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(57) ABSTRACT

A solid-state imaging device is provided and includes: a sub-
strate; a plurality of photoelectric conversion elements
arranged in a one-dimensional or two-dimensional array
above the substrate, the plurality of photoelectric conversion
elements being divided into a plurality of photoelectric con-
version element groups; a semiconductor substrate between
the substrate and the plurality of photoelectric conversion

(21) Appl. No.: 12/247,865 elements, corresponding to each of the plurality of photoelec-
tric conversion clement groups; and a signal output section in
(22) Filed: Oct. 8, 2008 the semiconductor substrates. The signal output section out-
puts a signal corresponding to an electric charge generated in
(30) Foreign Application Priority Data each photoelectric conversion elements of a photoelectric
conversion element group corresponding to the semiconduc-
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SOLID-STATE IMAGING DEVICE, IMAGING
APPARATUS, AND METHOD FOR
MANUFACTURING SOLID-STATE IMAGING
DEVICE

[0001] This application is based on and claims priority
under 35 U.S.C. §119 from Japanese Patent Application No.
2007-263205 filed Oct. 9, 2007, the entire disclosure of which
is herein incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a solid-state imag-
ing device having a plurality of photoelectric conversion ele-
ments arranged in a one-dimensional or two-dimensional
array above a substrate.

[0004] 2. Description of Related Art

[0005] A one-dimensional image sensor that reads a docu-
ment in a state almost in contact with the document and in a
condition where a read width is set equal to an original docu-
ment width, a so-called same size and contact type line sensor
is widely used for a document scanner of a copying machine
or a FAX. In the case of the same size and contact type line
sensor, miniaturization of a scanner and reduction in cost are
expected since an optical system which forms a document
image on an image sensor in a reduced state is not needed.
[0006] However, in an actual semiconductor process using
a silicon wafer, a plurality of image sensors are used in a
connected state because an image sensor having a size larger
than a wafer size (currently, maximum 300 mm in diameter)
cannot be manufactured. As methods of connecting image
sensors, a method of arraying a plurality of packaged image
sensors in a zigzag manner in a state where pixels overlap
each other and a method of connecting image sensor chips
have been proposed as disclosed in The Institute of Television
Engineers, Technical Report, ED681, p 49, 1982 and ED812,
p 25, 1984.

[0007] Intheimage sensor manufactured by using a current
semiconductor process, however, sensitivity variation and
black level variation for every pixel occur within a wafer and
between wafer lots. For this reason, when a plurality of image
sensors are connected, a variation in characteristic of the
sensitivity or black level in connecting portions occurs. This
generates a streaky fixed pattern noise in a scanned image.
Therefore, an additional signal processing circuit for sup-
pressing the fixed pattern noise is needed.

[0008] Ontheotherhand, itis also proposed to manufacture
a large seamless image sensor at a time using an a-Si (amor-
phous silicon) process used for a flat panel display, which is
not a semiconductor process using a silicon wafer, as dis-
closed in ‘Electronics’, 1989-7, p 51-p 56. In addition, manu-
facturing a large image sensor with a-Si is adopted for not
only a line sensor but also a large X-ray sensor used in a
medical field as disclosed in ‘Applied physics’, volume 73,
number 7, p 931-p 934, 2004.

[0009] In the case of the a-Si, however, the mobility of
electron and hole is low and a variation in electrical charac-
teristic (particularly in Vth) in manufacturing is large com-
pared with a silicon wafer which is crystalline silicon.
Accordingly, the a-Si is not suitable for an image sensor for
high sensitivity, high-speed reading, and high S/N.

[0010] Although a CCD or a CMOS sensor is excellent in
terms of high sensitivity and high-speed reading since the
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CCD or the CMOS sensor is formed of single crystal silicon,
it is not possible to manufacture a sensor having a diameter of
a silicon wafer, currently, a sensor having a size of maximum
12 inches (300 mm) because a silicon wafer is manufactured
as a substrate.

[0011] On the other hand, if amorphous silicon is used, a
large sensor may be manufactured without a limitation in the
substrate size by using a process adopted in manufacturing of
a display device. In this case, however, high-speed reading
cannot be expected theoretically since the mobility of elec-
tron and hole in the amorphous silicon is equal to or smaller
than 1/100 of that of single crystal silicon.

[0012] As a method of solving the above problems and
realizing a large sensor which has high sensitivity and per-
forms high-speed reading, a connection type sensor in which
aplurality of CCDs or CMOS sensors are connected has been
proposed and used (refer to JP-A-2000-278605, JP-A-2001-
42042, JP-A-2003-163796, and JP-A-2003-198813).

[0013] A problem of a connection type sensor lies in a
connecting method. Although the CCD or CMOS is config-
ured to include a plurality of photodiodes arrayed and a signal
readout circuit that is connected to each of the photodiodes
and reads a signal charge in a sequential manner, the photo-
diodes and the signal readout circuit cannot be formed up to
the approximate end of a chip surface (since the performance
deteriorates due to an influence of the chip end surface).
Accordingly, the photodiodes cannot be disposed at equal
distances on the basis of a connected result.

[0014] For this reason, either a method of performing divi-
sion imaging by inserting an optical system for dividing an
image between an imaging lens and an image sensor or a
method of arraying a plurality of imaging devices in parallel
s0 as to overlap each other and performing mixing by signal
processing is used.

[0015] Furthermore, in the CCD or the CMOS sensor,
variations in characteristics for every element, particularly
variations in sensitivity characteristic and black level occur.
Accordingly, even if elements are arrayed with mechanically
high accuracy, a sensitivity difference or a black level differ-
ence occurs in a connection portion of the elements, resulting
in a fixed pattern noise. Although the fixed pattern noise can
be suppressed by a signal processing circuit, the cost
increases in the case.

[0016] Although the connection type sensor has the high
sensitivity and performs high-speed reading as described
above, there were disadvantages in that the cost for the con-
nection increased and an imaging optical system was made
large. Moreover, in the case of an area sensor, four or more
sensor chips arrayed in at least two directions need to be
connected at end surfaces in four directions. However, it was
almost impossible to array pixels on the end surfaces in the
four directions.

SUMMARY OF THE INVENTION

[0017] An object of the invention is to provide a solid-state
imaging device in which a fixed pattern noise is not generated,
an optical system for connection is not needed, and high
sensitivity, high-speed reading, large size, and low cost can be
realized.

[0018] According to an aspect of the invention, there is
provided a solid-state imaging device comprising:

[0019] a substrate;

[0020] a plurality of photoelectric conversion elements
arranged in a one-dimensional or two-dimensional array

IPR2025-00689
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above the substrate, the plurality of photoelectric conversion
elements being divided into a plurality of photoelectric con-
version element groups;

[0021] asemiconductor substrate between the substrate and
the plurality of photoelectric conversion elements, corre-
sponding to each of the plurality of photoelectric conversion
element groups; and

[0022] a signal output section in the semiconductor sub-
strates, wherein the signal output section outputs a signal
corresponding to an electric charge generated in each photo-
electric conversion elements of a photoelectric conversion
element group corresponding to the semiconductor substrate.
[0023] In the solid-state imaging device, each of the pho-
toelectric conversion elements may include a pixel electrode,
an opposite electrode opposite to the pixel electrode, and a
photoelectric conversion layer between the opposite elec-
trode and the pixel electrode; a pad portion including a con-
ductive member may be provided on the semiconductor sub-
strate and electrically connects to the pixel electrode of each
photoelectric conversion element of the photoelectric conver-
sion element group corresponding to the semiconductor sub-
strate, and the signal output section may be connected to the
pad portion.

[0024] Inthe solid-state imaging device, the opposite elec-
trode may be disposed above the pixel electrode and has a
one-sheet configuration common to the plurality of photo-
electric conversion elements, and the photoelectric conver-
sion layer may have a one-sheet configuration common to the
plurality of photoelectric conversion elements

[0025] In the solid-state imaging device, each of the pho-
toelectric conversion elements may be one of a Schottky
photodiode, a PIN photodiode, and a metal insulator semi-
conductor photodiode which are formed of amorphous sili-
con.

[0026] In the solid-state imaging device, the photoelectric
conversion layer may include a photoelectric conversion
material containing selenium as a main component.

[0027] In the solid-state imaging device, the photoelectric
conversion layer may include an organic photoelectric con-
version material.

[0028] The solid-state imaging device may further include
a mosaic color filter above the photoelectric conversion layer.
[0029] The solid-state imaging device may further include
a scintillator provided above the photoelectric conversion
layer.

[0030] In the solid-state imaging device, the signal output
section may include a MOS circuit that is connected to the pad
portion and that converts an electric charge trapped in the
pixel electrode connected to the pad portion into a signal and
outputs the signal.

[0031] In the solid-state imaging device, the signal output
section may include: a charge storage portion connected to
the pad portion; a charge transfer device that reads and trans-
fers electric charges accumulated in the charge storage por-
tion; and an output portion that outputs signals corresponding
to the electric charges transferred by the charge transfer
device.

[0032] According to another aspect of the invention, there
is provided an imaging apparatus comprising:

[0033] the solid-state imaging device described above; and
[0034] a driving section for driving the solid-state imaging
device, the driving section including a driving signal gener-
ating section that generates a driving signal for driving the
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signal output section and an encoding section that encodes the
driving signal generated by the driving signal generating sec-
tion,

[0035] wherein the semiconductor substrate includes a
decoding section that decodes the driving signal supplied
from the encoding section and supplies the decoded driving
signal to the signal output section provided in the semicon-
ductor substrate.

[0036] In the imaging apparatus, the driving signal gener-
ating section may generate the driving signal the number of
times required for driving the signal output section provided
in one semiconductor substrate, and the encoding section may
simultaneously supply a driving signal, which is obtained by
encoding the driving signal, to all of the decoding section
included in the solid-state imaging device.

[0037] In the imaging apparatus, the substrate may be a
circuit board including the driving signal generating section
and the encoding section, and a wiring line for connection
between the decoding section of the solid-state imaging
device and the encoding section of the circuit board may be
provided to pass through the semiconductor substrate.

[0038] According to still another aspect of the invention,
there is a provided a method for manufacturing a solid-state
imaging device including a substrate and a plurality of pho-
toelectric conversion elements arranged in a one-dimensional
or two-dimensional array above the substrate, the method
comprising:

[0039] forming a signal output section in each of a plurality
of semiconductor substrates, for outputting signals corre-
sponding to electric charges generated in the photoelectric
conversion elements;

[0040] forming a pad portion with a conductive material on
each of the plurality of semiconductor substrate so that the
pad portion is electrically connected to the signal output
section;

[0041] arraying the plurality of semiconductor substrates
on the substrate in a state where the pad portion is located
upward; and

[0042] forming the photoelectric conversion elements each
including a pixel electrode, a photoelectric conversion layer,
and a opposite electrode, wherein the forming of the photo-
electric conversion elements includes forming the pixel elec-
trode on the pad portion of each of the plurality of semicon-
ductor substrates, independently for every pad portion,
forming the photoelectric conversion layer having a one-
sheet configuration on the pixel electrode, and forming the
opposite electrode having a one-sheet configuration on the
photoelectric conversion layer.

[0043] According to still another aspect of the invention,
there is provided a method for manufacturing a solid-state
imaging device including a substrate and a plurality of pho-
toelectric conversion elements arranged in a one-dimensional
or two-dimensional array above the substrate, the method
comprising:

[0044] forming a signal output section in each of a plurality
of semiconductor substrates, for outputting signals corre-
sponding to electric charges generated in the photoelectric
conversion elements;

[0045] forming a pad portion with a conductive material on
each of the plurality of semiconductor substrate so that the
pad portion is electrically connected to the signal output
section;

IPR2025-00689
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[0046] arraying the plurality of semiconductor substrates
on the substrate in a state where the pad portion is located
upward;

[0047] forming the plurality of photoelectric conversion
elements each including a pixel electrode formed at a position
corresponding to the pad portion of each of the plurality of
semiconductor substrates, a photoelectric conversion layer
that has a one-sheet configuration and is formed on the pixel
electrode, and a opposite electrode that has a one-sheet con-
figuration and is formed on the photoelectric conversion
layer; and

[0048] bonding the pad portion and the pixel electrode cor-
responding to the pad portion together.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] The features of the invention will appear more fully
upon consideration of the exemplary embodiments of the
inventions, which are schematically set forth in the drawings,
in which:

[0050] FIG.1isacross-sectional view showing a schematic
configuration of a solid-state imaging device according to a
first exemplary embodiment of the invention;

[0051] FIG. 2 is a circuit diagram showing the detailed
configuration of a signal readout circuit element shown in
FIG. 1,

[0052] FIG. 3 is a view schematically showing the entire
configuration of the solid-state imaging device shown in FIG.
1

[0053] FIGS. 4A to 4C are cross-sectional views schemati-
cally showing a manufacturing process of the solid-state
imaging device shown in FIG. 1;

[0054] FIG. 5 is a view schematically showing the entire
configuration of a solid-state imaging device according to a
second exemplary embodiment of the invention;

[0055] FIG. 6 is a plan view schematically showing the
solid-state imaging device according to the second embodi-
ment; and

[0056] FIG. 7 is a circuit diagram showing the detailed
configuration of a signal readout circuit element shown in
FIG. 6.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0057] According to an aspect of the invention, it is possible
to provide a solid-state imaging device in which a fixed pat-
ternnoise is not generated, an optical system for connection is
not needed, and high sensitivity, high-speed reading, large
size, and low cost can be realized.

[0058] Hereinafter, exemplary embodiments of the inven-
tion will be described with reference to the accompanying
drawings.

First Embodiment

[0059] FIG. 1 is a cross-sectional view showing the sche-
matic configuration of a solid-state imaging device according
to a first exemplary embodiment of the invention. FIG. 2 is a
circuit diagram showing the detailed configuration of a signal
readout circuit element 2 shown in FIG. 1. FIG. 3 is a mimetic
diagram showing the entire configuration of the solid-state
imaging device shown in FIG. 1.

[0060] The solid-state imaging device 100 shown in FIG. 1
includes a circuit board 1, a plurality of signal readout circuit
elements 2 arranged in a one-dimensional manner on the
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circuit board 1 as shown in FIG. 3, and a photoelectric con-
version section 4 formed on the plurality of signal readout
circuit elements 2.

[0061] The photoelectric conversion section 4 includes a
plurality of pixel electrodes 41 arrayed in a one-dimensional
manner, a photoelectric conversion layer 42 which has a
one-sheet configuration and is formed on the plurality of pixel
electrodes 41, a opposite electrode 43 which has a one-sheet
configuration and is formed on the photoelectric conversion
layer 42, and a protective layer 44 formed on the opposite
electrode 43.

[0062] The photoelectric conversion layer 42 is formed of
an organic or inorganic photoelectric conversion material
which absorbs light in a specific wavelength range of incident
light and generates an electric charge corresponding to the
light. In case of using an organic photoelectric conversion
material, for example, quinacridone which absorbs light in a
green wavelength range may be used. In case of using a
photoelectric conversion material containing selenium as a
main component for the photoelectric conversion layer 42, an
X ray can be detected in the photoelectric conversion layer 42.
Accordingly, an X ray sensor can be realized.

[0063] The pixel electrode 41 may be formed of a material
as long as the material is a conductive material. The opposite
electrode 43 is formed of a material (for example, an ITO)
allowing at least light in a wavelength range, which is
absorbed in the photoelectric conversion layer 42, of incident
light to be transmitted therethrough, since the incident light
needs to be incident on the photoelectric conversion layer 42.
A predetermined bias voltage is applied to the opposite elec-
trode 43. By application of the bias voltage, the bias voltage
is applied between the pixel electrode 41 and the opposite
electrode 43 and, for example, an electron of electric charges
(electron, hole) generated in the photoelectric conversion
layer 42 moves to the pixel electrode 41 and is trapped
therein.

[0064] The pixel electrode 41, a portion of the opposite
electrode 43 overlapping the pixel electrode 41, and a portion
of'the photoelectric conversion layer 42 overlapping the pixel
electrode 41 form one photoelectric conversion element. The
solid-state imaging device shown in FIG. 1 has a plurality of
photoelectric conversion elements. The plurality of photo-
electric conversion elements are divided into a plurality of
photoelectric conversion element groups, and the signal read-
out circuit element 2 is provided corresponding to each of the
plurality of photoelectric conversion element groups.

[0065] Moreover, as the configuration of a photoelectric
conversion element having a pair of electrodes and a photo-
electric conversion layer interposed between the electrodes, a
Schottky, PIN, or MIS (metal insulator semiconductor) pho-
todiode structure using amorphous silicon is adopted.
[0066] The protective layer 44 is a layer for protecting a
plurality of photoelectric conversion elements and is formed
of an insulating material allowing incident light to be trans-
mitted therethrough.

[0067] AsshowninFIGS.1and?2, the signal readout circuit
element 2 includes a signal output section having a semicon-
ductor substrate 20 formed of crystalline silicon or polysili-
con, a pad portion 22, an insulating layer 23, a scanning
circuit 29, a controller 30, a MOS circuit 21, a CDS 27, a
transistor 28, an A/D converter 31, a resistor 32, a signal line
24, a reset line 25, and a row selection line 26.

[0068] The MOS circuit 21 and the pad portion 22 are
provided corresponding to the pixel electrode 41 of each
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photoelectric conversion element included in the photoelec-
tric conversion element group corresponding to the signal
readout circuit element 2.

[0069] The pad portion 22 electrically connects the corre-
sponding pixel electrode 41 and an input terminal of the MOS
circuit 21 corresponding to this pixel electrode 41 with each
other and is formed of a conductive material.

[0070] AsshowninFIG. 2, the MOS circuit 21 has a known
three-transistor configuration including a reset transistor 21a
for resetting an electric charge trapped in the pixel electrode
41, an output transistor 215 which converts the electric charge
into a signal corresponding to the amount of electric charges,
and a row selection transistor 21¢ which selectively outputs
an output signal from the output transistor 215 to the signal
line 24.

[0071] The scanning circuit 29 is connected to a gate of the
reset transistor 21a through the reset line 25. The scanning
circuit 29 is connected to a gate of the row selection transistor
21c¢ through the row selection line 26. The signal line 24 is
connected to an output terminal of the row selection transistor
21c. When a row selection signal is supplied from the scan-
ning circuit 29 to the MOS circuit 21 through the row selec-
tion line 26, a signal corresponding to the electric charge
trapped in the corresponding pixel electrode 41 is output from
the row selection transistor 21c¢ to the signal line 24. After
output of the signal, when a reset signal is supplied through
the reset line 25, the electric charge trapped in the pixel
electrode 41 is reset by the reset transistor 21a. The scanning
circuit 29 outputs all signals from the MOS circuit 21 by
sequentially supplying a row selection signal to each MOS
circuit 21.

[0072] The controller 30 controls the scanning circuit 29
and is controlled by a system controller which makes an
overall control of an imaging apparatus in which the solid-
state imaging device 100 is provided.

[0073] The CDS 27 is a circuit which performs noise elimi-
nation by performing correlation double sampling processing
on the signal output to the signal line 24. The A/D converter
31 converts the output signal from the CDS 27 into a digital
signal.

[0074] Thus, the signal output section is formed in the
semiconductor substrate 20 and on the semiconductor sub-
strate 20 by a known CMOS process. The pad portion 22 is
formed on the semiconductor substrate 20 formed with the
signal output section. The insulating layer 23 serves to insu-
late the pad portion 22 other than a surface thereof.

[0075] Constituent components, such as a memory in
which a digital signal output from the signal readout circuit
element 2 is temporarily stored, a digital signal processing
circuit which generates image data by performing digital
signal processing on the digital signal stored in the memory,
a compression and decompression circuit which performs
compression and decompression of the image data, and the
system controller, are formed on the circuit board 1. Connec-
tion between an output terminal of the signal readout circuit
element 2 and an input terminal of the circuit board 1 is made
by using a through wiring line 50 which passes through the
semiconductor substrate 20.

[0076] The pixel electrode 41 is formed on the correspond-
ing pad portion 22, and the plane area is sufficiently larger
than that of the pad portion 22. Thus, the positional deviation
between the pixel electrode 41 and the pad portion 22 during
a manufacturing process may be permitted. In addition, the
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pixel electrodes 41 are arrayed at equal distances on the
plurality of signal readout circuit elements 2.

[0077] An operation of the solid-state imaging device 100
configured as above will be described.

[0078] After exposure time ends, signals generated in pho-
toelectric conversion elements of each photoelectric conver-
sion element group are output from the signal readout circuit
elements 2 corresponding to that photoelectric conversion
element group and the signals are stored in a memory of the
circuit board 1. Ifa configuration in which parallel processing
of writing of the signals into the memory can be executed is
adopted, reading of the signals from the signal readout circuit
element 2 can be performed simultaneously in all the signal
readout circuit elements 2. In the case of a configuration in
which parallel processing is not possible, reading of a signal
from each signal readout circuit element 2 is performed by
timing shift.

[0079] When all signals from the plurality of photoelectric
conversion elements included in the solid-state imaging
device 100 are stored in the memory, image data with the
same resolution as the plurality of photoelectric conversion
elements is generated from the signals and the image data is
stored in a record medium.

[0080] A method of manufacturing the solid-state imaging
device 100 configured as above will be described.

[0081] First, required circuits, such as a digital signal pro-
cessing circuit, are formed on the circuit board 1. Then, the
signal output section, the scanning circuit 29, the controller
30, and the through wiring line 50 are formed in the semicon-
ductor substrate 20 using a known CMOS process, the pad
portion 22 is formed thereon, an insulating material is formed
on the pad portion 22, and the insulating material is made flat
until the pad portion 22 is exposed in order to form the
insulating layer 23, thereby forming the signal readout circuit
element 2. After forming the plurality of signal readout circuit
elements 2, the plurality of signal readout circuit elements 2
are mounted on the circuit board 1 such that the pad portion 22
has a straight line shape and the height of the pad portion 22
is fixed (FIG. 4A). At this time, connection between a circuit
of the circuit board 1 and the through wiring line 50 is also
made. The plurality of signal readout circuit elements 2 are
fixed to the circuit board 1 with an adhesive, for example,
after mounting the signal readout circuit elements 2.

[0082] Then, a conductive material is formed on the pad
portion 22 and the insulating layer 23 and is patterned to
thereby form the pixel electrodes 41 on the pad portion 22 at
equal distances. Since the plane area of the pixel electrode 41
is sufficiently larger than that of the pad portion 22, the pixel
electrodes 41 can be formed at equal distances even if there is
a variation in formation position of the pad portion 22. As a
result, the array pitch between the photoelectric conversion
elements may be fixed.

[0083] Then, an insulating layer 51 is formed in a gap
between the pixel electrodes 41 by forming an insulating
material on the pixel electrodes 41 and making the insulating
material flat until the pixel electrodes 41 are exposed (FIG.
4B). In addition, the pixel electrodes 41 and the insulating
layer 51 may also be formed by forming an insulating mate-
rial on the pad portion 22 and the insulating layer 23, making
the insulating material left only in a region where a gap
between the pixel electrodes 41 is to be present by a photo-
lithographic technique, forming a conductive material, and
making the conductive material flat by CMP.
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[0084] Then, on the pixel electrodes 41 and the insulating
layer 51, a photoelectric conversion material is formed over a
plurality of semiconductor substrates 20 to thereby form the
photoelectric conversion layer 42 having a one-sheet configu-
ration above the plurality of semiconductor substrates 20.
Then, the opposite electrode 43 having a one-sheet configu-
ration is formed by forming an ITO on the photoelectric
conversion layer 42 and the protective layer 44 is formed by
forming a transparent resin, for example, on the opposite
electrode 43 (FIG. 4C), thereby obtaining the device shown in
FIG. 1.

[0085] As described above, in the case of the pixel elec-
trodes 41, the processing accuracy is far low and the accuracy
of alignment with the pad portion 22 is also low, compared
with the signal readout circuit elements 2. In addition, con-
stituent elements located above the pixel electrodes 41 of the
photoelectric conversion section 4 may be formed only by
film forming processing of a material. Accordingly, since a
process used for an amorphous silicon sensor can be adopted
to form the photoelectric conversion section 4, and the large
photoelectric conversion section 4 can be created. Further-
more, since a means for reading a signal from the large pho-
toelectric conversion section 4 is realized by connecting the
plurality of signal readout circuit elements 2 formed by using
a silicon wafer or a polysilicon wafer, a variation in electrical
characteristics in manufacturing may be reduced.

[0086] Thus, according to the solid-state imaging device
100, the large photoelectric conversion section can be formed
without a joint and a signal obtained from the large photo-
electric conversion section can be read by the signal readout
circuit element 2 using a semiconductor substrate. As a result,
it is possible to provide a line sensor which has high sensitiv-
ity and large size, performs a high-speed read operation, is
manufactured at low cost, and does not need an optical system
for connection and in which a fixed pattern noise resulting
from connection is not generated.

[0087] Furthermore, according to the solid-state imaging
device 100, connection between the signal readout circuit
elements 2 and the circuit board 1 is made by the through
wiring line passing through the semiconductor substrate 20.
Accordingly, the wiring line for connection does not need to
be formed on a surface of the semiconductor substrate 20, and
the degree of freedom of the arrangement layout of constitu-
ent elements of the signal readout circuit element 2 can be
improved. As a result, it becomes easy to array a plurality of
photoelectric conversion elements at fixed pitches.

[0088] Furthermore, in FIG. 1, color imaging may be per-
formed by providing a mosaic color filter (for example, one
obtained by arraying in the mosaic shape three kinds of color
filters of a color filter allowing red light to be transmitted
therethrough, a color filter allowing green light to be trans-
mitted therethrough, and a color filter allowing blue light to be
transmitted therethrough) divided for a plurality of photo-
electric conversion elements above the photoelectric conver-
sion layer 42, for example, between the opposite electrode 43
and the protective layer 44 and forming the photoelectric
conversion layer 42 using a material that absorbs light in a
visible range and generates an electric charge corresponding
to the light.

[0089] Furthermore, in FIG. 1, an X-ray imaging may be
performed by providing a scintillator above the photoelectric
conversion layer 42, for example, between the opposite elec-
trode 43 and the protective layer 44 and forming the photo-
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electric conversion layer 42 using a material that absorbs an X
ray and generates an electric charge corresponding to the X
ray.

[0090] Furthermore, other than those described above, the
signal output section of the solid-state imaging device 100
may also be formed by using a CCD circuit including a charge
storage portion connected to the pad portion 22, a charge
transfer device (CCD) which reads and transfers electric
charges accumulated in the charge storage portion, and an
output portion which outputs signals corresponding to the
electric charges transferred by the charge transfer device.
[0091] Moreover, although connection between the signal
readout circuit element 2 and the circuit board 1 is made by
the through wiring line passing through the semiconductor
substrate 20 in the above description, it is also possible to
provide a pad connected to the signal output section in a
region where the signal readout circuit element 2 is not
present and to connect the pad and the circuit board 1 to each
other with a wiring line.

[0092] Moreover, although the pixel electrodes 41, the pho-
toelectric conversion layer 42, the opposite electrode 43, and
the protective layer 44 are laminated sequentially from the
state shown in FIG. 4A in the above description, a device
shown in FIG. 4C may also be formed by independently
forming elements in a state shown in FIG. 4A and elements
above the pixel electrodes 41 shown in FIG. 4C and bonding
those elements.

Second Embodiment

[0093] Inasolid-state imaging device described inasecond
exemplary embodiment, the array ofthe signal readout circuit
elements 2 of the solid-state imaging device 100 described in
the first embodiment is changed from the one-dimensional
shape to the two-dimensional shape, the array of photoelec-
tric conversion elements corresponding to the respective sig-
nal readout circuit element 2 is changed from the one-dimen-
sional shape to the two-dimensional shape, and the
configuration of each signal readout circuit element 2 and the
configuration of the circuit board 1 change with the changes.
[0094] FIG. 5 is a schematic view showing the entire con-
figuration of a solid-state imaging device 200 according to a
second embodiment of the invention. FIG. 6 is a plan view
schematically showing the solid-state imaging device 200
according to the second embodiment of the invention. FIG. 7
is a circuit diagram showing the detailed configuration of a
signal readout circuit element 2 shown in FIG. 6. The cross-
sectional view schematically showing the solid-state imaging
device 200 is the same as that shown in FIG. 1.

[0095] The solid-state imaging device 200 includes a cir-
cuit board 1, four or more signal readout circuit elements 2
(here, four signal readout circuit elements 2 are assumed)
arrayed in a two-dimensional manner on the circuit board 1 as
shown in FIG. 5, and a photoelectric conversion section 4
formed on the signal readout circuit elements 2. Photoelectric
conversion elements formed on each of the signal readout
circuit elements 2 are arrayed in the two-dimensional shape as
a whole. Thus, an area sensor is formed. The number of
photoelectric conversion elements formed on each signal
readout circuit element 2 corresponding to the signal readout
circuit element 2 is (3000 in a vertical directionx3000 in a
horizontal direction), for example. That is, the solid-state
imaging device 200 may obtain an image having 36 million
pixels.
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[0096] The signal readout circuit element 2 includes 3000
pad portions 22 corresponding to pixel electrodes 41 of
respective photoelectric conversion elements of a corre-
sponding photoelectric conversion element group and 3000
MOS circuits 21 connected to the 3000 pad portions 22.
[0097] A row selection line 26 and a reset line 25 are pro-
vided on a MOS circuit row configured to include the 3000
MOS circuits 21 provided in parallel in a horizontal direction.
The row selection line 26 is connected to a gate of each row
selection transistor 21¢ of the MOS circuit row, and the reset
line 25 is connected to a gate of each reset transistor 21a of the
MOS circuit row. The row selection line 26 and the reset line
25 are connected to a vertical scanning pulse decoder 34.
[0098] A signalline 24,aCDS 27, an A/D converter 31, and
a column selection transistor 33 are provided on a MOS
circuit column configured to include the 3000 MOS circuits
21 provided in parallel in a vertical direction. The signal line
24 is connected to an output terminal of each row selection
transistor 21¢ of the MOS circuit column. The signal line 24
is connected to the CDS 27, the CDS 27 is connected to an
input of the column selection transistor 33, and a gate of the
column selection transistor 33 is connected to a horizontal
scanning pulse decoder 35. The A/D converter 31 is con-
nected to an output of the column selection transistor 33.
[0099] The MOS circuit 21, the CDS 27, the transistor 28,
the A/D converter 31, the resistor 32, the signal line 24, the
reset line 25, the row selection line 26, and the column selec-
tion transistor 33 form a signal output section.

[0100] As shown in FIG. 6, a vertical scanning pulse
encoder 36, a vertical scanning circuit 37, a horizontal scan-
ning pulse encoder 38, and a horizontal scanning circuit 39
are formed on the circuit board 1 in addition to a circuit that
processes a signal output from each signal readout circuit
element 2. The vertical scanning pulse encoder 36, the verti-
cal scanning circuit 37, the horizontal scanning pulse encoder
38, and the horizontal scanning circuit 39 are constituent
components on a side of an imaging apparatus in which the
solid-state imaging device 200 is mounted and function as a
driving means for driving the solid-state imaging device 200.
[0101] The vertical scanning circuit 37 generates 3000 row
selection signals and 3000 reset signals to be output to respec-
tive MOS circuit rows included in one signal readout circuit
element 2, and 6000 signal lines the number of which is the
same as the total number of row selection lines 26 and reset
lines 25 included in one signal read circuit element 2 are
connected to the vertical scanning circuit 37.

[0102] The vertical scanning pulse encoder 36 encodes row
selection signals and reset signals, which are received from
the 6000 signal lines connected with the vertical scanning
circuit 37, reduces the number of row selection signals and
reset signals, and outputs the reduced row selection signals
and reset signals to the vertical scanning pulse decoder 34 of
each signal readout circuit element 2 simultaneously.

[0103] The vertical scanning pulse decoder 34 decodes the
row selection signals and the reset signals, which are received
from the vertical scanning pulse encoder 36, to restore 3000
row selection signals and 3000 reset signals and supplies the
3000 row selection signals and the 3000 reset signals to the
reset lines 25 and the row selection lines 26 in a sequential
manner.

[0104] The horizontal scanning circuit 39 generates 3000
row selection signals, which are to be output to column selec-
tion transistors 33 included in one signal readout circuit ele-
ment 2, and 3000 signal lines the number of which is the same
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as the total number of column selection transistors 33
included in one signal readout circuit element 2 are connected
to the horizontal scanning circuit 39.

[0105] The horizontal scanning pulse encoder 38 encodes
column selection signals, which are received from the 3000
signal lines connected with the horizontal scanning circuit 39,
reduces the number of column selection signals, and outputs
the reduced row selection signals to the horizontal scanning
pulse decoder 35 of each signal readout circuit element 2
simultaneously.

[0106] The horizontal scanning pulse decoder 35 decodes
the row selection signals, which are received from the hori-
zontal scanning pulse encoder 38, to restore 3000 row selec-
tion signals, and supplies the 3000 row selection signals to the
respective column selection transistors 33.

[0107] A wiring line for connection between the vertical
scanning pulse decoder 34 and the vertical scanning pulse
encoder 36 and a wiring line connection between the hori-
zontal scanning pulse decoder 35 and the horizontal scanning
pulse encoder 38 are formed of a through wiring line 50
passing through the semiconductor substrate 20 as shown in
FIG. 1.

[0108] The vertical scanning pulse decoder 34 selects the
MOS circuit rows sequentially from the above by supplying
row selection signals to the row selection lines 26 sequen-
tially from the above. The horizontal scanning pulse decoder
35 can make a signal from each MOS circuit 21 of a MOS
circuit row selected sequentially output by supplying column
selection signals to the column selection transistors 33
sequentially from the left while one MOS circuit row is being
selected. Through such processing, a signal generated in each
photoelectric conversion element of each signal readout cir-
cuit element 2 can be output to the outside.

[0109] A method of manufacturing method the solid-state
imaging device 200 configured as described above will be
described.

[0110] First, required circuits including a digital signal pro-
cessing circuit, the vertical scanning pulse encoder 36, the
vertical scanning circuit 37, the horizontal scanning pulse
encoder 38, and the horizontal scanning circuit 39 are formed
on the circuit board 1. Then, the signal output section, the
vertical scanning pulse decoder 34, the horizontal scanning
pulse decoder 35, and the through wiring line 50 are formed
in the semiconductor substrate 20 using a known CMOS
process, the pad portion 22 is formed thereon, an insulating
material is formed on the pad portion 22, and the insulating
material is made flat until the pad portion 22 is exposed in
order to form the insulating layer 23, thereby forming the
signal readout circuit element 2.

[0111] After forming the four signal readout circuit ele-
ments 2, the signal readout circuit elements 2 are mounted on
the circuit board 1 such that the pad portion 22 has a two-
dimensional shape and the height of the pad portion 22 is
fixed. At this time, connection between a circuit of the circuit
board 1 and the through wiring line 50 is also made. After
mounting the signal readout circuit element 2, the four signal
readout circuit elements 2 are fixed to the circuit board 1 with
an adhesive, for example. Thereafter, the pixel electrodes 41,
the photoelectric conversion layer 42, the opposite electrode
43, and the protective layer 44 are formed by using the same
method as in the first embodiment, thereby completing the
solid-state imaging device 200.

[0112] As described above, according to the solid-state
imaging device 200, a large image sensor can be realized by
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arraying the signal readout circuit elements 2 in the two-
dimensional shape and forming the photoelectric conversion
elements corresponding to the signal readout circuit elements
2. Moreover, the vertical scanning circuit 37 and the horizon-
tal scanning circuit 39 are not provided but the vertical scan-
ning pulse decoder 34 and the horizontal scanning pulse
decoder 35 are provided in the signal readout circuit element
2, and the vertical scanning circuit 37, the vertical scanning
pulse encoder 36, the horizontal scanning circuit 39, and the
horizontal scanning pulse encoder 38 are provided in the
circuit board 1. The circuit size of the vertical scanning pulse
decoder 34 and the horizontal scanning pulse decoder 35 is
sufficiently smaller than that of the vertical scanning circuit
37 and the horizontal scanning circuit 39. Accordingly, since
the degree of freedom of the arrangement layout of the pad
portion 22 or the MOS circuit 21 included in the signal read-
out circuit element 2 can be improved, it becomes easy to
array a plurality of photoelectric conversion elements at fixed
pitches.

[0113] Furthermore, the number of wiring lines for connec-
tion between the circuit board 1 and the signal readout circuit
element 2 can be significantly reduced by inputting a signal
from each of the vertical scanning circuit 37 and the horizon-
tal scanning circuit 39 to an MOS circuit through the vertical
scanning pulse decoder 34, the horizontal scanning pulse
decoder 35, the vertical scanning pulse encoder 36, and the
horizontal scanning pulse encoder 38 without directly input-
ting the signal to the MOS circuit. Therefore, even in the case
of a large image sensor having 36 million pixels, leading of
wiring lines required for manufacturing can be performed
satisfactorily.

[0114] Furthermore, since signals from the vertical scan-
ning pulse encoder 36 and the horizontal scanning pulse
encoder 38 are input to the vertical scanning pulse decoder 34
and the horizontal scanning pulse decoder 35 in each signal
readout circuit element 2 at the same timing, signal reading
processing can be performed in parallel in all the signal read-
out circuit elements 2. As a result, a time taken for signal
readout can be shortened.

[0115] In addition, similar to the present embodiment, the
solid-state imaging device 100 may also have a configuration
in which an encoder and a decoder are provided. In this case,
it is preferable to adopt a configuration in which the scanning
circuit 29 shown in FIG. 2 and an encoder, which encodes a
signal generated in the scanning circuit 29, are provided in the
circuit board 1 and a decoder, which decodes the signal from
the encoder, is provided instead of the scanning circuit 29
shown in FIG. 2. Also in this case, signal reading processing
from each signal readout circuit element 2 can be performed
simultaneously by supplying a signal from the encoder,
which is provided in the circuit board 1, to the decoder of each
signal readout circuit element 2 at the same time, an imaging
time can be shortened.

What is claimed is:

1. A solid-state imaging device comprising:

a substrate;

a plurality of photoelectric conversion elements arranged
in a one-dimensional or two-dimensional array above
the substrate, the plurality of photoelectric conversion
elements being divided into a plurality of photoelectric
conversion element groups;

a semiconductor substrate between the substrate and the
plurality of photoelectric conversion elements, corre-
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sponding to each of the plurality of photoelectric con-
version element groups; and

a signal output section in the semiconductor substrates,

wherein the signal output section outputs a signal corre-
sponding to an electric charge generated in each photo-
electric conversion elements of a photoelectric conver-
sion element group corresponding to the semiconductor
substrate.

2. The solid-state imaging device according to claim 1,
wherein

each of the photoelectric conversion elements includes a

pixel electrode, an opposite electrode opposite to the
pixel electrode, and a photoelectric conversion layer
between the opposite electrode and the pixel electrode,

a pad portion including a conductive member is provided

on the semiconductor substrate and electrically connects
to the pixel electrode of each photoelectric conversion
element of the photoelectric conversion element group
corresponding to the semiconductor substrate, and

the signal output section is connected to the pad portion.

3. The solid-state imaging device according to claim 2,
wherein

the opposite electrode is disposed above the pixel electrode

and has a one-sheet configuration common to the plu-
rality of photoelectric conversion elements, and

the photoelectric conversion layer has a one-sheet configu-

ration common to the plurality of photoelectric conver-
sion elements.

4. The solid-state imaging device according to claim 2,
wherein each of the photoelectric conversion elements is one
of a Schottky photodiode, a PIN photodiode, and a metal
insulator semiconductor photodiode which are formed of
amorphous silicon.

5. The solid-state imaging device according to claim 2,
wherein the photoelectric conversion layer includes a photo-
electric conversion material containing selenium as a main
component.

6. The solid-state imaging device according to claim 2,
wherein the photoelectric conversion layer includes an
organic photoelectric conversion material.

7. The solid-state imaging device according to claim 6,
further comprising a mosaic color filter above the photoelec-
tric conversion layer.

8. The solid-state imaging device according to claim 6,
further comprising a scintillator above the photoelectric con-
version layer.

9. The solid-state imaging device according to claim 2,
wherein the signal output section includes a MOS circuit that
is connected to the pad portion and that converts an electric
charge trapped in the pixel electrode connected to the pad
portion into a signal and outputs the signal.

10. The solid-state imaging device according to claim 2,
wherein the signal output section includes: a charge storage
portion connected to the pad portion; a charge transfer device
that reads and transfers electric charges accumulated in the
charge storage portion; and an output portion that outputs
signals corresponding to the electric charges transferred by
the charge transfer device.

11. An imaging apparatus comprising:

a solid-state imaging device according to claim 1; and

adriving section for driving the solid-state imaging device,

the driving section including a driving signal generating
section that generates a driving signal for driving the

IPR2025-00689

Apple-Sony EX1042 Page 15



US 2009/0091806 Al

signal output section and an encoding section that
encodes the driving signal generated by the driving sig-
nal generating section,

wherein the semiconductor substrate includes a decoding

section that decodes the driving signal supplied from the
encoding section and supplies the decoded driving sig-
nal to the signal output section provided in the semicon-
ductor substrate.

12. The imaging apparatus according to claim 11, wherein

the driving signal generating section generates the driving

signal the number oftimes required for driving the signal
output section provided in one semiconductor substrate,
and

the encoding section simultaneously supplies a driving

signal, which is obtained by encoding the driving signal,
to all of the decoding section included in the solid-state
imaging device.

13. The imaging apparatus according to claim 11, wherein

the substrate is a circuit board including the driving signal

generating section and the encoding section, and

a wiring line for connection between the decoding section

of the solid-state imaging device and the encoding sec-
tion of the circuit board is provided to pass through the
semiconductor substrate.

14. A method for manufacturing a solid-state imaging
device including a substrate and a plurality of photoelectric
conversion elements arranged in a one-dimensional or two-
dimensional array above the substrate, the method compris-
ing;

forming a signal output section in each of a plurality of

semiconductor substrates, for outputting signals corre-
sponding to electric charges generated in the photoelec-
tric conversion elements;

forming a pad portion with a conductive material on each

of the plurality of semiconductor substrate so that the
pad portion is electrically connected to the signal output
section;

arraying the plurality of semiconductor substrates on the

substrate in a state where the pad portion is located
upward; and
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forming the photoelectric conversion elements each
including a pixel electrode, a photoelectric conversion
layer, and a opposite electrode, wherein the forming of
the photoelectric conversion elements includes forming
the pixel electrode on the pad portion of each of the
plurality of semiconductor substrates, independently for
every pad portion, forming the photoelectric conversion
layer having a one-sheet configuration on the pixel elec-
trode, and forming the opposite electrode having a one-
sheet configuration on the photoelectric conversion
layer.

15. A method for manufacturing a solid-state imaging
device including a substrate and a plurality of photoelectric
conversion elements arranged in a one-dimensional or two-
dimensional array above the substrate, the method compris-
ing:

forming a signal output section in each of a plurality of

semiconductor substrates, for outputting signals corre-
sponding to electric charges generated in the photoelec-
tric conversion elements;

forming a pad portion with a conductive material on each

of the plurality of semiconductor substrate so that the
pad portion is electrically connected to the signal output
section;

arraying the plurality of semiconductor substrates on the

substrate in a state where the pad portion is located
upward,

forming the plurality of photoelectric conversion elements

each including a pixel electrode formed at a position
corresponding to the pad portion of each of the plurality
of semiconductor substrates, a photoelectric conversion
layer that has a one-sheet configuration and is formed on
the pixel electrode, and a opposite electrode that has a
one-sheet configuration and is formed on the photoelec-
tric conversion layer; and

bonding the pad portion and the pixel electrode corre-

sponding to the pad portion together.

sk sk sk sk sk

IPR2025-00689

Apple-Sony EX1042 Page 16





