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SOLID-STATE IMAGING DEVICE, METHOD
OF MANUFACTURING THE SAME, AND
ELECTRONIC EQUIPMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to Japanese
Priority Patent Application JP 2010-082488 filed in the Japan
Patent Office on Mar. 31, 2010, the entire contents of which
are hereby incorporated by reference to the extent permitted
by law.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to a solid-state imag-
ing device, a method of manufacturing the same, and elec-
tronic equipment.

[0003] Electronic equipment such as a digital video camera
and a digital still camera includes a solid-state imaging
device. For example, as the solid-state imaging device, a
CMOS (Complementary Metal Oxide Semiconductor) type
image sensor and a CCD (Charge Coupled Device) type
image sensor are included.

[0004] In the solid-state imaging device, a plurality of pix-
els is arranged on a surface of a substrate. In each pixel, a
photoelectric conversion portion is provided. The photoelec-
tric conversion portion is, for example, a photo diode, and
creates a signal electric charge by receiving an incident light
by a light sensing surface to perform the photoelectric con-
version.

[0005] Among the solid-state imaging devices, in the
CMOS type image sensor, the pixels are configured to include
a pixel transistor in addition to the photoelectric conversion
portion. The pixel transistor is configured to read the signal
electric charge created in the photoelectric conversion portion
and output the read signal electric charge to a signal line as an
electric signal.

[0006] Inthe solid-state imaging device, generally, the pho-
toelectric conversion portion receives the light that is incident
from the front surface side on which a circuit element, a
wiring or the like is provided on the substrate. In this case,
since the circuit element, the wiring or the like shields or
reflects the incident light, it is difficult to improve the sensi-
tivity.

[0007] For this reason, there is proposed a “rear surface
irradiation type” (e.g., see Japanese Unexamined Patent
Application Publication Nos. 2003-31785, 2005-347707,
2005-35363, and 2005-353955) in which the photoelectric
conversion portion receives the light that is incident from a
rear surface side being an opposite side of a front surface on
which the circuit element, the wiring or the like is provided in
the substrate.

[0008] However, in order to suppress an occurrence of dark
current due to an interface state of the semiconductor with the
photoelectric conversion portion provided thereon, it is dis-
closed that the photoelectric conversion portion has a HAD
(Hole Accumulation Diode) structure. In the HAD structure,
by forming a positive electric charge accumulation (hole)
accumulation area on the light sensing surface of an n-type of
electric charge accumulation area, the occurrence of the dark
current is suppressed.

[0009] In order to form the positive electric charge accu-
mulation area in an interface portion of the photoelectric
conversion portion, it is proposed that, by providing “a film
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having a negative fixed electric charge” on the light sensing
surface of the n-type of electric charge accumulation area and
peeling the same, the occurrence of dark current is sup-
pressed. Herein, a high dielectric film having a high refractive
index such as a hafnium oxide film (a HfO, film) is used as a
“film having a negative fixed electric charge” to suppress the
occurrence of dark current, and the hafnium oxide film is used
as an antireflection film to realize the high sensitivity (e.g., see
Japanese Unexamined Patent Application Publication No.
2007-258684 (paragraphs 0163 to 0168) and Japanese Unex-
amined Patent Application Publication No. 2008-306154
(paragraph 0044 or the like)).

SUMMARY

[0010] One embodiment consistent with the present inven-
tion includes a semiconductor layer comprising a plurality of
photodiodes, a first antireflection film located over a first
surface of the semiconductor layer, a second antireflection
film located over the first antireflection film, a light shielding
layer having side surfaces which are adjacent to at least one of
first and the second antireflection film.

[0011] In another embodiment consistent with the present
invention, the light shielding layer is located between the first
antireflection film and the second antireflection film.

[0012] In another embodiment consistent with the present
invention, an intermediate layer located between the first
antireflection film and the light shielding layer.

[0013] In another embodiment consistent with the present
invention, the light shielding layer is embedded in the second
antireflection film.

[0014] In another embodiment consistent with the present
invention a separation region is included between each of the
plurality of photodiodes.

[0015] In another embodiment consistent with the present
invention, the light shielding layer is located over the separa-
tion region.

[0016] In another embodiment consistent with the present
invention, a trench is located in each of the separation regions
where the light shielding layer is located inside the trench.

[0017] In another embodiment consistent with the present
invention, the photodiode has a first surface which receives
light.

[0018] In another embodiment consistent with the present

invention, the first antireflection film and the second antire-
flection film are located over the first surface of the photo-
diode.

[0019] In another embodiment consistent with the present
invention, the thickness of the first antireflection film is
smaller than the thickness of the second antireflection film.
[0020] Inanother embodiment consistent with the present
invention, the light shielding layer has a substantially convex
shape.

[0021] In another embodiment consistent with the present
invention, the first antireflection film includes at least one of
an oxide of hafnium, zirconium, aluminum, tantalum, tita-
nium, magnesium, yttrium, lanthanoid or silicon element.
[0022] In another embodiment consistent with the present
invention, the second antireflection film includes at least one
of an oxide of hafnium, zirconium, aluminum, tantalum, tita-
nium, magnesium, yttrium, lanthanoid or silicon element.
[0023] In another embodiment consistent with the present
invention, the first antireflection film has a refraction index of
1.5 or more.

IPR2025-00845

Apple-Sony EX1066 Page 18



US 2011/0241148 Al

[0024] In another embodiment consistent with the present
invention, the second antireflection film has a refraction index
of 1.5 or more

[0025] In another embodiment consistent with the present
invention, the solid state imaging device includes a wiring
layer located over a second surface of the semiconductor
layer opposite the first antireflection film and the second
antireflection film.

[0026] In another embodiment consistent with the present
invention, the solid state imaging device includes a transistor
located over the second surface of the semiconductor layer.
[0027] In another embodiment consistent with the present
invention, the transistor transfers an electric charge from the
photodiode to a transmission line.

[0028] Another embodiment consistent with the present
embodiment includes a method for manufacturing a solid
state imaging device comprising the steps of forming a semi-
conductor layer comprising a plurality of photodiodes, form-
ing a first antireflection film over a first surface of the semi-
conductor layer, forming a second antireflection film over the
first antireflection film, forming a light shielding layer having
side surfaces, where the side surfaces are adjacent to at least
one of the first antireflection film and the second antireflec-
tion film.

[0029] In another embodiment consistent with the present
invention, the second antireflection film is formed after form-
ing the light shielding layer.

[0030] In another embodiment consistent with the present
invention, the light shielding layer is formed after forming the
second antireflection film.

[0031] In another embodiment consistent with the present
invention, the light shielding layer is located between the first
antireflection film and the second antireflection film.

[0032] In another embodiment consistent with the present
invention, the method includes the step of forming an inter-
mediate layer located between the first antireflection film and
the light shielding layer.

[0033] In another embodiment consistent with the present
invention, the light shielding layer is embedded in the second
antireflection film.

[0034] In another embodiment consistent with the present
invention, the method includes the step of forming a separa-
tion region between each of the plurality of photodiodes.
[0035] In another embodiment consistent with the present
invention, the light shielding layer is located over the separa-
tion region.

[0036] In another embodiment consistent with the present
invention, the method includes forming a trench located in
each of the separation regions, wherein the light shielding
layer is located inside the trench.

[0037] In another embodiment consistent with the present
invention, the photodiode has a first surface which receives
light.

[0038] In another embodiment consistent with the present
invention, the first antireflection film and the second antire-
flection film are located over the first surface of the photo-
diode.

[0039] In another embodiment consistent with the present
invention, the thickness of the first antireflection film is
smaller than the thickness of the second antireflection film.
[0040] In another embodiment consistent with the present
invention, the light shielding layer has a substantially convex
shape.
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[0041] In another embodiment consistent with the present
invention, the first antireflection film includes at least one of
an oxide of hafnium, zirconium, aluminum, tantalum, tita-
nium, magnesium, yttrium, lanthanoid or silicon element.
[0042] In another embodiment consistent with the present
invention, the second antireflection film includes at least one
of an oxide of hafnium, zirconium, aluminum, tantalum, tita-
nium, magnesium, yttrium, lanthanoid element or silicon.
[0043] In another embodiment consistent with the present
invention, the first antireflection film has a refraction index of
1.5 or more.

[0044] In another embodiment consistent with the present
invention, the second antireflection film has a refraction index
of 1.5 or more.

[0045] Inanother embodiment consistent with the present
invention, the step of forming a wiring layer over a second
surface of the semiconductor layer opposite the first antire-
flection film and the second antireflection film.

[0046] In another embodiment consistent with the present
invention, including the steps of forming a transistor over the
second surface of the semiconductor layer.

[0047] In another embodiment consistent with the present
invention, the transistor transfers an electric charge from the
photodiode to a transmission line.

[0048] Another embodiment consistent with the present
invention, an electronic apparatus including a semiconductor
layer including a plurality of photodiodes, a first antireflec-
tion film on a first surface of the semiconductor layer, a
second antireflection film over the first antireflection film, a
light shielding layer adjacent the first antireflection film, and
a photodiode layer having a side surface adjacent at least the
second antireflection film.

[0049] In the present invention, the first antireflection film
is provided so as to cover the portion in which the light
sensing surface and the light shielding layer are provided on
the rear surface of the semiconductor layer. Along with this,
the second antireflection film is formed on the first antireflec-
tion film so as to cover the portion in which the light sensing
surface is provided on the rear surface. The light shielding
layer 60 is provided not on the second antireflection film but
on the first antireflection film.

[0050] According to an embodiment of the present inven-
tion, it is possible to provide a solid-state imaging device, a
method of the manufacturing the same, and electronic equip-
ment capable of improving an image quality or the like of a
captured image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 is a configuration diagram showing a con-
figuration of a camera in a first embodiment according to the
present invention;

[0052] FIG. 2 is a block diagram showing the overall con-
figuration of a solid-state imaging device in the first embodi-
ment according to the present invention;

[0053] FIG. 3 is a diagram showing a principal part of the
solid-state imaging device in the first embodiment according
to the present invention;

[0054] FIG. 4 is a diagram showing a principal part of the
solid-state imaging device in the first embodiment according
to the present invention;

[0055] FIG. 5 is a diagram showing a principal part of the
solid-state imaging device in the first embodiment according
to the present invention;
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[0056] FIG. 6 is a diagram showing a method of manufac-
turing the solid-state imaging device in the first embodiment
according to the present invention;

[0057] FIG. 7 is a diagram showing a method of manufac-
turing the solid-state imaging device in the first embodiment
according to the present invention;

[0058] FIG. 8 is a diagram showing a method of manufac-
turing the solid-state imaging device in the first embodiment
according to the present invention;

[0059] FIG.9 is a diagram showing a method of manufac-
turing the solid-state imaging device in the first embodiment
according to the present invention;

[0060] FIG.101is a diagram showing a method of manufac-
turing the solid-state imaging device in the first embodiment
according to the present invention;

[0061] FIG. 11 is a diagram showing a principal part of a
solid-state imaging device in a second embodimentaccording
to the present invention;

[0062] FIG.12is adiagram showing a method of manufac-
turing the solid-state imaging device in the second embodi-
ment according to the present invention;

[0063] FIG. 13 is a diagram showing a method of manufac-
turing the solid-state imaging device in the second embodi-
ment according to the present invention;

[0064] FIG. 14 is a diagram showing a method of manufac-
turing the solid-state imaging device in the second embodi-
ment according to the present invention;

[0065] FIG. 15 is a diagram showing a principal part of a
solid-state imaging device in a thirdembodimentaccordingto
the present invention;

[0066] FIG. 16 is a diagram showing a principal part of a
solid-state imaging device in a fourth embodiment according
to the present invention; and

[0067] FIG. 17 is a cross-sectional view showing a princi-
pal part of a pixel P of a “rear surface irradiation type” of a
CMOS image sensor.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0068] Embodiments consistent with principles of the
present invention will be described with reference to the
drawings.

[0069] Furthermore, the description will be provided in the
following order.

[0070] 1. First Embodiment (a Case of Covering an Upper
Surface of a Light Shielding Layer)

[0071] 2. Second Embodiment (a case of providing an
intermediate layer in the case of covering the upper surface of
the light shielding layer)

[0072] 3. Third Embodiment (a case of not covering the
upper surface of the light shielding layer)

[0073] 4. Fourth Embodiment (a light shielding layer
embedment type)

[0074] FIG. 17 is a cross-sectional view illustrating a prin-
cipal part of a pixel P of a “rear surface irradiation type” of'a
CMOS image sensor.

[0075] Asshown in FIG. 17, in the “rear surface irradiation
type” of CMOS image sensor, a photodiode 21 is provided in
aportion that is divided by a pixel separation portion 101pb in
an inner portion of a semiconductor layer 101.

[0076] Although it is not shown in F1G. 17, a pixel transis-
tor is provided on a front surface (a lower surface in FIG. 17)
of the semiconductor layer 101, and, as shown in FIG. 17, a
wiring layer 111 is provided so as to cover the pixel transistor.
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In addition, a support substrate SS is provided on the front
surface of the wiring layer 111.

[0077] Contrary to this, on the rear surface (an upper sur-
face in FIG. 17) of the semiconductor layer 101, an antire-
flection film 501, a light shielding layer 60J, a color filter CF,
and a micro lens ML are provided, and the photodiode 21
receives the incident light H that is incident via the respective
portions.

[0078] Herein, as shown in FIG. 17, the antireflection film
50J covers the rear surface (the upper surface) of the semi-
conductor layer 101. The antireflection film 50J is formed by
using a high dielectric having a negative fixed electric charge
so that the occurrence of the dark current is suppressed by
forming the positive electric charge accumulation (hole)
accumulation area on the light sensing surface JS of the
photodiode 21. For example, a hafnium oxide film (HfO,
film) is provided as the antireflection film 50J.

[0079] As shown in FIG. 17, the light shielding layer 601] is
formed on the upper surface of the antireflection film 5§0J via
an interlayer insulation film SZ. Herein, the light shielding
layer 60J is provided at an upper part of the pixel separation
portion 101pb provided in the inner portion of the semicon-
ductor layer 101.

[0080] In addition, the upper surface of the light shielding
layer 60J is covered with a planarization film HT, and the
color filter CF and the micro lens ML are provided on the
upper surface of the planarization film HT. In the color filter
CF, for example, each of filter layers of three primary colors
are arranged for each pixel P in a Bayer arrangement.
[0081] In the case of the above-mentioned structure, since
the incident light H, which was incident to one pixel P, is not
incident to the photodiode 21 of the one pixel P but penetrates
the lower part of the light shielding layer 60J, the incident
light H is incident to the photodiode 21 of another adjacent
pixel P in some cases. That is, in a case where the incident
light H is incident so as to be greatly sloped with respect to a
direction z perpendicular to the light sensing surface JS, the
incident light H is not incident to the light sensing surface JS
immediately below that, but incident to the light sensing
surface JS of another pixel P receiving originally the light of
another color. For this reason, a so-called “mixed color” is
generated, and a color reproducibility declines in the captured
color image, whereby the image quality declines.

[0082] In this manner, in the case of the above-mentioned
configuration, a disadvantage such as “mixed color” occurs
by leakage of the inclined light, and therefore, it is difficult to
improve the image quality of the captured image.

[0083] Thus, it is desirable to provide a solid-state imaging
device, a method of manufacturing the same, and electronic
equipment that can improve the image quality or the like of
the captured image.

1. FIRST EMBODIMENT

[0084] (FIG. 1 is a configuration diagram showing a con-
figuration of a camera 40 in a first embodiment according to
the present invention.

[0085] As shown in FIG. 1, the camera 40 has a solid-state
imaging device 1, an optical system 42, a control portion 43,
and a signal processing circuit 44. Each of the portions will be
sequentially described.

[0086] The solid-state imaging device 1 creates a signal
electric charge, by receiving a light H that is incident via an
optical system 42 by an imaging surface PS to perform a
photoelectric conversion. Herein, the solid-state imaging
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device 1 is driven based on the control signal that is output
from a control portion 43 outputs it as raw data.

[0087] The optical system 42 includes an optical member
such as an imaging lens or an aperture, and is disposed so as
to concentrate the light H due to an incident subject image to
an imaging surface PS of the solid-state imaging device 1.
[0088] The control portion 43 outputs various control sig-
nals to the solid-state imaging device 1 and the signal pro-
cessing circuit 44, controls and drives the solid-state imaging
device 1 and the signal processing circuit 44.

[0089] The signal processing circuit 44 is configured so as
to create the digital image with respect to the subject image by
performing the signal processing with respect to the electric
signal that was output from the solid-state imaging device 1.
[0090] (1-2) Principal Part Configuration of Solid-State
Imaging Device

[0091] The overall configuration of the solid-state imaging
device 1 will be described.

[0092] FIG. 2 is a block diagram showing the overall con-
figuration of the solid-state imaging device 1 in a first
embodiment according to the present invention.

[0093] The solid-state imaging device 1 of the present
embodiment is a CMOS type image sensor and includes a
plate-shaped semiconductor layer 101 as shown in FIG. 2. For
example, the semiconductor layer 101 is a single crystal sili-
con semiconductor, and has a pixel area PA and a surrounding
area SA provided thereon.

[0094] As shown in FIG. 2, the pixel area PA has a rectan-
gular shape, and a plurality of pixels P are disposed in a
horizontal direction x and a vertical direction y, respectively.
That is, the pixels P are arranged in a line in the shape of a
matrix.

[0095] Inthe pixel area PA, each pixel P is configured so as
to receive the incident light to create the signal electric
charge. In addition, the created signal electric charge is read
by a pixel transistor (not shown) and output as the electric
signal. The detailed configuration of the pixel P will be
described later.

[0096] As shown in FIG. 2, the surrounding area SA is
situated around the pixel area PA. In addition, a surrounding
circuit is provided in the surrounding area SA.

[0097] Specifically, as shown in FIG. 2, a vertical drive
circuit 13, a column circuit 14, ahorizontal drive circuit 15, an
external output circuit 17, a timing generator (TG) 18, and a
shutter drive circuit 19 are provided as the surrounding cir-
cuits.

[0098] As shown in FIG. 2, the vertical drive circuit 13 is
provided ataside portion of the pixel area PA in the surround-
ing area SA and configured so as to select and drive the pixels
P of the pixel area PA in a line unit.

[0099] As shown in FIG. 2, the column circuit 14 is pro-
vided at a lower end portion of the pixel area PA in the
surrounding area SA and carries out the signal processing
with respect to the signal that is output from the pixels P in the
line unit. Herein, the column circuit 14 includes a CDS (Cor-
related Double Sampling) circuit (not shown) and carries out
the signal processing that removes the fixed pattern noise.
[0100] Asshown in FIG. 2, the horizontal drive circuit 15 is
electrically connected to the column circuit 14. The horizon-
tal drive circuit 15 includes, for example, a shift register and
sequentially outputs the signals, which are maintained for
each row of pixels P in the column circuit 14, to the external
output circuit 17.
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[0101] Asshown in FIG. 2, the external output circuit 17 is
electrically connected to the column circuit 14, carries outthe
signal processing with respect to the signal that was output
from the column circuit 14, and then outputs the signal to the
outside. The external output circuit 17 includes an AGC (Au-
tomatic Gain Control) circuit 17a and an ADC circuit 174. In
the external output circuit 17, after the AGC circuit 17a
applies the gain to the signal, the ADC circuit 175 transforms
the signal from an analog signal to a digital signal and the
transformed signal output to the outside.

[0102] As shown in FIG. 2, the timing generator 18 is
electrically connected to each of the vertical drive circuit 13,
the column circuit 14, the horizontal drive circuit 15, the
externaloutputcircuit 17, and the shutter drive circuit19. The
timing generator 18 creates and outputs various timing sig-
nals to the vertical drive circuit 13, the column circuit 14, the
horizontal drive circuit 15, the external outputcircuit 17, and
the shutter drive circuit 19, thereby carrying out the drive
control with respect to each part.

[0103] The shutter drive circuit 19 is configured so as to
select the pixels P in the line unit and regulate the light
exposure time in the pixels P.

[0104] (1-3)Detailed Configuration of Solid-State Imaging
Device
[0105] The detailed content of the solid-state imaging

device according to an embodiment of the present invention
will be described.

[0106] FIGS.3toS arediagrams showing a principal part of
a solid-state imaging device in a first embodiment according
to the present invention.

[0107] FIG. 3 is a cross-sectional view of a pixel P. In
addition, FIG. 4 is a top plane view of the pixel P formed on
the semiconductor substrate. Furthermore, FIG. § shows the
circuit configuration of the pixel P. Moreover, FIG. 3 shows a
cross-section of III-1I1 portion shown in FIG. 4.

[0108] AsshowninFIG. 3, the solid-state imaging device 1
has a photodiode 21 provided in the inner portion of the
semiconductor layer 101. For example, the photodiode 21 is
provided on the semiconductor substrate thatwas thinned to
a thickness of about 10 to 24 pm.

[0109] On a front surface (a lower surface in FIG. 3) of the
semiconductor layer101, although it is not shown in FIG. 3,
a pixel transistor Tr, such as the pixel transistor depicted in
FIGS. 4 and 5, is provided. In addition, as shown in FIG. 3, a
wiring layer 111 is provided so as to cover the pixel transistor
Tr, and a support substrate SS is provided on an opposite
surface with respect to the semiconductor layer 101 in the
wiring layer 111.

[0110] On a rear surface (an upper surface in FIG. 3) of the
semiconductor layer 101, an antireflection film 50, a light
shielding layer 60, a color filter CF, and a micro lens ML are
provided, and the photo diode 21 receives the incident light H
is incident from the rear surface side.

[0111] Consistent with this embodiment, the solid-state
imaging device 1 of the present embodiment is a “rear surface
irradiation type CMOS image sensor” and is formed to
receive the incident light H at the rear surface (the upper
surface in FIG. 3) side being the opposite side of the front
surface (the lower surface in FIG. 3) side.

[0112] (a) Photodiode 21

[0113] Inthe solid-state imaging device 1, a plurality of the
photodiodes 21 are disposed such that each photodiode cor-
responds to a plurality of pixels P shown in FIG. 2. That is, on
the imaging surface (xy surface), a horizontal direction x and
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avertical directiony perpendicular to the horizontal direction
x are provided in a line, respectively.

[0114] Thephotodiode 21 is configured so as to accumulate
the signal electric charge by receiving the incident light H (the
subject image) and performing the photoelectric conversion.

[0115] Herein, as shown in FIG. 3, the photodiode 21
receives the light incident from the rear surface (the upper
surface in FIG. 3) side of the semiconductor layer 101. At an
upper part of the photodiode 21, as shown in FIG. 3, the
antireflection film 50, the planarization film HT, the color
filter CF, and the micro lens ML are provided, and the pho-
todiode 21 receives the incident light H which was sequen-
tially incident via the respective portions and performs the
photoelectric conversion.

[0116] AsshowninFIG. 3, the photodiode 21 is provided in
the semiconductor layer 101 as a single crystal silicon semi-
conductor. Specifically, the photodiode 21 includes an n-type
electric charge accumulation area (not shown). In addition, a
hole accumulation area (not shown) is formed so as to sup-
press the occurrence of the dark current in each interface
between the upper surface side and the lower surface side of
the n type electric charge accumulation area.

[0117] As shown in FIG. 3, in an inner portion of the semi-
conductor layer 101, there is provided a pixel separation
portion 101pbd in which p type impurities are diffused so as to
electrically separate between the plurality of pixels P, and the
photodiode 21 is provided at an area partitioned by the pixel
separation portion 101pb.

[0118] For example, as shown in FIG. 4, the pixel separa-
tion portion 101pb is formed so as to be interposed between
the plurality of pixels P. That is, the pixel separation portion
101pb is formed so that the plane shape thereof becomes a
grid shape, and shown in FIG. 4, the photodiode 21 is formed
in the area partitioned by the pixel separation portion 101pb.
[0119] Inaddition, as shown in FIG. §, each photodiode 21
is configured so that an anode is grounded and the accumu-
lated signal electric charge (herein, electron) is read by the
pixel transistor Tr and output to a vertical signal line 27 as the
electric signal.

[0120] (b) Pixel Transistor Tr

[0121] In the solid-state imaging device 1, a plurality of
pixel transistors Tr is provided so as to correspond to the
plurality of pixels P shown in FIG. 2.

[0122] As shown in FIGS. 4 and 5, the pixel transistor Tr
includes a transmission transistor 22, an amplification tran-
sistor 23, a selection transistor 24, and a reset transistor 25 and
is configured to read the signal electric charge from the pho-
todiode 21 and outputs the same as the electric signal. For
example, as shown in FIG. 4, the pixel transistor Tr is pro-
vided so as to be situated at the lower part of the photodiode
21 in the imaging surface (xy surface).

[0123] Each ofthe transistors 22 to 25 constituting the pixel
transistor Tr are not shown in FIG. 3 but are provided on the
frontsurface on which the wiring layer 111 is provided in the
semiconductor layer 101. For example, each of the transistors
22 to 25 are provided in the pixel separation portion 101pb
that separates between the pixels P in the semiconductor layer
101. For example, each of the transistors 22 to 25 are MOS
transistors of N channel, and each gate is formed using, for
example, polysilicon. Inaddition,each of the transistors 22 to
25 is covered with the wiring layer 111.
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[0124] Asshown in FIGS. 4 and §, in the pixel transistor Tr,
the transmission transistor 22 is configured so as to transmit
the signal electric charge created in the photodiode 21 to a
floating and diffusion FD.

[0125] Specifically, as shown in FIGS. 4 and S, the trans-
mission transistor 22 is provided between a cathode of the
photodiode 21 and the floating and diffusion FD. In addition,
in the transmission transistor 22, the transmission line 26 is
electrically connected to the gate. In the transmission transis-
tor 22, the transmission signal TG is given from the transmis-
sion line 26 to the gate, thereby transmitting the signal electric
charge accumulated in the photodiode 21 to the floating and
diffusion FD.

[0126] Asshown inFIGS. 4 andS§, in the pixel transistor Tr,
the amplification transistor 23 is configured so as to amplify
and output the electric signal which was transformed from the
electric charge to the voltage in the floating and diffusion FD.
[0127] Specifically, as shown in FIG. 4, the amplification
transistor 23 is provided between the selection transistor 24
and the reset transistor 25. Herein, as shown in FIG. 5, in the
amplification transistor 23, the gate is electrically connected
to the floating and diffusion FD. Furthermore, in the ampli-
fication transistor 23, the drain is electrically connected to a
power supply line Vdd and the source is electrically con-
nected to the selection transistor 24. When the selection tran-
sistor 24 is selected to become in the ON state, the amplifi-
cation transistor 23 is supplied with the constant current from
a constant electric source | and operated as a source follower.
For this reason, in the amplification transistor 23, the selec-
tion signal is supplied to the selection transistor 24, whereby
the electric signal, which was transformed from the electric
chargeto the voltage, is amplified in the floating and diffusion
FD.

[0128] In the pixel transistor Tr, the selection transistor 24
is configured to output the electric signal, which was output
by the amplification transistor 23, to the vertical signal line 27
when the selection signal is input, as shown in FIGS. 4 and 5.
[0129] Specifically, as shown in FIG. 4, the selection tran-
sistor 24 is provided so as to be close to the amplification
transistor 23. Furthermore, as shown in FIG. 5, in the selec-
tion transistor 24, the gate is connected to an address line 28
that is supplied with the selection signal. In addition, the
selection transistor 24 enters the ON state upon being sup-
plied with the selection signal, and outputs the output signal
amplified by the amplification transistor 23 as above to the
vertical signal line 27.

[0130] Inthe pixel transistor Tr, as shown in FIGS. 4 and §,
the reset transistor 25 is configured so as to reset the gate
electric potential of the amplification transistor 23.

[0131] Specifically, as shown in FIG. 4, the reset transistor
25 is provided so as to be close to the amplification transistor
23. As shown in FIG. §; in the reset transistor 25, the gate is
electrically connected to a reset line 29 that is provided with
the reset signal. Moreover, in the reset transistor 25, the drain
is electrically connected to the electric power supply line Vdd
and the source is electrically connected to the floating and
diffusion FD. In addition, when the reset signal is supplied
from the reset line 29 to the gate, the reset transistor 25 resets
the gate electric potential of the amplification transistor 23 to
the power supply voltage via the floating and diffusion FD.
[0132] In the above, the transmission line 26, the address
line 28, and the reset line 29 are wired so as to be connected
to the gates of the respective transistors 22, 24, and 25 of the
plurality of pixels P arranged in the horizontal direction H (a
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line direction). For this reason, the operations of the respec-
tive transistors 22, 23, 24, and 25 are concurrently performed
with respect to the pixels P of one line.

[0133] (c) Wiring Layer 111

[0134] Inthe solid-state imaging device 1, as shown in FIG.
3, the wiring layer 111 is provided on the front surface (the
lower surface in FIG. 3) being the opposite side of the rear
surface (the upper surface in FIG. 3) on which each part such
as the antireflection film 50 is provided in the semiconductor
layer 101.

[0135] The wiring layer 111 includes a wiring 1114 and an
insulation layer 111z, and is configured so that the wiring
1114 is electrically connected to each element in the insula-
tion layer 111z. Herein, each wiring 111% is stacked and
formed in the insulation layer 111z so as to function as each
wiring such as the transmission line 26, the address line 28,
the vertical signal line 27, and the reset line 29, which are
shown in FIG. §.

[0136] Inaddition, in the wiring layer 111, on the surface of
the opposite side of the side where the semiconductor layer
101 is situated, the support substrate SS is provided. For
example, the substrate formed of the silicon semiconductor
having the thickness of several hundred jun is provided as the
support substrate SS.

[0137] (d) Antireflection Film 50

[0138] Inthe solid-state imaging device 1, as shown in FIG.
3, the antireflection film 50 is provided on the rear surface (the
upper surface in FIG. 3) being the opposite side of the front
surface (the lower surface in FIG. 3) whereby each part such
as the wiring layer 111 is provided in the semiconductor layer
101.

[0139] As shown in FIG. 3, the antireflection film 50
includes a first antireflection film 501 and a second antire-
flection film 502 and is configured so as to prevent the light H
incident from the rear surface side of the semiconductor layer
101 from being reflected in the rear surface of the semicon-
ductor layer 101. That is, the material and the film thickness
of'the antireflection film 50 are suitably selected and formed
so that the antireflection function is manifested by the optical
interference action. Herein, it is desirable to form the antire-
flection film 50 using a material having a high refractive
index. Particularly, it is desirable to form the antireflection
film 50 using a material having the refractive index of 1.5 or
more. In another embodiment, the antireflection film is com-
prised of the first antireflection film 501 which has a antire-
flection index of 1.5 or more. In another embodiment, each of
the first antireflection film 501 and the second antireflection
film 502 has a antireflection index of 1.5 or more.

[0140] In the antireflection film 50, as shown in FIG. 3, the
first antireflection film 501 is formed so as to cover the rear
surface (the upper surface) of the semiconductor layer 101.
[0141] Specifically, as shown in FIG. 3, the first antireflec-
tion film 501 is provided so as to cover the portion where the
photodiode 21 is formed and the portion where the pixel
separation portion 101pb is formed in the rear surface of the
semiconductor layer 101. Herein, the first antireflection film
501 is provided so as to have a constant thickness along a flat
rear surface of the semiconductor layer 101.

[0142] In the present embodiment, the first antireflection
film 501 is formed to have a film thickness thinner than that of
the second antireflection film 502.

[0143] Furthermore, the first antireflection film 501 is
formed using a high dielectric having a negative fixed electric
charge so that the occurrence of the dark current is suppressed
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by forming a positive electric charge accumulation (hole)
accumulation area on the light sensing surface JS of the
photodiode 21. The first antireflection film 501 is formed to
include at least one of oxide of hatnium, zirconium, alumi-
num, tantalum, titanium, magnesium, yttrium, lanthanoid,
silicon element or the like. By forming the first antireflection
film 501 to have the negative fixed electric charge, the electric
field is added to an interface between it and the photodiode 21
by the negative fixed electric charge, and thus, the positive
electric charge accumulation (hole) accumulation area is
formed.

[0144] For example, the hatnium oxide film (HfO, film)
subjected to the film formation to have a film thickness of 1 to
20 nm is provided as the first antireflection film 501.

[0145] Inthe antireflection film 50, as shown in FIG. 3, the
second antireflection film 502 is formed so as to cover the rear
surface (the upper surface) of the semiconductor layer 101 via
at least one of the first antireflection film 501 and the light
shielding layer 60. The second antireflection film 502 may be
formed to include at least one of oxide of haftnium, zirconium,
aluminum, tantalum, titanium, magnesium, yttrium, lantha-
noid, silicon element or the like.

[0146] Specifically, as shown in FIG. 3, in the portion
where the photodiode 21 is formed on the rear surface of the
semiconductorlayer101, the second antireflection film 502 is
provided so that the first antireflection film 501 is interposed
between it and the semiconductor layer 101.

[0147] Furthermore, in the portion where the pixel separa-
tion portion 101pb is formed in the rear surface of the semi-
conductor layer 101, the second antireflection film 502 is
provided so that both of the first antireflection film 501 and
the light shielding layer 60 are interposed between it and the
semiconductor layer 101. Herein, the light shielding layer 60
is provided in the portion where the pixel separation portion
101pb is provided in the semiconductor layer 101, among the
upper surface of the first antireflection film 501, and the
second antireflection film 502 is provided on the upper sur-
face of the first antireflection film 501 so as to cover the light
shielding layer 60. That is, the light shielding layer 60 having
a convex shape is provided on the flat surface of the first
antireflection film 501, concave and convex surfaces are pro-
vided, and the second antireflection film 502 is provided so as
to follow the concave and convex surface in a constant thick-
ness.

[0148] In the present embodiment, the second antireflec-
tion film 502 is formed to have a film thickness thicker than
that of the first antireflection film 501.

[0149] For example, the hafnium oxide film (HfO, film)
subjected to the film formation so that the film thickness
totaled with the first antireflection film 501 becomes 40 to 80
nm is formed as the second antireflection film 502.

[0150] Regarding the first antireflection film 501 and the
second antireflection film 502, various materials can be used
besides the above-mentioned hafnium oxide film (HfO, film).
[0151] Herein, it is desirable to form the first antireflection
film 501 using a material having a flat band voltage higher
than the silicon oxide film (SiO, film).

[0152] For example, it is desirable to form the first antire-
flection film 501 using a high dielectric material (High-k) as
follows. In addition, in the following description, AVtb refers
to the value that subtracts the flat band voltage Vb (SiO,) of
SiO, from the flat band voltage Vfb (High-k) of the High-k
material (that is, AVib=V1b (High-k)-V1b (Si0,)).
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[0153] ALO, (AVib=4 to 6V)
[0154] HIO, (AVIb=2 to 3V)
[0155] ZrO, (AVib=2to 3V)
[0156] TiO, (AVIb=3 to 4V)
[0157] Ta,Os (AVIb=3 to 4V)
[0158] MgO, (AVib=1.5 to 2.5V)

[0159] Furthermore,besidesthe above materials, it is desir-
able to form the second antireflection film 502 using the
following material.

[0160] SiN
[0161] SiON
[0162] In the above, the description has been given of the

case where the hafnium oxide film (HfO, film) is used in
regard to both of the first antireflection film 501 and the
second antireflection film 502, the present invention is not
limited thereto. The above-mentioned various materials can
be suitably combined and used.

[0163] For example, it is desirable to form the first antire-
flection film 501 and the second antireflection film 502 by the
combination of the materials shown below. In the following
description, the left side refers to the material used upon
forming the first antireflection film 501 and the right side
refers to the material used upon forming the second antire-
flection film 502.

[0164] (The material of the first antireflection film 501 and
the material of the second antireflection film 502)

[0165] (HfO,, HfO,)
[0166] (HfO,, Ta,0;)
[0167] (HfO,, Al,O,)
[0168] (HfO,, ZrO,)
[0169] (HfO,, TiO,)
[0170] (MgO,, HfO,)
[0171] (AL,O;, SiN)
[0172] (HfO,, SiON)
[0173] (e) Light Shielding Layer 60
[0174] Inthe solid-state imaging device 1, as shown in FIG.

3, the light shielding layer 60 is provided at the side of'the rear
surface (the upper surface in FIG. 3) of the semiconductor
layer 101.

[0175] The light shielding layer 60 is configured so as to
shield a part of the incident light H facing from the upper part
of the semiconductor layer 101 to the rear surface of the
semiconductor layer 101.

[0176] As shown in FIG. 3, the light shielding layer 60 is
provided in the upper part of the pixel separation portion
101pb provided in the inner portion of the semiconductor
layer 101. Contrary to this, in the upper part of the photodiode
21 provided in the inner portion of the semiconductor layer
101, the light shielding layer 60 is not provided but opened so
that the incident light H is incident to the photodiode 21.
[0177] That is, although it is not shown in FIG. 4, the light
shielding layer 60 is formed so that the plane shape thereof
becomes a grid shape in the same manner as the pixel sepa-
ration portion 101pb.

[0178] In the present embodiment, as shown in FIG. 3, the
light shielding layer 60 is provided to protrude in a convex
shape on the upper surface of the first antireflection film 501.
In addition, the light shielding layer 60 is provided so that the
upper surface thereof is covered with the second antireflec-
tion film 502 and the convex-shaped side portion comes into
contact with the second antireflection film 502.

[0179] The light shielding layer 60 is formed of a light
shielding material that shields the light. For example, a tung-
sten (W) film which was subjected to the film formation to
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have a film thickness of 100 to 400 nm is formed as the light
shielding layer 60. In addition, it is also desirable to form the
light shielding layer 60 by stacking a titanium nitride (TiN)
film and the tungsten (W) film.

[0180] (f) The Rest

[0181] In addition, as shown in FIG. 3, in the rear surface
side of the semiconductor layer 101, a planarization film HT
is provided on the upper surface of the antireflection film 50.
On the upper surface of the planarization film HT, a color
filter CF and a micro lens ML are provided.

[0182] For example, the color filter CF includes a red filter
layer (not shown), a green filter layer (not shown), and a blue
filter layer (not shown), and each filter layer of the three
primary colors is disposed to correspond to each pixel P in a
Bayer arrangement. That is, the color filter CF is configured
so that different colors of lights penetrate therethrough
between the pixels P arranged adjacently to each other in the
horizontal direction x and the vertical direction y.

[0183] A plurality of micro lenses ML is disposed to cor-
respond to each pixel P. The micro lens ML is a convex lens
protruding in the convex shape in the rear surface side of the
semiconductor layer 101 and is configured to concentrate the
incident light H in the photodiode 21 of each pixel P. For
example, the micro lens ML is formed using an organic mate-
rial such as resin.

[0184] (2) Manufacturing Method

[0185] A principal part of a method of manufacturing the
solid-state imaging device 1 will be described.

[0186] FIGS. 6 to 10 show a method of manufacturing a
solid-state imaging device in a first embodiment according to
the present invention.

[0187] FIGS. 6 to 10 show cross-sections similarly to FIG.
3. The solid-stateimaging device 1 shown in FIG. 3 or the like
is manufactured sequentially via the processes shown in each
drawing.

[0188] (2-1) Formation of the Photodiode 21 or the Like
[0189] Firstly, as shown in FIG. 6, the photodiode 21 or the
like is formed.

[0190] Herein, by performing the ion implantation of impu-

rities from the front surface of the semiconductor substrate
formed of a single crystal silicon semiconductor, the photo-
diode 21 and the pixel separation portion 101pb are formed.
In addition, after forming the pixel transistor Tr (shown
shown in FIG. 6) on the front surface of the semiconductor
substrate, the wiring layer 111 is formed so as to cover the
pixel transistor Tr. In addition, the support substrate SS is
attached to the front surface of the wiring layer 111.

[0191] Next, by thinning the semiconductor substrate to
have, for example, the thickness of about 10 to 24 um, the
above-mentioned semiconductor layer 101 is formed. For
example, the thinning is carried out by polishing the semi-
conductor substrate according to the CMP method.

[0192] (2-2) Formation of First Antireflection Film 501
[0193] Next, as shown in FIG. 7, the first antireflection film
501 is formed.

[0194] Herein, as shown in FIG. 7, the first antireflection

film 501 is formed to cover the rear surface (the upper surface)
of the semiconductor layer 101.

[0195] Specifically, as shown in FIG. 3, on the rear surface
of the semiconductor layer 101, the first antireflection film
501 is provided so as to cover the portion where the photo-
diode 21 is formed and the portion where the pixel separation
portion 101pb is formed.
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[0196] For example, by forming the hafnium oxide film
(HfO, film) to have a film thickness of 1 to 20 nm under the
condition of the film formation temperature of 200 to 300° C.
by an ALD (Atomic Layer Deposition) method, the first anti-
reflection film 501 is provided.

[0197] (2-3) Formation of Light Shielding Layer 60
[0198] Next, as shown in FIG. 8, the light shielding layer 60
is formed.

[0199] Herein, as shown in FIG. 8, the light shielding layer

60 is formed on the upper surface of the first antireflection
film 501 so as to be situated at the upper part of the pixel
separation portion 101pb provided in the inner portion of the
semiconductor layer 101.

[0200] For example, after the tungsten (W) film (not
shown) is formed on the upper surface of the first antireflec-
tion film 501 to have a film thickness of 100 to 400 nm by the
sputtering method, the light shielding layer 60 is formed by
performing the pattern working to the tungsten film. Specifi-
cally, by performing the dry etching processing, the light
shielding layer 60 is formed from the tungsten film.

[0201] (2-4) Formation of the Second Antireflection Film
502
[0202] Next, as shown in FIG. 9, the second antireflection

film 502 is formed.

[0203] Herein, as showninFIG.9, the second antireflection
film 502 is formed so that the second antireflection film 502
covers the rear surface (the upper surface) of the semiconduc-
tor layer 101 via at least one of the first antireflection film 501
and the light shielding layer 60.

[0204] Specifically, as shown in FIG. 9, the second antire-
flection film 502 is formed so that the first antireflection film
501 is interposed in the formation portion of the photodiode
21 and both of the first antireflection film 501 and the light
shielding layer 60 are interposed in the formation portion of
the pixel separation portion 101pb.

[0205] For example, by forming the hathium oxide film
(HfO, film) by a physical vapor deposition (PVD) method so
that the total film thickness with the first antireflection film
501 becomes 40 to 80 nm, the second antireflection film 502
is formed. The film formation according to the PVD method
has the film forming velocity higher than that of the ALD
method, so that the thick film can be formed within a short
time.

[0206] (2-5) Formation of the Planarization Film HT
[0207] Next, as shown in FIG. 10, the planarization film HT
is formed.

[0208] Herein, as shown in FIG. 10, the planarization film

HT is formed so that the upper surface thereof is flat on the
second antireflection film 502.

[0209] For example, by coating an organic material such as
resin by the spin coat method, the planarization film HT is
formed.

[0210] Next, as shown in FIG. 3, at the rear surface side of
the semiconductor layer 101, the color filter CF and the micro
lens ML are provided. By doing this, a rear surface irradiation
type of CMOS type image sensor is completed.

(3) CONCLUSION

[0211] As described above, in the present embodiment, a
plurality of photodiodes 21 that receives the incident light H
by the light sensing surface JS is provided in the inner portion
of the semiconductor layer 101 to correspond to the plurality
of pixels P. In addition, at the rear surface (the upper surface)
side to which the incident light H is incident in the semicon-
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ductor layer 101, the antireflection film 50 that prevents the
reflection of the incident light H is provided. Furthermore, at
the rear surface side of the semiconductor layer 101, there is
provided the light shielding layer 60 where an opening
through which the incident light H passes to the light sensing
surface JS is formed.

[0212] Herein, the antireflection film 50 includes a plurality
of films of the first antireflection film 501, the second antire-
flection film 502, and the first antireflection film 501 is pro-
vided to cover the portion where the light sensing surface JS
and the light shielding layer 60 are provided on the rear
surface. Along with this, in the antireflection film 50, the
second antireflection film 502 is formed on the first antire-
flection film 501 so as to cover the portion where the light
sensing surface JS is provided on the rear surface. The first
antireflection film 501 has a film thickness thinner than that of
the second antireflection film 502. In addition, the light
shielding layer 60 is not provided on the second antireflection
film 502 but is provided on the first antireflection film 501 (see
FIG. 3).

[0213] Inthis manner, in the present embodiment, only the
thin first antireflection film 501 is provided between the semi-
conductor layer 101 and the light shielding layer 60. For this
reason, it is possible to suppress the incident light H from
penetrating the lower portion of the light shielding layer 60,
whereby the incident light H incident to the pixel P can be
prevented from being incident to the photodiode 21 of the
adjacent different pixel P. That is, the incident light H is
incident to the immediately lower light sensing surface JS,
whereby it is possible to prevent the incident lightfrom being
incident to the light sensing surface JS of the ditferent pixel P
that receives the other color of light.

[0214] Thus, in the present embodiment, it is possible to
prevent the “mixed color” from occurring to improve the
color reproducibility in the captured color image.

[0215] Thus, the present embodiment can improve the
image quality.
[0216] Moreover, in the present embodiment, the first anti-

reflection film 501 is formed using the high dielectric having
the negative fixed electric charge. For this reason, since the
positive electric charge accumulation (hole) accumulation
area is formed on the light sensing surface JS of the photo-
diode 21, the occurrence of the dark current can be prevented.

[0217] Furthermore, in the present embodiment, the anti-
reflection film 50 is formed using a material having the refrac-
tive index of 1.5 or more. For this reason, since the refractive
index difference between it and silicon (Si) decreases, the
effect of the antireflection on the light sensing surface of
silicon can be obtained. Particularly, it is desirable to use a
material having the refractive index of the intermediate
refractive index between the refractive index (3.6) of Si of the
lower layer and the refractive index (1.45) of SiO, of the
upper layer. Specifically, it is desirable to form the antireflec-
tion film 50 using the SiN film (the refractive index is about
2). Besides, a high refractive film (the refractive index is
about 2.5) such as TiO,. Thus, it is desirable to form the
antireflection film 50 using a material having the refractive
index of 1.5 or more and 2.6 or less.

[0218] Furthermore, in the present embodiment, the first
antireflection film 501 is formed by the ALD method. For this
reason, since a satisfactory silicon interface having the small
interface state can be formed, the effect of the dark current
reduction can be obtained.
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2. SECOND EMBODIMENT
(1) Device Configuration or the Like

[0219] FIG. 11 is a drawing showing a principal part of a
solid-state imaging device 1b in a second embodiment
according to the present invention.

[0220] FIG. 11 shows the cross-section of the pixel P simi-
larly to FIG. 3.
[0221] Asshown in FIG. 11, in the present embodiment, an

insulation film Z1 is provided. Along with this, a material of
a light shielding layer 605 is different from that of the first
embodiment. Except for this point, the presentembodimentis
the same as the first embodiment. For this reason, description
of the overlapped portion will be omitted.

[0222] In the present embodiment, unlike the case of the
first embodiment, the light shielding layer 604 is formed
using the Titanium (Ti) film.

[0223] Titanium film has a superior close-contact property
but has a strong reduction action.

[0224] In a case where the titanium film is directly formed
as the light shielding layer 6056 on the hafnium oxide film
(HfO, film) formed as the first antireflection film 501, the
reaction occurs between both of the films. For this reason, in
this case, it is difficult to effectively suppress occurrence of
the dark current due to the interface state in some cases.
[0225] In order to prevent the occurrence of this disadvan-
tage, in the present embodiment, as shown in FIG. 11, the
insulation film Z1 is provided as an intermediate layer
between the hafnium oxide film (HfO, film) formed as the
first antireflection film 501 and the titanium film formed as the
light shielding layer 604.

[0226] That is, in the present embodiment, the insulation
film Z1 is formed using a material in which the reaction
between it and the first antireflection film 501 hardly occurs
compared to the light shielding layer 604.

[0227] For example, the insulation film Z1 is the silicon
oxide film and is formed to have a film thickness of 10 nm to
50 nm.

[0228] (2) Manufacturing Method

[0229] A principal part of a method of manufacturing the
solid-state imaging device will be described.

[0230] FIGS. 12 to 14 are diagrams showing a method of
manufacturing a solid-state imaging device 15 in a second
embodiment according to the present invention.

[0231] Similarly to FIG. 11, FIGS. 12 to 14 show cross-
sections, and the solid-state imaging device shown in FIG. 11
is manufactured sequentially via each process shown in
FIGS.12 to 14.

[0232] Even in the case of the present embodiment, simi-
larly to the first embodiment, as shown in FIGS. 6 and 7, the
formation of the photodiode 21 or the like and the formation
of the first antireflection film 501 are carried out.

[0233] (2-1) Formation of the Insulation Film Z1 and the
Light Shielding Layer 605

[0234] Next,as shown in FIG. 12, the insulation film Z1 and
the light shielding layer 604 are formed.

[0235] Herein, as shown in FIG. 12, the insulation film Z1
and the light shielding layer 60 are formed on the upper
surface of the first antireflection film 501 so as to be situated
at the upper part of the pixel separation portion 101pd pro-
vided in the inner portion of the semiconductor layer 101.
[0236] Forexample, the silicon oxide film is formed on the
upper surface of the first antireflection film 501 by the plasma
CVD method to have a film thickness of 10 to S0 nm. Next, for
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example, the titanium (Ti) film is formed on the upper surface
of the silicon oxide film as the close-contact layer to have a
film thickness of 10 to 50 nm by the sputtering method. Then,
the tungsten (W) film as the light shielding layer is formed to
have the thickness of 100 to 400 nm.

[0237] In addition, by performing the pattern working in
regard to each of the silicon oxide film and the tungsten and
titanium film, the insulation film Z1 and the light shielding
layer 605 are formed. Specifically, by performing the dry
etching process with respect to the silicon oxide film, the
insulation film Z is subjected to the pattern working. Further-
more, by performing the dry etching process with respect to
the tungsten and titanium film, the light shielding layer 604 is
subjected to the pattern working.

[0238] (2-2) Formation of Second Antireflection Film 502
[0239] Next, as shown in FIG. 13, the second antireflection
film 502 is formed.

[0240] Herein, as shown in FIG. 13, the second antireflec-
tion film 502 is formed so as to cover the upper surface of the
first antireflection film 501 on which the insulation film Z1
and the light shielding layer 6054 are formed.

[0241] For example, similarly to the case of the first
embodiment, by forming the hafnium oxide film (HfO, film)
by the physical vapor deposition (PVD) method, the second
antireflection film 502 is formed.

[0242] As a result, the second antireflection film 502 is
formed so that only the first antireflection film 501 is inter-
posed in the formation portion of the photodiode 21 and the
first antireflection film 501, the insulation film Z1, and the
light shielding layer 604 are interposed in the formation por-
tion of the pixel separation portion 101pé.

[0243] (2-3) Formation of the Planarization Film HT
[0244] Next, as shown in FIG. 14, the planarization film HT
is formed.

[0245] Herein, as shown in FIG. 14, the planarization film

HT is formed so that the upper surface thereof is flat on the
second antireflection film 502, similarly to the case of the first
embodiment.

[0246] Next, as shown in FIG. 11, at the rear surface side of
the semiconductor layer 101, the color filter CF and the micro
lens ML are provided. By doing this, a rear surface irradiation
type of CMOS type image sensor is completed.

(3) CONCLUSION

[0247] In the present embodiment, similarly to the case of
the firstembodiment, only the thin first antireflection film 501
is provided between the semiconductor layer 101 and the light
shielding layer 604 (see FIG. 11).

[0248] Thus, it is possible to prevent the “mixed color”
from occurring to improve color reproducibility in the cap-
tured color image.

[0249] Moreover, in the present embodiment, unlike the
case of the first embodiment, the insulation film Z1 is pro-
vided between the first antireflection film 501 and the light
shielding layer 605 (see FIG. 11).

[0250] For this reason, in the present embodiment, the reac-
tion between the first antireflection film 501 and the light
shielding layer 604 is prevented. Thus, even in a case where a
material such as titanium having the strong reduction action is
used for the light shielding layer 604 to improve the close-
contact property, by the action of the negative fixed electric
charge included in the first antireflection film 501, occurrence
of' the dark current caused by the interface state can be effec-
tively suppressed.
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[0251] Thus, the present embodiment can improve the
image quality.
[0252] In addition, besides the above, in a case where the

first antireflection film 501 and the light shielding layer 605
are formed by the combination of the materials as follows,
similarly to the case of the presentembodiment, it is desirable
to provide the insulation film Z1 as the intermediate layer.
[0253] (The material of the first antireflection film 501 and
the material of the light shielding layer 605)=(HfO,, Ti),
(AL, O3, Ti), (ZrO,, Ti)

3. THIRD EMBODIMENT
(1) Device Configuration or the Like

[0254] FIG. 15 is a diagram showing a principal part of a
solid-state imaging device 1c in a third embodiment accord-
ing to the present invention.

[0255] FIG. 15 shows the cross-section of the pixel P simi-
larly to FIG. 3.
[0256] AsshowninFIG. 15, in the present embodiment, the

configurations of an antireflection film 50c¢ and a light shield-
ing layer 60c are different from those of the first embodiment.
Besides this point, the present invention is the same as the first
embodiment. For this reason, descriptions of the overlapped
portions will be omitted.

[0257] (a) Antireflection Film 50¢

[0258] Asshownin FIG. 15, similarly to the case of the first
embodiment, the antireflection film 50c includes a plurality of
films of a first antireflection film 501 and a second antireflec-
tion film 502c.

[0259] Inthe antireflection film 50c, similarly to the case of
the first embodiment, the first antireflection film 501 is pro-
vided on the rear surface (the upper surface in FIG. 15) of the
semiconductor layer 101. In addition, as shown in FIG. 15,
the second antireflection film 502c¢ is provided so that the first
antireflection film 501 is interposed in the portion where the
photodiode 21 is formed on the rear surface of the semicon-
ductor layer 101.

[0260] However, in the portion where the pixel separation
portion 101pb is formed on the rear surface of the semicon-
ductor layer 101, unlike the case of the first embodiment, the
second antireflection film 502c is not provided.

[0261] (b) Light Shielding Layer 60c

[0262] As shown in FIG. 15, similarly to the first embodi-
ment, the light shielding layer 60c is formed in the portion
where the pixel separation portion 101pb is provided in the
semiconductor layer 101 among the upper surface of the first
antireflection film 501. However, the second antireflection
film 502¢ is not provided so as to cover the light shielding
layer 60c.

[0263] (c) The Rest (Manufacturing Method or the Like)
[0264] In the present embodiment, after forming the first
antireflection film 501 and before forming the light shielding
layer 60c, the second antireflection film 502¢ is formed.
Herein, by forming a material film for forming the second
antireflection film 502c¢ is formed on the upper surface of the
first antireflection film 501 and then performing the pattern
working of the material film, the second antireflection film
502¢ is formed. That is, by etching the material film for
forming the second antireflection film 502¢ so that the front
surface of the portion where the light shielding layer 60c is
formed is exposed among the upper surface of the first anti-
reflection film 501 to form a groove TR, the second antire-
flection film 502c is formed.
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[0265] Next, the material film for forming the light shield-
ing layer 60c is formed on the second antireflection film 502¢
so as to embed the inner portion of the groove TR. In addition,
by performing the planarization process so that the upper
surface of the second antireflection film 502¢ is exposed, the
light shielding layer 60c is formed.

[0266] The respective portions are formed as above to com-
plete the solid-state imaging device 1c.

[0267] In the present embodiment, in order to form the
respective portions as above, it is desirable to form the first
antireflection film 501 and the second antireflection film 502¢
by a material in which the etching selection ratio between
them becomes larger. Moreover, it is desirable to form the
light shielding layer 60c by a material that can be easily
embedded in the groove TR.

(2) CONCLUSION

[0268] In the present embodiment, similarly to the case of
the first embodiment, only the thin first antireflection film 501
is formed between the semiconductor layer 101 and the light
shielding layer 60c (see FIG. 15).

[0269] Thus, it is possible to prevent the occurrence of the
“mixed color” to improve color reproducibility in the cap-
tured color image.

[0270] In the present embodiment, unlike the case of the
first embodiment, the second antireflection film 502 is not
formed so as to cover the upper surface of the light shielding
layer 60c. The light shielding layer 60c is formed so as to be
buried in the groove TR provided in the second antireflection
film 502 (see FIG. 15).

[0271] For this reason, in the present embodiment, the front
surfaces of the light shielding layer 60c and the second anti-
reflection film 502 are flat (see FIG. 15). Thus, the planariza-
tion film HT to be stacked on the upper layer can be thinned
and the intensity of the light H incident to the light sensing
surface JS can be improved, so that high sensitivity can be
realized.

[0272] Thus, the present embodiment can improve the
image quality.
4. FOURTH EMBODIMENT
(1) Device Configuration or the Like
[0273] FIG. 16 is a diagram showing a principal part of a

solid-state imaging device 1d in a fourth embodiment accord-
ing to the present invention.

[0274] FIG. 16 shows the cross-section of the pixel P, simi-
larly to FIG. 3.
[0275] AsshowninFIG.16,in the presentembodiment, the

configurations of anantireflection film 504 and a light shield-
ing layer 60d are different from those of'the first embodiment.
Besides this point, the present invention is the same as the first
embodiment. For this reason, descriptions of the overlapped
portions will be omitted.

[0276] (a) Antireflection Film 504

[0277] AsshowninFIG. 16, similarly to the case of the first
embodiment, the antireflection film 50d includes a plurality
of films of a first antireflection film 501d and a second anti-
reflection film 502d.

[0278] As shown in FIG. 16, in the antireflection film 50d,
similarly to the first embodiment, the first antireflection film
501d is provided so as to cover the rear surface (the upper
surface) side of the semiconductor layer 101. That is, the first
antireflection film 5014 is provided so as to cover the portion
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where the photodiode 21 is formed and the portion where the
pixel separation portion 101pd is formed in the rear surface
side of the semiconductor layer 101.

[0279] However, in the present embodiment, unlike the first
embodiment, the rear surface side of the semiconductor layer
101 is not flat but has a groove TRd provided therein and
becomes a concave and convex surface, and the first antire-
flection film 5014 is formed in a regular thickness so as to
cover the concave and convex surfaces.

[0280] In the antireflection film 50d, as shown in FIG. 16,
the second antireflection film 5024 is provided so as to cover
the rear surface (the upper surface) of the semiconductor layer
101 via at least one of the first antireflection film 501 and the
light shielding layer 60d.

[0281] Specifically, as shown in FIG. 16, in the portion
where the photodiode 21 is formed on the rear surface of the
semiconductor layer 101, similarly to the first embodiment,
the second antireflection film 502d is provided so that the first
antireflection film 501d is interposed between it and the semi-
conductor layer 101.

[0282] Furthermore, in the portion where the pixel separa-
tion portion 101pb is formed on the rear surface of the semi-
conductor layer 101, the second antireflection film 502 is
provided so thatboth of the first antireflection film 501dand
thelightshielding layer 60d are interposed between it and the
semiconductor layer 101.

[0283] In the present embodiment, as shown in FIG. 16,
unlike the first embodiment, the rear surface side of the semi-
conductor layer 101 has the groove TRd provided therein, the
first antireflection film 501d covers the surface of the groove
TRd, and the light shielding layer 60d is provided in the inner
portion of the groove TRd. For this reason, the second anti-
reflection film 502d is provided on the upper surface of the
first antireflection film 501d so as to interpose the light shield-
ing layer 60d thus formed therebetween. That is, the second
antireflection film 5024 is formed in the regular thickness so
as to follow the flat surface on which the first antireflection
film 501d and the light shielding layer 60d are provided.
[0284] (b) Light Shielding Layer 60d

[0285] As shown in FIG. 16, the light shielding layer 60d is
provided at the upper part of the pixel separation portion
101pb provided in the inner portion of the semiconductor
layer 101.

[0286] Inthe present embodiment, as shown in FIG. 16, the
groove TRd is provided in the portion where the pixel sepa-
ration portion 101pb is provided on the rear surface side of the
semiconductorlayer 101, and the first antireflection film 5014
is provided so as to cover the surface of the groove TRd. In
addition, the light shielding layer 60d is provided so as to be
buried in the inner portion of the groove TRd covered with the
first antireflection film 501d.

[0287] In addition, the upper surface of the light shielding
layer 60d is covered with the second antireflection film 5024.
[0288] (c) The Rest (Manufacturing Method or the Like)
[0289] In the present embodiment, before forming the first
antireflection film 501, the groove TRd is formed in the por-
tion where the pixel separation portion 101pb is provided in
the rear surface side of the semiconductor layer 101. In addi-
tion, the first antireflection film 501 is formed on the rear
surface of the semiconductor layer 101 so as to cover the
groove TRd.

[0290] Next, the material film for forming the light shield-
ing layer 60d is formed on the first antireflection film 501d so
as to bury the inner portion of the groove TR. In addition, by
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performing the planarization process so that the upper surface
of'the first antireflection film 501d is exposed, the light shield-
ing layer 60d is formed.

[0291] The second antireflection film 5024 is formed so as
to cover the first antireflection film 501d and the light shield-
ing layer 60d.

[0292] Therespective portions are formed as above to com-
plete the solid-state imaging device 1d.

(2) CONCLUSION

[0293] Inthe present embodiment, the light shielding layer
60d is provided in the inner portion of the groove TRd pro-
vided in the formation portion of the pixel separation portion
101pb (see FIG. 16).

[0294] For this reason, the light shielding layer 60d can
shield the light that is incident from the pixel P to the photo-
diode 21 of the adjacent different pixel P. Thus, it is possible
to prevent the occurrence of the “mixed color” to improve the
color reproducibility in the captured color image.

[0295] In the present embodiment, the front surface of the
semiconductor layer 101 is flat, and thus, the planarization
film HT to be stacked on the upper part thereof can be thinned
and the intensity of the light H incident to the light sensing
surface JS can be improved. Thus, high sensitivity can be
realized.

[0296] Upon carrying out the present invention, various
modified examples can be adopted without being limited to
the above-mentioned embodiments.

[0297] For example, although, in the above-mentioned
embodiment, the case where the antireflection film 50 is
constituted by two films has been described, the present
invention is not limited thereto. If it is configured so that the
antireflection film 50 includes the first antireflection portion
covering the formation portion of the light sensing surface
and the light shielding surface, and the second antireflection
portion covering the formation portion of the light sensing
portion JS on the first antireflection portion, among the sur-
faces to which the incident light is incident, the number of the
films is not limited.

[0298] In the above-mentioned embodiments, the case of
the “rear surface irradiation type” has been described, but the
present invention is not limited thereto. The present invention
may be applied to the case of the “front surface irradiation
type”.

[0299] In the above-mentioned embodiment, the case
where four types of the transmission transistor, the amplifi-
cation transistor, the selection transistor, and the reset tran-
sistor are provided as the pixel transistor has been described,
but the present invention is not limited thereto. For example,
the present invention may be applied to a case where three
types of the transmission transistor, the amplification transis-
tor, and the reset transistor are provided as the pixel transistor.
[0300] In the above-mentioned embodiment, the descrip-
tion has been given of the case where one transmission tran-
sistor, one amplification transistor, one selection transistor,
and one reset transistor are provided with respect to one
photodiode, but the present invention is not limited thereto.
For example, the present invention may be applied to the case
where one amplification transistor, one selection transistor,
and one reset transistor are provided with respect to a plurality
of photodiodes.

[0301] Furthermore, in the above-mentioned embodi-
ments, the description has been given of the case where the
present invention is applied to a camera, but the present inven-
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tion is not limited thereto. The present invention may be
applied to other electronic equipment including a solid-state
imaging device such as a scanner or a copier.

[0302] In addition, in the above-mentioned embodiments,
the solid-state imaging devices 1, 15, 1c¢ and 1d correspond to
the solid-state imaging device of the present invention. More-
over, in the above-mentioned embodiments, the photodiode
21 corresponds to the photoelectric conversion portion of the
present invention. In the above-mentioned embodiments, the
camera 40 corresponds to the electronic equipment of the
present invention. In the above-mentioned embodiments, the
semiconductor layer 101 corresponds to the semiconductor
layer of the present invention. In the above-mentioned
embodiments, the antireflection films 50, S0¢ and 50d corre-
spond to the antireflection film of the present invention. In the
above-mentioned embodiments, the first antireflection films
501 and 501d correspond to the first antireflection portion of
the present invention. In the above-mentioned embodiments,
the second antireflection films 502, 502¢ and 502d corre-
spond to the second antireflection portion of the present
invention. In the above-mentioned embodiments, the light
shielding layers 60, 605, 60c and 60d correspond to the light
shielding layer of the present invention. In the above-men-
tioned embodiments, the light sensing surface JS corresponds
to the light sensing surface of the present invention. In the
above-mentioned embodiments, the pixel P corresponds to
the pixel of the present invention. In the above-mentioned
embodiments, the insulation layer Z1 corresponds to the
intermediate layer of the present invention.

[0303] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A solid state imaging device comprising:

a semiconductor layer comprising a plurality of photo-

diodes;

a first antireflection film located over a first surface of the

semiconductor layer;

a second antireflection film located over the first antireflec-

tion film; and

a light shielding layer having side surfaces which are adja-

cent to at least one of the first and the second antireflec-
tion film.

2. The solid state imaging device of claim 1 wherein the
light shielding layer is located between the first antireflection
film and the second antireflection film.

3. The solid state imaging device of claim 2 including an
intermediate layer located between the first antireflection film
and the light shielding layer.

4. The solid state imaging device of claim 1 wherein the
light shielding layer is embedded in the second antireflection
film.

S. The solid state imaging device of claim 1 including a
separation region between each of the plurality of photo-
diodes.

6. The solid state imaging device of claim § wherein the
light shielding layer is located over the separation region.

7. The solid state imaging device of claim § including

a trench located in each of the separation regions,

wherein,

the light shielding layer is located inside the trench.
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8. The solid state imaging device of claim 1 wherein the
photodiode has a first surface which receives light.

9. The solid state imaging device of claim 8 wherein the
first antireflection film and the second antireflection film are
located over the first surface of the photodiode.

10. The solid state imaging device of claim 1 wherein the
thickness of the first antireflection film is smaller than the
thickness of the second antireflection film.

11. The solid state imaging device of claim 1 wherein the
light shielding layer has a substantially convex shape.

12. The solid state imaging device of claim 1 wherein the
first antireflection film includes at least one of an oxide of
hafnium, zirconium, aluminum, tantalum, titanium, magne-
sium, yttrium, lanthanoid or silicon element.

13. The solid state imaging device of claim 1 wherein the
second antireflection film includes at least one of an oxide of
hafnium, zirconium, aluminum, tantalum, titanium, magne-
sium, yttrium, lanthanoid or silicon element.

14. The solid state imaging device of claim 1 wherein, the
first antireflection film has a refraction index of 1.5 or more.

15. The solid state imaging device of claim 14 wherein the
second antireflection film has a refraction index of 1.5 or
more

16. The solid state imaging device of claim 1 including a
wiring layer located over a second surface of the semicon-
ductor layer opposite the first antireflection film and the sec-
ond antireflection film.

17. The solid state imaging device of claim 15 including a
transistor located over the second surface of the semiconduc-
tor layer.

18. The solid state imaging device of claim 17 wherein the
transistor transfers an electric charge from the photodiode to
a transmission line.

19. A method for manufacturing a solid state imaging
device comprising the steps of:

forming a semiconductor layer comprising a plurality of

photodiodes;

forming a first antireflection film over a first surface of the

semiconductor layer;

forming a second antireflection film over the first antire-

flection film; and

forming a light shielding layer having side surfaces,

wherein,

the side surfaces are adjacent to at least one of the first
antireflection film and the second antireflection film.

20. The method of claim 19 wherein the second antireflec-
tion film is formed after forming the light shielding layer.

21. The method of claim 19 wherein the light shielding
layer is formed after forming the second antireflection film.

22. The method of claim 19 wherein the light shielding
layer is located between the first antireflection film and the
second antireflection film.

23. The method of claim 22 including the step of forming
an intermediate layer located between the first antireflection
film and the light shielding layer.

24. The method of claim 22 wherein the light shielding
layer is embedded in the second antireflection film.

25. The method of claim 19 including the step of forming
a separation region between each of the plurality of photo-
diodes.

26. The method of claim 19 wherein the light shielding
layer is located over the separation region.

27. The method of claim 25 including

a trench located in each of the separation regions,

wherein,

the light shielding layer is located inside the trench.
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28. The method of claim 19 wherein the photodiode has a
first surface which receives light.

29. The method of claim 28 wherein the first antireflection
film and the second antireflection film are located over the
first surface of the photodiode.

30. The method of claim 19 wherein the thickness of the
first antireflection film is smaller than the thickness of the
second antireflection film.

31. The method of claim 19 wherein the light shielding
layer has a substantially convex shape.

32. The method of claim 19 wherein the first antireflection
film includes at least one of an oxide of hafnium, zirconium,
aluminum, tantalum, titanium, magnesium, yttrium, lantha-
noid or silicon element.

33. The method of claim 19 wherein the second antireflec-
tion film includes at least one of an oxide of hafnium, zirco-
nium, aluminum, tantalum, titanium, magnesium, yttrium,
lanthanoid element or silicon element.

34. The method of claim 19 wherein the first antireflection
film has a refraction index of 1.5 or more.
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35. The method of claim 34 wherein the second antireflec-
tion film has a refraction index of 1.5 or more.
36. The method of claim 19 including the step of forming
a wiring layer over a second surface of the semiconductor
layer opposite the first antireflection film and the second
antireflection film.
37. The method of claim 36 including forming a transistor
over the second surface of the semiconductor layer.
38. The method of claim 37 wherein the transistor transfers
an electric charge from the photodiode to a transmission line.
39. An electronic apparatus comprising:
asemiconductor layer including a plurality of photodiodes;
a first antireflection film on a first surface of the semicon-
ductor layer;
asecond antireflection film over the first antireflection film;
a light shielding layer adjacent the first antireflection film;
and
a photodiode layer having a side surface adjacent at least
the second antireflection film.

* * * * *
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