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A semiconductor device includes a first substrate having an 
attaching surface on which first electrodes and a first insu 
lating film are exposed , an insulating thin film that covers 
the attaching surface of the first substrate , and a second 
substrate which has an attaching surface on which second 
electrodes and a second insulating film are exposed and is 
attached to the first substrate in a state in which the attaching 
surface of the second substrate and the attaching surface of 
the first substrate are attached together sandwiching the 
insulating thin film therebetween , and the first electrodes 
and the second electrodes deform and break a part of the 
insulating thin film so as to be directly electrically connected 
to each other . 
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SEMICONDUCTOR DEVICE AND 
MANUFACTURING METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS a 

a 

[ 0001 ] This application is a continuation of and claims 
priority to U.S. patent application Ser . No. 16 / 554,347 , filed 
Aug. 28 , 2019 , which is a divisional of and claims priority 
to U.S. patent application Ser . No. 15 / 987,278 , filed May 23 , 
2018 , now U.S. Pat . No. 10,707,258 , which is a continuation 
of and claims priority to U.S. patent application Ser . No. 
15 / 607,845 , filed May 30 , 2017 , now U.S. Pat . No. 10,134 , 
795 , which is a continuation of and claims priority to U.S. 
patent application Ser . No. 14 / 880,957 , filed Oct. 12 , 2015 , 
now U.S. Pat . No. 9,666,627 , which is a continuation of and 
claims priority to U.S. patent application Ser . No. 14/206 , 
489 , filed Mar. 12 , 2014 , now U.S. Pat . No. 9,190,275 , 
which claims the benefit of Japanese Priority Patent Appli 
cation JP 2013-060691 , filed Mar. 22 , 2013 , the entire 
disclosures of which are hereby incorporated herein by 
reference . 

a 

BACKGROUND 

a 
[ 0002 ] The present disclosure relates to a semiconductor 
device and a manufacturing method , and particularly to a 
semiconductor device configured by attaching two sub 
strates in a state in which electrodes are electrically joined 
to each other and a manufacturing method thereof . 
[ 0003 ] Thus far , two - dimensionally structured semicon 
ductor devices have been highly integrated by introducing 
fine processes and improving mounting density , but there is 
a physical limitation in highly integrating two - dimensional 
structures using the above - described method . Therefore , 
three - dimensionally structured semiconductor devices have 
been developed to further decrease the size of semiconduc 
tor devices and further increase the density of pixels . For 
example , a three - dimensionally structured semiconductor 
device obtained by stacking a sensor substrate having pho 
toelectric conversion portions and a circuit substrates having 
peripheral circuit portions and attaching both substrates 
together is proposed in Japanese Unexamined Patent Appli 
cation Publication No. 2006-191081 . 
[ 0004 ] The above - described three - dimensionally struc 
tured semiconductor device is produced by using two sub 
strates having an attaching surface on which a Cu electrode 
and an insulating film are exposed , aligning the Cu elec 
trodes in a state in which the attaching surfaces face each 
other , and , furthermore , thermally treating the Cu electrodes , 
thereby attaching the substrates together . As described 
above , there are three - dimensionally structured semiconduc 
tor devices obtained by stacking and attaching substrates 
together through direct joining of the Cu electrodes ( Cu 
Cu junction ) ( for example , refer to Japanese Unexamined 
Patent Application Publication No. 2000-299379 , Japanese 
Unexamined Patent Application Publication No. 2006 
522461 , Japanese Unexamined Patent Application Publica 
tion No. 2010-129576 , and Japanese Unexamined Patent 
Application Publication No. 2012-256736 ) 

due to deviation occurring when aligning the Cu electrodes 
during the manufacturing processes , the difference in the 
shape or size between the Cu electrodes , and the like . In the 
joining surface between the Cu electrode and the insulating 
film , voids are generated . Thus , there is a problem in that the 
substrates are separated due to a decrease in the attaching 
strength of the joining surface . 
[ 0006 ] The present disclosure has been made in consider 
ation of the above - described circumstances , and enables the 
provision of a three - dimensionally structured semiconductor 
device in which the attaching strength between substrates is 
improved from preventing the generation of voids in a 
joining surface of the substrates in a configuration in which 
two substrates are attached together so as to join electrodes . 
[ 0007 ] A semiconductor device according to a first 
embodiment of the present disclosure includes a first sub 
strate having an attaching surface on which first electrodes 
and a first insulating film are exposed , an insulating thin film 
that covers the attaching surface of the first substrate , and a 
second substrate which has an attaching surface on which 
second electrodes and a second insulating film are exposed 
and is attached to the first substrate in a state in which the 
attaching surface of the second substrate and the attaching 
surface of the first substrate are attached together sandwich 
ing the insulating thin film therebetween , and the first 
electrodes and the second electrodes deform and break a part 
of the insulating thin film so as to be directly electrically 
connected to each other . 
[ 0008 ] The insulating thin film may be an oxidized film . 
[ 0009 ] The insulating thin film may be a nitride film . 
[ 0010 ] The insulating thin film may have a laminate 
structure . 
[ 0011 ] The insulating thin film may be provided in a state 
of covering the entire attaching surfaces , and then only the 
attaching surfaces between the electrodes are deformed and 
broken . 
[ 0012 ] The attaching surface of the first substrate and the 
attaching surface of the second substrate may be flattened 
surfaces . 
[ 0013 ] A manufacturing method according to a second 
embodiment of the present disclosure includes forming an 
insulating thin film in a state in which the attaching surface 
of at least one of the two substrates having an attaching 
surface on which electrodes and an insulating film are 
exposed is covered , disposing the attaching surfaces of the 
two substrates opposite to each other through the insulating 
thin film , and aligning the attaching surfaces in a state in 
which the electrodes on the two substrates are electrically 
connected to each other through the insulating thin film , 
thereby attaching the two substrates . 
[ 0014 ] The two attached substrates may be thermally 
treated so that the insulating thin film sandwiched by the first 
electrodes and the second electrodes is broken by deforming 
and moving metal that configures the electrodes , thereby 
bringing the first electrodes and the second electrodes into 
direct contact . 
[ 0015 ] The temperature of the thermal treatment may be 
set to be sufficiently lower than a film - forming temperature 
of at least one of the first electrodes and the second elec 
trodes . 
[ 0016 ] The insulating thin films may be formed on both of 
the two substrates . 
[ 0017 ] The insulating thin films made of the same material 
may be formed both of on the two substrates . 

SUMMARY 

[ 0005 ] However , in the above - described three - dimension 
ally structured semiconductor devices , a joining surface 
between the Cu electrode and the insulating film is formed 
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[ 0018 ] The insulating thin films may be formed using 
atomic layer deposition . 
[ 0019 ] The attaching surfaces of the two substrates may be 
formed using a flattening treatment . 
[ 0020 ] According to the present disclosure , in a configu 
ration in which two substrates are attached so as to connect 
electrodes to each other , it is possible to prevent voids from 
being generated in a joining interface , and therefore the 
joining strength between two substrates increases so that it 
becomes possible to obtain semiconductor devices having 
improved reliability . 

a 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0021 ] FIG . 1 is a schematic configuration view illustrat 
ing an example of a semiconductor device to which the 
present disclosure is applied ; 
[ 0022 ] FIG . 2 is a cross - sectional view of main parts 
illustrating a configuration of a semiconductor device 
according to the present embodiment ; 
[ 0023 ] FIGS . 3A , 3B and 3C are cross - sectional process 
charts illustrating a ( first ) production order of a first sub 
strate ( sensor substrate ) when manufacturing the semicon 
ductor device according to the present embodiment ; 
[ 0024 ] FIGS . 4A and 4B are cross - sectional process charts 
illustrating a ( second ) production order of the first substrate 
( sensor substrate ) when manufacturing the semiconductor 
device according to the present embodiment ; 
[ 0025 ] FIGS . 5A and 5B are cross - sectional process charts 
illustrating a production order of a second substrate ( circuit 
substrate ) when manufacturing the semiconductor device 
according to the present embodiment ; 
[ 0026 ] FIG . 6 is a ( first ) cross - sectional view illustrating 
attachment when manufacturing the semiconductor device 
according to the present embodiment ; 
[ 0027 ] FIG . 7 is a ( second ) cross - sectional view illustrat 
ing attachment when manufacturing the semiconductor 
device according to the present embodiment ; and 
[ 0028 ] FIG . 8 is a configuration view of an electronic 
device for which a semiconductor device obtained by apply 
ing the present disclosure is used . 

2 

[ 0035 ] 6. An example of an electronic device for which the 
semiconductor device of the present embodiment is used 
[ 0036 ] 1. An Example of a Schematic Configuration of a 
Semiconductor Device of the Present Embodiment 
[ 0037 ] FIG . 1 illustrates a schematic configuration of a 
solid imaging apparatus as an example of the semiconductor 
device to which the present disclosure is applied . 
[ 0038 ] The solid imaging apparatus 1 is a so - called three 
dimensionally structured semiconductor device including a 
first substrate 2 as a sensor substrate and a second substrate 
7 as a circuit substrate which is attached in a state of being 
stacked on the first substrate 2 . 
[ 0039 ] Among the above - described components , the first 
substrate 2 is provided with a pixel region 4 in which a 
plurality of pixels 3 including a photoelectric conversion 
portion is arrayed two - dimensionally on a regular basis . In 
the pixel region 4 , a plurality of pixel - driving lines 5 is 
disposed in a row direction , a plurality of vertical signal 
lines 6 is disposed in a column direction , and each of the 
pixels 3 is disposed in a state of being connected to one 
pixel - driving line 5 and one vertical signal line 6. Each of the 
pixels 3 is provided with the photoelectric conversion por 
tion , a floating diffusion and a pixel circuit made up of a 
plurality of transistors ( so - called MOS transistors ) , capacity 
elements and the like . Meanwhile , there are cases in which 
a part of the pixel circuit is shared by a plurality of the pixels . 
[ 0040 ] In addition , the second substrate 7 is provided with 
peripheral circuits such as a vertical driving circuit 8 for 
driving the respective pixels 3 provided in the first substrate 
2 , a column signal - processing circuit 9 , a horizontal driving 
circuit 10 and a system control circuit 11 . 
[ 0041 ] 2. A Configuration of the Semiconductor Device of 
the Present Embodiment 
[ 0042 ] FIG . 2 is a cross - sectional view of main parts 
illustrating the configuration of the semiconductor device 
according to the present embodiment , and is a cross - sec 
tional view of three pixels in FIG . 1. Hereinafter , the detailed 
configuration of the semiconductor device of the present 
embodiment will be described based on the above - described 
cross - sectional view of main parts . 
[ 0043 ] The semiconductor device 1 illustrated in FIG . 2 is 
a three - dimensionally structured solid imaging apparatus in 
which an attaching surface 41 of the first substrate 2 and an 
attaching surface 71 of the second substrate 7 are disposed 
opposite to each other in a state of sandwiching an insulating 
thin film 12 so that the first substrate 2 and the second 
substrate 7 are attached together . 
[ 0044 ] Here , in the first substrate 2 , a semiconductor layer 
2a , a wire layer 2b and an electrode layer 2c are sequentially 
stacked from the opposite side of the second substrate 7 , and , 
furthermore , the surface of the electrode layer 2c serves as 
the attaching surface 41 with respect to the second substrate 
7. On the other hand , in the second substrate 7 , a semicon 
ductor layer 7a , a wire layer 7b and an electrode layer 7c are 
sequentially stacked from the opposite side of the first 
substrate 2 , and , furthermore , the surface of the electrode 
layer 7c serves as the attaching surface 71 with respect to the 
first substrate 2 . 
[ 0045 ] In addition , a protective film 15 , color filter layers 
17 and on - chip lenses 19 are stacked on the surface of the 
first substrate 2 on the opposite side of the second substrate 
7 in an order illustrated in the drawing . 
[ 0046 ] Next , the detailed configurations of the respective 
layers that configure the first substrate 2 and the second 

a 

a 
DETAILED DESCRIPTION OF EMBODIMENTS 

[ 0029 ] Hereinafter , embodiments of the present disclosure 
will be described in the following order based on the 
accompanying drawings . 
[ 0030 ] 1. An example of a schematic configuration of a 
semiconductor device of the present embodiment 
[ 0031 ] 2. A configuration of the semiconductor device of 
the present embodiment 
[ 0032 ] 3. A production order of a first substrate ( sensor 
substrate ) in manufacturing the semiconductor device of the 
present embodiment 
[ 0033 ] 4. A production order of a second substrate ( circuit 
substrate ) in manufacturing the semiconductor device of the 
present embodiment 
[ 0034 ] 5. An attachment order of the substrates in manu 
facturing the semiconductor device of the present embodi 
ment 

a 
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substrate 7 and the insulating thin film 12 will be sequen 
tially described , and , furthermore , the configurations of the 
protective film 15 , the color filter layer 17 and the on - chip 
lens 19 will be sequentially described . 
[ 0047 ] Semiconductor Layer 2a ( on the First Substrate 2 
Side ) 
[ 0048 ] The semiconductor layer 2a on the first substrate 2 
side is obtained by , for example , making a semiconductor 
substrate 20 made of single - crystal silicon into a thin film . 
In the semiconductor layer 2a , a photoelectric conversion 
portion 21 made of , for example , an n - type impurity layer 
( or a p - type impurity layer ) is provided to each pixel on a 
first surface side on which the color filter layers 17 , the 
on - chip lenses 19 and the like are disposed . On the other 
hand , floating diffusions FD made of an nt - type impurity 
layer , sources and drains 23 of transistors Tr , furthermore , 
other impurity layers , not illustrated in the drawing , and the 
like are provided on a second surface side of the semicon 
ductor layer 2a . 
[ 0049 ] Wire Layer 2b ( on the First Substrate 2 Side ) 
[ 0050 ] The wire layer 2b provided on the semiconductor 
layer 2a in the first substrate 2 includes transportation gates 
TG , gate electrodes 27 of the transistors Tr , and , further 
more , other electrodes , not illustrated in the drawing , all of 
which are provided through a gate insulating film 25 , on an 
interface side with the semiconductor layer 2a . The trans 
portation gates TG and the gate electrode 27 are covered 
with an interlayer insulating film 29 , and embedded wires 31 
are provided in a groove pattern formed in the interlayer 
insulating film 29. The embedded wire 31 is made up of a 
barrier metal layer 31a that covers the inner wall of the 
groove pattern and a wire layer 31b made of copper ( Cu ) 
embedded in the groove pattern through the barrier metal 
layer 31a . 
[ 0051 ] Meanwhile , the above - described wire layer 2b may 
be made up of multilayered wire layers in which the wire 
layers are stacked . 
[ 0052 ] Electrode Layer 2c ( on the First Substrate 2 Side ) 
[ 0053 ] The electrode layer 2c provided on the wire layer 
2b in the first substrate 2 includes a diffusion - preventing 
insulating film 32 against copper ( Cu ) and a first insulating 
film 35 stacked on the diffusion - preventing insulating film 
on an interface side with the wire layer 2b . The first 
insulating film 35 is made of , for example , a TEOS film , and 
first electrodes 33 are provided as embedded electrodes in 
the groove pattern formed in the first insulating film 35 . 
Meanwhile , the TEOS film refers to a silicon oxide film 
formed using chemical vapor deposition ( hereinafter CVD ) 
in which tetraethoxy silane ( TEOS ) gas having a composi 
tion of Si ( OC2H3 ) 4 is used as raw material gas . 
[ 0054 ] In addition , the first electrode 33 is made up of a 
barrier metal layer 33a that covers the inner wall of the 
groove pattern and a first electrode film 33b made of copper 
( Cu ) embedded in the groove pattern through the barrier 
metal layer 33a . In addition , it is necessary to form at least 
copper ( Cu ) that forms the electrode layer 2c which serves 
as a surface to be attached at a temperature lower than the 
thermal treatment temperature after attachment . The surface 
of the electrode layer 2c having the above - described con 
figuration serves as the attaching surface 41 on the first 
substrate 2 side with respect to the second substrate 7. The 
attaching surface 41 is configured to expose the first elec 

trodes 33 and the first insulating film 35 , and is flattened 
through , for example , chemical mechanical polishing ( here 
inafter referred to as CMP ) . 
[ 0055 ] Meanwhile , while not illustrated in the drawings , a 
part of the groove pattern provided in the first insulating film 
35 reaches the embedded wires 31 provided in the wire layer 
2b , and the first electrodes 33 embedded in the groove 
pattern are connected to the embedded wires 31 as neces 
sary . 

[ 0056 ] Semiconductor Layer 7a ( on a Second Substrate 7 
Side ) 
[ 0057 ] Meanwhile , the semiconductor layer Ta on the 
second substrate 7 side is obtained by , for example , making 
a semiconductor substrate 50 made of single - crystal silicon 
into a thin film . In the semiconductor layer 7a , sources and 
drains 51 of transistors Tr , furthermore , other impurity 
layers , not illustrated in the drawing , and the like are 
provided on a surface layer on the first substrate 2 side . 
[ 0058 ] Wire Layer 7b ( on the Second Substrate 7 Side ) 
[ 0059 ] The wire layer 7b provided on the semiconductor 
layer 7a in the second substrate 7 includes gate electrodes 55 
and , furthermore , other electrodes , not illustrated in the 
drawing , all of which are provided through a gate insulating 
film 53 , on an interface side with the semiconductor layer 
7a . The gate electrodes 55 and other electrodes are covered 
with an interlayer insulating film 57 , and embedded wires 59 
are provided in a groove pattern formed in the interlayer 
insulating film 57. The embedded wire 59 is made up of a 
barrier metal layer 59a that covers the inner wall of the 
groove pattern and a wire layer 59b made of copper ( Cu ) 
embedded in the groove pattern through the barrier metal 
layer 59 a . 
[ 0060 ] Meanwhile , the above - described wire layer 7b may 
have a multilayered wire layer structure . 
[ 0061 ] Electrode Layer 7c ( on the Second Substrate 7 
Side ) 
[ 0062 ] The electrode layer 7c provided on the wire layer 
7b in the second substrate 7 includes a diffusion - preventing 
insulating film 61 against copper ( Cu ) and a second insu 
lating film 69 stacked on the diffusion - preventing insulating 
film on an interface side with the wire layer 7b . The second 
insulating film 69 is made of , for example , a TEOS film , and 
second electrodes 67 are provided as embedded electrodes in 
the groove pattern formed in the second insulating film 69 . 
The second electrode 67 is made up of a barrier metal layer 
67a that covers the inner wall of the groove pattern and a 
second electrode film 67b made of copper ( Cu ) embedded in 
the groove pattern through the barrier metal layer 67a . 
[ 0063 ] In addition , similarly to the first substrate 2 , it is 
necessary to form at least copper ( Cu ) that forms the 
electrode layer 7c which serves as a surface to be attached 
at a temperature lower than the thermal treatment tempera 
ture after attachment . The second electrodes 67 are disposed 
so as to correspond to the first electrodes 33 on the first 
substrate 2 side , and are electrically connected to the first 
electrodes 33 on the first substrate 2 side through the 
insulating thin film 12. The surface of the above - described 
electrode layer 7c serves as the attaching surface 71 on the 
second substrate 7 side with respect to the first substrate 2 . 
The attaching surface 71 is configured to expose the second 
electrodes 67 and the second insulating film 69 , and is 
flattened through , for example , CMP . 

a 
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[ 0064 ] Insulating Thin Film 12 
[ 0065 ] The insulating thin film 12 is sandwiched between 
the attaching surface 41 on the first substrate 2 side and the 
attaching surface 71 on the second substrate 7 side , and 
covers the entire attaching surface 41 and the entire attach 
ing surface 71. That is , the first substrate 2 and the second 
substrate 7 are attached together through the insulating thin 
film 12. When the first substrate 2 and the second substrate 
7 attached together are thermally treated at a temperature 
higher than the film - forming temperature of copper ( Cu ) , the 
crystal grains of copper ( Cu ) migrate , and it becomes 
possible to break the insulating thin film . As the difference 
between the thermal treatment temperature at this time and 
the film - forming temperature of copper ( Cu ) increases , it is 
more likely that the insulating thin film 12 is broken . This is 
because the crystal grains of copper ( Cu ) grow more rapidly . 
In addition , since the insulating thin film 12 is broken only 
at places where copper ( Cu ) is present , portions other than 
the electrodes can hold an insulating property . 
[ 0066 ] The above - described insulating thin film 12 is 
made of , for example , an oxidized film and nitride film , 
and an oxidized film and a nitride film , which are generally 
used for semiconductors , are used . However , since the 
insulating thin film 12 is broken due to the crystal grain 
growth of the attached copper ( Cu ) as described above , it is 
necessary to prevent the crystal grain growth of the copper 
( Cu ) from being accelerated when forming the insulating 
thin film 12. Thus , examples of the above described film 
formation include the film - formation of the copper ( Cu ) . It 
is necessary to set to a temperature that is equal or lower 
than the temperature when forming the electrodes on a 
joining surface . The constituent materials of the insulating 
thin film 12 will be described in detail . 
[ 0067 ] In a case in which the insulating thin film 12 is 
made of an oxidized film , for example , silicon oxide ( SiO2 ) 
or hafnium oxide ( HfO2 ) is used . 
[ 0068 ] In a case in which the insulating thin film 12 is 
made of a nitride film , for example , silicon nitride ( SIN ) is 
used . 

[ 0069 ] In addition , particularly in the present embodiment , 
it is important that the first electrodes 33 on the first substrate 
2 side and the second electrodes 67 on the second substrate 
7 side are attached together through the insulating thin film 
12 , then , thermally treated , and the insulating thin film 12 in 
the electrode portions are broken , whereby the electrodes are 
directly connected to each other . Thus , the film thickness of 
the insulating thin film 12 is extremely thin . While the film 
thickness varies depending on the material of the insulating 
thin film 12 , the film thickness is desirably approximately 1 
nm or less for , for example , oxides such as silicon oxide 
( SiO2 ) and hafnium oxide ( HfO2 ) and most of other mate 
rials . The above - described film thickness is determined 
based on the amount of the surface of copper ( Cu ) changed 
due to the crystal grain growth in a case in which , for 
example , a copper ( Cu ) film is formed at a film - forming 
temperature of 150 ° C. and then thermally treated at 400 ° C. 
However , it is also possible to use a thicker film depending 
on the film qualities of the insulating thin film 12 and the 
temperature difference between the film - forming tempera 
ture and the thermal treatment temperature . The first elec 
trode 33 and the second electrode 67 which are brought into 
direct contact using the above - described method form a 
perfect conduction state so that a current flows . 

[ 0070 ] Meanwhile , in the semiconductor device 1 of the 
present embodiment , the insulating thin film 12 is not 
limited to the above - described monolayer structure , and may 
have a laminate structure made of the same material or a 
laminate structure made of different materials . 
[ 0071 ] Protective Film 15 , Color Filter Layer 17 and 
On - Chip Lens 19 
[ 0072 ] The protective film 15 is provided to cover the 
photoelectric conversion portions 21 on the first substrate 2 . 
The protective film 15 is made of a material film having a 
passivation property , and examples of the material film 
being used include a silicon oxide film , a silicon nitride film , 
a silicon oxynitride film and the like . 
[ 0073 ] The color filter layer 17 is made up of color filters 
of the respective colors provided on a one - to - one basis to the 
respective photoelectric conversion portions 21. There is no 
limitation in how to array the color filters of the respective 
colors . 
[ 0074 ] The on - chip lenses 19 are provided on a one - to - one 
basis to the respective photoelectric conversion portions 21 
and the color filters of the respective colors that configure 
the color filter layers 17 , and are configured to collect the 
incident light in the respective photoelectric conversion 
portions 21 . 
[ 0075 ] The Effect of the Configuration of the Semicon 
ductor Device of the Present Embodiment 
[ 0076 ] The semiconductor device 1 of the present embodi 
ment configured as described above is formed of the first 
substrate 2 and the second substrate 7 attached through the 
insulating thin film 12 as illustrated in FIG . 2 so that the 
attaching surface 41 of the first substrate 2 and the attaching 
surface 71 of the second substrate 7 are not in direct contact . 
Thus , the generation of voids generated in a joining interface 
in a configuration in which the attaching surfaces are 
directly jointed together is prevented . Then , the joining 
strength between two substrates increases so that it becomes 
possible to obtain semiconductor devices having improved 
reliability . 
[ 0077 ] Particularly in a case in which the first insulating 
film 35 and the second insulating film 69 are made of TEOS 
films , since a number of OH groups are present on the 
surface of the TEOS film , in a joining interface in which the 
insulating films made of the TEOS film come into direct 
contact with each other , voids are generated due to dehy 
dration synthesis . Even in a case in which the insulating film 
is the TEOS film as described above , in the semiconductor 
device 1 of the present embodiment , since the substrates are 
attached together through the insulating thin film 12 , there is 
no case in which the TEOS films come into direct contact 
with each other , and it is possible to prevent the generation 
of voids due to dehydration synthesis . Then , the joining 
strength between two substrates increases so that it becomes 
possible to obtain semiconductor devices having improved 
reliability . 
[ 0078 ] 3. A Production Order of a First Substrate ( Sensor 
Substrate ) in Manufacturing the Semiconductor Device of 
the Present Embodiment 
[ 0079 ] FIGS . 3A , 3B and 3C are ( first ) cross - sectional 
process charts illustrating a production order of the first 
substrate 2 used when manufacturing the above - described 
semiconductor device of the present embodiment , and FIGS . 
4A and 4B are ( second ) cross - sectional process charts sub 
sequent to FIGS . 3A , 3B and 3C . Hereinafter , the production 
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order of the first substrate 2 ( sensor substrate ) used in the 
present embodiment will be described based on the above 
described drawings . 
[ 0080 ] As illustrated in FIG . 3A , the semiconductor sub 
strate 20 made of , for example , single - crystal silicon is 
prepared . The photoelectric conversion portions 21 made of 
an n - type impurity layer are formed at a predetermined 
depth in the semiconductor substrate 20 , and a charge 
transportation portion made of an n * -type impurity layer or 
a charge storage portion for holes made of a p * -type impu 
rity layer are formed on the surface layer of the photoelectric 
conversion portion 21. In addition , floating diffusions FD 
made of an nt - type impurity layer , sources and drains 23 , 
and , furthermore , other impurity layers , not illustrated in the 
drawing , are formed on the surface layer of the semicon 
ductor substrate 20 . 
[ 0081 ] Next , the gate insulating film 25 is formed on the 
semiconductor substrate 20 , and , furthermore , the transpor 
tation gates TG and the gate electrodes 27 are formed on the 
gate insulating film . Here , the transportation gate TG is 
formed between the floating diffusion FD and the photo 
electric conversion portion 21 , and the gate electrodes 27 is 
formed between the source and the drain 23. In addition , 
other electrodes , not illustrated in the drawing , are formed 
using the same processes as described above . 
[ 0082 ] Meanwhile , the above - described processes may be 
carried out in an appropriately - selected ordinary production 
order . 
[ 0083 ] After that , the interlayer insulating film 29 made of , 
for example , silicon oxide is formed on the gate insulating 
film 25 in a state in which the transportation gates TG and 
the gate electrodes 27 are covered . Furthermore , a groove 
pattern is formed in the interlayer insulating film 29 , and the 
embedded wires 31 formed by embedding the wire layer 31b 
through the barrier metal layer 31a are formed in the groove 
pattern . The embedded wires 31 are connected to the trans 
portation gates TG at necessary places . In addition , while not 
illustrated in the drawing , some of the embedded wires 31 
are connected to the sources and drains 23 at necessary 
places . Then , the wire layer 2b including the embedded 
wires 31 is obtained . Meanwhile , an embedded wiring 
technique , which will be described using drawings including 
FIG . 3B , is applied to the formation of the embedded wires 
31 . 
[ 0084 ] Next , the diffusion - preventing insulating film 32 is 
formed on the wire layer 2b , and , furthermore , the first 
insulating film 35 is formed on the diffusion - preventing 
insulating film . For example , the first insulating film 35 
made of the TEOS film is formed using CVD in which 
TEOS gas is used . After that , the first electrodes 33 are 
formed on the first insulating film 35 using the embedded 
wiring technique described below . 
[ 0085 ] As illustrated in FIG . 3B , a groove pattern 35a is 
formed in the first insulating film 35. While not illustrated in 
the drawing , the groove pattern 35a is formed at necessary 
places in a shape that allows the groove pattern to reach the 
embedded wires 31 . 
[ 0086 ] As illustrated in FIG . 3C , the barrier metal layers 
33a are formed in a state in which the inner walls of the 
groove pattern 35a are covered , and the first electrode film 
33b is formed on the barrier metal layers in a state in which 
the groove pattern 35a is embedded . The barrier metal layer 
33a is made of a material having a barrier property so as to 
prevent the first electrode film 33b from diffusing into the 

first insulating film 35. Meanwhile , the first electrode film 
33b is made of copper ( Cu ) , but the material is not limited 
thereto , and the first electrode film may be made of any 
conductive material . 
[ 0087 ] As illustrated in FIG . 4D , the first electrode film 
33b is removed and flattened using CMP until the barrier 
metal layers 33a are exposed , and , furthermore , the barrier 
metal layers 33a are removed and flattened until the first 
insulating film 35 is exposed . Then , the first electrodes 33 
formed by embedding the first electrode film 33b in the 
groove pattern 35a through the barrier metal layer 33a are 
formed . Then , the electrode layer 2c including the first 
electrodes 33 is obtained . 
[ 0088 ] Through the above - described processes , the first 
substrate 2 including the flat attaching surface 41 on which 
the first electrodes 33 and the first insulating film 35 are 
exposed is produced as the sensor substrate . Meanwhile , a 
pretreatment may be carried out on the attaching surface 41 
as necessary using a wet treatment or a plasma treatment . 
[ 0089 ] The above - described processes may be carried out 
using an ordinary process order for manufacturing semicon 
ductor devices , and the process order is not particularly 
limited , and it is possible to carry out the processes in an 
appropriate order . However , when forming the first elec 
trodes 33 which serve as the attaching surface , the film 
forming temperature of copper ( Cu ) is , for example , as low 
as approximately 100 ° C. , and the temperature difference 
with the thermal treatment temperature ( for example , 400 ° 
C. ) after attachment is made to be as large as possible . In the 
present disclosure , the following formation of an insulating 
thin film forms characteristics processes . 
[ 0090 ] The film - forming order of an insulating thin film 
As illustrated in FIG . 4E , an insulating thin film 12a is 
formed using atomic layer deposition ( hereinafter , referred 
to as ALD ) in a state in which the attaching surface 41 of the 
first substrate 2 is fully covered . 
[ 0091 ] The order of ALD will be briefly described . 
[ 0092 ] First , a first reactant and a second reactant , both of 
which contain the constituent elements of a thin film to be 
formed , are prepared . A first process , in which gas contain 
ing the first reactant is supplied to a substrate and an 
adsorption reaction is caused , and a second process , in 
which gas containing the second reactant is supplied and an 
adsorption reaction is caused , are carried out as film - forming 
processes , and an inert gas is supplied so as to purge the 
non - adsorbed reactants between both processes . One cycle 
of the above - described film - forming processes accumulates 
a layer of atoms , and the film - forming processes are repeated 
so as to form a film having a desired film thickness . 
Meanwhile , any one of the first process and the second 
process may be carried out first . 
[ 0093 ] The above - described film - forming method is ALD , 
and has the following characteristics . 
[ 0094 ] As described above , ALD is a method in which the 
cycle of the film - forming processes are repeated so as to 
form a film , and it is possible to form a film having a film 
thickness that is highly accurately controlled at an atomic 
layer level by adjusting the number of the cycles of the 
processes . When the ALD is applied to form the insulating 
thin film 12a , it is possible to form the extremely thin 
insulating thin film 12a with favorable film thickness con 
trollability . 
[ 0095 ] ALD is , furthermore , a method that can form films 
using a low - temperature process at approximately 500 ° C. or 

a 



US 2021/0366958 A1 Nov. 25 , 2021 
6 

a 

lower . Furthermore , it also becomes possible to form films 
of SiO2 or the like at room temperature . When forming the 
insulating thin film 12a , since the electrode layer 2c has been 
already formed , it is necessary to consider the heat resistance 
of metal that configures the electrode layer 2c , and a 
low - temperature process is necessary to form the insulating 
thin film 12a . Therefore , when the ALD is applied to form 
the insulating thin film 12a , it is possible to form the 
insulating thin film 12a without causing the deterioration of 
the electrode layer 2c due to the low - temperature process . 
[ 0096 ] As described above , ALD is a method that forms 
films by accumulating atomic layers one by one . When the 
ALD is applied to form the insulating thin film 12a , it is 
possible to cover the entire attaching surface 41 with the flat 
and uniform insulating thin film 12 without allowing the 
surface of the substrate which has been highly flattened 
using CMP to be more uneven . 
[ 0097 ] Hereinafter , as an example , the film - forming con 
ditions of the insulating thin film 12a made of an oxidized 
film or an nitride film using ALD will be specifically 
described . 
[ 0098 ] In a case in which the insulating thin film 12a is 
made of an oxidized film ( SiO2 , HfO , or the like ) , in the 
ALD , a Si - containing reactant or a Hf - containing reactant is 
used as the first reactant , and an O - containing reactant is 
used as the second reactant . When a process in which the 
above - described reactants are supplied so as to cause an adsorption reaction is alternately repeated , the insulating 
thin film 12a made of an oxide film ( SiO2 or HfO2 ) is formed 
on the attaching surface 41. Here , as the Si - containing 
reactant , for example , a substance that can be supplied in a 
gas form , such as silane ( SiH_ ) or dichlorosilane ( H SiC12 ) 
is used . As the Hf - containing substance , tetrakis dimethyl 
amino hafnium ( Hf [ N ( CH3 ) 2 ] + ) or the like is used . As the 
O - containing substance , water vapor gas , ozone gas or the 
like is used . 
[ 0099 ] Meanwhile , in a case in which the insulating thin 
film 12a is made of a nitride film ( SiN or the like ) , in the 
ALD , a Si - containing reactant is used as the first reactant , 
and a N - containing reactant is used as the second reactant . 
When a process in which the above - described reactants are 
supplied so as to cause an adsorption reaction is alternately 
repeated , the insulating thin film 12a made of a nitride film 
( SIN ) is formed on the attaching surface 41. Here , as the 
N - containing reactant , for example , nitrogen gas , ammonia 
gas or the like is used . As the O - containing substance , water 
vapor gas , ozone gas or the like is used . 
[ 0100 ] Through the above - described processes , the 
extremely thin and uniform insulating thin film 12a is 
formed on the first substrate 2 in a state in which the 
insulating thin film covers the entire attaching surface 41 . 
[ 0101 ] 4. A Production Order of a Second Substrate ( Cir 
cuit Substrate ) in Manufacturing the Semiconductor Device 
of the Present Embodiment 
[ 0102 ] FIGS . 5A and 5B are cross - sectional process charts 
illustrating a production order of the second substrate 7 used 
when manufacturing the above - described semiconductor 
device of the present embodiment . Hereinafter , the produc 
tion order of the second substrate 7 ( circuit substrate ) used 
in the present embodiment will be described based on the 
drawing . 
[ 0103 ] As illustrated in FIG . 5A , the semiconductor sub 
strate 50 made of , for example , single - crystal silicon is 
prepared . The respective conduction - type sources and drains 

51 , and other impurity layers , not illustrated in the drawing , 
are formed on the surface layer of the semiconductor sub 
strate 50. Then , the semiconductor layer 7a is obtained . 
[ 0104 ] Next , the gate insulating film 53 is formed on the 
semiconductor layer 7a , and , furthermore , the gate elec 
trodes 55 are formed on the gate insulating film . Here , the 
gate electrodes 55 are formed between the sources and 
drains 51. In addition , other electrodes , not illustrated in the 
drawing , are formed using the same processes as described 
above . 

[ 0105 ] Next , the interlayer insulating film 57 made of , for 
example , silicon oxide is formed on the gate insulating film 
53 in a state in which the gate electrodes 55 are covered . The 
embedded wires 59 formed by embedding the wire layer 59b 
through the barrier metal layer 59a are formed in the groove 
pattern in the interlayer insulating film 57 , thereby obtaining 
the wire layer 7b including the embedded wires 59. Simi 
larly to the above - described formation of the first electrodes 
33 , the embedded wires 59 are formed by applying the 
embedded wiring technique . 
[ 0106 ] After that , the second insulating film 69 made of , 
for example , the TEOS film is stacked and formed on the 
wire layer 7b through the diffusion - preventing insulating 
film 61. Then , the second electrodes 67 formed by embed 
ding the second electrode film 676 in the groove pattern in 
the second insulating film 69 through the barrier metal layer 
67a are formed , and the electrode layer 7c including the 
second electrodes 67 is obtained . The second electrodes 67 
are formed in the same manner as in the above - described 
formation of the first electrodes 33 . 
[ 0107 ] As a result of the above - described processes , the 
second substrate 7 including the flat attaching surface 71 on 
which the second electrodes 67 and the second insulating 
film 69 are exposed is produced as the circuit substrate . 
[ 0108 ] The above - described processes may be carried out 
using an ordinary process order for manufacturing semicon 
ductor devices , and the process order is not particularly 
limited , and it is possible to carry out the processes in an 
appropriate order . However , when forming the second elec 
trodes 67 which serve as the attaching surface , the film 
forming temperature of copper ( Cu ) is , for example , as low 
as approximately 100 ° C. , and the temperature difference 
with the thermal treatment temperature ( for example , 400 ° 
C. ) after attachment is made to be as large as possible . In the 
present disclosure , the following formation of an insulating 
thin film and the attachment of the substrates form charac 
teristics processes . 
[ 0109 ] As illustrated in FIG . 5B , the insulating thin film 
12b is formed on the attaching surface 71 using ALD in the 
same manner as the insulating thin film 12a on the first 
substrate 2 side . 
[ 0110 ] Then , the extremely thin and uniform insulating 
thin film 12b is formed on the second substrate 7 in a state 
in which the insulating thin film covers the entire attaching 
surface 71. Meanwhile , the insulating thin film 12b may be 
a different film from or the same film as the insulating thin 
film 12a on the first substrate 2 side . 
[ 0111 ] 5. An Attachment Order of the Substrates in Manu 
facturing the Semiconductor Device of the Present Embodi 
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[ 0112 ] The attachment order of the first substrate 2 having 
the insulating thin film 12a formed on the attaching surface 
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41 and the second substrate 7 having the insulating thin film 
12b formed on the attaching surface 71 will be described 
using FIGS . 6 and 7 . 
[ 0113 ] As illustrated in FIG . 6 , the attaching surface 41 of 
the first substrate 2 and the attaching surface 71 of the 
second substrate 7 are disposed opposite to each other 
through the insulating thin film , and , furthermore , the first 
electrodes 33 in the first substrate 2 and the second elec 
trodes 67 in the second substrate 7 are aligned so as to face 
each other . In the example illustrated in the drawing , the first 
electrodes 33 and the second electrodes 67 correspond to 
each other on a one - to - one basis , but the corresponding state 
is not limited thereto . 
[ 0114 ] When the insulating thin film 12a on the first 
substrate 2 and the insulating thin film 12b on the second 
substrate 7 are made to face each other and thermally treated 
as illustrated in FIG . 7 , the insulating thin film 12a and the 
insulating thin film 12b are joined together . The above 
described thermal treatment is carried out at a temperature 
for a time under which elements and wires formed in the first 
substrate 2 and the second substrate 7 are not influenced and 
the insulating thin films 12 are sufficiently joined . Further 
more , at this time , the crystal grain growth of copper ( Cu ) 
occurs , and the insulating thin films 12 between the first 
electrodes 33 and the second electrodes 67 break from both 
sides . Then , copper ( Cu ) in the electrodes comes into direct 
contact with each other . 
[ 0115 ] For example , in a case in which the first electrodes 
33 and the second electrodes 67 are made of a material 
mainly containing copper ( Cu ) , the thermal treatment is 
carried out at a temperature in a range of 200 ° C. to 600 ° C. 
for approximately 15 minutes to 5 hours . The above - de 
scribed thermal treatment may be carried out in a pressur 
ized atmosphere or may be carried out in a state in which the 
first substrate 2 and the second substrate 7 are pressurized 
from both surface sides . As an example , when the thermal 
treatment is carried out at 400 ° C. for 4 hours , the first 
electrodes 33 and the second electrodes 67 having the 
insulating thin films 12 therebetween are connected to each 
other . Then , the insulating thin film 12a and the insulating 
thin film 12b are joined , and the first substrate 2 and the 
second substrate 7 are attached . Here , as the temperature 
difference between the temperature during the formation of 
the copper ( Cu ) film and the thermal treatment temperature 
increases , since it is possible to accelerate the crystal grain 
growth of copper ( Cu ) , the insulating thin films 12 become 
easily breakable . 
[ 0116 ] Here , in a case in which the insulating thin films 
12a and 12b are formed on both attaching surfaces 41 and 
71 of the first substrate 2 and the second substrate 7 as 
described above , the insulating thin films 12a and 12b may 
be made of the same material or different materials . 
[ 0117 ] Meanwhile , in the method for manufacturing semi 
conductor devices of the present embodiment , the insulating 
tin film may be formed on the attaching surface of only any 
substrate of the first substrate 2 and the second substrate 7 . 
For example , the first substrate 2 and the second substrate 7 
may be attached together by forming the insulating thin film 
12a only on the attaching surface 41 of the first substrate 2 
and joining the insulating thin film 12a on the first substrate 
2 side and the attaching surface 71 on the second substrate 
7 side . 
[ 0118 ] As described above , after the first substrate 2 and 
the second substrate 7 are attached , the thickness of the 

semiconductor substrate 20 on the first substrate 2 side is 
decreased so as to produce the semiconductor layer 2a , and 
the photoelectric conversion portions 21 are exposed . In 
addition , if necessary , the thickness of the semiconductor 
substrate 50 may be decreased in the semiconductor layer 7a 
on the second substrate 7 side . 

[ 0119 ] After that , the protective film 15 is formed on the 
exposed surfaces of the photoelectric conversion portions 21 
in the first substrate 2 as illustrated in FIG . 2 , and , further 
more , the color filter layers 17 and the on - chip lenses 19 are 
formed on the protective film 15 , thereby completing the 
semiconductor device ( solid imaging apparatus ) 1 . 
[ 0120 ] The Effect of the Method for Manufacturing Semi 
conductor Devices of the Present Embodiment 
[ 0121 ] In the above - described method for manufacturing 
semiconductor devices of the present embodiment , the insu 
lating thin films 12a and 12b are respectively formed on the 
first substrate 2 and the second substrate 7 , and the surfaces 
on which the insulating thin films 12a and 12b are formed 
are joined together , thereby attaching the first substrate 2 and 
the second substrate 7. Thus , compared with a case in which 
the attaching surfaces 41 and 71 which are flattened through 
CMP are directly joined , the semiconductor device 1 of the 
present embodiment in which the first substrate 2 and the 
second substrate 7 are joined together by joining the surfaces 
on which the insulating thin films 12a and 12b are formed 
has a favorable joining property . Meanwhile , even in a case 
in which the insulating thin film 12a is formed only on the 
attaching surface 41 of the first substrate 2 , the insulating 
thin film 12a on the first substrate 2 side and the attaching 
surface 71 on the second substrate 7 side are joined together 
so that the joining property of the substrates is favorable 
compared with a case in which the attaching surfaces 41 and 
71 are directly joined together . 
[ 0122 ] For example , in the attaching surfaces 41 and 71 
which have been flattened through CMP , there is a possi 
bility of the first insulating film 35 and the second insulating 
film 69 that configure the attaching surfaces 41 and 71 
containing water in the CMP process . In addition , in 
in which the first insulating film 35 and the second insulating 
film 69 that configure the attaching surfaces 41 and 71 are 
made of the TEOS films , the first insulating film 35 and the 
second insulating film 69 are originally formed as films 
having a high water content rate due to the film - forming 
conditions of the TEOS films . Therefore , in a case in which 
the above - described attaching surfaces 41 and 71 containing 
water are directly joined together , during the thermal treat 
ment after the joining , exhausted gas concentrates in the 
joining interface , and voids are formed . However , in the 
present embodiment , since the entire attaching surfaces 41 
and 71 are covered with the insulating thin films 12a and 
12b , it is possible to prevent the concentration of exhausted 
gas in the joining interface and to suppress the generation of 
voids . 
[ 0123 ] Particularly , in a case in which the insulating thin 
film 12a on the attaching surface 41 of the first substrate 2 
and the insulating thin film 12b on the attaching surface 71 
of the second substrate 7 are made of the same material , 
since the films made of the same material are joined 
together , stronger joining is possible . Then , the joining 
strength between the substrates increases so that it is pos 
sible to obtain semiconductor devices having improved 
reliability . 
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[ 0124 ] Furthermore , since the insulating thin films 12a 
and 12b are formed through ALD , the following effects are 
also obtained . 
[ 0125 ] First , since ALD is a method exhibiting favorable 
film thickness controllability due to the film formation on an 
atomic layer level , it is possible to form extremely thin 
insulating thin films . Then , even in a structure in which the 
first electrodes 33 on the first substrate 2 side and the second 
electrodes 67 on the second substrate 7 side are disposed 
opposite to each other through the insulating thin films 12 , 
since the insulating thin films 12 are extremely thin , the 
electrical connection between the first electrodes 33 and the 
second electrodes 67 becomes possible . 
[ 0126 ] Next , since ALD is a method exhibiting favorable 
film thickness controllability due to the film formation on an 
atomic layer level , the flatness of the attaching surfaces 41 
and 71 that have been flattened through CMP is maintained , 
and the uniform insulating thin films 12a and 12b are formed 
on the first substrate 2 and the second substrate 7. Since the 
flat joining surfaces on which the insulating thin films 12a 
and 12b are formed are joined together as described above , 
the joining surfaces are joined together with excellent adhe 
siveness so that the joining of the substrates having 
improved joining strength becomes possible . 
[ 0127 ] Next , since ALD is a method that forms films using 
a low - temperature process , there is no case in which metal 
that configures the electrode layer 2c on the first substrate 2 
side and the electrode layer 7c on the second substrate 7 side 
is deteriorated due to high heat , and it is possible to form the 
insulating thin films 12a and 12b on the first substrate 2 and 
the second substrate 7. Thus , ALD is suitable for the purpose 
of accelerating the crystal grain growth of copper ( Cu ) using 
a thermal treatment after attachment which is a core of the 
present disclosure . Thus far , advantages of the use of ALD 
have been described , but the method for forming films is not 
limited to ALD , and the method may be CVD as long as the 
above - described advantages can be realized . Furthermore , in 
addition to the formation of films using gas - phase growth in 
which gas is used , the films may be formed using , for 
example , a coating method or the like as long as thin films 
that can realize the principles of the present disclosure can 
be formed . 
( 0128 ] Finally , since ALD is a method that forms films at 
an atomic layer level , the formed insulating thin films 12a 
and 12b are dense films and have an extremely low water 
content rate . Since the joining surfaces on which the insu 
lating thin films 12a and 12b having a low water content rate 
are formed are joined together , there is no concern that voids 
may be generated in the joining surface . 
[ 0129 ] Through the above - described processes , the join 
ing strength between the substrates increases so that semi 
conductor devices having improved reliability can be 
obtained . 
[ 0130 ] 6. An Example of an Electronic Device for which 
the Semiconductor Device of the Present Embodiment is 
Used 

[ 0131 ] The semiconductor device ( solid imaging appara 
tus ) according to the present disclosure described in the 
present embodiment can be applied to , for example , elec 
tronic devices such as camera systems such as digital 
cameras and video cameras , furthermore , mobile phones 
having an imaging function , and other devices having an 
imaging function . 

[ 0132 ] FIG . 8 illustrates a configuration view of a camera 
in which the solid imaging apparatus is used as an example 
of the electronic devices according to the present disclosure . 
A camera 91 according to the present embodiment is an 
example of a video camera that can shoot still images or 
video clips . The camera 91 includes a solid imaging appa 
ratus 92 , an optical system 93 that guides the incident light 
to a photoelectric conversion portion in the solid imaging 
apparatus 92 , a shutter apparatus 94 , a driving circuit 95 for 
driving the solid imaging apparatus 92 , and a signal - pro 
cessing circuit 96 that treats the output signals of the solid 
imaging apparatus 92 . 
[ 0133 ] To the solid imaging apparatus 92 , a semiconductor 
device ( 1 ) having a configuration described in the present 
embodiment is applied . The optical system ( optical lens ) 93 
forms image light ( incident light ) from an object on an 
imaging surface of the solid imaging apparatus 92. Then , 
signal charges are stored in the solid imaging apparatus 92 
for a certain period . The above - described optical system 93 
may be an optical lens system made up of a plurality of 
optical lenses . The shutter apparatus 94 controls the light 
radiation period to the solid imaging apparatus 92 and the 
light - shutting period . The driving circuit 95 supplies driving 
signals to the solid imaging apparatus 92 and the shutter 
apparatus 94 , controls the signal output operation of the 
solid imaging apparatus 92 to the signal - processing circuit 
96 using the supplied driving signals ( timing signals ) , and 
controls the shutter operation of the shutter apparatus 94 . 
That is , the driving circuit 95 supplies driving signals 
( timing signals ) so as to carry out a signal transmission 
operation from the solid imaging apparatus 92 to the signal 
processing circuit 96. The signal - processing circuit 96 car 
ries out a variety of signal processes with respect to signals 
transmitted from the solid imaging apparatus 92. Image 
signals which have been signal - processed are stored in a 
storage medium such as a memory , or are outputted to a 
monitor . 
[ 0134 ] According to the electronic device of the present 
embodiment described above , since the highly reliable 
three - dimensionally structured semiconductor device 1 in 
which the sensor substrate and the circuit substrate are 
stacked is used as the solid imaging apparatus , it becomes 
possible to decrease the size of electronic devices having an 
imaging function and to improve reliability . 
[ 0135 ] Meanwhile , the present disclosure can employ the 
following configurations . 
[ 0136 ] ( 1 ) A semiconductor device including : a first sub 
strate having an attaching surface on which first electrodes 
and a first insulating film are exposed ; an insulating thin film 
that covers the attaching surface of the first substrate ; and a 
second substrate which has an attaching surface on which 
second electrodes and a second insulating film are exposed 
and is attached to the first substrate in a state in which the 
attaching surface of the second substrate and the attaching 
surface of the first substrate are attached together sandwich 
ing the insulating thin film therebetween , and the first 
electrodes and the second electrodes deform and break a part 
of the insulating thin film so as to be directly electrically 
connected to each other . 
[ 0137 ] ( 2 ) The semiconductor device according to ( 1 ) , in 
which the insulating thin film is an oxidized film . 
[ 0138 ] ( 3 ) The semiconductor device according to ( 1 ) , in 
which the insulating thin film is a nitride film . 

a 

a 
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[ 0139 ] ( 4 ) The semiconductor device according to any one 
of ( 1 ) to ( 3 ) , in which the insulating thin film has a laminate 
structure . 
[ 0140 ] ( 5 ) The semiconductor device according to any one 
of ( 1 ) to ( 4 ) , in which the insulating thin film is provided in 
a state of covering the entire attaching surfaces . 
[ 0141 ] ( 6 ) The semiconductor device according to any one 
of ( 1 ) to ( 5 ) , in which the attaching surface of the first 
substrate and the attaching surface of the second substrate 
are flattened surfaces . 
[ 0142 ] ( 7 ) A manufacturing method including : preparing 
two substrates having an attaching surface on which elec 
trodes and an insulating film are exposed ; forming an 
insulating thin film in a state in which the attaching surface 
of at least one of the two substrates is covered ; disposing the 
attaching surfaces of the two substrates opposite to each 
other through the insulating thin film and aligning the 
attaching surfaces in a state in which the electrodes on the 
two substrates are electrically connected to each other 
through the insulating thin film , thereby attaching the two 
substrates . 
[ 0143 ] ( 8 ) The manufacturing method according to ( 7 ) , in 
which the two attached substrates are thermally treated so 
that the insulating thin film sandwiched by the first elec 
trodes and the second electrodes is broken by deforming and 
moving metal that configures the electrodes , thereby bring 
ing the first electrodes and the second electrodes into direct 
contact . 
[ 0144 ] ( 9 ) The manufacturing method according to ( 8 ) , in 
which a temperature of the thermal treatment is sufficiently 
lower than a film - forming temperature of at least one of the 
first electrodes and the second electrodes . 
[ 0145 ] ( 10 ) The manufacturing method according to ( 7 ) , n 
which the insulating thin films are formed on both of the two 
substrates . 
[ 0146 ] ( 11 ) The manufacturing method according to ( 7 ) or 
( 10 ) , in which the insulating thin films made of the same 
material are formed on both of the two substrates . 
[ 0147 ] ( 12 ) The manufacturing method according to any 
one of ( 7 ) to ( 11 ) , in which the insulating thin films are 
formed using atomic layer deposition . 
[ 0148 ] ( 13 ) The manufacturing method according to any 
one of ( 7 ) to ( 12 ) , in which the attaching surfaces of the two 
substrates are formed using a flattening treatment . 
[ 0149 ] It should be understood by those skilled in the art 
that various modifications , combinations , sub - combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof . 
What is claimed is : 
1. A semiconductor device , comprising : 
a first substrate , including : 

a first electrode ; and 
a first insulating layer ; 

a second substrate , including : 
a second electrode ; and 
a second insulating layer ; and 

an insulating thin film disposed between the first insulat 
ing layer and the second insulating layer , 

wherein in a first connection region including the first 
electrode , the second electrode , and a non - conductive 
portion , a first portion of the first electrode and a first 
portion of the second electrode are bonded and elec 
trically connected to each other , and the non - conduc 

tive portion is disposed between a second portion of the 
first electrode and a second portion of the second 
electrode , and 

wherein the first insulating layer and the second insulating 
layer attach the insulating thin film . 

2. The semiconductor device according to claim 1 , 
wherein the insulating thin film includes first and second 
layers , 

3. The semiconductor device according to claim 2 , 
wherein the first insulating thin film layer and the second 
insulating thin film layer are bonded to each other . 

4. The semiconductor device according to claim 1 , 
wherein the first substrate and the second substrate are 
bonded via the insulating thin film . 

5. The semiconductor device according to claim 1 , 
wherein the non - conductive portion is a part of the insulat 
ing thin film . 

6. The semiconductor device according to claim 1 , 
wherein the first substrate includes a first insulating film , 
wherein the first electrode includes a first electrode film and 
a barrier metal layer , and wherein the barrier metal layer is 
between the first electrode film and the first insulating film . 

7. The semiconductor device according to claim 1 , 
wherein the first electrode includes copper . 

8. The semiconductor device according to claim 7 , 
wherein the second electrode includes copper . 

9. The semiconductor device according to claim 2 , 
wherein the first insulating thin film layer and the second 
insulating thin film layer are made of different materials . 

10. The semiconductor device according to claim 1 , 
wherein the insulating thin film is a nitride film or an oxide 
film . 

11. A semiconductor device , comprising : 
a first substrate including a first electrode at a first surface 

side of the first substrate ; and 
a second substrate including a second electrode , 
wherein the first electrode and the second electrode are 

bonded and electrically connected to each other , and 
wherein a bonding interface of the first electrode and the 

second electrode has a jagged shape . 
12. The semiconductor device according to claim 11 , 

further comprising : a non - conductive portion disposed at the 
bonding interface of the first electrode and the second 
electrode . 

13. The semiconductor device according to claim 12 , 
wherein the non - conductive portion is an insulating thin 
film , wherein the insulating thin film includes first and 
second layers , wherein the first substrate includes the first 
insulating thin film layer , wherein the second substrate 
includes the second insulating thin film layer , and wherein 
the first insulating thin film layer and the second insulating 
thin film layer are bonded to each other . 

14. The semiconductor device according to claim 11 , 
wherein the first substrate and the second substrate are 
bonded via an insulating film . 

15. The semiconductor device according to claim 12 , 
wherein the non - conductive portion is a part of an insulating 
film . 

16. The semiconductor device according to claim 11 , 
wherein the first substrate includes a first insulating film , 
wherein the first electrode includes a first electrode film and 
a barrier metal layer , and wherein the barrier metal layer is 
between the first electrode film and the first insulating film . 
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17. The semiconductor device according to claim 11 , 
wherein the first electrode includes copper . 

18. The semiconductor device according to claim 17 , 
wherein the second electrode includes copper . 

19. The semiconductor device according to claim 13 , 
wherein the first insulating thin film layer and the second 
insulating thin film layer are made of different materials . 

20. The semiconductor device according to claim 13 , 
wherein the insulating thin film is a nitride film or an oxide 
film . 

* * * * 


