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(57) ABSTRACT

The invention provides a semiconductor device that solves
a problem of reflection of a pattern of a wiring formed on a
back surface of a semiconductor substrate on an output
image. A reflection layer is formed between a light receiving
element and a wiring layer, that reflects an infrared ray
toward a light receiving element the without transmitting it
to the wiring layer, the infrared ray entering from a light
transparent substrate toward the wiring layer through a
semiconductor substrate. The reflection layer is formed at
least in a region under the light receiving element uniformly
or only under the light receiving element. Alternatively, an
anti-reflection layer having a function of absorbing the
entering infrared ray to prevent transmission thereof may be
formed instead of the reflection layer.
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SEMICONDUCTOR DEVICE

CROSS-REFERENCE OF THE INVENTION

[0001] This application claims priority from Japanese
Patent Application Nos. 2005-361706 and 2006-310623, the
contents of which are incorporated herein by reference in
their entirety.

BACKGROUND OF THE INVENTION
[0002]

[0003] The invention relates to a semiconductor device,
particularly, a chip size package type semiconductor device
having a light receiving element.

[0004] 2. Description of the Related Art

[0005] A CSP (chip size package) has received attention in
recent years as a new packaging technology. The CSP is a
small package having about the same outside dimensions as
those of a semiconductor die packaged in it.

[0006] A BGA (ball grid array) type semiconductor device
has been known as a type of the CSP. In the BGA type
semiconductor device, a plurality of ball-shaped conductive
terminals made of metal such as solder is arrayed on one
surface of a package and is electrically connected to a
semiconductor die mounted on the other surface of the
package.

[0007] When the BGA type semiconductor device is
mounted on electronic equipment, the semiconductor die is
electrically connected to an external circuit on a printed
board by bonding the conductive terminals to wiring pat-
terns on the printed board.

1. Field of the Invention

[0008] Such a BGA type semiconductor device has advan-
tages in providing a large number of conductive terminals
and in reducing a size over the other CSP type semiconduc-
tor devices such as an SOP (small outline package) and a
QFP (quad flat Package), which have lead pins protruding
from their sides. Therefore, the BGA type semiconductor
device has a wide field of application.

[0009] FIG. 6A is a schematic cross-sectional view of a
conventional BGA type semiconductor device having a light
receiving element. A light receiving element 101 such as a
CCD (charge coupled device) image sensor or a CMOS
image sensor is provided on a front surface of a semicon-
ductor substrate 100 made of silicon (Si) or the like, and a
pad electrode 102 is further formed with a first insulation
film 103 interposed therebetween. A light transparent sub-
strate 104 made of, for example, glass, quartz or the like is
further attached on the front surface of the semiconductor
substrate 100 with a resin layer 105 made of epoxy resin or
the like interposed therebetween. Furthermore, a second
insulation film 106 made of a silicon oxide film or a silicon
nitride film is formed on a side surface and a back surface
of the semiconductor substrate 100.

[0010] Furthermore, a wiring layer 107 electrically con-
nected to the pad electrode 102 is formed on the second
insulation film 106 from the front surface to the back surface
along the side surface of the semiconductor substrate 100. A
protection layer 108 made of a solder resist or the like is
formed covering the second insulation film 106 and the
wiring layer 107. An opening is formed in a predetermined
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region of the protection layer 108 on the wiring layer 107,
and a ball-shaped conductive terminal 109 is formed being
electrically connected to the wiring layer 107 through this
opening. The relevant technology is disclosed in Japanese
Patent Application Publication No. 2002-512436.

[0011] In this conventional BGA type semiconductor
device, however, when an infrared ray is used, there can be
a case where an infrared ray passing through the light
transparent substrate 104 also passes through the semicon-
ductor substrate 100 and reaches the wiring layer 107
formed on the back surface of the semiconductor substrate
100, as shown by an arrow in FIG. 6 A. Then, this infrared
ray is reflected by the wiring layer 107 to travel upward
(toward the light receiving element 101) and the light
receiving element 101 receives the reflected light, thereby
causing a problem that patterns 111 of the conductive
terminal 109 and the wiring layer 107 are reflected on an
output image 110 as shown in FIG. 6B.

SUMMARY OF THE INVENTION

[0012] The invention is made with consideration of the
above problem, and its feature is as follows. That is, the
invention provides a semiconductor device including: a
semiconductor substrate formed with a light receiving ele-
ment on its front surface; a light transparent substrate
formed above the light receiving element and attached on
the semiconductor substrate; a wiring layer formed on a
back surface of the semiconductor substrate; and a reflection
layer formed between the light receiving element and the
wiring layer and reflecting an infrared ray toward the light
receiving element, the infrared ray entering from the light
transparent substrate toward the wiring layer through the
semiconductor substrate.

[0013] Inthis semiconductor device, the reflection layer is
formed only in a region overlapping the light receiving
element.

[0014] In this semiconductor device, the wiring layer is
formed along a side surface of the semiconductor substrate,
and the reflection layer is formed along the side surface of
the semiconductor substrate between the semiconductor
substrate and the wiring layer.

[0015] The invention also provides a semiconductor
device including: a semiconductor substrate formed with a
light receiving element on its front surface; a light transpar-
ent substrate formed above the light receiving element and
attached on the semiconductor substrate; a wiring layer
formed on a back surface of the semiconductor substrate;
and an anti-reflection layer formed between the light receiv-
ing element and the wiring layer and preventing transmis-
sion of an infrared ray entering from the light transparent
substrate toward the wiring layer through the semiconductor
substrate.

[0016] In this semiconductor device, the anti-reflection
layer is formed only in a region overlapping the light
receiving element.

[0017] In this semiconductor device, the wiring layer is
formed along a side surface of the semiconductor substrate,
and the anti-reflection layer is formed along the side surface
of the semiconductor substrate between the semiconductor
substrate and the wiring layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIGS. 1A to 2C are cross-sectional views for
explaining a semiconductor device and its manufacturing
method of the invention.

[0019] FIGS. 3 to 5, 7 and 8 are cross-sectional views for
explaining the semiconductor device of the invention.

[0020] FIGS. 6A and 6B are cross-sectional views for
explaining a conventional semiconductor device.

DETAILED DESCRIPTION OF THE
INVENTION

[0021] A first embodiment of the invention will be
described referring to figures. FIGS. 1A to 2C show cross-
sectional views of semiconductor device intermediates at
corresponding process steps.

[0022] First, as shown in FIG. 1A, a semiconductor sub-
strate 2 made of silicon (Si) or the like is prepared, where a
light receiving element 1 (e.g. an element such as a CCD
sensor, a CMOS sensor, or an illumination sensor) that
detects an infrared ray having a wavelength of about 700 nm
to 2500 nm is formed on its front surface. Then, a first
insulation film 3 (e.g. a silicon oxide film formed by a
thermal oxidation method, a CVD method or the like) is
formed on the front surface of the semiconductor substrate
2 to have a thickness of, for example, 2 pm.

[0023] Then, a metal layer of aluminum (Al), copper (Cu),
or the like is formed by a sputtering method, a plating
method, or the other deposition method, and the metal layer
is etched using a photoresist layer (not shown) as a mask to
form a pad electrode 4 having a thickness of, for example,
1 um on the first insulation film 3. The pad electrode 4 is an
external connection electrode electrically connected to the
light receiving element 1 or the surrounding elements. Then,
a passivation film (e.g. a silicon nitride film formed by a
CVD method) (not shown) is formed on the front surface of
the semiconductor substrate 2, covering a portion of the pad
electrode 4.

[0024] Then, a light transparent substrate 6 is attached on
the front surface of the semiconductor substrate 2 including
on the pad electrode 4 with a resin layer 5 made of epoxy
resin or the like interposed therebetween. The light trans-
parent substrate 6 is made of a transparent or semitranspar-
ent material such as glass or quartz and has light transmis-
sion characteristics.

[0025] Then, back-grinding is performed to the back sur-
face of the semiconductor substrate 2 to thin the semicon-
ductor substrate 2 to a thickness of, for example, about 100
um. There can be a case where the grinding process is not
needed depending on applications or specifications of an
end-product and the initial thickness of the prepared semi-
conductor substrate 2.

[0026] Then, as shown in FIG. 1B, a portion of the
semiconductor substrate 2 in a position corresponding to the
pad electrode 4 is selectively etched from the back surface
of the semiconductor substrate 2 to expose the first insula-
tion film 3 including the first insulation film 3 on a portion
of the pad electrode 4. Hereafter, this exposed portion is
called an opening 7. This opening 7 has a tapered shape of
which the diameter is reducing from the back surface toward
the front surface of the semiconductor substrate 2. It is also
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possible to form the opening 7 in a straight shape so that the
side surface of the semiconductor substrate 2 is vertical to a
main surface of the light transparent substrate 6 although not
shown in the figure.

[0027] Then, a reflection layer 8 made of a metal material
such as, for example, aluminum, gold, silver, or the like is
formed on a back surface of the semiconductor substrate 2
by a CVD method, a sputtering method, or the other depo-
sition method to have a thickness of, for example, about 0.1
to 2 um. It is also possible to form the reflection layer 8 after
the back grinding of the semiconductor substrate 2 and then
selectively etch the reflection layer 8 and the semiconductor
substrate 2.

[0028] The reflection layer 8 is a layer having a function
of reflecting an infrared ray entering from the light trans-
parent substrate 6 toward the back surface of the semicon-
ductor substrate 2 through the semiconductor substrate 2 or
an infrared ray entering from the back surface of the
semiconductor substrate 2 toward the light receiving ele-
ment 1 without further transmitting it therethrough, and its
material is not particularly limited as long as it has such a
function. It is also possible to form the reflection layer 8
uniformly on the whole back surface of the semiconductor
substrate 2 or only under the light receiving element 1 as
described below.

[0029] Next, as shown in FIG. 1C, a second insulation film
9 is formed on the side surface and back surface of the
semiconductor substrate 2 including in the opening 7 and on
the reflection layer 8. This second insulation film is a silicon
oxide film or a silicon nitride film formed by, for example,
a plasma CVD method.

[0030] Then, as shown in FIG. 2A, the first insulation film
3 and the second insulation film 9 are selectively etched
using a photoresist layer (not shown) as a mask. By this
etching, the first insulation film 3 and the second insulation
film 9 formed in a region from on a portion of the pad
electrode 4 to a dicing line DL are removed to expose the
portion of the pad electrode 4 at a bottom of the opening 7.

[0031] Next, a metal layer made of aluminum (Al), copper
(Cu) or the like that is to be the wiring layer 10 is formed by
a sputtering method, a plating method, or the other deposi-
tion method. Then, as shown in FIG. 2B, this is etched using
a photoresist layer (not shown) as a mask to form the wiring
layer 10 having a thickness of, for example, 1 um on the
portion of the pad electrode 4 and the second insulation film
9. It is preferable to form the reflection layer 8 and the wiring
layer 10 with the same material (e.g. aluminum) by the same
method (e.g. a sputtering method). This is because there are
advantages that the manufacturing process is simplified and
the manufacturing cost is minimized.

[0032] Next, the protection layer 11 made of a resist
material such as a solder resist is formed on the back surface
of the semiconductor substrate 2 including on the wiring
layer 10 as shown in FIG. 2C. Then, an opening is formed
in a predetermined region of the protection layer 11, an
electrode connection layer (not shown) made of, for
example, nickel, gold or the like is formed on the wiring
layer 10 exposed in the opening, and the ball-shaped con-
ductive terminal 12 made of solder or the like is formed
thereon. When the protection layer 11 is made of a negative
resist material, the protection layer 11 in a region irradiated
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with light is left as it is, and the protection layer 11 in a
region irradiated with no light is removed to form the
opening.

[0033] Wiring from the pad electrode 4 on the front
surface of the semiconductor substrate 2 to the conductive
terminal 12 formed on the back surface of the semiconductor
substrate 2 along the sidewall of the semiconductor substrate
2 is thus realized in this manner. Then, dicing is performed
along the dicing line DL that is a boundary of a number of
semiconductor devices into individual separated semicon-
ductor devices.

[0034] By the above described processes, the chip size
package type semiconductor device having the light receiv-
ing element 1 is completed.

[0035] In the semiconductor device of the first embodi-
ment, the reflection layer 8 is formed between the light
receiving element 1 and the wiring layer 10 in a vertical
direction, the reflection layer 8 reflecting an infrared ray
toward the light receiving element 1 without transmitting it
to the wiring layer 10, the infrared ray entering from the light
transparent substrate 6 toward the wiring layer 10 through
the semiconductor substrate 2. Therefore, an infrared ray
entering from the light transparent substrate 6 and reaching
the reflection layer 8 is all reflected by the reflection layer 8.
Therefore, since the infrared ray is not reflected by the
wiring layer 10 or the conductive terminal 12, any wiring
pattern formed on the back surface of the semiconductor
substrate 2 is prevented from being reflected on an output
image. Furthermore, an infrared ray entering from the light
transparent substrate 6 and reaching the reflection layer 8 is
reflected toward the light receiving eclement 1, thereby
providing an advantage that light strength of an infrared ray
entering the light receiving element 1 increases to enhance
the contrast of the output image.

[0036] Furthermore, although the reflection layer 8 is
uniformly formed on the back surface of the semiconductor
substrate 2 in the above embodiment, it is also possible to
form the reflection layer 8 on the back surface of the
semiconductor substrate 2 only in a region overlapping the
light receiving element 1 in the vertical direction or in a
larger size than the light receiving element 1 over an end
portion thereof by a predetermined amount, as shown in
FIG. 3. This structure also prevents the pattern of the wiring
layer 10 from being reflected toward the light receiving
element 1 and prevents the pattern of the wiring on the back
surface from being reflected on an output image, in the
similar manner to the above embodiment.

[0037] Although the reflection layer 8 is formed only on
the back surface of the semiconductor substrate 2 in the
above embodiment, it is also possible to form the reflection
layer 8 so as to cover the whole side surface of the
semiconductor substrate 2 as shown in FIG. 7. This structure
prevents an infrared ray passing through the light transparent
substrate 6 from being reflected by the wiring layer 10
formed along the side surface of the semiconductor substrate
2 toward the light receiving element 1. Therefore, the pattern
of the wiring layer 10 formed along the side surface of the
semiconductor substrate 2 is prevented from being reflected
on an output image.

[0038] Furthermore, there can be a case where an infrared
ray enters from various directions depending on a way of
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packaging the completed semiconductor device, so that the
light receiving element 1 may mistakenly detect the infrared
ray when the infrared ray enters the light receiving element
1 from the side surface of the semiconductor substrate 2. On
the other hand, by covering the side surface and back surface
of the semiconductor substrate 2 entirely with the reflection
layer 8 as shown in FIG. 7, an infrared ray entering from the
side surface and back surface of the semiconductor substrate
2 toward the light receiving element 1 is completely
blocked. Therefore, the light receiving element 1 accurately
receives only light from the light transparent substrate 6,
thereby enhancing the detection accuracy of the light receiv-
ing element 1.

[0039] Furthermore, although the wiring layer 10 is
formed from the pad electrode 4 along the side surface of the
semiconductor substrate 2 in the above embodiment, the
embodiment is applicable to any device as long as the wiring
layer is formed on the back surface of the semiconductor
substrate 2 therein. That is, for example, in a so-called
penetrating electrode type semiconductor device formed
with a penetrating electrode 20 made of metal such as
aluminum or copper from the front surface to the back
surface of the semiconductor substrate 2 and a wiring layer
21 and a ball-shaped conductive terminal 12 electrically
connected to the penetrating electrode 20 on the back
surface of the semiconductor substrate 2, it is also possible
to form the reflection layer 8 between the wiring layer 21
and the light receiving element 1 including on the conduc-
tive terminal 12, as shown in FIG. 4. It is noted that a
numeral 22 in FIG. 4 designates a barrier metal layer made
of metal such as a titanium (Ti) layer, a titanium oxide
(Ti0,) layer, a titanium nitride (TiN) layer, a tantalum
nitride (TaN) layer or the like, for example. The same
numerals are given to the same components as those of the
above embodiment, and the description thereof will be
omitted.

[0040] This penetrating electrode type semiconductor
device is formed by, for example, preparing the semicon-
ductor substrate 2 formed with the pad electrode 4 with the
light receiving element 1 and the first insulation film 3
interposed therebetween, forming a via hole penetrating the
semiconductor substrate 2 in a position corresponding to the
pad electrode 4, forming the reflection layer 8 on the back
surface of the semiconductor substrate 2, forming a second
insulation film 9a covering a sidewall of the via hole and the
back surface of the semiconductor substrate 2, removing the
second insulation film 9a on a bottom of the via hole,
forming the barrier metal layer 22 in the via hole, forming
the penetrating electrode 20 made of metal such as copper in
the via hole by, for example, an electrolytic plating method,
forming the wiring layer 21 electrically connected to the
penetrating electrode 20 on the back surface of the semi-
conductor substrate 2 by patterning, and forming the ball-
shaped conductive terminal 12 and the protection layer 11.
It is noted that the above described processes are an example
of the method of manufacturing the penetrating electrode
type semiconductor device of this embodiment, and the
invention is not limited to these processes and the reflection
layer 8 may be formed before forming the via hole, for
example. It is possible to form the reflection layer 8 uni-
formly on the whole back surface of the semiconductor
substrate 2 or only in a region overlapping the light receiving
element 1 as already described above, although not shown.
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[0041] Next, a semiconductor device of a second embodi-
ment of the invention will be described referring to FIG. 5.
It is noted that the same numerals are given to the same
components as those of the first embodiment, and the
description thereof will be omitted.

[0042] A feature of the semiconductor device of the sec-
ond embodiment is that an anti- reflection layer 30 (e.g. a
titanium nitride (TiN) layer formed by a sputtering method,
a layer added with a pigment such as a black pigment, or an
organic resin layer) is formed between the light receiving
element 1 and the wiring layer 10 in a vertical direction to
have a thickness of, for example, 1 to 2 um. It is preferable
that an infrared ray absorbent material such as, for example,
a black pigment is mixed in the anti-reflection layer 30 for
enhancing an anti-reflection effect. The anti-reflection layer
30 absorbs an infrared ray entering from the light transparent
substrate 6 toward the wiring layer 10 through the semicon-
ductor substrate 2, and has a function of preventing light
transmission. The material and thickness of the anti-reflec-
tion layer are not particularly limited as long as it has this
function.

[0043] In the semiconductor device of the second embodi-
ment, an infrared ray entering from the light transparent
substrate 6 and reaching the anti-reflection layer 30 is
absorbed by the anti- reflection layer 30. This effectively
prevents an infrared ray from being reflected toward the
light receiving element 1 by the wiring layer 10. Even when
an infrared ray is reflected, the amount is very small, thereby
minimizing the reflection of the back surface wiring pattern
on an output image.

[0044] Therefore, any pattern of the wiring layer 10 or the
conductive terminal 12 formed on the back surface of the
semiconductor substrate 2 is effectively prevented from
being reflected on an output image.

[0045] Furthermore, although the anti-reflection layer 30
is uniformly formed on the back surface of the semiconduc-
tor substrate 2 in FIG. 5, it is also possible to form the
anti-reflection layer 30 on the back surface of the semicon-
ductor substrate 2 only in a region overlapping the light
receiving element 1 in a vertical direction or in a larger size
than the light receiving element 1 over an end portion
thereof by a predetermined amount, in the similar manner to
the reflection layer 8 of the semiconductor device shown in
FIG. 3.

[0046] Furthermore, it is also possible to form the anti-
reflection layer 30 covering the whole side surface of the
semiconductor substrate 2, as shown in FIG. 8. This struc-
ture prevents an infrared ray passing through the light
transparent substrate 6 from being reflected toward the light
receiving element 1 by the wiring layer 10 formed along the
side surface of the semiconductor substrate 2. This prevents
the pattern of the wiring layer 10 formed along the side
surface of the semiconductor substrate 2 from being
reflected on an output image.

[0047] Furthermore, an infrared ray entering from the side
surface of the semiconductor substrate 2 toward the light
receiving element 1 is also absorbed by the anti-reflection
layer 30, preventing light transmission. Therefore, in any
packaging manner of the semiconductor device, the light
receiving element 1 accurately receives only light entering
from the light transparent substrate 6, thereby enhancing the
detection accuracy of the light receiving element 1.
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[0048] The second embodiment of the invention achieves
wide application to semiconductor devices as long as those
have the wiring layer formed on the back surface of the
semiconductor substrate 2, and this is the same as the first
embodiment. Therefore, this may be applied to the so-called
penetrating electrode type semiconductor device shown in
FIG. 4.

[0049] Although the description of the above embodi-
ments is given for the BGA type semiconductor device
having the ball-shaped conductive terminal, the invention
may be applied to the LGA (land grid array) type semicon-
ductor device.

[0050] The embodiments achieve prevention of reflection
of the patterns of the conductive terminal and the wiring
layer formed on the back surface of the semiconductor
substrate on an output image.

What is claimed is:
1. A semiconductor device comprising:

a semiconductor substrate comprising a front surface and
a back surface;

a light receiving element formed on the front surface of
the semiconductor substrate;

a transparent substrate attached to the front surface of the
semiconductor substrate so as to cover the light receiv-
ing element;

a wiring layer formed on the back surface of the semi-
conductor substrate; and

a reflection layer formed on the back surface of the
semiconductor substrate and located between the light
receiving element and the wiring layer, the reflecting
layer being configured to reflect an infrared ray passing
through the transparent substrate, the light receiving
element and the semiconductor substrate back toward
to the light receiving element.

2. The semiconductor device of claim 1, wherein the
reflection layer is confined to an area of the back surface of
the semiconductor substrate that is a projection of the light
receiving element onto the back surface.

3. The semiconductor device of claim 1, wherein the
wiring layer extends to be on a side surface of the semicon-
ductor substrate, and the reflection layer extends to be
between the extending wiring layer and the side surface of
the semiconductor substrate.

4. The semiconductor device of claim 1, wherein the
reflection layer comprises a metal.

5. A semiconductor device comprising:

a semiconductor substrate comprising a front surface and
a back surface;

a light receiving element formed on the front surface of
the semiconductor substrate;

a transparent substrate attached to the front surface of the
semiconductor substrate so as to cover the light receiv-
ing element;

a wiring layer formed on the back surface of the semi-
conductor substrate; and

an anti-reflection layer formed on the back surface of the
semiconductor substrate and located between the light
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receiving element and the wiring layer, the anti-reflec-

tion layer being configured to absorb an infrared ray.

6. The semiconductor device of claim 5, wherein the

anti-reflection layer is confined to an area of the back surface

of the semiconductor substrate that is a projection of the
light receiving element onto the back surface.

7. The semiconductor device of claim 5, wherein the

wiring layer extends to be on a side surface of the semicon-
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ductor substrate, and the anti-reflection layer extends to be
between the extending wiring layer and the side surface of
the semiconductor substrate.

8. The semiconductor device of claim 5, wherein the
anti-reflection layer comprises an infrared ray absorbent
material mixed therein.

Page 12 of 12





