the first connection layer, 

and the third connection layer being located on the second connection layer; 

wherein the first connection layer, the second connection layer, and the third 

connection layer comprise different conductive materials, thermal expansion coefficients of 

the second connection layer and the third connection layer are both less than a thermal 

expansion coefficient of the first connection layer. 

 

2. The semiconductor structure according to claim 1, wherein a thermal expansion coefficient 

of the second connection layer is less than a thermal expansion coefficient of the third 

connection layer. 

 

3. The semiconductor structure according to claim 1 or 2, wherein the second connection 

layer or the third connection layer comprises graphene, and the first connection layer 

comprises copper. 

 

4. The semiconductor structure according to claim 1 or 2, wherein the second connection 

layer is located in the first connection layer. 
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5. The semiconductor structure according to claim 4, wherein the third connection layer is 

located in the first connection layer. 

 

6. The semiconductor structure according to claim 5, wherein in a direction perpendicular to 

the base, a projection of the second connection layer coincides with a projection of the third 

connection layer; 

wherein a top of the third connection layer is flush with a top of the first connection 

layer. 

 

7. The semiconductor structure according to claim 4, wherein in a direction perpendicular to 

the base, a projection of the first connection layer coincides with a projection of the third 

connection layer. 

 

8. The semiconductor structure according to claim 4, wherein a bottom of the third connection 

layer is flush with a top of the second connection layer and a top of the first connection layer. 

 

9. The semiconductor structure according to claim 1 or 2, wherein in a direction perpendicular 

to the base, a projection of the first connection layer, a projection of the second connection 

layer, and a projection of the third connection layer coincide with each other. 

 

10. The semiconductor structure according to claim 1 or 2, wherein the base comprises: 

a silicon substrate, a bottom of the second connection layer being lower than an upper 

surface of the silicon substrate; and 

an insulation layer, the insulation layer covering the upper surface of the silicon 



 

 

19 

 

substrate and covering an outer surface of the communication portion. 

 

11. The semiconductor structure according to claim 10, wherein a functional layer is formed 

in the silicon substrate, and the bottom of the second connection layer is lower than a lower 

surface of the functional layer. 

 

12. The semiconductor structure according to claim 10, wherein a top of the second 

connection layer is higher than the upper surface of the silicon substrate. 

 

13. The semiconductor structure according to claim 10, wherein a portion of the second 

connection layer entering the silicon substrate has a depth greater than or equal to 1 µm. 

 

14. The semiconductor structure according to claim 1, wherein the communication portion is a 

through-silicon via. 

 

15. The semiconductor structure according to claim 1, wherein the second connection layer 

has a diameter of 200 nm to 10 µm, and the second connection layer has a depth of 1 µm to 

20 µm. 

 

16. A semiconductor structure, comprising: 

a base; and 

a communication portion, the communication portion being located in the base and the 

communication portion comprising a first connection layer, a second connection layer, and a 

third connection layer, the second connection layer being located on the first connection layer, 



 

 

20 

 

and the third connection layer being located on the second connection layer; 

wherein the second connection layer and the third connection layer both comprise 

graphene, and thermal expansion coefficients of the second connection layer and the third 

connection layer are both less than a thermal expansion coefficient of the first connection 

layer. 

 

17. A method of manufacturing a semiconductor structure, comprising: 

providing a matrix; and 

forming a communication portion on the matrix, the communication portion 

comprising a first connection layer, a second connection layer, and a third connection layer, 

the second connection layer being formed on the first connection layer, and the third 

connection layer being formed on the second connection layer; 

wherein the first connection layer, the second connection layer, and the third 

connection layer comprise different conductive materials, thermal expansion coefficients of 

the second connection layer and the third connection layer are both less than a thermal 

expansion coefficient of the first connection layer. 

 

18. The method of manufacturing the semiconductor structure according to claim 17, wherein 

the second connection layer or the third connection layer comprises graphene, and the first 

connection layer comprises copper. 

 

19. The method of manufacturing the semiconductor structure according to claim 17 or 18, 

wherein an opening is formed in the first connection layer, and the second connection layer 

and the third connection layer are sequentially formed in the opening. 
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20. The method of manufacturing the semiconductor structure according to claim 17 or 18, 

wherein the first connection layer, the second connection layer, and the third connection layer 

are sequentially formed in the matrix; 

wherein in a direction perpendicular to the matrix, a projection of the first connection 

layer, a projection of the second connection layer, and a projection of the third connection 

layer coincide with each other. 

 

  


