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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 functiof%%¢3idptal Hpparatuses 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 typ@ TSR pafBFARAH S see, for example,

Patent Document 3) are known. 20 [0003] However, a display apparatus
having coordinate input function means as described above, had the
problems_that miniaturization was difficult, and costs became higher in
comparisgﬁW&%a?;%Iay apparatuses. Therefore, in recent years,
there have been being 25 actively developed display apparatuses for

ovétdMifg thet ABobE prsttem- W RRAH R it R E&Ting eI BmEheRLEY

rovided to each pixel,of the display apparatus, and
P apparatus pgovide wid% % EEth receiving element in a

display pixel portion or on a frame of the display pixel
portion.

BACKGROUND ART
[06002] 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 Documeﬁts 1 and 2) and a display
apparatus using an electromagnetic induction type touch
panel system (see, for example, Patent Document 3) are
known.
[0003] 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.

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

above problem, in which z light receiving element is
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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 coordinates in a display apparatus as described above,
noPBRIVIARAhEQRARIJGE 1 tRE siFercahlise tegl ceebParRdddts cand
be lowered in comparison with a display apparatus provided with a 10
codRfitdenpdrahcticPRitaRBehdtiasd chasRE HiNE- BomPesdrdifate
input and area input. Patent Document 1. Japanese Patent Publication (A)
NoiebBead0ss PRRAEBYcFARRES N ShesR Faen Db IREFBATXK)
15 No. 2002-41244 Patent Document 3: Japanese Patent Publication (A)
NOPPRAT ¥ F05 PER I BRI T5P&Test BARNE Publication (A)

No. 2004-318067 20 Patent Document 5: Japanese Patent Publication (A)
No! 98841318818 BRI IR ERS R TR FERFT | SRPBR MM i gl ements
SOLVED BY THE INVENTION [0005] However, in a system_utilizing light
refR&F X ERATAK IHR BF a et OBIade8udhag, &HifgeP%nd

realizing a touch pangl, an i a%e sensor, etc., it 2
appdaratus as describe ove, 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.

Patent Document 1: Japanese Patent Publication (&)
No. 2002-149085

Patent Document 2: Japanese Patent Publication (A)
Ho. 2002-41244

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

Patent Document 4: Japanese Patent Publication (&)
No. 2004-318087

Patent Document 5: Japanese Patent Publication (A)
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 obiect, such as, a finger

and realizing a touch panel, an image sensor, ete., it
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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, interference noise from a display portion cannot be canceled in real

tinfa A ptrer LPButh e SSGRSARERIRVER & g i8R fty ' Beteiff lected
having strong tolerance for 10 temperature characteristics and time

flutkBRibndrsdiit the rékiizRd 2R uARBA HIESIRRRRT bishRy SRRfeled in

reliability system, a calibration operation becomes necessary when
turﬁﬁ?gloﬁ%ﬁ?power. 15 [0006] The present invention provides a display
apparatus able to reduce the influence by noise and able to improve an

SN ratio G F§iftTecéRind Sy st *RithBrRGuRRG S LaMtaisiescribed
operation when turning on the power. 20 MEANS FOR SO VI%G THE
PROSVEMIOOYT] AMRIPRT PHails bF APt HEpREPArHthe > Bftsent
invention has at least one di%agla cell having a dis I%_ circuit; at least one -
QRFYECERRTPEST IRALaRg Tt Te iRy DleRERt SRt RE 25

referencelceél havin%a co,gfiguration equivalent to the configuration of the
Iigﬁ:tar%%slv?ng && gna%loc ed -

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

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

[0006] The present invention provides a display
apparatus able to reduce the influence by noise and able
to improve an SN ratio of a light receiving system
without requiring a‘calibraticn operation when turning on
the power.

MEANS FOR SOLVING THE PROEBLEM
[0007] A display apparatus of a first aspect of the
present invention has at least one display cell having a
display circuit; at least cne light receiving cell
including a light receiving element; at least one
reference cell having a configuration equivalent teo the

configuration of the light receiving cell and blocked
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3 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 5

cell. [0008] A second aspect of the present invention has an effective

piXet e PEARIANRSVINEN BiSTtrialiRPE disPRy elk Bré arRiBd Y go lement
matrix and in which at least one light receiving cell including a first light 10
reEAGNG cTeARAtaRT ALREET BAe FfErHcE RAHRIY 2BcsHgtrtfon-2aL
equivalent to the configuration of the light receiving_cell and blocked from
inddeR& oPTtaRoTd sefoAd igRtTRRE VR EheRt aid SrrdrgdF

mixed in the matrix array of the disglay cells; a signal 15 processing

cirt B perfoRfingtiffe @ tarSg R “BioceS4iRB b affo it JGHaoine

light receiving cell and an output signal of the reference cell, and a back

ligfiérhitting light to the effective pixel area portion. 20 [0009] In the

prise (#é ventign, an out%ut s?nal ofag li treceivin%%ell including, fo&as an

ex %(g € 1 light BRTSAIerR T5 8BS HeTdctad BnBER6I8E chMPEREAPEN

an tgu signal of a reference cell notincludinﬁ Ih%li%ht £ompon nt to
%%% SEVELER iBrea %Prtloa in whic B ur%£1%¥ of

bedetected, butincluding only“anoise 25 ¢omponént, aré Tput to the

SQEE#B$§§SEQ9f£pggéOarrayed 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 differential signal
processing 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.
{0008] In the present invention, an ocutput 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
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process the differential signal processing, to thereby 4 delete the noise
component. ADVANTAGEOUS EFFECTS [0010] According to the
present invention, the influence by noise can be reduced, and the SN
ratio of 5 the light receiving system can be improved without requiring a
cafiBreibh dpPaftti-RAeAWRAREBT the power. BRIEF DESCRIPTION
OF DRAWINGS [0011] [FIG. 1}5A block diagram showing an example of
10 the coMRYBFREROAEA ! GtHG 2fystal image display apparatus according
to an embodiment of the present invention. [FIGS. 2] Diagrams showing a
firdtH=Pdple ofFECESAMFUrSforFbraR B e PREPRERIA théNGuid 15
crystal image display apparatus of FIG. 1. [FIG. 3] A circuit diagram
shbfrgiaReRafpIE iR BaBICRONMGHREEH of FhtReceMing2ERC ©F
(reference cell) according to the present embodiment. [FIG. 4] A sectional
vidw SchiéPaficdifSoving 2528 fight RARIAR COPECIGTinG EhRE T
present embodiment. _[FIG. 515\A sectional view showing an example of t}tle
strtEtiite fomAng aca%tg‘x%%ﬁ SP(IGREFR BN "BisHe St a0fgme™ the

receiving cell and reference cell by a TFT.
power.

BRIEF DESCRIPTION OF DRAWINGS
[0011] [FIG. 1] A block diagram showing an example of
the configuration of a ligquid 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 liquid
crystal image display apparatus of FIG. 1.

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

[FIG. 41 A sectional view schematically showing a
light receiving cell according to the present embodiment.

[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.

[FIG. 6] A circuit diagram showing a first exampie

of the configuration of a received light signal
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25 [FIG. 6] A circuit diagram showing a first example of the configuration
of a received light signal 5 processing circuit according to the present
embodiment. [FIG. 7] A circuit diagram showing a second example of the
configuration of the received light signal processing circuit according to
thEPPESsT Enththfent 5 AICOBPARTadraAntSehEraRamy %Rﬂgg‘ﬁent :
detection_system of reflected light of a back light. [FIGS. 9] Diagrams for
exp|ainin§%¥f%aszh WhyPgisE idathadeite $ bt eRtifssomg Sxample
processing of output signals of the light receiving cell and the 10
reffeitE cOPRESTHFRTH e Pleddift erssthmart. 1EIBE 16 ARfdgram
for explaining an example of another cell array, BEST MODE FOR _ .
CRRRYINGSHTOHAETNVEPABHE A SF Beldi? RFEMBBEIERBIRE™T -
present invention_15 will be explained with refe@rﬁ%%et the attache

, He

drawings..[ﬁ)-fﬁ3] ?n]tlﬁ %ﬂ&%ﬁﬁ"dg ﬁ)’ﬂﬁ‘ﬁ' &‘e!%&nf?gu%ﬁ‘&ct“n
R R heRE o SO FUL dEb R Thc BB cYBEIE for faciiaung
understqrﬂ,jggﬁtheg ark?.mbggjnmet%t a}é:pg}r{diti%t% 2 r(i:on‘gz:trel;g asgguct% e wirlllc‘ise
be explained.”[001 ]]F PPE R Block dlagr%m §h0W|ﬁg an examBIe oty
can be deleted by differential signal processing of
output 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 MODE FOR CARRYING OUT THE INVENTION
[0012] Below, an embodiment of the present invention
will be explained with reference to the attached
drawings.
[0013] In the following description, first, the basic
configuration and functions of a liguid crystal image
display apparatus providing a light receiving eiement for
each display pixel will be explained for facilitating
understanding, then an embodiment according to a concrete
structure will be explained.
[0014] 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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the configuration of a liquid crystal image display 25 apparatus according
to the embodiment of the present invention. 6 FIGS. 2(A) to 2(C) are
diagrams showing a first example of the configuration of an effective pixel
area portion in theé%suid crystal image display apparatus of FIG. 1, in

which FIETSEY) shffis £k b 2emks, FreI5378) ShQWLaDIan e &

and FIG. 2(C) shows a sectional view. [0015] A liquid crystal image
di§SraFapRariusteas CHOVFTHFAEES™, Ahs 3 af:e%%&%b’i%l%?-é‘&l area
portion 2, vertical drive circuit (VDRV) 3, horizontal drive_ circuit 10
(HBRER P Right rdtibn TR T oFEVEHERETRIS S Pece&PRGRa s of
signal processing circuit (EISPRC) 6. [0016] In the effective pixel area
oot 2 145 SRONRTIFIEL®: olplalif GPifs Pl eEte 51 13165316, FIC-
21B), each including a display circuit 210 forming, a 15 display pixel, are
AR A Rafiv? LRNEEAT th@BAeRAE pitdh area S e g TER SRR
cell 22 and a reference cell 23 are alternately arranged for each adjacent
thréedisplay cells 21R, 21G, and 218. 20 Specifically, from the left in

B I AL TS SR RIC
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.

[C016] 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 2iR, 216G,
and 21B.

Specifically, from the left in FIG. 2 to the right,
a R color display cell 21IR, 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 adjacent 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

7



10

20

primary colors, are arranged, and the light receiving cell 22 is arranged
adjacent to the display cell 21B. 25 Further, following this light receiving

cell 22, the R color display cell 21R, G color display cell 21G, and B 7

color display cell 21B are arranged, and the reference cell 23 is arranged
adPRIEN tGHTE HShISRL §i§g. FFe AP Pkel aRh fOTon S 6rHRCS
first example of the configuration is formed by this array being 5

peFRlicafly réfeABI2REREAPAF P FaiFOf cbdSly A rFhRY tietighe 23
receiving cell 22 and the reference cell 23 (the light_receiving cell 22 and
the PErefiTR@ EHIS3 Bik B8R 2 8rBRG S Close vﬂ‘ﬁle%dﬁia’ﬁﬁg freTple
display cells 21R, 10 21G, and 21B between them, and close in positional

reBfior&fip S ARG EEaRing cdIP3P8Rd te TefTeRdE B8 2509

perform oclﬁfgefffere lal processing of outputs as the pair of the cells. As a
re &Rt TSR elfmivek&d 0017] Further, in the effective pixel area

portion 2,_as shown in FIG. 2 Ba)?/an R color filter ELT-R is formed_ in the,
ranger TS TR b Ao GasIay oI BT o™

L mente A eaen e ol denies UG
Co%éé&%%%%%e%él§'22 and the reference cell 23 are closely
arranged close while sandwiching the display cells ZI1R,
21G, and 218 between them, and close in positional
relationship of the light receiving cell 22 and the
reference cell 23), perform differential processing of
outputs as the pair of the cells. As a result, noise is
eliminated.
[0017] Further, in the effective pixel area portion 2,
az shown in FIG. 2(B), an R color f£ilter 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 Z21B.

A black mask (light shield mask) BMSK2Z2 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

8
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A black 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 25 shield mask) BMSK23 having a light shield function is
formed in the arrangement region of the reference cell 8 23. In the black

m&sk- BMSK22 formed in the light receiving cell 22, an opening BMSK221

for receiving light into the light receiving element is formed. 5 Contrary to

this, n thebl e LR EMBRES (SIS, SRERAEcHee HaR 251 aHE
opening_corresponding to the opening BMSK221 is not formed. [0018] In_
thE%ﬁ‘éét‘?Vé‘Hix@P&tJegzﬁyrti&?2?8?%[’16&'/@%%5@5?]Z(éj’,% FRFGER/RY light
layer 26 is formed between 10 a TFT substrate (first transparent

subBirate22 HABY by EXARHIE GRS & doeFFSubstrate

(second transparent substrate 25) by sealing liquid crystal therebetween.
Further, & BREF G ?f’is’ﬁﬁ‘eﬁ}ge’dnorﬁhﬁ)rkéiﬁﬁ?blé‘}%sﬂfom%ﬁa@%d -
side of the TFT 15 substrate 24. Further, on a base surface 242 side of

thé TR T SHBSFRARD LR dRplay Bhr TREZIBFo FRETREHRY LR 1R Fhe

21G, and 21B r?éj circuit 220 gnd a light receiving element (photo
seﬁggﬁ A f%?%ﬁ( |gjht12f) r%%&v%r%rénﬁ 2, and a read circuit 230 and a

”9T50181 In the effective pixel area portion 2, as shown
in FIG. 2(C), a ligquid crystal laver 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 liguid 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
caells 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 sensorj 231 for 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 BMSKZ22 and BMSK23, are

formed.
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receiving element (photo sensor) 231 for 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, 25 FLT-G, and FLT-B, and

black masks BMSK22 and BMSK23, are formed. 9 [0019] The display

cirAR D20 in ediedBpRBIcN ZHISESHMIANED By, 88ShoRhsRERG. 2@ 21
a thin film transistor (TFT) 211 as a switching element, a liquid crystal
celtILEPRE2 SRERFCIPYixe PEle R afd' 5 Bbfineciétito ofdrbitisleétdle

(or source electrode) of the TFT 211, and a holding capacitor (Cs) 213 of

WHIER HeSERE ddE T connbchstl B thdidiahi@gchd@erihe FrFispaid
[0020] For these display cells 21R, 21G, and 21B, 10 scanning lines (gate
linESY P4 Btdrelhirdd foreth W Horkithehitdieriardtette
direction, and signal lines 8-1 to 8-n are wired for each column along the

PP BRERGEMeNT dfte ERATFURHEF JeeRIettbdBS B e TFISDII oF

the 15 display cells 21 are connected to the same scanning lines (gate
inEBF7THE tin (I o (BRECEAINGREBTHE e trBleS tof AaPse
electrodes) of the TFTs 211 of the display cells 21 are cor}_nected tc(I') thef n
safREISPRT SRR s h TRiOfcsfamhg, Stectrode of the

TFT 211.

[0020] For these 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-n are wired for each column along the
pixel arrangement direction.

Further, gate electrodes of the TFTs 211 of the
display cells 21 are connected to the same scanning lines
{(gate lines} 7-1 to 7-m in units of rows. Further, source
aelectrodes (or drain electrodes) of the TFTs 211 of the
display cells 21 are connected to the same display signal
lines B8-1 to B~n in units of columns.

00217 In the configuration of FIG. 2(A), the scanning
lines 7-1 toc 7-m are connected to the vertical drive
circuit 3 and driven by this vertical drive circuit 3.

Further, the display signal lines 8-1 to 8-n wired
corresponding to 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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20 [0021] In the configuration of FIG. 2(A), the scanning lines 7-1to 7-m

are connected to the vertical drive circuit 3 and driven by this vertical

drive circuit 3. Further, the display signal lines 8-1 to 8-n wired

corresponding to the display cells 21 are connected to a 25 horizontal
driv@Redit 4, FidahverbFiRe orRashFeFivEREIR . {83002 Piker 9=
holding capacitor wirings (Cs) 9-1 to 9-m are independently wired. The
hofthifg L2FSERAEST 8 e *offd TEAReBR HERIiRERRFdHG Tapatitor e
wirings 9-1 to 9-m and connection electrodes. 5 To the counter electrode

of BRF MR RASHEFRIEBES DI P G pR A, GRRRFANRE JorfioRes o1
and/or the other electrode of the holding capacitor 213, for example, a
préfe@min2BD ERMEFE O GiVEASS H ¥finon voltage VCOM through

a common wiring. Or, to the 10 counter%electrodeaof stal ¢

12 of 0ol GRB A AEad OREERAF cRENOB of HERBIGTRY <ot oLl

L 218o IB SEIA g COM et o

e S e R ol oln Sanalloes 0 1000

re?oi\gn%}gs}tlt%g% ,a ng t;tlne:e[g];e{eearz}?nei%eelg %% veoltage is given as a
common wvoltage VCOM through & common wiring. Or, to the
counter electrode of the ligquid 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
(1H), is given,
[GO23] 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,

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 cirecuit 5 to the received light
signal processing circuit 6.

[0024] 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

11
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The light reception signal lines 10-1 to 10-p are 20 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. [0024] The vertical drive circuit 3 receives a 25
vetifftaFBRrVSigRACRS T HAREHASCKVER, BhaPabRD Sidil BN Pank
carries out the processings of scanning 11 in the vertical direction (row
dirbEfidd PrEALK 1 SR RRdRLqEBART SbRIttDR oftfe BispRAY
cells 21 connected to the scanning lines 7-1 to 7-m in units of rows. 5
WRET AScahnFRARASE P IR f6APRERBrdcRSHive dirdeht 3 it
scanning line 7-1, the pixels of the columns in the first row are selected,
wHiR M TerPd E&#fhing pulse SP2 is given to the scanning line 7-2, the
pixels of the columns in the second row are selected. 10 Below, in the .
same wal PSR MiRFARRER S PE LSS PT hre- SePhBRtafFgReFis ther tical
scanning lines 7-3,...,.7-m. [0025] The horizontal drive circuit 4 receives a
hoftzntal St titde RIS gSR& at&f B A%t hBRn Cldck TRAePABFafd ©%
instﬁ#cting he start. of k%izo tal 15 scanningq and Eorizon al C:g%%f HCK
ha¥ihg ifvers®hhatBs W edchStheF Sd 3ERIRT A8 T fefe SiRe™ 2

hogé%rggg%%a@&rlgs,egeﬁéatf s'S> Sg{]”l\;:)el’ggé)ouliisé 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.
rgozs] The horizontal drive circuit 4 receives a

horizontal start pulse RST 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 és the reference of the
horizontal scanning, generates sampling pulses,
segquentially 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 8-n.

[Co26] First light reception cell control lines (reset
signal lines) 1l-1 teo 1li-m and second light reception
cell control lines (read signal lines) 12-1 to 1l2-m are

wired for each row along the pixel arrangement direction

12
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sequentially samples input image data R (red), G (green), and B (blue) in
response to the generated sampling 20 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 8-n. (0026] First light reception cell control lines (reset

sigfanfesd) fr1 waahnrindiecdridhghtFe&SoHSS EalLiontfd liRBe the

(read signal lines) 12-1 to 12-m are wired for each row along the pixel
arERTRARIARIIRRESS EBthereof for each of the light receiving cells 22

and the reference cells 23. Further, the light receiving cells 22 and the
reference BEIRNST ardBEnAd@BE tF BERHILHT a"ﬁdv%r B%5PPR fiential
VDD and a reference potential VSS. [0027] FIG. 3 is a circuit diagram
shBRTF SR EXafpte bitfe HE8icCETHIGHRRDN Wt PRIV TERSVRG RIBeT

(reference cell 23) accordingto the present embodiment and shows a

circHRBHEI B 5 T &h B RA%idw I ES RETE PR FE 52 the dRplay
cirgé% I%é? of an adjaéent displgg cell is shown toag[?_th%rééQOZS] Tgee!ri%;ht 1e
receivingcell ZEIocf_th_ piéseht rﬁﬁgalﬁwe TRAERNiGht 7 é‘é}@lna Bl&Ment
224 OO s Sl ) B P ol e S0 22
ha%raer esgér-[g:ar 2«::292].@3%’) 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.
[0028] 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, dicde, etc.
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}.
[0022] 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
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amplification TFT 223 (233), selection (read) TFT 224 (234), received

light signal storage capacitor 225 (235), and node ND221 (231). 20

[0029] The light receiving element 221 is connected between the portion

of the power supply potential VDD and the node ND221. The reset TFT
27%%2i¢ 13 finE@ B eroFskaffplEhan hidithnbiFiisisRFaREGcert 1
connected_ to the portion of the reference potential VSS (for 25 example,
ngBHJ'QQ-D)]:Hﬁ% itsld i REohme bRl RS STRAPREDS 15 PHther, the
gate electrode of the reset TFT 13222 is connected to the first light
reception &8l EdfFoRhe e wWiER ik the e&iteshofing fov. S gaR A ted
the amplification TET 223 is connected to the node ND221, its drainis |
cohfietR BIAE JORFAT 5 drtfie ot shppHFPRERREVDES, ditfirportion

source is connected to the drain of the selection TFT 224. The gate of the

sefectibRerPPYSE iSEMISt e kP the ot lighBtecedifordgnae s

U IRSIZ 00 fiodee s SO DL ION SR TR e

e e LR C———

InedThis quicntsobrce sfonmed Indoq prermple: 1 iheenetied loh
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 is
connected between the node ND2Z21 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 of the light receiving
cell of FIG. 2{C) in an enlarged view.

[0031] 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
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present embodiment. The received light signal storage capacitor 225 is
connected between the node ND221 and the portion of the reference
potential VSS. 20 [0030] FIG. 4 is a cross-sectional view schematically
showing a light receiving cell according to the present_embodiment, and
shbfiRra BEATHNST thé ligREREeRARF el bR FIG ThE ) in ShteigeRriving
view. [0031] The light receiving cell 22 is, as shown in 25 FIG. 4, formed
orfffielhase siitffeeadtgedrie R Iqidratd dg4dimed pyapd the
transparent insulating substrate 14 <(for example, a glass substrate). The

light BteiiRG CeNoEisthmGited WPt red8RRGR 228%and the light

receiving element (photo senso%ZZl. The black mask BMSK22 is formed
on the baRS FERE TR AMERAR doUErRARuaTe SBoRARPLT S T2ce

counter substrate transparent insulating substrate (for example, a glass

subttaity e bpéhifig BMEKSS1 FiRATG 2kRerAa fGFEIhEPhBSounEeT

serghs‘glr 2%1 is formed in theeblgck ma% BMSK22 facing‘;athe rfgion of le,

fortHatfon 6 he PO BBASS 10221 Hha MquittyStafisyer 26T SE5EH

el AR Mo le e b ..,

S“?i%@? ‘% the photo sensor 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. Fuarther,
the back light 27 is arranged on the bottom surface 241
side of the TFT substrate 24,

A 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.

[0032] FIG. 5 is a sectional view showing an example
of the structure forming a phote sensor {light receiving
elemaent} of a light receiving cell and reference cell by
a TFT.

{0033} 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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15 A 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. [0032] FIG. 5is a
sectional view showing an example 20 of the structure forming a photo
sehsHit @ hP fe ARG BRI S liRTESVRg CEMandYerGBAERREII
by a TFET. [0033] A gate electrode 302 covered by a gate insulating film
30ASE3drREd BR RS ¥2F RibsTRIE52 728 G s st HSUIRETF =SS -
substrate, for example, a glass_substrate). The gate electrode is formed
by formafi®n 5Re 592 i SRHERHHRRNT tB), ?gﬁtaltﬁn TPISPaHBHER™

metal or an alloy by s utterjn% or angther process. On the ga%e insmatif?f%sion

filth 342, ATRAREEARROT 1 (EREHTR oty réyiBR) 3057 PairtrT
O A AR S S S e
(atss S aORIE) YR Fue A A Yy
L AT e e B
?2\9/3:%%&23@9ioarh]g)’ianqge%qiag}gg'a%.er{sh ialing il 3093540 30,8840
as to cover the gate insulating film 302, semiconductor
layer (channel forming region) 303, n diffusion layers
(LDD regions) 304 and 305, and n' diffusion 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
£ilm 309 is formed by, for example, SiN or S5i0:.
To the n° diffusion layer 306, a source electrode
311 is connected via a contact hole 310a formed in the
interlayer insulating f£ilms 308 and 309, and to the other
n* diffusion laver 307, a drain electrode 312 is
connected via a contact hole 310b formed in the
interlayer insulating films 308 and 309.
The source electrode 311 and the drain electrode 312
are formed by patterning, for example, aluminum (Al).
A flattening film 313 is formed on the interlayer

insulating film 309, source electrode 311, drain

electrode 312, and interlayer insulating film 309.
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interlayer insulating film 308. The interlayer insulating 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+ diffusion layer
307, a drififetFBAE 33598 5B ohAgEEdaRa AT R0 31 68 fotmed
in the interlayer insulatigi films 308 and 309. The source electrode 311

arfdihEHaiettdde 313 -are formed by patterning, for example,

aluminum (Al). A flattening film 313 is formed on the interlayer 25
indH3R film §6‘9,%h?cecgféﬁﬁﬁﬁélgii?dra?g’eelg(?tﬁ?dea? trgfe of the

, an
interlayer insulating film 309. 16 The liquid, crystal layer 26 is formed on
th@‘”ﬁ%{i’é‘hiﬁ&ﬁﬁn e [0034] fﬁsth%’ i ité?on,?hé’ﬁgf“ecglecﬁg & oPhhehe

bottom gate type TET is formed on an %[_Etical ath of.the 5 light of th
ba%f({#d%t t%gth%gc%a%%%he%?& gft 2 .fg:%?&%ély?ﬁ%lgﬁ%%té% he TET.
electrode has ifun t@g Qlt

FIES hlogking ths Jai i the back L2 b And ¢
has%c?uncjtl_o% ofre ucmg% e ficise beam.tfbaé%_ i flrst |gﬁt reception
CohESRr T S s seption agte e Lol e o
COQH%Q%%%QE%%pggﬁgzing the noise beamn.
[0035] The first light reception cell contrel line 11
and the second reception signal line 12 are connected to
the light reception control circuit 5.

The light reception control 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 esach display cell
22 turns on for a constant period, and the node ND221 1is
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.

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
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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
reCE&RaFh§REsigRal-storage capacitor 225 connected to the node ND221
is discharged, 20 the potential of the node ND221 is set at the reference

potential Zndthight PEceifg Taft 2bitbniReaR iRl SeRETrthigironit

state, when the light receiving element 221 receives_ a predetermined

amount®t igREthEEGREIs FitelinGBRMET 227 FRDTSCEatCHTR
the potential of the node ND221 rises, aérg a charge |s stored in the 17

caﬁﬁaﬁﬁ% A‘Efﬁi‘l: tATe tb’if’ﬂ'lelﬁ:gﬂ?r pﬁ&_n %oﬁﬁgpcigc%*ﬁ?%,’ tHERafe

pel 0.2 paled e second Bl coonln el valoe 2 g,

thetghar e stored ilg‘f}%%gaJp.)fa}ci}:%rtez25‘?‘isaac£n|c%lfi]1‘igdzaz‘ssa_lrzlL sel_eamcgtri f néalcliau‘_:=1 < an

the"amp'i i&4on T and ou puf: £ ﬁ'g it reception S|gn§I o'the

o cseptn sopel et U secptel 1 0 0010 S

'egﬁy%gqgghﬂgqgception signal to the light reception signal
line 10 via the selection TFT 224.
[0036] A signal propagated through the light reception
signal line 10 is input teo 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 subseguent stage that controls a
predetermined function porticn responded_to the input
light reception signal of the light receiving cell 22.
[0037] FIG. 5 is a cirguit diagram showing a first
example of the configuration of the received light signal
processing circuit according to the present embodiment.

FIG. 7 is a circuit diagram showing a second example

of the configuration of the received light signal

processing circuit according to the present embodiment.
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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 signal from the light receiving cell 22 and the
signal from the reference cell 23, then outputs the result to a not shown
sigh PRdcessinfeySRARiNedatdTh & StHIBddeMEREGE it ToRtERE E 6
predetermined function portion responded to the input 20 light reception

sighial Bt the IRyt FEcavRETRN 20UB687) BE. b 5% Gictiht fagRmeted to
showing a first example of the configuration of the received light signal
proceE ngERTRor ihg13 the prent Bmboliftndift BIGS7 ¥ ehcditoht
diagram showing a second example 25 of the configuration of the

relE TOREGTH LirtbsaRg chebRACEGRIMRb fle reddin connected,
embogdiment. 18,[003%] The received light signal processing cirguit 6 of

FIERE (R AR R F 5B oo hettod &5 Rl R Lptor

signal lines 10-1 t9.10-p to which light receiving cells 22 and reference . |
e T TR s ST At SR e SR
performing differential signal processing (differential. processing) of .

adfacent @wztnrgz:eﬁtigonaéﬁﬁg%ﬁwesﬁﬂﬁ% and T&Q%‘ndq Oﬁflp%l&#l%} t{ﬁzénes 10-1

resyliant peceivedilt signalwhich,suppicsses the infuence ofrefleglion
noise 10 and offset NOISE In eﬁgh receiving ceﬁ“ﬁ to an
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 output
signal of the light receiving cell 22 at a non-inverted
input (+), inputs the ocutput 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 subseguent
stage.

[0039] 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 €3-p including

switches SW1l and resetting the light reception signal

lines 10~1 to 10-p to which the light receiving cells 22
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extremely small level. Each operational amplifier 62 inputs the output

signal of the light receiving cell 22 at a non-inverted input (+), inputs the
output signal of the reference cell 15 23 adjacent to this light receiving cell
22 at an inverted input (-), performs differential processing of the two
inpiSsiginfie rarreupaslheddsarmieriecsephre’séd Brepfibenpd ned
of reflection noise and offset noise in the light receiving cell 22 to an
extiehielFe0 oraBde P aietdtedSHY Lirddit P eStARYGeRE FIG.
stage. [0039] A received light signal processing circuit 6A of FIG. 7, in

ad ion%%“%ﬁé%i’rﬁ&i%éoﬁﬁg’iﬁﬁ%ﬁ oP 6. boh&s résctentdissd By

63-p including 25 switches SW1 and resetting the light reception signal
lin8¥15°P 51 2o c R RS Fgt B e Thgteds 2 Re A JRSTEREED the
cells 23 are connected to a predetermined voltage (ground potential
(GNEFT R ERRTPRPoFERR2F), SERfTe /MBIt é Se1 3 8agPn-
configured?g% switches SW2 and capacitors Cl and connected between

thé BYBRERSLeHBH SRy lindS Fo S IF-B At W tnvrte PhphRe(+)

and inverted inputs (-) of the operational amplifiers 62-1 to 62-q, and
R R (R B TAB A 4B K684 Son R FRAHRS O T

o f@g@i?“g@@;g@@gﬁgs §SE¥>%§9fﬂgL 65-g connected to the
outputs 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 (63)
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
output 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. 9(A) and 2(B) are diagrams for explaining

a reason why noise can be deleted by the differential
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10 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. 15 [0041] Next, how to obtain the signal to which the
infidEMElo B EREARHLAG SO EraUREE ndidiA Hfe MGnERR el Eell 22
Is suppressed in an extremely small level, by the differential signal
prﬁ&&%ﬁ@%ﬁﬂf@ebhﬁﬁéigﬁﬁrﬁ%ﬁgrﬁ?ieeiﬁﬁa%ﬁﬂ%ﬁ&m@fo
output signal of the reference cell 23. Here, as shown in FIG. 8, an
oRRARADA VATBRITER Wit P8Rt 51 cdddWnbfe e ddamTis
configured as a detection system of the reflected light of tﬁr ckli h\% 25
[OBRSITRSE B(RFARE o08) SRecibRNS THSSPIAG oS ads GG L
noise can be deleted by the differential 20 signal processing of output
SGHRS of eftight SRR GBI B ForBRahee Ol ARBrdiRG Toghics cell-

! ' ( : : accord'? r)g O the

e LR SN S e £ ol

o L SRk e A el U e
beam.
[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,
TEFT substrate 24, liquid crystal layer 26, opening
BMSK221 of the black mask BMSK22 of the light receiving
cell 22 arranged at a predetermined position ({(coordinate
position), counter substrate 25, and polarizing filter 28
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.

This reflected light A 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 formed

by, for example, a TFT through the opening BMSK221 of the

black mask BMSK22 of the light receiving cell 22, to
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[0043] In the light receiving cell 22 in the detection 10 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
BISKRY tor the ligRGREERThFIgRal 225farkRA%R LHetefrmined
position (coordinate position), counter substrate 25, and polarizing filter
20l 4P f effective FRRI AP FomBAD AR E BRddief%n 3DolhTo beIrt
detected of a user (for example, finger) arranged on the front surface side
25555t ERBURRS 2 0 BR rate’ 25 SRS TeMARd TR A TERESthiBRgh
the, polarizing filter 29, counter substrate 25, and Ii(iuid cry tal,layerf ,
andi5F6585Fe 8 at TREEHVEFSyiBn (A hHP Ftom) o?’gji’@%t fet g Scted

element_(photo sensor) 221 farmed 25 by, for example, a TFT through the
g IR e Bt KRS RSt SR TEHE R e col

22 Oa% %llj%%tgi %Ceé\éj d Siggal%_h :e S%%i%%%%u;%%ﬁ]{:oa%?q én (tahre . tand

reCéiving ce , as’the Tight Trom erthan the light to

be detected A, there a_noise beam B1 which,is ﬁected at, for.
e By S I GRS A i 3102 o Pee

'r']‘g%%' %égégfﬁk'aé{:‘%%%?: g giikepdhegntiegaiyind.element 21, a0d e 221 .
Namely, the output signal of the light receiving cell 22
includes the light A to be detected and the noise beams
B1 and BZ.

[0045] Since, in the reference cell 23, the opening
BMSK221 of the black mask BMSK22 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 Bl which is reflected at the
interface region between the flattening £ilm 313 and the
ligquid ecrystal 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 B2 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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B2 which directly strike the light receiving element 221. Namely, the

output signal of the light receiving cell 22 10 includes the light A to be

detected and the noise beams B1 and B2. [0045] Since, in the reference

cell 23, the opening BMSK221 of the black mask BMSK22 of the light
re€&iviriy cBP 559@ ngR T mERPheTight 1Y theTaRR Iight SPoLPRGeS R PALR
form the light A to be detected, and includes, for example, the noise

belin BASwWRRAs Tt Sre “hidis SRR behReEH Me HiatERfTE T

film_313 and the liquid crystal layer 26 and strikes the light recegjvin
S PR B Ve e e Pl S R

receiving element 221. Namely, the gutput signal of the light receiying cell

22 MBS 1S okt BB T B ARD B2 MORTNRE T RETHATabEE 925
shows the case where, the ngise beam, B2 directly passes through the

ga e\iv 725 elfgé%‘raod%ooﬁﬁzec%lr%ﬁ& ‘aﬁgcﬁ?‘ Strikes ﬁ\‘%e C aaﬁnneg 5r'egion,

ho in actuality, since the gate electrode 22 of.the.bottom gate type
T ned BoTE S pat o TS boge RN e 1 e

region of the TFT. .this illustrati hows that,t| ight is reflected here,
oRadR g I el e Oha 0 el LIPS

gfg%n'%?bggg&eng‘e<@ beam 82,003 LAty dn e resesdiat gnar
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 operaticnal 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 6 performing the differential signal

processing of the output signal of the light receiving
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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 10 the reference cell 23 adjacent to the light receiving cell 22 is
performed at the operational amplifier 62, and the most of the noise
cofipbheft cafiBetdsle@UtRE Y RigREhe VT RS IIRE BFERARNGRLL 23,
amplifier. 62 is a signal with the influence of reflection noise and 15 offset

nofRSinfR& LgKERE AT E&F 22 phreRRE3dRRsnely small. [0048] As

explained above, according to the present embodiment, since the
appftdd has fiie FIUFRFBF dRGA-EeRE2 _hEGRGRIiSARRErGRE Iftpae
the light 20 receiving cell 22 including the light receiving element_ 221, the
refRFRIRRFCES3 hBving & CorfiRPatiolt ehahaRTES tHa B the gt 1ight
recejving.cell and. bJocked from incidence of the light upon the light
oGRS IPE 7 FEReLsREY 5F Bona SR Resihy rEaR L

6 performing the, differential signal processing of the outpug signal of the

R ETELBTARS o5 B P Do BT SFRES! (R TEH S HRF o ghan the
the_following effects can be ohtained. [0049] In a systemm, realizing a tough
DaRF et ThESe G oBe oo bo CRiting e Fortthl SOht e Toged are

a bgecgiiggégg the light to be detected, internal

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 ratic 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 z 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.

[C050] Note that, in the above embodiment, as the cell
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reflected light noise in the layer located lower than the black mask can be
deleted, and a high SN ratio can be realized. In the system using the

above back light or an 10 imaging system using external light, offset noise

of the light receiving elements (photo sensor) and pixel circuits can be
defditaYineferbhea T SkistioR A He FEARE°HTH sy&terfsing the
above back light or an 15 imaging system using of external beam,

inBFRIFRR T8 o IAT T pidyCaFBE FERRES, thBrctBR SRRk SRSTe an

ratio can be realized. The noise described above_can_be deleted in re

tinfF TREr HAREE highS efta ity % sEriRARD 5 e itBd, iRt tRELOT
infl ,enci' of a %I}ig&g&la the tgem erature charact _ristisiaand fluc%Ja%tilon ofr
th&*cHarscteft Eto FReIESSe bf iR CFor theRsaie F&sons™s 27
th%sxerdeSCéi ed&%v&ah%a@é%@n 0 eratioriﬁrff tyrnig%gg n'th dq
power,aﬁ‘gcorﬁes unﬁecessary. :('(Y NGie th&t“in‘theHboves
emb afé?&ﬂ% aééh%x?g”dt%“sé{{% °£é*fi etiogiv e&é?ﬂo%@?.%i%%%”szﬁ%ht
explanation was given wi erence 1o thé case wWhére an rray Whére
the B salor display cell 21 dhg Groolgs Siorlan sl 31820998 G919 ¢
display cell 2IB are
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.
[0051] 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 continuocusly

arranged, or, a plurality of the first groups are

25



10

15

20

25

5 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 10 adjacent to the display

ceIABLRIRARLY, AT 5FRICYrARF aFRRhRIFQNG o8P PP Eri6dEaRF Tanged.
repeatedly formed. [0051] The present invention is not limited to this )
for %}/ of an 3y Saricts THEEALaftSHe B poifienEdeekaipRn in
as shown in FIG, 10, it is possible to adopt a configuration in which a

gr8Gp S8jatBft &)Jtﬁétﬁﬁ?ﬁ%‘ﬁ’(ﬁ%u‘b‘?%&pl%%%o%ﬁs’f&ﬁﬁgfﬁgﬁ cell
second array. (group) which is provided with_a merely black mask 20
SRR TR SRR 5 PR (LMD B iy adopted.
reference cellghand th\%Srefere ce cells andéo_{elig;rg recei%in cells formed

under a BIABKTRSSK kg(B St WRieh™n externaﬁc’)%rfL PEROTe as to

connectegéand these_first group, ggg_ S dSond group are algzer%%tilya s

arfinged or 5% ﬁﬁ?a%ﬁ oF the-Second grotps are continucusR

arr ggﬁrﬁa %%raliyo%f th a1“irrs€__=t Qups ar. 25 continugusl arran egha €

a aj;ﬁe Second groﬂ)s are arrange g[%f)‘?ﬁf I‘—ausrtr?er}lgl%hdug% not sfﬁown,

a qapfigurationdn which the ight recpbing.gell 22 apd the feferencecally of
the output signal of each light receiving cell 22 and the
output signal of that one reference cell 23.

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.

[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
receiving element for each of R, G, and B, or so as to
arrange one light receiving element for ocne 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
applying the present invention to a display apparatus

having built-in light receiving elements as shown in FIG.

26



23 are directly adjacent to each other, can be adopted. 5 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
reCeivihg RASFST BRSEGBLBUEQIgHER ofthint ShE (ERFERECR| signal
Alternatjvely, it is also possible to configure so as to provide one

retPate &8I hithEthireEFBaRRS pRel BRESSoriBn 2*anB8 Barry out

the differential signal processing of the output signal of each light 15 i
reé’é‘i&’ﬁﬁs&%ﬁ%'aﬁd‘fﬁ&&ﬁﬁ%@ﬁﬁl BARSCOHE rEfRrBRES BEF25Re Light
[0053] Note that, as shown.in FIG. 2, it can be, ¢configured so as to

arfan %Po’ﬁ'e%hf’r&‘@e%ﬁa)elé’rﬁ%ﬁ?*’f&r’*&‘%lu‘?’&ﬁ’@r%f%&%?’s?‘b‘f’sﬂ%s%try of
arrange o light 23 receivin eleméent for each of R, G, %nd B, or s% as to
arra‘angjéS neﬁ%hﬁe(‘?ei\ﬁﬁane amant %r%rrl]e:bnﬁfé["? e 3 'ﬁgﬁh%’ﬁ? f 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 apparatus having built-in light
receiving elements as shown in FIG. 26 2, it becomes possible to use a

light reception signal which is little influence of noise in the post-
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processing, and it becomes possible to perform the light reception

(imaging) processing while preventing entry of 5 a display side signal into

an imaging side signal. 27 CLAIMS [1] A display apparatus comprising:

at least one display cell having a display circuit; at least one light

receiving cell including a light 5 recer ¥Rment; at least one reference

cell having a configuration equivalent to the configuration of the light
redgiVing® cBit SRA o FRRITSHTHTCiGENEF 361t upon the light receiving
element; and_10 a signal processing circuit performing differential signal =
processifg of- &7 dhtRRSi T B e ﬁ’geﬁllrgé@chll é{*(f%nfllaéﬁtﬁdtr cult;
signal of the reference cell, [2] A display apparatus_as set forth in claim_1,

15 wherd: 1H R HETe HHEEt Br&R FORGMR (7€ Hophyy SRRARSUE, A1

D'lérggg_cg_the d'j{:%%‘?'?» are arranged in a matrix, and 20 the light

1V =] ; . . .
reCeIving cetan erence cell are arranged mixed in the matrix

array of tQ% dis&alla tcells. [IrBLA disglgg aggil&atﬂs as set forth in_claim 2

one fere aving 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 ocutput 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,

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.
i3] 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,
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wherein, in the effective pixel area portion, 25 the light receiving cell is
arranged close to at least one first display cell, 28 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®ecbPths MRS cER B SHAREAY 185 ddied S[4F REGRERS
apparatus as set forth in claim 2, wherein: the effective pjxel area portion
co%ﬂ‘?s‘é%?‘& fir&t dpghgehTarht SRER T BFiERhE 1ighP Lo receiving cell

is arranged close to at least one first display cell, at least one second
display B i SFAREER I8 SHETBNE ot calt S The RS Broe
cell is arranged close to the arranged second display cell; and 15 a .
ot En A AT SoS ok I S AP AR 2B HT B Sl &0

from an

out etg .cgggg; 9_9[ exgacteggs grranged close to at least one third display
cellSar1884 he 3fourg?ﬁ’%‘hspiaay'cell is arranged adjacent to the first

dumy C II,(_ﬂgd ila'lsecond gua my cglé frgg]cwgi:g:ht n gutpgS_ZQ_IgaErjot be
extracted Is arr ge%l d6&e o the arranged fourth |splr§1y cel.
wherein:

the effective pixel area portion comprises:

a first arrangement system in which the light
receiving cell is arranged close to at least cne 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,
wherain:

the first arrangement system and the second
arrangement system are adjacent and are arranged so as to

be periodically repeated.
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to the co

[5] A display apparatus as set forth in claim 4, wherein: the first
arrangement system and the second 25 arrangement system are adjacent
and are arranged so as to be periodically repeated. 29 [6] A display
apparatus as set forth in any one of claims 1 to 5, wherein: in the light
red@Vingftel-SRAPEnARPGFARYS G t5YE FRBERIYB tReHgmne of
receiving element is 5 formed in a light shield mask, and the reference

cef e bibtkéd Fon ndlSiet the light to be detected. [7] A display

apparatus as set fQrth in any one of claims 2 to 6, wherein; 10 the signal
processifig oot peifoting SETCFHAP SRt or GRbsER B L S
between the light receiving cell and the reference cell arranged.close to .
b er FS R AP Ao Ao PG, S AT SHEAN CRBA Bt
RAPToad Cholt Fochng Se dciha frot ight rocening
element %f%dea%??é&%”%%%g%rﬁeﬁefse'ﬁa%’lgﬁ& %gé‘fi‘ﬁ!“:ﬁ,argé’f{‘d%%é‘éa'%? the
nfiguration of thé ight réceiving cell and blocked from
In%%%‘rlll e %Uiq:bé detected.
i7] A 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 plurality
of display cells are arraved in a matrix and in which at
least one light receiving cell including a first 1ight
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 processing of an output signal of the light
receiving cell and an output signal of the reference

cell; and
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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 25 receiving cell and an
output signal of the reference, cell; and 30 a back light emitting light to the
effective PR Hred o ﬂé]tﬁﬁ?s%léﬁ'gﬁﬁargﬁsgg? s&gf%ﬁ%#‘é?ai Riget
wherein: 5 the effective pixel area portion has a first transparent substrate
arffRfe P8t YRe back light and on which circuits of the display cells,

Iigg eceiving cells, and reference cells an%t first and second light
re |5/ihg%|%%1%?1 Xrea%?l%léaf:ﬁ aEecon t%i%%%re% sﬁe%gtlr‘gie@'

arrx ed facing the second transparent substrate, a liquid crystal layer
arfs %@%"‘B"e'tween the first transparent substrate and the second

transpare,ag subééraé% and 15 i Pit shield mas s.formgd at the light

receiving cell §hd Tive Teferénice cell%%%ablgaﬁnécﬁaht { be detected, an

opering for guicing the it fo be dejesied 19 e SUSHiGBLIPELM the
element being T6rmed in t
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 liquid 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:

a bottom gate type thin £ilm 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
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20 light shield mask of the light receiving cell. [10] A display apparatus as

set forth in claim 9, wherein: a bottom gate type thin film transistor is

formed on the first transparent substrate including the light 25 receiving

cell and the reference cell, a gate electrode of the thin film transistor is. _
fofffedbn HReHtichi Bhth BBt At PRGH fidte PAcERGhSRIRRY 1ight
second light receiving elements of the light receiving cell and the
refEFECe CAE AUTREYETe BlocldBe HZREFREST Bt Woldrhd iGRF dhe

the back light. 5 [11] A display apparatus as set forth in claim 8, wherein:

in FREEFEANE (SiRd are B POMIE (& igh T EETR IRB SrAnbRaTdee ©f

to at least one_display cell, 10 at least one display cell is arranged close
OIS AT N cFAS ataRGe Rt Satiern on which the

ref ce cell. is arranged close to the arranged display cellis.

efbibally HIaT PR ACNSoRe AP ACE B F (o 5

Wheﬁein: the effective pixel area portion comprises; a first arrangement
wiheralir .. .

system in which a light

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 cell
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 seccend 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
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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

wHieh s b U RRER 0B e exiracitrdagrfgadiasss fo kPlcEkeofdrst
third display cell, at least one 32 fourth display cell is arranged adjacent to
thE RV FRMmYy cARANE SESIRR Y & ¥ronk TaTiciran Jutfiy cutput
cannot be extracted is arranged close to the arranged fourth display cell.

5 [@3PAfsHSy BPPERATS ARt FFFlRRERSnPio SRl hefEpnged

arrangement system and the second arrangement system are adjacent
anfiohE B @Yas )t be periodically repeated. 10 [14] A display
apparatus as set forth in any one of claims 8 to 13, wherein: the signal
pr ify PERFHGFRRAGRERNES sRftal HRITERsHy Gt Bdfhut?-
signals between the light receiving cell and the reference cell which are
arPPGE8T5 close to each other. 33

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 cutput signals between the light
receiving cell and the reference cell which are arranged

close to each other.
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