-1 - DESCRIPTION IMAGE-PICKUP DEVICE AND DISPLAY
APPARATUS Technical Field [0001) The present invention relates to an
image-pickup device including photoelectric conversion elements, and a
display apparatus. Background Art [0002) While, in general, photoelectric
conversion elements, such as CCD (Charge Coupled Devices) sensors
and CMOS (Complementary Metal Oxide Semiconductor) sensors, have
been known as image-pickup devicés that pick up images, recently, it
has been proposed that thin-film transistors (hereinafter, "Thin Film
Transistor" is abbreviated as "TFT") are caused to function as
photoelectric conversion elemensin BOATHINation with capacitors or the
like. As one example of such image-pickup devices, for example, there

ITMAgGPe infage! pickup dévicéPihat inchdde figiidhystal display elements,

7 grlﬂ'st atEfggEti n as photoelectric conversion elements, and so forth for
ecrespce‘:El: ive pixels disposed in a matrix, and that also include a backlight or

roofrentlight which serves as a light source. The image-pickup devices are
configured so as to be capable of performing information input by
utitiziag tightiacident oato:therl FEsl white thecimage mage-pickup device

including photoelectric conversion elements, and a display
apparatus.

Background Art

[0002]

While, in general, photoelectric conversion elements,
such as CCD (Charge Coupled Devices) sensors and CMOS
(Complementary Metal Oxide Semiconductor) sensors, have been
known as image-pickup devices that pick up images, recently,
it has been proposed that thin-film transistors {(hereinafter,
"Thin Film Transistcor" is abbreviated as "TFT") are caused
to function as photecelectric conversion elements in
combination with capacitors or the like. £As one example oI
such image-pickup devices, for example, there are image-
pickup devices that include liguid~crystal display elements,
TFTes that function as photoelectric conversion elements, and
so forth for respective pixels disposed in a matrix, and
that also include a backlight or frontlight which serves as
a light source. The image-pickup devices are configured so
as to be capable of performing informaticn input by

utilizing light incident onto the TFTs while the image-



- 2 pickup devices perform image display by utilizing transmission of light
from the light source through the liquid-crystal display elements (for
example, see Patent Document 1). Because the image display and the
information input can be performed in the same display region in the
above-mentioned configuration, it is expected that the image-pickup
devices are used as information input/output devices as replacements for
touch panels. [0003] When the above-described image-pickup devices of
a display-function-integrated type are realized using a commonly known
low-temperature polysilicon technique, it is considered that it is difficult to

picehbtairdaccurate autpat valuesshecatisedt isHmpossible: to-diskegard
attenuation of signals that is caused by parasitic capacitances in panels.

LraTh&rsasoristhatld phetoctprent ehieh @béu IBUUECHD Ik Snaliation, in
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image-pickup devices of a display-function-integrated type using the p-Si,
inpacedain amplficatioprfubction ismecessarydAsialspectiiciexample afne

such an amplification function, there is an amplification function of storing
aboglectiferdhargé th caphtitancds: sieh as capatitars Cincdccordancdewith

image-pickup devices are used as information input/output

devices as replacements for touch panels.

When the above-described image-pickup devices of a
diSplay—function—integrat@d type are realirzed using a
commonly known low-temperature polysilicon technigue, it is
considered that 1t 1s difficult to obtain accurate output
values because it 1s impossible to disregard attenuation of
signals that 1s caused by parasitic capacitances in panels.
The reason is that a photocurrent, which occurs due to light
irradiation, in the case of a low-temperature polysilicon
(hereinafter, abbreviated as "p-5i") i smaller than that in
the case 0f an amorphous sgilicon (hereinafter, abbreviated
as "ga-81"). Thus, in order to realize the image-pickup
devices of a display-function-integrated type using the p-35i,
a certailn amplification function i1s necessary. As a
specific example of such an amplificaticn function, there is
an amplification functicn of storing electric charge in

capacitances, such as capacitors, in accordance with



- 3 electric signals that are generated in the photoelectric conversion
elements, converting the electric charge into voltages, storing the
converted voltages in SRAMs (Static Random Access Memory), and
outputting the voltages as digital values "1" or "0" (for example, see
Patent Documents 2 and 3) . According to the amplification function,
because the SRAMSs have also the amplification function, no attenuation
of signals that is caused by parasitic> capacitances in panels occurs.
Furthermore, because the voltages are output as the digital values,
output results of the voltages have an excellent noise tolerance. [0004-1
elePatdnt Document It apanese YUnexamired PatentApplicationectric
Publication No. 2002-268615 Patent Document 2: Japanese Unexamined
conpafent RptitaH6A Publicalidh Not 200t 502278 Pdtehit Bodtmant3°

apanese Unexamined Patent Application., Publication 01-339640
v L T S 2 AT DOBEE Hawet g fhatat i

ran8BRverdeseribedpronart, the QuipLis.aftarihe amplificatar funciign is

performed are the digital values of "1" or "0", i.e., binary values. Thus, it
digisteery difficult ta'éxcellently Yeprésenehalfitohes ferce Patent Documents
2 and 3). According to the amplification function, because
the SRAMs have also the amplificaticon function, no
attenuation of signals that 1s caused by parasitic
capacitances in panels occurs. Furthermore, because the
voltages are output as the digital wvalues, output results of
the voltages have an excellent noilse tolerance.
(00047
Fatent Document 1: Japanese Unexamined Patent Application
Publication No. 2002-268615
Patent Document Z: Japanese Unexamined Patent Application
Publication No. 2001-282276
Patent Document 3: Japanese Unexamined Patent Application
Publication Ne. 2001-339640
Disclosure of Invention
Technical Problenm
[00035]

However, in the above-described prior art, the outputs

after the amplification function is performed are the
digital values of "1" or "O", i.e., binary values. Thus, it

is very difficult to excellently represent half tones for



- G image-pickup results, and a complicated process or operation, such
as setting of a plurality of image-pickup conditions, is necessary in order
to represent the half tones. [0006', Therefore, it is an object of the present
invention to provide an image-pickup device and a display apparatus that
can perform analog output which allows half tones to be excellently
represented, for example, even when the image- pickup device of a
display-function-integrated type is- cenfigured using a p-Si. Technical
Solution [00071 The present invention provides an image-pickup device
that has been invented in order to achieve the above- described object.

imadhedmagerpickip device isrehagacierized hy-comprising aphetoeleetretion,
conversion element that converts light into electric charge, a storage

sucbapacitor tthabstords thepélectricicharge whichotherphotoglectricd Lt Lons,

_conversion element has obtained by conversijon, reset means for.

15 BRERaMHY the elREiR chatgé P it stbrage Capatitor, “4Ad &n amplifying

I in-film transistor that receives, amplifies, and outputs the electric charge
stored in the storage capacitor. A source electrode of the amplifying

thinxfilmdeansistor is connggted-to-a power-spurce SUpping finera gate to
electrode of the amplifying thin-film
provide an image-pickup device and a display apparatus that
can perform analog output which allows half tones to be
excellently represented, for example, even when the image-
pilckup device of a display-functicn-integrated type is
configured using a p-Si.
Technical Solution
[COO7]

The present invention provides an image-pickup device
that has been invented in order tc achieve the above-
described object. The image-pickup device is characterized
by comprising a photoelectric conversiocn element that
converts light into electric charge, a storage capacitor
that stores the electric charge which the photoelectric
conversion element has obtained by conversion, resef means
for discharging the electric charge in the storage capacitor,
and an amplifying thin-£ilm transistor that receives,
anmplifies, and ocutputs the electric charge stored in the
storage capacitor. A source electrode of the amplifying
Thin-fiim transistor is connected to a powerwsourcé

supplying line, a gate electrode of the amplifying thin-film



- 5 transistor is connected to the storage capacitor, and the amplifying
thin-film transistor forms a source follower circuit. [0008] In the
image-pickup device configured as described above, since the amplifying
thin-film transistor forms the source follower circuit, when the amplifying
thin-film transistor amplifies and outputs the electric charge stored in the
storage capacitor, analog output can be performed by utilizing the source
follower circuit. Thus, for example; éven when the photoelectric
conversion element is a sensor thin-film transistor in order to be easily
integrated with a display function, analog output can be performed as in
trathe <ase of a CCInCharde Coupled Bevices) acEMC: (Complementane
Metal Oxide Semiconductor) image sensor, or the like, which is a general
amp iageickup dlament A mage pRkupTE8tit Taf Befeaddt athight
irggg%d, and provision for increasing the number of gradations of the
image-pickup result can be realized. Advantageous Effects [0009]
[0odegording to the present invention, because an amplification function
depends on the source follower circuit, the analog output can be realized
asiin the caseaf a-CCEkopa CMOS:=imagetsensosdvhkieh ds ageiieral
aboggégiince the amplifying thin-film transistor forms the

C

source fcllower circuit, when the amplifying thin-£film
transistor amplifies and ocutputs the electric charge stored
in the storage capacitor, analog output can be periormed by
utilizing the source follower circuit. Thus, for example,
even when the photoelectric conversion element 1s a sensor
thin-film transistor in order to be sasily integrated with a
display function, analog output can be performed as in the
case of a CCD (Charge Coupled Devices), a CMO {(Complementary
Metal Oxide Semiconductor) image sensor, or the like, which
is a general image-pickup element. An image-pickup result
can be read at a high speed, and provision for increasing
the number of gradations of the image-pickup result can be
realized.
Advantageous Effects
(00097

Aceocording to the present invention, because an
amplification function depends on the scurce follower
circuit, the analog output can be realized as in the case of

a CCD or a CMOS image sensor, which is a general image-



- 6 pickup device. The speed of image-pickup processing can be
increased, and the number of gradations of the image-pickup result can
be increased. Thus, by using the characteristics of the analog output that
allows half tones to be excellently represented, a touch panel function, a
scanner function, or the like can be realized. Furthermore, it can be
considered that the image-pickup devices are applied as dimmer sensors
for a backlight in a liquid-crystal dispkay- apparatus. Moreover, the
amplifying thin-film transistor performs the analog output, thereby
realizing the amplification function. Thus, for example, when TFT type
picphegtosensers aretusedsas the photoglegtric.canversion celements; can be
respective constituent elements of the image- pickup devices can be
incremetabtumetusihg arprobess the same cds thas obfypidat TRTsIFopickup
example, the respective constituent elements can be disposed in displsa%/:,mS

=5 Bixels6f a Tiguid:cryStat Giplay apparatils 1 tferwiords! e =<7~
ot image;pickup deviges.areyery suitable for.realization.of. integration with a

display functfon. in‘addition, for éxample, when the image-pickup devices

excalg embedded in-the- gisplgy pixels.afithe diguid-crysiat apparatus; thener
image- pickup devices can be disposed so that a great decrease in

fungpérture ratio is:redutied, and can besedsilyatisposad:inie Tnatrix fok thecan
respective display pixels. Thus, for example, multipoint recognition that

be wgg%mﬁ8m§ﬁ)65§gm5%8iﬁmage—pchup devices are applied as

dimmer sensors for a backlight in a liguid-crystal display
apparatus. Moreover, the amplifying thin-film transistor
performs the analcog output, thereby realizing the
amplification functicon. Thus, for example, when TFT-type
photosenscrs are used as the photoeleciric conversion
elements, respective constituent elements of the image-
pickup devices can be manufactured using a process Lhe same
as that of typical TETs. For example, the respective

constituent elements can be disposed in display pixels ¢©

th
jai]

liguid-crystal display apparatus. In other words, the

image-pickup devices are wvery suitable for realization

O
Fh

integration with a display functicn. In additicn, for
axample, when the image-pickup devices are embedded in the
displiay pixels of the liguid-crystal apparatus, the image-
plckup devices can be disposed so that a great decrease in
aperture ratio is reduced, and can be easily disposed in a
matrix for the respective display pixels. Thus, for example,

multipoint recognition that was difficult to be realized in



- 7 touch panels in the prior art can be realized, and a probability that the
image-pickup devices will serve as key devices of a new user interface
that does not exist in the prior art can be expected. Brief Description of
Drawings [0010] [Fig. 1j Fig. 1 is a circuit diagram showing an example
of a schematic configuration of a display apparatus according to the
present invention. [Fig. 2] Fig. 2 is a circuit diagram showing an example
of a configuration of the main portion’in-a first embodiment of an
image-pickup device according to the present invention. [Fig. 3] Fig. 3is a
timing chart (part 1) showing an example of drive control in the first
touembediment dtthehpresentinventior:dkig: 4| EFige Yiisactimimgechart (part
2) showing an example of drive control in the first embodiment of the
propesseht vehfish. [Fig 51Fg.S Rl g endrt §sart' 3) shéfingarr s ke

example_of drive control in the first embodiment of the present inventign,
e a0 6 T 4 (G A (At o) Shofmg S exsmple bt e e

pri6entolin the figst embadiment of the present invention. [Fig. 7] Fig. 7 is a
- circuit diagram showing an example

Brief Description of Drawings

o010}

[Fig. 1} Fig. 1 is a circult diagram showing an example
of a schematic configuraticn of a display apparatus
according te the present invention.

[Fig. 2] Fig. 2 is a circuit diagram showing an example
of a configuration of the main portion in a first embodiment
of an image-pickup device according to the present invention.

[Fig. 3] Fig. 3 1s a timing chart (part 1) showing an
example of drive control in the first embodiment of the
present invention.

[Fig. 4] Fig. 4 is a timing chart (part 2) showing an
example of drive control in the first embodiment of the
present invention.

[Fig. 51 Fig. 5 is a timing chart (part 3] showing an
exampie of drive control in the first embodiment of the
present invention.

[Fig. 6] Fig. 6 1s & timing chart (part 4) showing an
example of drive control in the first embodiment of the

present invention.

Fig. 7] Fig. 7 1s a circuit diagram showing an example



- 8 of a configuration of the main portion in a second embodiment of the
image-pickup device according to the present invention. [Fig. 8] Fia. 8 is a
timing chart (part 1) showing an example of drive control in the second
embodiment of the present invention. [Fig. 9] Fig. 9 is a timing chart (part
2) showing an example of drive control in the second embodiment of the
present invention. [Fig. 10] Fig. 10 is a timing chart (part 3) showing an
example of drive control in the secorid embodiment of the present
invention. Best Modes for Carrying Out the Invention [0011] An
image-pickup device and a display apparatus according to the present
invention wilk be descriied helaws Wwithorefereoce 1o the deawings. [0012]
[First Embodiment] First, a first embodiment of the present invention is
embgdsersed. FHg. B & Circlit diagiam shelirtFan exampie) of &schetnatic

configuration of the display apparatus according to the present invention.
pre&ﬁﬁ% i%%vﬁ%‘uhoaiagram showing the first embodiment of the

image-pickup gdeyicedhatis the main portion, ¢f the display apparatus, ar

example of drive control in the second embodiment of the

Hh

o

present inventicon.

[Fig. 8] Fig. 9 is a timing chart (part 2Z) showing an
example of drive control in the second embodiment of the
present invention.

[Fig. 10] Fig. 10 is a timing chart (part 3) showing an
example of drive control in the second embodiment of the
present invention.

Best Modes for Carrying Cut the Invention
(00117

An image-pickup device and a display apparatus
according to the present invention will be described below
with reference to the drawings.

{0012]

[First Embodiment]

First, a first embodiment of the present invention 1s
described. Fig. 1 is a circuit diagram showing an example
of a schematic configuration of the display apparatus
according to the present invention. Fig. 2 is a circuit
diagram showing the first embodiment of the 1mage-pickup

device that is the main portion of the display apparatus.



- 9 - [0013] First, the entire display apparatus is described. The display
apparatus that is described in the embodiment is a display apparatus in
which a display function and an image- pickup function are integrated. In a
broad classification, as shown in Fig. 1, the display apparatus is
configured by including an image-display-region section 1, a backlight or
a frontlight (however, not illustrated) that serves as a light source, and a
driver circuit section (however, not illustrated) for performing drive control
for the image- display-region section 1. [0014] The image-display-region
section 1 is configured of a plurality of pixel units 2 that are disposed in a
foomatrix. Additionally, each of the pixel units 2 is configured of a display
element portion 3 and an image-pickup element portion 4. In addition,
vafibiis typelslor sigrial fines bi@ ‘provideBFseéach fo and €athTdlumane

disot the re gecitlve é)x_e%unlts 2, é\ér\/hICh are d!sp%se in aﬁgégtgﬁ
Bartkerh Ut dtrces %Sp%\}l &4 at’dnd of (%sntypeg of
a1 9999l lines: [0015] The display e'eH“*eéEEPQSI'%%!?%Q@pﬁyde'gmeﬂtage—
portion for providing a function of a so-called p-Si liquid crystal.
pichpecifically; the displayielement petion 3n a broad classification,
as shown in Fig. 1, the display apparatus is configured by
including an image-display-region section 1, a backlight or
a frontlight (however, not illustrated) that serves as a
light source, and a driver circult sectilon (however, not
illustrated) for performing drive contrcl for the image-
displavy-region section 1.
[0C14]

The image-display-region section 1 is configured of a
piuraiity of pixel units 2 that are disposed in a matrix.
Additionally, each of the pixel units Z 1is ceonfigured of a
display element portion 3 and an image-pickup element
portion 4. In addition, varicus types c¢f signal lines are
provided for each row and each column of the respective
pixel units 2, which are disposed in a matrix. Furthermore,
current sources are provided at ends of the various types of
signal lines.

[0015]

The display slement portion 2 1is a display element

portion for providing a function of a so-called p-5i liquid

crystal. Specifically, the display element portion 3



- 10 includes a liquid-crystal display element that is formed on a
polycrystalline silicon (p-Si) substrate. The liquid- crystal display element
selectively transmits light from the backlight or the frontlight, thereby
performing image display. In other words, the display element portion 3
functions as an image display element in the present invention in
combination with the 'light source (the backlight or the frontlight). In
addition, although the description of the-details of the p-Si liquid crystal is
omitted herein because the details thereof are commonly known,
characteristics can be obtained, in which the reaction velocity of the liquid
inctrystal isincieasett-oecatisel the 1Sl @ashy. eorrducts electricity Tompatedn
with a non- crystalline silicon (a-Si), and also in which brightness can be
a Pm@%@%ﬁ%sﬁﬁééﬁ%eﬁmfééﬁeasﬁmﬁﬁe size Sof traisistors

fsqcrac?nt olling the Iiggipl crystal cggggv%gducggé@016LJm,image;pickup;he

cry i) I

glefnent porton 4 Functions as the- image-pickup device according to the

bacRiesent invention. As. shownyinFig. 2theimage pickup: element portion 4

includes a sensor TFT 5, a capacitor 6, a reset TFT 7, an amplifying TFT
disBland a reading: EET8; wiich atesfodhedlonthe St rsubstratel (017 ]
functicns as an image display element in the present
inventicn in combination with the light source (the
backlight or the frontlight). In additicn, although the
description of the detaills of the p-3i liguid crystal is
omitted herein because the details thereof are commonly
known, characteristics can be obtained, in which the
reaction velocity of the liguld crystal is increased because
the p-381 easily conducts electricity compared with a non-
crystalline silicon {(a-38i), and also in which brightness can
be increased by increasing an aperture ares because the size
of transisters for controlling the liguid crystal can be
reduced.
[0016]

The image-pickup element portion 4 functions as the

image-pickup device according to the present invention. As

I~
F

shown in Fig. Z, the image-pickup element portion 4 includes
a sensor TFT 5, a capacitor 6, a reset TFT 7, an amplifving
TFT 8, and a reading TFT 9, which are formed on the p-Si

substrate.

[GO17]



- 11 The sensor TFT 5 functions as a photoelectric conversion element
that converts light into electric charge, in which a leakage current
changes in accordance with the amount of received light. Thus, the
source electrode of the sensor TFT 5 is connected to a power-source line
VDD, and the gate electrode thereof is connected to a bias wire Bias. An
applied voltage that causes the sensitivity and S/N of the sensor to be
optimized is applied from the bias wire Bias to the gate electrode. In
addition, the sensor TFT 5 may be configured using any other element
(other than the TFT) that functions as a photoelectric conversion element,
sutheasse Pty peidiode draNctypeatiode. J0O18]e The eapécitor 6 is a
passive element that stores and releases electric charge. (electric en_erg]}/%e

Conﬁﬁﬁ@é’%aﬁﬁm, Ahdfunetions as a]sjf(ﬂ’%e_jcﬂﬁgci?c}retﬁgf Js_i:o (e8%
in glactHc gh%f@gg% ch the sensor TET 3 has qbtained by conversion.

Thus, one en e capacitor 6 is connected to a ground wire GND, and
amoihie: other enddhereof isi gpanectad to thersense IEE Scand-thesreset TFIne
_ 7. The capacitor 6 is charged by a photocurrent (electric charge) that is

sengenefdféd in the sersoe TEIDG, Wherebywarottage is sgeneratedin, and
' accordance with the charge amount. A voltag[eééb\v that is converted from

the a_t%%&fr?éh& I3 4epehad 6hia tapabRaite L dfthé capadidrd anda®s-
An 2%&f%8§*@§ﬂ@%ge that causes the sensitivity and S/N of

the sensor to be cptimized is applied from the bias wire
Bias to the gate electrode. In addition, the senscr TET 5
may be configured using any other element (other than the
TFT) that functions as a photoelectric conversion element,
such as a PN-type diode or a PIN-type dicde.

[0018]

The capacitor & 1s a passive element that stores and
releases electric charge (electric energy) using a
capacitance, and functions as a storage capacitor that
stores electric charge which the sensor TET 5 has obtained
by conversion. Thus, one end of the capacitor 6 is
connected tc a ground wire GND, and the other end thereof is
connected to the sensor TFT 5 and the reset TET 7. The
capacitor 6 is charged by a photocurrent {electric charge)
that is generated in the senscr TFT 5, whereby a voltage is
generated in accordance with the charge amount. A veoltage
AV that is converted from a photocurrent Al depends con a

capacitance C, of the capacitor € and a light storage time



- 12 AT, and can be represented by the equation AV =i/Cp x AT. Thus,
the longer the light storage time AT and the lower the capacitance Ca of
the capacitor 6, the higher efficiency of conversion from the photocurrent
to the voltage. However, when the capacitance Cp of the capacitor 6 is
markedly low, it should be noted that it is impossible to disregard an
influence of a parasitic capacitance of the sensor TFT 5 or a parasitic
capacitance between wires. [0019; TThereset TFT 7 is disposed between
the capacitor 6 and the ground wire GND in order to discharge the stored
electric charge in the capacitor 6. More specifically, the reset TFT 7 is
AT, dispased in such-amannerdhat the sowsce lectragde ofithe reset, Tk TAIS
connected to the around wire GND, the drain electrode thereof is
Thugonndcted o tharsdisor LIRS aridbthedcapasitor 8 Tand thelgatel ower the
electrode thereof is connected to a reset s%bal line RS. Accordmgly, the

CaPrgset P 7Hunttions'ss res&t méaits for disthargifg e Storéd -&latiic™*

con$RATge IR the gapacito 1&-8@&88&%%}%? with aresgt signal.of ”}%Wé%r,
signal line RS. [0020; The amplitying TFT 8 receives, amplities, and

wheQUHPHIES éﬁ@@lﬁﬁr@@@rgg sterethin thecapacier & Inother- words; thew,
amplifying TFT 8 has a function of amplifying a voltage corresponding to
it wlecchatgeamount of thecapacitbs impossible to disregard an

influence of a parasitic capacitance of the sensor TFT 5 or
a parasitic capacitance between wires.
[0C19]

The reset TFT 7 is disposed between the capacitor 6 and
the ground wire GND in order to discharge the stored
electric charge Iin the capacitor 6. More gpecifically, the
reset TFT 7 1s disposed in such a manner that the source
electrode of the reset TFT 7 is connected to the ground wire
GND, the drain electrode thereof iz connected to the sensor
TET 5 and the capacitor ¢, and the gate electrode therecf is
connected to a reset signal line RS. Accordingly, the reset
TET 7 functicons as reset means for discharging the steored
glectric charge in the capacitor € in accordance with a
reset signal o¢f the reset signal line RS.
rooze;

The ampiifying TFT 8 receives, amplifies, and outputs
the electric charge stored in the capacitor €. 1In other
words, the amplifying TFT 8 has a function of amplifving a

voltage corresponding to the charge amount of the capacitor



- 13 6. In addition, the source electrode of the amplifying TFT 8 is
connected to the power-source line VDD, and the gate electrode thereof
is connected to the sensor TFT 5, the capacitor 6, and the reset TFT 7.
The amplifying TFT 8 forms a source follower circuit together with a
current source that is placed at an end of a sensor signal line S. [0021'
The reading TFT 9 performs selection of the image- pickup element
portion 4 and reading of an image-pickup result of the image-pickup
element portion 4. The reading TFT 9 is connected to the amplifying TFT
8 in series, and the gate terminal of the reading TFT 9 is connected to a
6. readiagavice RD,. Thius, theureadingt EET Sid<onfigured son@abitdbenablerT
to perform line-sequentially reading for the image-pickup result that has

8 ipeepanfstitied bytheampifyiiy TRT8-20022¢ Théimageipidkepsate

element partions 4 having the above- described configurafi sing the
1o aton G hS sensdr TETS & e Caphce b e (oot TFTS the

cap@mplifying TET5:8.and theseading:-THTs Srare formed opithe p-h ¢

substrate. Thus, the image-display-region section 1 is built as an
forintegratedstype avtivecpixel sensenanray iy awhielr thel displayelement

portions 3 and the image-pickup element portions 4 are provided for the
soupespeklivd pixe| pLiaced at an end of a sensor signal line S.
[06211

The reading TFT 9 performs selection of the image-
pickup element portion 4 and reading of an image-pickup
result of the image-pickup element porticn 4. The reading
TEFT ¢ is connected to the amplifying TEFT 8 in series, and
the gate terminal of the reading TFT 2 is connected tTo a
reading wire RD. Thus, the reading TFT ¢ is configured so
as to be able to perform line-sequentially reading foxr the
image=-pickup result that has been amplified by the
amplifying TEFT §.
cozz]

The image-pickup element portions 4 having the above-
described configuration using the combination of the sensor
TETs 5, the capacitors 6, the reset TFTs 7, the amplifying
TETs 8, and the reading TFTs 2 are formed on the p~5i1
gsubstrate. Thus, the image-display-region secticn 1 i1s
built as an integrated-type active-pixel sensor array in
which the display element porticens 3 and the image-pickup

element portions 4 are provided for the respective pixel



- 14 units 2 on the same substrate. In other words, the respective
constituent elements of the image-pickup element portions 4 are
integrated, and are individually disposed in correspondence with the
display element portions 3 for the respective pixel units 2. Thus, the
resolution of the image-pickup results can be made equal to that of
displayed image items. However, the image-pickup element portions 4
are not necessarily individually dispdged for the respective pixel units 2.
In other words, it is only necessary that the image-pickup element
portions 4 be disposed in correspondence with the display element

unipertibns:3. tRispesing of ibe tmage-pickup elementportions 4ata
predetermined arrangement density in the image-display- region section

respeaid B0 disEosing ot A préd8emnmed. nbifbel B iMagd-pickppe lement

1.

element ortions.4%n the vicinity of hewimagfl- js\glaﬁri ionC(sggction I CC%an
POrha PERlized” fﬁoz@} (A aEh ot thé’] a@é-epi upelamen %grtl N, Which ™
coz?@s%%!?{@é%%% ag described abaye, £lectric.charge,in.the ,capaciter, 6 is o

discharged by a reset process of thereset TFT 7 so that the capacitor 6
resiSeset iorbedn anlinitmlization. statenAftertdhat, the capacitor 648 eharged
by aleakage current of the sensor TFT 5, which changes in accordance
ima@ith e SrToure Bf teceivarlidght. ThpedaAte doversiontis perfdimed dyec
. the amplifging TFT 8, , : , :
image 1tems. ~ However, the image-pickup element portions 4
are not necessarily individually disposed for the respective
pixel units 2. In other words, it is only necessary that
the image-pickup element porticns 4 be disposed in
corresponcdence with the display element portions 3.
Disposing ©f The image-pickup element portions 4 &t a
predetermined arrangement density in the image-display-
region section 1, and alsc disposing of & predetermined
number of image-pickup element portions 4 in the vicinity of
the imazge-display~-region section 1 can be realized.
[0023]

In each of the image-pilickup element portions 4, which
are configured as describsd above, electric charge in the
capacltor ¢ is discharged by a reset process of the reset
TET 7 so that the capacitor 6 is set to be in an
initialization state. After that, the capacitor © is
charged by a leakage current of the sensor TET 3, which

changes in accordance with the amount of received light.

Impedance conversion is performed by the amplifying TFT §,



- 15 which forms the source follower circuit, for a voltage across the
capacitor 6 corresponding to the amount of electric charge with which the
capacitor 6 has been charged. After a certain period of time, the reading
TFT 9 is turned on, and a sensor output is read to the reading wire RD.
Accordingly, the image-pickup element portion 4 functions as the
image-pickup device according to the present invention. 0024] in this
case, in the image-pickup element gortion 4, the amplifying TFT 8 forms
the source follower circuit. In other words, the voltage generated across
the capacitor 6 is amplified by the amplifying TFT 8, and an analog

wh i vbltdgeriss readctosthereadifigwicey RD. Thusywithotditsetingaltage
complicated image-pickup condition, an increase in the number of

acr@ﬁaﬁjaiﬁlaﬁswwﬁrﬁ@ge-éck%l?@w%ﬁéba fealizé§ IA%ddRior? When

the source follower circuit,is sedﬁan offset error caused mainly by a
legh MEUS HPCE QY CaUSe %‘ LOLA rged.
= 1= idtiont VC afrorg tAnitors: & VATRTON 1 Surrentt (hE Zurren o=

as¢Sourge greuit; or the like ocours. inan output valug, Howeverofol s «urneq
example, differential processing is performed between the output value
on, antkan:ouiputsvatueirt acase ©f neairadiationsof tighti atall, vanreutpit
value in a case of reset, or the like, whereby the error can be removed.
Acco@BlnMkxt, procesding BperatibHB iIFaTase in Whichithe 4 functlons as

the image-plckup device according to the present invention.
[0024]

In this case, in the image-pickup element portion 4,
the amplifying TFT 8 forms the source follower circuit. In
other words, the voltage generated across the capacitor 6 is
amplified by the amplifying TFT 8§, and an analog voltage 1is
read to the reading wire RD. Thus, without setting a
complicated image-pickup condition, an increase in the
number of gradations of the image-pickup result can be
realized., In addition, when the source follower circult is
used, an offset error caused mainly by a varlation in Vth
among transistors, a variation in current of the current
source circult, or the 1ike cccurs in an output value.
However, for example, differential processing i1s performed
between the output value and an output value 1n a case of no
irradiation ¢f light at all, an output value in a case of
reset, or the like, whereby the errcr can be removed.

(00257

Next, processing coperations in a case 1n which the



- 16 image-pickup element portions 4 configured as described above are
driven are described. Figs. 3 to 6 are timing charts showing examples of
drive control performed for the image-pickup element portions 4. [0026]
Regarding the -image-display-region section 1 including the image-pickup
element portions 4, which are configured as described above, the driver
circuit section, which performs drive control for the image-display-region
section 1, performs drive control for #%e image-display-region section 1
and the light source of the image-display-region section 1 in units of
one-field (hereinafter, "field" is abbreviated as "F") periods as in the case
imagkagenerat lighidsernystap drivingunethad: Thembove-mentiosed: [Fad
period, which is a processing unit for drive control, is defined to be, for

abogﬁaﬁﬁﬁ% 46767 /1. fO0R 7S Eof ek&Mmple, ih¥Re eiaﬁu%léoﬁéfr“?\/etéﬁﬁf’kﬂ
shawn.in Flfg 3, an FEpfzrlod Js dgflned as areset perlodf and the _.next,| F

chafls VE, CONTEO ileNa
perlocfls de n%d s a reaélng perloa These perlo aré repea ed. n

imagddijondndhe reset-period, dissharging of electric charge in the
capacitors 6 is performed by the reset TFTs 7, and reading of stored

[0O&lectric charge in (voltages across) the capacitors 6 immediately after the
discharging of electric charge has been performed is . ‘

Regarding the image-display-region section 1 including
the image-pickup element portions 4, which are configursd as
described above, the driver circult section, which performs
drive control for the image-~display-regicn section 1,
performs drive contrel for the image-~display-region section
1 and the light source of the image-display~region section 1
in units of one-fielid (hereinafter, "field"” is abbreviated
as "F") periods as in the case of a general liguid-crystal
driving method. The above-mentioned 1F period, which is a
processing unit for drive control, is defined to be, for
example, 16.6 ms.
(006271

For example, in the example of drive control shown in
Fig. 3, an F period is defined as a reset period, and the
next [ pericd is defined as a reading period. These periods
are repeated. In additicn, in the reset period, discharging
of electric charge in the capacitors €& is performed by the
reset TFTs 7, and reading of stored electric charge in
(voltages across) the capacitecrs 6 immediately after the

discharging of electric charge has bsen performed is



17 performed. Additionally, in the reading period, reading of stored
electric charge in the capacitors 6 in a state in which discharging of
electric charge is not performed by the reset TFTs 7 is performed. In this
manner, the amounts of electric charge that have been converted by the
sensor TFTs 5 can be determined from the differences between
respective read results. [0028] More specifically, as shown in Fig. 3, in a
IF period that is a reset period, the driver circuit section applies driving
signals RS1 and RD1 to a reset signal line (hereinafter, simply referred to
as a "row reset line") RS1 and a reading wire (hereinafter, simply referred

perfmasad rowdelectiomding”) RD! ofteefirst rovi disposed anitherematting of
thereby selecting the row reset line RS1 and the row selection line RD1

stogfd settmgthe ?e%%aﬁﬂﬁs ?Tandftﬁev%%lﬂﬂq‘?ﬁs 9 that areSéorirfectéd

b %th(? row reset line R ? d.the row selectlon Ilne RDl to pe N 4 v the
L G- stateS Whén' the “resé s7care in tHE onZstalte, " i fhe C: capac ors’e,

resslored-eleciric charge #5 discharged, angd the.potentials :between,bothh ¢

electrodes are commonly set to GND. In addition, when the reading TFTs
ele8iare in tiesanrstate,z butpute (Stered electrie:chasgé)attanpoint instime &t T s
which the capacitors 6 are reset are line-sequential'_y read to a sensor
5 caignBRineS e IaA obfect bPFeddifg of fheesiftpars between respective

read resultis.
[(00ze]

More specifically, as shown in Fig. 3, in a 1F period
that is a reset pericd, the driver circult section applies
driving signals RS1 and RDI to a reset signal line
(hereinafter, simply referred tc as a "row reset line™) RE&1
and a reading wire (hereinafter, simply referred to as a
"row selection line") RD1 of & first row disposed in the
matrix, thereby selecting the row reset line RS1 and the row
selection line RD1 and setting the reset TFTs 7 and the
reading TFTs ¢ that are connected to the row reset line RS1
and the row selesction line RDI1 to be in on~states. When the
raeset TFTs 7 are in the on-state, in the capacitors o,
stored electric charge 1s discharged, and the potentials
between both electrodes are commonly set to GND. In
addition, when the reading TFTs 9 are in the on-state,
outputs {stored electric charge) at a point in time at which
the capacitors 6 are reset are line-sequentially read to a

sensor signal line S1. An object of reading of the outputs



- 18 at the point in time at which the capacitors 6 are reset is to cancel
offsets of the amplifying TFTs 8, which form the source follower circuits,
and to greatly reduce output errors caused by variations in characteristics
of the TFTs, by performing the differential processing between the
outputs and outputs obtained after the following image pickup is
performed. After that, the driving circuit section applies a driving signal
PCG to a pre-charge line PCG, thetéby-setting TFTs connected to the
pre-charge line PCG to be in an on-state and pre-charging the sensor
signal line Sl at a reference potential. After the above-described

at pracessingroperatidmdhe driven ercuihsectionapplies driving signats=RS2s
and RD2 to a row reset line RS2 and a row selection line RD2 of a

to sesorirow disposedin thee nsateix theiehy SElEcting thelrow resetlinghe
RS2 and the row selection line RD2. The driver_circuit section further

SCULERormis a ChtroF process tatig Simitardd That performed® for'the first
er riOW Then, the driver circuit seetion repeals  the above;described,series pf

processes until it selects a row reset line RSm and a row selection line

by BERFoftanma-th vews whieh isithedastyow-dispased indhesaatrixhand
terminates the IF period after performance of the series of processes is
outfinisked for the prth FoWH0029E dn ebhrast; rea 2F parivdthat issa e

reading period,

pickup i3 performed. After that, the driving circuit

section applies a driving signal PCG to & pre-charge line
PCG, thereby setiting TFTs connected to the pre-charge line
PCG to be in an on-state and pre-charging the sensor signal
line S1 at a reference potential. After the above-described
processing operation, the driver circuit section applies
driving signals RSZ and RDZ to a row reset line RSZ and a
row selsction line RDZ of a second row disposed in the
matrix, thereby selecting the row reset line RSZ and the row
selection line RDZ. The driver circuilt section further
performs a control process that 1s similar to that performed
for the first rcw. Then, the driver circuilt section repeats
the above-descriked series of processeé until it selects a
row reset line R3m and & row selection line RDm of an m-th
row, which is the last row dispocsed in the matrix, and
terminates the 1F period after performance of the series of
processes 1s finished for the m-th row.

[0029]

In contrast, in a 2F period that is a reading period,



- 19 first, the driver circuit section applies the driving signal RD1 to the
row selection line RD!, thereby selecting the row selection line RD1 and
setting the reading TFTs 9 connected to the row selection line RDI to be
in an on-state. in this case, image-pickup results obtained in the 1F
period are maintained as voltages in the capacitors 6. Thus, when the
reading TFTs 9 are in the on-state, the reading TFTs 9 read the voltages
that are maintained in the capacitord % to the sensor signal line Sl via the
amplifying TFTs 8, which form the source follower circuits. After the row
selection line RD! is selected, the TFTs connected to the pre-charge line
71 rPCG are settdvearincan- on-states whetebysthesensor signak 1inersl signal
pre-charged at the reference potential. After the above-described
RD1pfscessingroperaton Ihe divel sitci seclidre appliessthesdriimg sighal row
RD2 to the row selictlon line RD2, theh by selectln the row selectlon

selfite ®i3o, THe® diiber anslitsection Further ﬁgr%ir?ﬁ% a tontiol progBEs cted
co thatis-similar {o that performed-far the firstrow, As.in. the.case.of the 1k, ;

period, the driver circuit section repeats the control process until it selects
casthe o selectiondine R0 efthedndhtew, whichrs therlast rowd asngde

terminates the 2F period after performance of the control process is
maifiished forthe wa-th 26Ws[0030} 5s desaribedcabove; in thaléxanipkrofche
reagqgac%?¥%|9 are in the ¢on-state, the reading TFTs ¢ read
the veltages that are mailntained in the capacitors ¢ to the
sensor signal line $1 via the amplifying TFTs 8, which form
the source follower circuits. After the row selection line
RD1 is selected, the TFTs connected to the pre-charge line
PCG are set to be in an on-state, whereby the sensor signal
line 81 ig pre-charged at the reference potential. After
the above-described processing operation, the driver circuit
section applies the driving signal RDZ to the row selection
line RDZ, thereby selecting the row selection line RD2. The
driver circuit section further performs a control process
that is similar to that performed for the first row. As in
the case ¢f the 1F pericd, the driver circuilt secticn
repeats the control process until it selects the row
selection line RDm of the m—-th row, which is the last row,
and terminates the 2F period after performance of the
control process is finished for the m~th row.

[0030]

As described above, in the sxample of drive control



- 20 shown in Fig. 3, outputs in the case of a reset operation are
line-sequentially read to sensor signal lines in an odd F period, and, in an
even F period, image-pickup results obtained in the odd F period that is
provided prior to the even F period are line-sequentially read to the
sensor signal lines. [0031] When output signals are read using the
source follower circuits that the amplifying TFTs 8 form, output voltages
need to reach the ultimate achievablé petential in the reading period.
Accordingly, if each F period is short, there is a risk that a sufficient
reading period is not ensured. Thus, it can be considered that, when
shothereds aifsk that #4ds tapessibledapertosm reading-of ferowsds rthei th
period, i.e., when a reading time of 1F/n is short for reading of one line,
arejmagepickapyasilesiefodE adwslevenrows afé tead- inirespective En odd
perijods at drive timing such as that in the example of drive control shown

pﬁF 15 4. T Otherwids 53 Vertfcal fregtency 8ot chafget, afdat®
op:AQtizontal frequency is degreased, thereby, ensyring:a Necessary reading,

time. [0032] In other words, In the example of drive control shown in Fig.
eved, neaging ebtheimagerpickiyresults Of the eveni rews is pederred in an

F period, and reading of the image
gsignal lines.
[0031]

When output signals are read using the source follower
circuits that the amplifying TFTs 8 form, output wvoltages
need to reach the ultimate achievable potential in the
reading period. Accordingly, 1f each F period is short,
there is a risk that a sufficient reading periocd is not
ensured. Thus, i1t can be considered that, when there is a
risk that it is impossibkle to perform reading of n rows in
the 1F period, i.e., when a reading time of 1F/n is short
for reading of one line, image-pickup resulits of odd
rowa/even rows are read in respective F pericds at drive
timing such as that in tThe example of drive control shown in
Fig. 4. .In other words, a vertical freguency 1s not changed,
and a horizontal freguency i1s decreased, thereby ensuring a
necessary reading time;

(00321

In other words, in the example of drive contrcl shown

in Fig. 4, reading of the image-pickup results of the even

rows is performed in an I period, and reading of the image-



- 21 pickup results of the storage capacitors of the odd rows is performed
in the next F period. in addition, here, suppose that the number m of rows
is an even number, and a description is made as follows. [0033)
Specifically, as shown in Fig. 4, in a IF period, the driver circuit section
applies the driving signals RSI, RS2, and RD1 to the row reset lines RS1
and RS2, and the row selection line RDI, respectively, thereby selecting
the row reset lines RSI and RS2;-aiad the row selection line RD'_ and
setting the reset TFTs 7 and the reading TFTs 9 that are connected to the
row reset lines RSl and RS2, and the row selection line RDI to be in
picensstatesuWhentheresetstE s chareaindhe on=statef inthe eapacitors6,1s
stored electric charge is discharged, and the potentials between both
pergleetrodes aré eommenly SebrGRD. Additienalit ivien the freadiitprose
- FT}s\ 9 are in the on- g{jate outputsléétored electric charge% ta pointin
2lime"5t WHICH The BaBaciford & aré rddet Afa lind L8 qdentia g réad to the

desS€Nsar.signal lines .Sl to.Sn: Haweyer, in this case, the row selection line

RDZ is not selected. Thus, outputs of the rows connected to the row
rooselection line RD1 are read. After that, the driving circuit section

pre-charges the sensor signal lines Sl to Sn at the reference potential at a

tinf@ﬁtc\hﬁkﬁathémivﬁ@ gireuipséctioniappliés the deivihg Sigial PCGhse
drlgga circuit section applies the driving signals RS1, RS2,
and RD1 to the row reset lines RS1 and RS2, and the row
selection line RD1, respectively, thereby selecting the row
reset lines RS1 and RS2, and the row selection line RDI and
setting the reset TFTs 7 and the reading TFTs 9 that are
connected to the row reset lines RS1 and RSZ, and the row
gselection line RD1 to be in on-states. When the reset TFTs
7 are in the on-state, in the capacitors €, stored electric
charge 1s discharged, and the potentials between both
electrodes are commonly set to GND. Additionally, when the
reading TFTs 9 are in the on-state, outputs {stcred electric
charge) at a point in time at which the capacitors 6 are
reset are line-seqguentially read to the sensor signal lines
S1 to Sn. However, in this case, the row selection line RD2
is not sgelected. Thus, outpuis of the rows connected to the
row selecticn line RD1 are read. After that, the driving
circuit section pre-charges the sensor signal lines 31 fo 3n

at the reference potential at a time at which the driving

circuit section applies the driving signal PCG to the pre-



- 22 charge line PCG. Then, after the pre-charging, the driver circuit
section selects row reset lines RS3 and RS4, and a row selection line
RD3. After the driver circuit section repeats the above-described
processing operation until row reset lines RSm-l and RSm, and a row
selection line RDm-1 are selected, the driver circuit section terminates the
1F period. LO0341 in the next 2F period, first, the driver circuit section
applies the driving signal RD1 to theZébw-selection line RD1, thereby
selecting the row selection line RDI and setting the reading TFTs 9
connected to the row selection line RDI to be in an on-state. In this case,
chalmagerpickupcresultsehbiaineddr the: Lk peried@ie maintainethas driver
voltages in the capacitors 6. Thus, when the reading TOTS 9 are in the
cirem-statécthielireadigl FFTS 97edd e eoltdgesthakare maintaited mnthea
capacitors 6 to the sensar signal lines Sl to Sn via the,ampljfying TFTs 8,

LoWRifthTorm the Sotce followér éifcuits .“ﬁft@u%‘é%vf&éﬁ Ection fiie" RO s
rep%%!@%tegh@eaﬁ@é988@%?99&%%%85%%@%9'8 IneRGE-ale sellobeln,

an on-state, whereby the sensor signal lines SI' to Sn are pre-charged at

resthe reference potentighAfterihe ahove-deseribedqrecessing aperation;.
the driver circuit section applies the driving signal RD3 to the row
aresgledtion: dine RDS, thetelyrsaléctingthesontsatectiontlineRD3s the 1F

period.
100341

In the next 2F period, first, the driver circuit
section applies the driving signal RDl to the row selection
line RD1, thereby seleéting the row selection line RD1 and
setting the reading TFTs © connected to the row selection
line RD1 to be in an on-state. In this case, image-pickup
results obtained in the 1F period are maintained as voltages
inn the capacitors 6. Thus, when the reading TFTs % are in
the on-state, the reading TrTs 9 read the voltages that are
malintained in the capacitors 6 to the sensor signal lines 21
toe Sn via the amplifving TFTs 8, which form the source
follower circuits. After the row selection line RD1 is
selected, the TITs connected to the pre-charge line PCG are
set to be in an on-state, whereby the sensor signal lines 81
to 8Sn are pre-charged at the reference potential. After the
above-described processing cperation, the driver circuit
sectlion applies the driving signral RD3 To the row selection

line RD3, thereby selecting the row selection line RD3.



- 23 After the driver circuit section further repeats a similar control
process for the odd rows until it selects the row selection line RDm-I, the
driver circuit section terminates the 2F period. [0035] in the next 3F
period, the driver circuit section selects the row reset lines RSl and RS2,
and the row selection line RD2, and sets the reset TFTs 7 and the
reading TFTs 9 that are connected to the row reset lines RS1 and RS2,
and the row selection line RD2 to-be&ih on-states. Thus, the capacitors 6
connected to the drains of the reset TFTs 7 connected to the row reset
lines RS1 and RS2 are reset. Furthermore, outputs (stored electric
Aftehargekatia ipaint initime at wikch-thercapactiors:6 are-reset are e lar
sequentially read to the sensor signal lines S1 to Sn by the reading TFTs
cong ephnBétedds the fow sefection lineRDZNAkter fHat SthedHiind-Bifcditw
_section pre-charges the sensor signal lines S1 to Sn at the reference
e L56tbhfial at'd Time At which the Sriving cifcult‘stttion Apptics the™ dhvity- =
the}sig@a 2CG 19 the pre-charge Iine_ PCG. As described above,_in the_3F
period, outputs of the even rows in the case of reset are obtained via the
roosensor signal lines S1 to Sn, which is different from the case of the 1F
period. Then, also in the case of the 3F period, as in the case of the 1F
perod, Eftertie driver sitcuitsbetiohgepeatéaiie abbveit section

selects the row reset lines R31 and RSZ, and the row
selection line RDZ, and sets the reset TFIs 7 and the
reading TFTs 9 that are connected to the row reset lines RSI
and RS2, and the row selection line RDZ to be in on-states.
Thus, the capacitors € connected to the drains of the reset
TETs 7 connected to the row reset lines R31 and RSZ are
reset. Furthermore, outputs (stored electric charge) at a
point in time at which the capacitors ¢ are reset are line-
sequentially read to tThe sensor signal lines S1 to Sn by the
reading TFTs 9 connected to the row selection line RD2.
After that, the driving circuit section pre-charges the
sensor signal lines S1 to Sn at the reference potential at a
time &t which the driving circuit section applies the
driving eignal PCG to the pre—-charge line BCG. As described
above, 1in the 3F period, outputs of the even rcocws in the
case of reset are obtained via the senscr signal lines 31 to
Sn, which 1s diiferent from the case of the 1F period. Then,
also in the case of the 3F period, as in the case of the 1F

periocd, after the driver cilircuit section repeats the above-



24 described processing operation until the row reset lines RSm-1 and
RSm, and the row selection line RDm are selected, the driver circuit
section terminates the 3F period. [0036] In the next 4F period, first, the
driver circuit section applies the driving signal RD2 to the row selection
line RD2, thereby selecting the row selection line RD2 and setting the
reading TFTs 9 connected to the row selection line RD2 to be in an
on-state. In this case, image-pickupZ#fesults obtained in the 3F period are
maintained as voltages in the capacitors 6. Thus, when the reading TFT5
9 are in the on-state, the reading TFTs 9 read the voltages that are

de smaintamedrin the sapacitars H2toithe sensarisighal lines Sk 4eSnlviadhe
amplifying TFTs 8, which form the source follower circuits. After the row

RSmsdledfich MFEROTIS SERcIE tfe TRTS toRnedted 8 tHe préchsrgedird -

PCG are set to be in an on-state, whereby the sensor signal llines Sl to

shiaré %?e-%ﬁglggdeﬂ“atstﬁcé ré?el}eﬁgergéfqe%ﬁgf er the g%%i/]éﬁ-jaae'scribed

[ o oBIEessing operation, the driver circuit section applies a driving signal
RDA4 to a row selection line RD4, thereby selecting the row selection line
RD4: After the:driver cireuit sactidh fusther repeais avsimilar eanttol
process for the even rows until it selects the row selection line RDm, the

seCyAvEr cirenik Seetich terfifiAatesdhé 4enperifd< to the row selection

the

line RDZ, thereby selecting the row selection line RDZ and
setting the reading TFTs 9 connected to the row selection
line RDZ2 to be in an on-state. In this case, image-pickup
results obtained in the 3F period are maintained as voltages
in the capacitors 6. Thus, when the reading TFTs 9 are in
the on-state, the reading TFTs 9 read the wvoltages that are
maintained in the capacitors & to the senscor signal lines 51
te Sn via the amplifving TFTs 8, which form the source
follower circuits. After the row selection line RDZ 1is
selected, the TFTs connected to the pre-charge line PCG are
set to be in an on-state, whereby the senscr signal lines S1
to Sn are pre-charged at the reference potential. After the
ebove-described processing operation, the driver circuilt
section applies a driving signal RD4 to a row selection line
RD4, thereby selecting the row selection line RD4. After
the driver circuit section further repeats a similar control
process for the even rows until it selects the row selection
line RDm, the driver circuit section terminates the 4F

period.



25 - [0037] As described above, in the example of drive control shown in
Fig. 4, since the image-pickup results of the odd rows/even rows are
alternately read in the respective F periods, a reading time for one
horizontal line becomes 1F/;n/2). Thus, the vertical frequency is not
changed, and the horizontal frequency is decreased, so that the
necessary reading time can be sufficiently ensured. Specifically, for
example, a time can be ensured,~whith is twice the reading time for one
horizontal line in the example of drive control described with reference to
Fig. 3. [0038] Furthermore, it can be considered that operation control is
1o performed for the image-pickup element portions 4 at drive timing such as
that in the example of drive control shown in Fig. 5. In the example of
drive controrthatts dREtated 8s BReXaRIE, otk Feddingdfcontrol
image-pickup results of rov%/g, and resetting qf rows that are each_

Sho‘d%pbgeg ohe row prigt S the' Corre8Fsnding row areé Herformed inohe B e
rowRHd,{0039); Specifically, a5.shown in.Eig. 3the driver cireuit ‘sectien

applies the driving signal RD1 to thé row selection line RDI, thereby
perseiting the reading 4 FI s cantected taydbe row selectiondineRbhiede

in an on-state. The driver

1F/{n/2). Thus, the vertical freqguency is not changed, and
the horizontal freguency 1s decreased, so that the necessary
reading time can be sufficiently ensured. Specifically, for
example, a2 time can be ensured, which 1s twice the reading
time for one horizontal line in the example of drive control
described with reference te Fig. 3.
(00381

Furthermore, i1t can be considered that operation
control is performed for the image~pickup element portions 4
at drive timing such as that in the example of drive control
shown in Fig. 5. In the example of drive control that is
illustrated as an example, both reading of image-plckup
results of rows, and resetting of rows that are each
disposed one row prior to the corresponding row are
performed in one F period.
[0039]

Specifically, asg shown in Fig. 5, the driver circuit
section applies the driving signal RD1 to the row selection
line RD1, thereby setting the reading TETs 9 connected to

the row selection line REBD1 to be in an on-state. The driver



- 26 circuit section line-sequentially reads image-pickup results obtained

in the previous F period to the sensor signal lines S1 to Sn. After that, the

driver circuit section pre- charges the sensor signal lines Sl to Sn at the

reference potential at a time at which the driving circuit section applies

the driving signal PCG to the pre-charge line PCG. Then, after the

pre-charging, the driver circuit section selects the row selection line RD2

and the row reset line RSI, and setg the'reset TFTs 7 and the reading

TFTs 9 that are connected to the row selection line RD2 and the row

reset line RSI to be in on-states. When the reset TFTs 7 connected to the
circeset lipedRSkarelin ke on<state’ isthey capacitors Bastored eleetriccesults

charge is discharged, and the _potentials between both electrodes are
obtdhftRonly setfo BREY I fi'contradt Betause the featfing TETS gPnal Lines

51 iggng%ctedz_\&thp the r%w %ele%%%n_lcﬁne RD2 are set 1o be in .an on-state at the

L . Feﬁ. 4% ' river CiYCcpl Sec{lorn $re
same " time at which this' opération 1s performed, Tmage-pickup Tesults of

cha fRetow thatds gannecied o the roye selection; lipe RR2 are read-to-thece
sensor signal lines Si to Sn. After that, the driving circuit section

potpre=tharges the tsemsos signal thes B& to:Shvattbe ceference petentiah
After the pre-charging, the driver circuit section selects the row selection

aPP i€ ROEnE THE oW résed Tife RES. e dhiveréifcuit Sedionrepéateiiie

ve- ri r in ' | ion i
above-desc ‘*?Fed &%c_ecsga %g%%r?tlgg until the row selection line R

. RDm
i LIECULT SeCTI1on

e, qatter <
selects the row selection line RDZ and the row reset line
RS1, and sets the reset TFTs 7 and the reading TFTs Y that
are connected to the row selection line RDZ and the row
reset line RS1 to be in on-states. When the reset TETs 7
connected to the reset line RS1 are in the on-state, in the
capacitors ¢, stored electric charge 1is discharged, and the
potentials between both electrodes are commonly set To GND.
In contrast, because the reading TFTs 9 connected to the row
selection line RDZ are set to be in an on-state at the same
time at which this operation is performed, image-pickup
results of the row that is connected teo the row selection
line RD2Z are read to the sensor signal lines 81 to Sn.

After that, the driving circult section pre-charges the
sensor signal lines $1 to Sn at the reference potential.
After the pre-charging, the driver circuit section selects
the row selection line RD3 and the row reset line RS82. The
driver circuit section repeats the above-described

processing operation until the row selection line RDm and



- 27 the row reset line RSm-1 are selected. Then, finally, the driver circuit
section selects only the row reset line RSm, and resets the capacitors 6
that are disposed in the row connected to the row reset line RSm. After
the driver circuit section pre-charges the sensor signal lines S1 to Sn, the
driver circuit section terminates a 1F period. 0040] As described above, in
the example of drive control shown in Fig. 5, because a row selection line
RDk and a row reset line RSk-i aredfiven at the same time for any row k
(where k = 2 to m-1), the same wire can be used. In other words, since
reading of rows and resetting of rows that are each disposed one row

t he pHOLto-thecoriesponding-rovwsare petferned in thitsame: periad,,
signals for the reading and the resetting can be provided as common

drigihalslusing the sarewires 1 TRES iPthelsapie wires usiftpEomaioh RSm,
signals are used, because the number of wires that exist in the

andwﬁﬁ&@ﬁf’sp@ﬁf reﬁ&?gé&%%sl Rah e TredliCed, the Aperture: ratis of te
Cm{{g@q%@@p&&%@@%@%@g& can be improved. [0041]apegifically, in

the example of drive control shown in Fig. 5, although commonality of
cirdiying sighals eambe -readized dt istimpessiblertoohfainloutputsdn e to sn,

case of a reset operation. The outputs in the case of a reset operation

thearvery:usefuldn that offsetsoof Sputveliiagesa 1F period.
[(0040]

hs described above, in the example of drive control
shown 1in Fig. 5, because a row selecticon line RDk and a row
reset line RSk~1 are driven at the same time for any row k
(where ¥ = 2 to m—1), the same wire can be u=sed. In other
words, since reading of rows and resetting of rows that are
each disposed one row prior to the corresponding row are
performed in the same F pariod, signals for the reading and
the resetting can be provided as common signals using the
same wires. Thus, 1f the same wires using common signals
are used, because the number of wires that exist in the
image-display-region section 1 can be reduced, the aperture
ratic of the image-display-region section 1 can be improved.
10041]

Specifically, in the example of drive control shown in
Fig. 5, although commeonallity of driving signals can be
realized, it is impossible to obtain ocutputs in the case of
a reset operation. The outputs in the case cf a reset

operation are very useful in that offsets of output voltages



- 28 caused by the source follower circuits are cancelled, and in that
output errors due to variations in characteristics of the TFTs are greatly
reduced, as described using the example of drive control shown in Fig. 3.
In other words, in order to cancel the offsets of output voltages caused by
the source follower circuits, it is necessary that the offsets be removed
using the differences between image-pickup results and image-pickup
results obtained in a dark room, tej&n a space in which the amount of
light is zero. Thus, it can be considered that operation control is
performed for the image-pickup element portions 4 at drive timing such as
cauthad inthe-examplerefdrivelcontior shawauin £ig. £ svheselys thesoytpaisinin
the case of a reset operation can be obtained. [0042] Specifically, as
thagshowh i Figs 165 the daver dircuitagéctioreapplies the dHengsigrdl RD1 6
the row selection line RD!, thereby setting the reading TFETs 9 connected _

theyd %ﬁec’ r6W Sefection fife ROL 15 Be ifi an‘orstate, Sthe drivet Sircuit <P Le
o Seqtion linessequentially reads image-pickup resulis, obfaingd inthe o ger

previous F period to the sensor signal lines S1 to Sn. After that, the driver
to eiseuitsection sefetis dbedowgesetline,RS1:48 @speriotkinvirich the row

selection line RD1 is selected. By selecting the row reset line RS1,
souggpuisinithecase iof aeset opdrationage fineary that the offsets
be removed using the differences between image-plckup
results and image-pickup results obtained in a dark room,
i.e., in a space in which the amount of light is zero. Thus,
it can be considered that operation control is performed for
the image~pickup element portions 4 at drive timing such as
that in the example of drive control shown in Fig. 6,
whereby the ocutputs in the case of a reset operation can be
obtained.
[0042]

Specifically, as shown in Fig. 6, the driver circuit
section applies the driving signal RD1 to the row selection
line RD1, thereby setting the reading TiTs 9 connected to
the row selection line RDI to be in an on-state. The driver
circuit sesction line-sequentially reads image-plckup results
obtained in the previous F period to the sensor signal lines
g1 to S&n. fter that, the driver circuit section selecis
the row reset line R31 in a period in which the row
selection line RD1 1s selected. By selecting the row reset

line RS81, outputs in the case of a reset operation are line-



- 29 sequentially read to the sensor signal lines Sl to Sn. In other words,
by performing the above-described drive control, the image-pickup results
obtained in the previous F period and the outputs in the case of a reset
operation can be obtained in a reading period for one horizontal line. In
this case, when the differences between the image-pickup results and the
outputs in the case of a reset operation are obtained, the output offsets
caused by the source follower circuits can be removed, for example, by
utilizing a CDS (correlated double sampling) circuit that is generally used
to drive a CCD. After that, the driver circuit section pre- charges the
seqsensofsignal fines St t0 Sn-atdhe reference, potentiakat & timesatdahichin
the driving circuit section applies the driving signal PCG to the pre-charge
othfde PCGISThén, dfte? fRepisrehdrying: e driversciictitséclion seleggtrol,
the row selection line RD2 and sets the reading TFTs 9 connected to the

ey 8fection it RDZ to"b& i &n on” Stats The BriferdirctitsectiB = °°
andfuriier repeats a similar, coptyolpracess upfilthe yow.splection ine BDm

is selected.” 0043] As described above, in the example of drive control
obtshow in Figs 6rbath feading-ofdhe fimagerpickup-resuiis sand.resetting n

are performed in the same clock cycle in one F period, and the
thigifferstcesiedvethehe image-pickep restltsandithe oUfmas v iiesase

of a reset operation can be | _
results and the outputs in the case of a reset operation are

obtained, the cutput coffsets caused by the source follower
circulits can be removed, for example, by utilizing a CDS
(correlated double sampling) circuilt that is generally used
to drive a CCD. fter that, the driver circuit section pre-
charges the sensor signal lines 81 tc Sn at the reference
potential at a time at which the driving circult section
applies the driving signal PCG to the pre-charge line PCG.
Then, after the pre-charging, the driver circuit section
selegts the row seleciion line RDZ and sets the reading TFTs
9 connected to the row selection line RD2Z to be in an on-
state. The driver circuit section further repeats a similar
control process until the row selection line RDm 1s selected.
[0043]

As described above, in the example of drive control
shown in Fig. €, both reading cof the image-pickup results
and resetting are performed in the same clock cycle in one F
period, and the differences between the image-pickup resulits

and the cutputs in the case of a reset operation can be



- 30 obtained. Accordingly, even when the number of wires that exist in
the image-display-region section 1 is reduced in order to improve the
aperture ratio of the image-display- region section 1, the offsets of output
voltages caused by the source follower circuits can be cancelled, and the
output errors due to variations in characteristics of the TFTs can be
greatly reduced. [0044] According to the image-pickup element portions 4
in the above-described first embodiftent, even in the case of any one of
the examples of driven control shown in Figs. 3 to 6, the amplifying TFTs
8 form the source follower circuits. Accordingly, when electric charge

obt fmage-pickupseslilts) 1 stored-wrthelcapacitersra:atesreadf awalog Dutpuit
can be performed by utilizing the source follower circuits. Thus, for

ex1gkarhplet bYeANHEET theespectivedelementss 160 condtitdiig R 1n
image-picku elemeg portions 4 are formed on the o-Si sutés_tcrlatg]air;L

t
0T et To bk A%11§ intagrated %tlﬁrﬁwergi%%féy?ungl%en, Anafog Sutphic éan
regRefedizedsasin, the gase ef-CCDs or CMQOS image sensprs, whichatey,

general image-pickup elements, whereby the speed of image-pickup
theprocessiag tanlkesncreasedidndsthesnumbercefrgratdatiens atthehe

image-pickup results can be increased. [0045] Additionally, according to
out@wﬁnﬁﬁﬁpmék@@@kﬁﬁeﬁwriations in characteristics of the

TETs can be greatly reduced.
[0044]

According to the image-pickup element portions 4 in the
above-described first embodiment, even in the case of any
one of the examples of driven contrel shown in Figs. 3 to o,
the amplifying TFTs 8 form the source follower circuits.
Accordingly, when electric charge {image-pickup results)
stored in the capacitors © are read, analog output can be
performed by utilizing the source follower circuits. Thus,
for example, even when the respective elements 5 to ¢
constituting the image-pickup element portions 4 are formed
on the p-5i substrate in order to be easily integrated with
the display function, analog output can be realized as in
the case of CCDs cor CMOS image sensors, wnich are general
image-pickup elements, whereby the speed of image-pickup
processing can be increased and the number of gradations of
the image-pickup results can be ilncreased.

[0045]

Additionally, according to the image-pickup element



- 31 portions 4 in the first embodiment, since the sensor TFTs 5 are used
as photoelectric conversion elements, the sensor TFTs 5 can be
manufactured using a typical TFT manufacturing method, i.e., using a
portion of a general manufacturing process of liquid-crystal display
elements. Furthermore, an exactly similar thing can be also applied to the
reset TFTs 7, which function as reset means. Thus, according to the
image-pickup element portions 4-in e first embodiment, the respective
constituent elements can be manufactured using a process the same as
that of typical TFTs. For example, the image pickup element portions 4
porhave thelrespective fconstituenb elkiments that Cansbe-easilyedisposetiins >
the pixel units 2 of the liquid-crystal display apparatus. In other words,
arethiesmragespiekas efeMEntportions dure very SuRaBeYsr rédizaficihof©
TFTiSnt%grgggn ‘with thg d%'srgjlg}ﬁrfggction. 0046], In additjo?ﬁEapcordin%to the

mage-pmkﬁ% erpéamleln’ta portions Allsnl % eamgc\)/éiimce%t e?e%%%ﬂv%cwrmg

met G@RStItUent elements S:toD.are; iptegrated and.dispoesediinufacturing
correspondence with the respective pixel units 2, which are disposed in

prothesmatrix. Thys, for example, nit onbesy tauchpane-: fulotiameracre, an
scanner function can be realized, but also multipoint recognition that was

exagditflcnlttdrbel fdaliZetl e t6aéh panels it Bioratt ¢an beFedlfedt THTs

7, which functicn as rezet means. Thus, according to the
image-pickup element portions 4 in the first embodiment, the
respective constituent elements can be manufactured using a
process the same as that of typical TFTs. For example, the
image-pickup element portions 4 have the respective
constituent elements that can be easily disposed in the
pixel units 2 of the liguid-crystal display apparatus. In
cther words, the imags-pickup element pcocrtions 4 are very.
suitable for realization of integration with the display
function.

[0046]

In addition, according to the image-pickup element
portions 4 in the embodiment, the respective constituent
elements 5 to 9 are integrated and disposed in
correspondence with the respective pixel units 2, which are
disposed in the matrix. Thus, for example, not only a touch
panal function or a scanner function can be realized, but
also multipoint recognition that was difficult to be

realized in touch panels in the priocr art can be realized.



- 32 There is a probability that the image-pickup element portions 4 will
serve as key devices of a new user interface that does not exist in the
prior art. Furthermore, it can be considered that the image-pickup
element portions 4 are utilized as dimmer sensors for the backlight in the
display element portions 3 by using the characteristics of the analog
output. [0047] [Second Embodiment] Next, a second embodiment of the
present invention will be described.2However, herein, only the difference
between the second embodiment and the above-described first
embodiment is described. 10048] In the first embodiment, the reset TFT 7
Thelssprovidedmso veset means taccordinglymwhen the image-pickeptelement
portion 4 is disposed in each of the respective pixel units 2, which are
porgisposed irvthelmafixya decréase REthecaperfirealic of Hiedisphayerface
element portion 3 ,on{y g%t%s%ortion,correspondirkgutojrbe yrovided irfg—;-se(z:tam

tha%Fq'Of%aJ§7ootccﬁﬁl fhc s aIWoJU%ﬁ fhe'e

gate Voitage of the $ensor

be I5dD 48 seHobe equaldo grlowerthan athreshold whe,the jsenspr J1L

5 is used as a photoelectric conversion element, it is known that, if the
ut isetting of theigateaoltageds rappropriately charigetdythe sensotd FIisplay

can operate as a
element portions 3 by using the characteristics of the
analog ocutput.
[0047]

[Seceond Embodiment]

Next, a second embodiment of the present invention will
be described. However, herein, only the difference between
the second embodiment and the above-described first
embodiment 1s described.

[004e]

In the first embodiment, the reset TFT 7 is provided as
reset means. Accordingly, when the image-pickup element
portion 4 is disposed in each of the respective pixel units
2, which are digposed in the matrix, a decrease in the
aperture ratio of the display element portlon 3 only by a
portion corresponding to the provided reset TET 7 may occur.
In contrast, although the gate voltage of the sensor TFT 5
is set toc be egual to or lower than a threshold when the
sengor TFT 5 18 used as a photoelectric conversiocn element,
1t is known that, 1f the setting of the gate voltage 1s

appropriately changed, the sensor TFT 5 can operate as a



- 33 normal transistor. Thus, in an image-pickup element portion 4 that is
to be described as an example in the embodiment, the gate voltage of the
sensor TFT 5 is changed, thereby properly using a photoelectric
conversion function and a reset function of the sensor TFT 5.
Accordingly, integration of the reset function for the capacitor 6 is realized
without the reset TFT 7. [0049] Fig. 7 is a circuit diagram showing an
example of a configuration of the-m&in portion of an image-pickup device
according to the second embodiment of the present invention. Although
the image-pickup element portion 4, which is illustrated as an example,

neorincludeszthe isensor. TR sthei capaciton by thecdamplifyingl EREE 8, apdithe on
reading TFT 9, which are formed on a p-Si substrate, as in the case of

4 thie fitst SrbSENTERt Ihe T6Se TP IS HdFfokMmet which iBrafferdift: =/

from the case of the first. embodiment. [005Q] The bgias wire Bias is
he GG 1o 1 oate HEAIGHG BT ind Sensor T -4l to e E oY

pmggw%fseg@ﬁd@_!ing VRDRis connected to.thedrain gleetiode of the.sensor
FT 5. In addition, when a voltage value that is applied via the bias wire
resBiasfisdewerthana predetermined thresbold, zhesensordliFT, 5 functions
as a photoelectric conversion element. in other words, when the
intpregeterpdined threshalgss sefsyction for the capacitor 6 is

realized without the reset TFT 7.
(0049}

Fig. 7 is a circult diagram showing an example of a
configuration of the mein portion of an image-pickup device
according to the second embodiment of the present Invention.
Although the image-pickup element portion 4, which is

illustrated as an example, includes the sensor TIT

(83}
ct
iy
0]

r

-3

=

capacitor 6, the amplifyving TFT 8, and the reading TFT 9,
which are formed on a p-Si substrate, as in the case of the
first embodiment, the reset TFT 7 is not formed, which is
different from the case of the first sembodiment.

[0050]

The bias wire Bias is connected to the gate electrode
cf the sensor TFT 5, and the power-source line VDD is
connected tc the drain electrode ¢f the sensor TET 5. In
addition, when a voltage wvalue that is applied via the bias
wire Bias 1is lower than a predetermined threshold, the

sensor TET 5 functions as a photoelectric conversion element.

In other words, when the predetermined threshold is set s0



- 34 as to cause the sensitivity and S/N of the sensor to be optimized and
a voltage lower than the threshold voltage is applied to the bias wire Bias,
the sensor TFT 5 functions as a photoelectric conversion element. In
contrast, when the applied voltage value is equal to or higher than the
threshold, the sensor TFT 5 functions as a switching TIT, and discharges
electric charge in the capacitor 6 so that the capacitor 6 is reset to enter
an initialization state. In other wordswhen the voltage that is equal to or
higher than the threshold is applied to the bias wire Bias and a voltage of
the power-source line VDD is set to have the ground (GND) potential, the
as sensoruHeEl banctionsiasi airesebmETSAS described abawe;astin the
case of the above- mentioned configuration in the embodiment, even in a

OPtedsE i wHich thelimagedfickaly eleriédt poriien Bidoeshiotincltdé ame 1
oo (S TET Toihen the valtages that are applied to the, hjas wire Blasand
PPeg povVer-source]line VDD are c%ahgéd in ‘accordance with a apse of

a phbesthesensor TELLS functions-as aphotoelggtric conversion glement.r
areset TFT. [0051] In other words, in the image-pickup element portion 4

appadeatdingltosdbe secdnd emboeiment, the tesdt funictionithat: thé:sensor
TFT 5 has, and a function of switching the gate voltage that is to be
Thragplfedio thesehSBEPFT S realizé @ fiinctivh of the reset rdaisfoF F T/

discharging stored electric , ‘
and d%scga es e ectrﬁc charge in the capacitor 6 so that

the capacitor € is reset to enter an initialization state.
In other words, when the voltage that 1s egual to or higherx
than the thresheld is applied to the bias wire Bias and a
voltage of the power-source line VDD is set to have the
ground (GND} potential, the sensor TFT 5 functions as a
reset TFT. As described above, as 1in the case of the above-
menticoned configuration in the embodiment, even in a case Iin
which the image-pickup element portion 4 does not include
the reset TFT 7, when the voltages that are applied to the
bias wire Bias and the power-source line VDD are changed in
accordance with a lapse of time, the senscr TFT b functions
as a photoelectric conversion element or a reset TET.

[0051]

In other words, in the image-pickup selement portion 4
according to the second embodiment, the reset function that
the sensor TFT 5 has, and a function cof switching the gate
voltage that is to be applied to the sensor TFT 5 realize a

function of the reset means for discharging steored electric



- 35 charge in the capacitor 6. In other words, for the sensor TFT 5 that
functions as a photoelectric conversion element when the gate voltage is
lower than the threshold, the mage-pickup element portion 4 is configured
so as to discharge electric charge in the capacitor 6 by switching the
gate voltage of the sensor TFT 5 so that the gate voltage is set to be
equal to or higher than, the threshold. ;0052] Next, processing operations
in a case in which the image-pickup glement portions 4 configured as
described above are driven are described. Figs. 8 to 10 are timing charts
showing examples of drive control performed for the image-pickup
chaelgment partons:42[0053)F For examplehirtheexample of dive centralor
shown in Fig. 8, an F period is defined as a reset period, and the next F
TFTperid is-défitfst-as bteading getodC Thesé ﬁéﬁo@@raféﬂ?éé@é}tealﬁ-ment

ddit th t period, discharging of electric ch
2 SaAENGIE 615 BORbE A J2ting 6 SreA SYScnE CRAFge ("

ima é)'té%ﬁx%r%gséﬁéemca@é‘c'@@ﬁ immediately ffer the discharging of

électric charge has been performed is performed. Additionally, in the

i skeagting peried,Teadingref sieretrelestsiccharge incthe ccapacitots 61 ag
state in which discharging of electric charge is not performed is
thepeddmmed ihabis manfdretiensor TFT 5 so that the gate

itage 1s set to be equal to or higher than the threshold.
[0052]

Next, processing operations in a case in which the
image-pickup element portions 4 configured as described
above are driven are described. Figs. 8 to 10 are timing
charts showing examples of drive control performed for the
image-pickup element portions 4.

0053)

For example, in the example of drive contrcol shown in
Fig. 8, an F period i1s defined as a reset pericd, and the
nexti F pericd is defined as a reading period. These periods
are repeated. In addition, in the reset period, discharging
of electric charge in the capacitors © 1s performed, and
reading of stored electric charge in (voltages across) the
capacitors © immediately after the discharging of electric
charge has been performed is performed. Additionally, in
the reading pericd, reading of stored electric charge in the
capacitors 6 in a state in which discharging of electric

charge i1s not performed is performed. In this manner, the



- 36 amounts of electric charge that are converted by the sensor TFTs 5
can be determined from the differences between respective read results.
[0054] More specifically, as shown in Fig. 8, in a 1F period, the driver
circuit section applies a driving signal Biasl to a bias line Biasl of the first
row disposed in the matrix, thereby setting the sensor TFTs 5 connected
to the bias line Biasl to be in an on-state. Then, the driver circuit section
applies a driving signal VDD1 to a pdwer-source line VDDI when the
sensor TFTs 5 are in the on-state. Accordingly, electric charge that exists
in the capacitors 6 is discharged via the sensor TFTs 5 connected to the
amobiass ling Bidsicand thecpeteptialsibetweer botinelectredesof the: sensor
capacitors 6 are commonly set to GND. After that, the driver circuit

TFT gedticiisetes VolteRje dpiftied 6 e bits fiRe Bratic Rave alv®asvel,

restheergb getting hle:ggnf?:r TFTS 5 connected to t_he k_)ias Ii.ne Bias'. to be
fr-arr off< state “Hére, the \%Itage applied to the bias line Bias. has a
wggg‘qage value that is lower than the threshold of the sensor TFTs 5. Then,
the driver circuit section sets a voltage applied to the power-source line
VDDRte have-a highs leve] whendhewsensar TETs Sare imthe off-stateiod,
Accordingly, the sensor TFTs 5 connected to the bias line Biasi function
thead phvtoel6ctHe ebhversion clements, whd thedriving signal Biasl to
a bias line Biasl of the first row disposed in the matrix,
thereby setting the sensor TFTs 5 connected to the bias line
Biasl to be 1in an on-state. Then, the driver circuit
section applies a driving signal VDDl to a power-source line
VDDl when the sensor TETs 5 are in the on-state.
Accordingly, electric charge that exists in the capacitors €
ig discharged via the sensor TFTs 5 connected to the bias
line Biasl, and the potentials between both electrodes of
the capacitors 6 are commonly set to GND. After that, the
driver circuit section sets a voltage applied to the bilas
iine Biasl to have a low level, thersby setting the senscr
TrTs 5 connected to the bias line Biasl to be in an oIif-
state. Here, the voltage applied to the bias line Biasl has
a voltage value that is lower than the threshold of the
sensor TFTs 5. Then, the driver circult seciion sets a
voltage applied to the power-scurce line VDD1I to have a high
level when the sensoy TFTs 5 are in the off-state.
Accordingly, the sensor TFTs b connected to the bias line

Biasgl function as photoelectric conversicn elements, and the



- 37 capacitors 6 is charged with electric charge in accordance with light
with which the sensor TFTs 5 are irradiated. After that, the driver circuit
section selects a bias line Bias2 and a power-source line VDD2, and
further performs a control process that is similar to that performed for the
first row. Then, the driver circuit section repeats the above-described
series of processes until it selects a bias line Biasm and a power-source
line VDDm of the m-th row, which is the-last row disposed in the matrix,
and terminates the 1F period after performance of the series of processes
is finished for the m-th row. in the IF period, the sensor signal lines S1 to
capSniaredways prezbharged at thé reference potentiabusing the drvidgnce
signal PCG that is applied to the pre-charge line PCG. [0055] In contrast,
with & PEPeribttthat/is aFeddity PEAGE T first the YrivEFE citéiifSection -
applies the driving signal RDL1 to the row selection line RD1, thereby . ,
ARG e i Llieton ThE R At (18 SaangTRTeS Line

B1ia80Nnected todhe row selectiondine RPE 0 be.in ap on-glate.in this .case,
image-pickup results obtained in the 1F period are maintained as

conveltages:n the capacitors 6. Fhus,when the: ieading TFhs@ aref imrthehe
on-state, the reading TFTs 9 read the voltages that are maintained in the

firgdpdcitors 6ltocthe SETsolBighal life ST Viatthé SpIfying SHETS-S, Whigh

aboggqhescribed series of processes until it selects a bias
line Biasm and a power-source line VDDm of the m-th row,
which is the last row disposed in the matrix, and terminates
the 1F pericd after performance of the series of processes
is finished for the m~th row. In the 1F period, the sensor
signal lines 81 to 5n are always pre-charged at the
reference potential using the driving signal PCG that 1is
applied tc the pre-charge line PCG.

[C055]

In contrast, in a 2% pericd that is a reading period,
first, the driver circuit section appiies the driving signal
RD1 to the row selection line RD1l, thereby selecting the row
gselection line RD1 and setting the reading TFTs 9 connected
te the row selection line RDI tTo ke in an on-state. In this
case, ilmage-pickup results obtalned in the 1F period are
maintained as voltages in the capacitors ©. Thus, when the
reading TFTs 9 are in the on-state, the reading TETs 9 read
the voltages that are maintained in the capacitors & to the

sensor signal line 31 via the amplifyving TFTs &, which form



- 38 the source follower circuits. After the row selection line RDi is
selected, the TFTs connected to the pre-charge line PCG are set to be in
an on-state, whereby the sensor signal line S1 is pre-charged at the
reference potential. After the above-described processing operation, the
driver circuit section applies the driving signal RD2 to the row selection
line RD2, thereby selecting the row selection line RD2. The driver circuit
section further performs a controrpro€ess that is similar to that performed
for the first row. As in the case of the IF period, the driver circuit section
repeats the control process until it selects the row selection line RDm of
the theometterofy Whiete is thedastirow; add terminatesthe 2Feperivdiafter: ine
_ performance of the control process is finished for the m-th row. [00561,
RD1 AstietefiBed @Bove i tﬁé“&aw@sﬁaﬁ\sﬂe ContFol shovi i Big? 8, ait'of
the sensor signal lines are maintained at the referen otential i
BCG Fapregfiosd(f3 '“an%]i r’r?aege]igicﬁap ?gsuiétlcsao"b@[éin‘g E“lzﬁ %F?g 1?})%%%1%%%%@ 89%1
1iné&eguentially read i the-sensor signal-ines-i-an-eyen Enperod. 0057k -

Additionally, for example, in the example of drive control shown in Fig. 9,
thealsoowvkeniestput sighatsraresreadngsing e sovrce follewerdireuitscinccuit

order to ensure a
section applies the driving signal RD2 to the row selection
line RDZ, thereby selecting the row selection line RDZ. The
driver circuit section further performs a control process
that is similar to that performed for the first row. As in
the case of the 1F period, the driver circuilt section
repeats the control process until 1t selects the row
selection line RDm <of the m-th row, which is the last row,
and terminates the 2F period after performance of the
control process is finished for the m-th row.
[0Cho]

As described above, in the example Qf drive control

=

shown in Fig. &, all ¢f the sensor signal lines are
maintained at the reference potential in an odd F period,
and image-pickup results obtained in the 1F peried are line-
sequentially read to the sensor signal lines in an even F
period.
10057]

Additionally, for example, in the example of drive

control shown in Fig. 9, also when output signals are read

using the source follower circuits, in order to ensure a



- 39 necessary reading time in such a manner that a vertical frequency is
not changed, and that a horizontal frequency is decreased, reading of
image-pickup results of the even rows is performed in an F period, and
reading of image-pickup results of the storage capacitors of the odd rows
is performed in the next F period. [0058] More specifically, as shown in
Fig. 9, in a 1F period, the driver circuit section applies the driving signals
Biasl, Bias2, VDD1, and VDD?2 to tié& bias lines Biasl and Bias2, and the
power-source lines VDDI and VDD2, respectively, thereby setting the
sensor TFTs 5 connected to the bias lines Biasl and Bias2, and the
necpewer-gsourcadines iDDEand VOD2teabedmaeron-state aThertical
power-source lines VDD1 and VDD2 have a low level when the sensor
LreqEesSvaredn e oRttates daccidinghi? elettritCdhdrga that exiSSUf e 25
qecGapacitors 6 is discharged via the siegggr TETs 5, and the potentials
between both electrodes of the caBam oS 6 are commonly set to ,?\FD.L
is purthermere, the rgading, IFTs 9,areset ta he in gnoen-stalg.wherehy,
outputs (stored electric charge) at a point in time at which the capacitors
res@are resettdne linecsequentiafly reachtostheiSeriser signaklines $% to Sn.
However, in this case, the row selection line RD2 is not selected. Thus,
rerj@piisofithe fofstonnettseftbtAe row selection line RD1 are read.

{Ooé\g?r that, the driving

More specificaily, as shown in Fig. 8, in a 1F period,
the driver circuilt secticon applies the driving signals Biasl,
Bias2, VvDDl, and VDD2 t¢ the bias lines Biasl and RBias?, and
the power-source lines VDDl and VDDZ, respectively, thereby
setting the senscr TFTs 5 connected to the blas lines Biasl
and BiasZ, and the power-source lines VDDl and VDD2Z tc be in
an con-state. The powsr-scurce lines VDDl and VDDZ have &
low level when the sensor TFTs b are in the cn-state.
Accordingly, electric charge that exists in the capacitors ¢
is discharged via the sensor TFTs 5, and the potentials
between both electrodes of the capacitors ¢ are commonly set
to GND. Furthermore, the reading TFTs 2 are set to be in an
on-state, whereby outputs (stored electric charges) at a
point in time at which the capacitors €& are reset are line-
sequentially read to the senscor signal lines S1 to Sn.
However, in this case, the row selection line RDZ is not
selected. Thus, outputs of the rows connected to the row

il

selection line RD1 are read. After that, the driving



- 40 circuit section pre-charges the sensor signal lines Slto Sn at the
reference potential at a time at which the driving circuit section applies
the driving signal PCG to the pre- charge line PCG. Then, after the
pre-charging, the driver circuit section selects power-supply line VDD3
and VDD4, and the row selection line RD3. After the driver circuit section
repeats the above-described processing operation until power-source line
VDDm-I and VDDm, and the row-séléction line RDm-1 are selected, the
driver circuit section terminates the IF period. ;0059; In the next 2F
period, first, the driver circuit section applies the driving signal RDi to the
cirraw selestion dinecRBicthereby selecting thestovs seleation line RO and Sn
setting the reading TFTs 9 connected to the row selection line RD1 to be
at jphan sAtaRDirthisEase: imageipiekdpi resiits obtairedtif the K pendd
__are. maintained as volﬁges in the capacitors 6. Thus, when the reading
CLTTRTS eI TheBTROET, the Teading TETES ot tHevoltages thatdie™

chaP@ntained ipthe capagitors.Gla.the.sensor signallines, 31 to,9n viasthe -
amplifying TFTs 8, which form the source follower circuits. After the row

c1irselectionling R 1sis1 selesteth the- TEIsconnedcted to the peexehamedineand
PCG are set to be in an on-state, whereby the sensor signal lines S1 to

theShare pré-ehafgad atithe réfefencé potentiali sAfierier circuit

section repeats the above-described processing operation
until power-source line VDDm-1 and VDDm, and the row
selection line RDm-1 are selected, the driver circuilt
section terminates the 1F period.

[0059]

In the next 2T pericd, first, the driver circuilt
section applies the driving signal RDLI to the row selection
line RD1, thereby selecting the row selection line RDL and
setting the reading TFTs 9 connscted to the row selection
line RD1 to be in an on-state. In this case, inmage-plckup
results cobtained in the 1F period are maintained as voltages
in the capacitors 6. Thus, when the reading TFTs 9 are in
the on-state, the reading TFTs Y read the voltages that are
maintained in the capacitors 6 to the sensor signal lines S1
to 8n via the amplifying TFTs 8, which form the source
follower circuits. After the row selection iine RDL is
selected, the TFTs connscted to the pre-charge line PCG are
set to pbe in an on-state, whereby the sensor signal lines S1

to Sn are pre-charged at the reference potential. After the



- 41 above-described processing operation, the driver circuit section
applies the driving signal RD3 to the row selection line RD3, thereby
selecting the row selection line RD3. After the driver circuit section further
repeats a similar control process for the odd rows until it selects the row
selection line RDm-1, the driver circuit section terminates the 2F period.
[0060] In the next 3F period, the driver circuit section applies the driving
signals Biasl, Bias2, VDD1, and VDD2 to the bias lines Biasl and Bias2,
and the power-source lines VDD1 and VDDZ2, respectively, thereby
setting the sensor TFTs 5 connected to the bias lines Biasl and Bias2,
aboanddhe cpowerdsgurce ¢ines MD Dirandh VDR?2, toecincarn. op-state rThus,
the capacitors 6 are reset. Furthermore, outputs (stored electric charge)
seChi @hoimtin ifife APRhithiHé tapaditdid 6 dretresat aredine dedifehtiafy- o

15 [E3LID the sensor sianal Jipeg S1.10.51 by the teading TFTs 9. coppected

neren.
e fow se?ec |¥)n ine ter e dr|V|ng circuit section

art Pre-gharaesithe sepsor-sigraldines;3L to-Spat the reference potentiahatr
a time at which the driving circuit section applies the driving signal PCG

contorthe presclzarge fline RE6. Akldesoribedrabole lin the BFcperidd;outputs
of the even rows in the case of reset are obtained via the sensor signal
selfifés S to-Sif WHIEH is diffeferft fronf thest rouit section terminates

the ZF pericd.
(00601

In the next 3F pericd, the driver circult section
applies the driving signals Biasl, BiasZ, VDD1, and VDDZ to
the bkias lines Bilasl and Bias2, and the power-source lines
VDDL1 and VDDZ, respectively, thereby setting the sensor TFTs
5 connected to the bilas lines Biasl and BiasZ, and the
power—-source lines VDDl and VDDZ to be in an on-state. Thus,
the capacitors 6 are reset. Furthermore, outputs (stored
electric charge) at a point in time at which the capacitors
& are reset are line-sequentially read to the sensor signal
lines 51 tc Sn by the reading TFTs 9 connected to the row
selection line RD2. After that, the driving circuit section
pre-charges the sensor signal lines 81 to 3n at the
reference potential at & time at which the driving circult
section applies the driving signal PCG to the pre-charge
line PCG. As described above, in the 3F pericd, ocutputs of
the even rows in the case of reset are obtained via the

sensor signal lines S1 to Sn, which 1s different from the



- 42 case of the iF period. Then, also in the case of the 3F period, as in
the case of the 1F period, after the driver circuit section repeats the
above-described processing operation until the power-source line
VDDm-l and VDDm, and the row selection line RDm are selected, the
driver circuit section terminates the 3F period. [0061; in the next 4F
period, first, the driver circuit section applies the driving signal RD2 to the
row selection line RD2, thereby selégtirg the row selection line RD2 and
setting the reading TFTs 9 connected to the row selection line RD2 to be
in an on-state. In this case, image-pickup results obtained in the 3F
caspenidddre nldintinedods voltages in ke capacitors 6aThus,ivhér the”
reading TFTs 9 are in the on-state, the reading TFTs 9 read the voltages
per ipstard Smilintained R #ife Capaditors b t8%he Senscr Sigital Tiés & t6%n
via.tpesaerg@y%ing TFTs ,WQ&({Q f%%m he 8ourcei£9élower circuits. After

. : the e
“I %he row selec |8n ﬁﬁg is Sélec eod\f?he ?Eﬁ"% conﬁegt%a%g %kslél ne

opePEe-charag.line PEa-are, settohg in-an pn-slatepwherey-thesensor ang
signal lines Si to Sn are pre-charged at the reference potential. After the

the above-geseribedprocessing opesatiors ¢he driver, circuit  sectionrappliesul t
the driving signal RD4 to the row selection line RD4, thereby selecting the

seCEgi BelettiBh e RDANAfteF thedrh®ét circuit section further repeats a

[oo%iﬁ”ar

In the next 4F period, first, the driver cirguit
section applies the driving signal RDZ to the row selection
line RDZ, thereby selecting the row selection line RDZ and
setting the reading TFTs ¢ connected to the row selection
line RD2 to bhe in an cn-state. In this case, image-plckup
results obtained in the 3F period are maintained as voltages
in the capacitors 6. Thus, when the reading TFIs 9 are in
the on-astate, the reading TFTs 9 read the voltages that are
maintained in the capacitors 6 to the sensor signal lines Sl
to 8n via the amplifying TETs 8, which form the source
follower circuits. After the row selection line RDZ is
selected, the TITs connected to the pre-charge line PCG are
set to be in an on-state, whereby the sensor signal lines S1
to 8n are pre-charged at the reference potential. After the
above-described processing operation, the driver circuilt
section applies the driving signail RD4 to the row selection
line RD4, thereby selecting the row selection iine RD4.

After the driver circult section further repesats a similar



- 43 control process for the even rows until it selects the row selection
line RDm, and terminates the 4F period. 0062] As described above, in the
example of drive control shown in Fig. 9, since the image-pickup results
of the odd rows/even rows are alternately read in the respective F
periods, a reading time for one horizontal line becomes 1F/(n/2). Thus,
the vertical frequency is not changed, and the horizontal frequency is
decreased, so that the necessary- rdading time can be sufficiently
ensured. Specifically, for example, a time can be ensured, which is twice
the reading time for one horizontal line in the example of drive control
contdesdrinedowiths seférancerie Fg=3. |0063] Futthermeores édreexamplesinrow
the example of drive control shown in Fig. 1-0, both reading of
selpragepickiiperdsdits of F6ws, it fesbRiMgtoTTonE thatareteach
rQogiés}?osed one row prior to the corresponding row are performed in one F
- ériod. ;0064' Specifically, as shown in Fig. 10, the driver circuit section

appliesthe driving signal RD1:to the tow, selection, king RD] . thegely
setting the reading TFTs 9 connected to the row selection line RDi to be
sholfiran anstiate. The iivee cincwit Saatienfine-gequentiallyteads the odd
image-pickup results
rows/even rows are alternately read in the respective F
pericds, a reading time for one horizontal line becomes
17/ {n/2). Thus, the vertical freguency is not changed, and
the horizontal frequency is decreased, go¢ that the necessary
reading time can bhe sufficiently ensured. 3pescifically, for
example, & time can be ensured, which 1s twlice the reading
time for one horizontal line in the example of drive control
described with reference to Fig. 3.
(0063}

Furthermore, for example, in the example oI drive
control shown in Fig. 10, both reading of image-pickup
results of rows, and resetting of rows that are each
cdisposed one row prior to the corresponding row are
performed in one F period.

(0064 ]

Specifically, as shown in Fig. 10, the driver circuit
section applies the driving signal RD1 to the row selection
line RD1, thereby setfing the reading TFTs 2 connected to
the row seslection line RDLI tc be in an on-state. The driver

clrcult section line-seguentially reads image-pickup results



- 44 obtained in the previous F period to the sensor signal lines Sito Sn.
After that, the driver circuit section pre- charges the sensor signal lines Si
to Sn at the reference potential at a time at which the driving circuit
section applies the driving signal PCG to the pre-charge line PCG. Then,
after the pre-charging, the driver circuit section applies the driving signals
RD2, Biasl, and VDD1. Accordingly, because the power-source lines
VDD1 and VDD2 have a low level when the sensor TFTs 5 connected to
the power-source line VDDL1 are in an on-state, electric charge that
exists in the capacitors 6 is discharged via the sensor TFTs 5, and the
okt potentials-betive en:zoth electiodes of the ttapabitorssGrareccommonly Setnes
to GND. In contrast, because the reading TFTs 9 connected to the row
S1 3elethion IitERD2 “are"set it ann:state at-thesamé fifielat whith this

Cha?cgeratlggésegerformed,.|ma e-pickup results of the row that is connected

S ensor.Sl = o L Irer enoe
fhie row selection live RD2 are'tead to the sensor S|gnaFI|nes Srto Sn.

oot &hen thedriving eireuity segtian-pre-charges the gensarsignaldings Sio
Sn at the reference potential. After the pre-charging, the driver circuit

appection-appligsihe dsivingssighalsRD3 Biak2, anct:-DB2gEhe dnigePCG.
circuit section repeats the above- described processing operation until the

Thefow 8életior lifie PRONS EheEthe hovidresolirde fide YD afEsdletted.

appl 020 finally, the driver cireuit seclign selects only the RONeY
Accordingly, because the power-source lines VDDI and VDDZ
have a low level when the sensor TETs 5 connected to the
power-source line VDD1 are in an on-state, electric charge
that existes in the capacitors 6 1s discharged via the sensor
TETs 5, and the potentials between both electrodes of the
capacitors € are commonly set to GND. In contrast, because
the reading TFTs 9 connected to the row selection line RDZ
are set 1n an on-state at the same Time at which this
operation is performed, image-pickup results of the row that
is connected to the row selection line RDZ are read to the
sensor signal lines 81 to 5n. Then, the driving cilrcuit
section pre-charges the senscr signal lines 51 to Sn at the
reference potential. After the pre-charging, the driver
circuit section applies the driving signals RD3, BiasZ, and
VDDZ. The driver circuit section repeats the above-
described processing operation until the row selection line
RDm, and the power-source line VDDm~-1 are selected. Then,

finally, the driver circuit secticn selects only the power-



- 45 supply lire VDDm, and resets the capacitors 6 that are disposed in
the row connected to the power-source line VDDm. After the driver circuit
section pre-charges the sensor signal lines Sl to Sn, the driver circuit
section terminates a IF period. [0065] As described above, in the
example of drive control shown in Fig. 10, because a row selection line
RDk and a power-supply line VDDk-I are driven at the same time for any
row k (where k = 2 to m-1), the saméwire can be used. In other words,
since reading of rows and resetting of rows that are each disposed one
row prior to the corresponding row are performed in the same F period,
suppsignalsifor theo readingdandethe resetting candei providedl asieammon
signals using the same wires. Thus, if the same wires using common
disgighals dre sed, BREaSE IREHAADEFOfRe S it EXRL T GRe LiNe VDDI.

Aft|ma idls Iay region sectlon 1 can be reduced, the ap rtl}l}re ratio of the
Elrﬁag ﬁls‘gﬁy Feglon L&ition T eanbe™ mgfproveg 6(%3(?] h addition,”

s gAlthough the descriptian is omitted.here, alsq.inthe secopd embedipent, - s

for example, as in the example of drive control shown in Fig. 6 in the first
a 1embediment, both reading of the image-pickup results and resetting may
be performed in the same clock cycle in one F
[0065]

As described above, in the example of drive control
shown in Fig. 10, because a row selection line RDk and a
power-supply line VDDk-1 are driven at the same time for any
row k (where k = 2 fo m-1), the sams wire can be used. In
other words, since reading of rows and resetting of rows
that are each disposed one row prior te the corresponding
row are performed in the same F period, signals for the
reading and the resetting can be provided as common signals
using the same wires. Thus, if the same wires using common
signals are used, because the number of wires that exist in
the image-displayv-region section 1 can be reduced, the
aperture ratio of the image-display-reglon section 1 can be
inproved.

[0066]

In additicn, although the description is omitted here,
also in the second embodiment, for example, as in the
example of drive control shown in Fig. 6 in the first
embodiment, both reading of the image-pickup results and

resetting may be performed in the same clock cycle in one F



- 46 period, and the differences between the image-pickup results and
the outputs in the case of a reset operation may be obtained. [0067]
According to the image-pickup element portions 4 in above-described
second embodiment, even in the case of any one of the examples of
driven control shown in Figs. 8 to 10, the amplifying TFTs 8 form the
source follower circuits as in the case of the first embodiment.
Accordingly, when electric charge (frhage-pickup results) stored in the
capacitors 6 are read, analog output can be performed by utilizing the
source follower circuits. Thus, for example, even when the respective

perelteimentsd torS: constifating: thes imagepickupredeeat pertions drareesults
formed on the p-Si substrate in order to be easily integrated with the

and digpray° fiktton, aRalbgfoutpitcdrbé rédlizéd 439f ThHé tase BRXCETs or

Obtgl\{’ll%) image sensors, which are genera’- image-pickup elements,

whereby the speed of image-pickup processing can be increased and the
[ coBYmber of gradations of the image- pickup results can be increased.
[0068] Furthermore, according to the image-pickup element portion 4 in
the.secanth embodiment, ihe:gatepioltage of thenssensopTEIds 4 in
changed, thereby properly using the photoelectric conversion function
aboHARdIRE fest Bgsctiopcegmd embodiment, even in the case of any

one of the examples of driven control shown in Figs. 8 to 10,
the amplifying TFTs 8 form the source follower circuits as
in the case of the first embodiment. Accordingly, when
electric charge (image-pickup results) stored in the
capacitors € are read, analog cutput can be performed by
utilizing the source follower circuits. Thus, for example,
even when the respective elements 5 to 9 constituting the
image-pickup element portions 4 are formed on the p-5i
substrate in order to be easily integrated with the display
functicn, analog output can be realized as 1n the case of
CCDs or CMOS image sensors, which are general image-pickup
elements, whereby the speed of Image-pickup processing can
be increased and the number of gradations of the image-
pickup results can be increased.
(0068]

Furthermore, according to the image-pickup slement
portion 4 in the second embodiment, the gate voltage of the
sensor TFT 5 1s changed, thereby properly using the

photoelectric conversion function and the rest function of



- 47 the sensor TFT 5. Accordingly, because integration of the reset
function for the capacitor 6 is realized without the reset TFT 7, the circuit
scale of the image-pickup element portion 4 can be reduced, and, even
when integration with the display function is realized, the aperture ratio of
the display element portion 3 is not decreased. [0069] Additionally, the
above-described first and second embodiments are described as
preferable embodiments accordingé the present invention. The present
invention is not limited to the contents of the embodiments. Modifications
may be appropriately made without departing from the gist of the present
the irneention. T48 - TLAMS cl.dAm: image-pickap devicetcharacterized byt he
comprising: a photoelectric conversion element that converts light into
resgfecticeharge, A%torage capagitarthat Stores thelelectfic chakge Witk e
ros éhie Qggtoglec%ri% cocrlvlgrsiom esl%rgfnt has gp}tained %y _conygrsion reset

. TIT o1 IMade-pilckUn. dlemant
means for discharging the electric ceﬁarge in the Sto agé) cé’lpac:ltor, and an

por8mplifying thindilm.teansisior, that receives, amplifies,and ospws the o
electric charge stored in the

the display function is realized, the aperture ratioc of the

display element portion 3 1s not decreased.

[00e9]

Additionally, the above-described first and second
embodiments are described as preferable embodiments
according to the present invention. The present invention
is not limited to the contents ¢f the embodiments.
Modifications may be appropriately made without departing

from the gist of the present invention.



storage capacitor, and characterized in that a source electrode of the
amplifying thin-film transistor is connected to a power- source supplying
line, a gate electrode of the amplifying thin-film transistor is connected to
the storage capacitor, and the amplifying thin-film transistor forms a
source follower circuit. 2. The image-pickup device according to Claim 1,
characterized in that the photoelectric conversion element comprises a
sensor thin-film transistor in which aiféakage current changes in
accordance with an amount of received light. 3. The image-pickup device
according to Claim 2, characterized in that the reset means comprises a
reset - 49 thin-film transistor thatdsalisgsed between the storage
capacitor and a ground wire. 4. The image-pickup device according to

L Clalivh 2 NéRSraBteriZen irf'fiiat e FESEt Méans coiRprisesCaFedet Sttdfion
which the sensor thin-film transistor has,.and a fug tiQEn of switchinga. . .
? ehﬁpoé}F?trlqaconve%FWoq1ememenE. %ﬁ CO % TS Tf%hb
gate voltage that Is t0 be applle 6 the sensor thin-film transistor, andi
intthat thereset mgansis configured, for the sensor thin-film transistor that
functions as the photoelectric conversion element when the gate voltage
is bbwerdhan a thegshold; i suthe a maners that ¢he Switching fahctions
switches the gate voltage so
which the pheotoelectric conversion element has obtained by
conversion,
reset means for discharging the electric charge in the
storage capacitor, and
an amplifying thin-film transistor that receives,
ampiifies, and outputs the electric charge stored in the
storage capacitor,
and characterized in that a source slectrode of the
amplifving thin-film transistor is connected to a power-
source supplying iine, a gate electrode of the amplifving
thin-film transistor ls connected to the storage capacitor,
and the amplifving thin~film transistcor forms a source
follower circuit.

2. The image-pickup cevice agcording to Claim 1,
characterized in that the photoelectric conversion element
comprises a senscr thin-film transistor in which a leakage
current changes in accordance with an amount of received
light.

3. The image-pickup device according to Claim 2,

characterized in that the reset means comprises a reset



that the gate voltage is set to be equal to or higher than the threshold,
whereby the electric charge in the storage capacitor is discharged by the
reset function. 5. A display apparatus characterized by comprising: image
display elements that are disposed in a matrix, and image-pickup devices
that are attached to the image display elements, the image-pickup
devices including photoelectric conversion elements that convert light into
electric charge, storage capacitors that store the electric charge which the
photoelectric conversion elements have obtained by conversion, - 50
reset means for discharging the electric charge in the storage capacitors,
thiandamplifying thindidm trarsistors that recede, lampldynand eugiut thee
electric charge stored in the storage capacitors, characterized in that
CapasireeelétfodesieTtHE Camplifying thin-film transistors are connected to

a pawer-,source supplying line, gate electrades of the amplifying thin film
4 tran%sl“gse’[o%sm 88C nlnlge&c%éad toet%%(gs?o%%“éo‘cgﬁg‘cqto%g, acrc?ld—j the a?rhplifying

chathinAfilm fransistersfarm  squice fallowerLircuitS,omprises a reset
function which the sensor thin-film transistor has, and a
function of switching a gate voltage that is to be applied
to the sensor thin-film transistor, and in that the reset
means is configured, for the sensor thin-film transistor
that functions as the photoelectric conversiocon element when
the gate voltage is lower than a threshold, in such a manner
that the switching function switches the gate voltage sc
that the gate voltage 1s set to be egual to or higher than
the threshold, whereby the electric charge in the storage
capacitor is discharged by the reset function.
5. A display apparatus characterized by comprising:

image display slements that are disposed in a matrix,
and

image~pickup devices that are attached tc the image
display eleménts,

the image-pickup devices including

photoelectric conversion elements that convert light
into electric charge,

storage capacitors that store the electric charge which
the photoelectric conversion elements have cobtained by

conversion,



and characterized in that at least the photoelectric conversion elements,
the storage capacitors, and the amplifying thin-film transistors are
integrated, and disposed in correspondence with the image display
elements. 6. The display apparatus according to Claim 5, characterized
by being configured so as to read, in a field period, stored electric charge
in the storage capacitors after discharging of electric charge is performed
by the reset means, so as to read, if’the next field period, stored electric
charge in the storage capacitors in a state in which discharging of electric
charge is not performed by the reset means, and so as to determine
ameunts afetectric charge that age ognvérte by therphotokkectric in the
conversion elements from differences between respective read results. -
sTOB3g?. THE 8ispleyFapparafus according to Claim 5, characterized by being

COQI{%. ref, when.the photgelecic, conversion %ea@e%t%c%hfv%Praﬁfmify,
capatitors;' and the* amplifyin Rin-film traNsIStors are also disposedin
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andthe, Matrix in copespondencewith thedmagedisplayelergentsz sa as to
perform, in a field period, reading of stored electric charge in the storage

capeapacitoss of even rows of the matrix, and so as to perform, in the next
field period, reading of stored electric charge in the storage capacitors of
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amplifying thin-film transistors are connected to a power-
source supplying line, gate electrodes of the amplifying
thin-film transistors are connected to the storage
capacitors, and the amplifying thin-film transistors form
source follower circuits,

and characterized in that at least the photoelectric
conversion elements, the storage capacitors, and the
amplifying thin-film transistors are integrated, and
disposed in correspondence with the image display elements.

6. The display apparatus according to Claim 5,

characterized by being configured so as to read, in a field
period, stored electric charge in the storage capacitors
after discharging of electric charge is performed by the
reset means, so as to read, in the next field periocd, stored
electric charge in the storage capacitors in a state in
which discharging of electric charge is not performed by the
reset means, and s¢ as to determine amounts of electric
charge that are converted by the photoelectric conversion

elements from differences between resgspective read results.



characterized by being configured, when the photoelectric conversion
elements, the storage capacitors, and the amplifying thin-film transistors
are also disposed in the matrix in correspondence with the image display
elements, so as to perform, in one field period, based on common
signals, both reading of stored electric charge in the storage capacitors
of rows of the matrix, and discharging of electric charge by the reset
means for the storage capacitors offows which are each disposed one
row prior to the corresponding row in a reading sequence. 9. The display
apparatus according to Claim 5, characterized by being configured so as
7 to pertoran, spthey sapmcleck eyele dre nderfield:period; botly reading of
stored electric charge in the storage capacitors, and discharging - 52 of
chagpehfttdlidige by the TegettiBaRg TortRe stiiage Cdpaiiteioetectric

conversion elements, the storage capacitors, and the
amplifying thin-film transistors are also dispcsed in the
matrix in correspondence with the image display elements, so
as to perform, in a field period, reading of stored electric
charge in the storage capacitors of even rows of the matrix,
and so as to perform, in the next field pericd, reading of
stored electric charge in the storage capacitors of odd rows
cf the matrix.

8. The display apparatus according te Claim 5,
characterized by being configured, when the photoelectric
conversion elements, the storage capacitors, and the
amplifying thin-film transistors are also disposed in the
matrix in correspondence with the image display elements, so
as to perform, in one field period, based on common signals,
both reading of stored electric charge in the storage
capacitors of rows of the matrix, and discharging of
electric charge by the reset means for the storage
capacitors of rows which are each disposed one row prior to
the corresponding row in a reading seguence.

9. The display apparatus according to Claim b5,
characterized by being configured so as to perform, in the
same clock cycle in cone field period, both reading of stored

electric charge in the storage capacitors, and discharging



of electric charge by the reset means for the storage

capacitors.



