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SEMICONDUCTOR STRUCTURE AND MANUFACTURING METHOD THEREOF 

 

 

BACKGROUND 

Technical Field 

[0001]       The disclosure relates to a semiconductor structure and a manufacturing method 

thereof; more particularly, the disclosure relates to a semiconductor structure with a favorable 

overall performance and a manufacturing method thereof. 

 

Description of Related Art 

[0002]       In some applications of semiconductor structures, a variety of semiconductor 

devices may be integrated in one semiconductor structure.  For instance, the semiconductor 

structure may have a radio frequency front-end module (RF FEM), a radio frequency (RF) 

switch, a low-noise amplifier (LNA), and a power amplifier (PA) which are integrated into the 

semiconductor structure.  Hence, how to improve the overall performance of the 

semiconductor structure has become an important direction at present. 

 

SUMMARY 

[0003]       The disclosure provides a semiconductor structure and a manufacturing method 

thereof which may improve the overall performance of the semiconductor structure. 

[0004]       In an embodiment of the disclosure, a semiconductor structure is provided, and 

the semiconductor structure includes a first substrate, a heterojunction bipolar transistor (HBT) 

device, a first interconnect structure, a second interconnect structure, a third interconnect 

structure, a second substrate, a metal oxide semiconductor (MOS) device, and a plurality of 

interconnect structures.  The first substrate has a first surface and a second surface opposite to 
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each other.  The HBT device is located on the first substrate and includes a collector, a base, 

and an emitter.  The first interconnect structure is electrically connected to the base, and the 

first interconnect structure is located on the first surface and extends to the second surface.  

The second interconnect structure is electrically connected to the emitter, and the second 

interconnect structure is located on the first surface and extends to the second surface.  The 

third interconnect structure is located on the second surface and electrically connected to the 

collector.  The MOS transistor device is located on the second substrate and includes a gate, a 

first source and drain region, and a second source and drain region.  The interconnect 

structures are located on the second substrate, and the interconnect structures electrically 

connect the base to the first source and drain region and electrically connect the emitter to the 

gate. 

[0005]       According to an embodiment of the disclosure, the collector may extend from the 

first surface to the second surface. 

[0006]       According to an embodiment of the disclosure, the first interconnect structure may 

be connected to the base on the first surface. 

[0007]       According to an embodiment of the disclosure, the second interconnect structure 

may be connected to the emitter on the first surface. 

[0008]       According to an embodiment of the disclosure, the third interconnect structure 

may be connected to the collector on the second surface. 

[0009]       According to an embodiment of the disclosure, the interconnect structures may 

include a fourth interconnect structure and a fifth interconnect structure.  The fourth 

interconnect structure is electrically connected to the first source and drain region.  The fifth 

interconnect structure is electrically connected to the gate.  The base and the first source and 

drain region are electrically connected to each other by the first interconnect structure and the 

fourth interconnect structure bonded to each other.  The emitter and the gate are electrically 
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connected to each other by the second interconnect structure and the fifth interconnect structure 

bonded to each other. 

[0010]       According to an embodiment of the disclosure, the first interconnect structure may 

be directly bonded to the fourth interconnect structure, and the second interconnect structure 

may be directly bonded to the fifth interconnect structure. 

[0011]       According to an embodiment of the disclosure, the semiconductor structure may 

further include a first dielectric layer and a second dielectric layer.  The first dielectric layer is 

located on the first substrate, and a portion of the first interconnect structure and a portion of 

the second interconnect structure may be located in the first dielectric layer.  The second 

dielectric layer is located on the second substrate, and the fourth interconnect structure and the 

fifth interconnect structure may be located in the second dielectric layer. 

[0012]       According to an embodiment of the disclosure, the first dielectric layer and the 

second dielectric layer are bonded to each other. 

[0013]       According to an embodiment of the disclosure, the first dielectric layer may be 

directly bonded to the second dielectric layer. 

[0014]       According to an embodiment of the disclosure, the interconnect structures may 

further include a sixth interconnect structure that is electrically connected to the second source 

and drain region. 

[0015]       According to an embodiment of the disclosure, the second substrate may be a 

semiconductor-on-insulator (SOI) substrate. 

[0016]       According to an embodiment of the disclosure, the semiconductor structure may 

further include an isolation structure that is located in the first substrate.  The first interconnect 

structure may pass through the isolation structure, and the second interconnect structure may 

pass through the isolation structure. 

[0017]       According to an embodiment of the disclosure, the semiconductor structure may 
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further include a dielectric layer, a passivation layer, a fourth interconnect structure, a fifth 

interconnect structure, and a sixth interconnect structure.  The dielectric layer is located on the 

second surface.  The third interconnect structure is located in the dielectric layer.  The 

passivation layer is located on the dielectric layer.  The fourth interconnect structure is located 

in the passivation layer and electrically connected to the first interconnect structure.  The fifth 

interconnect structure is located in the passivation layer and electrically connected to the second 

interconnect structure.  The sixth interconnect structure is located in the passivation layer and 

electrically connected to the third interconnect structure. 

[0018]       According to an embodiment of the disclosure, the passivation layer may have a 

first opening, a second opening, and a third opening.  The first opening exposes the fourth 

interconnect structure.  The second opening exposes the fifth interconnect structure.  The 

third opening exposes the sixth interconnect structure. 

[0019]       In an embodiment of the disclosure, a manufacturing method of a semiconductor 

structure is provided, and the manufacturing method includes following steps.  A first 

substrate is provided, and the first substrate has a first surface and a second surface opposite to 

each other.  A HBT device is formed on the first substrate, and the HBT device includes a 

collector, a base, and an emitter.  A first interconnect structure is formed on the first surface, 

and the first interconnect structure is electrically connected to the base and extends to the second 

surface.  A second interconnect structure is formed on the first surface, and the second 

interconnect structure is electrically connected to the emitter and extends to the second surface.  

A third interconnect structure is formed on the second surface, and the third interconnect 

structure is electrically connected to the collector.  A second substrate is provided.  A MOS 

transistor device is formed on the second substrate, and the MOS transistor device includes a 

gate, a first source and drain region, and a second source and drain region.  A plurality of 

interconnect structures are formed on the second substrate, and the interconnect structures 
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electrically connect the base to the first source and drain region and electrically connect the 

emitter to the gate. 

[0020]       According to an embodiment of the disclosure, a method of forming the 

interconnect structures may include following steps.  A fourth interconnect structure is formed, 

and a fifth interconnect structure is formed.  The fourth interconnect structure is electrically 

connected to the first source and drain region, and the fifth interconnect structure is electrically 

connected to the gate. 

[0021]       According to an embodiment of the disclosure, the manufacturing method of the 

semiconductor structure may further include following steps. The first interconnect structure 

and the fourth interconnect structure are bonded, and the base is electrically connected to the 

first source and drain region.  The second interconnect structure and the fifth interconnect 

structure are bonded, and the emitter is electrically connected to the gate. 

[0022]       According to an embodiment of the disclosure, the manufacturing method of the 

semiconductor structure may further include following steps.  A first dielectric layer is formed 

on the first substrate, and a portion of the first interconnect structure and a portion of the second 

interconnect structure may be located in the first dielectric layer.  A second dielectric layer is 

formed on the second substrate, and the fourth interconnect structure and the fifth interconnect 

structure may be located in the second dielectric layer.  The first dielectric layer and the second 

dielectric layer are bonded. 

[0023]       According to an embodiment of the disclosure, a method of bonding the first 

interconnect structure and the fourth interconnect structure, bonding the second interconnect 

structure and the fifth interconnect structure, and bonding the first dielectric layer and the 

second dielectric layer may be hybrid bonding. 

[0024]       In view of the above, in the semiconductor structure and the manufacturing 

method thereof provided in one or more embodiments of the disclosure, the semiconductor 
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structure includes the HBT device located on the first substrate and the MOS transistor device 

located on the second substrate.  The base is electrically connected to the first source and drain 

region, and the emitter is electrically connected to the gate.  Hence, the HBT device and the 

MOS transistor device may be stacked and electrically connected to each other, whereby the 

size of the semiconductor structure may be effectively reduced.  

[0025]       Besides, the first interconnect structure, the second interconnect structure, and the 

third interconnect structure are electrically connected to the base, the emitter, and the collector, 

respectively.  The first interconnect structure is located on the first surface and extends to the 

second surface, the second interconnect structure is located on the first surface and extends to 

the second surface, and the third interconnect structure is located on the second surface.  

Accordingly, the size of the HBT device may be reduced, and the resistance of the collector, the 

capacitance between the collector and the first substrate, the capacitance between the first 

interconnect structure and the third interconnect structure, and the capacitance between the 

second interconnect structure and the third interconnect structure may be reduced as well.  As 

such, the performance of the HBT device and the overall performance of the semiconductor 

structure may be enhanced.  

[0026]       From another perspective, the HBT device and the MOS transistor device may be 

respectively formed on the first substrate and the second substrate, and therefore the 

manufacturing process of the HBT device and the MOS transistor device do not affect each 

other.  As a result, the HBT device and the MOS transistor device may be respectively adjusted 

to the optimal condition, so as to further enhance the performance of the HBT device, the 

performance of the MOS transistor device, and the overall performance of the semiconductor 

structure. 

[0027]       To make the above more comprehensible, several embodiments accompanied with 

drawings are described in detail as follows. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0028]       The accompanying drawings are included to provide a further understanding of 

the disclosure, and are incorporated in and constitute a part of this specification. The drawings 

illustrate embodiments of the disclosure and, together with the description, serve to explain the 

principles of the disclosure. 

[0029]       FIG. 1A to FIG. 1E are cross-sectional views of a manufacturing process of a 

semiconductor structure according to some embodiments of the disclosure. 

 

DESCRIPTION OF THE EMBODIMENTS 

[0030]       FIG. 1A to FIG. 1E are cross-sectional views of a manufacturing process of a 

semiconductor structure according to some embodiments of the disclosure. 

[0031]       With reference to FIG. 1A, a substrate 100 is provided.  The substrate 100 has a 

first surface S1 and a second surface S2 opposite to each other.  In some embodiments, the 

substrate 100 may have a first conductive type (e.g., a p-type).  The first conductive type and 

a second conductive type indicated hereinafter may respectively refer to the p-type and an n-

type or vice versa.  In this embodiment, the first conductive type is, for instance, the p-type, 

and the second conductive type is, for instance, the n-type, which should however not be 

construed as a limitation in the disclosure.  In other embodiments, the first conductive type 

may be the n type, and the second conductive type may be the p type.  The substrate 100 may 

be a semiconductor substrate, such as a silicon substrate. 

[0032]       Next, an HBT device 102 is formed on the substrate 100.  The HBT device 102 

includes a collector 104, a base 106, and an emitter 108.  The collector 104 is located in the 

substrate 100.  The collector 104 may have the second conductive type (e.g., the n-type).  In 

some embodiments, the collector 104 may include a heavily doped region 104a and a lightly 
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doped region 104b.  The heavily doped region 104a is located in the substrate 100.  The 

lightly doped region 104b is located in the substrate 100 and located between the heavily doped 

region 104a and the base 106. 

[0033]       The base 106 is located on the substrate 100 and may be connected to the collector 

104.  The base 106 may have the first conductive type (e.g., the p-type).  A material of the 

base 106 may be a doped semiconductor material, such as a doped group III-V semiconductor 

material.  In this embodiment, the material of base 106 is, for instance, doped SiGe, which 

should however not be construed as a limitation in the disclosure. 

[0034]       The emitter 108 is located on the base 106.  The emitter 108 may have the second 

conductive type (e.g., the n-type).  A material of the emitter 108 is, for instance, a doped 

semiconductor material.  In this embodiment, the material of the emitter 108 is, for instance, 

doped polysilicon, which should however not be construed as a limitation in the disclosure. 

[0035]       In some embodiments, an isolation structure 110 may be formed in the substrate 

100.  The isolation structure 110 is, for instance, a shallow trench isolation structure.  A 

material of the isolation structure 110 is, for instance, silicon oxide.  In some embodiments, a 

passivation layer 112 may be formed on the isolation structure 110.  A material of the 

passivation layer 112 is, for instance, silicon oxide.  In some embodiments, a passivation layer 

114 may be formed between the base 106 and the passivation layer 112.  A material of the 

passivation layer 114 is, for instance, polysilicon.  In some embodiments, a passivation layer 

116 may be formed between the emitter 108 and the base 106.  The passivation layer 116 has 

an opening OP1.  A material of the passivation layer 116 is, for instance, silicon oxide.  In 

some embodiments, the emitter 108 passes through the opening OP1 of the passivation layer 

116 and connects the base 106. 

[0036]       In some embodiments, a spacer 118 and a spacer 120 may be formed on a sidewall 

of the base 106 and a sidewall of the emitter 108, respectively.  A material of the spacer 118 
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and the spacer 120 is, for instance, silicon oxide.  In some embodiments, a metal silicide layer 

122 and a metal silicide layer 124 may be formed on the base 106 and the emitter 108, 

respectively.  A material of the metal silicide layer 122 and the metal silicide layer 124 is, for 

instance, cobalt silicide or nickel silicide. 

[0037]       In addition, an interconnect structure IS11 is formed on the first surface S1 of the 

substrate 100.  The interconnect structure IS11 is electrically connected to the base 106.  In 

some embodiments, the interconnect structure IS11 may be electrically connected to the base 

106 via the metal silicide layer 122.  In addition, an interconnect structure IS12 is formed on 

the first surface S1 of the substrate 100.  The interconnect structure IS12 is electrically 

connected to the emitter 108.  In some embodiments, the interconnect structure IS 12 may be 

electrically connected to the emitter 108 via the metal silicide layer 124.  The interconnect 

structure IS11 and the interconnect structure IS12 may respectively include a contact, a via, a 

conductive line, or a combination thereof.  The interconnect structure IS11 and the 

interconnect structure IS12 may be multi-layer interconnect structures.  A material of the 

interconnect structure IS11 and the interconnect structure IS12 is, for instance, tungsten, copper, 

aluminum, or a combination thereof.  The interconnect structure IS11 and the interconnect 

structure IS12 may be formed by a metal interconnection process. 

[0038]       Moreover, a dielectric layer 126 may be formed on the substrate 100.  The 

interconnect structure IS11 and the interconnect structure IS12 may be located in the dielectric 

layer 126.  In some embodiments, the dielectric layer 126 may have a multi-layer structure.  

A material of the dielectric layer 126 is, for instance, silicon oxide.  A method of forming the 

dielectric layer 126 is, for instance, chemical vapor deposition (CVD). 

[0039]       With reference to FIG. 1B, a substrate 200 is provided.  In some embodiments, 

the substrate 200 may be an SOI substrate.  For instance, the substrate 200 may include a 

substrate layer 200a, an insulation layer 200b, and a semiconductor layer 200c.  A material of 



 

 

10 

 

the substrate layer 200a is, for instance, a semiconductor material, such as silicon.  The 

insulation layer 200b is located on the substrate layer 200a.  A material of the insulation layer 

200b is, for instance, silicon oxide.  The semiconductor layer 200c is located on the insulation 

layer 200b.  A material of the semiconductor layer 200c is, for instance, silicon.  In some 

embodiments, an isolation structure 202 may be formed in the substrate 200.  The isolation 

structure 202 is, for instance, a shallow trench isolation structure.  A material of the isolation 

structure 202 is, for instance, silicon oxide. 

[0040]       Next, an MOS transistor device 204 is formed on the substrate 200.  In this 

embodiment, although only one MOS transistor device 204 is formed on substrate 200, this 

should not be construed as a limitation in the disclosure.  In some embodiments, plural MOS 

transistor devices 204 may be formed on substrate 200.  The MOS transistor device 204 may 

be an n-type MOS (NMOS) transistor or a p-type MOS (PMOS) transistor.  In some 

embodiments, a complementary metal oxide semiconductor (CMOS) device may be formed on 

substrate 200.  That is, in case that a plurality of MOS transistor devices 204 are formed on 

the substrate 200, the MOS transistor devices 204 may include the NMOS transistors and the 

PMOS transistors. 

[0041]       The MOS transistor device 204 includes a gate 206, a source and drain region 208, 

and source and drain region 210.  A gate 206 is located on the semiconductor layer 200c.  A 

material of gate 206 is, for instance, doped polysilicon.  The source and drain region 208 and 

the source and drain region 210 are located in the semiconductor layer 200c on both sides of 

the gate 206.  The source and drain region 208 and the source and drain region 210 may be a 

doped region, respectively.  In some embodiments, the source and drain region 208 may be a 

source region, and the source and drain region 210 may be a drain region.  In other 

embodiments, the source and drain region 208 may be the drain region, and the source and drain 

region 210 may be the source region.  In addition, the MOS transistor device 204 may further 
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include a gate dielectric layer 212.  The gate dielectric layer 212 is located between the gate 

206 and the semiconductor layer 200c.  A material of the gate dielectric layer 212 is, for 

instance, silicon oxide. 

[0042]       Next, a plurality of interconnect structures are formed on the substrate 200.  In 

some embodiments, a method of forming the interconnect structures may include a step of 

forming the interconnect structure IS21 and a step of forming the interconnect structure IS22.  

The interconnect structure IS21 is electrically connected to the source and drain region 208.  

The interconnect structure IS22 is electrically connected to the gate 206.  In addition, the 

method of forming the interconnect structures may further include a step of forming an 

interconnect structure IS23.  The interconnect structure IS22 is electrically connected to the 

source and drain region 210.  The interconnect structure IS21, the interconnect structure IS22, 

and the interconnect structure IS23 may respectively include a contact window, a via, a 

conductive line, or a combination thereof.  The interconnect structure IS21, the interconnect 

structure IS22, and the interconnect structure IS23 may be multi-layer interconnect structures.  

A material of the interconnect structure IS21, the interconnect structure IS22, and the 

interconnect structure IS23 is, for instance, tungsten, copper, aluminum, or a combination 

thereof.  The interconnect structure IS21, the interconnect structure IS22, and the interconnect 

structure IS23 may be formed by a metal interconnection process. 

[0043]       A dielectric layer 214 may be further formed on the substrate 200.  The 

interconnect structure IS21, the interconnect structure IS22, and the interconnect structure IS23 

may be located in the dielectric layer 214.  In some embodiments, the dielectric layer 214 may 

have a multi-layer structure.  A material of the dielectric layer 214 is, for instance, silicon 

oxide.  A method of forming the dielectric layer 214 is, for instance, CVD. 

[0044]       With reference to FIG. 1C, the interconnect structure IS11 and the interconnect 

structure IS21 may be bonded, and the base 106 may be electrically connected to the source 
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and drain region 208.  In addition, the interconnect structure IS12 and the interconnect 

structure IS22 may be bonded, and the emitter 108 may be electrically connected to the gate 

206.  That is, the interconnect structures (e.g., the interconnect structure IS21 and the 

interconnect structure IS22) electrically connect the base 106 to the source and drain region 208 

and electrically connect the emitter 108 to the gate 206.  In addition, the dielectric layer 126 

and the dielectric layer 214 may be bonded.  In some embodiments, a method of bonding the 

interconnect structure IS11 and the interconnect structure IS21, bonding the interconnect 

structure IS12 and the interconnect structure IS22, and bonding the dielectric layer 126 and the 

dielectric layer 214 may be hybrid bonding. 

[0045]       Next, a portion of the substrate 100 may be removed to thin down the substrate 

100 and expose the isolation structure 110.  A method of removing the portion of the substrate 

100 is, for instance, chemical mechanical polishing. 

[0046]       With reference to FIG. 1D, the interconnect structure IS13 is formed on the second 

surface S2.  The interconnect structure IS13 is electrically connected to the collector 104.  

The interconnect structure IS13 may include a contact, a via, a conductive line, or a combination 

thereof.  In this embodiment, the interconnect structure IS13 is, for instance, the contact, 

which should however not be construed as a limitation in the disclosure.  A material of the 

interconnect structure IS13 is, for instance, tungsten, copper, aluminum, or a combination 

thereof.  The interconnect structure IS13 may be formed by a metal interconnection process. 

[0047]       In addition, a dielectric layer 128 may be formed on the second surface S2 of the 

substrate 100.  The interconnect structure IS13 is located in the dielectric layer 128.  A 

material of the dielectric layer 128 is, for instance, silicon oxide.  Besides, the interconnect 

structure IS11 extends to the second surface S2 of the substrate 100, and the interconnect 

structure IS12 extends to the second surface S2 of the substrate 100.  In some embodiments, 

the interconnect structure IS11 and the interconnect structure IS12 may be extended to the 
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second surface S2 of the substrate 100 through a metal interconnection process. 

[0048]       With reference to FIG. 1E, an interconnect structure IS14, an interconnect 

structure IS15, and an interconnect structure IS16 that are respectively electrically connected 

to the interconnect structure IS11, the interconnect structure IS12, and the interconnect structure 

IS13 may be formed.  The interconnect structure IS14, the interconnect structure IS15, and the 

interconnect structure IS16 may be a pad or a redistribution layer (RDL), respectively.  A 

material of the interconnect structure IS14, the interconnect structure IS15, and the interconnect 

structure IS16 is, for instance, tungsten, copper, aluminum, or a combination thereof.  The 

interconnect structure IS14, the interconnect structure IS15, and the interconnect structure IS16 

may be formed by a metal interconnection process. 

[0049]       Additionally, a passivation layer 130 may be formed on the dielectric layer 128.  

The passivation layer 130 may cover a portion of the interconnect structure IS14, a portion of 

the interconnect structure IS15, and a portion of the interconnect structure IS16.  The 

passivation layer 130 may have an opening OP2, an opening OP3, and an opening OP4.  The 

opening OP2 exposes the interconnect structure IS14.  The opening OP3 exposes the 

interconnect structure IS15.  The opening OP4 exposes the interconnect structure IS16.  The 

passivation layer 130 may have a single-layer structure or a multi-layer structure.  For instance, 

the passivation layer 130 may include a passivation layer 130a and a passivation layer 130b.  

The passivation layer 130a is located on the dielectric layer 128.  A material of the passivation 

layer 130a is, for instance, silicon oxide.  The passivation layer 130b is located on the 

passivation layer 130a.  A material of the passivation layer 130a is, for instance, silicon nitride. 

[0050]       In addition, the number of layers of the interconnect structure IS11 to the 

interconnect structure IS16 and the interconnect structure IS21 to the interconnect structure 

IS23 is not limited to the number of layers shown in the drawings.  People having ordinary 

skill in the pertinent art may adjust the number of layers of the interconnect structure IS11 to 
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the interconnect structure IS16 and the interconnect structure IS21 to the interconnect structure 

IS23 according to actual requirements. 

[0051]       Hereinafter, a semiconductor structure 10 provided in this embodiment is 

described with reference to FIG. 1E.  Besides, although a method of forming the 

semiconductor structure 10 is explained by taking the above-mentioned method as an example, 

this should not be construed as a limitation in the disclosure. 

[0052]       With reference to FIG. 1E, the semiconductor structure 10 includes the substrate 

100, the HBT device 102, the interconnect structure IS11, the interconnect structure IS12, the 

interconnect structure IS13, the substrate 200, the MOS transistor device 204, and a plurality 

of interconnect structures (e.g., the interconnect structure IS21 and the interconnect structure 

IS22).  The substrate 100 has the first surface S1 and the second surface S2 opposite to each 

other.  The substrate 200 may be an SOI substrate.  The semiconductor structure 10 may 

further include the isolation structure 110.  The isolation structure 110 is located in the 

substrate 100. 

[0053]       The HBT device 102 is located on the substrate 100.  The HBT device 102 

includes the collector 104, the base 106, and the emitter 108.  The collector 104 may extend 

from the first surface S1 to the second surface S2.  The interconnect structure IS11 is 

electrically connected to the base 106.  The interconnect structure IS11 is located on the first 

surface S1 and extends to the second surface S2.  In some embodiments, the interconnect 

structure IS11 may be connected to the base 106 on the first surface S1.  The interconnect 

structure IS11 may pass through the isolation structure 110.  The interconnect structure IS12 

is electrically connected to the emitter 108.  The interconnect structure IS12 is located on the 

first surface S1 and extends to the second surface S2.  In some embodiments, the interconnect 

structure IS12 may be connected to the emitter 108 on the first surface S1.  The interconnect 

structure IS12 may pass through the isolation structure 110.  The interconnect structure IS13 
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is located on the second surface S2 and is electrically connected to the collector 104.  In some 

embodiments, the interconnect structure IS13 may be connected to the collector 104 on the 

second surface S2. 

[0054]       The MOS transistor device 204 is located on the substrate 200.  The MOS 

transistor device 204 includes the gate 206, the source and drain region 208, and the source and 

drain region 210.  The interconnect structures (e.g., the interconnect structure IS21 and the 

interconnect structure IS22) are located on the substrate 200.  The interconnect structures (e.g., 

the interconnect structure IS21 and the interconnect structure IS22) electrically connect the base 

106 to the source and drain region 208 and electrically connect the emitter 108 to the gate 206.  

In some embodiments, the interconnect structures located on the substrate 200 may include the 

interconnect structure IS21 and the interconnect structure IS22.  The interconnect structure 

IS21 is electrically connected to the source and drain region 208.  The interconnect structure 

IS22 is electrically connected to the gate 206.  In addition, the interconnect structures may 

further include the interconnect structure IS23.  The interconnect structure IS23 is electrically 

connected to the source and drain region 210.  The base 106 and the source and drain region 

208 may be electrically connected to each other by the interconnect structure IS11 and the 

interconnect structure IS21 bonded to each other.  In some embodiments, the interconnect 

structure IS11 may be directly bonded to the interconnect structure IS21.  The emitter 108 and 

the gate 206 may be electrically connected to each other by the interconnect structure IS12 and 

the interconnect structure IS22 bonded to each other.  In some embodiments, the interconnect 

structure IS12 may be directly bonded to the interconnect structure IS22. 

[0055]       The semiconductor structure 10 may further include the semiconductor dielectric 

layer 126 and the dielectric layer 214.  The dielectric layer 126 is located on the substrate 100.  

A portion of the interconnect structure IS11 and a portion of the interconnect structure IS12 

may be located in the dielectric layer 126.  The dielectric layer 214 is located on the substrate 
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200.  The interconnect structure IS21, the interconnect structure IS22, and the interconnect 

structure IS23 may be located in the dielectric layer 214.  The dielectric layer 126 and the 

dielectric layer 214 may be bonded to each other.  In some embodiments, the dielectric layer 

126 may be directly bonded to the dielectric layer 214. 

[0056]       The semiconductor structure 10 may further include the semiconductor dielectric 

layer 128, the passivation layer 130, the interconnect structure IS14, the interconnect structure 

IS15, and the interconnect structure IS16.  The dielectric layer 128 is located on the second 

surface S2.  The interconnect structure IS13 is located in the dielectric layer 128.  The 

passivation layer 130 is located on the dielectric layer 128.  The interconnect structure IS14 is 

located in the passivation layer 130 and electrically connected to the interconnect structure IS11.  

The interconnect structure IS15 is located in the passivation layer 130 and electrically 

connected to the interconnect structure IS12.  The interconnect structure IS16 is located in the 

passivation layer 130 and electrically connected to the interconnect structure IS13.  In addition, 

the passivation layer 130 may have the opening OP2, the opening OP3, and the opening OP4.  

The opening OP2 exposes the interconnect structure IS14.  The opening OP3 exposes the 

interconnect structure IS15.  The opening OP4 exposes the interconnect structure IS16. 

[0057]       The rest explanation of the semiconductor structure 10 may be derived from the 

descriptions provided in the previous embodiment and will not be repeated hereinafter. 

[0058]       According to one or more embodiments provided above, in the semiconductor 

structure 10 and the manufacturing method thereof, the semiconductor structure 10 includes the 

HBT device 102 located on the substrate 100 and the MOS transistor device 204 located on the 

substrate 200, the base 106 is electrically connected to the source and drain region 208, and the 

emitter 108 is electrically connected to the gate 206.  Therefore, the HBT device 102 and the 

MOS transistor device 204 may be stacked and electrically connected to each other, whereby 

the size of the semiconductor structure 10 may be effectively reduced. 
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[0059]       In addition, the interconnect structure IS11, the interconnect structure IS12, and 

the interconnect structure IS13 are electrically connected to the base 106, the emitter 108, and 

the collector 104, respectively.  The interconnect structure IS11 is located on the first surface 

S1 and extends to the second surface S2, the interconnect structure IS12 is located on the first 

surface S1 and extends to the second surface S2, and the interconnect structure IS13 is located 

on the second surface S2.  Accordingly, the size of the HBT device 102 may be reduced, and 

the resistance of the collector 104, the capacitance between the collector 104 and the substrate 

100, the capacitance between the interconnect structure IS11 and the interconnect structure IS13, 

and the capacitance between the interconnect structure IS12 and the interconnect structure IS13 

may be reduced as well.  As such, the performance of the HBT device 102 and the overall 

performance of the semiconductor structure 10 are enhanced.  In some embodiments, in case 

that the collector 104 extends from the first surface S1 of the substrate 100 to the second surface 

S2 of the substrate 100, the capacitance between the collector 104 and the substrate 100 may 

be eliminated. 

[0060]       In addition, since the HBT device 102 and the MOS transistor device 204 may be 

respectively formed on the substrate 100 and the substrate 200, the manufacturing process of 

the HBT device 102 and the manufacturing process of the MOS transistor device 204 do not 

affect each other.  Therefore, the HBT device 102 and the MOS transistor device 204 may be 

adjusted to the optimal condition, respectively, so as to further improve the performance of the 

HBT device 102, the performance of the MOS transistor device 204, and the overall 

performance of the semiconductor structure 10. 

[0061]       To sum up, in the semiconductor structure and the manufacturing method thereof 

provided in one or more of the embodiments of the disclosure, the size of the semiconductor 

structure may be effectively reduced, and the overall performance of the semiconductor 

structure may be improved.  Besides, in the semiconductor structure and the manufacturing 
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method thereof provided in one or more of the embodiments of the disclosure, the HBT device 

and the MOS transistor device may be respectively adjusted to the optimal condition, so as to 

further enhance the performance of the HBT device and the performance of the MOS transistor 

device. 

[0062]       It will be apparent to those skilled in the art that various modifications and 

variations may be made to the disclosed embodiments without departing from the scope or spirit 

of the disclosure.  In view of the foregoing, it is intended that the disclosure covers 

modifications and variations provided they fall within the scope of the following claims and 

their equivalents. 
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CLAIMS 

 

[Claim 1]  

A semiconductor structure, comprising: 

a first substrate, having a first surface and a second surface opposite to each other; 

a heterojunction bipolar transistor device, located on the first substrate and comprising a 

collector, a base, and an emitter; 

a first interconnect structure, electrically connected to the base, wherein the first 

interconnect structure is located on the first surface and extends to the second surface; 

a second interconnect structure, electrically connected to the emitter, wherein the second 

interconnect structure is located on the first surface and extends to the second surface; 

a third interconnect structure, located on the second surface and electrically connected to 

the collector; 

a second substrate; 

a metal oxide semiconductor transistor device, located on the second substrate and 

comprising a gate, a first source and drain region, and a second source and drain region; and 

a plurality of interconnect structures, located on the second substrate, wherein the 

interconnect structures electrically connect the base to the first source and drain region and 

electrically connect the emitter to the gate. 

 

[Claim 2]  

The semiconductor structure according to claim 1, wherein the collector extends from the 

first surface to the second surface. 
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[Claim 3] 

The semiconductor structure according to claim 1, wherein the first interconnect structure 

is connected to the base on the first surface. 

 

[Claim 4]  

The semiconductor structure according to claim 1, wherein the second interconnect 

structure is connected to the emitter on the first surface. 

 

[Claim 5]  

The semiconductor structure according to claim 1, wherein the third interconnect structure 

is connected to the collector on the second surface. 

 

[Claim 6]  

The semiconductor structure according to claim 1, wherein the interconnect structures 

comprise: 

a fourth interconnect structure, electrically connected to the first source and drain region; 

and 

a fifth interconnect structure, electrically connected to the gate, wherein 

the base and the first source and drain region are electrically connected to each other by 

the first interconnect structure and the fourth interconnect structure bonded to each other, and 

the emitter and the gate are electrically connected to each other by the second interconnect 

structure and the fifth interconnect structure bonded to each other. 

 

[Claim 7]  

The semiconductor structure according to claim 6, wherein 
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the first interconnect structure is directly bonded to the fourth interconnect structure, and 

the second interconnect structure is directly bonded to the fifth interconnect structure. 

 

[Claim 8]  

The semiconductor structure according to claim 6, further comprising: 

a first dielectric layer, located on the first substrate, wherein a portion of the first 

interconnect structure and a portion of the second interconnect structure are located in the first 

dielectric layer; and 

a second dielectric layer, located on the second substrate, wherein the fourth interconnect 

structure and the fifth interconnect structure are located in the second dielectric layer. 

 

[Claim 9]  

The semiconductor structure according to claim 8, wherein the first dielectric layer and the 

second dielectric layer are bonded to each other. 

 

[Claim 10]  

The semiconductor structure according to claim 8, wherein the first dielectric layer is 

directly bonded to the second dielectric layer. 

 

[Claim 11]  

The semiconductor structure according to claim 6, wherein the interconnect structures 

further comprise: 

a sixth interconnect structure, electrically connected to the second source and drain region. 
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[Claim 12]  

The semiconductor structure according to claim 1, wherein the second substrate comprises 

a semiconductor-on-insulator substrate. 

 

[Claim 13]  

The semiconductor structure according to claim 1, further comprising: 

an isolation structure, located in the first substrate, wherein 

the first interconnect structure passes through the isolation structure, and 

the second interconnect structure passes through the isolation structure. 

 

[Claim 14]  

The semiconductor structure according to claim 1, further comprising: 

a dielectric layer, located on the second surface, wherein the third interconnect structure is 

located in the dielectric layer; 

a passivation layer, located on the dielectric layer; 

a fourth interconnect structure, located in the passivation layer and electrically connected 

to the first interconnect structure; 

a fifth interconnect structure, located in the passivation layer and electrically connected to 

the second interconnect structure; and 

a sixth interconnect structure, located in the passivation layer and electrically connected to 

the third interconnect structure. 

 

[Claim 15]  

The semiconductor structure according to claim 14, wherein 

the passivation layer has a first opening, a second opening, and a third opening, 
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the first opening exposes the fourth interconnect structure, 

the second opening exposes the fifth interconnect structure, and 

the third opening exposes the sixth interconnect structure. 

 

[Claim 16]  

A manufacturing method of a semiconductor structure, comprising: 

providing a first substrate, wherein the first substrate has a first surface and a second surface 

opposite to each other; 

forming a heterojunction bipolar transistor device on the first substrate, wherein the 

heterojunction bipolar transistor device comprises a collector, a base, and an emitter; 

forming a first interconnect structure on the first surface, wherein the first interconnect 

structure is electrically connected to the base and extends to the second surface; 

forming a second interconnect structure on the first surface, wherein the second 

interconnect structure is electrically connected to the emitter and extends to the second surface; 

forming a third interconnect structure on the second surface, wherein the third interconnect 

structure is electrically connected to the collector; 

providing a second substrate; 

forming a metal oxide semiconductor transistor device on the second substrate, wherein 

the metal oxide semiconductor transistor device comprises a gate, a first source and drain 

region, and a second source and drain region; and 

forming a plurality of interconnect structures on the second substrate, wherein the 

interconnect structures electrically connect the base to the first source and drain region and 

electrically connect the emitter to the gate. 
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[Claim 17]  

The manufacturing method according to claim 16, wherein a method of forming the 

interconnect structures comprises: 

forming a fourth interconnect structure, wherein the fourth interconnect structure is 

electrically connected to the first source and drain region; and 

forming a fifth interconnect structure, wherein the fifth interconnect structure is electrically 

connected to the gate. 

 

[Claim 18]  

The manufacturing method according to claim 17, further comprising: 

bonding the first interconnect structure and the fourth interconnect structure and 

electrically connecting the base to the first source and drain region; and 

bonding the second interconnect structure and the fifth interconnect structure and 

electrically connecting the emitter to the gate. 

 

[Claim 19]  

The manufacturing method according to claim 18, further comprising: 

forming a first dielectric layer on the first substrate, wherein a portion of the first 

interconnect structure and a portion of the second interconnect structure are located in the first 

dielectric layer; 

forming a second dielectric layer on the second substrate, wherein the fourth interconnect 

structure and the fifth interconnect structure are located in the second dielectric layer; and 

bonding the first dielectric layer and the second dielectric layer. 
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[Claim 20] 

The manufacturing method according to claim 19, wherein a method of bonding the first 

interconnect structure and the fourth interconnect structure, bonding the second interconnect 

structure and the fifth interconnect structure, and bonding the first dielectric layer and the 

second dielectric layer comprises hybrid bonding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




