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(57) ABSTRACT 

In a solid-state image pickup device, it is difficult to match an 
optimum incidence angle corresponding to an image height 
of a pixel array region with light incidence characteristics of 
a camera lens, thereby causing image quality deterioration 
due to sensitivity shading. Respective microlenses are dis 
posed in a two-dimensional manner, i.e., in a row and a 
column directions. In particular, the microlenses are disposed 
Such that each side of a disposition region where the micro 
lenses are disposed has a concave curve with respect to a line 
connecting adjacent vertexes of the disposition region. In 
other words, a distance A (A) between center points of a 
pair of facing sides of the disposition region is set to be 
Smaller than a distance B. (B) between neighboring ver 
texes of the disposition region. 
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SOLD-STATE IMAGE PICKUP DEVICE 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to a solid-state image 
pickup device and more particularly, to a solid-state image 
pickup device in which shading is Suppressed. 
0003 2. Description of the Background Art 
0004 Conventionally, as a solid-state image pickup 
device, an amplifying Solid-state image pickup device and a 
CCD solid-state image pickup device have been well-known. 
In general, it is difficult for the amplifying Solid-state image 
pickup device to obtain more excellent sensitivity character 
istics than those obtained by the CCD solid-state image 
pickup device. The reason is as follows. To Supply Voltages to 
MOS-FETs in charge detection regions, the amplifying solid 
state image pickup device requires a plurality of layers (two 
or more layers) of metal wires above a photoelectric conver 
sion region. However, the metal wires block light and make it 
hard for incident light to reach the photoelectric conversion 
region. 
0005 FIG. 14 is a schematic diagram illustrating a con 
figuration of a general amplifying solid-state image pickup 
device. 
0006. The solid-state image pickup device shown in FIG. 
14 includes a pixel array region 10 in which a plurality of 
pixels including photodiodes are disposed in a two-dimen 
sional matrix manner. In FIG. 14, only a part of the plurality 
of pixels included in the pixel array region 10 is shown. 
0007 Hereinafter, with reference to FIGS. 15A, 15B, 15C, 
and 15D, a conventional amplifying Solid-state image pickup 
device disclosed in Japanese Laid-Open Patent Publication 
No. 2001-2374.04 will be described. 
0008 FIG. 15A is a schematic diagram illustrating a plane 
view of a pixel disposed in a central portion of a pixel array 
region and FIG. 15C is a schematic diagram illustrating a 
cross-sectional view of the pixel shown in FIG. 15A. FIG. 
15B is a schematic diagram illustrating a plane view of a pixel 
disposed in a peripheral portion in the pixel array region and 
FIG. 15 D is a schematic diagram illustrating a cross-sec 
tional view of the pixel shown in FIG. 15B. 
0009. The pixels are formed on a surface of a semiconduc 
tor substrate 101, each of which includes a photodiode 110 
serving as a photoelectric conversion region, an insulating 
film 102 covering the photodiode 110, a first metal film 103 
covering the insulating film 102, a metal-embedded region 
104 (not shown in FIGS. 15B and 15D), an insulating film 
105, a second metal film 106 having an opening formed above 
the photoelectric conversion region, a color filter 107, an 
insulating film 108, and a microlens 109. 
0010. As shown in FIGS. 15A-15D, the pixel disposed in 
the central portion of the pixel array and the pixel disposed in 
the peripheral portion of the pixel array have a common layer 
structure. The pixel disposed in the peripheral portion of the 
pixel array is different from the pixel disposed in the central 
portion of the pixel array in that the microlens 109, the second 
metal film 106, and the metal-embedded region 104 are dis 
placed from a center of the photodiode 110 toward a center of 
the pixel array by distances a, b, and c. 
0011 FIG.16 is a schematic diagram explaining incidence 
of light into the pixel disposed in the central portion of the 
pixel array and the pixel disposed in the peripheral portion of 
the pixel array. 
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0012. As shown in FIG. 16, a camera lens 111 is attached 
to the Solid-state image pickup device via a frame or the like. 
When a center of the camera lens 111 is positioned immedi 
ately above the pixel in the central portion of the pixel array, 
light converged by the camera lens 111 enters the pixel in the 
central portion of the pixel array substantially in a vertical 
direction and enters in the pixel in the peripheral portion of 
the pixel array in an oblique direction. 
0013 Therefore, in order for more light to enter the pho 
todiode 110 in the pixel in the peripheral portion of the pixel 
array, it is effective to displace the microlens 109, the second 
metal film 106, and the metal-embedded region 104 toward a 
light Source side by the distances a, b, and c (hereinafter, this 
method is referred to as a “shrink method”). 
0014 FIG. 17 is a schematic diagram showing a conven 
tional shrink method. Specifically, in FIG. 17, a layout 1201 
(solid line) shows disposition of the photodiodes 110; a layout 
1202 (thin dottedline) shows disposition of the metal-embed 
ded regions 104; a layout 1203 (broken line) shows disposi 
tion of the second metal films 106; and a layout 1204 (alter 
nate long and two short dashes line) shows disposition of the 
microlenses 109. In order to enhance an efficiency of gather 
ing light into the photodiode 110, a displacement amounta of 
the microlens 109, a displacement amount b of the second 
metal film 106, a displacement amount c of the metal-embed 
ded region 104 are set so as to satisfy a relationship ad-bec. 
0015. In general, since two or more wiring layers are 
formed in the amplifying Solid-state image pickup device, a 
distance between the photoelectric conversion region and the 
metal film is large. Accordingly, due to causes such as light 
blocking by the metal film, it is made hard for light to reach 
the photoelectric conversion region in the pixel in the periph 
eral portion of the pixel array, thereby causing a problem of 
deteriorating image quality. Therefore, the above-mentioned 
shrink method has been adopted. 
0016. However, the conventional shrink method may have 
difficulties in optimizing positions (i.e., displacement 
amounts) of the microlenses for all pixels in accordance with 
light incidence characteristics of the camera lens. This is 
because whereas the displacement amount of the microlens 
and an incidence angle are substantially in proportion to each 
other, an incidence angle of light entering the photodiode 
from the camera lens and an image height are not in propor 
tion to each other. 
0017. Therefore, in the solid-state image pickup device of 
the conventional art, the greater a distance between a pixel 
and the center of the pixel array is, the less sufficient an 
amount of the incident light entering into the pixel becomes, 
thereby causing deterioration in image quality (sensitivity 
shading) due to a difference between the amount of the inci 
dent light entering into the pixel in the central portion of the 
pixel array and the amount of the incident light entering into 
the pixel in the peripheral portion of the pixel array. 

SUMMARY OF THE INVENTION 

0018. Therefore, an object of the present invention is to 
provide a solid-state image pickup device in which sensitivity 
shading is suppressed. 
0019. One aspect of the present invention is directed to a 
Solid-state image pickup device comprising a pixel array 
region, on a semiconductor Substrate, where a plurality of 
pixels are two-dimensionally disposed in a row direction and 
a column direction. Each of the pixels includes a photoelec 
tric conversion region and a microlens for converging light 
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into the photoelectric conversion region. Disposition of the 
microlens is determined for each of the pixels, and the micro 
lenses are two-dimensionally disposed with different pitches. 
0020. In each of the pixels, a displacement amount 
between a center of the pixel and a center of the microlens 
may be set to be a value obtained by multiplying a distance 
between the center of the pixel and a center of the pixel array 
region by a first coefficient. In this case, it is preferable that 
the value of the first coefficient varies depending on respec 
tive positions of at least two pixels. 
0021. The microlenses may be disposed in a disposition 
region Such that an outer shape of the disposition region has at 
least one curve which connects two adjacent vertexes of the 
disposition region and is concave with respect to a line pass 
ing through the two adjacent vertexes. 
0022. A distance between a center of the microlens and a 
center of said each of the pixels may be set so as to increase in 
accordance with an increase in an image height until the 
image height reaches a predetermined value and to be Sub 
stantially constant after the image height exceeds the prede 
termined value. 
0023 The pixel array region may include a plurality of 
partial regions, each of which includes a plurality of the pixels 
disposed in a rectangular array, and the microlenses may be 
disposed so as to have pitches which are different from each 
other between two neighboring partial regions. 
0024. The partial regions may be disposed so as to be 
point-symmetrical with respect to a center of the pixel array 
region. 
0025. The pixel array region has a rectangular shape, and 
Vertexes of one of the partial regions may be positioned on 
diagonal lines of the pixel array region. 
0026. The pixel array region may include nine partial 
regions. 
0027. The pixel array region may have a rectangular 
shape, and vertexes of the partial regions may be positioned 
on an outer edge of the pixel array region. 
0028. The pixel array region may include three partial 
regions. 
0029. The pixels may be disposed such that a pitch 
between the pixels in a peripheral portion of the pixel array 
region is greater than a pitch between the pixels in a central 
portion of the pixel array region. 
0030. Another aspect of the present invention is directed to 
a solid-state image pickup device comprising a pixel array 
region, on a semiconductor Substrate, where a plurality of 
pixels are two-dimensionally disposed in a row direction and 
a column direction. Each of the pixels includes: a photoelec 
tric conversion region; a microlens for converging light into 
the photoelectric conversion region; and a metal film which 
has an opening formed between the microlens and the pho 
toelectric conversion region. Disposition of the opening and 
the microlens is determined for each of the pixels. The micro 
lenses are two-dimensionally disposed with different pitches, 
and the openings are two-dimensionally disposed with con 
stant pitches. 
0031. In said each of the pixels, a displacement amount 
between a center of said each of the pixels and a center of the 
microlens may be set to be a value obtained by multiplying a 
distance between the center of said each of the pixels and a 
center of the pixel array region by a second coefficient, and in 
said each of the pixels, a displacement amount between a 
center of the opening and a center of said each of the pixels 
may be set to be a value obtained by multiplying a distance 
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between the center of said each of the pixels and the center of 
the pixel array region by a third coefficient. In this case, it is 
preferable that the value of the second coefficient varies 
depending on respective positions of at least two pixels, and 
the value of the third coefficient is constant irrespective of 
respective positions of all the pixels. 
0032. The metal film may beformed in an uppermost layer 
of a multi-layer metal film. 
0033. The solid-state image pickup device may further 
comprise color filters. In this case, it is preferable that the 
color filters are two-dimensionally disposed with different 
pitches or with constant pitches for each pixel. 
0034. The microlenses may be disposed in a disposition 
region Such that an outer shape of the disposition region has at 
least one curve which connects two adjacent vertexes of the 
disposition region and is concave with respect to a line pass 
ing through the two adjacent vertexes. 
0035. The pixel array region may include a plurality of 
partial regions, each of which includes a plurality of the pixels 
disposed in a rectangular array, and the microlenses may be 
disposed so as to have pitches which are different from each 
other between two neighboring partial regions. 
0036. The pixel array region may have a rectangular 
shape, and vertexes of the partial regions may be positioned 
on an outer edge of the pixel array region. 
0037. The pixels may be disposed such that a pitch 
between the pixels in a peripheral portion of the pixel array 
region is greater than a pitch between the pixels in a central 
portion of the pixel array region. 
0038. The solid-state image pickup device according to 
each of the above-mentioned aspects may be an amplifying 
Solid-state image pickup device. 
0039. The solid-state image pickup device according to 
the present invention can Suppress sensitivity shading caused 
by a reduction in an amount of incident light to the peripheral 
portion of the pixel array region. In addition, the Solid-state 
image pickup device according to the present invention can be 
manufactured by using a fabrication process similar to that of 
the conventional Solid-state image pickup device, thereby 
making it unnecessary to add a new fabrication process. 
0040. These and other objects, features, aspects and 
advantages of the present invention will become more appar 
ent from the following detailed description of the present 
invention when taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0041 FIG. 1A is a diagram illustrating one example of a 
circuit configuration of a Solid-state image pickup device 
according to a first embodiment of the present invention; 
0042 FIG.1B is a diagram illustrating another example of 
a circuit configuration of a solid-state image pickup device 
according to the first embodiment; 
0043 FIG. 1C is a diagram illustrating a cross-sectional 
view of a pixel disposed in a central portion of a pixel array 
region; 
0044 FIG. 1D is a schematic diagram explaining inci 
dence of light into the pixels disposed in the central and a 
peripheral portions of the pixel array region; 
0045 FIG. 2A is a schematic diagram illustrating a layout 
of microlenses formed in the pixel array region in the Solid 
state image pickup device according to the first embodiment; 
0046 FIG.2B is a diagram illustrating an enlarged view of 
the portion “P” shown in FIG. 2A; 
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0047 FIG. 3 is a diagram showing a relationship between 
an image height and an optimum incidence angle for each 
pixel having each image height; 
0048 FIG. 4A is a schematic diagram showing displace 
ment amounts of the microlenses in detail; 
0049 FIG. 4B is a schematic diagram showing displace 
ment amounts of color filters in detail; 
0050 FIG. 4C is a schematic diagram showing displace 
ment amounts of second metal films in detail; 
0051 FIG. 5A is a schematic diagram illustrating a layout 
of the microlenses in a solid-state image pickup device 
according to a second embodiment of the present invention; 
0052 FIG.5B is a diagram illustrating an enlarged view of 
the portion “Q' shown in FIG. 5A; 
0053 FIG. 6 is a diagram illustrating a cross-sectional 
view of a pixel disposed in a central portion of a pixel array 
region; 
0054 FIG. 7 is a diagram showing a relationship between 
an image height and an optimum incidence angle for pixels; 
0055 FIG. 8 is a schematic diagram illustrating a layout of 
microlenses in a Solid-state image pickup device according to 
a third embodiment of the present invention; 
0056 FIG. 9 is a diagram showing a relationship between 
an image height and an optimum incidence angle for pixels; 
0057 FIG. 10A is a schematic diagram illustrating a lay 
out of microlenses in a solid-state image pickup device 
according to a fourth embodiment of the present invention; 
0058 FIG. 10B is a diagram illustrating a second metal 
film in the solid-state image pickup device according to the 
fourth embodiment; 
0059 FIG. 11A is a diagram illustrating an enlarged view 
of one example of the portion “R” shown in FIG. 10B; 
0060 FIG. 11B is diagram illustrating an enlarged view of 
another example of the portion “R” shown in FIG. 10B; 
0061 FIG. 12A is a schematic diagram showing displace 
ment amounts of the microlenses in detail; 
0062 FIG.12B is a schematic diagram showing displace 
ment amounts of color filters in detail; 
0063 FIG. 12C is a schematic diagram showing displace 
ment amounts of second metal films in detail; 
0064 FIG. 13A is a diagram showing a relationship 
between an image height and an angle of a light beam passing 
through an opening of the second metal film; 
0065 FIG. 13B is a diagram showing a relationship 
between an image height and a displacement amount of a 
light-shielding film; 
0066 FIG. 13C is a diagram showing a relationship 
between an image height and a coupling capacitance between 
the first metal film and the second metal film; 
0067 FIG.13D is a schematic diagram illustrating a cross 
sectional view of a pixel disposed in a peripheral portion of a 
pixel array region; 
0068 FIG. 14 is a schematic diagram illustrating a con 
figuration of a general amplifying solid-state image pickup 
device; 
0069 FIG. 15A is a schematic diagram illustrating a plane 
view of a pixel disposed in a central portion of a pixel array 
region; 
0070 FIG. 15B is a schematic diagram illustrating a plane 
view of a pixel disposed in a peripheral portion in the pixel 
array region; 
0071 FIG.15C is a schematic diagram illustrating a cross 
sectional view of the pixel shown in FIG. 15A; 
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0072 FIG.15D is a schematic diagram illustrating a cross 
sectional view of the pixel shown in FIG. 15B; 
0073 FIG.16 is a schematic diagram explaining incidence 
of light into the pixels disposed in the central and peripheral 
portions of the pixel array; 
0074 FIG. 17 is a schematic diagram showing a conven 
tional shrink method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0075. Hereinafter, respective embodiments of the present 
invention will be described. In the specification, the term 
“pitch' means a distance between reference points of two 
elements in one direction (for example, in a row direction) 
and/or a distance between the reference points in a direction 
perpendicular to the one direction. 

First Embodiment 

0076 FIG. 1A is a diagram illustrating one example of a 
circuit configuration of a Solid-state image pickup device 
according to a first embodiment of the present invention, and 
FIG. 1B is a diagram illustrating another example of a circuit 
configuration of a Solid-state image pickup device according 
to the first embodiment of the present invention. 
0077. The solid-state image pickup device according to 
the first embodiment includes a pixel array region 10 in which 
a plurality of pixels including photodiodes (12-1-1 to 12-3-1) 
are disposed in a two-dimensional matrix manner. In FIGS. 
1A and 1B, only apart of the plurality of pixels included in the 
pixel array region 10 is shown. 
0078 FIG. 1A is a diagram illustrating a solid-state image 
pickup device having a “one pixel to one cell configuration 
in which one pixel is included in one cell. In the solid-state 
image pickup device shown in FIG. 1A, one pixel includes, 
for example, a photodiode 12-1-1, a transfer transistor 13-1-1, 
a reset transistor 15-1-1, and an amplifier transistor 14-1-1. 
007.9 FIG. 1B is a diagram illustrating the solid-state 
image pickup device having a “two pixels to one cell’ con 
figuration in which two pixels are included in one cell. In the 
solid-state image pickup device shown in FIG. 1B, one pixel 
includes, for example, two photodiodes 12-1-1 and 12-2-1, 
two transfer transistors 13-1-1 and 13-2-1, a reset transistor 
15-1-1, and an amplifier transistor 14-1-1. The photodiodes 
12-1-1 and 12-2-1 are connected to the transfer transistors 
13-1-1 and 13-2-1, respectively. Output signals of the two 
photodiodes 12-1-1 and 12-2-1 are readout in response to 
ON/OFF switching of the transfer gates. 
0080 FIG. 1C is a diagram illustrating a cross-sectional 
view of a pixel disposed in a central portion of the pixel array 
region. 
I0081. As shown in FIG. 1C, the pixels are formed on a 
surface of a semiconductor substrate 101, each of which 
includes a photodiode 110 serving as a photoelectric conver 
sion region, an insulating film 102 formed so as to cover a 
surface of the photodiode 110, a first metal film 103 formed so 
as to cover a Surface of the insulating film 102, an insulating 
film 105 formed so as to cover a surface of the first metal film 
103, a second metal film 106 formed so as to cover a surface 
of the insulating film 105 and having an opening 5 formed 
above the photoelectric conversion region, a color filter 107 
formed so as to cover the opening 5 of the second metal film 
106, an insulating film 108, and a microlens (top lens) 109 for 
gathering light into the photoelectric conversion region. In a 
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predetermined position of the pixel, a metal-embedded region 
(not shown) is formed. And a readout circuit (not shown) for 
reading out a signal from the photoelectric conversion region 
is provided in each of the pixels. 
0082. When a plurality of metal films are formed on a 
surface of the semiconductor substrate 101, the second metal 
film 106 is formed in an uppermost layer. There are cases 
where the second metal film 106 formed in the uppermost 
layer has a function of a wire and where the second metal film 
106 formed in the uppermost layer has only a function of a 
light shielding film with no function of a wire. In the present 
embodiment, the second metal film 106 may be in either of 
the cases. 
0083 FIG. 1D is a schematic diagram explaining inci 
dence of light into the pixels disposed in the central and a 
peripheral portions of the pixel array region. 
0084 As shown in FIG. 1D, a camera lens 111 is attached 
to the Solid-state image pickup device via a frame or the like. 
When a center of the camera lens 111 is positioned immedi 
ately above the pixel in the central portion of the pixel array, 
light converged by the camera lens 111 enters the pixel in the 
central portion of the pixel array substantially in a vertical 
direction and enters in the pixel in the peripheral portion of 
the pixel array in an oblique direction. 
0085. Therefore, in the pixel in the peripheral portion of 
the pixel array, in order for more light to enter the photodiode 
110, the microlens 109, the second metal film 106, the color 
filter 107, and the first metal film 103 are each displaced from 
a central axis of the photodiode to a light source side. 
I0086 FIG. 2A is a schematic diagram illustrating a layout 
of the microlenses 109 formed in the pixel array region in the 
Solid-state image pickup device according to the first embodi 
ment. FIG.2B is a diagram illustrating an enlarged view of the 
portion “P” shown in FIG. 2A. 
0087 As described above, the pixel array region 10 
includes the plurality of pixels two-dimensionally disposed in 
a row and a column directions. As shown in FIGS. 2A and 2B, 
however, although the microlenses 109 are disposed in the 
two dimensional directions i.e., the row and the column direc 
tions, a disposition region 1 where the microlenses 109 are 
disposed does not have a precise rectangular shape and the 
outer shape of the disposition region 1 is formed by four 
curves. More specifically, the disposition region 1 is formed 
Such that each of the four curves constituting the outer shape 
of the disposition region 1 connects two adjacent vertexes of 
the disposition region 1 and is concave (toward the center of 
the pixel array region 10) with respect to a line passing 
through the two adjacent vertexes. 
0088. The shape of the disposition region 1 that is not a 
precise rectangular shape means that the microlenses 109 are 
disposed with different pitches, or that the microlenses 109 
are not formed at constant intervals, or the microlenses 109 
are not uniformly spaced. 
0089. Hereinafter, a longitudinal direction in the pixel 
array region 10 is referred to as an H direction (horizontal 
direction) and a direction perpendicular to the H direction is 
referred to as a V direction (vertical direction). Further, a 
direction along one diagonal line of the pixel array region 10 
is referred to as a D1 direction and a direction along another 
diagonal line of the pixel array region 10 is referred to as a D2 
direction. 
0090 FIG. 3 is a diagram showing a relationship between 
an image height and an optimum incidence angle for each 
pixel having each image height. In FIG. 3, a Solid line indi 
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cates a relationship between an image height and an optimum 
incidence angle in a case where a shrink (displacement) 
method according to the present embodiment is adopted and 
an alternate long and short dash line indicates a relationship 
between an image height and an optimum incidence angle in 
a case where a conventional shrink method is adopted. In FIG. 
3, a relationship among a principal ray angle, an upper limit 
angle, and a lower limit angle of light converged by the 
camera lens is also shown. 
0091. As shown in FIG. 3, an incidence angle of light 
output from the camera lens increases as an image height 
increases from Zero to a predetermined value. However, when 
the image height exceeds the predetermined value, an 
increasing rate of a light incidence angle decreases. As 
described above, it is understood that an incidence angle of 
light entering from the camera lens and an image height are 
not in proportion to each other. Further, it is understood that a 
difference between an upper limit angle and a lower limit 
angle of a light beam passing through the opening of the 
second metal film 106 is greater than a difference between an 
upper limit angle and a lower limit angle of a light beam 
passing through the microlens 109. 
0092. The reason is, as understood from the structure 
shown in FIG. 1D, that the second metal film 106 is usually 
formed below a periphery of the microlens 109 and disposed 
So as to have sufficient clearance between a light beam pass 
ing through the microlens 109 and the edge of the opening of 
the second metal film 106. 
0093. Accordingly, in order to enhance sensitivity of a 
Solid-state image pickup device, it is required to set an angle 
B shown in FIG. 1D sufficiently larger than an angle C. shown 
in FIG. 1D. Here, the angle C. indicates a difference between 
a lower limit angle and a principal ray angle of a light beam 
passing through the microlens 109 and the angle B shows a 
difference between a lower limit and a principal ray angle of 
a light beam passing through the opening of the second metal 
film 106. 
0094. However, in the conventional shrink method, since 
the microlenses 109 are disposed with constant pitches in an 
entire area of the pixel array region, an optimum incidence 
angle for each of the pixels increases in proportion to an 
image height. Accordingly, in the conventional Solid-state 
image pickup device, a principal ray angle for the camera lens 
and an optimum incidence angle for each of the pixels greatly 
differ from each other. 
0095. In contrast, the shrink method according to the 
present embodiment is characterized in that a displacement 
amount is optimized so that an incident angle for the camera 
lens matches with an optimum incidence angle for each of the 
pixels without relation to an image height. As a result, in every 
image height in the pixel array region, the shrink method 
according to the first embodiment can realize an enhancement 
of a light-gathering efficiency, as compared with the conven 
tional shrink method. 
0096. Features in a layout of the present embodiment are 
as follows. When an image height is in a range of 0% to A%, 
pitches between the microlenses 109 are small. When an 
image height is in a range of A% to 100%, pitches between 
the microlenses 109 are large. Therefore, around four corners 
of the microlens disposition region having a large image 
height, pitches between the microlenses 109 are large. A 
layout of the microlenses 109 of the present embodiment, as 
shown in FIG. 2A, has both or either of the following two 
features: a distance B in the H direction between neighbor 
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ing vertexes is larger than a width A of a central portion of 
the pixel array; and a distance B in the V direction between 
neighboring vertexes is larger than a height A of a central 
portion of the pixel array. Here, “A (%) is a value determined 
by incidence angle characteristics of the camera lens. 
0097. In the present embodiment, the incidence angle of 
light output from the microlense 109 and an optimum inci 
dence angle for the pixel corresponding to the microlens 109 
are not necessarily required to precisely match with each 
other over the entire of the pixel array region and when the 
incidence angle output from the microlense 109 and an opti 
mum incidence angle for the pixel approximately matches 
with each other, Sufficient effect of enhancing the light-gath 
ering efficiency can be attained. When a difference in the 
angles is below about 3, the sufficient effect of enhancing the 
light-gathering efficiency can be attained. If the difference in 
the angles is equal to or greater than 3, a reduction in sensi 
tivity may be caused. 
0098. Usually, when cells are disposed in a design process 
of a microlens array by using a CAD layout tool, there exists 
a constraint of minimum grid Scale (usually in an approxi 
mate range of 0.0005 to 0.005 um). 
0099 However, in order for the incidence angle character 

istics of the camera lens and the optimum incidence angle for 
each of the pixels to precisely match with each other, a grid 
having a scale equal to or less than the minimum grid Scale is 
required for designing a layout. When pitches between micro 
lenses are equal to or less than minimum grid Scale, a differ 
ence between an incidence angle for each of the microlenses 
and an incidence angle for each of the pixels is equal to or less 
than 0.1°, and have little influence on a light-gathering effi 
ciency. 
0100. In this case, since pitches between the microlenses 
109 are set by using the CAD layout tool, the pitches may 
change in a stepwise manner. 
0101. In a case where a top priority is given to sensitivity 
characteristic of a Solid-state image pickup device, it is pref 
erable that such a disposition method in which the micro 
lenses 109 are displaced is also adopted similarly for the 
second metal film 106 and the color filter 107. This is because 
due to fluctuations (positional deviation, fluctuation in a film 
thickness, etc.) occurring in processes of manufacturing the 
microlenses 109, the color filter 107, and the second metal 
film 106, the second metal film 106 may block light entering 
from the microlenses. It is also considered that there accrues 
a problem of color mixture occurring when a light beam 
passes through, not a color filter 107 through which a light 
beam should pass, another kind of a color filter 107 which is 
adjacently disposed. 
0102 Accordingly, in a case where a top priority is given 
to sensitivity and/or Saturation characteristics of the image 
pickup device, such problems can be solved by also adopting 
the above-mentioned disposition method, in which the micro 
lenses 109 are displaced, similarly for the second metal film 
106 and the color filter 107. In this case, similarly to in the 
conventional method, it is preferable that amounts a, b, and c 
of displacing the microlens 109, the color filter 107, and the 
second metal film 106 toward a light source side satisfy a 
relationship ad-bic. 
0103) As a method for designing a layout of the micro 
lenses 109, considered are a method in which patterns are 
drawn by using CAD in a collective manner and a method in 
which predetermined patterns are drawn on a mask at a plu 
rality of times by using electron beam lithography. 
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0104. The method in which patterns are drawn by using 
CAD in a collective manner is Suited to the Solid-state image 
pickup device according to the present embodiment. The 
reason is that in the present embodiment, pitches between the 
microlenses 109 are required to be precisely controlled so as 
to match with a minimum scale (approximately 0.001 um, 
usually) of the CAD layout tool and it is difficult for the 
method, in which predetermined patterns are drawn on a 
mask at a plurality of times by using electron beam lithogra 
phy, to control in Such a manner. 
0105. Alternatively, there may be a method in which one 
part of a layout having a rectangular shape is shrunk and 
drawn on a mask by using the electronbeam lithography and 
another part of the layout having the rectangular shape is 
previously shrunk by CAD to produce drawing data to be 
drawn on a mask. Whereas the electron beam lithography 
achieves a high resolution obtained upon shrinking, drawing 
a plurality of patterns on one mask many times may cause 
positional deviation. On the other hand, although a resolution 
is low when using the CAD, the number of times at which 
drawing on a mask is repeated can be reduced, leading to an 
advantage of reducing positional deviation. 
0106 Here, disposition of the second metal film 106, the 
color filter 107, and the microlenses 109 in the solid-state 
image pickup device according to the first embodiment, that 
is, displacement amounts of those elements will be described 
in detail with reference to FIGS. 3, and 4A to 4C. 
0107 FIG. 4A is a schematic diagram showing the dis 
placement amounts of the microlenses 109 in detail, FIG. 4B 
is a schematic diagram showing the displacement amounts of 
the color filters 107 in detail, and FIG. 4C is a schematic 
diagram showing the displacement amounts of the second 
metal films 106 in detail. In FIGS. 4A to 4C, a thickalternate 
long and short dashed line indicates a line drawn when an 
image height is A%. 
0.108 FIGS. 4A to 4C show displacement amounts, dis 
placement directions, and a displacement method of the 
microlenses 109, the color filters 107, and the second metal 
films 106, in a quadrangle which is indicated by an alternate 
long and two short dashes line and is a part of the pixel array 
region shown in FIG. 2A. 
0109 Displacement amounts and displacement directions 
of the microlenses 109, the color filters 107, and the second 
metal films 106 in the pixel array region in FIG. 2A are 
symmetrical to the displacement amounts and displacement 
directions shown in FIG. 4A, with respect to a horizontal 
center line and a vertical center line. 
0110. In FIGS. 4A to 4C, some pixels (a pixel Z. pixels AH 
to CH, pixels AV to CV, and pixels AD to CD) among pixels 
disposed in the pixel array region are shown in detail. The 
pixel Z is disposed in a central portion of the pixel array 
region and in the pixel Z, the microlens 109, the color filter 
107, and the second metal film 106 are not displaced with 
each other. The pixels AH, BH, and CH indicate pixels dis 
posed in positions distant from the pixel Z in a horizontal 
direction toward a peripheral portion, respectively. The pixels 
AV. BV, and CV indicate pixels disposed in positions distant 
from the pixel Z in a vertical direction toward the peripheral 
portion, respectively. Further, the pixels AD, BD, and CD 
indicate pixels disposed in positions distant from the pixel Z 
in an oblique direction toward the peripheral portion, respec 
tively. 
0111 Although in the figures, the pixel Z is supposed to be 
a pixel in the central portion of the pixel array region, the pixel 
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in which the microlens 109, the color filter 107, and the 
second metal film 106 are not displaced with each other may 
be provided at a portion of the pixel array region other than the 
central portion of the pixel array region in the present embodi 
ment. 

0112. The plurality of pixels Z, AH, BH, AV. BV, CV and 
AD (pixels disposed inside of a portion indicated by the thick 
alternate long and short dashed line) shown in detail in FIGS. 
4A to 4C have image heights in a range of 0% to A%. The 
pixels CH, BD, and CD (pixels disposed outside of the por 
tion indicated by the thick alternate long and short dashed 
line) have image heights in a range of A% to 100%. 
0113. In FIG. 4A, quadrangles drawn by a thick solid line 
indicate positions of the photodiodes and quadrangles drawn 
by a broken line indicate positions of the microlenses 109. 
Here, displacement amounts of the microlenses 109 (i.e., 
distances between centers of the photodiodes and centers of 
the microlenses 109) in the pixels AH, BH, and CH are shown 
as AH L, BH L, and CH. L. respectively. Displacement 
amounts of the microlenses 109 in the pixels AV. BV, and CV 
are shown as AV L, BV L, and CV L, respectively. Dis 
placement amounts of the microlenses 109 in the pixels AD, 
BD, and CD are shown as AD L, BD L, and CD L, respec 
tively. 
0114. In FIG. 4B, quadrangles drawn by a thick solid line 
indicate positions of the photodiodes and quadrangles drawn 
by a broken line indicate positions of the color filters 107. 
Here, displacement amounts of the color filters 107 (i.e., 
distances between centers of the photodiodes and centers of 
the color filters 107) in the pixels AH, BH, and CH are shown 
as AH F, BH F, and CH F, respectively. Displacement 
amounts of the color filters 107 in the pixels AV. BV, and CV 
are shown as AV F, BV F, and CV F, respectively. Displace 
ment amounts of the color filters 107 in the pixels AD, BD, 
and CD are shown as AD F, BD F, and CD F, respectively. 
0115. In FIG. 4C, quadrangles drawn by a thick solid line 
indicate positions of the photodiodes and quadrangles drawn 
by a broken line indicate positions of the second metal films 
106. Here, displacement amounts of the second metal films 
106 (i.e., distances between centers of the photodiodes and 
centers of openings formed in the second metal films 106) in 
the pixels AH, BH, and CH are shown as AH S, BH S, and 
CHS, respectively. Displacement amounts of the second 
metal films in the pixels AV. BV, and CV are shown as AV. S. 
BV S, and CV S, respectively. Displacement amounts of the 
second metal films in the pixels AD, BD, and CD are shown 
as AD S, BD S, and CD S, respectively. 
0116 Each of the above-mentioned displacement 
amounts in the respective figures is calculated by multiplying 
each of distances (e.g., H1, H2,H3, V1,V2, and V3) between 
a center 201L of the pixel Z and a center 200L of each of the 
pixels by each of predetermined coefficients (any of LM1 to 
LM3, LN1 to LN3, and LP1 to LP2) respectively, in accor 
dance with formulas shown in the respective figures. The 
coefficients (for example, LM1, LM2 and the like) are deter 
mined in accordance with characteristics of the camera lens. 

0117. As shown in FIG. 3, as the characteristics of the 
camera lens used with the Solid-state image pickup device 
according to the present embodiment, a principal ray angle of 
a light beam passing through the camera lens monotonously 
increases when an image height is in a range of 0% to A% and 
is Substantially constant when an image height is in a range of 
A% to 100%. As characteristics of a general camera lens, an 
image height A is usually in a range of 60% to 80%. 
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0118. Therefore, in the solid-state image pickup device 
according to the present embodiment, shrink is performed for 
the microlenses 109 so that in accordance with a change in the 
principal ray angle, the displacement amount of the microlens 
109 monotonously increases when the image height is in a 
range of 0% to A% and is substantially constant when the 
image height is equal to or greater than A%. 
0119) Specifically, with respect to pixels disposed in a 
region whose image height is in a range of 0% to A%, it is 
possible to make an absolute value, of a displacement amount 
between a center 200L of each of the pixels and a center 201L 
of a microlens 109, be substantially in proportion to an image 
height by making each of the coefficient (LM1, LM2. LN1, 
LN2, LN3, and LP1) constant. And with respect to pixels 
disposed in a region whose image height is equal to or greater 
than A%, the respective coefficients are set so as to satisfy 
relationships of the following formulas 1 to 3. 

LM1sLM2sLN1sLN2sLN3 Formula 1 

LM1sLP1 >LP2>LP3 Formula 2 

LM1sLM2>LM3 Formula 3 

0120 In the solid-state image pickup device according to 
the present embodiment, by setting values of the respective 
coefficients in Such a manner, the displacement amounts 
(CH L, BD L, CD L, and CV L) of the pixels whose image 
heights are greater than A% can be made Substantially con 
Stant. 

I0121. In other words, the respective displacement 
amounts CH L, BD L, CD L, and CV L satisfy a relation 
ship of CH Ls BD La-CD LeCV L. And the other displace 
ment amounts satisfy relationships of AH LaBH L. 
AV L-BV L-CV L, BH LisCV L, and AD LisBD L. 
0.122 With respect to pixels disposed in a region whose 
image height is equal to or greater than A%, the respective 
coefficients shown in FIG. 4B are set so as to satisfy relation 
ships of the following formulas 4 to 6. 

FM1sRM2sRN1sFN2sFN3 Formula 4 

FM1-FP1 >FP2>FP3 Formula 5 

FM1sFM2>FM3 Formula 6 

0123. In the solid-state image pickup device according to 
the present embodiment, by setting values of the respective 
coefficients in Such a manner, the displacement amounts 
(CH F, BD F, CD F, and CV F) of the pixels whose image 
heights are greater than A can be made Substantially constant. 
0.124. In other words, the respective displacement 
amounts CH F, BD F, CD F, and CV. F satisfies a relation 
ship of CH Fs-BD Fs-CD F-CV F. And the other displace 
ment amounts satisfy relationships AH F<BH F. 
AV F-BV F-CV F, BH FsCV F, and AD FsBD F. 
0.125 With respect to pixels disposed in a region whose 
image height is equal to or greater than A%, the respective 
coefficients shown in FIG. 4C are set so as to satisfy relation 
ships of the following formulas 7 to 9. 

SM1sSM2sSN1sSN2sSN3 Formula 7 

SM1sSP1 >SP2>SP3 Formula 8 

SM1sSM2>SM3 Formula 9 

0.126 In the solid-state image pickup device according to 
the present embodiment, by setting values of the respective 
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coefficients in Such a manner, the displacement amounts 
(CH S, BD S, CD S, and CV S) of the pixels whose image 
heights are greater than Acan be made Substantially constant. 
0127. In other words, the respective displacement 
amounts CHS, BDS, CD S, and CVS satisfies a relation 
ship of CH S-BD Sa-CD S-CV. S. And the other displace 
ment amounts satisfy relationships AH S<BH S. 
AV S-BV SsCV S, BH S and AD SisBD S. 
0128. The first metal films 103 may be also disposed so as 

to be displaced from the centers of the photodiodes by dis 
placement amounts obtained through similar calculations 
performed for obtaining the displacement amounts of the 
microlenses 109, the color filters 107, and the second metal 
films 106. 

Second Embodiment 

0129 FIG. 5A is a schematic diagram illustrating a layout 
of microlenses 109 in a solid-state image pickup device 
according to a second embodiment and FIG. 5B is a diagram 
illustrating an enlarged view of the portion “Q' shown in FIG. 
5A. FIG. 6 is a diagram illustrating a cross-sectional view of 
a pixel disposed in a central portion of a pixel array region. 
0130 Since a circuit configuration of the solid-state image 
pickup device according to the present embodiment is same 
as that of the Solid-state image pickup device according to the 
first embodiment shown in FIGS. 1A and 1B, descriptions on 
the circuit configuration will be omitted here. 
0131 The solid-state image pickup device according to 
the present embodiment has a structure similar to that of the 
Solid-state image pickup device according to the first embodi 
ment shown in FIG. 1D, except displacement amounts of 
microlenses 109, color filters 107, and second metal films 
106. In other words, as shown in FIGS. 1D and 6, pixels are 
formed on a surface of a semiconductor substrate 101, each of 
which includes a photodiode 110 serving as a photoelectric 
conversion region, an insulating film 102 formed so as to 
cover a surface of the photodiode 110, a first metal film 103 
formed so as to cover a surface of the insulating film 102, an 
insulating film 105 formed so as to cover a surface of the first 
metal film 103, a second metal film 106 formed so as to cover 
a surface of the insulating film 105 and having an opening 5 
formed above the photoelectric conversion region, the color 
filter 107 formed so as to cover the opening 5 of the second 
metal film 106, an insulating film 108, and the microlens (top 
lens) 109 for converging light into the photoelectric conver 
sion region. In a predetermined position of the pixel, a metal 
embedded region (not shown) is formed. And a readout circuit 
(not shown) for reading out a signal from the photoelectric 
conversion region is provided in each of the pixels. The insu 
lating films 102,105, and 108 are not necessarily made of the 
same material. For example, the insulating films 102 and 105 
may be made of silicon oxide or silicon oxynitride. The insu 
lating film 108 may be made of resin such as acrylate resin. 
When refractive indices of the materials of two contacting 
insulating films are different from each other, an interface 
between the two contacting insulating films reflects incident 
light, whereby the amount of the incident light entering into 
the photodiode 110 is reduced. Therefore, it is preferable to 
minimize the difference of refractive indices of the two con 
tacting insulating films. In general, when the difference of the 
refractive indices ranges from 0.1 to 0.3, the reduction in the 
amount of light caused by the reflection at the interface is 
Small. 
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0.132. When a plurality of layers of metal films are formed 
on a surface of the semiconductor substrate 101, the second 
metal film 106 is formed in an uppermost layer. There are 
cases where the second metal film 106 formed in the upper 
most layer has a function of a wire and where the second 
metal film 106 formed in the uppermost layer has only a 
function of a light shielding film with no function of a wire. In 
the present embodiment, the second metal film 106 may be in 
either of the cases. 
I0133) A disposition region 2, shown in FIG. 5A, where a 
plurality of microlenses 109 are two-dimensionally disposed 
in a row and a column directions, is of a rectangular shape. 
I0134. The solid-state image pickup device according to 
the present embodiment is characterized in that a disposition 
region 2 for the microlenses 109 is divided into a plurality of 
partial regions having rectangular shapes (rectangular geom 
etries) and a displacement pitch between the microlenses 109 
is set for each of the divided partial regions. In FIG. 5A, in 
order to facilitate understanding, each of the partial regions 
structuring the pixel array region is indicated by a solid line 
and directions are indicated by an alternate long and short 
dashed line. 
0.135 Although in the figures, a pixel Z is supposed to be 
a pixel in the central portion of the pixel array region, the pixel 
in which the microlens 109, the color filter 107, and the 
second metal film 106 are not displaced with each other may 
be provided in a portion a pixel other than the central portion 
of the pixel array region in the present embodiment. 
I0136. The disposition region 2 for the microlenses 109 
comprises nine partial regions having the rectangular shapes. 
0.137 More specifically, the disposition region 2 for the 
microlenses 109 includes a partial region A. having a plu 
rality of pixels disposed in a rectangular area in a central 
portion of the disposition region 2, and eight partial regions 
A to A, each of which has a plurality of pixels disposed 
in a rectangular area and is located outside of the partial 
region A-1. 
0.138. The partial regions A- and A. are aligned with the 
partial region A in the H direction and share sides with the 
partial region A-. The partial regions A- and A-2 are 
aligned with the partial region A in the V direction and 
share sides with the partial region A-. The partial regions 
A to A are disposed in four corners of the disposition 
region 2 and share vertexes 301 to 304 with the partial region 
A 1-1. 
0.139. Further, in the present embodiment, the partial 
region. A disposed in the central portion of the disposition 
region 2 for the microlenses 109 is arranged so that the ver 
texes 301 to 304 are positioned on diagonal lines of the 
disposition region 2. Note that positions of the vertexes 301 to 
304 of the partial region A- are determined in consideration 
of incident light characteristics of the camera lens. 
0140 Here, pitches between microlenses 109 disposed in 
each of the partial regions included in the disposition region 2 
will be described. 
0.141. The microlenses 109 in a same partial region are 
disposed so as to have constant pitches both in the H and V 
directions. However, the pitches of the microlenses 109 in one 
of the partial regions and those in another partial region 
adjacent to the one of the partial regions are different from 
each other at least in one of the H and V directions. 
0.142 More specifically, as shown in FIG. 5B, the micro 
lenses 109 in the partial region A in the central portion of 
the disposition region 2 are disposed so as to have constant 
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pitches “a” both in the H and V directions. The pitch “a” 
between the microlenses 109 is set so as to be shorter than a 
pitch for disposing the photodiodes. 
0143 Next, pitches between the microlenses 109 in the 
partial regions A to A positioned in the four corners of 
the disposition region 2 are constant both in the H and V 
directions and are often set so as to be longer than the pitch 
between the microlenses 109 in the partial region A-. In the 
present embodiment, as shown in FIG. 5B, the microlenses 
109 in the partial regions A to A are disposed so as to 
have constant pitches “b' both in the H and V directions. 
0144. Next, pitches in the H direction between the micro 
lenses 109 in the partial regions A- and A neighboring the 
partial region A in the H direction are set So as to be same 
as those in the partial region A. Pitches in the V direction 
between the microlenses 109 in the partial regions A- and 
A-2 are set So as to be same as those in the partial region A. 
In other words, as shown in FIG. 5B, the microlenses 109 in 
the partial regions A- and A-2 are disposed so as to have the 
constant pitches “b’ in the H direction and the constant 
pitches “a” in the V direction. 
0145 Pitches in the H direction between the microlenses 
109 in the partial regions A- and A neighboring the partial 
region A in the V direction are set so as to be same as those 
in the partial region A. Pitches in the V direction between 
the microlenses 109 in the partial regions A- and A. are set 
so as to be same as those in the partial region A-. In other 
words, as shown in FIG.SB, the microlenses 109 in the partial 
regions A- and A-2 are disposed so as to have the constant 
pitches “a” in the H direction and the constant pitches “b' in 
the V direction. 

0146 FIG. 7 is a diagram showing a relationship between 
an image height and an optimum incidence angle for pixels. 
In FIG.7, a thick solidline indicates a relationship between an 
image height and an optimum incidence angle in a case where 
a shrink method according to the present embodiment is 
adopted and abroken line indicates a relationship between an 
image height and an optimum incidence angle in a case where 
the conventional shrink method is adopted. In FIG. 7, a rela 
tionship among a principal ray angle, an upper limit angle, 
and a lower limitangle of light converged by the camera lens 
is also shown. 

0147 As shown in FIG. 7, an incidence angle of light 
output from the camera lens increases as an image height 
increases from Zero to a predetermined value. However, when 
the image height exceeds the predetermined value, an 
increase rate of a light incidence angle decreases. As 
described above, it is understood that an incidence angle of 
light entering from the camera lens and an image height are 
not in proportion to each other. 
0148. In the conventional shrink method, since the micro 
lenses 109 are disposed with constant pitches in an entire area 
of the pixel array region, an optimum incidence angle for each 
of the pixels increases in proportion to an image height, as 
shown by the broken line in FIG. 7. Accordingly, in the 
conventional Solid-state image pickup device, a principal ray 
angle for the camera lens and an optimum incidence angle for 
each of the pixels greatly differ from each other. 
0149. In contrast, in the solid-state image pickup device 
according to the present embodiment, division of the pixel 
array region shown in FIG. 5A and the pitches between the 
microlenses 109 in each of the divided partial regions are 
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determined in consideration of a relationship between an 
incidence angle of light entering from the camera lens and an 
image height. 
0150 More specifically, when an image height which 
causes a change in an increasing rate of an incidence angle of 
light output from the camera lens is assumed to be Z%, each 
image height at each of the vertexes 301 to 304 in the partial 
region. A shown in FIG. 5A may be set to be Z%. Usually, 
in the pixel array region, a proportion of a length of a side in 
the H direction to a length of a side in the V direction is 4:3. 
When Z is set to be 60%, X is 36% and Y is 48%. 
0151. In addition, the pitches between the microlenses 109 
in each of the partial regions are set based on an image height 
and a principal ray angle of the camera lens. Usually, the 
pitches between the microlenses 109 in the partial region A. 
are set to be longer than those between the microlenses 109 in 
the partial region A. Accordingly, a shrink rate in the partial 
region. A differs from that in the partial region A. 
0152. As a result, as shown by the solid line in FIG. 7, in 
the shrink method according to the present embodiment, an 
optimum incidence angle for each of the pixels in a region 
where an image height in the H direction is equal to or greater 
than X and in a region where an image height in the V 
direction is equal to or greater than Y slightly differs from a 
principal ray angle of the camera lens. However, an optimum 
incidence angle for each of the pixels in the D1 and D2 
directions (in other words, the directions along the diagonal 
lines in the pixel array region) Substantially matches with the 
principal ray angle of the camera lens. Accordingly, the solid 
state image pickup device according to the present embodi 
ment allows enhancing a light-gathering efficiency for the 
pixels in the D1 and D2 directions, thereby suppressing shad 
1ng. 
0153. In the shrink method according to the present 
embodiment, in the D1 and D2 directions, the light-gathering 
efficiency with respect to a light incidence amount is high 
both in the central and the peripheral portions of the pixel 
array region. Also in the H and the V directions, the light 
gathering efficiency obtained by the shrink method according 
to the present embodiment is equivalent to that obtained by 
the conventional shrink method. Therefore, the method of the 
present embodimentis Superior to that of the conventional art. 
0154 As a method for designing a layout of the micro 
lenses 109, considered are a method in which patterns are 
drawn by using CAD in a collective manner and a method in 
which predetermined patterns are drawn on a mask at a plu 
rality of times by using electron beam lithography. Either of 
the methods enables production of drawing data and produc 
tion of a maskin a very easy manner and is best Suited to mass 
production. 
0155 There may be a method in which one part of a layout 
having a rectangular shape is shrunk and drawn on a mask by 
using the electron beam lithography and another part of the 
layout having the rectangular shape is previously shrunk by 
CAD to produce drawing data to be drawn on a mask. 
Whereas the electronbeam lithography achieves a high reso 
lution obtained upon shrinking, drawing a plurality of pat 
terns on one mask many times may cause positional devia 
tion. On the other hand, although a resolution is low when 
using the CAD, a number of times at which drawing on a 
mask is repeated can be reduced, leading to an advantage of 
reducing positional deviation. 
0156. A resolution of the electron beam lithography and a 
resolution of CAD are approximately 10 nm and 50 nm, 
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respectively. And a positional deviation occurring when using 
the electronbeam lithography is approximately 10 to 100 nm. 
0157. As described above, the solid-state image pickup 
device according to the present embodiment is characterized 
in that the pixel array region includes the plurality of partial 
regions having rectangular shapes and the pitches between 
the microlenses 109 in one of the two neighboring partial 
regions differ from those between the microlenses 109 in 
another of the two neighboring partial regions. Therefore, 
according to the present embodiment, by adjusting the pitches 
between the microlenses 109 in the Hand the V directions for 
each partial region, a shrink rate in accordance with incidence 
light characteristics of the camera lens can be set for each of 
the partial regions. In particular, the Solid-state image pickup 
device according to the present embodimentis Suited in a case 
where shrink rates with respect to a light incidence angle are 
adjusted in the D1 and the D2 directions. 
0158. The shrink method for the solid-state image pickup 
device according to the present embodiment has a remarkable 
advantage that a layout is easy as compared with the conven 
tional shrink method. Further, since the plurality of regions 
are smoothly connected, the shrink method for the solid-state 
image pickup device according to the present embodiment 
has an advantage that excellent image characteristics can be 
obtained. 

0159. It is also possible for the shrink method according to 
the present embodiment to be applied to not only an ampli 
fying Solid-state image pickup device but also a CCD Solid 
state image pickup device. The CCD Solid-state image pickup 
device to which the shrink method according to the present 
embodiment is applied can exhibit effect similar to that 
attained by the amplifying Solid-state image pickup device 
according to the present embodiment. Note, however, that the 
shrink method according to the present embodiment is more 
advantageous especially when applied to the amplifying 
Solid-state image pickup device. The reason is as follows. 
Since in general, an amplifying Solid-state image pickup 
device has MOS-FETs in charge detection regions, metal 
wires (two or more layers) of a plurality of layers are required 
for Supplying Voltages. When distances between the micro 
lenses 109 and the photodiodes are increased by the metal 
wires of the plurality of layers, it is hard for such a general 
amplifying Solid-state image pickup device to receive light as 
compared with a CCD Solid-state image pickup device. In 
general, the longer the distances between the microlenses 109 
and the photodiodes are, the Smaller light amounts entering 
into the photodiodes are. 
0160. In the present embodiment, although the pixel array 
region includes the nine partial regions, it is only required for 
the number of partial regions to be two or more. When the 
number of partial regions is equal to or greater than ten, a 
principal ray angle of a camera lens and an optimum incident 
angle for each of the pixels can be more precisely matched 
with each other. 

0161 Further, in the present embodiment, although the 
respective vertexes of the partial region disposed in the cen 
tral portion of the pixel array region are disposed on the 
diagonal lines of the pixel array region, these respective ver 
texes may be disposed so as to be deviated from the diagonal 
lines. 

0162. Further, in the present embodiment, although the 
partial regions are disposed so as to be point-symmetrical 
with respect to a center of the pixel array region, the partial 
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regions may be disposed so as to be asymmetrical with 
respect to the center of the pixel array region. 
0163. Further, in the present embodiment, although the 
pitches between the pixels are not particularly limited, the 
pitches between the pixels disposed in the peripheral portion 
of the pixel array region may be set so as to be greater than the 
pitches between the pixels disposed in the central portion of 
the pixel array region. 
0164. Further, in the solid-state image pickup device 
according to the present embodiment, if a coupling capaci 
tance is considered similarly to in the fourth embodiment of 
the present invention described later, the second metal films 
106 can be disposed with constant pitches. 

Third Embodiment 

0.165. Hereinafter, a solid-state image pickup device 
according to a third embodiment of the present invention will 
be described. 
0166 Since a circuit configuration of the solid-state image 
pickup device according to the present embodiment is same 
as that of the Solid-state image pickup device according to the 
first embodiment shown in FIGS. 1A and 1B, descriptions on 
the circuit configuration will be omitted here. 
0.167 A structure of the solid-state image pickup device 
according to the present embodiment is same as that of the 
Solid-state image pickup device according to the first embodi 
ment shown in FIG. 1D, except displacement amounts of 
microlenses 109, color filters 107, and second metal films 
106. In other words, as shown in FIG. 1D, pixels are formed 
on a surface of a semiconductor substrate 101, each of which 
includes a photodiode 110 serving as a photoelectric conver 
sion region, an insulating film 102 formed so as to cover a 
surface of the photodiode 110, a first metal film 103 formed so 
as to cover a Surface of the insulating film 102, an insulating 
film 105 formed so as to cover a surface of the first metal film 
103, a second metal film 106 formed so as to cover a surface 
of the insulating film 105 and having an opening 5 formed 
above the photoelectric conversion region, a color filter 107 
formed so as to cover the opening 5 of the second metal film 
106, an insulating film 108, and a microlens (top lens) 109 for 
converging light into the photoelectric conversion region. In a 
predetermined position of the pixel, a metal-embedded region 
(not shown) is formed. And a readout circuit (not shown) for 
reading out a signal from the photoelectric conversion region 
is provided in each of the pixels. 
0168 When a plurality of layers of metal films are formed 
on a surface of the semiconductor substrate 101, the second 
metal film 106 is formed in an uppermost layer. There are 
cases where the second metal film 106 formed in the upper 
most layer has a function of a wire and where the second 
metal film 106 formed in the uppermost layer has only a 
function of a light shielding film with no function of a wire. In 
the present embodiment, the second metal film 106 may be in 
either of the cases. 
0169 FIG. 8 is a schematic diagram illustrating a layout of 
microlenses 109 in the solid-state image pickup device 
according to the third embodiment. In FIG. 8, in order to 
facilitate understanding, a solid line indicates respective 
regions which constitute a pixel array region and an alternate 
long and short dashed line indicates directions. 
0170 Although in the figures, a pixel Z is supposed to be 
a pixel in the central portion of the pixel array region, the pixel 
in which the microlens 109, the color filter 107, and the 
second metal film 106 are not displaced with each other may 
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be provided in a portion other than the central portion of the 
pixel array region in the present embodiment. 
0171 As shown in FIG. 8, a disposition region 3 for the 
microlenses 109 comprises three partial regions having the 
rectangular shapes. More specifically, the disposition region 
3 for the microlenses 109 includes apartial region A. having 
a plurality of pixels disposed in a rectangular area in a central 
portion of the disposition region3 and two partial regions A 
and A-, each of which has a plurality of pixels disposed in a 
rectangular area and located outside of the partial region A. 
0172 The partial regions A- and A. are aligned with the 
partial region A in an H direction and share sides with the 
partial region A. Respective vertexes 301 to 308 of the 
partial regions A-1, A2-, and A-2 are positioned on an outer 
edge of the disposition region3 for the microlenses 109. Note 
that positions of the vertexes 301 to 304 of the partial region 
A are determined in consideration of incident light charac 
teristics of the camera lens. 
0173 Here, pitches between microlenses 109 disposed in 
each of the partial regions included in the disposition region 3 
will be described. 
0.174. The microlenses 109 in a same partial region are 
disposed so as to have constant pitches both in the H and V 
directions. However, the pitches of the microlenses 109 in one 
of the partial regions and those in another partial region 
adjacent to the one of the partial regions are different from 
each other at least in one of the H and V directions. 
(0175 More specifically, the microlenses 109 in the partial 
region A in the central portion of the disposition region 3 
are disposed so as to have constant pitches both in the H and 
V directions. The pitch between the microlenses 109 is set so 
as to be shorter than a pitch for disposing the photodiodes. 
0176) Next, pitches in the H direction between the micro 
lenses 109 in the partial regions A- and A neighboring the 
partial region A in the H direction are set So as to be same 
as those in the partial region A. Pitches in the V direction 
between the microlenses 109 in the partial regions A- and 
A are set so as to be different from those in the partial 
region A-. In general, the pitches in the V direction between 
the microlenses 109 in the partial regions A- and A are set 
So as to be longer than those in the partial region A. 
0177 FIG. 9 is a diagram showing a relationship between 
an image height and an optimum incidence angle of light 
output from the camera lens. In FIG. 9, a solid line indicates 
a relationship between an image height and an optimum inci 
dence angle in a case where a shrink method according to the 
present embodiment is adopted and a broken line indicates a 
relationship between an image height and an optimum inci 
dence angle in a case where the conventional shrink method is 
adopted. 
(0178. As shown by the broken line in FIG.9, in the con 
ventional shrink method, since the microlenses 109 are dis 
posed with constant pitches over an entire area of the pixel 
array region, an optimum incidence angle for each of the 
pixels is in proportion to an image height. Accordingly, a 
principal ray angle output from the camera lens and an opti 
mum incidence angle for each of the pixels greatly differ from 
each other. 
0179. On the contrary, in the shrink method according to 
the present embodiment, since the pitches between the micro 
lenses 109 are set for each of the partial regions, a shrink rate 
can be set for each of the partial regions in accordance with 
light incidence characteristics of the camera lens. Accord 
ingly, as shown by the solid line in FIG. 9, although an 
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optimum incidence angle for each of the pixels in D1 and D2 
directions slightly differs from a principal ray angle, an opti 
mum incidence angle for each of the pixels in H and V 
directions Substantially matches with the principal ray angle 
of the camera lens. Accordingly, the Solid-state image pickup 
device according to the present embodimentallows realizing 
a highlight-gathering efficiency for the pixels aligned at least 
in the H and V directions. 
0180. As described above, the solid-state image pickup 
device according to the present embodiment is characterized 
in that the pixel array region includes the plurality of partial 
regions having rectangular shapes and the pitches between 
the microlenses 109 in one of the two neighboring partial 
regions differ from those between the microlenses 109 in 
another of the two neighboring partial regions. In particular, 
the Solid-state image pickup device according to the present 
embodimentis Suited in a case where shrink rates with respect 
to a light incidence angle are adjusted in the H and V direc 
tions. 
0181. The shrink method for the solid-state image pickup 
device according to the present embodiment has a remarkable 
advantage that a layout is easy as compared with the conven 
tional shrink method. Further, since the plurality of regions 
are smoothly connected, the shrink method for the solid-state 
image pickup device according to the third embodiment has 
an advantage that excellent image characteristics can be 
obtained. 
0182. It is also possible for the shrink method according to 
the present embodiment to be applied to not only an ampli 
fying Solid-state image pickup device but also a CCD Solid 
state image pickup device. The CCD Solid-state image pickup 
device to which the shrink method according to the present 
embodiment is applied can exhibit effect similar to that 
attained by the amplifying Solid-state image pickup device 
according to the present embodiment. Note, however, that the 
shrink method according to the present embodiment is more 
advantageous especially when applied to the amplifying 
Solid-state image pickup device. The reason is as follows. 
Since in general, an amplifying Solid-state image pickup 
device has MOS-FETs in charge detection regions, metal 
wires (two or more layers) of a plurality of layers are required 
for Supplying Voltages. When distances between the micro 
lenses 109 and the photodiodes are increased by the metal 
wires of the plurality of layers, it is hard for the general 
amplifying Solid-state image pickup device to receive light as 
compared with a CCD Solid-state image pickup device. In 
general, the longer the distances between the microlenses 109 
and the photodiodes are, the Smaller light amounts entering 
into the photodiodes are. 
0183 In the present embodiment, although the disposition 
region 3 includes the three partial regions, it is only required 
for the number of partial regions to be two or more. When the 
number of partial regions is equal to or greater than four, a 
principal ray angle of a camera lens and an optimum incident 
angle for each of the pixels can be more precisely matched 
with each other compared to a solid-state image pickup 
device having three partial regions. 
0.184 Further, in the present embodiment, although the 
disposition region3 for the microlenses 109 includes the three 
partial regions aligned in the H direction, the disposition 
region 3 may include a plurality of partial regions aligned in 
the V direction. 
0185. Further, in the present embodiment, although the 
partial regions are disposed so as to be point-symmetrical 
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with respect to a center of the pixel array region, the partial 
regions may be disposed so as to be asymmetrical with 
respect to the center of the pixel array region. 
0186. Further, in the solid-state image pickup device 
according to the third embodiment, if a coupling capacitance 
is considered similarly to in the fourth embodiment of the 
present invention described later, the second metal films 106 
can be disposed with constant pitches. 

Fourth Embodiment 

0187. Hereinafter, a solid-state image pickup device 
according to a fourth embodiment of the present invention 
will be described. 
0188 Since a circuit configuration of the solid-state image 
pickup device according to the present embodiment is same 
as that of the Solid-state image pickup device according to the 
first embodiment shown in FIGS. 1A and 1B, descriptions on 
the circuit configuration will be omitted here. 
0189 A structure of the solid-state image pickup device 
according to the present embodiment is same as that of the 
Solid-state image pickup device according to the first embodi 
ment shown in FIG. 1D, except displacement amounts of 
microlenses 109, color filters 107, and second metal films 
106. In other words, as shown in FIG. 1D, pixels are formed 
on a surface of a semiconductor substrate 101, each of which 
includes a photodiode 110 serving as a photoelectric conver 
sion region, an insulating film 102 formed so as to cover a 
surface of the photodiode 110, a first metal film 103 formed so 
as to cover a surface of the insulating film 102, an insulating 
film 105 formed so as to cover a surface of the first metal film 
103, a second metal film 106 formed so as to cover a surface 
of the insulating film 105 and having an opening 5 formed 
above the photoelectric conversion region, a color filter 107 
formed so as to cover the opening 5 of the second metal film 
106, an insulating film 108, and a microlens (top lens) 109 for 
converging light into the photoelectric conversion region. In a 
predetermined position of the pixel, a metal-embedded region 
(not shown) is formed. And a readout circuit (not shown) for 
reading out a signal from the photoelectric conversion region 
is provided in each of the pixels. 
0190. When a plurality of layers of metal films are formed 
on a surface of the semiconductor substrate 101, the second 
metal film 106 is formed in an uppermost layer. There are 
cases where the second metal film 106 formed in the upper 
most layer has a function of a wire and where the second 
metal film 106 formed in the uppermost layer has only a 
function of a light shielding film with no function of a wire. In 
the present embodiment, the second metal film 106 may be in 
either of the cases. 
0191 FIG. 10A is a schematic diagram illustrating a lay 
out of microlenses 109 in the solid-state image pickup device 
according to the fourth embodiment. FIG. 10B is a diagram 
illustrating the second metal film 106 in the solid-state image 
pickup device according to the fourth embodiment. In FIGS. 
10A and 10B, in order to facilitate understanding, a solid line 
indicates regions and a broken line indicates directions. 
0.192 As shown in FIG. 10A, in a disposition region 4 of 
the Solid-state image pickup device according to the present 
embodiment, similarly to in the first embodiment, a plurality 
of microlenses 109 are disposed. 
0193 On the other hand, the second metal film 106 shown 
in FIG. 10B is formed as a region. As where a plurality of 
openings (not shown) are disposed for each disposition unit 
AS. Each disposition unit AS has a constant pitch. 
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0194 FIG. 11A is a diagram illustrating an enlarged view 
of one example of the portion “R” shown in FIG. 10B and 
FIG. 11B is diagram illustrating an enlarged view of another 
example of the portion “R” shown in FIG. 10B. 
0.195 Here, there are cases where a disposition unit AS is 
made up of one pixel as shown in FIG. 11A and where a 
disposition unit is made up of several pixels as shown in FIG. 
11B. In the case where a disposition unit is made of several 
pixels, the disposition pitches in the disposition unit are not 
necessarily required to be constant. 
0196. When the second metal film 106 is disposed per unit 
of one pixel, it is impossible to dispose the second metal film 
106 having a pitch equal to or less than a minimum scale (in 
general, approximately 0.001 um) in a CAD layout tool. On 
the other hand, when the second metal film 106 is disposed 
per unit of several pixels, it is possible to dispose the metal 
film 106 having an average pitch equal to or less than a 
minimum scale in the CAD layout tool, allowing the dispo 
sition to be controlled in detail. 
0.197 In other words, as shown in FIG. 11B, when the 
disposition unit AS is made up of nine pixels, by setting a 
pitch “b” to be equal to or less than a pitch “a”, it is possible 
for a disposition pitch B (-2a+b) of a disposition unit AS to be 
smaller than a disposition pitch 3A (3a) in a case where a 
disposition unit AS is made up of one pixel. 
(0198 That pitches between the microlenses 109 in an 
entire area of the pixel array region are not equal and that 
pitches between openings of the second metal film 106 are set 
to be constant will be described in detail. Hereinafter, FIG.3 
is also utilized for describing the present embodiment. 
0199 First, displacement amounts of the second metal 
films 106, the color filters 107, and the microlenses 109 in the 
Solid-state image pickup device according to the fourth 
embodiment will be described with reference to FIGS. 3, and 
12A to 12C. 
0200 FIG. 12A is a schematic diagram showing the dis 
placement amounts of the microlenses 109 in detail, FIG.12B 
is a schematic diagram showing the displacement amounts of 
the color filters 107 in detail, and FIG. 12C is a schematic 
diagram showing the displacement amounts of the second 
metal films 106 in detail. In FIGS. 12A, 12B, and 12C, an 
alternate long and short dashed line indicates a line drawn 
when an image height is A. 
0201 FIGS. 12A to 12C show displacement amounts, dis 
placement directions, and a displacement method of the 
microlenses 109, the color filters 107, and the second metal 
films 106, in a quadrangle which is indicated by an alternate 
long and two short dashes line and is a part of the pixel array 
region shown in FIG. 10A. 
0202 Displacement amounts and displacement directions 
of the microlenses 109, the color filters 107, and the second 
metal films 106 in a portion, of the pixel array region, other 
than the quadrangle indicated by the alternate long and two 
short dashes line in FIG.10A are symmetrical to the displace 
ment amounts and displacement directions shown in FIGS. 
12A to 12C, with respect to a horizontal center line and a 
vertical center line. 
0203. In FIGS. 12A to 12C, some pixels (a pixel Z. pixels 
AH, BH, and CH, pixels AV. BV, and CV, and pixels AD, BD, 
and CD) among pixels disposed in the pixel array region are 
shown in detail. The pixel Z is disposed in a central portion of 
the pixel array region and in the pixel Z, the microlens 109, 
the color filter 107, and the second metal film 106 are not 
displaced with each other. The pixels AH, BH, and CH indi 
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cate pixels disposed in positions distant from the pixel Zin the 
horizontal direction toward a peripheral portion, respectively. 
The pixels AV. BV, and CV indicate pixels disposed in posi 
tions distant from the pixel Z in the vertical direction toward 
the peripheral portion, respectively. Further, the pixels AD, 
BD, and CD indicate pixels disposed in positions distant from 
the pixel Z in the oblique direction toward the peripheral 
portion, respectively. 
0204 Although in the figures, the pixel Z is supposed to be 
a pixel in the central portion of the pixel array region, the pixel 
in which the microlens 109, the color filter 107, and the 
second metal film 106 are not displaced with respect to the 
photodiode may be a pixel other than the pixel in the central 
portion of the pixel array region in the present embodiment. 
0205 The plurality of pixels Z, AH, BH, AV. BV, and AD 
(pixels disposed inside of a portion indicated by the alternate 
long and short dashed line) shown in detail in FIGS. 12A to 
12C have image heights in a range of 0% to A%. The pixels 
CH, BD, and CD (pixels disposed outside of the portion 
indicated by the alternate long and short dashed line) have 
image heights in a range of A% to 100%. 
0206. In FIG.12A, quadrangles drawn by a thick solid line 
indicate positions of the photodiodes and quadrangles drawn 
by a broken line indicate positions of the microlenses 109. 
Here, displacement amounts (distances between centers of 
the photodiodes and centers of the microlenses 109) of the 
microlenses 109 in the pixels AH, BH, and CH are shown as 
AH. L. BH. L., and CH. L., respectively. Displacement 
amounts of the microlenses 109 in the pixels AV. BV, and CV 
are shown as AV L, BV L, and CV L, respectively. Dis 
placement amounts of the microlenses 109 in the pixels AD, 
BD, and CD are shown as AD L, BD L, and CD L, respec 
tively. 
0207. In FIG. 12B, quadrangles drawn by a thick solid line 
indicate positions of the photodiodes and quadrangles drawn 
by a broken line indicate positions of the color filters 107. 
Here, displacement amounts (distances between centers of 
the photodiodes and centers of the color filters 107) of the 
color filters 107 in the pixels AH, BH, and CH are shown as 
AH F, BH F, and CH F, respectively. Displacement 
amounts of the color filters 107 in the pixels AV. BV, and CV 
are shown as AV F, BV F, and CV F, respectively. Displace 
ment amounts of the color filters 107 in the pixels AD, BD, 
and CD are shown as AD F, BD F, and CD F, respectively. 
0208. In FIG. 12C, quadrangles drawn by a thick solid line 
indicate positions of the photodiodes and quadrangles drawn 
by a broken line indicate positions of the second metal films 
106. Here, displacement amounts (distances between centers 
of the photodiodes and centers of openings formed in the 
second metal films 106) of the second metal films in the pixels 
AH, BH, and CH are shown as AHS, BHS, and CHS, 
respectively. Displacement amounts of the second metal films 
in the pixels AV. BV, and CV are shown as AV. S. BV. S., and 
CV. S. respectively. Displacement amounts of the second 
metal films in the pixels AD, BD, and CD are shown as AD S. 
BD S, and CD S, respectively. 
0209 Each of the above-mentioned displacement 
amounts in the respective figures is calculated by multiplying 
each of distances (H1, H2,H3, V1,V2, and V3) between a 
center 201L of the pixel Z and a center 200L of each of the 
pixels by each of predetermined coefficients (any of LM1 to 
LM3, LN1 to LN3, and LP1 to LP2) respectively, in accor 
dance with formulas shown in the respective figures. The 
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coefficients (for example, LM1, LM2 and the like) are deter 
mined in accordance with characteristics of the camera lens. 
0210. As shown in FIG. 3, as the characteristics of the 
camera lens used with the Solid-state image pickup device 
according to the present embodiment, a principal ray angle of 
a light beam passing through the camera lens monotonously 
increases when an image height is in a range of 0% to A% and 
is Substantially constant when an image height is in a range of 
A% to 100%. As characteristics of a general camera lens, an 
image height A is usually in a range of 60% to 80%. 
0211. Therefore, in the solid-state image pickup device 
according to the present embodiment, shrink (displacement) 
is performed for the microlenses 109 so that in accordance 
with a change in the principal ray angle, the displacement 
amount monotonously increases when the image height is in 
a range of 0% to A% and is substantially constant when the 
image height is equal to or greater than A%. 
0212 Specifically, an absolute value of a displacement 
amount between a center 200L of each of the pixels and a 
center 201L of a microlens 109 for each of pixels, disposed in 
a region whose image height is in a range of 0% to A%, can 
be substantially in proportion to an image height by making 
each of the coefficient (LM1, LM2. LN1, LN2. LN3, and 
LP1) constant. And the respective coefficients for pixels, dis 
posed in a region whose image height is equal to or greater 
than A%, are set so as to satisfy relationships of the following 
formulas 10 to 12. 

LM1sLM2sLN1sLN2sLN3 Formula 10 

LM1sLP1 >LP2>LP3 Formula 11 

LM1sLM2>LM3 Formula 12 

0213. In the solid-state image pickup device according to 
the present embodiment, by setting values of the respective 
coefficients in Such a manner, the displacement amounts 
(CH L, BD L, CD L, and CV L) of the pixels whose image 
heights are greater than A can be made substantially equal. 
0214. In other words, the respective displacement 
amounts CH L, BD L, CD L, and CV L satisfy a relation 
ship of CH Ls BD La-CD LeCV L. And the other displace 
ment amounts satisfy relationships AH LaBH L. 
AV L-BV L-CV L, BH LisCV L, and AD LisBD L. 
0215. On the other hand, as shown in FIG. 12C, in the 
Solid-state image pickup device according to the present 
embodiment, a coefficient used for setting the displacement 
amounts of the second metal films 106 is set to be S1, that is 
a constant value. Accordingly, the displacement amounts of 
the second metal films 106 can be obtained by multiplying 
distances (H1, H2,H3, V1,V2, and V3) between a center of 
the pixel Z and a center of each of the pixels by the constant 
coefficient S1. 
0216. As a result, the respective displacement amounts of 
the second metal films 106 satisfy relationships of 
AH S-BH S-CHS, AV S-BV S<CV S, and 
AD S-BD S-CD S. 
0217. In the solid-state image pickup device according to 
the present embodiment, the displacement amounts of the 
color filters 107 are set similarly to those set for the micro 
lenses 109. 
0218. As shown in FIG. 3, as the characteristics of the 
camera lens used with the Solid-state image pickup device 
according to the present embodiment, a principal ray angle of 
a light beam passing through the camera lens monotonously 
increases when an image height is in a range of 0% to A% and 
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is Substantially constant when an image height is equal to or 
greater than A%. As characteristics of a general camera lens, 
an image height A is usually in a range of 60% to 80%. 
0219. Therefore, in the solid-state image pickup device 
according to the present embodiment, shrink is performed for 
the color filters 107 so that in accordance with a change in the 
principal ray angle, the displacement amount of the color 
filters 107 monotonously increases when the image height is 
in a range of 0% to A% and is substantially constant when the 
image height is equal to or greater than A%. 
0220 Specifically, an absolute value of a displacement 
amount between a center 200L of each of the pixels and a 
center 200F of a color filter 107 for each of pixels, disposed in 
a region whose image height is in a range of 0% to A%, can 
be substantially in proportion to an image height by making 
each of the coefficient (FM1, FM2, FN1, FN2, FN3, and FP1) 
constant. And the respective coefficients for pixels, disposed 
in a region whose image height is equal to or greater than A%, 
are set so as to satisfy relationships of the following formulas 
13 to 15. 

FM1sRM2sRN1sFN2sFN3 Formula 13 

FM1-FP1 >FP2>FP3 Formula 14 

FM1sFM2>FM3 Formula 15 

0221. In the solid-state image pickup device according to 
the present embodiment, by setting values of the respective 
coefficients in Such a manner, the displacement amounts 
(CH F, BD F, CD F, and CV F) of the pixels whose image 
heights are greater than A% can be made Substantially equal. 
0222. In other words, the respective displacement 
amounts CH F, BD F, CD F, and CV. F satisfy a relation 
ship of CH FsBD F-CD F-CV F. And the other displace 
ment amounts satisfy relationships of AH F<BH F. 
AV F-BV F-CV F, BH FsCV F, and AD FsBD F. 
0223) In the present embodiment, although the displace 
ment amounts of the color filters 107 are set similarly to those 
set for the microlenses 109, the displacement amounts of the 
color filters 107 in another example may be set similarly to 
those set for the second metal films 106. In other words, the 
displacement amounts of the color filters 107 may be set as 
values obtained by multiplying the distances (H1, H2, H3. 
V1,V2, and V3) between a center of an image pickup position 
Z and a center of each of the pixels by a constant coefficient. 
0224 Further, with reference to FIG. 13A, a method of 
setting the displacement amounts of the microlenses 109, the 
color filters 107, and the second metal films 106 in the present 
embodiment will be described in detail. 
0225 FIG. 13A is a diagram showing a relationship 
between an image height and an angle of a light beam passing 
through an opening of the second metal film 106. 
0226. Because the microlenses 109 determine light-con 
Verging directions of incident light, positional deviation of the 
photodiodes, which may occur in a manufacturing process, 
directly exerts influence on light-converging characteristics 
of the respective pixels. However, because the second metal 
films 106 do not exert any influence on the light-gathering 
directions of incident light, it is only required for the second 
metal films 106 to be disposed so as not to reflect or scatter 
incident light. Accordingly, a little positional deviation of the 
openings formed on the second metal films 106 is permis 
sible. 
0227. In general, as shown by broken lines in FIG. 13A, a 
difference between an upper limit angle and a lower limit 
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angle of a light beam passing through the opening of the 
second metal film 106 is sufficiently large, as compared with 
a difference between an upper limit angle and a lower limit 
angle of light converged by the camera lens. Accordingly, as 
long as the positional deviation between the opening of the 
second metal film 106 and the microlens 109 is in a permis 
sible range, there accrues no problem on light-converging 
characteristics of the respective pixels. Therefore, as in the 
Solid-state image pickup device according to the present 
embodiment, the second metal film 106 can be formed so as 
to have one region having a constant pitch between the open 
ings thereof. 
0228. In FIG. 13A, it is understood that a difference 
between an upper limitangle and a lower limitangle of a light 
beam passing through the opening of the second metal film 
106 is sufficiently larger than a difference between an upper 
limit angle and a lower limit angle of light converged by the 
camera lens. Accordingly, even if pitches of the second metal 
films 106 are made constant when setting the displacement 
amounts of the second metal films 106, light beams entering 
from the microlenses 109 are not blocked by the second metal 
filmes 106 across an entire range from an upper limit angle 
and a lower limitangle and can enter the photodiodes. This is 
the reason that the displacement amounts of the second metal 
films 106 are set as shown in FIG. 12C. 
0229. Accordingly, it is only required for the openings of 
the second metal films 106 to be formed having constant 
pitches. A mask used for forming the second metal films 106 
can beformed in an extremely easy manner as compared with 
a case where a mask is produced by diving a mask into a 
plurality of regions. In this case, in view of preventing posi 
tional deviation of a mask, it is preferable to use electron 
beam lithography for forming a mask since mask patterns can 
be drawn at one time. 
0230. As described above, the solid-state image pickup 
device according to the present embodiment is characterized 
in that the pixel array region thereof includes the plurality of 
regions having the microlenses 109 disposed in rectangular 
areas with different pitches and that the openings of the sec 
ond metal films 106 are formed with constant pitches. 
0231. In other words, the solid-state image pickup device 
according to the present embodiment has a feature that 
whereas the microlenses 109 in the pixel array region are 
formed with different pitches, the openings of the second 
metal films 106 are formed with constant pitches. 
0232 Moreover, with reference to FIGS. 13B to 13D, a 
point that the Solid-state image pickup device according to the 
present embodiment is further advantageous as compared 
with the Solid-state image pickup device according to the first 
embodiment will be described in detail. 
0233 FIG. 13B is a diagram showing a relationship 
between an image height and a displacement amount of a 
light-shielding film. FIG. 13C is a diagram showing a rela 
tionship between an image height and a coupling capacitance 
of the first metal film 103 and the Second metal film 106. FIG. 
13D is a schematic diagram illustrating a cross-sectional view 
of a pixel disposed in the peripheral portion of the pixel array 
region. 
0234 First, in the present embodiment, the second metal 
films 106 are formed with constant pitches. And the first metal 
films 103 are formed at positions closer to the photodiodes 
110 than the microlenses 109, the color filters 107, and the 
second metal films 106 are. Therefore, the displacement 
amounts of the first metal films 103 monotonously increase 
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when an image height is in a range of 0% to A%. In a case 
where an image height is equal to or greater than A%, even if 
the displacement amounts of the first metal films 103 are set 
to be substantially constant, influence that the first metal films 
103 exert on enhancement of sensitivity characteristics is 
Small as compared with influence on the sensitivity charac 
teristics caused by the microlenses 109, the color filters 107. 
the second metal films 106, in which the displacement 
amounts are set similarly to those set for the first metal films 
103. 
0235. When reductions in time required for designing a 
layout, manufacturing a product, and preparing a variety of 
products, and a reduction in cost are considered, in many 
cases, the first metal films 103 are formed with constant 
pitches. 
0236. On the contrary, in the first embodiment, the dis 
placement amounts of the second metal films 106 are set so as 
to monotonously increase when an image height is in a range 
of 0% to A% and to be substantially constant when an image 
height is equal to or greater than A%, in accordance with 
characteristics of the camera lens as shown in FIG.3. Accord 
ingly, as shown in FIG. 13B, when an image height is around 
A '%, change amounts of the displacement amounts of the 
second metal films 106 sharply increase. 
0237. Therefore, the solid-state image pickup device in the 

first embodiment, as shown in FIG. 13C, a coupling capaci 
tance of the first metal film 103 and the second metal film 106 
may sharply increase when an image height is around A%. In 
this case, when a pixel signal is outputted as an image, it is 
considered that deterioration of an image may arise, i.e., that 
an output image composed of pixel signals has a darker (or 
brighter) portion whose image height is around A%. 
0238. The reason is as follows. In general, a metal film 
(metal wiring layer) has a function of converting an accumu 
lated charge of a photodiode in a solid-state image pickup 
device into a potential and retaining the converted potential. 
The second metal film 106 may be used for retaining a poten 
tial or wiring for being grounded. Therefore, there exists a 
coupling capacitance between the second metal film 106 and 
the first metal film 103. When the second metal film 106 is 
disposed so as to be greatly deviated from the first metal film 
103, a relative positional relationship between the first metal 
film 103 and the second metal film 106 drastically changes 
depending on a position of a pixel, whereby the coupling 
capacitance may change. 
0239. On the contrary to this, the solid-state image pickup 
device according to the present embodiment is characterized 
in that the first metal films 103 are disposed with constant 
pitches. Accordingly, a coupling capacitance between the 
second metal film 106 and the first metal film 103 changes in 
a gradual and linear manner. Therefore, the Solid-state image 
pickup device according to the present embodiment can Sup 
press image deterioration, i.e., a darker (or brighter) portion 
whose image height is around A 96 occurring in an image 
composed of output pixel signals. 
0240 According to the present embodiment, time 
required for a layout design process, performed when a photo 
mask having a layout of the first metal film 103 can be 
reduced. Further, time required for manufacturing a product 
and preparing a variety of products is designed can be 
reduced, thereby leading to a cost reduction. 
0241. In the present embodiment, the first metal films 103 
can be disposed with constant pitches in accordance with the 
same calculations as those applied to the first embodiment 
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except for setting coefficients, used for obtaining the pitches 
between the second metal films 106, to be constant values. 
0242. It is also possible for the shrink method according to 
the present embodiment to be applied to not only an ampli 
fying Solid-state image pickup device but also a CCD Solid 
state image pickup device. The CCD Solid-state image pickup 
device to which the shrink method according to the present 
embodiment is applied can exhibit effect similar to that 
attained by the amplifying Solid-state image pickup device 
according to the present embodiment. Note, however, that the 
shrink method according to the present embodiment is more 
advantageous especially when applied to the amplifying 
Solid-state image pickup device. The reason is as follows. 
Since in general, an amplifying Solid-state image pickup 
device has MOS-FETs in charge detection regions, a plurality 
of layers (two or more layers) of metal wires are required for 
Supplying Voltages. Since the metal wires block light, it is 
hard for a general amplifying Solid-state image pickup device 
to receive light as compared with a CCD Solid-state image 
pickup device. In general, the longer the distances between 
the microlenses 109 and the photodiodes are, the smaller light 
amounts entering into the photodiodes are. 
0243 Since the solid-state image pickup device and the 
mask fabrication method according to the present invention 
has features in that a layout of the microlenses is easy and 
image characteristics are excellent. Therefore, the Solid-state 
image pickup device and the mask fabrication method 
according to the present invention are applicable to a solid 
state image pickup device used, for example, in a digital 
camera or the like. 
0244. 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 modifications 
and variations can be devised without departing from the 
Scope of the invention. 

1-20. (canceled) 
21. A solid-state image pickup device, comprising a pixel 

array region, on a semiconductor Substrate, where a plurality 
of pixels are two-dimensionally disposed in a row direction 
and a column direction with a first pitch, wherein 

each of the pixels includes: 
a photoelectric conversion region; and 
a microlens for converging light into the photoelectric 

conversion region, 
the microlenses are disposed in a disposition region Such 

that a second pitch of the microlenses in a central region 
of the disposition region is Smaller than the first pitch, 
and 

a third pitch of the microlenses in a peripheral region of the 
disposition region is the same as the first pitch. 

22. The Solid-state image pickup device according to claim 
21, wherein and 

an outer shape of the pixel array region has a rectangular 
shape, 

an outer shape of the disposition region has at least one 
curve which connects two adjacent vertexes of the dis 
position region and is concave with respect to a line 
passing through the two adjacent vertexes. 

23. The Solid-state image pickup device according to claim 
21, wherein 

a shape of a border of the central region and the peripheral 
region is Substantially circle whose center is substan 
tially same as a center of the pixel array region. 
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24. The Solid-state image pickup device according to claim 25. The Solid-state image pickup device according to claim 
21, wherein 21, wherein 

the pixels are disposed such that a pitch between the pixels the solid-state image pickup device is an amplifying-Solid 
in a peripheral portion of the pixel array region is greater state image pickup device. 
than a pitch between the pixels in a central portion of the 
pixel array region. ck 


