YR AP T D R A A
US 20040095495A1
a9 United States

a2 Patent Application Publication (o) Pub. No.: US 2004/0095495 A1l

Inokuma et al. (43) Pub. Date: May 20, 2004
(54) SOLID STATE IMAGING DEVICE AND (30) Foreign Application Priority Data
EQUIPMENT USING THE SAME
Sep. 30, 2002 (IP) e 2002-287609
(75) Inventors: Kazuyuki Inokuma, Yawata-shi (JP); Publication Classification
Toshiya Fujii, Otsu-shi (JP); Takumi ;
Yamaguchi, Kyoto-shi (JP); Shigetaka (51 Int. CL7 e HO4N 3/14; HO4N 5/335
Kasuga, Hirakata-shi (JP) (52) US. CLooeee e 348/308
Correspondence Address: 7 ABSTRACT
MERCHANT & GOULD PC ) ) ) )
P.O. BOX 2903 The present invention provides a small, high-performance
MINNEAPOLIS, MN 55402-0903 (US) imaging device and its application to products at low cost by

preventing noise superimposed on a timing pulse feed line
from affecting the output of an imaging chip. The imaging

(73) Assignee: Matsushita Electric Industrial Co., device includes two chips: an imaging chip 101 including a

Ltd., Kadoma-shi (JP) sensor 102 and an image processing chip 106 including an
image processing circuit 110. The transistors of all circuits
(21) Appl. No.: 10/676,136 in the imaging chip 101 are formed as either nMOS or
pMOS transistors. The imaging chip 101 is stacked on the
(22) Filed: Sep. 30, 2003 image processing chip 106.

110 : Image processing circuit
102 103 : Scanning circuit

(

— <‘, £
101 4 Z
Sensor
106

104 Scanning circui@J/
105 ANP 107

GCA ADG

\ .




Patent Application Publication May 20, 2004 Sheet 1 of 7 US 2004/0095495 A1

110 : Image processing circuit
102 103 : Scanning circuit f;

(1

[ /} /
101 L
Sensor
106
104 Scanning circuitJ/
105 AP 107
I
{ GCA / { /
\ .

ADC
\
/ /
. 109

FIG. 1



Patent Application Publication May 20, 2004 Sheet 2 of 7 US 2004/0095495 A1

101 102 103 : Scanning circuit 106
\ A\
[ ] ]
. / /
Image processing
circuit
Sensor
1041 Scanning circuit (=] TG L1107
1051 AMP
113”'——“\\\\,,/4¢j
114‘—""‘\\\\__,,/{%]
GCA ADC
/> /> [
109 112 111

108

FIG. 2



Patent Application Publication May 20, 2004 Sheet 3 of 7 US 2004/0095495 A1

101: Imaging chip 102:Sensor

PAD
201:Wire
/\‘ +

| "1 ]

\ Carrier

/

106: Image processing chip

Wire bonding method

FI1G. 3A

101: Imaging chip 102: Sensor

<> <> 202:Si through electrode
203 :Bump
] ]
e T
T 17 1
\ Carrier
/

106: Image processing chip

Si through electrode method

FI1G. 3B



US 2004/0095495 A1

May 20, 2004 Sheet 4 of 7

Patent Application Publication

¥ 914
01€
80¢ e
m C >
|
43[1043u09 +— 18p0o aSeuw|
fejdsiq - Ae|dsiq "
|
L
\
13]]047U09 191 (047U09 o500 5010
BUUSUY ™1 uo13e01unumo) wa3sAS pod 82107
G0¢ y0g mw.e, 206

layeads

auoydo oIy

)

10€



US 2004/0095495 A1

Patent Application Publication May 20, 2004 Sheet 5 of 7

wnt paw
sulpJodsy

fejdsiq

G9ld
140 M.Wov
19 ]043U0D 1apooap/
- wn 1 paw LmboommmE_
SuipJooay
A
/
. 18]]043U09 19} |043u09 B
Kejdsiq Wa1sAg




Patent Application Publication May 20, 2004 Sheet 6 of 7 US 2004/0095495 A1

501 502
\

Image processing circuit

///,,507
503 16
Sensor

Scanning circuit

Ty )

504 505 508 506 : Scanning circuit

FIG. 6
PRIOR ART



US 2004/0095495 A1

Patent Application Publication May 20, 2004 Sheet 7 of 7

14v ¥01dd
L 914

11n0J19 Suluueds : H09

\

L09

(

diyo Suissacoid agew|

/
Qv Y39 -~ 909
11n0419 mc_r_cwow |~ 609
JOSuUsg ~~ €09

809

109



US 2004/0095495 Al

SOLID STATE IMAGING DEVICE AND
EQUIPMENT USING THE SAME

BACKGROUND OF THE INVENTION
[0001] 1. Field of the Invention

[0002] The present invention relates to a small imaging
device used, e.g., in cellular phones. Specifically, the present
invention relates to a solid state imaging device that can
achieve high levels of microminiaturization, low cost, and
high performance, and small equipment using the solid state
imaging device.

[0003] 2. Description of the Related Art

[0004] Inrecent years, a small imaging device that can be
built even in small equipment such as a cellular phone has
been under development. There are some requirements for
this type of imaging device: first, the size is very small;
second, the cost is low. A CMOS sensor that can reduce the
cost by facilitating connectivity to peripheral circuits using
a general CMOS process with logic LSI has been in the
mainstream. The CMOS sensor can form a one-chip struc-
ture with a logic portion. Therefore, it also can achieve
microminiaturization by forming a one-chip structure with
an image processing portion. FIG. 6 shows the configuration
of a conventional one-chip CMOS sensor. The one-chip
CMOS sensor in FIG. 6 includes the following: a sensor 507
for converting light into an electric signal; a vertical scan-
ning circuit 506 for driving the sensor; a horizontal scanning
circuit 508; a timing generator (TG) 503; a gain control
amplifier (GCA) 504 for amplifying a signal output from the
sensor; an analog/digital converter (ADC) 505 for convert-
ing the output signal into a digital signal; and an image
processing circuit 502.

[0005] However, there is a growing demand for not only
microminiaturization and low cost, but also high perfor-
mance such as sensitivity. It is difficult to contain a lighting
unit, e.g., a strobe in small equipment like a cellular phone.
Therefore, higher sensitivity is required particularly for the
small equipment. Moreover, it is expected that cellular
phones will be used instead of digital still cameras, which
makes high performance increasingly important as a devel-
opment theme.

[0006] In view of high performance, the following prob-
lems arise in the conventional configuration. When the logic
circuit and the analog circuit (the sensor) are formed in one
chip, they should be fabricated in the same process despite
a difference in required electrical performance. Therefore, it
is difficult to satisfy the performance of both the logic circuit
and the sensor. When fine processing is employed, the sensor
performance becomes poor. When processing that is not fine
is employed to ensure the sensor performance, the logic
portion is too large to enjoy the benefits of one chip. To
avoid this, a method for using a two-chip structure has been
proposed. The two-chip structure is composed of an imaging
chip including the sensor and an image processing chip
including the imaging processing portion.

[0007] Examples of the conventional technique related to
the present invention include a method in which an imaging
chip is stacked on an image processing chip, thereby reduc-
ing the mounting area and the size (JP 5(1993)-268535 A).

[0008] FIG. 7 shows a conventional imaging device with
a two-chip structure of an imaging chip and an image
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processing chip. The imaging device in FIG. 7 allows an
imaging chip 601 to operate independently regardless of the
type of an image processing chip 608 by mounting the
following components on the imaging chip 601: a sensor
603; vertical and horizontal scanning circuits 604, 605 for
driving the sensor 603; a timing generator 602 for generating
a pulse needed for the scanning circuits; a gain control
amplifier 606 for amplifying a signal output from the sensor
603; and an analog/digital converter 607 for converting the
output signal into a digital signal.

[0009] For this configuration, the circuits that inherently
can exhibit their performance by CMOS logic, such as the
timing generator 602, are still present in the imaging chip.
Therefore, an improvement in performance of the sensor 603
causes an increase in area of those circuits.

[0010] This problem can be solved by mounting the timing
generator 602, the gain control amplifier 606, and the
analog/digital converter 607 on the image processing chip
608. However, timing pulse feed lines from the image
processing chip 608 to the imaging chip 601 are increased,
noise is superimposed on the feed lines, and this noise is
superimposed on the output of the imaging chip 601, thus
degrading the performance of the imaging chip.

[0011] Tt has been clear that this noise is caused by a
fluctuation in current supplied to the scanning circuit that
mainly drives the pixel portion. When the scanning circuit is
formed using CMOS logic, the current fluctuation is due to
a so-called through current generated by switching of a
CMOS circuit. Although the CMOS circuit generally is
characterized by low current consumption, it is well known
that a very large current (through current) flows at the
moment of switching. This is because both nMOS and
pMOS transistors are in the on state only at the moment of
switching to create a short circuit in the power supply and
the ground. When wiring that controls the switching is
located outside the chip, noise is superimposed on the wiring
itself or a pulse transmitted through the wiring is rounded,
so that noise of the power supply due to the through current
is increased.

SUMMARY OF THE INVENTION

[0012] Therefore, with the foregoing in mind, it is an
object of the present invention to provide a small, high-
performance imaging device and its application to products
at low cost by preventing noise superimposed on a timing
pulse feed line from affecting the output of an imaging chip.

[0013] A solid state imaging device of the present inven-
tion includes an imaging semiconductor chip in which all
transistors are formed of the same electric conductor and an
image processing semiconductor chip including CMOS
transistors.

[0014] In the solid state imaging device, all transistors of
the imaging semiconductor chip are formed of the same
electric conductor, thereby eliminating a through current
peculiar to a CMOS circuit. Accordingly, even if the timing
pulse feed line is located outside the chip, noise superim-
posed on a power supply is not increased. This allows the
timing generator or the like to be provided not in the imaging
semiconductor chip, but in the image processing semicon-
ductor chip to which a finer fabrication process can be
applied. Thus, a small, high-performance imaging device
can be produced at low cost.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a perspective view showing the configu-
ration of an embodiment of an imaging device of the present
invention.

[0016] FIG.2is a plan view of the imaging device in FIG.
1.

[0017] FIGS. 3A and 3B are cross-sectional views, each
showing a method for stacking chips in an imaging device
of the present invention. FIG. 3A illustrates a wire bonding
method, and FIG. 3B illustrates a method using a Si through
electrode.

[0018] FIG. 4 is a block diagram showing the configura-
tion of a cellular phone that includes an imaging device of
the present invention.

[0019] FIG. 5 is a block diagram showing the configura-
tion of a digital still camera that includes an imaging device
of the present invention.

[0020] FIG. 6 is a block diagram showing the configura-
tion of a conventional one-chip CMOS camera.

[0021] FIG. 7 is a block diagram showing the configura-
tion of a conventional two-chip CMOS camera.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] In a solid state imaging device of the present
invention, all transistors of the imaging semiconductor chip
are formed of the same electric conductor. The solid state
imaging device preferably has a configuration in which the
imaging semiconductor chip is stacked on the image pro-
cessing semiconductor chip. This configuration can shorten
the length of wiring that connects the imaging semiconduc-
tor chip and the image processing semiconductor chip,
reduce the superimposition of noise on the timing pulse feed
line, and achieve higher performance. By stacking these
chips, the length of wiring can be shortened, and thus noise
superimposed on an image signal that is output from the
imaging semiconductor chip also can be reduced. When all
transistors of the imaging semiconductor chip are formed of
the same electric conductor, it is difficult to provide an
amplifier with a large amplification factor. Therefore, the
effect of stacking the chips in the solid state imaging device
is more significant than the effect of stacking a conventional
CMOS imaging semiconductor chip on an image processing
semiconductor chip. Moreover, the mounting area is equal to
or less than the mounting area of a one-chip structure, so that
microminiaturization can be achieved as well. This results in
a very small, low cost, and high-performance imaging
device, and when applied to various products having imag-
ing functions, the imaging device can contribute to micro-
miniaturization, low cost, and high performance of the
products.

[0023] In the solid state imaging device, it is preferable
that all transistors of the imaging semiconductor chip are
formed as n-channel MOS transistors or p-channel MOS
transistors. Particularly when all transistors are formed as
n-channel MOS transistors, the speed is enhanced easily.

[0024] In the solid state imaging device, the imaging
semiconductor chip and the image processing semiconduc-
tor chip may be connected electrically in any of the follow-
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ing manners: the electrical connection is made by a bonding
wire; and a through electrode is provided in the imaging
semiconductor chip, and the electrical connection is made
via wiring connected to the through electrode. The former is
superior in cost and reliability because a general technique
such as wire bonding can be employed. The latter has the
advantage of further reducing the size. It is more preferable
that the through electrode is a Si through electrode.

[0025] In the solid state imaging device, it is preferable
that the image processing semiconductor chip includes a
timing generator for supplying a timing pulse to the imaging
semiconductor chip, a gain control amplifier, and an analog/
digital converter. This configuration allows for further min-
iaturization.

[0026] In the solid state imaging device, it is preferable
that a timing pulse output terminal of the image processing
semiconductor chip is located close to a timing pulse input
terminal of the imaging semiconductor chip. This configu-
ration can make the length of the timing pulse feed line as
short as possible, thereby further reducing noise and con-
tributing to high performance of the imaging device.

[0027] In the solid state imaging device, it is preferable
that an image signal input terminal of the image processing
semiconductor chip is located close to an image signal
output terminal of the imaging semiconductor chip. This
configuration can make the length of the image signal line as
short as possible, thereby reducing noise superimposed on
an image signal and contributing to high performance of the
imaging device. As described above, when all transistors of
the imaging semiconductor chip are formed of the same
electric conductor, it is difficult to provide an amplifier with
a large amplification factor. Consequently, an image signal
output from the imaging semiconductor chip has a very low
level and is likely to be affected by noise. Therefore, the
effect of reducing the length of the image signal line is
particularly significant in the solid state imaging device.

[0028] When the solid state imaging device of the present
invention is applied to equipment that includes an image
processing portion for processing a static image or a
dynamic image produced by this solid state imaging device,
a small, high-performance cellular phone, information ter-
minal, or digital still camera can be provided at low cost.

[0029] Hereinafter, an embodiment of the present inven-
tion will be described more specifically with reference to the
drawings.

[0030] FIGS. 1 and 2 show an embodiment of an imaging
device of the present invention. FIG. 1 is a perspective view
showing the schematic configuration of an imaging device
of this embodiment. FIG. 2 is a plan view showing the
configuration of the imaging device. The imaging device
includes two chips: an imaging chip (imaging semiconduc-
tor chip) 101 and an image processing chip (image process-
ing semiconductor chip) 106. The imaging chip 101 is
stacked on the image processing chip 106. The imaging chip
101 includes a sensor 102 for converting light into an
electric signal, vertical and horizontal scanning circuits 103,
104 for driving the sensor 102, and an amplifier 105 for
amplifying the signal of the sensor 102. As shown in FIG.
2, the imaging chip 101 also includes a plurality of terminals
including a timing pulse input terminal 112 and an image
signal output terminal 113. The timing pulse input terminal
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112 receives a timing pulse from a timing generator (TG)
107. The image signal output terminal 113 outputs an image
signal. FIG. 2 shows only some of the terminals and omits
the other terminals. FIG. 1 omits the terminals.

[0031] All transistors used in these circuits of the imaging
chip 101 are formed of the same electric conductor, i.e., an
nMOS or pMOS. The scanning circuits 103, 104 are
dynamic circuits. This configuration can prevent the gen-
eration of a through current peculiar to a CMOS circuit.
Therefore, even if the timing generator 107 is located
outside the imaging chip 101, noise superimposed on the
timing pulse feed line has a smaller effect on the output of
the imaging chip 101.

[0032] The image processing chip 106 includes the timing
generator 107, a gain control amplifier (GCA) 108, an
analog/digital converter (ADC) 109, and an image process-
ing circuit 110. The timing generator 107 generates a signal
for driving the imaging chip 101. The gain control amplifier
108 controls the magnitude of a signal from the imaging chip
101. The analog/digital converter 109 converts the signal
into a digital signal. The image processing circuit 110
generates a luminance signal and a color signal from the
signal of the imaging chip 101 that has been converted into
a digital signal. Transistors used in these circuits are a
CMOS type, which is used in a conventional logic circuit
and obtained by the combination of an nMOS and pMOS. As
shown in FIG. 2, the image processing chip 106 also
includes a plurality of terminals including a timing pulse
output terminal 111 and an image signal input terminal 114.
The timing pulse output terminal 111 outputs a timing pulse.
The image signal input terminal 114 receives an image
signal from the imaging chip 101.

[0033] The timing pulse output terminal 111 is located in
the vicinity of the timing pulse input terminal 112, and
specifically at the position closest to the timing pulse input
terminal 112 compared with any other terminals in the image
processing chip 106. In other words, the timing generator
107 is located in the vicinity of the timing pulse input
terminal 112. A timing pulse from the timing pulse input
terminal 112 is transmitted to the scanning circuits 103, 104
and used to drive the sensor 102.

[0034] The image signal input terminal 114 is located in
the vicinity of the image signal output terminal 113, and
specifically at the position closest to the image signal output
terminal 113 compared with any other terminals in the image
processing chip 106. In other words, the gain control ampli-
fier 108 is located in the vicinity of the image signal output
terminal 113. An image signal from the imaging chip 101 is
input to the image processing chip 106 via the image signal
input terminal 114, transmitted through the gain control
amplifier 108 and the analog/digital converter 109, where
the image signal is converted into a digital signal, and then
is image-processed by the image processing circuit 110. In
the image processing chip 106, it is preferable that the gain
control amplifier 108 is located as close as possible to the
image signal input terminal 114, thereby reducing noise
superimposed on the image signal not only outside but also
inside the chip.

[0035] FIGS. 3A and 3B show two examples of methods
for stacking the imaging chip 101 and the image processing
chip 106.

[0036] In FIG. 3A, the imaging chip 101 and the image
processing chip 106 are connected by wire bonding. A wire

May 20, 2004

201 connects a pad of the imaging chip 101 and a pad of the
image processing chip 106. The wire bonding itself is used
generally in mass production and thus is advantageous in
cost and reliability.

[0037] In this case, a pad is provided in the portion where
the imaging chip 101 is not stacked, and the gain control
amplifier 108 is located in the vicinity of the pad.

[0038] In FIG. 3B, a Si through electrode 202 is provided
in the imaging chip 101 so that the electrode is drawn to the
bottom, at which a bump 203 is formed to make connection
with the image processing chip 106. The Si through elec-
trode 202 is advantageous in achieving the greatest reduc-
tion in size and is expected to be mainstream in the future.

[0039] In this case, the image signal input terminal 114
and the gain control amplifier 108 of the image processing
chip 106 are located directly under the image signal output
terminal 113 of the imaging chip 101.

[0040] The above configuration can have the following
effects.

[0041] First, all circuits of the imaging chip 101 are
formed as an nMOS or pMOS, so that a through current
peculiar to a CMOS circuit is eliminated. Therefore, even if
the timing pulse feed line is located outside the imaging chip
101, noise superimposed on a power supply is not increased.
This allows the timing generator 107 or the analog/digital
converter 109 to be provided not in the imaging chip 101,
but in the image processing chip 106 to which a finer
fabrication process can be applied. Thus, the chip area is
reduced as a whole, contributing to lower cost. Second, all
circuits of the imaging chip 101 are formed as an nMOS or
pMOS, so that the fabrication process is simplified. Thus,
the number of masks to be used in the fabrication process is
reduced, contributing to even lower cost. Third, all circuits
of the imaging chip 101 are formed as an nMOS or pMOS,
so that the number of steps in the fabrication process is
reduced. Thus, factors that can degrade the electrical char-
acteristics of an analog portion are reduced, contributing to
higher performance.

[0042] Fourth, the imaging chip 101 is stacked on the
image processing chip 106, so that the length of wiring that
connects them can be shortened. Thus, the superimposition
of noise on the timing pulse feed line is reduced, contrib-
uting to even higher performance. Fifth, the image signal
output terminal 113 of the imaging chip 101 and the image
signal input terminal 114 of the image processing chip 106
are located close to each other, and the gain control amplifier
108 is located in the vicinity of the image signal input
terminal 114, so that noise superimposed on an image signal
also can be reduced. When it is difficult to provide an
amplifier with a large amplification factor like the present
invention in which all transistors are formed of the same
electric conductor, this configuration can offer a particularly
large effect. Sixth, the imaging chip 101 is formed on the
image processing chip 106, so that the mounting area is
equal to or less than the mounting area of a one-chip
structure, and thus microminiaturization can be achieved.

[0043] As described above, the present invention can
provide a very small, low cost, and high-performance imag-
ing device. Accordingly, the application of this imaging
device can produce many valuable products. For example, a
cellular phone including the imaging device can achieve
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high performance, particularly high sensitivity, in addition to
a small size that is one of the most desired features of the
cellular phone. Therefore, the cellular phone can shoot even
under low light conditions without using a lighting unit such
as a strobe. It is very difficult to contain the lighting unit such
as a strobe in cellular phones because the lighting unit
increases electrical power consumption.

[0044] FIG. 4 shows an example of the configuration
when an imaging device of the present invention is applied
to a cellular phone. The cellular phone in FIG. 4 includes the
following: a microphone 301; a voice coder 302; a system
controller 303; a communication controller 304; an antenna
305; a speaker 306; a display controller 307; and a display
308. These are general components of a conventional cel-
lular phone.

[0045] This cellular phone further includes an imaging
device 309 of the present invention and an image coder 310
for encoding a picture signal that is output from the imaging
device 309. The imaging device 309 has a two-chip structure
of an imaging chip and an image processing chip, as shown
in FIGS. 1 and 2.

[0046] In the cellular phone of FIG. 4, speech input from
the microphone 301 is encoded and compressed by the voice
coder 302. The compressed voice data is transmitted to the
communication controller 304 by the system controller 303,
modulated for communications, and sent from the antenna
305. For receiving, the voice data is transmitted in the
reverse order, and speech is output from the speaker 306.
The system controller 303 timely controls the display con-
troller 307 so as to display necessary information on the
display 308. In this manner, a camera phone can be produced
only by adding the imaging device 309 of the present
invention and the image coder 310 to a conventional cellular
phone.

[0047] For static images, the system controller 303 can
perform both decoding and encoding of the images. There-
fore, the image coder 310 may be removed in some cases.
For dynamic images, however, it is preferable to use the
image coder 310 because the amount of processing to
encode the dynamic images is large. Although the system
controller 303 can perform decoding as described above, it
is preferable to use a decoder specifically designed for the
dynamic images.

[0048] The imaging device of the present invention can be
incorporated not in only a cellular phone, but also an
information terminal (e.g., so-called PDA), which is similar
in structure to the cellular phone, with the same configura-
tion. Such a small information terminal including the imag-
ing device of the present invention can contain a high-
performance camera and also can be used as a digital still
camera.

[0049] FIG. 5 shows an example of the configuration
when an imaging device of the present invention is applied
to a digital still camera. The digital still camera in FIG. 5§
includes the following: an imaging device 401 of the present
invention; a system controller 402 for overall control; an
image coder/decoder 403 for compressing/expanding
images; a recording medium controller 404 for recording
compressed image data on a recording medium 405; a
display controller 406 for displaying images; and a display
407.
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[0050] The imaging device 401 has a two-chip structure of
an imaging chip and an image processing chip, as shown in
FIGS. 1 and 2. As indicated by the dotted line in FIG. §, the
system controller 402, the image coder/decoder 403, the
recording medium controller 404, and the display controller
406 may be mounted on the image processing chip of the
imaging device 401.

[0051] A digital still camera requires a high-pixel imaging
chip, so that the size of the imaging chip necessarily is larger
than that used for a cellular phone or the like. This inevitably
increases the size of the image processing chip, and there-
fore it is preferable that circuits other than the image
processing portion should be integrated.

[0052] The most significant effect of applying the imaging
device of the present invention to a digital still camera is
miniaturization. As described in the following, the imaging
device of the present invention also can contribute to higher
performance of a digital camera.

[0053] A conventional digital still camera, which uses a
CCD-type imaging chip as an imaging chip, has the follow-
ing problems. A sensor of the CCD-type imaging chip
includes a photoelectric conversion element for converting
light into an electric charge and a CCD element for carrying
the electrical charge. The CCD element cannot be much
smaller than the photoelectric conversion element because it
carries the electric charge generated by the photoelectric
conversion element. In other words, it is not possible to
increase a proportion of the area occupied by the photoelec-
tric conversion element in the conventional digital still
camera.

[0054] In contrast, the digital still camera of this embodi-
ment uses an imaging chip that has a sensor including a
photoelectric conversion element and a transistor. The tran-
sistor can be made smaller than the photoelectric conversion
element. Therefore, it is possible to increase a proportion of
the area occupied by the photoelectric conversion element.
Thus, it is possible for the imaging chip to have higher
sensitivity than the CCD-type imaging chip. A so-called
MOS sensor used in the present invention has been regarded
as inferior to the CCD-type imaging chip in performance
due to factors such as variations in transistors of each pixel.
However, the technique that can overcome those factors has
been developed in recent years. Moreover, all circuits of the
imaging chip of the present invention are formed as an
nMOS or pMOS, so that the number of steps in the fabri-
cation process is reduced, and factors that can degrade the
electrical characteristics of an analog portion are reduced.
Thus, it is possible for the digital still camera of this
embodiment to have higher image quality than a conven-
tional digital still camera using the CCD-type imaging chip.
The application of the imaging device of the present inven-
tion to a security camera also can provide a tremendous
effect because the imaging device easily improves the sen-
sitivity. The imaging device can be made extremely small
while maintaining high sensitivity. Therefore, it also con-
tributes to a reduction in size of the security camera, so that
the security camera can be hidden in a place where people
are not aware of being monitored.

[0055] As described above, the present invention is useful
for a solid state imaging device that can reduce the chip area
as a whole and the cost and equipment using the solid state
imaging device.



US 2004/0095495 Al

[0056] The invention may be embodied in other forms
without departing from the spirit or essential characteristics
thereof The embodiments disclosed in this application are to
be considered in all respects as illustrative and not limiting.
The scope of the invention is indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are intended to be embraced
therein.

What is claimed is:
1. A solid state imaging device comprising:

an imaging semiconductor chip in which all transistors are
formed of the same electric conductor; and

an image processing semiconductor chip comprising
CMOS transistors.

2. The solid state imaging device according to claim 1,
wherein the imaging semiconductor chip is stacked on the
image processing semiconductor chip.

3. The solid state imaging device according to claim 1,
wherein all transistors of the imaging semiconductor chip
are formed as n-channel MOS transistors.

4. The solid state imaging device according to claim 1,
wherein all transistors of the imaging semiconductor chip
are formed as p-channel MOS transistors.

5. The solid state imaging device according to claim 1,
wherein the imaging semiconductor chip comprises:

a photoelectric converter for converting light into an
electric charge; and

an amplifier for amplifying a signal that corresponds to
the electric charge generated by the photoelectric con-
verter.

6. The solid state imaging device according to claim 1,
wherein the imaging semiconductor chip and the image
processing semiconductor chip are connected electrically by
a bonding wire.

7. The solid state imaging device according to claim 1,
wherein a through electrode is provided in the imaging
semiconductor chip, and the imaging semiconductor chip
and the image processing semiconductor chip are connected
electrically via wiring connected to the through electrode.

8. The solid state imaging device according to claim 7,
wherein the through electrode is a Si through electrode.
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9. The solid state imaging device according to claim 1,
wherein the image processing semiconductor chip com-
prises:

a timing generator for supplying a timing pulse to the
imaging semiconductor chip;

a gain control amplifier; and

an analog/digital converter.

10. The solid state imaging device according to claim 2,
wherein the image processing semiconductor chip com-
prises a plurality of terminals including a timing pulse
output terminal for outputting a timing pulse,

the imaging semiconductor chip comprises a plurality of
terminals including a timing pulse input terminal for
receiving the timing pulse, and

the imaging semiconductor chip is stacked on the image
processing semiconductor chip so that the timing pulse
input terminal and the timing pulse output terminal are
located close to each other.

11. The solid state imaging device according to claim 2,
wherein the imaging semiconductor chip comprises a plu-
rality of terminals including an image signal output terminal
for outputting an image signal,

the image processing semiconductor chip comprises a
plurality of terminals including an image signal input
terminal for receiving the image signal, and

the imaging semiconductor chip is stacked on the image
processing semiconductor chip so that the image signal
output terminal and the image signal input terminal are
located close to each other.

12. Equipment comprising:

the solid state imaging device according to claim 1; and

an image processing portion for processing a static image
or a dynamic image produced by the solid state imaging
device.
13. The equipment according to claim 12, wherein the
equipment is a cellular phone.
14. The equipment according to claim 12, wherein the
equipment is an information terminal.
15. The equipment according to claim 12, wherein the
equipment is a digital still camera.

#* #* #* #* #*
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