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(54) [Title of Invention] SOLID-STATE IMAGING ELEMENT AND MANUFACTURING METHOD OF SAME,
AND SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD OF SAME

(57) [Summary]
[Problem] To provide a semiconductor device including a back-lit @
solid-state imaging element, wherein a semiconductor substrate can -
be made thin without using an SOI substrate.

[Resolution Means] An end point detection portion 42 composed
of an embedded layer 43 of a material different from that of a
semiconductor substrate 22 is formed on the semiconductor
substrate 22, the semiconductor substrate 22 is thinned from a back
surface to a position facing the end point detection portion 42,
components of a semiconductor element such as a solid-state
imaging element are formed on a front surface side and a back
surface side of the semiconductor substrate 22, and a carrier
substrate 34 is bonded to the front surface side of the semiconductor
substrate 22.

[Selected Drawing] FIG. 1
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[Scope of Patent Claims]
[Claim 1]

A solid-state imaging element, wherein

an end point detection portion composed of an embedded layer of a material different from a semiconductor substrate
is formed on the semiconductor substrate,

the semiconductor substrate is thinned from a back surface to a position faced by the end point detection portion,

components of the solid-state imaging element are formed on a front surface side and a back surface side of the
semiconductor substrate, and

a carrier substrate is bonded to the front surface side of the semiconductor substrate.

[Claim 2]

A semiconductor device, wherein

an end point detection portion composed of an embedded layer of a material different from a semiconductor substrate
is formed on the semiconductor substrate,

the semiconductor substrate is thinned from a back surface to a position faced by the end point detection portion,

components of the semiconductor device are formed on a front surface side and a back surface side of the semiconductor
substrate, and

a carrier substrate is bonded to the front surface side of the semiconductor substrate.

[Claim 3]

A solid-state imaging element manufacturing method, comprising

a step for forming an end point detection portion composed of an embedded layer of a material different from a
semiconductor substrate on the semiconductor substrate,

a step for forming a portion of components of a semiconductor device of the solid-state imaging element on a front
surface side of the semiconductor substrate,

a step for bonding a carrier substrate to the front surface side of the semiconductor substrate,

a step for thinning the semiconductor substrate from a back surface to a position faced by the end point detection portion,
and

a step for forming another portion of components of the solid-state imaging element on a back surface side of the
semiconductor substrate.

[Claim 4]

The solid-state imaging element manufacturing method according to claim 3, wherein,

in the thinning step, the end point detection portion is detected by a change in the emission intensity of the wavelength
using a dry etching method.

[Claim 5]

A semiconductor device manufacturing method, comprising

a step for forming an end point detection portion composed of an embedded layer of a material different from a
semiconductor substrate on the semiconductor substrate,

a step for forming a portion of components of a semiconductor device on a front surface side of the semiconductor
substrate,

a step for bonding a carrier substrate to the front surface side of the semiconductor substrate,

a step for thinning the semiconductor substrate from a back surface to a position faced by the end point detection portion,
and

a step for forming another portion of components of the semiconductor device on a back surface side of the
semiconductor substrate.

[Claim 6]

The semiconductor device manufacturing method according to claim 5, wherein,

in the thinning step, the end point detection portion is detected by a change in the emission intensity of the wavelength
using a dry etching method.

[Detailed Description of the Invention]
[Technical Field]
[0001]

The present invention relates to a solid-state imaging element and a method for manufacturing the same, and to a
semiconductor device and a method for manufacturing the same, wherein thinning of a semiconductor substrate is required.
[Background Art]

[0002]

Representative solid-state imaging elements include a CMOS solid-state imaging element (so-called CMOS image

sensor) that specifies and reads an X-Y address and a CCD solid-state imaging element (so-called CCD image sensor) of a
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charge transfer type. Both of these solid-state imaging elements perform photoelectric conversion of light incident on two-
dimensionally arranged photodiodes, and one of two charges (for example, electrons) thereof is used as a signal charge.
[0003]

A front-lit CMOS solid-state imaging element is generally used as a CMOS solid-state imaging element that
radiates light from a front surface side in which a wiring layer of a semiconductor substrate is formed and detects light via
a photodiode formed on the semiconductor substrate. However, it is known that in such a front-lit CMOS solid-state
imaging element, multilayer wiring is present in the path of radiated light, particularly in the optical path of diagonal light
in peripheral portions of the effective pixel region, and light is repelled by this multilayer wiring. Therefore, usage
efficiency of light drops, and sensitivity is reduced. Thus, a back-lit CMOS solid-state imaging element that radiates light
from the back surface side of a semiconductor substrate on which multilayer wiring is formed on the front surface side is
promising (see patent document 1).

[0004]

Furthermore, in CCD solid-state imaging elements as well, it is well-known that sensitivity drops due to light
being absorbed by the interlayer insulating film on the element, and a structure is proposed that performs photoelectric
conversion by introducing light from the substrate back surface side (see patent document 2).

[0005]

[Patent Document 1] JP 2003-31785 A
[Patent Document 2] JP H6-29506 A
[Disclosure of the Invention]

[Problem to Be Solved by the Invention]
[0006]

However, for example, in a CMOS solid-state imaging element, when radiating light from the back surface of
the substrate, the thickness of the silicon substrate is normally as thick as several hundred pm, and light cannot be
transmitted. Therefore, the silicon substrate must be thinned to a few um. When the thickness of a silicon layer varies
during thinning, light incidence intensity variation occurs, and color unevenness causes defects.

[0007]

Conversely, methods are under consideration that use an SOI (silicon on insulator) substrate to prevent variations
in the film thickness of the silicon layer. In other words, variations in the film thickness of the silicon layer are suppressed
by using an SOI substrate to perform mechanical polishing with a high etching rate, then performing CMP (chemical
mechanical polishing), and then performing wet etching to stop thinning in the SiO; layer.

[0008]

A manufacturing method in which is manufactured a back-lit CMOS solid-state imaging element using an SOI
substrate will be described with reference to FIGS. 7 to 10.

First, as illustrated in FIG. 7A, an SOI substrate 4 is prepared wherein a thin film silicon layer 3 is formed on a
silicon substrate 1 atop a silicon oxide film (SiO- film) 2.

Next, as illustrated in FIG. 7B, a pixel separation region (not illustrated) of the imaging region, a semiconductor
well region (not illustrated), and a photodiode PD acting as a photosensor are formed on the silicon layer 3 from the front
surface side thereof.

[0009]

Next, as illustrated in FIG. 8C, a source/drain region 5 constituting a plurality of MOS transistors Tr1 for reading
a signal charge to each unit pixel cell of the silicon layer 3 is formed, and a gate electrode 6 is formed atop a gate insulating
film. A source/drain region 17 constituting a CMOS transistor Tr2 is formed in a peripheral circuit portion, and a gate
electrode 18 is formed atop a gate insulating film. Furthermore, a so-called multilayer wiring layer 9 is formed by forming
a multilayer wiring 8 on the silicon layer 3 atop an interlayer insulating film 7.

Next, as illustrated in FIG. 8D, a carrier substrate 11 made from, for example, a silicon substrate, is joined onto
the multilayer wiring layer 9.

[0010]

Next, as illustrated in FIG. 9E, the SOI substrate 4 is inverted, the silicon substrate 1 is polished and removed by

BGR (back grinding: mechanical roughening) and wet etching, with an silicon oxide film 2 as a stopper film, and the
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silicon oxide film 2 is removed by wet etching to thin the silicon layer 3 such that the back surface thereof is exposed.

Next, as illustrated in FIG. 9F, a passivation film composed of, for example, a silicon nitride film 12 and a silicon
oxide film 13 is formed on the back surface of the silicon layer 3.

[0011]

Next, a pad opening is formed at a required position of the silicon layer 3, a terminal portion that includes the
inside of the opening and connects to the wiring 8 is formed (not illustrated), and, as illustrated in FIG. 10, a color filter 14
and an on-chip lens 15 are formed at positions corresponding to the photodiode PD of each pixel, thereby obtaining a back-
lit CMOS solid-state imaging element 16.

[0012]

However, when manufacturing a back-lit CMOS solid-state imaging element using an SOI substrate in this
manner, there is a problem in that manufacturing costs increase because the SOI substrate is ten times as expensive as a
normal silicon substrate.

[0013]

Such problems also occur for back-lit CCD solid-state imaging elements, are not limited to a solid-state imaging
element, and may also occur in, for example, semiconductor integrated circuit devices configured to form a semiconductor
element and/or multilayer wiring on both the front and back surfaces of a semiconductor substrate.

[0014]

In view of the points described above, the present invention provides a solid-state imaging element and a method
for manufacturing the same, as well as a semiconductor device and a method for manufacturing the same, wherein a
semiconductor substrate can be thinned without using an SOI substrate.

[Means for Solving the Problem]
[0015]

The solid-state imaging element of the present invention is characterized in that an end point detection portion
composed of an embedded layer of a material different from a semiconductor substrate is formed on the semiconductor
substrate, the semiconductor substrate is thinned from a back surface to a position faced by the end point detection portion,
components of the solid-state imaging element are formed on a front surface side and a back surface side of the
semiconductor substrate, and a carrier substrate is bonded to the front surface side of the semiconductor substrate.

[0016]

The solid-state imaging element manufacturing method of the present invention is characterized in having a step
for forming an end point detection portion composed of an embedded layer of a material different from a semiconductor
substrate on the semiconductor substrate, a step for forming a portion of components of the semiconductor device of the
solid-state imaging element on the front surface side of the semiconductor substrate, a step for bonding a carrier substrate
to the front surface side of the semiconductor substrate, a step for thinning the semiconductor substrate from a back surface
to a position faced by the end point detection portion, and a step for forming another portion of components of the solid-
state imaging element on the back surface side of the semiconductor substrate.

[0017]

In the thinning step, the end point detection portion is detected by a change in the emission intensity of the
wavelength using a dry etching method.
[0018]

The semiconductor device of the present invention is characterized in that an end point detection portion
composed of an embedded layer of a material different from a semiconductor substrate is formed on the semiconductor
substrate, the semiconductor substrate is thinned from a back surface to a position faced by the end point detection portion,
components of the semiconductor device are formed on the front surface side and the back surface side of the
semiconductor substrate, and a carrier substrate is bonded to the front surface side of the semiconductor substrate.

[0019]

The semiconductor device manufacturing method of the present invention is characterized in having a step for
forming an end point detection portion composed of an embedded layer of a material different from a semiconductor
substrate on the semiconductor substrate, a step for forming a portion of components of the semiconductor device on the
front surface side of the semiconductor substrate, a step for bonding a carrier substrate to the front surface side of the
semiconductor substrate, a step for thinning the semiconductor substrate from a back surface to a position faced by the end
point detection portion, and a step for forming another portion of components of the semiconductor device on the back
surface side of the semiconductor substrate.

[0020]

In the thinning step, the end point detection portion is detected by a change in the emission intensity of the

wavelength using a dry etching method.
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[Effect of the Invention]
[0021]

According to the solid-state imaging element of the present invention, each component is formed and configured
using a semiconductor substrate thinned by an end point detection portion provided on the semiconductor substrate,
without using an SOI substrate. Therefore, a low-cost, highly accurate back-lit solid-state imaging element can be provided.
[0022]

According to the solid-state imaging element manufacturing method of the present invention, an end point
detection portion composed of an embedded layer of a material different from that of a semiconductor substrate is formed
on the semiconductor substrate, and the semiconductor substrate is thinned from a back surface to a position faced by the
end point detection portion, thereby enabling the semiconductor substrate to be thinned with less variation, without using
an SOI substrate. Furthermore, in the step for thinning, the end point detection portion is detected by a change in the
emission intensity of plasma using a dry etching method, thereby enabling thin film formation with a uniform film
thickness and accurately setting the film thickness of the thin film. Accordingly, a back-lit solid-state imaging element can
be manufactured at lower cost.

[0023]

According to the semiconductor device of the present invention, each component is formed and configured using
a semiconductor substrate thinned by an end point detection portion provided on the semiconductor substrate, without
using an SOI substrate. Therefore, a low-cost, highly accurate semiconductor device can be provided.

[0024]

According to the semiconductor device manufacturing method of the present invention, an end point detection
portion composed of an embedded layer of a material different from that of a semiconductor substrate is formed on the
semiconductor substrate, and the semiconductor substrate is thinned from a back surface to a position faced by the end
point detection portion of the semiconductor substrate, thereby enabling the semiconductor substrate to be thinned with
less variation, without using an SOI substrate. Furthermore, in the step for thinning, the end point detection portion is
detected by a change in the emission intensity of plasma using a dry etching method, thereby enabling thin film formation
with a uniform film thickness and accurately setting the film thickness of the thin film. Accordingly, the semiconductor
device can be manufactured at lower cost.

[Best Mode for Carrying Out the Invention]
[0025]

Embodiments of the present invention will be described below with reference to drawings.
[0026]

FIG. 1 illustrates one embodiment in which the solid-state imaging element according to the present invention is
applied to a back-lit CMOS solid-state imaging element. Note that FIG. 1 illustrates a schematic configuration of the
essential parts including the imaging region where the pixels are arrayed in a matrix shape and peripheral circuitry formed
around such.

The back-lit CMOS solid-state imaging element 21 according to the present embodiment is formed by a plurality
of unit pixels 25 formed in a matrix shape, the unit pixels configured from a photodiode PD serving as one light-receiving
portion on a thinned semiconductor substrate that will be described below, for example, an imaging region 23 of a silicon
semiconductor substrate 22, and a plurality of MOS transistors Trl serving as means for reading signal charges of the
photodiode PD, and a peripheral circuit portion 26 made from a plurality of CMOS transistors Tr2 being formed on a
peripheral region 24.

[0027]

The photodiode PD is formed so as to extend from the front surface side to the back surface side of the
semiconductor substrate 22. The MOS transistors Tr1 of the unit pixels are configured by forming a gate electrode 28 atop
a gate insulating film between a pair of source/drain regions 27 formed on the semiconductor substrate 22. Furthermore,
the CMOS transistors Tr2 of the peripheral circuit portion 26 are configured by forming a gate electrode 30 atop a gate
insulating film between a pair of source/drain regions 29 formed on the semiconductor substrate 22. On the front surface
of the imaging region 23 and the peripheral region 24 of the semiconductor substrate 22, a multilayer wiring layer 33
having multilayer wiring 32 is formed atop an interlayer insulating film 31. Furthermore, the multilayer wiring 32 may be
formed so as to overlap the photodiode PD. Furthermore, a carrier substrate 34 is bonded on the wiring layer 33 by, for
example, a silicon substrate or the like in order to maintain the mechanical strength of the solid-state imaging element.
Conversely, on the back surface side of the semiconductor substrate 22, a color filter 39 and an on-chip lens 40 thereon
corresponding to each pixel 25 are formed atop, for example, a passivation film (also serving as an anti-reflection film) 38
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composed of a silicon nitride film 36 and a silicon oxide film 37. In the CMOS solid-state imaging element 21, light is
radiated on the photodiode PD from the substrate back surface side through the on-chip lens 40.
[0028]

Furthermore, in the present embodiment, an end point detection portion 42 that is a marker for detecting the
polishing position when the semiconductor substrate 22 is thinned is formed on the semiconductor substrate 22. The end
point detection portion 42 is formed from an embedded layer 43 of a material different from that of the semiconductor
substrate 22 at a depth equivalent to the thinned thickness from the front surface of the semiconductor substrate 22. For
example, in the silicon substrate 22, the end point detection portion 42 is formed by an embedded layer 43 such as a silicon
oxide film. Detection of the end point detection portion 42 is performed by using an EPD (end point detector) method that
detects a change in the emission intensity of a specific wavelength of the plasma emission due to a difference in material
when the semiconductor substrate 22 is polished by plastic etching from the back surface side. The semiconductor substrate
22 of FIG. 1 detects the end point detection portion 42 and illustrates the thinned state. The thickness of the thinned
semiconductor substrate 22 is set to 10 um or less, for example, about 5 pm.

[0029]

The end point detection portion 42 may be formed in any portion within the solid-state imaging element, but it is
preferably formed in a peripheral field region 44 separated from the imaging region 23 and the peripheral circuit portion
26. Furthermore, the end point detection portion 42 may also be formed on a scribe line of a wafer. The end point detection
portion 42 can also be used as an alignment mark when forming the photodiode PD, the MOS transistor Tr1, the CMOS
transistor Tr2, and the multilayer wiring 32 formed on the substrate front surface side and the color filter 39 and the on-
chip lens 40 formed on the substrate back surface side.

[0030]

FIG. 2 illustrates a specific example of the unit pixel 25 of the back-lit CMOS solid-state imaging element 21. In
this example, an element separation region 52 is formed made from a p-type, which is a second conductivity type
semiconductor region so as to partition each pixel region 25 in a thinned first conductivity type, for example, n-type, silicon
substrate 22. The n-type semiconductor substrate 22 of a pixel region 51 is formed at relatively low impurity concentration.
A p-type semiconductor well region 53 is formed on the front surface of the n-type semiconductor substrate 22 of the pixel
region 51 so as to be connected to a p-type element separation region 52 and extend partially into the pixel region 51. A
photodiode PD as a photoelectric conversion part is formed of an n-type semiconductor substrate 22 surrounded by the p-
type element separation region 52 and the p-type semiconductor well region 53. In other words, the photodiode PD is
formed by an n-type semiconductor region 22A, a high impurity concentration n* semiconductor region 22B on the front
surface side thereof, and a p* accumulation layer 54 for suppressing dark current generation formed on the interface of the
n* semiconductor region 22B. This photodiode PD is configured as a so-called HAD (Hole Accumulation Diode) sensor.
The n-type semiconductor region 22A extends below the p-type semiconductor well region 53, and thus the photodiode
PD is formed on a large area so as to extend over the entire pixel region.

[0031]

Conversely, the MOS transistor Trl is formed in the p-type semiconductor well region 53. That is, when one
pixel is configured by, for example, one photodiode PD and four MOS transistors, the MOS transistor Trl has a read
transistor, a reset transistor, an amplifier transistor, and a vertical selection transistor. In FIG. 2, one n* source/drain region
57 is formed near the photodiode PD in the p-type semiconductor well region 53, and a read transistor Tr11 is formed by
forming a gate electrode 27 atop a gate insulating film on the p-type semiconductor well region 53 between this n*
source/drain region 57 and the n* semiconductor region 22B of the photodiode PD also serving as the other source/drain
region. In another portion of the p-type semiconductor well region 53, corresponding n* source/drain regions 58 and 59
are formed, a gate electrode 27 is formed on the p-type semiconductor well region 53 between the n* source/drain regions
58 and 59 via a gate insulating film, and other MOS transistors, that is, a reset transistor Tr12, an amplifier transistor Tr13,
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and a vertical selection transistor Tr14, are formed.
[0032]

Further, the multilayer wiring 32 is formed on the front surface of the semiconductor substrate 22 atop the
interlayer insulating film 31 made of, for example, a silicon oxide film or the like, and the carrier substrate 34 made of, for
example, a silicon substrate, is bonded onto the multilayer wiring layer 33. The passivation film 38 is formed on the light
radiation surface of the back surface of the semiconductor substrate 22, and the on-chip lens 40 is formed on the passivation
film 38 atop the color filter 39.

[0033]

Next, one embodiment of a manufacturing method of the back-lit CMOS solid-state imaging element 21 above
will be described using FIG. 3 to FIG. 5.

In the present embodiment, first, as illustrated in FIG. 3A, an insulating film 61 is deposited on a front surface
(one main surface) of the silicon substrate 22, the insulating film 61 is patterned using a resist mask (not illustrated), and
grooves 62 of a required width and a required depth are formed on the silicon substrate 22 by using the insulating film 61
as a mask. In the present example, an 8-inch silicon wafer having a thickness of 725 pm is used as the silicon substrate 22.
A silicon nitride film 63 having a thickness of about 220 nm and a silicon oxide film 64 having a thickness of about 1 pum
are laminated on the silicon substrate 22 as the insulating film 61. An opening having a width of about 10 pm is formed in
the insulating film 61 by dry etching via the resist mask on the outer periphery of the region of the silicon substrate 22
where the solid-state imaging element is formed. After removing the resist mask, the plurality of grooves 62 having a width
of about 10 um and a depth equivalent to 10 um or less, which is the thickness for thinning the silicon substrate 22, of
about 6 pum in the present example, are formed in the silicon substrate 22 by dry etching using the insulating film 61 as a
mask.

[0034]

Next, as illustrated in FIG. 3B, a material different from silicon is deposited so as to be embedded in the groove
62, in the present example, the silicon oxide film 43 is deposited, and the front surface is smoothed by a CMP (chemical-
mechanical polishing) method. Then, though not illustrated, an element separation region is formed, and the silicon nitride
film 63 used as a mask is removed. Thus, the end point detection portion 42 is formed by embedding the silicon oxide film
43 in the grooves 62.

[0035]

Next, as illustrated in FIG. 4C, a component constituting a portion of the solid-state imaging element is formed
on the front surface side of the silicon substrate 2 by using a normal semiconductor process. That is, the photodiode PD
and the plurality of MOS transistors Tr1 are formed corresponding to each pixel region in the imaging region of the silicon
substrate 22, and the CMOS transistor Tr2 (not illustrated) is formed in the peripheral circuit portion of the peripheral
region. Furthermore, the multilayer wiring layer 33 in which the multilayer wiring 32 is disposed atop the interlayer
insulating film 31 is formed on the silicon substrate 22.

[0036]

Next, as illustrated in FIG. 4D, a carrier substrate 34 made from, for example, a silicon substrate, is bonded onto
the multilayer wiring layer 33.

[0037]

Next, as illustrated in FIG. 5E, the silicon substrate 22 is inverted, and the back surface side (the other main
surface side) of the silicon substrate 22 is polished and thinned. In the present example, first, the silicon substrate 22 is
thinned to a thickness of 10 um by mechanical polishing (for example, a BGR method) or in combination with a CMP
method. Finally, the film is further thinned by dry etching, for example, dry etching using an SF¢/O; gas system (so-called
plasma etching). At this time, by using, for example, an end point detector (EPD), the end point of thinning is detected by
the emission intensity change when the embedded silicon oxide film 43 of the end point detection portion 42 formed in
FIG. 3B is exposed. In this case, the dry etching may be stopped once the emission intensity change is detected and thinning
of the silicon substrate 22 may be finished, or the silicon substrate 22 may be thinned to a required thickness by controlling
the timing of subsequent dry etching after detecting the emission intensity change and detecting that the embedded silicon
oxide film 43 of the end point detection portion 42 is exposed.

[0038]
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The dry etching conditions of the silicon substrate 2 while thinning may be, for example, dry etching under the
following conditions.

Pressure 250 mTorr
RF power 1500 W
Gaseous SF¢/O> 400/75 sccm
Temperature -10°C

[0039]

Next, as illustrated in FIG. 5F, a passivation film 38 composed of, for example, a silicon nitride film 36 and a
silicon oxide film 37 is formed on the back surface of the thinned silicon substrate 22 by a plasma CVD method.
[0040]

Next, even though not illustrated, an opening for pad (terminal) derivation for connection to the wiring 32 is
formed in a required portion of the solid-state imaging element formation region of the silicon substrate 22, and a pad is
formed through this opening.

[0041]

Next, as illustrated in FIG. 1, the color filter 39 of a color corresponding to a position corresponding to each
photodiode PD is formed, an on-chip lens 40 is further formed thereon, and the desired back-lit CMOS solid-state imaging
element 21 is obtained.

[0042]

Note that the silicon oxide film 43 of the end point detection portion 42 can be distinguished from the silicon
substrate 22, and thus the end point detection portion 42 can be used as an alignment mark to form the photodiode PD, the
MOS transistor Trl, and the CMOS transistor Tr2 with the end point detection portion 42 as a reference. Moreover, the
end point detection portion 42 after thinning is also planarized, and thus there is no variance in the thickness of the coating
film, and the color filter 39, on-chip lens, and the like can be formed with the end point detection portion 42 as a reference.
[0043]

According to the back-lit CMOS solid-state imaging element 21 of the present embodiment described above,
each configuration element is formed and configured using a silicon substrate thinned by the end point detection portion
42 provided on the silicon substrate 22, without using the SOI substrate, and thus a low-cost and high-precision CMOS
solid-state imaging element can be provided.

[0044]

Furthermore, according to the back-lit CMOS solid-state imaging element manufacturing method of the present
embodiment, by forming the end point detection portion 42 that embeds a material different from silicon in the silicon
substrate 22, it is possible to detect changes in the emission intensity of the plasma in the end point detection portion 42
when thinning is performed by dry etching, set the film thickness of the silicon substrate, and thin the silicon substrate 22
with less film thickness variation, without using an SOI substrate. When end point detection is performed by chemical
polishing, erosion occurs where the silicon film thickness of the outer peripheral portion of the dense element becomes
thinner, but when dry etching as in the present embodiment is performed and the end point is detected by a change in the
emission intensity of the plasma, a thin film having a uniform film thickness can be formed over the entire region.
Accordingly, the back-lit CMOS solid-state imaging element 21 can be manufactured at lower cost.

[0045]

The embodiment described above is applied to a back-lit CMOS solid-state imaging element, but it can also be
applied to other solid-state imaging elements, for example, a back-lit CCD solid-state imaging element.
[0046]

FIG. 6 illustrates an embodiment in which the present invention is applied to a semiconductor device, that is, a
semiconductor integrated circuit device. The semiconductor integrated circuit device 71 according to the present
embodiment is configured by forming a multilayer wiring layer 77 in which multilayer wiring 76 is disposed atop a MOS
transistor group Tr31 having a gate electrode 74 and an interlayer insulating film 75 on a front surface side of a silicon
substrate 72 thinned using the end point detection portion 42 provided in the same manner as described above, joining a
carrier substrate 34 by, for example, a silicon substrate on this multilayer wiring layer 77, and forming a multilayer wiring
layer 81 in which multilayer wiring 80 is
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disposed atop a MOS transistor group Tr32 having a gate electrode 78 and an interlayer insulating film 79 on a back surface
side of the silicon substrate 72. 82 is a passivation film.
[0047]

The example in FIG. 6 is applied to a semiconductor integrated circuit device of a configuration in which the
MOS transistor groups Tr31 and Tr32 and multilayer wiring layers 77 and 78 are formed respectively on both sides of a
silicon substrate 72, but it can also be applied to various forms of semiconductor integrated circuit devices, such as by
forming a MOS transistor or another semiconductor element on one surface side of a silicon substrate 72 and forming a
wiring layer on the other surface side.

[0048]

The semiconductor integrated circuit device and the manufacturing method thereof also exhibit the same

operation and effect as the solid-state imaging element described above.

[Brief Description of the Drawings]

[0049]

[FIG. 1] A schematic configurational diagram illustrating one embodiment in which the solid-state imaging element
according to the present invention is applied to a back-lit CMOS solid-state imaging element.

[FIG. 2] An enlarged cross-sectional view of the essential parts of FIG. 1.

[FIG. 3] A and B: A manufacturing process diagram (No. 1) illustrating one embodiment of a manufacturing method of
the back-lit CMOS solid-state imaging element of FIG. 1.

[FIG. 4] C and D: A manufacturing process diagram (No. 2) illustrating one embodiment of a manufacturing method of
the back-lit CMOS solid-state imaging element of FIG. 1.

[FIG. 5] E and F: A manufacturing process diagram (No. 2) illustrating one embodiment of a manufacturing method of
the back-lit CMOS solid-state imaging element of FIG. 1.

[FIG. 6] A schematic configurational diagram illustrating another embodiment in which the semiconductor device
according to the present invention is applied to a semiconductor integrated circuit device.

[FIG. 7] A and B: A manufacturing process diagram (No. 1) of a manufacturing method of the back-lit CMOS solid-state
imaging element of a comparative example.

[FIG. 8] C and D: A manufacturing process diagram (No. 2) of a manufacturing method of the back-lit CMOS solid-state
imaging element of a comparative example.

[FIG. 9] E and F: A manufacturing process diagram (No. 3) of a manufacturing method of the back-lit CMOS solid-state
imaging element of a comparative example.

[FIG. 10] A manufacturing process diagram (No. 4) of a manufacturing method of the back-lit CMOS solid-state imaging
element of a comparative example.

[Description of Reference Numerals]

[0050]

21 ... Back-lit CMOS solid-state imaging element, 22 ... Silicon substrate, 23 ... Imaging region, 23 ... Peripheral
region, 44 ... Field region, 25 ... Unit pixel, 26 ... Peripheral circuit portion, PD ... Photodiode, 27, 29 ... Source/drain region,
28, 30 ... Gate electrode, Tr1 ... MOS transistor, Tr2 ... CMOS transistor, 31 ... Interlayer insulating film, 32 ... Multilayer
wiring, 33 ... Multilayer wiring layer, 34 ... Carrier substrate, 39 ... Color filter, 40 ... On-chip lens, 42 ... End point detection
portion, 43 ... Embedded layer
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[FIG. 6]
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[FIG. 10

[FIG. 9]




