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ner to Surround a boundary part with the unit pixel that neigh 
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SOLID-STATE IMAGING DEVICE AND 
MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This is a Continuation Application of PCT Applica 
tion No. PCT/JP2009/053614, filed Feb. 20, 2009, which was 
published under PCT Article 21(2) in English. 
0002 This application is based upon and claims the ben 

efit of priority from Japanese Patent Application No. 2008 
048412, filed Feb. 28, 2008; the entire contents of which are 
incorporated herein by reference. 

FIELD 

0003 Embodiments described herein relate generally to a 
Solid-state imaging device and a manufacturing method 
thereof, and is applied, for example, to a MOS solid-state 
imaging device. 

BACKGROUND 

0004 At present, Solid-state imaging devices including 
CMOS sensor are applied to various uses, such as digital still 
cameras, video movie cameras and monitor cameras. In par 
ticular, dominant devices are single-chip imaging devices 
which acquire plural color information by a single pixel array. 
0005 With a demand for an increase in the number of 
pixels and a decrease in optical size in recent years, there is a 
tendency that the pixel size is reduced more and more. For 
example, the pixel size of a CMOS sensor which has widely 
been used in recent years in digital cameras or the like is about 
1.75um to about 2.8 um. There is the following tendency with 
Such fine pixels. 
0006 First, if the area of a unit pixel is decreased, the 
number of photons that can be received by the unit pixel 
decreases in proportion to the unit pixel area. As a result, the 
S (signal)/N (noise) ratio, relative to photon shot noise, 
decreases. If the S/N ratio cannot be maintained, the image 
quality on a reproduced screen deteriorates, and the quality of 
a reproduced image tends to lower. 
0007 Secondly, if the area of the unit pixel is reduced, 
crosstalk increases between neighboring pixels. As a result, 
although each pixel should normally have sensitivity only 
with respect to its unique wavelength region, the pixel has 
sensitivity with respect to a wavelength region at which the 
pixel should not normally have sensitivity. Consequently, 
color mixing occurs, and there is a tendency that the color 
reproducibility on the reproduced screen considerably dete 
riorates. 
0008 Thus, it is necessary to prevent a decrease in the S/N 
ratio by minimizing the decrease in sensitivity, thereby to 
maintain the S/N ratio even if the pixel is reduced in size, and 
it is necessary to prevent as much as possible the occurrence 
of color mixing, thereby to prevent degradation in color 
reproducibility even if the pixel is reduced in size. 
0009. As a structure for coping with the above-described 
tendency, there is known, for instance, a back-Surface illumi 
nation type solid-state imaging device (see, e.g. Jpn. Pat. 
Appln. KOKAI Publication No. 2006-128392). In the back 
Surface illumination type solid-state imaging device, incident 
light is radiated on a silicon (Si) surface (back surface) which 
is opposite to the silicon (Si) surface (front surface) on which 
a signal scanning circuit and its wiring layer are formed. In 
this back-Surface illumination type structure in which light is 
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incident on the silicon (Si) surface which is opposite to the 
silicon (Si) Surface on which the signal scanning circuit and 
its wiring layer are formed, the light, which is incident on the 
pixel, can reach a light-receiving region, which is formed 
within the silicon (Si) substrate, without being blocked by the 
wiring layer. Thus, even with the fine pixel, a high quantum 
efficiency can be realized. As a result, with respect to the 
above-described first problem, that is, even in the case where 
the reduction in size of the pixel is progressed, there is a merit 
in Suppressing the degradation in quality of the reproduced 
image. 
0010. In the conventional back-surface illumination type 
Solid-state imaging device, however, no effective solution can 
be given to the above-described second problem. Specifically, 
in the back-Surface illumination type Solid-state imaging 
device, while incident light enters the silicon (Si) substrate 
that is the light-receiving region without being blocked by the 
signal scanning circuit and its wiring layer, there is a tendency 
that the incident light, which is not blocked by the wiring 
layer, leaks to a neighboring pixel, leading to color mixing. 
0011 For example, if the pixel is made finer, the aperture 
pitch of the micro-lens and color filter decreases, and diffrac 
tion occurs at a time point when the incident lightfalling on an 
R pixel with a particularly long wavelength has passed 
through the color filter. In this case, the light, which is 
obliquely incident on the light-receiving region in the silicon 
(Si) Substrate, travels in a direction toward a neighboring 
pixel. If the light enters the neighboring pixel beyond an 
inter-pixel boundary, the light causes photoelectrons in the 
neighboring pixel, leading to crosstalk and color mixing. In 
addition, the light leaking into the light-receiving regions of 
the neighboring G pixel and B pixel causes color mixing. 
Hence, color reproducibility on the reproduced screen dete 
riorates, and the image quality decreases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 is a block diagram showing an example of the 
entire structure of a solid-state imaging device according to a 
first embodiment of the present invention; 
0013 FIG. 2 is an equivalent circuit diagram of a pixel 
array of the Solid-state imaging device according to the first 
embodiment; 
0014 FIG. 3 is a plan view showing a color filter of the 
Solid-state imaging device according to the first embodiment; 
0015 FIG. 4 is a plan view showing a plan-view structure 
example (1) of the pixel array of the Solid-state imaging 
device according to the first embodiment; 
0016 FIG. 5 is a plan view showing a plan-view structure 
example (2) of the pixel array of the Solid-state imaging 
device according to the first embodiment; 
0017 FIG. 6 is a cross-sectional view taken along line 
VI-VI in FIG. 4 and FIG. 5; 
0018 FIG. 7 is a cross-sectional view showing a unit pixel 
of the Solid-state imaging device according to the first 
embodiment; 
0019 FIG. 8 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0020 FIG. 9 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0021 FIG. 10 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 

IPR2025-00845 
Apple-Sony EX1007 Page 20



US 2011/0019050 A1 

0022 FIG. 11 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0023 FIG. 12 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0024 FIG. 13 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0025 FIG. 14 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0026 FIG. 15 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0027 FIG. 16 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
first embodiment; 
0028 FIG. 17 is a plan view showing a plan-view structure 
example (1) of a pixel array of a solid-state imaging device 
according to a second embodiment; 
0029 FIG. 18A is a plan view showing a plan-View struc 
ture example (2) of the pixel array of the solid-state imaging 
device according to the second embodiment; 
0030 FIG. 18B is a plan view showing a part surrounded 
by a broken line in FIG. 18A: 
0031 FIG. 19A is a cross-sectional view taken along line 
XIX-XIX in FIG. 17 and FIG. 18; 
0032 FIG. 19B is a cross-sectional view showing a part 
surrounded by a broken line 57 in FIG. 19A: 
0033 FIG. 19C is a cross-sectional view showing a part 
surrounded by a broken line 58 in FIG. 19A: 
0034 FIG. 20 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
second embodiment; 
0035 FIG. 21 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
second embodiment; 
0036 FIG.22 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
second embodiment; 
0037 FIG. 23 is a cross-sectional view showing a cross 
sectional structure example (1) of a unit pixel of a Solid-state 
imaging device according to a third embodiment; 
0038 FIG. 24 is a cross-sectional view showing, in 
enlarged scale, the unit pixel in FIG. 23; 
0039 FIG.25 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
third embodiment; 
0040 FIG. 26 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
third embodiment; 
0041 FIG. 27 is a cross-sectional view showing a cross 
sectional structure example (2) of the unit pixel of the solid 
state imaging device according to the third embodiment; 
0042 FIG. 28 is a cross-sectional view showing, in 
enlarged scale, the unit pixel in FIG. 27: 
0043 FIG. 29 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
third embodiment; 
0044 FIG.30 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
third embodiment; 

Jan. 27, 2011 

0045 FIG.31 is a cross-sectional view showing a fabrica 
tion step of the solid-state imaging device according to the 
third embodiment; and 
0046 FIG. 32 is a cross-sectional view showing a cross 
sectional structure example of a solid-state imaging device 
according to a comparative example. 

DETAILED DESCRIPTION 

0047. In general, according to one embodiment, a solid 
state imaging device comprising: a pixel region which is 
configured Such that a photoelectric conversion unit and a 
signal scanning circuit unit are included in a semiconductor 
Substrate, and a matrix of unit pixels is disposed; and a driving 
circuit region which is configured Such that a device driving 
circuit for driving the signal scanning circuit unit is disposed 
on the semiconductor substrate, wherein the photoelectric 
conversion unit is provided on a back Surface side of the 
semiconductor Substrate, which is opposite to a front Surface 
of the semiconductor Substrate where the signal scanning 
circuit unit is formed, and the unit pixel includes an insulation 
film which is provided in a mariner to surround a boundary 
part with the unit pixel that neighbors and defines a device 
isolation region. 
0048 Embodiments of the present invention will now be 
described with reference to the accompanying drawings. In 
the description below, common parts are denoted by like 
reference numerals throughout the drawings. 

First Embodiment 

<1. Structure Example> 
0049. To begin with, referring to FIG. 1 to FIG. 7, a 
description is given of a structure example of a solid-state 
imaging device according to a first embodiment. The example 
to be described below is a back-surface illumination type 
Solid-state imaging device wherein a light-receiving Surface 
is provided on the back side of a semiconductor Substrate, 
which is opposite to a semiconductor Substrate surface on 
which a signal scanning circuit unit is formed. 

1-1. Entire Structure Example 
0050 Referring to FIG. 1, an entire structure example of 
the solid-state imaging device according to this embodiment 
is described. FIG. 1 is a system block diagram showing an 
example of the entire structure of the solid-state imaging 
device according to this embodiment. FIG. 1 shows an 
example in the case where an AD conversion circuit is dis 
posed at a column position of a pixel array. 
0051. As shown in the Figure, a solid-state imaging device 
10 according to this embodiment comprises a pixel region 12 
and a driving circuit region 14. 
0.052 The pixel region 12 is configured such that a photo 
electric conversion unit and a signal scanning circuit unit are 
included in a semiconductor Substrate, and a unit pixel matrix 
is disposed. 
0053. The photoelectric conversion unit includes a unit 
pixel 1, which includes a photodiode for effecting photoelec 
tric conversion and accumulation, and functions as an imag 
ing unit. The signal scanning circuit unit includes, e.g. an 
amplifying transistor 3 to be described later, reads out and 
amplifies a signal from the photoelectric conversion unit, and 
sends the amplified signal to an AD conversion circuit 15. In 
the case of the present embodiment, a light-receiving Surface 
(photoelectric conversion unit) is provided on the back side of 
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the semiconductor Substrate, which is opposite to the semi 
conductor Substrate surface on which the signal scanning 
circuit unit is formed. 
0054 The driving circuit region 14 is configured such that 
device driving circuits, such as a vertical shift register 13 for 
driving the signal scanning circuit unit and the AD conversion 
circuit, are disposed. 
0055. This description is directed to a part of the entire 
structure of a CMOS sensor, but the structure is not limited to 
this example. For example, use may be made of a structure 
wherein an ADC circuit is not disposed in parallel with the 
column but an ADC circuit is disposed on a chip level, or a 
structure wherein an ADC is not disposed on a sensor chip. 
0056. The vertical shift register 13 outputs signals LS1 to 
SLk to the pixel array 12, and functions as a select unit for 
selecting the unit pixels 1 on a row-by-row basis. Analog 
signals Visig, which correspond to the amount of incident 
light, are output via vertical signal lines VSL from the unit 
pixels 1 of the selected row. 
0057 The AD conversion circuit (ADC) 15 converts the 
analog signals Visig, which are input via the vertical signal 
lines VSL, to digital signals. 

1-2. Structure Example of Pixel Array (Pixel Region) 
0058 Next, referring to FIG. 2, a description is given of a 
structure example of the pixel array (pixel region)12 in FIG. 
1. FIG. 2 is an equivalent circuit diagram showing the struc 
ture example of the pixel array according to the present 
embodiment. This example to be described below is a single 
chip imaging device which acquires plural color information 
by the single pixel array 12. 
0059. As shown in the Figure, the pixel array 12 includes 
a plurality of unit pixels 1 which are disposed in a matrix at 
intersections between read-out signal lines from the Vertical 
shift register 13 and the vertical signal lines VSL. 
0060. The unit pixel (PIXEL) 1 includes a photodiode 2, 
an amplifying transistor 3, a read-out transistor 4, a reset 
transistor 9, and an address transistor 41. 
0061. In the above, the photodiode 2 constitutes the pho 
toelectric conversion unit. The amplifying transistor 3, read 
out transistor 4, reset transistor 9 and address transistor 41 
constitute the signal scanning circuit unit. 
0062. The cathode of the photodiode 2 is grounded. 
0063. The amplifying transistor 3 is configured to amplify 
and output the signal from a floating diffusion layer 42. The 
amplifying transistor 3 has a gate connected to the floating 
diffusion layer 42, a source connected to the vertical signal 
line VSL, and a drain connected to the source of the address 
transistor 41. Noise in an output signal of the unit pixel 1, 
which is sent from the vertical signal line VSL, is removed by 
a CDS noise removal circuit 8, and the noise-free signal is 
output from an output terminal 81. 
0064. The read-out transistor 4 is configured to control 
accumulation of signal charge in the photodiode 2. The read 
out transistor 4 has a gate connected to a read-out signal line 
TRF, a source connected to the anode of the photodiode 2, and 
a drain connected to the floating diffusion layer 42. 
0065. The reset transistor 9 is configured to reset the gate 
potential of the amplifier transistor 3. The reset transistor 9 
has a gate connected to a reset signal line RST, a source 
connected to the floating diffusion layer 42, and a drain con 
nected to a power Supply terminal 5 which is connected to a 
drain power Supply. 
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0066. The gate of the address transistor (transfer gate) 41 
is connected to an address signal line ADR. 
0067. A load transistor 6 has a gate connected to a select 
signal line SF, a drain connected to the source of the amplifier 
transistor 3, and a source connected to a control signal line 
DC. 

Read-Out Driving Operation 
0068. The read-out driving operation by this pixel array 
structure is as follows. To start with, the row select transistor 
41 of the read-out row is set in an ON state by a row select 
pulse which is sent from the vertical shift register 13. 
0069. Subsequently, the reset transistor 9 is similarly set in 
an ON state by a reset pulse which is sent from the vertical 
shift register 13, and is reset at a Voltage close to the potential 
of the floating diffusion layer 42. Then, the reset transistor 9 
is set in an OFF state. 
0070 Then, the transfer gate 4 is set in an ON state, a 
signal charge that is accumulated in the photodiode 2 is read 
out to the floating diffusion layer 41, and the potential of the 
floating diffusion layer 42 is modulated in accordance with 
the read-out signal charge number. 
0071. Thereafter, the modulated signal is read out to the 
vertical signal VSL by the MOS transistor that constitutes a 
Source follower, and the read-out operation is completed. 

1-3. Plan-View Structure Example of Color Filter 
0072 Next, referring to FIG.3, a description is given of a 
plan-view structure example of a color filter 406 which is 
included in the Solid-state imaging device according to the 
present embodiment. FIG.3 is a layout view showing how the 
color filter is disposed in order to acquire a color signal in the 
single-chip Solid-state imaging device structure. 
0073. In the Figure, a pixel that is indicated by R is a pixel 
in which a color filter, which principally passes light of a red 
wavelength region, is disposed. A pixel that is indicated by G 
is a pixel in which a color filter, which principally passes light 
of a green wavelength region, is disposed. A pixel that is 
indicated by B is a pixel in which a color filter, which princi 
pally passes light of a blue wavelength region, is disposed. 
0074. In the present embodiment, a color filter arrange 
ment, which is most frequently used as Bayer arrangement, is 
shown. As shown in the Figure, neighboring color filters (R, 
G, B) are arranged such that mutually different color signals 
are obtained in the row direction and column direction. 

1-4. Plan-View Structure Example 
(0075) Next, referring to FIG. 4 and FIG. 5, a description is 
given of a plan-View structure example of the pixel array 12 
which is included in the solid-state imaging device of the 
present embodiment. The example to be described below is a 
back-Surface illumination type solid-state imaging device 
wherein a light-receiving Surface is formed on a substrate 
Surface (back Surface) which is opposite to a semiconductor 
substrate surface (front surface) on which the circuit of the 
signal scanning circuit unit 15, which is composed of the 
amplifying transistor 3, etc., is formed. 

Plan-View Structure Example (1) 

0076. As shown in FIG. 4, unit pixels 1 are disposed in a 
matrix in the row direction and the column direction on the 
back surface of a silicon (Si) substrate 404. 
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0077. In addition, a device isolation insulation film (insu 
lation film) 408, which defines device isolation regions in a 
manner to Surround boundary parts between neighboring unit 
pixels 1, is provided on the back surface of the silicon (Si) 
substrate 404. Thus, the device isolation insulation film 408 is 
disposed in a lattice shape in a manner to Surround the unit 
pixels 1 in the row direction and column direction. 
0078. The device isolation insulation film 408 is formed of 
an insulation film having a refractive index which is lower 
than the refractive index of silicon (Si). For example, the 
device isolation insulation film 408 should preferably be 
formed of an insulative material having a refractive index of 
about 3.9 or less with respect to incident light with wave 
lengths of about 400 nm to 700 nm. To be more specific, the 
device isolation insulation film 408 is formed of, e.g. an 
insulative material such as silicon oxide film (SiO film), 
silicon nitride film (SiNa) or titanium oxide (TiO). 
0079. In addition, as shown in the Figure, the pixel pitch P 
of the unit pixels 1 in this example is common in the row 
direction and column direction. 

Plan-View Structure Example (2) 

0080 A plan-view structure shown in FIG. 5 differs from 
the plan-view structure (1) shown in FIG. 4 in that a device 
isolation insulation film 408 is formed in a hole-like plan 
view shape and disposed discontinuously in a manner to 
Surround boundary parts between neighboring unit pixels 1 
on the back surface of the silicon substrate 404. Similarly, the 
device isolation insulation film 408 is disposed in a lattice 
shape in a manner to Surround the unit pixels 1 in the row 
direction and column direction. 

0081. In the present embodiment, the plan-view structure 
with the arrangement of discontinuous hole-like portions of 
the device isolation insulation film 408 is shown, but it may be 
possible that some portions of the device isolation insulation 
film 408 are formed continuous. The effect of forming the 
device isolation insulation film 408 in the hole is the same as 
the effect of filling an air in the hole. 

1-5. Cross-Sectional Structure Example 

I0082 Next, referring to FIG. 6 and FIG. 7, a description is 
given of a cross-sectional structure example of the pixel array 
12 which is included in the Solid-state imaging device accord 
ing to the embodiment. The description is given by taking, as 
an example, a cross section along line VI-VI in FIG. 4 and 
FIG.S. 

0083. As shown in FIG. 6, on the front surface of the 
silicon substrate 404, the unit pixel 1 includes a wiring layer 
402 which is provided in an interlayer insulation film 409 and 
constitutes the circuit of the signal scanning circuit unit 15 
that is composed of the amplifying transistor 3, etc. 
0084. On the other hand, on the back surface of the silicon 
substrate 404, the unit pixel 1 includes an n-type diffusion 
layer 403 which accumulates signal electrons, an antireflec 
tion film 405, a color filter 406, a micro-lens 407 and device 
isolation insulation film 408. As described above, the device 
isolation insulation film 408 is provided at a boundary part 
between the pixels in the Si substrate 404. The device isola 
tion insulation film 408, as described above, is formed of an 
insulation film having a refractive index which is lower than 
the refractive index of the silicon substrate 404. As will be 
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described later, then diffusion layer 403 is a diffusion layer 
which constitutes a photodiode that forms a signal charge 
accumulation region. 
I0085 Next, referring to FIG. 7, the cross-sectional struc 
ture example of the unit pixel 1 in the vicinity of the surface 
side of the semiconductor substrate 404 is described in 
greater detail. 
I0086. In the illustrated cross section, the unit pixel 1 
includes a reset transistor 4 which is provided on the surface 
of the silicon substrate 404, and a photodiode 2 which is 
provided in the silicon substrate 404. In the present embodi 
ment, exemplification has been made of the case in which the 
silicon substrate is the n-type diffusion layer. However, the 
silicon Substrate may be a p-type diffusion layer. 
I0087. The read-out transistor 4 is composed of a gate 
insulation film 22 which is provided in the interlayer insula 
tion film 409 on the substrate 404, a gate electrode 24 which 
is provided in the interlayer insulation film 409 on the gate 
insulation film 22, and a source 26 (n diffusion layer 403) 
and a drain 25 (n+ diffusion layer 403) which are provided, 
spaced apart, in the silicon Substrate 404 in a manner to 
sandwich the gate electrode 24. 
I0088. The photodiode 2 is composed of an in diffusion 
layer that is the source 26, and a P-well layer 28 that is formed 
in the silicon substrate 404 in contact with the source 26 and 
forms a PN junction with the source 26. 
I0089. The drain 25 is electrically connected to the wiring 
layer 402 via a contact wiring layer 30 which is provided in 
the interlayer insulation film 409 on the drain 25. In accor 
dance with an electric signal that is output from the wiring 
layer 402, the pixel of the unit pixel 1 is displayed. The other 
unit pixels have the same structure, so a detailed description 
thereof is omitted. 

<2. Optical Function/Effect> 
(0090 Next, referring to FIG. 6, the optical function/effect 
of the Solid-state imaging device according to the embodi 
ment is described. As has been described in the above sections 
1-4 and 1-5, in the Solid-state imaging device of this embodi 
ment, the device isolation insulation film (insulation film) 
408, which defines device isolation regions in a manner to 
Surround boundary parts between neighboring unit pixels 1, is 
provided on the back surface of the silicon (Si) substrate 404. 
With this structure, the following optical function/effect is 
obtained. 
0091 Specifically, in a structure according to a compara 
tive example to be described later, the device isolation insu 
lation film (insulation film) 408 as in the present embodiment 
is not provided. Consequently, the light, which is obliquely 
incident on the light-receiving region in the silicon (Si), trav 
els in a direction toward a neighboring pixel, and the light 
enters the neighboring pixel beyond an inter-pixel boundary. 
As a result, the light causes photoelectrons in the neighboring 
pixel, leading to crosstalk and color mixing. Hence, color 
reproducibility on the reproduced screen deteriorates. 
0092. On the other hand, as shown in FIG. 6, according to 
the structure of the present embodiment, since light L2, which 
is obliquely incident, is reflected by the device isolation insu 
lation film 408, it is possible to prevent the light from entering 
the neighboring unit pixel. Accordingly, neither crosstalk nor 
color mixing occurs. 
0093. In particular, if the pixel is made finer, the aperture 
pitch of the micro-lens and color filter decreases, and diffrac 
tion occurs at a time point when the incident lightfalling on an 
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R pixel with a particularly long wavelength has passed 
through the color filter. In this case, the light, which is 
obliquely incident on the light-receiving region in the silicon 
(Si) substrate 404, travels in a direction toward a neighboring 
pixel. If the light enters the neighboring pixel beyond an 
inter-pixel boundary, the light causes photoelectrons in the 
neighboring pixel, leading to crosstalk and color mixing. In 
addition, the light leaking into the light-receiving regions of 
the neighboring G pixel and B pixel causes color mixing. 
Hence, color reproducibility on the reproduced screen dete 
riorates, and the image quality decreases. Therefore, the 
present embodiment is effective in that even when light is 
incident on the R pixel of the R, G and B pixels, which has a 
particularly long wavelength, crosstalk can be prevented and 
the occurrence of color mixing can be prevented, and the 
color reproducibility on the reproduced image can be 
improved. 
0094. How much the incident light is reflected by the 
device isolation region is determined by the relationship 
between the refractive index of the silicon (Si) and the refrac 
tive index of the device isolation insulation film 408 that is 
formed in the device isolation region. When Oin is the angle 
between the direction of light traveling through the Si and the 
surface of the device isolation insulation film 408, nsi is the 
refractive index of the Si, and nin is the refractive index of the 
insulation film 408, Gin is expressed by the following equa 
tion (1): 

0in=ARCTAN(nin/nsi) (1) 

0095. As indicated by the above equation (1), it is under 
stood that as the refractive index nin of the device isolation 
insulation film 408 is lower than the refractive index nsi of the 
Si, the degree of reflection of light becomes greater, and the 
amount of crosstalk becomes Smaller accordingly. If the 
device isolation insulation film 408 has such a plan-view 
shape that the device isolation insulation film 408 is continu 
ously formed in a lattice shape along pixel boundaries without 
spacing, as shown in FIG. 4 in connection with the above 
section 1-4, light is reflected at the device isolation insulation 
film 408 with no leak. 

0096. The plan-view shape of the device isolation insula 
tion film 408 is not limited to this example, and the device 
isolation insulation film 408 may be formed in a hole-like 
shape at predetermined or less intervals in a manner to Sur 
round the unit pixels, as shown in FIG. 5. The reason for this 
is that if the interval of the device isolation insulation film 408 
is a predetermined distance or less in relation to the wave 
length of incident light, the incident light does not travel to the 
neighboring pixels even if there is spacing between the device 
isolation insulation films 408. When the wavelength of inci 
dent light is w, the interval d is generally expressed by the 
following equation (2): 

d=A*. (2) 

0097. In the structure shown in FIG. 6, the wavelength 
range of incident light is the visible light range. In particular, 
light that is incident on the G pixel and R pixel travels deep 
into the silicon (Si) substrate 404, thus possibly becoming a 
factor of crosstalk. It is thus understood that according to the 
equation (2), if the spacing of the device isolation insulation 
film 408 at the inter-pixel boundary is about 270 nm or less, 
relative to the peak wavelength of 540 nm of the G pixel, the 
energy of light traveling to the neighboring unit pixel 1 
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through the spacing is sufficiently small even if there is spac 
ing d, and no crosstalk occurs. 

<3. Manufacturing Methods 
(0098 Next, referring to FIG. 8 to FIG.16, a description is 
given of the method of manufacturing the Solid-state imaging 
device according to the first embodiment. In the description 
below, exemplification is made of the structure shown in FIG. 
6. 

(Step 1) 
(0099 FIG. 8 shows a silicon (Si) substrate 404 prior to 
processing. 

(Step 2) 
0100. As shown in FIG. 9, a first support substrate 31, 
which is formed of, e.g. silicon (Si), is attached to the surface 
of the substrate 404 on the side (front side) on which a signal 
scanning circuit, etc. are formed on the silicon (Si) Substrate 
404. 

(Step 3) 
0101 Then, as shown in FIG. 10, etching, such as RIE 
(Reactive Ion Etching), is performed on the surface of the 
silicon substrate 404 on the side (back side), which is opposite 
to the side of the semiconductor substrate on which the signal 
scanning circuit, etc. are formed, and which becomes the 
light-receiving region. In the case of this example, in this step, 
the thickness of the silicon substrate 404 is reduced to, e.g. 
about 3 to 7 um. 
(Step 4 (Sietg)) 
0102) Subsequently, as shown in FIG.11, selective etching 
is performed by, e.g. photolithography, on the Surface (back 
side) of the silicon substrate 404, on which the light-receiving 
region is formed and which becomes the device isolation 
boundary of the unit pixel, to the surface of the first support 
substrate 31, and trenches 33 are formed. 
0103) In this step, for example, by altering a mask pattern 
for anisotropic etching Such as RIE or photolithography, the 
hole-like openings as shown in FIG. 5 can be formed. 

(Step 5 (Burying of Insulation Film, Formation of Antireflec 
tion Film)) 
0104 Subsequently, as shown in FIG. 12, an insulative 
material. Such as a silicon oxide film (SiO film) or a titanium 
oxide (TiO) film, which has a lower refractive index than 
silicon (Si), is buried in the trenches 33 (or hole-like open 
ings) formed in the above step 4, by, e.g. CVD (Chemical 
Vapor Deposition) or spin coating. Thereby, a device isolation 
insulation film 408 is formed. For example, the device isola 
tion insulation film 408 should preferably be formed of an 
insulative material having a refractive index of about 3.9 or 
less with respect to incident light with wavelengths of about 
400 nm to 700 nm. 
0105. Then, an insulative material is deposited on the 
device isolation insulation film 408 by, e.g. CVD. Thus, an 
antireflection film 405 is formed over the entire bottom sur 
face of the substrate. 

(Step 6) 
0106 Subsequently, as shown in FIG. 13, a second support 
substrate 32, which is formed of, e.g. silicon (Si), is attached 
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onto the antireflection film 405 on the back surface side of the 
silicon substrate 404, which becomes the light-receiving side. 

(Step 7) 

0107 Subsequently, as shown in FIG. 14, the first support 
Substrate on the signal operation circuit side, which is 
attached to the front surface side of the silicon substrate 404 
in the above step 2, is removed. 

(Step 8) 

0108. Then, as shown in FIG. 15, the second support sub 
strate 32 and silicon substrate 404 are turned upside down, 
and a p-type or n-type diffusion layer 403, etc. are formed on 
the surface of the silicon substrate 404 by, e.g. an ordinary LSI 
fabrication process, thereby forming active elements such as 
a photodiode 2 and a read-out transistor 4 (not shown). 
0109 Thereafter, a silicon oxide film, for instance, is 
deposited on the structure, which is formed on the front 
Surface side of the silicon Substrate 404, by means of, e.g. 
CVD, thus forming an interlayer insulation film 409. Then, a 
wiring layer 402 for connecting the above-described MOS 
FET, etc. is formed in the interlayer insulation film 409, and 
the signal operation circuit is formed. 

(Step 9) 

0110. Subsequently, a third support substrate (not shown) 
is further attached to the side (front surface side) on which the 
signal operation circuit has been formed in the above step 8. 
0111. Then, as shown in FIG. 16, the second support sub 
strate 32 on the opposite side (front surface side) is removed. 
0112 Finally, the third support substrate (not shown) and 
the silicon substrate 404 are turned upside down, and a color 
filter 406 and a micro-lens 407 are successively formed on the 
back surface of the silicon substrate 404. 

0113. Through the above-described fabrication steps, the 
Solid-state imaging device shown in FIG. 6 is manufactured. 

<4. Advantageous Effects-> 

0114. According to the Solid-state imaging device of the 
present embodiment and the manufacturing method thereof, 
at least the following advantageous effects (1) and (2) can be 
obtained. 

0115 (1) Since crosstalk between neighboring pixels can 
be prevented and occurrence of color mixing can be pre 
vented, the color reproducibility on the reproduced screen can 
advantageously be improved. 
0116. As shown in FIG. 6, etc., in the structure of the 
Solid-state imaging device of the present embodiment, the 
light-receiving Surface includes the device isolation insula 
tion film 408 which defines device isolation regions in a 
manner to Surround boundary parts between neighboring unit 
pixels (PIXEL) 1. The device isolation insulation film 408 is 
formed of an insulative film having a lower refractive index 
than the silicon (Si). For example, the device isolation insu 
lation film 408 should preferably be formed of an insulative 
material having a refractive index of about 3.9 or less with 
respect to incident light with wavelengths of about 400 nm to 
700 nm. To be more specific, the device isolation insulation 
film 408 is formed of an insulative material such as a silicon 
oxide film (SiO film) or a titanium oxide (TiO) film. In 
addition, as shown in FIG. 4, the device isolation insulation 
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film 408 is disposed, for example, in a lattice shape in plan, in 
a manner to Surround the unit pixels 1 in the row direction and 
column direction. 
0117. According to the above structure, as shown in FIG. 
6, since obliquely incident light L2 is reflected by the device 
isolation film 408, it is possible to prevent the light from 
entering the neighboring unit pixel. Accordingly, neither 
crosstalk nor color mixing occurs, and the color reproducibil 
ity on the reproduced screen can advantageously be 
improved. 
0118 (2) Even in the case where the reduction in size of 
the pixel progresses, the degradation in quality of a repro 
duced image can advantageously be Suppressed. 
0119. If the area of the unit pixel is decreased, the number 
of photons that can be received by the unit pixel decreases in 
proportion to the unit pixel area. As a result, the S/N ratio, 
relative to photon shot noise, decreases. If the S/N ratio can 
not be maintained, the image quality on a reproduced screen 
deteriorates, and the quality of a reproduced image tends to 
lower (the above-described first problem). 
0.120. The solid-state imaging device according to the 
present embodiment is of the back-Surface illumination type. 
Thus, incident light can be radiated on the silicon (Si) surface 
(back surface) which is opposite to the silicon (Si) surface 
(front Surface) on which the signal scanning circuit and the 
wiring layer thereof are formed. Thus, the light, which is 
incident on the pixel, can reach the light-receiving region, 
which is formed within the silicon (Si) substrate, without 
being blocked by the wiring layer, and a high quantum effi 
ciency can be realized even with the fine pixel. As a result, 
with respect to the above-described first problem, that is, even 
in the case where the reduction in size of the pixel is pro 
gressed, the degradation in quality of the reproduced image 
can advantageously be suppressed. 
I0121 By virtue of the above advantageous effects (1) and 
(2), the present embodiment is more effective when this 
embodiment is applied to the back-Surface type solid-state 
imaging device. 

Second Embodiment 

An Example in which a Diffusion Layer is Further 
Provided 

0.122 Next, a Solid-state imaging device according to a 
second embodiment and a manufacturing method thereofare 
described with reference to FIG. 17 to FIG. 22. This embodi 
ment relates to an example further including a p-type diffu 
sion layer 55 which is provided in the semiconductor sub 
strate 404 along a side wall of the device isolation insulation 
film 48. A detailed description of the parts common to those 
in the first embodiment is omitted here. 

<Plan-View Structure Example> 
I0123 To begin with, a plan-view structure example of a 
pixel array 12 according to the present embodiment is 
described with reference to FIG. 17 and FIG. 18. 
0.124. A plan-view structure example (1) shown in FIG. 17 
differs from the first embodiment in that a p-type diffusion 
layer 55, which is provided in a rectangular plan-view shape 
in a manner to surround the unit pixel 1, is further included in 
the semiconductor substrate 404 along a side wall of the 
device isolation insulation film 48. 
0.125. A plan-view structure example (2) shown in FIG. 
18A and FIG. 18B differs from the first embodiment in that a 
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p-type diffusion layer 55, which is provided in a circular 
plan-View shape in a manner to Surround the unit pixel 1, is 
further included in the semiconductor substrate 404 along a 
side wall of the device isolation insulation film 48. In the 
example of FIG. 18, the case in which the plan-view shape of 
the device isolation is circular is illustrated, but this plan-view 
shape may be rectangular. 
0126. In addition, as shown in FIG. 18B, the film thickness 
of the p-type diffusion layer neighboring in the row direction 
and column direction (i.e. the distance between the device 
isolation insulation films 408) should preferably be, e.g. 
about 270 nm or less. Preferably, the p-type diffusion layer 55 
should beformed continuously, without being separated. The 
reason is that if the p-type diffusion layer 55 is formed with 
out spacing between the neighboring unit pixels 1, the p-type 
diffusion layer 55 not only has the effect of preventing dark 
current, as described above, but also has the effect of prevent 
ing diffusion between the n-type diffusion layer 403 that 
becomes the light-receiving region and the n-type diffusion 
layer 403 in the neighboring unit pixel 1. 

<Cross-Sectional Structure Example and Optical Function/ 
Effect> 

0127. Next, referring to FIG. 19A to FIG. 19C, a cross 
sectional structure example of the present embodiment and 
the optical function/effect thereof are described. Exemplifi 
cation is made of a cross-sectional structure along line XIX 
XIX in FIG. 17 and FIG. 18. 
0128. As shown in FIG. 19A, the structure of this example 
differs from the first embodiment in that the p-type diffusion 
layer 55 is provided in the semiconductor substrate 404 along 
the side wall of the device isolation insulation film 48. 
0129. With this structure, the following optical function/ 
effect is obtained. 
0130. As shown in FIG. 19B, since light L2, which is 
obliquely incident, is reflected by the device isolation insula 
tion film 408, it is possible to prevent the light from entering 
the neighboring unit pixel. Like the first embodiment, neither 
crosstalk nor color mixing occurs, and the color reproducibil 
ity on the reproduced screen can advantageously be 
improved. 
0131. In addition, as shown in FIG. 19C, since depletion at 
the interface between the silicon (Si) substrate 404 and the 
device isolation insulation film 408 can be prevented, dark 
current occurring due to, e.g. a crystal defect that is present at 
a boundary Surface, can advantageously be reduced. 
0.132. In this case, as shown in the Figure, it is preferable 
that the p-type diffusion layer 55 be formed continuously 
between the neighboring unit pixels 1. The reason for this is 
that if the p-type diffusion layer 55 is formed without spacing 
between the neighboring unit pixels 1, the p-type diffusion 
layer 55 not only has the effect of preventing dark current, as 
described above, but also has the effect of preventing diffu 
sion between the n-type diffusion layer 403 that becomes the 
light-receiving region and the n-type diffusion layer 403 in 
the neighboring unit pixel 1. 

<Manufacturing Methodd 

0133) Next, referring to FIG. 20 to FIG. 22, a description 
is given of the method of manufacturing the Solid-state imag 
ing device according to the second embodiment. A detailed 
description of the parts common to those in the first embodi 
ment is omitted here. 
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I0134. As shown in FIG. 20, selective etching is performed 
by, e.g. photolithography, on the back-Surface side of the 
silicon Substrate 404, on which the light-receiving region is 
formed and which becomes the device isolation boundary of 
the unit pixel, to the surface of the first support substrate 31, 
and trenches 33 are formed. 
I0135) In this step, for example, by altering a mask pattern 
for anisotropic etching Such as RIE or photolithography, the 
hole-like openings as shown in FIG. 18 can be formed. 
0.136 Subsequently, as shown in FIG. 21, for example, by 
using a method Such as Solid-state diffusion, a p-type dopant 
such as boron (B) or indium (In) is doped in the side-wall Si 
surface of the trench 33 (or opening) of the silicon substrate 
404, and a p-type diffusion layer 55 is formed. 
0.137 Subsequently, as shown in FIG. 22, an insulative 
material, such as a silicon oxide film (SiO film), a silicon 
nitride film (SiNa film) or a titanium oxide (TiO) film, which 
has a lower refractive index than silicon (Si), is buried in the 
trenches 33 (or hole-like openings) formed in the above step, 
by, e.g. CVD or spin coating. Thereby, a device isolation 
insulation film 408 is formed. Thereafter, an insulative mate 
rial is deposited on the device isolation insulation film 408 by, 
e.g. CVD, and an antireflection film 405 is formed over the 
entire bottom surface of the substrate. 
0.138. Subsequently, through the same fabrication steps as 
in the first embodiment, the Solid-state imaging device 
according to the present embodiment is manufactured. 

<Advantageous Effects-> 
0.139. According to the above-described solid-state imag 
ing device of the present embodiment and the manufacturing 
method thereof, at least the same advantageous effects (1)and 
(2) as described above can be obtained. In addition, according 
to the present embodiment, at least the following advanta 
geous effect (3) can be obtained. 
0140 (3) Dark Current can Advantageously be Reduced. 
0.141. The Solid-state imaging device according to the 
present embodiment further includes the p-type diffusion 
layer 55 which is provided in the semiconductor substrate 404 
along the side wall of the device isolation insulation film 48. 
0142. Accordingly, as shown in FIG. 19C, since depletion 
at the interface between the silicon (Si) substrate 404 and the 
device isolation insulation film 408 can be prevented, dark 
current occurring due to, e.g. a crystal defect that is present at 
a boundary Surface, can advantageously be reduced. 
0143. In this case, as shown in the Figure, it is preferable 
that the p-type diffusion layer 55 be formed continuously 
between the neighboring unit pixels 1. With this structure, the 
p-type diffusion layer 55 is formed without spacing between 
the neighboring unit pixels 1, and the p-type diffusion layer 
55 not only has the effect of preventing dark current, as 
described above, but also has the effect of preventing diffu 
sion between the n-type diffusion layer 403 that becomes the 
light-receiving region and the n-type diffusion layer 403 in 
the neighboring unit pixel 1. 

Third Embodiment 

An Example in which an Insulation Film and a 
P-Type Diffusion Layer are Offset and Provided 

0144) Next, referring to FIG. 23 to FIG. 31, a solid-state 
imaging device according to a third embodiment and a manu 
facturing method thereof are described. This embodiment 
relates to an example in which the device isolation insulation 
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film 408 and p-type diffusion layer 55 are provided with an 
offset by a predetermined distance (d1 or d2) from the surface 
(front surface side) of the semiconductor substrate on which 
the signal scanning circuit unit is formed. A detailed descrip 
tion of the parts common to those in the first embodiment is 
omitted here. 

Cross-Sectional Structure Example (1) 

0145 Across-sectional structure shown in FIG. 23 differs 
from the first embodiment in that the device isolation insula 
tion film 408 is provided in the semiconductor substrate 404 
with an offset by a predetermined distance (d1) from the 
surface (front surface side) of the semiconductor substrate 
404 on which the signal scanning circuit unit is formed. 
0146 In other words, the illustrated structure differs from 
the first embodiment in that the device isolation insulation 
film 408 between the neighboring unit pixels 1 is not formed 
on the silicon (Si) substrate 404 on the front surface side on 
which the signal scanning circuit unit is formed. 
0147 Further, as shown in the Figure, when the device 
isolation insulation film 408 is to be provided at the device 
isolation insulation boundary region of the unit pixels 1, if the 
device isolation insulation film 408 is provided to extend to 
the surface of the silicon (Si) substrate 404 on the front 
Surface side on which the signal scanning circuit is formed, 
the area that can be occupied by the active elements, such as 
MOS-FETs, which are provided on the front surface side of 
the silicon substrate 404, would become very small. Conse 
quently, many active elements, such as MOS-FETs, could not 
be formed in fine pixels. 
0148. As shown in FIG. 24 in enlarged scale, an active 
element (MOS-FET), which is surrounded by a broken line, is 
composed of a gate electrode that is provided in the interlayer 
insulation film 409, a gate insulation film, and source/drain 
regions S/D (n-type diffusion layers) which are provided 
spaced apart in the silicon Substrate 404 in a manner to sand 
wich the gate electrode. A device isolation insulation film STI 
is provided between active elements (MOS-FETs). Further, a 
P well 442 is provided in the semiconductor substrate 404 
under the device isolation insulation film 408 in a manner to 
surround the drain S/D (n-type diffusion layer) and the device 
isolation insulation film STI. 
0149. In the present example, however, as shown in the 
Figure, the device isolation insulation film 408 is provided in 
the semiconductor substrate 404 with an offset by a predeter 
mined distance (d1) from the surface (front surface side) of 
the semiconductor Substrate 404 on which the signal scanning 
circuit unit is formed. 
0150. Thus, there is no restriction to the layout of the 
active element, such as a MOS-FET, which is formed in the 
unit pixel 1, and therefore fine pixels can be formed with no 
restriction. In the case of the present example, the predeter 
mined distance d1 for the offset should preferably be set at, 
e.g. about 150 nm to about 1 um. 

<Manufacturing Method (1)> 
0151. Next, referring to FIG.25 and FIG. 26, a description 

is given of a method for manufacturing the above-described 
cross-sectional structure example (1). 
0152 To start with, as shown in FIG. 25, selective etching 

is performed by, e.g. photolithography, on the back-side Sur 
face of the silicon substrate 404, on which the light-receiving 
region is formed and which becomes the device isolation 
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boundary of the unit pixel, and trenches 33 are formed in the 
silicon substrate 404 with an offset by a predetermined dis 
tance (d1) from the surface of the first support substrate 31 
(the front-surface side of the silicon substrate 404). In this 
respect, this example differs from the first embodiment. 
0153. At the time of this step, for example, the application 
Voltage at the time of etching is made lower than that in the 
first embodiment, or a predetermined reactant is selected. 
Thereby, the trench 33 with the offset of predetermined dis 
tance d1 is formed. 

0154 Subsequently, as shown in FIG. 26, an insulative 
material, such as a silicon oxide film (SiO film) or a titanium 
oxide (TiO) film, which has a lower refractive index than 
silicon (Si), is buried in the trenches 33 (or hole-like open 
ings) that are offset with the predetermined distance d1, by, 
e.g. CVD or spin coating. Thereby, a device isolation insula 
tion film 408 is formed. Thereafter, an insulative material is 
deposited on the device isolation insulation film 408 by, e.g. 
CVD, and an antireflection film 405 is formed over the entire 
bottom surface of the substrate. 
0155 Subsequently, through the same fabrication steps as 
in the first embodiment, the Solid-state imaging device shown 
in FIG. 23 is manufactured. 

Cross-Sectional Structure Example (2) 

0156 Across-sectional structure shown in FIG. 27 differs 
from the first embodiment in that the p-type diffusion layer 
55, in addition to the device isolation insulation film 408, is 
provided in the semiconductor substrate 404 with an offset by 
a predetermined distance (d2) from the surface (front surface 
side) of the semiconductor substrate 404 on which the signal 
scanning circuit unit is formed. In other words, the illustrated 
structure differs from the first embodiment in that the device 
isolation insulation film 408 and the p-type diffusion layer 55 
between the neighboring unit pixels 1 are not formed on the 
silicon (Si) substrate 404 on the front surface side on which 
the signal scanning circuit unit is formed. 
0157. As shown in FIG. 28 in enlarged scale, an active 
element (MOS-FET) is provided in the offset region of the 
device isolation insulation film 408. In addition, the device 
isolation insulation film STI is provided between the active 
elements (MOS-FET). 
0158. Further, in the present example, as shown in FIG. 28, 
the p-type diffusion layer 55 and Pwell 442 are so provided as 
to be connected at a boundary 445. 
0159. Thus, at the time of photoelectric conversion, holes 
can advantageously be made to escape to the semiconductor 
substrate 404 side. 

0160 The predetermined distance d2 for the offset should 
preferably be set at, e.g. about 150 nn to about 1 Lum. 

<Manufacturing Method (2)> 

(0161 Next, referring to FIG.29 and FIG.31, a description 
is given of a method for manufacturing the above-described 
cross-sectional structure example (2). 
(0162 To start with, as shown in FIG. 29, like the above 
described case, selective etching is performed by, e.g. photo 
lithography, on the back-side Surface of the silicon Substrate 
404, on which the light-receiving region is formed and which 
becomes the device isolation boundary of the unit pixel, and 
trenches 33 are formed in the silicon substrate 404 with an 
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offset by a predetermined distance (d2) from the surface of 
the first support substrate 31 (the front-surface side of the 
silicon substrate 404). 
0163 Subsequently, as shown in FIG. 30, for example, by 
using a method Such as Solid-state diffusion, a p-type dopant 
such as boron (B) or indium (In) is doped in the side-wall Si 
surface of the trench 33 (or opening) of the silicon substrate 
404 with the predetermined distance d2, and a p-type diffu 
sion layer 55 is formed. 
0164 Subsequently, as shown in FIG. 31, an insulative 
material. Such as a silicon oxide film (SiO film) or a titanium 
oxide (TiO) film, which has a lower refractive index than 
silicon (Si), is buried in the trenches 33 (or hole-like open 
ings) formed in the above step, by, e.g. CVD or spin coating. 
Thereby, a device isolation insulation film 408 is formed. 
Thereafter, an insulative material is deposited on the device 
isolation insulation film 408 by, e.g. CVD, and an antireflec 
tion film 405 is formed over the entire bottom surface of the 
substrate. 

0.165 Subsequently, through the same fabrication steps as 
in the first embodiment, the Solid-state imaging device shown 
in FIG. 27 is manufactured. 

<Advantageous Effects-> 

0166 According to the above-described solid-state imag 
ing device of the present embodiment and the manufacturing 
method thereof, at least the same advantageous effects (1) to 
(3) as described above can be obtained. In addition, according 
to the present embodiment, at least the following advanta 
geous effect (4) can be obtained. 
0167 (4) Since there is no restriction to the layout of the 
active element, such as a MOS-FET, which is formed in the 
unit pixel 1, fine pixels can be formed with no restriction. 
0168 When the device isolation insulation film 408 and 
p-type diffusion layer 55 need to be provided at the device 
isolation insulation boundary region of the unit pixels 1, if the 
device isolation insulation film 408 and p-type diffusion layer 
55 are provided to extend to the surface of the silicon (Si) 
substrate 404 on the front surface side on which the signal 
scanning circuit is formed, the area that can be occupied by 
the active elements, such as MOS-FETs, which are provided 
on the front surface side of the silicon substrate 404, would 
become very small. Consequently, many MOS-FETs could 
not be formed in fine pixels. 
0169. In the structure of the present example, however, as 
shown in FIG. 23 and FIG. 27, the device isolation insulation 
film 408 and p-type diffusion layer 55 are provided in the 
semiconductor substrate 404 with an offset by a predeter 
mined distance (d1,d2) from the surface (front surface side) 
of the semiconductor Substrate 404 on which the signal scan 
ning circuit unit is formed. In other words, in the structure of 
this example, the device isolation insulation film 408 and 
p-type diffusion layer 55 between the neighboring unit pixels 
1 are not formed on the silicon (Si) substrate 404 on the front 
Surface side on which the signal scanning circuit unit is 
formed. 

0170 Thus, there is no restriction to the layout of the 
active element, such as a MOS-FET, which is formed in the 
unit pixel 1, and therefore fine pixels can advantageously be 
formed with no restriction. 

Jan. 27, 2011 

0171 The predetermined distance d1 d2 for the offset 
should preferably be set at, e.g. about 150 nn to about 1 Lum. 

Comparative Example 

An Example in which a Device Isolation Insulation 
Film is not Included 

0172 Next, referring to FIG. 32, a description is given of 
a solid-state imaging device according to a comparative 
example for comparison with the Solid-state imaging devices 
according to the first to third embodiments. This comparative 
example relates to a case in which a device isolation insula 
tion film is not provided in the device isolation region. 
0173 As shown in the Figure, in the structure according to 
the comparative example, the device isolation insulation film 
shown in the above embodiments is not provided in the device 
isolation region. 
0.174 Thus, in the Solid-state imaging device according to 
the comparative example, incident light L11, L12, which is 
incident from the back side of the substrate, diffracts after 
passing through the ML/CF in the unit pixel 100, and leaks to 
the neighboring unit pixel, leading to crosstalk. As a result, 
disadvantageously, color mixing occurs, color reproducibil 
ity on the reproduced screen deteriorates, and the image qual 
ity decreases. 
0.175. As described above, in the structure of the compara 
tive example, since the device isolation insulation film shown 
in the above embodiments is not provided in the device iso 
lation region, it is not possible to stop the travel of light L11. 
L12 propagating through the silicon (Si) Substrate. 
(0176 While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 

What is claimed is: 
1. A solid-state imaging device comprising: 
a pixel region which is configured Such that a photoelectric 

conversion unit and a signal scanning circuit unit are 
included in a semiconductor Substrate, and a matrix of 
unit pixels is disposed; and 

a driving circuit region which is configured such that a 
device driving circuit for driving the signal scanning 
circuit unit is disposed on the semiconductor Substrate, 

wherein the photoelectric conversion unit is provided on a 
back surface side of the semiconductor substrate, which 
is opposite to a front Surface of the semiconductor Sub 
strate where the signal scanning circuit unit is formed, 
and 

the unit pixel includes an insulation film which is provided 
in a manner to Surround a boundary part with the unit 
pixel that neighbors and defines a device isolation 
region. 

2. The device according to claim 1, wherein the signal 
scanning circuit unit includes a photodiode which is provided 
in the semiconductor Substrate and includes a diffusion layer 
of a first conductivity type which constitutes a signal charge 
accumulation region. 
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3. The device according to claim 1, wherein the unit pixel 
further includes a diffusion layer of a second conductivity 
type which is provided in the semiconductor Substrate along 
a side wall of the insulation film. 

4. The device according to claim 1, wherein the insulation 
film is disposed in a lattice-like plan-View shape in a manner 
to Surround the unit pixel. 

5. The device according to claim 1, wherein the insulation 
film is disposed in a discontinuous hole-like plan-View shape 
in a manner to Surround a boundary part with the unit pixel 
that neighbors. 

6. The device according to claim 1, further comprising a 
vertical shift register which selects the unit pixels on a row 
by-row basis. 

7. The device according to claim 1, further comprising an 
analog-digital conversion circuit which converts an analog 
signal, which is input from the unit pixel, to a digital signal. 

8. A solid-state imaging device comprising: 
a pixel region which is configured such that a photoelectric 

conversion unit and a signal scanning circuit unit are 
included in a semiconductor Substrate, and a matrix of 
unit pixels is disposed, the photoelectric conversion unit 
being provided on a back Surface side of the semicon 
ductor substrate, which is opposite to a front surface of 
the semiconductor Substrate where the signal scanning 
circuit unit is formed, and the unit pixel including an 
insulation film which is provided in a manner to Sur 
round a boundary part with the unit pixel that neighbors 
and defines a device isolation region, and being provided 
in the semiconductor substrate with an offset from the 
front surface of the semiconductor substrate where the 
signal scanning circuit unit is formed; and 

a driving circuit region which is configured such that a 
device driving circuit for driving the signal scanning 
circuit unit is disposed on the semiconductor Substrate. 

9. The device according to claim 8, wherein the signal 
scanning circuit unit includes a photodiode which is provided 
in the semiconductor Substrate and includes a diffusion layer 
of a first conductivity type which constitutes a signal charge 
accumulation region. 

10. The device according to claim 8, wherein the unit pixel 
further includes a diffusion layer of a second conductivity 
type which is provided in the semiconductor Substrate along 
a side wall of the insulation film. 

11. The device according to claim 8, wherein the insulation 
film is disposed in a lattice-like plan-View shape in a manner 
to Surround the unit pixel. 

12. The device according to claim 8, wherein the insulation 
film is disposed in a discontinuous hole-like plan-View shape 
in a manner to Surround a boundary part with the unit pixel 
that neighbors. 
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13. The device according to claim 8, further comprising a 
vertical shift register which selects the unit pixels on a row 
by-row basis. 

14. The device according to claim 8, further comprising an 
analog-digital conversion circuit which converts an analog 
signal, which is input from the unit pixel, to a digital signal. 

15. A method of manufacturing a solid-state imaging 
device, comprising: 

attaching a first Support Substrate on a front Surface of a 
semiconductor Substrate on a side on which a signal 
Scanning circuit is formed; 

reducing a thickness of a back Surface of the semiconductor 
substrate on a side opposite to the side on which the 
signal scanning circuit is formed; 

forming, in the semiconductor Substrate on the back Sur 
face side, a trench which defines a device isolation 
region in a manner to Surround a unit pixel; 

forming an insulation film by burying an insulative mate 
rial in the trench; 

attaching a second Support Substrate on the back Surface 
side of the semiconductor substrate; 

removing the first Support Substrate; 
forming a signal scanning circuit unit on the front-side 

Surface of the semiconductor Substrate; 
removing the second Support Substrate; and 
forming a light-receiving Surface on the back-side Surface 

of the semiconductor substrate. 

16. The method according to claim 15, further comprising 
doping a dopant in a semiconductor Surface on a side wall in 
the trench, and forming an impurity diffusion layer. 

17. The method according to claim 15, wherein when the 
trench which defines the device isolation region is formed, the 
trench is offset in the semiconductor substrate with a prede 
termined distance from a surface of the first support substrate. 

18. The method according to claim 15, whereina plan-view 
arrangement of the insulation film is such a lattice-shaped 
arrangement as to Surround the unit pixel. 

19. The method according to claim 15, wherein when the 
trench for forming the device isolation region is formed, a 
plan-View shape thereof is formed as a lattice-like shape in a 
manner to Surround the unit pixel. 

20. The method according to claim 15, wherein when the 
trench for forming the device isolation region is formed, a 
plan-View shape thereof is formed as a discontinuous hole 
like shape in a manner to Surround a boundary part with the 
unit pixel. 
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