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Description

[0001] The present invention relates to a manufactur-
ing method of a photoelectric converter, and in particular,
to a manufacturing method of a two-dimensional photo-
electric converter that is used for facsimile machines, dig-
ital copy machines, and X-ray machines.
[0002] Conventionally, a scanning system that em-
ploys a reducing optical system and a CCD sensor is
used for a scanning apparatus, such as a facsimile ma-
chine or a digital copy machine. Recently, however, as
a consequence of the development of photoelectric con-
version semiconductor material, such as amorphous sil-
icon (hereinafter referred to as a-Si), a so-called close-
contact sensor has been developed for which a photoe-
lectric conversion device and a signal processor are
formed on a large substrate, and by which data are
scanned by using an optical system that has the same
magnification rate as that of a data source. Furthermore,
since a-Si can be employed not only as a photoelectric
conversion material but also as a thin film field-effect tran-
sistor film (hereinafter referred to as a TFT), both a pho-
toelectric conversion semiconductor layer and a TFT
semiconductor layer can be formed at the same time.
[0003] The basic structure of a photoelectric converter
that uses a-Si is described in the specification for USP
4,376,888, or in Japanese Patent Publication No.
62-23944, or 63-66117.
[0004] A specific example for the integral forming of
an a-Si photosensor and an a-SI TFT is described in the
specifications for USP 4,931,661, USP 5,338,690 and
USP 5,306,648.
[0005] Based on the techniques disclosed in these
specifications, the present inventors produced as a sam-
ple photoelectric converter a two-dimensional area type
in which the number of pixels was drastically increased.
The outline of the photoelectric converter will now be de-
scribed while referring to Figs. 1 and 2. This device is
disclosed in European Patent Publication No. 0660421.
[0006] Figs. 1 and 2 are plan views of a photoelectric
converter that has 2000 x 2000 pixels. To provide 2000
x 2000 sensors, the number of photoelectric conversion
devices that are included in an arrangement are in-
creased in both the vertical and the horizontal directions.
For this converter, 2000 control lines (scan lines) are also
required, as is indicated by g1 through g2000, and ac-
cordingly, 2000 signal lines (data lines) are required, as
is indicated by sig1 through sig2000. In addition, the sizes
of a scanning circuit and an integrated circuit used for
detection (a detection IC) are increased because they
have to control and handle 2000 signal lines. When these
processes are performed by single, one-chip ICs, the siz-
es of the chips must be increased, and the yielding man-
ufacturing ratio and the prices are adversely affected. As
is shown in Figs. 1 and 2, in a scan circuit, therefore,
sufficient shift registers to handle 100 stages, for exam-
ple, are formed on a single chip and 20 of these scan
circuit chips (SR1-1 through SR1-20) are used. For the

detection process for the integrated circuit, 100 process-
ing circuits are formed on a single chip, and 20 of these
integrated circuit detection chips (IC-1 through IC-20) are
used.
[0007] In Fig. 1, 20 chips (SR1-1 through SR1-20) are
mounted along the left side (L) and another 20 chips (IC-
1 through IC-20) are mounted across the down side (D).
Connected to each chip by wire bonding are 100 control
lines or signal lines. The portion that is enclosed by bro-
ken lines in Fig. 1 corresponds to a photoelectric conver-
sion device array that is arranged as a two-dimensional
area. The connection of the detection integrated circuit
to an external device is not shown.
[0008] In another example, shown in Fig. 2, 10 chips
(SR1-1 through SR1-10) are mounted along the left side
(L) and 10 chips (SR1-11 through SR1-20) are mounted
along the right side (R); and 10 chips (IC-1 through IC-
10) are mounted across the upper side (U) and 10 chips
(IC-11 through IC-20) are mounted across the down side
(D). Since in this structure 1000 lines are provided at
each of the upper, down, left and right sides (U, D, L and
R), the density of the lines arranged along each side is
reduced and the concentration of the wire bonding re-
quired on each side is also decreased, thus providing an
increased manufacturing yielding ratio. Lines g1, g3,
g5, ..., and g1999 are arranged along the left side (L),
while g2, g4, g6, ..., and g2000 are arranged along the
right side (R). That is, the odd numbered control lines are
distributed along the left side (L), and the even numbered
control lines are distributed along the right side (R). With
this arrangement, since each line is pulled out so that the
liens are located at equal intervals, the lines are not overly
concentrated and the yielding ratio is increased. The wir-
ing across the upper side (U) and the down side (D) is
performed in the same manner.
[0009] Though not shown, in an additional example,
lines g1 through g201 through g300, ..., and g1801
through g1900 are provided on the left side (L), while
lines g101 through g200, g301 through g400, ..., and
g1901 through g2000 are provided on the right side (R).
In other words, it is possible for contiguous control lines
to be distributed to each chip and for these chips to be
alternately sorted to the left side and to be right side (to
L and to R). With this arrangement, the control lines for
a single chip can be controlled sequentially, the adjust-
ment and the setup of drive timing can be facilitated, a
circuit does not become complicated, and an inexpensive
IC can be used. The same arrangement can be applied
for upper side and the down side (U and D), and an in-
expensive IC that can perform a continuous process can
be used.
[0010] During the manufacturing process for a photo-
electric converter having large dimensions, however, it
is difficult to completely remove minute dust particles; it
is especially difficult to remove a contaminant that is
peeled off the wall of a thin film deposition device before
a semiconductor layer, such as an amorphous silicon
layer, is deposited on a substrate, and it is also difficult

1 2 



EP 1 524 698 B1

3

5

10

15

20

25

30

35

40

45

50

55

to remove dust that remains on a substrate before a metal
layer is deposited on the substrate. Therefore, it is difficult
to eliminate wiring defects, i.e., short circuits or open cir-
cuits in lines.
[0011] When the short circuits or open circuits in the
control lines or the signal lines occur in a photoelectric
converter having large dimensions, all of the output sig-
nals of the photoelectric converter devices that are con-
nected to the short-circuited are rendered inexact, and
the converter can not function as a photoelectric convert-
er.
[0012] In other words, as the size of one substrate is
increased for the fabrication of a photoelectric converter
having large dimensions, losses due to defects that occur
during the manufacture of a substrate are also increased.
[0013] When substrates of only one size are bonded
together to provide a photoelectric converter, the size of
the resultant device having large dimensions is limited
to a multiple of the original substrate size, such as twice,
four times, or six times the size.
[0014] Further, if the selection of control lines (scan-
ning) is so designed that it is performed in the order cor-
responding to the direction indicated by arrow AL1 in Fig.
2, the order in which the output terminals for each of the
scan circuits SR1-1 through SR1-10 are arranged on the
left side (L) in Fig. 2 is the opposite of the order in which
the output terminals for each of the scan circuits SR1-11
through SR1-20 are arranged on the right side R. When
the scan circuits that are arranged on both sides are
formed by using IC chips having the same structure, con-
nection lines (lines for connecting control lines to the out-
put terminals of the scan circuits) on either the right or
the left side must be formed of multi-layer lines, etc. As
a result, the structure of the connection lines becomes
complicated and expensive, and the high-density mount-
ing of scan circuits is prevented.
[0015] Two types of ICs are prepared for which the
orders in which output terminals are located differ, and
ICs of one type are arranged on the left, while ICs of the
other type are arranged on the right. However, the man-
ufacture of two types of ICs, even though their basic op-
erations are the same, results in higher manufacturing
costs.
[0016] The above described shortcomings not only ap-
ply to scan circuits, but also apply to detection ICs (IC-1
through IC-20) for the output of read signals in a time
series.
[0017] Document EP-A-0 660 421 discloses a photo-
electric converter of a high signal-to-noise ratio, low cost,
high productivity and stable characteristics and a system
including the above photoelectric converter. The photo-
electric converter includes a photoelectric converting
portion in which a first electrode layer, an insulating layer
for inhibiting carriers from transferring, a photoelectric
converting semiconductor layer of a non-single-crystal
type, an injection blocking layer for inhibiting a first type
of carriers from being injected into the semiconductor
layer and a second electrode layer are laminated in this

order on an insulating substrate.
[0018] Document EP-A-0 555 907 discloses a large
area active matrix array, that is manufactured by provid-
ing four substrates carrying a sub-array having an active
area comprising a matrix of switching elements and as-
sociated row and column conductors for enabling ad-
dressing of individual switching elements.
[0019] It is, therefore, a first object of the present in-
vention to reduce a manufacturing costs for a photoelec-
tric converter having large dimensions by providing an
increased yielding ratio for each substrate during fabri-
cation of photoelectric converter having large dimen-
sions, and by reducing losses due to defects in each sub-
strate.
[0020] It is a second object of the present invention to
provide better throughput to accompany an improved ef-
ficiency for an inspection procedure during fabrication of
photoelectric converters having large dimensions, and
to reduce total manufacturing costs that accompany a
reduction in the number of components.
[0021] It is a third object of the present invention to
provide a photoelectric converter in which the number of
the sizes of the device that can be obtained by bonding
substrates together can be increased.
[0022] It is a fourth object of the present invention to
provide a photoelectric converter wherefor the types of
driving circuits are not increased and wherefor compli-
cated connections are not employed.
[0023] To achieve the above objects, according to the
present invention, provided is a manufacturing method
of a photoelectric converter according to claim 1.
[0024] Further advantageous features are defined in
dependent claim 2.
[0025] According to the present invention, since a
yielding ratio for each substrate during the fabrication
process can be increased and losses due to defects on
the substrates are reduced, the cost of manufacturing a
photoelectric converter having large dimensions can be
reduced.
[0026] Further, as it is possible to improve the efficien-
cy of an inspection procedure and the throughput that
accompanies it, and to reduce the number of required
components, and as a result, the cost of manufacturing
a photoelectric converter having large dimensions can
be reduced.
[0027] According to the present invention, the connec-
tions for driving circuits need not be increased and need
not be complicated.
[0028] According to the present invention, since the
substrates of different sizes are employed and bonded
together, the resultant device size can be varied.
[0029] Furthermore, a photoelectric converter wherein
the amount of incident light can be detected, as the pho-
toelectric conversion device has only one introduction
prevention layer, can be provided at a low price; the op-
timizing of the process is easy and the yielding ratio can
be increased; the manufacturing cost can be reduced;
and the SN ratio is high.
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[0030] The exposure apparatus that employs the
above converter differs from conventional X-ray film in
that it can project its output very quickly, and in that image
processing and data storage are also possible. It has
better sensitivity than the film, and a clear image can be
obtained with a weak X-ray that will have little adverse
effect on a human body.
[0031] When the substrates are bonded in conso-
nance with the locations of the substrates when the film
is deposited, the characteristics of the photoelectric con-
version devices on different substrates that are at the
least located at positions adjacent to each other on dif-
ferent substrates can be sequentially equalized.

Fig. 1 is a plan view of a conventional photoelectric
converter that has 2000 x 2000 pixels;
Fig. 2 is a plan view of another conventional photo-
electric converter that has 2000 x 2000 pixels;
Fig. 3 is a plan view of the overall structure of a pho-
toelectric converter according to a first embodiment
of the present invention;
Fig. 4 is a cross sectional view of a photoelectric
conversion device according to the first embodiment
of the present invention;
Fig. 5 is a cross sectional view of the scan structure
taken along line 5-5 in Fig. 4;
Fig. 6 is a plan view of a photoelectric converter ac-
cording to a third embodiment of the present inven-
tion;
Fig. 7 is a cross sectional view of the scan structure;
Fig. 8 is a circuit diagram for explaining a method for
driving a photoelectric converter according to the
present invention;
Fig. 9 is a timing chart showing the operation in Fig. 8;
Fig. 10A is a diagram illustrating the structure of the
layers of a PIN photosensor;
Fig. 10B is a diagram illustrating the structure of the
layers of a Schottky photosensor;
Fig. 10C is a diagram illustrating a typical commonly
used driving system;
Fig. 11 is a diagram illustrating the layer structure of
a field-effect transistor (TFT) that is constituted by a
thin semiconductor film; and
Fig. 12 is a graph showing our experimental results
for an gate insulating film and a yielding ratio for the
TFT.

[0032] The preferred embodiments will now be de-
scribed in detail while referring to the accompanying
drawings.

(First Embodiment)

[0033] Fig. 3 is a plan view of the overall structure of
a photoelectric converter according to a first embodiment
of the present invention. The reference numerals are
used to denote corresponding or identical components
in Figs. 1 and 2, and no explanation will be given for them.

[0034] As the feature of the photoelectric converter
shown in Fig. 3, while photoelectric converters 100, 200,
300 and 400 mounted on four substrates are bonded with
no gaps between them, to constitute a single large pho-
toelectric converter.
[0035] Located on each substrate 100, on which the
photoelectric conversion device array is to be mounted,
are 1000 x 1000 photoelectric devices (shaded portion)
that are connected to 2000 lines, i.e., 1000 control lines
g1 through g1000 and 1000 signal lines sig1 through
sig1000. And as there are 100 scan circuits SR1 formed
on a single IC chip, there are a total of 10 IC chips SR1
through SR1-10 located on the substrate 100, the IC
chips being connected to the respective control lines g1
through g1000.
[0036] As for the detection integrated circuits, 100
processing circuits are integrated on a single IC chip,
with 10 detection integrated circuit chips, IC-1 through
IC-10, being located on each substrate and with the IC
chips being connected to the signal lines sig1 through
sig1000.
[0037] The other substrates 200, 300 and 400, on
which the photoelectric conversion device arrays are
mounted, have the same structured as the substrate 100,
and have 1000 x 1000 photoelectric conversion devices
arranged on it that are connected to 1000 control lines
and 1000 signal lines. Also provided are 10 of the scan
circuits and 10 of the detection integrated circuits. Al-
though for each substrate these scan circuits and the
integrated circuits may differ, it is preferable that a single
type of IC be used for all the substrates, as will be de-
scribed later. Thus, the four photoelectric conversion de-
vice arrays on the four substrates can be scanned at the
same time. In this case, when compared with the example
shown in Fig. 1, the period of time required for the scan-
ning can be reduced to 1/4 of that required for the exam-
ple in Fig. 1.
[0038] In Fig. 3, concerning the scan directions on
each substrate, the scan circuits SR1-1 through SR1-10
employ the direction indicated by arrow 100ss, while the
detection circuits IC-1 through IC-10 employ the direction
indicated by arrow 100SI.
[0039] The device shown in Fig. 3 is so structured that
the substrates on which are mounted the photoelectric
conversion arrays having the same structure are rotated
90° relative to each other and positioned. In other words,
when the upper left substrate 100 is rotated clockwise
90° around point pp, it is located at the position for the
upper right substrate 100. When the substrate 100 is ro-
tated a further 90°, it reaches the position for the lower
right substrate 100. When the substrate 100 is rotated
another 90°, it reaches the position for the lower left sub-
strate 100. The position of the lower left substrate 100 is
where the upper left substrate 100 is located when from
its upper left position it is rotated 90° counterclockwise
around point pp.
[0040] The scan circuits SR1-1 through SR1-10 and
the detection circuits IC-1 through IC-10 are respectively
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arranged along the four sides of the photoelectric con-
verter having large dimensions.
[0041] In the example in Fig. 3, the scan direction
100SS for the scan circuits on the individual sides is the
opposite of the scan direction 100SI for the detection
circuits. However, either one of the scan directions can
be reversed, so that the scan directions for the scan cir-
cuits and the detection circuits along each of the sides
are the same.
[0042] Signals that are output by the detection circuits
IC-1 through IC-10 on the four substrates are stored in
four memories (not shown), which are provided for cor-
responding substrates. Coordinate transformation is per-
formed on the signals as needed so that they correspond
to physical pixel coordinates in Fig. 3. As a result, the
image of an input object can be reproduced on a display
device.
[0043] The scan circuit has a shift register that shifts
in a single direction, and the scan direction is determined
by the shift direction of the shift register.
[0044] The detection circuit also has a shift register
that shifts in a single direction, and the order in which
signals are fetched or the order in which the fetched sig-
nals are output (the scan direction) is determined by the
shift direction of the shift register.
[0045] According to the present invention, only IC
chips having the same structure are required to constitute
the scan circuits and the detection circuits, and accord-
ingly, the driving circuit for the photoelectric converter
can be formed. Thus, the cost of manufacturing the driv-
ing circuit is not high.
[0046] Further, it is not necessary for multi-layer wiring
to be employed to connect the scan circuits and the de-
tection circuits to the control lines and signal lines of the
photoelectric conversion device array. A simple connec-
tion is required, so that the manufacturing cost is not in-
creased.
[0047] The photoelectric device arrays are fabricated
on the four substrates, as is shown in Fig. 3, and the four
substrates are bonded together with as a small gap as
possible between them, so that a photoelectric converter
having large dimensions can be constituted. As a result,
the yielding ratio for each substrate can be increased,
and the losses that are incurred due to defects on the
individual substrates can be reduced.
[0048] Specifically, when the area of the photoelectric
converter in Fig. 3 on which photoelectric conversion de-
vices are mounted is the same as the area of the photo-
electric converter in Fig. 1 on which photoelectric con-
version devices are mounted, the total length of all of the
control lines and all of the signal lines for the substrates
in Fig. 3 is about 1/4 the total length of all the control lines
and signal lines for the photoelectric converter in Fig. 1.
[0049] In such a photoelectric converter, a short circuit
or an open circuit in a control line or in a signal line causes
all of the output signals of the photoelectric conversion
devices connected to the line to become inaccurate, and
the photoelectric converter can not be employed. The

possibility of the occurrence of such a defect is substan-
tially proportional to the total length of all the control lines
and signal lines, and as a result of such a defect, the
yielding ratio will be reduced.
[0050] Therefore, a yielding ratio due to a defect in the
wiring for each substrate in Fig. 3 is about four times the
yielding ratio for the photoelectric converter shown in Fig.
1. The loss that is occasioned when a defect occurs on
one substrate shown in Fig. 3 and the photoelectric con-
verter can not be used is proportionate to the dimensions
of all the substrates. The loss, therefore, is about 1/4 of
that experienced as a loss by the photoelectric converter
in Fig. 1 when a defect occurs and the converter can not
be used.
[0051] As is shown in Figs. 4 and 5, provided as the
structure on the photoelectric converter are photoelectric
conversion devices, each of which is a laminate com-
posed of a first electrode layer 2, an insulating layer 7, a
semiconductor layer 4 that can perform photoelectric
conversion, a semiconductor layer 5 for preventing intro-
duction of a first conductive carrier, and a second elec-
trode layer 6. The photoelectric converter comprises:
photoelectric conversion means for accumulating, on the
semiconductor layer 5, the first conductive carrier, which
is induced by signal light that enters the semiconductor
layer 5, and for providing an electric field to a light receiv-
ing device in a direction in which the second conductive
carrier, which differs from the first conductive carrier, is
to be guided to the second electrode layer 6; refresh
means for providing an electric field for the light receiving
devices in a direction in which the first conductive carrier
is to be guided from the semiconductor layer to the sec-
ond electrode layer; and a signal detector for detecting
the first conductive carrier, which is accumulated on the
semiconductor layer, or the second conductive carrier,
which is guided to the second electrode layer, during pho-
toelectric conversion performed by the photoelectric con-
version means.
[0052] In Figs. 4 and 5, S11 denotes a light-receiving
device; T11, a TFT; C11, a capacitor, and SIG, a signal
line. The capacitor C12 and the light-receiving device
S11 are not separated from each other, and they can be
integrally formed because the light-receiving device, the
capacitor and the TFT have substantially the same layer
structure. A silicon nitride film SiN is deposited as a pas-
sivated film on the upper portion of a pixel. When light
enters the photoelectric conversion device from upward,
the light is converted into an electric signal (accumulated
electric change amount).

(Second Embodiment)

[0053] A photoelectric converter according to a second
embodiment of the present invention is the same as that
shown in Fig. 3.
[0054] The feature of the photoelectric converter of this
embodiment, photoelectric conversion device arrays on
four substrates have the same structure. Further, the four
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substrates on which the photoelectric conversion devices
are mounted are rotated 90° each other in a plane and
are bonded together with no gaps to provide a single
large photoelectric converter. The arrays having the
same structure are fabricated through the same manu-
facturing process.
[0055] Located on each substrate 100 are 1000 x 1000
photoelectric devices that are connected to 2000 lines,
i.e., 1000 control lines g1 through g1000 and 1000 signal
lines sig1 through sig1000. And as there are 100 scan
circuits SR1 integrated on a single IC chip, there are a
total of 10 IC chips SR1 through SR1-10 located on the
substrate 100, the IC chips being connected to the re-
spective control lines g1 through g1000.
[0056] As for the detection integrated circuits, 100
processing circuits are integrated on a single IC chip,
with 10 detection integrated circuit chips, IC-1 through
IC-10, being located on each substrate and with the IC
chips being connected to the signal lines sig1 through
sig1000. The same scan circuits and the integrated cir-
cuits are used for all the substrates. The four photoelec-
tric conversion device arrays on the four substrates can
be scanned at the same time. In this case, when com-
pared with the example shown in Fig. 9, the period of
time required for the scanning can be reduced to 1/4 of
that required for the example in Fig. 9.
[0057] The four substrates are prepared on which pho-
toelectric conversion devices and wiring at a predeter-
mined pattern are formed. On each of the substrates, the
scan circuits and detection integrated circuits are mount-
ed. The resultant four substrates are rotated 90° and are
bonded together with no gaps between them, so as to
constitute a photoelectric converter having large dimen-
sions. As a result, the number of required components
can be reduced. The inspection procedure can be per-
formed by two types of devices, and the efficiency of the
inspection procedure and the accompanying throughput
can be increased. As a result, the cost of manufacturing
a photoelectric converter having large dimensions can
be reduced.

(Third Embodiment)

[0058] Fig. 6 is a plan view of a photoelectric converter
according to a third embodiment of the present invention.
The same reference numerals as are used in Figs. 1
through 3 are used to denote corresponding or identical
components.
[0059] The feature of the photoelectric converter in Fig.
6 is that the number of photoelectric conversion devices
in photoelectric conversion device arrays, or the shapes
in a plane of the arrays, one of which is mounted on each
of four substrates, differ.
[0060] More specifically, the difference between the
upper right substrate in Fig. 3 and an upper right substrate
220 in Fig. 6 is that the number of photoelectric conver-
sion devices has been reduced from 1000 � 1000 to 700
� 1000. Accordingly, the number of signal lines is re-

duced from 1000 to 700, and the number of integrated
detection circuits is reduced from ten to seven.
[0061] Similarly, the difference between the lower left
substrate in Fig. 3 and a lower left substrate 440 in Fig.
6 is that the number of photoelectric conversion devices
has been reduced from 1000 x 1000 to 1000 x 700. Ac-
cordingly, the number of signal lines is reduced from 1000
to 700, and the number of scan circuits is reduced from
ten to seven.
[0062] Furthermore, the difference between the lower
right substrate in Fig. 3 and a lower right substrate 330
in Fig. 6 is that the number of photoelectric conversion
devices has been reduced from 1000 x 1000 to 700 x
700. Accordingly, the number of the signal lines is re-
duced from 1000 to 700, and the number of scan circuits
is reduced from ten to seven.
[0063] Since the number of photoelectric conversion
devices in an array and the shape in a plane of the array
of one of the four substrates have been changed in this
manner, the dimensions or the shape of the photoelectric
conversion device portion of the photoelectric converter,
which is constituted by bonding the four substrates to-
gether, can be changed.
[0064] More specifically, when the photoelectric con-
verter is to be constituted by bonding four substrates to-
gether, normally, four substrates, on each of which is
mounted a standard photoelectric conversion device ar-
ray, are fabricated and bonded together. When a small
or a large resultant photoelectric conversion device array
is desired, or when a resultant photoelectric conversion
array having a different shape is desired, one, two or
three substrates out of four are newly fabricated, and the
substrate on which is mounted the standard photoelectric
conversion device array is replaced by them. In this man-
ner, a photoelectric converter for which four desired sub-
strates are bonded together can be provided.
[0065] As a specific example, while the photoelectric
converter shown in Fig. 3 can be employed as a scanner
for a standard X-ray machine for adults, the compact de-
vice shown in Fig. 6 can be used as a scanner for an X-
ray machine for children.
[0066] As is described above, when a photoelectric
converter is to be fabricated wherein a photoelectric con-
version device array having a different shape is formed
by bonding substrates together, all of the four photoelec-
tric converters need not be fabricated; and when only
one part of the photoelectric converter is newly fabricat-
ed, a desired photoelectric converter can be provided.
[0067] As a result, the cost of designing each photoe-
lectric converter, component costs and inspection costs
can be reduced, and thus the price of a product can there-
by be reduced.

(Fourth Embodiment)

[0068] According to a fourth embodiment, provided is
an X-ray machine in which a fluorescent member is pro-
vided on the photoelectric conversion device in the first
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to the third embodiment.
[0069] The basic structure on the substrate is one
wherein a light emitting layer that absorbs a high energy
beam and generates visual radiation is provided on the
light entering side in Fig. 5. This structure is shown in
Fig. 7. A fluorescent member is deposited as a light-emit-
ting element on a passivated film SiN. The fluorescent
member may be composed of cesium iodide (CsI), and
generate fluorescence when struck by an X-ray. The
light-receiving device performs photoelectric conversion
of the fluorescence. When 2000 x 2000 pixels are ar-
ranged two-dimensionally, with, for example, 5 x 5 pixels
per 1-mm square, an X-ray detector of 40 cm x 40 cm
can be acquired.
[0070] A combination of this detector, which replaces
an X-ray film, and an X-ray generator constitutes an X-
ray machine that can be used for roentgen screening of
breasts, or for examinations for mammary cancer. Unlike
X-ray films, this X-ray detector can immediately display
its output on a CRT, and the output can also be converted
into digital output, for which image processing is per-
formed by a computer, so that the output can be convert-
ed into an output that is consonant with the purpose of
the device. The output data can be stored on a magneto-
optical disk, and a quick search for previous images can
be performed. The sensitivity of the detector is better
than that of film, and a clear image can be provided by
using an X-ray that has less adverse effect on a human
body.
[0071] The method for driving a photoelectric conver-
sion device array that is employed for the present inven-
tion will now be explained while referring to Figs. 8 and
9. In this case, there are three scan lines for scan circuits
on a single chip, while there are three data lines for the
integrated detection circuits on a single chip, and a pho-
toelectric conversion device array having a 3 x 3 matrix
that can be driven is employed. When 10 scan circuit
chips and 10 detection integrated circuit chips are em-
ployed, and when 1000 scan lines and 1000 data lines
are provided and the photoelectric conversion device is
a 1000 x 1000 matrix, it is apparent that scanning and
detection for a single substrate in Fig. 3 can be per-
formed.
[0072] Fig. 8 is a circuit diagram for explaining a meth-
od for driving a photoelectric converter according to the
present invention. The structure of individual photoelec-
tric conversion devices (pixels) is the same as that shown
in Fig. 4, 5, or 7.
[0073] In Fig. 8, S11 through S33 denote light-receiv-
ing devices, each of which has a lower electrode G and
an upper electrode D. Reference numerals C11 through
C33 denote storage capacitors; and T11 through T33,
transfer TFTs. A reading power source is denoted by Vs
and a refresh power source is denoted by Vg. The power
sources Vs and Vg are connected to the electrodes G of
all the photoelectric conversion devices S11 through S33
via switches SWs and SWg. The switch SWs is connect-
ed to a refresh controller RF via an inverter, while the

switch SWg is connected directly to the refresh controller
RF. The refresh controller RF renders switch SWg on
during a refresh period. One pixel is constituted by one
light-receiving device, a capacitor and a TFT, and its out-
put signal is transmitted to a detection integrated circuit
IC across a signal line SIG.
[0074] The portion that is enclosed by broken lines in
Fig. 8 is formed on the same insulating substrate having
large dimensions.
[0075] Fig. 9 is a timing chart showing the operation in
Fig. 8.
[0076] First, a high level pulse is applied to control lines
g1 through g3 and s1 through s3 by the scan circuits SR1
and SR2. When the transfer TFTs T11 through T33, and
switches M1 through M3 are rendered on and become
conductive, and the electrodes D of all the light-receiving
devices S11 through S33 acquire a GND potential as a
reference potential because the input terminal of an in-
tegrating amplifier Amp is designed to be a GND poten-
tial. At the same time, when the refresh controller RF
outputs a high level pulse and the SWg is turned on, the
electrodes G of all the light-receiving devices S11
through S33 acquire a positive potential from the refresh
power source Vg. Then, all of the light-receiving devices
S11 through S33 are placed in the refresh mode and are
refreshed. Sequentially, when the refresh controller RF
outputs a low level pulse and SWs is turned on, the elec-
trodes G of all the light-receiving devices S11 through
S33 acquire a negative potential from the reading power
source Vs. The light-receiving devices S11 through S33
are placed in a photoelectric conversion mode, and at
the same time, the capacitors C11 through C33 are ini-
tialized. While the device is in this condition, a low level
pulse is applied to the control lines g1 through g3 and s1
through s3 by the scan circuits SR1 and SR2. Then, the
transfer TFTs T11 through T33 and the switches M1
through M3 are rendered off, and the electrodes D of all
the light-receiving devices S11 through S33 are opened,
but with their potentials being held by the capacitors C11
through C33.
[0077] Since no light beam is received at this time, no
light is transmitted to the light-receiving devices S11
through S33 and a photocurrent does not flow across
them. In this condition, a light beam pulse is emitted and
is transmitted to the light-receiving devices S11 through
S33 via an object to be exposed. An induced photocurrent
that flows due to this light is stored as electric charges in
the capacitors C11 through C33, and the electric charges
are held therein after the transmission of a light beam
has been completed.
[0078] Following this, a high level control pulse is ap-
plied to the control line g1 by the scan circuit SR1, and
a control pulse is applied to the control lines s1 through
s3 by the scan circuit SR2. Then, v1 through v3 are se-
quentially output via the switches M1 through M3 for the
transfer TFTs T11 through T33. Similarly, the other light
signals are sequentially output under the control of the
scan circuits SR1 and SR2. Two-dimensional photo data
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are converted into electric signals v1 through v9. A static
image is obtained by performing the above processing,
while a moving image is obtained by repeating the above
processing.
[0079] In this photoelectric converter, since the elec-
trodes G of the light-receiving devices are connected in
common, and the line that is used in common is connect-
ed to both the refresh power source Vg and the reading
power source Vs via the switches SWg and SWs, respec-
tively, to control the potentials of the electrodes G, all of
the light-receiving devices can be switched to the refresh
mode and to the photoelectric conversion mode at the
same time. Therefore, light output can be obtained by
using one TFT for each pixel and without requiring a com-
plicated control system.
[0080] Instead of the X-ray film that is used in a con-
ventional X-ray machine, a combination of the photoe-
lectric converter of the present invention and an X-ray
generator can constitute an innovative X-ray machine
that can be used for roentgen screening of breasts and
the examinations for mammary cancers. Unlike the X-
ray film, the output can be immediately displayed on a
CRT, and the output can also be converted into digital
output, for which image processing is performed by a
computer, so that the output can be converted into an
output that is consonant with the purpose for which in-
tended. The output data can be stored on a magneto-
optical disk, and a search for previous images can be
instituted without delay. The sensitivity provided is better
than that for film, and a clear image can be provided by
using an X-ray has less adverse effect on a human body.
[0081] A photoconductive device or a photovoltaic de-
vice is employed as the light-receiving device for the pho-
toelectric converter of the present invention. For a reason
that will be described later, however, the photoelectric
conversion device shown in Fig. 4, 5 or 7 is preferable.
[0082] Figs. 10A through 10C are diagrams illustrating
the structure of a photosensor that servers as a light-
receiving device. Figs. 10A and 10B are diagrams illus-
trating the structure of the layers of two types of photo-
sensors, and Fig. 10C is a diagram showing a typical,
commonly used driving system. The photosensors in
Figs. 10A and 10B are photosensors of a photodiode
type; the photosensor in Fig. 10A being called a PIN diode
and the photosensor in Fig. 10B being called a Schottky
diode.
[0083] In Figs. 10A and 10B, reference numeral 1 de-
notes an insulating substrate; 2, a lower electrode; 3, a
p semiconductor layer (hereinafter referred to as a p lay-
er); 4, an intrinsic semiconductor layer (hereinafter re-
ferred to as an i layer); 5, an n semiconductor layer (here-
inafter referred to as an n layer); and 6, a transparent
electrode. In the Schottky diode in Fig. 10B, the material
that is correct for the lower electrode 2 is selected, and
a Schottky-barrier layer is formed so that electrons from
the lower electrode 2 are not introduced into the i layer
4. In Fig. 10C, reference numeral 10 denotes the above
described photosensor that is represented by using a

symbol; 11, a power source; and 12, a detector, such as
a current amplifier. At the photosensor 10, C denotes the
transparent electrode 6 side in Figs. 10A and 10B, and
A denotes the lower electrode 2 side. The power source
11 is so set that when a positive voltage is applied at side
A it is transmitted to side C.
[0084] The processing will now be briefly described.
As is shown in Figs. 10A and 10B, when light enters in
the direction indicated by an arrow and reaches the i layer
4, the light is absorbed and electrons and hole carriers
are generated. Since an electric field is applied to the i
layer 4 by the power source 11, the electrons pass
through the side C, i.e., the n layer 5, and move to the
transparent electrode 6, while the hole carriers are shifted
to the side A, i.e., to the lower electrode 2. As a result, a
photocurrent flows across the photosensor 10. When no
light enters, electrons and hole carriers are not generated
in the i layer 4. The n layer 5 serves as a layer for pre-
venting the introduction of hole carriers into the transpar-
ent electrode 6. In the PIN photosensor in Fig. 10A, the
p layer 3 serves as a layer for preventing the introduction
of electrons into the lower electrode 2, while in the
Schottky photosensor in Fig. 10B, the Schottky-barrier
layer serves as a layer for preventing the introduction of
the electrons into the lower electrode 2. Therefore, the
electrons and the hole carriers can not be moved and no
current flows. Therefore, a current is varied depending
on whether or not light enters.- When this is detected by
the detector 12 in Fig. 10C, the entire structure operates
as a photosensor.
[0085] It is, however, difficult for the above described
photosensor to be employed to produce a photoelectric
converter having a high SN ratio and a low manufacturing
cost. An explanation of the reasons will now be given.
[0086] The first reason is that the PIN photosensor in
Fig. 10A and the Schottky photosensor in Fig. 10B require
introduction prevention layers at two places. In the PIN
photosensor in Fig. 10A, the n layer 5, which is an intro-
duction prevention layer, must have such characteristics
that when electrons are guided to the transparent elec-
trode 6, that at the same time, hole carriers are prevented
from being introduced into the i layer 4. If either charac-
teristic is missing from the n layer 5, a photocurrent is
reduced, or when light does not enter, a current (herein-
after referred to as a dark current) is generated and in-
creases, which results in the deterioration of an SN ratio.
The dark current is itself considered as noise, and also
includes fluctuation called Schottky noise, i.e., so-called
quantum noise. Even when a process for restricting a
dark current is performed by the detector 12, quantum
noise that accompanies the dark current can not be re-
duced. In order to improve the characteristics normally,
generally the conditions for forming the i layer 4 and the
n layer 5, and the annealing conditions after the photo-
sensor is fabricated, must be optimized. The p layer 3,
another introduction projection layer, requires the same
characteristics, even though it prevents the introduction
of electrons, not hole carriers, and the above described
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conditions for this layer must also be optimized. Normally,
the conditions for optimization of the n layer and those
for the p layer are not the same, and thus it is difficult to
satisfy the conditions for both. In other words, it is difficult
to fabricate a photosensor having a high SN ratio for
which an introduction prevention layer is required at two
places.
[0087] The same principle can be applied to the
Schottky photosensor in Fig. 10B. Further, although for
the Schottky type in Fig. 10B the Schottky-barrier layer
is employed as one of the introduction prevention layers,
a difference between the work functions of the lower elec-
trode 2 and the i layer 4 is utilized. The material for the
lower electrode 2 is limited, and the local level for an
interface greatly affects its characteristics, so that it is
more difficult to satisfy the above described condition. It
is reported that a thin oxide film or a nitride film of silicon
or metal of around 100 angstroms can be deposited be-
tween the lower electrode 2 and the i layer 4 in order to
enhance the characteristics of the Schottky-barrier layer.
According to this, hole carriers are guided to the lower
electrode 2 by utilizing the tunnel effect, and the effect
for the prevention of the introduction of electrons into the
i layer 4 is improved. Since a difference in the work func-
tions is also employed by this method, the material em-
ployed for the lower electrode 2 must be limited. Further,
since opposite properties, i.e., the prevention of the in-
troduction of electrons and the shifting of the hole carriers
by using the tunnel effect, are employed, the oxide film
or the nitride film that is formed must be very thin, around
100 angstroms, and as control of the thickness and the
film quality is difficult, productivity is degraded.
[0088] Since the introduction prevention layer must be
deposited at two places, productivity is degraded and
manufacturing costs are increased. Since the character-
istics of the introduction prevention layer are important,
a photosensor wherein a defect occurs in even one of
these layers can not provide the characteristics required
for a photosensor.
[0089] The second reason will now be described while
referring to Fig. 11. Fig. 11 is a diagram illustrating the
layered structure of a field-effect transistor (TFT) that is
constituted by a thin semiconductor film. The TFT is
sometime used as a part of a control section in order to
fabricate a photoelectric converter. The same reference
numerals as are used in Figs. 10A to 10C are also used
to denote corresponding or identical layers. In Fig. 11,
reference numeral 7 denotes an insulating film and 60
denotes an upper electrode. The deposition method will
be sequentially described. On an insulating substrate 1
are sequentially deposited a lower electrode 2 that serves
as a gate electrode (G), a gate insulating film 7, an i layer
4, an n layer 5, and an upper electrode 60 that serves as
a source electrode (S) and a drain electrode (D). Etching
is performed on the upper electrode 60 to form the source
electrode (S) and the drain electrode (D), and then etch-
ing is performed on the n layer 5 to form a channel portion.
Since, as a characteristic of the TFT, it is sensitive to the

condition of the interface between the gate insulating lay-
er 7 and the i layer 4, generally, the above layers are
sequentially formed in a vacuum to prevent contamina-
tion.
[0090] When a conventional photosensor is to be
formed on the same substrate as the TFT, the above
described layer structure becomes a problem, and re-
sults in an increase in manufacturing costs and in the
degrading of the characteristics. This is because the
structures of the photosensors in Figs. 10A to 10C and
of the TFT are different; the structure of the PIN photo-
sensor in Fig. 10A is an electrode/p layer/i layer/n layer/
electrode lamination, and the structure of the Schottky
photosensor in Fig. 10B is an electrode/i layer/n layer/
electrode lamination, while the structure of the TFT is an
electrode/insulating film/i layer/n layer/electrode lamina-
tion. This means that the photosensor and the TFT can
not be fabricated by the same process, and complicated
processing results in a degradation of the yielding ratio
and an increase in the manufacturing costs. The etching
procedure for the gate insulating layer 7 and the p layer
3 is required in order to use the i layer/n layer in common.
The p layer 3 and the i layer 4, which are the above de-
scribed important introduction prevention layers for the
photosensor, can not be deposited in the same vacuum,
for the interface between the gate insulating film 7 and
the i layer 4, which is important for the TFT, is contami-
nated when the gate insulating film is etched. As a result,
the characteristics are deteriorated and the SN ratio is
reduced.
[0091] In the Schottky photosensor in Fig. 10B, where-
in an oxide film or a nitride film is formed between the
lower electrode 2 and the i layer 4 to enhance its char-
acteristics, although the order of film formation is the
same as that shown in Fig. 11, the oxide film or the nitride
film must be so formed that it is around 100 angstroms,
as is described above, and it is difficult to employ that
film as the gate insulating film.
[0092] Fig. 12 is a graph showing our experimental re-
sults for the gate insulating film and the yielding ratio for
the TFT. With a gate insulating film of 1000 angstroms
or less, the yielding ratio dropped drastically. With a gate
insulating film of 800 angstroms, the yielding ratio was
about 30%; with a film of 500 angstroms, the yielding
ratio was 0%; and with a film of 250 angstroms, it was
not even possible to confirm the operation of the TFT.
As is apparent from the data, it is difficult to use an oxide
film or a nitride film of a photosensor that employs the
tunnel effect as the gate insulating film for a TFT that
must insulate electrons and hole carriers.
[0093] Further, though not shown, it is difficult for a
capacity device (hereafter referred to as a capacitor),
which is a device that is required for obtaining the integral
values of electric charges or of a current, to be fabricated
so that it has the same structure as that of the photosen-
sor, and so that it has a preferable characteristic for re-
ducing leakage. Since the capacitor stores electric charg-
es between two electrodes, a layer for preventing the
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movement of electrons and hole carriers must be formed
as an intermediate layer between the electrodes. How-
ever, since the conventional photosensor uses only a
semiconductor layer between the electrodes, it is difficult
to obtain an intermediate layer that has a preferable char-
acteristic for thermally reducing leakage.
[0094] As is described above, the processing and the
characteristics of the TFT and the capacitor, which are
important devices for a photoelectric converter, do not
correspond with each other. Because of this problem,
procedures are increased and are made more compli-
cated for the fabrication of a system wherein a plurality
of photosensors are two-dimensionally arranged and
light signals are sequentially detected. This results in a
deterioration of the yielding ratio, and prevents the pro-
duction of a device having a low manufacturing cost and
high performance and multiple functions.
[0095] According to the present invention, provided is
a photoelectric converter wherein mounted on substrate
are a photoelectric conversion device array portion,
which is so formed as to contact two adjacent sides, and
a driving circuit portion, which is formed along the other
two adjacent sides and that is connected to the photoe-
lectric conversion device array portion, wherein four of
the substrates are bonded together with two each being
positioned vertically and horizontally, so that the photo-
electric conversion device array portions lie adjacent to
each other in a plane, and wherein the number, or the
shape in a plane, of the photoelectric converter device
arrays mounted on at least one of the four substrates
differs from the number, or the shape in a plane, of the
photoelectric conversion device arrays mounted on at
least one of the other three substrates.

Claims

1. A manufacturing method of a photoelectric converter
comprising steps of:

preparing a plurality of substrates (100, 220,
330, 440) on which photoelectric conversion de-
vices are mounted two-dimensionally;
installing a plurality of scanning circuit chips (IC-
1, ..., IC-34) along one side of each of the sub-
strates; and installing a plurality of detection cir-
cuit chips (SR-1, ..., SR-34) along another side
of each of the substrates;

characterized by
after said installing steps, bonding together in a plane
the substrates along further another sides of the sub-
strates, along which none of the scanning circuit
chips and the detection circuit chips are installed.

2. A manufacturing method of a photoelectric converter
according to claim 1, wherein
the number of substrates prepared in said preparing

step is four, and structures of the photoelectric con-
version devices mounted on the four substrates are
the same,
the scanning circuit chips and the detection circuit
chips are installed respectively along adjacent two
sides of each of the four substrates in said installing
steps, and
the four substrates are bonded together side by side
in a state that orientations of every two adjacent sub-
strates are rotated relatively by angle 90 degree.

Patentansprüche

1. Herstellungsverfahren für einen photoelektrischen
Umwandler, das die Schritte umfasst:

Vorbereiten einer Vielzahl von Substraten (100,
220, 330, 440) auf denen photoelektrische Um-
wandlungsvorrichtungen zweidimensional an-
geordnet sind;
Anbringen einer Vielzahl von Abtastschaltkreis-
Chips (IC-1, ..., IC34) entlang einer Seite jedes
der Substrate; und
Anbringen einer Vielzahl von Erkennungs-
schaltkreis-Chips (SR-1, ..., SR34) entlang ei-
ner anderen Seite jedes der Substrate;

dadurch gekennzeichnet, dass
nach den Anbring-Schritten die Substrate in einer
Ebene entlang weiteren anderen Seiten der Substra-
te, entlang denen keine von den Abtastschaltkreis-
Chips und den Erkennungsschaltkreis-Chips ange-
bracht sind, miteinander verbunden werden.

2. Herstellungsverfahren für einen photoelektrischen
Umwandler nach Anspruch 1, wobei
die Anzahl der in dem Vorbereitungsschritt vorberei-
teten Substrate vier ist, und Strukturen der auf den
vier Substraten angeordneten photoelektrischen
Umwandlungsvorrichtungen die gleichen sind,
die Abtastschaltkreis-Chips und die Erkennungs-
schaltkreis-Chips jeweils entlang zwei benachbar-
ten Seiten jedes der vier Substrate in den Anbring-
Schritten angebracht werden, und
die vier Substrate miteinander Seite an Seite in ei-
nem Zustand verbunden werden, so dass Orientie-
rungen jeder zwei benachbarter Substrate relativ um
einen 90-Grad Winkel gedreht werden.

Revendications

1. Procédé de fabrication d’un convertisseur photoé-
lectrique comprenant les étapes consistant à :

préparer une pluralité de substrats (100, 220,
330, 440) sur lesquels sont montés de manière
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bidimensionnelle des dispositifs de conversion
photoélectrique ;
installer une pluralité de puces de circuits de ba-
layage (IC-1, ..., IC-34) le long d’un bord de cha-
cun des substrats ; et
installer une pluralité de puces de circuits de dé-
tection (SR-1, ..., SR-34) le long d’un autre bord
de chacun des substrats,

caractérisé en ce que :

après lesdites étapes d’installation, on lie les uns
aux autres dans un plan les substrats le long
d’autres bords supplémentaires des substrats,
le long desquels ne sont installées aucune des
puces de circuits de balayage et des puces de
circuits de détection.

2. Procédé de fabrication d’un convertisseur photoé-
lectrique selon la revendication 1, dans lequel :

le nombre de substrats préparés lors de ladite
étape de préparation est de quatre, et les struc-
tures des dispositifs de conversion photoélectri-
que montés sur les quatre substrats sont iden-
tiques,
les puces de circuits de balayage et les puces
de circuits de détection sont respectivement ins-
tallées le long de deux bords adjacents de cha-
cun des quatre substrats lors desdites étapes
d’installation, et
les quatre substrats sont liés les uns aux autres
côte à côte dans un état dans lequel les orien-
tations d’un sur deux des substrats adjacents
sont tournées les unes par rapport aux autres
d’un angle de 90 degrés.
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