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(57) ABSTRACT 

After forming an insulating layer over the entire surface of 
a transparent substrate, a Wiring layer having a predeter 
mined pattern is formed on the insulating layer. After 
forming the Wiring layer, a portion of the insulating layer 
thus formed corresponding to a light receiving area of a 
solid-state imaging element is removed to provide an aper 
ture for the insulating layer and to uncover a surface of a 
light receiving area of the transparent substrate. Thereafter, 
the solid-state imaging element is bonded With the Wiring 
layer and a gap betWeen the transparent substrate and the 
solid-state imaging element is sealed by a sealing resin, 
thereby inexpensively providing a high-quality solid-state 
imaging device and a manufacturing method thereof, 
capable of preventing adhesion of foreign objects on a light 
receiving surface. 
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FIG.11 (PRIOR ART) 
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FIG.14 (PRIOR ART) 
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SOLID-STATE IMAGING DEVICE AND 
MANUFACTURING METHOD THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention relates to a solid-state imag 
ing device Which employs a face-doWn bonding technique 
for mounting a solid-state imaging element, and a manufac 
turing method thereof. 

BACKGROUND OF THE INVENTION 

[0002] An example of a conventional solid-state imaging 
device is a solid-state imaging device taught in Japanese 
Unexamined Patent Publication No. 204442/1994 (Toku 
kaihei 6-204442) (published date: Jul. 22, 1994). FIG. 11 
shoWs a schematic structure of this solid-state imaging 
device, and FIG. 12 through FIG. 15 shoW a manufacturing 
method thereof. 

[0003] As shoWn in FIG. 11, the solid-state imaging 
device has the structure Wherein a glass substrate 101 is 
bonded by a conductive adhesive 106 With a solid-state 
imaging element 102 Which has been provided With project 
ing electrodes 105, and a gap betWeen the glass substrate 
101 and the solid-state imaging element 102 is sealed by a 
sealing resin 107, leaving a light receiving area 102a. On the 
glass substrate 101 are formed a group of electrode terminals 
103 for outputting electrical signals and a projecting frame 
104 of insulating resin on and around the group of electrode 
terminals 103. 

[0004] In the manufacturing method of the foregoing 
solid-state imaging device, in the ?rst step, as shoWn in FIG. 
12, the conductive adhesive 106 is applied by a transfer 
method over the projecting electrodes 105 provided on the 
solid-state imaging element 102. 

[0005] Then, in the second step, as shoWn in FIG. 13(a) 
and FIG. 13(b), a metal ?lm such as copper (Cu) is formed 
by a vapor deposition method on the glass substrate 101, and 
the electrode terminals 103 are formed by patterning the 
metal ?lm in the form of Wiring, and then the projecting 
frame 104 is formed by a printing method using a paste 
Whose main ingredient is an epoXy material. 

[0006] In the subsequent third step, as shoWn in FIG. 14, 
the solid-state imaging element 102 to Which the conductive 
adhesive 106 Was transferred is bonded With the glass 
substrate 101 having provided With the projecting frame 104 
by printing the epoXy material in the second step, and heat 
is applied by a heating device so as to set the conductive 
adhesive 106 and the projecting frame 104. 

[0007] Finally, in the fourth step, as shoWn in FIG. 15, the 
sealing resin 107 is alloWed to penetrate to the area of a gap 
betWeen the solid-state imaging element 102 and the glass 
substrate 101 around the outer periphery of the projecting 
frame 104, Which is then set by heating it using a heating 
device. 

[0008] The solid-state imaging device is used to convert 
the incident light on the glass substrate 101 into electrical 
signals by the solid-state imaging element 102 so as to 
output the electrical signals in the form of image signals to 
outside via the projecting electrodes 105 and the electrode 
terminals 103. 
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[0009] In the foregoing solid-state imaging device, When 
foreign objects stick to a light incident area, i.e., the light 
receiving area 102a, the foreign objects block the incident 
light and appear as black spots in the output image. There 
fore, manufacture of the solid-state imaging device requires 
a strict measure against foreign objects for preventing adhe 
sion of foreign objects on the light receiving area 102a. 

[0010] Speci?cally, such a measure can be implemented, 
for eXample, by (1) manufacturing the solid-state imaging 
device in a clean environment Where foreign objects are 
strictly managed, (2) providing an additional step of remov 
ing the adhered foreign objects, or (3) by avoiding handling 
or operation on the light receiving surface in the manufac 
turing process. 

[0011] HoWever, the foregoing prior art required operation 
on the light receiving surface in the step of transferring the 
conductive adhesive 106 With respect to the projecting 
electrodes 105 provided on the solid-state imaging element 
102, and also in the step of printing the projecting frame 104 
With respect to the glass substrate 101, Which posed the risk 
of foreign objects being stuck during the operation. 

[0012] Further, the resin making up the conductive adhe 
sive 106 and projecting frame 104 is set by heating using a 
heating device after mounting the solid-state imaging ele 
ment 102 and the glass substrate 101 together. Thus, imme 
diately after the transfer of the conductive adhesive 106 onto 
the solid-state imaging element 102 or printing the project 
ing frame 104 on the glass substrate 101, the conductive 
adhesive 106 and the projecting frame 104 have not been set 
yet, Which prevented providing the step of removing foreign 
objects even When presence of the foreign objects Was 
observed on the light receiving surface of the solid-state 
imaging element 102 and/or glass substrate 101, thus failing 
to remove the foreign objects once they stick to the light 
receiving surface. 

[0013] Further, even though the manufacturing method of 
the solid-state imaging device under clean environment is 
applicable to the foregoing conventional solid-state imaging 
device, it requires a manufacturing process in a clean room 
Where foreign objects are strictly managed, thus posing the 
problem of high facility cost. 

[0014] Further, in the foregoing solid-state imaging 
device, because the metal ?lm is formed directly at the 
interface With the glass substrate 101, it requires a very 
sophisticated technique of patterning the metal ?lm into 
Wiring of the group of electrode terminals 103 (process in 
Which the metal ?lm is etched by dry etching to the interface 
betWeen the glass substrate 101 and the metal ?lm but 
Without reaching the interface, and then removing the 
remaining metal ?lm by Wet etching Without damaging the 
interface in the light receiving area of the glass substrate 
101. 

SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to inexpen 
sively provide a high-quality solid-state imaging device and 
a manufacturing method thereof by Way of preventing 
adhesion of foreign objects on a light receiving surface. 

[0016] In order to achieve this object, a manufacturing 
method of a solid-state imaging device of the present 
invention includes the steps of forming an insulating layer 
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on a transparent substrate (insulating layer forming step); 
forming a Wiring layer having a predetermined pattern on 
the insulating layer (Wiring layer forming step); uncovering 
a surface of a light receiving area of the transparent substrate 
after forming the Wiring layer by removing a portion of the 
insulating layer formed in the insulating layer forming step 
corresponding to a light receiving area of a solid-state 
imaging element (insulating layer removing step); and bond 
ing the solid-state imaging element With the Wiring layer so 
as to mount the solid-state imaging element on the trans 
parent substrate (bonding step). 

[0017] According to this method, the light receiving sur 
face of the transparent substrate is covered With the insu 
lating layer in the insulating layer forming step, and the light 
receiving surface of the transparent substrate is protected by 
the insulating layer during handling and operation in the 
subsequent Wiring layer forming step. Further, in the insu 
lating layer removing step immediately before the step of 
bonding the solid-state imaging element With the transparent 
substrate, a portion of the insulating layer corresponding to 
the light receiving area of the solid-state imaging element is 
removed so as to uncover the surface of the light receiving 
area of the transparent substrate. 

[0018] As a result, foreign objects Which might have stuck 
to the portion of the insulating layer corresponding to the 
light receiving area of the solid-state imaging element in the 
Wiring layer forming step are removed together With the 
insulating layer in the subsequent insulating layer removing 
step. Therefore, With the foregoing manufacturing method, 
operations Which might pose the risk of sticking foreign 
objects during the manufacturing process can be eliminated 
as much as possible to realiZe a manufacturing process of 
high productivity, thereby inexpensively providing a high 
quality solid-state imaging device for products Which incor 
porate solid-state imaging devices, for Which demand for 
reducing the siZe and thickness has not been higher. 

[0019] Further, the Wiring layer formed in the Wiring 
forming step is formed on the transparent substrate via the 
insulating layer Which is formed in the insulating layer 
forming step, instead of directly forming it on the transpar 
ent substrate. Thus, it is possible to easily carry out pattern 
ing Without damaging the surface of the light receiving area 
of the transparent substrate in patterning of Wiring of the 
Wiring layer, thus obtaining desirable adhesion betWeen the 
transparent substrate and the Wiring layer. 

[0020] For a fuller understanding of the nature and advan 
tages of the invention, reference should be made to the 
ensuing detailed description taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a cross sectional vieW shoWing a structure 
of a solid-state imaging device in accordance With one 
embodiment of the present invention. 

[0022] FIG. 2 is an exploded perspective vieW of the 
solid-state imaging device as shoWn in FIG. 1. 

[0023] FIG. 3 is a cross sectional vieW shoWing a structure 
of a solid-state imaging device in accordance With another 
embodiment of the present invention. 

[0024] FIG. 4 is an exploded perspective vieW of the 
solid-state imaging device as shoWn in FIG. 3. 
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[0025] FIG. 5(a) through FIG. 5(i) are explanatory draW 
ings shoWing manufacturing steps on a transparent substrate 
of the solid-state imaging device of FIG. 3. 

[0026] FIG. 6 is a perspective vieW shoWing a transparent 
substrate base material of a rectangular shape on Which the 
solid-state imaging device is formed in a matrix. 

[0027] FIG. 7 is a perspective vieW shoWing a transparent 
substrate base material of a circular shape on Which the 
solid-state imaging device is formed in a matrix. 

[0028] FIG. 8(a) through FIG. 8(c) are explanatory draW 
ings shoWing some of the manufacturing steps after the step 
of mounting a solid-state imaging element on a transparent 
substrate. 

[0029] FIG. 9(a) and FIG. 9(b) are explanatory draWings 
shoWing some of the manufacturing steps after the step of 
mounting a solid-state imaging element on a transparent 
substrate. 

[0030] FIG. 10 is a plan vieW shoWing an exempli?ed 
Wiring pattern formed on the transparent substrate. 

[0031] FIG. 11 is a cross sectional vieW shoWing a struc 
ture of a conventional solid-state imaging device. 

[0032] FIG. 12 is an explanatory draWing shoWing a step 
of applying a conductive adhesive on a solid-state imaging 
element in a manufacturing process of the conventional 
solid-state imaging device. 

[0033] FIG. 13(a) and FIG. 13(b) are explanatory draW 
ings shoWing a step of forming a projecting frame on a 
transparent substrate in the manufacturing process of the 
conventional solid-state imaging device. 

[0034] FIG. 14 is an explanatory draWing shoWing a step 
of bonding the transparent substrate With the solid-state 
imaging element in the manufacturing process of the con 
ventional solid-state imaging device. 

[0035] FIG. 15 is an explanatory draWing shoWing a step 
of forming a sealing resin around the solid-state imaging 
element in the manufacturing process of the conventional 
solid-state imaging device. 

DESCRIPTION OF THE EMBODIMENTS 

[0036] The folloWing Will describe one embodiment of the 
present invention With reference to the draWings. 

[0037] FIG. 1 and FIG. 2 shoW schematic structures of a 
solid-state imaging device in accordance With the present 
embodiment, in Which FIG. 1 is a cross sectional vieW and 
FIG. 2 is an exploded perspective vieW. 

[0038] The solid-state imaging device is made by bonding 
a transparent substrate 1 made of glass, optical ?lm, and the 
like, With a solid-state imaging element 2 thereon. The 
transparent substrate 1 includes an insulating ?lm 3 having 
an aperture corresponding to a light receiving area of the 
solid-state imaging element 2, and Wiring (Wiring layer) 4 
Which has been patterned on the insulating ?lm 3. The 
solid-state imaging element 2 includes projecting electrodes 
5 for connecting the solid-state imaging element 2 to the 
Wiring 4. The transparent substrate 1 and the solid-state 
imaging element 2 are bonded With each other such that 
inner terminals of the Wiring 4 are in contact With the 
projecting electrodes 5 and the gap betWeen the transparent 
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substrate 1 and the solid-state imaging element 2 on the 
outer periphery is sealed by a sealing resin 6. Further, on the 
outer terminals of the Wiring 4 are formed projecting elec 
trodes 7 for making the connection to external circuits easier. 

[0039] In the solid-state imaging device shoWn in FIG. 1 
and FIG. 2, it is assumed that the solid-state imaging 
element 2 has a light-shielding metal ?lm (not shoWn). 
HoWever, in the case Where the solid-state imaging element 
2 does not have the light-shielding metal ?lm, the light 
shielding metal ?lm may be provided on the transparent 
substrate 1, as shoWn in FIG. 3 and FIG. 4. That is, instead 
of forming the Wiring 4 on the insulating ?lm 3 of the 
transparent substrate 1, the light-shielding metal ?lm 8 is 
formed on the insulating ?lm 3, and further the insulating 
?lm 9 thereon. The Wiring 4 is then formed on the insulating 
?lm 9. Note that, as With the metal ?lm 3, the light-shielding 
metal ?lm 8 and the insulating ?lm 9 have apertures corre 
sponding to the light receiving area of the solid-state imag 
ing element 2. 

[0040] The folloWing advantages can be obtained by pro 
viding the light-shielding metal ?lm 8 on the transparent 
substrate 1. 

[0041] First, by providing the light-shielding metal ?lm 8 
on the transparent substrate 1, the process of forming the 
light-shielding metal ?lm on the solid-state imaging element 
2 can be omitted in the manufacturing process of the 
solid-state imaging element 2. This reduces the manufac 
turing cost of the solid-state imaging element 2 and the risk 
of dusts sticking to the light receiving surface of the solid 
state imaging element 2 in the process of forming the 
light-shielding metal ?lm on the solid-state imaging element 
2. 

[0042] Further, by placing the light-shielding metal ?lm 8 
made of TiW or other material under the Wiring 4, the 
alignment marks Which Were formed When forming the 
Wiring 4 can be contrasted With the light-shielding metal 
?lm 8 (the alignment marks are made of Al as With the 
Wiring 4, and the tWo metal ?lms have different re?ectance), 
and therefore, in the step of bonding the transparent sub 
strate 1 With the solid-state imaging element 2, no error Will 
occur in recogniZing the edges When the alignment marks 
are recogniZed in image recognition, thereby realiZing accu 
rate bonding. 

[0043] Further, by partially blanking the light-shielding 
metal ?lm 8, it is possible to provide a mark of a reference 
pin position Which is used for positioning the solid-state 
imaging element 2 and the transparent substrate 1 When 
bonding the tWo, thereby omitting a step of providing the 
reference pin mark in the manufacturing process. 

[0044] The folloWing Will describe a manufacturing 
method of the solid-state imaging device referring to FIG. 
5(a) through FIG. 5(i). Note that, the folloWing description 
Will be given through the case of manufacturing a solid-state 
imaging device having the light-shielding metal ?lm 8 on 
the transparent substrate 1. 

[0045] In the ?rst step, as shoWn in FIG. 5(a), an oXide 
?lm such as SiO2 or nitride ?lm such as SiN is formed as an 
insulating ?lm 3‘ in the thickness of 500 nm to 1000 nm by 
the CVD (Chemical Vapor Deposition) method or PVD 
(Physical Vapor Deposition) method on the transparent 
substrate 1 of a transparent plate such as glass or an optical 
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?lter having the thickness of 0.5 mm to 0.7 mm. The 
insulating ?lm 3‘ Will become the insulating ?lm 3 having an 
aperture corresponding to the light receiving area by being 
etched in the subsequent step. HoWever, etching is not 
carried out at this stage and the light receiving area of the 
transparent substrate 1 is protected by the insulating ?lm 3‘ 
until Wire patterning is ?nished. By forming the insulating 
?lm 3‘ on the transparent substrate 1, desirable adhesion can 
be obtained betWeen the transparent substrate 1 and the 
metal ?lm formed thereon, such as Wiring. 

[0046] Then, in the second step, as shoWn in FIG. 5(b), a 
metal thin ?lm 8‘ made of TiW or WSi, Which later becomes 
the light-shielding metal ?lm 8, is deposited in the thickness 
of 100 nm to 200 nm by the CVD method or PVD method, 
and a pattern of photoresist 10 is formed on the light 
shielding area. Then, as shoWn in FIG. 5(c), unnecessary 
portions of the metal thin ?lm is removed by dry etching or 
Wet etching so as to form the light-shielding metal ?lm 8. 
Note that, here, a portion of the metal thin ?lm outside the 
portion Which is faced With the solid-state imaging element 
2 When they are bonded may be partially removed When 
removing a portion corresponding to the light-shielding area 
by partially blanking the pattern of the photoresist 10 in the 
light-shielding area so as to provide a reference pin mark. 

[0047] After forming the light-shielding metal ?lm 8, in 
the third step, as shoWn in FIG. 5(a'), an oXide ?lm such as 
SiO2 or nitride ?lm such as SiN, Which becomes the insu 
lating ?lm 9, is deposited as an insulating ?lm 9‘ in the 
thickness of 500 nm to 1000 nm by the CVD method or PVD 
method, and a pattern of photoresist 11 is formed in a Wiring 
region Which is later deposited in the subsequent step. Then, 
as shoWn in FIG. 5(e), unnecessary portions of the insulat 
ing ?lm 9‘ are removed by dry etching to form the insulating 
?lm 9. In etching the insulating ?lm 9‘, the insulating ?lm 3‘ 
Which Was deposited in the ?rst step is not etched so as to 
protect the portion corresponding to the light receiving area 
of the solid-state imaging element 2 till Wire patterning is 
?nished. 

[0048] Note that, the second and third steps are required to 
form the light-shielding metal ?lm 8, and they are omitted 
in the manufacturing process of the solid-state imaging 
device Which does not have the light-shielding metal ?lm 8 
as shoWn in FIG. 1 and FIG. 2. 

[0049] In the subsequent fourth step, as shoWn in FIG. 
5(1‘), an alloyed metal material is deposited as a Wiring metal 
?lm 4‘ in the thickness of 1000 nm to 10000 nm by 
sputtering, Which is one form of the PVD method, and then 
a desired patten of photoresist 12 is formed on the Wiring 
metal ?lm 4‘. Then, as shoWn in FIG. 5(g), unnecessary 
portions of the Wiring metal ?lm 4‘ are removed by dry 
etching to form the Wiring 4. Note that, the alloyed metal 
material is Al—Si or Al—Si—Cu, etc., Which contains 
aluminium as the main component and Which is commonly 
used as the Wiring material of semiconductor elements, etc. 
Further, the reason sputtering is used to deposit the Wiring 
metal ?lm 4‘ is that, unlike other methods including the 
vapor deposition method, it alloWs deposition at loW tem 
peratures Without heating the target material to a melting 
temperature and therefore is desirable to obtain a metal ?lm 
having less residual stress. 

[0050] Finally, in the ?fth step, as shoWn in FIG. 5(h), a 
pattern of photoresist 13 is formed over a portion other than 
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the portion corresponding to the light receiving area of the 
solid-state imaging element 2 so as to patten the insulating 
?lm 3‘. Then, in order to remove unnecessary portions of the 
insulating ?lm 3‘ Without damaging the interface in the light 
receiving area of the transparent substrate 1, the light 
receiving area is made into an aperture by Wet etching, thus 
forming the insulating ?lm 3. 

[0051] With this method, since the unnecessary portions of 
the insulating ?lm 3‘ to make up the light receiving area of 
the solid-state imaging element 2 are removed immediately 
before mounting the solid-state imaging element 2 on the 
transparent substrate 1, foreign objects on the insulating ?lm 
3‘ can be removed together even When they have stuck to the 
insulating ?lm 3‘ during the manufacturing process of the 
Wiring 4 and other elements. After the etching process of the 
insulating ?lm 3‘, there is no process Which requires han 
dling or operation on the light receiving surface of the 
transparent substrate 1, thereby minimiZing the risk of 
foreign objects sticking to the light receiving area of the 
transparent substrate 1 and providing a manufacturing pro 
cess With less defects caused by foreign objects sticking to 
the light receiving surface. 
[0052] Note that, in the foregoing explanations, the ?rst 
step as shoWn in FIG. 5(a), the fourth step as shoWn in FIG. 
5(}‘) and FIG. 5(g), and the ?fth step as shoWn in FIG. 5(h) 
and FIG. 5(i) correspond to an insulating layer forming step, 
Wiring layer forming step, and insulating layer removing 
step, respectively. 
[0053] The steps of FIG. 5(a) through FIG. 5(i) on the 
transparent substrate 1 are carried out With respect to a 
transparent substrate base material of a rectangular (FIG. 6), 
circular (FIG. 7), or other shape, Which is equivalent to a 
plurality of transparent substrates 1. As is clear from FIG. 6 
and FIG. 7, individual transparent substrates 1 are formed in 
a matrix With respect to the transparent substrate base 
material. 

[0054] The folloWing Will describe hoW the solid-state 
imaging element 2 is mounted on the transparent substrate 1 
referring to FIG. 8(a) through FIG. 8(c), and FIG. 9(a) and 
FIG. 9(b). 
[0055] First, as shoWn in FIG. 8(a), the projecting elec 
trodes 5 are formed on the electrode terminal on the light 
receiving side by the ball bonding method With respect to the 
solid-state imaging element 2. The projecting electrodes 5 
may alternatively be formed by a plating method in a Wafer 
process for manufacturing the solid-state imaging element 2. 

[0056] Then, on the transparent substrate base material as 
shoWn in FIG. 6 or FIG. 7, the solid-state imaging element 
2 is mounted With respect to each transparent substrate 1. 
The solid-state imaging element 2 is mounted so that the 
projecting electrodes 5 are connected to the Wiring 4 of each 
transparent substrate 1. Here, FIG. 10 shoWs an exempli?ed 
pattern of the Wiring 4. The Wiring 4 includes a group of 
inner electrode terminals 4a and a group of outer electrode 
terminals 4b to be connected to the solid-state imaging 
element 2, and recognition marks 4c (reference pin position) 
are provided in the roWs of the group of outer electrode 
terminals 4b. The inner electrode terminals 4a and the outer 
electrode terminals 4b are connected to each other in one to 
one correspondence, and the electrical signals in and out of 
the solid-state imaging element 2 are conducted through the 
inner electrode terminals 4a and the outer electrode termi 
nals 4b. 
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[0057] To mount the solid-state imaging element 2 on the 
transparent substrate 1, as shoWn in FIG. 8(b), the solid 
state imaging element 2 is disposed to face the transparent 
substrate 1 (face-doWn), Which are then alloyed by an 
ultrasonic connection technique. Here, the step as shoWn in 
FIG. 8(b) corresponds to a connecting step. 

[0058] Note that, positioning of the solid-state imaging 
element 2 and the transparent substrate 1 When they are 
bonded is made using the recognition marks 4c as a refer 
ence. That is, the recognition marks 4c are alignment marks 
for aligning the solid-state imaging element 2 With respect to 
the Wiring 4, and alignment marks are also formed on the 
solid-state imaging element 2. The recognition marks 4c of 
the Wiring 4 are aligned With the alignment marks of the 
solid-state imaging element 2 by inserting a camera betWeen 
the solid-state imaging element 2 and the Wiring 4, Which are 
then bonded With each other after retrieving the camera. As 
a result, the projecting electrodes 5 of the solid-state imaging 
element 2 can be securely connected to the inner electrode 
terminals 4a of the Wiring 4. 

[0059] Further, the recognition marks 4c can also be used 
When incorporating the solid-state imaging device in accor 
dance With the present embodiment into a peripheral device. 
That is, because the recognition marks 4c are formed at a 
position Which is not covered by the sealing resin applied in 
the subsequent step, they can be used as the recognition 
marks When incorporating the solid-state imaging device of 
the present embodiment into other peripheral devices. 

[0060] Further, While the solid-state imaging element 2 
and the transparent substrate 1 may be connected to each 
other using a conductive adhesive or by other methods 
applying heat or pressure, etc., loW-temperature connection 
and high throughput can be realiZed With the ultrasonic 
connection technique. LoW-temperature connection alloWs 
easy bonding at a loW temperature of around 100° C. at the 
most since the Wiring 4 on the side of the transparent 
substrate 1 is made of an alloyed material containing alu 
minium Which has a high diffusion coef?cient. Also, high 
throughput is made possible by forming an alloy and ?n 
ishing the bonding only by applying an ultrasonic Wave. 

[0061] Further, by using the ultrasonic connection tech 
nique, instead of the conductive adhesive, for the connection 
of the solid-state imaging element 2 and the transparent 
substrate 1, there Will be no adhesive Which has not been set 
on the surface of the solid-state imaging element 2 imme 
diately before mounting. This makes it possible to provide a 
step of removing foreign objects by Washing, etc., immedi 
ately before mounting the solid-state imaging element 2. As 
a result, it is possible to minimiZe the number of foreign 
objects sticking to the light receiving surface of the solid 
state imaging element 2, thereby preventing defects due to 
adhesion of foreign objects on the light receiving area. 

[0062] Then, as shoWn in FIG. 8(c), a mask 14 Which has 
been blanked to have a region slightly larger than each 
solid-state imaging element 2 is placed over the transparent 
substrate base material having the solid-state imaging ele 
ment 2 being mounted on the transparent substrate 1, and the 
sealing resin 6 having a thermosetting property is applied on 
the outer periphery of the solid-state imaging element 2 by 
the printing method. The reason the sealing resin 6 is applied 
over the entire outer periphery of the solid-state imaging 
element 2 is to secure sealing of the spacing (light receiving 
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area) formed between the transparent substrate 1 and the 
solid-state imaging element 2, to have a function of a micro 
lens for the transparent resin formed on the solid-state 
imaging element 2 to improve the photo-sensitivity of the 
solid-state imaging element 2, and to improve reliability 
against humidity. Here, the step as shoWn in FIG. 8(c) 
corresponds to a sealing step. 

[0063] The thermosetting resin used as the sealing resin 6 
is preferably a resin having a viscosity of not less than 150 
Pa-s and not more than 250 Pa-s and a thiXotropic property. 
With such a thermosetting resin, the amount of resin which 
flows into the gap betWeen the solid-state imaging element 
2 and the transparent substrate 1 can be controlled by the 
pressure load of a roller 15 used in printing. 

[0064] Note that, the sealing resin 6 may be formed by a 
method other than the printing method, for example, by 
potting a resin from above. HoWever, in the method of 
potting the resin, the resin spreads around the solid-state 
imaging element 2, Which becomes a disadvantage in reduc 
ing the siZe of the solid-state imaging device. On the other 
hand, With the printing method, spreading of resin can be 
prevented by the mask 14, and it is possible to reduce the 
siZe of the solid-state imaging device. HoWever, the viscos 
ity of the sealing resin 6 beloW 150 Pa~s is too loW and the 
resin spreads through the connected portion of the transpar 
ent substrate 1 and the solid-state imaging element 2 onto the 
surface of the light receiving surface, and the viscosity of the 
sealing resin 6 exceeding 250 Pa-s is too high and makes the 
use of the printing method dif?cult. 

[0065] Then, as shoWn in FIG. 9(a), the projecting elec 
trodes 7 are formed by the ball-bonding method With respect 
to the outer electrode terminals 4b provided on the trans 
parent substrate 1. The projecting electrodes 7 are provided 
to alloW for easy Wiring With a peripheral device When the 
solid-state imaging device is incorporated in other peripheral 
devices. Finally, as shoWn in FIG. 9(b), the solid-state 
imaging device disposed in a matriX on the transparent 
substrate base material is cut into pieces by dicing to obtain 
individual solid-state imaging device. Here, the step as 
shoWn in FIG. 9(b) corresponds to a dicing process. 

[0066] The foregoing described the basic manufacturing 
method of the solid-state imaging device in accordance With 
the present embodiment. HoWever, yet higher productivity 
can be obtained by performing an electrical test or imaging 
test With respect to the transparent substrate base material 
having the solid-state imaging devices in a matrix form after 
forming the projecting electrodes 7 With respect to the 
transparent substrate 1 in the step as shoWn in FIG. 9(a) and 
before dicing the solid-state imaging devices in the step as 
shoWn in FIG. 9(b). 

[0067] In the described manufacturing method of the 
solid-state imaging device, prior to the step (step of FIG. 
8(b)) of bonding the transparent substrate 1 With the solid 
state imaging element 2, the only handling or operation on 
the light receiving surface of the transparent substrate 1 or 
solid-state imaging element 2 is the step of forming the 
projecting electrodes 5 on the solid-state imaging element 2. 
Also, in the subsequent steps after bonding the solid-state 
imaging element 2 With the transparent substrate 1, their 
light receiving surfaces are facing each other and there is no 
chance of foreign objects sticking to the light receiving 
surfaces. Therefore, With the described manufacturing 
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method, the number of processes Which might pose the risk 
of foreign objects sticking to the light receiving surface is 
reduced as much as possible, thereby minimiZing the chance 
of foreign objects sticking to the light receiving surface. 

[0068] As described, the manufacturing method of the 
solid-state imaging device in accordance With the present 
invention is the method for the solid-state imaging device 
having the solid-state imaging element being mounted on 
the transparent substrate, and the method includes the steps 
of forming an insulating layer on a transparent substrate 
(insulating layer forming step); forming a Wiring layer 
having a predetermined pattern on the insulating layer 
(Wiring layer forming step); uncovering a surface of a light 
receiving area of the transparent substrate after forming the 
Wiring layer by removing a portion of the insulating layer 
formed in the insulating layer forming step corresponding to 
a light receiving area of a solid-state imaging element 
(insulating layer removing step); and bonding the solid-state 
imaging element With the Wiring layer (bonding step). 

[0069] According to this method, the light receiving sur 
face of the transparent substrate is covered With the insu 
lating layer in the insulating layer forming step, and the light 
receiving surface of the transparent substrate is protected by 
the insulating layer during handling and operation in the 
subsequent Wiring layer forming step. Further, in the insu 
lating layer removing step immediately before the step of 
bonding the solid-state imaging element With the transparent 
substrate, a portion of the insulating layer corresponding to 
the light receiving area of the solid-state imaging element is 
removed so as to uncover the surface of the light receiving 
area of the transparent substrate. 

[0070] As a result, foreign objects Which might have stuck 
to the portion of the insulating layer corresponding the light 
receiving area of the solid-state imaging element in the 
Wiring layer forming step are removed together With the 
insulating layer in the subsequent insulating layer removing 
step. Therefore, With the foregoing manufacturing method, 
operations Which might pose the risk of sticking foreign 
objects during the manufacturing process can be eliminated 
as much as possible to realiZe a manufacturing process of 
high productivity, thereby inexpensively providing a high 
quality solid-state imaging device for products Which incor 
porate solid-state imaging devices, for Which demand for 
reducing the siZe and thickness has not been higher. 

[0071] Further, the Wiring layer formed in the Wiring 
forming step is formed on the transparent substrate via the 
insulating layer Which is formed in the insulating layer 
forming step, instead of directly forming it on the transpar 
ent substrate. Thus, it is possible to easily carry out pattern 
ing Without damaging the surface of the light receiving area 
of the transparent substrate in patterning of Wiring of the 
Wiring layer, thus obtaining desirable adhesion betWeen the 
transparent substrate and the Wiring layer. 

[0072] Further, in the manufacturing method of the solid 
state imaging device, it is preferable that, in the Wiring layer 
forming step, recognition marks are formed at the same time 
as patterning the Wiring layer, and, in the bonding step, 
alignment is taken using as a reference the recognition 
marks and alignment marks formed on the solid-state imag 
ing element so as to connect electrodes of the solid-state 
imaging element and solid-state imaging element connect 
ing terminals of the Wiring pattern. 
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[0073] According to this method, the recognition marks 
can be formed at the time of forming the Wiring pattern, thus 
making the method efficient. 

[0074] Further, in the manufacturing method of the solid 
state imaging device, it is preferable that the Wiring pattern 
formed in the Wiring layer forming step is made of an Al 
alloy material, and the solid-state imaging element has 
projecting electrodes as electrodes to be connected to the 
Wiring, and in the bonding step, the projecting electrodes of 
the solid-state imaging element and solid-state imaging 
element connecting terminals of the Wiring pattern are 
connected to each other by an ultrasonic connection tech 
mque. 

[0075] According to this method, in the bonding step, the 
projecting electrodes of the solid-state imaging element are 
bonded With the solid-state imaging element connecting 
terminals of the Wiring pattern by the ultrasonic connection 
method, and since the Wiring on the side of the transparent 
substrate is made of an alloyed material containing alu 
minium Which has a high diffusion coefficient, bonding can 
easily be made at a loW temperature of around 100° C. at the 
most, thereby realiZing loW-temperature connection. Fur 
ther, since bonding is made by forming an alloy only by 
applying a ultrasonic Wave, high throughput is realiZed. 

[0076] Further, because the ultrasonic connection method, 
instead of the conductive adhesive, is used to connect the 
solid-state imaging element With the transparent substrate, 
there Will be no adhesive Which has not been set on the 
surface of the solid-state imaging element immediately 
before mounting. This allows for provision of a step of 
removing foreign objects by Washing, etc., immediately 
before mounting the solid-state imaging element. As a result, 
it is possible to eliminate foreign objects sticking to the light 
receiving surface of the solid-state imaging element as much 
as possible, thus reducing defects due to foreign objects 
sticking to the light receiving area. 

[0077] Further, in the manufacturing method of the solid 
state imaging device, it is preferable that the solid-state 
imaging device is made by dividing a plurality of solid-state 
imaging devices formed in a matriX on a single transparent 
substrate base material into individual pieces by a dicing 
process, and the method further comprises betWeen the 
bonding step and the dicing process a step of forming a 
sealing resin around the solid-state imaging element, after 
placing a mask having an aperture larger than the solid-state 
imaging element from the side of a transparent substrate 
base material from Which the solid-state imaging element is 
mounted, by injecting a resin into a gap betWeen the 
solid-state imaging element and the aperture of the mask by 
a printing method. 

[0078] According to this method, it is possible to prevent 
the sealing resin from spreading around the solid-state 
imaging element, Which alloWs the siZe of the solid-state 
imaging device to be reduced. That is, in the case Where a 
conventionally employed potting method is used to form the 
sealing resin, the sealing resin Which Was potted spreads 
around the solid-state imaging element, Which becomes a 
disadvantage in reducing siZe of the solid-state imaging 
element. The potting method in Which the resin is dropped 
from above may alternatively be used instead of the printing 
method. 

[0079] In the printing method, the sealing resin is injected 
into a gap betWeen the solid-state imaging element and the 
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aperture of the mask slightly larger than the solid-state 
imaging element, thus preventing spreading of the sealing 
resin by the mask. 

[0080] The invention being thus described, it Will be 
obvious that the same Way may be varied in many Ways. 
Such variations are not to be regarded as a departure from 
the spirit and scope of the invention, and all such modi? 
cations as Would be obvious to one skilled in the art are 
intended to be included Within the scope of the folloWing 
claims. 

What is claimed is: 
1. A manufacturing method of a solid-state imaging 

device, comprising the steps of: 

(1) forming an insulating layer on a transparent substrate; 

(2) forming a Wiring layer having a predetermined pattern 
on the insulating layer; 

(3) uncovering a surface of a light receiving area of the 
transparent substrate after forming the Wiring layer by 
removing a portion of the insulating layer formed in 
said step (1) corresponding to a light receiving area of 
a solid-state imaging element; and 

(4) bonding the solid-state imaging element With the 
Wiring layer so as to mount the solid-state imaging 
element on the transparent substrate. 

2. The method as set forth in claim 1, Wherein, in said step 
(2), recognition marks are formed at the same time as 
patterning the Wiring layer, and, in said step (4), alignment 
is taken using as a reference the recognition marks and 
alignment marks formed on the solid-state imaging element 
so as to connect electrodes of the solid-state imaging ele 
ment and solid-state imaging element connecting terminals 
of the Wiring pattern. 

3. The method as set forth in claim 1, Wherein: 

the Wiring pattern formed in said step (2) is made of an Al 
alloy material, and the solid-state imaging element has 
projecting electrodes as electrodes to be connected to 
the Wiring, and 

in said step (4), the projecting electrodes of the solid-state 
imaging element and solid-state imaging element con 
necting electrodes of the Wiring pattern are connected 
to each other by an ultrasonic connection technique. 

4. The method as set forth in claim 1, Wherein: 

said solid-state imaging device is made by dividing a 
plurality of solid-state imaging devices formed in a 
matriX on a single transparent substrate base material 
into individual pieces by a dicing process, and 

said method further comprises betWeen said step (4) and 
the dicing process a step of forming a sealing resin 
around the solid-state imaging element, after placing a 
mask having an aperture larger than the solid-state 
imaging element from the side of a transparent sub 
strate base material from Which the solid-state imaging 
element is mounted, by injecting a resin into a gap 
betWeen the solid-state imaging element and the aper 
ture of the mask by a printing method. 

5. The method as set forth in claim 1, further comprising 
the steps of: 

(a) forming a light-shielding metal ?lm on the insulating 
layer betWeen said step (1) and said step (2); and 
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(b) removing a portion of the light-shielding metal ?lm 
formed in said step (a) corresponding to the light 
receiving area of the solid-state imaging element. 

6. The method as set forth in claim 5, Wherein, in said step 
(b), a portion of the light-shielding metal ?lm outside a 
portion thereof facing the solid-state imaging element is 
partially removed to have a reference pin position When 
removing the portion of the light-shielding metal ?lm cor 
responding to the light receiving area of the solid-state 
imaging element. 

7. A solid-state imaging device Which is manufactured by 
a method Which includes the steps of: 

(1) forming an insulating layer on a transparent substrate; 

(2) forming a Wiring layer having a predetermined pattern 
on the insulating layer; 

(3) uncovering a surface of a light receiving area of the 
transparent substrate after forming the Wiring layer by 
removing a portion of the insulating layer formed in 
said step (1) corresponding to a light receiving area of 
a solid-state imaging element; and 

(4) bonding the solid-state imaging element With the 
Wiring layer so as to mount the solid-state imaging 
element on the transparent substrate. 

8. The solid-state imaging device as set forth in claim 7, 
Wherein the Wiring layer is made of an Al alloy material. 
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9. The solid-state imaging device as set forth in claim 7, 
Wherein an outer periphery of the solid-state imaging ele 
ment is covered With a sealing resin. 

10. The solid-state imaging device as set forth in claim 9, 
Wherein a viscosity of the sealing resin is not less than 150 
Pa~s and not more than 250 Pa-s. 

11. A solid-state imaging device, Wherein a transparent 
substrate mounting a solid-state imaging element thereon 
has in this order an insulating layer and a Wiring layer Which 
is connected to the solid-state imaging element and Which 
outputs an electrical signal to the solid-state imaging ele 
ment, and a surface of a light receiving area of the trans 
parent substrate is uncovered. 

12. The solid-state imaging device as set forth in claim 11, 
Wherein the Wiring layer is made of an Al alloy material. 

13. The solid-state imaging device as set forth in claim 11, 
Wherein an outer periphery of the solid-state imaging ele 
ment is covered With a sealing resin. 

14. The solid-state imaging device as set forth in claim 13, 
Wherein a viscosity of the sealing resin is not less than 150 
Pa~s and not more than 250 Pa-s. 

15. The solid-state imaging device as set forth in claim 11, 
Wherein a light-shielding metal ?lm is provided betWeen the 
insulating layer and the Wiring layer. 


