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(57) ABSTRACT 

In a Solid-State imaging device, a light-shielding film 10a is 
formed of at least one of a high melting point metal film or 
a high melting point metal compound film. The Surface of 
the light-shielding film 10a is constituted by an amorphous 
silicon film 13. Instead of the amorphous silicon film 13, the 
Surface of the light-shielding film may be covered with any 
one of a high melting point metal film containing Silicon, a 
high melting point metal Silicide film and an oxide film. 
Thus, the adherence between the light-shielding film 10a 
and the resist can be increased and the resist can be pre 
vented from being peeled from the light-shielding film, and 
thus a Solid-State imaging device with a high yield even with 
Small pixels and a method for producing the same can be 
provided. 
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SOLID-STATE IMAGING DEVICE AND METHOD 
FOR PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a solid-state imag 
ing device and a method for producing the same. More 
Specifically, the present invention relates to a light-shielding 
film constituting pixels and a method for producing the 
SC. 

0.003 2. Description of the Background Art 
0004. In recent years, a demand for solid-state imaging 
devices has been increased, and the number of pixels has 
been increased while the Size of a pixel has been increas 
ingly reduced. In general, the pixels of a Solid-State imaging 
device are provided with a light-shielding film in order to 
prevent light from falling on a portion other than a light 
receiving area, and an opening through which light enters 
the light-receiving area is formed in a portion of the light 
Shielding film (e.g., Japanese Laid-Open Patent Publication 
No. 10-284710). 
0005. Hereinafter, a conventional Solid-state imaging 
device will be described with reference to FIG. 9. FIG. 9 is 
a cross-sectional view showing the Structure of a relevant 
portion of a conventional Solid-State imaging device. In 
FIG. 9, a semiconductor Substrate 1 is a Substrate for 
forming a solid-state imaging device. A photodiode 2 serv 
ing as a Sensor portion is formed in the main Surface of the 
Semiconductor Substrate 1, and generates charges in accor 
dance with the intensity of received light. Charge transfer 
portions 20 are formed in the main Surface of the Semicon 
ductor Substrate 1 and transport charges that are generated in 
the photodiode 2. A gate insulating film 3 is formed So as to 
cover the Semiconductor Substrate 1. Gate electrodes 4 are 
provided adjacent to each photodiode 2 via the gate insu 
lating film 3 on the Semiconductor Substrate 1 and Serve as 
a Switch for moving charges generated in the photodiode 2 
to the charge transfer portions 20. An interlayer insulating 
film 5 is formed so as to cover the gate insulating film 3 and 
the gate electrodes 4. A light-shielding film 10e is formed so 
as to cover the gate electrodes 4 to prevent light from falling 
on the gate electrodes 4. 
0006 A tungsten film having excellent light-shielding 
properties is used for the light-shielding film 10e, and in this 
example, a multilayered film in which a tungsten-Sputtered 
film 11 that is formed by sputtering and a tungsten CVD film 
12 that is formed by CVD (chemical vapor deposition) are 
laminated is used. In general, the tungsten CVD film 12 has 
a weak adherence with the interlayer insulating film 5 
formed of Silicon oxide, So that the tungsten-Sputtered film 
11 is provided as an adhesive layer between the interlayer 
insulating film 5 and the tungsten CVD film 12. An opening 
portion 6 is formed by removing the light-shielding film 10e 
positioned on the photodiode 2 to allow the photodiode 2 to 
receive light. 
0007 FIGS. 10A to 10E are cross-sectional views in 
each Stage in the process of producing the light-shielding of 
the solid-state imaging device shown in FIG. 9. Hereinafter, 
a method for producing the light-shielding film 10e will be 
described with reference to FIGS. 10A to 10E. F.G. 10A 
shows a State in which the tungsten-Sputtered film 11 is 
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formed as a first film constituting the light-shielding film 10e 
on the semiconductor substrate 1. First, the photodiode 2 and 
the charge transfer portions 20 are formed in the main 
Surface of the Semiconductor Substrate 1 by ion implantation 
or other methods. The gate insulating film 3 is deposited on 
the surface of the semiconductor Substrate 1 by thermal 
oxidation or the CVD method. When the deposition of the 
gate insulating film 3 is completed, a necessary pattern (not 
shown) is formed by depositing a polysilicon film by the 
CVD method and performing photolithograph and dry 
etching or the like So that the gate electrodes 4 are formed. 
Then, the interlayer insulating film 5 made of silicon oxide 
is deposited by oxidation/CVD method so as to cover the 
gate electrodes 4 and the gate insulating film 3. On the 
Surface of the thus constituted Substrate, the tungsten-sput 
tered film 11 having a thickness of 50 nm is formed as a first 
film constituting the light-shielding film by Sputtering. 

0008 FIG. 10B shows a state in which the tungsten CVD 
film 12 is formed as a Second film constituting the light 
shielding film. First, after the tungsten-sputtered film 11 is 
deposited, the tungsten CVD film 12 having a thickness of 
150 nm is deposited thereon by the CVD method. More 
Specifically, using WF (tungsten hexafluoride) and SiHa 
(silane gas) as reactant gas, a tungsten nucleation layer 
having a thickness of 50 nm is formed by Supplying WF at 
20 sccm and SiH at 10 sccm and controlling the chamber to 
be 30 Torr. Then, the tungsten CVD film 12 having a 
thickness of 150 nm is formed by Supplying WF at 95 sccm 
and H. (hydrogen gas) at 2000 sccm and controlling the 
chamber to be 90 Torr. 

0009 FIG. 10C shows a state in which a resist pattern 7 
is formed in order to obtain a light-shielding film having a 
desired shape. First, after the tungsten CVD film 12 is 
deposited, a Surfactant is applied thereon. AS the Surfactant, 
for example, hexamethyldisilazane (HMDS) chemical for 
mula: (CH)Si-NH-Si(CH) is used. Then, after a 
HMDS treatment is performed, a resist is applied so that a 
resist film is formed. This resist film is exposed to light and 
developed, So that a resist pattern 7 that is patterned So as to 
form an opening portion 6 above the photodiode 2 is formed. 

0010 FIG. 10D shows a state in which the first and the 
Second films constituting the light-shielding film 10e are 
patterned. The tungsten CVD film 12 and the tungsten 
Sputtered film 11 are dry-etched, using the resist pattern 7 as 
a mask. Thus, the tungsten CVD film 12 and the tungsten 
Sputtered film 11 corresponding to the opening portion 6 are 
removed. 

0011 Finally, the resist pattern 7 is removed, so that the 
patterned light-shielding film 10e can be obtained, as shown 
in FIG 10E. 

0012. In recent years, with miniaturization of pixels, the 
pattern size of the light-shielding film 10e is being reduced. 
With this, peeling of the resist pattern 7 at the time of 
patterning the light-shielding film 10e has become a large 
problem. 

0013 The resist film constituting the resist pattern 7 
inherently has a poor adherence with the tungsten CVD film 
12. Therefore, the adherence between the tungsten CVD film 
12 and the resist pattern 7 is increased by treating the Surface 
of the tungsten CVD film 12 with a surfactant such as 
HMDS as described above. However, when the size of 
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pixels is reduced, the area to which the Surfactant is applied 
is also reduced, and therefore, after light exposure and 
development, the resist pattern 7 is easily peeled from the 
tungsten CVD film 12. When the tungsten-sputtered film 11 
and the tungsten CVD film 12 are subjected to an etching 
treatment, using the peeled resist pattern 7 as a mask, then 
the light-shielding film 10e having a desired pattern cannot 
be obtained, and the yield is deteriorated. 

SUMMARY OF THE INVENTION 

0.014. The object of the present invention is to provide a 
Solid-State imaging having a good yield in which a light 
Shielding film having a Small pattern size can be formed So 
that the size of the pixels can be reduced, and a method for 
producing the Same. In other to achieve this object, the 
present invention has the following features. 

0.015 A first aspect of the present invention is directed to 
a Solid-state imaging device outputting an electrical Signal in 
accordance with an amount of incident light, comprising a 
light-receiving portion that is formed on a Semiconductor 
Substrate; and a light-shielding film in which an opening 
portion is formed above the light-receiving portion. The 
light-shielding film includes at least one of a high melting 
point metal film and a high melting point metal compound 
film having a light-shielding property. The greatest feature 
of this invention is that a surface of the light-shielding film 
has a property of adsorbing or bonding to a hydroxyl group 
when it is in contact with air. By using the light-shielding 
film having Such characteristics, the adherence between the 
light-shielding film and the resist is increased, and even if 
the pattern size is Small, the resist pattern can be prevented 
from being peeled after exposure and development. Conse 
quently, the size of the pixels can be reduced. 
0016. An example of the surface of light-shielding film 
that has the above-described characteristics is the Surface of 
the light-shielding film containing Silicon. More Specifically, 
the surface of the light-shielding film is formed of either one 
of a high melting point metal film containing Silicon, an 
amorphous Silicon film, and a high melting point metal 
silicide film. The surface of the light-shielding film may be 
formed of an oxide film Such as silicon dioxide. When the 
Surface of the light-shielding film is formed of a high 
melting point metal film containing Silicon, a tungsten film 
can be used preferably as the high melting point metal film. 
In this case, it is preferable that the Silicon content is 10 atm 
% or more. 

0.017. A second aspect of the present invention is directed 
to a method for producing a Solid-State imaging device 
having the above-described features. First, at least one of a 
high melting point metal film and a high melting point metal 
compound film having a light-shielding property is formed 
on the Semiconductor Substrate in which the light-receiving 
portion is formed. Then, a surface of the metal film is 
Subjected to Surface processing So as to have a property of 
adsorbing or bonding to a hydroxyl group when it is in 
contact with air. Then, a Surfactant is applied onto the film 
that has been Subjected to the Surface processing. Then, a 
resist is applied on the Surfactant to form a pattern. Then, the 
metal film that has been Subjected to the Surface processing 
is Subjected to an etching treatment, using the obtained resist 
pattern as a mask. Finally, the resist pattern is removed So 
that a light-shielding film is formed. 
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0018. As the surface processing of the metal film, there is 
a method in which a gas containing Silicon is allowed to flow 
along the Surface of the metal film So that Silicon is con 
tained in the metal film. When the gas is allowed to flow for 
a long time, an amorphous Silicon film is formed on the 
metal film. Instead of the above-described Surface proceSS 
ing treatment, a high melting point metal Silicide film or an 
oxide film may be formed on the surface of the metal film. 
0019. With such a production method, a solid-state imag 
ing device with Small pixels can be produced with a good 
yield. 

0020 Thus, according to the present invention, the Sur 
face of the light-shielding film is constituted by either one of 
a high melting point metal film containing Silicon, an 
amorphous Silicon film, a high melting point metal Silicide 
film and an oxide film, and the surface of the film is provided 
with a property of adsorbing or bonding to a hydroxyl group 
when it is in contact with air. Therefore, when the light 
Shielding film is exposed to light and developed for pattern 
formation, the film can be easily bonded to a Surfactant, So 
that the adherence between the light-shielding film and the 
resist can be increased. As a result, a Solid-State imaging 
device with a good yield in which even if the pattern size of 
the light-shielding film is Small, the resist pattern can be 
prevented from being peeled, and the size of the pixels can 
be reduced, and a method for producing the same can be 
realized. 

0021. These and other objects, features, aspects and 
advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022 FIG. 1 is across-sectional view of a solid-state 
imaging device; 

0023 FIG. 2 is a cross-sectional view showing a struc 
ture of a light-shielding film of a Solid-State imaging device 
of a first embodiment of the present invention; 

0024 FIGS. 3A to 3F are cross-sectional views showing 
a production process of the light-shielding film shown in 
FIG. 2; 

0025 FIGS. 4A to 4C are schematic diagrams for illus 
trating the reason why the light-shielding film shown FIG. 
2 and a resist are tightly attached; 

0026 FIG. 5 is a graph showing the relationship between 
the SiH exposure time, the Silicon content of the light 
Shielding film, and resist peeling. 

0027 FIG. 6 is a cross-sectional view showing a struc 
ture of a light-shielding film of a Solid-State imaging device 
of a Second embodiment; 

0028 FIG. 7 is a cross-sectional view showing a struc 
ture of a light-shielding film of a Solid-State imaging device 
of a third embodiment; 

0029 FIG. 8 is a cross-sectional view showing a struc 
ture of a light-shielding film of a Solid-State imaging device 
of a fourth embodiment; 
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0030 FIG. 9 is a cross-sectional view showing a struc 
ture of a light-shielding film of a conventional Solid-State 
imaging device; and 
0031 FIGS. 10A to 10E are cross-sectional views show 
ing a production process of the light-shielding film shown in 
FIG 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

0.032 FIG. 1 shows an example of a cross-sectional 
Structure of a commonly used Solid-state imaging device. In 
a solid-state imaging device 100 shown in FIG. 1, a semi 
conductor Substrate 1 is an epitaxial high-resistivity Sub 
Strate in which an epitaxial layer 1b is formed on a main 
Surface of a Silicon Substrate 1a by epitaxially growing a 
Single crystal Silicon layer. Photodiodes 2 of a conductivity 
type opposite to that of the epitaxial layer 1b are formed in 
a main Surface of the Semiconductor Substrate 1 and generate 
charges in accordance with the intensity of received light. 
Charge transfer portions 20 are formed in the main Surface 
of the Semiconductor Substrate 1 and transport charges that 
are generated in the photodiodes 2. Gate electrodes 4 are 
provided adjacent to each photodiode 2 on the Semiconduc 
tor Substrate 1 and Serve as Switches for moving the charges 
generated in the photodiodes 2 to the charge transfer por 
tions 20. A light-shielding film 10a is formed so as to cover 
entirely the gate electrodes 4. The light-shielding film 10a 
prevents light from falling on the gate electrodes 4. An 
opening 6 is formed above the photodiode 2 so that the 
photodiode 2 can receive light. 
0033. The gate insulating film 3 is formed between the 
gate electrode 4 and the Semiconductor Substrate 1 So as to 
insulate them. An interlayer insulating film 5 is formed 
between the gate electrode 4 and the light-shielding film 10a 
So as to insulate them. A Smoothing layer 8 is deposited So 
as to cover the entire Surface of the Semiconductor Substrate 
1 in which the above-described structure is formed to 
Smooth the Surface of the Substrate. A combination of an 
upper convex lens 9 and an on-chip microlens 16 focuses 
incident light in the vicinity of the surface of the photodiode 
2. A color filter 15 is formed on the upper surface of the 
Smoothing layer 8 and transmits light having a specific 
wavelength (red, green, blue, etc.). 
0034. Hereinafter, the light-shielding film 10a, which is a 
feature of the present invention, will be described more 
Specifically with reference to the accompanying drawings. 
FIG. 2 is a cross-sectional view showing a structure of the 
light-shielding film 10a of a Solid-State imaging device of 
the first embodiment of the present invention. The light 
Shielding film 10a includes a high melting point metal film 
or a high melting point metal compound film having light 
Shielding properties. Examples of the high melting point 
metal film include a tungsten film, a molybdenum film, a 
tantalum film, a platinum film, and a copper film. Examples 
of the high melting point metal compound film include a 
tungsten Silicide film, a tungsten-titanium alloy film, a 
titanium nitride film, and a tungsten nitride film. This 
embodiment will be described by taking a tungsten film 
having excellent light-shielding properties, Specifically, a 
tungsten-sputtered film 11 and a tungsten CVD film 12. The 
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tungsten CVD film 12 formed by a CVD method has 
generally a weak adhesion with the interlayer insulating film 
5 formed of Silicon oxide or the like, So that a tungsten 
Sputtered film 11 formed by Sputtering is provided as an 
adhesive layer between the interlayer insulating film 5 and 
the tungsten CVD film 12. 
0035) The surface of the light-shielding film 10a is 
formed So as to have the property of adsorbing and bonding 
to hydroxyl groups when the Surface is in contact with air. 
Such properties make it difficult that a resist pattern is peeled 
when patterning the light-shielding film 10a, as described 
later. This embodiment will be described by taking an 
amorphous Silicon film 13 as an example of the film having 
Such properties. 
0036) The light-shielding film 10a of this embodiment is 
a multilayered film having a three layered Structure in which 
the tungsten-sputtered film 11, the tungsten CVD film 12 and 
the amorphous silicon film 13 are laminated in this order 
from the Substrate side. 

0037 FIGS. 3A to 3F are cross-sectional views for each 
Step showing the process of producing the light-shielding 
film of the solid-state imaging device shown in FIG. 2. 
Hereinafter, a method for producing the Solid-State imaging 
device of the first embodiment will be described with 
reference to FIGS. 3A to 3F. FIG. 3A shows a state in which 
the tungsten-sputtered film 11 is formed as a first film 
constituting the light-shielding film 10a on the Semiconduc 
tor Substrate 1. In order to obtain the Solid-state imaging 
device in an early stage as shown in FIG.3A, first, the 
photodiode 2 and the charge transfer portion 20 are formed 
in the main Surface of the Semiconductor Substrate 1, using 
an ion implantation method or other methods. Then, the gate 
insulating film 3 is deposited on the Surface of this Semi 
conductor substrate 1 by thermal oxidation or the CVD 
method. The gate electrode 4 is formed by depositing a 
polysilicon film on this gate insulating film 3 by the CVD 
method and performing photolithography, dry-etching and 
the like to shape the film into a necessary pattern (not 
shown). Then, the interlayer insulating film 5 made of 
Silicon oxide is deposited So as to cover the gate electrode 4 
and the gate insulating film 3 by oxidation/CVD. 
0038. The tungsten-sputtered film 11 is formed as a first 
film constituting the light-shielding film 10a on the surface 
of the substrate constituted as above. More specifically, the 
preSSure in the chamber of a pressure-reducible CVD appa 
ratus is controller to 30 Torr, and the Substrate temperature 
is set to 450° C., so that the tungsten-sputtered film 11 
having a thickness of 50 nm is formed by Sputtering. 
0039 FIG. 3B is a state in which the tungsten CVD film 
12 is formed as a Second film constituting the light-shielding 
film on the tungsten-Sputtered film 11. First, the tungsten 
CVD film 12 having a thickness of 150 nm is deposited on 
the tungsten-sputtered film 11 by the CVD method. More 
Specifically, a tungsten nucleation layer having a thickness 
of 50 nm is formed by Supplying a mixed gas of WF with 
20 Scem and SiH with 10 Scem as a reactant gas to the 
chamber that is controlled to 30 Torr. Then, the tungsten 
CVD film 12 having a thickness of 150 nm is formed by 
supplying a mixed gas of WF with 95 sccm and H with 
2000 Sccm to the chamber that is controlled to 90 Torr. 

0040 FIG. 3C shows a state in which the amorphous 
silicon film 13 is formed as a third film constituting the 
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light-shielding film on the tungsten CVD film 12. The 
amorphous Silicon film 13 can be obtained by performing a 
Surface treatment on the Surface of the Substrate constituted 
as above. More specifically, the pressure in the chamber is 
controlled to 30 Torr while the Substrate temperature is set 
to 450° C., and SiH is supplied at a flow of 30 sccm for 20 
Sec. Thus, the amorphous silicon film 13 is formed on the 
tungsten CVD film 12. 
0041 FIG. 3D is shows a state in which a resist pattern 
7 is formed on the amorphous silicon film 13. In order to 
form the resist pattern 7, first, a Surfactant is applied onto the 
amorphous silicon film 13 formed by the surface treatment 
as described above. As the surfactant, for example, HMDS 
is used. 

0042. After the surfactant is applied, a resist is applied to 
form a resist film, So that a pattern is formed into a desired 
shape. More Specifically, first a resist film is formed on the 
amorphous silicon film 13 that has been subjected to a 
HMDS treatment. Then, the obtained resist film is exposed 
to light and developed So that a resist pattern 7 in which an 
opening portion 6 is formed above the photodiode 2. 
0043 FIG.3E shows a state in which the first, the second 
and the third films are patterned. In order to form the first, 
the Second and the third films into Such a pattern shape, first, 
an etching treatment is performed to the metal films whose 
Surfaces are processed, using the resist pattern 7 as a mask. 
More Specifically, the amorphous Silicon film 13, the tung 
Sten CVD film 12 and the tungsten-sputtered film 11 are 
Subjected to a dry-etching treatment, using the resist pattern 
7 as a mask. 

0044 FIG. 3F is a state of the patterned light-shielding 
film 10a. The light-shielding film 10a can be obtained by 
removing the resist pattern 7 after the dry-etching treatment. 
0.045 Next, the reason why the resist pattern 7 can be 
prevented from being peeled when forming the light-shield 
ing film 10a of this embodiment will be described. FIGS. 
4A to 4C are Schematic diagrams showing the reason why 
the tungsten CVD film 12 and the resist pattern 7 are tightly 
attached. FIG. 4A is a state in which a resist 18 is applied 
onto the Surface of the amorphous silicon film 13 that was 
in contact with air. The amorphous silicon film 13 is formed 
by supplying SiH to the surface of the tungsten CVD film 
12 at 30 sccm for 20 sec. This amorphous silicon film 13 is 
exposed to air until a Surfactant is applied. In this time, water 
Vapor in the air that has been contact with the amorphous 
Silicon film 13 is degraded, So that Silicon (Si) constituting 
the amorphous silicon film 13 and a hydroxyl group (OH) 
are bonded or adsorbed. Furthermore, the degradation of the 
waver vapor produces hydrogen. The Surface of the amor 
phous silicon film 13 that is bonded or absorbed to hydroxyl 
groups becomes hydrophilic (lipophobic). 
0046. On the other hand, the molecules of the resist 18 
are hydrophobic (lipophilic). Therefore, when a resist is 
applied to the amorphous silicon film 13 that has become 
hydrophilic, the resist is repelled. Describing this phenom 
enon in a simple manner, this is as if water is formed on the 
amorphous silicon film 13 and the resist 18, which is oil, is 
repelled. 

0047 FIG. 4B is a structural formula 19 of the HMDS 
that is the surfactant. When the HMDS having such a 
Structure is applied to the amorphous Silicon film 13 to 
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which surface the hydroxyl groups 17 are bonded or 
adsorbed, a part thereof is degraded and bonded to the 
surface of the amorphous silicon film 13. 
0048 FIG. 4C is a state in which the resist 18 is applied 
to the surface of the amorphous silicon film 13 to which the 
HMDS is bonded. The surface of the amorphous silicon film 
13 to which the HMDS is bonded is covered with methyl 
groups 21, which is hydrophobic (lipophilic), and therefore 
becomes hydrophobic (lipophilic). The resist 18 is hydro 
phobic (lipophilic) and therefore easily is bonded to the 
surface of this amorphous silicon film 13, so that the 
adhesion between the amorphous silicon film 13 and the 
resist pattern 7 is increased. 
0049. Thus, the amorphous silicon film 13 and the resist 
pattern 7 are attached firmly to each other via the Surfactant 
(HMDS), so that the resist pattern 7 can be suppressed from 
being peeled during light exposure and development treat 
ment, and fine patterning of the light-shielding film 10a 
becomes possible. Thus, a Solid-state imaging device in 
which the size of the pixels can be reduced and the yield is 
good can be realized. Furthermore, Such an effect can be 
obtained even if the amorphous silicon film 13 is very thin. 

0050. As described above, a surfactant (HMDS) is 
applied onto the surface of the tungsten CVD film 12 in a 
conventional Solid-State imaging device. However, the tung 
sten CVD film 12 does not absorb as many hydroxyl groups 
17 from water vapor in the air as the amorphous silicon film 
13 used in this embodiment, and the amount of the HMDS 
19 that is adsorbed to the hydroxyl groups 17 and degraded 
is Smaller than in this embodiment. Therefore, the Surface of 
the light-shielding film 10e of the conventional solid-state 
imaging device becomes less hydrophobic than the light 
shielding film 10a of this embodiment, and the adhesion 
between the tungsten CVD film 12 and the resist pattern 7 
is far weaker than that of the amorphous silicon film 13 and 
the resist pattern 7 of this embodiment. 
0051) The first embodiment has been described above. 
However, the property of the light-shielding film 10a of 
adsorbing and bonding to hydroxyl groups when the Surface 
thereof is brought into contact with air can be obtained with 
other structures than the amorphous silicon film 13. The 
Same effect can be obtained by a structure in which Silicon 
is contained on the very surface of the tungsten CVD film 12 
in the process shown in FIG. 3C. This aspect will be 
described below. 

0052 FIG. 5 is a graph showing the relationship between 
the exposure time during which the tungsten CVD film 12 is 
exposed to an SiH atmosphere and the Silicon content on the 
Surface of the film. The white circle indicates that there was 
peeling of the resist pattern 7, and the black circle indicates 
that there was no peeling of the resist pattern 7. The Silicon 
content was measured with an X-ray photoelectron Spec 
troscopy (XPS). 
0053 As evident from FIG. 5, when the silicon content 
on the film surface of the tungsten CVD film 12 is 13% or 
more, the effect of Suppressing peeling of the resist pattern 
7 as described above can be obtained. Furthermore, it is 
experimentally confirmed that when the tungsten film Sur 
face is exposed to SiH at 30 sccm for 5 seconds or more, the 
Silicon content on the Surface of the tungsten film becomes 
about 10% or more, and when Such a Silicon content is 
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reached, the resist pattern 7 is not peeled. There is no change 
in the Silicon content from an exposure time of about 20 
seconds during which the film is exposed to SiHi. This is 
because the amorphous silicon film 13 is formed on the 
tungsten CVD film 12, instead of silicon being contained in 
the surface of the tungsten CVD film 12. 

Second Embodiment 

0054. In this embodiment, a solid-state imaging device 
having a light-shielding film whose Surface is formed of a 
high melting point metal Silicide film, instead of the light 
shielding film 10a whose surface is formed of the amor 
phous silicon film 13 of the first embodiment will be 
described. The Solid-State imaging device of this embodi 
ment has Substantially the same Structure as the Solid-State 
imaging device 100 of the first embodiment, so that in the 
following, only different points will be described. 
0.055 FIG. 6 shows across-sectional structure of a solid 
State imaging device of the Second embodiment of the 
present invention. In FIG. 6, the light-shielding film 10b is 
a film having a two-layered Structure in which a tungsten 
Sputtered film 11, which is a high melting point metal film, 
and a tungsten Silicide film 14, which is a high melting point 
metal Silicide film, are laminated. The tungsten-Sputtered 
film 11 Serves as an adhesive layer for the tungsten Silicide 
film 14. The tungsten silicide film 14 has the property of 
adsorbing or bonding to hydroxyl groups when it is in 
contact with air, and has an effect of Suppressing peeling of 
the resist film when patterning the light-shielding film 10b. 
0056. The light-shielding film 10b having such a struc 
ture can be produced in the following manner. First, Simi 
larly to the first embodiment, the process of forming a metal 
film shown in FIG. 3A is performed to form the tungsten 
sputtered film 11. Next, a tungsten silicide film 14 having a 
thickness of 200 nm is formed by the CVD method, instead 
of the process of forming a metal film shown in FIG. 3B and 
the surface treatment process shown in FIG. 3C. More 
specifically, a mixed gas of WF at 500 sccm and SiHCl 
(dichlorosilane) at 300 Scem as a reactant gas is introduced 
to a chamber that is controlled to 1.2 Torr, So that a tungsten 
silicide film 14 having a thickness of 200 nm is formed. The 
substrate temperature is set to 550 C. In this process, the 
process of forming a metal film and the Surface treatment 
proceSS are performed at the same time. 
0057 Then, the light-shielding film 10b is formed by 
performing the process of applying a Surfactant, the proceSS 
of patterning a resist, the process of etching a metal film and 
the process of removing the resist shown in FIGS. 3D to 3F. 
However, in the process of etching the metal film, the 
tungsten Silicide film 14 and the tungsten-Sputtered film 11 
are dry-etched. 
0058. In the light-shielding film 10b having the above 
described Structure, the tungsten Silicide film 14 and the 
molecules 18 constituting the resist can be easily bonded, 
and the adhesion between the tungsten silicide film 14 and 
the resist pattern 7 can be increased, So that peeling of the 
resist pattern 7 can be Suppressed in the light exposure and 
development treatment. 
0059. As a result of measuring the silicon content on the 
surface of the tungsten silicide film 14 with an X-ray 
photoSpectroScopy, it was confirmed that when the Silicon 
content is 10 atm 76 or more, peeling of the resist can be 
prevented. 
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0060. In the above, this embodiment has been described 
by taking a tungsten Silicide film as the high melting point 
metal silicide film. However, films formed of other silicide 
compounds of a high melting point metal Such as molyb 
denum and tantalum can be used. 

Third Embodiment 

0061. In this embodiment, a solid-state imaging device 
having a light-shielding film whose Surface is formed of a 
high melting point metal Silicide film having a three-layered 
structure, instead of the light-shielding film 10b having a 
two-layered structure of the second embodiment will be 
described. The second embodiment is different from the 
third embodiment in the number of films constituting the 
light-shielding film, and therefore in the following, only 
different points will be described. 
0062 FIG. 7 shows a cross-sectional structure of a 
Solid-State imaging device of the third embodiment of the 
present invention. In FIG. 7, the light-shielding film 10c is 
a film having a three-layered Structure in which a tungsten 
sputtered film 11, and a tungsten CVD film 12, which are 
high melting point metal films, and a tungsten Silicide film 
14, which is a high melting point metal Silicide film, are 
laminated. The tungsten-Sputtered film 11 Serves as an 
adhesive layer for the tungsten CVD film 12. The tungsten 
Silicide film 14 has the property of adsorbing or bonding to 
hydroxyl groups when it is in contact with air, and has an 
effect of Suppressing peeling of the resist film when pattern 
ing the light-shielding film 10c. 
0063. The light-shielding film 10c having such a structure 
can be produced in the following manner. First, Similarly to 
the first embodiment, the processes of forming a metal film 
shown in FIGS. 3A and 3B are performed to form the 
tungsten-sputtered film 11 and the tungsten CVD film 12. 
0064. Next, instead of the surface treatment process 
shown in FIG. 3C, a surface treatment process is performed 
by forming the tungsten silicide film 14. More specifically, 
a mixed gas of WF at 500 sccm and SiHCl (dichlorosi 
lane) at 300 scem as a reactant gas is introduced to a 
chamber that is controlled to 1.2 Torr, So that a tungsten 
silicide film 14 having a thickness of 200 nm is formed by 
the CVD method. The substrate temperature is set to 550 C. 
0065. Then, the light-shielding film 10c is formed by 
performing the process of applying a Surfactant, the proceSS 
of patterning a resist, the process of etching a metal film and 
the process of removing the resist shown in FIGS. 3D to 3F. 
However, in the process of etching the metal film, the 
tungsten silicide film 14, the tungsten CVD film 12 and the 
tungsten-Sputtered film 11 are dry-etched. 
0066. Also in the light-shielding film 10c having the 
above-described Structure, Similarly to the Second embodi 
ment, the tungsten silicide film 14 and the resist 18 can be 
easily bonded to each other, and the adhesion between the 
tungsten silicide film 14 and the resist pattern 7 can be 
increased, So that peeling of the resist pattern 7 can be 
Suppressed in the light exposure and development treatment. 
Furthermore, when the silicon content on the Surface of the 
tungsten silicide film 14 is 10 atm % or more, peeling of the 
resist can be prevented. Moreover, films formed of other 
Silicide compounds of a high melting point metal Such as 
molybdenum and tantalum, instead of the tungsten Silicide 
film, can be used as the high melting point metal Silicide 
film. 
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0067. In the structure of the second embodiment, the 
tungsten Silicide film 14 is formed directly on the tungsten 
Sputtered film 11, So that the light-shielding properties 
maybe sufficient, for example, in a visible region of 400 nm 
to 800 nm, which is commonly used in a Solid-State imaging 
device in Some cases. However, by providing the tungsten 
CVD film 12 on the tungsten-sputtered film 11, as in this 
embodiment, the Solid-state imaging device can have Suff 
cient light-shielding properties even in the above-described 
Visible region. 

Fourth Embodiment 

0068. In this embodiment, a solid-state imaging device 
having a light-shielding film whose Surface is formed of an 
oxide film, instead of the light-shielding film 10a whose 
surface is formed of the amorphous silicon film 13 of the 
first embodiment will be described. The solid-state imaging 
device of this embodiment has Substantially the same Struc 
ture as the solid-state imaging device 100 of the first 
embodiment, So that in the following, only different points 
will be described. 

0069 FIG. 8 shows a cross-sectional structure of a 
Solid-State imaging device of the fourth embodiment of the 
present invention. In FIG. 8, the light-shielding film 10d is 
a film having a three-layered Structure in which a tungsten 
sputtered film 11, and a tungsten CVD film 12, which are 
high melting point metal films, and an oxide film 30 are 
laminated. The tungsten-sputtered film 11 serves as an 
adhesive layer for the tungsten CVD film 12. The oxide film 
30 has the property of adsorbing or bonding to hydroxyl 
groups when it is in contact with air, and has an effect of 
Suppressing peeling of the resist film when patterning the 
light-shielding film 10d. As the oxide film 30 having such a 
property, Silicon oxide can be used preferably. 
0070 The light-shielding film 10d having such a struc 
ture can be produced in the following manner. Similarly to 
the first embodiment, the processes of forming a metal film 
shown in FIGS. 3A and 3B are performed to form the 
tungsten-sputtered film 11 and the tungsten CVD film 12. 
0071 Next, instead of the surface treatment process 
shown in FIG. 3C, a surface treatment process is performed 
by forming the oxide film 30. More specifically, a silicon 
oxide film (SiO2)30 having a thickness of 50 nm is formed 
by the CVD method. 
0072 Then, the light-shielding film 10d is formed by 
performing the process of applying a Surfactant, the proceSS 
of patterning a resist, the process of etching a metal film and 
the process of removing the resist shown in FIGS. 3D to 3F. 
However, in the process of etching the metal film, the oxide 
film 30, the tungsten CVD film 12 and the tungsten-sput 
tered film 11 are dry-etched. 
0.073 Also in the light-shielding film 10d having the 
above-described structure, similarly to the above-described 
embodiments, the oxide film 30 and the resist 18 can be 
easily bonded to each other, and the adhesion between the 
oxide film 30 and the resist pattern 7 can be increased, so 
that peeling of the resist pattern 7 can be Suppressed in the 
light exposure and development treatment. 

0.074 The above-described embodiments have been 
described by taking HMDS as an example of the surfactant, 
but the Surfactant is not limited thereto. Any Surfactant can 
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be used, as long as it has a hydrophilic group that can be 
bonded to a hydroxyl group on the Surface of the light 
Shielding film and has a hydrophobic group Such as a methyl 
grOup. 

0075) The above-described embodiments have been 
described by taking a high melting point metal film or a high 
melting point metal compound film as an example of the 
metal film included in the light-shielding film, but a film that 
has light-shielding ability and can be formed by Sputtering 
or the CVD method, such as other compound films of a high 
melting point metal, films formed of a low melting point 
metal Such as aluminum or an alloy thereof, or the like may 
be included in a part of the light-shielding film. 
0076. In the above-described embodiments, an example 
of film-formation conditions for forming a light-shielding 
film has been shown, but the film-formation conditions are 
not limited to those shown in the above-described embodi 
ments. Furthermore, the structure other than the light-shield 
ing film of the Solid-state imaging device is not limited to 
that shown in FIG. 1. 

0077. The structure of the light-shielding film and the 
method for producing the light-shielding film of the present 
invention can increase the adhesion of the resist and form a 
fine light-shielding pattern, and therefore can be applied to 
a Solid-state imaging device that seeks for further increase of 
the number of the pixels and further reduction of the size of 
the pixels. 

0078 While the invention has been described in detail, 
the foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifica 
tions and variations can be devised without departing from 
the Scope of the invention. 

What is claimed is: 
1. A Solid-State imaging device outputting an electrical 

Signal in accordance with an amount of incident light, 
comprising: 

a light-receiving portion that is formed on a Semiconduc 
tor Substrate; and 

a light-shielding film in which an opening portion is 
formed above the light-receiving portion, 

wherein the light-shielding film includes at least one of a 
high melting point metal film and a high melting point 
metal compound film having a light-shielding property, 
and a Surface of the light-shielding film has a property 
of adsorbing or bonding to a hydroxyl group when it is 
in contact with air. 

2. The Solid-State imaging device according to claim 1, 
wherein the Surface of the light-shielding film contains 
Silicon. 

3. The Solid-State imaging device according to claim 1, 
wherein the surface of the light-shielding film is formed of 
either one of a high melting point metal film containing 
Silicon, an amorphous Silicon film, a high melting point 
metal silicide film and an oxide film. 

4. The Solid-State imaging device according to claim 3, 
wherein the high melting point metal film containing Silicon 
is a tungsten film containing Silicon. 

5. The Solid-State imaging device according to claim 3, 
wherein the high melting point metal film containing Silicon 
contains Silicon at least at 10 atm (76. 
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6. A method for producing a Solid-State imaging device 
comprising a light-shielding film on a Semiconductor Sub 
Strate in which a light-receiving portion is formed, the 
light-shielding film having an opening portion above the 
light-receiving portion, the method comprising: 

a metal film formation Step of forming at least one of a 
high melting point metal film and a high melting point 
metal compound film having a light-shielding property 
on the Semiconductor Substrate in which the light 
receiving portion is formed, 

a Surface treatment Step of providing a Surface of the 
metal film with a property of adsorbing or bonding to 
a hydroxyl group when it is in contact with air, 

a Surfactant application Step of applying a Surfactant onto 
the film that has been Subjected to the Surface process 
ing, 

a patterning Step of applying a resist on the Surfactant to 
form a pattern, 

Aug. 18, 2005 

an etching Step of performing an etching treatment of the 
metal film that has been subjected to the surface 
processing, using the resist formed into a pattern as a 
mask, and 

a resist removing Step of removing the resist. 
7. The method for producing a Solid-state imaging device 

according to claim 6, wherein in the Surface treatment Step, 
a gas containing Silicon is allowed to flow along the Surface 
of the metal film So that silicon is contained in the metal film. 

8. The method for producing a Solid-state imaging device 
according to claim 6, wherein in the Surface treatment Step, 
a gas containing Silicon is allowed to flow along the Surface 
of the metal film so that an amorphous silicon film is formed 
on the metal film. 

9. The method for producing a Solid-State imaging device 
according to claim 6, wherein in the Surface treatment Step, 
a high melting point metal Silicide film is formed on the 
metal film. 

10. The method for producing a Solid-state imaging 
device according to claim 6, wherein in the Surface treatment 
Step, an oxide film is formed on the metal film. 
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