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by a device as claimed in claim 1 and a process as claimed in claim 8.
BACKGROUND OF THE INVENTION                           According to the
present invention a photoelec- tric conversion device having, on a
substrate a pho- Field of the Inveniton                        5
toelectric conversion section comprising a thin film semiconductor layer
for photoelectrically converting The present invention relates to a
photoelectric  an image information, a charge accumulation section
conversion device.                                for accumulating an
electric signal photoelectrically produced by said photoelectric conversion
section, a Related Background Art                        10  switch section
comprising a thin film semiconductor layer for outputting the charge
accumulated in said It is well known that photo-sensors are used as  charge
accumulation section, is characterised in that photoelectric conversion
devices in various picture  the photoelectric conversion section comprises
at information handling apparatus such as facsimiles,  least a pair of
electrodes spaced from each other and digital copiers and character
readers. In modern ap-  15  formed on the thin film semiconductor layer,
said paratus, photo-sensors are arranged linearly to form  charge
accumulation section comprises a thin film Zong sensor. The sensor is
capable of reading picture  semiconductor layer and an insulating layer
both of image with a high level of accuracy. Recently, as a  which are
sandwiched between at least a pair of elec- photosensor which provides an
inexpensive high-   trodes, said switching section comprises a gate elec-
speed picture reading apparatus, a sensor has been   20  trode, source and
drain electrodes spaced from each proposed in which a thin film transistor
(referred to as  other and an insulating layer sandwiched between TFT
hereinafter) of amorphous silicon is connected to  the gate electrode and
the thin film semiconductor a photoelectric converting section which Is
constitut-  layer, and said thin film semiconductor layers are ed by an
array of photo-sensor elements which also  made of the same semiconductor
material. are made of amorphous silicon. The photo-sensor of  25  According
to the present invention a method, for this type Is inexpensive and is
capable of reading pic-  producing a photoelectric conversion device, which
ture information at a high speed. In this sensor, par-  includes forming a
photoelectric conversion section, allel signal output from the array of
photo-sensor ele-  a charge accumulating section for accumulating an ments
are changed into a serial signal by means of  output of said photoelectric
conversion section, and the switching TFT. This arrangement enables the
30   a switch section each section being provided with an number of the
driving ICs to be decreased, thereby to  insulating layer and a
semiconductor layer is charac- reduce the cost of the driving circuit.
terised in that the semiconductor layer of the three In the photosensor
employing a TFT, however,   said sections is formed from the same material
during there is the disadvantage that the number of manu-  a single
manufacturing step. facturing steps is increased because the photoelec-  35
How the invention may be carried out will now be trio conversion section
and the TFT have to be pro-  described byway of example only and with
reference duced independently, with the result that the produc-  to the
accompanying drawings in which: tion cost is increased and the yield Is
lowered. Japanese Journal of Applied Physics, Volume 20,  BRIEF DESCRIPTION
OF THE DRAWINGS Supplement 20/1, 1981 at pages 311 to 314 discloses  40 an
amorphous-silicon sensor which consists of an      Fig. 1A Is a plan view
of a photoelectric conver- amorphous-silicon field-effect-transistor, an
armor-  sion device of the type to which the present inven- phous-silicon
photo-conductor and an MOS capaci-      tion can be applied; tor. US Patent
4461956 discloses a solid state photo-  Fig. 1B is a sectional view taken
along the line X- electric converter comprising an array of photoelec-  45
Y of Fig. 1A; tric converting elements and a signal processing cir-  Figs.
2Ato 2D are sectional views illustrating dif- cuit for the accumulation of
signals produced as out-  ferent steps of a process for producing the
device puts from the photoelectric converting elements and   shown in Figs.
IA and 1B; an arrangement for transferring the accumulated sig-  Fig. 3 is
a plan view of a portion of another pho- nals, the transfer arrangement
being driven by an ar-  50  toelectric conversion device of the kind to
which ray of transistors wired in a two-dimensional matrix,  the present
invention can be applied; the converting elements, the transfer arrangement
Fig. 4 is is a sectional view taken along the line and the transistors
constituting the signal processing  A-B of Fig. 3; circuit being in the
form of thin semi-conductor films.  Figs. 5A to 5F are sectional views of
different 55      steps of a process for producing a photoelectric SUMMARY
OF THE INVENTION                              conversion device of the kind
to which the present invention can be applied; The objects of the present
invention are achieved  Fig. 6A is a plan view of still another
photoelectric 2  



3                   EP 0 232 083 B1                 4 conversion device of
the kind towhichthe present   sensor shown in Fig. 25; invention can be
applied;                          Figs 30Ato 30E are fragmentary sectional
views Fig. 6B is a vertical sectional view taken along the  of the line
sensor in different steps of the produc- line A-A' of Fig. 6A;
tion process; Fig. 7 is a diagram of an equivalent circuit of the   5  Fig.
31 is a fragmentary sectional view of another photoelectric conversion
device shown in Figs.     line sensor; 6A and 6B;
Figs. 32Ato 32E are fragmentary sectional views Fig. 8 is an illustration
of a line sensor incorpor-  of the line sensor in different steps of the
produc- ating the arrangement shown in Figs. 6A and 6B;    tion process;
and Fig. 9A is a plan view of a further photoelectric  10  Fig. 33 is a
fragmentary sectional view of still an- conversion device of the kind to
which the present  other line sensor. invention can be applied; Fig. 9B Is
a sectional view taken along the line A-  DESCRIPTION OF THE PRFFERRED A'
of Fig. 9A;                                  EMBODIMENT Fig. 10 is a
diagram of an equivalent circuit of the   15 photoelectric conversion
device;                   Figs. 1A and 1D show a photoelectric conversion
Fig. 11 is an illustration of a first embodiment of  device of the kind to
which the present invention can the photoelectric conversion device in
accor-   be applied. dance with the present invention;
More particularly, Fig. 1A is a fragmentary sec- Fig. 12 is a sectional
view taken along the line A-  20  tional view showing a photo-sensor array
incorporat- A of Fig. 11;                                   ed in the
device, while Fig. 1B is a sectional view tak- Fig. 13 is a sectional view
taken along the line B-  en along the line X-Y of Fig. 1A. B' of Fig. 11;
Referring to these Figures, the photo-sensor ar- Fig. 14 is a schematic
illustration of a second em-  rays have a glass substrate 1, an underlying
elec- bodiment of the photoelectric conversion device   25  trode 2 of a
capacitor, a gate electrode 3, an insulat- in accordance with the present
invention;       ing layer 4, an ohmic contact layer 6 consisting of an
Fig. 15 is a sectional view taken along the line A-  [err] layer, a
photoconductive layer 7 of a photoelectric A' of Fig. 14;
conversion section, and a semiconductor layer 8 of a Fig. 16 is a sectional
view taken along the line B-  TFT. The photoconductive layer 7 and the
semicon- B' of Fig. 14;                             30  ductor layer 8 are
made of the same amorphous sill- Fig. 17 is an illustra on of the charge
accumulat-  con layer. The photo-sensor array further has a com- ing
section 20;                                 mon electrode 10 and signal
deriving line 11. An inci- Fig. 18 is a chart showing charge accumulating
dent light Impinges upon the photoconductive layer 7 capacity
characteristic of the charge accumulat-  so as to be converted by the
latter into parallel electric ing section 20;                            35
signals which in turn are further converted into serial Fig. 19 is a
sectional view of a line sensor of a  electric signals. third embodiment of
the photoelectric conversion   An example of the process for producing the
pho- device in accordance with the present invention;  to-sensor array
shown in Figs. 1A and 1B will be ex- Fig. 20 is a diagram showing an
equivalent circuit  plained hereinunder with reference to Figs. 2A to 2D.
of a line Sensor having a matrix array;    40      A glass substrate 1
(Corning No. 7059) polished Fig. 21 is a timing chart illustrating the
operation  at both surfaces is cleaned with an ordinary neutral of the line
sensor;                             detergent or an organic alkali
detergent. Then, Cr is Fig. 22 is a perspective view of the line sensor;
deposited to a thickness of 0.15 [err] by electron beam Fig. 23 is a
fragmentary sectional view of the line  evaporation deposition method.
Then, a photo-resist sensor shown in Fig. 22;                   45
pattern of a desired shape is formed by using a posi- Fig. 24A to 24C are
fragmentary sectional views  type photo-resist (AZ-1370 made by Sibure).
Subse- of the line sensor shown in Fig. 23;            quently, the
unnecessary Cr is removed by an aqu- Fig. 25 is a plan view of a portion of
a line sensor  eous solution of a mixture of ammonium secondary of a fourth
embodiment of the present invention;  cerium nitrate and perchloric acid,
so as to form the Figs. 26A and 26B are fragmentary sectional  50
underlying electrode 2 of capacitorand the gate elec- views of the line
sensor shown in Fig. 2;       trode 3, as shown In Fig. 2A. Fig. 27 is a
plan view of a portion of the line sen-  Subsequently, the glass substrate
1 is placed in sor shown in Fig. 22, showing particularly lead  a glow
discharge decomposition apparatus of capac- lines 218;
Itance coupling type so as to be held in a vacuum at- Figs. 28A to 28E are
fragmentary sectional views  55   mosphere of a pressure of 1 x [err] Torr
at [err] . of the line sensor in different steps of the produc-
Subsequently, [err] diluted to 10 % by H2 and [err] are tion process;
simultaneously supplied into the apparatus at flow Fig. 29 is a fragmentary
sectional view of the line  rates of 5 SCCM and 20 SCCM, respectively.
Then, 



3    5                   EP0232083B1                    6 a glow discharge
is effected for 2, hours at RF dis-  sor array in another arrangement of
the kind to which charge power of 15 W, using a high-frequency power  the
present invention can be applied, while Fig. 4 is supply of 13.56 MHz, so
as to form an insulating layer  a sectional view taken along the line A-B
of Fig. 3. This 4 of silicon nitride to a thickness of 0.3 [err] [err].
arrangement has a light shielding film 12 and a light Then, [err] gas is
supplied at a flow rate of 10 SCCM,   5   Incident film 13. Other portions
are materially the and glow discharge is effected for 2.5 hours with dis-
same as those in the first arrangement and are denot- charge power of 8 W
and gas pressure of 0.07 Torr (1  ed by the same reference numerals as
those used in Torr = 133.3 Pa) so as to form an amorphous silicon  Figs. 1A
and 1B. intrinsic layer to a thickness of 0.50 [err]. Then, an [err] lay-
Layers of [err] and Cr are formed on the glass sub- er 6 constituting an
ohmic contact layer Is deposited   10  strate I In the same way as that In
the first arrange- to a thickness of 0.12 [err] as shown in Fig. 2B, using
as  ment. Then, the underlying layer 2 of capacitor, gate the material a
gas composed of [err] diluted by H2 to  electrode 3 and the light shielding
film 12 are formed 10 % and [err] diluted by H2 to 100 ppm mixed at a ra-
by photo-lithographic method. Then, the same steps tio of [err]: [err] = 1:
10, with a discharge power of  as the first arrangement are followed so
that the pho- 30 W.                                         15  to-sensor
array shown in Figs. 3 and 4 are formed. Subsequently, a desired pattern is
formed by us-   The photo-sensor array of this embodiment is an ing a
posi-type photo-resist (OFPR-1300 made by To-  original-contacttype
sensorwhich does not make use kyo Ouka Kogyo), and a dry etching by plasma
etch-  of any refraction distribution type rod lens array. As ing method is
conducted with CF4 gas of a pressure  shown in Fig. 4, the incident light
comes from the un- of 0.30 Torr and an RF discharging power of 100 W,  20
derside of the glass substrate and impinges upon the so as to remove the
unnecessary portions of the [err]  photoconductive layer 7 after being
reflected from layer and the intrinsic layer of amorphous silicon,  the
surface of an original (not shown) placed on the thereby forming amorphous
silicon photoconductive  photo-sensor. The light shielding film 12 is
intended layer 7 and a semiconductor layer 8, as shown in Fig.  for
preventing incident light from coming into the pho- 2C.
25  toconductive layer from the underside thereof. This Then, [err] is
deposited by electron beam deposi-  arrangement offers, besides the
advantages derived tion method to a thickness of 0.5 [err] so as to form a
con-  from the first arrangement an advantage in that the ductive layer, as
shown in Fig. 2D.                sensitivity of the photo-sensor is
increased by virtue Then, after forming a photo-resist pattern into a  of
the fact that the light which has impinged upon and desired form, exposed
portions of the conductive lay-  30  passed through the photoconductive
layer is reflect- er 9 are removed by a mixture constituted by phos-  ed by
the [err] layer. phoric acid (85 vol% aqueous solution), nitric acid (60
With the arrangements described so far there is vol% aqueous solution),
glacial acetic acid and water  a decrease in the number of production steps
by vir- which are mixed at a volumetric ratio of 16: 1:2: 1,  tue of the
fact that the photoconductive layer of the thereby forming a common
electrode 10 and a signal  35  photoelectric conversion layer and the
semiconduc- deriving line 11. Subsequently, dry etching is con-  tor layer
of the TFT are formed by the same amor- ducted by plasma etching method
using a CF4 gas, so  phous silicon layer. In addition, since the photoelec-
as to remove unnecessary portion of the [err] layer,  tric conversion
section and TFT portion are formed in thereby forming an [err] layer of the
desired pattern.  the close proximity of each other, the degree of inte-
Subsequently, the photo-resist is separated so that  40  gration of sensor
elements is increased so as to real- the photo-sensor array shown in Fig.
1B is formed.  ize a reduction in the size of the sensor array and a The
photo-sensor of this arrangement remark-   remarkably decrease in the
substrate area. ably reduces the number of steps of the production    Figs.
5A to 5F are sectional views illustrating process as compared with a
photo-sensor array     steps of a process for producing a photo-sensor
array which is produced by a process in which the photo-  45  shown in Fig.
2 as still another arrangement to which conductive layer and the
semiconductor layer are  the present invention can be applied. Figs. 5A to
5F formed independently. It is to be noted that the descri-  are sectional
views taken along the line X-Y of Fig. 2. bed embodiment eliminates the
necessity for the       In this process, glass substrate 1 (Corning No.
masking which is indispensable in the conventional  7059) polished at both
surfaces is cleaned with an or- process for the purpose of preventing each
amor-  50  dinary neutral detergent or an organic alkali deter- phous
silicon layer from being formed in the areas  gent. Then, Cr is deposited
to a thickness of 0.15 [err] by where the layer should not be formed.
Furthermore,  electron beam evaporation deposition method. Then, the degree
of integration of the photo-sensor ele-  a photo-resist pattern of a
desired shape is formed by ments in the array can be increased so as to
reduce  using a posi-type photo-resist (AZ-1370 made by Sib- the area of
the substrate, because the photoelectric  55  ure). Subsequently, the
unnecessary Cr is removed conversion section and the TFT section are farmed
in  by an aqueous solution of a mixture of ammonium 



close proximity to each other.                    secondary cerium nitrate
and perchloric acid, so as to Fig. 3 is a plan view of a portion of the
photo-sen-  form the underlying electrode 2 of capacitor and the 4    7
EP 0 232 083 B1                8 gate electrode 3, as shown in Fig. 5A.
array because the photoconductive layer and the Subsequently, the glass
substrate 1 is placed in  semiconductor layer of the TFT are formed of the
a glow discharge decomposition apparatus of capac-  same amorphous silicon
layer. It is to be noted that itance coupling type so as to be held in a
vacuum at-  the described arrangement ensures a high perfor- mosphere of a
pressure of 1 x [err] Torr at [err].    5   mance of the photosensor,
through improvement in Subsequently, [err] diluted to 10 % by H2 and [err]
are  the sensitivity of the photoelectric conversion section simultaneously
supplied into the apparatus at flow  and through increase in the OFF
resistance of the rates of 5 SCCM and 20 SCCM, respectively. Then,   TFT
section, by virtue of the fact that the thicknesses a glow discharge is
effected for 2 hours at RF (radio  of the amorphous silicon photoconductive
layer 7 and frequency) discharge power of 15 W, using a high-  10  the
semiconductor layer 8 can be optimized. Further- frequency power supply of
13.56 MHz, so as to form  more, the degree of Integration of the
photo-sensor an Insulating layer4 of silicon nitride to a thickness of
elements in the array can be increased so as to re- 0.3 [err]. Then, [err]
gas is supplied at a flow rate of 10  duce the area of the substrate,
because the photo- SCCM, and glow discharge is effected for 2.5 hours
electric conversion section and the TFT section are with discharge power of
8W and gas pressure of 0.07   15  formed in close proximity to each other.
Torr so as to form an amorphous silicon intrinsic layer  Figs. 6A and 6B
show still another photoelectric to a thickness of 0.50 [err]. Then, an
[err] layer 6 constitut-  conversion device of the kind to which the
present in- ing an ohmic contact layer is deposited to a thickness  vention
can be applied. More specifically, Fig. 6A Is of 0.12 [err] as shown in
Fig. 5B, using as the material a  a plan view, while Fig. 6B is a sectional
view taken gas composed of [err] diluted by [err] to 10 % and [err]   20
along the line A-A' of Fig. 6A. diluted by [err] to 100 ppm mixed at a
ratio of [err]   Referring to these Figures, a gate electrode 19, = 1: 10,
with a discharge power of 30 W.           and an insulating film 11 of
silicon nitride (SiNx:H) or Subsequently, a desired pattern is formed by
us-  silicon oxide [err] are formed on a glass substrate ing a posi-type
photo-resist (OFPR-1300 made byTo-  10. In addition, a semiconductor layer
12 such as of kyo Ouka Kogyo), and a dry etching by plasma etch-  25
amorphous silicon (a-Si) and an [err] layer 13 constitut- ing method is
conducted with CF4 gas of a pressure  ing an ohmic contact layer are formed
in sequence on of 0.30 Torr. and an RF discharging power of 100 W,  the
insulating layer 11. On the [err] layer 13, further so as to remove the
unnecessary portions of the [err]  formed areelectrodes 14,15of the
photoelectriccon- layer and the intrinsic layer of amorphous silicon,
version section 20, source and drain electrodes 17, thereby forming
amorphous silicon photoconductive   30  18 of a TFT section 21, and a
grounding electrode 16 layer 7 and a semiconductor layer 8, as shown In
Fig.  of a series resistance section 22. The electrode 15 of 5C.
the photoelectric conversion section 20 is connected Then, At is deposited
by electron beam deposi-  to the gate electrode 19 of the TFTsection 21,
and the tion method to a thickness of 0.5 [err] soas to form a con-  gate
electrode 19 Is connected to the series resis- ductive layer, as shown in
Fig. 5D.           35  tance section 22. In this embodiment, the insulating
Then, after forming a photo-resist pattern into a  film 11 of the TFT
section 21, semiconductor layer 12 desired form, exposed portions of the
conductive lay-  and the [err] layer 13 are formed simultaneously, so that
er 9 are removed by a mixture constituted by phos-  the numberof the steps
in the production process can phoric acid (85 vol% aqueous solution),
nitric acid (60  be reduced. vol% aqueous solution), glacial acetic acid
and water  40  Fig. 7 is a diagram showing an equivalent circuit which are
mixed at a volumetric ratio of 16: 1 :2: 1,  of the photoelectric
conversion section. The photo- thereby forming a common electrode 10 and
signal   electric conversion device 28 is shown in the area deriving lines
11. Subsequently, dry etching is con-  surrounded by broken lines. The
photoelectric con- ducted by plasma etching method using a CF4 gas, so
version element 23 corresponds to the photoelectric as to remove
unnecessary portion of the [err] layer,  45  conversion section 20, while
the TFT 24 corresponds thereby forming an [err] layer of the desired
pattern.  to the TFT section 21. Similarly, the serial resistance
Subsequently, the photo-resist is separated as     25 corresponds to the
serial resistance section 22. shown in Fig. 5E. Finally, a photo-resist is
formed in  The photoelectric conversion element 23 is connect- a desired
pattern so as to form a photo-resist of a de-  ed at its one end to the
gate electrode of the TFTtran- sired pattern, and the amorphous silicon
semicon-  50  sistor 24 and also to one end of the series resistance ductor
layer 8 of the TFT section is plasma-etched so  25. The series electrode 25
is grounded at its other that the semiconductor layer 8 has a reduced
thick-  end. Voltages [err] and [err] are applied to the other end ness of
0.2 [err], as shown in Fig. 5F.                of the photoelectric
conversion element 23 and the Fig. 2, shows a portion of the photo-sensor
array  source electrode of the TFT 24. A capacitor 26 for ac- 



formed by the process explained above.        55  cumulating charges and an
amplifier 27 are connect- The photo-sensor of this arrangement remark-   ed
to the drain electrode of the TFT 24. ably reduces the number of steps of
the production    Theoperation of the photoelectric conversion de- process
as compared with conventional photo-sensor  vice of this arrangement will
be explained with refer- 5    9                   EP 0 232 083 B1
10 ence to the equivalent circuit shown in Fig. 7.    13.56 MHz, thus
forming an SiNx: H insulating layer Representing the conductances of the
photoelec-  11 of 3000 A (10[err] = I nm). Thereafter, a desired pat- tric
conversion element 23 and the series resistor 25  tern is formed using a
posi-type photo-resist and a by [err] and [err], respectively, the
potential [err] of the gate  dry etching Is conducted using the
photo-resist as the electrode is expressed as follows.            5   mask,
by RIE (reactive ion etching) method under the conditions of CF4 gas supply
rate of 20 SCCM, gas [err]                                    pressure of
0.1 Torr and RF power of 100 W. Subse- When light impinges upon the
photoelectric con-  quently, after removal of the photo-resist, a glow dis-
versin element 23, the conductance [err] is increased  charge is conducted
for 3 hours under the conditions as compared with that before the light is
received, so  10  of 10 % SiH4 supply rate of 40 SCCM, gas pressure that
the voltage Vg of the gate electrode of the TFT  of 0.1 Torr and RF
discharge power of 50 W, thus 24also is increased. That is, the optical
signal applied  forming a semiconductor layer 12 of, for example, to the
photoelectric conversion element23 is convert-  amorphous silicon (a-Si)
having a thickness of 5000 ed into electric signals and is amplified bythe
TFT 24.  A. Subsequently, a glow discharge is carried out for The thus
amplified electric signal is accumulated in  15   1 hour by Introducing 10
% [err] at a rate of 40 SCCM the capacitor 26 and Is further amplified by
the am-  and [err] gas diluted to 100 ppm by hydrogen and un- plifier 27.
der the conditions of a gas pressure of 0.2 Torr, and Fig. 8 shows a line
sensor as an application of the  RF discharge powerof 200 W, thus forming
an ohmic photoelectric conversion device described above. In  contact [err]
layer 13 having a thickness of 1000 A. this Figure, the same reference
numerals are used to  20  Then, a desired form of photo-resist pattern is
formed denote the same parts as those In the equivalent cir-  with a
posi-type photo-resist and a dry etching is con- cuit shown in Fig. 7, and
description of such parts is  ducted using tne photo-resist as a mask by
RIE (Re- omitted for the purpose of simplification of explana-  active Ion
Etching) method, under the conditions of tion,
CF4 gas supply rate of 20 SCCM, gas pressure of 0.1 Referring to Fig. 8, a
charge transfer section 31   25  Torr, and RF discharge power of 100 W,
thereby re- is constituted by capacitors [err] to [err] connected to
moving unnecessary portions of the [err] layer, semi- the drain electrodes
of TFTs  [err] to [err] of the photo-  conductor layer and the Insulating
layer. Then, [err] is electric conversion devices [err] to [err],
transistors [err]  deposited by sputtering to a thickness of 0.5 [err] and,
to [err] for transferring the charges accumulated In the  after forming a
desired form of photo-resist pattern capacitors [err] to [err], shift
registers [err] to [err] for se-  30  with a posi-type photo-resist, and
etching is effected quentially operating the transistors [err] to [err],
and an  with a mixture liquid constituted by phosphoric acid amplifier 27.
Usually, the charge transfer section 31  (85 vol% aqueous solution), nitric
acid (60 vol% aqu- is constructed integrally as a driving IC.
eoussolution), glacial acetic acid and water which are Adescription will be
made hereinafteras to an ex-  mixed at a volumetric ratio of 16 :1: 2 :1,
thereby ample of the method for producing the photoelectric  35  forming
the desired pattern. conversion device of this arrangement.
Subsequently, after removal of the photo-resist, Aglass substrate 10
(Corning No. 7059) polished  the unnecessary portion of the [err] film is
removed by at both surfaces Is subjected to ordinary washing by  dry
etching RIE method similar to mentioned before, a neutral detergent. Then,
Cr is deposited to a thick-  so that the photoelectric conversion device
shown in ness of 0.05 [err] by sputtering, and a photo-resist pat-  40
Fig. 6A was obtained. tern of a desired form is formed by using a posi-type
Figs. 9A and 9B show the construction of a fur- photo-resist (OFPR-800
produced by Tokyo Ouka Ko-  ther photoelectric conversion device of the
kind to gyo). Subsequently, the gate electrode 19 of the TFT  which the
present invention may be applied. is formed by using an aqueous solution of
a mixture  More specifically, Fig. 9A is a plan view, while of ammonium
secondary cerium nitrate and perchlo-  45   Fig. 9B is a sectional view
taken along the line A-A'. ric acid. After removal of the photo-resist, the
glass  In these Figures, the same reference numerals are substrate 10 is
placed in aglow discharge decompos-  used to denote the same parts as those
in the ar- ing apparatus of capacitance coupling type and is  rangement
shown in Figs. 6A and 6B. maintained at [err] under the vacuum of 1 x [err]
Referring to Figs. 9A and 9B, a transparent gate Torr. Then, [err] gas
(furnished by Komatsu Denshi)  50  electrode such as of ITO or [err] is
formed on a glass diluted by hydrogen to 10 % and [err] gas of 99.999
substrate 10. An [err] layer 13 and an insulating film 11 % purity are
introduced into the apparatus at rates of  are formed on the gate electrode
19. Then, a semi- 



100 SCCM and 50 SCCM, respectively, so as to set   conductor layer 12 and
an [err] layer 13 are formed in the gas pressure at OA Torr. Then, after
setting the  sequence on these layers. In this arrangement, one gas
pressure at 0.4 Torr, a glow discharge is conduct-  55  of the electrodes
of the photoelectric conversion sec- ed for 1 hour with an RF (radio
frequency) discharge  tion 20 used also as a source electrode 18, so that
the power of 50 W, using a high-frequency source of    area occupied by the
photoelectric conversion sec- tion can be reduced advantageously. 6    11
EP 0 232 083 B1                 12 Fig. 10 shows an equivalent circuit of
the photo-  with Figs. 6A and 6B and the arrangement explained electric
conversion device of this arrangement. In this  in connection with Figs. 9A
and 9B can remarkably re- Figure, the same reference numerals are used to
de-  duce the number of steps of the production process note the same parts
as those used in the equivalent  because of the fact that the photoelectric
conversion circuit diagram shown in Fig. 7, and detailed descrip-   5
section and the transistor section are produced by the tion of such parts
is omitted.                    same film-forming steps. In consequence, the
yield is As will be understood from Fig. 10, In this ar-  improved and the
production cost is lowered advan- rangement, a common voltage VD is applied
both to  tageously. one of the electrodes of the photoelectric conversion
A first embodiment of the invention will now be element 23 of the
photoelectric conversion device 32   10  described with reference to Figs.
11, 12 and 13. and the source electrode of the TFT 24. The operation  Fig.
11 is a schematic illustration of this embodi- of this arrangement of the
photoelectric conversion  ment of the photoelectric conversion device,
while device Is the same as that of the processing embodi-  Fig. 11 is a
sectional view taken along the line A-A' of ment, and can be expressed by
the following formula.  Fig. 11. Fig. 13 is a sectional view taken along
the line 15  B-B' of Fig. 11. [err]                                  This
embodimentof the photoelectric conversion Detailed description of operation
is omitted be-  device in accordance with the present invention has cause
it is substantially the same as that of the pre-  a photoelectric
conversion section 101, a charge ac- ceding arrangement.
cumulating section 102 corresponding to the photo- A description will be
made hereinunder as to an   20  electric conversion section 101, a switch
element example of the process for producing the photoelec-  section 103
having one end connected to the charge tric conversion device ofthe kind to
which the present  accumulating section 102, and a signal processing
invention may be applied.                          section circuit 103
connected to the other end of the A      glass substrate 10 (Coning No.
7059) is su  switch element section 103. A reference numeral 106 jected to
an ordinary washing with a  neutral deter-  25  is a power supply connected
to the photoelectric con- gent. Then, ITO is deposited to a thickness of
0.1 [err]  version section 1. The photoelectric conversion sec- by
sputtering. After forming a photo-resist pattern of  tion, the charge
accumulating section 102 and the a desired form with a posi-type
photo-resist (made of  switch element section 103 are formed in accordance
Shibure), the gate electrode 19 of the TFT is formed  with the following
procedure. with the use of an aqueous solution of a mixture of hy-  30  As
shown in Figs. 12and 13, a common electrode drochloric acid and ferric
chloride. Then, the [err] layer  4 and the gate electrode 111 of the switch
element 13 constituting the ohmic contact layer is formed and  section 3
are formed on a glass substrate 116. An in- a photo-resist pattern for the
photoelectric conver-  sulating layer 112 is formed on the gate electrode
111 sion section is formed by using a posi-type photo-re-  on which are
formed a semiconductor layer 113 made sist. Thereafter, the pattern is
formed by dry etching.  35  of a photoelectric conversion material and an
ohmic After removal of the photo-resist, then, the insulating  contact
layer 114. On the ohmic contact layer 114 are film 11 of SiNx: H is formed
and a pattern of this layer  formed a common electrode 108 of the
photoelectric is formed in the same manner as that for the [err] layer
conversion section 101, independent electrodes 105 13. Subsequently, the
semiconductor layer 12 of    of the charge accumulating section 102 and the
drain amorphous silicon (a-Si) and the [err] layer 13 are su-  40  and
source electrodes 109 and 110 of the switch ele- perposed in the same
manneras that in the preceding  ment section 103. The semiconductor layer
113 and embodiment. After forming a photo-resist pattern us-  the ohmic
contact layer 114 between the independent ing a posi-type photo-resist
(OFPR-800 produced by  electrodes 105 and the common electrode 104 serve
Tokyo Oukta Kogyo), dry etching is carried out by us-  as a dielectric
material, so that it is not removed by ing this photo-resist pattern as a
mask, so as to re-  45  etching but remains in the charge accumulating sec-
move the unnecessary portions of the insulating film,  tion 102 as shown in
Fig. 12. These layers, however, semiconductor layer and the [err] layer on
the gate elec-  are divided by etching during formation of the inde- trode
19. Subsequently, the photo-resist is removed  pendent electrodes 105.
Therefore, there is no risk for and electron beam evaporation deposition is
effected  the Insulating layer 112 between the independent so as to deposit
[err] to a thickness of 0.5 [err]. Then, the   50  electrode and the common
electrode 104 to be de- 



desired electrode pattern is formed in the same man-  graded due to pin
holes or deformation. ner as that In the preceding embodiment, and unnec-
In this embodiment, there is no height difference essary portion of the
[err] layer is removed by dry etch-  between the common electrode 108 and
the indepen- ing, whereby the photoelectric conversion device as  dent
electrode 108 in the region near the window of shown in Figs. 9A and 9B is
obtained.         55  the photoelectric conversion section, so that the oc-
As will be understood from the foregoing descrip-  currence of troubles
such as cutting of lines is sup- tion, both the arrangement explained in
connection  pressed. The operation of this photoelectric conversion 7    13
EP 0 232 083 B1                14 device is as follows.
In these two embodiments, the semiconductor Fig. 17 is an illustration of
the operation of the  layerformed on the insulating layer is the same as
the charge accumulating section in this embodiment,  semiconductor layer of
the amorphous silicon which while Fig. 18 shows charge accumulating
character-  constitutes the photoelectric conversion material of istic of
the same.                           5   the photoelectric conversion
section 101. This, how- As the photoelectric conversion section 101 is ir-
ever, is not exclusive. A photoelectric conversion de- radiated with light,
a voltage is applied to the common  vice of the type to which the present
invention can be electrode 108, so that the conductivity is Increased in
applied comprises the semiconductor layer on the in- the region of the
window in the semiconductor layer  sulating layer 112 which may be provided
separately 113, so that charges are accumulated in the indepen-  10  from
the semiconductor layer of the amorphous sili- dent electrodes 105 of the
charge accumulating sec-  con. For instance, the semiconductor layer on the
in- tion 102. Then, the powersupply 115 is connected be-  sulating layer
112 may be an amorphous silicon ger- tween the independent electrode 105
and the com-  manium semiconductor layer. mon electrode 104 such that the
potential of the com-  As will be seen from the foregoing description, in
mon electrode 104 becomes higher, as shown in Fig.  15  the embodiments
shown in Figs. 11 to 13 and Figs. 14 17, and a voltage higher than a
predetermined level  to 16, the production process is simplified and deg-
is applied between these electrodes 104 and 105. As  radation of the
insulating layer during the production a result of the application of this
voltage, the capaci-  is avoided, by virtue of the provision of the
semicon- tance C is increased so that the charge accumulating  ductor layer
on the insulating layer on at least the amount can be increased. The
accumulated charges  20  charge accumulating section. In consequence, any
are transferred to the signal processing circuit 107  tendency for the
accumulating capacity and the pho- when the field effect transistor of the
switch element  toelectric conversion characteristic to fluctuate is re-
section 103 is ON, so as to be converted into serial  markably suppressed.
signal by the signal processing circuit 107 and deliv-  Fig. 19 is a third
embodiment of the line sensor ered from the latter as an output.
25  as a photoelectric conversion device In accordance A second embodiment
of the photoelectric con-  with the present invention. Referring to this
Figure, a version device of the invention will be explained with  substrate
201 has a lower electrode wiring 206 of a reference to Figs. 14, 15 and 16.
More specifically,  wiring section 202, a lower electrode wiring 207 of a
Fig. 14 is a schematic illustration of this embodiment,  charge
accumulating section 204, and a lower elec- Fig. 15 is a sectional view
taken along the line A-A' of  30  trode wiring 208 constituting the gate
electrode of a Fig. 14, and Fig. 16 is a sectional view taken along the
switch element section 205. An insulating layer209 is line B-B' of Fig. 14.
formed on these lowerelectrodewirings 206,207 and In this embodiment, the
arrangement of the com-  208 and the portions of the substrate 201 between
mon electrode 104 and the independent electrodes  these wirings 206,207 and
208. A photoelectric sem- 105 in the charge accumulating section 102 is
reverse  35  iconductor layer 210 is formed on the insulating layer to that
in the preceding embodiment shown in Figs. 11  209. Portions of the
insulating layer 209 and the pho- to 14.
toconductive semiconductor layer 210 on the wiring In this embodiment,
independent electrodes 105  section 202 are provided with apertures for the
pur- of the charge accumulating section 102 and the gate  poseof
connection. Upperelectrodewirings 212,213 electrode 111 of the switch
element section 3 are  40  and 214 are formed on the
photoconductivesemicon- formed on a glass substrate 116. Then, the
insulating  ductor layer 21 0. The opened area between the upper layer 112,
the semiconductor layer 113 and the ohmic  electrode wiring 212 and the
upper electrode wiring contact layer 114 are formed on the common elec-
213 constitutes the photoelectric conversion region trode layer 105.
Subsequently, portions of the insu-  of the photoelectric conversion
section 203. The up- lating layer 112, semiconductor layer 113 and the oh-
45  per electrode wiring 213, photoelectric semiconduc- mic contact layer
114 are removed except the portion  torlayer 210, insulating layer 209, and
the lower elec- forforming the common electrode. Then, a process is  trode
wiring 207 in combination constitute a charge carried out so as to form the
common electrode 108  accumulating capacitor, while the end of the upper 



and the grounding electrode 117 of the photoelectric  electrode wiring 213
adjacent to the switch 205 con- conversion section 101, common electrode
104 of the  50  stitutes a drain electrode. On the other hand, the end
charge accumulating section 102, and the drain elec-  of the upper
electrode wiring adjacent to the switch trode 109 and the source electrode
110 of the switch  section 205 constitutes a source electrode. Although
element section 103. In this embodiment also, the In-  not shown, a doping
layer is formed between the up- sulating layer 112 between the independent
electro-  perelectrode wirings 212, 213,214 and the photocon- des 105 and
the common electrode 104 are leftwith-  55  ductive semiconductor layer
210, so that an ohmic out being etched, so that the same advantages as
contact is achieved therebetween. In the described those in the preceding
embodiment shown in Figs. 11  embodiment of the invention, each of the
wiring sec- to 13 are derived also from this embodiment.     tion 202,
photoelectric conversion section 203, 8    15                 EP0232083B1
16 charge accumulating section 204 and the switch sec-  sented by STY1,
hereinafter) represent transfer tion 205 is provided with the insulating
layer 209 and  switches for transferring the charges from the accu- the
photoconductive semiconductor layer 210. These  mulating capacitors CY1 to
the load capacitors CXI. layers for the sections 202 to 205 are formed in
the  SR1, SR2, ..., SRN (represented by SR1, hereinafter) same steps of
process.                        5   are discharge switches for resetting
the charges of In the wiring section 202, the photoconductive  the
accumulating capacitor CY1. In this example, the semiconductorlayer210
exists besides the insulating  switch section 205 is composed of a transfer
switches layer 209, between the lower electrode wiring 206  STY1 and the
discharging switches SRY1. and the upper electrode wiring 212. The presence
of   The photosensors S1, accumulating capacitor the semiconductor layer
212, however, does not pro-  10  CY1, transfer switches ST1 and the
discharge duce any unfavorable effect because it is necessary  switches
SRY1 are arranged in respective arrays and only that a sufficient
insulation is provided between  sectioned into N x M blocks. The gate
electrodes of the lower electrode wiring 206 and the upper elec-  the
transfer switches ST1 and discharge switches trode wiring 212.
SR1 arranged in arrays are connected to a matrixwir- The photoelectric
conversion section 203 em-   15  ing section 215. The gate electrodes of
the transfer ploys the photoconductive semiconductor layer 210  switches
ST1 of each block are connected commonly formed on the substrate 1 through
the intermediary of  to the gate electrodes of the transfer switches of
cor- the insulating layer 209. The presence of the photo-  responding
orders of other blocks. On the other hand, conductive semiconductor layer
210 appears as a    the gate electrodes of the discharge switches SR1
change in the energy level of the interface between   20  are connected to
the gate electrodes of the transfer the photoconductive semiconductor210
and the insu-  switches of next orders in each block. lating layer 209.
This, however, does not cause any   The common lines (gate driving lines
G1, G2, change which would impair the basic performance of  GN) of the
matrix wiring section 215 are driven by the the photoconductive material.
In this case, It is possi-  gate driving section 216. On the other hand,
the out- ble to provide an electrode between the substrate  25  put signals
are delivered to a signal processing sec- 201 of the photoelectric
conversions section 203 and  tion 217 through signal deriving lines 218
(signal out- the insulating layer 209 so as to control and optimize  put
lines D1, D2, ..., DN). the energy level at the inter-surface of the
photocon-  Fig. 21 is a timing chart illustrating the operation ductive
semiconductor layer 210.                   of the line sensor described
above. In the charge accumulating section 204, a photo-  30  Selection
pulses (VG1, VG2, VG3, ..., VGN) are conductive semiconductor layer 210
provided on the  applied successively to the gate driving lines (G1,
insulating layer 209 affects the charge accumulating  G2, ..., GN) from the
gate driving section 216. As the capacity. This effect has a dependency on
bias of the  gate driving line GI is selected first, the transfer
capacitance. Thus, the electrostatic capacitance is  switch ST1 is turned
on and then the charges accu- changed in accordance with the degree of band
bend-  35   mulated in the accumulating capacitor C1 are trans- ing of the
semiconductor layer at the interface of the  ferred to the load capacitor
CXI. Then, the gate driv- insulating surface. In the charging and
discharging  ing line G2 Is selected so that the transfer switch ST2
operation in this embodiment, however, the bias-   are turned on, so that
the charges accumulated in the dependency can be reduced to a negligible
level by  accumulating capacitor C2 are transferred to the load applying a
negative bias to the electrode adjacent to  40  capacitor CX1. Atthe same
time, the discharge switch the insulating layer 209.
SR1 operates to reset the charge of the accumulating The thickness of the
photoconductive semicon-  capacitor C1. Then, the gate driving lines G3,
G4, ductor layer 210 is selected such as to provide super-  GN are
successively selected, thus performing read- ior photoelectric conversion
characteristic of the pho-  ing of information. In Fig. 21, symbols VC1,
VC2, toelectric conversion section 203 and the switching   45  VCN
represent changes in the potentials of the characteristic of the switch
section 205.          charge accumulating capacitors CY1. The above- 



A description will be made hereinunder as to the  described operation is
conducted for each block, and case where the switch section of the line
sensor is  the output signals VX1,VX2, ..., VXN from the respec-
constituted by a matrix-switch array.              tive blocks are sent to
inputs D1, D2, ..., DM of the sig- Fig. 20 shows an equivalent circuit of a
line sen-  50  nal processing section 217 so as to be converted into sor
having a matrix switch array. In this Figure, S1,  serial signals. The
serial signals thus formed are out- S2, ..., Sn (represented by SY1,
hereinafter denote  put from the signal processing section 217.
photo-sensors which correspond to the photoelectric   Fig. 22 is a
perspective view of the line sensorex- conversion section 203, charge
accumulating capac-  plained hereinabove. itors C1, C2,..., CN (represented
by CYI, hereinafter)  55  Referring to Fig, 22, a reference numeral 201
corresponding to the charge accumulating section   designates a substrate
on which are formed the ma- 204 and adapted for accumulating photo-currents
in  trix wiring section 215, photoelectric conversion sec- the
photo-sensors SY1. ST1, ST2, ..., STN (repre-  tion 203, charge
accumulating section 204 for accu- 9    17                 EP0232083B1
18 mulating the charges output from the photoelectric  tersect with pone
another, thereby preventing gener- conversion section 203, array of
transfer switches  ation of cross-talk between the signal components 219
for transferring the charges from the charge ac-  and the generation of
induction noises from the gate cumulating section 204 to the signal
processing IC  electrode wirings. 21, and army of discharge switches 220
for resetting   5  Figs. 24A-24C are fragmentary longitudinal sec- the
charge accumulating section 204. The transfer  tional views of the
photoelectric conversion section switches 219 and the discharge switches
220 are sec-  203, taken along the lines A-A', B-B' and C-C' of Fig. tioned
into N x M blocks. The drain electrodes of the  23, respectively. Referring
to Fig. 24Awhich is a long- transfer switches 219 are connected to
correspond-  itudinal section of the photoelectric conversion sec- ing
charge accumulating sections, while the source  10  tion 203, there are
shown the lower electrode wiring electrodes in each block are connected to
a common  224 connected to the gate electrode of the transfer line which in
turn is connected to the load capacitor  switch 219, the insulating layer
209, the photoconduc- (not shown) and the signal processing IC 221.    tive
semiconductor layer 210, and the upper elec- On the other hand, the gate
electrodes in each  trode wirings 212, 213. The light impinging upon the
block are connected to the matrix wiring section 215   15  line
sensorcauses a change in the conductivity of the such that the gate
electrode lines of the same order  a-Si:H layer constituting the
photoelectric semicon- in each block are connected commonly. The common
ductor layer 210, thereby causing a change in the electrode of the matrix
wiring section 215 Is connect-  electric current which flows between the
upper elec- ed to the gate drive IC 222. The signal processing IC  trode
wirings 212, 213 which oppose in a comb-teeth 221 is disposed on the
central portion of the substrate  20  form. 201 so as to minimize the
length of the deriving line  Fig. 24B shows the longitudinal section of the
218. Shield patterns (not shown) having grounding  charge accumulating
section 204. As will be seen potential are disposed in the areas between
adjacent  from this Figure, the charge accumulating section deriving lines
218.                               204 has the lower electrode wiring 207,
the dielectric Fig. 23 is a plan view of a portion of the line sen-  25
structure constituted by the insulating layer 209 sor described above. In
this Figure, there are shown  formed on the lower electrode wiring 207 and
the pho- the matrix wiring section 215, the photoelectric con-
toconductive semiconductor layer 210, and the upper version section 203,
the charge accumulating section  electrode wiring 213 formed on the
photoconductive 204, the transferswitch 219, the discharge switch 220
semiconductor layer 210. This charge accumulating for resetting the charge
of the charge accumulating   30  section 4 has a structure which is the
same as that section 204, the deriving line 218 for connecting the  of MIS
(Metal-Insulator-Semiconductor) capacitor, signals from the transfer switch
to the signal process-  and can be used both under positive and negative
ing IC, and the load capacitor 223 for accumulating  biases. It is to be
noted, however, stable capacitance and reading the charges transferred by
the transfer  and stable frequency characteristic can be obtained switches
219.                                35  by using the line sensor such that
a negative bias is In this embodiment, amorphous silicon (a-Si:H)  always
applied to the lower electrode wiring 207. film is used as the
photoconductive semiconductor    Fig. 24C is a longitudinal sectional view
of the layer of the photoelectric conversion section 203,  transfer switch
219 and the discharge switch 220. As transfer switch 219 and the discharge
switch 220. On  will be seen from this Figure, the transfer switch 219 the
other hand, the insulating layer is constituted by  40  is composed of the
lower electrode wiring 224 consti- a silicon nitride film (SiNH) formed by
a glow dis-  tuting the gate electrode, the insulating layer 209 charge.
constituting the gate insulating layer, the photocon- Fig. 23 shows, for
the purpose of simplification of  ductive semiconductor layer 210, the
upper electrode the drawings, only the upper and lower electrode wir-
wiring 214 constituting the source electrode, and the 



ings are shown, while the photoconductive semicon-  45  upper electrode
wiring 213 constituting the drain ductor layer and the insulating layer are
omitted. The  electrode. The gate electrode and the photoconduc-
photoconductive semiconductor layerand the insulat-  tive semiconductor
layer of the discharge switch 220 ing layer are formed in each of the
photoelectric con-  are the same layers as the insulating layer 209 and
version section 203, charge accumulating section  the photoconductive
semiconductor layer 210 men- 204, transfer switch 219 and the discharge
switch  50  tioned before. The source electrode, the gate elec- 220, as
well as between the upper electrode wiring  trode and the drain electrode
are constituted, respec- and the substrate. Furthermore, an a-SiH layer
doped  tively, by the upper electrode wiring 213, lower elec- into [err]
type is formed at the interface between the up-  trode wiring 227 and the
upper electrode wiring 226. per electrode wire and the photoconductive
semicon-  The transfer switch 219 and the discharge switch 220 ductor
layer, thus providing an ohmic contact.  55  In combination constitute a
TFT. In the wiring pattern of the line sensor of this em-  As explained
before, [err] layer of a-Si:H Is formed bodiment, the signal lines output
from all the photo-  between each of the upperelectrode wirings 213,214
electric conversion sections are laid so as not to in-  and 226 and the
photosensitive semiconductor layer 10    19                 EP 0 232 083 B1
20 210, so as to realize an ohmic contact.           block are merged into
a common line. This arrange- It is an ordinary measure to form a
passivation  ment, however, is not exclusive and may be modified film of
SiNH, [err] silicon or another organic resin is  in various forms. For
instance, the matrix wiring may formed on an upper portion of the TFT. Such
a passi-  be formed by the source electrodes. vation film, however, is
omitted from Fig. 24C.  5   As will be understood from the foregoing
descrip- As will be understood from the foregoing descrip-  tion, in this
embodiment of the photoelectric conver- tion, the line sensor of this
embodiment, it possible to  sion device, at leastthe photoelectric
conversion sec- simultaneously form by the same process the photo-  tion,
accumulating section and the switch section are electric conversion
section, charge accumulating  provided with an insulating layer and a
photoconduc- section, transfer switch, discharge switch and the ma-  10
tive semiconductor layerformed on the insulating lay- trixwiring sections,
because these sections common-  er. ly have a laminated structure
constituted by a photo-  This arrangement enables these sections of the
conductive semiconductor layer and the insulating  photoelectric conversion
device to be formed simul- layer.
taneously, so that the production process can be sim- Fig. 25 is a plan
view of a portion of a line sensor  15  plified in connection with the
formation of the layers as still further embodiment of the present
invention.  and elements. In addition, this embodiment is suit- This line
sensor is used as a so-called lens-less type  able for integration because
the constituent parts photoelectric conversion device in which light
imping-  have a substantially identical construction, thus mak- es from the
substrate-side so that the light reflected  ing it possible to obtain a
small-sized photoelectric by the original held in contact with the
photoelectric  20  conversion device. In addition, any tendency for the
conversion section 203 is directly read by the photo-  insulating layer to
be deteriorated during the produc- electric conversion section 203.
tion is suppressed, thus remarkably eliminating the The photoelectric
conversion section 203 Is pro-  risks of troubles such as short-circuiting
in the capac- vided with a light shielding layer 225 for shielding the
itor section, fluctuation in the capacitance, degrada- illuminating light
emitting from the substrate side, as  25  tion in the insulation at the
crossing sections of the well as a window 228 through which the original is
il-  electrode wiring. luminated.
In consequence, this embodiment enables the Figs. 26A and 26B are sectional
views of the line  photoelectric conversion device to be produced at low
sensor shown In Fig. 25, taken along the lines D-D'  costs, with a higher
degree of freedom of design and and E-E' of Fig. 25.
30  superior reliability. As will be seen from this Figure, the
illuminating  When it is necessary to employ a laminated window 228 is
constituted by an opening formed in  structure for the wiring section in
the photoelectric the upper electrode wiring 212. This window, how-
conversion device of this embodiment, the insulating ever, may be formed by
the lower electrode wiring.  layer and the photoconductive semiconductor
layer In As will be seen from Fig. 26B, the light shielding   35
combination serve as an inter-layer insulator. It will be layer 225 is
formed by the lower electrode wiring.  seen that this inter-layer insulator
can be formed by Usually, a negative bias is applied to this light shield-
the same step as the formation of the photoelectric ing layer 225 and the
bias is controlled such as to suf-  conversion section and the switch
section. ficiently attenuate the dark current.                 Figs. 28Ato
28E are longitudinal sectional views Fig. 27 is a plan view of a portion of
the output line  40  of this embodiment in different steps of the produc-
218 shown in Fig. 22.                             tion process. Referring
to this Figure, a ground pattern 229 is  As the first step, [err]/Cr is
deposited to a thickness 



disposed between output lines 218 of the adjacent  of 0.1 [err] by vacuum
deposition method, on the sur- blocks. The ground pattern 229 effectively
prevents  face of a rinsed glass substrate having a high degree any
cross-talk which may otherwise be caused by a   45  of smoothness and
serving as the substrate 301, as capacitance coupling between the adjacent
deriving  shown in Fig. 28A. Then, a resist pattern was de- lines. The line
capacitance formed between the out-  formed by photolithographic method,
thereby to form put line 218 and the ground pattern 229 serves as a  lower
electrode wirings 306,307 and 308 in the matrix partof the load capacitor.
Any difference in the capac-  wiring section 302, charge accumulating
section 304 itance due to difference in the length of the output  50  and
the transfer switch section constituting the switch lines can be eliminated
by adjusting the area of the  section 305. load capacitor 223, thus
obtaining a substantially   Then, as shown in Fig. 28B, an insulating layer
equal effective capacitance of the load capacitors in  309 consisting of
silicon nitride Is deposited to a thick- all the blocks. A numeral 230
designates a output ter-  ness of 0.3 [err] by an RF glow discharge in
accor- minal which is connected to the deriving line 218.  55  dance with
plasma CVD method, using [err] gas and In this embodiment, the matrix
wiring is formed by  [err] or [err] gas as the material. Subsequently, a
pho- the gate electrodes of the switch section, and the  toconductive
semiconductor layer 310 as an amor- source electrodes of the transfer
switches in each  phous silicon intrinsic layer Is formed to a thickness
21                  EP 0 232 083 B1                22 of 0.1 to 1 [err], by
the same method using [err] as the  Referring to Fig. 30E, on the substrate
301 are material. Thereafter, an [err] layer 315 constituting the  formed a
lowerelectrode wiring 306 of the wiring sec- ohmic contact layer is
deposited to a thickness of 0.1  tion 302, lower electrode wiring 307 of
the charge ac- [err] using [err] and [err] gas as the material.
cumulating section 304, and a lower electrode wiring Then, as shown in Fig.
28C, a resist pattern is   5   accumulating section 304, and a lower
electrode wir- formed by photo-lithography and dry etching is effect-  ing
308 of the switch section 305. An [err] layer 315 con- ed with this resist
pattern while using CF4 gas, so as  stituting an ohmic contact layer is
formed on the lower to partially remove the [err] layer, photoconductive
sem-  electrode wirings 306, 307 and 308. A photoconduc- iconductorlayerand
the insulating layer thereby form-  tive semiconductor layer 310 is formed
on the [err] layer ing a contact hole 316. In this case, it is not
necessary  10  15 and in the area between the lower electrode wir- to
effect a selective etching of the [err] layer, photocon-  ings of the
photoelectric conversion section 303 and ductive semiconductor layer and
the insulating layer.  the switch section 305. On the semiconductor layer
Then, as shown in Fig. 28D, [err]/Cr is deposited to  310 are formed an
insulating layer 309 and upper a thickness of 1.0 to 1.5 [err] by vacuum
deposition.  electrode wiring sections 312,313,314. In the switch Then, a
resist pattern is formed by photolithographic  15  section 305, the upper
electrode wiring 314 consti- method and a wet etching is effected so as to
partially  tutes the gate electrode, while the lower electrode remove the
[err]/Cr layer and the [err] layer, thereby form-  wiring 308 constitutes a
source electrode. One end of ing the upper electrode wirings 311, 312, 313,
314.  the lower electrode wiring 307 constitutes a drain The electrical
connection to the lower electrode wir-  electrode. ing 306 and the upper
electrode wiring 312 of the wir-  20  When light impinges upon the
photoelectric con- ing section 302 arranged in the form of a matrix is
version section 303, electric current is generated by made through the
contact holes 316. The gap of the  the photoelectric effect and this
electric current is photoelectric conversion section 303 and the channel
supplied to the charge accumulating section 304 from of the transfer
transistorserving as the switch section  the photoelectric conversion
section 303 through the 30 are also formed in this step of the production
proc-  25  lower electrode wiring 307. As in the case of the em- ess.
bodiment explained in connection with Figs. 28A to Then, a resist pattern
is formed by a photolitho-  28E, the charge accumulating section 304 is
com- graphic method as shown in Fig. 28E, and dry etching  posed of the
lower electrode wiring 307, [err] layer 315, was effected by using CF4 gas,
whereby the [err] layer,  photoconductive semiconductor layer 310,
insulating photoconductive semiconductor layer and the insulat-  30  layer
309, and the upper electrode wiring 313. The ing layer are partially
removed. In consequence, the  charges thus accumulated are successively
transfer- elements which have been connected through the    red for the
reading purpose, through the photocon- photoconductive semiconductor layer
are isolated, so  ductive semiconductor layer 310 and the lower elec- that
electrical connections are formed only in the por-  trode wiring 308, in
response to the turning on and off tions which require such connection.
35  of the gate electrode constituted by the upper elec- Then, the line
sensor is completed by forming a  trode wiring 314 of the transfer
transistor section passivation film (not shown) by silicon nitride or an
or-  serving as the switch section 305, in accordance with ganic resin.
the signal successively delivered through the matrix The line sensor shown
in Fig. 25 also can be   wiring section 302. formed by the process
explained in connection with  40  A description will be made hereinunder as
to an Figs. 28A to 28E. In this case, however, it is neces-  example of the
process for producing the line sensor 



sary to form the light shielding layer 317 shown in Fig.  described above.
29 in each of the sections. To this end, the shielding  As the first step,
[err]/Cr is deposited to a thick- layer 317 Is formed simultaneously with
theformation  ness of 0.1 [err] by vacuum deposition method, on the of the
lower electrodes 306, 307 and 308 shown in  45  surface of a rinsed glass
substrate having a high de- Fig. 28A.
gree of smoothness and serving as the substrate A description will be made
here with reference to  301, as shown in Fig. 30A. Then, the [err] layer
315 as Figs. 30A to 30E as to a still further embodiment in  the ohmic
contact layer is formed by an RF glow dis- which the patterns of the
upperelectrode and the low-  charge in accordance with plasma CVD method,
us- er electrode shown in Fig. 19 are replaced by each   50  ing [err] gas
and [err] gas as the material, to a thick- other. Namely, while the
transfer transistor in the em-  ness of 0.1 [err]. Subsequently, a resist
pattern Is bodiment shown in Figs. 28A to 28E are of so-called  formed by
photolithographic method, and wet etching lower-gate staggered type TFT,
the embodiment      is conducted by using this resist pattern, thereby
shown In Figs. 30A to 30E employs a transfer transis-  forming the lower
electrode wirings 306, 307 and 308 tor of so-called upper-gate staggered
type.  55   of the matrix wiring section 302, charge accumulating More
specifically, Figs. 30A to 30E are sectional  section 304 and the transfer
switch section 305, as views of this embodiment in different steps of the
pro-  well as the [err] layer 315. duction process.
Then, as shown in Fig. 30B, the photoconductive 12    23
EP 0 232 083 B1                 24 semiconductor layer 310 as an amorphous
silicon in-  tion. trinsic layer is deposited to a thickness of 0.1 to 1
[err]  Adescription will be made as to a still further em- by an RF glow
discharge in accordance with plasma  bodiment of the invention. CVD method,
using [err] gas as the material. Subse-     Fig. 31 is a fragmentary
sectional view of the a quently, the Insulating layer 309 of silicon
nitride is   5   line sensor as the still further embodiment. formed by
deposition to a thickness of 0.3 [err] by the   In this embodiment, a
light-shielding layer 312' is same method, using [err] gas and NH3 or N2
gas as   formed on the upper portion of the photoelectric con- the
material.                                      version section 303 of the
preceding embodiment. Subsequently, as shown in Fig. 30C, a resist pat-
Thus, this line sensor is of so-called lens-less type in tern is formed by
a photolithographic method and the   10   which the light impinges from the
element side of the dry etching is effected with this resist pattern while
substrate and the light reflected by an original held in using CF4 gas, so
as to partially remove the insulating  contact with the reverse side of the
substrate is di- layer, photoconductive semiconductor layer and the  rectly
read by the photoelectric conversion section. [err] layer, thus forming the
contact hole 316. In this  The illuminating light illuminates the original
from the case, it is not necessary to selectively etch the insu-  15
element side of the substrate. The light-shielding lay- lating layer,
photoconductive semiconductor layer  er 312' effectively prevents the
illuminating light from and the [err] layer.
coming into the photoconductive semiconductor sec- Then, as shown in Fig.
30D, [err]/Cr to a thickness  tion of the photoelectric conversion section
303, of 1.0 to 2.0 [err], by vacuum deposition method.     thereby
diminishing generation of noise currents. Thereafter, a resist pattern is
formed by photolithog-  20  The line sensor of this embodiment can be pro-
raphy, and wet etching is conducted to partially re-  duced substantially
by the same method as that ex- movethe [err]/Cr so astoform the
upperelectrode wir-   plained in connection with Figs. 30A to 30E. In this
ings 312, 313, 314. In this case, the lower electrode  embodiment; however,
it is necessary to form the wirings306 andthe upperelectrodewirings 312 of
the  light-shielding layer 312'. This light-shielding layer wiring section
arranged in the form of a matrix are  25  312' can be formed simultaneously
with the formation electricallyoperated through the contact holes 316. In
of the upper electrode wirings 312,313, 314 from the the transfer
transistor section serving as the switch  same material as that of these
wirings. section 305, the upper electrode wiring 314 consti-    As will be
understood from Fig. 31, the light- tutes the gate electrode.
shielding layer 312' is provided on the upper portion Then, as shown in
Fig. 30E, a resist pattern is  30  of the photoelectric conversion section,
and has a formed by photolithography and dry etching is effect-  function
to sufficiently attenuate any dark current ed by using CF4 gas, thereby
partially remove the in-  when it is supplied with a bias voltage which is
usually sulating layer, photoconductive semiconductor layer  negative. The
light-shielding layer 312', which is pro- and the n layer, so as to isolate
the elements which  vided in the described embodimenton the upperlayer have
been electrically connected. Thus, electric con-  35  of the photoelectric
conversion section 302, may be nection is made only in the portions where
such a con-  provided on a unit housing to which the line sensor of nection
is necessary. The line sensor of this embodi-  this embodiment is secured,
so as to prevent the Illu- ment Is thus completed.
minating light from impinging upon the photoelectric From the view point of
electrical driving of the de-  conversion section. In this case, however,
it is neces- 



vice, it is preferred that the photoelectric conversion   40  sary to
attain a positional alignment between the section, charge accumulating
sections and the switch  light-shielding layer on the unit housing and the
line sections of the line sensor in the form of array have  sensor. uniform
distributions of the electric characteristics.  In general, the line sensor
of the lens-less type The electric characteristic distribution in turn is
large-  requires the original to be placed in the vicinity of the ly
affected by the thickness distribution of the insulat-  45  photoelectric
conversion section 330. In this embodi- ing layer and the photoconductive
semiconductor lay-  ment, the original is positioned on the reverse side of
ers.                                               the substrate 301. The
substrate 301 is usually con- In this embodiment, the thicknesses of the
insu-  stituted by a glass plate. The glass substrate exhibits lating layer
and the photoconductive semiconductor  superior optical characteristics and
wear resistance, layer are determined when they are formed by depos-  50
and can serve also as a spacer for fixing the position- ition in the step
shown in Fig. 30B, and no change in  al relationship between the
photoelectric conversion the thicknesses is caused in the subsequent steps
section 302 and the original. shown in Figs. 30C to 30E. It is, therefore,
possible to  Thus, in this embodiment of the present inven- uniformalize
the distribution of the electric character-  tion, it is possible to
produce a line sensorof lens-lens Istics and, hence, to obtain a line
sensor having a de-  55  type without requiring any specific members, by
suit- gree of uniformity of the operation characteristics,  ablydesigning
the factors such as thethickness ofthe provided that a good condition is
given for the depos-  substrate, incident angle of the light, and so forth.
ition such as to uniformalize the thickness distribu-  Furthermore, in this
embodiment, the photoelectric 13    25                  EP 0 232 083 B1
26 conversion section is provided on the substrate so  and the
photoconductive semiconductor layer, there- that the light reflected by the
original surface Is trans-  by forming a contact hole 316. In this case, it
is not mitted only two smooth inter-surfaces, i.e., the inter-  necessary
to effect a selective etching of the [err] layer, surface between the
original surface and the sub-  photoconductivesemiconductorlayerand the
insulat- strate surface and the inter-surface between the sub-   5   ing
layer. strate surface and the surface of the photoelectric    Then,
[err]/Cr is deposited to a thickness of 1.0 to conversion section. This
remarkably facilitates the  1.5 [err] by vacuum deposition. Then, a resist
pattern optical design of the device. In addition, the described  is formed
by photolithographic method and a wet embodiment makes it possible to
protect the photo-  etching is effected so as to partially remove the
[err]/Cr conductive semiconductor layer, which is very impor-  10  layer
and the [err] layer, thereby forming the upper elec- tant from the view
point of characteristics of the pho-  trode wirings 312, 313 and 314. The
electrical con- toelectric conversion section and the switch section,
nection to the lower electrode wiring 306 and the up- from damaging and
contamination which may occur    per electrode wiring 312 of the wiring
section 302 ar- during the production.                             ranged
In the form of a matrix is made through the A still further embodiment of
the photoelectric  15  contact holes 316. The gap of the photoelectric con-
conversion device, as well as a production process  version section 303 and
the channel of the transfer thereof, will be described hereinunder. This
embodi-  transistor serving as the switch section 305 are also ment
employs, in place of the [err] layer of the embodi-  formed in this step of
the production process. ment explained In connection with Figs. 28A to 28E,
Then, a resist pattern is formed by a photolitho- an insulating layer of
silicon nitride, and this silicon   20  graphic method as shown in Fig.
32E, and dry etching nitride layer is perforated to form a contact hole,
thus  is effected by using CF4 gas, whereby the [err] layer, attaining the
electrical connection between the pho-  photoconductive semiconductor
layerand the insulat- toconductive semiconductor layer and the upper elec-
ing layer are partially removed. In consequence, the trode wiring.
elements which have been connected through the Figs. 32A to 32E are
fragmentary sectional views   25  photoconductive semiconductor layer are
isolated, so of the line sensor in different steps of the production  that
electrical connections are formed only in the por- process.
tions which require such connection. As the first step, [err] /Cr is
deposited to a thick-  Then, a passivation film (not shown) is formed ness
of 0.1 [err] by vacuum deposition method, on the  from silicon nitride or
an organic resin, thus complet- surface of a rinsed glass substrate having
a high de-  30  ing the production of the line sensor. gree of smoothness,
as shown in Fig. 32A. Then, a re-  It is preferred that the photoelectric
conversion sist pattern is formed by Photolithographic method,  sections
and the switch sections of the line sensor ar- and wet etching is conducted
with this resist pattern  ranged in the form of array have uniform
distribution thereby to form lower electrode wirings 306, 307 and  of the
electric characteristics. In this embodiment, the 308 in the matrix wiring
section 302, charge accumu-  35  characteristic distribution can be
uniforrnalized mere- lating section 304 and the transferswitch section con-
ly through the control of thickness distribution in the stituting the
switch section 305.                  steps for forming layers. In this
embodiment, the gap 



Then, as shown in Fig. 32B, an insulating layer  portions and the channel
portions which are critical in 309a consisting of silicon nitride is
deposited to a  the photoelectric conversion section and the switch
thickness of 0.3 [err] by an RF glow discharge in ac-  40  section are
protected by the Insulating layer formed cordance with plasma CVD method,
using [err] gas    in the course of formation of the film, so that the gap
and NH3 or N2 gas as the material. Subsequently, a  portions and the
channel portions are never affected photoconductive semiconductor layer 310
as an      by subsequent steps. In addition, since the layers are amorphous
silicon intrinsic layer is formed to a thick-  formed successively, it is
possible to protect the inter- ness of 0.1 to 1 [err], by the same method
using [err]   45  face between the semiconductor layer and the insu- as the
material. Thereafter, an insulating layer 309b  lating layer against
contamination by impurities. Fur- of silicon nitride is deposited to a
thickness of 0.3 pm  thermore, since the photoconductive semiconductor by
using [err] gas and NH3 or N2 gas as the material.  layer is alreadycovered
by the insulating film, the ma- Then, as shown in Fig. 32C, a resist
pattern Is  terial of the final passivation film can have a large va-
formed by photo-lithography and dry etching is effect-  50  riety. ed with
this resist pattern while using CF4 gas, so as  A description will be made
hereinunder as to a to form an opening in the insulating layer 309b. Sub-
still further embodiment of the invention. This em- sequently, an [err]
layer 315 as the ohmic contact layer  bodiment is similar to the embodiment
shown in Figs. is deposited to a thickness of 0.1 [err] by using [err]  32A
to 32E, except that a light-shielding layer 317 is gas and PH3 gas as.the
material. Then, as shown in  55  formed on the lower part of the
photoelectric conver- Fig. 32D, a resist pattern is formed by
photolithogra-  sions section 303 of the embodiment shown in Fig. phy, and
dry etching is effected by the CF4 gas so as  32. In operation, the light
impinges from the substrate to partially remove the [err] layer, the
insulating layer,  side, and the light reflected from an original contact-
14    27                  EP 0 232 083 B1                 28 Ing the
surface of the photoelectric conversion sec-  construction, the device can
be produced with a high tion is directly read by the photoelectric
conversion  scale of integration so that the size of the device can
section. Fig. 33 is a fragmentary sectional view of an  be reduced
advantageously. For these reasons, it Is example of this embodiment As will
be seen from this  possible to reduce the production costs and to in-
Figure, the light impinges upon the original from the   5   crease the
degree of freedom in the design of the same side as the substrate.
photoelectric conversion device. The process for producing the
photoelectric con-   When a plurality of layers are to be formed in this
version device of this embodiment is materially the  embodiment, the
insulating layer and the photocon- same as that shown in Figs. 32A to 32E.
In this em-  ductive semiconductorlayerformed on this insulating bodiment
however, the light-shielding layer 317 is  10  layer are patterned and used
as an inter-layer insu- formed simultaneouslywith the formation of the
lower  lator. Thus, the inter-layer Insulator can be formed in electrode
wirings 306, 307 and 308 from the same   the same step as that for forming
the photoelectric material as these wirings.
conversion section and the charge accumulating sec- In the embodiments
shown in Figs. 25 and 31, as  tion. well as the embodimentshown in Fig. 33,
adopts such   15 a construction that the light incident to the photoelec-
tric conversions section impinges from the upper   Claims side, so that the
photoelectric conversion character- istics are significantly attected by
the state of the up-  1. An Image reading device having, on a substrate per
inter-surface of the photoconductive semiconduc-   20  (116, 301) a
photoelectric conversion section tor layer in the gap portion of the
photoelectric con-  (101, 303) comprising a thin film semiconductor version
section. In these embodiments, however, the    layer (113, 310) to
photoelectrically convert an inter-surface of the gap portion is formed by
continu-  Image information, a charge accumulation sec- ous film forming
steps and is protected by the insu-  tion (102,304) comprising a capacitor
to accumu- lating layer in the subsequent steps. Therefore, the in-  25
late an electric signal photoelectrically produced ter-surface Is less
likely to be affected and contamin-  by said photoelectric conversion
section, a switch ated by impurities, as compared with the case where
section (103, 305) comprising a thin film transis- the gap portion is
formed by, for example, etching     tor having a thin film semiconductor
layer (113, process. In consequence, these embodiments offers      310) to
output the charge accumulated in said an advantage that the operation
characteristics of the   30  charge accumulation section (102,304), the
pho- photoelectric conversion device are remarkably sta-   toelectric
conversion section (101, 303) compris- bilized. In addition, since the
photoconductive semi-  Ing at least a pair of electrodes (108, 105, 312',
conductor layer is already covered by the insulating   313) spaced from
each other and formed on the layer, the material of the passivation film
which is to  thin film semiconductor layer (113, 310), said ca- be formed
finally can have a wide selection.  35       pacitor of the charge
accumulation section (102, 



As will be understood from the foregoing descrip-  304) comprising a thin
film semiconductor layer tion, this embodiment of the present Invention
offers  (113, 310) and an insulating layer (112, 309) both a production
process in which an insulating layer and  of which are sandwiched between
at least a pair a photoconductive semiconductor layer on the insu-     of
electrodes (104, 105, 307, 313), said thin film lating layer are formed in
at least the photoelectric  40  transistor of the switching section (103,
305) conversion section, charge accumulating section and    comprising a
gate electrode an insulating layer the switch section, and then the
insulating layer and  sandwiched between the gate electrode and the the
photoconductive semiconductor layer are pat-      thin film semiconductor
layer (111, 308), and terned. With this process, it Is possible to prevent
the  source and drain electrodes (109, 110, 315) in insulating layer from
being degraded in the subse-  45  electrical contactwith the thin film
semiconductor quent steps such as etching, and to suppress the oc-  layer
and spaced from each other said thin film currence of troubles such as
short-circuiting in the   semiconductor layers (113, 310) being made of
charge accumulating section and in the areas where    the same
semiconductor material. the upperand lowerwirings intersecteach other,
fluc- tuation in the capacitance, and degradation of insu-  50  2. An image
reading device as claimed in claim 1, lation in the area where the
electrode wirings inter-  in which the photoelectric conversion section
sect each other, whereby the reliability is improved   (101) is composed of
a plurality of photoelectric remarkably.
conversion elements and the charge accumulat- In addition, since the major
constituents of the   ing section (102) comprises a common electrode
photoelectric conversion device can be formed simul-  55  (104) which is
used for accumulating electric sig- taneously, the processes for the
formation of layers   nals produced by the plurality of photo electric and
formation of elements can be simplified. Further-  conversion elements.
more, since the constituents have the same basic 15    27
EP 0 232 083 B1                  28 ing the surface of the photoelectric
conversion sec-  construction, the device can be produced with a high tion
is directly read by the photoelectric conversion  scale of integration so
that the size of the device can section. Fig. 33 is a fragmentary sectional
view of an  be reduced advantageously. For these reasons, it is example of
this embodiment. Aswill be seen from this  possible to reduce the
production costs and to in- Figure, the light impinges upon the original
from the   5   crease the degree of freedom in the design of the same side
as the substrate.                         photoelectric conversion device.
The process for producing the photoelectric con-    When a plurality of
layers are to be formed in this version device of this embodiment is
materially the  embodiment, the insulating layer and the photocon- same as
that shown in Figs. 32A to 32E. In this em-  ductive semiconductor
layerformed on this insulating bodiment, however, the light-shielding layer
317 is  10  layer are patterned and used as an inter-layer insu- formed
simultaneouslywith theformation of the lower  lator. Thus, the inter-layer
insulator can be formed in electrode wirings 306, 307 and 308 from the same
the same step as that for forming the photoelectric material as these
wirings.  -                       conversion section and the charge
accumulating sec- In the embodiments shown in Figs. 25 and 31, as  tion.
well as the embodiment shown in Fig. 33, adopts such   15 a construction
that the light incident to the photoelec- tric conversions section impinges
from the upper    Claims side, so that the photoelectric conversion
character- )     istics are significantly attected by the state of the up-
1. An image reading device having, on a substrate per inter-surface of the
photoconductive semiconduc-  20  (116, 301) a photoelectric conversion
section tor layer in the gap portion of the photoelectric con-  (101, 303)
comprising a thin film semiconductor version section. In these embodiments,
however, the     layer (113, 310) to photoelectrically convert an
inter-surface of the gap portion is formed by continu-  image information,
a charge accumulation sec- ous film forming steps and is protected by the
insu-   tion (102,304) comprising a capacitorto accumu- lating layer in the
subsequent steps. Therefore, the in-  25  late an electric signal
photoelectrically produced ter-surface is less likely to be affected and
contamin-  by said photoelectric conversion section, a switch ated by
impurities, as compared with the case where     section (103, 305)
comprising a thin film transis- the gap portion is formed by, for example,
etching     tor having a thin film semiconductor layer (113, process. In
consequence, these embodiments offers       310) to output the charge
accumulated in said an advantage that the operation characteristics of the
30  charge accumulation section (102,304), the pho- photoelectric
conversion device are remarkably sta-    toelectric conversion section
(101,303) compris- bilized. In addition, since the photoconductive semi-
ing at least a pair of electrodes (108, 105, 312', conductor layer is
already covered by the insulating    313) spaced from each other and formed
on the 



layer, the material of the passivation film which is to  thin film
semiconductor layer (113, 310), said ca- be formed finally can have a wide
selection.   35      pacitor of the charge accumulation section (102, As
will be understood from the foregoing descrip-   304) comprising a thin
film semiconductor layer tion, this embodiment of the present invention
offers  (113, 310) and an insulating layer (112, 309) both a production
process in which an insulating layer and   of which are sandwiched between
at least a pair a photoconductive semiconductor layer on the insu-      of
electrodes (104, 105, 307, 313), said thin film lating layer are formed in
at least the photoelectric  40  transistor of the switching section (103,
305) conversion section, charge accumulating section and    comprising a
gate electrode an insulating layer the switch section, and then the
insulating layer and  sandwiched between the gate electrode and the the
photoconductive semiconductor layer are pat-       thin film semiconductor
layer (111, 308), and terned.With this process, it is possible to prevent
the  source and drain electrodes (109, 110, 315) in insulating layer from
being degraded in the subse-  45  electrical contact with the thin film
semiconductor quent steps such as etching, and to suppress the oc-   layer
and spaced from each other said thin film currence of troubles such as
short-circuiting in the    semiconductor layers (113, 310) being made of
charge accumulating section and in the areas where     the same
semiconductor material. the upper and lower wirings intersect each other,
fluc- tuation in the capacitance, and degradation of insu-  50  2. An image
reading device as claimed in claim 1, lation in the area where the
electrode wirings inter-  in which the photoelectric conversion section
sect each other, whereby the reliability is improved    (101) is composed
of a plurality of photoelectric remarkably.
conversion elements and the charge accumulat- In addition, since the major
constituents of the    ing section (102) comprises a common electrode
photoelectric conversion device can be formed simul-  55  (104) which is
used for accumulating electric sig- taneously, the processes for the
formation of layers    nals produced by the plurality of photo electric and
formation of elements can be simplified. Further-  conversion elements.
more, since the constituents have the same basic 15    EP 0 232 083 B1
30 3. An image reading device as claimed in claim 1 or    as claimed in
claim 8, comprising the further step 2, In which one of the pair of
electrodes (203) in  of etching the semiconductor layer (113, 310) to the
photoelectric conversion section and one of    form the switch section
(103, 305) and the pho- the pair of electrodes In the charge accumulation
toelectric conversion section (101, 303). section constitute a common
electrode.     5 11. A method as claimed in any one of claims 8 to 10, 4.
An image reading device as claimed in any one       further comprising the
step of providing a matrix of claims 1 to 3 in which the thickness of the
sem-  wiring section (302) connecting the photoelectric iconductor layer
(113, 310) of the switch section  conversion device with an external
circuit, where- (103, 305) is less than the thickness of the sem-   10
In, between lower and upper electrodes of the iconductor layer (113, 310)
of the photoelectric   matrix wiring section, the insulating layer and the
conversion section (101, 303).                     semiconductor layer
common to ones of the pho- toelectric conversion section, the charge accu-
5. A device or method as claimed In claim 4 in which   mulating section and
the thin film transistor sec- the semiconductorlayer (113,310) is made of
hy-  15  tion are provided. drogenated amorphous silicon. 12. A method as
claimed in any one of claims 8 to 11, 6. An image reading device as claimed
in any one       in which [err] type semiconductor layer (315) is pro- of
claims 1 to 5, furthercomprising a matrixwiring  vided at least between the
semiconductor layer section (302) to connect the photoelectric con-  20
(113, 310) and a said electrode (312, 313, 314). version device with an
external circuit, wherein, the semiconductor layer (113, 310) which Is com-
mon to the photoelectric conversion section (101,  Patentansprfiche 303),
the charge accumulating section (102,304) and the switch section (103, 305)
is sandwiched   25  1. Bildleseeinrichtung, die auf elnem Substrat (116,
between the upper (312, 313, 314) and lower        301) einen
photoelektischer Wandlerabschnitt (306, 307, 308) wiring sections.
(101, 303) mit einer Dunnfilm- Halbleiterschicht (113,310) zur
photoelektrischen Wandlung einer 7. An image reading device as claimed in
any pre-      Bildinformation, ainen Ladeakkumulationsab- vious claim,
wherein an [err] type semiconductor  30  schnitt (102,304) mit einem
KondensatorzurAk- layer (315) is provided at least between the sem-
kumulation sines photoelektrisch von dem photo- 



iconductor layer (113, 310) and a said electrode   elektrlschen
Wandlerabschnitt erzeugten elektri- (312, 313, 314).
schen Signals, und ainen Schalterabschnitt (103, 305) mit einem
DOnnfllmtransistor mit einer 8. Amethod of producing a image reading device
as   35  DOnnfilm-Halbleitarschicht (113,310) zurAusga- claimed in claim 1,
which includes forming a pho-  be der in dem Ladeakkumulationsabschnitt
(102, toelectric conversion section (101,303), a charge  304) akkumullerten
Ladung trigt, wobel der pho- accumulating section comprising a capacitor
toelektrische Wandlerabschnitt (101,303) wenig- (102, 304) to accumulate an
output of said pho-    stens sin Elektrodenpaar (108, 105, 312', 313)
toelectric conversion section, and a switch sec-  40  enthilt, deren
Eletroden durch die D(Innfilm- tion comprising a thin film transistor, to
output the  Halbleiterschicht (113, 310) voneinander beab- charge
accumulated in the charge accumulation      standet und auf dieser gebildet
sind, wobei der section (103, 305) each section being provided
Kondensator des Ladeakkumulationsabschnitts with an insulating layer
(112,309) and a thin film  (102,304) sine D(nnfilm- Halbleiterschicht (113,
semiconductorlayer (113,310) wherein the sem-   45  310) und sine
Isolationsschicht (112, 309) um- iconductor layer (310) of the three said
sections  faSt, dessen belde Schichten zwischen wenig- is formed from the
same material during a single   stens einem Elektrodenpaar(104,105,307,313)
manufacturing step.                                geschichtet angeordnet
sind, wobei der D~nn- filmtransistor des Schalterabschnitts (103, 305) 9. A
method of producing an image reading device   50  eine Gate- Elektrode
(111, 308), eine zwischen as claimed in claim 8, which includes the step of
der Gabt- Elektrode und der DInnfilm-Halbleitr- consecutively laminating
the insulating layer      schicht esne geschichtet angeordnete Isolations-
(112,309) and the semiconductor layer (113,310)    schicht und elektrisch
mit der Halbleiterschicht and then effecting a patterning of the insulating
verbundene, voneinander beabstandete Source- layer (112, 309) and the
semiconductor layer  55    und Drain- Eleltroden (109, 110, 315) aufweist,
(113,310).                                         wobei die Dunnfilm-
Halbleiterschichten (113, 310) aus dern gleichen Halbleitermaterial beste-
10. A method of producing an image reading device      hen. 16    31
EP 0 232 083 B1                 32      I 1111111 111111 11111 liii I! * C
L   M 2. Bildleseeinrichtung nach Anspruch 1, deren pho-     schicht (310)
mit den drei Abschnitten aus glei- toelektrischer Wandlerabschnitt (101)
aus elner    chem Material in einem einzigen Herstellschritt Vielzahl
photoelektrischer Wandlerelemente und     hergestellt wird. dem
Ladeakkumulationsabschnitt (102) zusam- mengesetzt ist, der sine gemeinsame
Elektrode   6   9. Verfahren zur Herstellung elner Bildleseeinrich- (104)
enthalt, die zur Akkumulatlon der durch die  tung nach Anspruch 8, das den
Verfahrensschritt Visizahl photoelektrischer Wandlerelemente er-
aufeinanderfiolgender Laminierung der Isolati- zeugten eiektrischen
Ladungen dient.               onsschicht (112, 309) und der
Halbleiterschicht (113, 310), und dann den Verfahrensschritt einer 3.
Bildleseeinrichtung nach Anspruch I oder 2, in  10  Musterbildungf~rdie
isolationsschicht(112,309) der sine Elektrode des Elektrodenpaares (203) in
und die Halbleiterschicht (113, 310) umfalt. dem photoelektrischen
Wandlerabschnitt und el- ne Elektrode des Elektrodenpaares in dem Lade-
10. Verfahren zur Herstellung elner Bildleseeinrich- akkumulatlonsabschnitt
sine gemeinsame Elek-       tung nach Anspruch 8, mit dem weiteren Verfah-
trode bilden.                              15      rensschritt Atzen der
Halbleiterschicht (113, 310) zur Blidung des Schalterabschnitts (103, 4.
Bildleseeinrichtung nach elnemn der Ansprfche 1     305) und des
photoelektrischen Wandlerab- bis 3, In der die Starke der Halbleiterschicht
(113,  schnitts (101, 303). 310) des Schalterabschnitts (103, 305) geringer
ist als die Stirke der Halbleiterschicht (113,310)  20  11. Verfahren nach
einem der Anspriiche 8 bis 10, des photoelektrischen Wandlerabschnitts
(101,      mit dem weiteren Verfahrensschritt Vorsehen el- 303).
nes die photoelektrische Wandlereinrichtung mit siner externen Schaltung
verbindenden Matrix- 5. Vorrichtung oder Verfahren nach Anspruch 4,
leltungsfflhrungsabschnitts (302), worin die un- wobei die
Halbleiterschicht (113, 310) aus einem   26  tore und obere Elektrode des
MatrixisitungsfOh- hydrierten nichtkristallinem Silkizum besteht.
rungsabschnitts, die Isolationsschicht und die Halbleiterschicht, die dem
photoelektrischen 6. Bildieseeinrichtung nach einem der Ansprfiche 1
Wandlerabschnitt gemeinsam sind, der Ladeak- 



bis 5, die des weiteren elnen Matribdeltungsfflh-  kumulationsabschnitt und
der DOnnfilm- Transi- rungsabschnitt (302) zur Verbindung des photo-  30
storabschnitt vorgesehen sind. K.>     elektrischen Wandlers mit
einerAulenschaltung enthilt, wobei die dem photoelektrischen Wand-  12.
Verfahren nach elnem der AnsprOche 8 bis 11, lerabschnitt (101,303), dem
Ladeakkumulatlons-     das eine Halbleibtrschicht (315) des n+- Typs we-
abschnitt (102, 304) und dem Schalterabschnitt     nigtens zwischen der
Halblelterschicht (113, (103, 305) gemeinsame Halbleiterschicht (113,  35
310) und der Elektrode (312, 313, 314) vorsleht. 310) zwischen dem oberen
(312, 313, 314) und dem unteren (306, 307, 308) Leitungsfflhrungs-
abschnitt geschichtet angeordnet Lt.            Revendlcations 7.
Bildleseeinrichtung nach einem der vorstehen-  40  1. Un dlspositif de
lecture d'image comportant, sur den Ansprflche, bel der sine
Halbleiterschicht     un substrat (116, 301), unesection de conversion
(315) des n- Type wenigstens zwlschen der          photohlectrique (101,
303) comportant une cou- Halbleiterschicht (113, 310) und der Elektrode
che mince de semiconducteur (113, 310) pour (312, 313, 314) vorgesehen lt.
convertir de fagon photoelectrique une informa- 45     tion d'image, une
section d'accumulation de 8. Verfahren zur Herstellung einer
Bildlesesinrich-    charge (102, 304) comprenant un condensateur tung
nachAnspruch 1, mitfolgenden Verfahrens-      pour accumuler un signal
6lectrique qui est pro- schritten: Bilden sines photoelektrischen Wand-
duit de fagon photo6lectrique par la section de ierabachnitts (101, 303),
sines Ladeakkumulati-    conversion photoelectrique, une section d'e16-
onsabschnitts (102, 304) mit einem Kondensator  5o  ment de commutation
(103, 305) comprenant un zum Akkumulieren sines Ausgangssignals des
transistor & couche mince ayant une couche min- photoelektrlschen
Wandlerabschnitts und sines      ce de semiconductsur (113, 310) pour
6mettre Schalterabschnitts (103, 305) mit elnem D~nn-      une charge
accumul6e dans la section d'accumu- filmtransitor, der die in dem
Ladeakkumuiati-      lation de charge (102, 304), ia section de conver-
onsabschnitt akkumulierte Ladung ausgibt, wo-  5s  sion photoelectrique
(101, 303) comprenant au be! jeder Abschnitt mit siner Isolationsschicht
moins une pairs d'6lectrodes (108, 105, 312', (112, 309) und einer
Diinnfilm- Halbleiterschicht  313) mutuellement espac6es et form6es sur la
(113, 310) vorgesehen ist, wobei die Halbleiter-   couche mince de
semiconducteur (113, 310), le 17    33                 EP 0 232 083B1 Si
111111 3411111111111l  lii1 condensateur de la section d'accumulation de
sections d'interconnexion superieure (312, 313, charge (102,304) comprenant
une couche mince     314) et inferieure (306, 307, 308). de semiconducteur
(113, 310) et une couche iso- lante (112,309), toutes deux etant
intercalees en-  7. Un dispositif de lecture d'image solon l'une quel- tre
au moins une paire d'electrodes (104, 105,   5  conque des revendications
precedentes, dans le- 307,313), le transistor A couche mince de la sec-
quel une couche de semiconducteur de type nf tion d'elment de commutation
(103, 305)          (315) estformie au moins entre la couche de so-
comprenant une electrode de grille (111, 308),   miconducteur (113, 310) et
une electrode pr6ci- une couche isolante intercal6e entre l'electrode  We
(312, 313, 314). de grille et la couche mince de semiconducteur,  10 etdes
electrodes desourceetdedrain (109,110,  8. Un procede de fabrication d'un
dispositif de lec- 315) en contact electrique avec la couche mince  ture
d'image solon la revendication 1, compre- de semiconducteur, et
mutuellement espacees,     nant la formation d'une section de conversion
les couches minces de semiconducteur (113,       photoelectrique (101,303),
d'une section d'accu- 310) etant form6es par le mime materiau semi-  *s
mulation de charge comprenant un condensateur conducteur.
(102, 304) pour accumuler un signal de sortie de la section de conversion
photoelectrique, et 2. Un dispositif de lecture d'image selon la revendi-
d'une section d'element de commutation (103, cation 1, dans lequel la
section de conversion   305) comprenant un transistor A couche mince,
photoelectrique (101) eat constituee par un en-  20  pourfournir en sortie
la charge qui eat accumulie semble d'elements de conversion photoelectri-
dans la section d'accumulation de charge, cha- que,oetla section
d'accumulation de charge (102)  quo section etant munie d'une couche
isolante comprend une 6eectrode commune (104) qui eat
(112,309)etd'unecouche mince de semiconduc- utilisee pour accumuler des
signaux electriques  tour (113, 310), dans lequel la couche de semi- qui
sont prodults par l'ensemble d'elements de  25  conducteur (310) des trois
sections precltees eat conversion photoelectrique.
formee avec la meme matiere au cours d'une seule etape de fabrication. 



3. Un dispositif de lecture d'image solon la revendi- cation 1 ou 2, dans
loquel l'une des electrodes de  9. Un procede de fabrication d'un
dispositif de lec- la pairs d'h1ectrodes (203) dans la section de   30
ture d'image solon la revendication 8, compre- conversion photoelectrique
et l'une des ielctro-  nant I'etape qui consiste A deposer consecutive- des
de la pairs d'electrodes dans la section d'ac-  ment la couche Isolantb
(112, 309) et la couche cumulation de charge constituent une electrode   de
semiconducteur (113,310) eta d6finirensuite commune.
un motif dans la couche isoiante (112, 309) et 35      dans la couche de
semiconducteur(113, 310). 4. Un dispositif de lecture d'image solon l'une
quel- conque des revendications 1 A 3, dans lequel  10. Un procede de
fabrication d'un dispositif do leo- * I'paisseurdelacouche de
semiconducteur (113,   ture d'image solon la revendication 8, compre- 310)
de la section d'element de commutation      nant l'tapesupplementaire qui
consiste A graver (103, 305) est inferieure A l'epaisseur de la cou-  40
la couche de semiconducteur (113, 310) pour for- che de semiconductour
(113, 310) de la section   mer la section d'element de commutation (103, de
conversion photoelectrique (101, 303).        305) et la section de
conversion photoelectrique (101,303). 5. Un dispositif ou procedd solon la
revendication 4, dans iequel la couche de semiconducteur (113,  45  11. Un
procede silon l'une quelconque des revendi- 310) eat formee par du silicium
amorphe hydro-   cations 8 A 10, comprenant en outre l'etape qui gene.
consiste A former une section d'intrconnexion matricielle (302) connectant
le dispositif de 6. Un dispositif de lecture d'image solon l'une quel-
conversion photoelectrique A un circuit extrne, conque des revendications I
A 5, comprenant en  6o  dens iequel la couche isolante et la couche de so-
outre une section d'interconnexion matricielle   miconducteur communes A
certalnes sections (302) pour connecter le dispositif de conversion  parmi
la section de conversion photoelectrique, photoelectrique A un circuit
externe, dans lequel  la section d'accumulation de charge et la section le
couche de semiconducteur (113, 310) qui est   de transistora couche mince,
sont formees entre commune A la section de conversion photoleoc-  5s  des
electrodes superieure et inferieure de la sec- trique (101, 303), a la
section d'accumulation de  tion d'interconnexion matricielle. charge (102,
304) et a la section d'element de commutation (103, 305), eat intercalee
entre les  12. Un procede solon lune quelconque des revendi- 18    35
EP 0 232 083B1                  36   | |||| || | cations 8 a 11, dans
lequel une couche de semi- conducteur de type n+ (315) est form6e au moins
entre la couche de semiconducteur (113, 310) et une electrode prdcitde
(312, 313, 314). 5 10 15 20 25 30 35 40 45 50 55 19    


