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1

PHOTOELECTRIC CONVERTER, ITS
DRIVING METHOD, AND SYSTEM
INCLUDING THE PHOTOELECTRIC
CONVERTER

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

NOTICE: More than one reissue application has been
filed for the reissue of U.S. Pat. No. 6,075,256. The reissue
applications ave the present Reissue Application filed on
Feb. 25, 2008, which is a continuation of divisional Reissue
application Sev. No. 11/444,517 filed on Jun. I, 2006, and
Reissue application Ser. No. 10/167,451 filed on Jun. 13,
2002,

This application 1s a continuation of application Ser. No.
11/444.517, filed Jun. 1, 20006, which is a divisional of appli-
cation Serv. No. 10/167,451, filed Jun. 13, 2002, now U.S. Pat.

10

15

No. RE39,780, issued Aug. 21, 2007, which is a Reissue of 20

U.S. Pat. No. 6,075,256, which issued from application Ser.
No. 08/735,819, filed Oct. 23, 1996, which is a continuation
of application Ser. No. 08/362,985, filed Dec. 23, 1994, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photoelectric converter,
its driving method, and a system including the photoelectric
converter. More particularly, the present invention relates to
a one-dimensional or two-dimensional photoelectric
converter, 1ts driving method, and a system including the

photoelectric converter which can read the same size of

original documents such as those from, for example, a
facsimile, a digital copying machine, or an X-ray camera.

2. Related Background Art

Conventionally, a read system having a condensed optical
system and a CCD-type sensor has been used as a read sys-
tem such as a facsimile, a digital copying machine, or an

X-ray camera. In recent vyears, however, development of

photoelectric converting semiconductor materials repre-
sented by hydrogenated amorphous-silicon (hereinafter
“a-S1”) has contributed to an advancement of developing
contact type sensor in which a photoelectric converting ele-
ment and a signal processor are formed on a large-sized
substrate to read the same size of copies as for an informa-
tion source by using a photoelectric system, and 1t has been
or 1s being put to practical use. Particularly, a-S1 can be used
not only as photoelectric converting material, but also as
semiconductor material for thin film electric field effect type
transistor (hereinaiter ““I'F1”). Therefore, photoelectric con-
verting semiconductor layer and a TFT semiconductor layer
can be formed conveniently.

FIGS. 1A and 1B are typical sectional views each of

which 1s used to show an example of a structure of a conven-
tional optical sensor, 1n other words, an example of a layer
structure of the optical sensor, and FIG. 1C 1s a schematic
circuit diagram used to describe a driving method, which
shows an example of a typical driving method available for
both FIGS. 1A and 1B. Each of FIGS. 1A and 1B shows a
photodiode type optical sensor; the structure in FIG. 1A 1s
called a PIN type, and that 1n FIG. 1B 1s called a Schottky
type. In FIGS. 1A and 1B, reference numerals 1, 2, 3, 4, and
5 indicate an 1nsulating substrate, a lower electrode, a p type
semiconductor layer (heremnafter “p-layer”), an intrinsic
semiconductor (hereinafter “i-layer™), an n type semicon-
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ductor (hereinafter “n-layer”), and a transparent electrode,
respectively. In the Schottky type structure 1n FIG. 1B, mate-
rials for the lower electrode 2 are appropriately selected to
form a Schottky barrier layer so that unnecessary electrons
will not be mjected from the lower electrode 2 to the 1-layer

4.

In FIG. 1C, reference numerals 10, 11, and 12 indicate the
symbolized above optical sensor, a power supply, and a
detector of a current amplifier or the like, respectively. In the
optical sensor 10, a direction shown by C indicates a side of
the transparent electrode 6 1n FIGS. 1A and 1B, a direction
shown by A indicates a side of the lower electrode 2, and the
power supply 11 1s set so that a positive voltage 1s applied to
side C across side A. Now, the operation 1s roughly
described below.

As shown 1 FIGS. 1A and 1B, light 1s imncident from a
direction shown by an arrow. When the light reaches the
1-layer 4, 1t 1s absorbed and electrons and holes are gener-
ated. Since an electric field 1s applied to the 1-layer 4 by the
power supply 11, the electrons move to the side C; 1n other
words, they move to the transparent electrode 6 after passing
through the n-layer 5, and the holes move to the side A, in
other words, to the lower electrode 2. Accordingly, optical
current 1s fed to the optical sensor 10. If light 1s not incident
on the layer, electrons and holes are not generated on the
i-layer 4; for the holes 1n the transparent electrode 6, the
n-layer 5 acts as a hole injection blocking layer, and for
clectrons 1n the lower electrode 2, the p-layer 3 in the PIN
type structure 1n FIG. 1A or the Schottky barrier layer 1n the
Schottky type structure 1n FIG. 1B acts as an electron 1njec-
tion blocking layer; therefore, both the electrons [read] and
holes cannot move and no current 1s applied. As described
above, the presence or absence of the incident light varies
the current fed to a circuit. If the change 1s detected by the
detector 12 1 FIG. 1C, the layers act as an optical sensor.

For the above conventional optical sensor, however, 1t 1s
difficult to produce a high signal-to-noise ratio and low cost
photoelectric converter. The reasons are described below.

The first reason 1s that the injection blocking layer 1s
required at two portions both 1 the PIN type structure in
FIG. 1A and the Schottky type structure 1n FIG. 1B.

In the PIN type structure in FIG. 1A, the n-layer 5 which
1s an 1njection blocking layer requires not only introducing
clectrons to the transparent electrode 6 and but also 1nhibat-
ing holes from being injected to the i1-layer 4. If the layer
loses one of those characteristics, the optical current may
decrease or increase due to current generated without 1nci-
dent light (heremnatter “dark current’”), which leads to lower-
ing the signal-to-noise ratio. The dark current itself can be
considered as a noise and also includes fluctuation called
shot noise, 1n other words, quantization noise; therefore, the
quantization noise in the dark current cannot be reduced
even 11 the dark current 1s removed by the detector 12.

Generally, to improve those characteristics, 1t 1s required
to optimize conditions of creating films for the 1-layer 4 and
n-layer 5 and conditions of annealing after the creation. Also
for the p-layer 3 which 1s another injection blocking laver,
however, the equivalent characteristics are required even
though electrons and holes are reversed, and the both condi-
tions must be optimized 1n the same manner. In general, the
optimizing conditions for the former n-layer are not the
same as for the p-layer, and 1t 1s hard to satisfy both condi-
tions simultaneously.

In other words, 11 the 1njection blocking layer 1s required
at two portions 1n the same optical sensor, 1t 1s difficult to
form an optical sensor having high signal-to-noise ratio.
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This can also be said about the Schottky type structure
shown 1n FIG. 1B. Additionally, 1n the Schottky type struc-
ture 1n FIG. 1B, a Schottky barrier layer 1s used for one
injection blocking layer, in which a difference between work
tfunctions of the lower electrode 2 and the 1-layer 4 1s used;
therefore, materials for the lower electrode 2 are restricted or
the characteristics are largely affected by localized levels of
an interface and 1t 1s even more difficult to satisty the condi-
tions.

It is also reported that approximately 100 A of a thin
s1licon or a metal oxide or nitride film 1s formed between the
lower electrode 2 and the i-layer 4 to further improve the
characteristics of the Schottky barrier layer. In this method,
however, holes are introduced to the lower electrode 2 by
using a tunneling effect to enhance an effect of inhibiting
clectrons from being 1njected to the 1-layer 4 and a difference
between work functions 1s also used; theretore, materials for
the lower electrode 2 must be restricted. In addition, since 1t
uses contrary characteristics, 1.e., blocking injection of the
clectrons and movement of the holes caused by the tunneling
clfect, the oxide or nitride film must be extremely thin, 1.e.,
approximately 100 A. The control of the thickness and layer
teatures 1s difficult and reduces productivity.

Further, the requirement of two portions of the 1njection
blocking layer not only reduces productivity, but also
increases cost. This 1s because desired characteristics for an
optical sensor cannot be obtained if a problem 1s caused by
dust even at a single portion of the injection blocking layer,

since the 1njection blocking layer 1s important as 1ts charac-
teristics.

By using FIG. 2, the second reason 1s described below.
FIG. 2 shows a layer structure of an electric field effect type
transistor (IFT) formed by thin semiconductor films. The
TFT 1s sometimes used as a part of a control section to form
a photoelectric converter. In this drawing, the same parts as
for FIGS. 1A to 1C are designated by corresponding refer-
ence numerals. In FIG. 2, reference numerals 7 and 60 indi-
cate a gate msulating film and an upper electrode, respec-
tively. How to form them i1s described i order. A lower
clectrode 2 acting as a gate electrode ((G), a gate msulating
film 7, an 1-layer 4, an n-layer 5, and upper electrodes 60
acting as source and drain electrodes (S, D) are laid on an
insulating substrate 1 in this order, and an etching process 1s
made for the upper electrodes 60 to form the source and
drain electrodes, then for the n-layer 5 to form a channel
section. The TFT has characteristics of being sensitive to a
state of the interface of the gate insulating film 7 and the
1-layer 4, and generally they are laid repeatedly 1n the same
vacuum to prevent them from being contaminated.

When the conventional optical sensor 1s formed on the
same substrate as for the TFT, this layer structure has a
problem, which may increase cost or reduce 1ts characteris-
tics. This 1s because the conventional optical sensor shown in
FIGS. 1A to 1C has a structure of an electrode, a p-layer, an
1-layer, an n-layer, and an electrode 1n the PIN type structure
in FIG. 1A and an electrode, an 1-layer, an n-layer, and an
clectrode 1n the Schottky type structure in FIG. 1B, while the
TFT has a structure of an electrode, an nsulating film, an
1-layer, an n-layer, and an electrode. Therefore, their layer
structures are not 1dentical. It indicates that the optical sen-
sor and the TF'T cannot be formed by the same process at a
time, and a complicated process may lower a yielding ratio
or increase cost due to repetition of a photolitho process
since a required layer 1s formed at a required place. In
addition, to make the i1-layer and the n-layer identical 1n both
structures, an etching process for the gate insulating film 7
and the p-layer 3 1s required, which may cause a problem
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that in the same vacuum i1t 1s 1mpossible to accumulate the
injection blocking layers, the p-layer 3 and the 1-layer 4
which are important for the optical sensor as described in the
above or that the interface of the important gate insulating
film 7 and 1-layer 4 of the TFT 1s contaminated by the etch-
ing process for the gate msulating film which may lead to
deteriorating the characteristics or lowering signal-to-noise
ratio.

Although the order of the layer structure 1s 1dentical for
the above sensor in which an oxide or mitride film 1s laid
between the lower electrode 2 and the 1-layer 4 to improve
the characteristics of the Schottky type structure in FIG. 1B,
the oxide film and the nitride film must have a thickness of
approximately 100 A as described above, and it is difficult
that they are used with the gate isulating film. FIG. 3 shows
a result of our experiment on the gate insulating film and the
TFT yielding ratio. The yielding ratio 1s rapidly reduced 1n
the range of 1,000 A or less of the thickness of the gate
insulating film; the yielding ratio i1s approximately 30% at
800 A, approximately 0% at 500A, and at 250 A, the TFT
operation could not be even confirmed. Accordingly, it 1s
apparently difficult to use the oxide film or the nitride film of
the optical sensor for which the tunneling effect 1s used and
the gate msulating film of the TF'T which requires insulation
from electrons and holes together, as shown by this data.

Furthermore, 1t 1s difficult to create a capacitance element
(hereinafter “capacitor’”), which 1s an element (not shown)
needed for obtaining integrated values of electric charge or
current, having good characteristics of a small quantity of
leakage 1n the same structure as for the conventional optical
sensor. It 1s because the capacitor 1s used for accumulating
clectric charges between two electrodes, therefore, it always
requires a layer for blocking movement of electrons and
holes 1in the middle layer between electrodes, while 1n the
conventional optical sensor only a semiconductor layer is
used between the electrodes, therefore, 1t 1s hard to obtain a
middle layer having good characteristics with a small quan-

tity of thermal leak.

The poor matching between the TFT and the capacitor,
which are important elements to form the photoelectric con-
verter 1n processes or as characteristics, requires one-
dimensional or two-dimensional arrangement of multiple
optical sensors. This leads to increased and complicated pro-
cesses 1n composing an entire system which detects 1ts opti-
cal signals sequentially and therefore to extremely low yield-
ing ratio. Accordingly, 1t may be a serious problem to create
a high-performance and multifunctional device at low cost.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a photo-
clectric converter having a high signal-to-noise ratio and
stable characteristics, its driving method, and a system
including the photoelectric converter.

It 1s another object of the present invention to provide a
photoelectric converter having a high yielding ratio and high
productivity and a system including the converter.

It 1s another object of the present invention to provide a
photoelectric converter which can be composed in the same
process as for the TFT, will not complicate production
processes, and can be produced at low cost, its driving
method, and a system including the converter.

It 1s still another object of the present invention to provide
a photoelectric converter having a photoelectric converting
section including a first electrode layer, an 1nsulating layer
for inlibiting both types of carriers, a first type of carriers
and a second type of carriers having positive or negative
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characteristics opposite to those of the first type of carriers,
from passing through the layer, a photoelectric converting
semiconductor layer, an 1njection blocking layer for inhibit-
ing the first type of carners from being injected to the semi-
conductor layer, and a second electrode layer on an insulat-
ing substrate.

It 1s another object of the present mvention to provide a
system having a plurality of photoelectric converting sec-
tions 1mncluding a first electrode layer and a second electrode
layer, an insulating layer set between the first and second
clectrodes for inlubiting a first type of carriers and a second
type of carriers not identical with the carriers from passing
through the layer, a semiconductor layer, and an 1njection
blocking layer for inhibiting the first type of carriers from
being mjected to the semiconductor layer on a substrate, and
a signal processing means for processing signals from the
photoelectric converting sections.

It 1s another object of the present mvention to provide a
method for driving a photoelectric converting section having
a first electrode layer, an 1msulating layer for inhibiting both

types of carriers, a first type of carriers and a second type of
carriers whose positive or negative characteristics are oppo-

site to those of the first type of carriers, from passing through
the layer, a semiconductor layer, a second electrode layer set
through an 1njection blocking layer for inhibiting the first
type of carriers from being 1njected into the semiconductor
layer, the driving method having a refresh mode and a pho-
toelectric conversion mode, wherein an electric field 1s
applied so that the first type of carriers are introduced from
the semiconductor layer to the second electrode layer in the
refresh mode and an electric field 1s applied 1n a direction so
that the second type of carriers are introduced to the second
clectrode layer due to light incident on the semiconductor 1n
the photoelectric conversion mode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are typical sectional views for describing
examples a structure of an optical sensor;

FIG. 2 1s a typical sectional view for describing an
example of a TFT structure;

FIG. 3 1s a drawing for describing an example of a rela-
tionship between the thickness of a gate mnsulating film and a
yielding ratio of the TF'T;

FIG. 4A 1s a typical sectional view for describing an
example of a structure of a photoelectric converting section
of the present invention, and FIG. 4B 1s 1ts schematic circuit

diagram;

FIGS. 5A to 5C, 26A to 26(C, 27A to 27C and 30A to 30C
are energy band diagrams for describing energy states of the
photoelectric converting section;

FIGS. 6, 18, 21, 25, 29, 34, 38, 40, and 43 are timing
diagrams for describing sample operations of the photoelec-
tric converter of the present invention;

FIGS. 7A to 7D are schematic circuit diagrams for
describing sample structures of a detecting section;

FIGS. 8,12, 14, 16, 19, 24, 28, 31, 33, 35, 39, 41, 42, 44,
4’7, and 50 are schematic circuit diagrams for describing the
photoelectric converter of the imnvention;

FIGS. 9A to 9C are typical sectional views for describing
sample photoelectric converting sections of the present
imnvention;

FIGS. 10A and 11A are typical sectional views for
describing sample structures of the photoelectric converter
including the photoelectric converting sections of the present
invention, and FIGS. 10B and 11B are their schematic cir-
cuit diagrams;
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FIGS. 13A, 15A, 17A, 20A, 32, 36, 45, and 48 are typical
top plan views for describing examples of the photoelectric
converter of the present invention, and FIGS. 13B, 15B,
178, 20B, 37, 46, and 49 are their typical sectional views;

FIGS. 22 and 23 are typical arrangement diagrams for
describing examples of mounting the photoelectric con-
verter;

FIGS. 51 and 53 are system configuration diagrams for
describing examples of a system including the photoelectric
converter of the present invention; and

FIG. 52A 1s a typical configuration diagram for describing,
an example when the invention 1s applied to an X-ray detect-
ing device, and FIG. 52B 1s 1ts typical sectional view.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This mvention will be described below, 11 necessary, by
using the accompanying drawings.
| First embodiment]

FIGS. 4A and 4B are a typical layer structure diagram for
describing an optical converting section of a photoelectric
converter of the first embodiment of the present invention
and a schematic circuit diagram of the photoelectric
converter, respectively.

Referring to FIG. 4A, an insulating substrate 1 1s formed
by glass or the like and a lower electrode 2 1s formed by Al or
Cr. An insulating layer 70 1s formed by silicon nitride (S1N)
for inhibiting both electrons and holes from passing through
the layer, having a thickness of 500 A or greater at which
clectrons and holes cannot pass through the layer due to a
tunneling effect. A photoelectric converting semiconductor
layer 4 1s formed by an intrinsic semiconductor 1-layer of
hydrogenated amorphous-silicon (a-S1:H), an 1njection
blocking layer 5 1s formed by an n+ layer for inhibiting holes
from a transparent electrode 6 side from being injected into
the photoelectric converting semiconductor layer, and a
transparent electrode 6 1s composed of chemical compounds
including mdium or tin and oxide such as I'TO.

Referring to FIG. 4B, there 1s indicated at 100 a symbol-
1zed photoelectric converting section shown 1n FIG. 4A, and
D 1ndicates an electrode on the transparent electrode 6 side
and G indicates an electrode on a lower electrode 2 side.
Numeral 120 1s a detecting section and numeral 110 1s a
power supply section comprising a switch 113 for switching
between a positive power supply 111 for applying a positive
clectric potential to the electrode D and a negative power
supply 112 for applying negative electric potential. The
switch 113 1s controlled to be connected to a refresh side in a
refresh mode and to a read side 1n a photoelectric conversion
mode.

Turning now to an operation of the photoelectric convert-
ing section 100 used in this embodiment, FIGS. SA and 5B
illustrate energy band diagrams of the photoelectric convert-
ing section which show operations in the refresh mode and
the photoelectric conversion mode of this embodiment,
expressing states of layers of the photoelectric converting
section 1n the thickness direction.

In the refresh mode (a), the electrode D has a potential
negative to the electrode G therefore, holes represented by
black dots 1n an 1-layer 4 are introduced to the electrode D by
an e¢lectric field, while electrons represented by circles are
injected 1nto the 1-layer 4. At this instant, a part of holes and
clectrons are recombined 1n an n-layer 3 and the 1-layer 4,
then disappear. If this state continues for an extremely long
time, the holes 1n the 1-layer 4 are ejected from the layer

(FIG. 5A).
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If the photoelectric conversion mode (b) 1s started in this
state, the electrode D has a potential positive to the electrode
G; therefore, electrons 1n the 1-layer 4 are introduced to the
clectrode D momentarily. The holes, however, are not intro-
duced to the 1-layer 4 since the n-layer 3 acts as an 1njection
blocking layer. If light impinges on the i1-layer 4 1n this state,
the light 1s absorbed and electron-hole pairs are generated.
The electrons are introduced to the electrode D by the elec-
tric field, and the holes move 1n the i1-layer 4 to reach an
interface of the msulating layer 70. The holes, however, can-
not move to iside of the msulating layer 70, and remain in
the 1-layer 4. At this time, the electrons move to the electrode
D and the holes to the interface of the msulating layer 70 1n
the 1-layer 4; therefore, current tlows from the electrode G to
the detecting section 120 to keep electric neutral 1n the ele-
ments. Since the current corresponds to the electron-hole
pairs generated by the light, 1t 1s proportional to the incident
light (FIG. 5B).

If the refresh mode (a) 1s started again after a certain
period of time for the photoelectric conversion mode (b), the
holes remaining 1n the 1-layer 4 are itroduced to the elec-
trode D as mentioned above, and electric charges corre-
sponding to the holes flow to the detecting section 120. The
quantity of the holes corresponds to a total quantity of light
incident during the photoelectric conversion mode, and the
quantity of the charges flowing to the detecting section 120
corresponds to the total quantity of the light. Although
charges corresponding to a quantity of electrons injected
into the 1-layer 4 also flow at this time, the quantity is
approximately fixed and the required charges can be
detected by subtracting the quantity from the total quantity
of the charges.

In other words, the photoelectric converting section 100 of
this embodiment can output a quantity of real time ncident
light and also a total quantity of light impinging during a
certain period. It 1s an important feature of this embodiment.
The detecting section 120 can detect either or both of them
depending on 1ts purposes.

Now, referring to FIG. 6, operations of this embodiment
are described below.

FIG. 6 1s a timing diagram of operations of the photoelec-
tric converter shown 1n FIGS. 4A and 4B. In this drawing,
V 4. 18 an electric potential of the electrode D to the electrode
G of the photoelectric converting section 100, and P 1s a light
incoming state, where ON 1ndicates a state that light 1s 1nci-
dent and OFF indicates a state that no light 1s incident, 1n
other words, a dark state. I_ indicates a current flowing into
the detecting section 120, and the horizontal direction repre-
sents an elapse of time.

First, when the switch 113 1s connected 1n the retresh
direction, the refresh mode 1s started, V ,, becomes a nega-
tive voltage, holes are ¢jected as shown in FIG. 5A, and
negative 1nrush current E denoted by E 1 FIG. 6 flows 1nto
the detecting section 120 while electrons are injected into
the 1-layer 4. Afterward, when the refresh mode 1s completed
and the switch 113 i1s connected 1n the read direction, elec-
trons 1n the 1 layer 4 are ejected and positive inrush current E'
flows to start the photoelectric conversion mode. IT light 1s
incident at this moment, optical current A denoted by A
flows. For a dark state in the same operation, the current does
not flow as shown by A'. Accordingly, if the optical current A

1s 1ntegrated directly or for a certain period, the light 1nci-
dence can be detected.

When the switch 113 1s connected 1n the refresh direction
from the A state, inrush current B flows. The quantity of the
current 1s reflected by a total quantity of incident light during
the previous photoelectric conversion mode period, and 1t
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can be detected by integrating the inrush current B or by
obtaining 1ts equivalent value. If light 1s not incident in the
previous photoelectric conversion mode, the inrush current
becomes lower as shown by B', and the light incidence can
be detected by detecting 1ts difference. Otherwise, since the
abovementioned inrush current E' or E" 1s approximately
equal to the mrush current B', they can be subtracted from
the inrush current B.

[T the light incident state 1s changed, I, changes as shown
by C and C' even during the same photoelectric conversion
mode period. The light incident state can be also detected by
detecting the change. In other words, 1t means that 1t does
not need to set the refresh mode at every detecting time.

However, 1 the photoelectric conversion mode period 1s
extended or the 1llumination of incident light 1s intensive for
some reason, current sometimes does not tlow even 1t light 1s
incident as shown by D. This 1s because a lot of holes remain
in the 1-layer 4, the electric field 1n the 1-layer 4 becomes
smaller due to these holes, and generated electrons are not
introduced to the electrode D and then the electrons are
recombined with the holes 1n the 1-layer 4. Although current
may flow unstably i1 the light incident state changes 1n this
state, a restart of the refresh mode ejects the holes 1n the
1-layer 4 and current equal to A can be obtained as shown by
A" 1n the subsequent photoelectric conversion mode.

Although the incident light 1s assumed to be fixed 1n the
above explanation, 1t should be understood that the current
indicated by A, B, and C changes continuously depending on
intensity of incident light and that the intensity can also be
detected quantitatively as well as the absence or presence of
the incident light.

In the above description, although 1t 1s desirable to eject
all of the holes when the holes 1n the 1-layer 4 are ¢jected 1n
the refresh mode, there 1s no problem because ejecting a part
of the holes 1s also effective and the same value can be
obtained as for ejecting all the holes at the optical current A
or C. If holes are ejected so that a fixed quantity of holes
always remain, a quantity of light can be also quantitatively
detected by the current B. In other words, it should be
avoided only to be a state indicated by the current value D at
detection 1n the subsequent photoelectric conversion mode,
that 1s, a state 1llustrated by FIG. SC, and it 1s required only
to determine characteristics of a V,, voltage in the retfresh
mode, a period of the refresh mode, and the 1njection block-
ing layer of the n-layer 5.

Further 1n the refresh mode, the injection of electrons nto
the 1-layer 4 1s not a requirement and the V ,, voltage 1s not
limited to negative. It 1s only required that a part of the holes
are ejected from the 1-layer 4. It 1s because the electric field
in the 1-layer 4 1s applied 1n a direction that holes are intro-
duced to the electrode D even if the V ,, voltage 1s positive
when a lot of holes remain in the 1-layer 4. Also for charac-
teristics of the injection blocking layer of the n-layer 3, it 1s
not a requirement that electrons can be injected into the
1-layer 4.

Retferring to FIGS. 7A, 7B, 7C, and 7D, there are shown
examples of a configuration of the detecting section. Refer-
ence numerals 121, 122, 123, 124, 125, and 126 indicate a
current meter represented by current Amp, a voltmeter, a
resistor, a capacitor, a switching element, and an operational
amplifier, respectively.

FIG. 7A 1llustrates a configuration for detecting current
directly, and output from the current meter 121 1s voltage or
amplified current. In FIG. 7B, current 1s carried to the resis-
tor 123 and the voltage 1s detected by the voltmeter 122. In
FIG. 7C, electric charge 1s stored in the capacitor 124 and
the voltage 1s detected by the voltmeter 122. In FIG. 7D, an
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integrated value of current 1s detected as voltage by the
operational amplifier 126. In FIGS. 7C and 7D, the switch-
ing clement 125 has a function of giving an 1nitial value at
every detection and 1t can be replaced by a resistor of high
resistance according to a detecting method.

The current meter or the voltmeter comprises a transistor,
an operational amplifier composed of transistors, a resistor,
and a capacitor, and 1t 1s possible to use them operating at a
high speed. The detecting section 1s not limited to these four
types, and 1t 1s only required that 1t can detect current or
clectric charges directly or their integrated values. It 1s also
possible to have a configuration so that a plurality of photo-
clectric converting sections output values simultaneously or
sequentially by combining a detector for detecting current or
voltage values, a resistor, a capacitor, and a switching ele-
ment.

If a line sensor or an area sensor 1s formed, they control
and detect potential of the photoelectric converting section at
1,000 or more points in a matrix, being combined with lines
in the power supply section or switching elements. If so, 1t 1s
advantageous 1n aspects of a signal-to-noise ratio and cost to
form the switching elements, a capacitor, and a part of resis-
tors on the same substrate as for the photoelectric converting,
section. At this point, the photoelectric converting section of
this embodiment has the same layer structure as for a TFT
which 1s a typical switching element; therefore, they can be
formed 1n an 1dentical process at a time, and 1t 1s possible to
provide a low cost and high signal-to-noise ratio photoelec-
tric converter.
| Second embodiment]

FIG. 8 1s a circuit diagram illustrating a second embodi-
ment of the photoelectric converter of this invention. The
same reference numerals designate the same parts as for the
drawings mentioned above. The layer structure of the photo-
clectric converting section 100 1s the same as for FIG. 3A. A
power supply 114 applies positive potential to an electrode
D, a power supply 1135 applies positive potential to an elec-
trode G 1n the refresh mode of the photoelectric converting,
section, and a switching element 116 performs a switching
operation between modes. The power supply 115 1s set to a
voltage equivalent to that of the power supply 114 or a
higher voltage.

In this embodiment, there are provided four modes; (1) a
photoelectric converting section refresh mode, (2) a G elec-
trode 1nitialization mode, (3) a storage mode, and (4) a
detection mode. An electric field in the photoelectric con-
verting section refresh mode (1) 1s applied on each layer of
the photoelectric converting section 100 1n the same direc-
tion as for the refresh mode of the above embodiment, and a
field each 1n the G electrode 1nitialization mode (2), the stor-
age mode (3), and the detection mode (4) 1s applied 1n the
same direction as for the photoelectric conversion mode of
the above embodiment; therefore, the operation of the pho-
toelectric converting section 100 1s primarily identical.
These modes are sequentially described below.

In the photoelectric converting section refresh mode (1),
the switching mode 116 1s connected to a position denoted
by “refresh” in this drawing and positive potential 1s applied
to the electrode G by the power supply 115. Positive poten-
tial 1s applied to the electrode D by the power supply 144; in
other words, an approximate zero or negative voltage 1is
applied to potential V ,, ot the electrode D corresponding to
the potential of the electrode G. Then, the holes in the pho-
toelectric converting section 100 are ¢jected for refreshment.

After that, the switching element 116 1s connected to a
position denoted by “GND” to shift to the G electrode 1ni-
tialization mode (2) and the GND potential 1s applied to the
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electrode G. At this instant, the V. has a positive voltage,
and inrush current flows into the photoelectric converting
section 100 before 1t enters the photoelectric conversion
mode.

Next, the switching element 116 1s connected to a position
denoted by “open” to shiit to the storage mode (3) and the
clectrode G 1s opened for direct current. Practically,
however, the potential 1s kept by equivalent capacitive com-
ponent C_ or stray capacitance C_ of the photoelectric con-
verting section 100 indicated by dashed lines. If light 1s inci-
dent on the photoelectric converting section 100, the
corresponding current flows out from the electrode G and the
potential of the electrode G increases. In other words, the
light incident information 1s stored in the C_and C_ as elec-
tric charges. When the switching element 116 1s connected
to a position denoted by “sense” after a certain period of
time for the storage, 1t shifts to the detection mode (4) and
the potential of the electrode G 1s returned to the GND
potential. Simultaneously, the electric charges stored in the
C. and C_ tlow to the detecting section 120, and the quantity
of them 1s equal to an integrated value of current flowing
from the photoelectric converting section 100 1n the storage
mode, that 1s, 1t 1s detected as a total quantity of incident
light.

Further, the switching element 116 1s connected to a posi-
tion denoted by “refresh™ again to repeat the operations.

As mentioned above, this embodiment has characteristics
that an integrated value of current flowing during a certain
long period of time for storage can be obtained 1n a short
time 1n the detection mode by using a combination of simple
elements, and 1t means that this embodiment 1s effective to
produce a high signal-to-noise ratio photoelectric converter
including a plurality of photoelectric converting sections at
low cost.

The operation of the photoelectric converting sections of
this embodiment 1s primarily the same as for that of the first
embodiment, except that the potential of the electrode G
goes up in the photoelectric conversion mode and V,, 1s
lowered. It indicates that the state 1n FIG. 3C can be easily
made by a small quantity of incident light, which may lead to
a restriction on incident light volume 1n a normal operation.
This, however, can be easily solved by mserting a large
capacitor for storage 1n parallel to the stray capacitance C,
consciously.

The detecting section 120, which comprises a capacitor
124, a switching element 125, and an operational amplifier
126, accumulates electric charges injected into the detection
mode 1n the capacitor 124, converts them to voltage, and
outputs 1t through a buffer amplifier. Accordingly, the elec-
trode G does not have a complete GND potential in the
detection mode, but 1t does not affect the basic operations.
The capacitor 124 1s mitialized by the switching element 125
in other modes. The switching element 116 need not be mul-
tipolar; for example, 1t can be composed of three switching,
clements such as TFTs.
| Third embodiment]

FIGS. 9A, 9B, and 9C are layer structure diagrams 1llus-
trating another embodiment of the photoelectric converting
section 100. The same reference numerals designate the
same parts as for the drawings mentioned above.

Referring to FI1G. 9A, reference numerals 101 and 21 1ndi-
cate a transparent insulating substrate and a lower transpar-
ent electrode comprising transparent conducting layers,
respectively. An upper electrode 61 need not be transparent
necessarily and 1t can be a metal such as Al or the like.
Incident light passes through the transparent imnsulating sub-
strate 101, the transparent electrode 21, and an insulating
layer 70 to impinge on an 1-layer 4.
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Referring to FIG. 9B, an upper electrode 62 does not
cover an n-layer 5 completely. Therefore, light can be 1nci-
dent on the i-layer 4 after passing through the n-layer. In
other words, the electrode 62 can be a metal such as Al or the
like and need not be transparent. Carriers output to the out-
side passing through the upper electrode.

In FI1G. 9C, the electrode 61 1s directly laid on the 1-layer
4. In thus structure, holes are inhibited from being injected
from the electrode 61 to the i1-layer 4 by a Schottky barrier
layer made by a difference between work functions of the
clectrode 61 and the 1-layer 4. Accordingly, the n-layer 5 1n
the above need not be laid, and a further low cost photoelec-
tric converter can be produced.

As apparent from the above description, the photoelectric
converting sections are not limited to those shown by the
embodiment. More specifically, it 1s only required that there
are a first electrode layer, an insulating layer inhibiting holes
and electrons from moving, a photoelectric converting semi-
conductor layer, and a second electrode layer, 1n addition to
an 1njection blocking layer for imnhibiting holes from being
injected into the photoelectric converting semiconductor
layer between the second electrode layer and the photoelec-
tric converting semiconductor layer.

In addition, 1t 1s also possible to make a configuration
having a reverse relationship between carrier holes and elec-
trons 1n the above description. For example, the injection
blocking layer can be a p-layer. If 1t 1s so, the same operation
can be obtained by reversing the application of the voltage
and electric field to make other configurations in the above
description.

Further, the photoelectric converting semiconductor 1s not
limited to the 1-layer. It 1s only required that 1t has a photo-
clectric converting function for generation of electron-hole
pairs caused by incident light. For the layer structure, 1t 1s
possible to use not only a single layer but also multiple layer,
and 1ts characteristics can be changed by changing the com-
position 1n the layer thickness direction repetitively.

The insulating substrate need not be always insulators,
and 1t can be a conductor or a semiconductor on which an
insulator 1s laid. The accumulation order of the layers on the
insulating substrate 1s not limited to the order of the first
clectrode, the msulating layer, the photoelectric converting
semiconductor layer, and the second electrode layer, but 1t
can be an order of the second electrode, the mjection block-
ing layer, the photoelectric converting semiconductor layer,
and the first electrode layer, 1.¢., the reverse order.

It should also be understood that the foregoing driving
method can be applied to a photoelectric converter including,
photoelectric converting sections having a configuration
described 1n FIGS. 9A, 9B, and 9C.
| Fourth embodiment]

FIG. 10A illustrates a typical layer structure diagram of a
photoelectric converting element 100, a switching element
TFT 200, and a wiring layer 400 1n the photoelectric con-
verter of this embodiment, and FIG. 10B 1s a schematic cir-
cuit diagram of the photoelectric converter. In FIG. 10A, the
same reference numerals as for FIG. 3 designate the corre-
sponding parts.

In this embodiment, a lower electrode 2 and an upper
clectrode 6 are formed by opaque electrodes, and light can
be incident through an imjection blocking layer 5 from the
upper side due to a structure 1n which the upper electrode 6
does not cover the injection blocking layer 5. However, if the
upper or lower electrodes 1s formed by a transparent elec-
trode such as an mdium tin oxide electrode (ITO), for
example, light can be 1ncident 1n a structure that the upper
clectrode 6 covers the mjection blocking layer 5§ completely.
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A gate electrode 202 1s formed by Al or Cr, a gate insulat-
ing layer 207 1s formed by silicon nitride S1N, a semiconduc-
tor layer 204 1s formed by an intrinsic semiconductor 1-layer
ol hydrogenated amorphous-silicon a-Si, an ohmic contact
layer 205 1s formed by the semiconductor layer 204 and an
n-layer of a-S1 for moving electrons between a source elec-
trode 206 and a drain electrode 208.

The source electrode 206 and the drain electrode 208 are
formed by metal or polysilicon such as Al or Cr. The upper
clectrode 106 of the photoelectric converting element 100 1s
connected with the source electrode 206 of the TEFT 200
through a line 406 of Al or Cr.

As apparent from the drawings, the layer structure of the
photoelectric converting section 1s the same as for the TFT;
therefore, the same materials can be used for accumulating
the layers on the same insulating substrate 1 at a time, and
the wiring layer can also be formed simultaneously with the
clectrodes of the photoelectric converting section and the
TFT, which indicates that the photoelectric converter can be
formed 1n a simple process by using the same kinds of the
layers for the composition.

Although a single TFT 200 1s connected as a switching
clement in FIG. 10A 1n this example, 1t should be understood
that 1t 1s not limited to a single TFT.

Referring to FIG. 10B, reference numeral 100 1s a sym-
bolized photoelectric converting element shown in FIG.
10A; D indicates an electrode 1n an upper electrode 6 side
and G indicates an electrode 1n a lower electrode 2 side.
Retference numeral 120 1s a detecting section, 110 1s a power
supply section composed of a positive power supply 111 for
applying positive potential and a negative power supply 112
for applying negative potential to the electrode D. Reference
numerals 210 and 211 in the drawing are symbolized TFTs
shown in FIG. 10A, and g, s, and d indicate the gate elec-
trode 202, the source electrode 206, and the drain electrode
208, respectively. Although a single TEFT 200 1s shown 1n
FIG. 10A as mentioned above, practically both the TFTs 210
and 211 are formed on the same insulating substrate as
shown 1 FIG. 10B. The gate electrodes are connected to a
control section 130, which controls an operation to turn a
refresh-TFT 210 on 1n the refresh mode and a read-TFT 211
on 1n the photoelectric conversion mode.

In this embodiment, the switch 113 described in the first
embodiment 1s shown concretely by the read-TFT 211 and
the refresh-TFT 210 and FIG. 10B shows apparently that the
selection between read and refresh in the first embodiment 1s
performed by a signal from the control section 130, but the
description of the first embodiment can be applied to a driv-
ing method of the photoelectric converting section.

According to this embodiment, the photoelectric convert-
ing section and a typical switching element, the TFT can be
formed 1n at least partially the same layer structure; there-
fore required layers can be laid and patterned at a time 1n the
same process, which makes 1t possible to provide excellent
photoelectric converter of a high yielding ratio, low cost, and
high signal-to-noise ratio.
| Fifth embodiment ]

FIG. 11 A 1llustrates a typical layer structure diagram of a
photoelectric converting section 100, a switching element
TFT 200, a capacitor 300 which 1s a capacitive element, and
a wiring layer 400 1n the photoelectric converter of the fifth
embodiment of the present mvention, and FIG. 11B 1s a
schematic circuit diagram of the photoelectric converter
applicable to FIG. 11A. In FIGS. 11A and 11B, the same
reference numerals as for FIGS. 10A and 10B designate the
corresponding members, and their description 1s omitted
here.
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Referring to FIG. 11A, a lower electrode of the capacitor
302 1s formed by Al or Cr, an 1msulating layer 307 1s formed
by silicon nitride SiN, a semiconductor layer 304 1s formed
by an intrinsic semiconductor 1-layer of hydrogenated
amorphous-silicon a-S1, and an ohmic contact layer 305 is
formed by an n-layer of a-S1 for moving electrons between
the semiconductor layer 304 and a capacitor upper electrode
306. The capacitor upper electrode 306 1s formed by Al or
Cr. An insulating layer 307, the semiconductor layer 304,
and the ohmic contact layer 305 serve as middle layers for
the capacitor 300, which 1s effective to achieve a good
capacitor which 1s not leaky due to the insulating layer 307.
A lower electrode 102 of the photoelectric converting ele-
ment 100 1s connected to the lower electrode 302 of the
capacitor through line 402 of Al or Cr.

As apparent from the drawings, the layer structure of each
element 1s identical; therefore, the same materials can be
used for accumulating the layers on the same msulating sub-
strate 1 at a time, and the wiring layer can also be formed
simultaneously with the electrodes of the elements, which
indicates that the photoelectric converter can be formed 1n a
simple process by using the same kinds of the layers for the

composition.
FI1G. 11B 1s different from FIG. 10B 1n a detect-TFT (TFT

for detection) 212 driven by a signal from the control section
130 inserted between the photoelectric converting section
100 and a detecting section 120 and 1n one electrode of the
photoelectric converting section 100 grounded via the
capacitor 300.

Although this embodiment has been described in 1ts pre-
terred form with a single TFT in FIG. 11A, it 1s understood
that a typical example 1s shown 1n the same manner as for the
fourth embodiment and the present disclosure of the pre-
ferred form can be changed to a configuration that a read
TFT 211, a refresh-TFT 210, and the detect-TFT 212 can be
formed on the same substrate.

As shown 1n FIG. 11B, the TFTs 210, 211, and 212 are
formed on the same insulating substrate. The gate electrodes
are connected to a control section 130, which controls an
operation to turn a refresh-TFT 210 on in the refresh mode
and a read-TFT 211 on in the photoelectric conversion
mode. A detect-TFT 212 1s controlled to be turned on or off
appropriately at a timing of detecting an integrated value of
an output from the photoelectric element laid in the capaci-
tor 300.

The driving method described 1n the first embodiment can
be applied to a driving for the photoelectric converter of this
embodiment 1n the same manner as for the fourth embodi-
ment. However, 1t 1s described again referring to FIGS. SA to
5C and FIG. 6 since electric charges are stored in the capaci-
tor 300 1n this embodiment.

The following description 1s made on condition that the
potential at the electrode D 1s always equal to the potential at
the n-layer since electrons freely move between the elec-
trode D and the n-layer though the electrode D does not
cover the n-layer completely 1n this embodiment. The GND
potential 1s applied to the electrode G via the detecting sec-
tion during a detecting period, and the potential of the elec-
trode G 1s kept to about the same level also during a storage
period by the capacitor 300.

In FIG. SA 1n the refresh mode, the electrode D has a
potential negative to the electrode G therefore, holes repre-
sented by black dots in the i1-layer 4 are introduced to the
clectrode D by the electric field, while electrons represented
by circles are injected 1nto the 1-layer 4. At this instant, a part
of holes and electrons are recombined 1n the n-layer 5 and
the 1-layer 4, then disappear. 11 this state continues for a long,
enough time the holes in the 1-layer 4 are ejected from the
1-layer.
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I1 the photoelectric conversion mode in FIG. 5B 1s started
in this state, the electrode D has a potential positive to the
clectrode G; therefore, electrons 1n the i1-layer 4 are intro-
duced to the electrode D momentarily. The holes, however,
are not introduced to the 1-layer 4 since the n-layer 5 acts as
an 1njection blocking layer. If light impinges on the 1-layer 4
in this state, the light 1s absorbed and electron-hole pairs are
generated. The electrons are imntroduced to the electrode D by
the electric field, and the holes move 1n the 1-layer 4 to reach
an mterface between the 1-layer 4 and the insulating layer 70.
The holes, however, cannot move to 1nside of the msulating
layer 70, and remain in the 1-layer 4. At this time, the elec-
trons move to the electrode D and the holes to the interface
of the msulating layer 70 1n the 1-layer 4; therefore, current
flows from the electrode G to the capacitor 300 to keep
clectric neutral 1n the elements. Since the current corre-
sponds to the electron-hole pairs generated by the light, 1t 1s
proportional to the incident light. If the refresh mode in FIG.
5A 1s started again after a certain period of the photoelectric
conversion mode 1 FIG. 5B, the holes remaining in the
i-layer 4 are introduced to the electrode D as mentioned
above, and current corresponding to the holes flows to the
capacitor 300. The quantity of the holes corresponds to a
total quantity of light incident during the photoelectric con-
version mode, and the quantity of the current flowing to the
capacitor 300 corresponds to the total quantity of the light.
Although current corresponding to a quantity of electrons
injected 1nto the 1-layer 4 also flows at this time, the quantity
1s approximately fixed and the required current can be
detected by subtracting the quantity from the total quantity
of the current. In other words, the photoelectric converting
section 100 of this embodiment can output a quantity of real
time incident light and also a total quantity of light imping-
ing during a certain period. It 1s an important feature of this
embodiment. The capacitor 300 can accumulate an object
output from these outputs to detect its integrated value
through the detecting section 120 by turning the detect-TFT
on.

Next, the operations of this embodiment are described
below. FIG. 6 1s a timing diagram of the operations of the
photoelectric converter shown 1n FIG. 11A. In this drawing,
V .. 18 an electric potential of the electrode D to the electrode
G of the photoelectric converting element 100, and P 1s a
light incoming state, where ON 1ndicates a state that light 1s
incident and OFF indicates a state that no light 1s incident,
1.e., a dark state. I, indicates a current flowing into the
capacitor 300, and the horizontal direction represents an
clapse of time. First, when the refresh-TFT 210 1s turned on
by the control section 130, the refresh mode 1s started, V e
becomes a negative voltage, holes are ejected as shown in
FIG. 5A, and negative inrush current E denoted by E 1n FIG.
6 tlows into the capacitor 300 while electrons are injected
into the 1-layer 4. Afterward, when the refresh mode 1s com-
pleted and the refresh-TFT 210 1s turned off and the read-
TFT 211 1s turned on, V ,, becomes a positive voltage, elec-
trons 1n the 1-layer 4 are ejected, and positive inrush current
E' flows to start the photoelectric conversion mode. If light 1s
incident at this moment, optical current A denoted by A
flows. For a dark state in the same operation, the current does
not flow as shown by A'. Accordingly, if the optical current A
1s integrated for a certain period, the light incidence can be
detected. When the refresh-TFT 210 1s turned on {from the A
state, inrush current B flows. The quantity of the current 1s
reflected by a total quantity of incident light during the pre-
vious photoelectric conversion mode period, and 1t can be
detected by integrating the inrush current B. If light 1s not
incident in the previous photoelectric conversion mode, the
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inrush current becomes smaller as shown by B', and the light
incidence can be detected by detecting the difference.
Otherwise, since the above mentioned inrush current E' or E"
1s approximately equal to the inrush current B', it can be
subtracted from the inrush current B to obtain the value. In
other words, an 1ntegrated value should be obtained through
the capacitor 300 from the point just before the inrush cur-
rent B to the point just after the inrush current E". It 15 a
teature of this embodiment and the following value can be
obtained without any special calculator for subtraction:

(Inrush current B—Inrush current E")

If the light incident state 1s changed, I, changes as shown
by C and C' even during the same photoelectric conversion
mode period. The light incident state can also be detected by
integrating the change value. In other words, 1t means that 1t
does not need to set the refresh mode at every detecting time.

However, 1f the photoelectric conversion mode period 1s
extended or the 1llumination of incident light 1s intensive for
some reason, current sometimes does not flow even 11 light 1s
incident as shown by D. This 1s because a lot of holes remain
in the 1-layer 4, the electric field in the 1-layer 4 becomes
smaller due to the holes, and generated electrons are not
introduced to the electrode D and then the electrons are
recombined with the holes 1n the 1-layer 4. Although current
may flow unstably if the fight incident state changes 1n this
state, a restart of the refresh mode ejects the holes in the
1-layer 4 and current equal to A can be obtained as shown by
A" 1n the subsequent photoelectric conversion mode.

Now, how an integrated value 1s obtained through the
capacitor 300 1s described below. First, the detect-TFT 212
1s turned on by the control section 130, and the GND poten-
tial 1s applied to the capacitor 300 via the detecting section.
At this point, the detecting section 120 need not detect elec-
tric charges flowing. Next, the detect-TFT 212 1s turned oif
to start the integration. During the integration period, the
current flowing into the capacitor 300 1s stored 1n the capaci-
tor 300 as electric charges. The potential of the capacitor 300
slightly goes up at this instant, but 1t does not affect opera-
tions of the photoelectric converting element 100 almost at
all. When the detect-TFT 212 1s turned on after an integra-
tion for a certain period, the electric charges stored in the
capacitor 300 flow into the detecting section 120 through the
detect-TFT 212. This current corresponds to an integrated
value obtained by the integration for a certain period, and 1t
can be detected through the detecting section 120.

Although the mncident light 1s assumed to be fixed 1n the
above explanation, 1t should be understood that the current
indicated by A, B, and C changes continuously depending on
intensity of incident light and that the intensity can also be
detected quantitatively as well as the absence or presence of
the incident light.

In the above description, although it 1s desirable to eject
all of the holes when the holes 1n the 1-layer 4 are ejected 1n
the refresh mode, there 1s no problem because ejecting a part
of the holes 1s also effective and the same value can be
obtained as for ejecting all the holes at the optical current A
or C. IT holes are gjected so that a fixed quantity of holes
always remain, a quantity of light can also be quantitatively
detected by the current B. In other words, it should be
avolded only to be a state indicated by the current value D at
detection 1n the subsequent photoelectric conversion mode,
that 1s, a state 1llustrated by FIG. 5C, and 1t 1s required only
to determine characteristics of a V ;. voltage in the refresh
mode, a period of the refresh mode, and the injection block-
ing layer of the n-layer 5. Further in the refresh mode, the
injection of electrons into the 1-layer 4 1s not a requirement
and the V ,, voltage 1s not limited to negative. It 1s because
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the electric field 1n the 1-layer 4 1s applied 1n a direction that
holes are introduced to the electrode D even 1t the V , volt-
age 1s positive when a lot of holes remain 1n the 1-layer 4.
Also for characteristics of the injection blocking layer of the
n-layer 5, it 1s not a requirement that electrons can be
injected into the 1-layer 4.

A lot of types of detecting sections described 1n FIGS. 7A
to 7C with examples can be applied to this detecting section.

As the photoelectric converter includes the capacitor 300
of this embodiment, photoelectrically converted signals for a
desired period can be stored and the characteristics of high
sensitivity and high signal-to-noise ratio can be further
enhanced.
| Sixth embodiment ]

FIG. 12 1s a circuit diagram 1llustrating a sixth embodi-
ment of the photoelectric converter of this invention. The
same reference numerals designate the same parts as for the
drawings mentioned above. The layer structure of the photo-
clectric converting section 100 and the TFT 200 1n FIG. 10A
can be applied to the structure for a photoelectric converting
clement 100 and TFTs 220 to 222 which are switching ele-
ments. Reference numeral 114 1s a power supply V , which
gives positive potential to an electrode D and reference
numeral 113 1s a power supply V, which gives positive
potential to an electrode G 1n a refresh mode of a photoelec-
tric converting element. The power supply 115 1s set to a
voltage equivalent to that of the power supply 114 or a
higher voltage. The gate electrodes of the TFTs 220, 221,
and 222 are controlled to be turned on or off by control
sections 131, 132, and 133, respectively. Section 120
enclosed by a dashed line 1s a detecting section, which
detects fight incident on the photoelectric converting section
100 as mentioned below.

In this embodiment, there are provided four modes; (1) a
photoelectric converting element refresh mode, (2) a G elec-
trode initialization mode, (3) a storage mode, and (4) a
detection mode. The photoelectric converting element
refresh mode (1) corresponds to the refresh mode of the
above embodiment, the G electrode 1nitialization mode (2),
the storage mode (3), and the detection mode (4) correspond
to the photoelectric conversion mode of the above
embodiment, and an electric field 1s applied to each layer of
the photoelectric converting element 100 1n the same direc-
tion; therefore the operation of the photoelectric converting
section 100 1s primarily 1dentical. These modes are sequen-
tially described below. After the TFTs 220, 221, and 222 are
turned off, the TFT 220 1s turned on by the control section
131 in the photoelectric converting element refresh mode,
and positive potential 1s applied to the electrode G by the
power supply 1135. Positive potential V , 1s applied to the
electrode D by the power supply 114, that 1s, (V ,—V,) 1s
applied to potential V ;, of the electrode D against the poten-
tial of the electrode G. Then, holes 1n the photoelectric con-
verting element 100 are ejected for refreshment. Next, after
the TFT 220 1s turned off, the TFT 221 1s turned on by the
control section 132 to shift to the G electrode 1itialization
mode (2), and GND potential 1s applied to the electrode G.
At this mnstant, the V ,, has a positive voltage and the photo-
clectric converting element 100 enters the photoelectric con-
version mode after inrush current flows. Then, the TFT 221
1s turned oif and the electrode G 1s opened for direct current.
Practically, however, the potential 1s kept by equivalent
capacitive component C_or stray capacitance C_ of the pho-
toelectric converting section 100 1ndicated by dashed lines.
It light 1s incident on the photoelectric converting section
100, the corresponding current tlows out from the electrode
G and the potential of the electrode G increases. In other
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words, the light incident information 1s stored in the C_ and
C_ as electric charges. After a certain period of time for the
storage, the TFT 222 1s turned on by the control section 133
to shiit to the detection mode (4). At this instant, the electric
charges stored i the C, and C_ flow to the operational
amplifier 126 side through the TFT 222, and the quantity of
the charges 1s equal to an integrated value of current flowing,
out of the photoelectric converting section 100 in the storage
mode; that 1s, 1t 1s detected as a total quantity of incident
light by an integrator comprising the operational amplifier, a
capacitor 124, and a switching element 125. This integrator
should be 1nitialized betfore a shift to the detection mode (4)
by turning on the switching element 125 through a control
section which 1s not shown so that the capacitor 124 1s dis-
charged. Further, after the TFT 222 1s turned off, the TFT
220 1s turned on again by the control section 131 to repeat
the operation.

As mentioned above, this embodiment has characteristics
that an integrated value of current flowing during a certain
long period of time for storage can be obtained in a short
time 1n the detection mode by using a combination of
elements, and 1t indicates that this embodiment 1s effective to
produce a high signal-to-noise ratio photoelectric converter
with a light load operational amplifier whose cost 1s high,
including a plurality of photoelectric converting elements at
low cost. The operation of the photoelectric converting ele-
ments of this embodiment 1s primarily the same as for that of
the first embodiment, except that the potential of the elec-
trode G goes up 1n the photoelectric conversion mode and
V4. 18 lowered. It means that the state 1n FIG. 5C can be
casily made by a small quantity of incident light, which may
lead to a restriction on incident light volume in a normal
operation. This, however, can be easily solved by inserting a
large capacitor for storage 1n parallel to the stray capacitance
C_ consciously.

FIG. 13 A 1illustrates a typical plan view of the photoelec-
tric converter shown in FIG. 12 and FIG. 13B 1s a sectional
view along line A-B in FIG. 13 A. The parts which cannot be
shown 1n detail in FIG. 13A are denoted by the same sym-
bols as for FIG. 12. The photoelectric converting element
100 and the TFTs 220 through 222 are connected by lines
402 and 406 for connecting these elements electrically via a
contact hole 408. In FIG. 13B, lines 412 and 416 are used for
connection with other components. Now, referring to FIGS.
13A and 13B, how the elements are formed i1s described
below.

First of all, Cr is laid by approx. 500 A as a lower metal
layer 2 on a glass substrate 1 which 1s an msulating material
by sputtering or the like, then patterning 1s made 1n photoli-
thography and unnecessary areas are processed with etching.

It forms a lower electrode of the photoelectric converting
clement 100, gate electrodes of the TFT 220 through 222,

and the lower lines 402 and 412.

Next, an SiN-layer 70, an 1-layer 4, and an n-layer S are
laid by approx. 2,000 A, 5,000 A, and 500 A, respectively in
an 1dentical vacuum with the chemical vapor deposition
(CVD) technique. The layers become an insulating layer, a
photoelectric converting semiconductor layer, and a hole
injection blocking layer of the photoelectric converting ele-
ment 100 and a gate msulating film, a semiconductor layer,
and an ohmic contact layer of the TFTs 220 through 222.
They are also used as cross section insulating layers for
upper and lower lines. Although the thickness of each layer
1s not limited to the above, but can be designed to be opti-
mized according to a voltage, current, charges, incident light
volume, or other conditions used for the photoelectric
converter, 1t 1s desirable that at least S1N has a thickness of
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500 A or greater which inhibits electrons and holes from
passing through the layer and permits 1t to serve as a gate
insulating film of the TFTs.

After the accumulation of the layers, an area to be the
contact hole 408 1s processed with etching, then Al 1s laid by
approx. 10,000 A as an upper metal layer 6 by means of
spatter or the like. Further, patterning 1s made in photoli-
thography unnecessary areas are processed with etching to
form an upper electrode of the photoelectric converting ele-
ment 100, a source electrode and a drain electrode, 1.e., main
clectrodes of the TF'Ts 220 to 222, and upper lines 406 and
416. In the contact hole 408, the lower circuit 402 and the
upper circuit 406 are connected.

Additionally, the n-layer 1s processed with reactive 1on
ctching (RIE) only for channel sections of the TFTs 220 to
222, then unnecessary parts of the SiN-layer 70, the 1-layer
4, and the n-layer § are processed with etching to separate
the elements from each other. This completes the photoelec-
tric converting element 100, the TFTs 220 to 222, the lower
lines 402 and 412, the upper lines 406 and 416, and the
contact hole 408. Normally, the top of each element 1s cov-
ered with a passivation film (not shown) of SiN or the like to
enhance their endurance.

In this embodiment as mentioned above, the photoelectric
converter can be formed only by the lower metal layer 2 on
which the photoelectric converting element 100, the TFTs
220 to 222, and a line section 300 are laid simultaneously,
the SiN-layer 70, the 1-layer 4, the n-layer 5, the upper metal
layer 6, and etching-processed parts of these layers, there 1s
only a single portion of the ijection blocking layer in the
photoelectric converting element 100 and 1t can be formed 1n
an 1dentical vacuum; and further, the gate insulating film or
an 1-layer interface which 1s important as TFT characteristics
can be formed in an identical vacuum, which makes 1t pos-
sible to produce a low cost and high performance photoelec-
tric converter having a generally high yielding ratio.
| Seventh embodiment]

FIG. 14 1s a circuit diagram 1llustrating a seventh embodi-
ment of the photoelectric converter of this mvention. The
same reference numerals designate the same features as for
the drawings mentioned above. The layer structure of the
photoelectric converting section 100 and the TFT 200 in
FIG. 11 A can be applied to the structures for a photoelectric
converting element 100, TFTs 220 to 222, and a capacitor
300. Reference numeral 114 1s a power supply V , which
gives positive potential to an electrode D and reference
numeral 115 1s a power supply V_ which applies positive
potential to an electrode G 1n a refresh mode of a photoelec-
tric converting element. The power supply 115 1s set to a
voltage equivalent to that of the power supply 114 or a
higher voltage. The gate electrodes of the TFTs 220, 221,
and 222 are controlled to be turned on or off by control
sections 131, 132, and 133, respectively. Section 120
enclosed by a dashed line 1s a detecting section, which
detects light incident on the photoelectric converting section
100 as mentioned below.

In this embodiment, there are provided four modes; (1) a
photoelectric converting element refresh mode, (2) a G elec-
trode 1nitialization mode, (3) a storage mode, and (4) a
detection mode. The photoelectric converting element
refresh mode (1) corresponds to the refresh mode of the
above embodiment, the G electrode 1nitialization mode (2),
the storage mode (3), and the detection mode (4) correspond
to the photoelectric conversion mode of the above
embodiment, and an electric field 1s applied to each layer of
the photoelectric converting element 100 1n the same direc-
tion; therefore the operation of the photoelectric converting
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section 100 1s primarily 1dentical. These modes are sequen-
tially described below. After the TFTs 220, 221, and 222 are
turned off, the TFT 220 1s turned on by the control section
131 in the photoelectric converting element refresh mode,
and positive potential V_ 1s applied to the electrode G by the
power supply 115. Positive potential V , 1s applied to the
electrode D by the power supply 114, that 1s, (V—V_) 1s
applied to potential V , of the electrode D against the poten-
tial of the electrode G. Then, holes 1n the photoelectric con-
verting element 100 are ejected for refreshment. Next, after
the TFT 220 1s turned off, the TFT 221 1s turned on by the
control section 132 to shift to the G electrode 1mtialization
mode (2), and GND potential 1s applied to the electrode G.
At this 1nstant, the V ,, has a positive voltage and the photo-
clectric converting element 100 enters the photoelectric con-
version mode after inrush current flows. Then, the TFT 221
1s turned off and the electrode G 1s opened for direct current.
The potential, however, 1s kept by a capacitor 300. If light 1s
incident on the photoelectric converting section 100, the cor-
responding current flows out from the electrode G and the
potential of the electrode G increases. In other words, the
light incident information is stored in the capacitor 300 as
clectric charges. After a certain period of time for the
storage, the TFT 222 1s turned on by the control section 133
to shift to the detection mode (4). At this instant, the electric
charges stored in the capacitor 300 flow to the operational
amplifier 126 side through the TFT 222, and the quantity of
the charges 1s equal to an integrated value of current flowing
out of the photoelectric converting section 100 1n the storage
mode; that 1s, 1t 1s detected as a total quantity of incident
light by an integrator comprising the operational amplifier, a
capacitor 124, and a switching element 125. This integrator
should be 1nitialized before a shift to the detection mode (4)
by turning on the switching element 125 through a control
section which 1s not shown so that the capacitor 124 1s dis-
charged. Further, after the TFT 222 is turned off, the TFT
220 1s turned on again by the control section 131 to repeat
the operation.

As mentioned above, this embodiment has characteristics
that an integrated value of current flowing during a certain
long period of time for storage can be obtained 1n a short
time 1n the detection mode by using a simple combination of
elements, and 1t indicates that this embodiment 1s effective to
produce a high signal-to-noise ratio photoelectric converter
with a light load operational amplifier whose cost 1s high,
including a plurality of photoelectric converting elements at
low cost. In the operation of the photoelectric converter of
this embodiment, the potential of the electrode G goes up in
the photoelectric conversion mode and V ,, 1s lowered in the
same manner as for the first embodiment. It means that the
state 1n FIG. 5C can be easily made by a small quantity of
incident light, which may lead to a restriction on incident
light volume in a normal operation. This, however, can be
casily improved by 1nserting the capacitor 300 which 1s large
enough. I a small quantity of fight 1s detected on the
contrary, a stray capacitance C_ in the photoelectric element
100 indicated by a dashed line serves as a capacitive element
so that the converter can operate without inserting the
capacitor 300 as a required element. The stray capacitance
C. can be adjusted by an area of an upper electrode 106 of
the photoelectric converting element 100.

FIG. 15A illustrates a plan view of the photoelectric con-
verter shown 1n FIG. 14 and FIG. 15B 1s a sectional view
along line A-B i FIG. 15A. The parts which cannot be
shown 1n detail in FIG. 15A are denoted by the same sym-
bols as for FIG. 14. The photoelectric converting element
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connected by lines 402 and 406 for connecting these ele-
ments electrically via a contact hole 408. In FIG. 15B, lines
412 and 416 are used for connection with other components.
Now, referring to FIGS. 15A and 15B, how the elements are
formed 1s described below.

First of all, Cr is laid by approx. 500 A as a lower metal
layer 2 on a glass substrate 1 which is an msulating material
by sputtering, then patterning 1s made in photolithography
and unnecessary areas are processed with etching. It forms a
lower electrode for the photoelectric converting element
100, gate electrodes of the TEFTs 220 through 222, a lower
clectrode for the capacitor 300, and the lower lines 402 and
412.

Next, an SiN-layer 70, an 1-layer 4, and an n-layer 5 are
laid by approx. 2,000 A, 5,000 A, and 500 A, respectively in
an 1dentical vacuum with the chemical vapor deposition
(CVD) technique. The layers become an insulating layer, a
photoelectric converting semiconductor layer, and a hole
injection blocking layer of the photoelectric converting ele-
ment 100 and a gate isulating film, a semiconductor layer,

an ohmic contact layer of the TFTs 220 through 222, and a
middle layer of the capacitor 300. They are also used as
cross section insulating layers for upper and lower lines.
Although the thickness of each layer i1s not limited to the
above, but can be designed to be optimized according to a
voltage, current, charges, incident fight volume, or other
conditions used for the photoelectric converter, 1t 1s desirable
that at least SiN has a thickness of 500 A or greater which
inhibits electrons and holes from passing through the layer
and permits it to serve as a gate isulating film of the TFTs.

After the accumulation of the layers, an area to be the
contact hole 408 1s processed with etching, then Al 1s laid by
approx. 10,000 A as an upper metal layer 6 by means of
spatter or the like. Further, patterning 1s made in photoli-
thography unnecessary areas are processed with etching to
form an upper electrode for the photoelectric converting ele-
ment 100, a source electrode and a drain electrode, 1.e., main
clectrodes of the TFT's 220 to 222, an upper electrode for the
capacitor 300, and upper lines 406 and 416. In the contact
hole 408, the lower circuit 402 and the upper circuit 406 are
connected.

Additionally, the n-layer 1s processed with reactive 1on
ctching (RIE) only for channel sections of the TFTs 220 to
222, then unnecessary parts of the SiN-layer 70, the 1-layer
4, and the n-layer 5 are processed with etching to separate
the elements from each other. This completes the photoelec-
tric converting element 100, the TFTs 220 to 222, the lower
lines 402 and 412, the upper lines 406 and 416, and the
contact hole 408.

Normally, the top of each element 1s covered with a passi-
vation film (not shown) of SiN or the like to enhance their
endurance.

In this embodiment as mentioned above, the photoelectric
converter can be formed only by the lower metal layer 2 on
which the photoelectric converting element 100, the TFTs
220 to 222, the capacitor 300, and a line section 400 are laid
simultaneously, the SiN-layer 70, the 1-layer 4, the n-layer 5,
the upper metal layer 6, and etching-processed parts of these
layers, there 1s only a single portion of the injection blocking
layer 1n the photoelectric converting clement 100 and 1t can
be formed 1n an 1dentical vacuum, and further, the gate 1nsu-
lating film or an i1-layer interface which 1s important as TFT
characteristics can be formed in an 1dentical vacuum. In
addition, the middle layer of the capacitor 300 includes an
insulating layer which 1s not so leaky under the heat which 1s
helpful to form a capacitor having good characteristics.
Accordingly, this embodiment makes 1t possible to produce
a low cost and high performance photoelectric converter.
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| Eighth embodiment |

FIG. 16 1s a schematic general circuit diagram of a photo-
clectric converter of the eighth embodiment of the present
invention, FIG. 17A 1s a typical plan view of each compo-
nent equivalent to a first pixel 1n this embodiment, FIG. 17B
1s a sectional view along line A-B 1n FIG. 17A. In FIG. 16,
S11 to S33, G, and D indicate photoelectric converting
clements, a lower electrode side, and an upper electrode
side, respectively.

These nine photoelectric converting elements S11 to S33
are arranged one-dimensionally, 1.e., 1n a line on a glass
substrate which 1s an 1dentical insulating substrate to serve
as a sensor section as a line sensor. C11 to C33 are capacitive
clements, storage capacitors, Rell to Re33 are initialize-
TFTs, R111 to R133 are refresh-TFTs, and T11 to T33 are
transter-TFT's. Characters g, d, and s for a transfer-TFT T11
represent a gate electrode, a drain electrode, and a source
clectrode. If a low voltage (herematter “Lo”) 1s applied to
the potential of the gate electrode, a nonconducting (oif)
state 1s made between the drain electrode and the source
clectrode. IT a high voltage (hereinatter “H1”") 1s applied to it,
a conducting (on) state 1s made between them. Accordingly,
the electrode serves as a switching element. It can be said for
other TFTs 1n these drawings, too.

ol to g5 idicate lines for controlling the TFT's, which are
controlled by control pulses Hi/Lo generated 1in a shift regis-
ter SR1. A read power supply V , 1s connected on a common
basis to an electrode D for the photoelectric converting ele-
ments S11 to S33 and a refresh power supply 1s connected on
a common basis to a drain electrode for the refresh-TFTs
R1i11 to R133. A single pixel comprises a photoelectric con-
verting element, a capacitor, and three TFT's, and 1ts signal
output 1s connected to a detection 1ntegrated circuit IC via a
matrix signal line MTX. In the photoelectric converter of
this embodiment, the total nine pixels are classified into
three blocks, their outputs (three pixels per block) are simul-
taneously transferred, and they are sequentially converted to
outputs by the detection integrated circuit IC via the matrix
signal line MTX to be output. Readout switches M1 to M3 1n
the detection integrated circuit IC are controlled by control
pulses Hi/LLo generated in a shiit register SR2 via control
lines sgl to sg3, and their outputs are connected to an inte-
grating detector Amp. The integrating detector Amp 1inte-
grates 1njected charges via the read switches M1 to M3 and
outputs them as Vout.

The part enclosed by a dashed line 1s formed on an 1denti-
cal large-sized glass substrate. FIG. 17A shows a top plan
view ol a part corresponding to a first pixel 1n the enclosed
part. FIG. 17B shows a sectional view of a part indicated by
a dashed line between A and B 1n FIG. 17A. The same sym-
bols designate the same parts as for FIG. 16.

In FIGS. 17A and 17B, 511 indicates a photoelectric con-
verting element, Rell, Ril1, and T11 are TFTs, and C11
and MTX indicate a capacitor and a matrix signal line,
respectively. Now, referring to FIGS. 17A and 17B, how the
clements are formed 1s sequentially described.

First of all, Cr is laid by approx. 500 A as a lower metal
layer 2 on a glass substrate 1 which 1s an insulating material
by sputtering, then patterning 1s made 1n photolithography
and unnecessary areas are processed with etching. It forms a
lower electrode for the photoelectric converting element
S11, gate electrodes of the TFTs Rell, Ri11, and T11, a
lower electrode for the capacitor C11, and lower lines of the
matrix signal line MTX.

Next, an SiN-layer 70, an 1-layer 4, and an n-layer 5 are
laid by approx. 2,000 A, 5,000 A, and 500 A, respectively in
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(CVD) technique. The layers become an insulating layer, a
photoelectric converting semiconductor layer, and a hole
injection blocking layer of the photoelectric converting ele-
ment S11 and a gate msulating film, a semiconductor layer,
an ohmic contact layer of the TFTs Rell, R1l11, and T11,
and a middle layer of the capacitor C11. They are also used
as cross section insulating layers for the matrix signal line
MTX. Although the thickness of each layer 1s not limited to
the above, but can be designed to be optimized according to
a voltage, current, charges, incident light volume, or other
conditions used for the photoelectric converter, it 1s desirable
that at least SiN has a thickness of 500 A or greater which
inhibits electrons and holes from passing through the layer
and permits it to serve as a gate isulating film of the TFTs.

After the accumulation of the layers, an area to be the
contact hole 1s processed with etching, then Al 1s laid by
approx. 10,000 A as an upper metal layer 6 by means of
spatter or the like. Further, patterning 1s made in photoli-
thography unnecessary areas are processed with etching to
form an upper electrode for the photoelectric converting ele-
ment S11, a source electrode and a drain electrode, 1.e., main
clectrodes of the TFTs Rell, Ril1, and T11, an upper elec-
trode for the capacitor C11, and upper lines of the matrix
signal line MTX. In the contact hole, the lower line 1s con-
nected with the upper circuit.

Additionally, the n-layer 1s processed with reactive 1on
ctching (RIE) only for channel sections of the TFTs Rell,
Ri11, and T11, then unnecessary parts of the SiN-layer 70,
the 1-layer 4, and the n-layer 5 are processed with etching to
separate the elements from each other. This completes the
photoelectric converting element S11, the TFTs Rell, Ril1,
and T11, the matrix signal line MTX, and the contact hole.
Although the first pixel 1s described above, it should also be
understood that other pixels are formed simultaneously.

Normally, the top of each element 1s covered with a passi-
vation film (not shown) of SiN or the like to enhance their
endurance, and further approx. 50 pu of a thin glass sheet 1s
adhesively bonded to 1t.

In this embodiment as mentioned above, the photoelectric
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