10

20

DESCRIPTION DISPLAY APPARATUS 5 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. 10 BACKGROUND ART [0002] Several techniques
providing coordinate input functi&%ﬁﬁ%@ﬁ#ﬁwpparatuses themselves
have been proposed. Specifically, for example, a display apparatus using
15 a pressure sensitive type touch panel system (see, for example,
Patent Documents 1 and 2) and a display_apparatus using an
electromagnetic induction typgjigﬁg‘ﬁ‘%a%%?ms(see, for example,
Patent Document 3) are known. 20 [0003] However, a display apparatus
having coordinate input function means as described above, had the
problem%égﬁ%{@%u%@% was difficult, and costs became higher in
comparison with 6rdinary diSplay apparatuses. Therefore, in recent years,
r e beep being 25 actively developed display apparatuses fo
i el M AL SR L xS

th
overcomihg thé above pro receivingel

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 technigues providing coordinate input
functions in display apparatuses themselves have been
proposed.

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.
{6003} However, a display apparatus having coordinate
;nput function means as described above, had the problems
that miniaturization was difficult, and costs became
higher in comparison with ordinary display apparatuses.

Therefore, in recent years, there have been being
actively developed display apparatuses for overcoming the

above problem, in which a light receiving element is
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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). 5 [0004] An
apparatus providing light receiving elements_so as to enable input of
cOFERARRIN SRy BigshifadbEsGien b0 BPRECSHI  has MMt
advantage that the size can be reduced and costs can be lowered in
cofiSan T ittt Bitifs IR Bp rBitdst BRVidRRFHY 309 tiimate imput
fu&ction me;&ns, but also enables multi- point coordinate input and area
in
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that the size can be reduced and costs can be lowersd in
comparison with a display apparatus provided with a
coordinate input function means, but also enables multi-
peint coordinate input and area input.

Patent Document 1: Japanese Patent Publication (&)
No. 2002-145085

Patent Document 2: Japanese Patent Publication (a)
No. 2002-41244

Patent Document 3: Japanese Patent Publication (&)
No. H11-134105

Patent Document 4: Japanese Patent Publication (&)
Ho. 2004-3180&7

Patent Document 5: Japanese Patent Publication (&)
No. 2004-318819

DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0005] 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
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and realizing a touch panel, an image sensor, etc., it 2 suffers from the
disadvantage that noise of the reflected light inside the display apparatus
cannot be canceled in real time. Further, in the system using back light
described 5 above or an imaging system using external light,

intarferance roisA frome adlisplay pedion-camot beosancaled ineal iftected
Further, for such reasons stated above, a high reliability system having

stionghtelerage@éorditeqipasatire sppradciensdicsanddimedueiiabiansd in

cannot be realized. Further, if realizing and using a high reliability

Syséaim, & Ladhration operation becomes necessary when turning on the

power. 15 [0006] Example embodiments may provide a display apparatus

able to reaiicenide influencedspeisemndsahiey Barpramyit Shkedoitiad

light receiving system without requiring a calibration operation when

tuabBg ©Notheapoiaia @O EANS: Bfd R SOy | MESt B AR OB4ED) 3

[0007] In accordance with a first aspect of the present invention, there is

providedfedisplay apposaturom a display portion cannot be
canceled in real time.

Further, for such reasons stated above, a high
reliazbility system having strong tolerance for
temperature characteristics and time fluctuations, cannot
be realized.

Further, if realizing and using a high reliability
system, a calibration operation becomes necessary when
turning on the power.

[0008&] Example embodiments may provide a display
apparatus able to reduce the influence by noise and able
te improve an SH ratic of a light receiving system
without regquiring a calibration operation when turning on

the power.

MEANS FOR SOLVING THE PRCBLEM
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comprising: at least one display cell having a display 5 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 element; a signal 10 processing circuit performing differential
signal processing of an output signal of the light receiving cell and an

outpweicsignal afthgdeterercr-eelyopl Wheieia the sjgpatprcessiigpresent
circuit is arranged to perform noise reduction processing based on the 15

diferestiakisignalyecessing fa-pravitiaia sesiiliawi Jecaiypd Hightisignal.
[0008] In accordance with a second aspect of the present invention, there

is pempdad ardjsplay appakstus e narsigan-efiactivepixe} ased pepion,
in which a 20 plurality of display cells are arrayed in a matrix and in which

atdaastwoine;light raeaiving«ed incuding sfivst Hightresehing alemeliiegda

at least one reference cell having a configuration equivalent to the

cahfightatioscefi thinkght Tessiving cell aheddackedframincidanec 0623

light upon a second light receiving element are arranged 4 mixed in the

makixiarga\aothetiigpiay télis; asighala peocessimgtdueudpeffogmirgtion of

differential signal
the light receiving cell and blocked from incidence of
light upon the light receiving element; a signal
processing circuit performing differential signal
processing of an output signal of the light receiving
cell and an output signal of the reference celi; aznd
wherein the signal processing circuit is arranged to
perform ncise reduction processing based on the
differential signal processing to provide a resultant
received light signal.
[cco8] In accordance with a second aspect of the
present invention, there is provided a display apparatus
comprising: 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
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processing of an output signal of the light receiving cell and an output

signal of the reference cell; a back 5 light emitting light to the effective

pixel area portion; and wherein the signal processing circuit is arranged to
perform noise reduction processing based on the differential signal
pPracessing {0 pHYiGe 8resulant spcewedlightisignaki 048009 /na signal
example embodiments, an output signal of a light receiving cell including,

fopexaaplel adighi reamporent fo beidejecied fadenRAisd coiponent
and an output signal of a reference cell not including the light component

togedrieetosky bufinetuding:paly asteisell SceHnypencni glve irpuidOtheg
signal processing circuit to process the differential signal processing, to
therghy 4dadietetedbepoisesdampdnent. #Ha/ ANTACHOHSAERREECE Shack
[0010] According to example embodiments, the influence by noise can be
redldgdd; aditheiSly ratigbtthedighited edtopang spstemkedn besmprevetion;
without requiring a calibration operation when turning on the power.
BRIEF PESGRIPTIDN OFDRAVNGS {301G B3} #tblosk @fagraged to
showing an example of the configuration of a liquid crystal image display
1gpFan sadardngduchianbpdionen ol e pasedt on the
differential signal processing Co provide a resultant
received light signal.
[0002] In example embodiments, 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

4a
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invention. [FIGS. 2) Diagrams showing a first example of the

configuration of an effective pixel area in the liquid crystal image display
apparatus of FIG. 1. 15 [FIG. 3] A circuit diagram showing an example of
the basic configuration of a light receiving cell (reference cell) according

to4be presemt & mhndimentdbs A sectional view schematically
showing a light receiving cell according to the present embodiment. 20

[FIG. 5] Asegienatviayy: Skewingran example of the structure forming a
photo sensor (light receiving element) of a light receiving cell and

refeyeneq cell ycaddihgFie @ Aaaipquit diagm ahawing afisst Exampe.ce
25 of the configuration of a received light signal 5 processing circuit

agepraing i@ theaprasentembedineaindFKhe/ s Ciraitit diagmnasBonirth t
a second example of the configuration of the received light signal

proeessing skc i steaidingniodbe presentai badihent SdédfiibiAg a
diagram schematically showing a detection system of reflected light of a

baekilijht{EiGS. Spbiagtdms fehexplaningiaeasontilay poercan be
deleted by differential signal processing of output signals of the light
receivingeGiFFhdOERCRIPTION OF DRAWINGS
[COL1] [FIG. 1] A block diagram showing an example of
the configuration of a liguid crystal image display
apparatus according to an embodiment of the present
invention.

[FIGS. 2] Diagrams showing a first example of the
configuration of an effective pixel area in the ligquid
crystal image display apparatué of FIG. 1.

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

[FIG. 4] A sectional view schematically showing a
light receiving cell acecording to the present embodiment.

[FIG. B] 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.

[FIG. €] A circuit diagram showing a first example

of the configuration of a received light signal
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10 reference cell according to the present embodiment. [FIG. 10] A
diagram for explaining an example of another cell array. BEST MODE
FOR CARRYING OUT THE INVENTION [0012] Below, an embodiment of
the 1present,inventi_on 15 will be explained with reference to the attached

dBTITES T088) T HTE fooRTiRy GeedpiioR, 1R (R BISE ScSMRRFAMATE
and functj of g Jliquid crystal image display apparatus providing a light
receiving g' %%én? #org?d: é‘gﬁwuﬁi%p%aﬁf%i ﬁ%g%&ﬁ%ﬁefﬁﬁ?ﬁ&l iGhAgELe
undr.er%?ndin en an embodi en accordingtogc nc eée structyre will
beoexp anea: %1]1 % 8bloc Eediél""'ger"a?'l?n §’F?owin:gL efalrﬁ&% f the
canfiguration_of a liquid crystal image displa apparatus according.to

T S R ST S BT En 8BS 15D (Cpiedhiment
diagram 1E.Iita’win irst, example of the cqnfiguration Qf an, effective pixel . .
area poﬁlon in thgelalligkijig Jé%?s“"fa |msacé£ext |s(|§:f§'§/g %%%&?a%‘scgfl ﬁeélfsl%)tecuan

Wigh EIG- 20, shevis a maty of gels: FIG, § 2(Bhshaus a plan view,
an(?FIG. 2(C%As OowS a sectiona weinS‘lﬁ A mwé%rystal image
msmayaP§§5g95§ﬁa§iagrams for explaining & reason why noise
can be deleted by differential signal processing of
cutput signals of the light receiving cell and the
reference cell according to the present embodiment.
[FIG. 10] A diagram for explaining an example of
another cell array.
BEST MCDE FOR CARRYING OUT THE INVENTION
[0012] Below, an embodiment of the present invention
will be explained with reference to the attached
drawings.
f0G13] In the following description, first, the basic
configuration and functions of a liquid crystal image
display apparatus providing z light receiving element for
each display pixel will be explained for facilitating
understanding, then an embodiment according to a concrete
structure will be explained.
[G0L4] FIG. 1 is a block diagram showing an example of
the configuration of a liquid crystal image display
apparatus according to the embodiment of the present

invention.
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shown in FIG. 1, has an effective pixel area portion 2,' vertical drive circuit
(VDRV) 3, horizontal drive circuit 10 (HDRV) 4, light reception control
circuit (RCTL) 5, and received light signal processing circuit (RSPRC) 6.

) eF N P TS e B2 £ Py

R L AL BT B D e
Sl et s s dglel Sl AN I S
CSbohdingo T eE SimaN bolS R AnbAoed el et TS

Wi 2] ' tothe di 21B. 25 Further,
A i R PR e (R B TS

dignlgy, cell 21G, and B 7 color display cell 21B are arranged, and the
reference cell 23 is arranged adjacent to this display cell 21B. The

efiesgys pixel areapation 2a/4a irst.exginles of g caialaionis: o
formed by this array being 5 periodically repeated.
shown in FIG. 1, has an effective pixel area portion 2,
vertical drive circult (VDRV} 3, horizontal drive circuit
(EDRV) 4, light reception control circuit (RCTL) 5, and
received light signzl processing circuit (RSPRC) 6.
[0016] In the effective pixel area portion 2, as shown
in FIG. 2, a plurality of display cells 21 (21R, 21G,
21B) , each including a display circuit 210 forming a
display pixel, are arranged in a matrix.

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, 216,
and 21B.

Specifically, from the left in FIG. 2 to the right,
a R color display cell 21R, G color display cell 21iG, and
B color display cell 21B, corresponding to the three
primary colors, are arranged, and the light receiving
cell 22 is arranged adjacent to the display cell 21B.
Further, following this light receiving cell 22, the R

color display cell Z1R, G color display cell 21G, and B

7
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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, 10 21G,

and 21B between them, and close in positional relationship of the light
recsiing cdlisPland awl fefelEnareeEXapadctm difidraital reference
processing of outputs as the pair of the cells. As a result, noise is

eliffiddted 315 fOGEARPGHserafiiReasiective pixebadbsrortion gelas 21B.
shown in FIG. 2(B), an R color filter FLT-R is formed in the arrangement
rediBf cFEHEaEPEY Ricohr dsisiay RV BPD a?Gebldrtitte EEETG gxample
formed in the arrangement region of the G color display cell 21G, and a

2095 e fiteRELPI RFbRRed i fivrarsndumdmiragmrrattiees volor
display cell 21B. A black mask (light shield mask) BMSK22 having a light
shRFFRAEHGRA IS YorRfRAR tRE arrangement region of the light receiving

cell 22, and a black mask (light 25 shield mask) BMSK23 having a light
shield furfctiof4§HofhiEd ¥ te RFdfydthetregRMbf e PeteRtcERRIIL1ght
8 23. In the black mask BMSK22 formed in the light receiving cell 22, an
Opgﬁﬂﬁﬁﬁwgkzﬁi%%ragxﬁﬂﬁgﬁ&ﬁtrarerence cell 23 (the light

receiving cell 22 and the reference cell 23 are closely
arranged close while sandwiching the display cells 21R,
216, and 21B between them, and close in positional
relationship of the light receiving cell 22 and the
reference cell 22), perform differential processing of
outputs as the pair of the cells. As a result, noise is
aliminated.

fO017] Further, in the effective pixel area portion 2,
as shown in FIG. 2(B), an R cclor filter FLT-R iz formed
in the arrangement region of the display R color display
cell 21R, 2 G color filter FLT-G is formed in +the
arrangement region of the G color display cell 216G, and a
B color filter FLT-B is formed in the arrangement region
of the B color display cell 21B.

A black mask (light shield mask) BMSK22 having a
light shield funct;on is forxmed 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

8
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into the light receiving element is formed. 5 Contrary to this, in the black
mask BMSK23 formed in the reference cell 23, an opening corresponding
to the opening BMSK221 is not formed. [00181 In the effective pixel area
p%gion 2, as shown in FIG. 2(C), a liquid crystal layer 26 is formed
between 10 a TFT substrate (first transparent substrate) 24 formed by, for

25) by SR G T SR A er R o EOTIS, A AR MO
R e (et 2o Bk SOy PYENE A i Tr =gy iome
R k3 Al 8 TONE Facing DRSS (R0 28841 221 for he
cloment (ohoiE Sohath 2L 1o 10 relerenca el 245 e meat Gy faec &

OlbRE Na0d-0n AASE S1Iasg 2oL 0 YU AUDURIS 20 ARMIOUS e

types of filters FLT-R, 25 FLT-G, and BMSK22
a@%gyi\%lézmlgzﬁn@g. 94Q018].The display circuit 210 in each display
cell 21

foole] In the effective pixel area portion 2, as shown

in FIG. 2(C}, a ligquid 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
therebetﬁeen. Further, a back light 27 is arranged on,
for example, a bottom surface 241 side of the TFT
substrate 24.

Further, on a base surface 242 side of the TFT
substrate 24, the display circuits 210 for the display
cells 21R, 21G, and 21B, a read 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 feor the reference
cell 23, are formed.

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 BMSKZ3, are

formed.
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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 5 connected to a drain electrode (or source electrode) of the TFT 211,

[di i 2 f which lectrode i ted t
gl oL G2 syt o declgle acomiegedia: o0
21G, ing li te.lj -1t ,2- ' far.each
210, MAZIBA0EQNIER LACICBLE L G, o W 0

wired fQr; eachl colwmp,algng the, pgeééi@glﬂ Ng ”&ﬁ%ﬁ%@?@; Fy rtﬁ‘.@rc;g’ d

gate electrodes of the TFTs 211 of the 15 display cells 21 are connec

todhe sepme SeAing. e {galsdinge) Lt 1: Gl NUSAIIANS, o
Furt

er, source electrodes (or drain electrodes) of the TFTs 211 of the

displayLells 2 1are £ogpectedde dhe same dignlay signal nes 8l I8y of
in units of columns. 20 [0021] In the configuration of FIG. 2(A), the

sGaing-4ings v-1 10,4- ape eannected o thewertical dyive, eircuit 3andy

driven by this vertical drive circuit 3. Further, the display signal lines 8-1 to
8-anuired Lorrespendingdaihe displayieelisied JLLONNEERAIOMLO0E the

horizontal drive circuit 4, and driven by this horizontal drive circuit 4.
TFT 211.
[0020] For these display cells 21R, 21&, and 21B,
scanning lines (gate lines) 7-1 to 7-m are wired for sach
row along the pixel arrangement direction, and signal
lines 8-~1 to 8-n are wired for sach column along the
pixel arrangement direction.

Further, gate electrodes of the TFTs 211 of the
display cells Z1 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 TEFTs 211 of the
display cells 21 are connected to the same display signal
lines B-1 to 8-n in units of columns.

[00211 In the configuration of FIG. Z{(A), the scanning
lines 7-1 te 7-m are connected to the vertical drive
circuit 3 and driven by this vertical drive circuit 3.

Further, the display signal lines 8-l tc 8-n wired
corresponding toc the display cells 21 are connected to a
horizontal drive circuit 4, and driven by this horizontal

drive circuit 4.

10
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10 [0022] 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

I .5 TQ. ; t f.the liquid tal cell_21 t
et Inge e ale dite Iy cng ol pLacl e -

display cell 21 of each pixel portion de’of the

h%@ggﬁg%%&\%%ﬁ%pr&&%&!&%QGQSEFEPH‘?%% %géﬁégesﬁ%“m

as a comm COM through a common wiring. Or, to the

casnierelegirade of theyiouid gﬁ@i%‘&%&%ﬁéﬁ%r adéipélé&cséléigg 6-1

the other electrode of the holdihg capacitor 213, for example, a comm

valiggg EQWNL inverted in.nolarity for.each horizontal scanning period

(1H), is given. 15 [0023] Further, in the effective pixel area portion 2, Ii_ght
receptionsgjgpaklings.H:d 10 égé%@r%&élr%yir@ﬁea&iﬂa_ﬁstgallméﬂﬂeéen

corresponding to the light receiving cells 22 and the reférence c€lls 23.

The: hghy feceptionsighallines 10-% $o 1@-pargr2d.gonneded oithe 24

received light signal processing circuit 6, and carry signals read out under

thecanuel efiflielightregantioncontrobeircyild iR heikeseiveddight or 213,

signal processing circuit 6. [0024] The vertical drive circuit 3 receives a
for example, & predetermined DC wvoltage 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 common voltage VCOM
inverted in polarity for each horizontal scanning period
{1B) ., is given.
[002z2] 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
raceiving cells 22 and the reference cells 23.

The light reception signal lines 10-1 to 10-p are
connected to the received light signal processing circuit
6, and carry signals read ocut under the control of the
light reception control circuit 5 to the recsived light
signal processing circuit €.

[G024] The vertical drive circuit 3 receives a

vertical start signal VST, wvertical clock VCK, and enable

signal ENB, and carries out the processings of scanning

11
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25 vertical start signal VST, vertical clock VCK, and enable signal ENE,
and carries out the processings of scanning 11 in the vertical direction
(row direction) for each 1 field period, and sequential selection of the
displa)é cells 21 Qonn%ec ed to the scanning lines 7-1 to 7-m in units of
rois. ShET R ESER in‘%"ﬁ?été?ﬁ id GRIE o G 9B cEPRIrve Srcdit
3 3._thg(gcannincgéine 7%, th%ﬂxels of _the columns in the first row are
sefédted, While-When B ScERFRT PR 'SP IEqvento i &hftiFRieY
7-2étffsp3<§|sc%fntge cgllgn%s int he second row are selected. 10 Below,
in e 3ame way, scannmng pulses eP3S2PSRR% & 8&fuchtlF GivEifo ™
thggg%rénig% "QS‘% 7-3,..., 7-m. [0025] The horizontal drive circuit 4
receives a_hofizonial start pulse HST generated by a not shown clock

generatopand instructing the stalg&osfehoég%ntal 15 isgagnigg and g%rizontz%l_
clocks H %avmg inverse ghfées fo each othePaRa serwr?énag vertical

e
refergnge afithe, borizontal _%%gn;g;g%qgg%zt;%g%wﬂq)g Pylses

sequentially samples input image een); anaeBiz%fﬁ%}f’n of

respanseto fhe generated sampling 20 p %l%%% anﬂasgpgégs g%*ixf- iaemakfgn

results as data signals to be written into the |ssﬁ)?ay cells 21 e display &
SKHEEHE%%&*%H&QéLsyz 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.
[0025] 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 hovizontal clocks ECK having inverse phases
to each other and serving és the reference of the
horizontal scanning, generates sampling pulses,
sequantially samples input image data R (red), G ({(green),
and B (blue) in response to the generated sampling
rulses, and supplies the sampled results as data signals
to be written into the display cells 21 to the display
signal lines B§-1 +o &-n.

[0026] First light reception cell control lines (reset
signal lines) 1l-1 to ll-m and second light reception
cell contrel lines (read signal lines) 12-1 to 12-m are
wired for each row along the pixel arrangement direction

12
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[0026] First light reception cell control lines (reset signal lines) 11-1 to

11-m and second light reception 25 cell control lines (read signal lines)

12-1 to 12-m are wired for each row along the pixel arrangement direction

12 thereof for each of the light receiving cells 22 and the reference cells
2ENSTAR, n‘%‘é%ig%%i-‘é%:e‘aﬁ?@lbﬁl|&éﬁgﬁdﬁﬁ€%$@r3ﬁc€e&i§z§%remd the

connected to portions of a power 5 supply potential VDD and a reference

pOBARZISASE. [8827F F&: 3 is a circuit diagram showing an example of

the basic_confi urationﬁof ?ﬁl}y%%[ receiving cell 22 (reference cell 23

according 15 e preseite MERCERT TRBWE SRR EIE. 508 in

ane I%ri%e%viegv. é?sN%t? tQat, in FIG. 3, the dic?‘%lg circuit 210 of an

adiacEndiSTay eat & ot ofeRAST83 RFTIERAVIRG cRIBIWeT

Ofstﬂ%ﬁ esencgteem odi@e};gg'ua%n%li%ht re%eeivin element 221. Thevli ht

rece ngYeI"@menﬁ1 2%s tormé y a R eifore e?%tc?igafh%%%d uit

2%;6 of th§#i§ht§eceiving cell 22 (geE{%nqre cell 23) has areset TFT 1

2 , ampli |c'at|onﬁsF'F2§§?5§1§'), sé ecﬁonaﬁeg ﬁ%ﬁn(ﬁﬁf@ €

regelved JobLagnal aigiage. canaclr 285 (%), and iode NP5 B3V 22

20 ?OO The igﬁt receivirng element 2% i§ confected g
{(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 cireouit 210 of an
adjacent dispiay cell is shown together.
[6028] The light receiving cell 22 of the present
embodiment has a light receiving element 221. The light
receiving element 221 is formed by a TFT, diode, etc.

The read circuit 220 (230} of the light receiving

call 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).
[0029] The light receiving element 221 is connected
between the portion of the power supply potential VDD and
the node NDZ221. The reset TFT 222 is formed by, for
example, an n-channel transistor, its scurce 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
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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_2 ND)., and its.drain i ted to t
R N e R D R S St et

t first light tj Il control line 11.wired.in th
R ted 0

the nodeND221 « ifs deaigyis copnscied 1o e Dorlom, 52%(:#“%@0 Shnected

supply potential VDD, and its source is connected to the drain of the

selgction TEL 2241 bsgate .Qf the selection TET 224,15 coppegted tgé'% ien

second light reception signal control line 12, and its source IS connecte

too@eéiggt%w@oe' ling 10 wited, in,A8 the, garresponding calumn.

These amplification TFT 223and selection TFT 224 form a so-called

"sobeRfollawer’, Acrardingly na LML SQUEE ds capnested o the ight . +o

reception signal line 10. This current source is formed in, for example, 15
therrecgived dight-signal preeessing cuibg Huthee ArasentRINbOdIER!. 11 ght

The received light signal storage capacitor 225 is connected between the

neda.AlP22dandh theNortieR 0Fthe 1ine 12, and its source is
connected to the light reception signal line 10 wired in
the corresponding column.

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.

The received light signal storage capacitor 225 isg
connected between the node ND221 and the portion of the
reference potential VSS.

[0030] FIG. 4 is a cross-sectional view schematically
showing a light receiving cell according to the present
embodiment, and shows a portion cof the light receiving
cell of FIG. 2{(C) in an enlarged view.

003173 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

14
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reference potential VSS. 20 [0030] FIG. 4 is a cross-sectional view
schematically showing a light receiving cell according to the present
embodiment, and shows a portion of the light receiving cell of FIG. 2(C) in
an enlarged view. [0031] The light receiving cell 22 is, as shown in 25

FIEE S (SRR th P B SH P SFF 8ilg of TR S FFighisiege o ving

formed by a transparent insulating substrate 14 (for example, a glass

ikew ot |itjPﬁPr§b€R‘fﬁ‘r‘gdéaH 254 cBfftGtrEd B e rédd crarsht 526

arlglié% Ii_%htcreeg%jving elgment hoto sensor) 221. The black mask

B b EIGRed-BY tfe BRER Surtk: °1°5°2§Le§’iﬁ8’6)ftﬁ¢2c1:0un§er

A R R T L T

Quts e Wi e phot senst i BTadi Uk ne

e e e e e 2 e,

A L MRS R L8 e

POl3UZIRg ¢, the photo semsor 221 is formed in the black mask
BMSK22 facing the region of formation of the photo sensor
221.

The liguid 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.

& polarizing filter 28 is formed on the bottom
surface 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.

{00327 FIG. 5 is a sectional wview showing an example
of the structure forming a photo sensor (light receiving
element) of a light receiving cell and reference cell by
a TFT.

[C033] A gate electrode 302 covered by a gate
insulating £ilm 301 is formed on the TFT substrate 24

{transparent insulating substrate, for example, a glass

substrate) . The gate electrode is formed by formation of
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filter 29 is formed on a front surface (light incident surface) 252 of the
counter substrate 25. [0032] FIG. 5 is a sectional view showing an
example 20 of the structure forming a photo sensor (light receiving

oE ke R SRR (SRS ER, e | del il

gate electrode vered by'a gate nsulafi m 301 med 6n

TET te 24 25 (t insulatj f |
B R e o

(-]
gfgss substrate). e is for ormation

molybdeguim (Mo}, tantalum (ha), oraneter, mejal oranallay.by 5, ¢ or
ula ﬁ

sputtering or another process. On the gate insulating film 302, a

sesnigpnaugton fily (EQQ-&Q‘?{?(OESQ@%S 109303, pait of BrdffuSE R, o5 o0n

layers (LDD regions) 304 and 305, sandwiching the Semiconductor film

343 Anda PRl DA AIHUSION kyers D6 SQL (zaures and drain

regions), are formed.” Further, an interlayer insulating film 308ls formed

SQ iR GRYeL e-03ieipsuyating filgy 302 semicapdyptop 1840el oy 1ayers

(channel forming region) 303, n- diffusion layers (LDD regions) 304 and

30y anshiar+ diifusigpdayers 306 agd 307 (Saures.and drainregignsl sand
an interlayer insulating film 309 is formed so as to cover the interlayer
ingylating film 308; fheintedayerinsHatitg ng £ilm 308 is formed so
as to zover the gate insulating f£ilm 302, semiconductor
layer (channel feorming region) 303, n diffusion layers
(LDD regions) 304 and 305, and n” diffusion layers 306
and 307 (source and drain regions), and an interlaver
insulating film 308 is formed so as to cover the
interlaﬁer insulating £ilm 308. The interlayver insulating
£film 302 is formed by, for example, SilN or £8i0,.
To the n’ diffusion layer 306, a source electrode
311 is connected via a contact hole 310a formed in the
interlayer insulating f£films 308 and 308, and to the other
n* diffusion layer 307, a drain electrode 312 is
connected via a contact hole 310b formed in the
interlayer insulating fiims 308 and 309.
The source electrode 311 and the drain electrode 312
are fermed by patterning, for example, aluminum (AL).
A flattening film 313 is formed on the interlayer
insulating £ilm 308, source electrode 311, drain

electrode 312, and interlayer insulating film 308.
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15 film 309 is formed by, for example, SiN or Si02. To the n+ diffusion
layer 306, a source electrode 311 is connected via a contact hole 310a
formed in the interlayer insulating films 308 and 309, and to the other n+

diffusionayer. 307 rain electro e312| Ocon cted via a contact
>é n%j ‘{ 989121520 ¢ %(e%rm 5{ 19#

hole310 orme 1R‘ferayerln atlngfllms

s%g%glqgtro etZ‘\JﬁIr réq] e drain electrode 312 are formed by

patterning, forexam aluminum (Al). A flattenlng film 313 is formed on

theggte g'?yef 2R '@%ﬂ%ﬂn&w&%é 3%%Ct{%%r iﬁ}quﬁfacf;yﬁlof the

electrode 312, and interlayer |nsulat|ng ayer

2§ isoumed op.t g%gﬂ%@@gi@né&émé%wwn L{is, Ocnstg “0 %.e %%t the

electrode of the bottom gate type TFT Is tormed on a optlca oft

5 ightof the bagk light 1o the chanpe) rEQQn&I;Q%JfTré&%@ %%y IQ (TFT.

TFT gate electrode has a function of blocking the light from the back

2&@5@«;@%?1 ncmowu%%thsm@&wh@g@ Euﬁér&&qhgf

reception cel control line 11 10 and the second reception signal line 12

arg oRRestPddne thes light recepfion:conyoleircuits +The liohtjgegption,
control circuit 5 applies a
function ¢f reducing the noise beam.
[003s5] The first light reception cell control line 11
and the second reception signal line 12 are connected to
the light reception control circuit 5.

The light reception contrel circuit 5 applies a
reset pulse RST to the light reception cell control lines
11-1 to 1ll-m at a predetermined timing.

Due to 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 iz set at the reference
potential, and the light receiving cell 22 becomes an
initial state.

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 necde NDZ21 rises, and a charge is stored in the
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reset pulse RST to the light reception cell control lines 11-1to 11-m at a
predetermined timing. 15 Due to 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
reﬁgﬁﬁﬁﬁiaﬁfsi%%gl'storage capacitor 225 connected to the node ND221
is discharged,.20 the potential of the nodz%ND221 is set at the reference

potential® nd- TP ligHEIEcelfihg B 2P B8HTRCER 5hRRl SaRETRihisizouit
R R e i e e T
RO IS AT (08 B he TR e ton ST BT cReNet etadhe
SRR s ke LI s Lo 2 s
e T s ST e 2o an

lighi eeeprign signaline 1Q.yia e selection TFT, 2241 GID03GLA signal

propagated through the light reception
as a light zreception signal to the light reception signal
line 10 via the selection TFT 224,
[0036] % signal propagated through the light reception
signal 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 system
provided in a subsequent stage that controls a
predetgrmined function portion responded to the input
light recepticn signal of the light receiving cell 22.
[0037] FIG. & is a circuit diagram showing a first
example of the configuration of the received light signal
progessing circuit acceording to the present embodiment.

FIG. 7 is a circuit diagram showing a second example

of the configuration of the received light signal

progcessing circuit according to the present embodiment.
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signal 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 15 processing to the

Si rom the If'ght receiving cell 22. and the signal from the reference

ce l'bgja{ ﬁre]n outputs” the ?‘e%% to Jé%ho% sﬁ%%ﬁ%?gr?a?%?@f‘é%%fﬁ% SRt 6
provided in a_sybsequent stage that controls.a predetermined function
pocréohg ?éis'posr?(;ié?:lstoc%ﬁer ﬁ%ﬁ% 209iGhE Feef:eggionf s%%a sfRefigRpected o

receiving cell 22., [0037] FIG. § is.a circuit diagram showing,a first . ,
S e R e R T

exa t' signal processing Circul

acgggdei@@i%hecg&efsn%smggs";%g%%%@m? iscaeiiics““g 'a%'gam SNoWING, ea,

a second example 25 of the configuration of thé Tecéiv lig eSi(j:r‘f’arf'ne

' weyi ording.t esent odyment. 18 [0036] The
prgaassa%%ﬂ%aaa dingyto e pu gffFflrgc_, 2 J‘%‘%ﬁé%eﬂ

receivedlight signal processing circuit 6 hastur rces

Sv%éé%ééfﬁﬁ&”&%@%@é%ﬂi@béﬁec@&%figﬂé%:@é Qs t?&?é%}oxgmal

e
ich light receiving cells 22 and reference cells 23 are Connected,

a_r}grgﬂaégggﬂﬁl)arg@_l if;@&% Qg'e]nt@ @%SMZE/&BS@%'”Q%%@ ng.g.lnas 10-1

signal processing (differential procesSing) of adjacent light reception

signa lings 40shangh 10:2:andgutpyiting e sesultant teceived dight o ¢
signal which suppresses the influence of reflection noise
and offset noise in the light receiving cell 22 to an
extremely small level.

Each operational amplifier 62 inputs the ocutput
signal 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 twe input signals, and outputs the resultant signal,
suppressed the influence of reflection noise and offset
ncise in the light receiving cell 22 to an extremely
small level, to the processing circuit in the subseqguent
stage.

[0039] A received light signal processing cirecuit 63
of FIG. 7, in addition to the circuit configuration of
FIG. 6, has reset circuits 63-1 to €3-p including

switches SW1 and resetting the light reception signal

lines 10~1 to 10-p to which the light receiving cells 22
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signal which suppresses the influence of reflection noise 10 and offset

noise in the light receiving cell 22 to an extremely small level. Each
operational amplifier 62 inputs the output signal of the light receiving cell

22 ata noP-inverted in t(+|1)?t inputs the output signal of the reference
céirts 35 a%]raec%‘ﬁ?tocﬁgrg'ﬁg eEETing AL R A hverREsAsHeERined

perfarms differential processing of .the two input signals, and qutputs the
oL ARSI 2B RS BRI PULREB b e EHh RERBRA Sodi1C-

ngjse in the light.receiving cell 22 to xtremely 20 small level, to the
p%zéséslﬁzgn%#%&’%&t%e%% %%&L\Jg’gntggté%e?ﬁ)o 87R r80B08TNERESiGNal
proce siﬂ%girg '£6én fEIG. 7,1 additi%n to the circuit configuration of

FIE B Fas Tesarirenns BaEr i Hine &dﬁa SRRk gifeen the
otting the ligh ti i li 10- 0- hich the light
es il S St R el R S R

edsemied yplade Gpvasg LGl e Anes B

7), sample/hold Circuits 64-1 to 64-p configured switchies SW2 an
c itors: Gland goonacted between the 5 light reception signal lines _
10-1 to 10-p and non%inverted Inputs (+)%nﬁvéfte§?r%uat§%- %?th%)

digital converters (ADC} 65-1 to 65-g connected to the
cutputs of the operational amplifiers 62-1 to 62-g and
converting analog signals to digital signals.

[0040] Note that, the differential signal processing
in the received light signal processing circuit 6 (6A)
may be analog differential processing or digital
differential processing.

[0041] 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 differential signal processing of the
output signal of the light receiving cell 22 and the
ocutput signal of the reference cell 23.

Here, as shown in FIG. 8, an explanation will be
given with reference to the case where the system is
configured as a detection system of the reflected light
of back light.

[0042] FIGS. S(A) and 9(B) are diagrams for explaining
a reason why noise can be deleted by the differential
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operational amplifiers 62-1 to 62-q, and analog-to- digital converters
(ADC) 65-1 to 65-q connected to the outputs of the operational amplifiers
62-1 to 62-q and 10 converting analog signals to digital signals. [0040]
Note that, the differential signal processin inf%‘ae received light signal
PRRERETGRACTTETERT Ry BEHRIng AFER faPdrokSsna e Higial
differential, roceseiriég. 15 [004%14 Next, how to obtain the signal to which
thﬁeﬁﬁlﬁgﬁgg of FstrecBB nb e AT s T TibeIRTRE rSCRIVIRG cell

ZEACR st tnal el bube dnecnig s
BRI e BT B O O, e
clgrsiens ocalp sensl o Wese oo IO cour
o cat ol 20000 HECS ALY
prf%S%@'EBQQQ‘%%QJ%@%*};A@&@ I adiggram; shewind.a state of o

the light receiving cell, an :

beai .

[0043] In the 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 layver 26, opening
BMSKZZ21 of the black mask BMSK22 of the light receiving
cell 22 arranged at a predetermined position (coordinate
position}, counter substrate 25, and polarizing filter 29
in the effective pixel area portiocn 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 Z5.

This reflected light B passes through the polarizing
filter 29, counter substrate 25, and ligquid crystal layer
26, and is received at an active region (channel region)
of a light receiving element (photo sensor) 221 fermed
by, for example, a TFT through the opening BMSK221 of the

black mask BMSKZ2 of the light receiving cell 22, fo
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59(B)isa diag'ram showing a state of the reference cell. In FIGS. 9(A)
and 9(B), an arrow A indicates the light to be detected, and an arrow B
indicates a noise beam. [0043] In the light receiving cell 22 in the
detection_10, system of reflected light of the back light, as shown in FIG.
8 gﬁ%% g&% e tight tosﬂ‘gﬁ% B By RROBCERFRS Fpasses

thr the polarizing filter 28, TFT substrate 24, liquid crystal layer 26,
o S5 B 1B i PR BRIGR 2B et 18ocimg et

cell 22 arranged at a rgﬂ\ termined position_(coordjnate pasition),

co%zr:i?éar s%%ast% ecsz(S,%' %o%?izinaﬁ}%rrz hlﬁl%hé:’%ﬁe pix&Fares

partion 2.and is reflected at _a body to.be detected of a user (for example,
fin%%%a%}:raécgged o%%tﬁﬁroahlt%u?fa%én Sidle 252°0 tﬁg c %ﬁf‘él? sts%%é\?é’ted
25, This:refle %%%g_‘htA asses, thraugh the polarizing filter 29, counter
Sl%)gfra?éogagg QLﬁd c%x/lstéﬂgg?g%? Fant gafgge%gf ATER a%%?e

re@@é&@ﬁ&@%@@ﬂ@) QA light r eévi%gtﬁeé%@e%t Qgg}g nsor).2 lg and

formed 25 by, for example, a TFT throug openi 170f t

laceqsk BSKEzaline Llieealyng.aalat. 921 OUR e s oe peam

received signal as a photo current. [0044] In the light reéeiving celf’ﬁ‘j as

thgdight. s on directly strike the light receiving element 221.
Namely, the output signal of the light receiving cell 22
includes the light A to be detected and the ncise beams
Bl and BZ.
[0045] Since, in the reference cell 23, the opening
BMSK221 of the black mask BMSK22 of the light receiving
caell 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 Bl 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 Bl and B2.
[0046] Note that the illustration shows the case where
the noise beam BZ directly passes through the gate
electrode of the TFT and directly strikes the channel

region, however, in actuality, since the gate electrode
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from the back light 27, other than the light to be detected A, there are a
noise beam B1 which is reflected 5 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

thRAighP e RATFGRISFRER SFENAREIY: the SEpRtstRalfb/henghrat path
SR IS WA P X 1
R R B e
R R R e
OB SR ey S eETT e |gherexchny BRAeRz2L. Namol.

th Ryt signal of the li treceivin&cell 22 includes.the npise, beams
ML T e i P get e e )

nqise Beam By directly, passes dpquohdhie qale 23 elegtiode ofithe TFT

S1gh
and directly strikes the channel region, however, In actuaﬁty, Sinde the
@ggéggggggﬁZ%differéntial 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 22lis performed at the operational amplifier 62, and
the most of the noise component can be deleted.

As a result, 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.
[0048] 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 € performing the differential signal

processing of the output signal of the light receiving
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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. 5 electrode to likely become the nQise beam B2. [0047] Accordingly
inﬁﬁ%grec ived |gﬁh§gr%1%8%%e§§ﬁﬁ cﬁi‘f6?§ﬁ)ﬁﬁ§ﬂﬁ%‘i‘éﬁié’?§b§wa¢3'

pracessing (differentia rocessin%)lno the output signal of the light
AT S T R

reCeiving ce e fence cell 23 adjacent

to ight receiving cell 22 is performed at the operational amplifier 62,
DI roat TR A TEEeR EORBAL 08 QHRHT, AT A the Tage
output of the,operational plifier 62 is a signal with the influence of _ .

re gf:ltslgr‘? n%iiéé)'arigy 1gato:'?glefﬁgge%?her i E?é\’/c%:ﬁ\c/iing%% Sotrom light
suppres x{remely small, [0048 explained ahove, according to th
e e ST e o S B R o gy ne
celle30Rugo fisplay dialls 210, e 19U A0 TeeoIng cehaZ Inclugig, e
the light receiving element 221, the re erence cel ffﬁavmg a

canfigugation. equivalent tothat of she light receiying celf and, blocked

from incidence of the light upon the fight recei\%éélglg%nﬁenﬁ?ﬁ?aﬁa?hge
recgived.light signal 25 processing circuit 6 performing the differential

signal

In the system using the above back light or an
imaging system using external light, offset noise of the
light receiving elements {photo sensor) and pixel
circuits can be deleted, therefore a high SN ratioc can be
realized.

In the system using the above back light or an
imaging system using of external beam, interference noise
from the display can be deleted, therefore a high SN
ratio can be realized.

The noise described above can be deleted in real
time, therefore a high reliability system can be
realized, without the influence of a change in the
temperature characteristic and fluctuation of the
characteristics due to the elapse of time.

For the same reasons as those described above, a
calibration operation when turning on the power, becomes
unnecessary.

[0050] Note that, in the above embodiment, as the cell
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processing of the output signal of the light receiving 23 cell 22 and the
output signal of the reference cell 23, the following effects can be
obtained. [0049] In a system realizing a touch panel and image sensor

etg @é til] 'n%&er lected. light from light_5 of a back light,as the light to
beﬁet te ,internaﬁeégﬁé:c% |g’F-|>t:L ﬁ%als!,{e i the Igfeéil%gae [ower than

ths@@ghm%@:ﬁ{gee gs@%s:c %I% a@@éﬁ%ﬁ%@ gan be realized In e an

the System using the above tora Imaging system using

external light, pffset noise sgm% i thgggg;nﬁﬁg%%&ggﬁ,(p@%o gensyr) .

and pixXel circuits can be deleted, ther ratio can be

reglized.Jp the systempusing the ahoye hagk lig *M%ggnaﬁ;m@a;nm are

system using of external beam, interference noise Isplay can

b%gﬁﬁ%‘%ébe@ﬁ%{eﬂeﬁg %’&Jéﬁ@;ﬁl@? Q?erfﬁ”é%d-i@ea'}%ié%g%ﬁity

described above can be deleted in real time, therefore a high relia

sysigRLanbe 20 %izggswﬂgﬁua@ﬁinme@&fﬂ@{gs_i%ﬁfl% light

temperature characteristic and fluctuation of the characteristics due to the

elapse ofimg- QR thex3amexeasonsALI0ge desePedaliovBiR, the ¢
celor 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,
f[O051] The present invention is not limited to this
formation of an array. Various modifications are
possible.

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
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calibration operation when turning on the power, becomes 25
unnecessary. [0050] Note that, in the above embodiment, as the cell 24
array of the effective pixel area portion 2, an explanation was given with

referepca . he sass whete an iy whee &&Cg@fﬂ%igg%yr%e“a@ﬁhged.

the G color dispfay cell 21G, and the B color display™ce areb

arqe%@% the lightygeeivingcall 228 %@QQSQ&?J&C%NJSA%‘?@@B ion in
play cell 2

cell 21B, following this light receiving cell 22, the R color dis 1R,

”w&%c£¢9hQBQEaH%méQéé§G§£ gé%ip@ﬁsgﬁﬁc%%glgéﬁgrence cell

arranged, and the reference cell 23 is arranged 10 adjacent to the display

celb21B.is defined. A5 afirst cuaup andthis firstgroup i peripdicaly, v eq |

repeatedly formed. [0051] The present invention is not limited to this
formatiop-Qf aperray; Vasigus modifications age 13 pessibleEpL example. v

as shown in FIG. 10, it is possible to adopt a configuration in which a

grospadiacentdo ther drstary-Lgroum explained-abeye; is fosmed ag a

second array (group) which is provided with a merely black mask 20

BMEK-BMEin he afrangementidegionaidghtyecaiving eellsaed in that
reference cells, and the reference cells and/or
unit, to carry out the differential signal processing of
the output signal of each light receiving cell 22 and the
cutput signal of that one reference cell 23.

Alternatively, it is also possible to configure so
as te 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.

[G0O53] 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 so 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.

The arrangement of the light receiving elements in
the digplay 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 receiwving elements as shown in FIG.

26



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 25 a plurality of the second groups are
caontinupusly arranged, or, a plurglity of the first.groups are 25. )
cohtintBUE SR SR ScEond Yol A Bt A eaF To0B2 P Lomal

Further. aIIhOLigL Qggsrio aconfigu%ation.in which tgeeli%ht receiving

céTF’i’f%n& thete erencer\{c%}hufg Gre 8|re&ﬁ/l§(ﬁaé'ennt?o eath other, can

be adopted. 5 Further, it is also possible to configure sq as rovide one
e PR PR e L
unil, a0 2t wl ooyl e diferenial signaLbrocessing of e, o
output L?lgnalnof eac%qlg%?rec%lvmg cell 37 and the 1 output signial o1 that
oner cell 23. Al tiv. it is.al ible Nnfj as
o o S (e shed TR A AP
and to carry out the differential signal processing of the output signal of
each light 15 receiving cell 22 and the output signal of that one reference
cell 23. [0053] 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 so as to
arrange one light
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20 receiving element for each of R, G, and B, or so as to arrange one
light receiving element for one pixel. 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 25 applying the
present invention to a display apparatusagging built-in light receiving
elements as shown in FIG. 26 2, it becomes possible to use a light

redaptionssignaipMicheisisienintlyereampbaciseip:the post- processing,
and it becomes possible to perform the light reception (imaging)

processirg-whie pteventing entry6f Soa HisplayCite SYNAksda a9 circuit;
imaging side signal. 27 CLAIMS [1] A display apparatus comprising: at
least oneadisplas sell dewinbiaytispleywicuitn gt eabl onadghidesgivingl ight
cell including a light 5 receiving element; at least one reference cell
havereeea eonfigwaaoendguivalent to the configuration of the light receiving
cell and blocked from incidence of light upon the light receiving element;
10 a signatpioressingreircoit erfenumocdifférentslii signal practssingotion
an output signal of the light
equivalent to the configuration of the light receiving
cell and blocked from incidence of light upon the light
receiving element;
a signal processing circuit performing differential
signal processing of an ocutput signal of the light
receiving cell and an output signal of the reference

cell; and

wherein the signal processing circuit is arranged to
perform noise reduction processing based on the
differential signal processing to provide a resultant
received light signal.
[2] A display apparatus as set forth in claim 1,
wherein:

in an effective pixel area portion of the display
apparatus,

a plurality 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] 2 display apparatus as set forth in claim 2,

28



receiving cell and an output signal of the reference cell; and wherein the
signal processing circuit is arranged to 15 perform noise reduction
processing based on the differential signal processing to provide a
resultant received light signal. [2] A display apparatus as set forth in claim
1, wikereim 20 in an effective pixel area portion of the display apparatus,
a plurality of the display cells are arranged in a matrix, and the light
receivingicelltdnel thEfeterénee palkare 2bedramgedisised in the matrix
array of the display cells. [3] A display apparatus as set forth in claim 2,
28 whereieintthgleffective pikehareasidrtias, thetightretetingeeltis at
arranged close to at least one first display cell, 28a at least one second
didsiay telbimarfdryetl ddigebaytoctatlight receiving cell, and an
arrangement pattern on which the reference cell is arranged close to the
arranged second display cell is

28a
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5 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 10 receiving cell is arranged close to at least one
first display cell, at least one second display cell is arranged close to the
light receatingd. eels tanshiheseeferencdicati imgrrangad tlosete irred
arranged second display cell; and 15 a second arrangement system in
wisidh adesttdummiheell frghtwhesbeainraniputedrinot mdextracted is
arranged close to at least one third display cell, at least one fourth

display celissarramgriedjaceattbebe first dimaply ddlleand 2sacond cell
dummy cell from which an output 20 cannot be extracted is arranged

cldse muhangehgetofrurtrdithlayxetaipiadlisgapagpdistpd ag seell is
forth in claim 4, wherein: the first arrangement system and the second 25
arPafjererfta) e nrareatiaéent and are arranged so as to be

periodically repeated. 29 [6] A display apparatus as set forth in any one of
déﬁ%;1ﬁ)gﬁﬁﬁéﬁmmapparatus 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 periodically repeated.
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25

in the light receiving cell, an opening guiding light to be detected to the
light receiving element is 5 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 any one of claims 2 to 6, wherein: 10 the

sigidl pracesisapgeiycEpperfearnssdiffereritl Sgnih processingaoafeoutiiut
signals between the light receiving cell and the reference cell arranged
cledataneathvthér, [8{edptay apparatus comprising: 15 an effective
pixel area portion in which a plurality of display cells are arrayed in a
matrix arfchintblrich Eghbasemwimjmaecsivihg call incledihga first ighty
receiving element and at least one reference cell having a configuration
eduigiiEntte the caatigrasion ot tid20 lightrecewiriotingnebiiekad is
from incidence of light upon a second light receiving element are
arfaTRRFMbR R in-t@rhafhdatsl BREE digslay cells; a signal

processing circuit performing differential signal processing of an output

signal of #R@ liFHEF RRERISG £dI| ARd BRSE SFel ot e Asermcet the

cell; and 30
light to be detected.

[7]1 & display apparatus as set forth in any one of
claims 2 to 6, 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 plurelity
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 eguivalent 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 differentizl
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 portion; and wherein

the signal processing circuit is arranged to perform noise reduction
processing based on the 5 differential signal processing to provide a
resultant received light signal. [9] A display apparatus as set forth in claim

8, whereinhiheleffeétidetpaliaresrppriiagrhas 40 aclvst kamsRaedt pixel
substrate arranged facing the back light and on which circuits of the

disptey celis; thigin reeaiding cells, and reference cells and the first and
second light receiving elements are formed, a second transparent
substratevivearged felotngsthgn4d3 serorne fransparentrsulistrate, aliquitdlged to
crystal layer arranged between the first transparent substrate and the
serehf Yranspaiese stpduats emddighteheicumaskséatmed aftthe light
receiving 20 cell and the reference cell and blocking light to be detected,
arfiépdmng adriguiding Ihe lighredrs démratcttoptheviirdelightressilibgn t
element being formed in the light shield mask of the light receiving cell.

2F PR AVEISp AT Epbarekgsas set forth in claim 9,

[8] 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,

a ligquid 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] & display apparatus as set forth in claim 9,

wherein:

31



wherein: 31 a bottom 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 31a of at least light from the back light to the second light receiving
elementssotibeé tight reetwvirgrpell &hd thef iaferancencells asd the: g8termed on
electrode has a function of blocking light from the back light. 5 [11] A

digley ppatatis as spaforthtin ol a td eleinlindhe g ffentyelpiak:

area portion, the light receiving cell is arranged close to at least one
digisiaptElint0 selbisaark tisplayedoiitismranged tlose tgdhte lightctrode
receiving cell, and an arrangement pattern on which the reference cell is
arfehgdelcl e o helarrdimpeesdisploy cedl i€ penedicatly sepeatéd.cEl path
[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

3la



receiving cell is arranged close to at least one first 20 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 25 cell from

wki¢h ah dusputtcaligh be Extactends baepoed gilese-to aHeasdhd light
third display cell, at least one 32 fourth display cell is arranged adjacent to
thedicsticimoedeliranda setorited Umatyiceltdesi whigh aRDUtid the
cannot be extracted is arranged close to the arranged fourth display cell.

5 Mt amdinplay @pparatasds Setfaythtia daieci2odbergia: thefiigiction of
arrangement system and the second arrangement system are adjacent
arklarekdmandedybo-as tonbetperiduhcallyrepdated. 10 [14] A display
apparatus as set forth in any one of claims 8 to 13, wherein: the signal
proéédsifg dikemi parfompsdifferentms sigrial frovessing erileitpus ,

signals between the light receiving cell and the reference cell which are
arfaiRjeRiL 15 close to each other. 33

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 receiving cell, and

an arrangement pattern on which the reference call
is arranged close to the arranged display cell is
pericdically 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 ocutput cannot be extracted is arranged

close to at least one third display cell, at least one
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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 periodically repeated.
[14] A display apparatus as set forth in any one of
claims 8 to 13, 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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