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(54) SOLID-STATE IMAGING DEVICE

(57) A solid-state imaging device 1A includes a sen-
sor panel section 10 and a readout circuit section 40. The
sensor panel section 10 is disposed on a glass substrate
12 and has a photodetecting section 20 including pixels
P1,1 to PM,N arrayed in M rows and N columns, row se-
lection lines Q1 to QM, and readout lines R1 to RN. The
readout circuit section 40 is disposed on a substrate 41
and has N integration circuits 42. Rectifier circuits 72 are
connected between nodes N1 to NN, between N pan-
el-side connection points 13 and the integration circuits
42, and a constant potential line 71. Circuit elements 73
having resistance components are connected between
the nodes N1 to NN and readout lines R1 to RN. Thus,
even when a short circuit occurs between the row selec-
tion line and readout line at a certain column, output volt-
age values from the integration circuits at the other col-
umns can be prevented from becoming abnormal.
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Description

Technical Field

[0001] The present invention relates to a solid-state
imaging device.

Background Art

[0002] Patent Literature 1 describes a technique con-
cerning a photoelectric conversion device comprising a
plurality of photoelectric conversion elements arranged
in a matrix form, and a method for manufacturing the
same. In this photoelectric conversion device and man-
ufacturing method, when a part of photoelectric conver-
sion signal output is inappropriate, a matrix signal line
corresponding to the signal is cut with laser and the like
in order to prevent a defect such as disconnection occur-
ring in the matrix signal line from causing crosstalk to
other signal lines.
[0003] Patent Literature 2 describes a technique con-
cerning a solid-state imaging device. This solid-state im-
aging device eliminates leak currents by electrically sep-
arating a failure portion caused by a short circuit of signal
lines within a pixel and the like in a CCD image sensor
or a CMOS image sensor. For the separation, a separa-
tion circuit section is provided between a pixel block sec-
tion and a readout circuit section.
[0004] Patent Literature 3 describes a technique con-
cerning a solid-state imaging device. In this solid-state
imaging device, a protection diode is provided between
scanning lines and data lines and a constant potential
line for electrostatic protection in each pixel in order to
prevent electrostatic breakdown from occurring.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Patent Application
Laid-Open No. 2000-046645
Patent Literature 2: Japanese Patent Application
Laid-Open No. 2009-089078
Patent Literature 3: Japanese Patent Application
Laid-Open No. 2009-302092

Summary of Invention

Technical Problem

[0006] A solid-state imaging device has a photodetect-
ing section in which a plurality of pixels are arrayed two-
dimensionally over a plurality of rows and a plurality of
columns. A photodiode for converting light incident ther-
eon into an electron is arranged in each pixel. The pho-
todiodes of the pixels are connected through transistors

to readout lines provided for the respective columns, and
charges accumulated within the photodiode flow out to
the readout line when the transistor is turned on. The
charges reach an integration circuit through the readout
line and are converted into a voltage signal in the inte-
gration circuit.
[0007] A row selection line provided for each row is
connected to a control terminal of the transistor of each
pixel. An on-voltage for the transistor is applied from the
row selection line to the control terminal for each row,
whereby the charges are read out from the pixels for each
row. An imaging element in which a readout line for each
column is thus provided with an integration circuit without
having an amplifier circuit for each pixel is referred to as
passive pixel sensor (PPS). An imaging element having
an amplifier circuit for each pixel is referred to as active
pixel sensor (APS).
[0008] One mode of abnormality in the solid-state im-
aging device having the configuration described above
is a short circuit between the row selection line and rea-
dout line. When the row selection line and readout line
are short-circuited to each other, the potential of the re-
adout line approaches that of the row selection line (i.e.,
the potential of the control terminal of the transistor). This
causes the output voltage value from the integration cir-
cuit to become an abnormal value. When the output volt-
age value is abnormal in only one column, the pixel value
of this column can be interpolated by using pixel values
of its adjacent columns. When the output abnormal value
of such an integration circuit is too large, however, it may
affect operations of other integration circuits adjacent
thereto, whereby output voltage values from the other
integration circuits may also become abnormal. If output
voltage values of a plurality of columns thus become ab-
normal, it will be hard to interpolate the pixel values of
these columns.
[0009] In view of the above problem, it is an object of
the present invention to provide a solid-state imaging de-
vice which, even when a short circuit between a row se-
lection line and a readout line occurs at a certain column,
can prevent output voltage values from integration cir-
cuits at the other columns from becoming abnormal.

Solution to Problem

[0010] In order to solve the above-described problem,
the solid-state imaging device in accordance with the
present invention comprises a sensor panel section
formed on a first substrate, and having a photodetecting
section constructed by two-dimensionally arraying pix-
els, each including a photodiode and a thin-film transistor
having one current terminal connected to the photodiode,
over a plurality of rows and a plurality of columns, a plu-
rality of row selection lines provided for the respective
rows and connected to control terminals of the thin-film
transistors included in the pixels of the corresponding
rows, and a plurality of readout lines provided for the
respective columns and connected to the other current
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terminals of the thin-film transistors included in the pixels
of the corresponding columns; a readout circuit section
disposed on a second substrate different from the first
substrate, and having a plurality of integration circuits for
respectively outputting voltage values corresponding to
amounts of charges input through the plurality of readout
lines; a plurality of panel-side connection points disposed
on the first substrate, and for respectively interconnecting
the plurality of readout lines on the first substrate and the
plurality of integration circuits on the second substrate;
a plurality of rectifier circuits respectively connected be-
tween a plurality of nodes, between the plurality of panel-
side connection points and the plurality of integration cir-
cuits, and a constant potential line; and a plurality of cir-
cuit elements respectively connected between the plu-
rality of nodes and the plurality of readout lines, and hav-
ing resistance components.
[0011] In this solid-state imaging device, a sensor pan-
el section is provided with a panel-side connection point
for interconnecting a readout line and an integration cir-
cuit, and a rectifier circuit is connected between a node
between the panel-side connection point and integration
circuit and a constant potential line. A circuit element hav-
ing a resistance component is further connected between
the node and readout line.
[0012] When a row selection line and a readout line
are short-circuited to each other at a certain column of
this solid-state imaging device, the readout line changes
its potential, whereby the rectifier circuit connected be-
tween the constant potential line and readout line is
turned on. At this time, a current flowing between the row
selection line and the constant potential line passes
through the circuit element having a resistance compo-
nent, so that the potential of the wiring line located closer
to the integration circuit with respect to the circuit ele-
ment, i.e., the input potential to the integration circuit, is
held at the potential of the constant potential line (a po-
tential obtained by subtracting therefrom the voltage drop
caused by the rectifier circuit to be exact). This can inhibit
the output abnormal value of the integration circuit at this
column from increasing too much and suppress influence
over operations of other integration circuits, thereby pre-
venting output voltage values from the other integration
circuits from becoming abnormal.

Advantageous Effects of Invention

[0013] The solid-state imaging device in accordance
with the present invention, even when a short circuit be-
tween a row selection line and a readout line occurs at
a certain column, can prevent output voltage values from
integration circuits at the other columns from becoming
abnormal.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 is a plan view illustrating a configuration
of a solid-state imaging device in accordance with
one embodiment.
[Fig. 2] Fig. 2 is a plan view enlarging a part of the
solid-state imaging device.
[Fig. 3] Fig. 3 is a side sectional view illustrating a
cross section taken along the line I-I in Fig. 2.
[Fig. 4] Fig. 4 is a diagram illustrating an inner con-
figuration of a sensor panel section and a readout
circuit section.
[Fig. 5] Fig. 5 includes (a), (b) diagrams illustrating
examples of circuit elements.
[Fig. 6] Fig. 6 is a diagram illustrating a detailed circuit
configuration example of a pixel Pm,n, an integration
circuit, and a holding circuit which are included in the
n-th column.
[Fig. 7] Fig. 7 is a timing chart of respective signals.
[Fig. 8] Fig. 8 is a timing chart representing opera-
tions for one row in the operations illustrated in Fig. 7.
[Fig. 9] Fig. 9 is a timing chart in a case without rec-
tifier circuits and circuit elements as a comparative
example.
[Fig. 10] Fig. 10 is a timing chart in a case where a
short circuit occurs.
[Fig. 11] Fig. 11 is a diagram illustrating a configu-
ration of the solid-state imaging device in accord-
ance with a first modified example.
[Fig. 12] Fig. 12 is a circuit diagram illustrating a con-
figuration of a rectifier circuit as a second modified
example.
[Fig. 13] Fig. 13 includes (a), (b) diagrams illustrating
examples of electric connection structures between
a sensor panel section and a readout circuit section
as a third modified example.

Description of Embodiments

[0015] An embodiment of the solid-state imaging de-
vice in accordance with the present invention will be de-
scribed below in detail with reference to the accompany-
ing drawings. In the explanation of the drawings, the
same elements will be denoted by the same reference
signs, while omitting their overlapping descriptions.
[0016] The solid-state imaging device in accordance
with an embodiment is used for a medical X-ray imaging
system, for example, in particular in a system for captur-
ing an X-ray image of a jaw part of a subject by such
imaging modes as panoramic imaging, cephalometric
imaging, and CT imaging in dental care. Therefore, the
solid-state imaging device of this embodiment comprises
a thin-film transistor formed by depositing amorphous sil-
icon on a glass substrate having a large area and a pho-
todiode formed by depositing amorphous silicon, and
thus has a photodetecting area much wider than that of
a conventional solid-state imaging device made of a
monocrystalline silicon wafer.
[0017] Fig. 1 to Fig. 3 are diagrams illustrating the con-
figuration of a solid-state imaging device 1A in this em-
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bodiment. Fig. 1 is a plan view illustrating the solid-state
imaging device 1 A, and Fig. 2 is a plan view enlarging
a part of the solid-state imaging device 1A. Fig. 3 is a
side sectional view illustrating a cross section taken along
the line I-I of Fig. 2. Fig. 1 to Fig. 3 also depict an XYZ
orthogonal coordinate system for easier understanding.
[0018] As illustrated in Fig. 1, the solid-state imaging
device 1A comprises a sensor panel section 10 and re-
adout circuit sections 40. The sensor panel section 10 is
formed on a principal surface of a glass substrate 12 (first
substrate), and has a photodetecting section 20 and a
vertical shift register section 30. The vertical shift register
section 30 is arranged along a side of the photodetecting
section 20. Each readout circuit section 40 is disposed
on a substrate 41 (second substrate) provided separately
from the glass substrate 12 and is electrically connected
to the photodetecting section 20 through a plurality of
bonding wires 51. The readout circuit section 40 is favo-
rably constituted by a CMOS-type IC chip, for example.
The readout circuit section 40 includes a plurality of in-
tegration circuits provided so as to correspond to respec-
tive columns of the photodetecting section 20, and the
integration circuits respectively generate voltage values
according to amounts of charges output from pixels of
their corresponding columns. The readout circuit section
40 holds the voltage values output from the integration
circuits and sequentially outputs the held voltage values.
[0019] The photodetecting section 20 and vertical shift
register section 30, which are disposed on the single
glass substrate 12 in this embodiment, may be placed
on respective glass substrates different from each other.
A plurality of readout circuit sections 40, as illustrated in
Fig. 1, or only one section may be provided.
[0020] The photodetecting section 20 is constructed
by two-dimensionally arranging a plurality of pixels over
a plurality of rows and a plurality of columns. The pixel
Pm,n illustrated in Fig. 2 is a pixel located on the m-th row
and the n-th column. Here, m is an integer of 1 or more
and M or less, and n is an integer of 1 or more and N or
less. Each of M and N is an integer of 2 or more. In Fig.
2, the column direction coincides with the Y-axis direc-
tion, and the row direction coincides with the X-axis di-
rection. Each of a plurality of pixels P1,1 to PM,N included
in the photodetecting section 20 comprises a thin-film
transistor 21 and a photodiode 22. The thin-film transistor
21 has one current terminal electrically connected to the
photodiode 22.
[0021] As illustrated in Fig. 2, the sensor panel section
10 of this embodiment further has a plurality of row se-
lection lines Q1 to QM provided for the respective rows
and a plurality of readout lines R1 to RN provided for the
respective columns. The row selection line Qm of the m-
th row is electrically connected to the control terminal of
the thin-film transistor 21 included in the pixel Pm,n at the
corresponding row. The readout line Rn of the n-th row
is electrically connected to the other current terminal of
the thin-film transistor 21 included in the pixel Pm,n at the
corresponding column. The plurality of row selection lines

Q1 to QM and plurality of readout lines R1 to RN are made
of a metal.
[0022] As illustrated in Fig. 3, an amorphous silicon
film 14 is provided throughout a principal surface of the
glass substrate 12. The thin-film transistor 21, photodi-
ode 22, and n-th column readout line Rn are formed on
the surface of the amorphous silicon film 14. The thin-
film transistor 21, photodiode 22, and n-th column read-
out line Rn are covered with an insulating layer 16, on
which a scintillator 18 is disposed so as to cover the whole
surface of the glass substrate 12. The scintillator 18 gen-
erates scintillation light according to X-rays incident ther-
eon, converts an X-ray image into a light image, and out-
puts the light image to the photodiodes 22.
[0023] The photodiode 22 generates charges by an
amount corresponding to the intensity of light incident
thereon and accumulates thus generated charges in a
junction capacitance part. The photodiode 22 is a PIN
photodiode having an n-type semiconductor layer 22a,
an i-type semiconductor layer 22b, and a p-type semi-
conductor layer 22c. The n-type semiconductor layer 22a
is a semiconductor layer made of n-type amorphous sil-
icon. The i-type semiconductor layer 22b, which is a sem-
iconductor layer made of i-type (undoped) amorphous
silicon, is disposed on the n-type semiconductor layer
22a. Thus forming the i-type semiconductor layer 22b
from amorphous silicon can make the i-type semicon-
ductor layer 22b thicker, so as to enhance the photoe-
lectric conversion efficiency of the photodiode 22, there-
by improving the sensitivity of the solid-state imaging de-
vice 1A. The p-type semiconductor layer 22c, which is a
semiconductor layer made of p-type amorphous silicon,
is disposed on the i-type semiconductor layer 22b.
[0024] The thin-film transistor 21 is preferably consti-
tuted by a field-effect transistor (FET) but may also be
constituted by a bipolar transistor. When the thin-film
transistor 21 is an FET, the control terminal means a
gate, and the current terminal means a source or drain,
respectively, in the explanation of this embodiment.
When the thin-film transistor 21 is a bipolar transistor,
the control terminal means a base, and the current ter-
minal means a collector or emitter.
[0025] The thin-film transistor 21 includes a region con-
stituted by at least one of amorphous silicon and poly-
crystalline silicon. For example, the thin-film transistor 21
illustrated in Fig. 3 has a channel region 21 a, a source
region 21 b, and a drain region 21 c which are made of
amorphous silicon. The source region 21b is formed
along one side face of the channel region 21a. The drain
region 21c is formed along the other side face of the
channel region 21a. A gate electrode 21e is disposed on
the channel region 21a, while a gate insulating film 21d
is interposed between the gate electrode 21 e and chan-
nel region 21a.
[0026] While amorphous silicon is used for the channel
region 21a, source region 21b, and drain region 21c in
the thin-film transistor 21, low temperature polycrystalline
silicon (LTPS) is used more preferably. The low temper-
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ature polycrystalline silicon is polycrystalline silicon
which deposits at a relatively low process temperature,
e.g., 100 to 600°C. Since such a low temperature enables
the glass substrate 12 made of alkali-free glass, for ex-
ample, to be utilized as a support substrate, constructing
the above respective regions 21a, 21b, 21c from the low
temperature polycrystalline silicon makes it possible to
use the glass substrate 12 having an area larger than a
monocrystalline silicon wafer as a support substrate, and
produce the photodetecting section 20 having a large
area on the glass substrate 12.
[0027] One example uses plate-shaped alkali-free
glass (for substrates) having a thickness of 0.3 mm to
1.2 mm, for instance, as a material for the glass substrate
12. The alkali-free glass contains substantially no alkali
and has stable characteristics with low expansion coef-
ficient and high heat resistance. Since the low tempera-
ture polycrystalline silicon has an electron mobility of 10
to 600 cm2/Vs, which is higher than that of amorphous
silicon (0.3 to 1.0 cm2/Vs), the on-resistance of the thin-
film transistor 21 can be lowered by forming the regions
21 a, 21 b, 21 c of the thin-film transistor 21 from the low
temperature polycrystalline silicon.
[0028] Circuit configurations of the sensor panel sec-
tion 10 and readout circuit section 40 will now be ex-
plained in detail. Fig. 4 is a diagram illustrating an inner
configuration of the sensor panel section 10 and readout
circuit section 40. As described above, the photodetect-
ing section 20 is constructed by two-dimensionally array-
ing M 3 N pixels P1,1 to PM,N in M rows and N columns.
The m-th row selection line Qm connected to N pixels
Pm,1 to Pm,N at the m-th row is connected to the vertical
shift register section 30.
[0029] The readout circuit section 40 has a plurality of
(N in this embodiment) integration circuits 42 provided
for the respective columns and a plurality of (N in this
embodiment) holding circuits 44. The integration circuit
42 and holding circuit 44 are connected to each other in
series for each column. The N integration circuits 42 have
a configuration in common. The N holding circuits 44
have a configuration in common.
[0030] The N integration circuits 42 have respective
input terminals connected to the readout lines R1 to RN,
accumulate charges input from the readout lines R1 to
RN, and output respective voltage values corresponding
to the amounts of accumulated charges from output ter-
minals to the N holding circuits 44. The N integration cir-
cuits 42 are connected to a reset line 46 provided in com-
mon for the N integration circuits 42. The N holding cir-
cuits 44 have respective input terminals connected to the
output terminals of the integration circuits 42, hold the
voltage values input to the input terminals, and output
the held voltage values from the output terminals to a
voltage output line 48. The N holding circuits 44 are con-
nected to a hold line 45 provided in common for the N
holding circuits 44. The N holding circuits 44 are also
connected to a horizontal shift register section 61 respec-
tively through a first column selection line U1 to an N-th

column selection line UN.
[0031] The vertical shift register section 30 provides
the N pixels Pm,1 to Pm,N at the m-th row with an m-th
row selection control signal VSm through the m-th row
selection line Qm. In the vertical shift register section 30,
the row selection control signals VS1 to VSM sequentially
become significant values (i.e., on-voltages of the control
terminals of the thin-film transistors 21, an example of
which is +10 V to +15 V). The horizontal shift register
section 61 provides the N holding circuits 44 with column
selection control signals HS1 to HSN through the column
selection lines U1 to UN, respectively. The column selec-
tion control signals HS1 to HSN sequentially become sig-
nificant values. Each of the N integration circuits 42 is
provided with a reset control signal RE through the reset
line 46. Each of the N holding circuits 44 is provided with
a hold control signal Hd through the hold line 45.
[0032] As described above, the sensor panel section
10 is formed on the glass substrate 12, while the readout
circuit section 40 is provided on the substrate 41. For
their interconnection, a plurality of (N in this embodiment)
panel-side connection points 13 are provided on the
glass substrate 12, and a plurality of (N in this embodi-
ment) readout-section-side connection points 43 are pro-
vided on the substrate 41. The N panel-side connection
points 13 are electrically connected to respective one
ends of the N readout lines R1 to RN. The N readout-
section-side connection points 43 are electrically con-
nected to respective input terminals of the N integration
circuits 42. The panel-side connection points 13 and re-
adout-section-side connection points 43 are constructed
by bonding pads, for example. The panel-side connection
points 13 and readout-section-side connection points 43
are electrically connected to each other through the
bonding wires 51.
[0033] A constant potential line 71 is disposed on the
substrate 41. The potential of the constant potential line
71 is held at a constant potential VC. The constant po-
tential VC is preferably set equal to or near the potential
of an input terminal of an amplifier (which will be ex-
plained later) constituting the integration circuit 42, for
example.
[0034] N nodes N1 to NN exist respectively between
the N panel-side connection points 13 and N integration
circuits 42. N rectifier circuits 72 are respectively con-
nected between the nodes N1 to NN and constant poten-
tial line 71. The N rectifier circuits 72 are disposed on the
substrate 41 and can be constructed by horizontal pn-
junction diodes or vertical pn-junction diodes, for exam-
ple. When the potential of nonselected row selection lines
Q1 to QM (i.e., the off-voltage of the control terminal of
the thin-film transistor 21) is lower than the constant po-
tential VC, the cathode of the diode is electrically con-
nected to the node Nn of the column and the anode is
electrically connected to the constant potential line 71.
When the potential of nonselected row selection lines Q1
to Qm is higher than the constant potential VC, the cath-
ode of the diode is electrically connected to the constant
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potential line 71 and the anode is electrically connected
to the node Nn of the column.
[0035] When the thin-film transistor 21 includes a re-
gion constituted by amorphous silicon or polycrystalline
silicon, the off-voltage of the control terminal of the thin-
film transistor 21 is likely to become negative (e.g., -5 V
to -10 V). This is because amorphous silicon and poly-
crystalline silicon have crystallinity lower than that of
monocrystalline silicon and contain a large amount of
impurities, which makes it necessary to apply a relatively
large voltage to the control terminal. On the other hand,
the potential at an input terminal of an amplifier consti-
tuting the integration circuit 42 is a positive potential, a
typical example of which is 1.0 V. Therefore, in this case,
the cathode of the diode constituting the rectifier circuit
72 is electrically connected to the node Nn and the anode
is electrically connected to the constant potential line 71.
[0036] A plurality of (N in this embodiment) circuit ele-
ments 73 each having a resistance component are con-
nected respectively between the nodes N1 to NN and
readout lines R1 to RN. The circuit elements 73 have one
terminals electrically connected to the readout lines R1
to RN through the readout-section-side connection points
43, bonding wires 51, and panel-side connection points
13. The circuit elements 73 have the other terminals elec-
trically connected to the input terminals of the integration
circuits 42 through the nodes N1 to NN. In this embodi-
ment, the N circuit elements 73 are disposed on the sub-
strate 41. The resistance value of each circuit element
73 is 1 kΩ, for example.
[0037] Fig. 5 is a diagram illustrating examples of the
circuit elements 73. (a) in Fig. 5 illustrates a case where
the circuit element 73 includes a region 73a having a
resistance component. Such a region 73a is favorably
realized by a region comprising at least one of amorphous
silicon and polycrystalline silicon, a region in which an n-
type dopant or p-type dopant is diffused at a high con-
centration, or a well resistance region, for example.
[0038] (b) in Fig. 5 illustrates a transistor 73b as the
circuit element 73. The transistor 73b, when a certain
bias voltage is applied to the control terminal, can function
as the circuit element 73 having a resistance component
(on-resistance) to a certain extent. That is, the resistance
value of the transistor is very small when the on-voltage
is applied to the control terminal, and very large when
the off-voltage is applied to the control terminal. There-
fore, the resistance value of the transistor 73b can be
adjusted to an appropriate value by applying a voltage
between the on-voltage and off-voltage to the control ter-
minal. Using the transistor as a resistance component
can realize a large resistance value with a relatively small
area.
[0039] Fig. 6 is a diagram illustrating a detailed circuit
configuration example of the pixel Pm,n, integration circuit
42, and holding circuit 44 included in the n-th column.
Here, it illustrates a circuit diagram of the pixel Pm,n at
the m-th row and the n-th column as a representative of
M 3 N pixels P1,1 to PM,N.

[0040] As illustrated in Fig. 6, the photodiode 22 of the
pixel Pm,n has a grounded anode terminal and a cathode
terminal connected through the thin-film transistor 21 to
the readout line Rn. The thin-film transistor 21 of the pixel
Pm,n is provided with the m-th row selection control signal
VSm from the vertical shift register section 30 through the
m-th row selection line Qm. The m-th row selection control
signal VSm instructs the respective thin-film transistors
21 included in the N pixels Pm,1 to Pm,N at the m-th row
to open/close.
[0041] When the m-th row selection control signal VSm
is a non-significant value (the off-voltage of the control
terminal of the thin-film transistor 21), for example, the
thin-film transistor 21 is turned off. At this time, charges
generated in the photodiode 22 are accumulated in the
junction capacitance part of the photodiode 22 without
being output to the readout line Rn. When the m-th row
selection control signal VSm is a significant value (the
on-voltage of the control terminal of the thin-film transistor
21), on the other hand, the thin-film transistor 21 is turned
on. At this time, charges accumulated in the junction ca-
pacitance part of the photodiode 22 are output through
the thin-film transistor 21 to the readout line Rn. The
charges are sent to the integration circuit 42 through the
readout line Rn, bonding wire 51, circuit element 73, and
node Nn.
[0042] The integration circuit 42 has a so-called charge
integration type configuration including an amplifier 42a,
a capacitive element 42b, and a discharge switch 42c.
The capacitive element 42b and discharge switch 42c
are connected in parallel with each other between the
input terminal and output terminal of the amplifier 42a.
The amplifier 42a has an input terminal connected to the
readout line Rn. The discharge switch 42c is provided
with the reset control signal RE through the reset line 46.
[0043] The reset control signal RE instructs the respec-
tive discharge switches 42c of the N integration circuits
42 to open/close. For example, when the reset control
signal RE is a non-significant value (e.g., high level), the
discharge switch 42c closes, so as to discharge the ca-
pacitive element 42b, thereby initializing the output volt-
age value of the integration circuit 42. When the reset
control signal RE is a significant value (e.g., low level),
the discharge switch 42c opens, so that the charges input
to the integration circuit 42 are accumulated in the ca-
pacitive element 42b, whereby a voltage value corre-
sponding to the amount of accumulated charges is output
from the integration circuit 42.
[0044] The holding circuit 44 includes an input switch
44a, an output switch 44b, and a capacitive element 44c.
One end of the capacitive element 44c is grounded. The
other end of the capacitive element 44c is connected to
the output terminal of the integration circuit 42 through
the input switch 44a and also connected to the voltage
output line 48 through the output switch 44b. The input
switch 44a is provided with the hold control signal Hd
through the hold line 45. The hold control signal Hd in-
structs the respective input switches 44a of the N holding
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circuits 44 to open/close. The output switch 44b of the
holding circuit 44 is provided with the n-th column selec-
tion control signal HSn through the n-th column selection
line Un. The selection control signal HSn instructs the
output switch 44b of the holding circuit 44 to open/close.
[0045] When the hold control signal Hd changes from
the high level to the low level, for example, the input
switch 44a changes from the closed state to the open
state, whereupon the voltage value input to the holding
circuit 44 is held by the capacitive element 44c. When
the n-th column selection control signal HSn changes
from the low level to the high level, the output switch 44b
is closed, whereupon the voltage value held by the ca-
pacitive element 44c is output to the voltage output line
48.
[0046] Fig. 7 is a timing chart of respective signals. Fig.
7 illustrates, successively from the upper side, (a) reset
control signal RE, (b) first row selection control signal
VS1, (c) second row selection control signal VS2, (d) third
row selection control signal VS3, (e) fourth row selection
control signal VS4, (f) fifth row selection control signal
VS5, (g) M-th row selection control signal VSM, (h) hold
control signal Hd, and (i) first column selection control
signal HS1 to N-th column selection control signal HSN.
[0047] First, during a period from time t10 to time t11,
the reset control signal RE is set to the high level. This
closes the discharge switch 42c in each of the N integra-
tion circuits 42, so as to discharge the capacitive element
42b.
[0048] During a period from time t12 after time t11 to
time t13, the vertical shift register section 30 sets the first
row selection control signal VS1 to the high level. This
turns the thin-film transistors 21 in the pixels P1,1 to P1,N
at the first row into connected states, whereby the charg-
es accumulated in the respective photodiodes 22 of the
pixels P1,1 to P1,N are output through the readout lines
R1 to RN to the integration circuits 42 and accumulated
in the capacitive elements 42b. The integration circuits
42 output voltage values having magnitudes correspond-
ing to the amounts of charges accumulated in the capac-
itive elements 42b. After time t13, the respective thin-film
transistors 21 of the pixels P1,1 to P1,N at the first row are
turned into unconnected states.
[0049] During a period from time t14 after time t13 to
time t15, the hold control signal Hd is set to the high level,
whereby the input switch 44a in each of the N holding
circuits 44 is turned into the connected state, whereby
the voltage value output from the integration circuit 42 is
held by the capacitive element 44c.
[0050] Subsequently, during a period from time t16 af-
ter time t15 to time t17, the horizontal shift register section
61 turns the first column selection control signal HS1 to
N-th column selection control signal HSN into the high
levels in sequence. This successively closes the output
switches 44b of the N holding circuits 44, whereby the
voltage values held by the capacitive elements 44c are
sequentially output to the voltage output line 48. During
this period, the reset control signal RE is set to the high

level, whereby the capacitive element 42b of each inte-
gration circuit 42 is discharged.
[0051] Next, during a period from time t18 after time t17
to time t19, the vertical shift register section 30 sets the
second row selection control signal VS2 to the high level.
This turns the transistors 21 into the connected states in
the pixels P2,1 to P2,N at the second row, whereby the
charges accumulated in the respective photodiodes 22
in the pixels P2,1 to P2,N are output through the readout
lines R1 to RN to the integration circuits 42 and accumu-
lated in the capacitive elements 42b. Subsequently, an
operation similar to that at the first row successively out-
puts the voltage values having magnitudes correspond-
ing to the amounts of charges accumulated in the capac-
itive elements 42b from the N holding circuits 44 to the
voltage output line 48. Operations similar to that at the
first row also convert the charges accumulated in the
pixels at the third row to M-th row into voltage values and
successively output them to the voltage output line 48.
This completes the readout of image data by one image
frame from the photodetecting section 20.
[0052] Fig. 8 is a timing chart representing operations
for one row in the operations illustrated in Fig. 7. Fig. 8
illustrates, successively from the upper side, (a) reset
control signal RE, (b) m-th row selection control signal
VSm, (c) hold control signal Hd, and (d) output voltage
Vout from the integration circuit 42. As described above,
when the m-th row selection control signal VSm attains
the high level, the charges accumulated in the respective
photodiodes 22 of the pixels Pm,1 to Pm,N are output
through the readout lines R1 to RN to the integration cir-
cuits 42 and accumulated in the capacitive elements 42b.
The integration circuits 42 output voltage values Vout hav-
ing magnitudes corresponding to the respective amounts
of charges accumulated in the capacitive elements 42b.
[0053] Suppose a case where a short-circuited failure
occurs in a part where the row selection line Qm and
readout line Rn intersect as illustrated in Fig. 6 (part A1
in the drawing). Fig. 9 illustrates a timing chart in a case
without the rectifier circuit 72 and circuit element 73 as
a comparative example of this embodiment.
[0054] When the row selection line Qm and readout
line Rn are short-circuited to each other, the potential of
the readout line Rn is drawn to that of the row selection
line Qm (i.e., the potential of the control terminal of the
thin-film transistor 21). While the potential of the control
terminal of the thin-film transistor 21 is about +10 V and
about -5 V, for example, when it is on and off, respectively,
the on-time is short (e.g., several microseconds in one
frame), whereas the off-time is long. Therefore, the po-
tential of the readout line Rn is mainly drawn to the off-
voltage of the control terminal of the thin-film transistor
21. When the rectifier circuit 72 and circuit element 73
are not provided, excessive charges caused by such a
potential always flow into the amplifier 42a of the inte-
gration circuit 42. Consequently, the voltage value Vout
output from the charge integration type amplifier 42a
scales out to the maximum output value and attains a
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supersaturated state as illustrated in (d) in Fig. 9.
[0055] When such an abnormal output voltage value
Vout occurs in only one column, the pixel value of this
column can be interpolated by using pixel values of its
nearby columns. When such an output abnormal value
of the integration circuit 42 is too large, however, it may
also affect operations of other integration circuits 42 ad-
jacent thereto, whereby output voltage values from the
other integration circuits 42 may also become abnormal
values. According to the knowledge of the inventors, such
abnormality may extend to about 10 columns on both
sides of the column. When the output voltage values of
a plurality of continuous columns are abnormal values
as above, pixel values of these columns are hard to in-
terpolate.
[0056] For such a problem, the solid-state imaging de-
vice 1A of this embodiment connects the rectifier circuit
72 between the node Nn, between the panel-side con-
nection point 13 and integration circuit 42, and the con-
stant potential line 71. The circuit element 73 having a
resistance component is further connected between the
node Nn and the readout line Rn.
[0057] When the row selection line Qm and readout
line Rn are short-circuited to each other at the n-th col-
umn, the potential of the readout line Rn is drawn to that
of the row selection line Qm (the potential of the control
terminal of the thin-film transistor 21) as described above,
which applies a forward direction voltage to the rectifier
circuit 72, thereby turning on the rectifier circuit 72. At
this time, a current flowing from the constant potential
line 71 to the row selection line Qm passes through the
circuit element 73 having a resistance component.
[0058] This restricts the magnitude of the current, while
the potential of the wiring line located closer to the inte-
gration circuit 42 with respect to the circuit element 73,
i.e., the potential at the input terminal of the amplifier 42a,
is held at the potential of the constant potential line 71 (a
potential obtained by subtracting therefrom the voltage
drop caused by the rectifier circuit 72 to be exact). When
the rectifier circuit 72 is provided alone without the circuit
element 73, the current cannot be restricted in front of
the rectifier circuit 72, whereby the potential cannot be
adjusted. In the case where the rectifier circuit 72 is a
diode, its voltage drop is about 0.7 V, whereby the po-
tential of the input terminal of the amplifier 42a is about
0.3 V when the potential of the constant potential line 71
is 1.0 V. Therefore, as illustrated in Fig. 10, the voltage
value Vout output from the amplifier 42a can become a
stable low value.
[0059] Thus, the solid-state imaging device 1A of this
embodiment can inhibit the output abnormal value of the
integration circuit 42 from becoming too large at the col-
umn where the row selection line Qm and readout line Rn
are short-circuited to each other. This can reduce influ-
ence over operations of the other integration circuits 42,
thereby preventing output voltage values from the other
integration circuits 42 from becoming abnormal.
[0060] When a short circuit occurs between a row se-

lection line and a readout line, a line between the readout
line and an integration circuit may be cut with a laser and
the like as described in Patent Literature 1, for example.
However, a man-hour is required for finding and cutting
the readout line where the short circuit occurred, and it
is not easy to accurately select and cut the readout line
where the short circuit occurred. The part to cut in the
line is exposed by opening a protective film (passivation
film), which may corrode the line depending on the scin-
tillator and surrounding environment and cause a fear of
reliability lowering because of damages caused by the
laser. It further necessitates appropriate equipment for
cutting, which is problematic in that it cannot readily deal
with short circuits occurring when the device is in use.
[0061] In the solid-state imaging device 1A of this em-
bodiment, when a short circuit occurs between the row
selection line Qm and readout line Rn, the rectifier circuit
72 automatically turns on, whereby the input potential to
the integration circuit 42 at this column is automatically
held at a predetermined value. This makes it unneces-
sary to perform such an operation of selecting the readout
line where the short circuit occurred as described in Pat-
ent Literature 1 and prevents readout lines of normal col-
umns from being cut in error. There is no need for fears
of lines being corroded, damaged, and so forth. Any short
circuit occurring when the device is in use can readily
(automatically) be dealt with.
[0062] Even when a separation circuit is provided be-
tween a readout line and an integration circuit as de-
scribed in Patent Literature 2, if the off-voltage of the row
selection line is outside of an operation voltage range
(e.g., a negative voltage) of the separation circuit
(switch), for example, the separation circuit constituted
by a logic circuit will not function, whereby the sensor
panel section and readout circuit section cannot electri-
cally be separated from each other. In particular, when
amorphous silicon or polycrystalline silicon is used for
the thin-film transistor 21 as in this embodiment, the volt-
age width between the on-voltage and off-voltage of the
control terminal is likely to become larger because of low
crystallinity of amorphous silicon and polycrystalline sil-
icon. Therefore, the off-voltage of the control terminal of
the thin-film transistor 21 is likely to be out of the operation
voltage range of the separation circuit (switch). Unlike
the method described in Patent Literature 2, the solid-
state imaging device 1A of this embodiment can favora-
bly exhibit the effects described above by setting the po-
tential of the constant potential line 71 to an appropriate
positive value even when the potential of the row selec-
tion line Qm is negative.
[0063] In this embodiment, the rectifier circuits 72 are
not disposed on the glass substrate 12, but are connected
between the nodes N1 to NN between the panel-side con-
nection points 13 and integration circuits 42 and the con-
stant potential line 71. Providing a plurality of rectifier
circuits 72 on the glass substrate 12 complicates the cir-
cuit configuration on the glass substrate 12, thereby rais-
ing the failure rate of circuit structures on the glass sub-
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strate 12 including the sensor panel section 10. Higher
failure rate is unfavorable in particular in the sensor panel
section employing a thin-film transistor, which tends to
have a large area. Arranging the rectifier circuits 72 as
described above can simplify the circuit configuration on
the glass substrate 12 and lower the failure rate.
[0064] Preferably, a plurality of rectifier circuits 72 and
the constant potential line 71 are disposed on the sub-
strate 41 as in this embodiment This makes it possible
for the rectifier circuits 72 and integration circuits 42 to
be integrated on one semiconductor substrate (e.g., sil-
icon monocrystalline substrate), for example, so as to cut
down steps of manufacturing the solid-state imaging de-
vice 1A. When the amorphous silicon film 14 is provided
on the principal surface of the glass substrate 12 as in
this embodiment, it is preferable for the rectifier circuits
72 to be formed on a semiconductor substrate (e.g., sil-
icon monocrystalline substrate) formed with the integra-
tion circuits 42 rather than on the glass substrate 12. This
can form the rectifier circuits 72 easily. Not providing a
plurality of rectifier circuits 72 on the glass substrate 12
can simplify the circuit configuration of the glass sub-
strate 12 and lower the failure rate. When a plurality of
substrates 41 are provided as illustrated in Fig. 1 in par-
ticular, providing the rectifier circuits 72 on the substrate
41 can minimize parts to be discarded when the rectifier
circuit 72 fails.
[0065] As in this embodiment, the thin-film transistor
21 may include a region constituted by at least one of
amorphous silicon and polycrystalline silicon. The off-
voltage of the control terminal of such a thin-film transistor
21 is likely to be negative. Even in such a case, the solid-
state imaging device 1A can favorably exhibit the above-
described effects by setting the potential of the constant
potential line 71 to a positive appropriate value.
[0066] Preferably, the circuit elements 73 are disposed
on the substrate 41 as in this embodiment. This can in-
tegrate the circuit element 73 and integration circuit 42
on one semiconductor substrate, for example, thereby
cutting down the steps of manufacturing the solid-state
imaging device 1A.
[0067] As illustrated in (a) in Fig. 5, the circuit element
73 may include a region 73a constituted by at least one
of amorphous silicon and polycrystalline silicon. The cir-
cuit element 73 can easily be made by using amorphous
silicon and polycrystalline silicon, which have a resist-
ance value higher than that of monocrystalline semicon-
ductors, as its material. Such a circuit element 73 can
easily be made on the glass substrate 12 in particular
when a region constituted by at least one of amorphous
silicon and polycrystalline silicon is included on the glass
substrate 12 as in this embodiment.
[0068] As illustrated in (b) in Fig. 5, the circuit element
73 may be constituted by the transistor 73b. This makes
it possible to produce the circuit element 73 easily by
using a process similar to a semiconductor process for
making semiconductor circuits such as the thin-film tran-
sistors 21 on the glass substrate 12 and the integration

circuits 42 on the substrates 41.
[0069] The off-voltage of the control terminal of the
thin-film transistor 21 may be a negative voltage as in
this embodiment. The solid-state imaging device 1A of
this embodiment can favorably exhibit the above-de-
scribed effects by setting the potential of the constant
potential line 71 to an appropriate positive value also in
such a case.
[0070] In this embodiment, the channel region 21a,
source region 21b, and drain region 21c of the thin-film
transistor 21 are made of amorphous silicon. In recent
years, wider photodetecting surfaces have been de-
manded for solid-state imaging elements such as two-
dimensional flat panel image sensors used for medical
purposes (such as dental X-ray photography), for exam-
ple. However, making a photodetecting section on a
monocrystalline silicon wafer as in a conventional solid-
state imaging element restricts the area of the photode-
tecting surface of the solid-state imaging element be-
cause of the size of a monocrystalline silicon wafer whose
diameter is 12 inches at a maximum.
[0071] By contrast, producing a film of amorphous sil-
icon on an insulating substrate such as a glass substrate,
for example, and forming electronic components such as
photodiodes and other transistors on an amorphous sil-
icon surface can make the photodetecting surface much
wider than that of the conventional solid-state imaging
element formed by using a monocrystalline silicon wafer.
In this embodiment, the channel region 21a, source re-
gion 21 b, and drain region 21 c of the thin-film transistor
21 may be constituted by polycrystalline silicon or both
of amorphous silicon and polycrystalline silicon.

(First Modified Example)

[0072] Fig. 11 is a diagram illustrating a configuration
of a solid-state imaging device 1B in accordance with a
first modified example of the above-described embodi-
ment. The solid-state imaging device 1B of this modified
example differs from the solid-state imaging device 1A
of the above-described embodiment in that N switch cir-
cuits 74 are respectively connected between the nodes
N1 to NN and N integration circuits 42. The N switch cir-
cuits 74 are favorably constituted by FETs, for example.
In one example, the switch circuit 74 is an nMOS-type
FET. In this modified example, when a short-circuited
failure occurs between the row selection line Qm and re-
adout line Rn at a certain column, the switch circuit 74 at
this column is turned off. This can completely separate
the fluctuation of the potential of the readout line Rn
caused by the short circuit between the row selection line
Qm and readout line Rn from the potential at the input
terminal of the amplifier 42a.
[0073] Even when the off-voltage of the control termi-
nal of the thin-film transistor 21 is a negative voltage, the
potential between the nodes N1 to NN and the integration
circuits 42 at the time of a short circuit can be kept at a
positive potential by the constant potential line 71 in this
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solid-state imaging device 1B as in the above-described
embodiment. Therefore, even when the operation volt-
age range of the switch circuit 74 is a positive voltage
(e.g., 0 V to 5 V), for example, the switch circuit 74 can
be operated favorably. When the switch circuit 74 is an
FET, even if it is not turned off, the on-resistance of the
FET may fully restrict the current flowing from the input
terminal of the amplifier 42a.

(Second Modified Example)

[0074] Fig. 12 is a circuit diagram illustrating a config-
uration of a rectifier circuit 75 as a second modified ex-
ample of the above-described embodiment. The rectifier
circuit 75 of this modified example is constructed by a
transistor 75a. As illustrated in Fig. 12, the control termi-
nal and one current terminal of the transistor 75a are
short-circuited to each other (so-called diode connec-
tion), so as to realize a function identical to that of a diode.
Such a rectifier circuit 75 can replace the rectifier circuit
72 in the above-described embodiment.

(Third Modified Example)

[0075] Fig. 13 is a diagram illustrating examples of
electric connection structures between the sensor panel
section 10 and readout circuit section 40 as a third mod-
ified example of the above-described embodiment. In the
example illustrated in (a) in Fig. 13, the sensor panel
section 10 and readout circuit section 40 are juxtaposed
with each other on a base substrate 80. A panel-side
connection point 13 connected to the sensor panel sec-
tion 10 and a readout-section-side connection point 43
connected to the readout circuit section 40 are connected
to each other through a bonding wire 51. Another con-
nection point 47 on the substrate 41 is connected to a
line on the base substrate 80 through a bonding wire 52.
The connection point 47 is connected to the voltage out-
put line 48 illustrated in Fig. 4, for example.
[0076] In the example illustrated in (b) in Fig. 13, the
sensor panel section 10 is mounted on a principal surface
80a of the base substrate 80, while the readout circuit
section 40 is arranged on the rear surface 80b of the
base substrate 80. A panel-side connection point 13 of
the sensor panel section 10 and a readout-section-side
connection point 43 of the readout circuit section 40 are
electrically connected to each other through a flexible
substrate 81.
[0077] Without being limited to the above-described
embodiment, various structures can be employed as
electric connection structures between the sensor panel
section 10 and readout circuit section 40 as in these mod-
ified examples.
[0078] The solid-state imaging device in accordance
with the present invention is not limited to the above-
described embodiment and modified examples, but can
be modified in various manners. For example, while the
above-described embodiment and modified examples il-

lustrate examples in which the present invention is ap-
plied to a solid-state imaging device constructed by form-
ing a film of amorphous silicon or polycrystalline silicon
on a glass substrate, the present invention is not limited
to such a configuration, but is also applicable to, for ex-
ample, a solid-state imaging element made on a monoc-
rystalline silicon substrate.
[0079] While the circuit element 73 having a resistance
component is provided separately from other circuit parts
in the above-described embodiment and modified exam-
ples, the circuit element in the present invention may be
constructed by existing circuit components connected
between nodes N1 to NN and readout lines R1 to RN.
[0080] In the configuration illustrated in (a) in Fig. 13,
for example, the bonding wire 51 has a resistance com-
ponent in proportion to its length. In the configuration
illustrated in (b) in Fig. 13, for example, a wiring line of
the flexible substrate 81 has a resistance component in
proportion to its length. When other connection structures
such as bump connections and ACFs (anisotropic con-
ductive films) are provided between the sensor panel
section 10 and readout circuit section 40, such structures
also have a resistance component. Therefore, these con-
nection structures can also act as circuit elements in the
present invention. When such existing circuit compo-
nents can act as the circuit element in the present inven-
tion, it is not necessary to provide the circuit element 73
separately.
[0081] When the circuit element of the present inven-
tion is constituted by wiring resistance in wire bonding
and the like connected between the nodes N1 to NN and
readout lines R1 to RN in the above-described embodi-
ment and modified examples, the wiring resistance pref-
erably has a resistance value of several hundred Ω or
larger. While the wiring resistance is several Ω in normal
wire bonding, employing such a large wiring resistance
(e.g., 100 times that of the normal wiring line or larger)
in the circuit element of the present invention can favo-
rably exhibit operations and effects of the above-de-
scribed embodiment and modified examples.
[0082] When the switch circuit 74 is provided as in the
first modified example, the resistance value of the circuit
element is only required to be such a value that the volt-
age value between the circuit element and the switch
circuit 74 is within an operation voltage range of the
switch circuit 74 (e.g., 0 to 5 V). Further, the resistance
value of the circuit element of the present invention is
preferably such a value that the voltage value between
the circuit element and the amplifier 42a is closer to the
input voltage of the amplifier 42a than the off-voltage of
the control terminal of the thin-film transistor. In the
above-described embodiment, for example, the voltage
value between the circuit element and the amplifier 42a
is about 0.3 V, while the off-voltage of the control terminal
of the thin-film transistor is -5 V The resistance value of
the circuit element of the present invention is also pref-
erably such a value that the voltage value between the
circuit element and the amplifier 42a is 0 V or higher when
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the off-voltage of the control terminal of the thin-film tran-
sistor is a negative voltage.
[0083] While the rectifier circuit 72 and circuit element
73 are provided on the substrate 41 (second substrate)
in the above-described embodiment and modified exam-
ples, the circuit element may be provided on the first sub-
strate. Or, at least one of the rectifier circuit and circuit
element may be provided on a third substrate electrically
connected between the first and second substrates.
[0084] While the above-described embodiment and
modified examples illustrate a case where the off-voltage
of the control terminal of the thin-film transistor is a neg-
ative voltage, the off-voltage may also be a positive volt-
age. In this case, the rectifier circuit is oriented in the
opposite direction. That is, in order for a current to flow
into the constant potential line from a node between a
panel-side connection point and an integration circuit,
the anode of the rectifier circuit is connected to the node,
and the cathode of the rectifier circuit is connected to the
constant potential line.
[0085] The solid-state imaging device in accordance
with the above-described embodiment uses a configura-
tion comprising a sensor panel section formed on a first
substrate, and having a photodetecting section con-
structed by two-dimensionally arraying pixels, each in-
cluding a photodiode and a thin-film transistor having one
current terminal connected to the photodiode, over a plu-
rality of rows and a plurality of columns, a plurality of row
selection lines provided for the respective rows and con-
nected to control terminals of the thin-film transistors in-
cluded in the pixels of the corresponding rows, and a
plurality of readout lines provided for the respective col-
umns and connected to the other current terminals of the
thin-film transistors included in the pixels of the corre-
sponding columns; a readout circuit section disposed on
a second substrate different from the first substrate, and
having a plurality of integration circuits for respectively
outputting voltage values corresponding to amounts of
charges input through the plurality of readout lines; a plu-
rality of panel-side connection points disposed on the
first substrate, for respectively interconnecting the plu-
rality of readout lines on the first substrate and the plu-
rality of integration circuits on the second substrate; a
plurality of rectifier circuits respectively connected be-
tween a plurality of nodes, provided between the plurality
of panel-side connection points and the plurality of inte-
gration circuits, and a constant potential line; and a plu-
rality of circuit elements respectively connected between
the plurality of nodes and the plurality of readout lines,
and respectively having resistance components.
[0086] The solid-state imaging device may be con-
structed such that the plurality of rectifier circuits and the
constant potential line are disposed on the second sub-
strate. This makes it possible to integrate the rectifier
circuit on the same semiconductor substrate as with the
integration circuit, for example, thereby cutting down
steps of manufacturing the solid-state imaging device.
[0087] The solid-state imaging device may be con-

structed such that the thin-film transistor includes a re-
gion constituted by at least one of amorphous silicon and
polycrystalline silicon. The off-voltage of the control ter-
minal of such a thin-film transistor is likely to be negative.
Even in such a case, the above-described solid-state im-
aging device can favorably exhibit the above-described
effects by setting the potential of the constant potential
line to an appropriate positive value.
[0088] The solid-state imaging device may be con-
structed such that the plurality of circuit elements having
resistance components are disposed on the second sub-
strate. This makes it possible to integrate the circuit ele-
ment on the same semiconductor substrate as with the
integration circuit, for example, thereby cutting down
steps of manufacturing the solid-state imaging device.
[0089] The solid-state imaging device may be con-
structed such that the plurality of circuit elements having
resistance components are transistors. This makes it
possible to produce the circuit elements easily by using
a process similar to a semiconductor process for making
semiconductor circuits such as the thin-film transistors
on the first substrate and the integration circuits on the
second substrate.
[0090] The solid-state imaging device may be con-
structed such that the plurality of circuit elements having
resistance components respectively include regions con-
stituted by at least one of amorphous silicon and poly-
crystalline silicon. The circuit elements can be made eas-
ily by using, as its material, amorphous silicon and poly-
crystalline silicon, which have a resistance value higher
than that of monocrystalline semiconductors. When the
thin-film transistor on the first substrate includes a region
constituted by at least one of amorphous silicon and poly-
crystalline silicon in particular, such a circuit element can
easily be produced on the first substrate.
[0091] The solid-state imaging device may be con-
structed such that the off-voltage of the control terminal
of the thin-film transistor is negative. Even in such a case,
the above-described solid-state imaging device can fa-
vorably exhibit the above-described effects by setting the
potential of the constant potential line to an appropriate
positive value.
[0092] The solid-state imaging device may be con-
structed such that a plurality of switch circuits are respec-
tively connected between the plurality of nodes and the
plurality of integration circuits. This can completely sep-
arate the fluctuation of the potential of the readout line
caused by a short circuit between the row selection line
and readout line from the input potential of the integration
circuit. Even when the off-voltage of the control terminal
is negative, in the above-described solid-state imaging
device, the potential between the above-described node
and integration circuit at the time of a short circuit can be
kept at a positive potential by the constant potential line,
whereby the switch circuit can be operated favorably.
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Industrial Applicability

[0093] The present invention can be utilized as a solid-
state imaging device which, even when a short circuit
between a row selection line and a readout line occurs
at a certain column, can prevent output voltage values
from integration circuits at the other columns from be-
coming abnormal.

Reference Signs List

[0094]

1A, 1B - solid-state imaging device, 10 - sensor panel
section, 12 - glass substrate, 13 - panel-side con-
nection point, 14 - amorphous silicon film, 16 - insu-
lating layer, 18 - scintillator, 20 - photodetecting sec-
tion, 21 - thin-film transistor, 22 - photodiode, 30 -
vertical shift register section, 40 - readout circuit sec-
tion, 41 - substrate, 42 - integration circuit, 43 - rea-
dout-section-side connection point, 44 - holding cir-
cuit, 51, 52 - bonding wire, 61 - horizontal shift reg-
ister section, 71 - constant potential line, 72 - rectifier
circuit, 73 - circuit element, 74 - switch circuit, 80 -
base substrate, 81 - flexible substrate, N1 to NN -
node, P1,1 to PM,N - pixel, Q1 to QM - row selection
line, R1 to RN - readout line.

Claims

1. A solid-state imaging device comprising:

a sensor panel section formed on a first sub-
strate, and having a photodetecting section con-
structed by two-dimensionally arraying pixels,
each including a photodiode and a thin-film tran-
sistor having one current terminal connected to
the photodiode, over a plurality of rows and a
plurality of columns, a plurality of row selection
lines provided for the respective rows and con-
nected to control terminals of the thin-film tran-
sistors included in the pixels of the correspond-
ing rows, and a plurality of readout lines provided
for the respective columns and connected to the
other current terminals of the thin-film transistors
included in the pixels of the corresponding col-
umns;
a readout circuit section disposed on a second
substrate different from the first substrate, and
having a plurality of integration circuits for re-
spectively outputting voltage values corre-
sponding to amounts of charges input through
the plurality of readout lines;
a plurality of panel-side connection points dis-
posed on the first substrate, and for respectively
interconnecting the plurality of readout lines on
the first substrate and the plurality of integration

circuits on the second substrate;
a plurality of rectifier circuits respectively con-
nected between a plurality of nodes between the
plurality of panel-side connection points and the
plurality of integration circuits and a constant po-
tential line; and
a plurality of circuit elements respectively con-
nected between the plurality of nodes and the
plurality of readout lines, and having resistance
components.

2. The solid-state imaging device according to Claim
1, wherein the plurality of rectifier circuits and the
constant potential line are disposed on the second
substrate.

3. The solid-state imaging device according to Claim 1
or 2, wherein the thin-film transistor includes a region
constituted by at least one of amorphous silicon and
polycrystalline silicon.

4. The solid-state imaging device according to any one
of Claims 1 to 3, wherein the plurality of circuit ele-
ments are disposed on the second substrate.

5. The solid-state imaging device according to any one
of Claims 1 to 4, wherein the plurality of circuit ele-
ments are transistors.

6. The solid-state imaging device according to any one
of Claims 1 to 5, wherein the plurality of circuit ele-
ments include regions constituted by at least one of
amorphous silicon and polycrystalline silicon.

7. The solid-state imaging device according to any one
of Claims 1 to 6, wherein the control terminal of the
thin-film transistor has a negative off-voltage.

8. The solid-state imaging device according to any one
of Claims 1 to 7, wherein a plurality of switch circuits
are respectively connected between the plurality of
nodes and the plurality of integration circuits.
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