
US 20050181522A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0181522 A1 

Yano ct al. (43) Pub. Date: Aug. 18, 2005 

(54) SOLID-STATE IMAGING DEVICE AND Publication Classi?cation 
METHOD FOR PRODUCING THE SAME 

(51) Int. Cl.7 ................................................... .. H01L 21/00 

(75) Inventors: Toshihiko Yano, Takaoka (JP); Hitoshi (52) US. Cl. ................................................................ .. 438/1 
Doi, Tonami (JP); Naoto Niisoe, Kyoto 
(JP) (57) ABSTRACT 

gfgsslgg?gléaé‘igr?lsiszsz EMERY LLP In a solid-state imaging device, a light-shielding ?lm 10a is 
600 13TH STREET N W formed of at least one of a high melting point metal ?lm or 

’ ' ' a high melting point metal compound ?lm. The surface of 
WASHINGTON’ DC 20005-3096 (Us) the light-shielding ?lm 10a is constituted by an amorphous 

(73) Assignee_ M ATSUSHIT A ELECTRIC INDUS_ silicon ?lm 13. Instead of the amorphous silicon ?lm 13, the 
' TRIAL CO LTD surface of the light-shielding ?lm may be covered With any 

" ' one of a high melting point metal ?lm containing silicon, a 

(21) APPL NO; 11/030,998 high melting point metal silicide ?lm and an oxide ?lm. 
Thus, the adherence betWeen the light-shielding ?lm 10a 

' - and the resist can be increased and the resist can be re (22) Filed. Jan. 10, 2005 P 
vented from being peeled from the light-shielding ?lm, and 

(30) Foreign Application Priority Data thus a solid-state imaging device With a high yield even With 
small pixels and a method for producing the same can be 

Feb. 13, 2004 (JP) .................................... .. 2004-037509 provided. 

100 
16 

15\,\ 
\ 9 

x m/ 
8 _//\/ 

5 





Patent Application Publication Aug. 18, 2005 Sheet 2 0f 10 US 2005/0181522 A1 

F I G. 2 

13 - 

\\\\\\\\\\\\\\\\\ 
10a {12 11 

I I I I I I I I I I I I I I I l I I I I I4 



Patent Application Publication Aug. 18, 2005 Sheet 3 0f 10 US 2005/0181522 A1 

54 
A 3 G. F 

20 

21 11 
O 32 FIG. 3B 

\\\ \\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ \\\ FIG. 3D 

FIG. 3B 

FIG. 3F 



Patent Application Publication Aug. 18, 2005 Sheet 4 0f 10 US 2005/0181522 A1 

2,3,.» Q>u zmwmuzzw 
Aim 

mm 

III Ill 
Ill 

0 Am www.mwulwmn mom ., w mom 

0% .OHm 

mw .UHHH 

2A; E5 zmwmozza 

NM 

Mm 

mm 

mm @@ 



Patent Application Publication Aug. 18, 2005 Sheet 5 0f 10 US 2005/0181522 A1 

FIG. 5 

Si CONTENT OF 
SURFACE OF 
LIGHT-SHIELDING 
FILM (atm%) 

0 10 20 30 40 50 60 70 8O 90 

SiH4 EXPOSURE TIME (SEC) 



Patent Application Publication Aug. 18, 2005 Sheet 6 0f 10 US 2005/0181522 A1 

'FIG.6 

\\\\\\\\\\\\\\\\\\ \ 

m5: 



Patent Application Publication Aug. 18, 2005 Sheet 7 0f 10 US 2005/0181522 A1 

.FIG. '7 

14 

10c 12 

- 11 

FL \\\\\\\\\\\\\\\\\\ 



Patent Application Publication Aug. 18, 2005 Sheet 8 0f 10 

FIG. 8 

10d 

III/III/I/I/II/ 
Ill/IIIlI/I/III 
I 
l 
lIl/IlII/II/I/ 
III/Ill/IIIIII 

II/l/I/I/I/I/I/ 

US 2005/0181522 A1 



Patent Application Publication Aug. 18, 2005 Sheet 9 0f 10 

FIG. 9 PRIOR ART 

/ 
///////////////,, %/////////%///////////%// 

"/ 

US 2005/0181522 A1 

///////////// 

IIIIIIIIIIIIIIIIIII II 
IIIII II 
IIIII II 
IIIII ll 
IIIII 1/ 
IIIII 1/ 
IIIII ll 



Patent Application Publication Aug. 18, 2005 Sheet 10 0f 10 US 2005/0181522 A1 

5 
F I G. 1 0A 4 

PRIOR ART 3 
20 

5 
4 

F I G. 1 OB - 3 

P R I OR ART :2: 20 

IF I G. 1 0c 

l/lll/I/l/I/ 
Ill/l Ill/ll 

Ill/ll Ill/l 

FIG. 10D 
PRIOR ART 

- 10¢ {12 
F I G. 1 0E 11 
PRIOR ART 3 



US 2005/0181522 A1 

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 
speci?cally, the present invention relates to a light-shielding 
?lm constituting piXels and a method for producing the 
same. 

[0003] 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 ?lm 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 ?lm (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. Aphotodiode 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 ?lm 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 ?lm 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 
?lm 5 is formed so as to cover the gate insulating ?lm 3 and 
the gate electrodes 4. A light-shielding ?lm 106 is formed so 
as to cover the gate electrodes 4 to prevent light from falling 
on the gate electrodes 4. 

[0006] A tungsten ?lm having eXcellent light-shielding 
properties is used for the light-shielding ?lm 10c, and in this 
eXample, a multilayered ?lm in Which a tungsten-sputtered 
?lm 11 that is formed by sputtering and a tungsten CVD ?lm 
12 that is formed by CVD (chemical vapor deposition) are 
laminated is used. In general, the tungsten CVD ?lm 12 has 
a Weak adherence With the interlayer insulating ?lm 5 
formed of silicon oXide, so that the tungsten-sputtered ?lm 
11 is provided as an adhesive layer betWeen the interlayer 
insulating ?lm 5 and the tungsten CVD ?lm 12. An opening 
portion 6 is formed by removing the light-shielding ?lm 10c 
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 ?lm 106 Will be 
described With reference to FIGS. 10A to 10E. FIG. 10A 
shoWs a state in Which the tungsten-sputtered ?lm 11 is 
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formed as a ?rst ?lm constituting the light-shielding ?lm 106 
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 ?lm 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 ?lm 3 is completed, a necessary pattern (not 
shoWn) is formed by depositing a polysilicon ?lm 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 ?lm 5 made of silicon oXide 
is deposited by oxidation/CVD method so as to cover the 
gate electrodes 4 and the gate insulating ?lm 3. On the 
surface of the thus constituted substrate, the tungsten-sput 
tered ?lm 11 having a thickness of 50 nm is formed as a ?rst 
?lm constituting the light-shielding ?lm by sputtering. 

[0008] FIG. 10B shoWs a state in Which the tungsten CVD 
?lm 12 is formed as a second ?lm constituting the light 
shielding ?lm. First, after the tungsten-sputtered ?lm 11 is 
deposited, the tungsten CVD ?lm 12 having a thickness of 
150 nm is deposited thereon by the CVD method. More 
speci?cally, using WF6 (tungsten heXa?uoride) and SiH4 
(silane gas) as reactant gas, a tungsten nucleation layer 
having a thickness of 50 nm is formed by supplying WF6 at 
20 sccm and SiH4 at 10 sccm and controlling the chamber to 
be 30 Torr. Then, the tungsten CVD ?lm 12 having a 
thickness of 150 nm is formed by supplying WF6 at 95 sccm 
and H2 (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 ?lm having a 
desired shape. First, after the tungsten CVD ?lm 12 is 
deposited, a surfactant is applied thereon. As the surfactant, 
for eXample, heXamethyldisilaZane (HMDS) [chemical for 
mula: (CH3)3Si—NH—Si(CH3)3] is used. Then, after a 
HMDS treatment is performed, a resist is applied so that a 
resist ?lm is formed. This resist ?lm 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 ?rst and the 
second ?lms constituting the light-shielding ?lm 106 are 
patterned. The tungsten CVD ?lm 12 and the tungsten 
sputtered ?lm 11 are dry-etched, using the resist pattern 7 as 
a mask. Thus, the tungsten CVD ?lm 12 and the tungsten 
sputtered ?lm 11 corresponding to the opening portion 6 are 
removed. 

[0011] Finally, the resist pattern 7 is removed, so that the 
patterned light-shielding ?lm 106 can be obtained, as shoWn 
in FIG. 10E. 

[0012] In recent years, With miniaturiZation of piXels, the 
pattern siZe of the light-shielding ?lm 106 is being reduced. 
With this, peeling of the resist pattern 7 at the time of 
patterning the light-shielding ?lm 106 has become a large 
problem. 

[0013] The resist ?lm constituting the resist pattern 7 
inherently has a poor adherence With the tungsten CVD ?lm 
12. Therefore, the adherence betWeen the tungsten CVD ?lm 
12 and the resist pattern 7 is increased by treating the surface 
of the tungsten CVD ?lm 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 ?lm 12. When the tungsten-sputtered ?lm 11 
and the tungsten CVD ?lm 12 are subjected to an etching 
treatment, using the peeled resist pattern 7 as a mask, then 
the light-shielding ?lm 106 having a desired pattern cannot 
be obtained, and the yield is deteriorated. 

SUMMARY OF THE INVENTION 

[0014] The object of the present invention is to provide a 
solid-state imaging having a good yield in Which a light 
shielding ?lm 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. 

[0015] A?rst 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 ?lm in Which an opening 
portion is formed above the light-receiving portion. The 
light-shielding ?lm includes at least one of a high melting 
point metal ?lm and a high melting point metal compound 
?lm having a light-shielding property. The greatest feature 
of this invention is that a surface of the light-shielding ?lm 
has a property of adsorbing or bonding to a hydroxyl group 
When it is in contact With air. By using the light-shielding 
?lm having such characteristics, the adherence betWeen the 
light-shielding ?lm 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 ?lm 
that has the above-described characteristics is the surface of 
the light-shielding ?lm containing silicon. More speci?cally, 
the surface of the light-shielding ?lm is formed of either one 
of a high melting point metal ?lm containing silicon, an 
amorphous silicon ?lm, and a high melting point metal 
silicide ?lm. The surface of the light-shielding ?lm may be 
formed of an oxide ?lm such as silicon dioxide. When the 
surface of the light-shielding ?lm is formed of a high 
melting point metal ?lm containing silicon, a tungsten ?lm 
can be used preferably as the high melting point metal ?lm. 
In this case, it is preferable that the silicon content is 10 atm 
% or more. 

[0017] 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 ?lm and a high melting point metal 
compound ?lm 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 ?lm 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 ?lm 
that has been subjected to the surface processing. Then, a 
resist is applied on the surfactant to form a pattern. Then, the 
metal ?lm 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 ?lm is formed. 
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[0018] As the surface processing of the metal ?lm, there is 
a method in Which a gas containing silicon is alloWed to How 
along the surface of the metal ?lm so that silicon is con 
tained in the metal ?lm. When the gas is alloWed to How for 
a long time, an amorphous silicon ?lm is formed on the 
metal ?lm. Instead of the above-described surface process 
ing treatment, a high melting point metal silicide ?lm or an 
oxide ?lm may be formed on the surface of the metal ?lm. 

[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 ?lm is constituted by either one of 
a high melting point metal ?lm containing silicon, an 
amorphous silicon ?lm, a high melting point metal silicide 
?lm and an oxide ?lm, and the surface of the ?lm 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 ?lm is exposed to light and developed for pattern 
formation, the ?lm can be easily bonded to a surfactant, so 
that the adherence betWeen the light-shielding ?lm 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 ?lm 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 ?lm of a solid-state imaging device 
of a ?rst embodiment of the present invention; 

[0024] FIGS. 3A to 3F are cross-sectional vieWs shoWing 
a production process of the light-shielding ?lm shoWn in 
FIG. 2; 

[0025] FIGS. 4A to 4C are schematic diagrams for illus 
trating the reason Why the light-shielding ?lm shoWn FIG. 
2 and a resist are tightly attached; 

[0026] FIG. 5 is a graph shoWing the relationship betWeen 
the SiH4 exposure time, the silicon content of the light 
shielding ?lm, and resist peeling. 

[0027] FIG. 6 is a cross-sectional vieW shoWing a struc 
ture of a light-shielding ?lm 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 ?lm 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 ?lm 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 ?lm 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 ?lm shoWn in 
FIG. 9. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0032] 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 ?lm 10a is formed so as to cover 
entirely the gate electrodes 4. The light-shielding ?lm 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 ?lm 3 is formed betWeen the 
gate electrode 4 and the semiconductor substrate 1 so as to 
insulate them. An interlayer insulating ?lm 5 is formed 
betWeen the gate electrode 4 and the light-shielding ?lm 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 ?lter 15 is formed on the upper surface of the 
smoothing layer 8 and transmits light having a speci?c 
Wavelength (red, green, blue, etc.). 

[0034] Hereinafter, the light-shielding ?lm 10a, Which is a 
feature of the present invention, Will be described more 
speci?cally With reference to the accompanying draWings. 
FIG. 2 is a cross-sectional vieW shoWing a structure of the 
light-shielding ?lm 10a of a solid-state imaging device of 
the ?rst embodiment of the present invention. The light 
shielding ?lm 10a includes a high melting point metal ?lm 
or a high melting point metal compound ?lm having light 
shielding properties. Examples of the high melting point 
metal ?lm include a tungsten ?lm, a molybdenum ?lm, a 
tantalum ?lm, a platinum ?lm, and a copper ?lm. Examples 
of the high melting point metal compound ?lm include a 
tungsten silicide ?lm, a tungsten-titanium alloy ?lm, a 
titanium nitride ?lm, and a tungsten nitride ?lm. This 
embodiment Will be described by taking a tungsten ?lm 
having excellent light-shielding properties, speci?cally, a 
tungsten-sputtered ?lm 11 and a tungsten CVD ?lm 12. The 
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tungsten CVD ?lm 12 formed by a CVD method has 
generally a Weak adhesion With the interlayer insulating ?lm 
5 formed of silicon oxide or the like, so that a tungsten 
sputtered ?lm 11 formed by sputtering is provided as an 
adhesive layer betWeen the interlayer insulating ?lm 5 and 
the tungsten CVD ?lm 12. 

[0035] The surface of the light-shielding ?lm 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 dif?cult that a resist pattern is peeled 
When patterning the light-shielding ?lm 10a, as described 
later. This embodiment Will be described by taking an 
amorphous silicon ?lm 13 as an example of the ?lm having 
such properties. 

[0036] The light-shielding ?lm 10a of this embodiment is 
a multilayered ?lm having a three layered structure in Which 
the tungsten-sputtered ?lm 11, the tungsten CVD ?lm 12 and 
the amorphous silicon ?lm 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 
?lm of the solid-state imaging device shoWn in FIG. 2. 
Hereinafter, a method for producing the solid-state imaging 
device of the ?rst embodiment Will be described With 
reference to FIGS. 3A to 3F. FIG. 3A shoWs a state in Which 
the tungsten-sputtered ?lm 11 is formed as a ?rst ?lm 
constituting the light-shielding ?lm 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, ?rst, 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 ?lm 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 ?lm on this gate insulating ?lm 3 by the CVD 
method and performing photolithography, dry-etching and 
the like to shape the ?lm into a necessary pattern (not 
shoWn). Then, the interlayer insulating ?lm 5 made of 
silicon oxide is deposited so as to cover the gate electrode 4 
and the gate insulating ?lm 3 by oxidation/CVD. 

[0038] The tungsten-sputtered ?lm 11 is formed as a ?rst 
?lm constituting the light-shielding ?lm 10a on the surface 
of the substrate constituted as above. More speci?cally, 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 ?lm 11 
having a thickness of 50 nm is formed by sputtering. 

[0039] FIG. 3B is a state in Which the tungsten CVD ?lm 
12 is formed as a second ?lm constituting the light-shielding 
?lm on the tungsten-sputtered ?lm 11. First, the tungsten 
CVD ?lm 12 having a thickness of 150 nm is deposited on 
the tungsten-sputtered ?lm 11 by the CVD method. More 
speci?cally, a tungsten nucleation layer having a thickness 
of 50 nm is formed by supplying a mixed gas of WF6 With 
20 sccm and SiH4 With 10 sccm as a reactant gas to the 
chamber that is controlled to 30 Torr. Then, the tungsten 
CVD ?lm 12 having a thickness of 150 nm is formed by 
supplying a mixed gas of WF6 With 95 sccm and H2 With 
2000 sccm to the chamber that is controlled to 90 Torr. 

[0040] FIG. 3C shoWs a state in Which the amorphous 
silicon ?lm 13 is formed as a third ?lm constituting the 



US 2005/0181522 A1 

light-shielding ?lm on the tungsten CVD ?lm 12. The 
amorphous silicon ?lm 13 can be obtained by performing a 
surface treatment on the surface of the substrate constituted 
as above. More speci?cally, the pressure in the chamber is 
controlled to 30 Torr While the substrate temperature is set 
to 450° C., and SiH4 is supplied at a How of 30 sccm for 20 
sec. Thus, the amorphous silicon ?lm 13 is formed on the 
tungsten CVD ?lm 12. 

[0041] FIG. 3D is shoWs a state in Which a resist pattern 
7 is formed on the amorphous silicon ?lm 13. In order to 
form the resist pattern 7, ?rst, a surfactant is applied onto the 
amorphous silicon ?lm 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 ?lm, so that a pattern is formed into a desired 
shape. More speci?cally, ?rst a resist ?lm is formed on the 
amorphous silicon ?lm 13 that has been subjected to a 
HMDS treatment. Then, the obtained resist ?lm 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 ?rst, the second 
and the third ?lms are patterned. In order to form the ?rst, 
the second and the third ?lms into such a pattern shape, ?rst, 
an etching treatment is performed to the metal ?lms Whose 
surfaces are processed, using the resist pattern 7 as a mask. 
More speci?cally, the amorphous silicon ?lm 13, the tung 
sten CVD ?lm 12 and the tungsten-sputtered ?lm 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 
?lm 10a. The light-shielding ?lm 10a can be obtained by 
removing the resist pattern 7 after the dry-etching treatment. 

[0045] Next, the reason Why the resist pattern 7 can be 
prevented from being peeled When forming the light-shield 
ing ?lm 10a of this embodiment Will be described. FIGS. 
4A to 4C are schematic diagrams shoWing the reason Why 
the tungsten CVD ?lm 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 ?lm 13 that Was 
in contact With air. The amorphous silicon ?lm 13 is formed 
by supplying SiH4 to the surface of the tungsten CVD ?lm 
12 at 30 sccm for 20 sec. This amorphous silicon ?lm 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 ?lm 13 is degraded, so that silicon (Si) constituting 
the amorphous silicon ?lm 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 ?lm 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 ?lm 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 ?lm 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 ?lm 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 ?lm 13. 

[0048] FIG. 4C is a state in Which the resist 18 is applied 
to the surface of the amorphous silicon ?lm 13 to Which the 
HMDS is bonded. The surface of the amorphous silicon ?lm 
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 ?lm 13, so that the 
adhesion betWeen the amorphous silicon ?lm 13 and the 
resist pattern 7 is increased. 

[0049] Thus, the amorphous silicon ?lm 13 and the resist 
pattern 7 are attached ?rmly 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 ?ne patterning of the light-shielding ?lm 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 ?lm 13 is very thin. 

[0050] As described above, a surfactant (HMDS) is 
applied onto the surface of the tungsten CVD ?lm 12 in a 
conventional solid-state imaging device. HoWever, the tung 
sten CVD ?lm 12 does not absorb as many hydroXyl groups 
17 from Water vapor in the air as the amorphous silicon ?lm 
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 ?lm 106 of the conventional solid-state 
imaging device becomes less hydrophobic than the light 
shielding ?lm 10a of this embodiment, and the adhesion 
betWeen the tungsten CVD ?lm 12 and the resist pattern 7 
is far Weaker than that of the amorphous silicon ?lm 13 and 
the resist pattern 7 of this embodiment. 

[0051] The ?rst embodiment has been described above. 
HoWever, the property of the light-shielding ?lm 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 ?lm 13. The 
same effect can be obtained by a structure in Which silicon 
is contained on the very surface of the tungsten CVD ?lm 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 ?lm 12 is 
eXposed to an SiH4 atmosphere and the silicon content on the 
surface of the ?lm. 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 ?lm surface of the tungsten CVD ?lm 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 con?rmed that When the tungsten ?lm sur 
face is eXposed to SiH4 at 30 sccm for 5 seconds or more, the 
silicon content on the surface of the tungsten ?lm 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 ?lm is exposed to SiH4. This is 
because the amorphous silicon ?lm 13 is formed on the 
tungsten CVD ?lm 12, instead of silicon being contained in 
the surface of the tungsten CVD ?lm 12. 

Second Embodiment 

[0054] In this embodiment, a solid-state imaging device 
having a light-shielding ?lm Whose surface is formed of a 
high melting point metal silicide ?lm, instead of the light 
shielding ?lm 10a Whose surface is formed of the amor 
phous silicon ?lm 13 of the ?rst 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 ?rst embodiment, so that in the 
folloWing, only different points Will be described. 

[0055] 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 ?lm 10b is 
a ?lm having a tWo-layered structure in Which a tungsten 
sputtered ?lm 11, Which is a high melting point metal ?lm, 
and a tungsten silicide ?lm 14, Which is a high melting point 
metal silicide ?lm, are laminated. The tungsten-sputtered 
?lm 11 serves as an adhesive layer for the tungsten silicide 
?lm 14. The tungsten silicide ?lm 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 ?lm When patterning the light-shielding ?lm 10b. 

[0056] The light-shielding ?lm 10b having such a struc 
ture can be produced in the folloWing manner. First, simi 
larly to the ?rst embodiment, the process of forming a metal 
?lm shoWn in FIG. 3A is performed to form the tungsten 
sputtered ?lm 11. Next, a tungsten silicide ?lm 14 having a 
thickness of 200 nm is formed by the CVD method, instead 
of the process of forming a metal ?lm shoWn in FIG. 3B and 
the surface treatment process shoWn in FIG. 3C. More 
speci?cally, a mixed gas of WF6 at 500 sccm and SiH2Cl2 
(dichlorosilane) at 300 sccm as a reactant gas is introduced 
to a chamber that is controlled to 1.2 Torr, so that a tungsten 
silicide ?lm 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 ?lm and the surface treatment 
process are performed at the same time. 

[0057] Then, the light-shielding ?lm 10b is formed by 
performing the process of applying a surfactant, the process 
of patterning a resist, the process of etching a metal ?lm and 
the process of removing the resist shoWn in FIGS. 3D to 3F. 
HoWever, in the process of etching the metal ?lm, the 
tungsten silicide ?lm 14 and the tungsten-sputtered ?lm 11 
are dry-etched. 

[0058] In the light-shielding ?lm 10b having the above 
described structure, the tungsten silicide ?lm 14 and the 
molecules 18 constituting the resist can be easily bonded, 
and the adhesion betWeen the tungsten silicide ?lm 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 ?lm 14 With an X-ray 
photospectroscopy, it Was con?rmed that When the silicon 
content is 10 atm % 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 ?lm as the high melting point 
metal silicide ?lm. HoWever, ?lms 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 ?lm Whose surface is formed of a 
high melting point metal silicide ?lm having a three-layered 
structure, instead of the light-shielding ?lm 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 ?lms constituting the 
light-shielding ?lm, 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 ?lm 10c is 
a ?lm having a three-layered structure in Which a tungsten 
sputtered ?lm 11, and a tungsten CVD ?lm 12, Which are 
high melting point metal ?lms, and a tungsten silicide ?lm 
14, Which is a high melting point metal silicide ?lm, are 
laminated. The tungsten-sputtered ?lm 11 serves as an 
adhesive layer for the tungsten CVD ?lm 12. The tungsten 
silicide ?lm 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 ?lm When pattern 
ing the light-shielding ?lm 10c. 

[0063] The light-shielding ?lm 10c having such a structure 
can be produced in the folloWing manner. First, similarly to 
the ?rst embodiment, the processes of forming a metal ?lm 
shoWn in FIGS. 3A and 3B are performed to form the 
tungsten-sputtered ?lm 11 and the tungsten CVD ?lm 12. 

[0064] Next, instead of the surface treatment process 
shoWn in FIG. 3C, a surface treatment process is performed 
by forming the tungsten silicide ?lm 14. More speci?cally, 
a mixed gas of WF6 at 500 sccm and SiH2Cl2 (dichlorosi 
lane) at 300 sccm as a reactant gas is introduced to a 
chamber that is controlled to 1.2 Torr, so that a tungsten 
silicide ?lm 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 ?lm 10c is formed by 
performing the process of applying a surfactant, the process 
of patterning a resist, the process of etching a metal ?lm and 
the process of removing the resist shoWn in FIGS. 3D to 3F. 
HoWever, in the process of etching the metal ?lm, the 
tungsten silicide ?lm 14, the tungsten CVD ?lm 12 and the 
tungsten-sputtered ?lm 11 are dry-etched. 

[0066] Also in the light-shielding ?lm 10c having the 
above-described structure, similarly to the second embodi 
ment, the tungsten silicide ?lm 14 and the resist 18 can be 
easily bonded to each other, and the adhesion betWeen the 
tungsten silicide ?lm 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 ?lm 14 is 10 atm % or more, peeling of the 
resist can be prevented. Moreover, ?lms formed of other 
silicide compounds of a high melting point metal such as 
molybdenum and tantalum, instead of the tungsten silicide 
?lm, can be used as the high melting point metal silicide 
?lm. 
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[0067] In the structure of the second embodiment, the 
tungsten silicide ?lm 14 is formed directly on the tungsten 
sputtered ?lm 11, so that the light-shielding properties 
maybe suf?cient, 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 ?lm 12 on the tungsten-sputtered ?lm 11, as in this 
embodiment, the solid-state imaging device can have suffi 
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 ?lm Whose surface is formed of an 
oXide ?lm, instead of the light-shielding ?lm 10a Whose 
surface is formed of the amorphous silicon ?lm 13 of the 
?rst 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 ?rst 
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 ?lm 10d is 
a ?lm having a three-layered structure in Which a tungsten 
sputtered ?lm 11, and a tungsten CVD ?lm 12, Which are 
high melting point metal ?lms, and an oXide ?lm 30 are 
laminated. The tungsten-sputtered ?lm 11 serves as an 
adhesive layer for the tungsten CVD ?lm 12. The oXide ?lm 
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 ?lm When patterning the 
light-shielding ?lm 10d. As the oXide ?lm 30 having such a 
property, silicon oXide can be used preferably. 

[0070] The light-shielding ?lm 10d having such a struc 
ture can be produced in the folloWing manner. Similarly to 
the ?rst embodiment, the processes of forming a metal ?lm 
shoWn in FIGS. 3A and 3B are performed to form the 
tungsten-sputtered ?lm 11 and the tungsten CVD ?lm 12. 

[0071] Next, instead of the surface treatment process 
shoWn in FIG. 3C, a surface treatment process is performed 
by forming the oXide ?lm 30. More speci?cally, a silicon 
oXide ?lm (SiO2) 30 having a thickness of 50 nm is formed 
by the CVD method. 

[0072] Then, the light-shielding ?lm 10d is formed by 
performing the process of applying a surfactant, the process 
of patterning a resist, the process of etching a metal ?lm and 
the process of removing the resist shoWn in FIGS. 3D to 3F. 
HoWever, in the process of etching the metal ?lm, the oXide 
?lm 30, the tungsten CVD ?lm 12 and the tungsten-sput 
tered ?lm 11 are dry-etched. 

[0073] Also in the light-shielding ?lm 10d having the 
above-described structure, similarly to the above-described 
embodiments, the oXide ?lm 30 and the resist 18 can be 
easily bonded to each other, and the adhesion betWeen the 
oXide ?lm 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. 

[0074] 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 ?lm 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 ?lm or a high 
melting point metal compound ?lm as an eXample of the 
metal ?lm included in the light-shielding ?lm, but a ?lm that 
has light-shielding ability and can be formed by sputtering 
or the CVD method, such as other compound ?lms of a high 
melting point metal, ?lms 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 ?lm. 

[0076] In the above-described embodiments, an eXample 
of ?lm-formation conditions for forming a light-shielding 
?lm has been shoWn, but the ?lm-formation conditions are 
not limited to those shoWn in the above-described embodi 
ments. Furthermore, the structure other than the light-shield 
ing ?lm of the solid-state imaging device is not limited to 
that shoWn in FIG. 1. 

[0077] The structure of the light-shielding ?lm and the 
method for producing the light-shielding ?lm of the present 
invention can increase the adhesion of the resist and form a 
?ne 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 modi?ca 
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 ?lm in Which an opening portion is 
formed above the light-receiving portion, 

Wherein the light-shielding ?lm includes at least one of a 
high melting point metal ?lm and a high melting point 
metal compound ?lm having a light-shielding property, 
and a surface of the light-shielding ?lm 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 ?lm contains 
silicon. 

3. The solid-state imaging device according to claim 1, 
Wherein the surface of the light-shielding ?lm is formed of 
either one of a high melting point metal ?lm containing 
silicon, an amorphous silicon ?lm, a high melting point 
metal silicide ?lm and an oXide ?lm. 

4. The solid-state imaging device according to claim 3, 
Wherein the high melting point metal ?lm containing silicon 
is a tungsten ?lm containing silicon. 

5. The solid-state imaging device according to claim 3, 
Wherein the high melting point metal ?lm containing silicon 
contains silicon at least at 10 atm %. 
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6. A method for producing a solid-state imaging device 
comprising a light-shielding ?lm on a semiconductor sub 

strate in Which a light-receiving portion is formed, the 
light-shielding ?lm having an opening portion above the 
light-receiving portion, the method comprising: 

a metal ?lm formation step of forming at least one of a 
high melting point metal ?lm and a high melting point 
metal compound ?lm 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 ?lm 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 ?lm that has been subjected to the surface process 
ing, 

a patterning step of applying a resist on the surfactant to 
form a pattern, 
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an etching step of performing an etching treatment of the 
metal ?lm 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 How along the surface 
of the metal ?lm so that silicon is contained in the metal ?lm. 

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 How along the surface 
of the metal ?lm so that an amorphous silicon ?lm is formed 
on the metal ?lm. 

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 ?lm is formed on the 
metal ?lm. 

10. The method for producing a solid-state imaging 
device according to claim 6, Wherein in the surface treatment 
step, an oXide ?lm is formed on the metal ?lm. 

* * * * * 


