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(57) ABSTRACT 

A solid-state image pickup device includes a solid-state 
image sensor chip having a solid-state image sensor having 
a photosensitive element formed on a main surface of a 
semiconductor substrate and chip electrodes led to the back 
surface of the semiconductor substrate, a passive chip 
bonded on the back surface of the solid-state image sensor 
chips having passive parts mounted in its thickness and 
electrically connected to the chip electrodes of the solid 
state image sensors. The device further includes a lens 
holder ?xed to enclose the photosensitive element of the 
solid-state image pickup sensor chip and a lens barrel to ?t 
into the lens holders, Wherein the passive chip is formed 
having a siZe equal to or smaller than a siZe of the solid-state 
image sensors. 

v. 
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SOLID-STATE IMAGE PICKUP DEVICE, A 
CAMERA MODULE AND A METHOD FOR 

MANUFACTURING THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2006-106246, ?led Apr. 7, 2006, the entire contents of 
Which are incorporated herein by reference. 

TECHNICAL BACKGROUND OF INVENTION 

[0002] The present invention relates to a solid-state image 
pickup device, a solid-state image pickup device equipped 
With an optical lens (called as a camera module in the 
following description) and its manufacturing method. 
[0003] The construction of a conventional camera module 
using such a solid-state image pickup device as a CCD 
image sensor, CMOS image sensor or the like Will be 
described With reference to FIG. 1A and FIG. 1B. FIG. 1A 
is a perspective vieW of a camera module and FIG. 1B is its 
vertical cross-sectional vieW. As illustrated in these ?gures, 
a lens holder 1 is ?xed stationary on a printed circuit board 
2. The lens holder 1 is made of cylindrical section 1-1 and 
a square cylindrical section 1-2 that has a larger horiZontal 
sectional area than the horiZontal sectional area of this 
cylindrical section 1-1. On the side surface of the printed 
circuit board 2, electrode sections 3 are formed for an 
external connection. Inside of the cylindrical section 1-1 of 
the lens holder 1, a lens barrel 4 is inserted. The lens barrel 
4 is screWed in the cylindrical section. That is, the outer 
periphery of the lens barrel 4 is threaded (not illustrated) and 
the inner periphery of the cylindrical section 1-1 of the lens 
holder 1 is threaded to engage With the thread of the lens 
barrel 4. Accordingly, the lens barrel 4 is moved vertically 
When the lens barrel 4 is rotated in the clockWise or 
counterclockWise direction in the cylindrical section 1-1 of 
the lens holder 1. On the printed circuit board 2, a passive 
part 5 such as resistor, capacitor, etc. and a solid-state image 
sensor 6 are mounted. An electrode (not shoWn) of the 
solid-state image device 6 is connected to an electrode (not 
shoWn) of the printed circuit board by a bonding Wire 7. The 
solid-state image sensor 6 is further connected to the passive 
part 5 (not shoWn). The printed circuit board 2 is connected 
to outside parts (not shoWn) through its electrode section 3. 
Passive part 5 is connected to a Wiring section (not shoWn) 
of the circuit board normally by the re?oW soldering. The 
re?oW soldered section is shoWn by 5'. 
[0004] In the lens holder 1, an optical ?lter 8 such as an 
infrared rays cutting ?lter is joined to the lens holder by a 
bonding agent 9. Inside of the lens barrel 4, an optical lens 
10 is ?xed. The lens barrel 4 is adjusted and ?xed at a 
prescribed height in the cylindrical section 1-1 of the lens 
holder 1 by a screW. At the position of this prescribed height, 
an image taken by the optical lens 10 is formed on the 
sensing section (not shoWn) of the solid-state image sensor 
6. 

[0005] A method for manufacturing parts in the conven 
tional camera module shoWn in FIG. 1A and FIG. 1B Will be 
explained using FIG. 2 through FIG. 6. In the folloWing 
description, the same elements as those shoWn in FIG. 1A 
and FIG. 1B are assigned With the same reference numerals. 
In the cylindrical lens barrel 4 shoWn in FIG. 2(a), the 
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optical lens 10 is ?xed as shoWn in FIG. 2(b). In the square 
cylindrical portion 1-2 of the lens holder 1 shoWn in FIG. 
3(a), an optical ?lter 8 is ?xed by a bonding agent and then, 
the lens barrel 4 is screWed in the lens holder 1 as shoWn in 
FIG. 3 (c). 
[0006] FIG. 4 (a) through FIG. 4(e) shoW the module 
assembling processes. The passive part 5 is formed on the 
printed circuit board 2 (FIG. 4(a)) according to the re?oW 
soldering method (FIG. 4(b)). After bonding the solid-state 
image sensor 6 on the printed circuit board 2, it is connect 
on the printed circuit board by a bonding Wire 7 (FIG. 4(c). 
Next, the lens holder 1 that Was assembled as shoWn in FIG. 
3 is bonded and ?xed on the printed circuit board 2. Then, 
an image taken by the lens 10 is ?xed at the position of 
image forming height of the solid-state image sensor. A 
camera module is thus formed (FIG. 4(e)). 
[0007] Next, FIG. 5(a) through FIG. 5(e) shoW the cutting 
process of solid image pickup chips from a Wafer of Which 
semiconductor manufacturing process Was completed. On a 
Wafer 11 of Which semiconductor manufacturing process 
Was completed, a solid-state image sensor is formed on each 
of several chip areas 6' in the same area (FIG. 5(a)). The 
solid-state image sensor 6 is separated to respective chips by 
dicing the sensors 6' along the boundary lines 6' Which 
divide respective chip areas 6'. Normally, prior to this dicing 
process, the electrical and optical tests of each solid-state 
image pickup chip are conducted (hereinafter, this is called 
as the Wafer test) and an identi?cation mark that is called as 
the bad mark (not shoWn) is attached to defective ships. At 
the center of the solid-state image sensor, a photosensitive 
area 13 in Which pixels are arranged in a matrix is formed 
and a bonding pad 12 is arranged on the peripheral part of 
the chip (FIG. 5(b)). FIG. 5(c) shoWs the cross-section cut 
along a arroW line AA' of FIG. 5(b). As shoWn in FIG. 5(c), 
plural micro-lenses 14 are formed on the surface of the 
photosensitive area 11 at the center of the solid-state image 
sensor 6 corresponding to respective pixels. The micro 
lenses 14 promote the sensitivity of the solid-state image 
sensor by increasing the focusing property to pixels of the 
solid-state image sensor. 

[0008] In the conventional camera module manufacturing 
process, such problems as described beloW are normally 
generated. 
[0009] 1) As shoWn in FIG. 1B, since the passive part 5 is 
formed on the same printed circuit board 2 With the solid 
image sensor 6 in the camera module, the module siZe 
becomes inevitably larger than the siZe of the solid-state 
image sensor. This Will be disadvantageous for the doWn 
siZing of modules. 
[0010] 2) As shoWn in FIG. 1B, several units of capacitor 
of 0.1 uF are needed as a passive part 5 for a camera module. 
For an ordinary capacitor of this capacity, its external 
dimension is 0.6><0.3><0.3 mm (called as 0603). In the case 
of ceramic capacitor in further small siZe 0.4><0.2><0.2 mm 
(called as 0603), its capacity is about 0.01 uF at present and 
therefore, number of capacitors arranged on a circuit board 
increases and module siZe becomes larger than the siZe using 
0603 siZe ceramic capacitors. 
[0011] Further, When capacitors are mounted on the sur 
face of the circuit board 2 by the re?oW soldering, it 
becomes necessary to adapt solder to the electrodes on the 
sides of capacitors and this Will also be disadvantageous for 
the doWnsiZing of module siZe. 
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[0012] 3) As shown in FIG. 1B, in a camera module, the 
solid-state image sensor is connected to the Wiring portion 
(not shoWn) of the circuit board normally by the bonding 
Wire 7. It is necessary to provide a space of 0.2 to 0.3 mm 
for this bonding Wire and this Will also become disadvantage 
for the doWnsiZing of module siZe. 
[0013] 4) As shoWn in the camera module manufacturing 
process in FIG. 4, the solid-state image sensor is formed on 
the printed circuit board after the passive part 5 is formed by 
the re?oW soldering and the lens holder 1 is formed after the 
Wire bonding of the solid-state image sensor. If dust is 
attached on the surface of the solid-state sensor at this time, 
a defect that is called as a black ?aW is produced in an image 
taken by this camera module. One pixel siZe of the solid 
state image sensor 1 is normally 2 to 5 um. To prevent this 
adhesion of dust, it is necessary to manufacture the camera 
module With a manufacturing line in a clean room and a 
large facility investment is required. Also, it becomes nec 
essary to provide a cleaning equipment for removing dust 
adhered to the solid-state image sensor. The dust removing 
method is largely restricted for the reason that the surface of 
the solid-state image sensor is rough as there are micro 
lenses 14 formed thereon and the material used is acrylic 
resist that is Weak in mechanical strength. 
[0014] 5) As shoWn in FIG. 5, in the dicing process of the 
solid-state image sensor cutting from the Wafer 11 after the 
semiconductor manufacturing process is completed, a semi 
conductor (normally, called as Si) is cut With a rotary 
grinding stone of an equipment that is normally called as a 
dicer. In this cutting Work, hoWever, a large amount of Si 
cutting Waste is produced. These Si Waste is Washed aWay by 
Washing Water in the dicing process. HoWever, the Waste is 
partially get into the surface of the micro-lens and not 
removed in the succeeding Washing process and thus gen 
erates the black ?aW on the surface of the camera module. 
The ?nal judgement of this black ?aW is the step after the 
assembling of camera modules and all component parts (the 
solid-state image sensor, outer part 5, lens holder 1, optical 
lens 10, optical ?lter 8 and printed circuit board 2) accom 
panied to camera modules Will be Wasted. 
[0015] 6) Deviation of the mounting position of the lens 
holder 1 to the circuit board 2, ?aW of the optical lens 10, 
defective optical characteristic, ?aW and deviation of optical 
characteristic of optical ?lters, dust adhered to the lens 
holder, ?aW, deviation of optical characteristic in the camera 
module manufacturing process are ?nally judged in the 
camera module test. Thus, if defects are determined at this 
stage, all component parts associated to the camera modules 
Will be Wasted. 
[0016] Accordingly, it is an object of the present invention 
to provide camera modules that are small in siZe and easy to 
manufacture and to provide a manufacturing method 
thereof. 

SUMMARY OF THE INVENTION 

[0017] According to an embodiment of the present inven 
tion, a solid-state image sensor is provided. This solid-state 
image sensor includes a solid-state image sensor chip having 
a solid-state image sensor including a photosensitive ele 
ment formed on a main surface of a semiconductor substrate 
and chip electrodes led to the back surface of the semicon 
ductor substrate, and a passive chip bonded on the back 
surface of the solid-state image sensor chips having passive 
parts mounted in its thickness and electrically connected to 
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the chip electrodes of the solid-state image sensors, Wherein 
the passive chip is formed having a siZe equal to or smaller 
than a siZe of the solid-state image sensors. 
[0018] According to another embodiment of the present 
invention, a camera module is provided. The camera module 
includes a solid-state image sensor chip having a solid-state 
image sensor including a photosensitive element formed on 
a main surface of a semiconductor substrate and chip 
electrodes led to the back surface of the semiconductor 
substrate, a passive chip bonded on the back surface of the 
solid-state image sensor chips having passive parts mounted 
in its thickness and electrically connected to the chip elec 
trodes of the solid-state image sensors, a lens holder ?xed to 
enclose the photosensitive element of the solid-state image 
pickup sensor chip, and lens barrels to ?t into the lens 
holders, Wherein the passive chip is formed having a siZe 
equal to or smaller than a siZe of the solid-state image 
sensors. 

[0019] Further, according to another embodiment of the 
present invention, a method for manufacturing a camera 
module is provided including steps of; 
[0020] forming passive components and a Wiring section 
for connecting the passive components With each other in a 
plurality of chip areas on the main surface of the ?rst 
semiconductor Wafer respectively, 
[0021] forming a ?rst lead-through electrode at a periph 
eral part of each of the chip areas, to Which the Wiring 
section in each chip area is connected, 
[0022] forming a solid-state image sensor in the plural 
number of chip areas on the main surface of the second 
semiconductor Wafer respectively and pads connected to the 
solid-state image sensors at a peripheral part of each of the 
chip areas, 
[0023] forming a second lead-through electrode that is 
connected to the pads at the peripheral parts of each of the 
chip areas, 
[0024] bonding the second semiconductor Wafer on the 
main surface of the ?rst semiconductor Wafer by aligning the 
?rst and the second lead-through electrodes formed in each 
of the chip areas so as to contact With each other, 
[0025] forming a dam-shaped spacer at the peripheral part 
of each of the chip areas of the second semiconductor Wafer, 
[0026] ?xing an optical ?lter on the dam-shaped spacer 
formed at the peripheral part of each of the chip areas, 
[0027] ?xing a lens holder on the optical ?lter in each of 
the chip areas, and 
[0028] cutting and separating the ?rst and the second 
semiconductor Wafers laminated and ?xed to each other for 
every chip area. 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] FIG. 1A is a perspective vieW shoWing a structure 
of a conventional camera module; 
[0030] FIG. 1B is a cross-sectional vieW shoWing a struc 
ture of the conventional camera module; 
[0031] FIG. 2 shoWs diagrams for explaining a manufac 
turing process of a conventional lens barrel; 
[0032] FIG. 3 shoWs diagrams for explaining a manufac 
turing process of a conventional lens holder; 
[0033] FIG. 4 shoWs diagrams for explaining a manufac 
turing process of a conventional camera module; 
[0034] FIG. 5 shoWs diagrams for explaining a conven 
tional process to cut off solid image sensor from a Wafer; 
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[0035] FIG. 6 is a cross-sectional vieW of a camera module 
used in the embodiment of the present invention; 
[0036] FIG. 7 shows diagrams for explaining the manu 
facturing process of a passive chip that is used in a camera 
module used in the embodiment of the present invention; 
[0037] FIG. 8 is a cross-sectional vieW showing an essen 
tial part of a passive chip used in a camera module according 
to another embodiment of the present invention; 
[0038] FIG. 9 shoWs diagrams for explaining a assembling 
process of passive chips used in a camera module according 
to the embodiment of the present invention; 
[0039] FIG. 10 shoWs diagrams for explaining a assem 
bling process of passive chips used in a camera module 
according to another embodiment of the present invention; 
[0040] FIG. 11 shoWs diagrams for explaining the remain 
ing part of the manufacturing process for the passive chip 
shoWn in FIG. 10; 
[0041] FIG. 12 shoWs diagrams for explaining the remain 
ing part of the manufacturing process for the passive chip 
according to yet another embodiment of the present inven 
tion; 
[0042] FIG. 13 shoWs diagrams for explaining the remain 
ing part of the manufacturing process for the passive chip 
according to yet other embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0043] Embodiments of the present invention Will be 
described With reference to the accompanying draWings. It 
should be noted that the draWings are schematic ones and the 
dimension ratios shoWn herein are different from the actual 
ones. The dimensions vary from draWing to draWing and so 
do the ratios of dimensions. The folloWing embodiments are 
directed to a device and a method for embodying the 
technical concept of the present invention and the technical 
concept does not specify the material, shape, structure or 
con?guration of components of the present invention. Vari 
ous changes and modi?cations can be made to the technical 
concept Without departing from the scope of the claimed 
invention. 

Embodiment l 

[0044] FIG. 6 is a cross-sectional vieW of a camera module 
according to a ?rst embodiment of the present invention and 
FIG. 7 shoWs diagrams for explaining the manufacturing 
process of the passive chip that is used in the camera module 
shoWn in FIG. 6. Alens holder 1 shoWn in FIG. 6 has a same 
structure as that of a conventional lens holder 1 shoWn in 
FIG. 1A and FIG. 1B and therefore, corresponding compo 
nents Will be assigned With the same reference numerals and 
the detailed explanation thereof Will be omitted. In the 
sensing area of the solid-state image sensor 6, micro-lenses 
14 are provided. Under the bonding pad 12, the lead-through 
electrodes 15 are formed and connected to the electrode 
sections 17 of the passive chip 16. The passive chip 16 is 
composed of the printed circuit board 18. On the printed 
circuit board 18, a holloW portion is provided and a capacitor 
19 is inserted into it. The Wiring portion of the printed circuit 
board 18 is shoWn by 20. The electrical connection of the 
capacitor 19 With the Wiring portion 20 is made by a solder 
21 as Well as ?xing the capacitor 19 to the circuit board 18. 
Three kinds of through-holes 22, 23 and 24 are formed on 
the printed circuit board 18. The ?rst kind of through hole 22 
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is a type of leading the electrode of the solid-state image 
sensor to the lead-out electrode at the back side of the 
passive chip of the solid-state image sensor. The second kind 
of through-hole 23 is a type of leading the electrode of the 
solid-state image sensor to the back side of the passive chip 
and to connect it to the capacitor 19. The third kind of 
through-hole 24 is a type of leading the Wiring 20 from the 
capacitor 1 to the back side of the passive chip. In addition 
to the capacitor 19, a resistor 26 may be inserted into the 
holloW portion of the printed circuit board 18. The passive 
chip 16 and the solid-state image sensor are connected using 
an anisotropy conductive paste 25, With being pressed and 
made conductive. The anisotropy conductive paste is a paste 
in Which electric resistance drops in the direction of pressure 
applied. Normally, in the paste, metallic ?ne particles are 
uniformly distributed and are coupled along the direction of 
the pressure applied thereby reducing resistance. 
[0045] In FIG. 7, (a) through (f) are diagrams for explain 
ing a method for manufacturing the passive chip 16. The 
through-holes 22, 23, 24 and the holloW portion 27 are 
provided (FIG. 7(b)) in a base material 18 of the printed 
circuit board (FIG. 7(a) and the Wiring pattern 28 is printed 
along the edge portion (FIG. 7(0)). Then, a creamy solder is 
printed (FIG. 7(d)) and the capacitor 19 and resistance 26 
that are the passive parts are inserted into the holloW portion 
27 (FIG. 7(e)). Lastly, the printed circuit board is exposed to 
a re?oW temperature of solder to get the solder molten (FIG. 
7 (f)). 

Embodiment 2 

[0046] FIG. 8 and FIG. 9 are the cross-sectional diagrams 
shoWing the structure of a capacitor that is an passive chip 
used in the second embodiment of the present invention. 
FIG. 8 shoWs a structure of a capacitor that is an example of 
the passive chip. As shoWn in FIG. 8, the capacitor in the 
passive chip has a structure, in Which a gate electrode 33 is 
provided on the main surface of a semiconductor board 29 
having a conductivity type through a gate insulating mem 
brane 32. In this case, it becomes possible to make an area 
opposing to the gate electrode membrane Wide and increase 
the capacitance of the capacitor by regularly digging deep 
grooves 33' on the surface portion of the semiconductor 
substrate 29. Capacitors having such the structure are nor 
mally called as capacitors of a trench structure. The capaci 
tance Cox of the oxidiZed membrane of the capacitor having 
such a MOS structure is expressed beloW: 

[0047] Where eox is a dielectric constant of the oxidiZed 
membrane of 3.9, so is the dielectric constant in vacuum of 
8.86E-l4 F/cm, L is a Width of the capacitor, W is the length 
of the capacitor, and tox is the thickness of the oxidiZed 
membrane. 

[0048] According to this formula, in the case of 2 mm 
square capacitor having a gate oxidiZed membrane of 75 
angstrom (A) for example, Cox is 0.018 [LP in the structure 
Without the trench. While Cox is 0.1 [LF When D/ L is 5 in the 
trench structure shoWn in FIG. 8, Which enables to provide 
a maximum capacitor of 0.1 [LF that is used in a typical 
camera module. Three to four units of the capacitors are used 
and the capacitor area may be about 4 mm square. HoWever, 
this area is nearly equal to the chip siZe of a VGA (Video 
Graphic Array) type CMOS sensor. Resistance is formed 
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With tWo units of resistor each having 5 ohm by diffusing 
impurities in the same chips, thereby not increasing the chip 
size. 

[0049] FIG. 9 shoWs the additional manufacturing process 
of passive chips that are used in modules. As shoWn in FIG. 
9(a), a plurality of passive chips 29 are formed on the main 
surface of a semiconductor Wafer 29' (hereinafter, referred to 
as a ?rst semiconductor Wafer). In each of the passive chips 
29, passive parts (capacitor, resistor) 30 is formed. Further, 
the passive chip 29 is formed in a size almost equal to the 
chip size of the above-mentioned solid-state imaging sensor 
6' shoWn in FIG. 5. Abonding pad 12' is formed at a portion 
f each passive part 30 Where an electrode is formed. Capaci 
tors can be classi?ed into good or defective product groups 
by this pad. That is, a capacitor included in each passive part 
30 is tested and the bonding pad 12' is formed on good 
passive chips only While the Wiring of defective capacitor is 
cut off. As described above, since a capacitor having a large 
capacity occupies a large area, deterioration of yields is 
feared. As a countermeasure, a design having a redundancy 
is desirably adopted. In the design, a capacitors are divided 
into certain blocks, Which are classi?ed into good or defec 
tive groups by testing. Wiring portions connected to those 
blocks classi?ed into the defective group are cut off. The 
yield of passive chips can be increased to nearly 100% by 
making the dividing size of capacitors reasonable. 
[0050] There is a fear that, in a MOS capacitor, the 
depletion layer is produced in addition to the above-men 
tioned oxidizing membrane capacity by the voltage applied 
to the gate electrodes and the entire capacity may drop. 
HoWever, the capacitor of camera module is normally 
applied With plus potential only and thus only the oxidizing 
membrane capacity is provided by using a N type semicon 
ductor substrate, thereby stabilizing the characteristic of the 
capacitor. 
[0051] Nextly, a bump is formed on a bonding pad 12'. 
This bump can be a metal Wire stud bump or a bump formed 
in a plating process (FIG. 9(b)). Then, a through-hole 23 is 
formed by removing the semiconductor portion under the 
bonding pad 12' by the laser and a ?rst lead-through elec 
trode 23' is formed by burying an electrode material (FIG. 
9(0)). The loWer edge of this ?rst lead-through electrode 23' 
is connected to a lead-out electrode 23" of a camera module 
that is formed along the loWer surface of each passive chip 
29. 

[0052] FIG. 10 and FIG. 11 are diagrams for explaining 
the manufacturing process of modules using a ?rst semi 
conductor Wafer 29' on Which plural number of passive ships 
29 are formed as shoWn in FIG. 9. The semiconductor Wafer 
11 composed of plural chips With solid-state image sensor 
formed on the main surface (hereinafter, referred to as the 
second semiconductor Wafer) is subject to testing in the 
Wafer state With respect to each of the plural chips to ?nd 
positions Where good chips are formed (FIG. 10(a)). Then, 
an electrode hole 15 is formed by removing the semicon 
ductor portion beloW the bonding pad 12 (FIG. 10(b)). A 
second lead-through electrode 15' is formed by ?lling con 
ductive material in the electrode hole beloW the boding pad 
(FIG. 10(c)). Thereafter, the ?rst semiconductor Wafer 29' 
(shoWn in FIG. 9(c)) is arranged on the back surface of the 
second semiconductor Wafer 11. Then, the bump portion 31 
of the passive chip 29 formed on the ?rst semiconductor 
Wafer 29' and the lead-through electrode 15' of the solid 
state imaging sensor 6 formed on the second semiconductor 
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Wafer 11 are bonded by an anisotropic conductive paste 25. 
As described above, at this time, the solid-state imaging 
sensor 6 and the passive chip 29 should have the same chip 
size (FIG. 10 (d)). 
[0053] Then, the main front surface of the second semi 
conductor Wafer 11 is coated With a spacer resin 34 (FIG. 
10(e)). For this spacer resin, a photosensitive resin made by 
Sumitomo Bakelite is used. When the coated spacer resin 34 
is exposed a light and is developed, only portions of the resin 
exposed to a light is removed While the micro-lens 14 are 
maintained in their shape, thereby forming a spacer resin 34' 
in the dam shape around each solid-state imaging sensor 6 
FIG. 10(f)). This dam shape spacer resin 34' is desirably 20 
to 40 pm thick. The upper surface of this dam shape spacer 
resin 34' is coated With a bonding agent, on Which an optical 
?ler 35 like an IR cut ?lter is bonded and ?xed. Here, due 
to the dam shape spacer resin 34' provided, a space is formed 
betWeen the micro-lens 14 of the solid-state image sensor 
and the optical ?lter 35 (FIG. 11(g)). 
[0054] Further, the lens holder 1 is installed on the optical 
?lter 35. In this case, the bonding process of the optical glass 
shoWn in FIG. 3(b) is not needed for the lens holder (FIG. 
11(h)). 
[0055] In the processes described above, the solid-state 
image sensor can be manufactured at a Wafer base as a 

manufacturing unit using the ?rst semiconductor Wafer 29' 
and the second semiconductor Wafer 11. The ?rst semicon 
ductor Wafer 29' and the second semiconductor Wafer 11 
integrated into one unit are cut along the dicing line into 
chips. At this time, the camera module 36 is formed by 
cutting the optical ?lter 35, the dam shape spacer resin 34' 
and the anisotropic conductive paste 25 together (FIG. 
11(1)). 
[0056] In the camera module 36 thus constructed, the 
solid-state image sensor and the passive chip 29 are con 
nected jointly by the second lead-through electrode 23' and 
the lead-out electrode 23" connected 0 the second lead 
through electrode 23' are formed on the loWer surface of the 
passive chip 29 as shoWn in FIG. 11 (i). This camera module 
36 is provided With the optical ?lter 35 and the lens holder 
1. The passive chip 29 and the solid-state image sensor 6 are 
bonded With the anisotropic conductive paste 25. The solid 
state image sensor 6 and the optical ?ler 35 are bonded With 
the spacer resin. Thus, the spaces betWeen the passive chip 
29 and the solid-state image sensor 6 and betWeen the 
solid-state image sensor 6 and the optical ?ler 35 are 
maintain in the sealed state. This structure includes all 
components of an ordinary camera module shoWn in FIG. 
1B and, therefore, all that is needed is to test the individual 
chip after it is diced. 
[0057] HoWever, there is a fear that a part of the incident 
light may transmits through the optical ?lter 35 and the dam 
shape spacer resin 34' leaking into the solid-state image 
sensor. As a countermeasure, this defect can be solved by 
covering the outer surface of the camera module With a light 
shielding cover 37. More simply, a black shielding paint is 
bloWn over the camera module With the lens 10 covered in 
the process shoWn in FIG. 11(h) or FIG. 11(1), and the cover 
is removing after the paint is dried, so that the camera 
module 36 may be covered by a black paint. 

[0058] The camera module completed in the manner as 
described above can be tested according to the conventional 
camera module testing method shoWn in FIG. 1B. 
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[0059] In the next, there is a fear that gas may come out 
from the resin in the manufacturing process described above. 
However, there Will be no problem because the through 
holes 23, 15 for the lead-through electrodes in the structure 
according to the embodiment shoWn above provide an 
escaping Way for the output gas. That is, in the state Where 
no electrode material is ?lled in the through-holes 23, 15, the 
holloWs of the through-holes 23, 15 blocked only by metallic 
layers 12' and 12 of the bonding pad portion. If gas Was 
generated, these metallic layers 12' and 12 are easily broken 
and gas is discharged outside. When the lead-through elec 
trode portion used for discharging the gas is shielded in the 
?nal process, a module kept air-tight is completed. 
[0060] In the method for manufacturing the camera mod 
ule of the present invention shoWn in FIG. 10 and FIG. 11, 
the test for the camera modules are conducted at the stage 
shoWn in FIG. 11(i) through FIG. 11 (j) after cutting the 
semiconductor Wafer along the dicing line. HoWever, When 
the test system is capable of contacting electrodes through 
the back surface of Wafer, the test in the Wafer state is 
possible at the stage shoWn in FIG. 11(g) through FIG. 11(h). 

Embodiment 3 

[0061] FIG. 12 shoWs a process for manufacturing a 
module adapted to a system for measuring a circuit voltage 
by having a probe contact to an electrode from the top of 
semiconductor Wafers. This manufacturing method is sub 
stantially the same as that shoWn in FIG. 10 and FIG. 11 
except that the spacer resin 34" is so coated as not overlap 
ping With the bonding pad (FIG. 12(a)). The optical ?lter 35 
is formed on the spacer resin 35 (FIG. 12(b)) and the lens 
holder 1 is formed only on the good chip on Which the 
solid-state image sensor (FIG. 12(c)) is formed. This optical 
?lter 35 can be removed from the intermediate region 
betWeen the bonding pad 12 and 12 of the adjacent solid 
image sensor 6 and 6 (FIG. 12(d)). In this structure, it is 
possible to have a probe directly contact to the top of the 
bonding pad 12 Where the light incidents. If it is possible to 
test the modules in the Wafer state, it becomes also possible 
to make the focus adjustment of the lens in the Wafer state. 

[0062] That is, in this manufacturing method, the lens 
holder 1 can be bonded by con?rming the position of the 
lens holder 1 to the photosensitive region 13, because it is 
possible to bond the lens holder 1 While the Wafer testing in 
the state shoWn in FIG. 12(d). Further, if the optical lens 10 
or the lens holder 1 Was defective for an optical module, it 
is possible to replace the lens holder 1 With another good 
lens holder for retesting and ?xing before bonding for ?xing. 
[0063] The optical ?lter 35 can be of injection molded 
plastic material. In this case, the ?lter is formed in advance 
by covering the photosensitive area 13 only Without cover 
ing the bonding pad 12 and the dicing line. Then, hooking 
up the optical ?lter 35 With a peripheral ?ame (not shoWn) 
by a ?shing pin and cut off this ?shing pin at the time of 
dicing. Thus, the structure shoWn in FIG. 12(d) can be 
realiZed. 

[0064] The optical ?lter 35 is supported by the spacer resin 
34" and a space is formed betWeen the ?lter 35 and the 
micro-lens of the solid-state image sensor. As a result, the 
lens effect of the micro-lens 14 Will not be impaired. The 
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optical ?lter 35 can be a infrared rays cut ?lter or a loW-pass 
?lter for suppressing the optical moire or a combination of 
them. 

Embodiment 4 

[0065] FIG. 13 shoWs a method for manufacturing the 
camera module according to yet other embodiment of the 
present invention. A method for manufacturing a module by 
pasting the passive chips 16 or 29 to the solid-state image 
sensor 6 has been explained, Wherein the passive chips 16 or 
29 has the same siZe as the solid-state image sensor 6. 
HoWever, the passive chips 16 or 29 and the solid-state 
image sensor 6 may not necessarily be in the same siZe. 

[0066] In this embodiment, after the process shoWn in 
FIG. 10(c), a passive chip 29 having a smaller siZe than that 
of the solid-state image sensor 6, Which is separated into a 
piece in advance, is pasted on the back side of a good chip 
of the solid-state image sensor (FIG. 13(a)). In this diagram, 
the anisotropic conductive paste 25' is coated With the same 
thickness as the passive chip 29 but it is suf?cient if the 
anisotropic conductive paste 25' is coated on the bump 
portion only and the other components may be buried in 
resin. Through-holes are provided on the anisotropic con 
ductive past 25' and an electrode 23' and a lead-out electrode 
23" are formed (FIG. 13(b)). This is also applicable When the 
passive chip 16 is pasted to the solid-state image sensor and 
the passive chip 16 may be pasted after being separated into 
a piece. 
[0067] The present invention is not limited to the embodi 
ments described above but can be modi?ed variously. For 
example, although the lens holder 1 Was arranged on the 
optical ?lter 35 in Embodiments l and 2, it may be ?xed 
directly on the surface of the solid-state image sensor 6. 

[0068] Further, although the optical ?ler 35 Was formed on 
the dam-shape spacer resin 34, it may be formed in the lens 
holder 1 and a transparent plate may be formed on the spacer 
resin 34 instead of an optical ?ler. 

[0069] Further, although the bonding pad portion is 
exposed after the optical ?lter 35 Was bonded and formed on 
the Whole surface of the Wafer in Embodiment 3, as shoWn 
in FIG. 12(b)-(d), the process of FIG. 12 (0) may be omitted 
andjamped from the process FIG. 12(b) to FIG. 12 (d) by 
forming the optical ?lter 35 on the portion other than the 
bonding pact portion. 
[0070] According to the embodiments of the present 
invention described above, the folloWing various advantages 
are obtained. 

[0071] (1) Because passive parts are arranged on the back 
side of the solid-state image sensor and the lead-through 
electrode is used for a leading out electrode Without using a 
bonding Wire, camera modules can be doWnsiZed to the 
same siZe of the solid-state image sensor. 

[0072] (2) There is the photosensitive portion of the solid 
state image sensor at the focusing position of the lens surface 
as conventional. HoWever, the module becomes thin by the 
thickness of the printed circuit board (normally 0.3 mm-0.6 
mm) because the module has no printed circuit board 
conventionally used. Although the thickness of the passive 
chip is added, it is normally possible to make the Wafer 
thickness to be as thin as about 100 um because a lead 
through electrode is applied to the Wafer. Accordingly, the 
module in Which passive parts is composed by a semicon 
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ductor chip becomes further thinner by about 0.2 mm to 0.5 
mm than the conventional one being close to the limit of the 
module siZe. 

[0073] (3) The manufacturing process is hardly affected by 
the in?uence of dust generated in the assembling process of 
image sensors by forming a transparent board like the 
optical ?lter 35 covering the photosensitive area at the early 
assembling stage of the solid-state image sensor. In particu 
lar, the adhesion of Si Waste generated in the dicing of the 
Wafers after the completion of semiconductor ?nal process 
to the photosensitive area can be prevented by covering the 
photosensitive area With the spacer resin, optical ?lter, lens 
holder and optical lens. Further, for the same reason, adhe 
sion of dust in the assembling process can be prevented and 
the yield of solid-state image sensors can be promoted. 

[0074] (4) In such a type solid-state image sensor Which is 
assembled in Wafer states With the bonding pad exposed on 
the top surface, the module test can be made at the stage of 
the Wafer processing. Using a lens holder With a lens 10 
?xed directly to the lens holder 1 instead of the conventional 
structure Wherein the lens level 4 moves in the lens holder 
1, it is possible to focus Without moving the lens in the lens 
holder 1 in the Wafer state by changing the pressing degree 
of the lens holder While monitoring the focus signal of the 
solid-state image sensor. This alloWs to repair a defective 
lens during the assembling process and realiZe the effective 
use of parts as Well as reduction of manhour. It is a large 
advantage for promoting the full automation of the module 
test. 

[0075] (5) The assembling of modules in the Wafer state 
brings many advantages in addition to those described 
above. First, the location of the solid-state image sensor 
chips are recogniZed accurately in the Wafer state. As a 
result, the assembling can be realiZed more accurately and 
With higher throughput by cooperating With an automatic 
mounting machine of the lens holder. That is, it Was neces 
sary to judge a chip position to adjust the position of the lens 
holder based on the chip position judged in a conventional 
optical module assembling system. While in the embodi 
ment of the present invention, all the chip positions are 
readily knoWn in the Wafer state and lens holders can be 
mounted automatically at the position of every solid-sate 
image sensor 6 in a Wafer When a chip position in a Wafer 
is once determined, thereby saving a process for judging the 
chip positions. 
[0076] (6) In the conventional process after sealing the 
photosensitive area With a transparent plate using bonding 
agent, the adhesion of dust to the surface of the optical ?lter 
or transparent plate has been a problem. HoWever, according 
to the embodiments of the present invention, there is pro 
vided a distance determined by the thickness of the trans 
parent plate and of the bonding agent betWeen the optical 
?lter of a transparent plate and the photosensitive area. 
Therefore, images of the dusts is unfocussed on the photo 
sensitive area because they are on the Way of the light path 
for focusing by the lens. Accordingly, the in?uence to black 
?aWs can be greatly reduced When compared With dusts put 
on the photosensitive area of conventional solid-state image 
sensor. 

[0077] (7) Because the Wafer test can be made after 
sealing the photosensitive area With the transparent plate 
using bonding agent, the deterioration of assembling yield 
due to the dusts adhered on a transparent plate can be 
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prevented. Thus, loss of lens holders, printed circuit board in 
the camera modules completed can be decreased. 
[0078] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

1. A solid-state image pickup device comprising: 
a solid-state image sensor chip having a solid-state image 

sensor including a photosensitive element formed on a 
main surface of a semiconductor substrate and chip 
electrodes led to the back surface of the semiconductor 
substrate; and 

a passive chip bonded on the back surface of the solid 
state image sensor chips having passive parts mounted 
in its thickness and electrically connected to the chip 
electrodes of the solid-state image sensors; 

Wherein the passive chip is formed having a siZe equal to 
or smaller than a siZe of the solid-state image sensors. 

2. A solid-state image pickup device according to claim 1, 
Wherein the passive chip further comprises: 

a printed circuit board; 
a passive component buried in the printed circuit board; 
a Wiring circuit printed on the surface of the printed circuit 

board for electrically connecting the chip electrode of 
the solid-state image sensor chip to the passive com 
ponent of the passive chip and to mutually connect the 
passive components; and 

a lead-through electrode for connecting the chip electrode 
of the solid-state image sensing chip connected to the 
Wiring element to an outer connecting terminal on the 
back surface of the passing chip. 

3. A solid-state image pickup device according to claim 1, 
Wherein the passive chip further comprises; 

a semiconductor substrate; 
a passive component formed on the main surface of the 

semiconductor substrate; 
a Wiring circuit formed on the main surface of the 

semiconductor substrate for electrically connecting 
chip electrode of the solid-state image sensor chip to 
the passive component of the passive chip; and 

a lead-through electrode for connecting the chip electrode 
of the solid-state image sensor chip to the external 
connecting terminal on the back surface of the passive 
chip. 

4. A solid-state image pickup device according to claim 3, 
Wherein the passive component is a capacitor comprising an 
oxidiZed membrane formed on the surface of the semicon 
ductor substrate and an electrode formed thereon. 

5. A solid-state image pickup device according to claim 3, 
Wherein the passive component is a capacitor comprising: 

a trench groove formed on the surface of the semicon 
ductor substrate; 

an oxidiZed membrane formed on the surface of the 
semiconductor substrate including the trench groove 
and an electrode formed thereon. 

6. A camera module comprising: 
a solid-state image sensor chip having a solid-state image 

sensor including a photosensitive element formed on a 
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main surface of a semiconductor substrate and chip 
electrodes led to the back surface of the semiconductor 
substrate; 

a passive chip bonded on the back surface of the solid 
state image sensor chips having passive parts mounted 
in its thickness and electrically connected to the chip 
electrodes of the solid-state image sensors; 

a lens holder ?xed to enclose the photosensitive element 
of the solid-state image pickup sensor chip; and a lens 
barrel to ?t into the lens holders; 

Wherein the passive chip is formed having a siZe equal to 
or smaller than a siZe of the solid-state image sensors. 

7. A solid-state image pickup device according to claim 6, 
Wherein the passive chip further comprises: 

a printed circuit board; 
a passive component buried in the printed circuit board; 
a Wiring circuit printed on the surface of the printed circuit 

board for electrically connecting the chip electrode of 
the solid-state image sensor chip to the passive com 
ponent of the passive chip and to mutually connect the 
passive components; and 

a lead-through electrode for connecting the chip electrode 
of the solid-state image sensing chip connected to the 
Wiring element to an outer connecting terminal on the 
back surface of the passing chip. 

8. A camera module according to claim 6, Wherein the 
passive chip further comprises; 

a semiconductor substrate; 
a passive component formed on the main surface of the 

semiconductor substrate; 
a Wiring circuit formed on the main surface of the 

semiconductor substrate for electrically connecting 
chip electrode of the solid-state image sensor chip to 
the passive component of the passive chip; and 

a lead-through electrode for connecting the chip electrode 
of the solid-state image sensor chip to the external 
connecting terminal on the back surface of the passive 
chip. 

9. A camera module according to claim 8, Wherein the 
passive component is a capacitor comprising an oxidized 
membrane formed on the surface of the semiconductor 
substrate and an electrode formed thereon. 

10. A camera module according to claim 8, Wherein the 
passive component is a capacitor comprising: 

a trench groove formed on the surface of the semicon 
ductor substrate; 

an oxidiZed membrane formed on the surface of the 
semiconductor substrate including the trench groove 
and an electrode formed thereon. 

11. A camera module according to claim 10, Wherein the 
solid-sate image sensor chip further comprises: 

a dam-shape spacer formed on a portion other than the 
photosensitive area on the main surface of the semi 
conductor substrate; and 

an optical ?lter ?xed on the dam-shape spacer; 
and Wherein the lens holder is ?xed on the optical ?ler. 

12. A camera module according to claim 11, Wherein the 
outer surfaced of the lens holder, the solid-state image sensor 
chips and the passive chips mutually laminated by bonding, 
and the lens holder ?xed on the solid-state image sensor chip 
surface are provided With a light shielding cover or are 
coated With the light shielding paint. 

13. A method for manufacturing a camera module com 
prising steps of: 
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forming passive components and a Wiring section for 
connecting the passive components With each other in 
a plurality of chip areas on the main surface of the ?rst 
semiconductor Wafer respectively; 

forming a ?rst lead-through electrode at a peripheral part 
of each of the chip areas, to Which the Wiring section in 
each chip area is connected; 

forming a solid-state image sensor in the plural number of 
chip areas on the main surface of the second semicon 
ductor Wafer respectively and pads connected to the 
solid-state mage sensors at a peripheral part of each of 
the chip areas; 

forming a second lead-through electrode that is connected 
to the pads at the peripheral parts of each of the chip 
areas; 

bonding the second semiconductor Wafer on the main 
surface of the ?rst semiconductor Wafer by aligning the 
?rst and the second lead-through electrodes formed in 
each of the chip areas so as to contact With each other; 

forming a dam-shaped spacer at the peripheral part of 
each of the chip areas of the second semiconductor 
Wafer; 

?xing an optical ?lter on the dam-shaped spacer formed 
at the peripheral part of each of the chip areas; 

?xing a lens holder on the optical ?lter in each of the chip 
areas; and 

cutting and separating the ?rst and the second semicon 
ductor Wafers laminated and ?xed to each other for 
every chip area. 

14. Amethod for manufacturing a camera module accord 
ing to claim 13, Wherein the passive component is a capaci 
tor comprising an oxidiZed membrane formed on the surface 
of the ?rst semiconductor Wafer and an electrode formed 
thereon. 

15. Amethod for manufacturing a camera module accord 
ing to claim 14, Wherein the passive component is a capaci 
tor comprising a trench groove formed on the surface of the 
semiconductor substrate, an oxidiZed membrane formed on 
the surface of the semiconductor substrate including the 
trench groove and an electrode formed thereon. 

16. Amethod for manufacturing a camera module accord 
ing to claim 15, Wherein the ?rst semiconductor Wafer and 
the second semiconductor Wafer are bonded to each other by 
anisotropic conductive paste. 

17. A method for manufacturing camera module accord 
ing to claim 16, Wherein the ?rst semiconductor Wafer is an 
N type Si circuit board. 

18. A method for manufacturing a camera module com 
prising steps of: 

forming passive components and a Wiring section for 
connecting the passive components With each other in 
a plurality of chip areas on the main surface of the ?rst 
semiconductor Wafer respectively; 

forming a ?rst lead-through electrode at a peripheral part 
of each of the chip areas, to Which the Wiring section in 
each chip area is connected; 

forming a solid-state image sensor in the plural number of 
chip areas on the main surface of the second semicon 
ductor Wafer respectively and pads connected to the 
solid-state image sensors at a peripheral part of each of 
the chip areas; 

forming a second lead-through electrode that is connected 
to the pads at the peripheral parts of each of the chip 
areas; 
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bonding the second semiconductor Wafer on the main 
surface of the ?rst semiconductor Wafer by aligning the 
?rst and the second lead-through electrodes formed in 
each of the chip areas so as to contact With each other; 

forming a dam-shaped spacer at a portion other than the 
portion Where the pad is formed in the peripheral part 
of each of the chip areas of the second semiconductor 
Wafer; 

?xing an optical ?lter on the dam-shaped spacer formed 
at the peripheral part of each of the chip areas; 

?xing a lens holder on the optical ?lter in each of the chip 
areas; 
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removing a potion of the optical ?lter betWeen the adjacent 
chip areas; and 

cutting and separating the ?rst and the second semicon 
ductor Wafers laminated and ?xed to each other for 
every chip area. 

19. A method for manufacturing a solid-state image 
pickup device according to claim 18, Wherein the passive 
component is a capacitor comprising an oxidiZed membrane 
formed on the surface of the ?rst semiconductor Wafer and 
an electrode formed thereon. 


