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( 57 ) ABSTRACT 

The present application discloses a semiconductor device 
and a method for fabricating the semiconductor device . The 
semiconductor device includes a first semiconductor struc 
ture , a second semiconductor structure , a through semicon 
ductor via , and an insulation layer . The first semiconductor 
structure includes a first circuit layer and a first main 
bonding layer in the first circuit layer and substantially 
coplanar with a front face of the first circuit layer . The 
second semiconductor structure includes a second circuit 
layer on the first circuit layer and a second main bonding 
layer in the second circuit layer , and topologically aligned 
with and contacted to the first main bonding layer . The 
through semiconductor via is along the second semiconduc 
tor structure and the first and second main bonding layer , and 
extending to the first circuit layer . The insulation layer is 
positioned on a sidewall of the through semiconductor via . 
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SEMICONDUCTOR DEVICE WITH 
THROUGH SEMICONDUCTOR VIA AND 
METHOD FOR FABRICATING THE SAME 

TECHNICAL FIELD 

a 
[ 0001 ] The present disclosure relates to a semiconductor 
device and a method for fabricating the semiconductor 
device , and more particularly , to a semiconductor device 
with a through semiconductor via and a method for fabri 
cating the semiconductor device with the through semicon 
ductor via . 

DISCUSSION OF THE BACKGROUND 
[ 0002 ] Semiconductor devices are used in a variety of 
electronic applications , such as personal computers , cellular 
telephones , digital cameras , and other electronic equipment . 
The dimensions of semiconductor devices are continuously 
being scaled down to meet the increasing demand of com 
puting ability . However , a variety of issues arise during the 
scaling - down process , and such issues are continuously 
increasing . Therefore , challenges remain in achieving 
improved quality , yield , performance , and reliability and 
reduced complexity . 
[ 0003 ] This Discussion of the Background section is pro 
vided for background information only . The statements in 
this Discussion of the Background are not an admission that 
the subject matter disclosed in this section constitutes prior 
art to the present disclosure , and no part of this Discussion 
of the Background section may be used as an admission that 
any part of this application , including this Discussion of the 
Background section , constitutes prior art to the present 
disclosure . 

[ 0006 ] In some embodiments , a horizontal cross - sectional 
area of the through semiconductor via positioned along the 
second substrate is greater than a horizontal cross - sectional 
area of the through semiconductor via positioned along the 
second main bonding layer . 
[ 0007 ] In some embodiments , the semiconductor device 
includes a first sub - bonding layer and a second sub - bonding 
layer . The first sub - bonding layer is positioned in the first 
circuit layer and a top surface of the first sub - bonding layer 
is substantially coplanar with the front face of the first circuit 
layer , and the second sub - bonding layer is positioned in the 
second circuit layer and a bottom surface of the second 
sub - bonding layer is substantially coplanar with the front 
face of the first circuit layer . The first sub - bonding layer and 
the second sub - bonding layer are topologically aligned and 
contacted to each other . 
[ 0008 ] In some embodiments , a horizontal cross - sectional 
area of the first sub - bonding layer is less than a horizontal 
cross - sectional area of the first main bonding layer and a 
horizontal cross - sectional area of the second sub - bonding 
layer is less than a horizontal cross - sectional area of the 
second main bonding layer . 
[ 0009 ] In some embodiments , a sidewall of the through 
semiconductor via positioned along the first main bonding 
layer is tapered . 
[ 0010 ] In some embodiments , a ratio between the hori 
zontal cross - sectional area of the through semiconductor via 
positioned along the second semiconductor structure and a 
horizontal cross - sectional area of the second substrate is 
between about 2 % and about 10 % . 
[ 0011 ] In some embodiments , a ratio between the hori 
zontal cross - sectional area of the through semiconductor via 
positioned along the second semiconductor structure and a 
horizontal cross - sectional area of the second main bonding 
layer is between about 30 % and about 70 % . 
[ 0012 ] In some embodiments , the through semiconductor 
via is electrically coupled to an external power source . 
[ 0013 ] In some embodiments , the semiconductor device 
includes a connector positioned on the through semiconduc 
tor via . 
[ 0014 ] In some embodiments , a layout of the first circuit 
layer is different from a layout of the second circuit layer . 
[ 0015 ] In some embodiments , the layout of the first circuit 
layer and the layout of the second circuit layer are sym 
metrical . 
[ 0016 ] In some embodiments , a thickness of the first 
substrate is greater than or equal to a thickness of the second 
substrate . 
[ 0017 ] In some embodiments , the semiconductor device 
includes a thermal dissipation layer positioned below the 
first substrate . The thermal dissipation layer includes verti 
cally oriented graphite and carbon nanotubes . 
[ 0018 ] In some embodiments , the semiconductor device 
includes an attachment layer positioned between the thermal 
dissipation layer and the first substrate . The attachment layer 
includes die attach film , silver paste , or the like . 
[ 0019 ] Another aspect of the present disclosure provides a 
method for fabricating a semiconductor device including 
providing a first semiconductor structure , forming a first 
opening , providing a second semiconductor structure , form 
ing a second opening , flipping the second semiconductor 
structure , bonding the second circuit layer onto the first 
circuit layer , forming a via opening , conformally forming an 
insulation layer on a sidewall of the via opening , and 

SUMMARY 

[ 0004 ] One aspect of the present disclosure provides a 
semiconductor device including a first semiconductor struc 
ture , a second semiconductor structure , through semicon 
ductor via , and an insulation layer . The first semiconductor 
structure includes a first circuit layer positioned on a first 
substrate , and a first main bonding layer positioned in the 
first circuit layer . The first main bonding layer is substan 
tially coplanar with a front face of the first circuit layer . The 
second semiconductor structure includes a second circuit 
layer positioned on the first circuit layer , a second substrate , 
and a second main bonding layer . The second substrate is 
positioned on the second circuit layer . The second main 
bonding layer is positioned in the second circuit layer . The 
second main bonding layer and the first main bonding layer 
are topologically aligned and contacted to each other . The 
through semiconductor via is positioned along the second 
semiconductor structure and the first main bonding layer , 
extending to the first circuit layer , and physically and 
electrically coupled to a corresponding conductive line in 
the first circuit layer . The insulation layer is positioned 
between the second semiconductor structure and the through 
semiconductor via , between the first main bonding layer and 
the through semiconductor via , and between the first circuit 
layer and the through semiconductor via . 
[ 0005 ] In some embodiments , a horizontal cross - sectional 
area of the through semiconductor via positioned along the 
second semiconductor structure is greater than a horizontal 
cross - sectional area of the through semiconductor via posi 
tioned along the first main bonding layer . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
a 

a 

a 

[ 0027 ] Aspects of the present disclosure are best under 
stood from the following detailed description when read 
with the accompanying figures . It should be noted that , in 
accordance with the standard practice in the industry , vari 
ous features are not drawn to scale . In fact , the dimensions 
of the various features may be arbitrarily increased or 
reduced for clarity of discussion . 
[ 0028 ] FIG . 1 illustrates , in a flowchart diagram form , a 
method for fabricating a semiconductor device in accor 
dance with one embodiment of the present disclosure ; 
[ 0029 ] FIG . 2 illustrates , in a schematic top - view diagram , 
part of a flow for fabricating the semiconductor device in 
accordance with one embodiment of the present disclosure ; 
[ 0030 ] FIG . 3 is a schematic cross - sectional view diagram 
taken along a line A - A ' in FIG . 1 ; 
[ 0031 ] FIG . 4 illustrates , in a schematic top - view diagram , 
part of the flow for fabricating the semiconductor device in 
accordance with one embodiment of the present disclosure ; 
[ 0032 ] FIG . 5 is a schematic cross - sectional view diagram 
taken along a line A - A ' in FIG . 4 ; 
[ 0033 ] FIG . 6 illustrates , in a schematic top - view diagram , 
part of the flow for fabricating the semiconductor device in 
accordance with one embodiment of the present disclosure ; 
[ 0034 ] FIG . 7 is a schematic cross - sectional view diagram 
taken along a line A - A ' in FIG . 6 ; 
[ 0035 ] FIG . 8 illustrates , in a schematic top - view diagram , 
part of the flow for fabricating the semiconductor device in 
accordance with one embodiment of the present disclosure ; 
[ 0036 ] FIG . 9 is a schematic cross - sectional view diagram 
taken along a line A - A ' in FIG . 8 ; 
[ 0037 ] FIGS . 10 to 18 illustrate , in schematic cross - sec 
tional view diagrams , part of the flow for fabricating the 
semiconductor device in accordance with one embodiment 
of the present disclosure ; 
[ 0038 ] FIG . 19 illustrates , in a schematic close - up cross 
sectional view diagram , an intermediate semiconductor 
device in accordance with one embodiment of the present 
disclosure ; 
[ 0039 ] FIGS . 20 to 25 illustrate , in schematic cross - sec 
tional view diagrams , a flow for fabricating a semiconductor 
device in accordance with another embodiment of the pres 
ent disclosure ; 
[ 0040 ] FIG . 26 illustrates , in a schematic cross - sectional 
view diagram , a semiconductor device in accordance with 
another embodiment of the present disclosure . 

a 

forming a through semiconductor via in the via opening The 
first semiconductor structure includes a first circuit layer on 
a first substrate , and a first main bonding layer in the first 
circuit layer . The first opening is formed to expose at least 
partially a corresponding first conductive line in the first 
circuit layer . The second semiconductor structure includes a 
second circuit layer on a second substrate , and a second 
main bonding layer in the second circuit layer . The second 
opening is formed to expose at least partially the second 
substrate . The first circuit layer and the second circuit layer 
are bonded through a hybrid bonding . The first main bond 
ing layer and the second main bonding layer are topologi 
cally aligned and physically contacted to each other . The 
first opening and the second opening are topologically 
aligned and connected to each other to configure a first 
space . The via opening is configured by a third opening 
formed along the second substrate and the first space . 
[ 0020 ] In some embodiments , a horizontal cross - sectional 
area of the first opening is less than a horizontal cross 
sectional area of the second opening . 
[ 0021 ] In some embodiments , a horizontal cross - sectional 
area of the second main bonding layer is less than a 
horizontal cross - sectional area of the first main bonding 
layer after the formation of the first opening and the second 
opening 
[ 0022 ] In some embodiments , the step of forming the 
insulation layer includes conformally forming a layer of 
insulation material on the sidewall and a bottom surface of 
the via opening , and removing the layer of insulation mate 
rial on the bottom surface of the via opening to expose at 
least partially the corresponding first conductive line and 
concurrently form the insulation layer on the sidewall of the 
via opening 
[ 0023 ] In some embodiments , the method for fabricating 
the semiconductor device includes a step of performing a 
thermal annealing process after the bonding of the second 
circuit layer onto the first circuit layer , wherein a process 
temperature of the thermal annealing process is between 
about 25 ° C. and about 400 ° C. 

[ 0024 ] Due to the design of the semiconductor device of 
the present disclosure , the through semiconductor via with 
low series resistance may be provided . Therefore , the per 
formance of the semiconductor device may be improved . In 
addition , the first opening and the second opening may 
reduce the occurrence of defects such as metal dishing . As 
a result , the yield and quality of the semiconductor device 
may be improved . 
[ 0025 ] The foregoing has outlined rather broadly the fea 
tures and technical advantages of the present disclosure in 
order that the detailed description of the disclosure that 
follows may be better understood . Additional features and 
advantages of the disclosure will be described hereinafter , 
and form the subject of the claims of the disclosure . It should 
be appreciated by those skilled in the art that the conception 
and specific embodiment disclosed may be readily utilized 
as a basis for modifying or designing other structures or 
processes for carrying out the same purposes of the present 
disclosure , it should also be realized by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the disclosure as set forth in the appended 
claims . 
[ 0026 ] 5 

a 

DETAILED DESCRIPTION 

a 

[ 0041 ] The following disclosure provides many different 
embodiments , or examples , for implementing different fea 
tures of the provided subject matter . Specific examples of 
components and arrangements are described below to sim 
plify the present disclosure . These are , of course , me merely 
examples and are not intended to be limiting . For example , 
the formation of a first feature over or on a second feature 
in the description that follows may include embodiments in 
which the first and second features are formed in direct 
contact , and may also include embodiments in which addi 
tional features may be formed between the first and second 
features , such that the first and second features may not be 
in direct contact . In addition , the present disclosure may 
repeat reference numerals and / or letters in the various 
examples . This repetition is for the purpose of simplicity and 
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9 

clarity and does not in itself dictate a relationship between 
the various embodiments and / or configurations discussed . 
[ 0042 ] Further , spatially relative terms , such as “ beneath , ” 
“ below , ” “ lower , ” “ above , ” “ upper ” and the like , may be 
used herein for ease of description to describe one element 
or feature's relationship to another element ( s ) or feature ( s ) 
as illustrated in the figures . The spatially relative terms are 
intended to encompass different orientations of the device in 
use or operation in addition to the orientation depicted in the 
figures . The apparatus may be otherwise oriented ( rotated 90 
degrees or at other orientations ) and the spatially relative 
descriptors used herein may likewise be interpreted accord 
ingly . 
[ 0043 ] It should be understood that when an element or 
layer is referred to as being " connected to ” or “ coupled to " 
another element or layer , it can be directly connected to or 
coupled to another element or layer , or intervening elements 
or layers may be present . 
[ 0044 ] It should be understood that , although the terms 
first , second , etc. may be used herein to describe various 
elements , these elements should not he limited by these 
terms , Unless indicated otherwise , these terms are only used 
to distinguish one element from another element . Thus , for 
example , a first element , a first component or a first section 
discussed below could be termed a second element , a second 
component or a second section without departing from the 
teachings of the present disclosure . 
[ 0045 ] Unless the context indicates otherwise , terms such 
as “ same , " " equal , ” “ planar , ” or “ coplanar , ” as used herein 
when referring to orientation , layout , location , shapes , sizes , 
amounts , or other measures do not necessarily mean an 
exactly identical orientation , layout , location , shape , size , 
amount , or other measure , but are intended to encompass 
nearly identical orientation , layout , location , shapes , sizes , 
amounts , or other measures within acceptable variations that 
may occur , for example , due to manufacturing processes . 
The term “ substantially ” may be used herein to reflect this 
meaning . For example , items described as “ substantially the 
same , " “ substantially equal , ” or “ substantially planar , ” may 
be exactly the same , equal , or planar , or may be the same , 
equal , or planar within acceptable variations that may occur , 
for example , due to manufacturing processes , 
[ 0046 ] In the present disclosure , a semiconductor device 
generally means a device which can function by utilizing 
semiconductor characteristics , and an electro - optic device , a 
light - emitting display device , a semiconductor circuit , and 
an electronic device are all included in the category of the 
semiconductor device . 
[ 0047 ] It should be noted that , in the description of the 
present disclosure , an x - y - z coordinate system is assumed . 
where x and y refer to dimensions within the plane parallel 
to the major surface of the structure and z refers a dimension 
perpendicular to the plane . 
[ 0048 ] It should be noted that , in the description of the 
present disclosure , above ( or up ) corresponds to the direc 
tion of the arrow of the dimension Z , and below ( or down ) 
corresponds to the opposite direction of the arrow of the 
dimension Z. 
[ 0049 ] FIG . 1 illustrates , in a flowchart diagram form , a 
method 10 for fabricating a semiconductor device 1A in 
accordance with one embodiment of the present disclosure . 
FIG . 2 illustrates , in a schematic top - view diagram , part of 
a flow for fabricating the semiconductor device 1 A in 
accordance with one embodiment of the present disclosure . 

FIG . 3 is a schematic cross - sectional view diagram taken 
along a line A - A ' in FIG . 1 , FIG . 4 illustrates , in a schematic 
top - view diagram , part of the flow for fabricating the semi 
conductor device 1A in accordance with one embodiment of 
the present disclosure . FIG . 5 is a schematic cross - sectional 
view diagram taken along a line A - A ' in FIG . 4 . 
[ 0050 ] With reference to FIGS . 1 to 3 , at step S11 , a first 
semiconductor structure 100 may be provided and the first 
semiconductor structure 100 may include a first circuit layer 
103 formed on a first substrate 101 , and a first main bonding 
layer 111 formed in the first circuit layer 103 , 
[ 0051 ] With reference to FIGS . 2 and 3 , the first semicon 
ductor structure 100 may include the first substrate 101 , the 
first circuit layer 103 , the first main bonding layer 111 , and 
a first sub - bonding layer 113. The first substrate 101 may 
include a bulk semiconductor substrate that is composed at 
least one semiconductor material . The bulk semiconductor 
substrate may be formed of , for example , an elementary 
semiconductor , such as silicon or germanium ; a compound 
semiconductor , such as silicon germanium , silicon carbide , 
gallium arsenide , gallium phosphide , indium phosphide , 
indium arsenide , indium antimonide , or other III - V com 
pound semiconductor or II - VI compound semiconductor . 
[ 0052 ] With reference to FIGS . 2 and 3 , the first circuit 
layer 103 may be formed on the first substrate 101 The first 
circuit layer 103 may include inter - layer dielectric layers 
and / or inter - metal dielectric layers containing a plurality of 
first device elements 105 and a plurality of first conductive 
features . The plurality of first device elements 105 may be 
transistors such as complementary metal - oxide - semicon 
ductor transistors , metal - oxide - semiconductor field - effect 
transistors , fin field - effect - transistors , the like , or a combi 
nation thereof . The plurality of first conductive features may 
include a plurality of first conductive lines 107 , a plurality 
of first conductive vias 109 , or other suitable conductive 
elements . The plurality of first conductive features may 
electrically connect the plurality of first device elements 
105 , respectively and correspondingly , to form functional 
units in the first circuit layer 103. A functional unit , in the 
description of the present disclosure , generally refers to 
functionally related logic circuitry that has been partitioned 
for functional purposes into a distinct unit . In some embodi 
ments , functional units may be typically highly complex 
circuits such as processor cores , memory controllers , or 
accelerator units . In some other embodiments , the complex 
ity and functionality of a functional unit may be more or less 
complex . In the present embodiment , the first semiconductor 
structure 100 including the plurality of first device elements 
105 may be served as a memory . 
[ 0053 ] The inter - layer dielectric layers and / or the inter 
metal dielectric layers may be formed of , for example , 
silicon oxide , borophosphosilicate glass , undoped silicate 
glass , fluorinated silicate glass , low - k dielectric materials , 
the like , or a combination thereof . The low - k dielectric 
materials may have a dielectric constant less than 3.0 or even 
less than 2.5 . In some embodiments , the low - k dielectric 
materials may have a dielectric constant less than 2.0 . The 
inter - layer dielectric layers and / or the inter - metal dielectric 
layers may be formed by deposition processes such as 
chemical vapor deposition , plasma - enhanced chemical 
vapor deposition , or the like . Planarization processes may be 
performed after the deposition processes to remove excess 
material and provide a substantially flat surface for subse 
quent processing steps . The plurality of first device elements 
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105 and the plurality of first conductive features may be 
formed during the formation of the inter - layer dielectric 
layers and / or the inter - metal dielectric layers . 
[ 0054 ] The plurality of first conductive features may be 
formed of , for example , tungsten , cobalt , zirconium , tanta 
lum , titanium , aluminum , ruthenium , copper , metal carbides 
( e.g. , tantalum carbide , titanium carbide , tantalum magne 
sium carbide ) , metal nitrides ( e.g. , titanium nitride ) , transi 
tion metal aluminides , or a combination thereof . 
[ 0055 ] With reference to FIGS . 2 and 3 , the first main 
bonding layer 111 and the first sub - bonding layer 113 may 
be formed in the first circuit layer 103 and electrically 
coupled to corresponding first conductive lines 107 through 
corresponding first conductive vias 109. The top surface of 
the first main bonding layer 111 and the top surface of the 
first sub - bonding layer 113 may be substantially coplanar 
with the front surface 103FS of the first circuit layer 103. In 
some embodiments , the first main bonding layer 111 and the 
first sub - bonding layer 113 are distal from each other . In 
some embodiments , the first sub - bonding layer 113 may not 
electrically couple to any of the plurality of first conductive 
lines 107. In some embodiments , the first main bonding 
layer 111 may be designated as a conductive pad . In some 
embodiments , the first sub - bonding layer 113 may be des 
ignated as a conductive pad or a conductive line . 
[ 0056 ] It should be noted that , in the description of the 
present disclosure , the term " face ” or “ front ” surface is a 
term of art implying the major surface of the structure upon 
which is formed device elements and conductive features . 
Likewise , the “ back ” surface of a structure is that major 
surface opposite to the face . 
[ 0057 ] The first main bonding layer 111 and the first 
sub - bonding layer 113 may be formed of , for example , 
tungsten , cobalt , zirconium , tantalum , titanium , aluminum , 
ruthenium , copper , metal carbides . metal nitrides , transition 
metal aluminides , or a combination thereof . 
[ 0058 ] With reference to FIGS . 2 and 3 , the horizontal 
cross - sectional area CA1 of the first main bonding layer 111 
is greater than the horizontal cross - sectional area CA2 of the 
first sub - bonding layer 113. In some embodiments , a ratio 
between the horizontal cross - sectional area CA1 of the first 
main bonding layer 111 and the horizontal cross - sectional 
area of the first substrate 101 may be between about 8 % and 
about 15 % . In some embodiments , a ratio between the 
horizontal cross - sectional area CA2 of the first sub - bonding 
layer 113 and the horizontal cross - sectional area of the first 
substrate 101 may be between about 2 % and about 7 % . In 
some embodiments , the first sub - bonding layer 113 may be 
optional . In other words , no first sub - bonding layer 113 are 
existed in the first circuit layer 103 . 
[ 0059 ] In the description of the present disclosure , a 
horizontal cross - sectional area indicates that an area of a 
feature ( or element ) parallel to the x - y plane . It should be 
noted that , in a vertical cross - sectional view diagram such as 
FIG . 3 , the horizontal cross - sectional area may only show 
one dimension e.g. , x or y ) instead of two dimensions . 
[ 0060 ] It should be noted that the in the description of the 
present disclosure , the number of the first main bonding 
layer 111 and the first sub - bonding layer 113 are just for 
illustration purpose . The number of aforementioned features 
may be more or less than that shown in FIGS . 2 and 3 . 
[ 0061 ] With reference to FIGS . 1 , 4 , and 5 , at step S13 , a 
first opening OP1 may be formed to expose a corresponding 
first conductive line 107 in the first circuit layer 103 . 

[ 0062 ] With reference to FIGS , 4 and 5 , the first opening 
OP1 may be thrilled along the first main bonding layer 111 
and extending to the first circuit layer 103 to expose at least 
partially a top surface of the corresponding first conductive 
line 107 in the first circuit layer 103. In some embodiments , 
a ratio between the horizontal cross - sectional area 
[ 0063 ] CA3 of the first opening OP1 and the horizontal 
cross - sectional area CM of the first main bonding layer 111 
may be between about 25 % and about 65 % . In some 
embodiments , a ratio between the horizontal cross - sectional 
area CA3 of the first opening OP1 and the horizontal 
cross - sectional area of the first substrate 101 may be 
between about 1.5 % and about 9.5 % . The horizontal cross 
sectional area CA1 of the first main bonding layer 111 may 
be reduced after the formation of the first opening OP1 and 
is notated as CA1 ' . 
[ 0064 ] In some embodiments , the sidewall of the first 
opening OP1 may be tapered . For example , an angle 
between the sidewall of the first opening OP1 and the top 
surface of the first main bonding layer 111 may be between 
about 85 degree and about 88 degree . The first opening OP1 
is formed within the region of the first main bonding layer 
111 ; therefore , no extra wafer space is needed to separate the 
first opening OP1 and the first main bonding layer 111 to 
reduce effects of misalignment during photolithography 
process . As a result , the real estate of the semiconductor 
device 1A may be saved . 
[ 0065 ] FIG . 6 illustrates , in a schematic top - view diagram , 
part of the flow for fabricating the semiconductor device 1A 
in accordance with one embodiment of the present disclo 
sure . FIG . 7 is a schematic cross - sectional view diagram 
taken along a line A - A ' in FIG . 6. FIG . 8 illustrates , in a 
schematic top - view diagram , part of the flow for fabricating 
the semiconductor device 1 A in accordance with one 
embodiment of the present disclosure . FIG . 9 is a schematic 
cross - sectional view diagram taken along a line A - A ' in FIG . 
8 . 

[ 0066 ] With reference to FIGS . 1 , 6 , and 7 , at step S15 , a 
second semiconductor structure 200 may be provided and 
the second semiconductor structure 200 may include a 
second circuit layer 203 formed on a second substrate 201 , 
and a second main bonding layer 211 thrilled in the second 
circuit layer 203 . 
[ 0067 ] With reference to FIGS . 6 and 7 , the second 
semiconductor structure 200 may include the second sub 
strate 201 , the second circuit layer 203 , the second main 
bonding layer 211 , and a second sub - bonding layer 213. The 
second substrate 201 may be formed of a same material as 
the first substrate 101 but is not limited thereto . 
[ 0068 ] With reference to FIGS . 6 and 7 , the second circuit 
layer 203 may be thrilled on the second substrate 201. The 
second circuit layer 203 may have a similar structure as the 
first circuit layer 103. For example , the second circuit layer 
203 may include inter - layer dielectric layers and / or inter 
metal dielectric layers containing a plurality Of second 
device elements 205 and a plurality of second conductive 
features such as a plurality of second conductive lines 207 
and a plurality of second conductive vias 209 , or other 
suitable conductive elements . The plurality of second con 
ductive features may electrically connect the plurality of 
second device elements 205 , respectively and correspond 
ingly , to form functional units in the second circuit layer 
203 . 
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[ 0069 ] In some embodiments , the layout of the first circuit 
layer 103 and the layout of the second circuit layer 203 are 
different . For example , the layout of the first circuit layer 
103 and the layout of the second circuit layer 203 are 
symmetrical to each other . For another example , the layout 
of the second circuit layer 203 may be reflection symmetri 
cal with respect to the layout of the first circuit layer 103. In 
some embodiments , the first semiconductor structure 100 
and the second semiconductor structure 200 may provide a 
same functionality such as memories . In some embodiments , 
the first semiconductor structure 100 and the second semi 
conductor structure 200 may provide different functionali 
ties such as a processor and a memory . 
[ 0070 ] With reference to FIGS . 6 and 7 , the second main 
bonding layer 211 and the second sub - bonding layer 213 
may be formed in the second circuit layer 203 and electri 
cally coupled to corresponding second conductive lines 207 
through corresponding second conductive vias 209. The top 
surface of the second main bonding layer 211 and the top 
surface of the second sub - bonding layer 213 may be sub 
stantially coplanar with the front surface 203FS of the 
second circuit layer 203. In some embodiments , the second 
main bonding layer 211 and the second sub - bonding layer 
213 are distal from each other . In some embodiments , the 
second sub - bonding layer 213 may not electrically couple to 
any of the plurality of second conductive lines 207. In some 
embodiments , the second main bonding layer 211 may be 
designated as a conductive pad . The second sub - bonding 
layer 213 may be designated as a conductive pad or a 
conductive line . The second main bonding layer 211 and the 
second sub - bonding layer 213 may be thrilled of same 
materials as the first main bonding layer 111 and the second 
sub - bonding layer 213 , respectively and correspondingly . 
[ 0071 ] With reference to FIGS . 6 and 7 , the horizontal 
cross - sectional area CA4 of the second main bonding layer 
211 is greater than the horizontal cross - sectional area CA5 
of the second sub - bonding layer 213. In some embodiments , 
a ratio between the horizontal cross - sectional area CA4 of 
the second main bonding layer 211 and the horizontal 
cross - sectional area of the second substrate 201 may be 
between about 8 % and about 15 % , In some embodiments , a 
ratio between the horizontal cross - sectional area CA5 of the 
second sub - bonding layer 213 and the horizontal cross 
sectional area of the second substrate 201 may be between 
about 2 % and about 7 % , In some embodiments , the second 
sub - bonding layer 213 may be optional . 
[ 0072 ] In some embodiments , the horizontal cross - sec 
tional area CA4 of the second main bonding layer 211 may 
be same as the horizontal cross - sectional area CA1 of the 
first main bonding layer 111. In some embodiments , the 
horizontal cross - sectional area CA5 of the second sub 
bonding layer 213 may be same as the horizontal cross 
sectional area CA2 of the first sub - bonding layer 113. In 
some embodiments , the horizontal cross - sectional area CA4 
of the second main bonding layer 211 may be different from 
the horizontal cross - sectional area CA1 of the first main 
bonding layer 111. In some embodiments , the horizontal 
cross - sectional area CA5 of the second sub - bonding layer 
213 may be different from the horizontal cross - sectional area 
CA2 of the first sub - bonding layer 113 . 
[ 0073 ] It should be noted that the in the description of the 
present disclosure , the number of the second main bonding 
layer 211 and the second sub - bonding layer 213 are just for 

illustration purpose . The number of aforementioned features 
may be more or less than that shown in FIGS . 6 and 7 . 
[ 0074 ] With reference to FIGS . 1 , 8 , and 9 , at step 517 , a 
second opening OP2 may be formed to expose the second 
substrate 201 . 
[ 0075 ] With reference to FIGS . 8 and 9 , the second 
opening OP2 may be formed along the second main bonding 
layer 211 and the second circuit layer 203 to expose at least 
partially a top surface of the second substrate 201. The 
second opening OP2 may be formed by , for example , laser 
drilling , powder blast micromachining , deep reactive ion 
etching , or wet etching using hydroxides such as potassium 
hydroxide , sodium hydroxide , rubidium hydroxide , ammo 
nium hydroxide , or tetra methyl ammonium hydroxide . 
[ 0076 ] In some embodiments , a ratio between the hori 
zontal cross - sectional area CA6 of the second opening OP2 
and the horizontal cross - sectional area CA4 of the second 
main bonding layer 211 may be between about 32 % and 
about 72 % . In some embodiments , a ratio between the 
horizontal cross - sectional area CA6 of the second opening 
OP2 and the horizontal cross - sectional area of the second 
substrate 201 may be between about 3 % and about 11 % . The 
horizontal cross - sectional area CA4 of the second main 
bonding layer 211 may be reduced after the formation of the 
second opening OP2 and is notated as CA4 ' . 
[ 0077 ] In some embodiments , the horizontal cross - sec 
tional area CA6 of the second opening OP2 may be greater 
than the horizontal cross - sectional area CA3 of the first 
opening OP1 . In some embodiments , the horizontal cross 
sectional area CA4 ' of the second main bonding layer 211 
may be less than the horizontal cross - sectional area CA1 ' of 
the first main bonding layer 111 . 
[ 0078 ] In some embodiments , the sidewall of the second 
opening OP2 may be substantially vertical . It should be 
noted that , in the description of the present disclosure , a 
surface is “ substantially vertical ” if there exists a vertical 
plane from which the surface does not deviate by more than 
three times the root mean square roughness of the surface . 
[ 0079 ] The second opening OP2 is formed within the 
region of the second main bonding layer 211 ; therefore , no 
extra wafer space is needed to separate the second opening 
OP2 and the second main bonding layer 211 to reduce effects 
of misalignment during photolithography process . As a 
result , the real estate of the semiconductor device 1A may be 
saved . 
[ 0080 ] FIGS . 10 to 18 illustrate , in schematic cross - sec 
tional view diagrams , part of the flow for fabricating the 
semiconductor device 1A in accordance with one embodi 
ment of the present disclosure . FIG . 19 illustrates , in a 
schematic close - up cross - sectional view diagram , an inter 
mediate semiconductor device in accordance with one 
embodiment of the present disclosure . 
[ 0081 ] With reference to FIG . 1 and FIGS . 10 to 12 , at step 
S19 , the second semiconductor structure 200 may be flipped 
and may be bonded onto the first semiconductor structure 
100 , and the first opening OP1 and the second opening OP2 
together configure a first space SP1 . 
[ 0082 ] With reference to FIG . 10 , after the second semi 
conductor structure 200 is flipped , the first main bonding 
layer 111 and the second main bonding layer 211 may be 
topologically aligned , the first sub - bonding layer 113 and the 
second sub - bonding layer 213 may be topologically aligned , 
and the first opening OP I and the second opening OP2 may 
be topologically aligned . It should be noted that , in the 
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description of the present disclosure , two features are topo 
graphically aligned when those features have substantially 
the same x , y coordinates . 
[ 0083 ] With reference to FIG . 11 , the second circuit layer 
203 may be bonded onto the first circuit layer 103 in a 
face - to - face configuration through a hybrid bonding process 
such as thermo - compression bonding , passivation - capping 
layer assisted bonding , or surface activated bonding . In 
some embodiments , the process pressure of the hybrid 
bonding process may be between about 100 MPa and about 
150 MPa . In some embodiments , the process temperature of 
the hybrid bonding process may be between about room 
temperature ( e.g. , 25 ° C. ) and about 400 ° C. In some 
embodiments , surface treatments such as wet chemical 
cleaning and gas / vapor - phase thermal treatments may be 
used to lower the process temperature of the hybrid bonding 
process or to short the time consuming of the hybrid bonding 
process . 
[ 0084 ] In some embodiments , the hybrid bonding process 
may include activating front faces 103FS , 203FS of the first 
circuit layer 103 and the second circuit layer 203 ( e.g. , in a 
plasma process ) , cleaning the first circuit layer 103 and the 
second circuit layer 203 after activation , contacting the 
activated front surfaces 103FS , 203FS of the first circuit 
layer 103 and the second circuit layer 203 , and performing 
a thermal annealing process to strengthen the bonding 
between the first circuit layer 103 and the second circuit 
layer 203 . 
[ 0085 ] In some embodiments , the hybrid bonding process 
may include dielectric - to - dielectric bonding , metal - to - metal 
bonding , and metal - to - dielectric bonding . The dielectric - to 
dielectric bonding may originate from the bonding between 
the dielectric layers of the first circuit layer 103 and the 
dielectric layers of the second circuit layer 203. The metal. 
to - metal bonding may originate from the bonding between 
the first main bonding layer 111 and the second main 
bonding layer 211 , and between the first sub - bonding layer 
113 and the second sub - bonding layer 213. The metal - to 
dielectric bonding may originate from the bonding between 
the dielectric layers of the first circuit layer 103 and the 
second main bonding layer 211 , between the dielectric 
layers of the first circuit layer 103 and the second sub 
bonding layer 213 , between the dielectric layers of the 
second circuit layer 203 and the first main bonding layer 111 , 
or between the dielectric layers of the second circuit layer 
203 and the first sub - bonding layer 113 . 
[ 0086 ] In some embodiments , when the dielectric layers of 
the first circuit layer 103 and the dielectric layers of the 
second circuit layer 203 are formed of , for example , silicon 
oxide or silicon nitride , the onding between the dielectric 
layers of the first circuit layer 103 and the dielectric layers 
of the second circuit layer 203 may be based on the 
hydrophilic bonding mechanism . Hydrophilic surface modi 
fications may be applied to the dielectric layers of the first 
circuit layer 103 and the dielectric layers of the second 
circuit layer 203 before bonding . 
[ 0087 ] In some embodiments , a thermal annealing process 
may he performed after the bonding process to enhance 
dielectric - to - dielectric bonding and to induce thermal 
expansion of metal - to - metal bonding so to further 
improve the bonding quality . 
[ 0088 ] Due to the horizontal cross - sectional area CA1 ' of 
the first main bonding layer 111 and the horizontal cross 
sectional area CA4 ' of the second main bonding layer 211 

are reduced after formation of the first opening OP1 and the 
second opening OP2 , the contacting area between the first 
main bonding layer 111 and the second main bonding layer 
211 is reduced , accordingly . Therefore , defects such as metal 
dishing , which easily occur after planarization of large area 
of a conductive feature , may be significant reduced . 
[ 0089 ] With reference to FIG . 11 , the first opening OP1 
and the second opening OP2 may connect to each other after 
bonding . The first opening OP1 and the second opening OP2 
together configure the first space SP1 which is enclosed by 
the first substrate 101 , the first circuit layer 103 , the second 
substrate 201 , and the second circuit layer 203. In some 
embodiments , due to the different dimensions of the first 
opening OP I and the second opening OP2 , step profiles may 
occur at the interface between the second opening OP2 and 
the second main bonding layer 211 ( as shown in dashed 
circles in FIG . 11 ) . 
[ 0090 ] With reference to FIG . 12 , a thinning process may 
be performed to reduce a thickness of the second substrate 
201 so as to reduce the height of the semiconductor device 
1A . After the thinning process , the thickness T1 of the first 
substrate 101 may be greater than the thickness T2 of the 
second substrate 201. This thinning process may allow for 
improved thermal dissipation and provide for a lower device 
profile , as well as reducing the depth and width required for 
a through semiconductor via passing through the second 
substrate 201. Alternatively , in some embodiments , the 
thinning process for the second substrate 201 may be 
omitted . 
[ 0091 ] In some embodiments , the second substrate 201 
may be thinned to a thickness between about 0.5 um and 
about 10 um . The thinning process may be accomplished , 
e.g. , using mechanical abrasion , polishing , or the like , or 
using chemical removal , such as a wet etch . A thinning - stop 
layer ( not shown ) may be implanted in substrate fir thinning 
stop control . The thinning stop layer may be a dopant layer 
or an epitaxially grown layer having a thickness of about 0.2 
um to about 10 um . The thickness of the thinning stop layer 
may be selected so that it is sufficiently thick to stop the 
thinning process depending on the employed etching selec 
tivity . For example , if the used etching selectivity is about 
1 : 100 , the thinning stop layer may have a thickness between 
about 0.2 um and about 5 um . Other dimensions may be used 
for the thinning stop layer based on process configuration . 
[ 0092 ] An advantageous , but not limiting , feature of the 
illustrated embodiment is that by bonding the first semicon 
ductor structure 100 and the second semiconductor structure 
200 prior to thinning , a carrier may not be required to 
provide wafer support during bonding . 
[ 0093 ] Furthermore , thin wafer handling techniques may 
not be required because both the first semiconductor struc 
ture 100 and the second semiconductor structure 200 are 
sufficiently thick . The lack of a carrier or thin wafer handling ? 
processes may lower manufacturing costs and increase 
yield . 
[ 0094 ] With reference to FIGS . 1 , 13 , and 14 , at step S21 , 
a third opening OP3 may be formed along the second 
substrate 201 and connected to the first space SP1 , wherein 
the third opening OP3 and the first space SP1 together 
configure a via opening VO . 
[ 0095 ] With reference to FIG . 13 , a passivation layer 301 
may be formed on the second substrate 201. In some 
embodiments , the passivation layer 301 may be formed of , 
for example , a non - organic material selected from un - doped 
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may be , for example , parylene , epoxy , or polyp - xylene ) . The 
layer of insulation material 503 may have a thickness 
between about 1 um and about 5 um . The layer of insulation 
material 503 may ensure a through semiconductor via 401 , 
as will be illustrated later , is electrically isolated from the 
first main bonding layer 111 and the second main bonding 
layer 211 . 
[ 0101 ] With reference to FIG . 16 , a punch etch process 
may be performed to remove the layer of insulation material 
503 formed on the bottom surface of the via opening VO . 
After the punch etch process , the layer of insulation material 
503 may be turned into the insulation layer IL . In some 
embodiments , the layer of insulation material 503 thrilled on 
the passivation layer 301 may be removed during the punch 
etch process . 
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silicate glass , silicon nitride , silicon oxynitride , silicon 
oxide , silicon nitride oxide , or a combination thereof . In 
some embodiments , the passivation layer 301 may be 
formed of , for example , a polymer layer such as an epoxy , 
polyimide , benzocyclobutene , polybenzoxazole , or the like . 
The passivation layer 301 may be formed by a deposition 
process such as chemical vapor deposition , plasma - en 
hanced chemical vapor deposition , evaporation , or spin - on 
coating . A first mask layer 501 may be formed on the 
passivation layer 301. The first mask layer 501 may be a 
photoresist layer . The first mask layer 501 may have a 
pattern of the third opening OP3 . 
[ 0096 ] With reference to FIG . 14 , an etch process , such as 
an anisotropic dr etch process , may be performed to remove 
a portion of the passivation layer 301 , a portion of the second 
substrate 201 , and a portion of the second circuit layer 203 
to form the third opening OP3 . The third opening OP3 may 
connect to the first space SP1 . The third opening OP3 and 
the first space SP1 together configure the via opening VO . 
The via opening VO may include a lower portion VO - 1 , a 
middle portion VO - 3 , and an upper portion VO - 5 . The lower 
portion VO - 1 , the middle portion VO - 3 , and the upper 
portion VO - 5 may be turned from the first opening OP1 , the 
second opening OP2 , and the third opening 0P3 , respec 
tively . That is , the dimensions of the lower portion VO - 1 , the 
middle portion VO - 3 , and the upper portion VO - 5 may 
inherited from the first opening ON , the second opening 
OP2 , and the third opening OP3 , respectively . Accordingly , 
ratios between horizontal cross - sectional areas of the lower 
portion VO - 1 or the middle portion VO - 3 and horizontal 
cross - sectional areas of the first substrate 101 , the first main 
bonding layer 111 , the second substrate 201 , and the second 
main bonding layer 211 may be the same as that illustrated 
for the first opening OP1 and the second opening OP2 , and 
descriptions thereof are not repeated herein , 
[ 0097 ] In some embodiments , the horizontal cross - sec 
tional area CA7 of the upper portion VO - 5 ( i.e. , the third 
opening OP3 ) may be greater than the horizontal cross 
sectional area CA6 of the middle portion VO - 3 ( i.e. , the 
second opening OP2 ) . Step profiles may be occurred adja 
cent to the interface between the sidewall of the middle 
portion VO - 3 and the sidewall of the upper portion VO - 5 , 
[ 0098 ] Comparing to that directly forming a via opening 
along the passivation layer 301 and the second semiconduc 
tor structure 200 and extending to the first circuit layer 103 , 
the via opening VO configured by aligning the first space SN 
and the third opening OP3 may be more suitable to form a 
via opening with greater dimension . Accordingly , a through 
semiconductor via formed in the via opening with greater 
dimension may have a lower series resistance which is 
suitable for designated as a power line . 
[ 0099 ] With reference to FIGS . 1 , 15 , and 16 , at step S23 , 
an insulation layer IL may be conformally formed in the via 
opening Vo . 
[ 0100 ] With reference to FIG . 15 , the first mask layer 501 
may be removed after formation of the via Opening VO . A 
layer of insulation material 503 may be conformally formed 
on the sidewall and the bottom surface of the via opening 
VO and on the passivation layer 301. In some embodiments , 
the insulation material 503 may be , for example , silicon 
oxide , silicon nitride , silicon oxynitride , or tetra - ethyl ortho 
silicate . The layer of insulation material 503 may have a 
thickness between about 50 um and about 200 nm . Alter 
natively , in some embodiments , the insulation material 503 

[ 0102 ] With reference to FIG . 1 and FIGS . 17 to 19 , at step 
S25 , a through semiconductor via 401 may be thrilled in the 
via opening VO and a connector 303 may be formed on the 
through semiconductor via 401 . 
[ 0103 ] With reference to FIG . 17 , a conductive material 
may be deposited to completely fill the via opening VO . A 
planarization process , such as chemical mechanical polish 
ing , may be performed to remove excess material , provide a 
substantially flat surface for subsequent processing steps , 
and concurrently form the through semiconductor via 401 . 
The through semiconductor via 401 may include a lower 
segment 401-1 formed ire the lower portion VO - 1 , a middle 
segment 401-3 formed in the middle portion VO - 3 , and an 
upper segment 401-5 formed in the upper portion VO - 5 . The 
dimensions of the lower segment 401-1 , the middle segment 
401-3 , and the upper segment 401-5 are inherited from the 
lower portion VO - 1 , the middle portion VO - 3 , and the upper 
portion VO - 5 of the via opening VO , respectively . 
[ 0104 ] In some embodiments , a ratio of the horizontal 
cross - sectional area CA8 of the lower segment 401-1 and the 
horizontal cross - sectional area CA1 of the first main bond 
ing layer 111 may be between about 20 % and about 60 % . In 
sonic embodiments , a ratio of the horizontal cross - sectional 
area CA8 of the lower segment 401-1 and the horizontal 
cross - sectional area of the first substrate 101 may be 
between about 1 % and about 9 % . In some embodiments , a 
ratio of the horizontal cross - sectional area CA9 of the 
middle segment 401-3 and the horizontal cross - sectional 
area CA1 of the first main bonding layer 111 may be 
between about 30 % and about 70 % . In some embodiments , 
a ratio of the horizontal cross - sectional area CA9 of the 
middle segment 401-3 and the horizontal cross - sectional 
area of the second substrate 201 may be between about 2 % 
and about 10 % . In some embodiments , the horizontal cross 
sectional area CA10 of the upper segment 401-5 may be 
greater than the horizontal cross - sectional area CA9 of the 
middle segment 401-3 . 
[ 0105 ] The through semiconductor via 401 is formed 
within the region of the first main bonding layer 111 and the 
second main bonding layer 211 ; therefore , no extra wafer 
space is needed to separate the through semiconductor via 
401 and the first main bonding layer 111 or the second main 
bonding layer 211 to reduce effects of misalignment during 
photolithography process . As a result , the real estate of the 
semiconductor device 1A may be saved . In some embodi 
ments , the through semiconductor via 401 may be electri 
cally coupled to an external power source so as to be 
designated as a power line of the semiconductor device 1A . 
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[ 0106 ] With reference to FIG . 18 , the connector 303 may 
include a conductive material with low resistivity , such as 
tin , lead , silver , copper , nickel , bismuth or an alloy thereof , 
and may be formed by a suitable process such as evapora 
tion , plating , ball drop , or screen printing . In some embodi 
ments , the connector 303 may be a controlled collapse chip 
connection ( i.e. , C4 ) bump formed by a C4 process . In some 
embodiments , the connector 303 may be a solder joint . The 
solder joint may comprise a material such as tin , or other 
suitable materials , such as silver or copper . In an embodi 
ment in which the solder joint is tin solder joint , the solder 
joint may be formed by initially forming a layer of tin 
through evaporation , electroplating , printing , solder transfer , 
or ball placement to a thickness of about 10 pm to about 100 
gm . Once the layer of tin has been formed on the through 
semiconductor via 401 , a reflow process may be performed 
to shape the solder joint into the desired shape . In some 
embodiments , the connector 303 may be a pillar bump 
formed of , for example , copper . 
[ 0107 ] With reference to FIG . 19 , in some embodiments , 
the through semiconductor via 401 may include a filler layer 
FL , a seed layer SL , an adhesive layer AL , and a barrier layer 
BL . For clarity , the aforementioned layers formed in the 
middle portion VO - 3 and the upper portion VO - 5 are not 
shown in FIG . 19 . 
[ 0108 ] The barrier layer BL may be conformally formed 
on the insulation layer IL and on the bottom surface of the 
via opening Vo , and contacting the top surface of the 
corresponding first conductive line 107. The barrier layer BL 
may be formed of , for example , tantalum , tantalum nitride , 
titanium , titanium nitride , rhenium , nickel boride , or tanta 
lum nitride / tantalum bilayer . 
[ 0109 ] The adhesive layer AL may be conformally formed 
on the barrier layer BL . The adhesive layer AL may be 
thrilled of , for example , titanium , tantalum , titanium tung 
sten , or manganese nitride . The adhesive layer AL may 
improve an adhesion between the seed layer SL and the 
barrier layer BL . The adhesive layer AL may have a thick 
ness between about 5 nm and about 50 nm . 
[ 0110 ] The seed layer SL may be conformally formed on 
the adhesive layer AL . The seed layer SL may have a 
thickness between about 10 um and about 40 nm . The seed 
layer SL may be formed of , for example , copper or ruthe 
nium . The seed layer SL may reduce the resistivity of the via 
opening VO during the formation of the filler layer FL by an 
electroplating process . 
[ 0111 ] The filler layer FL may be formed on the seed layer 
SL and completely fill the via opening VO . The filler layer 
FL may be , for example , copper . The filler layer FL may be 
formed by an electroplating process . 
[ 0112 ] FIGS . 20 to 25 illustrate , in schematic cross - sec 
tional view diagrams , a flow for fabricating a semiconductor 
device 1B in accordance with another embodiment of the 
present disclosure . 
[ 0113 ] With reference to FIG . 20 , an intermediate semi 
conductor device may be fabricated with a procedure similar 
to that illustrated in FIGS . 2 to 5. A first energy removable 
layer 505 may be formed to completely fill the first opening 
OP1 . The first energy removable layer 505 may include a 
material such as a thermal decomposable material , a pho 
tonic decomposable material , an e - beam decomposable 
material , or a combination thereof . The first energy remov 
able layer 505 may be decomposed by exposing to an energy 
source . The energy source may include heat , light , or a 

combination thereof . When heat is used as the energy 
source , a temperature may be set between about 800 ° C. and 
about 900 ° C. When light is used as the energy source , an 
ultraviolet light or an e - beam may be applied . 
[ 0114 ] With reference to FIG . 21 , an intermediate semi 
conductor device may be fabricated with a procedure similar 
to that illustrated in FIGS . 6 to 9. A second energy remov 
able layer 507 may be formed to completely fill the second 
opening OP2 . The second energy removable layer 507 may 
include a same material as the first energy removable layer 
505 . 
[ 0115 ] With reference to FIG . 22 , a hybrid bonding pro 
cess similar to that illustrated in FIGS . 10 and 11 may 
performed . The hybrid bonding process may further include 
polymer - to - polymer bonding and polymer - to - metal bonding 
which may further improve the bonding quality between the 
first semiconductor structure 100 and the second semicon 
ductor structure 200. The polymer - to - polymer bonding may 
originate from the bonding between the first energy remov 
able layer 505 and the second energy removable layer 507 . 
The polymer - to - metal bonding may originate from the bond 
ing between the second energy removable layer 507 and the 
first main bonding layer 111 . 
[ 0116 ] With reference to FIG . 23 , the third opening 0P3 
may be formed . with a procedure similar to that illustrated 
in FIGS . 13 and 14 to expose the second energy removable 
layer 507 . 
[ 0117 ] With reference to FIG . 24 , an energy treatment may 
be performed by exposing the intermediate semiconductor 
device illustrated in FIG . 23 to an energy source such as heat 
or light . The first energy removable layer 505 and the second 
energy removable layer 507 may be removed after the 
energy treatment and the via opening VO may be concur 
rently formed in the place where the first energy removable 
layer 505 and the second energy removable layer 507 
previous occupied . 
[ 0118 ] With reference to FIG . 25 , the insulation layer IL , 
the through semiconductor via 401 , and the connector 303 
may be sequentially formed with a procedure similar to that 
illustrated in FIGS . 15 to 18 . 
[ 0119 ] FIG . 26 illustrates , in a schematic cross - sectional 
view diagram , a semiconductor device 1C in accordance 
with another embodiment of the present disclosure . 
[ 0120 ] With reference to FIG . 26 , the semiconductor 
device 1C may have a structure similar to that illustrated in 
FIG . 18. The same or similar elements in FIG . 26 as in FIG . 
18 have been marked with similar reference numbers and 
duplicative descriptions have been omitted . The semicon 
ductor device 1C , may include a thermal dissipation layer 
305 and an attachment layer 307 . 
[ 0121 ] With reference to FIG . 26 , the thermal dissipation 
layer 305 may be disposed below the first substrate 101. The 
attachment layer 307 may be used to attach the thermal 
dissipation layer 305 to the first substrate 101 , In some 
embodiments , the attachment layer 307 may include a die 
attach film , silver paste , or the like . In some embodiments , 
the thermal dissipation layer 305 may be formed of , for 
example , a composite material selected from the group 
consisting of silicon carbide , aluminum nitride , graphite , 
and the like . The thermal dissipation layer 305 may 
good thermal conductivity , which may be greater than about 
2 W / m.K . In some embodiments , the thermal dissipation 
layer 305 may have high thermal conductivity greater than 
about 100 W / m · K , and may be formed using a metal , a metal 

a 

have a 
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alloy , or the like . For example , the thermal dissipation layer 
305 may comprise metals and / or metal alloys selected from 
the group consisting of aluminum , copper , nickel , cobalt , 
and the like . 
[ 0122 ] In some embodiments , the thermal dissipation 
layer 305 may be formed of a carbon material that is imbued 
with a flexible material such as a polymer matrix . For 
example , the thermal dissipation layer 305 may include 
generally vertically oriented graphite and carbon nanotubes , 
which are imbued with a fluoropolymer rubber matrix . The 
aspect ratio of the carbon nanotubes may be between about 
1 : 1 and about 1 : 100 . For another example , the thermal 
dissipation layer 305 may include graphitic carbon . For yet 
another example , the thermal dissipation layer 305 may 
include pyrolytic graphite sheet . In some embodiments , a 
thermal resistance of the thermal dissipation layer 305 may 
be less than 0.2 ° C . cm2 / Watt at a thickness between about 
250 um and about 450 um . The thermal dissipation layer 305 
may provide additional thermal dissipation capability to the 
semiconductor device 1C . 
[ 0123 ] One aspect of the present disclosure provides a 
semiconductor device including a first semiconductor struc 
ture , a second semiconductor structure , through semicon 
ductor via , and an insulation layer . The first semiconductor 
structure includes a first circuit layer positioned on a first 
substrate , and a first main bonding layer positioned in the 
first circuit layer . The first main bonding layer is substan 
tially coplanar with a front face of the first circuit layer . The 
second semiconductor structure includes a second circuit 
layer positioned on the first circuit layer , a second substrate , 
and a second main bonding layer . The second substrate is 
positioned on the second . circuit layer . The second main 
bonding layer is positioned in the second circuit layer . The 
second main bonding layer and the first main bonding layer 
are topologically aligned and contacted to each other . The 
through semiconductor via is positioned along the second 
semiconductor structure and the first main bonding layer , 
extending to the first circuit layer , and physically and 
electrically coupled to a corresponding conductive line in 
the first circuit layer . The insulation layer is positioned 
between the second semiconductor structure and the through 
semiconductor via , between the first main bonding layer and 
the through semiconductor via , and between the first circuit 
layer and the through semiconductor via . 
( 0124 ] Another aspect of the present disclosure provides a 
method for fabricating a semiconductor device including 
providing a first semiconductor structure , forming a first 
opening , providing a second semiconductor structure , form 
ing a second opening , flipping the second semiconductor 
structure , bonding the second circuit layer onto the first 
circuit layer , forming a via opening , conformally forming an 
insulation layer on a sidewall of the via opening , and 
thrilling a through semiconductor via in the via opening . The 
: first semiconductor structure includes a first circuit layer on 
a first substrate , and a first main bonding layer in the first 
circuit layer . The first opening is formed to expose at least 
partially a corresponding first conductive line in the first 
circuit layer . The second semiconductor structure includes a 
second circuit layer on a second substrate , and a second 
main bonding layer in the second circuit layer . The second 
opening is formed to expose at least partially the second 
substrate . The first circuit layer and the second circuit layer 
are bonded through a hybrid bonding . The first main bond 
ing layer and the second main bonding layer are topologi 

cally aligned and physically contacted to each other . The 
first opening and the second opening are topologically 
aligned and connected to each other to configure a first 
space . The via opening is configured by a third opening 
formed along the second substrate and the first space . 
[ 0125 ] Due to the design of the semiconductor device of 
the present disclosure , the through semiconductor via 401 
with low series resistance may be provided . Therefore , the 
performance of the semiconductor device IA may be 
improved . in addition , the first opening OP1 and the second 
opening OP2 may reduce the occurrence of defects such as 
metal dishing . As a result , the yield and quality of the 
semiconductor device 1A may be improved . 
[ 0126 ] Although the present disclosure and its advantages 
have been described in detail , it should be understood that 
various changes , substitutions and alterations can be made 
herein without departing from the spirit and scope of the 
disclosure as defined by the appended claims . For example , 
many of the processes discussed above can be implemented 
in different methodologies and replaced by other processes , 
or a combination thereof . 
[ 0127 ] Moreover , the scope of the present application is 
not intended to be limited to the particular embodiments of 
the process , machine , manufacture , composition of matter , 
means , methods and steps described in the specification . As 
one of ordinary skill in the art will readily appreciate from 
the disclosure of the present disclosure , processes , 
machines , manufacture , compositions of matter , means , 
methods , or steps , presently existing or later to be devel 
oped , that perform substantially the same function or 
achieve substantially the same result as the corresponding 
embodiments described herein may be utilized according to 
the present disclosure . Accordingly , the appended claims are 
intended to include within their scope such processes , 
machines , manufacture , compositions of matter , means , 
methods , and steps . 
What is claimed is : 
1. A semiconductor device , comprising : 
a first semiconductor structure comprising a first circuit 

layer positioned on a first substrate , and a first main 
bonding layer positioned in the first circuit layer and 
substantially coplanar with a front face of the first 
circuit layer ; 

a second semiconductor structure comprising a second 
circuit layer positioned on the first circuit layer , a 
second substrate positioned on the second circuit layer , 
and a second main bonding layer positioned in the 
second circuit layer , and topologically aligned with and 
contacted to the first main bonding layer ; 

a through semiconductor via positioned along the second 
semiconductor structure and the first main bonding 
layer , extending to the first circuit layer , and physically 
and electrically coupled to a corresponding conductive 
line in the first circuit layer ; and 

an insulation layer positioned between the second semi 
conductor structure and the through semiconductor via , 
between the first main bonding layer and the through 
semiconductor via , and between the first circuit layer 
and the through semiconductor via . 

2. The semiconductor device of claim 1 , wherein a 
horizontal cross - sectional area of the through semiconductor 
via positioned along the second semiconductor structure is 
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a greater than a horizontal cross - sectional area of the through 
semiconductor via positioned along the first main bonding 
layer . 

3. The semiconductor device of claim 2 , wherein a 
horizontal cross - sectional area of the through semiconductor 
via positioned along the second substrate is greater than a 
horizontal cross - sectional area of the through semiconductor 
via positioned along the second main bonding layer . 

4. The semiconductor device of claim 2 , further compris 
ing a first sub - bonding layer and a second sub - bonding 
layer ; 

wherein the first sub - bonding layer is positioned in the 
first circuit layer and a top surface of the first sub 
bonding layer is substantially coplanar with the front 
face of the first circuit layer , and the second sub 
bonding layer is positioned in the second circuit layer 
and a bottom surface of the second sub - bonding layer 
is substantially coplanar with the front face of the first 
circuit layer ; 

wherein the first sub - bonding layer and the second sub 
bonding layer are topologically aligned and contacted 
to each other . 

5. The semiconductor device of claim 4 , wherein a 
horizontal cross - sectional area of the first sub - bonding layer 
is less than a horizontal cross - sectional area of the first main 
bonding layer and a horizontal cross - sectional area of the 
second sub - bonding layer is less than a horizontal cross 
sectional area of the second main bonding layer . 

6. The semiconductor device of claim 2 , wherein a 
sidewall of the through semiconductor via positioned along 
the first main bonding layer is tapered . 

7. The semiconductor device of claim 2 , wherein a ratio 
between the horizontal cross - sectional area of the through 
semiconductor via positioned along the second semiconduc 
tor structure and a horizontal cross - sectional area of the 
second substrate is between about 2 % and about 10 % . 

8. The semiconductor device of claim 2 , wherein a ratio 
between the horizontal cross - sectional area of the through 
semiconductor via positioned along the second semiconduc 
tor structure and a horizontal cross - sectional area of the 
second main bonding layer is between about 30 % and about 
70 % . 

9. The semiconductor device of claim 2 , wherein the 
through semiconductor via is electrically coupled an exter 
nal power source . 

10. The semiconductor device of claim 2. further com 
prising a connector positioned on the through semiconductor 
via . 

11. The semiconductor device of claim 8 , wherein a layout 
of the first circuit layer is different from a layout of the 
second circuit layer . 

12. The semiconductor device of claim 11 , wherein the 
layout of the first circuit layer and the layout of the second 
circuit layer are symmetrical . 

13. The semiconductor device of claim 2 , wherein a 
thickness of the first substrate is greater than or equal to a 
thickness of the second substrate . 

14. The semiconductor device of claim 2 , further com 
prising a thermal dissipation layer positioned below the first 

substrate , wherein the thermal dissipation layer comprises 
vertically oriented graphite and carbon nanotubes . 

15. The semiconductor device of claim 14 , further com 
prising an attachment layer positioned between the thermal 
dissipation layer and the first substrate , wherein the attach 
ment layer comprises die attach film , silver paste , or the like . 

16. A method for fabricating a semiconductor device , 
comprising : 

providing a first semiconductor structure comprising a 
first circuit layer on a first substrate , and a first main 
bonding layer in the first circuit layer ; forming a first 
opening to expose at least partially a corresponding first 
conductive line in the first circuit layer ; 

providing a second semiconductor structure comprising a 
second circuit layer on a second substrate , and a second 
main bonding layer in the second circuit layer ; forming 
a second opening to expose at least partially the second 
substrate ; 

flipping the second semiconductor structure and bonding 
the second circuit layer onto the first circuit layer 
through a hybrid bonding ; wherein the first main bond 
ing layer and the second main bonding layer are 
topologically aligned and contacted to each other ; 
wherein the first opening and the second opening are 
topologically aligned and connected to each other to 
configure a first space 

forming a third opening along the second substrate and 
connected to the first space to together configure a via 
opening conformally forming an insulation layer on a 
sidewall of the via opening and forming a through 
semiconductor via in the via opening . 

17. The method for fabricating the semiconductor device 
of claim 16 , wherein a horizontal cross - sectional area of the 
first opening is less than a horizontal cross - sectional area of 
the second opening . 

18. The method for fabricating the semiconductor device 
of claim 16 , wherein a horizontal cross - sectional area of the 
second main bonding layer is less than a horizontal cross 
sectional area of the first main bonding layer after the 
formation of the first opening and the second opening . 

19. The method for fabricating the semiconductor device 
of claim 16 , wherein the step of forming the insulation layer 
comprises : 

conformally forming a layer of insulation material on the 
sidewall and a bottom surface of the via opening ; and 

removing the layer of insulation material on the bottom 
surface of the via opening to expose at least partially 
the corresponding first conductive line and concur 
rently form the insulation layer on the sidewall of the 
via opening 

20. The method for fabricating the semiconductor device 
of claim 16 , further comprising a step of performing a 
thermal annealing process after the bonding of the second 
circuit layer onto the first circuit layer , wherein a process 
temperature of the thermal annealing process is between 
about 25 ° C. and about 400 ° C. 

a 
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