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SEMICONDUCTOR DEVICE AND 
ELECTRONIC APPLIANCE 

TECHNICAL FIELD 

[ 0001 ] The present technique relates to a semiconductor 
device and an electronic appliance , and particularly to a 
semiconductor device and an electronic appliance , which are 
formed by stacking semiconductor substrates and in which 
the reliability of fine transistors can be maintained while the 
signal output characteristic is improved . 

[ 0010 ] In regard to the image sensor formed by stacking 
the semiconductor chips in this manner , a manufacturing 
method for a semiconductor device has been suggested in 
which : a first semiconductor wafer and a second semicon 
ductor wafer , which are semi - finished products and respec 
tively include a pixel array and a logic circuit , are bonded to 
each other ; the first semiconductor wafer is thinned ; the 
electric connection is made between the pixel array and the 
logic circuit ; and then the product is finished as a chip and 
provided as a rear surface irradiation type solid - state imag 
ing device ( see , for example , Patent Document 2 ) . 

BACKGROUND ART CITATION LIST 

Patent Document 

[ 0011 ] Patent Document 1 : Japanese Patent Application 
Laid - Open No. 2009-188068 

[ 0012 ] Patent Document 2 : Japanese Patent Application 
Laid - Open No. 2010-245506 

SUMMARY OF THE INVENTION 

[ 0002 ] In regard to a conventional solid - state imaging 
element , it is important to reduce the dark current on a 
surface of a semiconductor substrate , which causes the 
deterioration in image quality , and to improve the charac 
teristic of the flicker noise or random telegraph noise of a 
pixel transistor in a CCD or CMOS image sensor . 
[ 0003 ] One cause of the dark current is the increase of the 
interface state of the semiconductor substrate due to the 
plasma damage from UV irradiation or charge - up in the 
plasma treatment ( CVD or dry etching ) in the process of 
manufacturing the solid - state imaging element . 
[ 0004 ] For improving the pixel characteristic of the image 
sensor by reducing the dark current , atoms of hydrogen or 
fluorine have been used to terminate the dangling bonds at 
the device interface . 
[ 0005 ] For example , there is a technique in which the dark 
current on a surface of a photodiode , which is a light 
reception element of a semiconductor substrate , is reduced 
by separating hydrogen from a passivation film ( SiN film ) 
and coupling the hydrogen with a dangling bond on the 
surface . 
[ 0006 ] In the conventional structure , however , hydrogen is 
supplied to the entire semiconductor substrate including a 
pixel portion and a peripheral circuit portion ; therefore , if 
the amount of supplying hydrogen to the pixel portion is 
secured , the amount of supplying hydrogen to the fine 
transistor in the peripheral circuit portion becomes exces 
sive , in which case a problem occurs in that hydrogen is in 
excess on the semiconductor substrate surface side to dete 
riorate NBTI ( Negative Bias Temperature Instability ) . 
[ 0007 ] In view of the above , a technique has been sug 
gested in which the passivation film that supplies hydrogen 
is set to contain a different amount of hydrogen in the pixel 
portion and in the peripheral circuit portion so that the 
amount of hydrogen supplied from the passivation film to 
the semiconductor surface portion is separately controlled in 
the pixel portion and in the peripheral circuit portion by the 
sinter process ( for example , see Patent Document 1 ) . 
[ 0008 ] Moreover , in recent years , various types of solid 
state imaging devices have been suggested in which : one 
device is configured by electrically connecting a semicon 
ductor chip whose pixel region is formed by arranging a 
plurality of pixels and a semiconductor chip including a 
logic circuit for signal processing . For example , a semicon 
ductor module in which a rear surface irradiation type image 
sensor chip and a signal processing chip provided with a 
signal processing circuit are connected to each other with a 
micro - bump has been suggested . 
[ 0009 ] In other words , a number of image sensors formed 
by stacking semiconductor chips ( semiconductor substrates ) 
have been developed . 

Problems to be Solved by the Invention 
[ 0013 ] In the conventional technique , however , it has been 
difficult to control the hydrogen concentration in the pixel 
portion and in the peripheral circuit accurately when manu 
facturing the image sensor or the like by stacking semicon 
ductor substrates . For example , if the hydrogen concentra 
tion of the pixel region is increased by the sinter process as 
disclosed in Reference 1 , the element reliability such as 
NBTI and HCI is deteriorated in the fine transistor used in 
the peripheral circuit . 
[ 0014 ] In particular , in the case of the image sensor formed 
by stacking the semiconductor substrates , the stacked sub 
strates necessarily include a film containing hydrogen , and 
the step of bonding the substrates is followed by the heat 
treatment of 200 ° C. to 400 ° C. performed in the state that 
the substrates are stacked . Therefore , the hydrogen concen 
tration of the entire stacked substrates is homogenized ; 
accordingly , it has been difficult to maintain the reliability of 
the fine transistor while improving the pixel characteristic . 
[ 0015 ] The present technique is disclosed in view of the 
above circumstances and provides a device formed by 
stacking the semiconductor substrates wherein the reliability 
of the fine transistor is maintained while the signal output 
characteristic is improved . 

Solutions to Problems 

[ 0016 ] According to a first aspect of the present technique , 
there is provided a semiconductor device including : a first 
semiconductor substrate ; a second semiconductor substrate 
providing a function different from a function provided by 
the first semiconductor substrate ; and a diffusion prevention 
film that prevents diffusion of a dangling bond terminating 
atom used for reducing interface state of the first semicon 
ductor substrate and the second semiconductor substrate , 
wherein at least two semiconductor substrates are stacked 
and the semiconductor substrates are electrically connected 
to each other , and the first semiconductor substrate and the 
second semiconductor substrate are stacked with the diffu 
sion prevention film inserted between an interface of the first 
semiconductor substrate and an interface of the second 
semiconductor substrate . 
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strate providing a function different from a function pro 
vided by the first semiconductor substrate ; and a diffusion 
prevention film that prevents diffusion of a dangling bond 
terminating atom used for reducing the interface state of the 
first semiconductor substrate and the second semiconductor 
substrate , wherein at least two semiconductor substrates are 
stacked and the semiconductor substrates are electrically 
connected to each other , and the first semiconductor sub 
strate and the second semiconductor substrate are stacked 
with the diffusion prevention film inserted between an 
interface of the first semiconductor substrate and an inter 
face of the second semiconductor substrate . 
[ 0033 ] According to the first aspect and the second aspect 
of the present technique , at least two semiconductor sub 
strates are stacked , the semiconductor substrates are con 
nected electrically to each other , and the first semiconductor 
substrate and the second semiconductor substrate are 
stacked with the diffusion prevention film inserted between 
the interface of the first semiconductor substrate and the 
interface of the second semiconductor substrate . 

Effects of the Invention 

[ 0034 ] According to the present technique , in the device 
formed by stacking the semiconductor substrates , the reli 
ability of the fine transistor can be maintained while the 
signal output characteristic is improved . 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0017 ] It is possible that the interface state of the first 
semiconductor substrate is lower than that of the second 
semiconductor substrate . 
[ 0018 ] It is possible that an atom supply film that supplies 
the dangling bond terminating atom is further inserted 
between the first semiconductor substrate and the diffusion 
prevention film . 
[ 0019 ] It is possible that the dangling bond terminating 
atom is hydrogen , and an insulating thin film in the first 
semiconductor substrate formed by a silicon nitride thin film 
is used as the atom supply film . 
[ 0020 ] It is possible that the first semiconductor substrate 
and the second semiconductor substrate are stacked with an 
atom occlusion film that occludes the dangling bond termi 
nating atom inserted between the diffusion prevention film 
and the second semiconductor substrate . 
[ 0021 ] It is possible that the dangling bond terminating 
atom is hydrogen , and barrier metal covering a multilayer 
wiring layer or an extraction electrode in the second semi 
conductor substrate , which is formed of titanium , is used as 
the atom occlusion film . 
[ 0022 ] It is possible that the device is structured as a 
solid - state imaging device , and a pixel portion is provided 
for the first semiconductor substrate and a logic circuit is 
provided for the second semiconductor substrate . 
[ 0023 ] It is possible that the semiconductor device further 
includes a third semiconductor substrate provided with a 
memory circuit , wherein the second semiconductor substrate 
is provided between the first semiconductor substrate and 
the third semiconductor substrate , and the first semiconduc 
tor substrate to the third semiconductor substrate are stacked 
with the diffusion prevention film that prevents diffusion of 
the dangling bond terminating atom further inserted between 
an interface of the second semiconductor substrate and an 
interface of the third semiconductor substrate . 
[ 0024 ] It is possible that the diffusion prevention film is a 
Sin film formed by plasma CVD . 
[ 0025 ] It is possible that the diffusion prevention film is 
formed on a support substrate by a film formation process at 
600 ° C. or more , the diffusion prevention film formed on the 
support substrate and the second semiconductor substrate 
are bonded to each other and the support substrate is 
polished to be removed , and the first semiconductor sub 
strate and the second semiconductor substrate are stacked 
with the diffusion prevention film inserted between the 
interface of the first semiconductor substrate and the inter 
face of the second semiconductor substrate . 
[ 0026 ] It is possible that the diffusion prevention film is a 
Sin film formed by LP - CVD . 
[ 0027 ] It is possible that the diffusion prevention film has 
a film density of 2.7 g / cm to 3.5 g / cm . 
[ 0028 ] It is possible that the diffusion prevention film has 
a thickness of 150 nm or less . 
[ 0029 ] It is possible that the diffusion prevention film is a 
SiN film formed by ALD - CVD . 
( 0030 ] It is possible that the first semiconductor substrate 
and the second semiconductor substrate are stacked with 
their multilayer wiring layers facing each other . 
[ 0031 ] It is possible that the first semiconductor substrate 
and the second semiconductor substrate are stacked with 
their multilayer wiring layers not facing each other . 
[ 0032 ] According to a second aspect of the present tech 
nique , there is provided an electronic appliance including : a 
first semiconductor substrate ; a second semiconductor sub 

[ 0035 ] FIG . 1 is a diagram illustrating a general structure 
example of a semiconductor substrate of a MOSFET . 
[ 0036 ] FIG . 2 is a diagram illustrating a schematic struc 
ture of a solid - state imaging device to which the present 
technique has been applied . 
[ 0037 ] FIG . 3 is a diagram illustrating a fundamental 
schematic structure of a solid - state imaging device accord 
ing to an embodiment of the present technique . 
[ 0038 ] FIG . 4 is a sectional diagram illustrating a structure 
example according to an embodiment of a solid - state imag 
ing device to which the present technique has been applied . 
[ 0039 ] FIG . 5 is a diagram illustrating a manufacturing 
method for the solid - state imaging device of FIG . 4 . 
[ 0040 ] FIG . 6 is a diagram illustrating the manufacturing 
method for the solid - state imaging device of FIG . 4 . 
[ 0041 ] FIG . 7 is a diagram illustrating the manufacturing 
method for the solid - state imaging device of FIG . 4 . 
[ 0042 ] FIG . 8 is a sectional diagram illustrating a structure 
example according to another embodiment of the solid - state 
imaging device to which the present technique has been 
applied . 
[ 0043 ] FIG . 9 is a diagram illustrating a simplified struc 
ture example of the solid - state imaging device to which the 
present technique has been applied . 
[ 0044 ] FIG . 10 is a diagram illustrating another simplified 
structure example of the solid - state imaging device to which 
the present technique has been applied . 
[ 0045 ] FIG . 11 is a diagram illustrating another simplified 
structure example of the solid - state imaging device to which 
the present technique has been applied . 
[ 0046 ] FIG . 12 is a diagram illustrating another simplified 
structure example of the solid - state imaging device to which 
the present technique has been applied . 
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[ 0047 ] FIG . 13 is a diagram illustrating a simplified struc 
ture example of a bipolar device to which the present 
technique has been applied . 
[ 0048 ] FIG . 14 is a diagram illustrating a manufacturing 
process for a solid - state imaging device when LP - SiN is 
used as the diffusion prevention film . 
[ 0049 ] FIG . 15 is a diagram illustrating the manufacturing 
process for a solid - state imaging device when LP - SiN is 
used as the diffusion prevention film . 
[ 0050 ] FIG . 16 is a diagram illustrating the manufacturing 
process for a solid - state imaging device when LP - SiN is 
used as the diffusion prevention film . 
[ 0051 ] FIG . 17 is a diagram illustrating the manufacturing 
process for a solid - state imaging device when LP - SiN is 
used as the diffusion prevention film . 
[ 0052 ] FIG . 18 is a diagram illustrating an example in the 
case where a solid - state imaging device is formed by stack 
ing two semiconductor substrates . 
[ 0053 ] FIG . 19 is a diagram illustrating another example 
in the case where the solid - state imaging device is formed by 
stacking two semiconductor substrates . 
[ 0054 ] FIG . 20 is a diagram illustrating an example in the 
case where a solid - state imaging device is formed by stack 
ing three semiconductor substrates . 
[ 0055 ] FIG . 21 is a diagram illustrating another example 
in the case where a solid - state imaging device is formed by 
stacking three semiconductor substrates . 
[ 0056 ] FIG . 22 is a block diagram illustrating a structure 
example of an electronic appliance to which the present 
technique has been applied . 
MODE FOR CARRYING OUT THE INVENTION 

charge - up or the UV irradiation in the plasma treatment 
( CVD or dry etching ) in the process of manufacturing the 
solid - state imaging element . The occurrence of the dark 
current and the flicker noise or the random telegraph noise 
of the pixel transistor deteriorates the image quality of the 
solid - state imaging element such as the image sensor . 
[ 0067 ] For improving the pixel characteristic of the image 
sensor by reducing the dark current and the flicker noise or 
the random telegraph noise of the pixel transistor , the 
dangling bonds at the device interface are terminated with 
the atoms of hydrogen or fluorine . 
[ 0068 ] For example , there is a technique in which the dark 
current on the surface of the photodiode serving as a light 
reception element of the semiconductor substrate is reduced 
by separating hydrogen from the passivation film ( SiN film ) 
and coupling the hydrogen with the dangling bonds on the 
surface . There is another technique in which the flicker noise 
or the random telegraph noise is reduced by the coupling 
with the dangling bonds of the interface between the gate 
oxide film of the pixel transistor and the semiconductor 
substrate . 
[ 0069 ] FIG . 1 is a diagram illustrating a general structure 
example of a semiconductor substrate included in a pixel 
portion . As illustrated in this drawing , this semiconductor 
substrate is formed by forming an interlayer film on a 
substrate made of silicon and a multilayer wiring layer on 
the interlayer film . 
[ 0070 ] In this drawing , a transistor is formed at the center 
of the drawing , and a gate oxide film is formed on the 
substrate and a gate electrode is formed on the gate oxide 
film . On the surface of the substrate , a source electrode , a 
channel , a drain electrode , and a PD ( photodiode ) are 
formed . 
[ 0071 ] In FIG . 1 , the portion including cross marks cor 
responds to the interface of the semiconductor substrate . In 
other words , the surface in a horizontal direction parallel to 
the interface between the gate oxide film and the channel in 
the drawing corresponds to the interface . As described 
above , it is possible to terminate the dangling bond at this 
interface to reduce the interface state , thereby preventing the 
dark current and the flicker noise or the random telegraph 
noise of the pixel transistor . 
[ 0072 ] However , in the case of terminating the dangling 
bond with hydrogen or the like , other problem than the dark 
current and the flicker noise or the random telegraph noise 
of the pixel transistor may occur . 
[ 0073 ] For example , if hydrogen is supplied to the entire 
semiconductor substrate including the pixel portion and the 
peripheral circuit portion , hydrogen is supplied excessively 
to the fine transistor in the peripheral circuit portion , in 
which case the deterioration in NBTI ( Negative Bias Tem 
perature Instability ) occurs . 
[ 0074 ] The dangling bond at the SiO2 — Si interface is 
deactivated by hydrogen to be present as Si - H ; however , by 
the presence of the hole and the high - temperature / high - bias 
stress , the electrochemical reaction occurs so that hydrogen 
may be released . On this occasion , the dangling bonds ( Si + ) 
turn into the interface state and hydrogen is diffused into the 
gate oxide film . 
[ 0075 ] In this case , part of hydrogen diffusing in the gate 
oxide film forms a trap . It is considered that the increase in 
interface state and the trap in the oxide film would deterio 
rate NBTI . 

[ 0057 ] An embodiment of the technique disclosed herein 
is described hereinafter with reference to drawings . 
[ 0058 ] First , the problem of the conventional technique is 
described . 
[ 0059 ] For example , in the case of forming a MOSFET , a 
metal electrode is connected to a source and a drain on a 
semiconductor substrate ( semiconductor wafer ) generally 
formed of silicon ( Si ) . 
[ 0060 ] Here , the surface of silicon ( Si ) is oxidized into a 
silicon dioxide ( SiO2 ) film . Note that the SiO2 film is also 
referred to as a gate oxide film . 
[ 0061 ] At the interface between Si and SiO2 , the number 
of bonds of the atoms does not coincide perfectly ; thus , 
uncoupled bonds of Si or oxygen ( dangling bonds ) remain . 
[ 0062 ] In this portion , electrons or holes in Si are easily 
captured . 
[ 0063 ] It has been known that the dangling bonds at the 
interface between different substances , which serve to cap 
ture electrons or holes , affect the semiconductor element 
characteristic called the interface state . 
[ 0064 ] If the interface state is present at the interface 
between the gate oxide film and the Si substrate of a pixel 
transistor , for example , the characteristic such as flicker 
noise or random telegraph noise in the pixel transistor is 
deteriorated . 
[ 0065 ] Moreover , it has been known that if the interface 
state is present on the surface of the Si substrate provided 
with a PD , for example , current flows through the interface 
state and the dark current characteristic in the solid - state 
imaging device using the PD is deteriorated . 
[ 0066 ] For example , the interface state of the semicon 
ductor substrate is increased by the plasma damage from the 
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[ 0076 ] Moreover , it is considered that if hydrogen released 
at the interface is diffused into the gate oxide film , the hot 
carrier deterioration ( CHI ) is accelerated or the flicker noise 
due to the dangling bond is caused . 
[ 0077 ] On the other hand , in recent years , various types of 
solid - state imaging devices have been suggested in which : 
one device is configured by electrically connecting a semi 
conductor chip whose pixel region is formed by arranging a 
plurality of pixels and a semiconductor chip including a 
logic circuit for signal processing . For example , a semicon 
ductor module in which a rear surface irradiation type image 
sensor chip and a signal processing chip provided with a 
signal processing circuit are connected to each other with a 
micro - bump has been suggested . 
[ 0078 ] That is to say , a number of image sensors formed 
by stacking semiconductor chips ( semiconductor substrates ) 
have been developed . 
[ 0079 ] In the conventional technique , however , it has been 
difficult to control the hydrogen concentration in the pixel 
portion and in the peripheral circuit accurately in the process 
of manufacturing the image sensor or the like by stacking 
semiconductor substrates . For example , if the hydrogen 
concentration of the pixel region is increased by the sinter 
process , the element reliability such as NBTI and HCI is 
deteriorated in the fine transistor used in the peripheral 
circuit . 
[ 0080 ] In particular , in the case of the image sensor formed 
by stacking the semiconductor substrates , the stacked sub 
strates necessarily include a film containing hydrogen , and 
the step of bonding the substrates is followed by the heat 
treatment of 200 ° C. to 400 ° C. performed in the state that 
the substrates are stacked . Therefore , the hydrogen concen 
tration of the entire stacked substrates is homogenized . 
[ 0081 ] As thus described , in the conventional technique , 
the improvement of image quality and the maintenance of 
the reliability of the fine transistor in the stacked type 
solid - state imaging device are in the trade - off relation ; thus , 
it has been difficult to achieve the both . 
[ 0082 ] As a result , for example , a technique has been 
desired that can reduce the interface state in only the 
semiconductor substrate having the pixel portion . 
[ 0083 ] In view of the above , in the present technique , for 
example , the interface state is reduced , the image quality is 
improved , and the reliability of the fine transistor is main 
tained in only the semiconductor substrate with the pixel 
portion . 
[ 0084 ] FIG . 2 is a diagram illustrating a schematic struc 
ture of the solid - state imaging device to which the present 
technique has been applied . A solid - state imaging device 1 
is configured as a CMOS image sensor , for example . 
[ 0085 ] The solid - state imaging device 1 of FIG . 2 includes 
a pixel region ( so - called pixel array ) 3 in which a plurality 
of pixels 2 each including a photoelectric conversion unit is 
regularly arranged in a two - dimensional array shape , and a 
peripheral circuit portion in a semiconductor substrate 11 
such as a silicon substrate . 
[ 0086 ] The pixel 2 includes a photoelectric conversion 
unit such as a photodiode , and a plurality of pixel transistors 
( so - called MOS transistors ) . The plurality of pixel transis 
tors includes , for example , three transistors of a transfer 
transistor , a reset transistor , and an amplification transistor . 
Moreover , a selection transistor can be added and four 
transistors can be used as the pixel transistors . The pixels 2 
can be configured as one unit pixel . 

[ 0087 ] Moreover , the pixel 2 can have a common pixel 
structure . This pixel common structure is formed of a 
plurality of photodiodes , a plurality of transfer transistors , a 
common floating diffusion , and another common pixel tran 
sistor . In other words , in the common pixels , the photodiodes 
and the transfer transistors constituting the plurality of unit 
pixels are formed by sharing another pixel transistor . 
[ 0088 ] The peripheral circuit portion includes a vertical 
driving circuit 4 , a column signal processing circuit 5 , a 
horizontal driving circuit 6 , an output circuit 7 , a control 
circuit 8 , and the like . 
[ 0089 ] The control circuit 8 receives an input clock and 
data ordering the operation mode or the like , and outputs the 
data such as the internal information of the solid - state 
imaging device . In other words , on the basis of a vertical 
synchronization signal , a horizontal synchronization signal , 
and a master clock , the control circuit 8 generates a clock 
signal or a control signal based on which the vertical driving 
circuit 4 , the column signal processing circuit 5 , and the 
horizontal driving circuit 6 operate . These signals are input 
to the vertical driving circuit 4 , the column signal processing 
circuit 5 , and the horizontal driving circuit 6 , etc. 
[ 0090 ] The vertical driving circuit 4 is configured by a 
shift register , for example , selects the pixel driving line , and 
supplies pulses to drive the pixel to the selected pixel driving 
line , thereby driving the pixels in units of column . In other 
words , the vertical driving circuit 4 selectively scans the 
pixels 2 of the pixel region 3 in units of column sequentially 
in the vertical direction , and supplies the pixel signals based 
on the signal charges generated according to the amount of 
light received in the photoelectric conversion unit , such as 
the photodiode , in each pixel 2 through the vertical signal 
line 9 to the column signal processing circuit 5 . 
[ 0091 ] The column signal processing circuit 5 is provided 
for each column of the pixels 2 , for example , and performs 
the signal processes such as noise removal for the signals 
output from one column of pixels 2 for each pixel column . 
In other words , the column signal processing circuit 5 
performs the signal processes such as AD conversion , signal 
amplification , or CDS for removing the fixed pattern noise 
unique to the pixel 2. The output stage of the column signal 
processing circuit 5 is provided with a horizontal selection 
switch ( not shown ) in connection to the horizontal signal 
line 10 . 
[ 0092 ] The horizontal driving circuit 6 is formed of , for 
example , a shift register and selects each of the column 
signal processing circuits 5 in order by sequentially output 
ting the horizontal scan pulses , and outputs the pixel signal 
to the horizontal signal line 10 from each of the column 
signal processing circuits 5 . 
[ 0093 ] The output circuit 7 performs the signal process on 
the signals sequentially supplied through the horizontal 
signal line 10 from each of the column signal processing 
circuits 5 and then , outputs the signals . For example , the 
signals may be simply buffered , or the black level adjust 
ment , the column variation correction , or other various 
digital signal processes may be performed . An input / output 
terminal 12 exchanges signals with the outside . 
[ 0094 ] FIG . 3 illustrates a fundamental schematic struc 
ture of a solid - state imaging device according to an embodi 
ment of the present technique . 
[ 0095 ] A conventional solid - sate imaging device 151 
includes a pixel region 153 , a control circuit 154 , and a logic 
circuit 155 for signal processing mounted in one semicon 
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ductor chip 152 as illustrated in FIG . 3A . In general , an 
image sensor 156 is formed by the pixel region 153 and the 
control circuit 154 . 
[ 0096 ] On the other hand , in a solid - state imaging device 
according to an embodiment of the present technique , as 
illustrated in FIG . 3B , a pixel region 23 and a control region 
24 are mounted on a first semiconductor chip portion 22 and 
a logic circuit 25 including a signal processing circuit for 
signal processing is mounted on a second semiconductor 
chip portion 26 . 
[ 0097 ] Alternatively , in the solid - state imaging device 
according to an embodiment of the present technique , as 
illustrated in FIG . 3C , the pixel region 23 is mounted on the 
first semiconductor chip portion 22 and the control region 24 
and the logic circuit 25 including a signal processing circuit 
are mounted on the second semiconductor chip portion 26 . 
[ 0098 ] By electrically connecting the first and second 
semiconductor chip portions 22 and 26 to each other , the 
solid - state imaging device as one semiconductor chip is 
structured . 
[ 0099 ] In other words , the solid - state imaging device 
according to the embodiment of the present technique is 
structured by stacking the semiconductor chips ( semicon 
ductor substrates ) . 
[ 0100 ] Next , description is made of a manufacturing 
method for the solid - state imaging device formed by stack 
ing the semiconductor substrates . 
[ 0101 ] FIG . 4 is a sectional diagram illustrating a structure 
example according to an embodiment of the solid - state 
imaging device to which the present technique has been 
applied . This solid - state imaging device is formed as a rear 
surface irradiation type CMOS image sensor obtained by 
stacking a first semiconductor substrate and a second semi 
conductor substrate . 

[ 0102 ] As illustrated in FIG . 4 , the image sensor as a 
semi - finished product , i.e. , the pixel array ( hereinafter 
referred to as pixel region ) 23 and the control region 24 are 
formed in each region of a first semiconductor substrate 31 . 
[ 0103 ] In other words , a photodiode ( PD ) serving as the 
photoelectric conversion unit of each pixel is formed in each 
region of the semiconductor substrate ( for example , silicon 
substrate ) 31 , and a source / drain region 33 of each pixel 
transistor is formed in a semiconductor well region 32 
thereof . 

[ 0104 ] The semiconductor well region 32 is formed by 
introducing impurities of a first conductivity type , for 
example , p - type impurities , and the source / drain region 33 is 
formed by introducing impurities of a second conductivity 
type , for example , n - type impurities . The photodiode ( PD ) 
and the source / drain region 33 of each pixel transistor are 
formed by ion implantation from the substrate surface . 
[ 0105 ] The photodiode ( PD ) is formed to have an n - type 
semiconductor region 34 and a p - type semiconductor region 
35 on the substrate surface side . 

[ 0106 ] On the substrate surface in the pixel , a gate elec 
trode 36 is formed with a gate insulating film interposed 
therebetween , and a pixel transistor Tr1 and a pixel transistor 
Tr2 are formed by the source / drain region 33 that constitutes 
a pair with the gate electrode 36. Here , the plural pixel 
transistors are represented by two pixel transistors ( Tr1 and 
Tr2 ) . 

[ 0107 ] The pixel transistor Tr1 adjacent to the photodiode 
( PD ) corresponds to the transfer transistor , and the source / 
drain region thereof corresponds to the floating diffusion 
( FD ) . 
[ 0108 ] Unit pixels 30 are separated by an element sepa 
ration region 38. The element separation region 38 is formed 
by so - called LOCOS in which the semiconductor substrate 
31 is oxidized to form a silicon oxide film , STI ( Shallow 
Trench Isolation ) in which a groove is formed in the 
semiconductor substrate 31 and the groove is filled with a 
silicon oxide film , or an impurity diffusion layer whose 
conductivity type is different from that of the diffusion layer 
serving as a node . 
[ 0109 ] On the other hand , on the control region 24 side , a 
MOS transistor constituting the control circuit is formed in 
the semiconductor substrate 31. FIG . 5 illustrates the MOS 
transistors of the control region 24 , which are represented by 
a MOS transistor Tr3 and a MOS transistor Tr4 . 
[ 0110 ] Each MOS transistor is formed by the n - type 
source / drain region 33 , and the gate electrode 36 formed 
with a gate insulating film interposed therebetween . 
[ 0111 ] Next , a first interlayer insulating film 39 is formed 
on a surface of the first semiconductor substrate 31 , and then 
a connection hole is formed through the interlayer insulating 
film 39 and a connection conductor 44 to be connected to a 
predetermined transistor is formed . 
[ 0112 ] For forming the connection conductor 44 with 
different height , a first insulating thin film 43a ( for example , 
silicon oxide film ) and a second insulating thin film 43 
serving as an etching stopper in the etching for opening a 
contact hole ( to be filled with the connection conductor 44 ) 
through which the connection with the gate electrode 36 or 
the source / drain region 33 is made are stacked on the entire 
surface including the upper surface of the transistor . 
[ 0113 ] In this technique , a silicon nitride thin film is used 
as the second insulating thin film 43b and SiCN with a 
thickness of approximately 35 to 150 nm is used , for 
example . This enables the second insulating thin film 43b to 
serve also as a hydrogen supply film . In other words , the 
second insulating thin film 43b provided for the first semi 
conductor substrate 31 has higher hydrogen concentration 
than a second insulating thin film 43z to be described below . 
[ 0114 ] On the second insulating thin film 43b , the first 
interlayer insulating film 39 is formed . Then , the connection 
hole with the different depth is formed in the first interlayer 
insulating film 39 selectively to reach the second insulating 
thin film 43b serving as the etching stopper . Next , the first 
insulating thin film 43a and the second insulating thin film 
43b with the same thickness are selectively etched in each 
portion to form the connection holes to continue to the 
connection holes . 
[ 0115 ] Then , the connection holes are filled with the 
connection conductor 44 . 
[ 0116 ] Next , a metal wire 40 with a plurality of layers 
( three layers in this example ) is formed through the inter 
layer insulating film 39 so as to be connected to the 
connection conductors 44 , thereby forming a multilayer 
wiring layer 41. The metal wire 40 is formed of a copper 
( Cu ) wire . Each copper wire is generally coated with a 
barrier metal film that prevents the Cu diffusion . Therefore , 
a cap film for the copper wire 40 , i.e. , a protective film 42 
is formed on the multilayer wiring layer 41 . 
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[ 0117 ] Moreover , for example , a metal pad included in an 
extraction electrode used to input / output signals to / from the 
outside and the like are also coated with the barrier metal 
film as necessary . 
[ 0118 ] Next , a diffusion prevention film 99a of atoms / 
molecules that are suitable for terminating the dangling 
bonds on the surface of the semiconductor , such as hydro 
gen , is formed on the protective film 42. For the diffusion 
prevention film 99a , for example , a Sin film formed with a 
thickness of 500 to 1500 um by a plasma CVD method is 
used . 
[ 0119 ] Here , 436 and 99a denote the silicon nitride thin 
film ; however , by changing the manufacturing method , the 
hydrogen content in the thin films can be controlled . By 
changing the hydrogen content , a film containing a large 
amount of hydrogen can be used as a hydrogen supply film 
and a film containing a small amount of hydrogen can be 
used as a hydrogen diffusion prevention film . 
[ 0120 ] Through these steps , the first semiconductor sub 
strate 31 as the semi - finished product having the pixel region 
23 and the control region 24 is formed . 
[ 0121 ] On the other hand , as illustrated in FIG . 6 , the logic 
circuit 25 including a signal processing circuit for process 
ing signals as the semi - finished product is formed in each 
region of a second semiconductor substrate ( semiconductor 
chip ) 45. In other words , a plurality of MOS transistors 
constituting the logic circuit is formed to be separated by an 
element separation region 50 in a p - type semiconductor well 
region 46 on the surface side of the semiconductor substrate 
( for example , silicon substrate ) 45 . ere , the plural MOS 
transistors are represented by a MOS transistor Tró , a MOS 
transistor Tr7 , and a MOS transistor Tr8 . 
[ 0122 ] The MOS transistor Trø , the MOS transistor Tr7 , 
and the MOS transistor Tr8 are each formed to have a pair 
of n - type source / drain regions 47 , and a gate electrode 48 
formed with a gate insulating film interposed therebetween . 
The logic circuit 25 can be formed by a CMOS transistor . 
( 0123 ] Next , a first interlayer insulating film 49 is formed 
on the surface of the second semiconductor substrate 45 and 
then a connection hole is formed through the interlayer 
insulating film 49 , and a connection conductor 54 to be 
connected to a predetermined transistor is formed . 
[ 0124 ] For forming the connection conductor 54 with the 
different height , the first insulating thin film 43a ( for 
example , silicon oxide film ) and the second insulating thin 
film 43z serving as the etching stopper are stacked on the 
entire surface including the upper surface of the transistor . 
[ 0125 ] In the present technique , the second insulating thin 
film 43z provided for the second semiconductor substrate 45 
is formed as a film with lower hydrogen concentration than 
the second insulating thin film 43b by being formed under a 
different film - formation condition from the second insulat 
ing thin film 43b . 
[ 0126 ] The first interlayer insulating film 49 is formed on 
the second insulating thin film 43z . Then , the connection 
hole with the different depth is formed in the first interlayer 
insulating film 49 selectively to reach the second insulating 
thin film 43z serving as the etching stopper . Next , the first 
insulating thin film 43a and the second insulating thin film 
43z with the same thickness are selectively etched in each 
portion to form the connection holes to continue to the 
connection holes . Then , the connection holes are filled with 
the connection conductor 54 . 

[ 0127 ] On the other hand , at a predetermined position in 
each region , the connection hole is formed at a desired depth 
in the semiconductor substrate 45 from the surface of the 
first interlayer insulating film 49 and the connection hole is 
filled with a connection conductor 51 for the extraction 
electrode . The connection conductor 51 can be formed of , 
for example , copper ( Cu ) , tungsten ( W ) , polysilicon , or the 
like . 
[ 0128 ] Note that before the filling with the connection 
conductor 51 , an insulating film 52 for insulating between 
the connection conductor 51 and the semiconductor sub 
strate 45 is formed on the inner wall surface of the connec 
tion hole . 
[ 0129 ] Next , a plurality of layers , three layers in this 
example , of metal wires 53 is formed through the interlayer 
insulating film 49 so as to connect to the connection con 
ductor 51 for the electrode extraction and the connection 
conductor 54 , thereby forming a multilayer wiring layer 55 . 
[ 0130 ] The metal wire 53 is formed of copper ( Cu ) wire . 
As de ribed above , a cap film for the copper wire ( metal 
wire ) 53 , i.e. , a protective film 56 is formed on the multilayer 
wiring layer 55 . 
[ 0131 ] Next , a diffusion prevention film 99b for atoms / 
molecules that are suitable for terminating the dangling 
bonds on the surface of the semiconductor , such as hydro 
gen , is formed on the protective film 56. For the diffusion 
prevention film 99b , for example , a Sin film formed with a 
thickness of 300 to 1500 um by plasma CVD is used . 
[ 0132 ] Through these steps , the second semiconductor 
substrate 45 with the logic circuit 25 as the semi - finished 
product is formed . 
[ 0133 ] Next , as illustrated in FIG . 7 , the first semiconduc 
tor substrate 31 and the second semiconductor substrate 45 
are bonded to each other so that their multilayer wiring 
layers 41 and 55 face each other . The bonding may be , for 
example , plasma bonding or bonding with the adhesive . 
[ 0134 ] In the case of the plasma bonding , a bonding plane 
of each of the first semiconductor substrate 31 and the 
second semiconductor substrate 45 is provided with , for 
example , a film 57 such as a plasma TEOS film , a Sin film , 
a SION film ( block film ) , a SiC film , or the like formed by 
plasma CVD . The bonding planes provided with the films 57 
are overlapped on each other after the plasma treatment and 
then subjected to the annealing process , whereby the both 
are bonded to each other . The attaching process is preferably 
performed through a low - temperature process of 400 ° C. or 
less at which the wiring and the like are not affected . 
[ 0135 ] By the heat treatment in the attaching process , 
hydrogen is supplied to the interface of the first semicon 
ductor substrate 31 from the second insulating thin film 43b . 
[ 0136 ] In the case of the bonding with the adhesive , one of 
the bonding planes of the first semiconductor substrate 31 
and the second semiconductor substrate 45 is provided with 
an adhesive layer 58 and the substrates are bonded to each 
other with the adhesive layer 58 interposed therebetween . 
[ 0137 ] The first semiconductor substrate 31 is thinned by 
grinding and polishing the first semiconductor substrate 31 
from a rear surface 31b side . The thinning is performed so 
that the photodiode ( PD ) can be viewed . After the thinning , 
a p - type semiconductor layer is formed for suppressing the 
dark current on the rear surface of the photodiode ( PD ) . The 
thickness of the semiconductor substrate 31 is , for example , 
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approximately 600 um and the semiconductor substrate 31 is 
thinned to have a thickness of , for example , 1 um to 10 um , 
preferably 1 um to 5 um . 
[ 0138 ] After the thinning , an interlayer insulating film 59 
is formed by a silicon oxide film or the like on the rear 
surface of the substrate . The rear surface 31b of the first 
semiconductor substrate 31 serves as a light incidence 
surface in the structure of the solid - state imaging device of 
a rear surface irradiation type . 
[ 0139 ] At a predetermined position of the first semicon 
ductor substrate 31 that has been thinned , a penetration 
connection hole 61 that reaches the uppermost wire 53 of the 
second semiconductor substrate 45 is formed through the 
first semiconductor substrate 31 from the rear surface 31b 
side . At the same time , the first semiconductor substrate 31 
is provided with a connection hole 62 that is close to the 
penetration connection hole 61 and reaches a first wire 40 on 
the first semiconductor substrate 31 side from the rear 
surface 31b side . 
[ 0140 ] The contact diameter of the penetration connection 
hole 61 or the connection hole 62 is approximately 1 to 5 
um . The penetration connection hole 61 and the connection 
hole 62 are formed after the first semiconductor substrate 31 
is thinned ; therefore , the aspect ratio is small and can be used 
as the micro - pore . The contact depth of the penetration 
connection hole 61 or the connection hole 62 can be set to , 
for example , approximately 5 um to 15 um . Next , the inner 
wall surface of the penetration connection hole 61 and the 
connection hole 62 is provided with an insulating film 63 for 
electrically insulating from the semiconductor substrate 31 . 
[ 0141 ] Next , the penetration connection hole 61 and the 
connection hole 62 are filled with a penetration connection 
conductor 64 and a connection conductor 65. For the pen 
etration connection conductor 64 and the connection con 
ductor 65 , for example , metal such as copper ( Cu ) and 
tungsten ( W ) can be used . 
[ 0142 ] After that , the entire surface of the rear surface of 
the first semiconductor substrate 31 is provided with an 
insulating protective film 66. As the insulating protective 
film 66 , for example , a SiCN film , a plasma silicon nitride 
film , a SiC film or the like can be used . 
[ 0143 ] Moreover , a light blocking film 67 is formed on a 
region to be shielded from light . As the light blocking film 
67 , for example , a metal film of tungsten can be used . By the 
electrical connection to the semiconductor well region 32 
using this blocking film 67 as a ground potential , it is 
possible to prevent the light blocking film 67 from falling 
into the floating state . Moreover , by applying a ground 
potential to the light blocking film 67 electrically connected 
to the semiconductor well region 32 , it is possible to prevent 
the semiconductor well region 32 from falling in the elec 
trically floating state . 
[ 0144 ] Moreover , the entire surface is provided with a 
passivation film 68 so as to cover the light blocking film 67 . 
As the passivation film 68 , for example , a plasma silicon 
nitride film , a CVD - SiV film or the like can be used . 
[ 0145 ] Next , the penetration connection conductor 64 of 
the passivation film 68 and the insulating protective film 66 
is formed and a connection hole 69 is formed in the portion 
corresponding to the connection conductor 65. After that , a 
connection wire 72 of an aluminum film is formed through 
a barrier metal film 71. The barrier metal film 71 is formed 
of a stack of layers of Ti ( bottom ) / TiN ( top ) , for example . 

[ 0146 ] The connection wire 72 is connected to the pen 
etration connection conductor 64 and the connection con 
ductor 65 through the connection hole 69. This connection 
wire 72 is used for the connection between the pixel region 
23 and the control region 24 , and the logic circuit 25 and also 
plays the role of the extraction electrode that extracts from 
the upper surface , i.e. , the so - called electrode pad . The 
connection wire 72 is hereinafter referred to as an electrode 
pad . 
[ 0147 ] Therefore , the image sensor including the pixel 
region 23 and the control region 24 provided for the first 
semiconductor substrate 31 is electrically connected to the 
logic circuit 25 provided for the second semiconductor 
substrate 45 through the connection conductor 65 , the elec 
trode pad 72 , and the penetration connection conductor 64 . 
[ 0148 ] After that , a planarization film 73 is formed and 
on - chip color filters 74 of red ( R ) , green ( G ) , and blue ( B ) 
are formed for the pixels on the planarization film 73 , and 
then an on - chip micro - lens 75 is formed thereon . 
[ 0149 ] The on - chip color filters 74 and the on - chip micro 
lens 75 are formed in units of pixels of the pixel array . 
[ 0150 ] Next , a lens material film 75a and the planarization 
film 73 are selectively etched away to expose the electrode 
pad 72. On the other hand , on the second semiconductor 
substrate 45 side , the surface is ground and polished to 
expose the surface of the connection conductor 51 which is 
to serve as the extraction electrode . 
[ 0151 ] After the passivation film 76 is formed on the 
exposed surface of the connection conductor 51 of the 
second semiconductor substrate 45 , an opening 77 for the 
connection conductor 51 formed and an electrode bump 
78 with a spherical shape is formed in electrical connection 
to the connection conductor 51 through the opening 77 . 
[ 0152 ] Thus , in the first semiconductor substrate 31 , the 
pixel region 23 and the control region 24 are provided as the 
finished product ; in the second semiconductor substrate 45 , 
the logic circuit 25 is provided as the finished product . 
[ 0153 ] Next , the substrate is divided into chips to provide 
the solid - state imaging device of a rear surface irradiation 
type as illustrated in FIG . 4 . 
[ 0154 ] As illustrated in FIG . 4 , in the solid - state imaging 
device to which the present technique has been applied , the 
diffusion prevention film 99a and the diffusion prevention 
film 99b are disposed at the bonding plane between the first 
semiconductor substrate 31 and the second semiconductor 
substrate 45. Thus , it is possible to prevent the hydrogen 
concentration from being uniformed in the first semicon 
ductor substrate 31 and in the second semiconductor sub 
strate 45 by suppressing the movement of hydrogen atoms / 
molecules between the stacked semiconductor substrates . 
[ 0155 ] In the solid - state imaging device to which the 
present technique has been applied , the second insulating 
thin film 43b provided for the first semiconductor substrate 
31 functions as the hydrogen supply film . Therefore , the 
hydrogen concentration can be increased in only the first 
semiconductor substrate 31 without the sinter process . 
[ 0156 ] As a result , according to the present technique , the 
interface state can be reduced only in the semiconductor 
substrate having the pixel portion in the solid - state imaging 
device formed by stacking the semiconductor substrates . 
[ 0157 ] Moreover , in recent years , for example , a method 
of directly bonding the metal wire of the first semiconductor 
substrate 31 and the metal wire of the second semiconductor 
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substrate 45 , a so - called Cu - Cu bonding method , may be 
employed in consideration of the thinning of the finished 
product . 
[ 0158 ] FIG . 8 illustrates a structure example according to 
another embodiment of the solid - state imaging device to 
which the present technique has been applied , which is 
formed by the Cu - Cu bonding . This solid - state imaging 
device is formed as a CMOS image sensor of a rear surface 
irradiation type formed by stacking the first semiconductor 
chip and the second semiconductor chip . 
[ 0159 ] In the case of manufacturing the solid - state imag 
ing device illustrated in FIG . 8 , first , the image sensor as the 
semi - finished product , i.e. , the pixel region 23 and the 
control region 24 are formed in each region of the first 
semiconductor substrate 31. Since this formation step is 
similar to that of the embodiment aforementioned with 
reference to FIGS . 4 to 7 , the detailed description thereto is 
omitted . 
[ 0160 ] In the case of the structure of FIG . 8 , however , a 
multilayer wiring layer 41 is formed on the first semicon 
ductor substrate 31 and the process is finished upon the 
formation of the wire 40 as the uppermost layer . In other 
words , the wire 40 as the uppermost layer is exposed and the 
protective film 42 illustrated in FIG . 5 is not formed thereon . 
[ 0161 ] Moreover , before the formation of the wire 40 as 
the uppermost layer , for example , the diffusion prevention 
film 99 for the atoms / molecules that are suitable for the 
termination of the dangling bond on the surface of the 
semiconductor , such as hydrogen , is formed on the interlayer 
insulating film 39. As the diffusion prevention film 99 , for 
example , a Sin film formed with a thickness of approxi 
mately 500 to 1500 um by plasma CVD is used . 
[ 0162 ] Moreover , the interlayer insulating film 39 is 
formed on the diffusion prevention film 99 . 
[ 0163 ] In each region of the second semiconductor sub 
strate 45 , the logic circuit 25 as the semi - finished product for 
the signal processing is formed . Since this formation step is 
also similar to that of the embodiment aforementioned with 
reference to FIGS . 4 to 7 , the detailed description thereto is 
omitted . 
[ 0164 ] In the case of the structure of FIG . 8 , the multilayer 
wiring layer 55 is formed on the second semiconductor 
substrate 45 ; the process is finished upon the formation of 
the wire 53 as the uppermost layer . In other words , the wire 
53 as the uppermost layer is exposed and the protective film 
56 illustrated in FIG . 6 is not formed thereon . 
[ 0165 ] The first semiconductor substrate 31 and the sec 
ond semiconductor substrate 45 are bonded through their 
wires 40 and 53 so that the multilayer wiring layers 41 and 
55 face each other , and are attached to each other by bonding 
their interlayer insulating films 39 and 49 . 
[ 0166 ] Here , the wires 40 and 53 are copper ( Cu ) wires , 
and the interlayer insulating films 39 and 49 are silicon oxide 
films . 
[ 0167 ] Then , the semiconductor substrate 31 and the semi 
conductor substrate 45 are overlapped on each other so that 
their wires 40 and 53 are in direct contact with each other . 
After that , the wires 40 and 53 are directly bonded to each 
other by being heated while a predetermined weight is 
applied thereto . At the same time , the interlayer insulating 
films 39 and 49 are bonded to each other . 
[ 0168 ] The heating temperature at the bonding is set to 
such a degree that the Cu wire is not damaged ; for example , 
the temperature is set to approximately 200 to 400 ° C. 

[ 0169 ] By the heat treatment at the bonding , hydrogen is 
supplied from the second insulating thin film 43b to the 
interface of the first semiconductor substrate 31 . 
[ 0170 ] As illustrated in FIG . 8 , in the solid - state imaging 
device to which the present technique has been applied , the 
diffusion prevention film 99 is disposed below ( upper side in 
the drawing ) the wire 40 as the uppermost layer in the first 
semiconductor substrate 31. Thus , the movement of hydro 
gen atoms / molecules between the stacked semiconductor 
substrates can be prevented , whereby it is possible to prevent 
the hydrogen concentration from being uniformed in the first 
semiconductor substrate 31 and in the second semiconductor 
substrate 45 . 
[ 0171 ] Moreover , in the solid - state imaging device of FIG . 
8 , the second insulating thin film 43b provided for the first 
semiconductor substrate 31 functions as the hydrogen sup 
ply film . Therefore , the hydrogen concentration can be 
increased only in the first semiconductor substrate 31 with 
out the sinter process . 
[ 0172 ] As a result , in the solid - state imaging device 
formed by the Cu - Cu bonding in which the semiconductor 
substrates are stacked , the interface state can be reduced 
only in the semiconductor substrate having the pixel portion 
according to the present technique . 
[ 0173 ] In the above description , the second insulating thin 
film 43b is used as the hydrogen supply film ; however , 
another member may be used as the hydrogen supply film . 
[ 0174 ] FIG . 9 is a diagram illustrating a simplified struc 
ture example of the solid - state imaging device to which the 
present technique has been applied . 
[ 0175 ] As illustrated in FIG . 9 , a solid - state imaging 
device 200 to which the present technique has been applied 
is formed as a stacked type solid - state imaging device 
having two active element layers . 
[ 0176 ] In other words , in FIG . 9 , a device layer 201 is 
provided on the top of a solid - state imaging device 200 , 
which serves as a light reception surface , and a device layer 
202 is disposed on the bottom thereof , which is on the 
opposite side of the light reception surface . The device layer 
201 corresponds to , for example , the first semiconductor 
substrate having the pixel portion and the device layer 202 
corresponds to , for example , the second semiconductor 
substrate having the logic circuit . 
[ 0177 ] In FIG . 9 , a diffusion prevention film 203 is 
inserted between the device layer 201 and the device layer 
202. The diffusion prevention film 203 is the film formed of 
the material suitable for preventing the diffusion of the 
material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0178 ] In FIG . 9 , the diffusion prevention film 203 is 
inserted between the first semiconductor substrate and the 
second semiconductor substrate ; however , in fact , the dif 
fusion prevention film 203 may be inserted between the 
interface of the first semiconductor substrate and the inter 
face of the second semiconductor substrate . For example , as 
described above with reference to FIG . 8 , the diffusion 
prevention film may be formed on the interlayer insulating 
film 39 before the wire 40 as the uppermost layer of the 
multilayer wiring layer 41 is formed on the first semicon 
ductor substrate 31 . 
[ 0179 ] In FIG . 9 , an atom supply film 204 is inserted 
between the diffusion prevention film 203 and the device 
layer 201. The atom supply film 204 is formed by , for 
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example , the aforementioned second insulating thin film 43b 
and supplies hydrogen or the like as the dangling bond 
terminating atoms . 
[ 0180 ] The second insulating thin film 43b is just an 
example of the atom supply film 204 and the atom supply 
film 204 may be formed by another member . 
[ 0181 ] In other words , the active element layer A may be 
formed by the device layer 201 and the atom supply film 204 
and the active element layer B may be formed by the device 
layer 202 , and the diffusion prevention film 203 may be 
inserted between the active element layer A and the active 
element layer B. 
[ 0182 ] With this structure , the interface state can be 
reduced only in the active element layer having the pixel 
portion . 
[ 0183 ] Alternatively , a devise may be made so that the 
concentration of the dangling bond terminating atoms of the 
active element layer not having the pixel portion is reduced . 
[ 0184 ] FIG . 10 illustrates another simplified structure 
example of the solid - state imaging device to which the 
present technique has been applied . 
[ 0185 ] As illustrated in FIG . 10 , a solid - state imaging 
device 220 to which the present technique has been applied 
is formed as the stacked type solid - state imaging device 
having two active element layers . 
[ 0186 ] In other words , in FIG . 10 , a device layer 221 is 
disposed on the top of the solid - state imaging device 220 , 
which serves as the light reception surface , and a device 
layer 222 is disposed on the bottom thereof , which is on the 
opposite side of the light reception surface . The device layer 
221 corresponds to , for example , the first semiconductor 
substrate having the pixel portion and the device layer 222 
corresponds to , for example , the second semiconductor 
substrate having the logic circuit . 
[ 0187 ] In FIG . 10 , a diffusion prevention film 223 is 
inserted between the device layer 221 and the device layer 
222. The diffusion prevention film 223 is the film formed of 
the material suitable for preventing the diffusion of the 
material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0188 ] In FIG . 10 , the diffusion prevention film 223 is 
inserted between the first semiconductor substrate and the 
second semiconductor substrate ; however , in fact , the dif 
fusion prevention film 223 may be inserted between the 
interface of the first semiconductor substrate and the inter 
face of the second semiconductor substrate . For example , as 
described above with reference to FIG . 8 , the diffusion 
prevention film may be formed on the interlayer insulating 
film 39 before the wire 40 as the uppermost layer of the 
multilayer wiring layer 41 is formed on the first semicon 
ductor substrate 31 . 
[ 0189 ] In FIG . 10 , an atom supply film 224 is inserted 
between the diffusion prevention film 223 and the device 
layer 221. The atom supply film 224 is formed by , for 
example , the aforementioned second insulating thin film 435 
and supplies hydrogen or the like as the dangling bond 
terminating atoms . 
[ 0190 ] Moreover , in FIG . 10 , an atom occlusion film 225 
is inserted between the diffusion prevention film 223 and the 
device layer 221. The atom occlusion film 225 is formed of 
a material suitable for occluding the dangling bond termi 
nating atom ( such as hydrogen ) . For example , the barrier 
metal covering the metal wire 53 illustrated in FIG . 6 can be 
used as the atom occlusion film 225 . 

[ 0191 ] In other words , as described above with reference 
to FIG . 6 , the multilayer wiring layer 55 is formed by 
forming the metal wire 53 with a plurality of layers through 
the interlayer insulating film 49 so as to be connected to the 
connection conductors 54 and the connection conductors 51 
for the electrode extraction . 
[ 0192 ] The metal wire 53 is formed of the copper ( Cu ) 
wire . On this occasion , the copper wires are formed to be 
covered with the barrier metal that prevents the Cu diffusion . 
For example , if hydrogen is used as the dangling bond 
terminating atoms , titanium or the like that is suitable for the 
hydrogen occlusion is used as the barrier metal . 
[ 0193 ] Then , the cap film for the copper wire 53 , i.e. , the 
protective film 56 is formed on the multilayer wiring layer 
55 . 
[ 0194 ] Thus , the atom occlusion film 225 illustrated in 
[ 0195 ] FIG . 10 can be formed by the barrier metal cov 
ering the metal wire of the second semiconductor substrate . 
[ 0196 ] Note that the barrier metal is just an example of the 
atom occlusion film 225 and the atom occlusion film 225 
may be formed by another member . 
[ 0197 ] In other words , the active element layer A may be 
formed by the device layer 221 and the atom supply film 224 
and the active element layer B may be formed by the device 
layer 222 , and then the diffusion prevention film 223 and the 
atom occlusion film 225 may be inserted between the active 
element layer A and the active element layer B. 
[ 0198 ] With such a structure , the interface state can be 
reduced in only the active element layer having the pixel 
portion and moreover the concentration of the dangling bond 
terminating atoms can be reduced in the active element layer 
not having the pixel portion . 
[ 0199 ] Description has been made of the example in which 
the present technique is applied to the stacked type solid 
state imaging device having the two active element layers ; 
however , the present technique can be applied to a stacked 
type solid - state imaging device having three active element 
layers . 
[ 0200 ] FIG . 11 is a diagram illustrating another simplified 
structure example of the solid - state imaging device to which 
the present technique has been applied . 
[ 0201 ] As illustrated in FIG . 11 , a solid - state imaging 
device 240 to which the present technique has been applied 
is formed as the stacked type solid - state imaging device 
having three active element layers . 
[ 0202 ] In other words , in FIG . 11 , a device layer 241 is 
provided on the top of the solid - state imaging device 240 , 
which serves as the light reception surface , and a device 
layer 243 is provided on the bottom , which is on the opposite 
side of the light reception surface , and a device layer 242 is 
disposed between the device layer 241 and the device layer 
243. The device layer 241 corresponds to , for example , the 
first semiconductor substrate having the pixel portion , the 
device layer 242 corresponds to , for example , the second 
semiconductor substrate having the logic circuit , and the 
device layer 243 corresponds to , for example , a third semi 
conductor substrate having a memory circuit . 
[ 0203 ] Note that the third semiconductor substrate of the 
device layer 243 is manufactured in a manner similar to the 
first semiconductor substrate or the second semiconductor 
substrate , and has the function of the memory circuit such as 
a DRAM or an SRAM patterned instead of the function of 
the pixel portion or the logic circuit . 
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[ 0204 ] In regard to the memory circuit , it has been known 
that the memory characteristic such as the retention charac 
teristic in the DRAM would deteriorate if the flicker noise or 
the RTN ( Random Telegraph Noise ) occurred due to the 
increase in the interface state of the third semiconductor 
substrate . 
[ 0205 ] In other words , in the solid - state imaging device 
240 , it is desirable that the interface state of the device layer 
243 is decreased in a manner similar to the device layer 241 . 
[ 0206 ] In FIG . 11 , a diffusion prevention film 244 is 
inserted between the device layer 241 and the device layer 
242. The diffusion prevention film 244 is the film formed of 
the material suitable for preventing the diffusion of the 
material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0207 ] In FIG . 11 , the diffusion prevention film 244 is 
inserted between the first semiconductor substrate and the 
second semiconductor substrate ; however , in fact , the dif 
fusion prevention film 244 may be inserted between the 
interface of the first semiconductor substrate and the inter 
face of the second semiconductor substrate . 
[ 0208 ] In FIG . 11 , an atom supply film 245 is inserted 
between the diffusion prevention film 244 and the device 
layer 241. The atom supply film 245 supplies hydrogen or 
the like as the dangling bond terminating atoms . 
[ 0209 ] Moreover , in FIG . 11 , a diffusion prevention film 
246 is inserted between the device layer 242 and the device 
layer 243. The diffusion prevention film 246 is the film 
formed of the material suitable for preventing the diffusion 
of the material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0210 ] In FIG . 11 , the diffusion prevention film 246 is 
inserted between the second semiconductor substrate and the 
third semiconductor substrate ; however , in fact , the diffusion 
prevention film 246 may be inserted between the interface of 
the second semiconductor substrate and the interface of the 
third semiconductor substrate . 
[ 0211 ] In FIG . 11 , an atom supply film 247 is inserted 
between the diffusion prevention film 246 and the device 
layer 243. The atom supply film 245 supplies hydrogen or 
the like as the dangling bond terminating atoms . 
[ 0212 ] In other words , the active element layer A may be 
formed by the device layer 241 and the atom supply film 
245 , the active element layer B may be formed by the device 
layer 242 , the active element layer C may be formed by the 
device layer 243 and the atom supply film 247 , the diffusion 
prevention film 244 may be inserted between the active 
element layer A and the active element layer B , and the 
diffusion prevention film 246 may be inserted between the 
active element layer B and the active element layer C. 
[ 0213 ] By the above structure , the interface state can be 
reduced in only the active element layer having the pixel 
portion and the active element layer having the memory 
circuit . 
[ 0214 ] Alternatively , the solid - state imaging device may 
be formed without the provision of the atom supply film . 
[ 0215 ] FIG . 12 is a diagram illustrating another simplified 
structure example of the solid - state imaging device to which 
the present technique has been applied . 
[ 0216 ] As illustrated in FIG . 12 , a solid - state imaging 
device 260 to which the present technique has been applied 
is formed as a stacked type solid - state imaging device 
having three active element layers . 

[ 0217 ] In other words , in FIG . 12 , a device layer 261 is 
disposed on the top of the solid - state imaging device 260 , 
which serves as the light reception surface , a device layer 
263 is disposed on the bottom , which is on the opposite side 
of the light reception surface , and a device layer 262 is 
disposed between the device layer 261 and the device layer 
263. The device layer 261 corresponds to , for example , the 
first semiconductor substrate having the pixel portion , the 
device layer 262 corresponds to , for example , the second 
semiconductor substrate having the logic circuit , and the 
device layer 263 corresponds to , for example , the third 
semiconductor substrate having the memory circuit . 
[ 0218 ] The third semiconductor substrate of the device 
layer 263 is manufactured in a manner similar to the first 
semiconductor substrate or the second semiconductor sub 
strate , and has the function of the memory circuit such as a 
DRAM or an SRAM patterned instead of the function of the 
pixel portion or the logic circuit . 
[ 0219 ] It has been known that , in the memory circuit , the 
memory characteristic such as the retention characteristic in 
the DRAM would deteriorate if the flicker noise or RTN 
( Random Telegraph Noise ) or the like occurred due to the 
increase in interface state of the third semiconductor sub 
strate . 
[ 0220 ] In other words , in the solid - state imaging device 
260 , it is desirable that the interface state of the device layer 
263 is decreased in a manner similar to the device layer 261 . 
[ 0221 ] In FIG . 12 , a diffusion prevention film 264 is 
inserted between the device layer 261 and the device layer 
262. The diffusion prevention film 264 is the film formed of 
the material suitable for preventing the diffusion of the 
material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0222 ] In FIG . 12 , the diffusion prevention film 264 is 
inserted between the first semiconductor substrate and the 
second semiconductor substrate ; however , in fact , the dif 
fusion prevention film 264 may be inserted between the 
interface of the first semiconductor substrate and the inter 
face of the second semiconductor substrate . 
[ 0223 ] In the structure of FIG . 12 , the atom supply film is 
not inserted between the diffusion prevention film 264 and 
the device layer 261 . 
[ 0224 ] Moreover , in FIG . 12 , a diffusion prevention film 
266 is inserted between the device layer 262 and the device 
layer 263. The diffusion prevention film 266 is the film 
formed of the material suitable for preventing the diffusion 
of the material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0225 ] In FIG . 12 , the diffusion prevention film 266 is 
inserted between the second semiconductor substrate and the 
third semiconductor substrate ; however , in fact , the diffusion 
prevention film 266 may be inserted between the interface of 
the second semiconductor substrate and the interface of the 
third semiconductor substrate . 
[ 0226 ] In the structure of FIG . 12 , the atom supply film is 
not inserted between the diffusion prevention film 266 and 
the device layer 263 . 
[ 0227 ] In other words , the active element layer A may be 
formed by the device layer 261 , the active element layer B 
may be formed by the device layer 262 , the active element 
layer C may be formed by the device layer 263 , the diffusion 
prevention film 264 may be inserted between the active 
element layer A and the active element layer B , and the 
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diffusion prevention film 266 may be inserted between the 
active element layer B and the active element layer C. 
[ 0228 ] Then , for example , after the device layer 261 , the 
device layer 262 , and the device layer 263 are bonded to 
each other , the hydrogen sinter process is performed at 
approximately 200 to 400 ° C. , whereby the interface state of 
the device layer 261 and the device layer 263 is decreased . 
On this occasion , hydrogen hardly enters the device layer 
262 held between the diffusion prevention film 264 and the 
diffusion prevention film 266 . 
[ 0229 ] With the structure as above , the interface state can 
be reduced in only the active element layer having the pixel 
portion and the active element layer having the memory 
circuit . 
[ 0230 ] Note that the atom supply film may be omitted in 
the stacked type solid - state imaging device having the two 
active element layers . For example , in the solid - state imag 
ing device 200 illustrated in FIG . 9 , the atom supply film 204 
may be omitted . 
[ 0231 ] Although description has been made of the 
example in which the present technique is applied to the 
solid - state imaging device , the present technique can be 
applied to other devices than the solid - state imaging device . 
For example , the present technique can be applied to a 
bipolar device such as a wireless transceiver . 
[ 0232 ] FIG . 13 is a diagram illustrating a simplified struc 
ture example of the bipolar device to which the present 
technique has been applied . 
[ 0233 ] As illustrated in FIG . 13 , a bipolar device 280 to 
which the present technique has been applied is structured as 
a stacked type wireless transceiver having two active ele 
ment layers . 
[ 0234 ] In FIG . 13 , a device layer 281 is disposed on the 
top of the bipolar device 280 and a device layer 282 is 
disposed on the bottom thereof . The device layer 281 
corresponds to , for example , the first semiconductor sub 
strate having the bipolar element , and the device layer 282 
corresponds to , for example , the second semiconductor 
substrate having the logic circuit . 
[ 0235 ] In the bipolar device 280 , it is desirable that the 
interface state is reduced only in the device layer 281 . 
[ 0236 ] In FIG . 13 , a diffusion prevention film 283 is 
inserted between the device layer 281 and the device layer 
282. The diffusion prevention film 283 is the film formed of 
the material suitable for preventing the diffusion of the 
material used for reducing the interface state ( such as 
hydrogen ) . 
[ 0237 ] In FIG . 13 , the diffusion prevention film 283 is 
inserted between the first semiconductor substrate and the 
second semiconductor substrate ; however , in fact , the dif 
fusion prevention film 283 may be inserted between the 
interface of the first semiconductor substrate and the inter 
face of the second semiconductor substrate . 
[ 0238 ] In FIG . 13 , an atom supply film 284 is inserted 
between the diffusion prevention film 283 and the device 
layer 281. The atom supply film 284 supplies hydrogen or 
the like as the dangling bond terminating atom . 
[ 0239 ] In other words , the active element layer A may be 
formed by the device layer 281 and the atom supply film 
284 , the active element layer B may be formed by the device 
layer 282 , and the diffusion prevention film 283 may be 
inserted between the active element layer A and the active 
element layer B. 

[ 0240 ) With the structure as above , the interface state can 
be reduced in only the active element layer having the 
bipolar element . 
[ 0241 ] Incidentally , the above embodiment has described 
the case in which the diffusion prevention film is a SiN film 
formed by plasma CVD ( the film is referred to as P - Sin 
film ) . It has been known that , however , the Sin film formed 
by LP - CVD ( referred to as LP - SiN ) is more effective in 
preventing the diffusion of hydrogen than the P — SiN film . 
[ 0242 ] The diffusion prevention film formed of LP - SiN 
has high film density , which is approximately 2.7 g / cm to 3.5 
g / cm . 
[ 0243 ] The interface state can be reduced in only the 
active element layer having the pixel portion if the LP - SiN 
film can be used as the diffusion prevention film , in which 
case the effect of the present technique that the concentration 
of the dangling bond terminating atoms of the active element 
layer not having the pixel portion is decreased can be 
enhanced . 
[ 0244 ] However , in the LP - CVD , the film formation pro 
cess is performed at higher temperature than in the plasma 
CVD . 
[ 0245 ] For example , the film formation process is per 
formed at approximately 400 ° C. in the plasma CVD while 
the film formation process is formed at high temperature of 
more than 600 ° C. in the LP - CVD . 
[ 0246 ] The film formation process at the high temperature 
of more than 600 ° C. affects the metal wire formed as the 
copper thin film on the semiconductor substrate . In other 
words , it is concerned that copper diffuses due to the high 
temperature to deteriorate the device characteristic . 
[ 0247 ] In the above embodiment , the multilayer wiring 
layer 41 is formed by forming the metal wire 40 with a 
plurality of layers through the interlayer insulating film 39 , 
the protective film 42 is formed on the multilayer wiring 
layer 41 , and then the diffusion prevention film 99a is 
formed on the protective film 42. The diffusion prevention 
film is desirably formed after the metal wire is formed . If the 
metal wire is formed after the diffusion prevention film is 
formed , it is necessary to form the holes for the wires in the 
diffusion prevention film , in which case hydrogen diffuses 
through these holes . 
[ 0248 ] On the other hand , since the film formation process 
is performed at high temperature in the LP - CVD , the dif 
fusion prevention film cannot be formed after the step 
( BEOL : Back End Of Line ) of forming the metal wire . 
[ 0249 ] In view of this , in the present technique , the 
solid - state imaging device is manufactured through the 
process as below if the diffusion prevention film is LP - SiN . 
FIGS . 14 to 17 are drawings to describe the process of 
manufacturing the solid - state imaging device in the case of 
using LP - SiN as the diffusion prevention film . This solid 
state imaging device is formed by stacking semiconductor 
substrates . 
[ 0250 ] First , as illustrated in FIG . 14 , a device layer 301 , 
which corresponds to a semiconductor substrate constituting 
the active element layer B , is manufactured . The device 
layer 301 is already provided with a wiring layer 301a 
having a metal wire . Note that the wiring layer 301a 
corresponds to , for example , the multilayer wiring layer 55 
of FIG . 6 . 
[ 0251 ] On the other hand , a high - temperature film 303 is 
formed on a support substrate 302. Here , the high - tempera 
ture film corresponds to a diffusion prevention film formed 
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of LP - SiN , and the support substrate 302 corresponds to , for 
example , a plate - shaped silicon not including the metal wire 
and the like . As described above , the diffusion prevention 
film formed of LP - SiN is formed by the film formation 
process at the high temperature by LP - CVD and the film 
formation at the high temperature does not cause any 
problem because the support substrate 302 does not include 
the metal wire and the like . 
[ 0252 ] The support substrate 302 provided with the high 
temperature film 303 is referred to as a dummy element 
layer . 
[ 0253 ] Next , as illustrated in FIG . 15 , the active element 
layer B and the dummy element layer are bonded to each 
other . The bonding is conducted by the aforementioned 
plasma bonding or bonding with an adhesive , for example . 
In the case of the plasma bonding , the low - temperature 
process of 400 ° C. or less , at which the wires and the like are 
not affected , is performed . In FIG . 15 , the active element 
layer B and the dummy element layer are bonded to each 
other so that the plane between the wiring layer 301a and the 
high - temperature film 303 serves as the bonding plane . 
[ 0254 ] After that , the support substrate 302 is polished to 
be removed . Thus , as illustrated in FIG . 16 , the high 
temperature film 303 is formed on the active element layer 
B. 
[ 0255 ] Then , as illustrated in FIG . 17 , the active element 
layer A is bonded onto the high - temperature film 303. The 
active element layer A is formed by a device layer 305 as the 
semiconductor substrate , and the device layer 305 is already 
provided with a wiring layer 305a having the metal wire . 
Note that the wiring layer 305a corresponds to the multi 
layer wiring layer 41 of FIG . 5 , for example . 
[ 0256 ] The bonding in FIG . 17 is also conducted by the 
plasma bonding or the bonding with the adhesive . In the case 
of the plasma bonding , the low - temperature process at 400 ° 
C. or less at which the wire and the like are not affected is 
performed . In FIG . 17 , the active element layer A and the 
high - temperature film 303 are bonded to each other so that 
the plane between the wiring layer 305a and the high 
temperature film 303 serves as the bonding plane . 
[ 0257 ] Although not illustrated here , the atom supply film 
is inserted between the high - temperature film 303 and the 
device layer 301 ( or the device layer 305 ) . 
[ 0258 ] Thus , LP - SiN can be used as the diffusion preven 
tion film without affecting the metal wire . Accordingly , the 
interface state can be reduced in only the active element 
layer having the pixel portion and the effect of the present 
technique that the concentration of the dangling bond ter 
minating atoms of the active element layer not having the 
pixel portion is decreased can be enhanced . 
[ 0259 ] In the case of using P - SiN as the diffusion preven 
tion film , a film thickness of approximately 500 to 1500 nm 
is necessary for providing the diffusion prevention capabil 
ity ; however , the large thickness of the diffusion prevention 
film makes it difficult to form the penetration connection 
hole . In the case of using LP - SiN as the diffusion prevention 
film , a film thickness of approximately 20 to 150 nm is 
enough to provide the diffusion prevention capability ; thus , 
the penetration connection hole can be formed easily and the 
yield of the solid - state imaging device is improved . 
[ 0260 ] Although the example of FIG . 17 has described the 
structure of the solid - state imaging device formed by stack 
ing the semiconductor substrates , in which the active ele 
ment layer A and the active element layer B have their 

wiring layers facing each other with the high - temperature 
film 303 as the diffusion prevention film interposed ther 
ebetween , the semiconductor substrates may be stacked in 
another mode . 
[ 0261 ] For example , the semiconductor substrates may be 
stacked as illustrated in FIG . 18 to form the solid - state 
imaging device . In the example of FIG . 18 , the wiring layer 
301a of the active element layer B faces the surface of the 
active element layer A on the opposite side of the wiring 
layer 305a with the high - temperature film 303 as the diffu 
sion prevention film interposed therebetween . 
[ 0262 ] Alternatively , the semiconductor substrates may be 
stacked as illustrated in FIG . 19 to form the solid - state 
imaging device . In the example of FIG . 19 , the surface of the 
active element layer A on the opposite side of the wiring 
layer 301a faces the surface of the active element layer B on 
the opposite side of the wiring layer 305a with the high 
temperature film 303 as the diffusion prevention film inter 
posed therebetween . 
[ 0263 ] Although the example in which the solid - state 
imaging device is formed by stacking the two semiconductor 
substrates has been described with reference to FIGS . 17 to 
19 , the solid - state imaging device may be formed by stack 
ing three semiconductor substrates . 
[ 0264 ] For example , the solid - state imaging device may be 
formed by stacking three semiconductor substrates as illus 
trated in FIG . 20. In the example of FIG . 20 , an active 
element layer C including a device layer 307 provided with 
a wiring layer 307a is stacked in addition to the active 
element layer A and the active element layer B. Here , in a 
manner similar to the case illustrated in FIG . 17 , the active 
element layer A and the active element layer B are formed 
and the surface of the active element layer B on the opposite 
side of the wiring layer 301a is bonded to the wiring layer 
307a of the active element layer C. 
[ 0265 ] Alternatively , as illustrated in FIG . 21 , a high 
temperature film may be provided between the active ele 
ment layer B and the active element layer C. In the example 
of FIG . 21 , the active element layer A and the active element 
layer B are disposed to have their wiring layers facing each 
other with the high - temperature film 303 as the diffusion 
prevention film interposed therebetween , and the surface of 
the active element layer B on the opposite side of the wiring 
layer 301a faces the wiring layer 307a of the active element 
layer C with the high - temperature film 304 as the diffusion 
prevention film interposed therebetween . 
[ 0266 ] Although the example in which the present tech 
nique is applied to the solid - state imaging device has been 
described with reference to FIGS . 14 to 21 , the present 
technique can be applied to other devices than the solid - state 
imaging device . For example , the present technique can be 
applied to a bipolar device such as a wireless transceiver . 
[ 0267 ] Moreover , although the example in which the high 
temperature film is formed by LP - SiN formed by LP - CVD 
has been described in the above embodiment with reference 
to FIGS . 14 to 21 , the high - temperature film may be formed 
by SiN ( also referred to as ALD - SiN ) formed by ALD 
( Atomic Layer Deposition ) -CVD . 
[ 0268 ] Moreover , the present technique is not limited to 
the application to the solid - state imaging device such as an 
image sensor . In other words , the present technique is 
applicable to the general electronic appliances including the 
solid - state imaging device in an image capture portion 
( photoelectric conversion unit ) , for example , an imaging 
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device such as a digital still camera or a video camera , a 
portable terminal device having an imaging function , or a 
copier using a solid - state imaging device in an image 
reading portion . 
[ 0269 ] FIG . 22 is a block diagram illustrating a structure 
example of a camera device as an electronic appliance to 
which the present technique has been applied . 
[ 0270 ] Acamera device 600 illustrated in FIG . 22 includes 
an optical unit 601 including a lens group or the like , a 
solid - state imaging device ( imaging device ) 602 employing 
each structure of the aforementioned pixels 2 , and a DSP 
circuit 603 as the camera signal processing circuit . The 
camera device 600 moreover includes a frame memory 604 , 
a display unit 605 , a recording unit 606 , an operation unit 
607 , and a power source unit 608. The DSP circuit 603 , the 
frame memory 604 , the display unit 605 , the recording unit 
606 , the operation unit 607 , and the power source unit 608 
are connected to each other through a bus line 609 . 
[ 0271 ] The optical unit 601 takes in the incident light 
( image light ) from a subject and focuses the light on an 
imaging surface of the solid - state imaging device 602. The 
solid - state imaging device 602 converts the light quantity of 
the incident light focused on the imaging surface by the 
optical unit 601 into electric signals in units of pixels and 
outputs the signal as a pixel signal . As the solid - state 
imaging device 602 , the solid - state imaging device accord 
ing to the above embodiment can be used . 
[ 0272 ] The display unit 605 includes , for example , a panel 
type display device such as a liquid crystal panel or an 
organic EL ( Electro Luminescence ) panel , and displays a 
moving picture or a still image taken by the solid - state 
imaging device 602. The recording unit 606 records the 
moving picture or the still image taken by the solid - state 
imaging device 602 in a recording medium such as a video 
tape or a DVD ( Digital Versatile Disk ) . 
[ 0273 ] The operation unit 607 outputs an operation order 
in regard to various functions of the camera device 600 in 
response to the operation from a user . The power source unit 
608 supplies various kinds of power to operate the DSP 
circuit 603 , the frame memory 604 , the display unit 605 , the 
recording unit 606 , and the operation unit 607 to any of these 
supply targets . 
[ 0274 ] The present technique is not limited to the appli 
cation to the solid - state imaging element that detects the 
distribution of the incident light quantity of visible light and 
captures the distribution as an image , and is applicable to the 
general solid - state imaging elements ( physical quantity dis 
tribution detection devices ) such as a solid - state imaging 
element that captures the distribution of the incident quantity 
of infrared ray , X - ray , or particles as an image or , in a broad 
sense , a fingerprint detection sensor that captures the distri 
bution of another physical quantity such as pressure or 
electrostatic capacitance as an image . 
[ 0275 ] The embodiment of the present technique is not 
limited to the above embodiment and various modifications 
can be made within the scope not departing from the content 
of the present technique . 
[ 0276 ] Note that the present technique can have the struc 
ture as below . 
[ 0277 ] ( 1 ) 
[ 0278 ] A semiconductor device including : 
[ 0279 ] a first semiconductor substrate ; 
[ 0280 ] a second semiconductor substrate providing a func 
tion different from a function provided by the first semicon 
ductor substrate ; and 

[ 0281 ] a diffusion prevention film that prevents diffusion 
of a dangling bond terminating atom used for reducing 
interface state of the first semiconductor substrate and the 
second semiconductor substrate , wherein 
[ 0282 ] at least two semiconductor substrates are stacked 
and the semiconductor substrates are electrically connected 
to each other , and 
[ 0283 ] the first semiconductor substrate and the second 
semiconductor substrate are stacked with the diffusion pre 
vention film inserted between an interface of the first semi 
conductor substrate and an interface of the second semicon 
ductor substrate . 
[ 0284 ] ( 2 ) 
[ 0285 ] The semiconductor device according to ( 1 ) , 
wherein the interface state of the first semiconductor sub 
strate is lower than that of the second semiconductor sub 
strate . 

[ 0286 ] ( 3 ) 
[ 0287 ] The semiconductor device according to ( 2 ) , 
wherein an atom supply film that supplies the dangling bond 
terminating atom is further inserted between the first semi 
conductor substrate and the diffusion prevention film . 
[ 0288 ] ( 4 ) 
[ 0289 ] The semiconductor device according to ( 3 ) , 
wherein 
[ 0290 ] the dangling bond terminating atom is hydrogen , 
and 
[ 0291 ] an insulating thin film in the first semiconductor 
substrate formed by a silicon nitride thin film is used as the 
atom supply film . 
[ 0292 ] ( 5 ) 
[ 0293 ] The semiconductor device according to any of ( 2 ) 
to ( 4 ) , wherein the first semiconductor substrate and the 
second semiconductor substrate are stacked with an atom 
occlusion film that occludes the dangling bond terminating 
atom inserted between the diffusion prevention film and the 
second semiconductor substrate . 
[ 0294 ] ( 6 ) 
[ 0295 ] The semiconductor device according to ( 5 ) , 
wherein 
[ 0296 ] the dangling bond terminating atom is hydrogen , 
and 
[ 0297 ] barrier metal covering a multilayer wiring layer or 
an extraction electrode in the second semiconductor sub 
strate , which is formed of titanium , is used as the atom 
occlusion film . 
[ 0298 ] ( 7 ) 
[ 0299 ] The semiconductor device according to any of ( 2 ) 
to ( 6 ) , wherein 
[ 0300 ] the device is structured as a solid - state imaging 
device , and 
[ 0301 ] a pixel portion is provided for the first semicon 
ductor substrate and a logic circuit is provided for the second 
semiconductor substrate . 
[ 0302 ] ( 8 ) 
[ 0303 ] The semiconductor device according to ( 7 ) , further 
including a third semiconductor substrate provided with a 
memory circuit , wherein 
[ 0304 ] the second semiconductor substrate is provided 
between the first semiconductor substrate and the third 
semiconductor substrate , and 
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[ 0331 ] the first semiconductor substrate and the second 
semiconductor substrate are stacked with the diffusion pre 
vention film inserted between an interface of the first semi 
conductor substrate and an interface of the second semicon 
ductor substrate . 

REFERENCE SIGNS LIST 

[ 0305 ] the first semiconductor substrate to the third semi 
conductor substrate are stacked with the diffusion prevention 
film that prevents diffusion of the dangling bond terminating 
atom further inserted between an interface of the second 
semiconductor substrate and an interface of the third semi 
conductor substrate . 
[ 0306 ] ( 9 ) 
[ 0307 ] The semiconductor device according to ( 1 ) , 
wherein the diffusion prevention film is a Sin film formed 
by plasma CVD . 
[ 0308 ] ( 10 ) 
[ 0309 ] The semiconductor device according to ( 1 ) , 
wherein 
[ 0310 ] the diffusion prevention film is formed on a support 
substrate by a film formation process at 600 ° C. or more , 
[ 0311 ] the diffusion prevention film formed on the support 
substrate and the second semiconductor substrate are bonded 
to each other and the support substrate is polished to be 
removed , and 
[ 0312 ] the first semiconductor substrate and the second 
semiconductor substrate are stacked with the diffusion pre 
vention film inserted between the interface of the first 
semiconductor substrate and the interface of the second 
semiconductor substrate . 
[ 0313 ] ( 11 ) 
[ 0314 ] The semiconductor device according to ( 10 ) , 
wherein the diffusion prevention film is a Sin film formed 
by LP - CVD . 
[ 0315 ] ( 12 ) 
[ 0316 ] The semiconductor device according to ( 10 ) , 
wherein the diffusion prevention film has a film density of 
2.7 g / cm to 3.5 g / cm . 
[ 0317 ] ( 13 ) 
[ 0318 ] The semiconductor device according to ( 10 ) , 
wherein the diffusion prevention film has a thickness of 150 
nm or less . 
[ 0319 ] ( 14 ) 
[ 0320 ] The semiconductor device according to ( 10 ) , 
wherein the diffusion prevention film is a Sin film formed 
by ALD - CVD . 
[ 0321 ] ( 15 ) 
[ 0322 ] The semiconductor device according to ( 1 ) , 
wherein the first semiconductor substrate and the second 
semiconductor substrate are stacked with their multilayer 
wiring layers facing each other . 
[ 0323 ] ( 16 ) 
[ 0324 ] The semiconductor device according to ( 1 ) , 
wherein the first semiconductor substrate and the second 
semiconductor substrate are stacked with their multilayer 
wiring layers not facing each other . 
[ 0325 ] ( 17 ) 
[ 0326 ] An electronic appliance including : 
[ 0327 ] a first semiconductor substrate ; 
[ 0328 ] a second semiconductor substrate providing a func 
tion different from a function provided by the first semicon 
ductor substrate ; and 
[ 0329 ] a diffusion prevention film that prevents diffusion 
of a dangling bond terminating atom used for reducing the 
interface state of the first semiconductor substrate and the 
second semiconductor substrate , wherein 
[ 0330 ] at least two semiconductor substrates are stacked 
and the semiconductor substrates are electrically connected 
to each other , and 

[ 0332 ] 1 Solid - state imaging device 
[ 0333 ] 31 First semiconductor substrate 
[ 0334 ] 45 Second semiconductor substrate 
[ 0335 ] 99 Diffusion prevention film 
[ 0336 ] 200 Solid - state imaging device 
[ 0337 ] 201 Device layer 
[ 0338 ] 202 Device layer 
[ 0339 ] 203 Diffusion prevention film 
[ 0340 ] 204 Atom supply film 
[ 0341 ] 221 Device layer 
[ 0342 ] 222 Device layer 
[ 0343 ] 223 Diffusion prevention film 
[ 0344 ] 224 Atom supply film 
[ 0345 ) 225 Atom occlusion film 
[ 0346 ] 240 Solid - state imaging device 
[ 0347 ] 241 Device layer 
[ 0348 ] 242 Device layer 
[ 0349 ] 243 Device layer 
[ 0350 ] 244 Diffusion prevention film 
[ 0351 ] 245 Atom supply film 
[ 0352 ] 246 Diffusion prevention film 
[ 0353 ] 247 Atom supply film 
[ 0354 ] 301 Device layer 
[ 0355 ] 301a Wiring layer 
[ 0356 ] 302 Support substrate 
[ 0357 ] 303 High - temperature film 
[ 0358 ] 304 High - temperature film 
[ 0359 ] 305 Device layer 
[ 0360 ] 305a Wiring layer 
[ 0361 ] 307 Device layer 
[ 0362 ] 307a Wiring layer 

1. A semiconductor device comprising : 
a first semiconductor substrate ; 
a second semiconductor substrate providing a function 

different from a function provided by the first semi 
conductor substrate ; and 

a diffusion prevention film that prevents diffusion of a 
dangling bond terminating atom used for reducing 
interface state of the first semiconductor substrate and 
the second semiconductor substrate , wherein 

at least two semiconductor substrates are stacked and the 
semiconductor substrates are electrically connected to 
each other , and 

the first semiconductor substrate and the second semicon 
ductor substrate are stacked with the diffusion preven 
tion film inserted between an interface of the first 
semiconductor substrate and an interface of the second 
semiconductor substrate . 

2. The semiconductor device according to claim 1 , 
wherein the interface state of the first semiconductor sub 
strate is lower than that of the second semiconductor sub 
strate . 

3. The semiconductor device according to claim 2 , 
wherein an atom supply film that supplies the dangling bond 
terminating atom is further inserted between the first semi 
conductor substrate and the diffusion prevention film . 
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4. The semiconductor device according to claim 3 , 
wherein 

the dangling bond terminating atom is hydrogen , and 
an insulating thin film in the first semiconductor substrate 

formed by a silicon nitride thin film is used as the atom 
supply film . 

5. The semiconductor device according to claim 2 , 
wherein the first semiconductor substrate and the second 
semiconductor substrate are stacked with an atom occlusion 
film that occludes the dangling bond terminating atom 
inserted between the diffusion prevention film and the 
second semiconductor substrate . 
6. The semiconductor device according to claim 5 , 

wherein 
the dangling bond terminating atom is hydrogen , and 
barrier metal covering a multilayer wiring layer or an 

extraction electrode in the second semiconductor sub 
strate , which is formed of titanium , is used as the atom 
occlusion film . 

7. The semiconductor device according to claim 2 , 
wherein 

the device is structured as a solid - state imaging device , 
and 

a pixel portion is provided for the first semiconductor 
substrate and a logic circuit is provided for the second 
semiconductor substrate . 

8. The semiconductor device according to claim 7 , further 
comprising a third semiconductor substrate provided with a 
memory circuit , wherein 

the second semiconductor substrate is provided between 
the first semiconductor substrate and the third semi 
conductor substrate , and 

the first semiconductor substrate to the third semiconduc 
tor substrate are stacked with the diffusion prevention 
film that prevents diffusion of the dangling bond ter 
minating atom further inserted between an interface of 
the second semiconductor substrate and an interface of 
the third semiconductor substrate . 

9. The semiconductor device according to claim 1 , 
wherein the diffusion prevention film is a Sin film formed 
by plasma CVD . 

10. The semiconductor device according to claim 1 , 
wherein 

the diffusion prevention film is formed on a support 
substrate by a film formation process at 600 ° C. or 
more , 

the diffusion prevention film formed on the support sub 
strate and the second semiconductor substrate are 
bonded to each other and the support substrate is 
polished to be removed , and 

the first semiconductor substrate and the second semicon 
ductor substrate are stacked with the diffusion preven 
tion film inserted between the interface of the first 
semiconductor substrate and the interface of the second 
semiconductor substrate . 

11. The semiconductor device according to claim 10 , 
wherein the diffusion prevention film is a Sin film formed 
by LP - CVD . 

12. The semiconductor device according to claim 10 , 
wherein the diffusion prevention film has a film density of 
2.7 g / cm to 3.5 g / cm . 
13. The semiconductor device according to claim 10 , 

wherein the diffusion prevention film has a thickness of 150 
nm or less . 

14. The semiconductor device according to claim 10 , 
wherein the diffusion prevention film is a Sin film formed 
by ALD - CVD . 

15. The semiconductor device according to claim 1 , 
wherein the first semiconductor substrate and the second 
semiconductor substrate are stacked with their multilayer 
wiring layers facing each other . 

16. The semiconductor device according to claim 1 , 
wherein the first semiconductor substrate and the second 
semiconductor substrate are stacked with their multilayer 
wiring layers not facing each other . 

17. An electronic appliance comprising : 
a first semiconductor substrate ; 
a second semiconductor substrate providing a function 

different from a function provided by the first semi 
conductor substrate ; and 

a diffusion prevention film that prevents diffusion of a 
dangling bond terminating atom used for reducing the 
interface state of the first semiconductor substrate and 
the second semiconductor substrate , wherein 

at least two semiconductor substrates are stacked and the 
semiconductor substrates are electrically connected to 
each other , and 

the first semiconductor substrate and the second semicon 
ductor substrate are stacked with the diffusion preven 
tion film inserted between an interface of the first 
semiconductor substrate and an interface of the second 
semiconductor substrate . 

Patent Owner, W&Wsens - Ex. 2021, p. 33


