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&) ABSTRACT

A liquid crystal display device of the present invention
includes: a TFT array substrate (200); a counter substrate
(100); a liquid crystal layer (300) formed between the TFT
array substrate (200) and the counter substrate (100); a pho-
todiode (17) formed on the TFT array substrate (200), which
photodiode (17) generates an electric current equivalent to
intensity of irradiation light irradiated to the photodiode (17);
and alight transmitting member (15) employing a non-hollow
solid structure, which light transmitting member (15) is pro-
vided on a light-receiving surface of the photodiode (17) and
sandwiched between the TFT array substrate (200) and the
counter substrate (100). This makes it possible to attain, by a
simple arrangement, a liquid crystal display device including
an optical sensor (photoelectric element) which is not
affected by an alignment state of liquid crystal and which has
an excellent detection sensitivity.
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LIQUID CRYSTAL DISPLAY DEVICE AND
ELECTRONIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a liquid crystal dis-
play device into which an optical sensor is incorporated.

BACKGROUND ART

[0002] Conventionally, there has been proposed a display
device including a display panel in which an optical sensor
included in a pixel is incorporated.

[0003] A photodiode (photoelectric element) is generally
used as the optical sensor included in the display device.
Sensitivity of the photodiode is generally indicated by S
(signal)/N (noise). That is, increasing in a value of S/N causes
an excellent sensitivity.

[0004] Forexample, Patent Literature 1 discloses a method
for improving the sensitivity of the optical sensor incorpo-
rated in the pixel included in the display panel. The method is
specifically a method for decreasing noise caused by light that
enters the optical sensor, so that S/N is improved. That is, a
technique disclosed in Patent Literature 1 improves the sen-
sitivity by decreasing photoelectric current indicated by N
(noise) of S/N that indicates the sensitivity of the photodiode.
[0005] Specifically, as shown in FIG. 19, a liquid crystal
display device disclosed in Patent Literature 1 is arranged
such that a groove is formed so as to surround a sensor part
and a light shielding member or a light absorbent member is
embedded in the groove. This arrangement makes it possible
to prevent noise caused by light (stray light) which repeats
complex reflection mainly in a substrate and enters the sensor
part.

[0006] Further, as with Patent Literature 1, Patent Litera-
ture 2 discloses an arrangement in which an imaging element
(optical sensor) is surrounded by a light shielding insulating
layer. This arrangement makes it possible to decrease enter-
ing of light (stray light) other than light that originally enters
the imaging element.

[0007] Further, Patent Literature 3 discloses a technique in
which a light condensing member (lens) is provided in a front
of a photoelectric transducer so that light enters the photo-
electric transducer via the light condensing member for con-
densing, on the photoelectric transducer, the light that enters
the photoelectric transducer, so that sensitivity of the photo-
electric transducer (optical sensor) increases.

CITATION LIST
Patent Literature

[0008] Patent Literature 1

[0009] Japanese Patent Application Publication Tokukaihei
No. 11-95263 A (Publication Date: Apr. 9, 1994)

[0010] Patent Literature 2

[0011] Japanese Patent Application Publication Tokukai
No. 2006-65305 A (Publication Date: Mar. 9, 2006)

[0012] Patent Literature 3
[0013] Japanese Patent Application Publication Tokukai
No. 2005-10228 A (Publication Date: Jan. 13, 2005)
SUMMARY OF INVENTION
Technical Problem

[0014] However, Patent Literatures 1 and 2 have a problem
that it is extremely complicate (increasing in manufacturing
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processes and cost) to form a light shielding member. That is,
in a case where a high-definition display device is manufac-
tured, it is necessary to conduct an extremely complicate
process for providing the light shielding member to each of
the optical sensor parts included in the display device.
[0015] Further, the light shielding material is just formed so
as to surround the optical sensor part. This provides, between
the light shielding member and the optical sensor part, an
empty space including neither a liquid crystal material nor
anything. This possibly causes a trouble at the time of manu-
facturing the display device. The problem is, for example,
entering the liquid crystal material into the space. Such enter-
ing the liquid crystal material into the space leads to the
presence of liquid crystal on the optical sensor part. As aresult
of this, light affected by an alignment state of the liquid
crystal enters the optical sensor, thereby decreasing sensitiv-
ity of the optical sensor.

[0016] Further, according to Patent Literature 3, the light
shielding member is not provided around a photoelectric
transducer. This unfortunately causes light transmitted
through an adjacent light condensing member or light that
obliquely enters between one light condensing member and
another light condensing member to enter the photoelectric
transducer as stray light even in a case where the light con-
densing members condense light that enters the photoelectric
transducer. As a result, light detection sensitivity possibly
decreases in the photoelectric transducer serving as the opti-
cal sensor.

[0017] The presentinvention was made in view of the above
problems, and an object of the present invention is to attain a
liquid crystal display device provided with an optical sensor
(photoelectric element) which is not affected by the align-
ment state of the liquid crystal, which is hard to be subject to
noise caused by stray light, and which has an excellent detec-
tion sensitivity.

Solution to Problem

[0018] In order to attain the object, a liquid crystal display
device of the present invention, including: a TFT array sub-
strate; a counter substrate; liquid crystal provided between
the TFT array substrate and the counter substrate; a photo-
electric element formed on the TFT array substrate, which
photoelectric element generates an electric current equivalent
to intensity of irradiation light irradiated to the photoelectric
element; and a light transmitting member employing a non-
hollow solid structure, which light transmitting member is
provided on a light-receiving surface of the photoelectric
element and sandwiched between the TFT array substrate and
the counter substrate.

[0019] According to the above arrangement, the light trans-
mitting member employing the non-hollow solid structure is
provided on the light-receiving surface of the photoelectric
element and sandwiched between the TFT array substrate and
the counter substrate. Light transmitted through the light
transmitting member enters the light-receiving surface of the
photoelectric element.

[0020] Further, the light transmitting member is sand-
wiched between the TFT array substrate and the counter
substrate. Therefore, a liquid crystal layer is provided neither
between the light transmitting member and the counter sub-
strate nor between the light transmitting member and the TFT
array substrate. Furthermore, the light transmitting member
employs the non-hollow solid structure. Therefore, a liquid
crystal material of the liquid crystal layer does not soak into
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the light transmitting member. This allows light to enter the
light-receiving surface of the photoelectric element on which
surface no liquid crystal is provided.

[0021] That is, light which is not affected by an alignment
state of the liquid crystal enters the photoelectric element.
This makes it possible to generate electric current equivalent
to intensity of light that enters the photoelectric element.
[0022] Further, the light transmitting member employing
the non-hollow solid structure can be simply structured by
means of a conventional technique. It is therefore possible to
manufacture the light transmitting member by a simple pro-
cess.

[0023] In this manner, a liquid crystal display device
including a photoelectric element which is not affected by the
alignment state of the liquid crystal, which is hard to be
subject to noise due to stray light, and which has an excellent
detection sensitivity can be attained by a simple arrangement.
[0024] TItis preferable that the light transmitting member is
provided above the photoelectric element and in a region that
is under influence of light, so that the electric current gener-
ated by the photoelectric element depends on the influence of
the light in the region.

[0025] This allows light which is not affected at all by the
alignment state of the liquid crystal to enter the region that
affects sensor sensitivity of the photoelectric element. It is
therefore possible to further improve the detection sensitivity
of the photoelectric element.

[0026] Itis preferable that the light transmitting member is
provided so as to cover at least a semiconductor layer region
constituting the photoelectric element.

[0027] According to the above arrangement, the semicon-
ductor layer region serving as the light-receiving surface of
the photoelectric element is covered with the light transmit-
ting member. This allows merely light that enters from the
light transmitting member which is not affected at all by the
alignment state of the liquid crystal to enter the photoelectric
element. It is accordingly possible to further improve the
detection sensitivity of the photoelectric element.

[0028] Examples of the arrangement of the photoelectric
element encompass the following three arrangements.
[0029] The photoelectric element employs a TFT structure
in which the photoelectric element includes at least a gate
electrode, a gate insulating film, a semiconductor layer, a
source electrode, a drain electrode, and a contact layer via
which the source electrode is electrically connected to the
drain electrode, the light transmitting member is provided at
least in a region where the gate electrode overlaps with the
semiconductor layer and neither the source electrode nor the
drain electrode is provided.

[0030] The light transmitting element employs a lateral
structure in which (i) the light transmitting element includes
at least a p-type semiconductor layer, an i-type semiconduc-
tor layer, an n-type semiconductor layer, electrodes con-
nected to the p-type semiconductor layer and the n-type semi-
conductor layer, respectively, and (ii) interfaces of the p-type,
the i-type and the n-type semiconductor layers are perpen-
dicular to a surface of the TFT array substrate, the light
transmitting member is provided at least above the semicon-
ductor layer and in a region where the electrodes are not
provided.

[0031] The light transmitting element employs a vertical
structure in which (a) the light transmitting element includes
at least a p-type semiconductor layer, an i-type semiconduc-
tor layer, an n-type semiconductor layer, electrodes con-
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nected to the p-type semiconductor layer and the n-type semi-
conductor layer, respectively, and (b) interfaces of the p-type,
the i-type and the n-type semiconductor layers are provided
along a surface of the TFT array substrate, the light transmit-
ting member is provided above one of the p-type, the i-type
and the n-type semiconductor layers which one is provided
closest to a side which light enters.

[0032] The light transmitting member also serves as a
spacer that determines a gap between the TFT array substrate
and the counter substrate.

[0033] According to the above arrangement, a process for
forming the light transmitting member is substituted for a
process for forming a spacer. It is therefore possible to manu-
facture the liquid crystal display device in which the light
transmitting member is formed on the photoelectric element,
without changing the number of processes for manufacturing
the liquid crystal display device.

[0034] The liquid crystal display device of the present
invention includes a color filter between the light transmitting
member and the counter substrate.

[0035] According to the above arrangement, light that
enters from the counter substrate is transmitted through the
color filter, and enters the light transmitting member. It is
therefore possible to simply determine a transmission wave-
length of light that enters the photoelectric element merely by
adjusting a wavelength transmitted through the color filter.
[0036] TItis preferable that the light transmitting member is
made from a resin material having at least photosensitivity.
[0037] According to the above arrangement, it is possible to
simply form the light transmitting member by patterning
employing photolithographic method.

[0038] Further, it is possible to determine a wavelength
transmitted through the light transmitting member, by simple
methods such as a method for causing the photosensitive resin
material to have a property of transmitting/absorbing light
having a specific wavelength, a method for causing the pho-
tosensitive resin material to have a patterning property
obtained by means of photolithographic method and mixing,
with the photosensitive resin material, a material that trans-
mits/absorbs the light having the specific wavelength (spe-
cifically, mixing a color filter pigment or the like with the
photosensitive resin material). This expands the scope of
materials to be selected.

[0039] TItis preferable that the light transmitting member is
made from a material whose refraction index is greater than
that of the liquid crystal.

[0040] According to the above arrangement, difference in
refraction index between the light transmitting member and
the liquid crystal makes it possible to reflect, on the light
transmitting member, a part of stray light that enters from the
liquid crystal. This reduces the stray light to enter the photo-
electric element.

[0041] Ttis preferable that the light transmitting member is
made from a light absorbent material that absorbs light having
a specific wavelength.

[0042] According to the above arrangement, light that
enters the light transmitting member which light is other than
light absorbed into a light absorbent material included in the
light transmitting member is guided to the photoelectric ele-
ment. Further, as described above, the light transmitting
member provided on the photoelectric element is made from
the light absorbent material that absorbs light that enters the
photoelectric element as stray light. This makes it possible to
reduce the stray light to enter the photoelectric element.
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[0043] The above-arranged liquid crystal display device is
applicable to various electronics devices. Particularly, the
above-arranged liquid crystal display device is suitably appli-
cable to an electronics device including a touch panel and/or
a scanner.

Advantageous Effects of Invention

[0044] As described above, a liquid crystal display device
of the present invention includes: a TFT array substrate; a
counter substrate; liquid crystal provided between the TFT
array substrate and the counter substrate; a photoelectric ele-
ment formed on the TFT array substrate, which photoelectric
element generates an electric current equivalent to intensity
ofirradiation light irradiated to the photoelectric element; and
a light transmitting member employing a non-hollow solid
structure, which light transmitting member is provided on a
light-receiving surface of the photoelectric element and sand-
wiched between the TFT array substrate and the counter
substrate. Accordingly, a liquid crystal display device includ-
ing a photoelectric element which is not affected by an align-
ment state of the liquid crystal, which is hard to be subject to
noise due to stray light, and which has an excellent detection
sensitivity can be attained by a simple arrangement.

BRIEF DESCRIPTION OF DRAWINGS

[0045] InFIG. 1, (a)and (b) are cross-sectional views each
schematically showing a principal part of a liquid crystal
display device in accordance with an embodiment of the
present invention.

[0046] FIG. 2 is a block diagram showing a principal
arrangement of the liquid crystal display device shown in
FIG. 1.

[0047] FIG. 3 is an equivalent circuit diagram of one pixel
included in the liquid crystal display device shown in FIG. 2.
[0048] FIG. 4 is a plan view of one pixel included in the
liquid crystal display device shown in FIG. 2.

[0049] FIG. 5 is a cross-sectional view of one pixel taken
along A-A' line shown in FIG. 4.

[0050] FIG. 6 is a cross-sectional view of one pixel taken
along B-B' line shown in FIG. 4.

[0051] FIG. 7 is a cross-sectional view of one pixel taken
along C-C' line shown in FIG. 4.

[0052] FIG. 8 is a view showing processes for forming an
active matrix substrate, the processes being included in a
method for manufacturing the liquid crystal display device
shown in FIG. 2.

[0053] FIG. 9 is a view showing processes for forming a
common substrate, the processes being included in the
method for manufacturing the liquid crystal display device
shown in FIG. 2.

[0054] FIG. 10 is a cross-sectional view schematically
showing the vicinity of a transparent member included in a
liquid crystal display device in accordance with another
embodiment of the present invention.

[0055] FIG. 11 is a cross-sectional view schematically
showing the vicinity of a transparent member included in a
liquid crystal display device in accordance with yet another
embodiment of the present invention.

[0056] FIG. 12 is a cross-sectional view schematically
showing the vicinity of a transparent member included in a
liquid crystal display device in accordance with still yet
another embodiment of the present invention.

Sep. 15,2011

[0057] InFIG. 13, (a)and (b) are views showing a position
where a light transmitting member is provided in a case where
a photoelectric element employs a TFT structure.

[0058] InFIG. 14, (a)and (b) are views showing a position
where a light transmitting member is provided in a case where
a photoelectric element is a pin photodiode employing a
lateral structure.

[0059] InFIG. 15, (a) and (b) are views showing a position
where a light transmitting member is provided in a case where
a photoelectric element is a pin photodiode employing a
vertical structure.

[0060] InFIG. 16, (a)and (b) are views showing compara-
tive examples for describing an effect of the present inven-
tion.

[0061] InFIG.17,(a)and (b)are views showing an effect of
the present invention.

[0062] InFIG.18,(a)and (b)areviews showing an effect of
the present invention.

[0063] FIG. 19 is a block diagram showing a principal
arrangement of a conventional liquid crystal display device.

DESCRIPTION OF EMBODIMENTS

[0064] The following describes an embodiment of the
present invention. The present embodiment describes a case
where a display device of the present invention is applied to a
liquid crystal display device into which an optical sensor
touch panel is incorporated (hereinafter referred to as an
optical sensor TP system).

[0065] As shown in FIG. 2, the optical sensor TP system of
the present embodiment is provides with: a display panel 101
including a photoelectric element serving as an optical sen-
sor, the display panel 101 being provided in the center of the
optical sensor TP system; a display scanning signal line drive
circuit 102 and a display video signal line drive circuit 103
that are circuits for causing the display panel 101 to display;
a sensor scanning signal line drive circuit 104 and a sensor
read circuit 105 that are circuits for causing the display panel
101 to serve as a touch panel; a sensing image processing [.SI
107 (PC (including software)) for determining a touched
coordinate from sensing data transmitted from the sensor read
circuit 105; and a power supply circuit 106.

[0066] The liquid crystal display device shown in FIG. 2 is
an example of the present embodiment. The liquid crystal
display device of the present embodiment is not limited to this
arrangement. Functions of the sensor scanning signal line
drive circuit 104 and the sensor read circuit 105 may be
included in other circuits, for example, the display scanning
signal line drive circuit 102 and the display video signal line
drive circuit 103. Further, the function of the sensor read
circuit 105 may be included in the sensing image processing
LSI107.

[0067] As shown in (a) and (b) of FIG. 1, the display panel
101 is arranged such that a liquid crystal layer 300 is sand-
wiched between a counter substrate 100 and a TFT array
substrate 200. Specifically, (a) and (b) of FIG. 1 each sche-
matically show a cross section of one pixel.

[0068] A display drive TFT (Thin Film Transistor) element
20 for driving a pixel electrode (not shown), and a photodiode
serving as a photoelectric element in which electric current
equivalent to intensity of irradiation light is generated are
formed on the TFT array substrate 200. A light transmitting
member 15 employing a non-hollow solid structure is formed
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on a light receiving surface of the photodiode 17 and sand-
wiched between the TFT array substrate 200 and the counter
substrate 100.

[0069] By providing the light transmitting member 15 on
the photodiode 17 as described above, no liquid crystal is
provided on the photodiode 17. This allows the photodiode 17
to constantly receive light that is not affected by an alignment
state of liquid crystal.

[0070] Further, the light transmitting member 15 is sand-
wiched between the TFT array substrate 200 and the counter
substrate 100. This makes it possible to adjust a gap of a
thickness of a cell. It is accordingly possible to substitute the
light transmitting member 15 for a spacer. Providing the light
transmitting member 15 prevents increase in cost.

[0071] Further, it is considered that the light transmitting
member 15 is made from, for example, a resin material having
at least photosensitivity. In order to form the light transmit-
ting member 15, a photosensitive resin material and a material
to be combined with the resin material may be selected as
appropriate so as to be in accordance with sensitivity of the
photodiode 17, light wavelength to be transmitted or the like.
This expands the scope of selected materials for forming the
light transmitting member 15. The function of the light trans-
mitting member 15 may be attained just by using the resin
material. Alternatively, the light transmitting member 15 may
be formed by mixing the resin material with, for example, a
light absorbent material, so that the light transmitting member
15 attains the desired function.

[0072] In a case where the light transmitting member 15 is
formed under the above condition, an uncolored light trans-
mitting member 15 can be formed as shown in (a) of FIG. 1,
and a colored light transmitting member 15 can also be
formed as shown in (b) of FIG. 1.

[0073] FIG. 3isaview showing an equivalent circuit of one
pixel which view is obtained by enlarging a part of the display
panel 101 shown in FIG. 2. The display panel 101 is supposed
to be an active matrix liquid crystal display panel in which
pixels are arranged in a matrix manner and each of the pixels
drives independently. InFIG. 3, reference signs n, n+1, m, and
m+]1 described in edges of wirings indicate n line, n+1 line, m
line, and m+1 line, respectively.

[0074] AsshowninFIG. 3,apixel X included in the display
panel 101 is provided with a gate wiring Gn, a source wiring
Sm and a storage light condensing member wiring Csn that
are display wirings, and a photodiode reset wiring Vrstn, a
NetA voltage raising light condensing member wiring Vrwn,
a voltage supply wiring Vsm for supplying a voltage to an
output AMP and an optical sensor output wiring Vom that are
detection circuit wirings.

[0075] The gate wiring Gn is a wiring for supplying, to the
display drive TFT element 20, a scanning signal transmitted
from the display scanning signal line drive circuit 102. The
source wiring Sm is a wiring for supplying, to the display
drive TFT element 20, a video signal transmitted from the
display video signal line drive circuit 103 which wiring is
provided orthogonally to the gate wiring Gn.

[0076] The storage light condensing member wiring Csn is
positioned parallel to the gate wiring Gn, and connected to a
storage light condensing member Cs formed in the display
drive TFT element 20.

[0077] The photodiode reset wiring Vrstn is positioned par-
allel to the gate wiring Gn, and connected to an anode side of
the photodiode 17. The photodiode reset wiring Vrstn is a
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wiring for supplying a reset signal transmitted from the sen-
sor scanning signal line drive circuit 104.

[0078] The NetA voltage raising light condensing member
wiring Vrwn is positioned parallel to the gate wiring Gn, and
connected to an electrode of a NetA voltage raising light
condensing member connected in parallel with a node of a
cathode side of the photodiode 17, that is, a NetA, the elec-
trode being opposite to the node, that is, the NetA.

[0079] Thevoltage supply wiring Vsm for supplying a volt-
age to the output AMP is positioned parallel to the source
wiring Sm, and connected to a source electrode of the output
AMP.

[0080] The optical sensor output wiring Vom is a wiring for
outputting, to the sensor read circuit 105, an output signal
outputted from the output AMP which output signal changes
in accordance with quantity of light that the photodiode 17
receives.

[0081] The optical sensor output wiring Vom is positioned
parallel to the source wiring Sm, and connected to a drain
electrode of the output AMP.

[0082] As shown in FIG. 3, the light transmitting member
15 is positioned on the photodiode 17.

[0083] FIG. 4 is a plan view specifically showing a wiring
arrangement of the equivalent circuit of the one pixel shown
in FIG. 3.

[0084] Specifically, FIG. 4 shows an arrangement of a wir-
ing and element of a side in which the TFT array substrate 200
is provided. An arrangement of a wiring and element of a side
in which the counter substrate is provided is omitted in FIG.
4.

[0085] FIGS.5, 6 and 7 are cross-sectional views schemati-
cally showing three parts of the plan view shown in FIG. 4,
respectively.

[0086] Specifically, FIG. 5 is a cross-sectional view of the
one pixel taken along A-A' line shown in FIG. 4.

[0087] Further, FIG. 6 is a cross-sectional view of the one
pixel taken along B-B' line shown in FIG. 4.

[0088] Furthermore, FIG. 7 is a cross-sectional view of the
one pixel taken along C-C' line shown in FIG. 4.

[0089] Reference signs shown in FIGS. 4 to 7 indicate as
follows.
[0090] Reference sign 1 indicates an insulating substrate,

reference sign 2 indicates a gate electrode and a gate wiring,
reference sign 3 indicates a gate insulating film, reference
sign 4 indicates a semiconductor layer (a-Si), reference sign 5
indicates a contact layer (n+ a-Si), reference sign 6 indicates
a drain electrode and wiring, reference sign 7 indicates a
source electrode and wiring, reference sign 8 indicates a
storage light condensing member wiring, reference sign 9
indicates a passivation film, reference sign 10 indicates an
interlayer insulating film, reference sign 11 indicates a picture
element electrode, reference sign 12 indicates a common
electrode, reference sign 13 indicates a light shielding film,
reference sign 14 indicates a polarizer, reference sign 15
indicates a light transmitting member, reference sign 16 indi-
cates a contact hole, reference sign 17 indicates a photodiode,
reference sign 18 indicates a NetA voltage raising light con-
densing member, reference sign 19 indicates an output AMP,
reference sign 20 indicates a picture element drive TFT, ref-
erence sign 21 indicates a color filter, reference sign 22 indi-
cates a gate electrode and wiring (Vrst wiring) of a photo-
diode, reference sign 23 indicates a drain electrode and wiring
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of the photodiode, reference sign 24 indicates a source elec-
trode and wiring of the photodiode, and reference sign 25
indicates a Vrw wiring.

[0091] An arrangement of the liquid crystal display device
in which the above-described electrodes, wirings and ele-
ments are provided is general except for an arrangement of
the liquid crystal display device in which the light transmit-
ting member 15 is formed. Therefore, description for the
arrangement of the liquid crystal display device in which the
above-described electrodes, wirings and elements are pro-
vided is omitted here.

[0092] As shown in FIG. 5, the light transmitting member
15 is a columnar member provided so as to extend from the
photodiode 17 formed on the insulating substrate 1 provided
closerto the TFT array substrate 200 to the common electrode
12 provided on the insulating substrate 1 provided closer to
the counter substrate 100 facing the TFT array substrate 200.
Further, the light transmitting member 15 is made from a
photosensitive resin material, and employs the non-hollow
solid structure. A position where the light transmitting mem-
ber 15 is provided is described in detail later.

[0093] The following describes a method for manufactur-
ing the display panel 101 with reference to the cross-sectional
view shown in FIG. 5.

[0094] A method for forming a photodiode is described as
a representative example with reference to the cross section
taken along A-A'line shown in FIG. 4. Describing the method
with reference to the cross section taken along B-B' line and
the cross section taken along C-C' line is omitted here. First,
a process for manufacturing the TFT array substrate 200 is
described. Subsequently, a process for manufacturing the
counter substrate is described.

[0095] FIG. 8 is a view showing the process for manufac-
turing the TFT array substrate 200 of the display panel 101.
[0096] As shown in (a) of FIG. 8, a metal layer such as
Ti/Al/Ti having a thickness of substantially 250 nm is formed
on the insulating substrate 1 by sputtering technique, and the
gate electrode/wiring (Vrst wiring) 22 of a photodiode serv-
ing as a photoelectric element is formed by photolithographic
method.

[0097] Subsequently, the gate insulating layer (silicon
nitride: SiNxX) 3 having a thickness of substantially 350 nm,
the a-Si layer 4 having a thickness of substantially 150 nm,
and the n+ a-Si layer 5 having a thickness of substantially 50
nm are successively formed in this order by plasma CVD
method, and then patterned in an island shape by photolitho-
graphic method.

[0098] Thereafter, the gate insulating film 3 is etched by
photolithographic method so as to become a predetermined
pattern, so that the contact hole 16, and a terminal pad portion
(not shown) for drawing the gate wiring and the source wiring
are formed.

[0099] Subsequently, as shown in (b) of FIG. 8, a metal
layer such as Ti/Al/Ti having a thickness of substantially 250
nm is successively formed by sputtering technique, and the
source electrode/wiring 24 of the photodiode and the drain
electrode/wiring 23 of the photodiode are formed by photo-
lithographic method. The gate electrode/wiring (Vrst wiring)
22 of the photodiode is electrically connected to the source
electrode/wiring 24 of the photodiode via the contact hole 16
formed by a process of (a) of FIG. 8.

[0100] Thereafter, channel parts of the a-Si layer 6 and the
n+ a-Silayer 7 are formed by dry etching technique employ-
ing gas including SF6.
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[0101] In this manner, the photodiode 17 is formed.
[0102] Subsequently, as shown in (c¢) of FIG. 8, a silicon
nitride film serving as the passivation film 9 having a thick-
ness of substantially 350 nm is formed by plasma CVD
method, and a low-permittivity photosensitive resin having a
thickness ranging from substantially 2500 nm to 4500 nm is
then formed by spin method. Thereafter, the contact hole 16
(not shown) for electrically connecting the picture element
electrode 11 to the drain electrode/wiring 6, and the terminal
pad portion (not shown) for drawing the gate wiring and the
source wiring are formed on the photosensitive resin by pho-
tolithographic method so that the photosensitive resin serves
as the interlayer insulating film 10.

[0103] Subsequently, the passivation film 9 is etched by use
of the interlayer insulating film 10 serving as a mask by dry
etching technique employing gas including CF4/02.

[0104] Thereafter, a transparent electrically-conductive
layer made from ITO (indium thin Oxide) which layer has a
thickness of substantially 100 nm is formed on the interlayer
insulating film 10 by sputtering technique, and the picture
element electrode 11 is etched by photolithographic method
s0 as to become a predetermined pattern (not shown).
[0105] In this manner, the TFT array substrate 200 of the
present invention is manufactured.

[0106] FIG. 9 is a view showing the process for manufac-
turing the counter substrate 100 of the display panel 101.
[0107] Asshownin (a) of FIG. 9, the insulating substrate 1
is baked at substantially 200° C., and then a resin film having
both UV curing property and thermosetting property, and
light shielding property which resin film is heated up around
100° C. is laminated on the insulating substrate 1 so that a
resin (having a thickness of substantially 1600 nm) of the
resin film is transferred to the insulating substrate 1.

[0108] Subsequently, the resin (upper surface of the resin)
is irradiated, by use of a photomask, with substantially 70
ml/cm? (examination wavelength: 365 nm) of UV light con-
taining light having a wavelength of 365 nm, so that the resin
is developed.

[0109] Thereafter, the resin is baked at 220° C. for substan-
tially 1 hour so that the light shielding film 13 is formed.
[0110] Subsequently, the above-described process con-
ducted on the resin film having a light shielding property is
conducted on a resin film made from color materials of R, G
and B, so that the color filter 21 of respective colors (R, G and
B) is formed so as to become a desired pattern (not shown).
[0111] Thereafter, a transparent electrically-conductive
film made from ITO which film has a thickness of substan-
tially 100 nm is formed by sputtering technique, mask evapo-
ration method or like method, so that the common electrode
12 is formed.

[0112] Subsequently, as shown in (b) of FIG. 9, a photo-
sensitive resin film (film thickness: substantially 3500 nm,
refraction index: substantially 1.5) transmissive to ultraviolet
light, visible light and infrared light which film is heated up
around 100° C. as with the above-described process is lami-
nated on the insulating substrate 1 on which the light shield-
ing film 13 and the color filter 21 are formed, so that the
photosensitive resin film is transferred to the insulating sub-
strate 1.

[0113] Thereafter, the resin (upper surface of the resin) is
irradiated, by use of a photomask, with substantially 70
mJ/cm? (examination wavelength: 365 nm) of ultraviolet ray
(UV light) containing light having a wavelength of 365 nm, so
that the resin is developed.
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[0114] Lastly, the resin is baked at 220° C. for substantially
1 hour, so that the light transmitting member 15 is formed.
The above-described resin material is a material obtained by
removing the color material from the resin film used for
making the color filter 21.

[0115] Inthis manner, the display panel 101 shown in (c) of
FIG. 9 is manufactured by combining the above-described
TFT array substrate 200 and counter substrate 100.

[0116] According to the above-arranged display panel 101,
no liquid crystal material is provided on the light transmitting
member 15. This makes it possible to keep intensity of light
that enters the photodiode 17 constant regardless of the align-
ment state of liquid crystal. Further, the light transmitting
member 15 serves as the spacer for determining a cell gap.
This makes it possible to manufacture the display panel 101
without increasing in cost.

[0117] Inorder to manufacture the light transmitting mem-
ber 15, a material may be selected in consideration of wave-
length-light absorbing property (sensitivity) of the photo-
diode 17 and a display quality (external light reflection due to
the above-described material). This expands the scope of
materials to be selected.

[0118] Forexample, thelight transmitting member 15 is not
necessarily transparent, and may alternatively be colored.
Specifically, the light transmitting member 15 may be made
from a material in which a photosensitive resin material is
mixed with a pigment. FIG. 10 is a view showing an example
of the colored light transmitting member 15.

[0119] Further, it is possible to adjust light transmitting
property by forming a color filter material between the light
transmitting member 15 and the insulating substrate 1 pro-
vided closer to the counter substrate 100. This can be attained
without conducting an additional special manufacturing
method.

[0120] Forexample, the color filter 21 is provided as shown
in FIGS. 11 and 12. FIG. 11 shows an example in which the
color filter 21 is provided on a layer on which the light
shielding film 13 is provided. FIG. 12 shows an example in
which two color filters 21 shown in FIG. 11 are provided as a
two-layer structure. In a case of the example shown in FIG.
11, color adjustment to the light entering the light transmit-
ting member 15 is carried out by using just one color. How-
ever, in a case where the color adjustment is to be carried out
by using a combination of two colors, the two color filters 21
may be provided so as to overlap with each other, as shown in
FIG. 12. It goes without saying that providing the three color
filters 21 so as to overlap one another has no problem. In a
case of the example shown in FIG. 12, the two color filters 21
may be identical in colors. Alternatively, the two color filters
21 may be different in colors. The color filter 21 may be
provided as appropriate.

[0121] Further, a TFT and a photodiode (photoelectric ele-
ment) for driving crystal liquid are usually formed simulta-
neously. However, element properties required for the TFT
and the photodiode are different from each other. For
example, excellent performance for driving liquid crystal and
a property of retaining a picture element electric potential are
required for the TFT. Meanwhile, an excellent photosensitive
property is required for the photodiode.

[0122] Inorder to manufacture the display panel 101 of the
present invention, it is generally considered to take measures
such as “finding a condition for forming and manufacturing a
film having a device property including both properties”,
“adjusting in accordance with a size of a photodiode”, “leav-
ing a color filter on a counter substrate provided above a
photodiode” and like measures. In addition to these measures,
the present invention makes it possible to take a measure of
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“adjusting in accordance with a property of a light transmit-
ting member provided on a photoelectric element”.

[0123] Further, the reason for coloring the light transmit-
ting member 15 as shown in FIG. 10 is to decrease photosen-
sitivity of the photodiode in a case where the photosensitivity
is too great. Selecting an appropriate material for forming the
light transmitting member 15 as described above yields the
following effect. For example, in a case where (1) the display
panel 101 is exposed to strong external light, it is possible to
select a material that blocks infrared rays of the external light.
Further, in a case where (2) stray light needs to be reduced as
much as possible, it is possible to select a colored material
having an excellent light absorbing property, or a material
whose refraction index is greatly different from that of a
liquid crystal material.

[0124] Further, itis preferable to form the light transmitting
member 15 in which the material for blocking infrared rays of
external light is mixed, in a case where it is considered the
display panel 101 is exposed to strong external light.
Examples of the material encompass a heat ray absorbent
resin and polycarbonate.

[0125] TItis preferable that the light transmitting member 15
is provided on the photodiode 17 so as to cover a whole region
where the photodiode 17 is formed. Alternatively, the light
transmitting member 15 may not be provided as such, pro-
vided that the light transmitting member 15 is provided above
the photodiode 17 so as to cover a region to be affected by
light and in which region electric current changes.

[0126] That is, the light transmitting member 15 may be
provided so as to cover at least a semiconductor layer region
constituting the photodiode 17.

[0127] Specifically, the semiconductor layer region serving
as a light-receiving surface of the photodiode 17 is covered
with the light transmitting member 15. This allows merely
light that enters from the light transmitting member that is not
affected at all by the alignment state of liquid crystal to enter
the photodiode 17. It is accordingly possible to further
improve detection sensitivity of the photodiode 17.

[0128] The following describes three arrangements of the
photoelectric element serving as the photodiode 17.

[0129] FIGS. 13 to 15 are views each showing a position
where the light transmitting member is provided, the views
being different from one another in the arrangement of the
photoelectric element.

[0130] In FIG. 13, (a) and (b) are views showing a region
where the light transmitting member 15 is provided in a case
where the photoelectric element employs a TFT structure.
[0131] As shown in (a) and (b) of FIG. 13, the light trans-
mitting member 15 may be provided at least in a region where
the gate electrode 22 overlaps with the semiconductor layer 4
and a light shielding member such as an electrode is not
provided.

[0132] In (a) and (b) of FIG. 13, the gate electrode is con-
nected to a source electrode via a contact hole. However, the
gate electrode is not necessarily connected to the source elec-
trode. As an alternative, a voltage may be applied individually
to the gate electrode and the source electrode. In a case where
the gate electrode is connected to the source electrode, it is
possible to apply just one type of voltage (Vrst) to the gate
electrode and the source electrode. This contributes to sim-
plification of the voltage.

[0133] Further, in FIG. 14, (a) and (b) are views showing a
region where the light transmitting member 15 is provided in
a case where the photoelectric element is a pin photodiode
employing a lateral structure.

[0134] As shown in (a) and (b) of FIG. 14, the light trans-
mitting member 15 may be provided at least above an i-type
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semiconductor layer and at least in the region where the light
shielding member such as an electrode is not provided.
[0135] Further, in FIG. 15, (a) and (b) are views showing a
region where the light transmitting member 15 is provided in
a case where the photoelectric element is a pin photodiode
employing a vertical structure.

[0136] As shown in (a) and (b) of FIG. 15, the light trans-
mitting member 15 may be provided above a region where
one of p-type, i-type, and n-type semiconductor layers which
one is provided closest to a side which light enters is provided.
[0137] InFIG. 16, (a) and (b) are views showing compara-
tive examples of the present invention.

[0138] Asshowninthe comparative examples of (a) and (b)
of FIG. 16, the liquid crystal layer 300 is formed above the
photodiode 17 provided on the TFT array substrate 200.
[0139] That is, the liquid crystal material is provided above
the photodiode 17. This causes intensity of light that enters
from right above the photodiode 17 to change due to the
alignment state of liquid crystal even in a case where external
light having constant illumination intensity enters the photo-
diode 17.

[0140] Forexample, in a case of black display as shown in
(a) of FIG. 16, liquid crystal provided on the photodiode 17
orients to a black display state, and therefore external light is
hard to be transmitted in the liquid crystal. This causes reduc-
tion in quantity of light that the photodiode 17 receives.
[0141] Meanwhile, in a case of white display as shown in
(b) of FIG. 16, the liquid crystal provided on the photodiode
17 orients to a white display state, and therefore external light
is transmitted in the liquid crystal. This does not cause reduc-
tion in the quantity of light that the photodiode 17 receives.
Instead, in a case where illumination intensity of external
light in the case of white display is identical to illumination
intensity of external light in the case of black display, this
causes increase in the quantity of light that the photodiode 17
receives.

[0142] However, according to the arrangement of the
present invention, the above problem can be solved.

[0143] InFIG.17,(a)and (b) are views showing the present
invention.
[0144] According to the present invention shown in (a) and

(b) of FIG. 17, the light transmitting member 15 is provided
on the photodiode 17 provided on the TFT array substrate
200.

[0145] Specifically, the light transmitting member 15 is
provided between the TFT array substrate 200 and the counter
substrate 100, and above the photodiode 17.

[0146] Inthis case, no liquid crystal material is provided on
the photodiode 17. Therefore, external light reaches the pho-
todiode 17 without being affected by the orientation state of
liquid crystal. This causes the intensity of light that enters the
photodiode 17 from right above the photodiode 17 to be
constant at any time since external light having constant illu-
mination intensity enters the photodiode 17.

[0147] Accordingly, both in a case of black display shown
in (a) of FIG. 17 and in a case of white display shown in (b) of
FIG. 17, no liquid crystal material is provided on the photo-
diode 17. This causes the intensity of light that enters the
photodiode 17 to be constant at any time in the case where the
external light having constant illumination intensity enters
the photodiode 17. This makes it possible to stably detect
light.

[0148] Further, not only the light that enters the photodiode
17 from above the photodiode 17 but also light that enters the
photodiode 17 from a side where a liquid crystal display
region is provided possibly enters the photodiode 17. The
light that enters the photodiode 17 from the side where the
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liquid crystal display region is provided is detected as noise.
This light is referred to as stray light.

[0149] InFIG. 18, (a) and (b) are views showing compara-
tive examples as to how to handle stray light.

[0150] In FIG. 18, (a) shows a comparative example in
which the light transmitting member 15 is not provided on the
photodiode 17, and (b) shows the present invention in which
the light transmitting member 15 is provided on the photo-
diode 17.

[0151] Inacaseofthe comparative example shown in (a) of
FIG. 18, light transmitted through the liquid crystal layer 300
provided on the display drive TFT element 20 enters the
photodiode 17. Specifically, stray light due to, for example,
light that diffusely reflects in a panel easily enters the photo-
diode 17.

[0152] Meanwhile, in a case of the present invention shown
in (b) of FIG. 18, the light transmitting member 15 is provided
on the photodiode 17. If refraction indexes of the liquid crys-
tal layer 300 and the light transmitting member 15 are
adjusted, it is possible to block the light transmitted through
the liquid crystal layer 300 by use of the light transmitting
member 15, and therefore reduce the light to enter the pho-
todiode 17.

[0153] That is, difference in refraction index between the
light transmitting member 15 and the liquid crystal layer 300
makes it possible to reflect a part of stray light. This reduces
the stray light to enter the photodiode 17. In order to reflect the
stray light, it is preferable to form the light transmitting mem-
ber 15 with a material whose refraction index is greater than
that of the liquid crystal layer 300.

[0154] For example, in a case where the refraction index of
the liquid crystal material is substantially 1.4, the refraction
index of the light transmitting member 15 formed with a
polymer made from a material obtained by removing a color
material from a color filter material ranges from substantially
1.5 to 1.6. The difference in refraction index between the
liquid crystal material and the light transmitting member 15
makes it possible to reflect, on the light transmitting member
15, the stray light that enters through the liquid crystal layer
300.

[0155] Examples of the polymer encompass an alkali
soluble carboxylic acid derivative polymer and a novolac
resin.

[0156] Instead of employing the difference in refraction
index, the light transmitting member 15 may be formed with
a light absorbable material. This also reduces stray light that
enters the photodiode 17.

[0157] Examples of the light absorbable material encom-
pass the above-described color filter material and a light
absorbable material such as an epoxy type visible light absor-
bent resin that absorbs light having a specific wavelength.
[0158] The present invention is not limited to the descrip-
tion of the embodiments above, but may be altered by a
skilled person within the scope of the claims. An embodiment
based on a proper combination of technical means disclosed
in different embodiments is encompassed in the technical
scope of the present invention.

INDUSTRIAL APPLICABILITY

[0159] The present invention is suitably applicable to an
electronics device provided with a touch panel.
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REFERENCE SIGNS LIST

[0160] 1: insulating substrate

[0161] 2: gate electrode

[0162] 3: gate insulating film

[0163] 4: semiconductor layer

[0164] 5: contact layer

[0165] 6: drain electrode/wiring

[0166] 7: source electrode/wiring

[0167] 8: storage light condensing member wiring
[0168] 9: passivation film

[0169] 10: interlayer insulating film

[0170] 11: picture element electrode

[0171] 12: common electrode

[0172] 13: light shielding film

[0173] 14: polarizer

[0174] 15: light transmitting member

[0175] 16: contact hole

[0176] 17: photodiode (photoelectric element)
[0177] 18: NetA voltage raising light condensing member
[0178] 19: output AMP

[0179] 20: display drive TFT element

[0180] 21: color filter

[0181] 22: gate electrode/wiring

[0182] 23: drain electrode/wiring

[0183] 24: source electrode/wiring

[0184] 25: Vrw wiring

[0185] 100: counter substrate

[0186] 101: display panel

[0187] 102: display scanning signal line drive circuit
[0188] 103: display video signal line drive circuit
[0189] 104: sensor scanning signal line drive circuit
[0190] 105: sensor read circuit

[0191] 106: power supply circuit

[0192] 107: sensing image processing LSI

[0193] 200: TFT array substrate

[0194] 300: liquid crystal layer

1. A liquid crystal display device, comprising:

a TFT array substrate;

a counter substrate;

liquid crystal provided between the TFT array substrate
and the counter substrate;

aphotoelectric element formed on the TFT array substrate,
which photoelectric element generates an electric cur-
rent equivalent to intensity of irradiation light irradiated
to the photoelectric element; and

alight transmitting member employing a non-hollow solid
structure, which light transmitting member is provided
on a light-receiving surface of the photoelectric element
and sandwiched between the TFT array substrate and the
counter substrate.

2. The liquid crystal display device as set forth in claim 1,

wherein:

the light transmitting member is provided above the pho-
toelectric element and in a region that is under influence
of light, so that the electric current generated by the
photoelectric element depends on the influence of the
light in the region.

3. The liquid crystal display device as set forth in claim 1,

wherein:

the light transmitting member is provided so as to cover at
least a semiconductor layer region constituting the pho-
toelectric element.
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4. The liquid crystal display device as set forth in claim 3,
wherein:
the photoelectric element employs a TFT structure in
which the photoelectric element includes at least a gate
electrode, a gate insulating film, a semiconductor layer,
a source electrode, a drain electrode, and a contact layer
via which the source electrode is electrically connected
to the drain electrode,
the light transmitting member is provided at least in a
region where the gate electrode overlaps with the semi-
conductor layer and neither the source electrode nor the
drain electrode is provided.
5. The liquid crystal display device as set forth in claim 3,
wherein:
the light transmitting element employs a lateral structure in
which (i) the light transmitting element includes at least
a p-type semiconductor layer, an i-type semiconductor
layer, an n-type semiconductor layer, electrodes con-
nected to the p-type semiconductor layer and the n-type
semiconductor layer, respectively, and (ii) interfaces of
the p-type, the i-type and the n-type semiconductor lay-
ers are perpendicular to a surface of the TFT array sub-
strate,
the light transmitting member is provided at least above the
i-type semiconductor layer and in a region where the
electrodes are not provided.
6. The liquid crystal display device as set forth in claim 3,
wherein:
the light transmitting element employs a vertical structure
in which (a) the light transmitting element includes at
least a p-type semiconductor layer, an i-type semicon-
ductor layer, an n-type semiconductor layer, electrodes
connected to the p-type semiconductor layer and the
n-type semiconductor layer, respectively, and (b) inter-
faces of the p-type, the i-type and the n-type semicon-
ductor layers are provided along a surface of the TFT
array substrate,
the light transmitting member is provided above one of the
p-type, the i-type and the n-type semiconductor layers
which one is provided closest to a side which light
enters.
7. The liquid crystal display device as set forth in claim 1,
wherein:
the light transmitting member also serves as a spacer that
determines a gap between the TFT array substrate and
the counter substrate.
8. The liquid crystal display device as set forth in claim 1,
comprising;
a color filter between the light transmitting member and the
counter substrate.
9. The liquid crystal display device as set forth in claim 1,
wherein:
the light transmitting member is made from a resin material
having at least photosensitivity.
10. The liquid crystal display device as set forth in claim 1,
wherein:
the light transmitting member is made from a material
whose refraction index is greater than that of the liquid
crystal.
11. The liquid crystal display device as set forth in claim 1,
wherein:
the light transmitting member is made from a light absor-
bent material that absorbs light having a specific wave-
length.
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12. An electronics device, comprising:

a liquid crystal display device including a TFT array sub-
strate;

a counter substrate;

liquid crystal provided between the TFT array substrate
and the counter substrate;

aphotoelectric element formed on the TFT array substrate,
which photoelectric element generates an electric cur-
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rent equivalent to intensity of irradiation light irradiated
to the photoelectric element; and

a light transmitting member employing a non-hollow solid
structure, which light transmitting member is provided
on a light-receiving surface of the photoelectric element
and sandwiched between the TFT array substrate and the
counter substrate.
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