
SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD OF THE
SAME BACKGROUND OF THE INVENTION Field of the
Invention: The invention relates to a semiconductor
device and a manufacturing method thereof,
particularly, a back surface incident type
semiconductor device having a light receiving element
10 and a manufacturing method thereof. Description of
the Related Art: A semiconductor device detecting
light coming from a main surface of a semiconductor
die on the opposite side of a surface formed with a
light receiving element has been  conventionally known
in a semiconductor device having a light receiving
element. Such a 15 semiconductor device is called a
back surface incident type or back surface irradiation
type  semiconductor device. Next, a structure of the
conventional back surface incident type  semiconductor
device will be described referring to figures. Fig. 10
is a cross-sectional view of  the conventional
semiconductor device. A CCD (Charge Coupled Device)
211 as a light receiving element and its pad electrode
20 213 are formed on a front surface of a
semiconductor die 210 as shown in Fig. 10. An opening
210H is formed on a back surface of the semiconductor
die 210. Size of a bottom of the opening  210H is
almost the same as that of the region formed with the
CCD 211, forming a thin film  portion 210T made of a
thinned semiconductor die 210. The pad electrode 213
is electrically  connected to an external connection
electrode 217 formed on a supporting body 215 through
a 25 conductive bump 216. A space between the pad
electrode 213 and the supporting body 215 is  filled
with resin 214. The semiconductor die 210 is set in a
package 219. A window member 220 made of  glass or the
like is provided on the package 219 on the side facing
the opening 210H of the  semiconductor die 210. 30 The
external connection electrode 217 is connected to the
package 219 through a  bonding wire 218. In this
semiconductor device, light coming from the window
member 220 is  



detected by the CCD 211 through the thin film portion
210T of the semiconductor die 210. i In such a
semiconductor device, since an electrode for reading a
signal or a power  supply wiring that is electrically
connected to the CCD 211 does not exist on a light
incident side  (i.e. on the backside of the
semiconductor die 210), light receiving efficiency can
be enhanced  compared with a design where light coming
from the front surface of the semiconductor die 210 5
on which the CCD 211 is formed is detected.
Furthermore, an energy beam such as an  ultraviolet
ray, a soft X-ray, or an electron beam, that is
difficult to be detected when it passes  through a
thick semiconductor die, can be sensitively detected
as much as possible. The relevant  technology is
disclosed in the Japanese Patent Application
Publication No. hei 10-223873. In a process of
manufacturing the described conventional semiconductor
device, a 10 region of the semiconductor substrate
corresponding to a region formed with the CCD 211 need
be thinned, to a thickness of, for example, 10 to 20 m
by grinding. However, since it is very  difficult to
perform the grinding uniformly, the uniformity of the
back surface of the thin film  portion 210T thinned by
the grinding is reduced. Therefore, light entering the
thin film portion  210T is distorted to cause
variation in imaging when the CCD receives light, that
is, the CCD 15 images. That is, a full performance of
the semiconductor device is not guaranteed.
Furthermore,  since it costs much to partially thin
such a semiconductor substrate, a manufacturing cost
of the  semiconductor device increases. Furthermore, a
mechanical strength of the thin film portion 210T of
the semiconductor  die 210 is low after the
semiconductor device is completed. A connection
strength of the bump  20 216 electrically connecting
the semiconductor die 210 and the supporting body 215
is also low. Therefore, electrical connection between
elements and electrodes is often insufficient, thereby
lowering the performance of the semiconductor device.
SUMMARY OF THE INVENTION The invention provides a
semiconductor device that includes a semiconductor die
having  25 a front surface and a back surface, a light
receiving element formed on the front surface and  



configured to receive light coming through the back
surface, a pad electrode connected with the  light
receiving element and disposed on the front surface, a
supporting body attached to the front  surface and
having a via hole standing on the pad electrode, a
wiring disposed in the via hole so  that the wiring is
in contract with the pad electrode at one end of the
via hole and extends from 30 another end of the via
hole to cover a portion of a surface of the supporting
body, and a circuit 2 board having an electrode that
is in contact with the wiring covering the portion of
the surface of  the supporting body. The invention
also provides a method of manufacturing a
semiconductor device. The  method includes providing a
semiconductor substrate having a front surface on
which a light  5 receiving element and a pad electrode
are formed, attaching a supporting body to the front
surface, etching the supporting body to form a via
hole so as to expose the pad electrode,  forming a
wiring in the via hole so that the wiring is in
contract with the pad electrode at one end  of the via
hole and extends from another end of the via hole to
cover a portion of a surface of the  supporting body,
and separating the semiconductor substrate into a
plurality of semiconductor 10 dies. BRIEF DESCRIPTION
OF THE DRAWINGS Figs. I to 8 are cross-sectional views
for explaining a method of manufacturing a
semiconductor device of an embodiment of the
invention. Fig. 9 is a cross-sectional view for
explaining a semiconductor device and its  15
manufacturing method of the embodiment of the
invention. Fig. 10 is a cross-sectional view for
explaining a semiconductor device of a  conventional
art. DETAILED DESCRIPTION OF THE INVENTION A
semiconductor device of an embodiment of the invention
will be described referring  20 to figures. A method
of manufacturing the semiconductor device of the
embodiment is described.  Figs. I to 8 are
cross-sectional views for explaining the method of
manufacturing the  



semiconductor device of the embodiment. Fig. 9 is a
cross-sectional view for explaining the  semiconductor
device and its manufacturing method of the embodiment.
Figs. I to 9 show a successive process steps
corresponding to a cross section of a 25 semiconductor
substrate at a boundary of adjacent dies to be
separated in a dicing step that will  be described
below (i.e. near a dicing line (not shown)). A light
receiving element such as, for example, a CCD (Charge
Coupled Device) is  formed on a front surface of a
semiconductor substrate 10 made of a silicon substrate
as shown in Fig. 1. It is preferable that this CCD I I
is a so-called frame-transfer type CCD, although other
30 types of CCD may be used. A pad electrode 13
connected to the CCD I I with an insulation film  12
interposed therebetween is further formed on the front
surface of the semiconductor substrate 3 10. This pad
electrode 13 is made of metal, such as aluminum (Al),
an aluminum alloy, or  copper (Cu), for example. A
passivation layer (not shown) made of, for example, a
silicon oxide  film (SiO2) or a silicon nitride film
(Si3N4) is further formed on the insulation film 12
including  on the pad electrode 13 so as to cover the
pad electrode 13. 5 Then, a supporting body 15 in
substrate form or tape form is attached to the front
surface of this semiconductor substrate 10 with a
resin layer 14 made of, for example, epoxy  resin
interposed therebetween. It is preferable that the
supporting body 15 is a glass substrate,  for example,
although not particularly limited as long as it has a
function of supporting and  protecting the
semiconductor substrate 10. In the case where the
supporting body 15 is a glass 10 substrate, the
supporting body 15 is formed to have a thickness of,
for example, about 100 to 400  I.M. Next, back surface
grinding (i.e. a so-called back-grinding) is performed
to the  semiconductor substrate 10 with this
supporting body 15 being attached to the substrate 10
as  shown in Fig. 2. In this process, the back surface
grinding is performed until the thickness of the 15
semiconductor substrate 10 reaches such a
predetermined thickness that light (including an
energy beam such as an infrared ray, an ultraviolet
ray, a X-ray, or an electron beam except  



visible light) coming from the back surface of the
semiconductor substrate 10 can be detected by  the CCD
11. In some case, this grinding process may not be
performed depending on the use  and specification of
an end product or the thickness of a semiconductor
substrate prepared at the  20 beginning. Then, wet
etching is performed to the whole back surface of the
semiconductor substrate  10 completing the back
surface grinding. This etching is performed using a
mixture of hydrogen  fluoride (HF) and nitric acid
(HNO3) as an etchant, for example. This process
removes unevenness or a mechanically damaged layer of
the back surface of the semiconductor substrate  25 10
caused by the back surface grinding and enhances
uniformity of the back surface. Thus, the  surface of
the back surface incident type semiconductor device
where light enters enjoys less  distortion,
refraction, reflection, and so on of incident light.
Even in the described case where  the back surface
grinding process is not performed, this wet etching
can be performed depending  on the state of the back
surface of the semiconductor substrate and so on. 30
The back surface grinding and wet etching of the
semiconductor substrate 10 are  performed so that the
thickness of the semiconductor substrate 10 eventually
becomes about 10 4 to 30 m, for example. Next, a
resist layer 101 is formed on a portion of a front
surface of the supporting body  15 as shown in Fig. 3.
That is, the resist layer 101 is formed having an
opening in a position  corresponding to the pad
electrode 13. Then, an etching is performed to the
supporting body 15 5 using the resist layer 101 as a
mask. It is preferable to perform the etching by dip
etching using a  hydrogen fluoride (HF) aqueous
solution as an etching solution, for example.
Alternatively, this  etching can be performed by the
other wet etching or dry etching. An opening
penetrating the  supporting body 15 is formed by this
etching. The resin layer 14 is exposed at a bottom of
the  opening, and the pad electrode 13 is positioned
thereunder being in contact with the resin layer  10
14. The opening 15H can be also formed by a so-called
sandblasting. Next, the resin layer 14 exposed at the
bottom of the opening 15H and the passivation  



layer (not shown) positioned there are removed as
shown in Fig. 4. A via hole 16 penetrating the
supporting body 15, the resin layer 14, and the
passivation layer (not shown) is formed by the  remove
of the resin layer 14 and the passivation layer (not
shown). The pad electrode 13 is 15 exposed at a bottom
of the via hole 16. It is preferable to remove the
resin layer 14 by dip etching using an organic solvent
as  an etching solution, for example. The resist layer
101 is used as an etching mask in this etching.  The
resist layer 101 is removed after the etching.
Alternatively, the resin layer 14 can be  removed by
the other wet etching or dry etching. Alternatively,
the resin layer 14 can be 20 removed by so-called
ashing. The passivation layer (not shown) is removed
by predetermined  etching using the resist layer 101
as a mask. The passivation layer (not shown), the
resin layer 14, and the supporting body 15 in the
position corresponding to the pad electrode 13 can be
removed by performing etching at one  process step. In
this case, wet etching or dry etching with a
predetermined etching solution or 25 etching gas are
performed to the passivation layer (not shown), the
resin layer 14, and the  supporting body 15 using the
resist layer 101 as a mask. Next, a conductive paste
is printed in the via hole 16 and on the front surface
of the  supporting body 15 along a wiring pattern for
connecting with a circuit board 30 as shown in Fig.
5. This conductive paste is connected to the pad
electrode 13 and forms a wiring 17 extending  30 onto
a portion of the front surface of the supporting body
15 through the via hole 16. At this time, the printing
can be performed plural times in a case where the
conductive 5 paste can not be printed so as to be
connected to the pad electrode 13 and extending onto
the  front surface of the supporting body 15 by
performing the printing at a time due to the size of
the  via hole 16. For example, it is possible that
conductive paste is printed so as to fill the via hole
16 first, and then conductive paste is printed thereon
so as to extend onto the front surface of the  5
supporting body 15. It is preferable that the
conductive paste is silver (Ag), tin (Sri), bismuth
(Bi) or a  



mixture of these. In this case, the wiring 17 made of
the conductive paste can obtain higher  resistance to
corrosion and higher reliability than the Airing made
of aluminum (Al).  Furthermore, since the wiring 17
made of the conductive paste does not suffer from
chemical 10 contamination such as copper (Cu)
contamination in the wiring made of copper, a process
for  preventing the chemical contamination is not
needed. Therefore, a manufacturing cost can be
minimized. Next, the semiconductor substrate 10 formed
with the wiring 17 is baked to set the  wiring 17. In
this process, baking the semiconductor substrate 10
formed with the wiring 17 is  15 performed for about
10 minutes at temperature of about 150 degrees, for
example. However, the temperature and time necessary
for the baking depend on the conductive paste and may
vary  from those above. It is possible that the
conductive paste forming the above wiring 17 is mixed
with a  predetermined solvent and coated by spray
thereof using a mask. The wiring 17 can be formed  20
by the other method than the printing or spray coating
of the conductive paste. For example, the wiring 17
can be formed by a sputtering. Alternatively, a
ball-shaped conductive terminal can be  formed on the
wiring 17 on the front surface of the supporting body
15, for example, although  not shown. The wiring 17
can be formed in the vial hole 16 only so as to
completely fill the via  hole 16 without extending
onto the front surface of the supporting body 15. 25
Next, the semiconductor substrate 10 is turned upside
down, and then a light shield film  19 is formed on a
portion of the back surface of the semiconductor
substrate 10 so as to cover a  region except a light
receiving region of the CCD I I or a region except the
region formed with  the CCD 11, as shown in Fig. 6. A
material and a formation method of the light shield
film 19  are not particularly limited as long as the
film 19 can shield light of a wavelength band the CCD
30 11 detects. For example, the light shield film 19
is formed by screen printing or coating a black
resist material. The light shield film 19 is formed
according to needs, and is omitted in a case 6 where
it is not necessary to shield light incident on the
CCD 11. 



Furthermore, a color filter 20 transmitting light of a
predetermined wavelength band is  formed on the back
surface of the semiconductor substrate 10 at least
including the light  receiving region of the CCD I I
according to needs as shown in Fig. 7. The color
filter 20 is 5 formed on the whole back surface of the
semiconductor substrate 10 in Fig. 7. This color
filter  20 is made of, for example, an acrylic resist
material although not particularly limited. It is
possible to form a surface protection layer made of a
predetermined material so as  to cover the light
shield film 19 and the color filter 20 according to
needs although not shown.  Alternatively, a glass
cover can be attached thereto. 10 Lastly, the
semiconductor substrate 10 is separated into a
plurality of semiconductor  dies I OA by dicing along
a dicing line (not shown) as shown in Fig. 8. The
semiconductor  device of the embodiment is thus
completed. The completed semiconductor device is
mounted  on the circuit board 30 where the external
electrode 31 is patterned as shown in Fig. 9. At this
time, the external electrode 31 of the circuit board
30 and the wiring 17 extending onto the 15 supporting
body 15 are electrically connected and face each
other. Accordingly, in the semiconductor device of the
described embodiment, the uniformity  of the back
surface that is a light incident surface is enhanced
by the back surface grinding and  wet etching of the
semiconductor substrate 10 shown in Fig. 2, compared
with the conventional  art. That is, since the surface
of the back surface incident type semiconductor device
where light 20 enters possesses preferable
characteristics, i.e., reduced distortion, refraction,
and reflection of  incident light, light receiving or
imaging can be precisely performed as much as
possible.  Furthermore, since the whole surface of the
semiconductor die I OA is supported by the  supporting
body 15, the mechanical strength of the semiconductor
device can be enhanced  compared with the conventional
art. 25 Furthermore, this semiconductor device does
not need a process of forming a thin film  portion 2 1
OT by partially opening a semiconductor substrate 2
10, a process of forming a bump  216 and an external
connection electrode 217 for connecting a
semiconductor die 210 and a  package 219, or a process
of forming a bonding wire 218 as have been needed in
the  



conventional back surface incident type semiconductor
device. Therefore, the manufacturing 30 cost and the
mounting cost of the semiconductor device can be
minimized. As a result, the performance can be
enhanced in the back surface incident type 7
semiconductor device having the light receiving
element and its manufacturing method without
increasing the manufacturing cost. Although the CCD is
formed as the light receiving element in the
semiconductor  substrate 10 in the described
embodiment, the invention is not limited to this and
can be applied  5 to the device where the other light
receiving element (e.g. a photodiode, an infrared ray
sensor,  or the like) than the CCD is formed. 8 CLAMIS
1, A semiconductor device comprising: a semiconductor
die comprising a front surface and a back surface; 5 a
light receiving element formed on the front surface
and configured to receive light  coming through the
back surface; a pad electrode connected with the light
receiving element and disposed on the front  surface;
a supporting body attached to the front surface and
having a via hole standing on the pad  10 electrode; a
wiring disposed in the via hole so that the wiring is
in contract with the pad electrode at  one end of the
via hole and extends from another end of the via hole
to cover a portion of a  surface of the supporting
body; and a circuit board comprising an electrode that
is in contact with the wiring covering the  15 portion
of the surface of the supporting body. 20 25 



30 2. 'ne semiconductor device of claim 1, wherein the
light receiving element comprises a  CCD, a photodiode
or an infrared sensor. 3. The semiconductor device of
claim I or 2, wherein the wiring comprises a
conductive paste. . 4. The semiconductor device of any
one of the preceding claim, further comprising a
light shield film disposed on the back surface so as
not to cover the light receiving element. 5. The
semiconductor device of any one of the preceding
claim, further comprising a  color filter disposed on
the back surface and transmitting light of a
predetermined  wavelength band. 6. The semiconductor
device of any one of the preceding claim, further
comprising an  adhesive layer attaching the supporting
body to the front surface of the semiconductor die. 9
7. A method of manufacturing a semiconductor device,
comprising: providing a semiconductor substrate
comprising a front surface on which a light receiving
element and a pad electrode are formed; attaching a
supporting body to the front surface;  5 etching the
supporting body to form a via hole; forming a wiring
in the via hole so that the wiring is in contract with
the pad electrode at  one end of the via hole and
extends from another end of the via hole to cover a
portion of a  surface of the supporting body; and
separating the semiconductor substrate into a
plurality of semiconductor dies. 10 15 20 25 30 



8. The method of claim 7, further comprising grinding
the semiconductor substrate, after  the attaching of
the supporting body, to define a back surface of the
semiconductor substrate so  that a distance between
the front and back surfaces is thin enough for light
coming through the  back surface to reach the light
receiving element. 9. The method of claim 7 or 8,
further comprising wet etching the ground back
surface. 10. The method of any one of claims 7 to 9,
wherein the light receiving element comprises  a CCD,
a photodiode or an infrared sensor. 11. The method of
any one of claims 7 to 10, wherein the formation of
the wiring  comprises coating and baking a conductive
paste. 12. The method of any one of claims 7 to 11,
wherein the formation of the wiring  comprises
printing and baking a conductive paste. 13. The method
of any one of claims 7 to 12, further comprising
forming a light shield  film on the back surface so as
not to cover the light receiving element. 14. The
method of any one of claims 7 to 13, further
comprising forming a color filter  transmitting light
of a predetermined wavelength band on the back
surface. 15. The method of any one of claims 7 to 14,
wherein the light receiving element comprises  a CCD,
a photodiode or an infrared sensor. 16. The method of
any one of claims 7 to 15, wherein the formation of
the wiring comprises  coating and baking a conductive
paste. 17. The method of any of claims 7 to 16,
wherein the formation of the wiring comprises
printing and baking a conductive paste. 18. The method
of any one of claims 7 to 17, further comprising
forming a light shield film  on the back surface so as
not to cover the light receiving element. 19. The
method of any one of claims 7 to 18, further
comprising forming a color filter  transmitting light
of a predetermined wavelength band on the back
surface. 11 


