1 S09PC334 DESCRI PTI ON | MAGE PI CKUP DEVI CE,

DI SPLAY- AND- | MAGE- PI CKUP DEVI CE, ELECTRONI C APPARATUS
AND METHOD OF DETECTI NG AN OBJECT TECHN CAL FI ELD

[ 0001] The present invention relates to an inage

pi ckup device and a di spl ay-and- image-pi ckup device
obt ai ning i nformati on such as the position of an

object touching or in proxinmty to a panel, and ah09P0334
el ectroni ¢ apparatus including such a dlsplay and-

I mage- pi ckup devi ce, of detecting an

obj ect for obtaining %@Rﬁﬁﬁéﬁdnatl on, BACKGROUND ART

[ 0002] Techni ques of detecting the position or the

i ke of an object touching or in proximty to a

surface of a display have been heretof ore known. Annn?
IMAGEm PISKAP ¢ yBE}é)/ nd DB K- ANP-IMAKH-§(&CUR  DEVICE,

di splay including a touch panel is cited. [0003] There
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used type, a touch panel of a type detecting

capacitance is cited. Wien a finger touches the touch

panel, the touch panel captures a change in a surface

TECGHE&EALFIENDr ge of the panel to detect the position
or the like of an object. Therefore, when such a touch
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BACKGROUND ART

[0002] Techniques of detecting the position or the like of an object touching or in
proximity to a surface of a display have been heretofore known. Among them, as a
typical and widespread technique, a display including a touch panel is cited.

[0003] There are various types of touch panels, but as a commonly used type, a touch
panel of a type detecting capacitance is cited. When a finger touches the touch panel,
the touch panel captures a change in a surface electric charge of the panel to detect the
position or the like of an object. Therefore, when such a touch panel is used, users are
allowed to intuitively operate the touch panel.

[0004] Moreover, the applicant of the invention has proposed displays having a
display function of displaying an image and an image pickup function (a detection
function) of picking up an image of an object (detecting an object) in Patent Document

1 and Patent Document 2.



2004- 127272 [ Patent Docunent 2] Japanese Unexam ned

Pat ent Application Publication No. 2006- 276223

DI SCLOSURE OF THE | NVENTI ON [ 0006] When a di spl ay

descri bed in the above-descri bed Patent Document 1 is

used, for exanple, in the case where an object such

as a finger touches or cones in proximty to a S09P0334

di spl ay- and-i mage- pi ckup panel, the position or the

i ke of the object is detectable based on an inmage,
(0094 ]c Ratent Pobymersi 1 dapastseddnaxaminegtatens Bppleasipniiublippsion No.

object fromit umnation light fromthe
200d+12@2AY - and- i mage- pi ckup panel. Therefore, when this

display is used, the position or the |ike of the
[Paehi Botumént 0§ UgRinedd EnsMahtinal Bitem! Applicatiér Bublakii@nNo. 2006-

W t hout separately arrangi ng a conponent such as a
276b®3yich panel on a display-and-image- pi ckup panel

[0007] However, in the case where the reflected Iight

reflected by the object is used as described above,

in some cases, outside light (environnent |ight) or

DIS rd@#g@ JrﬁE mﬁfﬁl stics of light-receiving
el emnen

S causSe an issue. More specifically, the

inance of receiyed.li.ght depend he~hri ght ne
roopdf" S i Sping RESRBEE i Wi YERER DO Pl E DAY 8 e
to detect fhe position or, .the |jike of.the object based.
for gxampls; di dhe (fBSe MHASH 20 MO VEFD a5 a7 iTieeh fuchEs or comes in
characteristics of the |ight-receiving el enents cau%e .
proxigmityi to iatisplaorrdsimageriglapypangl, therposttipaay the kikg of the object is
difficult to detect the position or the like of the
detaphibbrbasbd srdn dmagdpickidciqebly upng milgeted[ligbosileqtad bty ebject
in the above-descri bed Patent Docunent 2, a difference
frothdtlwaéantian lightrdigen it displeg-aindrimagd-pickure patdli rithes¢fateg when
(an i mage obtained by using reflected |ight SO09P0334
thisQib@hy &t hsed, the Pasitioh wiithalikeof tliegbtj¢ctdnderttableagieh a simple
obtained in a lighting-of state is detected to renove
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display-and-image-pickup panel.

[0007] However, in the case where the reflected light reflected by the object is used as
described above, in some cases, outside light (environment light) or variations in
characteristics of light-receiving elements cause an issue. More specifically, the
luminance of received light depends on the brightness of outside light, so in some
cases, it is difficult to detect the position or the like of the object based on a picked-up
image. Moreover, variations in characteristics of the light-receiving elements cause
stationary noises, thereby in some cases, it is difficult to detect the position or the like
of the object based on the picked-up image.

[0008] Therefore, in the above-described Patent Document 2, a difference between an

image obtained in a light-emitting state (an image obtained by using reflected light



noi se. [0009] More specifically; for exanple, as
illustrated in a sectional view of FIG 55(A), in the
case where incident outside light (enviroonrnent

light) LOis strong, as illustrated in FIG 55(B), a
light reception output voltage VonlOl in a state in

whi ch a backlight 105 is gn has a voltage val ue %%
corresponding to the brighf%ess of the environmentSY9P0334
light LO at a point other than a point touched by a
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| i ght reception_output voltage, Vo 01.i.s reduced t.0
detegelgp 556% an BOGH By SR RIePoras R §° SliSnary
.which illumnation Iight Lon fromthe backlight 105
NOISEs reflected on the surface of an object (the finger
F) touching the point at this tine. On the other_hand,
[00093 Mare Spem%la@lb', &6t example, agHlusirated pr # sgstignalpirw 96FIGge(A),
Vonltll, a light reception output voltage Votf]0l1l in a
in ttst @se wharevihcidentt dugsibe bighti (ghirondgent Hglat LONastromg: as illustrated
vol tage val ue Va corresponding to the brightness of
in FtGeS RBY, 4 Bghraesieptibg lbutpuOveltage Pailol intlsete irhahichhebacklight
poi nt touched by the finger f, but the point touched
105 QY oh s hivdugge Valué Vacatrespatidend o iNBiteiEhidess eNtheledRit6ithent
light LOis blocked, so the light reception output

lighf\’/ Igb taf'% g%izr){rf)ﬁl\}%ghaﬁ %?)o%t‘f@ﬁ(%ﬁf{ij g?’;al et £ inVQHfsﬁlg? a¥dl lll(‘ﬁ, and at

( reover, as | ated in a sectiona
Sh: [ c . n
the BhFSicntd By e ok BEHRHEY BTN thg LR SRERRR utpu
il lystrat.ed in G B),.a.. 1aht reception outpu .
voltgeg Yaaoistyted o valfibe v it n bl g ghwnicn
.. s an has the very lowlevel volta value Vc at.a ..
illugmaen Jehekon fram th?é)aﬁlgﬁw 103 i ﬁeaifc%é e Sfl{fﬁ@ee?f g1} pbject
t he display area 101, because the environnment |ight LO
(thejfingenF) [suehiagtthe poigt at this tirae.p Onrthe vége hary, 19y i e case of the
finger f in the display area 101, the light reception.
light atcpptiondo8paPEEBge WasllOhge lightnodption duipwtemdiege MoftlRé in a
vol tage value Yb corresponding to reflectivity at
statoviti @hichite bhéklighna0$ dnoffitghthel waltalze vaiueéa barcdspondihg to the
105 is reflected on the surface of
brightness of the environment light LO at a point other than the point touched by the
finger f, but the point touched by the finger f is in a state in which the environment
light LO is blocked, so the light reception output voltage Voff101 has a very low-level
voltage value Vc.
[0010] Moreover, as illustrated in a sectional view of FIG. 56(A), in a state in which
the incident environment light LO is weak (very little), as illustrated in FIG. 56(B), a
light reception output voltage Von201 in a state in which the backlight 105 is on has
the very low-level voltage value Vc at a point other than the point touched by the

finger fin the display area 101, because the environment light LO is not present, and at

the point touched by the finger f in the display area 101, the light reception output



the object (the finger f) touching the point at this
time, On the other hand, a |light reception output
voltage Voff2 in a state in which the backlight 105 is
off remains wunchanged at the very | owlevel voltage
value Vc at the point touched by the finger f and any
ot her point. [0011] As desc4i bed above, at a poi nt S6aR0334
touched by the finger fin the display area 101, the
l'ight reception output voltage is greatly different .

voligge WeoaR01 eingepssednigethe volage dye Monerstasponding to oflegtivity at
present and the case where the environnment light LOis

whilothe Pplusteation 1@t Loa fomhéhe bagklghtali05tik ecflestedtont the shdare of
by the finger fin the display area 101, the voltage

the ¥bjesh &he tfimgeb Hetohcighg tHdpoins anthiatichet hOn \thé bge hdad; a light
when the backlight 105 is off are substantially in

recdplien Souffut Slofthge Mof2sSies kiaweinowhichehphasiainpte 105 iabferaRins
of the environnment light LO Therefore, it is

AARE e BRydr B w IRRD valtAlel aBlcene 8t BRIPORRMowhed BY tRIBnger f
uncv\]%{ek% t he bac Ii“éht 185 Efgs(,e gn eand a vol tag% V\,ﬁen&t he neer

and%ﬁ?%'tﬂegp{)inil% is off is detected, a point where there
is’a ceftain or larger difference such as a difference
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position or the like of the object is detectable .
envigprmeift light A1) iseresenb ang thesrase Whegh theognvagogmiephlight LO is not
noi ses. [0012] However, in a nethod of detecting an
pressb} e@n thesether handat sheipdinicpeehed byrthg Engsr fip dre dsplaparea 101,
as illustrated in FIG 5 frame nenories or the like
the fvoltagengb iwtegetbe batidight 185 imon andidles whtage & bwbkn thghbackBght
off (an inmage A) and an i nage when the backlight is
10508 offadie sumgmtiB)ly & thename s irespdugive by theopresuseomabsence of
i ncrease in conponent costs. [0013] As descri bed

the eR@¥ument i51e 120, €theéfore, fittis konsildkdd Gied WhérDa Biffddnite between a
detect an object 5 S09P(334 touching or in proximty

volta ¢ l@vélraﬁlrﬂﬁé badidlg,ﬁngmﬁs‘é {sVéh 9dd Wselsandhid ﬁfdésl%a%khgﬂi_elots iIRfF is

reducin nufacturing costs, an ere i s room

detéc%d, ianPJiRtV FHER there is a certain or larger difference such as a difference
between the voltages Vb and Vc is allowed to be determined as a point where the
object touches or comes in proximity, and, for example, like a difference image C
illustrated in FIG. 57, the position or the like of the object is detectable without
influence of outside light or stationary noises.

[0012] However, in a method of detecting an object using such a difference image C,
for example, as illustrated in FIG. 57, frame memories or the like for two images, that
is, an image when a backlight is off (an image A) and an image when the backlight is
on (an image B) are necessary, thereby to cause an increase in component costs.

[0013] As described above, in related art, it is difficult to stably detect an object



[0014] The present invention is made to sol ve the
above-described issues, and it is an object of the
invention to provide an i mage pi ckup device, a
di spl ay- and-i mage- pi ckup device and a net hod of
detecting an object which are capable of stably
detecting an object irrespective of use condition
whi | e reduci ng nanufacturiﬁg costs, and an electrgpﬁgp334
apparatus including such a display-and-i nage-pi ckup
roudhfl G8in, bS8 ' ARG ARG, AL RoRliubRE ol ERERG Hhie
dof inggg(&hckug ?ixe ﬁ% and having an illumn nation
FECYHHTATHHY ¢E8 £B1S: MG Y™ oY) EROVAR " mage pi ckup
drive nmeans for obtaining an i e picku signal fr.om
[0014]c e preeri ivERERN @ﬁ@ﬁpf%pw@ e %w‘ﬁeﬁqueﬁ‘?ﬁdﬁasugﬁ gl an
_pickup drive on each of the inmage pickup pixels; and
objeghof thadevoptor tspiomigleraadmees pickap deyieg, aglistieand-image-pickup
i nformati on including one or nore of position, shape
devizpding iazmethpd tofi eletcting an topjeshvhedh art lpapalyé ofisiablyzdetesting an
pi cked-up i nage based on the i mage pickup signa
objeabtiatspedivfe ofnuseawhdivions hehileTegiRcipigCapufactuahs .costs, and an
Mor eover, the above-described image pickup drive
electaRappaaiue intiudiig WERGLiPpISYERd-hageepisug ddiicewhen
illTumnation light is emtted from the illum nation

[0019]9Mn $AMELEick@D delige ]tcorfitﬁe GRRLE6n fi&rlu(fégaﬁﬂiiﬂxg%é Pickup panel

accunul ated 1 n each of the inmage pickup pixels'in
. .COr i t i O a . . . f
inct AR AR b it Shiold Fs DR Bl of AFREHOE et source
[ i ght. and.envi ronnent |jght,,. and when _.the. . .
for QR oA ARS8 SPiskseP v fisany Fojrgigiging an image pickup
. il lLumnati | jght source, an electric charge. for
Slgnal @eﬂla?agfl ﬁ’grt]li‘esl eI PIXeIMDY REFOFTINGAR Mgh Pigkue dstye on
pi xel s in accordance wth |light amunt of the )
eacly A thegpege Pidkpp ixels; Had apyimage PECsssing means g ebigining pbject
~ signal fromeach of the inmage pickup pixels, in _
infogmiafiier meluding greoxi mpreyofaigisision; shapamsd sue adrihe/progimity object
literally proximty object but also an object in a
throighl mikilisihg taepiclGedSx) S age3idbed pAAQRE jmdge pickup signal obtained from
di spl ay- and-i nago- pi ckup devi ce of the invention
each B€ tHedigsige Pidkup Hidels.aMbredvad@e Rb¥dBeseab&l irhdpe! pickuipddrive

a plurality of display pixels and a plurality of image
means performs an image pickup drive so that when illumination light is emitted from
the illumination light source, an electric charge for charging is accumulated in each of
the image pickup pixels in accordance with total light amount as a summation of
reflected light originating from the illumination light and environment light, and when
the illumination light is not emitted from the illumination light source, an electric
charge for discharging is released from each of the image pickup pixels in accordance
with light amount of the environment light, thereby to obtain the image pickup signal

from each of the image pickup pixels. In addition, "a proximity object” means not only

a literally proximity object but also an object in a touch state.



pi ckup pixels; a display drive neans for displaying an
i mge by performng a display drive on each of the
di spl ay pixels; an inmage pickup drive neans for
obtai ning an image pickup signal fromeach of the
i mage pi ckup pixels by perform ng an i mage pickup
drive on each of the image i ck-up pixels; and an S09P0334
i mage processing neans for obtaining object
i nformation including one or nore of position, sh
[OO]éddAsdlﬁblab'ﬁn@dmeg%wP%‘ﬂ geans @thetlﬁY%@ﬁ ipglpggsy arﬁgspAay-and-
pi cked-up i mage based on the inmage pickup signal _
imagbpkne pahel dnelediol oplurdldyiofedieplpt piels asidxepdurality of image
Mor eover, the above-described inmage pickup drive
picldiltp&pilﬁelﬂ&f displag dane meagefopididplayindy anvenape tyhpsrfonnerg a display
illTumnation light is emtted fromthe
drivéi sibéay- dndle | IS, pixelsyan Aange pickup hizivermedndi foy obtaining an
object, an electric charge for charging is
ima@& pHUp Afgedl KOneadh (ﬁf the h&a?%%uﬁ'p@i‘dwb? ipéBbfning an image

accordance wth total |ight anmount as a sunmation of
f t ed
P A O AST  R Pen r
obta&ﬁl %lo glecgﬂgl n%] o‘ﬁ 1%glug{ OJHet& mote of ePOSIt%on sh%pﬁ and s1%e of a

ge-prc panel ar ge
proxgms{t&h J%ﬁﬂﬁg@t&ﬁl g%sﬁglf:]ﬁe ﬁ%nﬁggg%%g%‘ﬁ s hf;ietlwgge plgicup S1Bnal
obieSRa o e L ATage Sq%%%%’%g@ RWhertis ek g&sﬁhbe&%age

addition, "illumnnation I|i nmeans_ not onIy dISp
pickupghitveapgsns perfompsomn mpagedi a&,nvarsa thatadhengleminst lglahsht is
but also light. applied fromanother |light source
emiftéd froex theplignlayaand-miagerpeckupi grnel Hothe qroximityhebjedtkas) elgefric
t he di splay-and-i nage- pickup panel. [0017] An
chaieefot tloatging dp pevuaiulstedin tdvh dfntie ihagenpickuy pitels ih lecordance
above-descri bed di spl ay- and-image- pi ckup device

witha¥iaNdighh anitREE a8i & BusmdtlonC bf Qeflendl dighi BeigMmaphg kivgin the
function. Ss09P0334 [00l g] A nethod of detecting an

illuRRiaf6h llgﬁt Jnheen’vﬁ‘&'ﬁﬁéﬂtq{éht AR %‘%ﬁ el lﬂﬁﬁlﬂhftlon ﬂ’fgﬁf RBmat &ditted

an 1 magé pickup drive on each a plurality of inage

frorR itt?é(dikiﬁaﬁhﬁ(cﬁ rﬁag%%l&mﬂ)tpawgf Bn electrlc charge for discharging is released

from each of the image pickup pixels in accordance with light amount of the
environment light, thereby to obtain the image pickup signal from each of the image
pickup pixels. In addition, "illumination light" means not only display light applied
from the display-and-image-pickup panel but also light applied from another light
source (for example, an infrared light source or the like) on the display-and-image-
pickup panel.

[0017] An electronic apparatus of the invention includes the above-described display-
and-image-pickup device having an image display function and an image pickup

function.



ilTumnation light is emtted to a proximty object
froman i mage pi ckup panel including the plurality of
i mge pickup pixels, an electric charge for charging
is accumul ated in each of the imge pickup pixels in

accordance with total Iight anbunt as a summation of
reflected light originating fromthe illum nation
light and environnent |ight, and when the S09P0334

illum nation light is not emtted, an electric charge
f. h ' :
oot B ETEH 't$<«ﬂln§caeo ?’aegﬁsi% PRBER snslihe CEreTRgning
an gla\élﬁéﬁc ‘iﬁw@a L h? bt a nl ¥ 3{‘6@@ elgﬁg lila? when

obt ai ni_ng obj ect |nfornat|on |nclud|ng one_ or nore of
illurgiggtion dight g fgaittah do st Zsowmithedbisplokiom ©) rjescpickup panel
throu%h utilizing a picked-up image based on the
incliging ehpipdiealitys pi mabgo bickixp auxdls,om skechicotharge fomalarging is
pi ckup pixels. [0019] In the image pickup device, the
accuhslpted yn aach o fhthg émpgec fickul pixielsan attvedarek ecithr ttdl dight amount
apparatus and the nethod of detecting an object of the
as & Ny@ithatsh ofheflected | Nghtnatip@atihd dhdmi theeiuni@gtidro lighe and
proximty object fromthe image pickup panel or the

envﬁ‘dnﬁﬁérﬁhgﬁf‘ dnd RER R 1ﬁﬁm‘xﬂht1@ﬁ Mght is %Bt @Ihﬁﬁaﬁr hif el QAL GRarge for

for charging i s accumul at ed in each the i mage
e %ﬁgér?gﬁésgtxr%g%@wwﬁgm

o AP EohA TeoEaYbHTL b e G rom cact
of tROAE e P S L Y gp&pﬁgg Swfaé’élnmdrb%ﬁ'é%”%h%@%owr more of

accordance with |ig anmount of the enyvironnment
positiognshapqgad sirg, ofathe mﬁa@@ﬂpﬂ@u&fﬁ thypyey ptijizing 3t pickpdgup image

from each of the inmage pickup pixels. Then, object
basqdrdrotheimpgapirkupl sighah gbloimsd dronpresch odithe lpmmlczknp Poiedpe

and size of the proximty object is obtained through
[001#t]i | Iizitheg image chieklap ulevicepdlee bhspdal-aml-inveciprelgy dedkepthe

signal obtained fromeach of the inage pickup 4

elecBORRCGhpAratyl xel the Mhdthodbyf, d@ecimgpanebiechyf theinvention, when
environnent light is subtracted in the i mage pickup

111u1ﬁirﬁﬁ@ﬁ hgmqgrbﬁﬁféa t6 fthé PYexiniBEELBEFHOHR tHY iRIg8 pickAp PR OF the
i nformati on about the
display-and-image-pickup panel, an electric charge for charging is accumulated in each
of the image pickup pixels in accordance with total light amount as a summation of
reflected light originating from the illumination light and environment light. Moreover,
when the above-described illumination light is not emitted, an electric charge for
discharging is released from each of the image pickup pixels in accordance with light
amount of the environment light. Thereby, an image pickup signal is obtained from
each of the image pickup pixels. Then, object information including one or more of

position, shape and size of the proximity object is obtained through utilizing a picked-

up image based on the image pickup signal obtained from each of the image pickup



proximty object is obtainable w thout influence of

such environnment |ight. Mreover, the inage pickup

signal is obtained fromeach of the inmge pickup

pi xel s based on an operation of accunul ating the

el ectric charge for charging and an operation of

rel easing the electric charge for dischargi ng, so 809P0334

smal | er nunber of necessary frame nenories or the

| i ke for producing a picked-up image fromthe inmage .
pixgls.c kKihsreiyg Bagompongrt by she mwmmnteggbtrts wbgaﬁe@e@g@r ymage

[ 0020] According to the image pickup device, the
picldipssigeal -faomil cactagethei ivlagp padkwip qexels, tseeobgdot dfoomation about the

apparatus or the nmethod of detecting an object of the
prokiiigndbjed is sdtainable Mithouniafluencel dfghth éms/i@mieheldht o Mdreover,

proximty object fromthe i mage pickup panel or the

the %é@& F¥kaél ghd189 6btRineH HdnPaihl of tlaéhrﬁdgﬁfﬁldﬂh@ pikéls B&sed on an

(c)r charging is accunul ated in eac of the image

opepitfbkluef REXBhSatidl Q}?@Ql&ﬁ{@ %h ﬁ& hot Qlralgind Gl ﬁﬂ%@ﬁaﬂ@ﬁ of

sunmation of Teflected t origi natlng fromthe

releffi#xg J‘Q%&t g ch!n%gt‘f%@@ﬁgflﬁd n'%ﬁ%g’?l alllet1 rHHnbefBF n%é@&ry g‘ame

ove- eSCI'I I's not emtt

an_.el ec for disghar eased f
medfiife & ik Ha g br B b RRSERE Mhfbe. ki B TRREGP Ik bienal
i nt of the environnent |ight, thereby the
thariwgb’é‘rﬁ%%rf?&ﬁ%ssﬂ obt ai ned from each of the
I mage picku I xel s, so object information about the
Ooaolommdyn&;gq &étlmuase Biskup 451Fe theydisplyrandrmageriupdevice,
the environnent light, and a snaller nunber of
the wlastresigrapparnituseor the msthaskobdetedting] ankebjeasrof ghe éventien, avhen
pi cked-up image fromthe image pi ckup signal than
illutnivation highels @hededtotthapexiteite ssjactyfrorT kieriefage @jcktip @anel or the
object is stably obtainable irrespective of use
disploypand-irfag-pibitdpepaneld ue elkgtritihbifed €oruhiaring BIicoumbeEfn each
DESCRI PTI ON OF THE DRAW NGS 9 S09P0334 [0021] [FI G
of tht ifh&e plckys poel i‘ﬁ%cgﬂd@ﬂé@mthﬁbfdﬁhglﬂt drAdhin® as a summation of

configuration of a display-and- inage-pickup device
reﬂ%ft%?ﬁglfltrk?isgg%tlggo For gfé algﬁlglﬁﬁlalgt)ntl %ﬁtr %r{ﬁl?’cﬁgvhb%em{ 1E1E andlwhen

the %gg\;el-&%ﬁl;édqﬁm%ﬁ%ﬂ% ﬁgﬂtf is %l { erh(ttgd, an electric charge for discharging

is released from each of the image pickup pixels in accordance with light amount of
the environment light, thereby the image pickup signal is obtained from each of the
image pickup pixels, so object information about the proximity object is obtainable
without influence of the environment light, and a smaller number of necessary frame
memories or the like for producing a picked-up image from the image pickup signal
than that in related art are necessary. Therefore, the object is stably obtainable

irrespective of use conditions while reducing manufacturing costs.

BRIEF DESCRIPTION OF THE DRAWINGS



di spl ay panel illustrated in FIG |I. [FIG 3] FIG 3

is aplan viewillustrating a pixel arrangenent

exanple in a display area (a sensor area) illustrated
in FIG 2. [FIG 4] FIG 4 is a schematic plan view
illustrating an exanple of a connection relationshi p

bet ween light-receiving sections and signal lines in

pi xel arrangenent illustraled in FIG 3. [FIG 5]309P0334
FIGs is acircuit diagramillustrating a

ex of a.ligh rec secti.o
oo @*J%I e ikt RO Gl e B Rt i g
6 i,s.a schepatjc vi Ll lustratin .details of the
1mag%awgem 8¥ic% ACgRd Bk O PGS O F T SERE 1 ecoi vi ng
sections _and the signal |ines in the_pixel arrangenent
FICﬁ | PLEIG a2 ¥ & blofl diaggam [iftpstratipng g-penfignratipngexample@f an /O
wavef orm chart illustrating an exanple of an inage
dispaycpanpl illogeated indfIG. . t he di spl ay- and- i mage- pi ckup
devi ce according to the enbodinent. [FIG 8] FIG 8 is
[FIG 3]i MIGg3 ia e glanvieshiflastrdting adpiselr arbanggmest @dahploin 4 desplay
i mge pickup operation illustrated in FIG 7. [FIG
areadh sbAsor aRa) Slustratbd fUFIG. di agram for descri bing a charge
operation and a discharge operation during the inmage

FICP' @}( UI@ICP Reak iseRerhdtlcusihh 35 &6 111ﬁ’st1%h@% -an/ex@fRP18 of [aFéo@nectlon

FI G 10 Is a tinging vvavleform art for describing
I
ol bGP 400 2y BRI 438

e |ng an i mage pickup operation according to
ﬂluséra{eéjdﬂ'ﬁ{}a% ve example. 1(c) S09PE34 [FIG 12] FIG

chemati ¢ view fq descri bi
[Fl(}lpgr B3 is & et dipggam Hlupireiingia cor?f?mﬁ%s%aﬁ‘ap&p of § 1fint-

iis anot her plot for describing the image pick-up
recehiBe 88GtIGR agerdingite ghe embodiment of the invention.

[FIG. 6] FIG. 6 is a schematic view illustrating details of the connection relationship
between the light-receiving sections and the signal lines in the pixel arrangement
illustrated in FIG. 3.

[FIG. 7] FIG. 7 is a timing waveform chart illustrating an example of an image pickup
operation in the display-and-image-pickup device according to the embodiment.

[FIG. 8] FIG. 8 is a timing waveform chart for describing details of the image pickup
operation illustrated in FIG. 7.

[FIG. 9] FIG. 9 is a circuit diagram for describing a charge operation and a discharge
operation during the image pickup operation illustrated in FIGs. 7 and 8.

[FIG. 10] FIG. 10 is a timing waveform chart for describing details of SW control
signals illustrated in FIG. 8 and a backlight state.

[FIG. 11] FIG. 11 is a plot for describing an image pickup operation according to a

comparative example.



to the conparative exanple. [FIG 14] FIG 14 is
anot her plot for describing tree i nage pickup
operation according to the conparative exanple. [FIG
15] FIG 15 is a circuit diagramillustrating a
configuration exanple of a light- receiving section
according to Modification ERanple | of the inventi®iMP0334
[FIG 16] FIG 16 is a schematic view illustrating
details of a connection relationship between, .
[FIGi bt -FlEc didvisrgy sehegtatisigews far dpsgrifing thedeags pickyp sqpergfion
area (a sensor area) according to Mdification
illugBatedpnd’1G, 11 FIG 17] FIG 17 is a circuit diagramfor
descri bing a charge operation and a discharge
[FI@pEY] aFiGar 3ds ahatheraplot foadescpbiigithe apageaticlap apecaviodiangprding
to Modification Exanple 1. [FIG 18] FIG 18 is a
to tid dongrmpéekamplechart for describing SWcontrol
signals and a backlight state during the inage pickup
[FIQPENEIPN 436 GRGtHENSof B ¥BRtibingahé fhadeABRIpSopedatioh At&arding
19] 'FIG 19 is a circuit diagramillustrating a

to t&o&f&&g&%i&ggnf&aml e of another |ight-receiving

section acco ng to Modification Exanple | of the
L, NvEeNnt.| FI G 0.  Fl G...20 |. ' .
iy o F Ity T et & b tedof ORAEE o lighe
recei ving section cordi.ng to ification.Exanple 2
recdifing RO FESHETIR L0 MACRcab0] Esmpetof 8 v Bftidmra
wavef orm chart for descrihing an i n‘a}ge pi ckup. . i .
[FIG ki ak 1ol 628 Gorchrmglia Yewnlritiatiag dsiailER pspenestion pelagionship
22] FIG 22 is a circuit diagramfor describing a
betwérar hehtapesiwng gectiong @dlalg@glman a displayagrge (a sensor area)
operation during the image pi ckup operation accordi ng
accordingtdiModificaton Exarmbpl.e 2. [FIG 23] FIG 23 is a
timng waveform chart for describing SWcontrol
[FIGI gnpl BIGNU7 ds a circuit diagram for describing a charge operation and a

=3

discharge operation during an image pickup operation according to Modification
Example 1.

[FIG. 18] FIG. 18 is a timing waveform chart for describing SW control signals and a
backlight state during the image pickup operation according to Modification Example
1.

[FIG. 19] FIG. 19 is a circuit diagram illustrating a configuration example of another
light-receiving section according to Modification Example 1 of the invention.

[FIG. 20] FIG. 20 is a circuit diagram illustrating a configuration example of a light-
receiving section according to Modification Example 2 of the invention.

[FIG. 21] FIG. 21 is a timing waveform chart for describing an image pickup
operation according to Modification Example 2.

[FIG. 22] FIG. 22 is a circuit diagram for describing a charge operation and a



backl i ght state during the i mage pickup operation
according to Modification Exanple 2 [FIG 24] FIG 24
is acircuit diagramillustrating a configuration
exanple of a light- receiving section in a display
area (a sensor area) according to Mdification Exanple
3 of the invention. [FIG 25] FIG 25 is an
illustration for describindlan on- operati on regionsgﬂﬁB34
an off operation region in a photoelectric
- transducer. [FLG 261 FIG.26 is an illustration,f :
discyaao S Rlon, it 5o bmpecoRioRl Belien seBbh 1O MoBhcation
B %?oirgtion region in a photoelectric transducer
Xa@Cording to Modification Exanple 3. [FIG 27] FIG
27 i.s_a tinin%_waveforn1chart for describing an lna?e
[FIG, 2] upIG. g dp attinyng yeae stoam shagt dondrsrribing SV somtio] spgnalsaind a
FIG 28] FIG 28 is a timng waveform chart for
bacllﬁlﬁé‘é isfatecduring the dmngd piskumapaatiorpeording ko Modifzation E£xample
operation in the photoelectric transducer according to
2. Modification Exanple 3, [FIG 29] FIG 29 is a circuit
di agram for describing a charge operation and a
[FIGI B1hBIGe240i8€er éidutndigiitimigudthéing HB@afighalkop evaeplalof anight-
according to Mudification Exanple 3. [FIG 30] FIG
reced¥iniz Seciofi i & didplayi AEH @Behdok dith) AddoRfin @t RIdkifitafiét EQ4nple 3
exanple of a light- receiving section in a display are

fikAinSENSY area) according to Mdification Exanple 4
° ofntﬁ[ginvention. [FIG 3 1] FIG 3l is an

[Fldglnisg?;“f@tzﬁgggf{gg@g%?ﬁﬁ)w tkcj)ll' ?&cggingga{ng(gne-{%aetré{t?oql rreg inoarr]ldaarr]ldoff-

operation r

hot oel.ect r i trqn du%er according to Modification
OPSRION fpglonyIn & pQioe %‘3‘]10 PR8dUSS. i s an illustration for
describing the gn-operation region and the off-
[FIGpetat I%r#q@ Bandhuptrtiondop descH BINg Aty greopsraliiiggion and an off-
according to Mdification Exanple 4.
operation region in a photoelectric transducer according to Modification Example 3.

[FIG. 27] FIG. 27 is a timing waveform chart for describing an image pickup
operation according to Modification Example 3.

[FIG. 28] FIG. 28 is a timing waveform chart for specifically describing an on
operation and an off operation in the photoelectric transducer according to
Modification Example 3.

[FIG. 29] FIG. 29 is a circuit diagram for describing a charge operation and a
discharge operation during the image pickup operation according to Modification
Example 3.

[FIG. 30] FIG. 30 is a circuit diagram illustrating a configuration example of a light-
receiving section in a display are (a sensor area) according to Modification Example 4
of the invention.

[FIG. 31] FIG. 31 is an illustration for describing an on-operation region and an off-



[FIG 33] FIG 33 is a timng waveform chart for

descri bing an image pi ckup operation according to

Modi fication Exanple 4. [FIG 34] FIG 34 is a timng

waveform chart for specifically describing ail on

operation and an off operation in the photoelectric

transducer according to Midification Exanple 4. [$098B0334

35] FIG 35 is a circuit diagramfor describing a

charge operation and a discharge operation during the
opetatigy segiv iapphosesieatiio ansduer @rergding tadytnditicagion Sxample 4.

Exanple 4. [FIG Sts] FIG 35 is a circuit diagram
[FIG.|32) sF¥CGat32rig am ilbustrifigpu Foartdesari bingathrp los-apkragioh iregien and the off-

receiving section in a display area. (a sensor area)
opetafio/belidn athe photbxlactpik erabsdukcert deeordingwe Modificatiok| Biampid 4.

FIG 37 is an illustration for describing an
[FI®N3PPEFRL 9% ik agiiagiin@nsavatoref thart dpe dedctibing’ &9ii@agd Mickup

photoel ectric transducer according to Mdi fgi cation
opex?‘iaﬂﬁb&r@ing t(L Fddificatish Ekhfiple38 1S an illustration for

escribing the on-operation region and the off-
pejat i [ Qn,.1 ogl.act ri . 1
FIGESAT PR 158 Qe Maua0fh A fobt b AR YERHplog an on
39 is an illustration f.or .deserjbjng.the - Qper ati.on
opeAlgh oAttt (1L BRFeRBpdRatiompiogioatic apuceP ARl o
@ot oel ect rilc transducer according to Mdification
Mogifig ¥mplety G 40] FIG 40 is an illustration for
descri bi ng the on-operation r eai on and the off-
[FiGpérlat FKh 324dF ncirquit Aisgrsmn oo fescaibing # (chargg eusration and a
~according to Mudification Exanple 5. [FIG 41] FIG |
discharge sorgrationnfleringnéhiee frozge pickvr opevatidie Aseodinggtoaiadidiepsion
pi ckup operation according to Mdification Exanple 5.
Exai®l809P0334 [FIG 42] FIG 42 is a timng waveform
chart for specifically describing an on operation and
[FIGBf FI® @y ital dircuitiliddiem fhastadhg a tcohfigurhtias eisdeple of a light-
according to Modification Exanple 5.
receiving section in a display area (a sensor area) in Modification Example 5 of the
invention.
[FIG. 37] FIG. 37 is an illustration for describing an on-operation region and an off-
operation region in a photoelectric transducer according to Modification Example 5.
[FIG. 38] FIG. 38 is an illustration for describing the on-operation region and the off-
operation region in the photoelectric transducer according to Modification Example 5.
[FIG. 39] FIG. 39 is an illustration for describing the on-operation region and the off-
operation region in the photoelectric transducer according to Modification Example 5.
[FIG. 40] FIG. 40 is an illustration for describing the on-operation region and the off-
operation region in the photoelectric transducer according to Modification Example 5.

[FIG. 41] FIG. 41 is a timing waveform chart for describing an image pickup

operation according to Modification Example 5.



[FIG 43] FIG 43 is a circuit diagramfor describing

a charge operation and a discharge operation during

the i mage pi ckup operation according to Modification

" Exanple 5. [FIG 44] FIG 44 is a circuit diagram
illustrating a configuration exanple of a |ight-
receiving section in a displl ay area (a sensor area élﬂ)
Modi fication Exanple 6 of t'He” i nventi on. [FIG 45%0 334
FIG 45 is a plan viewillustrating a pixel

P Y20 IR SR 0By Ll Y SRl 4P o on

illustration for describi an ex Le of an :
opetgigf; aad; 3 Ui ABETEIOT | Madl® drORITEPAC fanshiocr caggppding to
fingertip extraction process) in the invention.
Modificiiombxangles>. 47 s an illustration for describing an
exanpl e of the application using the inmage pickup
[FIGeégf t FI@hé3 degurircudf diageam jfay desariping e r deggcopperation and a
process) in the invention. [FIG 48] FIG 48 is an
disahhtgesepeaaticon dimng dles emigd pirkap apceatioheaasprding: to Modification
application using the image pickup result (the result
Exapdplé¢ Be fingertip extraction process) in the invention.
[FIG 49] FIG 49 is an illustration for describing an
[FIGX&PF8G 044 {shecipdi! dig@hmOllustedting a donEghfEios eRaGHILRT a light-
result (the result of the fingertip extraction
recdViAERe&tlon 1 & BRpia) VB (£ Bensod &b indodftl FioP ExhSipR 6 of the
perSpective view illustrating an appearance of
R ication Exanple | of a display-and-inmge-pi ckup
evice of the invention. [FIG 51] FIG 51(A) is a

PSP £ LR 8 ARS8 M, R e
diselspwsn e SBPEHED PO 400 Sde of Appl oat i on

Exanple 2. 14 SQ9F0334 [FIG_52] FIG 52 is a . | .

[FiGetalp EEG Heisvanalustratioatiprdessgbing anspampleneleanppplication using
Application Exanple 3. [FIG 53] FIG 53 is a '

an ipegs pekup vesulti(@wsitlt biis fingertipgxtiactwppeegeas)dn thef invention.
Application

[FIG. 47] FIG. 47 is an illustration for describing an example of the application using

inv

the image pickup result (the result of the fingertip extraction process) in the invention.
[FIG. 48] FIG. 48 is an illustration for describing an example of the application using
the image pickup result (the result of the fingertip extraction process) in the invention.
[FIG. 49] FIG. 49 is an illustration for describing an example of the application using
the image pickup result (the result of the fingertip extraction process) in the invention.
[FIG. 50] FIG. 50 is a perspective view illustrating an appearance of Application
Example 1 of a display-and-image-pickup device of the invention.

[FIG. 51] FIG. 51(A) is a perspective view illustrating an appearance viewed from a
front side of Application Example 2, and FIG. 51(B) is a perspective view illustrating

an appearance viewed from a back side of Application Example 2.



Exanple 4. [FIG 54] FIGs. 54(A) and 54(B) are a front

view and a side viewin a state in which Application

Exanple 5 is opened, respectively, and FIGs. 54(C),

54(D), 54(E). 54(F) and 54(Q are a front view, a

left side view, a right side view, a top view and a

bottom viewin a state in Mhich Application ExanpBeor334

is closed, respectively. [FIG 55] FIG 55 is a plot

|IIustrat|ng an exanpl e of an image pickup operation
[FIGa521i Fikrenisea ipregectivenyjewt illpsteating et anpsatsnesc o5 $yppigation

a di spl ay-and-i mage- pi ckup device in related art.
Exanille3. 56] FIG 56 is a plot illustrating another

exanpl e of the inmage pickup operation (the difference
[FIGmAge FIGhger isi p perspednti vewpitlostesiay dnyapipearance of Application

di spl ay-and-i nage-pi ckup device in related art. [FIG
Exabflle ¥) G 57 is photographs for describing the imge

pi ckup operation (the difference inmage fingertip

[FI@XSZI]aFIGsP 'S4PAP£1{%§§@(BWré Dol PiBlaYd angdd MBESa R s%‘%é'ﬁh which
evice in related art. BEST I\/[DE(S) FOR CARRYI NG OUT

AppTiéEn&{\'}éEM @%r EIcﬁa%ﬁ d Ar*e%% é;}’ ff%s caLy) WDS’%(EJ“%«F)

I nvent1 on er r e
and SARGF HERgEg Y < 3?@3%2%‘?3%“%*“ v Ry apf bojom
il | fi f
viey e%%?@%f S@n?fhﬁa@h Bic fampfi] Bl et SrerHy s an

enbodi nent_ of the |nvent|on
[FIG; 33| BN axvdisi drilge Istriipe ag é\vffnegle. Hcanyigeage rickypooperation (a
di spl ay panel 20, a backlight 15, a display drive
diffeeneq image fingertipsxgagionnzogess) by ghisplereagtimage-pickurdevice in
circuit 13, an inage processing section 14 and al
rdagpphtcation program execution section 11, [0024] The
1/0 di splay panel 20 configured of a liquid crystal
[FI@.astd| FIG.GB i hipdtiitlustfakiyig aadthed examdie) of the imbgehicleup operation
plurality of pixels are arranged in a matrix form on

(the! fi€ference image fingertip extraction process) by the display-and-image-pickup

device in related art.
[FIG. 57] FIG. 57 is photographs for describing the image pickup operation (the
difference image fingertip extraction process) by the display-and-image-pickup device

in related art.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

[0022] A best mode for carrying out the invention (hereinafter simply referred to as
embodiment) will be described in detail below referring to the accompanying drawings.
[0023] FIG. 1 illustrates the whole configuration of a display-and-image-pickup
device according to an embodiment of the invention. The display-and-image-pickup

device includes an I/O display panel 20, a backlight 15, a display drive circuit 12, a



whol e surface thereof, and has a function (display
function) of displaying an imtage such as a
predet erm ned synbol or character based on display

data while performng a |ine-sequential operation,

and a function (imge pickup function) of picking up

an imge of an object (a proximty object) touchip

or in proximty to the 11013|splay panel 20, as wpP0334
be described | ater. Mreover, the backlight 15 is a

ligh{ r&gptl S Hﬁgee c];rOr t 1§h 88 lu%)égo ng%cggsuﬁ Ctsc'ec?lonoléﬁ Elrb(ie a& a%phcatlon

arran urality of light-emtting dlodes and as
mvgmwwexg %@§8$FW@3 later, the backlight 15 perfornms an
eration at hlgh speed at  a_ predeterm ned
10034] e LRH G aronanY sor e of adisishnae] ownal{reRy (dpuid
the 1/0 display panel 20. [0025] The display drive
Cryssilr RisplayD2in whigh @i plunality of pixelsqre wanged idiassphatix fpamein the
20 (driving a line-sequential display operation) so
whods stirdacdi thpdeay aad hasegBinbaee (displayifisptiay) ofldisplagmgt dneimage
110 di splay panel 20 (to performa display operation).
sucH 802 pleddtemined Bymbeice Rhi@btet bhased ot dighlayt datd wihile performing a
circuit driving the 1/0 display panel 20 (driving a

llnelsb(giﬁ%nﬁﬁﬂkiﬂ?é?ﬁﬂl&{ anfBp EurRkti6 K L(Hn&ééef)@kdqp MncienPof Q:kmg up an
ain i ght reception signal (an inage pickup

1ma%é gp %ll )ob Jc? '(‘A gﬁﬁ&nﬂg X5%j ecf)f touz}g %/04 Qn q)'r(%mn?térl tBaHE II/(? glsplay

ct). tion,
t si.an C i
pamjl:lnﬁgl i ﬁ%% deg&lbyed% %fs\ E\{[orgg)\?e? 1%15 l%g, 58 (ﬁl}ﬁ 25 @gcﬁﬂﬂy sc%rgg for
. frame; f rame_.hasi 0 _be tt .t t he jmage

dlspkyo@édsg?f%%ef i Dg 30135 naPel 0. 15 sty b 2Rpmplse by

i mge processing sectjion 14 perforns predeternln d
aﬂan&lagea preeRysph gghtc%{mtterrﬂwétq ,p%{; 88 S¥iflghe @&%&?eg niafegethe

pi cked-up_ i mage out utted fromthe light 16 SO09PC334
backlighé 36 ipgrfotns ¢ opiof oparati@ atdrgh desed it ¢ rapdeterpiiagdBming in

obj ect information about the object touching or in
synghrondzationywitloart bygerdtidh tiinsigl cyhepEOelisp?4y ganek2Q.i on

coordi nate data, data about the shape or size of the
[0023)] €lHe, digplay Riiviel d/uit 1R ¢ acéssitodrivieg ahé iI/QY didpday panel 20

object information will be described in detail |ater.
(driving a line-sequential display operation) so as to display an image based on display
data on the I/O display panel 20 (to perform a display operation).
[0026] The light reception drive circuit 13 is a circuit driving the 1/O display panel 20
(driving a line-sequential image pickup operation) so as to obtain a light reception
signal (an image pickup signal) from each pixel of the /O display panel 20 (to pick up
an image of an object). In addition, the light reception signal from each pixel is
accumulated in a frame memory 13A, for example, on a frame-by-frame basis to be
outputted to the image processing section 14 as a picked-up image.

[0027] The image processing section 14 performs predetermined image processing

(arithmetic processing) based on the picked-up image outputted from the light



[0024] The application program execution section 11
executes a process according to predeterm ned
application software based on a detection result by
the i mage processing section 14, and as the
appl i cation; program execution section 11, for
exanple, a section in whidle the position coordi na8@¥0334
of a detected object are included in di spl ay data, and
are displayed on the L' O display panel or the like
recgpsion idried cirpwit 43.dind; @ﬂﬁectw@b@lagﬂna QBJ&Ct lpfm@tz@@ apeptithgobject
application program execution section 11 is supplied
touthing he irdpsiimity to dné V@ displeyinandl220 (18R ddexdinatg data, data
specific configuration exanple of the 1/0 displ ay
abopithelshafk vi sikze b€ thedelgedtj bethelddehwAr pfoeessi afgletantifg Gae @bject
The 1/0 display panel 20 includes a display area (a

infor@ASEH wall Bé&Jesdibecindictddl [ager.H driver 22, a display V
driver 23, a sensor readout H driver 25 and a sensor

[OOQ’éﬂd"[’hé’ %.EPIMUOIL Bgégelm ERecudibs @E(ﬁﬁbna‘lrle@(eéﬁt@sea Eﬁﬁéﬁrac@éﬂﬂ)g to
area where |light fromthe backlight 15 is

L T
Al e %Efﬁ}%??%aé’@raﬁie%%?uﬁ O S el
o PR TRRA) R S Bl B,
di splay area 21, liquid crystal elenents mh ch are

are msgl%ve%ﬁﬁl thei 49 déqpé%?ﬁpgl Fi08 Hiedikeds etigeht 19y adgitipny fighay data

receiving el ements (image pickup elenents) which wll
prothesed ds dh¢ bprlidatioe pregram sgxeewipadsection 41 Aaswpplie derthe display
[0031) The display H driver 22, together with the
drivéticsphiay2V driver 23, line '; SOQPC834 sequentially
drives a liquid crystal elenent of each pixel in the
[0020]s ey, arspeciftd comfigurgtiroacenple od ti §pl digplay gatl 1@will be
di splay drive and a control clock which are supplied

desEAD BBy dfeRindtto FIGYE. qhe GO HispRy pbﬁ)@:?@] indlf@esSLBSPlay area
readout |-1 driver 25, together MAt t he sensor '

(a hdo¥ %rreag‘hl, '(f‘ﬁ)‘lay H driver 22, a display V driver 23, a sensor readout H
driver 25 and a sensor V driver 24.

[0030] The display area (the sensor area) 21 is an area where light from the backlight
15 is modulated to emit illumination light (including display light and illumination
light for detection from, for example, an infrared light source or the like (not
illustrated), hereinafter the same meaning shall apply), and an image of an object
touching or in proximity to the area is picked up, and in the display area 21, liquid
crystal elements which are light-emitting elements (display elements) and light-
receiving elements (image pickup elements) which will be described later are arranged

in a matrix form.

[0031] The display H driver 22, together with the display V driver 23, line-



sequentially drives a light-receiving el enent of each
pi xel in the display area 21 to obtain a |ight
reception signal. Mreover, although details will be
described later, the sensor readout H driver 25 and
the sensor V driver 24 performan image pickup drive
so that when illumnation light is emtted fromthe
1/0 di splay panel 20 to a ﬂFOX|n1ty obj ect, an S09P0334
el ectric charge for charging is accunul ated in each
h

scalBifly HEY3GH i@? T Sl mird ' rsegh i) G B gisPiGarea 21 in

i I'lum nat : nd environ
respRiE 101 QP BHT ROrTP I st S ctoBoF otk PRI argsupplied
di spl ay panel 20, an electric charge for discharging
ﬁomﬁler@ﬂiﬁs@'él"efqi@ﬁitéach pixel in accordance with the
i ght anpbunt of the environnent |ight, thereby to
[0033t diha samsor meaglout pi ditvgy 5%, dogsthef avith giet senswreYptdrmer 24, line-
signal) for each pixel. [0033] Next, referring to
sequenfislly drives 6 ligat-spewidg cemont ofeucht pivel i@xthaplisplof areadi to
pixel in the display area 21 will be described bel ow.

obtdi®@3rkht Facestion digial e XadtBdr, Athoulh dsthilalhvell be dedctiGed Bater, the
t he pixels 31 include dlsplay pi xel s (display

sensdE $4adBISP BLBCBs ahdBEEseRESTHRHREX RS ger@érhgm hAeSliMtupdrive

sections) 33, and wring sections 32 in which wring
o RSN RS RLBAG LS kg L e 2000 i
obidg 45 ii??’%ﬁ%?%ee%m&%é o EBuRLY RS T Fach P piqpfantEhvic
otal TR B A e Signa Taeieio e QR B B sunpnanon
a matrix form Moreover, the inmage pickup pixels

lighyangl eryaronsgens h@ts@étwf@ﬁsthg dlungpatinay Kyt iy By eawt@%@te the VO

pi ckup drive on the image pickup pixels 33 18 S09P(C334
dispdayepanet 2ged degvae ahatzy Hr dischargingoishigleasad freguéagh pixel in

intervals. Such an arrangenent allows the sensor area
accardalcadvitigthieHght amgentpifakel paypionelent Bghtathdrdblyeao wbtaimegn image

sections 33 to be extremely inconspicuous anong the

pickiibsnal(aflighe k@ e@idiGBenanfdr addnpikela decline in
aperture ratio in the display pixels 3IRGB to be

[0038] "Nk Z 8terrMBIt8 PYEE. 3 WG §e8ific configuration example of each pixel
in the display area 21 will be described below.

[0034] First, for example, as illustrated in FIG. 3, the pixels 31 include display pixels
(display sections) 31RGB, image pickup pixels (light-receiving sections) 33, and
wiring sections 32 in which wiring for the image pickup pixels 33 is formed.
Moreover, the display pixels 31RGB include red (R) display pixels 31R, green (G)
display pixels 31G and blue (B) display pixels 31B. The display pixels 31RGB, the
image pickup pixels 33 and the wiring sections 32 are arranged on the display area 21

(the sensor area) in a matrix form. Moreover, the image pickup pixels 33 and the

wiring sections 32 for performing an image pickup drive on the image pickup pixels 33



Wi ring sections 32 are arranged in a region not

contributing the apertures of the display pixels 31
RGB (for exanple, a region where light is shielded by
a black matrix, a reflection region, or the like), a

light-recei,,i.ng circuit is allowd to be arranged
wi t hout degradation in displgay quality. In additi o®)9P0334
as Wll be described in detail later, for exanple, as

illustrated in FIG 4, reset signal lines Reset _1 to
are Reseged. sepamtely rfewa cash gthwr at irmgarRemVals t Supead sraagement
connected to each of the imge pickup pixels (light-
allomedkeé sansg Secinchids)g A8 imhgmg)clauphwirelz GAtaad thd wiing sections 33
direction. [0035] Moreover, for exanple, as
to beldxtteineBtiGEbrispiclibis arhongehe hhspiaytﬂiﬁelb BURGE; asduNowga decline
sections 33 includes a photoel ectric transducer PDl as

a?elln'lrgrﬁlﬁé &f evdifslaf bBERN 1 R G NS betrhinenB8d.€ NSk 6Ve, when the
har ge correspondl ng to the ight anount of received

wirfnlg%mtlong ntgg@\}% e%z d?ncﬁ %Qﬁtﬁ'bﬁ@ﬁ theQ ?Eﬂlﬁ'\% LERE QG play

ment ree SIS ors Tnf to
t | t t t
ooy PR SERERL ¥ o AT BRI B £t o
reﬂg%ﬁ?llt {flgfoélg f(l)g][ g f oé’xﬁ:ltﬂ’}é% cgfvﬁﬁc;trcgg 15 de. a?lgwed to be arranged

hototran3|stor or the like. Herein
w1tlpfm§ eepdationjip disphayserabinr Ipppditios, %so‘mlf 5%?@8“%?‘1 la dusra:\l later,
phot odi ode including an anode (forned in a
for seamplenaiuiiusirated i &gﬁ 4areselt hene linpp Reed_| #o SerIt 9% read
sem conductor region) and a gate (for exanple, formed
sigriah lines Rewdr 1 s Reads ervire omahected to eacbgpifding imagedvickve pixate(light-
hold true for photoelectric transducers according to
recéiVidg kevhs)@3 alexgparhbezontdiiliab disedtionbe descri bed | ater.
Further, the transistors Trl to Tr3 each are

009ﬂnfM61‘é6€& Br exandple) dsi llttat@nsi BI@r 5, (bl )ofake ight-receiving
like. In the light-receiving section 33, 19 S(c)9PC334

sec@BIR §90dnQhadshg d%i@t&e@&”tﬂ& t@ah&nRet MY ad & ﬁ%ﬂgﬂ?@éleﬂ t Qerent

power source Al and the other end of t VVItC i ng

e 0ET S BTSRRI bR ek,
ucer

h
capfRiPe S tont rgPa Bhedt w19 e LA R TR 3%8?40%5% three

Vi n . .
transiss%rs %rldto Tr3. The photoelectric transducer PD1 generates both of an electric

charge for charging and a discharge electric charge for the capacitor Cl1, and is
configured of, for example, a photodiode, a phototransistor or the like. Herein, the
photoelectric transducer PD1 is configured of a PIN photodiode including an anode
(formed in a p-type semiconductor region), a cathode (formed in an n-type
semiconductor region) and a gate (for example, formed in an intrinsic semiconductor
region), and the same hold true for photoelectric transducers according to modification
examples which will be described later. Further, the transistors Trl to Tr3 each are

configured of a thin film transistor (TFT) or the like. In the light-receiving section 33,



the other end of the switching element S 12 is
connected to one end of the switching clenent SW4
and the anode of the photoelectric transducer PDI1.
Further, the other end of the switching el enent SW3
and the other end of the swtching elenment S\W4 are
connected to one end of the capacitor O, a drain of
the transistor Trl and a gé?e of the transistor TPYoP0334
t hrough a connection point P 1. The other end of the
C 40 1S n ed t e ar.o \A

one BT Silning e RSB chBnd i S hW e BB Ry ep the
a res Si l line Re ,.and a source of t o

ot effiSFietng ARPing eFshh SR uis FoprcPddh g of g wiishing
Vat. Further, a source of the transistor Tr2 is

elerpesi Wil & endothe reathadernds thgr gate ofdhe Phatpelechicairansgpoar D1
transistor Tr2 is connected to a drain of the

Morepsgrs prg od offthg switkiyng elearent Wyt ie connactrd to pagieinsk ¥BS, and
Tr3 is connected to a read signal |ine Read, and a

the sther el of tht hwitthiag sleptent SWI2 issonmrtectbadie tead af theadotehing
line 41. Moreover, a charge Circuit allow ng an

elerfér® @W i £ and eHeghollo of eapl@iteddedific fandiReePD At Edrther, the other
(charged) in the capacitor O is configured of the

end%ﬂ!tﬁ&i\{l/iﬂﬂli@% SIERBASS WY ahd AdothWénd NGt sRRtRAg 8ment SW14
switching elements for charging. Further, a discharge

r SCHAT,
o R Bl At of
Ay f.th .1 chi I nt.s S : .
the FR B T2l ol Mot 13, IR SR ARAT eifor g i
such, a confi guyrati o as W l| be.descri.bed. in detail
conpégiel R . hrord eiartete S/HF oo 1 iy Dhbeted to o
above- descri bed charge circuit and the above-
resed sigapl ISR ¢k @R AGEUIEE r"gﬁhet trafisistQyy ) d connepied ko a ggseppower
i mge so that the electric charge for charging
soug?@n‘grrsbt Berthes, 2 peurph of 8wl teasisias T2 dp seeestedppithg gower source
accunul ated in the 20 SO9PO334 capacitor C through
VDbDhend wi draihi afghe Itemsistos TBWs codnnenigd Sv\k4dtaor oTthartginsigior Tr3.
and the electric charge for discharging generated in

Moidoeerp Agiated ethiertransistor a3 dsicerinelbfad tb reaélsimaklind Read, and a
the capacitor Cl through the switching el enents SW2

sourRCh NG Irah§iktor dirs GHRbAARE fohe r@fayuliné FRIEMBIOKeD a charge
signal is obtained fromeach of the |ight-
circuit allowing an electric charge for charging to be accumulated (charged) in the
capacitor C1 is configured of the switching elements SW11 and SW14 functioning as
switching elements for charging. Further, a discharge circuit allowing an electric
charge for discharging to be released (discharged) from the capacitor C1 is configured
of the switching elements SW12 and SW13 functioning as switching elements for
discharging. By such a configuration, as will be described in detail later, the switching
elements SWI11 to SW14 in the above-described charge circuit and the above-

described discharge circuit are driven to pick up an image so that the electric charge

for charging generated in the photoelectric transducer PD1 is accumulated in the



recei ving sections (the imge pickup pixels) 33. In
addition, the voltage of the above- described reset
power source Vrst (a reset voltage all ow ng whol e of
the electric charge accunulated in the capacitor Ci
in each of the light-receiving sections 33 to be
released) is settable to ar0arbitrary vol tage bet we@iP0334
a power source voltage VDD and a ground voltage VSS.
[00321 In addition, a circuit _part in each of the
capaqiigh Cly eaishi the switeking edemante S Wi gind $Vd R fpr phacging) ambthe
described in FIG 5, the display pixels 31 R&, the
electres eharge gfval dibghaeginRegeperatadhen theaheiogieairicl fraesdRecadPD1 is
the readout line 41, a power source line VDD, a
relegged Uinen Ithé eapdSifora@tl throngls ¢ie swalkdhargeelbmeants \AW12 aad SSWW3 for
control line Sa to which an SW control signal for
dischafin| théreBy it treddengickiip tshgab W tobhiimd So@nahch SWthe light-
and S14 is supplied, and an SWcontrol line Sb to
recégdf;lhg Be@nShe %age%icmplambl\%m BOfdit R {0l @6 bEtheRGove-

he switching signals SW2 and S13 is supplied are

. : , _
des R AL b urd) TR, AUFNNBPE PR WYL clectric
operatian of t.he display-and-i o] vi ce of
chai@R 3o ieam I PR DA B L FEENBhGIE el 33 o e
00381 First, an eration of displaying an i d
rolebpAL BTG I BT TBITERY RGBS bahech peibes pouf upfiRe g and a
the di splay-and-i nage-pi ckup device wll be briefly
gTO‘H@s‘@rl'iaB%E{S%bel ow. [0039] In the
di spl ay- and-i mage- pi ck-up device, a drive signal for,
[00%f]s g aglditionpa siraeiedartiin qale ofithglight-rgediviag seetequst(thepimage
based on display data supplied fromthe application 21
pickspaPRE9433 esogbaininailéc Bt thendispayt piaals 131 RGIhdtha reset signal line
h:te-sequential display drive is performed on the %O

Resel, S asadpagel]l lide Rendr elspesadeutt lind HiF dlpbwer sowgoalling /DD, a
di splay an inmage. Myreover, at this tine, the

grolACkdd YRS ahd alrSseh6Ragd lineeVirshantSW Bhepl dde S to/®hich an SW
circuit 12 to performa |ighting-on/off operation in

conBYNEBRAMoF &bh @SN thitcARgD? BleSRHiA%iM2R8halé&W11 and S14 is

supplied, and an SW control line Sb to which an SW control signal for controlling

switching of the switching signals SW12 and S13 is supplied are arranged in the

display area (the sensor area) 21, for example, as illustrated in FIG. 6.

[0037] Next, operation of the display-and-image-pickup device of the embodiment

will be described in detail below.

[0038] First, an operation of displaying an image and an operation of picking up an

image of an object by the display-and-image-pickup device will be briefly described

below.

[0039] In the display-and-image-pickup device, a drive signal for display is produced

in the display drive circuit 12 based on display data supplied from the application



[0040] Here, in the case where there is an object (for
exanple, a fingertip or the like) which touches or
comes in proximty to the 1/0 display panel 20, an
i mage of the object is picked tip in each of the
I mage pickup pixels 33 in the 1/0 display panel 20 by
a line-sequential light reception drive by the |ight
reception drive circuit 132land an | mage pi ckup S09P0334
signal fromeach of the inage pickup pixels 32 is
supplijed.to t {aht, . r-eception. dei L cui t 40
prof POk 1 b BES R Wit G pberdihed By e
igpals fr t he i mage, pi.ckup. pi xel 3 for one frane
10 HisB s AlinetSpoatatiaB R E Bighal Bonla oimipig Morover, a
. processing section 14 as a picked-up inage._L0041]
thista¢, the hag t h%g%alﬁq JEEYL PY @h%é’éi’]iab iiriyg circuit 12 to perform a
_ _predeterm ned i mage processing (arithmetic
lighingeoa®st engratigniia Iﬁymhmnltﬂéwd@@g‘r ihp&@ digpley phuel gér f or med
based on the picked- up imge so as to obtain object
[00401f Heermin the cabowherehieroly &t dbjectu(ddri exgmpie, iarfingedipi orithe like)
to the 110 display panel 20 (position coordinate data,
whidlatéuchbout cbines $ihppsxiMity 3o z2Re OfO di@layopdneL 20, & ithilge of the
l'ike). [0042] Next, details of an inmage pickup
obj RPRIAtk@pah ehéifofb afhgBENEkupaiifeld 3P IPERIRO URplay panel 20 by
fingertip extraction process) of extracting an object
. 1 0 . p . . .
a llé%ﬁégﬁ%idplfg}ﬁt PReFGin SHEL bg]_stltlei}ll%ﬂ {é%gﬁtgd}moargl)’{%r&lt 13, anld an

€S Or cones 1 n proxi ay pane

. j i . i1 . .
R R T S LR
. .IlLustrate n .e e.of the | 1.CKU .
reccgjah 416 PR e B fIBdf ERECoRfio CEVE GG Sndyol i pickup
s TS o el P9 Sk B Vet TS
respectively, and (E) to ( i ndi cate read 22 S09P0334

outpyitigh 40 thedmageprocasingsgetion 1) as apickedadp Pyagey/( Read3) and

V(ltead _n), respectively, and (1) indicates a control
[004li]grteny irhtheSWage mirpaissiag gretionSdd, predetbimeinedvimags prpcessing
el ements SW1 and SW4, and (J) indicates a control
(arithingnialprddebsin W id oin tvilb be desgribed Bigr i perfdrhred bavddt ahtha @icked-
elenents SW2 and SWL3. Moreover, FIG 8 illustrates
up ifeie8ish %is (@ BblalfP@ect information about the object touching or in proximity
to the /O display panel 20 (position coordinate data, data about the shape or size of the
object, or the like).
[0042] Next, details of an image pickup operation of the embodiment, and a process (a
fingertip extraction process) of extracting an object (a proximity object such as a
fingertip) which touches or comes in proximity to the /O display panel 20 by the
image processing section 14 will be described below referring to FIGs. 7 to 14. Here,
FIG. 7 illustrates an example of the image pickup operation of the embodiment with a

timing waveform chart, and (A) to (D) indicate reset signal voltages V(Reset 1),

V(Reset_2), V(Reset 3) and V(Reset n), respectively, and (E) to (H) indicate read



pi ckup operation in one light-receiving elenment 31) of
the i mage pickup operation illustrated in FiG 7 with
a timng waveformchart, and (A) indicates a reset
signal voltage V(Reset), and (B) indicates a read
signal voltage V(Read), and (C) and (D) indicate the
SWcontrol signals Sa and 38, respectively, and (EjJ09P0334
indicates a potential (accumulation potential) VPI at
the connection point P1, and (F) indicates a potenti al

sign@} seltnes \«Bleada_d ViRead 12)ofV (Reasl_p arid Yi(Rpacha), 4gspectively, and
Further, FIGS. 1to 14 are plots and a schematic

(D) indatekar calgsd rSIgmnah Ghad W megtobsighal Sa) der dte pvitdhing elements
related art according to a conparative exanple.

SWI 0@AB B WFi 4, ahd (f)andieatespkentrd signbl (1sd 88t echtioh sighéd Sbj,for the
the reset signal voltages V(Reset 1), V(Reset2),

switéhiReS@édenta SW M RESWBLIB) MBbol e FIGAY ilsisgRt deilt &gesnage
V(Read_ i), V(12ead 2), V(R ead3) and V(Read_n) are

plcl&%o&i%l?ﬁtld fnocr)]ﬂ? llglt 1@:&19% S4RLR PY & thkNBrag §?%(§(§Bt66a;%t]atlon

eration. | |g ht - recei vi ng "sections 3

111u{}&{iédzﬂlnf7ﬁli e’}r 'Vg Rthi ave{&ﬁrgd&ﬁﬁr 5.1}?(? SA%F]]%&&' A reset signal

rom reatd si

Voltgéeg bt eaf By PR ¢ el Oﬁ%%e oV ERag tdh‘?ata%d(m
indigie A SOL PO AR bt eorégec RROR %ﬁﬁeﬁ:ﬁownﬁal

state in synchronization with the |ine uent i

(accypurationgrnsensip) SRkt therogaectiongioit Rle P’?‘iﬁf lwélp&tg%% potential

and such a read signal voltage gRead and the SW
(readowit vadlage) Yhhos ti@arcadmit Spe dil e 6 FLGB-nlt lotot Hearg plots and a

(high) state in synchronization wth the swtching
schapaicatiewnfoh dtseebing @Y iGfEe picktp pafatiohén eded aglatcatding to a

and the switching SW | to Sid" 14 are brought into
conpar@ive ekahple. Further; the SWcontrol signal 23

SO09P(B34 Sa and the SWcontrol signal Sb are

[0048 ]t Bfr&tatoR bXapleUBhlludtited ih FeGH Sh@icBet sMMaBvoltages V(Reset_1),
speC|f| cally, V\/nen t he backli ght 15 is in the ON

VLAt 8), Q%sé\/\é)c eSdt gDk Send §eadb§1gﬁ‘29 hfolda Eéso ViRgadh),

st ate, the tro‘r signal Sb is brought into an

o B AR MY AR iy o 35 e

sequential operation. In the light-receiving sections 33 on each horizontal line, as will
be described in detail later, a period from when the read signal voltage V(Read) is
brought into the H state to when the read signal voltage V(Read) is brought into the H
state is an exposure period. Moreover, the backlight 15 alternately changes between an
ON state and an OFF state in synchronization with the line-sequential operations of
such a reset signal voltage V(Reset) and such a read signal voltage V(Read), and the
SW control signals Sa and Sb are brought into the H (high) state in synchronization
with the switching operation between ON/OFF states of the backlight 15, and the

switching SW11 to SW14 are brought into an on-state. Further, the SW control signal



the L state, and the SWcontrol signal Sb is brought

into the Il state. [0044] At this tinme, the inage

pi ckup operation in one light-receiving elenment 31 is,
for exanple, as illustrated in FIG S. That is, first,
when the reset signal voltage V(Reset) is brought

into the Hstate at a tinning tl 0, the transistor_ T

is brought into the on-st gf’e thereby t he potenh%‘PJ}JO'j’34
VP] (the accunulation potential) at the connection

Sa Qrgis g%e @ 8%@?? é?]eho%ﬁ g?e %S%te L]Ito"ﬁgﬁt }{{tg ttlf% 6—2 ﬁalaé S More
spesi gl hen R Pacstt ﬁ?"dagwgé R St O Pl g s s

t he. SWcontr ol Sa and the ontro|l sig b
broyghé inte fhe i istats, ﬁpé%tqq% |<r0n§r9!aflgnaér§ if REPUShE nkq @a P80 state,
respecti veI y, thereby an operation of accunulating
and stheptthe backlightgles is dn therAF g ptatg. the SWecontplatignad Ba @Lbreaght into
charge operation) is perfornmed in synchronization
the luistake, andh drei S\ rroatrolpegab 8§b (abro@htdmiottbé Hretatper i od and
an OFF switching period of the backlight 15) during a
[004H]s plt @yis titricy ¢he iMuge pigkapiopetibh yn oné tightexcasiping, el@sent 31 is,
illustrated in FIG 9(A), the switching elenments SW |

for @R&MSIVL4s f1QIstraeDAROFITE &1 ahit UGt iWwHed thbQesf-stdnat Qoltage
and the swtchi ng el ements SW2 and SW3 for

v(Rds&s DA 8hag iMoGhP TP Uahtat 'anﬁrﬁmtgrl‘?o oht 18hak®r T}_h ?srlﬁgi{ght into
i i

e el ectfic charge harging 1s accunulated in

e L ST @?eé%ﬁg“?“ﬁl%g?’@?;%ndﬁﬁ (B Fhocion
poi b e Pl TBRs, P8 Bn PSR o GNSRE i S arbitcaily

illTumnation light fromthe backlight 15 and outside
set.| j ght (environment |i ght) LO so as to cause a rise in
t he accunul ati on potential 24 S09PC334 VP 1. [0046
(004G xNext, in appréad Bemra bringrél to afingng 112, the @Cklilghtdé is prpught
the backlight 15 is brought into the OFF state, and
intot the W tdnt amsl thei YWatorsml sighat Re aBivthe iW clontrply sighal Sb are
are brought into the L state, and the H state,
brovighs piatt itiwe Il stitbeandbtheah stper atdpeotivdly, thereby an operation of
accumulating an electric charge for charging in the capacitor C1 (a charge operation) is
performed in synchronization with a horizontal period (an ON switching period and an
OFF switching period of the backlight 15) during a display drive. More specifically,
for example, as illustrated in FIG. 9(A), the switching elements SW11 and SW14 for
charging are brought into the on-state, and the switching elements SW12 and SW13 for
discharging are brought into the off-state. Thereby, the electric charge for charging is
accumulated in the capacitor C1 along a path of a charging current I11 illustrated in the
drawing in accordance with the total light amount as a summation of reflected light

Lon reflected by the proximity object of illumination light from the backlight 15 and

outside light (environment light) LO so as to cause a rise in the accumulation potential



rel easing the electric charge for discharging fromthe
capacitor C (a discharge operation) is perforned in
synchroni zation with a horizontal period (the OV OFF
swi tching operation of the backlight 15) during the
di splay drive. Mire specifically, for exanple, as
illustrated in FIG 9(B), the switching el ements S¥@dP0334
and SW 4 for charging are brought into the
off-state, and the switching elenments SW 2 and SW 3
VPY.or discharging are brought into the on-state.
Thereby, the electric charge for discharging is
[004@ edsedinf a erivdh drana plae titdmg Q2 tchadingingalpathe wicklaght 15 is
di scharging current 112 illustrated in the drawing in
browght dritd alnc @ FRistdte, tahé tHd $WtcoatrolsignabfSatané tieS Wi abatrbi gfal Sb
(the environnent light) 1.0 to cause a decline in the
are dEGUHRY b 188 1D SfaN)tahdlthe/Bl stald) Qésplctiedy), théby iaRl deration of
times of sw tching between such an operation of
releﬁﬁﬁ% THE llddige chAgeCo? Cdi§dhardii telen ftRE GPANGE @1 R discharge
such an operation of releasing the electric charge
f or. di. i na- O ti L 7 NG
ope],agll('l)ﬂj rllsa ?)t oA niarsfnecﬂgcfnflﬁrtlgﬁfjw% g?lﬁlzeotrn'tén ;%gxto%i lélhe ON/OFF

€ exposu erio

swi@h@%@éef%ﬁ?%&qﬁ% i ﬁ}t:@ugé*%athg %}?%Eﬂ&f‘%v%ﬁr o iy,
Vb 1 fi Y, Si
for Gl 24 Lot PN ORB 1B R Gttt SR Vi g SV or

the transistor "T'r3 is brought into the on-state,
chargipg ane biop@itiigle the offrdatei sadnesyatchipe£lementh §Woig, andngW13
vol tage of the accunul ation potential VP | is read
for gligchfnging aree braughibuntol thee on-state. Thlkerehih ethe t Hectiigregharge for
pi ckup signal is read out after nultiple tinmes of
dischaigirghisrglebsstdwiean thd eapapidoraCl doagh a pethuwfid dischaggitgeurrent
el ectric charge for charging and the operation of
112 fikhseasidrig thdéra®lige i daccordahey @th filag lightsekungobNthe dufside light
exposure period becones longer, so as illustrated in

(theFnGrodReIPRGI o Bi)a deRlifié MNBL a6RMARARM potdaffial VP1.

accumul ati on potential VP1) of the inmage pickup signal

[OO%'fe] Cirhés gﬁultiﬁfértﬁﬁ 636 swifdRinTREFedd! LkbAn %F&Qﬁ&n Qpﬁéiuﬁl%@ating

rein’is an analog value,” so A D (analog/digital)

tho PR ARfR o2 REEL G ROl B TRPGLRAGCHE 1 ROk Rarge

for gifsct:heag'gikg %;e’pe%%ng ﬁr?tgl ati &%lth ?Autn%%%hev éx%%gl?rte)pell‘igd), and after

that, an electric charge accumulated in the capacitor C1 during the switching is read
out as an image pickup signal. More specifically, when the read signal voltage
V(Read) is brought into the H state at the timing t14, the transistor Tr3 is brought into
the on-state, and in a period from a timing t15 to a timing t16, the voltage of the
accumulation potential VP1 is read out from the readout line 41. Thus, when the image
pickup signal is read out after multiple times of switching between the operation of
accumulating the electric charge for charging and the operation of releasing the electric

charge for discharging, the exposure period becomes longer, so as illustrated in FIG.



brought into the I-1 state at a tinning t16, thereby

the sane operation fromthe timng tI (P to the timng
t16 is repeated.. [0048] In addition, nore

specifically, for exanple, as illustrated in FIG 10,

a period in which the SWcontrol signal Sa is in the

H state and a period in which the SWcontrol signal
Sbis inthe Hstate are sé so as not to overl ap 0334
anot her (a non-overlap period is set), thereby the

R I e MW R T
e R ek E B BT B, Sl e,

one frame ?roduced in the light reception drive . .
A/Dc(angloptdiginl) econyerstasy ivagriogngben ihs Heagenpicleusignal in the light
(proximty) center. Then, a result of the detection
recepfion davecosuitrl 8y Intkildition; sftepdhgiutheadset sigmak atagedfReset) is
processing section 14 to the application program
browghe 0t therH swod atantiihg tt fieheblyy thheahe ngemtiop fremt the titriiont10
process by the image processing section 14 is
to tiecoirRIngtte6lis (bS8 Thus, in the fingertip extraction
process of the enbodi nent, when illumnation light is

[004883;]1 {ntha%qitfoﬁl%fféqi?pegﬁﬁmﬂ},?m eleiﬁlp‘léﬁ ak NRisRARY INFIQY. 190k Béfiod in

e 1/ 0O display pane 0, the electric charge for

. i ' -gu'ﬁnsl [ f is j
Whlgﬁg{eﬁmggﬁ?ﬁﬁ ceor %ﬁgglevq\} t ﬁ?g at%ét?g)ld i g <t:}p{cf}llr%rt)igl]bgtcontml
. a . S.u ion of the reflected |ight n..originating.
sigf iSRS sty st figh o aRirep REC anORR o P ftod
. he outside light) LQ . Mreover, the . . : .
is st gerehib Bir SO D10 i Trleb SORPO D Th Db e e Sctions3 s
electric charge for discharging is released from each

preygntedhe | mage pi ckup pixels 33 in 2t S09P0334
accordance with the |[ight amount of the environnent )
[0049]gNextl A) the imageprotensing sebieon agathmitiskurpcessiggaf determining
obt ai ned from each of the inmage pickup pixels 33.
the Téraroid bhart piekédrag émager foc ess fragepecdicod il the ligh esctption drive
i nformati on including one or nore of position, shape
circ@itld3 ispéforfied ith @etefraic Mhd tuctb{R6kiniis) obital. MEtknt hrauhf the

utilizing a picked-up i mage based on

detection of the proximity object is outputted from the image processing section 14 to
the application program execution section 11, thereby the fingertip extraction process
by the image processing section 14 is completed.

[0050] Thus, in the fingertip extraction process of the embodiment, when illumination
light is emitted from the backlight 15 to the proximity object by the I/O display panel
20, the electric charge for charging is accumulated in each of the image pickup pixels
33 in accordance with the total light amount as a summation of the reflected light Lon
originating from the illumination light and the environment light (the outside light) LO.

Moreover, when the above-described illumination light is not emitted, the electric

charge for discharging is released from each of the image pickup pixels 33 in



the i mage pi ckup signal obtained fromeach of the

i mge pickup pixels 33. Thereby, a conponent by the

environnent light LOis subtracted in the imge pickup

signal obtained fromeach of the imge pickup pixels

33, so the object information about the proximty

obj ect is obtainable wi thows i nfluence of such S09P0334

environnment |ight LO [0051 ] Moreover, the inmage

pi ckup signal is obtained fromeach of the |naP
accpridenagpwithitleelight3gndyas ed tl@nertvltrenmp@tr]gghtdﬁ) ofherefore, the image

accunulating tile electric charge for charging and
pickupesigné isadhitainedfromedael st thg itdage pickap pixelsd3arenf iorthe image

di scharging, so in the fight reception drive circuit
prodessing@ s&dtidhl 1€ objecdiaforgbitineieERlaigyoder @ Bor8®ITPOHitsn, kBApe and

for producing the picked-up imge fromthe inmge

sizePb L PrédifnGlobjdta s dtiahed thrb@tahtathidy i plded-upXMaPd Based on
as illustrated in FIG 58, frane nenories for two

L A T IR
corrﬁ) dgftthé %nxg}l?orﬁi]eglt flfg?ﬁ gl‘r%f% Xllbt Cfed niﬁcﬁl%sﬂaé'e sés g%zllgnal

p eXtraction pro

b o2 of Bt inas %a%ﬁb'g}%ﬁ ﬁcéat%%&pﬁ%q&fégfaﬁtagﬁ afog the

21 of the 1/C). i spl ay panel one tinme ch as
prwflﬁetyquéﬁc@ as&t&aln@ﬂswé@oufsm Bcg oF fiie qnvw%nla?nttlwﬁ fo
ects is obtai nable. [0053] Mreover, in
[004% nb’&rrawev,et e xEngs Rickyn tignal 4} elfaingd ﬁlomseacmféh@mme pickup
(for exanple, a fingertip extraction process in
pixeleBAtbeskdant thieldpastivatoédeumiiag 57 elastiicc@iargeafor charging and
i ndicated by an arrow in FIG 11, in the case where
the bherapororf rdldagingbthe electre dmigengr discharpiegdiosinl thy lighte@c&ition
of the PO display panel 20, the follow ng issue

driveGiren 13, d sthallerindmbér o SRRIBA3BAfrarid BRmodiet USA foiSroducing the
conditions, for exanple, as illustrated in FIG 12,

R8I Pimae Frdm TR infdlt bRIKEP SRBEMUE At Alrel IBDS (P dxampl
plcobt a{flne ev\/nen thle gagkl |ght%n| s in the oft st afgg a)F}amPe as

illu&fhtédﬁ%GB#g gel?or 1e i WG ohllﬂ'lakgésc e g%an 1ﬁ1a§9 gagﬂﬁiage A)

on state or exanpl e as | ustr

wh%% bﬁl&l:cll 6&hlt n? toEfe aid %g 1%%5 al r1]1%21 ( %)flv%etny th%%acﬁflgﬁt is on are

necessary) are necessary.

[0052] In addition, in the fingertip extraction process, information about a plurality of
touching or proximity objects which are placed on the display area 21 of the /O
display panel 20 at one time such as the positions, shapes, sizes or the like of the
objects is obtainable.

[0053] Moreover, in a comparative example illustrated in FIGs. 11 and 12 (for
example, a fingertip extraction process in related art illustrated in FIGs. 57 and 58), as
indicated by an arrow in FIG. 11, in the case where the proximity object is moving on

the display area 21 of the I/O display panel 20, the following issue occurs. That is,



on the 1/0O display panel 20, or the like, the tine
difference causes a difference in the position of a

part corresponding to the proxinmty object between a
light reception output signal Voft(AlO0l) in the inmage
Ald and a light reception output signal Von(B101l) in
the i mage 13101. Then, due to such a position, in a

di fference inmage d a (13@51 Al 0l ) between these PR 0334
inages A101 and B10l1 and a Ilght reception detection

undeli ClOé#lO&? én (eli(%r%lg < aizl lugq'o‘aie%lé%}: (? 0}12 ttgerg is a time
Bl e B RS B g

at anot her p05|t|on Therefore in the fingertip

an igege Bd P ebtapied odhes the baskiiehiys iibthetna-g@ap Ineatefare Yor example,
exanple, in sone cases, it is difficult to stabl

as iltiestrated in KEG plrloxi thietcysm]l@c thechrexinutyt dhgeqp issmeviog abgigh speed
such a spurious signal FI01. In addition, when the

on the &0 display pana 20, oo eslikyy itteklime diffieramceacankmsr ediffeeence in the
spurious signal is generated tends to increase, and

positiog &t 4 @adEortebFordities telend p@RImity dBjedt beraehn d Heht reception
spurious signal tends to be. [0054] On the other han

outﬁlft‘ stlé}?al W@Rﬁmﬁtm tAS 1{41%?5' rA Rda@PavEghtl féc&ﬁiﬁ)ncgét?ut s1gnal

for exarrp e, east the prOX| mty Obj

VOIHEYOQQIH. %pHB@ij Weﬁy?meé c th(;th?n dé{(flgrﬁgz;,@ﬁnage

rive is pertorne

Cl03#2?3Bh&f@>}8§WB°%%S§35V°4%§§?§%?® <1° P?@f"sﬁifé%ﬁ% fgpeption
deregligh aenf oV GHOMT fretP o e PoP T Dnes vsgacpibkp. IF and 12,

pi xel s 33, .and object infornmation about the proximty
in a%}lee fo ansorgnal;shgg! erFSagrlingid the ppsigor REthsirEREauRyPbIect, a
i mage based on such an image pick-up signal.
spuriqusesighalr B101f tr garraed RO 38dthere pasijpib®, Tikeesforendn phe ifogertip
of switching between the OAW OFF states of the
extrba il prgbdss hécording sethe conysarativter axamiple, siheorhe casegnit isf difficult
the proximty object is noving on the display area 21

to s@blyt digect i posipliByothévt dlie 20thd pedsBiceSdfaliclaa pguricdd siphal F101.
switching, the noving distance of the proximty

In RBitRAL Wiknakt rp%sehﬂtysmw m&fest fEcEIGNEN abdOoWhele thBSpurious
spurious signal is

signal is generated tends to increase, and the stronger the outside light, the stronger the
spurious signal tends to be.

[0054] On the other hand, in the embodiment, as described above, in the case where,
for example, at least the proximity object is moving on the /O display panel 20, or the
like, the image pickup drive is performed on each of the image pickup pixels 33 so that
the electric charge for charging is accumulated, and the electric charge for discharging
is released, thereby the image pickup signal is obtained from each of the image pickup

pixels 33, and object information about the proximity object is obtained through

utilizing the picked-up image based on such an image pickup signal. Therefore, for



m nimzed (or prevented). [0055] Mreover, in a
conparative exanple illustrated in FIGS. 13 and 14
(for exanple, the fingertip extraction process in
related art illustrated in FIGS. 57 and 58), the
foll ow ng i ssue may occur. That is, in each inmage
pi ckup pixel in the actual 28 O display panel 20, S68P0334
accurul ati on capacity for light is limted. Here, for
exanple, as illustrated in FIGs. 13(.x) and (B), when

examipée, Mlghtthfammdtofmlttch@gém\@edéhfr DYVOFT ssates of Mz bpsklight 15
and an electric charge |arger than the accunul ati on

is setap dei dxyremklyvihprti evenh € thegseximityerbgedt lrempviogionithe display area
ollject is a finger f or the like; as indicated by

21 of 9B/ erpRyipanel 20udupitle sticly aglesioVon SRitclang thofifo3thk distance
the drawi ngs, the |ight reception output signals

of tNOPAKIMAPGb)Rt {3 tredRly Hor %6 9B gbriteatRGCITTHE Shurlls signal is

capacity in a part shadowed by the finger f, or the
tection of the proximty obj ect S
mmgﬂf]k%v\é‘a{b %1%“?1‘2 ot her hand, ag i IX: ust%/at .eJd. in IFi Gs.
[oo§§S‘|( AR/IO?‘&)Q/G{ B}ln ocrémé)gfat&g fQ@Fer ﬁlutsggteg riHXFIﬁﬂest %3 8@ ?&t(for

a very such pen o

r oxim obj ect. ha anc
exampge ?ﬁ%ﬁ%%%%%ﬂﬂ B BReseS: ina it UEMPRGR i F E@ ét’ and 58),
reception output signals.Von40l and Vof 1401 an
the 501 Qéf‘flég d7EE MAYRSCHT- PR s, inrFagh fpageRigkup P‘Ffe]am fasraftuaidﬂo
~ shadowed by the pen obi or the like, the lig
displesc panel 86 atam}mylatg?wa@a%hﬂaoilghhﬁdmv@ﬂf zﬁﬁreeff@é gxample, as
the accunul ati on capacity and reach a high level. In
illugtraedd i EBGe,13(4) and (B evice the dight aewntedthe I@gtSIdeglmht LO is
reception output signals Von401 and Voff40l exceeds
largehendhac elenirit dharpeclappee ithan thé atdhenulatiapecapacikyuflowps.xiel the case
thereby the proximity object is not allowed to be

whetettee %)ﬂﬁ(llbﬁ Whijdeg ida dirdgbe FeiaRe 1i&8Ubd ind2QtedORPEBBAreception
[ 0056 e ot her hand, in the enbodi ment ,

out}it)lft ISBSRARCY 611391 Ahd A YO QA YRS dttabv'fﬂ%s fheQight %@ﬁﬁﬁrﬁutf)ﬁt signals

he outside light LOis invaria renoved, so under

Vord LS 1! H&t é&%@&id%%'ae&mﬁlgﬁoﬂ &%ﬂa&lﬁf e E%&@E#ﬁo@g by

capaci ty 'S a prevent ed

the \(ﬁ&lgnﬁ ﬁ 0orythe Iilﬁe,t s pnd%p ! ngfl tfhhee Sr%&ﬁﬁlg}?o Jegthits all'lg)wed. On the

I'ng" on er
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other hand, as illustrated in FIGs. 14(A) and (B), in the case where the proximity
object is a very thin object such as a pen obl, the case where the proximity object has a
distance from the I/O display panel 20, or the like, as indicated by light reception
output signals Von401 and Voff401 and a reference numeral P401, in some cases, in a
part shadowed by the pen obl or the like, the light reception output signals Von401
and Voff401 exceed the accumulation capacity and reach a high level. In such a case,
a difference signal between the light reception output signals Von401 and Voff401
exceeds the accumulation capacity of the image pickup pixel, thereby the proximity

object is not allowed to be detected by using a difference result.



swi tching between the OV OFF states of the backlight

15, a capacity accunul ated by one charge operation

and one di scharge operation is determ ned). [0057] As
descri bed above, in the enbodi nent, when illum nation
light fromthe backlight 15 is enitted to the

proximty object fromthe 1/O display panel 20, the

el ectric charge for chargi r@@ i s accumul ated i n eachV09P0334
i mage pi ckup pixel 33 in accordance with the total

g no t as nat, | n of the reflected light.Lan

1003537 Ehn, BF RGP B ‘P < erToarmE: BrSrechiy SLaR cxherre time! the

enviro tsi.de light) LO, and en t he
comppu CHae opisi gttt Rt sty ROl Hopn aPVéH“Sl%tht

electrlc charge for _discharging is released from each
conditiggethsi liriterh agrugailatipn eapagite oy dléaveel (i b pravented gpm being

anmount of the environnent t L.O thereby the imge
filledi withionbi theatonimonoit of ﬁw@dowtslgwhgbtabh (denwgdingi wkthe period of

pi xel 33, so in the image pickup signal obtained from
switehmlg betvaepa thp I ONQFFpstated oBthe Hakkliginiipaeapackty actiemulated by

environnment light LOis subtracted, so the object
oneichAr@E Bpérafdn &lDete difthaRic@peritibd iOfjt@atinddy. obt ai nabl e

wi t hout influence of such environment light 1.0O

[o03AQr Wﬁéscnb@da abég@eg 8n Rhé& leHibodingdi] when ARiAIAgsh 1igRMrom the
each i mage pickup pixel 33 based on the operation of

baclaf: ! i@té el i}ﬁ fd (f)%){lﬁxﬁtg (hﬁé& & difl rth has g,l'lsggily ﬁ‘eﬂl@l tZBethe

rati on easin ectric C ar ge

in the |i r.ecepti on drl C|rc
eleCf UL, B0, b5 s R ' Phahe PifEng ige 53 in
13A for. oducj i cked-up image fr th
scod Tt b BHISS] B pBSAES, HPuRS! L fﬁ‘é&@@ Jighy Lon
(a frame nenory for difference detection. i s no
ongﬁg)@@ggg}r?)the ﬂhgm@p%qrbhg}@th@ld %J @viropmentt lag}t)[out&de light) LO,
detectabl e irrespective of use conditions while
and vdrtndthe gbonendeserdhedriilngiBtipn $EHPEa8Y emittut, she ¢loggg)harge for
More specifically, in each i mge pick-up pixel (each
dischagire iseekensddrigors @ath omdge3@ckupt pigelpdibimadcentance with the light
transducer PDI generates both of the electric charge
amdudf of thare@ivitgnaad lighbe0giherby itke Bhaegickuprsighab Bhebtghéd) from

and the electric charge for charging generated in the
each image pickup pixel 33, so in the image pickup signal obtained from each image
pickup pixel 33, the component by the environment light L0 is subtracted, so the object
information about the proximity object is obtainable without influence of such
environment light L0. Moreover, the image pickup signal is obtained from each image
pickup pixel 33 based on the operation of accumulating the electric charge for charging
and the operation of releasing the electric charge for discharging, so in the light
reception drive circuit 13, a smaller number of necessary frame memories 13A for
producing a picked-up image from the image pickup signal than that in related art are

necessary (a frame memory for difference detection is not necessary). Therefore, the

object is stably detectable irrespective of use conditions while reducing manufacturing



phot oel ectric transducer PDI is accunulated in the
capacitor G through the switching elenents SW1 and
SW 14 for charging, and the electric charge for
di scharging generated in the photoelectric transducer
PDl1 is rel eased fromthe capacitor Cl through the
swtching elenments SW12 and SWL3 for di schargi ng, S&P0334
t he above- described effects are obtainable. [0059]
Mor eover, the operation of accunulating the electric
costsharge for charging (charge operation) and the
operation of releasing the discharge electric charge
[00§8]i Mhasmpeifply,dh icacisimagapickap pixeh(eayinbghtencardng serction) 33,
with the horizontal period during the display drive,
the El@ot@éluﬁﬁb REn §ic&EBD BienedteOWEH of thdxgedtgdl tiege for @84@Ing and
urther, the object information is obtai ned based on

the %l!é@criic RSGe RbiCdi Shastit) ah& thedMcii@ithr@d fof Ehd¥pinkigehrated in the

i mes of switching between the operation o

phoffefidi @ﬁﬂsg?ce:r 2’?1 i§ !a@&ﬁﬁl.i%gte&’ fhg%_afé&'itof: t"'l”tﬁifog%l aRdwifeRing

operati on easing the electric charge

disc [ n t,he e sure i od; i s. a - .
et SV PL A0 SR Py VERERHE P RE K UeliSHABHE Bor Qistrging

sensitivity is all.owed [ asi ng the.signal .
sen@gfiotolte prBeBuEdmaatieh b sreraedEoE U cqpgior C!

i mage pickup signal, and _the exposure tinme is fregely
throggh (tas | eitclie. sRmeer SHAE T SNV B APt dRFRATEEast diibdbove

[0061] Moreover, for exanple, when the period of
desesitied shifieply afreaigiaablehe ON OFF states of the backlight

15 is set to be extremely short, even in the case .
[00§tHe r Motdorer, ghoxipriatipn aifj acumukting vhe glestric ikarge dpit aharging

area 21 of the 1./0 display panel 20, the generation
(ch@rfe tdperation) i ands tiei gpahtiors «fl tabewsthgt thebdisoharper dentri¢ atharge

prevented), thereby a 31 S09P(334 further inprovenent

(disbﬁhr%@ Bp & e @ leh€Nars &R §yrich¥driizatios vatt beBerizdnitdl tpaeidd during the
di fference processing is perfornmed in synchronization

disﬁ’Mi}I i, E@@&ﬁ)liﬁg hoREs Ak 28¥vtE R Norelgdeseen the OV OFF
states of the backlight 15, so the noving object is

OBy AR Ry U, SBEGLACh
obtained after multiple times of switching between the operation of accumulating the
electric charge for charging and the operation of releasing the electric charge for
discharging, so the exposure period is allowed to be longer, and an improvement in the
detection sensitivity is allowed by increasing the signal component (the accumulation
potential VP1) of the image pickup signal, and the exposure time is freely settable, so
an increase in an S/N ratio is allowed.

[0061] Moreover, for example, when the period of switching between the ON/OFF
states of the backlight 15 is set to be extremely short, even in the case where the

proximity object is moving on the display area 21 of the I/O display panel 20, the

generation of the spurious signal is allowed to be minimized (or prevented), thereby a



charge by the reflected light Lon is accunul ated, so
at the tinme of iD conversion on the inmage pickup
signal, it is not necessary to set an unnecessary
range for the outside light LOor the like (the bit

l ength (word length) of an /D converter is effectively

utilizable), and an inprov nt in use efficiency |
al | owed (an i nprovenent in%t he S/Nratiois all ové@%P.O”“

[0063] In addition, a dark current conponent resulting

R e R SN M e
ol TP 0 b RSB B v
e BNGEPES e BB S 2 e BB B B

t he readout speed and the follow ng capability for )
[006He Frphemin 815 @acinyChin eashpmage |pyc?mna>@gﬁér$éennlydhe electric
each other. Therefore, the exposure tine is freely
chargsthiyatb egflastedalight dmnds hoquniulagbd, soet ¢t fima of f¢Rsioniversiop on
is allowed to be nore noderate than that in rel ated
the anagespickuphsigrabaid ot negsedy its saldnaudcdsaarp earge tfor the outside
sl ower. [0065] Further, in the light-receiving section

ligh83.006r thedikentied bivashgth Wverl tdngth) RAGK! Aghicodwrries is effectively

brought into the OFF state, and only the operation of

YUl A0 CORIAEA: ARy

| Stdhd fedqf 0 be performed. [0066] Sone nodification
S/Nlelétall?nk)ﬁ es ofﬁ't he invention will be described below. In

diti . lik onponents are denoted by |ike nunerals .

(00§} bfion, stk ABER Bt B5SHEARAE FroRt trerHiE Gt e i

wi |l pot. he further described. [0067] [Modification
remg@yahles PX the 1nage pickyp Ay B {HeAROSMERtY oy ¢

configuration of a light-receiving secti o_geéa_ l'i ght -
[006H c Mogeargr, #b theitine aBrpding oyt tiengagopivken sigea: ingalated art, the

Exanple 1. The |ight-receiving
moving object is followed more precisely by reading out the image pickup signal at

high speed, but on the other hand, in the embodiment, the readout speed and the
following capability for the moving object may be completely independent of each
other. Therefore, the exposure time is freely settable, so a demand for light reception
sensitivity is allowed to be more moderate than that in related art, and the readout
speed is allowed to be set slower.

[0065] Further, in the light-receiving section 33 of the embodiment, when the
backlight 15 is brought into the OFF state, and only the operation of accumulating the
electric charge for charging is performed, shadow detection using the outside light LO
is allowed to be performed.

[0066] Some modification examples of the invention will be described below. In

addition, like components are denoted by like numerals as of the above-described



section (inmage pickup pixel) 33A is distinguished from

the light-receiving section 33 described in the

above-descri bed enbodi nent by the fact that the

light-receiving section 33A includes two

phot oel ectric transducers PD21 and PD22 and two

switching elements SW21 add SW22. More specifical3G9P0334

a cathode and a gate of the photoelectric transducer

PD21 are connected to the pomer source \TDD, and an
embgdisarnt apd wilhsotfisouberetossritedt r ansducer PD21 s

connected to one end of the switching el enent SW21.
[0067r [@dadification Exaowde bff t he photoel ectric transducer

PD22 is connected to the ground VSS, and a cat hode

and FaGgas dlwsfratehe cirooit cehfegiration dfrahgdteeniviPpatianda light-

connected to one end of the switching el enent SW2.
recdndhg R8Etiont BBA phbaidiapdo allotiifieatiEkaiplgl el BieliphtS¥@dving

and the other end of the switching el ement SW22 are

sectff(RaLEPick® RB&I)Q{?&W RCdib@ibuRped Frofil theNbiheyelvingsection 33

the caSe of the above-described enbodi nent, for

des%ﬁphethea‘?odv!el(fé%r{b%aegnﬂ)(mnﬁlel@ by]-Qhe th& that the hght-recewmg

rece|V|ng section 33A 1s arranged so tha

u
sect g e fwaisw fof %‘E*%@E?r%?&qgﬂnﬁwﬁ%&s%’ sHltching
om eac her ' IS Ia ar

cle S GnEa] Srba Ha MOt aduEte 3n§ﬂt‘6?‘1$e of i £ g of e
configuration is the sane aa that of d

photqelfsiric igansfiyger § d s gpnnsted 4p @wwerﬁetlfcs VIPRy #1kin anode
descri bed. [0068] Moreover, in the Ilght-rece|V|n

of thephdterleadgniransdaceHid Pelsconngcted toans ¢id of ¢ qim@&shmg element
functions as a photoelectric transducer for generating

SWah Maeovercarcirardgeffthe phatheleeiindransdyger @22 is connected to the
phot oel ectric transducer PD22 functions as a

grophib VS|, emtird cathods sddcegatef of thgeplartadlecitc arenedwet PDE2 are
charge for discharging, Further, the swtching el ement

conMRdd B3oR08RCEBthe switbingoemas VSN tFuhhag tied etienénd of the
chargi ng, and the switching elenent S.W22 functions

sw1§:‘ﬁl él\é’lnteﬁth 'SQ@Z eheaant Jtl‘i’ér i ehangist@ichihBedieiynt SW22 are
e pickup drive is perforned so that, for exanple,

o LA e A g e
emt‘;%d?rlr'llgr]lﬂ{'fal %or%g](ar%fplet Qse it {rate QIG. 16, the light-receiving section 33A is
arranged so that the image pickup pixel 33A and the wiring section 32 for driving the
image pickup pixel 33A to pick up an image are separated from each other in a display
area (a sensor area) 21A. In addition, any other circuit configuration is the same as
that of the light-receiving section 33, and will not be further described.

[0068] Moreover, in the light-receiving section 33A, the photoelectric transducer
PD21 functions as a photoelectric transducer for generating an electric charge for

charging, and the photoelectric transducer PD22 functions as a photoelectric transducer

for generating an electric charge for discharging. Further, the switching element SW21



light Lon and the outside Iight LO generated in the

phot oel ectric transducer PD21 is accunulated in the

capacitor O through the switching el enent SW21 for

charging, and, for exanple, as illustrated in FIG

17(B), the electric charge for discharging (in

accordance with the |ight unt of the outside |i

LO generated in the phot ogggctri c transducer PD2§8§P§334

rel eased fromthe capacitor C through the sw tching

t . fo [ ' [ 'L [

ﬁlnc?Lo%gea@. a s@ﬁ%ﬁllng éleglgﬁg ?égr &#aﬁ%ng, Q08 Hhe saltmﬁglg akRnt w22

e nodi fica n-ex: ane fingertip~
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conditions while reduci ng manufacturing costs. [0070
charging 6o aaccordprceoyith e tielnléghé agfounhas prigmeeatioatofj the reflected
transducer PD21 and the anode of the photoelectric
light Lansdddke omBRR light EONh geranatey it thenplotesledtnc trassdposnd?D21 is
source VDD or the ground VSS, so coupling noises which
accwaglateddurthagapaeitof C1 thpargatthensitohing lebersent tIWR hdor charging,
el ements SW21 and SW22 is allowed to be reduced.
and[ €2 ekhmbl¥, b @lustrafedYintRIG. SWB)C fHegedthie FRMigs faf @ischarging (in
necessary in the light-receiving section 33A (in t%e

acc&ﬂdgﬁﬂgv{}iﬁ?ﬁlie\ﬂ.tgggarﬁgﬁﬂt!o? mhe3citQlle [iDR B QERerdRa ok ﬂ\kj\?ﬁotoelectric

nbodi nent , ur switching elements SW1 to SW4 are

e
narRESETFEN o, Bl R TRRREEN G R oy B i Qment
d Lon i tion. [0072] Mo ,
SWER LS 0 Vi ng secti on 334 of The mbdi 11 cation

anpl e, 34 S09P(¢).334 wunlike the |light-receiving .

100882 TR 2153 T et Sraeelss B msabibraodiqihreess is

for the generatjon of a |eakage current_ is not )
perigpaedty, the samerinaggnpickup Lperdliopsas dhatdin gherphpvergescribed

a period in which the SWcontrol signal Sa is in the H
embpdanentaddergbperlscia theymedifidatiom exangWe.gbepbistt is sighlyl degistable

isin the Hstate may overl ap one another (a
irresymoti ov/eff Usa popditiomdwhide reducing manufacturing costs.

[0070] Moreover, one of the cathode of the photoelectric transducer PD21 and the
anode of the photoelectric transducer PD22 is constantly connected to the power
source VDD or the ground VSS, so coupling noises which occur during on/off
operations of the switching elements SW21 and SW22 is allowed to be reduced.

[0071] Further, only two switching elements are necessary in the light-receiving
section 33A (in the light-receiving section 33 of the above-described embodiment, four
switching elements SW11 to SW14 are necessary), so wiring capacities in signal lines
of the SW control signals Sa and Sb are reduced to allow a reduction in power
consumption.

[0072] Moreover, in the light-receiving section 33A of the modification example,



not set). [0073] In addition, in the nodification
exanple, for exanple, like a light-receiving section
(an i mage pickup pixel) 335, switching el enents SW3
and SW24 for renoving an electric charge accumnul at ed
in a parasitic capacity during the off-states of the
swtching el ements SW21 and4SW22 are preferably S09P0334
arranged. Mre specifically, the smﬁtching el enent
SW23 is arranged between the anaode of th
unlifp gredighéseqeidng sactps 43 o thepbpye- a?ﬁﬁnb%beramdl@ﬁat afaihrfer the
switching el enrent SW21, and the ground VSS. Mbreover,
genetatior of 2 kakagy calentinmoswRsentsoafor arayaplestiltesratadia FIG. 18,
cat hode of the photoelectric transducer PD22 and the
a peviod ierwhich thietfW ehtrehsigitpl Saasremthe S\ 3te adch pdrvd ipoviech the
source & DD [0074] [Modification Exanple 2] FIG 20
SWidohttslt digiia@ Sb & i@itheE Hi stat€ aiakyiogel gt dreranofhef(a non-overlap period is
light-receiving section (a light- receiving section
not §etf) according to Mdificaiton Exanple 2. The
light-receiving section (inmage pickup pixel )33C

[OO'j’ Cl qﬁ&ltlﬁﬂolnptﬁgtrﬂgdl EdtonCexta ‘%&Cé{g\ﬁ/\%{ﬁp"aﬁkea@ ﬂghtl?llggaving

OUI' SWi t I Ng e enment s

sect%’oqme %II 11%%%4 %’ufk?lp h%&n@‘ g}?ft L\gltclﬁrgme?f{ﬁll%\% %l\ﬁfge ryndsg%4 for

and one e Ing e are connectw

remiyQing ol R RHS e e EpaTared 18 s israp oy g O stages of

t.e t he toelectric transducer PD31, and th
the wﬂa}m%ﬁ mspts; i\eﬁlwt%m @reepr@ﬁ%éﬁﬁy ayanecds’ MSWn%P@P ally,
to one end of the capacitor C and one end of th
the switchingnejemprinBM2351aarrangse elspween Hie amsigeobthe ﬁbotoelectrlc
phot oel ectric transducer 35 SO09PO 34 PD31 is
transdusaeBD2 andthewae ond ef theswitohing leleneap 8B 2lpanddhe ggound VSS.
cat hode and a gate of the photoelectric transducer

Mofebd&, ahdl sivixehingnelemento S Wi i affdngeBubdtiveen the cathode odf the
the photoelectric transducer PD32 is connected to one

photRtectic thdhedisset PDD2 ARd EeasiRRhd S¥Vhe swithvhing @Ueient M2, and the
ot her end of the switching el enent SWB2 and the ot her

powRPSoEe V.

[0074] [Modification Example 2]

FIG. 20 illustrates a circuit configuration of a light-receiving section (a light-
receiving section 33C) according to Modificaiton Example 2. The light-receiving
section (image pickup pixel )33C includes two photoelectric transducers PD31 and
PD32 and four switching elements SW31 to SW34. More specifically, one end of the
switching element SW31 and one end of the switching element SW33 are connected to
the power source VDD, and the other end of the switching element SW31 is connected
to a cathode and a gate of the photoelectric transducer PD31, and the other end of the

switching element SW33 is connected to one end of the capacitor C1 and one end of

the switching element SW34. Moreover, an anode of the photoelectric transducer



swi tching el enent SWB4 are connected to the ground
VSS. In addition, any other «circuit configuration is
the sane as those in the light-receiving sections 33
and 33A, and will not be further described. [0075] In
the light-receiving section 33C, for exanple, as
illustrated in FIG 21, an |nage pi ckup operation_is
performed at timings t20 t33t26 in the drawi ng by S§P0334
control signals SI to S4 for the smntchlng el ement s

nal vol

PO ol ibio dlsfiingr e (%fetﬂgﬁpa%}gf ?Saﬁcaf 101ig gy 3 e, OF the
Phog)@‘%mcetp arsdiceh |Pg>§zzve ' fégﬁrﬁ%é"gm%g}’tl Fhirbe oppapgde of th

charge for char |ng (|n accordance wth the total
phome&ﬁg Cdmdnceag 42 susAnRestenh topna ¢id of ties svaigehing ¢lpmgpat SW32.
Lon and the outside Fight LO generated in the
Morshwtro dhee other end ofirtbel swatchinpBddmens W32 nandathe cbther ¢rideof the
capacitor Cl through the switching el enents SWB1 and
switsSiBuk dlemerthsW(# rage camgbctddoto e agrphirel V&S. i Il additiat, exyi other
FIG 22(B), an electric charge for discharging (in

circaft ©oh HaneRonst the e lak JRdse AN lightretdi®ing Uesticie I3i gt 33A,
LO generated in the photoelectric transducer PD32 is

andW8l18@8sdrfthermidsish&apaci tor G through the swtchi ng
el ements SWB2 and SWB3 for discharging. Mreover,

ooﬂ]t $n Hd'R tC}Q&nﬁH 5 { {)b;t %P@%ﬁ@g %hltuhéated in FIG. 21, an

er nate SsWwtc ’connect

lmag‘F 8&%@@@%@5&3 &%rf]‘i"%‘gg%\ﬁwr:‘&ﬁfllﬁsn%e IS ?%6”? &@;ira%@?m%w
confg ?lé‘i“’ﬁﬁ Siﬁaa%cy%é#? Sutiging 2!62%%?%5“&4 ooy W s read signal

rge for discharging. 0076] Thus, also in the
VOItE%\’%R%*’élﬂlaBﬁ ths sapl wenal h‘@l@&‘?ré/ (Ressger Moge spaciisally.opn image
process is 36 SO9PC334 performed by the sane image
pickyipakive io penfermediso dkatj for ehamplases ibiastrated mblbie 2@@%); ai lgkegtric

enbodi nent. Thereby, also in the nodification exanpl e,
chatgedonbhagingi(m sicaklaycadeitachakbdtal light nesmpecid ¥ suramatise of the
conditions while reducing manutacturing costs. [00717]

refléddsERMILonOdir! 188 Gutidet licht AP ehérated Gn lthd phabdledtiati@hstducer
switched to be connected
PD31 is accumulated in the capacitor C1 through the switching elements SW31 and
SW34 for charging, and, for example, as illustrated in FIG. 22(B), an electric charge
for discharging (in accordance with the light amount of the outside light LO) generated
in the photoelectric transducer PD32 is released from the capacitor C1 through the
switching elements SW32 and SW33 for discharging. Moreover, at this time, one end
of the capacitor C1 is alternately switched to be connected to the power source VDD
through the switching element SW33 and the ground VSS through the switching
element SW34 between a period of accumulating the electric charge for charging and a

period of releasing the electric charge for discharging.

[0076] Thus, also in the modification example, the same fingertip extraction process is



to the power source VDD through the sw tching el enment
SWB3 and the ground VSS through the sw tching el enent
SWB4 between a period accumul ating the electric
charge for charging and a period of releasing the
el ectric charge for discharging, so a voltage applied
to both ends of the photoel3éctric transducers PD31S@4R0334
PD32 is allowed to be substantially equal to
VDD-VSS W thout arbitrarily inputting a rese
pe an@dagﬁt Qfng feageayelupsonpration) 4Sri§§h%1%seaﬂfltb%\éb°‘tedleé‘éﬂbed
reduced. [0078] In addition, also in the
embadghentr dheieby rscsiedhé wodifRatior examplehi dhjects sably detectable
exanple, to prevent the generation of a | eakage
irrespectiendf s conditibies whiteredficihfenahufpbtringcestui ng  section
33 of the above-described enbodi nent, for exanple, as
[0077] NEdrédteg thrielenltloBthe2dpaéitor BN isQﬂiehﬁte‘Mls\OiﬁcHeb @o S¥\connected
control S|gnal Sa is in the Hstate and a period in

to the/ Bb&Er {diece PHLE ARG th§'s%t@hln§l%lér§eﬂt Wi ahd dheSgrdh® VSS

are preferably prevented from overl appi ng one anot her

o 80, AL AP e BERIGS 2P P e hBTAL e e
ufg %%gfnggﬁe.a&e%ﬁgﬁrsgaszﬁg HIREEeP et o
LR, 5B S SR R0 (FPPSs ro

transducer PD41 (a first photoel ectric transducer)
allog tpibe Bupsiam B AaUphiSL EPBCY BE L W AN CHbEERD, MBSk @ reset

specifically, in the photoel ectric transducer PD41l, a
voltege, od éhe reset signeldined atelioed poteredugesir ce VDD, and an
anode is connected to a cathode of the photoelectric
[0078]ahsaliditem, aB®4? tharight-teecivimgsectiorod3 ¢ of e nridifieativnzxample,
gate is connected to a signal line 4W 37 S09P(O334
to PYovend\td gematatideopbdeakabecutrent iy Angduaes oPEUR lightareceiving
anode is connected to the ground VSS, and a gate is

sect§IE61 06 abéyead i b@ital enBodndad; for Eahple Sas illiktiabd in FIG. 23, a
light-receiving section 33D, unlike the

pengggx ggf(i':aﬁ fHel mdc&ntremlgﬁaq%' NiiR ghéﬁcgtate Rfd 3DerddAn whikh the

le the swtching elenment is not arranged,

SWgc%tn?ropglgﬁﬁtgballs 3n %C f—IrE?atQ *APe &%ke%}[}l{' 'pPevteﬁt%@ e BV elapping one
another (a non-overlap period is preferably set).
[0079] [Modification Example 3]

FIG. 24 illustrates a circuit configuration of a light-receiving section (a light-
receiving section 33D) according to Modification Example 3. The light-receiving
section (an image pickup pixel) 33D includes two photoelectric transducer PD41 (a
first photoelectric transducer) and PD42 (a second photoelectric transducer). More
specifically, in the photoelectric transducer PD41, a cathode is connected to the power
source VDD, and an anode is connected to a cathode of the photoelectric transducer

PD42 and the connection point P1, and a gate is connected to a signal line ¢1.



PD41 and PD42 are controlled by the signal lines $ i

and 62, respectively, In addition, any other circuit
configuration is the sane as that of the

light-receiving section 33 or the like, and will not

be further described. [0080] In the nodification

exanpl e (and Modification anples 4 and 5 which w

be described later), an opgéation of swi tching a.mg64P0334
current path is performed by switching the

Mox%g%roﬁl fet hoFoe ?‘ﬂ:st%h% 1E<§ér %4%%‘ af0dR c%ﬂg c?ﬁ%di t;anthe ground

reg ibon and an o opera |on réglon I nst
oye- descri bed peratlo chln rrent .path .
VS@&HE&.&? SenB R oLl B §€“e§§‘i‘t‘f8%‘i‘Y‘§g seetion
t he lectric, t sducers PD41 a PD4
33Ds @B‘éf%ﬁ‘@ agog%@e% ehichiesavis S?ﬁtlopﬁég’oﬁA éﬁ% qnd 33C, while

t hrough separately changing a potential relationshi
the peitehiies clepent b garangrd, ene nesndialsrofithe phefeeleetrie étansqglcers
transducer PD41 and a potential relationship between
PD4lhendatdtearacdntrdltedgnt the signelieneplpdtand ¢@ctespastively. In addition,

transducer PD42. [0081] Here, for exanple, as
any iolthes sircait ednfigurktida is2b€ dgme as tHahef daslghmredetvihd eectinads or
potentials of the photoelectric transducers PD41 and

the k% dn@iell ¥Bt bd aeth&adhadied. potential s of the
phot oel ectric transducers PD41 and PD42 are Vn, the

[00@1’)?t & R!ARAdiFRkon &can{ph@ RAN18ER& S Ex&rﬁﬁl@§ﬁ%ﬁ§ r§wﬁ)@ﬁ]wlll

and PD42 are Vg and a phot ocurrent flomng fromt

GRS OO LR B o
the pﬁ%”g%f%w %%Ish'??%% el & 981°P8§‘§§) Rt ity sgﬁfgpgraﬁon

volta e} <Vn on-operation region,
regign insy 2’@&1‘?fe gv “pﬂ"é?‘agf"gﬁlﬁr?%‘”’t Plah ’6‘3‘%%@ 2 CppARt Rty Oy using
PD42 are 39 S09P(O334 in an on-state. On the other
the gyighing elenenigeMosy)isperiligallyn &g phetoglgetye fransdpcgts BR41 and
region [3l in which the photoelectric transducers PD41
PD42nate BEp@atghesdt o dre of-statstarttbe offastatedhroubh sepnratelyi dwangihg a
4'g<Vp is an off-operation region f32 in which the
potephiel wiitioaship betwtaeanisdeatiorde dAddhhe gad iRPECplartecledtrie bransducer
of f-state. Thus, photoel ectric conversion

PD41 and a potential relationship between the anode and the gate in the photoelectric

transducer PD42.

[0081] Here, for example, as illustrated in FIG. 25(A), in the case where the anode
potentials of the photoelectric transducers PD41 and PD42 are Vp, the cathode
potentials of the photoelectric transducers PD41 and PD42 are Vn, the gate potentials
of the photoelectric transducers PD41 and PD42 are Vg, and a photocurrent flowing
from the cathode to the anode is Inp, I-V characteristics in the photoelectric
transducers PD41 and PD42 are, for example, as illustrated in FIG. 25(B). That is,
when the gate potential (a gate voltage) Vg is changed, a voltage region of Vp<Vg<Vn

is an on-operation region o in which the photoelectric transducers PD41 and PD42 are



efficiency in these photoel ectric transducers PD41 and
PD42 is allowed to he changed through separately
changi ng the potential relationship between the
cathode and the gate in the photoelectric transducer
PD41 and the potential relationship between the anode
and the gate in the photoel3dgctric transducer PD42.S09P0334
T herefore, in the nodification exanple (and
Modi fication Exanples 4 and 5 which will he described
in dnapesiate. t B thisoetber kands iacvaliagp serier of VMg inan pfgperation
are separately set to the on-state or the off-state
regioy fecin which the iphgtoglecthicdranbdurgs B Iphiod 8BH2are ircan off-state,
conversion efficiency. [0082] Mre specifically, in
andtahw1tapel tdgicrpdf VE<ex &gl dff-opératidn regioni f2 instliiel & photoelectric
FIG 24, the cathode potential in the photoelectric

trank@@REAPERAN RIAPD4AS AreX@dtHeOoffRRitd) OVEHuUsS PHO o €lectoonBdion
the anode potential in the photoelectric transducer

S e O

o egéfr b%%@%@ AR R e 0
gatq/éd g}e ﬁrg{lsygl{;?rl %B?f %’[Blﬁ herelgél (t)n oi)ét%ggn the
anode i ghe bet off phdipeeg ?Fye?séﬁc%@ﬁ?ar f@w%ﬁ' ip the

Fl G 26(C) V912<V [ 1 Moreover, the gate volta

modificetinn prmie &k M lfiq)aaﬂ% dixewplepraand §gwlé1ﬁ%ﬁr§l% Pfescrtbed
alternately between Vg21 and Vg22 by the f)otentl al

late), $®»)phofoctastricsirapsdicers MNe41 wyml I(Igfé?r ate separaiglyaset ihean-siate or
FIG 26(C); Vg22<Vg2l1l). Thereby, for exanple, as

the bffcitatabg dctinel p pengtichra ghengd in phetbteotrammniPeisiohfeffnci¢iog,
26(C), the on/off-states of the photoelectric

[00BZ]anEste Fs?éciﬁ&lﬂf, ar @eandificadion lexample} fbst eastijtudtiaged in FIG. 24,
potential V(4i) of the 39 SO09PC334 signal line 41.

the VRMhE QY S6tentidfin BRI RIech triidiet @hahYs GRS &f thePower source
poi nts P42on and = P42off in FIG 26(C), the

vy a(ﬁtifthét b&S chen %1e1npﬂﬂ9tﬂ?1% o%fétcfricctrﬁﬂsﬁﬂééiibmﬂ PsDﬁgedi[& the
afbltrarl y settable by the potential V(42) of th

groglgng %S oreév%ﬁ g 1‘?191?@ %cl th H@ &4 g{f& 'Prlég eiﬂ@éﬁz % S(é?tﬂhQ rgate

exanpl e,
voltages Vg in these photoelectric transducers PD41 and PD42 are changed by the

signal lines ¢1 and ¢2, respectively. More specifically, the gate voltage Vg of the
photoelectric transducer PD41 is changed alternately between Vgl1 and Vgl2 by the
potential V(¢1) of the signal line ¢l (refer to an arrow P41 in FIG. 26(C);
Vgl2<Vgl1l). Moreover, the gate voltage Vg of the photoelectric transducer PD42 is
changed alternately between Vg21 and Vg22 by the potential V(¢2) of the signal line
$2 (refer to an arrow P42 in FIG. 26(C); Vg22<Vg2l). Thereby, for example, as
indicated by operation points P41on and P41off in FIG. 26(C), the on/off-states of the

photoelectric transducer PD41 are arbitrarily settable by the potential V(¢1) of the



illustrated in FIG. 27(A) to (F) and FIGs. 28(A) to

(©, the imge pickup operation is perforned at

timngs in the drawi ngs by the reset signal voltage
'"(Reset), the read signal voltage V(Read), the
potentials V($i) and V(42 of the signal lines ail and
X62., the reset power source Vrst and the I|ike.

Herein, [310 and 020 i ndi cafe transition regi ons PPYA334
t he on-operation region to the off operation region in

s} E?ﬁ?@ﬁ? 31240%}5%%&ga}e%%ﬂﬁl%“isﬁ%@ff%s?@?er?%’?ﬂzE&%ﬁ’@,om and
ot P nchbARESAE O FoDEBPaRe i GrESiAdh D e or

a surnniation of the refl ected Ii?ht Lon and the

arbigrgrilyj sgtablp §hithe wytenjih ¥(od)ed thensignad lippéLoel ectri ¢

transducer PD41 is accunulated in the capacitor C
(0083 buigh lightergceiamg seetidn 334 of the mhaliteatinnregampieofoglexample, as
bringi ng the photoel ectric transducers PD41 and PD42
illustritaal iHEGen2 AAAte (BrahdtHiGsald(A) sd¢ &€ )k ther iasge pidkuploperation is
Mor eover, for exanple, as illustrated in FIG 29(B),

perfofie® e tiling inCihardigwings b tae heded !sl?al( o1tans ¥,&he read
with the |ight amount of the outside |light LO

sigiAe DR AlAR A, MG phreh e W(#lﬁé%d“f(ﬁ)?? dPaR sifRf AntSo1 and ¢2,

rel eased fromthe capacito ough a current path
' ' u br i [.n { L G

the 166t Dkl Sa bV Sl BRGR:. HAIRIB10 AR HER. PRIER fhfiton

.0n- st at respectively. In. agddition a current :
regBo oy Tl ERoRTa et Bee R phfon, Ref e eipipetectric

PD42 in off-state is not O, so to be precise,
trané‘ilil)‘g?f*bsiaﬁrl%lo?nddélsg%é?@e%veﬁ% performed by a current

di fference between the photoel ectric transducer which
[0084] Mpre preciicallys for exampietasdllusiratndoa -G 2Pt thepdstrecepharge

which is in the off-state. 40 S09P0334 [0085 Thus,
for ghasging fiintageondaaiiel Witlathiegntak i gtpinequnbys & wemmation of the reflected

above-descri bed i mage pickup operation, the object is
lighs fabland db¢ ectsalel lezhit 110 gpwabted én die plssodestde transtdsicevhPD41 is

reduci ng manufacturing costs. [0086J In addition,
acc@hslatednint the capabifor Gt thesugbXadhirent padh P4 Eie ke &Mding through

generation of a
bringing the photoelectric transducers PD41 and PD42 into the on-state and the off-
state, respectively. Moreover, for example, as illustrated in FIG. 29(B), the electric
charge for discharging (in accordance with the light amount of the outside light L0)
generated in the photoelectric transducer PD42 is released from the capacitor Cl
through a current path 142 in the drawing through bringing the photoelectric
transducers PD41 and PD42 into the off-state and the on-state, respectively. In
addition, a current flowing when the photoelectric transducers PD41 and PD42 are in
the off-state is not 0, so to be precise, charging or discharging is performed by a

current difference between the photoelectric transducer which is in the on-state and the

photoelectric transducer which is in the off-state.



| eakage current, as illustrated in FIG 27, a period
in which the potential V(()1) of the signal line rl
isinthe Hstate and a period in which the potentia
V(42) of the signal tine 62 is in the 11 state are
preferably prevented from overl appi ng one another (a
non- overlap period is prefdérably set). Further, i809P0334
the case where a PiN diode turns on or off, a through
current hardly flows, so the non-overlap period may |
[00%dt Thes, atsodndeel modificatian exanagpladgbn the ahoye-dessrbedbinaeeiniekup
does not cause an issue. [0087 [Modification Exanple
opeditiof] Be oBfect I8l wiattly detestableditespattivecaindse ganditioon while zeducing
light-receiving section (a light- receiving section
madi¥iuragearnsti ng to Modificati on Exanple 4. The
light-receiving section (inmage pickup pixel) 33E
[0088)C v degitibMoalah af BR! @6dificsidn HAGHUS @6 pPE¥Eht (R deneSition of a
phot oel ectric transducer) and PD52 (a second

leakid QE&@{:rﬁ,Cﬁsr IGst AN fOHRSE Y. %g%ﬁ@d i %gdh‘:jthg Bblesiall V(o D gf the

phot oel ectric transducer = a cat hode I's connecte

gL P 1 SR o AR RSRPBREL S0 o g
ineSERFF L b R o AR Sk BRI o

transducer PD5 an ode i s, connect ed t.he signa
oveIimBoH S ZHITAON SR AL uE G Tt5Ts ALY T qugaan or of
That is, in the |ight-receiving section 33E, unlike
a thropghagsteat Jaxity flowd, 59 gt n%@&rgl@p mgTiegd dpgyppotsapaggnged, but
Modi fication Exanple 3, while the gate potentials of
arrappiagphoraedesiapiperiod dogsdet eause poBsuaind PD52 are fi xed
by the power source VDD or the ground VSS, the
[00&At Modifipatomriaalplof] t he phot oel ectric transducer
PD51 and the anode potential of the photoelectric
t r argduseillRiaids ardrca tbhifiguratibnoyf AligliG8RABAS sedtiom (a light-
signal lines $I and $2. In addition, any other circuit
recr@ff | QU BOR) scokdifg K8 ModTicatidtAExoipleN®. The light-receiving
| ight-receiving section 331), and MA|F not be further
[ i - t
sectgtgﬁlﬁﬁagtgglc H gﬁléln) i3k §&§161@P%$ bﬁ@tbél@&n%’@ﬁfﬁ@éh%er i’DrS? f% first

rate FIG , the gate potential in

phog%getrcgrgé %E?&ug:ﬁ%r %ﬂiz qigi%% (E Ds%%oﬂds pfhlofi)%pec{r& ttx%ﬁscﬂl%ﬁr More

specifically, in the photoelectric transducer PD51, a cathode is connected to the signal

line ¢1, an anode is connected to a cathode of the photoelectric transducer PD52 and
the connection point P1, and a gate is connected to the power source VDD. Moreover,
in the photoelectric transducer PD52, an anode is connected to the signal line ¢2, and a
gate is connected to the ground VSS. That is, in the light-receiving section 33E, unlike
the above-described light-receiving section 33D of Modification Example 3, while the
gate potentials of the photoelectric transducers PD51 and PDS52 are fixed by the power
source VDD or the ground VSS, the cathode potential of the photoelectric transducer

PD51 and the anode potential of the photoelectric transducer PD52 are controlled by



potential in the photoelectric transducer PD52 is

Fi xed to the ground VSS. Mreover, as illustrated in
FIG 30 and FIGS. 31(A) to (O, the cathode voltage Vn
in the photoelectric transducer PD51 is changed by

the signal line 01. Mire specifically, the cathode
voltage Vii of the photoelectric transducer PD51 is
changed alternately bet weéd Vni and Vn2 by the S09P0334
potential V($l) of the signal line 61 (refer to an

the gl)gg nes Eﬂ)& qﬁl ?%G{nr%#igtb(}ni ﬁm%f)éer glf% d?}%‘lra}f\%}:c iy g}be same as
thatooﬁiﬁ’eiﬁeﬁ%e%vépé Ao 3 Sﬂe?n”dd{vﬁ%q%ﬁ?ur?l?%ﬁfee%@%’ ot her

between in_the case of Vn=Vn| and in the cas

[00%4H= E H{qdéﬁeﬁloe 6xBARlspEEa et BRiskegd HhEICaﬁOaﬁle gafz: notntial in
of f-operation regions [fit and 021). Therefore, when

the @hewe§C@Nahﬁg§du¢¢r gt loss Bred: toc theoparesrsiogreeeY Pils iaad die gate
is actively used, as illustrated by operation points

poté@Bizbim the th%ﬂwbiﬁici transdeced PEMR ng fixedho thua/gnduindsY 3% .e Midreover,
t he photoelectric. transducer PD51 is arbitrarily

as Slektiabd én [BIGL I3® ped @Gs.a31(X)i 8l C)pfthd athodé goRhgd Mmein the
$1. Moreover, as illustrated in FIG 30 and FIG 32(A)

photdeldcfrlo tréd%@u&??%l ¥ ehdree bg@hé §1ghd19inB At ‘Nﬂn%cs Eélﬁcally, the
transducer P052 i s changed the signal |ine .

cat}MQE evo‘ifagg'@hc(ﬁ{ t ang% Seléaﬂgetra\iﬁhﬁ&gePIYﬁ 3£ ‘fh ed alt?mately

hot oel 8ctric t ucer PDB2 I's change

betv@getnvvﬁp ngg)y l(h g)f%tewlfilt U’g%learfﬁg%\;s%% (Lll efe% 2(? 651 arrow
e R 0Pl o, BB 0.

region a and the off-operation tglon P2 are
volgEs Fahsh(olf 5o aRHAGAT SFEOR el Bih Qleberalen apgion Bl are
V-p=Vpl and in the case of Vp:=Vp2 (lrefer to the
dlfferﬁnbfsemaﬁapb rthes Yebresnan ﬂsm@asazf é/mV@f fandpe thg Fasq of Vn=Vn2
regions P12, 42 St09P03ad and 322). 'Therefore, when
(refeutth oa—o:phlatigna regioph ofl oeldec? rand affropensommegbdhs Pil erang B21).
is actively used, as illustrated by operation points
TheRFaen waod sii2othanga it plotdélasttio gontdision effiaddnicy 3§ adt®ebf used,
the photoelectric transducer PD52 is arbitrarily
as iﬂg&iaeéal 1 Serithd RARBMH518h and/P32off of tHehBawir@Dele dr/d¥estate of
+2.
the photoelectric transducer PD51 is arbitrarily settable by the potential V(¢1) of the
signal line ¢1. Moreover, as illustrated in FIG. 30 and FIG. 32(A) to (C), the anode
voltage Vp in the photoelectric transducer PD52 is changed by the signal line ¢2.
More specifically, the anode voltage Vp of the photoelectric transducer PD52 is
changed alternately between Vpl and VP2 by the potential V(¢2) of the signal line ¢2
(refer to an arrow P52 in FIG. 32(C); Vp2<Vpl). Thereby, for example, as illustrated
in FIG. 32(C), the voltage ranges of the on-operation region o and the off-operation

region 2 are different from each other between in the case of Vp=Vpl and in the case

of Vp=Vp2 (refer to the on-operation regions a1 and a2 and off-operation regions 12



[0089] In the light-receiving section BE of the
nodi fi cation exanple, for exanple, as illustrated in
FIGS. 33(A) to (F) and FIG 34(A) to (C, the imge
pi ckup operation is perffornred at timngs in the
drawi ngs by the reset signal voltage V(Reset), the
read signal voltage '(ReadR, the. potentials V(igsld9yP0334
and V(+2) of the signal lines gl and +2, the reset
power source Vrst and the like. Herein, 3120 and [ 3210
and| 9D c abhereforen sihen guch aegfiapge i phetoeleetrie roppepign| ehciency is
region to the of -operation region in the
actiptiptuoed, e tilistratedr ynepbuasnspdms P53 aRDBS2oft in the drawing, the
respectively. [0090] Mrre specifically, for exanple,
on/@E-statd efsthe phetdeliectriElt@nsRiseAPDS52 iwcarbitmcty settabledrygthe pbtential
charging (in accordance with the total Iight anount as

V(92) §ﬂﬂﬁ€@i%n9ﬂ1ﬂbf oA he reflected Ilight Lon and the
outside light L(c)) generated in the photoelectric

[0059] ans@y ¢ight-FOideSect G IS Bhe thddifidafiSn ‘éﬁzﬁﬁ}%bt of eﬁﬁnple as

hrough a current path 151 in the drawin rough

111u§?falteragl'nr}quh§3(tﬁ2 @n%&it Ie'CF 34 fi‘ﬁﬁ) eﬁlé 11% él' ngﬁ Ztion is

to the on of e, res

RSB Ehiy @ nCHE Mg By Sﬁeg A e éRg?e&)l He read
SIgIéLﬁ&r CURA: 4 Bl 0, STt o 2

rel eased fromthe capamtor Cl through a current path
the 1esot powemwugicarshgnd Mrcolikh Blersigyi g0t 4nd Wl@é}%@ﬂfﬂ}néltwn
transducers PD51 and PD52 into the off-state and the
regigns §oat Bie qreepssettdnyesizipn tprihe adidendraion meivnrindhe photoelectric
fl owi ng when the photoelectric transducers PD51 and
tranRDis2rsadt[25 i and RIDE2, ofspestivatye i s not 0, so to be precise,
charging or discharging is performed by a current
[0020]f Metefneiflvallywefonetdneplghtibedtackdrih F1Gr 38(agube eleatricaharge
is in the on-state and the 43 SO09P0334 photoel ectric

for &Haagiﬁg gﬁ Qlccdhidd Wish the tbiRPligHtfanthuat & a S8 3donbluGe rdflected
the nodification exanple, by the above-described i nage

lighPL6KYRd tRPEHRidEALht LOF ﬁ%z?c@& it ﬁlesﬂlﬁMeYec% geiabte& PD5I is

I rrespective of uUse conditions while reducing

accmld{ea Butfxé Qgpa%ﬂﬁ} Tl through a current path IS1 in the drawing through

bringing the photoelectric transducers PD51 and PD52 into the on-state and the off-
state, respectively. Moreover, for example, as illustrated in FIG. 35(B), the electric
charge for discharging (in accordance with the light amount of the outside light LO)
generated in the photoelectric transducer PD52 is released from the capacitor C1
through a current path I52 in the drawing through bringing the photoelectric
transducers PD51 and PD52 into the off-state and the on-state, respectively. In
addition, a current flowing when the photoelectric transducers PD51 and PDS52 are in
the off-state is not 0, so to be precise, charging or discharging is performed by a

current difference between the photoelectric transducer which is in the on-state and the



[0092' [Modification Exanple 5] FIG 36 illustrates a
circuit configuration of a light-receiving section (a

| ight- receiving section 33F) according to

Modi fication Exanple 5. The light-receiving section

(i mage pickup pixel) 33F includes two photoelectric
transducers PD61 (a first photoelectric transducer?)

and PD62 (a second phot oel éotric transducer), fi veS09P0334
transistors Trl, Tr2 and 'fr3, and Tr6l (an N channel

i 2 and {13, and Tre a
pholds RSB P Srlyikid BeRPE e 2nd ooon, hore

ecificall in.the photoel ectric transducer, P D61,.
00gS asaan it uiiicion 3Pl 1 GifafoqvPHE o denage ickup
source of .the transistor Tr6l, an apnode is connected .
opegagiog, @aﬂbwélwahlh detspigblsdrreseriive of wsgrroaditions Py regrging
the connection point Pl, and a gate is connected to a
margadtyringf castfe  transistor Tr6l, one end of the
capaci tor C61A and one end of the capacitor C61l 3.
[009&]r Pdvdificateongtampdé 5t he transistor Tr61 is connected
to the other end of the capacitor GC61 A and a reset
| i neF18esetillusfrars naspandonfgiratiémef 4 égktrebéivmghRestin (a light-
descri bed above). On the other hand, in the
rece@ﬁﬁ% aet@st BBE) hEnedyasr MoBERatién lﬁﬁﬂ%ﬁa bS TRONBELRMeiving
to fthe signal line +2 and a source of the transistor

sect}_&p@m_agét‘ glrcﬁ‘u_l_lg gsz%l L%FCBEI%@@ &b Ial?(ﬁ@elg{tﬂ.b Brafdducty Q’D6én(g first

transi one end of e capacitor Co62A

o RE I G35 FOBESIL OLon SRR MR SR8 it
e B REBCH T NP, VLA B St
o e B BB BBl RGBS i e

in the light-receiving section 33F, unlike the above
phoinglegired) pagigder BRSEY & sathorle ghconrastadyiontessignal dine3gE and a
of Modification exanple 4, the gate potentials of the
soupghatfdk¢ tensistor TrédnsowoedsisRdnhedertitoPDe2hadeonthe phiosestkctric
and the photoelectric transducers PD61 and PD62 are
transducar RDGHD ahdpiedamaectRingioenti g and btgate ia cpirectedntga drain of the
period to a readout period (a period of accunulating
trankRPOr ML sricCerthaf B8R daPhcitaT@ A end one end of the capacitor C61B.
Moreover, a gate of the transistor Tr61 is connected to the other end of the capacitor
C61A and a reset line Reset]l (corresponding to the reset line Reset described above).
On the other hand, in the photoelectric transducer PD62, an anode is connected to the
signal line ¢2 and a source of the transistor Tr62, and a gate is connected to a drain of
the transistor Tr62 and one end of the capacitor C62A and one end of the capacitor
C62B. Moreover, a gate of the transistor Tr62 is connected to the other end of the
capacitor C61A and an inversion signal of a reset line Reset2. In addition, the other

end of the capacitor C61B and the other end of the capacitor C62B are connected to the

power source VDD. That is, in the light-receiving section 33F, unlike the above-



and a period of releasing the electric charge for
di scharging). In addition, any other circuit
configuration is the sane as that of the
l'ight-receiving section 33E, and will not be further
described. [0093] In the nodification exanple, first,
as schematically illustrated in FIGs. 37(A) and (B)9P0334
the cathode potential Vn in the photoelectric
transducer PD61 is changed by the signal line ~ I.
descrihed lighfreecgiving sestiems v@qurﬁqah@n Bhemple|4e hergate potentials of
transducer PD6l is changed by connecting or
the ghgtostaettst iragpdbedrsdd¥d 1t hied PDPatre| natefixed; andiribe phgeelsctric
el ectrode through allowing a switching el ement SW1
transdunetsgPD6d anfl PIDE2 tarcairs ashigh impedihct ataoe fitour afiet oprevharge
off More specifically, as illustrated in FIG 37 and

peribll @& a red&{ulpeabd (4 Biriod bfacaiduQdiRghbé elebiridl chiifgel for tharging
phot oel ectric transducer PD61l is changed alternately

andbaeﬁéﬁ'ﬁﬁlnof‘—re'ﬂéasﬁg Qhé/ @fectk?ﬁé dnagsePRt %&Ehﬁfglgf Sl a@ditibhen )other

signal line ~I = (refer to an arrow P in FIG é

mrcyﬂ %<N1E%}ratl<?ar‘fe 1sttﬂé §‘a.nrlé % f{tﬁé B%}grfgéﬂrlﬁ \éé)étitoﬂg&@EVM?i wﬁf not

ctric trans ucer Feset
ugh r|ng| ng the swtching elenment SW51 into the
be%ﬂfl% & Cn fjhe swtching el enment SW61 is brought into

f Then, after that, i ecswh t
roodd}y Fhs fBRition S o b gpemabetlEER LG )
CV characterlstl in FI G 38(B) the gate voltage Vg
and g e cahrgs bereial Ve it ihabainsictisreansiice B! éa Crngsd by

to a coupling capacity between the gate and the
the sigh#ldine, ¢ laribhesy 8ipsgata veltnge péglainitbmphupelectiiviyansguggr PDOL is
where the coupling capacity is increased. That is,
chatgrd bat ewmedtingger \didconmecting hvtane tec sigha tinandd andra gate
PD61 is changed alternately between VWWgi | and Vgl 2

elecfio@é ehrough aloaingOw sRettRingnelbinGnt 9% 630&2E3A%d SB(HA) transistor
Vgl2<vgl1). Thus, for exanple, as illustrated in FIG

Tr6886 Ak, tubifed HPbE 8Ffe MoPNgRRiIRAIY,NS DRsteRed at FIB. 3Egh®FIGs.
a and the off-operation region (3l are different from

SsEROIENGE phio evpohe plintahe gt b i
cha&#grag‘%g%geﬁy %Qt%ve%ﬁ anq pa%da&;'ﬁfgy [h%%o%h%a Hl)%@%@géﬂal line ¢1
(refer to an arrow P611 in FIG. 38(A); Vn2<Vnl). At this time, after the gate voltage
Vgl of the photoelectric transducer PD61 is reset to Vnl through bringing the
switching element SW61 into the on-state, the switching element SW61 is brought into
the off-state. Then, after that, in the case where the cathode potential Vn is Vn=Vn2,
as illustrated in a C-V characteristic in FIG. 38(B), the gate voltage Vg of the
photoelectric transducer PD61 is reduced due to a coupling capacity between the gate
and the cathode, and stops at an operation point (Vg=Vgl2) where the coupling

capacity is increased. That is, the gate voltage Vgl in the photoelectric transducer

PD61 is changed alternately between Vgl1 and Vgl2 (refer to an arrow P612 in FIG.



when such a change in photoel ectric conversion

efficiency is actively used, as illustrated by

operation points P6lon and P6ioff in FIGs. 38(A) and

(B), the on/off- state of the photoelectric transducer
PD61 is arbitrarily settable by the potential V($ 1)

of the signal line ~1 and the operation by the

switching el ement SW61. 16%94] On the ot her hand,809P0334
also in the nodification exanple, as schematically

38(A % &ng%)l nFIEllsG‘f’or %(gard?e[ adGated I?f?g‘g@ogg(@[ t}ée voltage

ectric transducer

anged b t he 2. Then, the
ran&f& &vaae g ntrﬁswnp s%Lhe BrPpertehireticel Mogigereqt from
necti |scon ct|n
eacl DGR PoInIBE S o VG GMOCR ARt B GG PTGt i heon-
swi t ching el ement SV\52 confl ured of the transistor
operpiign regiotent anched and the offfaperqonacgigat Pl @ad Bygl). adherefore,
illTustrated in FIG 39 and FIGS. 40(A) and (B), the
wheanowd pothange ah Potpeledthe cophersival e tcfdngy tis arnsivabyesed, as
PD62 is changed alternately between Vp] and Vp2 by the
illugtaatedntyi aperM{@2poiafs Raiensindg Rl offi ineFIGR. §3(@)eandt(B),athe naveft-
P621 in FIG 40(A); Vp2<Vpl). At this time, after the

stat@af te\pabloaletrNadarRliuddn @ DB At ediedily is6ttdbl@bg tecitedtib ¥ (¢1)
is reset to Vp2 through bringing the swtching

fﬁ‘éﬁ Mind RBy ShAditcHifielspbhd W, el enent
ek %%gnbﬁﬁg%?k%r?t%gﬁfhgyoff sttcatltegeeThen after that,

OOQ’LﬂenOEhﬁ'\/a@tﬁgre HhBR4 e Rk h th¥pﬁoéﬁ%§ta‘%4gl oxaf lel lésu%%taﬁgally

aractérlstlcm egae

1llus\fr§1 Sedggg Fggg ?5( { he Bﬁ e p(gc%el B{eﬁp %’l\l\;@e Pl%%ho?)electnc
trangdger 191362 d’%ﬁ‘@?‘gg’ﬁ'ﬁé 5&%?%3&“’%%{3 :tﬁ'@ng 18 Bliageegain the

That s, the gate voltage Vgl in the photoelectric
photqelestin transdunst ERSRAS slaangp‘bbz COBNGHAR §& élsapm@ﬁﬁ%& agtyveen the
bet ween Vg2l and Vg22 (refer to an arrow P622 in FIG
signab (i ; $2Vgad avgate) cledthnde, thiaughesldowping, 2 awitchingselemeatdSW62
in FIG 40(A), the voltage ranges of the on-operation
conﬁggb«bmfcmeammsislm 0162 opdeatunoad pegironff] 3Mae especifically, as
different from each other between in the case of
illusprdpid Fagd 39nadd&1Gasa0Qf) andXBp2tHer afi®te porchtie ¥P-in the

photoelectric transducer PD62 is changed alternately between Vpl and Vp2 by the
potential V(¢2) of the signal line ¢2 (refer to an arrow P621 in FIG. 40(A); Vp2<Vpl).
At this time, after the gate voltage Vg2 of the photoelectric transducer PD62 is reset to
Vp2 through bringing the switching element SW62 into the on-state, the switching
element SW62 is brought into the off-state. Then, after that, when the anode potential
Vp is Vp=Vpl, as illustrated in a C-V characteristic in FIG. 40(B), the gate voltage Vg
of the photoelectric transducer PD62 is reduced due to a coupling capacity between the
gate and the anode, and stops at an operation point (Vg=Vg21) where the coupling

capacity is increased. That is, the gate voltage Vgl in the photoelectric transducer



operation regions cti and r2 and the off-operation
regions [121 and [322). Therefore, when such a change
i n photoel ectric conversion efficiency is actively
used, as illustrated by operation points P62on and
P62off in FIGs. 40(A) and (B), the on/off- state of
t he photoel ectric transducei6 PD62 is arbitrarily SO09P0334
settable by the potential V($2) of the signal Iine 42
and the operation by the switch el ement SW6
PD¢hiyoebpngad alieenatsly hetyesa &f g4l gd s‘é@t%l @#e%@FaIb?“Q"h 8622 in FIG.
nodi ficati on exanpl e, for exanp as illustrated in
40(£);, K 22(R)+ 0T1(1(§9 femexamts. amﬂlelﬁtfatﬁé ig §IG. BY(Akéhe voltage
reset signal voltages V (Reset]) and V(Reset2), the
rangesad tls¢ gmaperaiddrt eegeonuf Rod dhe offdoperptdie rdgiad §2 hd(eﬁilﬁfelandfrom
V(02) of the signal lines 01 and 42, the reset power
eacls Othet BetWieei irathd chdeeofl VikeVp 1t firl inrtheease pif Sp=Vip2 @ederabd itlanon-
is perfornmed at timings in the draw ngs. [0096] More

opeﬁﬁ%ﬁ'rﬁg@ﬁi bY and @D NP |o@ﬁ-01fé‘§atidn| 1‘é§f‘oh§'{3§@ ah@ b3 Therefore,
43(A), the electrlc charge for charging (in

C n
oSSl PSpLpial Lusbliaitey 8 BT 100,

111u§1ea[9 n‘?j %? ﬂatnm{ B?lﬁl&hpéé%%l ?@tﬁdzéff‘ 1?1%%3”&@(2\) ](B:)],f’the otn{]off-

e capacl hrough curre

ot S R S0 S B B0 °e't?erﬁ1@f Vi)

of f- state specti vel reover, for ex
of the sigad Nine &3 and; i @eraé;@(léy tﬁ/bwt@%@?mem %‘ﬁgf ge f or
di scharging (in accordance with the |ight anmount of
[Oo?ﬂehbﬁhlﬁgighbchﬁlgmg sechjon HHhek the arpdificating expppplecios sxample, as
transducer PD62 is released fromthe capacitor C
illusttatesbighFIi&sc dFAarip (FAtand F30s.i 42(Ahéo (P yrihe réscosighal voltages
bringing the photoelectric transducers PD61 and PD62

V(Resttd) i ViREsesX)atle @adl sighel voitagt al(@ead)e sipepdtenmtaly V(¢1) and
47 809P0334 addition, a current flow ng when the

V(iRhof felsambl lifestyl amg Q!)QC HeSedbpdwarydulIebZsearr! the liké,NBe image
off state is not O, so to he precise, charging or

IdipSspaadioh MpdrorPed hoinaths By R drsMingent di fference
plCbetmeenltﬂgpshotoe ect?ﬁ% tranéducgr which is in the

[OO?(ﬂe (??% gp&ﬂﬂ:afll/" Sor Qﬂﬂﬁﬁ@l a§9flﬁ§tﬁtetdrlﬁﬁéu@ﬁA) WL CRchiR dhgrge

st at

for charging (in accordance with the total light amount as a summation of the reflected
light Lon and the outside light LO) generated in the photoelectric transducer PD61 is
accumulated in the capacitor C1 through a current path I61 in the drawing through
bringing the photoelectric transducers PD61 and PD62 into the on-state and the off-
state, respectively. Moreover, for example, as illustrated in FIG. 43(B), the electric
charge for discharging (in accordance with the light amount of the outside light LO)
generated in the photoelectric transducer PD62 is released from the capacitor C1
through a current path 162 in the drawing through bringing the photoelectric

transducers PD61 and PD62 into the off-state and the on-state, respectively. In



007] Thus, also in the nodification exanple, by the
above-descri bed i mage pickup operation, the object is
stably detectable irrespective of use conditions while
reduci ng manufacturing costs. [0098] [Modification
Exanple 6] FIG 44 illustrates a circuit configuration

of a light-receiving section (light- receiving

sections 33Al and 33A2) in 4 di splay area (a dlspl%%n%334
area. (a sensor area) 21C) according to Mdification

add%ﬁgF l?lir%ﬁt f,onhg %vh%hstge YotBLES gjfraffsdu%g S Pgﬁfglear{%f 19156'? are in

recel V ng sec es an

the #ﬁﬁ%g s g%P i, Priiss SBtin e B5Frei 3*4@@%9}@ by a

Idln the photoelectrjc transducers PD2l and PD22
currﬁ? F‘I‘?écer Retveet Bg nhpiklectrsrirandiaeny hicny i Bk peniate and the
light LO and an image pickup pixel (the
Phoﬁwgﬁﬁ“ﬂ@%@@#WhyhyédﬁHdh?oﬁ3ﬁﬂenot i ncl udi ng such a

| i ght-shielding section. In addition, any circuit
[00¥G nT hgplakspiio theombdificatibra axaniyde,| bygthe -abbv et elicribeds medge qrigkup
in the light-receiving sections 33AI and 33A2 is the
opeSiHiOR, ths objeat isatably detabravle -idtespettivaest hseghbhditieaeivhilageducing
section 33A described in Modification Exanple 1, and
mantfdcturii@tcob®. f urther described. [0099] In addition,
also in these |light-receiving sections (the inmage

Oogg]c RiRkatRhPxampad] @and 33A2, in the display area
(the senior area) 21C, for exanple as illustrated in

F.I GLFI(‘}5 44 11 stlja{@ cl éu‘flk(lfl %(a?lol?i gl?ﬂ%ce%g agont 1eght-
Aot U s

W Il ng sec ese I mage

S 33 3 are a ran
recdifE s f"?% rafé %@t e 3183%8 W@@f@@f@% e e
dification exanple, t object jnformation is,
2153%9%@@& Rl Gon Ergrie o el igHay anse 2t dppge pickup
pi ckup signal obtained fromthe inage Elcku

plxqiu(sbéll@mce(varg pastige) isichidepan igage pickari poet (the dightreceiving

readout line 411) and an image pickup signal obtained
sectfondn33Ake inctadieg plighteahighding| se8Bams Babh anvagd2 pfockshpelding the

signal read
photoelectric transducers PD21 and PD22 from the reflected light Lon and the
environment light L0, and an image pickup pixel (the light-receiving section) 33A2 not
including such a light-shielding section. In addition, any circuit configuration other
than the light-shielding sections in the light-receiving sections 33A1 and 33A2 is the
same as that of the above-described light-receiving section 33A described in
Modification Example 1, and will not be further described.
[0099] In addition, also in these light-receiving sections (the image pickup pixels)
33A1 and 33A2, in the display area (the sensor area) 21C, for example, as illustrated in
FIG. 45, the image pickup pixels 33A1 and 33A2 and the wiring sections 32 for
driving these image pickup pixels 33A1 and 33A2 to pick up an image are arranged

separately from each other.



out froma readout line 412). [0101] 'I'bws, also in
the nodification exanple, the sane fingertip
extraction process is perforned by the sane inmage
pi ckup operation as in the case of the above-descri bed
enbodi nent. Thereby, also in the nodification exanple,
the object is stably detectd®ble irrespective of uSedP0334
condi tions while reduci ng manufacturing costs. [0102]
Mor eover, the inage pick-up pixel (the light-receiving
[01@Xctindhy madificatien expmple, gy abigstciipmatigris pbtamed based on a
i ght-receiving section) 33Al including the
diffbiegént sighilebetivaen as dotaige picksp 1sigmdl obteinesnfomhdhe imege pickup
pi ckup pi xel (the light-receiving section) :3.4.2 not
pixél BSlAid{angnmge Ipickupisgdnial sdaidedudlifrom 8 eeddoon]in@ddl )t drel an image
object information is obtained based on the
picldigfsﬁ ©128 06 insd Goad theenweepickitepilxsleaper 2jas kipgSpighg signal read
obtained fromthe i mage pickup pixel 33Al and the

out KIROErdAlGK YRS gnal obtained from the image pickup
pi xel 33A2, so an influence of a voltage gradient or

[o1 (?] Q IeTin'Q( G1s8 & ﬁ{e%&ﬂﬁ&ﬁioﬁl@gaﬂlnhgf ﬁlg%grlrn_@ﬁnggﬁﬁgelxg%gﬁn rocess is

se éonponent generate rve y

re A 8 eRE S i, G AU, B TR et
e 3L SRS SRR e s SER e

. kinds each are based on the circuit configuration of
irregnegtivg ¢ 9%@%9% Wil dneipg migpfaguEge 45ty t o
Modi fication Exanple | is described, but such_
[0193]gHYloveeres; thentnagechirlomspise! {the lighiwesciving ssetigmsisgluges the
the circuit configuration of any one of the
imake glickupegiaély (the lighttaceining3seatioor 33AY induding the light-shielding
above-descri bed enbodi rent and the |ight-receiving
secté@iti4onnd 33Bahd thkImagapkup pixgl (toe Rfidirécebdhg eertion) 33A2 not
Exanples 2 to S. 49 S09P(334 [0104; (Execution

inclgdiaguch aflighpphitidald ot emdany obleyt infdreladioh i gbthided based
FIGS. 46 to 49, sonme execution exanpl es of an

on fHRPAiFGAINCORignRI BEHRE e (S eApRki SlhfNotthiAed #Bm the image
execution section Il using object position

S P L G o o s i s
33A2, so an influence of a voltage gradient or the like generated in the I/O display
panel 20, a noise component generated in the drive of a display system, or the like is
allowed to be removed, and an improvement in the S/N ratio is allowed.

[0103] In addition, in the modification example, the case where the light-receiving
sections 33A1 and 33A2 of two kinds each are based on the circuit configuration of the
light-receiving section 33A according to Modification Example 1 is described, but
such light-receiving sections of two kinds may be based on the circuit configuration of
any one of the light-receiving section 33 according to the above-described embodiment

and the light-receiving sections 33B to 33F according to Modification Examples 2 to 5.



will be described below [0105] First, an exanple
shown in FIG 46(A) is an exanple in which when a
fingertip 61 touches a surface of the ii0 display
panel 20, a trail of points where the fingertip 61
touches is displayed on a screen as a drawing |ine
611. [0106] Moreover, an ex npl e shown in FIG 46(?&

is gesture recognition usi ng the shape of a band. 9P0334
More specifically, the shape of a hand 62 touching (or

[O“’Qcﬁ%‘%ﬁ@ﬁ mh R BE kR  E20Gni Zed hand i s
on’ PYEY ﬁ&‘éiﬂ%{} 45530, 265 BrETPepia Suffatgaton

éIOlO %, Furt ,..an exanpl e shown in FIS 47 i s that by
pro ﬁ’é‘né ntger # iCHIHAREOBER FHCIHOR| SRR dilabeng Pbicchappiition
631 .in an opened state, the hands touching or coning
informatiqn ex it fike detepied Hysthgtabeverdescribedding myﬁt@é@omyrocess
the 1/0 display panel 20 to execute a process on the
willdweglescrdfedtbig i mage recognitions. Wien the process is
performed based on these recognitions, for exanple,
[01@f] Finsf anexainpie shooh iaFIGoO0A) s arsexperdloinmehich when a fingertip
Moreover, as such an instruction is perforned, for

61 1B¥EHEDSur b Ath Y/ Efplay parRned, 2@ail 6f paMeeetele fidgartip 61
per sonal conputer, and an operatl on of switching a

tou&ﬁm%lé’ﬁdtolﬁea scRRARY LRk ifA8 sl ke is inputted by
t hese I mage recogr“tlons in"a nore natural way .

b R M S0 e

sl PR SRS Bh o SRR P
' g 11

o RSB SA Buf ol Ao m%&@ﬁ%ﬂm%w 5

_ transmtting and di splaying an i nage obtai ned by

isphasted i ag mage.oH]detMe BIPEPSSHY PSFOTRRA Ay thqnmpﬂgsmna mpvegent

one 1/ 0O di sgl ay panel 20 to and on another 1/0
621difgpslispjayed@bjec0. That is, as illustrated in FIG 48,

two V O display panels 20 are prepared, thereby a
[01 @FloEeslsersarcékaampld stavanint KiGh @ 7tih éhas b pkamgiingafrb@mredh#id 63A in
a closed state to a hand 63B in an opened state, the hands touching or coming in
proximity in both states are image-recognized by the /O display panel 20 to execute a
process on the basis of these image recognitions. When the process is performed based
on these recognitions, for example, an instruction such as zoom-in is performed.
Moreover, as such an instruction is performed, for example, the I/O display panel 20 is
connected to a personal computer, and an operation of switching a command on the
computer or the like is inputted by these image recognitions in a more natural way.
[0108] Moreover, for example, as illustrated in FIG. 48, when a plurality of I/O
display panels 20 are prepared, and the plurality of I/O display panels 20 are connected

to one another by some transmission means, users operating the I/O display panels 20



whi ch is image-recogni zed in one panel to the other

panel so that a hand shape 642 is displayed on the

ot her panel, or transmtting and displaying a track

641 di spl ayed by touching one panel by a hand 64 to

and on the other panel is allowed to be perforned.

Thus, the 1/0 display panel5020 which transnits a S09P0334

drawi ng state as a noving i nage, and transmts a

handwiting character, synbol or the Tike to ather
mamq@man@pqeg\yiﬂp §#dy other %iran%@ttglgp@deﬁﬂ?laﬁn& épﬁmage obtained

communi cation tool. As such an exanple, it is expected
by detesting fan robjesk towphiag or kemingondirepmaly tp#nel/Qdisplay panel 20 to

applied to a display panel of a cellular phone or the
and lonke@othie® VO0E}plappaml 80., Thatrisesaliwitetedds FIG| 4% ttwatléd display

FIG 49, a brush 66 is used, and touches a surface of
panélB 20!k Opthparkd athefsdnel prabess Guébad Mardnmtting thsirape to€ia, hand 65

and a point where the brush 66 touches is displayed

whifiisl gk rQdthizel &Y oR@palel 20thRStM PahElGe théila handhbagby4?2 is
handwiting; input by a brush is allowed. In this

disp?%%ﬂ onthb gﬂgeﬁ Egga,h of%a&nhftlllﬁ%%idsdisﬁé)li@g’\@ Grakle 6R€ displayed by

ogni ze I spl ayed. handw it i ng recognition

tou(.ifllﬁ%gr ?rlhegéaslgln%% hahPb4 1 fre. (Jtﬁlerz)?ﬁ% i hl%\;/édztgg{% epetrfé?med.

f alspeﬁla pen is rh cted by cting
trd i ; | .
Thoioe Y Sisalay vaped 2f BEE G el fipdify g8 ng

information input is perfornmed wth e.realisti
trangigi{s & NApGIINE QRHATCOZRS! 2 Plei st GIHeENGriPRy Pl 70 may
appl i cati on exanpl es of the display-and-inage-e%&ﬁug
be aipotienisal desceamapnicatipn el aps\vackias examprlg: ¥ ibsHistisdtihat, for
and nodification exanples wll be described referring
exatple i@ /Osbsplay Bancl 2Ads appisday aatisplevraenel pf elegBulgephens or
of the above 51 S09P0O0334 described enbodi ment or the
thelikkke is applicable to el ectronic apparatuss displaying
a picture signal inputted fromoutside or a picture

(016919 Abrdok &d Yse dxdnisie dgs diisaiked TAJAGOMY, a Wit 666siused, and
any fields, such as televisions, digital caneras,

toudHek bR P BF IRNRD di§[5lﬂ%a Bhd D0 P4 BOHBw! £ERArA@ér, and a point
el enents such as cellul ar phones, and vi deo caneras.

where the brush 66 touches is displayed on the /O display panel 20 as an image 661,
thereby handwriting input by a brush is allowed. In this case, a fine touch by a brush is
allowed to be recognized and displayed. In handwriting recognition in related art, for
example, in some digitizers, the inclination of a special pen is reflected by detecting an
electric field; however, in the example, a surface where a real brush touches is detected,
thereby information input is performed with a more realistic sense.
[0110] (Module and application examples)

Next, application examples of the display-and-image-pickup device described

in the above-described embodiment and modification examples will be described

referring to FIGs. 50 to 54. The display-and-image-pickup device of the above-



[0111] (Application Exanple 1) FIG 50 illustrates an

appearance of it television to which the display-and-

i mage- pi ckup devi ce of the above-descri bed enbodi nent

or the like is applied. The television has, for

exanpl e, a picture display screen section 510

including a front panel 511 and a filter glass 51

and the picture display screen section 510 is 509P0334

configured of the display-and-imge-pi ckup device

rdi . t - i he i . .

desHRE" i AMEIRET: SRPELRCE STR Hlagflss diffying o
pict e Bl SRS 5585 2 e el log o Sl & WSlhe or

above:desc;éﬁgd enbodi nent, or the like is appngﬁi The
a pHitger HY 2BRNRSISS: nish o televdsinps e digial cgmetagnpte personal

section for a flash 521, a display section 522, a
compatags, partalln taminal glemeatssivoh aveclivlaribanesand videp eayeeras.

di splay section 522 is configured of the
[01 Hii] s\ rp)icatie Exemgse p) ckup devi ce according to the

enbodi mrent or the like. [01 13] (Application Exanple

3) HMIG. 562lludttatst arnbpscatncapf eatcbsvigtoroto avhicdi eHeodikplay-and-

personal conputer to which the

ima@é%ﬁikﬁﬁ detide gL atiyvekdeberihRM | cegbodiméterrale Yike e asplicae drhe
enbodi ment or the like is applied. The notebook

teleﬁi@foﬁ%@l fof SRMIETa fESre diflaf ¥R &ctiéh FRI McRRE PRdnt n[%nel

eyboar’d 532 for operation of Inputting characters a

51 1}%39461,%%% r@&‘%hs‘él ZdLEcP*h%y i &ig‘ﬂa% g%%lexIS gé‘ctig# $Rb Y gdlg@&d of

di'spl'ay sect configure

the displ.ay 52. SO9PO334 angd-i e- pi ck device, ..
the H3Bla0 AP THES PirRUR ovee reDBHp By e Ao Tt IO SEpediment or
L'ke. [0114] (Application Exanple 4) FIG 53
the“‘?'ustrates an appearance of a video canera to which
t he di splay-and- image-pi ckup device of the

[01 b otAnpdisation BeanmedBbdi nent or the |ike is applied. The

FIG. 51 illustrates appearances of a digital camera to which the display-and-
image-pickup device of the above-described embodiment or the like is applied. The
digital camera has, for example, a light-emitting section for a flash 521, a display
section 522, a menu switch 523, and a shutter button 524, and the display section 522
is configured of the display-and-image-pickup device according to the embodiment or
the like.

[0113] (Application Example 3)

FIG. 52 illustrates an appearance of a notebook personal computer to which
the display-and-image-pickup device of the above-described embodiment or the like is
applied. The notebook personal computer has, for example, a main body 531, a
keyboard 532 for operation of inputting characters and the like and a display section

533 for displaying an image, and the display section 533 is configured of the display-



vi deo canera has, for exanple, a main body 541, a |lens
for shooting an object 542 arranged on a front

surface of the main body 541, a shooting start'stop
switch 543 and a display section 544, and the display
section 544 is configured of the display-and-

i mage- pi ckup devi ce accordid@g to the above-descri b89P0334
enbodi ment or the like. [0115] (Application Exanple 5)

FIG 54 illustrates appe ces_ of a cel lul ar ph
andgifjagerPigkep éF%lﬁ? aPoxHBE ky ﬁﬁ@@o‘ﬁﬁ -Aa3erb irggnt(on ghe e
above- descri bed enbodi nent or the Ilke is applied. The
[01tdl (AprdicafipipBeamplefdr ned by connecting, for exanple, a
top-side enclosure 710 and a bottomside encl osure
720 RIG. 63dlustates an hppearawanéatvidee eewrtd rwliich thgedisplay-and-
section) 730, and the cellular phone has a display
imagd4$itkup deuice dif Shd alyovAEadescribefdi entihord@méentgirtthe Gie iamgplied. The
camera 770. The display 740 or the sub-display 750 is
vidéPBdrh&nRe, P ekd@pli & phaN -baag-54il M gensplot khigotigVirCebject 542
accordi ng to the above-described enbodi nent or the

arralngl;‘daon Q%@Luﬁﬂ&%@%ﬁﬁ%dﬁ&%@ nj sli(fb‘t’lﬁgtsta%tépsswnch 543 and

scribed referring to the enbodi nent, i'nvention
R %ﬁsﬁwﬁ%@nngseé@éﬁ%ﬂai b o

e,..0f th
imeg-aikge FS‘é“’%?°°8“PP%fP 2 by SRR B Bl
cklight 15 is cribed; however, the backlight for
[Olﬁﬂ B+ lcﬁﬁylg%%ﬂﬁﬂggﬁve as a lighting device for
detection, or a lighting device for detectji.on onl
be dMEanfdtustiss mwanqeﬁ of pesellplgs Eh%‘?etf’é”lﬁ"lll .tlwilﬁmy-and-
device for detection is arranged, in
imagenpidkan gietiice editem abwmcrtbﬁdrﬁr@qdirgcrm qg the gk@ it agplied. The
(for exanple, infrared light) is nore preferably used.
cellblar $RSROBIGrmED b 8pnidstiegvier examplehea tebside cddsone Géd and a
enbodi nent or the like, for exanple, as illustrated
bottofh-§il&endlosuré €20 as eackhether by & esaiectipe sedtioar(hinge dection) 730,
readout operation is performed on the |ight-receiving

andSBE LelaNs F{Hohs hh$RAEs I;Hydql@pa@umi Jayl 75008 @idtire@ighfi 760)@nd a
ON period or one CF peri od of ;% ybac I?ght 1 (the

canfes $70NEREdRpAY 172K 10R ShPRBLALHINN 750 is configured of the display-and-

image-pickup device according to the above-described embodiment or the like.

[0116] Although the present invention is described referring to the embodiment, the
invention is not limited thereto, and may be variously modified.

[0117] For example, in the above-described embodiment or the like, the case of the
I/O display panel configured of a liquid crystal panel including the backlight 15 is
described; however, the backlight for display may also serve as a lighting device for
detection, or a lighting device for detection only may be arranged. Moreover, in the
case where a lighting device for detection is arranged, light in a wavelength region

other than a visible light region (for example, infrared light) is more preferably used.



of a high-frequency backlight is perforned) is

descri bed; however, the inventionis not Ilimted to

the case. That is, for exanple, the reset operation or
the readout operation may be performed on the
l'ight-receiving sections (the inmage pickup pixels) in

a plurality of lines in o ON period or one OFF

period of the backlight 15%?a bl i nking operation JPOED334
| ow frequency backlight maybe perforned). [0119]

[011'_81r tl\h&reovér il BR ARAUGIEGHRA ! S ﬁﬂ‘l&g LBRLIRT f&rhgxample as

ke, the case where in the pl ay panel

111u¥11a§%t &Y P‘fbeqe%es cg{ ethett%S h %&Ft ydc' C‘?’J.tl 1m’.?lnlte§dou"il g)eratlon is

-receivin are S para el'y “arftange
ani ¢

perf?né}l%dé?l} gl}_eulﬁé]ﬁ égc@é\ﬂg%;sgcr&oghg 1méage plcl(?up Irjllngs? 1n one 11ne in one
i ernittingl/r i ving el enent (a display-a

ONiPFrg@ée ohPR% LB éagee ot }heé&glalbghé 18f( f}?é%aF%WhFrﬁg? talnkmg operation
light-emtting operation and a ht- receiving

of adpgraﬁqlmcy haadtgghts rérfprmed nadeaeagﬁb rhomsyere regnyentios is not
an |iOdisplay panel. In addition, a period in which

limigkidstol thg chseghEhat s, fot examiple, ek rasett cbpesatmasctr the raadpetr épethation
in which the light-emtting operation by the

maydibs pleafpriasd -dnmagel ghtakcyiviep eseetidnsi @hd dinagd Pidkap NEidels) in a
[0120] Moreover, in the above-described enbodi nent or

plurahg dfilkRs it bee dJI\SPJ:n?dﬂ' &nshe ORPGLriHd oKt Kii%l(hgﬁ 15 (a bhnklng
i ncl udi ng a di spl ay- and-i mage- pi ckup panel h

opeﬁha%ml10&%6&&9?%@1@?%?%?& 13%;&?' urality of

di splay el ements rmage pi ckup

[o1 IQJAGFM% fnst ggﬁ&\;é @e%gmb&oé@ﬁ%%mgﬁt \§t thQYlEQtthg Qage where in the

o an |nage I ncludi

| .udi
10 YRR P HE RS slemeet oo e daRng ai Lar%ea?wn@?‘%ﬁgwmg
54 SO09PQC334 ~CLAIMS 1, An k d
ele"&%?fesﬁeﬂfgateah anraRgsd I ﬂeqsallan%%we'vghu nefa\r/v'gﬁ% lifeagn} prganic
i mge pickup pixels, and having an illum nation
EL (Elacmol_g]gup%exfcg) e]@m@p@@, pgm-yn@gpgéqcewmg element (a display-and-

image-pickup element) capable of performing a light-emitting operation and a light-
receiving operation in a time-divisional manner may constitute an /O display panel.
In addition, a period in which display light is not emitted in this case is a period in
which the light-emitting operation by the display-and-image-pickup element is not
performed.

[0120] Moreover, in the above-described embodiment or the like, the display-and-
image-pickup device including a display-and-image-pickup panel (the I/O display
panel 20) which includes a plurality of display elements and a plurality of image
pickup elements is described; however, the invention is applicable to an image pickup
device including an image pickup panel including a plurality of image pickup elements

and not including a display element.



an i mage pickup drive neans for obtaining an image

pi ckup signal fromeach of the. inmage pickup pixels

by perform ng an i nage pickup drive on each of the

i mge pickup pixels; and an i mage processing neans

for obtaining object information including one or

more of position, shape and4size of the proximty S09P0334
obj ect through utilizing a picked-up imge based on

the i mage pi ckup signal obtained fromeach of the

I mage pi ckup pixels, whérletMP he I mage pickup drive
nmeans perforns an i mage pickup drive so that when
illTumnation light is emtted fromthe illum nation
light source, an electric charge for charging is
accumarminege ipickep davioe comprisingige pi ckup pi xels in
accordance with total [light anmount as a sunmation of

r ef haciege| fighlp pareyiinduding £ phmilitheofi inhagei piakimpmpixels, and
light and environnment |ight, and when the

havfn?:aﬂmlﬁlﬁfd:aﬁ@n lli'glﬁlrbbulic% f6x0d proRintityesbjédtom t he
|

um nation |rght source, an electri:. charge for

di Sgpqﬁ@%@g{g@ gﬁb@&&% fok gmaﬁﬁ@a@fmageepicmﬁggmp irekidach

pi xel's ance wth |ight anmount of t

envi r onnment || - iglhfp Ve SITBAR JPiRkidRs
of ﬂ%ﬁ %aée P;‘T‘?‘é‘ﬁ%f’é%egat’%#’ E{?ﬁ%ﬁp aréerﬁ?)%up p(l5 xels. 2. The Hage

. .1 mage pi ck-up device according to clam 1, wherein

plc}%‘&ﬂ%"%ﬁ ®fe i mge pickup pixels includes: a

phot oel ectric transduce enerating an.el ectric. gharge

accGRdMAge PCEREg PEHS é"’ﬁgr?)tﬁﬂllmgo‘?bj ?“é drforagign ]é’ﬁ{utamgé%e S

S09P0334 a capacitor, a charging circuit aLLQmﬁn%k%Eg
morg|of Positioncihapgand size eh diegragmity dhiech gl uiliang p pigkgd-up

capacitor, arid a discharging circuit allowing the
imagé batedion thhbmags pickupdizehebtainad from aseh of dledpagr pickempixels,

the capacitor, and the inmage pick-up drive neans

per fytichdin thveimaga géckpp dkivip nobeis/gerfomms e image pickup drive so that
when illumination light is emitted from the illumination light source, an electric charge
for charging is accumulated in each of the image pickup pixels in accordance with total
light amount as a summation of reflected light originating from the illumination light
and environment light, and when the illumination light is not emitted from the
illumination light source, an electric charge for discharging is released from each of the
image pickup pixels in accordance with light amount of the environment light, thereby

to obtain the image pickup signal from each of the image pickup pixels.

2. The image pickup device according to claim 1, wherein
each of the image pickup pixels includes:
a photoelectric transducer generating an electric charge according to the light

amount of received light,



charging circuit and the discharging circuit, thereby
to obtain an i mage pickup signal fromeach of the
i mge pickup pixels. 3. The inmage pickup device
according to claim2, wherein the photoelectric
transducer generates both of the electric charge for
charging and the electric charge for discharging, e
charging circuit includes 5%smﬁtching el enent for Sb&ﬂB34
charging, and the discharging circuit includes a
smﬁtqﬁhggﬁﬁlenent for discharging, and the inmage

r

pi ckaup Ve nmeans perforns the i mage pickup drive on

t he wi t.ching.el.enent .for charging.and the itchin

el oSS CRAUCHIETE et eHRE TrBR oT dharyy © b e yatiated
. for charging generated in the photoelectric transducer
mﬂFes"aQE%‘Eﬂﬁﬂngt ed in the capacitor through the sw tching

el ement for charging, and the discharge electric

chardg€isgeargingt eiecuit allpwingh gico elesisicr Flearge A dlischprging to be

rel eased fromthe capacitor through the sw tching
releesedfoom tfeqnapaliitocvadgi ng. 4, The i mage pi ckup devi ce

according to claim 3, wherein the i mage pi ckup drive

nmeanke pmagopickupndtivegecans gledfores i the igrage hetkupndeane on the
state period of the switching elenment for charging and

cha@in@birGlitdrR] PerdiRbaing HecuRd thatHya3 Ibtais WhiimAhd Eickup signal
el enent for discharging do not overlap one another. 5.

frond BEcH SRBSIR LMiglgkde according to claim2, wherein
t he photoel ectric transducer is configured of a first

phot oel ectric transducer generating the electric
charge for charging and a second photoel ectric

oS SIS LU R EE LG EhaRR L
o SRk B o B A S G chping
andiglpn? gctgia,gﬁql%lge gorrid\i/se(::hzrlrr%?rpg? perfornms the image pickup
the charging circuit includes a switching element for charging, and the
discharging circuit includes a switching element for discharging, and
the image pickup drive means performs the image pickup drive on the
switching element for charging and the switching element for discharging so that the
electric charge for charging generated in the photoelectric transducer is accumulated in
the capacitor through the switching element for charging, and the discharge electric

charge generated in the photoelectric transducer is released from the capacitor through

the switching element for discharging.

4. The image pickup device according to claim 3, wherein
the image pickup drive means performs an image pickup drive so that an on-

state period of the switching element for charging and an on-state period of the



swi tching elenent for charging and the sw tching
el ement for discharging so that the electric charge
for charging generated in the first photoelectric
transducer is accunulated in the capacitance el ement
t hrough the switching elenment for charging, and the
di scharge el ectric charge génerated in the second S09P0334
phot oel ectric transducer is released fromthe
_capacitor throu%h the swi tching el enent for
switghing elgnagng gor daschatgang dagd OYPHKLYPeBOtee according to
claimb5, wherein the inage pickup drive neans perforns
the i mage pickup drive on the swtching elenent for
charging and the switching el enent for discharging so
t hats. die imapgepickup tevicaqpaciding toickiml 2, sthareiel y swi t ched
to be connected to a power source and a ground
bet wee ph&oglectiiodrankdimer isTedraigureg dfhe fiedt gdivtdetecodratrgesducer
for charging and a period of releasing the electric
gen&rdBh P ehe Qectics chak@i B8 chdrginghend ABGRoM Phupelteric @ansducer
according to claim6, wherein the inmage pick-up drive

3 ' pinekup drive so that an on 57
gen%@%g%%&%{%aghgfgg%g&cg%hghe swi tching el ement for
Charﬂ% {1:9?%?’9% I%{;cﬂp “indAi& Qeg\i/i%ir@f efelfent Y HAY , anél. the

el eneh charging do not overlap one ano r.

. The.i mage. pi ¢k devj ce accordi-ng,.to_cl aj , Wherein

dis ﬁ@‘%‘é&%&&l‘%‘gﬁ#& St“f‘é’fﬁg‘&f eé?e“gsforgdésr@?%‘?geg?‘%f a first
phot oel ectri ¢ .transducer engr at i .the electric
Charte IFBES AREE; Haveakeaas HEEGHE® dhotBaesdig diive on the

transducer generating the electrjc charge Lor ,
switghinereiemenidor ebpsgingfangd fihe S iighing flemeBic s discharging so that the
phot oel ectric transducers is configured of a PIN )
clequtiot ddigsddor rebhigiin (geasratedodie BE efirst ophotodectng¢ Hpsducer is
el ectrode and a gate electrode, and the inage pickup
acculniMesdninahe cpgacitanaeselemertt throggh dloh switclting efenrest femeharging,
second photoel ectric transducers to an on-state or
andahé dsdchirge telvcaitgbhasgp aerdratbd i tirngctigl phqrodlentic atansducer is
rel ati onshi p between the cat hode

released from the capacitor through the switching element for discharging.

6. The image pickup device according to claim 5, wherein

the image pickup drive means performs the image pickup drive on the
switching element for charging and the switching element for discharging so that one
end of the capacitor is alternately switched to be connected to a power source and a
ground between a period of accumulating the electric charge for charging and a period

of releasing the electric charge for discharging.

7. The image pickup device according to claim 6, wherein

the image pickup drive means performs the image pickup drive so that an on-



el ectrode and the gate electrode in the first
phot oel ectric transducer and a potential relationship
bet ween the anode el ectrode and the gate el ectrode in
the second photoelectric transducer, and driving the
first and second photoel ectric transducers for inmage
pi ckup so that the electric charge for charging
generated in the first photdel ectric transducer isS09P0334
accunul ated in the capacitor through bringing the
first photoelectric transducer and the second .
state, REHEL | e PRl olsBRC fof Shaghing A ap Graagle ppriod of the
off-state, respectively, and_so that the electric
switehing gtement for; dischargiiady d waedarens #othee second
photoel ectric transducer is released fromthe
capacitor through bringing the first photoelectric
transducer and the second photoel ectric transducer
i nt 8. drheafnhgspiakwp deviccaarcomlirgg tatobginrky syheodin vel y. 9.
The i mage pi ckup device according to claim8, wherein
58 fsdpRdddctrit henbdREE ispEdifighrddl bive fireapintatRaiAtehsducer
fixes the potential of the cathode electrode in the

gendrafiSd tROQIREIE @ﬁa[rgé: th¥ @R hn@RdsdcBBd RpbRRIdcac Bhnsducer
t he anode el ectrode in the second photoelectric

=V To .sets the first and second
genéprﬁ%?%g#%g{cm c tr%ﬁfgggi?gfalsrgltn g an on-state or off-state
t hr qugh tely changi ntial
gar o of R S FRRT e bRy BRERHS T SoBlekfor e Py
transducers. 10. The | e pickup.device accqrdjn 0
photo e B S RE AR Al des ge i iU ELage Hedods and
separately sets the first and second photoelectric
t r akREHRACE P19kYP AR Ve ACIRERE WIS f - st at e t hr ough
separately changing the potential of the cathode
el ecettivgea¢nof the firstrand sperdaBiotesiediee transdyenst by ampertstate or
the potential of the anode electrode in the second
off-gthiot thedwht sdparatelpnhdugieg .a patenfiterdatmgshipi tekwgendéhei cathode
according to claim 10, wherein the inmage pickup drive
clecied® and eha patcadlyctiodx 6s thd €irpqitenddlatsc abnddneergaidea potential
el ectrodes in the first and second photoel ectric

relatib6RAFH WeBiiden FIRSBREdd ¥RLMode and the gate electrode in the second

photoelectric transducer, and

driving the first and second photoelectric transducers for image pickup so that
the electric charge for charging generated in the first photoelectric transducer is
accumulated in the capacitor through bringing the first photoelectric transducer and the
second photoelectric transducer into an on-state and an off-state, respectively, and so
that the electric charge for discharging generated in the second photoelectric transducer
is released from the capacitor through bringing the first photoelectric transducer and

the second photoelectric transducer into an off-state and an on-state, respectively.

9. The image pickup device according to claim 8, wherein



12. The i mage pickup device according to claim 10,

wherein the i mage pi ckup drive neans separately sets

the potentials of the gate electrodes in the first

and second photoel ectric transducers to a high

i npedance state both in a period of accunulating the

el ectric charge for chargimg and in a period of S09P0334

rel easing the electric charge for discharging. 13. The

i mage pi ckup device according to any one of clains |

to 1R imhgr pickup tdnise imege spparktaly fkoseths potenitiablef the cathode

first image pickup pixel and a second i mage 59
elechRaP(Ch3 st photicluatriy txalsdudehend the potentialgsf th alodp efzicteede in

including a Iight-shielding section blocking both the
the I @bt BdtédIaitic amshstihr.envd r eparitdly | sghtthe Whist €arddh@econd

second i mage pi ckup pixel not including the

| iSH ' td ' p y Rflanging the
phol At B LR 18 8 o ol ke [RABAPLREIRRY Oflnging
Lfferenc ' [ ' [

porde kIR Fr LR HES g ERAR (RO i hucers

i mage pi ckup signal obtained fromthe second inmage

pi ckup pi xel. 14. The i mage pi ckup device according to

any one_of claing 1 tqQ 12, erein. the.inmge

pr odds shtiidmagapiskendayics ace “tgo"]oé’g%‘mii{:f”&ﬁ i on based

on an image pickup signal obtained after multiple

t i meke ofmaggi Pedkungdpse waeansarseppsaleht jssis dhe first and second

accunmul ating the electric charge for charging and an
photyedacrid tansdficere|te asi angstatieeoredfEstaty throughasegaratedy changing the

di scharging. 15. The inmage pick-tip device according
potémiahof/therathofle eleairod: ih the fit? photleeleetirio traasducer and the potential

initialization voltage, allow ng whole of the electric
of thdaidde eheiinahededofid praobleaitic thasdudage pi ckup pi xel s

to be released, is an arbitrary voltage between a

power source voltage and a ground voltage. 16. The

i mage pi ckup device according to any one of clains |

to 13, m&}ﬁﬁg@pckggdw@eg cPiatie B Rlihellos whireidre | mage

el "are mat ri x

pi ckup pan ranged I n
the image pickup drive means separately fixes the potentials of the gate

electrodes in the first and second photoelectric transducers, respectively.

12. The image pickup device according to claim 10, wherein

the image pickup drive means separately sets the potentials of the gate
electrodes in the first and second photoelectric transducers to a high impedance state
both in a period of accumulating the electric charge for charging and in a period of

releasing the electric charge for discharging.

13. The image pickup device according to any one of claims 1 to 12, wherein

the image pickup pixels include a first image pickup pixel and a second image



formin the i mge pickup panel, and the inmage pickup
drive nmeans perforns the i mage pickup drive on the
i mage pickup pixels in a line-sequential nanner. 60
SO09PO 334 i ?. The inmmge pickup device according to
any one of claims 1 to 12, wherein in the inmage
pi ckup panel, the inmge plck up pixels and wiring for
driving the inage pickup éPers for image pickup AP 0334
arranged separately fromeach other. 18. The image

.one of c

pickpasef, 1R 5" Iﬁ{%éﬁoﬁ%ﬁeﬁ%&dp‘%@nﬁéa@t-s& 1 eclifin bfocking
o PR T, 20, R AR L ot

charge for. charging is accunulated and the electric
not thedight- %lt!ﬂg}*’@lsﬁ?}lqnsambl eased, thereby the inmage
pi ck-up drive neans obtains an i mage pi ckup signal
f r otheanagofpro¢rssingameansppliking thiexebjsct irdornFitioni basgé on a
pi ckup device according to any one of clains 1 to 12,
diffedencesdignal bhisvdemageémpgopieksp signatebrsnabiran rlse ﬁiseimztg'eqﬁtkup
i nformati on about a plurality of proximty objects

pixdlladé el i dﬂlﬁ(ﬂp"ﬁ@fal phtaiep fdante satondifaké pRkupPixelh
di spl ay- and-i mage- pi ckup device conprising: a display

<and- irriage-pickup panel including a plurality of
di spl ay pixels and a plurality of imge pickup

Pi xqlySiTHa nglhg 1@¥u W& ng@ﬂﬁl 3", n9'oﬁ9 h?&?ﬂ&hla{& dlf%%reln

by perforatl I splay driv on” eac Splay

pIX an ing i cku iy ni
gtk &50%%9%%“??9 %?qglgsﬁl RIS e B imae
. el s erformn |ck drj ve on each of
pickine el P RGBT prolEne, S ob e DR 6Gbat drgration of
means for obtaining object information, including one
accypulating the electric charge for chargmg and an operation of releasing the electric

charge for discharging.

15. The image pickup device according to any one of claims 1 to 12, wherein
an initialization voltage, allowing whole of the electric charge accumulated in
each of the image pickup pixels to be released, is an arbitrary voltage between a power

source voltage and a ground voltage.

16. The image pickup device according to any one of claims 1 to 12, wherein

the image pickup pixels in the image pickup panel are arranged in a matrix
form in the image pickup panel, and

the image pickup drive means performs the image pickup drive on the image

pickup pixels in a line-sequential manner.



61 SO9PC334 nore of position, shape and size of a
proximty object through utilizing a picked-up inmge
based on the imge pick-up signal obtained from each

of the image pickup pixels, wherein the i mage pickup
drive nmeans perforns an i nage pickup drive so that

when illumnation light isgmtted fromthe S09P0334
di spl ay- and-i mage- pi ckup panel to the pxoximty

object, an electric charge for charging is accunul at ed

i n ddchhsfimagepickapdevigd askondling tvahy one obcleimrsdhiocie, wheigin

total light anmount as a sunmation of reflected |ight
or i gh niad innage fpickptpaaeli tHelimagapickup pixghstandnwdiring for driving the
environment |ight, and when the illumnation light is

ima@ebickip bixets fof PRAdeecklipSpd &yangdd Separfmg e fidint kath optesnel |,
an electric <charge for discharging is released from
each of the image pickup pixels in accordance wth
i ght anount of the environnent |ight, thereby to

ght _amount of the environment | N

oi chish eTPETIDEE SR L0y o ah P TRE ey | 77, Thegin
di t | ai.m 20 ' f. ! '

L TR

an .operat.ion of releasijng the electric arge for
the Pt NG o it 8 CROURE S S kT SO FAEh ThF Eipoiic Charge for
hori zontal period during the display drive. 22. The
chaggingisagcundatcragd hy drepe a@vg% @ré;&,c}éﬁr@al}sgl%e@ﬁ%t 19y the
_ wherein the image processing neans obtains the object
imagp frigkat drode MagwdoBaing in; ivege pigkupkuignad fepma lcagb phithretmage
after multiple times of switching between the
picloperimtls.on of accunulating the electric charge for
charging and the operation of releasing the electric
charge for discharging. 23. The
di spl ay- and-i mage- pi ckup devi ce according to claim 20,
wherei I 2maPOReRas devidteacdbtit gty ady M€ oNElaings PR 29 Whein
a display drive based on object information obtained

by theirhdR$RoREQREREAIBIRRD the dHRRE BBV miRiod 1285kt IEMRty of

obj ect I nformtionh on
proximity objects placed on the image pickup panel at one time.

20. A display-and-image-pickup device comprising:

a display-and-image-pickup panel including a plurality of display pixels and a
plurality of image pickup pixels;

a display drive means for displaying an image by performing a display drive
on each of the display pixels;

an image pickup drive means for obtaining an image pickup signal from each
of the image pickup pixels by performing an image pickup drive on each of the image
pickup pixels; and

an image processing means for obtaining object information including one or



t he di spl ay- and-i mage- pi ckup panel . 24. The
di spl ay- and- i nage- pi ckup devi ce according to cl ai m 20,
wherein the display pixels each include a |iquid
crystal elenment. 25. The displ ay-and-i nage- pi ckup
devi ce according to claim 20, wherein the display
pi xel s and the i mage pickup pixels are configured
include a plurality of di§6|ay-and-inage-pickup §65P0334
el enents each allowed to performa light- emtting
mor?e Po ! %é]lit@ﬁ’s %%ﬁg%n%gz%géff & élg)lx\l/rlm{f.g é)BJ%%{ a{l‘é)l?éil UtiliZhg a picked-up
. di spl ay- and-i mage-pi ckup, devi ce .accor di t.o claim?25
imag, Beil A T nage Sk SLanal ohieged PmRsh of Hisdege Riekbd Bixels,
organic EL el enents. 21. An elecfronic apparatus. .
conpiiessim hedmage proyp AR MeagRgpioss 3 dagecrickypdrvsgo that
an i mage display function and an itg%e pi ckup
whehyitlgmrinationt kght dis sgsmisipd frman therdigelayrankdiipagewickep panel to the
i ncl udes: a displ ay-and-i mage- pi ckup panel including a
pxopimityabbjest, af elditsiol chyrgi feetlsarging inacqumulatkd inyeash dfitegenage
pi ckup pi xels; a display drive neans for displaying an
pickupaggelpin pelotdunde Rgthatothl Sightymehirit\ee a Winmaidh effreflbeted light
di splay pixels; an inmage pickup drive nmeans for
orighfkiab N0t aRe | MBERNAIBK YighS | MAalenditsm&@RChghtOfandhevhen the
| mage pickup pixels by perform ng an i mage pick-up
ilTudfd ERGY: Rhitt e b HBGE d8D130HA R B ke RUGYRNA Xk leRectri
lumgﬁgﬁgﬁ%gﬁage proéess?ng nggﬁgzsgr g@?%ﬁﬁ?ng5 bfect e
I nfor i | nc [ e I [\t . S
el O PR Bnl RELLLE0G SRE00 of T RSO L0
...pi.cked- u l.mage based on.the | e pj ck-up signa .
with gttty ob FechoaF e et iatsSR IS Bl it Bree Rikpe signal
t he i mage, pi ckup drive neans perforns an i mage pickup
frorg epgheotd et‘ﬁﬁeplmr@ﬁ%-um nation light is emtted from
t he di spl ay-and-i nage-pi ckup panel to the

21. The display-and-image-pickup device according to claim 20, wherein
each of an operation of accumulating the electric charge for charging and an
operation of releasing the electric charge for discharging each are in synchronization

with a horizontal period during the display drive.

22. The display-and-image-pickup device according to claim 21, wherein

the image processing means obtains the object information based on an image
pickup signal obtained after multiple times of switching between the operation of
accumulating the electric charge for charging and the operation of releasing the electric

charge for discharging.

23. The display-and-image-pickup device according to claim 20, wherein



proximty object, an electric charge f(c)r charging is
accunul ated in each of the inage pickup pixels in

accordance with total |ight anmobunt as a summation of
reflected light originating fromthe illum nation

l'ight and environnment |ight, and when the

illTumnation light is not eaitted fromthe S09P0334

di spl ay- and-i mage- pi ckup panel, an electric charge
for discharging is released fromeach of the image '
pi clithpdisplegidsive meane perflamser digplath dfiveghased woabject infermation
environnent light, thereby to obtain the inmage pick-up
obtaneiniay thefimage eachssirig tkans| thegebypd ciapbaypthx ebgect REormAtion on
nmet hod of detecting an object conprising steps of
the &gplawaﬁﬂm@age'xpﬂcnﬁgpaml,ckup drive on each of a
plurality of 1mage pickup pixels so that when
illTumnation light is emtted to a proxinmty object
froman image pickup panel including the plurality of
g%i: ljmr}rl% llﬁgiﬂleag' 3hd 1ﬁla§ﬁ'ﬁ%§<h? QEVikE a&:BﬁﬁH% I(of Qhim f@ﬁ&l&iéﬁg

IS In ea he 1 mage pickup pixels In

ot ARy Pt it QoA PO e i Tt on

light and environnent |ight, and when the
illTumnation light is not emtted, an electric charge

for discharging is released fromeach of the j e .

pi ckap @Pié%piayr%daws?-a 8 deYiet AEoPTARE toflHE0,aFherae

envi ronnment |ight, thereby obtaining an i mage pickup

si gieg displagrhiseie andfthe fraagerpigkum p@w?sparsi seafigured g ipgfude a

S09PC334 obt ai ni ng obj ect information including one
plurelityrof alisplyesid-inmige-pitkapeclamdntsi eagh ofllovied pr prifein ya light-

objet through utilizing a picked-up i mage based on the
emittimg@@eratiok apd a sightr@keiohigaipaadiof iroatimaalivisionalheannenge

pi ckup pi xel s.

26. The display-and-image-pickup device according to claim 25, wherein

the display-and-image-pickup elements are organic EL elements.

27. An electronic apparatus comprising a display-and-image-pickup device
having an image display function and an image pickup function, the display-and-
image-pickup device includes:

a display-and-image-pickup panel including a plurality of display pixels and a
plurality of image pickup pixels;

a display drive means for displaying an image by performing a display drive
on each of the display pixels;

an image pickup drive means for obtaining an image pickup signal from each

of the image pickup pixels by performing an image pickup drive on each of the image
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pickup pixels; and

an image processing means for obtaining object information including one or
more of position, shape and size of a proximity object through utilizing a picked-up
image based on the image pickup signal obtained from each of the image pickup pixels,

wherein the image pickup drive means performs an image pickup drive so that
when illumination light is emitted from the display-and-image-pickup panel to the
proximity object, an electric charge for charging is accumulated in each of the image
pickup pixels in accordance with total light amount as a summation of reflected light
originating from the illumination light and environment light, and when the
illumination light is not emitted from the display-and-image-pickup panel, an electric
charge for discharging is released from each of the image pickup pixels in accordance
with light amount of the environment light, thereby to obtain the image pickup signal

from each of the image pickup pixels.

28. A method of detecting an object comprising steps of:

performing an image pickup drive on each of a plurality of image pickup
pixels so that when illumination light is emitted to a proximity object from an image
pickup panel including the plurality of image pickup pixels, an electric charge for
charging is accumulated in each of the image pickup pixels in accordance with total
light amount as a summation of reflected light originating from the illumination light
and environment light, and when the illumination light is not emitted, an electric
charge for discharging is released from each of the image pickup pixels in accordance
with light amount of the environment light, thereby obtaining an image pickup signal

from each of the image pickup pixels; and
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obtaining object information including one or more of position, shape and size
of the proximity object through utilizing a picked-up image based on the image pickup

signal obtained from each of the image pickup pixels.



