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DISPLAY APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a display apparatus
provided with a light receiving element in a display pixel
portion or on a frame of the display pixel portion.

BACKGROUND ART

[0002] Several techniques providing coordinate input func-
tions in display apparatuses themselves have been proposed.
[0003] Specifically, for example, a display apparatus using
a pressure sensitive type touch panel system (see, for
example, Patent Documents 1 and 2) and a display apparatus
using an electromagnetic induction type touch panel system
(see, for example, Patent Document 3) are known.

[0004] However, a display apparatus having coordinate
input function means as described above, had the problems
that miniaturization was difficult, and costs became higher in
comparison with ordinary display apparatuses.

[0005] Therefore, in recent years, there have been being
actively developed display apparatuses for overcoming the
above problem, in which a light receiving element is provided
to each pixel of the display apparatus, and incident light upon
the light receiving element is detected to specify coordinates
inside the display apparatus (see Patent Documents 4 and 5).
[0006] An apparatus providing light receiving elements so
as to enable input of coordinates in a display apparatus as
described above, not only has the advantage that the size can
be reduced and costs can be lowered in comparison with a
display apparatus provided with a coordinate input function
means, but also enables multi-point coordinate input and area
input.

[0007] Patent Document 1: Japanese Patent Publication (A)
No. 2002-149085

[0008] PatentDocument 2: Japanese Patent Publication (A)
No. 2002-41244

[0009] Patent Document 3: Japanese Patent Publication (A)
No. H11-134105

[0010] Patent Document 4: Japanese Patent Publication (A)
No. 2004-318067

[0011] Patent Document 5: Japanese Patent Publication (A)
No. 2004-318819

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0012] However, in a system utilizing light reflected from
back light of a detection object, such as, a finger and realizing
a touch panel, an image sensor, etc., it suffers from the dis-
advantage that noise of the reflected light inside the display
apparatus cannot be canceled in real time.

[0013] Further, in the system using back light described
above or an imaging system using external light, interference
noise from a display portion cannot be canceled in real time.
[0014] Further, for such reasons stated above, a high reli-
ability system having strong tolerance for temperature char-
acteristics and time fluctuations, cannot be realized.

[0015] Further, if realizing and using a high reliability sys-
tem, acalibration operation becomes necessary when turning
on the power.

[0016] The present invention provides a display apparatus
able to reduce the influence by noise and able to improve an
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SN ratio of a light receiving system without requiring a cali-
bration operation when turning on the power.

Means for Solving the Problem

[0017] A display apparatus of a first aspect of the present
invention has at least one display cell having a display circuit;
at least one light receiving cell including a light receiving
element; at least one reference cell having a configuration
equivalent to the configuration of the light receiving cell and
blocked from incidence of light upon the light receiving ele-
ment; and a signal processing circuit performing differential
signal processing of an output signal of the light receiving cell
and an output signal of the reference cell.

[0018] A second aspect of the present invention has an
effective pixel area portion in which a plurality of display
cells are arrayed in a matrix and in which at least one light
receiving cell including a first light receiving element and at
least one reference cell having a configuration equivalent to
the configuration of the light receiving cell and blocked from
incidence of light upon a second light receiving element are
arranged mixed in the matrix array of the display cells; a
signal processing circuit performing differential signal pro-
cessing of an output signal of the light receiving cell and an
output signal of the reference cell; and a back light emitting
light to the effective pixel area portion.

[0019] In the present invention, an output signal of a light
receiving cell including, for example, a light component to be
detected and a noise component and an output signal of a
reference cell not including the light component to be
detected, but including only a noise component, are input to
the signal processing circuit to process the differential signal
processing, to thereby delete the noise component.

ADVANTAGEOUS EFFECTS

[0020] According to the present invention, the influence by
noise can be reduced, and the SN ratio of the light receiving
system can be improved without requiring a calibration
operation when turning on the power.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 A block diagram showing an example of the
configuration of a liquid crystal image display apparatus
according to an embodiment of the present invention.
[0022] FIG. 2 Diagrams showing a first example of the
configuration of an effective pixel area in the liquid crystal
image display apparatus of FIG. 1.

[0023] FIG. 3 A circuit diagram showing an example of the
basic configuration of a light receiving cell (reference cell)
according to the present embodiment.

[0024] FIG. 4 A sectional view schematically showing a
light receiving cell according to the present embodiment.
[0025] FIG. 5 A sectional view showing an example of the
structure forming a photo sensor (light receiving element) of
a light receiving cell and reference cell by a TFT.

[0026] FIG. 6 A circuit diagram showing a first example of
the configuration of a received light signal processing circuit
according to the present embodiment.

[0027] FIG. 7 A circuit diagram showing a second example
of the configuration of the received light signal processing
circuit according to the present embodiment.

[0028] FIG. 8 A diagram schematically showing a detection
system of reflected light of a back light.
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[0029] FIG. 9 Diagrams for explaining a reason why noise
can be deleted by differential signal processing of output
signals of the light receiving cell and the reference cell
according to the present embodiment.

[0030] FIG. 10 A diagram for explaining an example of
another cell array.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0031] Below, an embodiment of the present invention will
be explained with reference to the attached drawings.

[0032] Inthe following description, first, the basic configu-
ration and functions of a liquid crystal image display appara-
tus providing a light receiving element for each display pixel
will be explained for facilitating understanding, then an
embodiment according to a concrete structure will be
explained.

[0033] FIG.11isablock diagram showing an example of the
configuration of a liquid crystal image display apparatus
according to the embodiment of the present invention.
[0034] FIGS. 2(A) to 2(C) are diagrams showing a first
example of the configuration of an effective pixel area portion
in the liquid crystal image display apparatus of FIG. 1, in
which FIG. 2(A) shows a matrix of cells, FIG. 2(B) shows a
plan view, and FIG. 2(C) shows a sectional view.

[0035] Aliquid crystal image display apparatus 1, as shown
in FIG. 1, has an effective pixel area portion 2, vertical drive
circuit (VDRV) 3, horizontal drive circuit (HDRV) 4, light
reception control circuit (RCTL) 5, and received light signal
processing circuit (RSPRC) 6.

[0036] Intheeffective pixel area portion 2, as shown in FIG.
2, aplurality of display cells 21 (21R, 21G, 21B), each includ-
ing a display circuit 210 forming a display pixel, are arranged
in a matrix.

[0037] Further, in the effective pixel area 2, a light receiving
cell 22 and a reference cell 23 are alternately arranged for
each adjacent three display cells 21R, 21G, and 21B.

[0038] Specifically, from the left in FIG. 2 to the right, a R
color display cell 21R, G color display cell 21G, and B color
display cell 21B, corresponding to the three primary colors,
are arranged, and the light receiving cell 22 is arranged adja-
cent to the display cell 21B. Further, following this light
receiving cell 22, the R color display cell 21R, G color display
cell 21G, and B color display cell 21B are arranged, and the
reference cell 23 is arranged adjacent to this display cell 21B.
The effective pixel area portion 2 of the first example of the
configuration is formed by this array being periodically
repeated.

[0039] In such array, a pair of closely arranged the light
receiving cell 22 and the reference cell 23 (the light receiving
cell 22 and the reference cell 23 are closely arranged close
while sandwiching the display cells 21R, 21G, and 21B
between them, and close in positional relationship of the light
receiving cell 22 and the reference cell 23), perform differ-
ential processing of outputs as the pair of the cells. As a result,
noise is eliminated.

[0040] Further, in the effective pixel area portion 2. as
shown in FIG. 2(B), an R color filter FLT-R is formed in the
arrangement region of the display R color display cell 21R, a
G color filter FLT-G is formed in the arrangement region of
the G color display cell 21G, and a B color filter FLT-B is
formed in the arrangement region of the B color display cell
21B.
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[0041] Ablack mask (light shield mask) BMSK22 having a
light shield function is formed in the arrangement region of
the light receiving cell 22, and a black mask (light shield
mask) BMSK23 having a light shield function is formed in
the arrangement region of the reference cell 23.

[0042] In the black mask BMSK22 formed in the light
receiving cell 22, an opening BMSK221 for receiving light
into the light receiving element is formed.

[0043] Contrary to this, in the black mask BMSK23 formed
in the reference cell 23, an opening corresponding to the
opening BMSK221 is not formed.

[0044] Intheeffective pixel area portion 2, as shown in FIG.
2(C), a liquid crystal layer 26 is formed between a TFT
substrate (first transparent substrate) 24 formed by, for
example, glass and a counter substrate (second transparent
substrate 25) by sealing liquid crystal therebetween. Further,
a back light 27 is arranged on, for example, a bottom surface
241 side of the TFT substrate 24.

[0045] Further, on a base surface 242 side of the TFT sub-
strate 24, the display circuits 210 for the display cells 21R,
21G, and 21B, aread circuit 220 and a light receiving element
(photo sensor) 221 for the light receiving cell 22, and a read
circuit 230 and a light receiving element (photo sensor) 231
for the reference cell 23, are formed.

[0046] On the other hand, on a base surface 251 of the
counter substrate 25, various types of filters FLT-R, FLT-G,
and FLT-B, and black masks BMSK22 and BMSK23, are
formed.

[0047] The display circuit 210 in each display cell 21 is
configured by, as shown in FIG. 2(A), a thin film transistor
(TFT) 211 as a switching element, a liquid crystal cell (LC)
212 of which pixel electrode are connected to a drain elec-
trode (or source electrode) of the TFT 211, and a holding
capacitor (Cs) 213 of which one electrode is connected to the
drain electrode of the TFT 211.

[0048] Forthese display cells 21R, 21G, and 21B, scanning
lines (gate lines) 7-1 to 7-m are wired for each row along the
pixel arrangement direction, and signal lines 8-1 to 8-» are
wired for each column along the pixel arrangement direction.
[0049] Further, gate electrodes of the TFTs 211 of the dis-
play cells 21 are connected to the same scanning lines (gate
lines) 7-1 to 7-m in units of rows. Further, source electrodes
(or drain electrodes) of the TFTs 211 of the display cells 21
are connected to the same display signal lines 8-1 to 8-z in
units of columns.

[0050] Inthe configuration of FIG. 2(A), the scanning lines
7-1 to 7-m are connected to the vertical drive circuit 3 and
driven by this vertical drive circuit 3.

[0051] Further, the display signal lines 8-1 to 8-» wired
corresponding to the display cells 21 are connected to a hori-
zontal drive circuit 4, and driven by this horizontal drive
circuit 4.

[0052] Pixel holding capacitor wirings (Cs) 9-1 to 9-m are
independently wired. The holding capacitors 213 are formed
between these pixel holding capacitor wirings 9-1 to 9-m and
connection electrodes.

[0053] To the counter electrode of the liquid crystal cell 212
of the display cell 21 of each pixel portion 20 and/or the other
electrode of the holding capacitor 213, for example, a prede-
termined DC voltage is given as a common voltage VCOM
through a common wiring. Or, to the counter electrode of the
liquid crystal cell 212 of each display cell 21 and the other
electrode of the holding capacitor 213, for example, a com-
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mon voltage VCOM inverted in polarity for each horizontal
scanning period (1H), is given.

[0054] Further, in the effective pixel area portion 2, light
reception signal lines 10-1 to 10-p (p<n) are wired at intervals
of four lines corresponding to the light receiving cells 22 and
the reference cells 23.

[0055] The light reception signal lines 10-1 to 10-p are
connected to the received light signal processing circuit 6, and
carry signals read out under the control of the light reception
control circuit 5 to the received light signal processing circuit
6.

[0056] The vertical drive circuit 3 receives a vertical start
signal VST, vertical clock VCK, and enable signal ENB, and
carries out the processings of scanning in the vertical direc-
tion (row direction) for each 1 field period, and sequential
selection of the display cells 21 connected to the scanning
lines 7-1 to 7-m in units of rows.

[0057] When a scanning pulse SP1 is given from the verti-
cal drive circuit 3 to the scanning line 7-1, the pixels of the
columns in the first row are selected, while when a scanning
pulse SP2 is given to the scanning line 7-2, the pixels of the
columns in the second row are selected. Below, in the same

way, scanning pulses SP3, . . ., SPm are sequentially given to
the scanning lines 7-3, . .., 7-m.
[0058] The horizontal drive circuit 4 receives a horizontal

start pulse HST generated by a not shown clock generator and
instructing the start of horizontal scanning and horizontal
clocks HCK having inverse phases to each other and serving
as the reference of the horizontal scanning, generates sam-
pling pulses, sequentially samples input image data R (red), G
(green), and B (blue) in response to the generated sampling
pulses, and supplies the sampled results as data signals to be
written into the display cells 21 to the display signal lines 8-1
to §-n.

[0059] First light reception cell control lines (reset signal
lines) 11-1 to 11-m and second light reception cell control
lines (read signal lines) 12-1 to 12-m are wired for each row
along the pixel arrangement direction thereof for each of the
light receiving cells 22 and the reference cells 23.

[0060] Further, thelight receiving cells 22 and the reference
cells 23 are connected to portions of a power supply potential
VDD and a reference potential VSS.

[0061] FIG. 3 is a circuit diagram showing an example of
the basic configuration of a light receiving cell 22 (reference
cell 23) according to the present embodiment and shows a
circuit of FIG. 2(A) in an enlarged view. Note that, in FIG. 3,
the display circuit 210 of an adjacent display cell is shown
together.

[0062] The light receiving cell 22 of the present embodi-
ment has a light receiving element 221. The light receiving
element 221 is formed by a TFT, diode, etc.

[0063] The read circuit 220 (230) of the light receiving cell
22 (reference cell 23) has a reset TFT 222 (232), amplification
TFT 223 (233), selection (read) TFT 224 (234), received light
signal storage capacitor 225 (235), and node ND221 (231).
[0064] The light receiving element 221 is connected
between the portion of the power supply potential VDD and
the node ND221. The reset TFT 222 is formed by, for
example, an n-channel transistor, its source is connected to
the portion of the reference potential VSS (for example,
ground GND), and its drain is connected to the node ND221.
Further, the gate electrode of the reset TFT 222 is connected
to the first light reception cell control line 11 wired in the
corresponding row.
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[0065] The gate of the amplification TFT 223 is connected
to the node ND221, its drain is connected to the portion of the
power supply potential VDD, and its source is connected to
the drain of the selection TFT 224. The gate of the selection
TFT 224 is connected to the second light reception signal
control line 12, and its source is connected to the light recep-
tion signal line 10 wired in the corresponding column.
[0066] These amplification TFT 223 and selection TFT 224
form a so-called “source follower”. Accordingly, a current
source is connected to the light reception signal line 10. This
current source is formed in, for example, the received light
signal processing circuit 6 in the present embodiment.
[0067] The received light signal storage capacitor 225 is
connected between the node ND221 and the portion of the
reference potential VSS.

[0068] FIG. 4is across-sectional view schematically show-
ing a light receiving cell according to the present embodi-
ment, and shows a portion of the light receiving cell of FIG.
2(C) in an enlarged view.

[0069] The light receiving cell 22 is, as shown in FIG. 4,
formed on the base surface 242 side of the TFT substrate 24
formed by a transparent insulating substrate (for example, a
glass substrate). The light receiving cell 22 is configured by
the read circuit 220 and the light receiving element (photo
sensor) 221.

[0070] The black mask BMSK22 is formed on the base
surface 251 side of the counter substrate 25 formed by a
counter substrate transparent insulating substrate (for
example, a glass substrate). The opening BMSK221 guiding
external light to the photo sensor 221 is formed in the black
mask BMSK22 facing the region of formation of the photo
sensor 221.

[0071] The liquid crystal layer 26 is sealed between the
TFT substrate 24 and the counter substrate 25. Further, the
back light 27 is arranged on the bottom surface 241 side of the
TFT substrate 24.

[0072] A polarizing filter 28 is formed on the bottom sur-
face 241 of this TFT substrate 24, and a polarizing filter 29 is
formed on a front surface (light incident surface) 252 of the
counter substrate 25.

[0073] FIG. 5isasectional view showing an example of the
structure forming a photo sensor (light receiving element) of
a light receiving cell and reference cell by a TFT.

[0074] A gate electrode 302 covered by a gate insulating
film 301 is formed on the TFT substrate 24 (transparent
insulating substrate, for example, a glass substrate). The gate
electrode is formed by formation of a film of molybdenum
(Mo), tantalum (Ta), or another metal or an alloy by sputter-
ing or another process.

[0075] On the gate insulating film 302, a semiconductor
film (channel forming region) 303, a pair of n~ diffusion
layers (LDD regions) 304 and 305, sandwiching the semicon-
ductor film 303, and a pair of n* diffusion layers 306 and 307
(source and drain regions), are formed. Further, an interlayer
insulating film 308 is formed so as to cover the gate insulating
film 302, semiconductor layer (channel forming region) 303,
n~ diffusion layers (LDD regions) 304 and 305, and n* diffu-
sion layers 306 and 307 (source and drain regions), and an
interlayer insulating film 309 is formed so as to cover the
interlayer insulating film 308. The interlayer insulating film
309 is formed by, for example, SiN or SiO,.

[0076] To the n* diffusionlayer 306, a source electrode 311
is connected via a contact hole 3104 formed in the interlayer
insulating films 308 and 309, and to the other n* diffusion
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layer 307, a drain electrode 312 is connected via a contact
hole 3105 formed in the interlayer insulating films 308 and
309.

[0077] The source electrode 311 and the drain electrode
312 are formed by patterning, for example, aluminum (Al).
[0078] A flattening film 313 is formed on the interlayer
insulating film 309, source electrode 311, drain electrode 312,
and interlayer insulating film 309.

[0079] The liquid crystal layer 26 is formed on this flatten-
ing film 313.
[0080] In this constitution, the gate electrode of the bottom

gate type TFT is formed on an optical path of the light of the
back light to the channel region of the TFT. Accordingly, the
TFT gate electrode has a function of blocking the light from
the back light 27, and has a function of reducing the noise
beam.

[0081] The first light reception cell control line 11 and the
second reception signal line 12 are connected to the light
reception control circuit 5.

[0082] The light reception control circuit 5 applies a reset
pulse RST to the light reception cell controllines 11-1to 11-m
at a predetermined timing.

[0083] Dueto this, the reset TFT 222 of each display cell 22
turns on for a constant period, and the node ND221 is reset. In
other words, in the display cell 22, for example, the charge of
the received light signal storage capacitor 225 connected to
the node ND221 is discharged, the potential of the node
ND221 is set at the reference potential, and the light receiving
cell 22 becomes an initial state.

[0084] In this state, when the light receiving element 221
receives a predetermined amount of light, the light receiving
element 221 becomes conductive, the potential of the node
ND221 rises, and a charge is stored in the capacitor 225.
[0085] At this time, by the light reception control circuit 5,
the read signal RD is applied to the second light reception cell
control line 12 at a high level, and the selection TFT 224 is
held in an ON state. Due to this, the charge stored in the
capacitor 225 is amplified as an electric signal at the ampli-
fication TFT 223 and output as a light reception signal to the
light reception signal line 10 via the selection TFT 224.
[0086] A signal propagated through the light reception sig-
nal line 10 is input to the received light signal processing
circuit 6. The received light signal processing circuit 6, as will
be explained later, carries out a noise reduction processing by
differential signal processing to the signal from the light
receiving cell 22 and the signal from the reference cell 23,
then outputs the result to a not shown signal processing sys-
tem provided in a subsequent stage that controls a predeter-
mined function portion responded to the input light reception
signal of the light receiving cell 22.

[0087] FIG. 6 is a circuit diagram showing a first example
of the configuration of the received light signal processing
circuit according to the present embodiment.

[0088] FIG. 7 is a circuit diagram showing a second
example of the configuration of the received light signal pro-
cessing circuit according to the present embodiment.

[0089] The received light signal processing circuit 6 of
FIG. 6 has current sources 61-1 to 61-p connected to light
reception signal lines 10-1 to 10-p to which light receiving
cells 22 and reference cells 23 are connected, and operational
amplifiers 62-1 to 62-¢ (q=p/2) performing differential signal
processing (differential processing) of adjacent light recep-
tion signal lines 10-1 and 10-2 and outputting the resultant
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received light signal which suppresses the influence of reflec-
tion noise and offset noise in the light receiving cell 22 to an
extremely small level.

[0090] Each operational amplifier 62 inputs the output sig-
nal of the light receiving cell 22 at a non-inverted input (+),
inputs the output signal of the reference cell 23 adjacent to
this light receiving cell 22 at an inverted input (=), performs
differential processing of the two input signals, and outputs
the resultant signal, suppressed the influence of reflection
noise and offset noise in the light receiving cell 22 to an
extremely small level, to the processing circuit in the subse-
quent stage.

[0091] A received light signal processing circuit 6A of FIG.
7, in addition to the circuit configuration of FIG. 6, has reset
circuits 63-1 to 63-p including switches SW1 and resetting
the light reception signal lines 10-1 to 10-p to which the light
receiving cells 22 and reference cells 23 are connected to a
predetermined voltage (ground potential (GND) in the
example of FIG. 7), sample/hold circuits 64-1 to 64-p con-
figured by switches SW2 and capacitors C1 and connected
between the light reception signal lines 10-1 to 10-p and
non-inverted inputs (+) and inverted inputs () of the opera-
tional amplifiers 62-1 to 62-¢, and analog-to-digital convert-
ers (ADC) 65-1 to 65-¢ connected to the outputs of the opera-
tional amplifiers 62-1 to 62-¢ and converting analog signals to
digital signals.

[0092] Note that, the differential signal processing in the
received light signal processing circuit 6 (6A) may be analog
differential processing or digital differential processing.
[0093] Next, how to obtain the signal to which the influence
of reflection noise and offset noise in the light receiving cell
22 is suppressed in an extremely small level, by the differen-
tial signal processing of the output signal of the light receiv-
ing cell 22 and the output signal of the reference cell 23.
[0094] Here, as shown in FIG. 8, an explanation will be
given with reference to the case where the system is config-
ured as a detection system of the reflected light of back light.
[0095] FIGS. 9(A) and 9(B) are diagrams for explaining a
reason why noise can be deleted by the differential signal
processing of output signals of the light receiving cell and
reference cell according to the present embodiment, in which
FIG. 9(A) is a diagram showing a state of the light receiving
cell, and FIG. 9(B) is a diagram showing a state of the refer-
ence cell.

[0096] In FIGS. 9(A) and 9(B), an arrow A indicates the
light to be detected, and an arrow B indicates a noise beam.
[0097] Inthe light receiving cell 22 in the detection system
of reflected light of the back light, as shown in FIG. 8 and FIG.
9(A), the light A to be detected by the back light 27 passes
through the polarizing filter 28, TFT substrate 24, liquid
crystal layer 26, opening BMSK221 of the black mask
BMSK22 of the light receiving cell 22 arranged at a prede-
termined position (coordinate position), counter substrate 25,
and polarizing filter 29 in the effective pixel area portion 2 and
is reflected at a body to be detected of a user (for example,
finger) arranged on the front surface side 252 of the counter
substrate 25.

[0098] This reflected light A passes through the polarizing
filter 29, counter substrate 25, and liquid crystal layer 26, and
is received at an active region (channel region) of a light
receiving element (photo sensor) 221 formed by, for example,
a TFT through the opening BMSK221 of the black mask
BMSK22 of the light receiving cell 22, to output the received
signal as a photo current.
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[0099] 1In the light receiving cell 22, as the light from the
back light 27, other than the light to be detected A, there are a
noise beam B1 which is reflected at, for example, an interface
region between the flattening film 313 and the liquid crystal
layer 26 and strikes the light receiving element 221, and a
noise beam B2 which directly strike the light receiving ele-
ment 221. Namely, the output signal of the light receiving cell
22 includes the light A to be detected and the noise beams B1
and B2.

[0100] Since, in the reference cell 23, the opening
BMSK221 of the black mask BMSK?22 of the light receiving
cell 22 is not formed, the light by the back light 27, does not
form the light A to be detected, and includes, for example, the
noise beam B1 which is reflected at the interface region
between the flattening film 313 and the liquid crystal layer 26
and strikes the light receiving element 221 and the noise beam
B2 which directly strikes the light receiving element 221.
Namely, the output signal of the light receiving cell 22
includes the noise beams B1 and B2.

[0101] Note that the illustration shows the case where the
noise beam B2 directly passes through the gate electrode of
the TFT and directly strikes the channel region, however, in
actuality, since the gate electrode of the bottom gate type TFT
is formed on the optical path of the back light beam to the
channel region of the TFT, this illustration shows that the light
is reflected here, the reflected light travels the periphery
around the gate electrode to likely become the noise beam B2.
[0102] Accordingly, in the received light signal processing
circuit 6 (6A), the differential signal processing (differential
processing) of the output signal of the light receiving cell 22
and the output signal of the reference cell 23 adjacent to the
light receiving cell 22 is performed at the operational ampli-
fier 62, and the most of the noise component can be deleted.
[0103] As aresult, the output of the operational amplifier 62
is a signal with the influence of reflection noise and offset
noise in the light receiving cell 22 suppressed extremely
small.

[0104] As explained above, according to the present
embodiment, since the apparatus has the plurality of display
cells 21 having display circuits 210, the light receiving cell 22
including the light receiving element 221, the reference cell
23 having a configuration equivalent to that of the light
receiving cell and blocked from incidence of the light upon
the light receiving element 221, and the received light signal
processing circuit 6 performing the differential signal pro-
cessing of the output signal of the light receiving cell 22 and
the output signal of the reference cell 23, the following effects
can be obtained.

[0105] Inasystem realizing a touch panel and image sensor
etc. by utilizing the reflected light from light of a back light as
the light to be detected, internal reflected light noise in the
layer located lower than the black mask can be deleted, and a
high SN ratio can be realized.

[0106] Inthe system using the above back light or an imag-
ing system using external light, offset noise of the light
receiving elements (photo sensor) and pixel circuits can be
deleted, therefore a high SN ratio can be realized.

[0107] Inthe system using the above back light or an imag-
ing system using of external beam, interference noise from
the display can be deleted, therefore a high SN ratio can be
realized.

[0108] The noise described above can be deleted in real
time, therefore a high reliability system can be realized, with-
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out the influence of a change in the temperature characteristic
and fluctuation of the characteristics due to the elapse of time.
[0109] For the same reasons as those described above, a
calibration operation when turning on the power, becomes
unnecessary.

[0110] Note that, in the above embodiment, as the cell array
of the effective pixel area portion 2, an explanation was given
with reference to the case where an array where the R color
display cell 21R, the G color display cell 21G, and the B color
display cell 21B are arranged, the light receiving cell 22 is
arranged adjacent to the display cell 21B, following this light
receiving cell 22, the R color display cell 21R, the G color
display cell 21G and the B color display cell 21B are
arranged, and the reference cell 23 is arranged adjacent to the
display cell 21B is defined, as a first group, and this first group
is periodically repeatedly formed.

[0111] Thepresentinvention is not limited to this formation
of an array. Various modifications are possible.

[0112] For example, as shown in FIG. 10, it is possible to
adopt a configuration in which a group adjacent to the first
array (group) explained above is formed as a second array
(group) which is provided with a merely black mask BMSK
(BM) in the arrangement region of light receiving cells and
reference cells, and the reference cells and/or light receiving
cells formed under a black mask BMSK (BM) to which an
external portion is not connected, and these first group and
second group are alternately arranged, or a plurality of the
second groups are continuously arranged, or, a plurality of the
first groups are continuously arranged and the second groups
are arranged.

[0113] Further, although not shown, a configuration in
which the light receiving cell 22 and the reference cell 23 are
directly adjacent to each other, can be adopted.

[0114] Further, it is also possible to configure so as to
provide one reference cell 23 in each unit where a plurality of
groups are defined as a unit, and in that unit, to carry out the
differential signal processing of the output signal of each light
receiving cell 22 and the output signal of that one reference
cell 23.

[0115] Alternatively, it is also possible to configure so as to
provide one reference cell in the entire effective pixel area
portion 2, and to carry out the differential signal processing of
the output signal of each light receiving cell 22 and the output
signal of that one reference cell 23.

[0116] Note that, as shown in FIG. 2, it can be configured so
as to arrange one light receiving element for a plurality of
pixels, or 5o as to arrange one light receiving element for each
of R, G, and B, or so as to arrange one light receiving element
for one pixel.

[0117] The arrangement of the light receiving elements in
the display apparatus when applying the present invention
will not be particularly limited. In this way, by applying the
present invention to a display apparatus having built-in light
receiving elements as shown in FIG. 2, it becomes possible to
use a light reception signal which is little influence of noise in
the post-processing, and it becomes possible to perform the
light reception (imaging) processing while preventing entry
of a display side signal into an imaging side signal.

1. A display apparatus comprising:

at least one display cell having a display circuit;

at least one light receiving cell including a light receiving
element;
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at least one reference cell having a configuration equivalent
to the configuration of the light receiving cell and
blocked from incidence of light upon the light receiving
element; and

a signal processing circuit performing differential signal
processing of an output signal of the light receiving cell
and an output signal of the reference cell.

2. A display apparatus as set forth in claim 1, wherein:

in an effective pixel area portion of the display apparatus,

aplurality of the display cells are arranged in a matrix, and

the light receiving cell and the reference cell are arranged
mixed in the matrix array of the display cells.

3. A display apparatus as set forth in claim 2, wherein,

in the effective pixel area portion,

the light receiving cell is arranged close to at least one first
display cell,

at least one second display cell is arranged adjacent to the
light receiving cell, and

an arrangement pattern on which the reference cell is
arranged close to the arranged second display cell is
periodically repeated.

4. A display apparatus as set forth in claim 2, wherein:

the effective pixel area portion comprises:

a first arrangement system in which the light receiving cell
is arranged close to at least one first display cell, at least
one second display cell is arranged close to the light
receiving cell, and the reference cell is arranged close to
the arranged second display cell; and

a second arrangement system in which a first dummy cell
from which an output cannot be extracted is arranged
close to at least one third display cell, at least one fourth
display cell is arranged adjacent to the first dummy cell,
and a second dummy cell from which an output cannot
be extracted is arranged close to the arranged fourth
display cell.

5. A display apparatus as set forth in claim 4, wherein:

the first arrangement system and the second arrangement
system are adjacent and are arranged so as to be periodi-
cally repeated.

6. A display apparatus as set forth in claim 1, wherein:

in the light receiving cell, an opening guiding light to be
detected to the light receiving element is formed in a
light shield mask, and

the reference cell is blocked from incidence of the light to
be detected.

7. A display apparatus as set forth in claim 2, wherein:

the signal processing circuit performs differential signal
processing of output signals between the light receiving
cell and the reference cell arranged close to each other.

8. A display apparatus comprising:

an effective pixel area portion in which a plurality of dis-
play cells are arrayed in a matrix and in which at least
one light receiving cell including a first light receiving
element and at least one reference cell having a configu-
ration equivalent to the configuration of the light receiv-
ing cell and blocked from incidence of light upon a
second light receiving element are arranged mixed in the
matrix array of the display cells;

a signal processing circuit performing differential signal
processing of an output signal of the light receiving cell
and an output signal of the reference cell; and
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a back light emitting light to the effective pixel area por-
tion.

9. A display apparatus as set forth in claim 8, wherein:

the effective pixel area portion has

a first transparent substrate arranged facing the back light
and on which circuits of the display cells, light receiving
cells, and reference cells and the first and second light
receiving elements are formed,

a second transparent substrate arranged facing the second
transparent substrate,

aliquid crystal layer arranged between the first transparent
substrate and the second transparent substrate, and

light shield masks formed at the light receiving cell and the
reference cell and blocking light to be detected,

an opening for guiding the light to be detected to the first
light receiving element being formed in the light shield
mask of the light receiving cell.

10. A display apparatus as set forth in claim 9, wherein:

abottom gate type thin film transistor is formed on the first
transparent substrate including the light receiving cell
and the reference cell, a gate electrode of the thin film
transistor is formed on an optical path of at least light
from the back light to the second light receiving ele-
ments of the light receiving cell and the reference cell,
and the gate electrode has a function of blocking light
from the back light.

11. A display apparatus as set forth in claim 8, wherein:

in the effective pixel area portion,

the light receiving cell is arranged close to at least one
display cell,

at least one display cell is arranged close to the light receiv-
ing cell, and

an arrangement pattern on which the reference cell is
arranged close to the arranged display cell is periodi-
cally repeated.

12. A display apparatus as set forth in claim 8, wherein:

the effective pixel area portion comprises;

a first arrangement system in which a light receiving cell is
arranged close to at least one first display cell, at least
one second display cell is arranged close to the light
receiving cell, and the reference cell is arranged close to
the arranged second display cell and

a second arrangement system in which a first dummy cell
from which an output cannot be extracted is arranged
close to at least one third display cell, at least one fourth
display cell is arranged adjacent to the first dummy cell,
and a second dummy cell from which an output cannot
be extracted is arranged close to the arranged fourth
display cell.

13. A display apparatus as set forth in claim 12, wherein:

the first arrangement system and the second arrangement
system are adjacent and are arranged so as to be periodi-
cally repeated.

14. A display apparatus as set forth in claim 8, wherein:

the signal processing circuit performs differential signal
processing on output signals between the light receiving
cell and the reference cell which are arranged close to
each other.
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