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( 57 ) ABSTRACT 
A solid - state imaging device includes a sensor including an 
impurity diffusion layer provided in a surface layer of a 
semiconductor substrate ; and an oxide insulating film con 
taining carbon , the oxide insulating film being provided on 
the sensor . 
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SOLID - STATE IMAGING DEVICE AND 
METHOD OF PRODUCING SOLID - STATE 

IMAGING DEVICE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 
[ 0001 ] The present invention relates to a solid - state imag 
ing device and a method of producing a solid - state imaging 
device . In particular , the present invention relates to a 
solid - state imaging device in which an interface state of a 
surface of a semiconductor substrate having a sensor that 
performs photoelectric conversion can be compensated for . 

2 . Description of the Related Art 

10002 ] It is known that , in a solid - state imaging device 
such as a CCD or CMOS image sensor , crystal defects in the 
sensor composed of a photodiode and an interface state at an 
interface between a surface of the sensor and a film disposed 
thereon become causes of generation of dark current . A hole 
accumulated diode ( HAD ) structure is known as a technol 
ogy for suppressing the generation of dark current due to the 
interface state , which is one of the above causes . 
10003 ] FIG . 8A shows a structure to which the HAD 
structure is not applied . In the structure shown in FIG . 8A , 
the upper portion of a sensor 203 formed on a surface side 
of a semiconductor substrate 201 is directly covered with an 
insulating film 205 . Consequently , electrons generated due 
to an interface state formed at an interface between the 
sensor 203 and the insulating film 205 flow in the sensor 203 
in the form of dark current . In contrast , FIG . 8B shows a 
structure to which the HAD structure is applied . In the 
structure shown in FIG . 8B , a hole accumulation layer 207 
composed of a P - type diffusion layer is provided on a sensor 
203 to cover a surface of a semiconductor substrate 201 , and 
an insulating film 205 is provided on the hole accumulation 
layer 207 . Consequently , electrons generated due to an 
interface state between the hole accumulation layer 207 
constituting the surface of the semiconductor substrate and 
the insulating film 205 disappear in the hole accumulation 
layer 207 , thus preventing generation of dark current . 
100041 Such an HAD structure described above can be 
used in either a CCD image sensor or a CMOS image sensor . 
Furthermore , the HAD structure can be applied not only to 
a surface irradiation - type image sensor in the related art but 
also to a rear - surface irradiation - type image sensor ( refer to , 
for example , Japanese Unexamined Patent Application Pub 
lication No . 2003 - 338615 ) . 

substrate 201 that is as shallow as possible . Accordingly , it 
is desirable that the hole accumulation layer 207 formed in 
the upper portion of the sensor 203 have a small thickness 
so as to satisfy this desire . 
[ 0007 ] However , there is a trade - off relationship between 
the depth of the hole accumulation layer 207 and dark 
current due to the interface state at the surface of the HAD 
structure . Accordingly , decreasing the thickness of the hole 
accumulation layer 207 is a factor of increasing the dark 
current . In addition , as the depth of the hole accumulation 
layer 207 decreases , variations increase and thus an effect on 
an increase in the dark current increases . 
[ 0008 ] Accordingly , it is desirable to provide a solid - state 
imaging device in which dark current due to an interface 
state can be decreased without providing a hole accumula 
tion layer composed of an impurity diffusion layer , thereby 
providing a sensor at a shallow position within a semicon 
ductor substrate to improve a charge transfer efficiency , and 
a method of producing the same . 
[ 0009 ] A solid - state imaging device according to an 
embodiment of the present invention includes a sensor 
including an impurity diffusion layer provided in a surface 
layer of a semiconductor substrate ; and an oxide insulating 
film containing carbon , the oxide insulating film being 
provided on the sensor . This oxide insulating film is pro 
vided as a negative - charge accumulation layer having a 
negative fixed charge and is composed of a metal oxide or 
a silicon - based material . The carbon concentration is pref 
erably 6x1019 atoms / cms or more . 
[ 0010 ] In a method of producing a solid - state imaging 
device according to an embodiment of the present invention , 
a sensor including an impurity diffusion layer is formed in 
a surface layer of a semiconductor substrate , and an oxide 
insulating film containing carbon is then deposited on the 
sensor . In this step , the carbon concentration in the oxide 
insulating film is controlled by changing a flow rate ratio of 
a material gas containing carbon and the deposition tem 
perature . 
[ 0011 ] In the solid - state imaging device having the above 
structure , the oxide insulating film containing carbon is 
provided on the sensor . The oxide insulating film containing 
carbon functions as a negative - charge accumulation layer 
having a negative fixed charge . Consequently , by providing 
the oxide insulating film on the sensor , positive charges can 
be efficiently attracted to the surface side of the semicon 
ductor substrate by a negative band - bending effect in the 
oxide insulating film . Consequently , a hole accumulation 
layer is formed in this portion , thus compensate for the 
interface state . Furthermore , the amount of negative fixed 
charge in the oxide insulating film is controlled by the 
carbon concentration . Accordingly , the hole accumulation 
layer can be reliably formed on the surface side of the 
semiconductor substrate by a sufficient band - bending effect . 
[ 0012 ] . As described above , according to the solid - state 
imaging device according to an embodiment of the present 
invention , by providing an oxide insulating film having a 
sufficient negative band - bending effect obtained by control 
ling the carbon concentration , a hole accumulation layer can 
be reliably formed in a surface layer of a semiconductor 
substrate having a sensor , and thus an interface state can be 
compensated for . Accordingly , generation of dark current 
and white spots can be prevented by constituting an HAD 
structure without providing on a surface of a sensor a hole 
accumulation layer being composed of an impurity diffusion 

SUMMARY OF THE INVENTION 
[ 0005 ] In order to form the above - mentioned hole accu 
mulation layer 207 , an annealing treatment at a high tem 
perature of 700° C . or higher is necessary in order to activate 
an impurity introduced in a surface layer of the semicon 
ductor substrate 201 . Accordingly , it is difficult to form the 
hole accumulation layer 207 by performing only a process at 
a low temperature of 400° C . or lower . In addition , in the 
annealing treatment at a high temperature of 700° C . or 
higher , diffusion of an impurity occurs in another impurity 
layer that has already been formed . 
[ 0006 ] Furthermore , in order to efficiently read charges 
accumulated in the sensor 203 , it is desirable that the sensor 
203 be formed at a position within the semiconductor 
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layer which is formed by performing a heat treatment at a 
high temperature . As a result , the sensor can be provided at 
a shallow position in a surface of a semiconductor substrate , 
thereby increasing a transfer efficiency of charges to a 
floating diffusion portion which is disposed on a side of the 
sensor with a gate electrode provided between the sensor 
and the floating diffusion portion . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0013 ] FIGS . 1A and 1B are cross - sectional views of 
relevant parts illustrating the structure of a solid - state imag 
ing device of a first embodiment and a second embodiment ; 
[ 0014 ] FIG . 2 is a graph showing the relationship between 
the carbon concentration in an oxide insulating film and the 
flat - band voltage ( Vfb ) ; 
[ 0015 ) FIGS . 3A to 3C are cross - sectional process views 
( part 1 ) showing a method of producing the solid - state 
imaging device of the first embodiment and the second 
embodiment ; 
[ 0016 ] FIGS . 4A and 4B are cross - sectional process views 
( part 2 ) showing the method of producing the solid - state 
imaging device of the first embodiment and the second 
embodiment ; 
[ 0017 ] FIG . 5 is a graph showing the flat - band voltage 
( Vfb ) in various silicon - based oxide insulating films ; 
[ 0018 ] FIG . 6 is a graph showing the relationship between 
conditions for deposition of a silicon - based oxide insulating 
film and the flat - band voltage ( Vfb ) ; 
[ 0019 ] FIGS . 7A and 7B are cross - sectional views of 
relevant parts illustrating a modification of the first embodi 
ment and the second embodiment ; and 
[ 0020 ] FIGS . 8A and 8B are cross - sectional views of 
relevant parts illustrating the structures of solid - state imag 
ing devices in the related art . 

having a high dielectric constant such as a hafnium oxide 
film . The transfer gate ( gate electrode ) 5 may be composed 
of a polysilicon film or a metal material . For example , an 
insulating sidewall 7 is provided on each sidewall of the 
transfer gate 5 having the above structure . In addition to the 
transfer gate 5 , although not shown in the figure , a reset gate , 
an amplifying gate , and the like are also provided on the 
P - well diffusion layer 102 in each pixel region . 
[ 0025 ] On side of the pixel region separated by the above 
described transfer gate 5 functions as a light - receiving 
region . An N - type diffusion layer 103 is disposed on a 
surface side of the P - well diffusion layer 102 in the light 
receiving region . The P - well diffusion layer 102 and the 
N - type diffusion layer 103 constitute a diode ( sensor ) D . In 
this diode D , charges obtained by photoelectric conversion 
are accumulated in the N - type diffusion layer 103 . Accord 
ingly , the N - type diffusion layer 103 functions as a charge 
accumulation layer . 
0026 ] A floating diffusion portion 105 composed of an 
N - type diffusion layer is provided on another side of the 
transfer gate 5 and on the surface side of the P - well diffusion 
layer 102 . 
10027 ] A peripheral region ( not shown ) where a drive 
circuit is provided is disposed around an imaging area where 
the pixel regions having the above - described structure are 
arranged . Transistors etc . constituting the drive circuit are 
arranged in the peripheral region . 
[ 0028 ] The semiconductor substrate 101 including the 
element isolations 101a , the transfer gate 5 , the diode D , the 
floating diffusion portion 105 , and the transistors constitut 
ing the drive circuit is covered with an oxide insulating film 
9A . This oxide insulating film 9A contains carbon , and 
accordingly , the oxide insulating film 9A is provided as a 
negative - charge accumulation layer having a negative fixed 
charge . 
[ 0029 ] In this first embodiment , the oxide insulating film 
9A is composed of a metal oxide . Among metal oxides , a 
material having a negative fixed charge in itself is prefer 
able . In particular , among such metal oxides , hafnium oxide 
( HfO , ) , zirconium oxide ( Zro , ) , aluminum oxide ( A1 , 0z ) , 
titanium oxide ( TiO2 ) , or tantalum oxide ( Ta , 03 ) is prefer 
ably used . An oxide insulating film composed of any of the 
above materials has been practically used as , for example , a 
gate insulating film of an insulated - gate field - effect transis 
tor , and thus a deposition method thereof has been estab 
lished . Accordingly , the oxide insulating film 9A composed 
of the above material can be easily formed . 
( 0030 ) The concentration of carbon contained in the oxide 
insulating film 9A is preferably 6x10 ' ' atoms / cm or more . 
Accordingly , a sufficient amount of negative fixed charge is 
accumulated in the oxide insulating film 9A . The upper limit 
of the concentration of carbon contained in the oxide insu 
lating film 9A is a range in which the amount of negative 
charge accumulation can be controlled by the carbon con 
centration , for example , 5x1021 atoms / cm or less . 
[ 0031 ] FIG . 2 shows , as an example , the relationship 
between the carbon concentration ( C concentration ) in an 
oxide insulating film 9A composed of hafnium oxide ( HfO2 ) 
and the flat - band voltage ( Vfb ) . As shown in this graph , 
when the carbon concentration in the oxide insulating film 
9A is 6x1019 atoms / cm or more , the flat - band voltage ( Vfb ) 
can be controlled in a range of 0 . 3 V or more . Accordingly , 
a negative fixed charge can be more reliably accumulated . 
On the other hand , when the carbon concentration in the 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[ 0021 ] Embodiments of the present invention will now be 
described in detail with reference to the drawings . 

First Embodiment 
[ 0022 ] ( Embodiment in which Oxide Insulating Film is 
Composed of Metal Oxide ) 

[ Structure of Solid - State Imaging Device ] 
[ 0023 ] FIG . 1A is a cross - sectional view of a relevant part 
of one pixel in the case where a solid - state imaging device 
according to an embodiment of the present invention is 
applied to a CMOS sensor . FIG . 1B is an enlarged view of 
portion IB of FIG . 1A . A solid - state imaging device 1A of a 
first embodiment shown in FIGS . 1A and 1B has the 
following structure . 
10024 ] On a surface side of a semiconductor substrate 101 
composed of N - type single - crystal silicon , for example , 
trench element isolations 101a ( shallow trench isolations : 
STI ) are provided to isolate each pixel region . A P - well 
diffusion layer 102 is provided on the surface side of the 
semiconductor substrate 101 in each pixel region isolated by 
the element isolation regions 101a . A transfer gate 5 is 
pattern - formed on the semiconductor substrate 101 with a 
gate insulating film 3 therebetween , so as to intersect the 
P - well diffusion layer 102 . The gate insulating film 3 may be 
composed of , for example , a silicon oxide film or a film 
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oxide insulating film 9A is 5x1021 atoms / cm or less , the 
flat - band voltage ( Vfb ) , that is , the amount of negative 
charge accumulation can be controlled by the carbon con 
centration . 
10032 ] Note that it is sufficient that such an oxide insulat 
ing film 9A contains carbon at least on the side that contacts 
the semiconductor substrate 101 ( i . e . , in the lower layer ) , 
and the upper layer may not contain carbon . That is , in the 
oxide insulating film 9A , the carbon concentration may have 
a gradient , and it is sufficient that the carbon concentration 
is controlled on the side that contacts the semiconductor 
substrate 101 ( i . e . , in the lower layer ) . 
[ 0033 ] Furthermore , as described above , by providing the 
oxide insulating film 9A as a negative - charge accumulation 
layer , the semiconductor substrate 101 is in a state in which 
a hole accumulation layer 107 to which positive charges are 
attracted is formed in a surface layer of the diode D . 
[ 0034 Furthermore , a light - shielding film 13 is provided 
on the oxide insulating film 9A with , for example , an 
insulating film 11 having a flat surface therebetween . The 
light - shielding film 13 is composed of a material having a 
good light - absorbing property , such as tungsten ( W ) . The 
light - shielding film 13 has an opening 13a above the diode 
D and covers an area other than the opening 13a , thereby 
preventing variations in characteristics due to incidence of 
light on the area other than the diode D . Note that diodes D 
of some of pixels are covered with the light - shielding film 
13 . Accordingly , the black level in an image is determined 
by the output from the diodes D covered with the light 
shielding film 13 . 
[ 0035 ] Furthermore , a color filter layer 17 is provided on 
the light - shielding film 13 with a planarizing insulating film 
15 therebetween , and an on - chip lens 19 for light focusing 
is provided on the color filter layer 17 . The color filter layer 
17 and the on - chip lens 19 are pattern - formed for every 
pixel . 

substrate 101 . A floating diffusion portion 105 composed of 
an N - type diffusion layer is formed in the surface layer of the 
other side of the P - well diffusion layer 102 separated by the 
transfer gate 5 by ion implantation and subsequent heat 
treatment . Furthermore , by the same step as that described 
above , for example , driving transistors constituting a drive 
circuit are formed in a peripheral region disposed around an 
imaging area where the pixel regions are arranged . 
[ 0040 ] Next , as shown in FIG . 3B , an oxide insulating film 
9A is deposited on the semiconductor substrate 101 on 
which the transfer gate 5 , the diode D , the floating diffusion 
portion 105 , and the driving transistors are provided . 
[ 0041 ] To form the above - mentioned oxide insulating film 
9A containing carbon and composed of a metal oxide , a 
deposition method using an organometallic gas as a material 
gas is preferably employed . Examples of such a deposition 
method include a metal - organic chemical vapor deposition 
( MOCVD ) method and an atomic layer deposition ( ALD ) 
method . By employing these methods , an oxide insulating 
film 9A in which damage to the semiconductor substrate 101 
is suppressed can be formed . 
[ 0042 ] Furthermore , in depositing an oxide insulating film 
9A whose carbon concentration has a gradient as described 
above , deposition by the MOCVD method or the ALD 
method mentioned above is performed first , and deposition 
by a physical vapor deposition ( PVD ) method such as a 
sputtering method may then be performed . By performing 
such a deposition by a PVD method , a film deposition rate 
of the entire layer of the oxide insulating film 9A can be 
increased 
[ 0043 ] As an example , deposition conditions for the ALD 
method are as follows : 
[ 0044 ] Temperature of substrate for deposition : 200° C . to 
500° C . 
10045 ] Organometallic gas flow rate : 10 to 500 sccm 
[ 00461 Exposure time of organometallic gas : 1 to 15 sec . 
[ 0047 ] Ozone gas flow rate : 10 to 500 sccm 
[ 0048 ] Exposure time of ozone gas : 1 to 15 sec . 
0049 ] Meanwhile , deposition conditions for the MOCVD 
method are as follows : 
[ 0050 ] Temperature of substrate for deposition : 200° C . to 
600° C . 
[ 0051 ] In the above mentioned film deposition method 
using an organometallic gas , deposition is performed so that 
the concentration of carbon contained in the oxide insulating 
film 9A is in the range of 6x1019 to 5x1021 atoms / cm3 by 
controlling the flow rate ratio of the material gas ( organo 
metallic gas ) containing carbon and the deposition tempera 
ture . 
[ 0052 ] Deposition conditions for the PVD method that is 
subsequently performed are as follows . 
[ 0053 ] Pressure in deposition chamber : 0 . 01 to 50 Pa 
[ 0054 ] DC power : 500 to 2 , 000 W 
[ 0055 ] Argon ( Ar ) flow rate : 5 to 50 sccm 
[ 0056 ] Oxygen ( O2 ) flow rate : 5 to 50 sccm 
[ 0057 ) Subsequently , as shown in FIG . 3C , an insulating 
film 11 composed of silicon oxide ( SiO2 ) or the like is 
formed on the oxide insulating film 9A . This insulating film 
11 is formed , for example , so as to have a flat surface . A 
light - shielding film 13 composed of a material having a 
good light - absorbing property , such as tungsten ( W ) , is then 
formed on the insulating film 11 . According to this structure , 
since the oxide insulating film 9A is covered with the 

[ Method of Producing Solid - State Imaging Device ] 
[ 0036 ] Next , a method of producing the solid - state imag 
ing device 1A shown in FIGS . 1A and 1B will be described 
with reference to cross - sectional process views of FIG . 3A 
to 4B . 
[ 0037 ] First , as shown in FIG . 3A , trench element isola 
tions 101a are formed on a surface side of a semiconductor 
substrate 101 composed of N - type single - crystal silicon to 
isolate each pixel region . Next , a P - well diffusion layer 102 
is formed on the surface side of the semiconductor substrate 
101 in each isolated pixel region by ion implantation and 
subsequent heat treatment . 
[ 0038 ] Subsequently , a transfer gate 5 is pattern - formed , 
with a gate insulating film 3 therebetween , so as to intersect 
each pixel region ( P - well diffusion layer 102 ) on the semi 
conductor substrate 101 . In this step , a reset gate , an 
amplifying gate , and the like , which are not shown in the 
figure , are also formed by the same process . Subsequently , 
a diffusion layer such as an extension region is optionally 
formed , and an insulating sidewall 7 is then formed on each 
sidewall of the transfer gate ( gate electrode ) 5 . 
[ 0039 ] Subsequently , an N - type diffusion layer 103 is 
formed in a surface layer of one side of the P - well diffusion 
layer 102 separated by the transfer gate 5 by ion implanta 
tion and subsequent heat treatment . Thus , a diode D includ 
ing the P - well diffusion layer 102 and the N - type diffusion 
layer 103 is formed on the surface side of the semiconductor 
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insulating film 11 , a reaction caused by a direct contact 
between the oxide insulating film 9A and the light - shielding 
film 13 can be suppressed . 
[ 0058 ] Next , as shown in FIG . 4A , an opening 13a for 
opening a position corresponding to the diode D is formed 
in the light - shielding film 13 . In this embodiment , the 
light - shielding film 13 is pattern - etched using , for example , 
a resist pattern ( not shown ) as a mask to form the opening 
13a above the diode D . In this step , the insulating film 11 
functions as an etching stopper , thereby preventing the oxide 
insulating film 9A from being exposed to etching . 
[ 0059 ] Next , as shown in FIG . 4B , a planarizing insulating 
film 15 for decreasing the difference in level due to the 
presence of the light - shielding film 13 is formed . This 
planarizing insulating film 15 is composed of , for example , 
silicon oxide , and is formed by application so as to have a 
flat surface . 
10060 ] Subsequently , as shown in FIG . 1A , a color filter 
layer 17 is pattern - formed so as to correspond to each pixel 
on the planarizing insulating film 15 , and an on - chip lens 19 
is further formed on the color filter layer 17 . 
10061 ] In the solid - state imaging device 1A having the 
structure shown in FIGS . 1A and 1B obtained as described 
above , the oxide insulating film 9A containing carbon is 
provided on the diode D . The oxide insulating film 9A 
containing carbon functions as a negative - charge accumu 
lation layer having a negative fixed charge . Consequently , 
by providing the oxide insulating film 9A on the sensor 
( diode D ) , positive charges are efficiently attracted to the 
surface side of the semiconductor substrate 101 by a nega 
tive band - bending effect in the oxide insulating film 9A . 
Consequently , a hole accumulation layer 107 is formed in 
this portion , and thus an interface state can be compensated 
for . In particular , the amount of negative fixed charge in the 
oxide insulating film 9A is controlled by the carbon con 
centration as described with reference to FIG . 2 . Accord 
ingly , the hole accumulation layer 107 can be reliably 
formed on the surface side of the semiconductor substrate 
101 by a sufficient band - bending effect . 
[ 0062 ] Accordingly , generation of dark current can be 
prevented by constituting the HAD structure without pro 
viding on a surface of the diode D a hole accumulation layer 
composed of an impurity diffusion layer which is formed by 
performing a heat treatment at a high temperature . As a 
result , the diode D can be provided at a shallow position in 
the surface of the semiconductor substrate 101 , thereby 
increasing a transfer efficiency of charges to the floating 
diffusion portion 105 which is disposed at a side of the diode 
D with the transfer gate 5 provided between the diode D and 
the floating diffusion portion 105 . 

1B of the second embodiment will now be described with 
reference to FIGS . 1A and 1B . 
[ 0065 ) Specifically , in the solid - state imaging device 1B of 
this second embodiment , a semiconductor substrate 101 
including element isolations 101a , a transfer gate 5 , a diode 
D , a floating diffusion portion 105 , and transistors consti 
tuting a drive circuit is covered with an oxide insulating film 
9B composed of a silicon - based material . This oxide insu 
lating film 9B contains carbon , and accordingly , as in the 
first embodiment , the oxide insulating film 9B is provided as 
a negative - charge accumulation layer having a negative 
fixed charge . 
10066 ] The oxide insulating film 9B is composed of a 
silicon - based material such as silicon oxide ( SiO , ) . Among 
silicon - based materials , a material having a negative fixed 
charge in itself is preferable . Specifically , a silicon oxide 
film containing an impurity selected from boron and phos 
phorus is preferably used . Specific examples thereof include 
silicon oxide containing boron ( borosilicate glass ( BSG ) ) , 
silicon oxide containing phosphorus ( phosphosilicate glass 
( PSG ) ) , and silicon oxide containing boron and phosphorus 
( borophosphosilicate glass ( BPSG ) ) . 
[ 0067 ] FIG . 5 shows the flat - band voltage ( Vfb ) in a 
silicon oxide film not containing an impurity ( non - doped 
silicate glass ( NSG ) film ) , a BSG film , a PSG film , and a 
BPSG film . Each of these films was deposited using a 
semi - atmosphere CVD ( SA - CVD ) method by changing only 
the flow rate ratio of a film deposition gas containing 
phosphorus or boron and maintaining the other conditions to 
be the same . The deposition temperature was 480° C . 
[ 0068 ] As shown in FIG . 5 , it is confirmed that the 
flat - band voltage ( Vfb ) in the BSG film , the PSG film , and 
the BPSG film , all of which contain an impurity selected 
from boron , phosphorus etc . is shifted to the positive side , as 
compared with the NSG film , which does not contain an 
impurity . This result shows that , by incorporating an impu 
rity selected from boron , phosphorus etc . in a silicon oxide 
film , a positive fixed charge in the film is decreased and a 
negative fixed charge is increased . In addition , the amount of 
such an increase in the negative fixed charge is the largest in 
BPSG , the second largest in PSG , and the third largest in 
BSG . However , the content of an impurity selected from 
phosphorus , boron etc . in such a silicon - based oxide insu 
lating film 9B is in the range of 0 to 10 percent by weight . 
[ 0069 ] The concentration of carbon contained in the oxide 
insulating film 9B is preferably 6x1019 atoms / cm or more . 
Accordingly , a sufficient amount of negative fixed charge is 
accumulated in the oxide insulating film 9B . The upper limit 
of the concentration of carbon contained in the oxide insu 
lating film 9B is a range in which the amount of negative 
charge accumulation can be controlled by the carbon con 
centration , for example , 5x1021 atoms / cm or less . 
[ 0070 ] Note that it is sufficient that such an oxide insulat 
ing film 9B contains carbon at least on the side that contacts 
the semiconductor substrate 101 ( i . e . , in the lower layer ) , 
and the upper layer may not contain carbon . That is , as in the 
first embodiment , in the oxide insulating film 9B , the carbon 
concentration may have a gradient , and it is sufficient that 
the carbon concentration is controlled on the side that 
contacts the semiconductor substrate 101 ( i . e . , in the lower 
layer ) . 
[ 0071 ] As described above , as in the first embodiment , by 
providing the oxide insulating film 9B as a negative - charge 
accumulation layer , the semiconductor substrate 101 is in a 

Second Embodiment 

[ 0063 ] ( Embodiment in which Oxide Insulating Film is 
Composed of Silicon - Based Material ) 

[ Structure of Solid - State Imaging Device ] 
[ 0064 ] A solid - state imaging device of a second embodi 
ment differs from the solid - state imaging device 1A of the 
first embodiment described with reference to FIGS . 1A and 
1B in the structure of the oxide insulating film , and the other 
structures of these solid - state imaging devices are the same 
as each other . The structure of a solid - state imaging device 
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state in which a hole accumulation layer 107 to which 
positive charges are attracted is formed in a surface layer of 
the diode D . 
[ 0072 ] Furthermore , as in the first embodiment , a light 
shielding film 13 is provided on the oxide insulating film 9B 
with , for example , an insulating film 11 having a flat surface 
therebetween . Furthermore , a planarizing insulating film 15 , 
a color filter layer 17 , and an on - chip lens 19 are provided 
thereon in that order . 

[ Method of Producing Solid - State Imaging Device ) 
[ 0073 ] A method of producing the solid - state imaging 
device 1B of the second embodiment having the above 
structure may be the same as the method of producing the 
solid - state imaging device of the first embodiment described 
with reference to the cross - sectional process views of FIG . 
3A to 4B except for the step of forming the oxide insulating 
film 9B . 
[ 0074 ] Specifically , first , as shown in FIG . 3A , trench 
element isolations 101a are formed on a surface side of a 
semiconductor substrate 101 composed of N - type single 
crystal silicon to isolate each pixel region . AP - well diffusion 
layer 102 is then formed . Subsequently , a transfer gate 5 is 
pattern - formed , with a gate insulating film 3 therebetween , 
so as to intersect the P - well diffusion layer 102 . An insu 
lating sidewall 7 is then formed on each sidewall of the 
transfer gate 5 . Next , an N - type diffusion layer 103 is formed 
in a surface layer of one side of the P - well diffusion layer 
102 separated by the transfer gate 5 to form a diode D 
including the P - well diffusion layer 102 and the N - type 
diffusion layer 103 . A floating diffusion portion 105 com 
posed of an N - type diffusion layer is formed in a surface 
layer of the other side of the P - well diffusion layer 102 
separated by the transfer gate 5 . Furthermore , by the same 
step as that described above , for example , driving transistors 
constituting a drive circuit are formed in a peripheral region 
disposed around an imaging area where the pixel regions are 
arranged . 
[ 0075 ] Next , as shown in FIG . 3B , an oxide insulating film 
9B is deposited on the semiconductor substrate 101 on 
which the transfer gate 5 , the diode D , the floating diffusion 
portion 105 , and the driving transistors are provided . 
0076 ] To form the above - mentioned oxide insulating film 
9B containing carbon and composed of a silicon - based 
material , a CVD method using tetraethoxysilane ( TEOS ) 
gas , which is a carbon - containing gas , is employed . In 
particular , an SA - CVD method using ozone ( 0z ) gas 
together with TEOS gas is preferably employed . By employ 
ing this deposition method , an oxide insulating film 9B in 
which damage to the semiconductor substrate 101 is sup 
pressed can be formed , and furthermore , a good embedding 
characteristic can also be achieved . 
[ 0077 ] Furthermore , in depositing an oxide insulating film 
9B whose carbon concentration has a gradient as described 
above , deposition by the above - mentioned CVD method 
using TEOS gas is performed first , and deposition by a 
physical vapor deposition ( PVD ) method such as a sputter 
ing method may then be performed . By performing such a 
deposition by a PVD method , a film deposition rate of the 
entire layer of the oxide insulating film 9B can be increased . 
[ 0078 ] In the above - described CVD method using TEOS 
gas , deposition is performed so that the concentration of 
carbon contained in the oxide insulating film 9B is in the 

range of 6x1019 to 5x1021 atoms / cm by controlling the flow 
rate ratio of TEOS gas containing carbon and the deposition 
temperature . 
[ 0079 ] FIG . 6 is a graph showing the relationship between 
deposition conditions and the flat - band voltage ( Vfb ) when 
NSG is deposited by a CVD method using TEOS gas . In this 
embodiment , deposition was performed using a semi - atmo 
sphere CVD ( SA - CVD ) method by changing the deposition 
temperature or a flow rate ratio 02 / TEOS and maintaining 
the other conditions to be the same . For comparison , the 
flat - band voltage ( Vfb ) of a thermally oxidized film is also 
shown in the graph . 
[ 0080 As shown in FIG . 6 , it was confirmed that the 
flat - band voltage ( Vfb ) is shifted to the positive side with a 
decrease in the deposition temperature and an increase in the 
flow rate ratio of TEOS . This result shows that as the 
deposition temperature decreases and the flow rate ratio of 
TEOS increases , a positive fixed charge in the film decreases 
and a negative fixed charge increases , and in addition , the 
carbon concentration in the film also increases . Accordingly , 
in the CVD method using TEOS gas , the carbon concentra 
tion in the oxide insulating film 9B is controlled by con 
trolling the flow rate ratio of TEOS gas , which contains 
carbon , and the deposition temperature . 
10081 ] Deposition conditions for the silicon - based oxide 
insulating film 9B by such a CVD method using TEOS gas 
are set to the following ranges : 
[ 0082 ] Temperature of substrate for deposition : 250° C . to 
350° C . 
[ 0083 ] TEOS flow rate : 50 to 250 mg / min . 
[ 0084 ] O , flow rate : 250 to 10 , 000 sccm 
[ 0085 ) Oz / TEOS flow rate ratio : 5 to 40 
10086 TEB ( triethyl borate ) flow rate : 0 to 200 mg / min . 
[ 0087 ] TEPO ( triethyl phosphate ) flow rate : 0 to 100 
mg / min . 
[ 0088 ] The pressure in a deposition atmosphere , the type 
of carrier gas , and the carrier gas flow rate are appropriately 
selected . 
[ 0089 ] The subsequent steps are performed as in the first 
embodiment . 
[ 0090 ] Specifically , as shown in FIG . 3C , an insulating 
film 11 is formed on the oxide insulating film 9B so as to 
have a flat surface . A light - shielding film 13 composed of a 
material having a good light - absorbing property is further 
formed on the insulating film 11 . Subsequently , as shown in 
FIG . 4A , an opening 13a for opening a position correspond 
ing to the diode D is then formed in the light - shielding film 
13 . 
10091 ] Next , as shown in FIG . 4B , a planarizing insulating 
film 15 for decreasing the difference in level due to the 
presence of the light - shielding film 13 is formed . 
[ 0092 ] Subsequently , as shown in FIG . 1A , a color filter 
layer 17 is pattern - formed so as to correspond to each pixel 
on the planarizing insulating film 15 , and an on - chip lens 19 
is further formed on the color filter layer 17 . 
[ 0093 ] . In the solid - state imaging device 1B having the 
structure shown in FIGS . 1A and 1B obtained as described 
above , the silicon - based oxide insulating film 9B containing 
carbon is provided on the diode D . The silicon - based oxide 
insulating film 9B containing carbon functions as a negative 
charge accumulation layer having a negative fixed charge . 
Consequently , by providing the oxide insulating film 9B on 
the sensor ( diode D ) , positive charges are efficiently 
attracted to the surface side of the semiconductor substrate 
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101 by a negative band - bending effect in the oxide insulating 
film 9B . Consequently , a hole accumulation layer 107 is 
formed in this portion , and thus an interface state can be 
compensated for . In particular , the amount of negative fixed 
charge in the oxide insulating film 9B is controlled by the 
carbon concentration . Accordingly , the hole accumulation 
layer 107 can be reliably formed on the surface side of the 
semiconductor substrate 101 by a sufficient band - bending 
effect . In addition , by incorporating an impurity such as 
boron or phosphorus in the oxide insulating film 9B , the 
amount of negative fixed charge in the oxide insulating film 
9B can be increased , and the hole accumulation layer 107 
can be formed more reliably . 
[ 0094 ] Accordingly , as in the first embodiment , generation 
of dark current can be prevented by constituting the HAD 
structure without providing on a surface of the diode D a 
hole accumulation layer composed of an impurity diffusion 
layer which is formed by performing a heat treatment at a 
high temperature . As a result , the diode D can be provided 
at a shallow position in the surface of the semiconductor 
substrate 101 , thereby increasing a transfer efficiency of 
charges to the floating diffusion portion 105 which is dis 
posed at a side of the diode D with the transfer gate 5 
provided between the diode D and the floating diffusion 
portion 105 . 

Modification 
[ 0095 ] ( Embodiment in which Hole Accumulation Region 
Composed of Impurity Diffusion Layer is Provided ) 

[ Structure of Solid - State Imaging Device ] 
[ 0096 ] FIGS . 7A and 7B show a modification of a solid 
state imaging device of the first embodiment and the second 
embodiment . More specifically , FIGS . 7A and 7B show an 
example in which a positive - charge accumulation layer 109 
composed of an impurity diffusion layer is provided on a 
surface of a diode D . Other structures are the same as those 
of the solid - state imaging device of the first embodiment and 
the second embodiment . 
[ 0097 ) The positive - charge accumulation layer 109 pro 
vided in a solid - state imaging device 1A ' or 1B ' is a layer 
formed by diffusing a p - type impurity in a top surface of a 
semiconductor substrate 101 , i . e . , a top surface of an N - type 
diffusion layer 103 constituting the diode D . 

1 

bending effect in the oxide insulating film 9A or 9B , 
generation of dark current can be prevented by a sufficient 
amount of fixed charge . 
( 0100 ] The present application contains subject matter 
related to that disclosed in Japanese Priority Patent Appli 
cation JP 2008 - 231780 filed in the Japan Patent Office on 
Sep . 10 , 2008 , the entire content of which is hereby incor 
porated by reference . 
[ 0101 ] It should be understood by those skilled in the art 
that various modifications , combinations , sub - combinations 
and alterations may occur depending on design requirements 
and other factors insofar as they are within the scope of the 
appended claims or the equivalents thereof . 

1 . A solid - state imaging device comprising : 
a sensor including an impurity diffusion layer provided in 

a surface layer of a semiconductor substrate ; and 
an oxide insulating film containing carbon , the oxide 

insulating film being provided on the sensor . 
2 . The solid - state imaging device according to claim 1 , 

wherein the oxide insulating film is provided as a negative 
charge accumulation layer having a negative fixed charge . 

3 . The solid - state imaging device according to claim 1 , 
wherein the negative - charge accumulation layer has a car 
bon concentration of 6x1019 atoms / cm3 or more . 

4 . The solid - state imaging device according to claim 1 , 
wherein the oxide insulating film is provided as a nega 

tive - charge accumulation layer having a negative fixed 
charge , and 

a hole accumulation layer formed by an action of a 
negative charge accumulated in the negative - charge 
accumulation layer is provided in a surface layer of the 
sensor . 

5 . The solid - state imaging device according to claim 1 , 
wherein the oxide insulating film is composed of a metal 
oxide . 

6 . The solid - state imaging device according to claim 5 , 
wherein the metal oxide is hafnium oxide ( HfO2 ) , zirconium 
oxide ( ZrO2 ) , aluminum oxide ( A1 , 03 ) , titanium oxide 
( TiO2 ) , or tantalum oxide ( Ta203 ) . 

7 . The solid - state imaging device according claim 1 , 
wherein the oxide insulating film is composed of a silicon 
based material . 

8 . The solid - state imaging device according to claim 7 , 
wherein the oxide insulating film composed of the silicon 
based material contains at least one of boron and phospho 
rus . 

9 . The solid - state imaging device according to claim 1 , 
wherein the sensor is a diode including a P - type diffusion 
layer and an N - type diffusion layer disposed on the P - type 
diffusion layer . 

10 . The solid - state imaging device according to claim 9 , 
further comprising : 

an N - type diffusion layer disposed on one side of the 
diode with a gate electrode provided on the semicon 
ductor substrate and between the diode and the N - type 
diffusion layer . 

11 . A method of producing a solid - state imaging device 
comprising the steps of : 

forming a sensor including an impurity diffusion layer in 
a surface layer of a semiconductor substrate ; and 

depositing an oxide insulating film containing carbon on 
the sensor while controlling the carbon concentration 
by controlling a flow rate ratio of a material gas 
containing carbon and the deposition temperature . 

wie 

[ Method of Producing Solid - State Imaging Device ) 
10098 ] In producing the solid - state imaging device 1A ' or 
1B ' having the above structure , the diode D is formed as 
described with reference to FIG . 3A in the first embodiment 
and the second embodiment , and a step of forming the hole 
accumulation layer 109 is then performed by introducing a 
P - type diffusion layer in a surface of the diode D . The 
subsequent steps can be performed as in the first embodi 
ment and the second embodiment . 
[ 00991 According the solid - state imaging device 1A ' or 
1B ' having the above structure , the amount of positive fixed 
charge in the hole accumulation layer 109 composed of the 
impurity diffusion layer can be increased by a negative 
band - bending effect in the oxide insulating film 9 or 9B . 
Accordingly , even when the hole accumulation layer 109 
composed of the impurity diffusion layer has a low impurity 
concentration and the depth of the hole accumulation layer 
109 is shallow , because of an assist of a negative band 
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12 . The method according to claim 11 , wherein in the step 
of depositing the oxide insulating film , an oxide insulating 
film composed of a metal oxide is formed by one of an 
atomic layer deposition ( ALD ) method and a metal - organic 
chemical vapor deposition ( MOCVD ) method . 

13 . The method according to claim 11 , wherein in the step 
of depositing the oxide insulating film , an oxide insulating 
film composed of a silicon oxide - based material is formed 
by a chemical vapor deposition ( CVD ) method using tetra 
ethoxysilane ( TEOS ) gas . 

* * * * 


