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DESCRIPTICN
1MAGE-PICKUP DEVICE AND DISPLAY APPARATUS
Technical Field
[0001]

The present invention relates to an image-pickup deviece
inéluding photoelectric conﬁexsion elements, and a display
apparatus. |
Background Art
[0G02]

While, in general, photoelectric conversion elements,
such as CCD (Charge Coupled Devices) sensors and‘CMOS
(Complementary Metal Oxide Semicondugtor).sensozs, have been
known as image-pickup devices that pick up images, recently,
it has been proposed that thin-film transistors {heréinafter,
"Thin Film Transistor" Lls abbreviated as "TFT") are caused
to function as photoelectric conversion elements in
combination with capacitors or the like. As one example of
such image—pickup devices, for example, fhere are image-
pickup devices that include liquid-crystal display elements,
"TFTs that function as photoeleciric conversion elements, and
go Torth 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 information input by

utilizing light incident onto the TFTs while the image-



Wil e, in general, photoelectric conversion elenents,
such as CCD (Charge Coupl ed Devices) sensors and CMOS
(Conpl enentary Metal Oxi de Sem conductor) sensors,
have been known as i mage-pi ckup devices that pick up

i mages, recently, it has been proposed that thin-film
transistors (hereinafter, "Thin Film:Transistor" is
abbreviated as "TFT") are _caused to function as
phot oel ectric canversion elenments in conbination with
capacitors or the |like. As one exanple of such '

I mage- pi ckup devLces,,for examl e, there are
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as "a-Si"). Thus, in order to realize the image-pickup
devices of a display-function-integrated type using the p-Si,
a certain amplification function is necessary. As z

specific example of such an amplification function, there is

an amplification function c¢f storing electric charge in

capacitances, such as capacitors, in accordance with



devi ces of ,a display-function-integrated type using
the p-Si, a certain anplification function is
necessary. As a specific exanple of such an
anplification function, there is an anplification
function of storing electric charge in capacitances,
such as capacitors, in accordance wth el ectric
signals that are generated %n_the phot oel ectric
conversion el enents, converting the electric charge
into vol tages, storing the converted voltages in
SRAMs, (Static Random Access Menory and outputtlng
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Disclesure of Invention
Technical Prcblem
[0C05)
However, in the above-described prior art, the outputs
after the amplification function is performed are the

digital values of "1" or "0", i.e., binary values. Thus, it

is very difficult to excellently xepresent half tones for



Di scl osure of Invention Technical Problem[0005]
However, in the above-described prior art, the
outputs after the anplification function is perforned
are the digital values of "1" or "0", i.e., binary
values. Thus, it is very difficult to excellently
represent half tones for 4 inmage-pickup results, and
a conplicated process'or'oﬁerationJ such as setting

ine-piRhubal i £y 0fi d Mgenpi ckup coRditionsd i $rocess or
necessary in order to represent the half tones.:

operation, such as setting of a plurality of image-pickup

conditions, 1is mnecessary in order to represent the half

tones.

[0006]

Therefore, embodiménts of the present invention seek
to provide an image-pickup device and a display apparatus
that can perform analog output -which allows.half Eones to
be excellently represented, for éxample, even when the
image—pickup device of a displayLfunctionfintegrated_ Lype
is configured usiﬁg a p-Si. | '
Technical Solution
[0007] )
" In a first aspect of the invention, there is provided
an“ image-pickup device characterized by comprising: a
photoelectric conversion element that converts light into
electrié charge, a stérage capacitor that stores the
electric charge which the-photoelectric conversion element
has obtained by conversionrduring a predetermined period,
the storage capacitor connééted tc the photb@lectric
conversion element disposed'in zi matrix, reset méans for.
discharging the electric charge in the storage capacitor,
an  amplifying thin~film  transistor that receives,
amplifies, and outputs the electric charge stored in the
storage capacitor, and a read out thin film transistor
switch connected between a signal line and the amplifying
thin-film transistor, characterized in that a source
electrode of the amplifying thin-film transistor is

connected to a power-source supplying line, a gate



[ 0006] Therefore, enbodi nents of the present

i nvention seek to provide an i nage-pickup device and

a di splay apparatus that can perform anal og out put

which allows half tones to be excellently

represented, for exanple, even when the image-pickup

device of a display-functigon-integrated type is

configured using a p-Si. Té&chnical Solution [0007]
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tranfsalsbst anpswiri el caanectedtbetneenlacst ynathd iqe ang-ed
the anplifying thin-filmtransistor, characterized in
in tthat sacseweceagledttoode aoklbbecanplt f yaimgoe hper féimmd by
transi stor is connected to a power-source supplying
utilliimépga tgat sourd efekiavwsde OfrqHd -anplidsy nger example,
thin-filmtransistor is connected to the storage
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- fornms a source follower circuit. . . .
thin-film transistor in order to be easily integrated with

a display function, analog ogtput can be performed as in
the case of a CCD ({(Charge Coupled Devices), a CMO
(Complementary Metal Cxide Semiconductor) image sensor, or
the like, which is a general image-pickup element. An
image-pickup resuilt can be. read at a high speed, and
provisibn for increasing the number of Qradatibns of the
image-pickup result can be realized.
[0008a]

In a second aspect of the invention, there is provided
a display apparatus characterized by comprising: image
'display elements that are disposed in a matrix, and image-
pickup devices that are attached to the 1image disblay
‘elements, the image-pickup devices'inciudiﬁg photoelectric
conversion elements that convert light into electric

charge, storage capacitors that store the electric charge



[ 0008] In the image-pi ckup device configured as
descri bed above, since the anplifying thin-film
“transistor fornms the source follower circuit, when
the anplifying thin-filmtransistor anplifies and
outputs the electric charge stored in the storage
capaci tor, anal og output can be perfornmed by -
utilizing the source folloyer circuit. Thus, for
exanpl e, even when the photoel ectric conversion
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be easily integrated with a display function, anal og
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Adveng aiorage dEsprag el enents. Advant ageous Effects

[ 0009]
(0009}

Accordingly, in an embodiment, because an
amplification function depends on the source 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-



Accordi ngly, i nanenbodi nent, becausean anplification
function depends on the source follower circuit, the
anal og output can be realized as in the case of a CCD
or a CMOS i mage sensor, which is a general inmage - 6
- pickup.device. The speed of i mage-pickup

processi ng can be increased, and the nunber of
gradations of the inmage-pickup result can be

i ncreased. Thus, by using the characteristics of the
anal og output that allows half tones to be .

excel lently represented a touch panel function, a
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can be manufactured .using a process the sane as that
befcangideakd THIstL For ewaympirecitihedeespectireeapplied as
constituent el enments can be disposed in display
di] seppogs| foui d-Rasistiahtdiisps ayi apishragsall aisplay,
ot her words, the inmm e plcku devi ces are very
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easily disposed in a matrix for the respective

elbdogpltay pexgdstiddhusondaruexanpl épead tdpahat image-
recognition that was difficult to be realized in
piqup'devices can be manufactured using a process tbe same
as that of typicai'TETs. For example, the respective
constituent elements can be disposed in display piXeis of a
liguid-crystal display apparatus. In other words, the
image~pickup devices are very suitable for realization of
integration‘with a display function. In addition, for
example, when the image-pickup devices arz embedded in the
display pixels of the liguid-crystal apparatus, the image-
pickup devices can be disposed s¢ that a great deerease in
aperiure 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



touch panels in the prior art can be realized, and a
probability that the inmge-pi ckup devices MA|| serve
as key devices of a new user interface that does not
exist in the :prior art can be expected. Brief

Descri ption of Drawi ngs [0.010]" [Fig. I] Fig. |
is acircuit diagramshow ng an exanple of a
schematic configuration of a display apparatus
according to the present invention. [Fig. 2] Fia.,2
is a circuit diagramshow ng an exanple of a
~configuration of the main portion in a
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oS aggcﬁhowéngﬁggjg%gnple of drive control in the
~first enbodi nent 'of the present invention:

Brief Description of Drawings
(00107
[

of a schematic configuration of a display apparatus

s |

ig. 17 Fig. 1 1s a circuit diagram showing an example

according te the preéent invention.
[Fig. 2] Fig.-2 is a circuilt diagram showiﬁg an example
. of a configuration of the main pprtibn“in a first. emboediment
df an image-pickup device according to the present invention.
[Fig. 3] Fig. 3 is a timing chart (part 1) showing an
example of drive control in the first embodiment of the
?resent inventicn.

[

example of drive control in the first embodiment of the

bl

ig. 4] Fig. 4 is a timing chart (part Z) showing an

presant invention.

[Fig. 5] Fig. 5 is a timing chart (part 3) showing an
example of drive control in the first embodiment of the
present inventiocn.

[Fig. €] Fig. 6 is & timing chart {(paxt 4)_showing an
exampie of drive control in the first embodimeﬁt of the -
present invention.

r

fFig. 7] Fig. 7 is a circult diagram showing an example



[Fig. 5] Fig. 5is atimng chart (part 3) show ng an
exanpl e of drive control in the first enbodi nent of
the Present invention. [Fig. 6] Fig. 6 is a
timng chart (part 4) showi ng an exanple of drive
control in the first enbodi nent of the present
invention. [Fig. 7] Fig. 7 is a circuit diagram
showi ng an exanple _ 8 _ of a configuration of the
mai n portion in a second enbodi ment of the
I mage- pi ckup devi ce according to the present
. invention. [Fig. 8 Firg. 8 is atimng chart
of( Bakbn #) g Bhowidig oan cexanppt e @rididive centeebniin the

second enbodi nent of the 'present invention. ,
empbtifine®t & gheD immga-piokng e¢darde (gpartrd2ngshowting an
exanpl e of drive control in the second enbodi nent of

prehenpregesmtianent i on.

| [Fig. 8] Fig. 8 is a timing chart (part 1) showing an
example of drive control in the second embodiment of the
‘ﬁresent invention.

[Fig. 9] Fig. 9 ig a timing chart (part Z) showing an
example of drive control in the second embodiment of the
bresent invention.

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

Best Modes for Carrying Out the Invention
[0011]

An image-pickup dévice and a display apparatus
accérding o the present inventioﬁ 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 schematgc configuration of the display apparatus
according to the present invention. Fig. 2 is a circuit
diagram showing the first embodiment of the image-pickup

device that is the main portion of the display apparatus.



[Fig. 10] Fig. 10 is a timng chart (part 3) show ng
an exanple df drive control in the second enbodi nent
of the present invention. Best Mdesfor Carrying Qut
the Invention [0011] An i mage- pi ckup devi ce and
a di splay apparatus according to the present
invention will -be described below wth reference to
the draw ngs. [0012] [First Enbodi nent] First, a
first enbodi nent of the present invention is
described. Fig. 1 is a circuit diagramshow ng an -
exanpl e of a schematic configuration of the display
ro@pparatus according to the present invention. Fig. 2
is a circuit diagramshow ng the first enbodi ment of
t herirege-tieckupidevite thatags tah@smakbndpettieni of The
t he di splay apparat us.
display apparatus that is described in the embodiment is a
dispiay a?pazatus in which & display function and an inage-
pickup function are integrated. 1In a broad classification,
as. shown in Fig. 1, the display apparatus is configured by
including an image-display-region section 1, a backlicght or
a frontlight (however, not‘illustrated) that serves as a
light sburce, and a driver circuit section (howsver, not
illustrated) for performing drive contreol for the image-
display-region section 1.
{C014}

The image-display-region section 1 is configured of a
piurality of pixel units 2 that are disposed in a matrix.
Additionally, each of the pixel units 2 is configured cof a
digplay element portion 3 and an image-pickup element
portidn 4, "In addition, wvarious types of signal lines are
provided for sach row and sach column of the réspective
pixel units 2, which are disposed 1n a maitrix. Furthermore,
current sources are provided at ends of the various types of
signal lines.

10015]
The display eiement portion 3 is a display element

portion for providing a function of a so-called p-~-Si liguid

rystal. Specifically, the display element portion 3



- 9 - [0013] First, the entire display apparatus
is described. The display apparatus that is described
in the enbodinent is a display apparatus in which a
di splay function and ani magepi ckup function are
integrated. In a broad classification, as shown in
Fig. 1, the display appatatUs is configured by
i ncl udi ng an i mage-di spl ay-regi on section |, a
backlight or a frontlight- Mowever, not illustrated)
that serves as a light source, and a driver circuit,
section (however, not illustrated) for performng
ingni:Mescont 1@h: f-rryisheli Argpdh s Pt BymdregicoRtSeet E0fndd on
[ 001. 4] The i1 mage-di spl ay-region section 1 is
a podfcgusedl bine spllukcahi t(y-61) psuied c natiet.s 2hé hat garde-
di sposed in a matrix. Additionally, each of the pixe
Crymices Qi$Blaxwﬁﬁqymm§dseﬁeatévgbyagfﬁﬂamﬁéﬁtééghﬁoﬁr@m the
and an image-pi ckup_el enent portion 4. In addition,
bagklighs ¢ypese of-¥itgRahtri BT &% Rﬁ%ﬁﬂ§$%99féwagﬁch

dlﬁﬁﬁ”é%”gr%a%%%%ﬁ%?ﬁ‘ﬁ” R TS Pt B Rbr B2 ELFT ohi
£ ULEES AL, J?§%% %lgglgg §18%6599M¥Qﬁ1e#§eggges of

gnal | Thes. nt “portion
ln%ehv*undiﬁF%éﬁ&ﬁﬂd%&%ﬂtw@@ﬁttqg if%ngwéguuéenqtae
function of a so-called p-Si liquid crystal.

paSpeethtcat | yhe therdinsphay . elfnnaﬂdﬁwabhloaisbough the
descriptioﬁ of the details of the p;Si iigquid crystal is
omitted herein because the details thereof are commonly
known, characteristics can be obtained, in which the
reaction velocity cof the liguid crystal-ié increased because
the p-81i easily conducts electricity compared with a non-
crystalline silicon {a-%1i), and also in which brightness can
be increased by increasing an aperture area because the size
of transistors for controlling the liquid crystal can be
reduced,

[001¢]

The image-pickup element portion 4 functions as the
image-pilckup device accoﬁding to the present invention. As
shown in Fig. Z, thelimage—pickup element portion 4 includes
& Sensor TFT 5, é capacitor 6, a reset TET 7, an amplifying
TFT 8, and ah:eading TFT.9, which are formed on the p~3i
substrate.

[0017]



includes a liquid-crystal display elenment that is
formed on a-polycrystalline silicon (p-Si) substrate.
The liquid - crystal display elenent selectively
transMts light fromthe backlight or the frontlight,
t hereby perform ng i mage di splay:- In other words,
the display elenent portion 3 functions as an inage
di splay element in the present invention in
conbi nation with the Iightlsource (the backlight or
the frottlight). 1n addition, although the '
description of the details of the p-Si liquid crystal
omtHedchenei nrbesatiSe:-t e detsainl shtheseoft i@
commonly known, Characteristics can be obtained, in
conhéchidhes lerm@actihen vehverty lofghtheé nitibqeildctrystaiarge,
I s increased because the p-Si easily conducts
inevetth ixitapkearparad=at t BRI FRONCIY SKCAICKERB 8| Mikonthe
éa-Shéﬁ and al so in which brightness can be increased
- AMBYNT ey SRGHG ©4h LAFEFt ur e e d MFe CAHEES t e G Ot the
: transi sfor _controlling the liquid crystal n be.
 spEfTohd f oorer Rt k% it st B B
~+nRO 5{&%&5%%%' @RS a8rt N LOBAGRILKUP d8VLE i re Bias.
acctording to the present 1 nvention. As shown in Fig.
Anlapp Nfed MROS-RiLCkUprebenBas Pos tdk 4 iviekudas 8/N of
sensor TFT 5, a capacitor 6, a reset TFT 7, an
thampéniyt ng el Brianded | eaghpy SFEm whischiasewire
formed on the p-Si substrate. [0017]- - The '
BigensortiE & o wieticondeas o pidotidébect £he somyer sTkh S
el ement that converts light into electric charge, in
~ maghbe heen § eshkdge U@GMeﬁlec%h@Jéselwea&drﬂa@ﬁéetgﬂl hthe
t he_amount of received Thus, the source

i ght
TFel ebt? odesi™ e §‘§n§oPk’?’gﬁe%e?“sr Corfdcted 08 glement.
_power -s ce line VDD, _and,the e,.el ectrode thereof
suRQVel g@{%ﬁYﬂ%;%iﬂ%e br a PE@i%ﬁS%A%%O&%

IS conh as wire appl i ed vol t age
[055§} causes the sensitivity and S/N of the sensor to

be optimzed is applied fromthe bias wire Bias to
t herigateal-gtbrode: sl 8 gddiiion1dketsenser sT6le5 4my

be configured using any other elenent (other than the
reTEd3et hatedimet icoRs gas (alphdtoel ectrgC conver si on

el ement, such as 'a PN-type diode or a PINtype
caghodeance, and functions as a storage capacitor that
stores electric charge which the sensor TFT 5 has obtained
by conversion. Thus, one end of the capacitor 6 is
connected to a ground wire GND, and the other end thereof is
cennected to the sensor TFT 5 and the reset TET 7. The
tapacitoer 6 is charged by a photocurrent (electric chargs)
that is generated in the sensor TFT 5, whereby a voltage is
generatad in accordance with the charge amount. A voltage

AV that is converted from a photocurrent ATl depends on a

capacitance Cp of the capacitor 6 and a light storage time



[ 0018] The Capacitor 6 is a passive el enent that
stores and rel eases electric charge (electric energy)
using a capacitance, and functions as a storage
capacitor that stores electric charge which the
sensor TFT 5 has obtai ned by conversion. Thus, one
~end of the capacitor 6 is connected to a ground wire
G\D, and the other end thereof is connected to the
sensor TFT 5 and the reset 1ZFF 7. The Capacitor 6 is
charged by a photocurrent (electric charge) that is
generated in the sensor TFT 5, whereby a voltage is

argenenated 4.0 Ms%%a %h&;@%&e Aa;munvc A AT

voltage AV that i1Is conve rom a phot ocur r ent

THIepeRds @&@e@&ﬂ@'lﬁ@%@es@rgéetﬂﬁ"mec@ﬂa%dn‘dokhé &B\deﬁ the
light storage tine - - AT, and can be represented

caly ctihenegquat iodn tAV éapé&imocw%T tHeusjighbe &bfgererdtdie of
light storage tine AT and the | ower the capacitance
cogpeotitheirapadia o ocuheeht ghertlef ficditagey dfowever,
_conversion fromthe photocurrent to thervoltage. .
“hEgWEREr CRRER- 3THE é‘apaéi %%c@ziaﬁ:l&m ﬁe g apaErtdry 6%
oul.d be not

i) RRLKEOLY, LOM i oTguLd e nolad 40 éilﬁa%agrii an
1nGaRREELaREC, ol Ahe Sensgp TFT.5 012 A B8LLLE prv s or

capacl tance ween wre he rese

= bakSsdisposed beturen Lhe-capacilo, . 6-and the ground
wire GND in order to discharge the stored el ectric

rochange in the capacitor 6. Mre specifically, the

reset TFT 7 is disposed in such a manner that the

sourice Eé&ﬂﬂiﬂ@dE?Oﬁstﬁeapesem PeElveni $heonapetitht o6 and

the ground wire G\ND, the drain electrode thereof is
theogmestédvive tHE sensodEFTLS dhichderscdpecistored, and

the gate el ectrode thereof is connected to a reset
el@ﬁgﬁaF FRABIRS T AdS0ICdFPAGrYOrt Re PE%@tS?FT’?lCﬁ 1y, the

f t f di sch t d
oPROLFre char B T TP The o ABaR: £ ho8 T ARor BAnEE At

e13LE38L SEIPAl Adsddhesheset SLORAL A dde R8nd 9280ha wire

GND, the drain electrode thereof is connected to the ssnsor
TET S and the capacitor 6, and the gate electrode thereof is
connected to a reseﬁ signal line RS. Accozrdingly, the reset
TET 7 functions as reset means for discharging the stored
electric charge in the capacitor 6 in accordance with ar
reset signal of the reset signal line RS.
100207

The amplifying TFT 8 receives, amplifies, and outputs
the electric charge stored in the capacitcr 6. 1In cther
words, the amplifying TFT 8 has a function of amplifving a

voltage correspeonding to the charge amount of the capacitor



The anplifying TFT 8 receives, Thnplifies, and
outputs the electric charge stored in the capacitor
6. In other words, the anplifying TFT 8 has a
function of anmplifying a voltage corresponding to the
charge anmount of the capacitor - 13 - 6. In
addition, the source el ectrode of the anplifying TFT
8 is connected to the power-source line VDD, and the
gate - el ectrode thereof -i §3cennected to the sensor
TFT 5, the capacitor 6, and the reset TFT 7. The
anplifying TFT 8 forns a source follower circuit
-t t .;-_J_. h ,Eu afi' | . Al m
e o & SERBor S Gl ” T oo o e A G e
& fLeadbRgeciiell 3 cpenkopABe seleetdon iofe tWhe i ARECLRE Cdd:
el ement portion 4 and readi ng of an i nage-pickup
eleesnbde ofhdie fi MBgeophekupd et @Mt porsbiromrd. 5 Thehe
"reading TFT 9 is connected. to the anplifying TFT 8
cappcsert €, nd tike rgace TET ni nallhef anhéifeddy MFTTET 9
Is connected to_a - reading wire RD. Thus, the
LOFBAJR NP WICE Fld oWEHf FHtFett sePIRthss e tabRectprent
erformline-sequentially -reading for the s
Soﬁﬁﬁ‘ae?‘b‘i‘tckkfppﬁ Ft 2Ehat” AEs %’ge% % Pe§TBy thee S
[O@?pgifying TFT-8. [0022] The i mage- pi ckup
el'énent portions 4 having the above-descri bed
confﬂeg%%hligg ysbng Lher conbinatien of ckhensensofe-
TFTs 5, the Capacitors 6, the reset TFTs 7, the
pidRPpi £ Yémeh TR t8 onandahher£eadiQ & TRES iQagkep ormpd
' on the p-Si substrate. Thus, the image-display-region
resetti of thd Sirbugid-piagupnelategr gied-itoype .acThe ecqpidely
sensor array in which the display elenment portions 3
TFand thecdmrmprenl dhuphel empht fpord iUiVs 84 iar ecpiovi dedd
for the respective gixd

- the gate terminal of the reading TEFT 9 is cOnﬁected To a
reading wire RD. Thus, thé reading TFT 9 is configured so
as to be able to perform line-sequentially reading foxr the
image-pickup result that has been amplified by the
ampiifyiné TET 8.

1006227

| The image-pickup element pqrtions-é having the above-
described configuration using the combination of the senscr
TETs 5, the capacifors 6, the reset TFTs 7, tThe amplifving
TFTs 8, and the reading TFTs 9 are formed on the p-5i
substirate. Thus, the image-display-region secticn 1 is
built as an integrated-type active-pixel sensor array in
which the display‘element portions 3 and the image—pickup

alement portions 4 are provided for the respective pixel



- 14 - units 2 on the sanme substrate. In other words,
the respective constituent elenents of the

i mage- pi ckup el enent portions. 4 are integrated, and
are individually disposed in correspondence with the
di splay el enent portions 3 for the .respective pixel
units 2. Thus, the resolution of the image-pickup
results can be nmade equal to that of displayed inmage
items. However, the image-piéckup el enent portions 4
are not necessarily individually disposed for the
respective pixel units 2. In Gher words, it is onIy

urf186essah Vet datame theskrage: plz%k%ﬁske{r@%s porid ons

be di sposed in correspondence wth the display

regbefenVe POIHdtORS:3+ Bl SRESt 8% OfrH8 r=0R081 BkGKUPI ement
el enent portions 4.at a - predeterni ned arrangenment

podemsn$y4|ardlnmﬂe@ageedysph@yaxquxnmxyamhbmmyldﬂapdsed in
al so di sposing of a predeterm ned nunber of -
corpagecpiaktp eltbmshe gorplans eniant perviionni Byfof the
t he i mage-di splay-region section | can be realized.
.re@e?é}ve plxqln vEdER of tHES/maGe- prerbptepenehtthe
ons 4, which are conf| ured as des&rlbed above,

l‘“@fi&?ﬁ%ﬂ%ﬁ%& %*n “FRe B apads 1% IS i é?(:hﬁ?:g@ﬁslﬁjyalﬁeu
1m5§§e£t chﬁgwgge%hetﬂ (ﬂﬁge ﬁlzkupla gﬁett(ﬁggﬁ LGRS 4

a(:| IS Se I ni I Za

arff het fddtssdhe (capacitaha b1 i egaj 9edshy ayleakage . ;.

current of the Sensor TFT 5 changes 1 n

pigecondance W th bﬂ@e@ﬂﬂﬂﬂksoﬁtrﬁ%ebﬁﬁ§ hé@Msary that
| npedance conversion is perforned by the anplifying
thEFTn8ge~pidmp alkmehtf poneidhe 4o cd sbekkawen
circuit, for a voltage across the capacitor 6
cogbereepdidiang ittt the dbepiny oflesleadt poctchargd-with
whi ch the capacitor 6 _has been charged. After a
Dlé@?%a% cb%rnh@d igpoei ﬁeckwee%%%@wmogs. 4 2t a
Lyr g and a sensor .out is read to the readlng
pre &

ﬁﬁné&@oﬁf&ﬁﬁsrﬂymtﬂ%n? ge”‘ itOuprarEReREriay -
reg%ﬁ' on.&4 functigns as t Sﬂle%%% fgo@fckugzgg&grmed

ccording to the present
number of image-pickup element poertions 4 in the vicinity of

© the lmage-display-regicn section 1 can be realized.
[0C23]

In each of the image-pickup element portions 4, which
are configured zs described above, electric charge in the
capaciter 6 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 6 is
charged by a leakage current of the sensor TFT 5, which
changes in accordance with the amount of received light.

Impedance conversion is performed by the amplifying TFT g,



In this.case, in the image-pi ckup el enent portion 4,
the anplifying TFT 8 forns the source foll ower
circuit. In other words, the voltage generated across
the capacitor 6 is anplified by the anplifying TFT 8,
and an anal og voltage is to the reading wire
RD. Thus, w thout setting a conplicated inage-pickup
condition; an increase in the nunber of gradations of
t he i mage- pi ckup result cad®be realized. In addition,
when the source follower circuit is used, an offset
error caused mainly by a variation in Vth anong

whi ERNSH SEOMhe BoN@ELAELONLL B, CHIF@N: Offrhe ¢untegt
source circuit, or the |like occurs in an output

acvYaksethdloyeeri ook esampbeondidid erenticalampnacessi ng-
is perfornmed between the output value and an out put

elgakueci chargrase tof whachr thdi atponiofr |6 Jhts aeeal thaaged.
output value in a case of reset, or the |like, whereby

ATtRE erfoftaidn P@é*@éﬁ@éeﬁlmfieo‘?@? w&lHGprTééPeﬁsﬁﬁg~wﬂed
operations in a case in which the - 16 -

Onrnﬁ@@ Di TR eI ERE pSr £7D st%-Q%ﬁﬁﬂﬁiﬂ%Qg ¥dre RD.
s<QSRELAPEY, USRS LR B, demTuiat, § g5achit: o
tnFeE£Q§éE¥Héﬁﬂb e -TRYe-RLGKNP &) &R, RALLIORSvéntion.
[0024]
In thisrcase, in the image-pickup element portion 4,

‘the amplifying TET 8 foims the source follower cifcuit._ In
other ﬁords, the voltage generated across the capacitor 6 1is
amplified by the amplifying TFT §, and an analog volitage is
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 circuii is
usad, an offset error caused mainly by a variation in Vth
amcng transistors, a variation in current of the current
source circuit, or the like occurs in an outpﬁt value.
However, for example, differential processing is performed
between the output valuse and an output value in a case of no
irradiation of light at all, an output vélue in a case oi
reget, ¢or the like, whereby the errorx canlbe removed.

[C025]

Next, processing operations in a case in which the



Regardi ng the i mage-di splay-regi on section i
i ncluding the inmage-pickup el enent portions 4, which
are configured as descri bed above, the driver circuit
section., which perfornms drive control for the
I mage-di spl ay-regi on section 1, perforns drive
control for the imge-display-region- section 1 and
the light source of the inmage-display-region section
1 in units of one(hereinaftlér,- "field" is abbreviated
as "F") periods as in the case of -a general .
liquid-crystal driving nmethod. The above-nentioned |IF
inpekede ki £lknish:apphrecessi B0ctEigd.arg did veseenbeal ,
is defined to be, For exanpl e, 16.6 nms. [0027]
abeoe exanplever mrchelcexatpkea. ofridyd.vé eontr eke shibindg n
Fig. 3, an F period is defined as a reset period, and
cheligsnexewpericoglies déf dnede agert y@adianfopeedodor the
These perlods are repeated. 1n addition, in the
*mﬁ§§éPlﬁéVPO%Feﬁﬂn§cﬁ§F§Pﬁﬁsof el ectric charge in the
O@gggCltors 6 is perfoinmed_by the reset TFTs 7, and
ing of stored electric charge in (voltages
acrg he aglLors el fler the.
dlsc%§3 < ng ct?Berec %l%9%%g¥EQ&%%Sr%@%nkﬁgpforﬁ%%ludlng

tha 1&a%epﬁiéﬁuﬂ“%ieméﬁQ'bb99§b£¥ 4|nwﬂig%.%§%db%gflgured as

perio reading of stored electric charge in the
deCapapbiofiSod: | Rrd ghatker Biwbheh disehar gird of performs

el ectric charge is not performed by the reset TFTs 7
driisepepfioraediod nH=hiiganerdespltheranbumtsecafioal egtric

charge that have been converted by the sensor TFTs 5
reganrie deier narad ofir ot hbediffer edces! dietngaden section

respective read results. [0028]
1 and the light source of the image- ﬂLSDlay region section 1
in units of Oﬂe*ﬁieid (hereinafter, "field" is zbbreviated
as "F") periods as in the case of a general liquid-crystal
driving method. The above-mentioned 1F period, which is a
processing unit for drive contrcol, is defined to be, for
example, 16.6 ms.
10027}

For example, in the example of drive control shown in

Fig., 3, an F perioed is defined as a reset period, and the
next F period is defined as & reading period. These periods
are repeated. In acdition, in the reset pericd, discharging
of electric charge in the capacitors 6 is performed. by the
reset TETs 7, and reading of stored electric charge in
(voltages across) the capacitors 6 immediately after the

discharging of electric charge has been performed is



More specifically, as showmn in Fig. 3, in a |IF period
that is a reset period, the driver circuit section
applies. driving signals RS1 and RDI to a reset
signal line (hereinafter, sinply referred to as a
"row reset |line") RS1 and a reading wire
(hereinafter, sinply referred to as a "row
selectionline") RDL of a first row disposed in the
matri x, thereby selecting tthe-row reset.line RSl and
the row selection line RDL. and setting the
reset. TFTs 7 and the reading TFTs 9 that ate
pet@ppRetied dpiit-he ko, esetohd ne RBhqg peahddf heeddg of
selection line Rd 1 to be in on-states. Wen the
stbesdt eTEdSric arieatge tihethn- skabejtors tthecapacatorsn
6, stored electric charge is discharged, and the :
whpohedt sahgrpetgween derhirérectevdesi arecomrdnkyegery the
to GND. In addition, when the reading TFTs 9 are in
repRé SATSt At RARPUTSS( st b deiiel dieryies , c AR g¥yOuRt 5 of
point in tinme at which the capacitor 6 ar.e reset
ellecﬁé?%eaﬁ%n‘?‘? at'i3F rédg £6°8 §gﬂ‘§?ﬁt gival-i fE"&Pe a'imTS
oBLeL 8L LERANG Ol 180Ul BULfonzed s B! D85POL AL
t ome At Wh ¢ e capacrtors afe Teset £
regangggueggsets of the anpllfylng TFTs 8, mhlch form
the source follower circuits, and to greatly reduce
[pougput errors caused by variations in characteristics
of the TFTs, by perfoling the differential processing
bet meen éﬁ&txﬁﬂqmﬂL@ and eutput sn abitql Ped iaf hekFtgreriod
- followi ng imge pickup is performed. After that, the
thdti ¢eng cteseuitesianti Giicappives aidrpivi rﬂ;@l@naapﬁws :
- to a pre-charge line PCG thereby setting TFTs
drdgAngctednt o5 t hel el &?&r §e Bi ABSPEG tF De Lithean
on-state and ﬁge char t he sensof s

(RGO RE &F orBE bt eI SoATPer ot R UG UL (T
arfl Q0835108 OPPERt | Ok LR L] vetagigouidosal kana o

i ving |gnéts and to a row reset

"rolw| ge@é@ and; a,Low §pl eet i:oril-kpe, a%gp@e%eeenehe
row di sposed in the matri x, thereby selecting the row

mak@set khBeeRP2sanstdiigy row sekeebkon lime MRD2anthehe row
driver, circuit section further perfo.Lnms a contro

segieotéss fhat RBL simd |sr-ttogt hat peséorhEts flornthéhe

. first row Then, the driver circuit section repeats

r e NabEVES dBsthd beth & @OPeS cERdpEaC 88 esovumEsieti fine RSL
selects a rowreset line RSmand a row selection |i

anﬁDﬁPSfrﬁh AFERCT B wﬂﬁ%ﬂ%q-S“PhEelé@to?fﬁvaﬁgﬁpos%Eﬁﬁth@
the ILE riod afte

re Eg?hgéaandtetrmnate g§ oo arter

ﬁg f e20F the ¥eri'es 6f pr Pesdastil ?ﬁﬁjghgd
s?'oq dt g%e[’&& r%r(j@qzsg]dlscharged, and the potentials
between both electrodes are commonly set to GND. In
addition, when the reading TFTs ¢ are in the on-state,
outputs {stored electric charge) at a point in time at which
the capacitors 6 are reset are line-seguentially read to a

sensor signal line S$1. An object of reading of the ocutputs



In contrast, in a 2F period that is a readi ng period,
- 19 - first, the driver circuit section applies the
driving signal RD1 to the row selection |ine RD1,
t hereby selecting the-row selection line RDL and
setting the reading TFTs 9 connected to the row
selection line RD1 to be in an on-state. In this
case, inmmge-pickup results obtained in the 1F period
are mai ntai ned as vol tageslién-the capacitors 6. Thus,
when the reading TFTs 9 are in the on-state, the
reading TFTs 9 read the voltages that are nmintained
i ppLth | t.Qr, L Ont he Sensos.Si; lgi $l.yia ;
attﬁggaﬁ%%???%%gg%%%%ﬁSghﬁgﬁcﬁﬁ€§?ﬁ$ftgﬂ§%hfbg§$of?%%erls
toChfbel Sor Afd®y dihenkownsel egli@nrtidne RRLiicS form the
sel ected, the TFTs connected to the pre-charge |ine
soBEC: af €] beted aihedinsanand- st afesavihenelyceheusgasor
signal- line Si is pre-charged.at the reference
erporentiased ARt eratiad lgbeven delserad derk itdess siftnghe TFTs,
operation, the driver circuit .sectjon applies the
bydPEGT P S ridle REIegeRrhe® + o L&t Tt D SHv§E RS
hereby selecting the.row selection line RD2. .The
OUPRG B 2R 1 A S SO Par EheS S pEiT Grife A CaniPaRe

pighf o2 O%VQ&‘Aosén?'edSi mEal, 19, té“atth%egrg(z%g {:9%%%{"?

I n the case. of ‘the 1 eri déd

se@%ii&l;‘%r ?@Iﬁé& ty 360108 cepgal Spdde. ¢ %tﬂ@-o%ragﬁi@ﬁnzine

unt i selects the row Selection line RDmo

Py, t BnE ¥y WHiGH ricS Trlre Lashetons ahdHePinathasqgbheine
2F period after performance of the control process is
PChi nbshedit oin tdre-gnatte pow. pOOINH rdsndeser iskedoabevenal
in the exanple of drive control- - 20 -
line 51 at a reference potential. After the above-described
processin§ opération; the driver circult section applies
driving signals RS2 and RDZ tc a row reset line R32 and a
row seleétion line RDZ of a second row disposed in the
matrix, thereby selecting the row reset line RS2 and the row
éelection line RDZ. %The driver circuit section further
performs a control process that is similar to that performed
for the first row. Then, the driver circuit sectioﬁ repsats
the above—describedrseries of processeé'until it selects a
row reset line RSm and a row selecticn line RDm of an m-th
rbw, whiéh ig the last row disposed in the matrix, agd
terminates the 1F pericd after performance of the series of
processes is finished for the muth-row.

(00281

In contrast, in a 2F period that is & resading periocd,



shown in Fig. 3, outputs in the case of a reset

operation are line-sequentially read to sensor signa

lines in an odd F period, and, in an even F period,

I mage- pi ckup results obtained in the odd F period

that is provided prior to the even F period are

line-sequentially read to the sensor signal I|ines.

[ 0031] When out put signals are read using the

source follower circuits-that-the anplifying TFTs 8

form output voltages need to reach the ultimte

achi evabl e potential in the readi ng period.
£iRGeor ghogkyivdd Bachik pert ogh ispsheist cnkhakeviss &ignal

risk that a sufficient readi ng period is not ensured.
rDThus, thé can e conshdered Ript chshienyt Betectsn@ the row

risk that it is inpossible to performreading of n
sedewsiem livee TP lpemicodetiieg, tiwheraalingadiiig Pi penmdcted
~1F/n is short for reading of one line, .i mage-pickup
tor g5al ¥ev o= It rowsrieseRUE ows 1 ey é8d cPnisEaspectiv&his

F oeriods at drive timng such as that in the,example
CAFE GLPIEETOTB 70w Si %btﬂ‘?fd 47 [Hr%othiePehords? 4
naYSELEERD ST equency ] s not changed.. and a orizopeal oo

requency 1s decreased, ereby ‘ensuring a .Mnecessary

regaﬁg P’gF_os# r@'ar[gq%%lthe'onL é)ga,erth\@)rr%%dihge&ﬁ?s 2 read

exan drive control shownin Fig. 4, reading o
thbhes i FRges piickUR LUl ha Ofied NGy B¥RN oW 1kSrs 6 to the

performed in an F period, and reading of the inmage-
sens?l signal line S1 via the amplifying TFTs 8, which form
the source follower circuits. After'the row gelection lins
RDL 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 refarence pot@ntial; After
‘the above-described processing operation, the driver circuit
-section applies the driving'signal RD2 to the row selection
line RD2, thereby selecting the zow seiéction 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 circuit section
iepeats the control process until it selects the row
selection line RDm of the wm-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 example of drive control



pi ckup results of the storage capacitors of the odd
rows is perfornmed in the next F period. In addition,
here, suppose that thenunber in of rows is an even
nunber, and a description is nmade as follows. [00331
Specifically, as shown in Fig. 4, in a 1F period, the
driver circuit section applies the driving signals
RSI, RS2, and RD1 to the row rest |lines RSl1.and R52,
and the row selection |inre2RDt, respectively, thereby
selecting the row reset lines R21 and RS2, and the
. row selection line RDI and setting the teset TFTs 7
d; . 4 eadi ET t ct t [
e I ite o Ahd Bos” aad THE row seleti ohcl e
arBDli & henidhQnishatess Yhesedhe- reseta TRES e6 akeahNodd
the on-state, in the capacitors 6, stored electric
F phatge, imwdi SechargedenaRdpéheodotentdals detoweeruhos h
- electrodes are commonly set to GND. Additionally, :
objpdnsd hen ridediosy FFPergodrehéh tsheporeisieat eriout pat she
(stored electric charge) at a point in time at which
eVeReF cRpEHET ¢ 6lareSraiaht i ely i ad dqudhts Senyoikead
_.to the sensor signal lines Si to Sn. However, in this
5-8h8¢,“t'h€ row sel ection line RD2 is not selected.
o¢Ays, outputs of the rows connected to the row
selection line RD1 are read. After that, the -driving
Ci gt 386LE0D: BRI EhAF PeS: 4N 58NS eheSigNakel E8ESuer
Si to Sn at the reference potential” at a tine at
ciwbichs thexdrdhe REpaiiEeint secd i oncappl iesdite vank¥bag
signal PCGto the pre- - 22 - charge |line Pea. Then,
neafit e tdwcipréechdrgrages theidvalvler mivsouiitaisdet icha
sel ects row reset ‘lines -RS3 and RS4, and a row
regdfegtponidd.neAREBrdMg Y, tiHe sdwdly & Peirdedi L sselsdion
repeats the above-described processjing operation
COGREI 15 oW 15ds #2955 ReSURSAF 12N d- RSP AitE & Fows not
selection line, RDm1 are sekfcte the driver circuit

®P8Ecton 18 nht 68"t e 1F Peti od. f603apnen wheze 18

risk that it is impcssible 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 results of odd
rows/even rows are read Iin respective F periods at drivé
timing such as that in the example of drive control shown in
Fig. 4. VIﬂ other words, a vertical freguency is not changed,
and a horizontal freguency is dscreased, thereby ensuring a
necessary reading timeL
(06321 -

In other words, in the example of drive control shown
in_Fig. 4, reading of the image-pickup results of the even

rews is performed in an F periocd, and reading of the image-



In the next 2F period, first, the driver circuit
section applies the driving signal RD1L to the row
selection |ine RDl, 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, inage-pickup results obtained
inthe iF period are maintained as voltages in the
capacitors 6. Thus, when-tRké reading TFTs 9 are in
the on-state, the reading TFTs 9 read the voltages
that are maintained in the capacitors 6 to the sensor

pl%kgﬁabe£¢lrte§o§1 4@ ERo¥haet b AR JAY IRy tTET8 48, rows is
which formthe sQurce follower circuits. After the
per@orfel etd it10R: e RDperscael eet eddithéenTHIsSre, suppose
connected to the pre-charge line FOG are set to be in
than - Ohe shathesr wherfebywthéssensorersirgméder].i nes 8 - to
Sn are pre-charged at the reference potential. After
depRsinbbye-ideF@cicbas $P6E6¥8ing operation, the driver
ci.rcuit section applies the driving S|gnal RD3 to the
(006w sel ection Iine RD3, thereby sel ecting the row

sel égéo |.iine RD3. ach fﬁter the dr yer cir .
secti Or FOPCHEr ?5pe5?s azel M9 ar ‘coht Fol ™~ pYoce’y fd}

dr&'{}@vogﬂﬁev’&s ksl G %ﬁh@gtﬁxé he 1.0 il r?f g%&gnrab‘ﬁ Nersz,

driver circuit section he™ 2F

anBERDOO: , [{0038w reset!l NihBe REXt-3F feri egdd the row
driver circuit section selects the row reset |ines

seRSttand RS rand thepeewivede) eid@ny isreeR2ngadie row
sets the reset TFTs 7 and the reading TFTs 9 that are
regehnetted 30 t=hel R@@;re&et*heneewF%ﬁ | egrid: oRS2 inanBli hand
row selection line RD2 to be in on-states. Thus, the
Setaphei tor sredodiést €dare the adiig Fshé fthgétare
TFTs 7 connected to the row reset |ines RS% %n RS2
cogp@ctea to the row reset lines RS1 and RS2 nd the row
selection line RB1l tco be in on-states. Wnen the reset TFTs
7 are in the on-state, in the capacitors 6, stored electric
charge 1s discharged, and the potentials between both
electrodes are commonly set to GND. Additionally, when the
reading TFIs 9 are in the on-state, outputs {stored electric
charge) at a peint in time at which the capacitors § are
reset are line~sequentially read to the sensor signal lines
51 to 5n. However, in this case, the row selection line RDZ
is not selected. Thus, outputs of the rows connected to the
row selection line RDI are read. After that, the driving
circuit section pre~charges the sensor signal lines S1 o 3n

at the reference potential at a time at which the driving

circuit section applies the driving signal PCG to the pre-



- reset. Furthernore, outputs (stored electric
charge) at a point in tinme at which the capacitors 6
are reset are line-sequentially read to the sensor
signal lines Si to Sn by the reading TFTs 9 connect ed
to the row selection line R0O2. After that, the
driving circuit seCtion pre-charges the sensor signa
lines Si to Sn at the reference potential at a tine
at which the driving circui2z section applies the
driving signal FOGto the pre-charge |ine PCG As
descri bed above, in the 3F period, outputs of the
1 bkt h se e Eped wi
ok T e G ote G Vieh Te oAt o em e
cithe:easecofion he 1 btperbQdraThen S kIN e rease-04 a
the 3F period, as in the case of the 1F Period, after
rowheetletvesn diireUiRD3sech foar rigpeatrs viehecaboyves sectZdnr
descri bed processing operation until the row reset
repepes Rom abard RSmriged prhecerow. selastiadn ohi petRDnrow
are selected, the. driver circuit section termnates
- refRe 3R RYH L POOREEM, and) @ Fhe fRbAcHUPNpdipgdRim-l

firs;, %gg qﬁivev“circuLt section quLies_the eryin?
2TS| GhaF RER t'0'%t ME oW SeFEEton°F T RISFPREFELye 1F
pe§§ggcting the row selection line RD2 and setting the
reading TFTs 9 connected to the row selection line
oBBdto be in an oinstate. In this case, image-pickup
* " results obtained in the 3F period are maintained as
vol 1:a0es ifkxthercgpachypr i bst Thuss owhesrt herkgadi ng
TFTs 9 are in the on-state, the- reading TFTs 9 read
sethéonobpaygess titat darieimgi stghaedrRbh tdhezapasi telscbion
to the sensor signal lines Si to Sn via the
LiaapRPiyi Pl TFETS s@lewtiich tbenrthessuatderf dlinewBpl and
- circuits. After the row selection line RD2 is - _
SeSEEBEt elle FHEIMETS Fd6nHe6PBESEBSR NP prie: vl g&éLEFRECH
.PCG.are_set to be in an_on-stat wher eby the sensor
1P GRA TEnts & Fo o8t Sarecpr oL biHrged-aE, « HESIS Preku
reb@leLenge, patent] b, AL 8L the above: deSGHDeds o1tages
processing operation, the dfrver cCifcuit section
inaPRLI 88p - rd W Ny stgnal {4, 0.2 1 QW:sgl eetkoa Lide
RO4, thereby selecting the row selection | ne RM.
thAf bersthee drineerreichedi trrgechi odad ufddarcirepeat snar are
simlar control process for the even rows until it
ragplhettsdthre tewcsekedtticos bi he Rbmsddmdrsiiverl 1ines 81
circuit section term nates the 4F peri od. )
to Sn wia the amplifyving TEFTs 8, which form the source

follower circuits. Aftér the row selection line RD1 is
selected, the TFTs connected to therpre—charge liné PCG are
set to be in an on-state, whereby the sensor signal lines Sl
to 8n are pre-charged at the reference potential. After the
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.



- 25 - [0037] As described above, in the exanple
of drive control shown in Fig. 4, since the

i mage- pi ckup results of the odd rows/even rows are
alternately read in the respective F periods, a
reading time for one horizontal |ine becones

1F/ (n/2). Thus, the vertical frequency is not

changed, and the horizontal frequency is decreased,
so that the necessary readi2dg-ti ne can be
sufficiently ensured. Specifically, for exanple a
time can be ensured, which is twice the reading ti M

nfkQh 0RR HOTHZONAl dikneekn: bherexam) & ofe gl Ko iy lar
control described with ref.erence to Fig. 3. [0038]

cohrbheprpEess i o ahebedeonswdenedit hat L{iefatsi QRe row
control is perfornmed for the inmage-pickup el enent
se@@ptﬁonslﬁn@IRMWHMetmbnﬁmgvsuch;asui&mﬂedndomhaerminates
~exanpl e of drive control shown- in Fig. 5. In the
thexghpberafddri ve control that is illustrated as an
' exanple both readi ng of image-pickup results of
[%06wd, and resetting of rOA that are each disposed

one._I oy r|or Q,the corrgigqg_ J_rom1ar g or med

in dOhe" PGO39T” pecifically,” a8~ shdwn
B IR L oo L
schiRereBy, seLtim®p ! hed eadikngndFiss&: oomnect edhdt e
reading TFTs 9 that are connected to the row reset lines RSI
and RSZ, and the row selection line RDZ to be -in on-states.
Thus, the capacitors § ccernected to the drains of the feset
TETs 7'conﬁected to the row reset lines RS1 and RS2 are
resef. Furthermore, outpuis (stored electric cfarge; at a
poeint in time at which the capacitors & are reset are line-
seguentially read to the sensor signal lines SI to Sn by the
reading TFTs 9 connected to the row selec ion line RD2.
After that, the driving circult section pre-charges the
senscr signal lines S1 to Sn at the reference poteﬁtial at a
timre at which the driving circult section applies the
driving signal PCG tc the pre-charge line PCG. As describsd
above, in the 3F period, outputs of the even rows in the
case of reset are ébtained via the sensor signal lines S1 to
Sni, which 1s different from the case of the 1¥ periocd. Then,
alsco in the case of the 3F period, as in thercase of the 1¥

period, after the driver circuit section repeats the above-



- 26 - circuit section |line-sequentially reads
i mage-pi ckup 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 Si-to Sn at the reference -

potential at a tinme at which the driving circuit
section applies the driving signal PCGto the
pre-charge |line PCG Then, 2df ter the pre-charging,
the driver circuit section selects the row sel ection
line RD2 and the row reset line R21, and sets the
aes@88bedFISode 81thd NG J84LAGUIETS Shd haly 8L8et 1ines
connected to the Tow selection Iine RD2 and the row
rR3mesetnki REmR54And acrke oy epistaies. 1 Mherinhekeselected,
TFTs 7 connected to the reset line RSL are in the
thendstate, cinctire wapdent oesmbnastoret elfegriodchar ge
i s discharged, and the potentials between both
[0€Bédtrodes are comonly set to GND. In contrast,
because the reading TFTs 9 connected to the row

sel €¢t Floh 194e ‘RDPE4aF89set 1130 bttt d&ﬁ"@ﬁ StEFRi Gt

e age. BPRKUD r BLulTE ar YL | 'ﬁigfor%w R
1:gheagow seLegli o, JJ:1a 0P ot 080, 48, L 1580596 ana
I nes (0]

fter riving

sew 6yl tnsestiompre-char %%né!ﬂ%e§e£‘§ otfnes'rgﬂialselllee%$on
61 to Sn at the reference potential. After the

lLipeerohargi pg, it hen diri-s@mtei.r CIi trisiectd=er, sekhegtspidiaup
row selection line RD3 and the row reset |ine RS2.

réﬁhétdrbbEainédcﬂiHﬁ&e@ﬁiQardepears tdintained as voltages
above-deseri bed processing operation until the row

ingéhectRBACLT pEs F\%m Zhds, - wgn -thehaae@hnoe§ETs| Pnere in
RSm 1 are sel ected. Then, flnaIIy, the driver circuit’

thee 662581 B2 %?ﬁd;}”tghé’”ﬁéw Feeet the n‘@lﬁﬁﬂesaﬁaat are
§ets t.he cap acitors.6 th%ttgrg di s osed i.n

e B AR ARERd T o T Re T TR38L Tl FRet Fomt AT Cer® TR Lar 1 08p o
tolEhCYLE_cRECLAON: 4 Jﬁ%gch%ﬁge% Uhe: sensor,, skanal Lipe

S

n, the driver circuit section term nates a 1F
£oP8bik@e. circuits. After the row selection line RDZ is
selected, the TFTs connected to the pre-charge line PCG are
set to be in an on-state, whereby the senscr signal iines Si
to Sn are pre-charged at the reference potential. After the
above-described processing operation, the driver circuit
section applies a driving signal RD4 to a row selecticn line
Rp4, thereby selecting the row selection line RD4., After
the ariver circuit section further repeats a simiiax.control
process for the even rows untill it selects the row selection
line RDm, the driver circuit section terminatres the AF

period.



[ 0040] As descri bed above, in the exanple of
drive control shown in Fig. 5, because a row
selection line RDk and a row reset |line RSk-1 are
driven at the sane tine for any row k (where k = 2 to
m 1), the sanme wire can be used. In other words,
since reading of rows and resetting of rows that are
each di sposed one row prior to the correspondi ng row
are perfornmed in the sane E5period, signals for the
readi ng and the resetting can be provided as conmmon
signals using the sane wires. Thus, if the sanme wres
[odstng conmon signals are used, because the nunber of
“wires that exist in the inmage-display-region -section
1 can e dreducedpotbe apetiairgamatiicoocaf dkbee controel
- 1 mage-di spl ay-regi on section | can be inproved.
shpe04d} Fig. 4SpedinCiecahtyimagethieloxamplseiss dfi vee odd
control shown in Fig. 5-, although connDnaIit¥‘of
rodpi Veiy BIghalre cdncbeately i RAE it Ghe iP5ESSIEBIe fo

obtain outputs in the_case of a reset Oﬁgratkon The’
PeduPPEt 57 i TPAHe casBof °h PRI ettt o Efe eSS

seful -in.that offsets. of, qutput voltages. .28 -, :
lE?aﬁég%’bthﬁé §gﬁrg%r?%ﬂﬁ%mﬁﬁéﬁéﬁﬁg i £5 §§e %%%%%ﬁ?%xfna

th@ngo£525$%glFE?AH%En?%gQ%Sdggfé§§éﬂ¢”§&uﬂﬂ%Qstﬁ@ necessary

characteristits o FTs are greatly reduced, as
red@36&1 PO USINGd herexanphe: pf el M8 COBBEBL £ ShOWY | NEor

Fig. 3. In other words, in order to cancel the
ex@fipset sa of irgutqait beokhagesd cawtsch bys tthel souheereading

follower circuits, it is necessary that the offsets

tibe fenowesd husiimprtthke difiteiencles detmmlen dimdigevpi ckuprol
- ‘results and i mage-pi ckup results obtained in a dark
depgapped . wlth ¢ iprgpa€e tPnt Wht ch+ t he anount of 1i ght

i 8_zero. -Thus, it can be considered that operation
[C8GAtrol is performed forthe inmage-pickup el enent

porti %Selfmogtrei, gfiitvgaﬁir%"'? ncg%r%yﬂgzae%ﬁttgg&(;oge be; o

exanpl e O e con own I n : er epy t he
cﬁ%EFBEt§ﬁ'§b§éﬁ%ﬁ%§§%0§ftﬁergﬁgéeoﬁ§£§ﬁﬁ‘%Eéﬁ@hib%ortions 4

al ned.
at drive timing such as that in the example of drive control
shown 'in Fig. 5. In the example éf drive control that is
illustrated as an example, both reading of image—pickup
results of rows, and resetting of rows that are each
disposed one row prior tc the corresponding row are
performed in cone F period.
[0039]

Specifically, as shown in Fig. 5, the driver circuit
section applies the driving signal RD1 to the row selecticn
line RDI, théreby setting the reading TFTs 9 connected toc

the row selecticn line RD1 to be in an on-state. The driver



[ 0042] Specifically, as shown in Fig. 6, the

driver circuit section applies the driving signhal RD

to the row selection Iine RDL, thereby setting the

reading TFTs 9 connected to the row selection line

RDI to be in an on-state. The driver circuit section

i ne-sequentially reads inmge-pickup results obtained

in the previous F period to the sensor signal |ines

31 to Sn. After that, the dfiver circuit section

selects the rowreset line RS1 in a period in which

the row selection Iine RDL is selected. By selecting
cit-hei £ oy Fieset ﬂﬂd@358§ben@ﬂﬁpy§5réﬂﬁ§lﬂ&a@@sgiaﬁuﬁ results

reset operation are line- - 29 - sequentially read
chtaihbe Senser siegnalisl FnesrShd tie Sthe SenGohesignaldsiines

by perform ng the above-described drive control, the
51i ragen pi eKaprr ebatt stiobtdi vt icd rche tppevi beis Hre~
_period and the outputs in the case of a reset
chgpetat toh THIF Be BRailned " eh A readithg pérrodsf 8f e

horizontal line. In this case, when the differences
PoBgreeh T he | Tae i RGP 0801 s GtP (116 BAtpaEs A"

of ..a..r : ration.a ai th
ap%%?%%?ag fé@??lla%éggggy@%ﬁe°%gﬁ%%gg%%fﬁgg'F Tgne Fee.
Theh! CHEL S Calk he-Jeqnved, f oy exarple, dycutikl k2bpgea
CDS (correlated doubi é sanpling) circuit that is
segenes athy mseddiedibyelan&Gb? -Md ahd hak, rkbet line
driver circuit section pre-charges the sensor signa
R3lii, nesd 5d=10-Sre atestche TFEE el eace Pot erddcdingallFast B nehat
at which the driving circuit section applies the
ardr Ponhgcsg izt HEGHOY theéspriorhbiere AihenACGheThew,
after the pre-charging, the driver circuit section
reggfetiset rew el Ec CRoA TR AR RIP'SEndP&et et hel FLs 7

readi ng TFTs 9 connecte o_the,row selection line, ,
CORPBCE BT LR (TPt SO LA, HheRY | Vor TS FEUTT "S8et Fonche

ca QE&ES sr§PQ§g & %i EE?ECCQ gf é L QE; a %Bl EH& the
FOM/sefectﬁonC%ine &%h\ls seFec?edf ?%’4 el As
cdeactibedahaus, ddint Recexanpbe ofe drd@ oLl o anp.
o : . ] 7 .
shown in Fig. 6, both reading of the inage-pickup
inr estttssanddeseld ing acadpasformeds idodhetsaneockbekrow
cycle in one F period, and the differences between
sefihetiomgeip: Gk aresyletss tandet he autputs-adte thetbaseame
of a reset operation can be ] .
time at which this operation is performed, imags-pickup
results of the row that 1s connected to the row selection
line RD2 are read to the sensor signal linss S1 to Sn.
After that, the driving circult section pre-charges the
sensor signal lines 31 to Sn at the reference potential.
After the pre-charging, the driver circuit section selects
the Eow selection line RD3 and the row reset line RS2. The

driver circuilt section repeats the akove-described

processing operaticn until the row selection line RDm and



- 30 - obtained. Accordingly, even when the nunber of

wires that exist in the inmage-display-region section

1 is reduced in order to inprove the aperture ratio

of the imge-displayregion section 1, the offsets of

out put vol tages caused by the source foll ower

circuits can be cancelled, and the . - output errors

due to variations in characteristics of the TFTs Can

be greatly reduced. [004-4p7 - According to the

I mage- pi ckup el enent portions 4 in.the

above-described first enbodi nent, even in the case of

an n ot e e f i co I in.
B R e i S
drioblhovercu ol GUitisn Aecortl nghyy when«wl eekekcl chargs,

(i mage- pi ckup-results) stored in the capacitors 6 are
ariieadssanaliag uput oeancbehperdor redsdoe adt ihi zhagrddhe

source follower circuits. Thus, for exanple, even
conhent¢heta edpectowecekenbhts Bo 9itensthe utiiet he

‘i mage- pi ckup el enent portions 4 are fornmed on the
cigeust sedstyatkegwicrgser t8ShecBaST | 19w gtdised Sk e Sps
the display function, anal og, output can be.realized
thg vt he e tof SGERETof ENERS | Hage Weeerea-hi ch
ki general image-pickup el enents, whereby the speed
_o? ?nage-pickup processi ng can be increased and the

nurdaer,; .Qf at,i of , the. IJBeenRI ckuR k §sULLS: AN

bem?%é¥§§§é§§g[%%gg ’Addi??%nally}ghgﬁo?dﬁﬁg %%§Fﬁg
shbWBOen PFeKUR el®ilse a row selection line RDk and a row

reset line RSk-1 are driven at the same time for any row k
(where k¥ = 2 to m-1), the same wizre can-be'used. In other
words, since reading of rows and resetiing of rdws that are
aach disposéd one row prior to the corresponding row are
performed in the same F perioed, signals for the reading and
the resetting can be provided as common signals using the
same wires. Thus, 1f the same wires using commen signals’
are used, because the number of wires that exist in the
image—dis?léy—region'section 1 can be reduced, the aperture
‘ratic of the image-display-region section 1 can be improved.
0C413

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

operation are very useful in that offsets of output voltages



- 31 - portions 4 in the first enbodi ment, since the
sensor TFTs 5 are used as photoel ectric conversion
el enents, the sensor TFTs 5 can be manufactured using
a typical' TFT manufacturing nethod, i.e., using a
portion of a general Manufacturing process of
l'iquid-crystal display elenents. Furthernore, an
exactly simlar thing can be also applied to the
reset TFTs 7, which functi @6 as reset neans. Thus,
according to the inmage-pickup elenment portions 4 in
the first enbodi nent, the respective constituent.
caﬁ%@geﬂivstk@%o@%d@rf%ﬁﬁgkgf eglf&l&gs 2N ecess1ibeg, same in
as th of typical TFTs. For exanple, the

thik BBger Ph€ ki ple Mot cpoLhi 0fSi dh-have dhiearespestive of
-constituent elenents that can be easily disposed in

thehBFPs xete wrdas 13 akdubed) | gidboryisteal udiiapl alye example
apparatus. In other words, the inmage-pickup el ement

ofpBrivensond: myle shemy, iguFiabl % fér PEAEFZaeTen of order
integration with the display function. [0046

to| faBged t ¥ Ofa?@@&rsdpﬁg%l PYhe'q g picekiapde benti
t 4 t nbodi th
soBret PO CIURERES 55 10§ I THEGY) ared. Gha oTfsecs
di t, t |
B s e e

re8% AP £,4 NGty pwo@cuboeggup@@%bééﬂi%td QR Qr garBCARRES
- function can be realized, but also nultipoint

i.6€cOogni & i ghaddatn was. oh fefrieC ukibuhe be 1eght zeg tdro. -Thus,

touch panels in the prior -art can be realized. - 32
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 contrcel shown in Fig. €,
whereby the outputs in the case of a reset operation can be
cbtained,
{00421

Specifically, as shown in Fig. b, the dfiver circuit

section applies thé driving éignal RGL fto the row selection
line RD1, thereby setting the reading TFTs 9 connected to
the row selection iine RDL to be in an on-state. The driver
circuit section line-sequentially reads image-pickup results
cbhtained in the previous F period to the sensor signal lines
381 to S8Sn. After that, the driver circuit =zection salects
the row reset line RSLl in a period in which the row
gselecticn line RD1 is selected. By selecting the row resetbt

line R31, cutputs in the case of a reset operation are line-



There is a probability that the image-pi ckup el enent
portions 4 will serve as key devices of a new user
interface that does not exist in the prior art.
Furthernore, it can be considered that the
I mage- pi ckup el enent portions 4 are utilized as
di mrer sensors for the backlight in the display
el enent portions 3 by using the characteristics of
the anal og output. [0047]- [2Second Enbodi nent ]
Next, a second enbodi nent of the present invention
wi |l be described. However, herein, only the
scljfherence hetveen dthe secand.epbodinents and the, 1,
above-destribed first embodi ment is described. [0048]
© othert herbikr sky epbedbremig dihe aeset-dZEErTbés PrOVE deshirol,
~as reset neans. Accordingly, when. the inmage-pickup
thel enepb-poetimnebilsdickpesdeddi in edeh fetihms ¥ period
respective pixel units 2, which are disposed in the
anfaftnex cubpdlet ridaserd wasse odper mwe» refs e tgfont lyen be
di spl ay el enent _portion 3 only 8 portion
°§§%JP€§péﬂd?rﬁF%Q}QQN?ﬁm%9ﬁ é@é P%%e@oﬁ#fPﬁﬁﬁ%a}lﬁécurI“

t t |th th t | t f. th
<nib B89 Alen Tyt TR RCHE Bet et gﬁé"?&gﬁ%ﬁ@%m

ré@@%%stg §qS Qﬁltfﬁf?ﬂk? %ﬁgagétﬁ% e%& %t on are

conversi on e’se

or@faihbe, mape &@dé@g%ﬂ%@_@p&gegéat@yt@@m%e F%Q'ower
sensor TFT 5 can operate as a nornmal transistor.

cikhiuS tsi BaAnbd NBgRPICK U rekeERAL e POsE i1011 14 Aiat ai SDBO
be descri bed as en-exanple in the enbodi nent, the 7
qya&elebbﬁa@@umﬁetd&mgmmmgdrcIFEUBt Bhwmam@eﬁnmthﬁﬂgbysed
properly using a photoelectric conversion function

tcadiger esefDf uActieantbete h’éq%éirsﬂdfe’TWISfUit section pre-

_Accordingly,
charges th& sénsor signal lines Sl to 5n at the reference

potential at a time at which the driving circuit section
applies the driving signal PCG to the pieucharge line PCG.
Then, after the pre—chaiging, the driver circuit section
selects the row selection line RDZ and sets the reading TFTs
"¢ connected to the row selection line RD2 to be in an on-
state. The driver circuit section further repeats a similar
control process until the row selecticn iine RDm is selected.
[00£3] —

B As described above, in thé example of drive control
shown in Fig. 6, both reading of the image-pickup results
and rééetting are performed in the same clock cycle in one F
period, and the differences between the image-pickup results

and the outputs in the case cof a res=et operation can be



integration of the reset function for the capacitor 6
is - realized without the reset TFT 7. [0049] '
Fig. 7 is a circuit diagramshowi ng an exanple of a
-configuration of the main portion of an-inage-pickup
devi ce according to the second enbodi nent of the
present invention. Although the inage-pickup el enent
portion 4, which is illustrated as an exanpl e,

i ncludes the sensor TFT 5; 3tthe capacitor 6, the
anplifying TFT 8, and the reading TFT 9, which are
formed on a p-Si substrate, as in the case of the

odftalisbaemedidrentqi thectesefndfFEnt insmpet £0rfedss that
which is different” .fromthe case of the first

exgérRodhnent . ihR36Q)k splay-Theibhasest ¥cn Bi 8% ix®duced in
connected to the gate el ectrode of the sensor TFT 5,

orged thelppwers stur egelitnesVDBEis comiectiodgeodtihplay-
drain el ectrode of the sensor TFT 5. In addition, ]

regien gevbieage Valuetithatsi sTapptred “Alaaase bpaged by
wre Bias_is |ower than a predeterm ned thresgpL%,

thEn§OSEAE of OFFM S FURET s Ca8 B° phtt Tel-écrr fed The

onver si on qégnent. in QEQ%E x;%garmhe%

<“%F@&eF5Fﬁ%%edﬂiHfégﬁgﬁgLis Se a?ﬁf-ﬂg%%cs of the
TETs can be greatly reduced.
[0044]
According to the image-pickup element portions 4 in the

cabove-described first embodiment, even in the case cf any
one ¢f the examples of driven control shown in Figs. 3 to 6,
the ampliifying TFTs 8 form the scurce follower circuits.
Bccordingly, when electric charge (image-pickup results)
stored in the capacitors 6 are read, analog output.can be
performed by utilizing the source followser clrcuits. Thus,
ifor example, even when the respective elements 5 to 9
constituting the image-pickup element portions 4 are férmed
on the p-35i substrate in order to be easily integrated with
the display function, analog output can be realized as 1in
the case of CCDs or CMOS imagé 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.
[0045]

Additionally, according to the image-pickup element



as to cause the sensitivity and S/N of the sensor to
be optim zed and a voltage | ower than the threshold
voltage is applied to the bias wire Bias, the sensor
TFT 5 functions as a photoel ectric conversion
el enment. In contrast, when the applied voltage val ue
is equal to or higher than the threshold, the sensor
TFT 5 functions as a switching TFT, and di scharges
el ectric charge in the cap&di tor 6 so that the
capacitor 6 is reset ta enter an initialization
state. In other wordS, when the voltage that is equa
potr@l@flshll gherchan ;khefhreshohd, i s appldied kasbherrrs s
bias wire Bias and a voltage of the power-source |ine
ar¥DRsk8 setpHordravecirhe gopuads {&ND1peent i ahe sensor
t he-sensor TFT 5 functions.as a reset TFT. As
Triesor chedabove fagsurrdt heivase Ofpideed TFT manufacturing
. above- nment i oned conflguratlon in the enbodi nent, -even
meftRod, chse- i rksifiicch PRetifagelpd c%rgﬁ@leﬁ@ﬁwfaér—tliféﬁm
does not include the reset TFT.7, when the voltages
PrPﬁﬁFSaPE %ﬁﬁPﬁ%&mﬁétFHedeB§aﬁﬁ?%e¥ﬁ¥£$ -anfuf hgermore, an
r-sour ne are changed a cordan tn
BT BT i P ehaotehBor SEroe Hib ot ad ger F
p d.G._canv n Nt .
7, ggg%? eGhLd “on QRVeLsLon, SESHE hngfs a(:%?&lgg to the

1 Sther wor In i'mage- pl Cc
;ﬂ%lg@ngmzkl%rélé%{érﬁ @%@@&@lh@gat onthege S@G@w &ﬁ%@@mgﬁeg s the
- the reset function that the sensor TFT 5 has, and a
rekpaeti o8 efnswthehingithengat eanobé aquﬂ'aa:ttmrsdt asheg =
applied to the sensor TFT 5 realize a function of the
prreset heansarforsdicdelardi hgrstor etfed ectrircexghpige the
in the capacitor 6. In other words, for the sensor
inFpE-Bi¢haw ﬂm@tﬂboﬁ@“ééoﬁqpﬁoféﬁﬁe@ﬁ | B GERETS on
el enent when the gate voltage is | ower, than the

‘COPRIFESHBT W, & tHE T PR GESpi EE’&p &l %‘_ﬁﬁﬂlty pOrtH T s The
f d tr h n_th
L5901 LAuEed, o0 a5, (9 dlseharge, ol egl L, ehgtge L.t her,

PiEgpacitor Yy SW gat e“vor

~$ERS T (I a t t, Lebe.,
R Beactpte ekl ape ey ooy

sulNeXbieProLessd NG 0peHaALIFORS tERrat Ea96yith WMHeCRIitheay
i mage- pi ckup el enent portions 4 configured as
fudesdcobrbed above are driven are described. Figs. 8 to
10 are timng charts show ng exanples of drive
[6édntrol performed for the image- pi ckup el ement
portlons 4. [0053] For exanple, in the exanple
of d@|%Qﬂ%ﬁﬁ@@%oﬁc§ﬁéﬁhnﬁnt@|@he8ﬁm%ﬁﬁﬂpﬂ§§ﬁpo@i?§e”t
defined as a .reset perlod agd the next Féperl i S
POgEfPREd? as” a e §APRG - PEF0d “ P ThEE RO e 1 Bus A& tuent

e 1ERBAE 269 ey aaq% 41,00, 1.0 EhSn&eée%%c%lé

argi hg of ectri'c charge e capaC|tors 6 is
cop%fsgeﬁagpc@n%he%%nge%e%tt%@dpﬁk@ﬁ Fh G £NAr g8 iR are
ages across) the capacitors 6 ime diatel’y after
dl%ﬁas@tisgﬂair% ng:tof xel echiib L chargesdias beer parfosneguch
is perforned. Additionally, in the readlng peri od,
paneadingcofostar ed sekectri cuchaige ¢a:tie oapacietdor $ub
in a state in which discharging of electric charge is
alget mpétimn‘e‘rd jesogadfacmedhakbnwehi 81 Hbhdiert Achée

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



-- 36 - amounts of electric charge that are converted
by the sensor TFTs 5 can be determ ned fromthe
di fferences 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 Biasi of the first row
di sposed in the matrix, thereby setting the sensor
TFTs 5 connected to the bid8 Fine Blasi_ to be in an
on-state. Then, the driver circuit section applies a
driving signal VDDl to a power-source |ine VDDl when
ThEPE $ENSOL-IHS 5 G enkp LHe ORasial®iAceaedingly,
el ectric charge that exists in the capacitors 6 is
podt S6RAr gegi Vi asdihe sengey dEFscds conneciedukert beterface
bias line Biasl, and the potentials between both
thet edbesdest ofxidie imapaei poisrbaar e Commbabyoset itto can
G\D. After that, the driver circuit section sets a
bevgbragecnppl ileat ttdet hnapeagi ¢tkee Blasint ponavena f owe
| evel, thereby setting the sensor TETs 5 connected to
utihézpiads | FHEE S$T5CE5he°T ntBn o Fost%hte ~THEPE, dtHe-3Y
voltage applied to the bias |ine Bias' has _a yoltage
18P hE SREPERAT s MPRAR EhE CRPECHard O ene sbhear
. en, the driver circuit section sets a
an%g;?ag%t%%plied to the power-source line VDDl to have
rg@4high | evel when the sensor TFTs 5 are in the
of f-state. Accordingly, the sensor TFTs 5 connected
to the-diasrdoeBhasi _ function as photoel ectric
conversion elements, and the - 37 -
Next, a second embodiment of the present invention will

be described. However, herein, only the difference betweenr
the second embodiment and the above-described first
embodiment is described.
(00483

In the first embodiment, the reget TFT 7 ls provided as
reset means. Accordingly, when the image-pickup element
portion 4 is disposed in sach of the respective pixel units
Z, which are disposed in the matrix, a decrease in the
aperture ratio of the display element portion 3 only by a
portion corresponding o the provided reset TFT 7 may occur.
In contrast, although the gate voltage cof the sensor TFT 5
is set to be equal to or lower than a threshold when the
sensor TFT 5 is usednas a photoel@ctrichOﬂversion element,
it is known that, if the setting of the gate voltage is

appropriately changed, the sensor TFT 5 can operate as a



capacitors 6 is charged with electric charge in
accordance with light with which the sensor 'TFTs 5
are -irradi ated. After that, the driver circuit
section selects a bias line Bias2 and a power-source
line VDD2, and further perforns a control process
that is simlar to that perforned for the first row
Then, the driver circuit section repeats the
above-descri bed series of pBocesses until it selects
a bias Iine Biasmand a power-source |ine VDDm of the
mth row, which is the |last row disposed in the
noMBLT 1 Xra @G dar M pates the 15 peld 0d gfbet) ement portion
performance of the series of processes Is finished
4 tREtthe o tde rWMerkBathes | & pefd:Rdh e tike tSeNSAbo8i A,
lines Si to Sn are al ways pre-charged at the ,
theefietenecelpojentii aheuskngot NEFTrS vinglsingeal PO& it
is applied to the pre-charge |ine PCG [0055] . In
prepartastsing a 2Rtpeicotrihatonsszsrwndivngtperi sud a
first, the driver circuit section applies the driving
TeSPnAf C RO (Y tHE F6RSSEl BT i on PCRETRBESLY her eby

._selecting the row - selectjon |ine RDL and setting.
nf ST L e TS TS S OnARRr bR of The Fouk S28CaEPF o o
[ 1. .t e .l - te. In this case,
re%%gg%giﬁ%k§ﬁgﬁégﬁi?%S%Etgﬁﬁeg'in the 1F period are
(ofRbntai ned as voltages in the capacitors 6. Thus,
when the reading TFTs 9 are in the on-state, the
readiqg 7THES a9 cheadit he: ¥oldragesuihat aar exmRbNé abned
in the capacitors 6 to the sensor signale Si via the
- coalipyufyt hgn THTH, mshinchofoiom of 38 -iddre-pdukop device
follower circuits. After the row selection |ine RDl
acpgrdehectediha e cTRTs cobnabeted ¢ thie Peseshafigeention.
. _.line PCG are set to be in an on-state, whereby the
AlERAdr SRYndladghe CEHUPi §- RN NRPHetPatd t HELF8f éfence
..potential. After the above-descrjbed processing .
{1EREF AT Ion, > Y GPIURE ST PEGTeORect oGPPI a2t e T0°
- LVI Si 10 :t.herrow; sel ect.i i_ne .
<PREVLES SoPOR B b e e e o
whilEh VEFe CEEAMd Gt iaRif ynt beraper f o8 N, areontkel of the
process that is simlar to that perfornmed for the
fibkt sémbOMmASL | ncHeheceaserpt thes|lfopeldotkd,t Rich is
driver circuit section repeats the control process
digheidnit seh etts dadwe cdwthgef et T oambbadiensRDmM of
themth row, which is the last row, and term nates
[CPRB] 2F period after performance of the control

process-is finished for the mth row [0056] .
The bias wire Bias 1s connected to the gate electrode

of the sensor TFT 5, and the power-source line VDD is
connected to the drain electrode of the sensor TFT 5. In
addition, when a voltage value that 1s applied via the bias

wire Bias is lower than a predefermined threshoid, the

sensor TEFT 5 functions as a photoelectric conversion element.

In other words, when the predetermined threshold is set =0



As descri bed above, in the exanple of drive contro
shown in Fig. 8, all of the sensor signal lines are
mai nt ai ned at the reference potential in an odd F
period, and inage-pickup results obtained in the 1F
period are line-sequentially read to the sensor

signal lines in an even F period. [0057]

Additionally, for exanple, in the exanple of drive
control shown in Fig. 9, -aB$4o-when out put signals are
read using the source follower circuits, in order to
ensure a - 39 - necessary reading time in such a

as”@BngénéQa\fh@ erdiicGak - fr equengy dss +mat sehapged, @nd
hat a horizontal frequency is decreased,. reading of

'opltﬂﬂgge@lzﬁlzkﬂlih restals Qfawéhet'&velt}feo\m&rle%hbe&f 06 Dehid Nis
an F period, and reading of imge-pickup results of

apbhéedt or agee dapaciwtiorsBoés t herodtmows TFS peffocnents as
in the next F period. [0058] . More speC|f|caIIy

a REOSHOWPCY ML FiIPNVErsilAna® 1FYEr 4 odD Fﬁ@ #Fpiyerwhen the
circuit section applies the drivin nal s Bi asl,

appildgd VRARGS EideVDeR SfBt hed kﬁ%@% s tBREsfPe and

‘ th | VDDL and, V] .
B P RO S 058, VD, a0 DR,

an&oﬁﬂs&a@géﬂ él@%%l@s J:z%%%s "a'@ %Q‘J @'o"ilsg S@n‘dﬁat
power=source Tines nd VD2 to be in an

'th@nc§ﬁ§&§tagh?JQQW@%%%OHBC§n£éﬁQ§1V@Q&l@ﬂﬂZ&E@@nh§M@xﬁ
In otherrwords, wher the voltage that 1s egual to or highez
thanrthé 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 sensor TFT 5 functions as a
reset TFT. As described above, as in the case of the above-
mentioned configuration in the embodiment, even in a case in
which the image-pickup element porticn 4 does not include
‘the resst TFT 7f 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 sensor TFT 5 functions
a3 a photoelectric conversion element or a reset TFT.
(00511

In other words, in the image-pickup element portion 4
according to the second embodiment, the reset function that
the senser TEFT 5 has, and a fanction of switchiﬁg the gate
voltage that is to be applied to the ssnsor TFT 5 realize a

function of the reset means for discharging stored electric



| ow | evel 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, and
the potential s between both el ectrodes of the
capacitors 6 are comonly set to G\ND. Furthernore,
the reading TFTs 9-are set to be in an on-state,

wher eby outputs (stored electric charge) at a point
in time at which the capacidBors 6 are reset are

i ne-sequentially read to the sensor signal l|lines S
to Sn. However, in this case, the row selection |ine

cna § '§nn§& e 28 %%tla%r sThus, o%%te&lutﬂérag theg, rows fensor

nect to the row sel ection Iine RDL are rea

‘I’]:")?Gc tefndhatundhedr iz BOphot 991 sciCh i€ Wdn &8¢t bANelement
~ pre-charges the sensor signal lines S1 to Sn at the
wheef enenge: potantaoal iat lawet nehat e ahriceodt) ving

circuit section appli-es the driving signal PCGto the
impge-phakge 4liareRPCGorThen, 4 afs erorthiaiynest charegi hy,

the driver circuit section selects power-supply Iine
Ql\?BDSr%%oej\ﬁBMl%rﬁ?@atrﬁ@ FBV\F%%I%%R%%CH rfe PRDS W AF P9

he_driver circui section repe ts the e
03p80 62 dESHrBRd t&€e§§PﬁaT ob&T ot 1 G (°he sare
PQ sourge I| V%Igﬁ e.rQw,
Vs %@%t|%ﬁg ine are se?ec %?”ﬁa'rlyer "l
n the

rogggglon tern1nates the 1F period. [0059] I
next 2F period, first, the driver circuit section
appid-es, mc@%wht;}go?@g@@ orRPLrt @ tResrew gelection
~ line RD1, thereby selecting the row selection |ine
imRgk-phdkgetdliangdtheoreadhngs TEdsE Sywonhect edstoibhe
row selection line RD1 to be in an on-state. In this
abgasesr¢ ndiferqyl ek deeslibsdobtidiared 8i kot A8 #Fe peliiow
are mai ntained as voltages in the capacitors 6. Thus,
chifen ??@M#Q&uﬁ%ﬁ?mﬁﬁﬁso§ dF &7 nC e On -Rsyrdcgmephéor the
readlng TFTs %gd t he vol tages that are maintained
lmﬁﬁetﬁ% CHHaiTEHE &YF5PHE Sensor signal lines 51 to
yla the anplifying TFTs 8, which formthe source
oF ower circuits. After the row selection |ine RDlL
i's sel ected: -t he TEfS gonnect ek to:the pLexchatgen in
line PCG are set to be in an on-state, whereby the
Figensprasignalrilddes QkiteeSnaare pre=changed, atntihehe
reference potential. After the - 41 -
next F period is defined as & reading periocd. These periods

are repeated. In additiocn, in the reset period, discharging
of electric charge in the capacitors ¢ is performed; and
reading cf stored electric charge in (vcltages across) the
capaciltors € immediately after tThe discharging of glectric
charge has been perForwed is performed. Additionally, in
the reading period, reading cf stored electric charge in the
capacitors 6 in a state in which discharging of electric

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



above-descri bed processing operation, the driver
circuit section applies the driving signal RO3 to the
row selection line RD3, thereby selecting the row .
selection line RD3. After the driver circuit section
further repeats a simlar control process for the odd
rows untit=#t selects the row selection |ine RDM1,
the driver circuit section term nates the 2F peri od.
[ 0060] In the next -3B€éperiod, the driver
circuit section applies the driving signals Biasl,
Bi as2, VDD1, and VDD2 to the bias lines Bias]. and
arBu@s 8, o ANGh INE 1pOVRL-SRUEGE: | 4 Nes¥Rdr-ard D@ge sensor
respectively, thereby setting the sensor TFTs
Tre@npegtethd Qidiherbinas Fi-pesci asif AknBieas Bet aednt he
power - source |ines VDDL and VDD2 to be in an
re@pest ate. rdhusestthéscapacitors 6 are reset.
Furthernore, outputs (stored electric charge) at a
L0@6iat in tinme at which the capacitors 6 are reset are
l'ine- sequentlally read to the sensor signal lines Sl
to Yprpyenand fieadiHg FFTE @t dinécfed e olthe FowpPeTod

' el t I RD2. Aft t t d
”@eé?ﬁzs%? B”rjerlcgﬁgrgc' stiRb EahlSte of ohalVind SdagR T e o

atshflﬁgf&r gn%‘:LalstaEO‘z? c%uh@ td \M?II Clﬂet E‘xgtrg;,

Fiving C|rcu sec i on " appl1es |V|ng si gnal

Ln%Q@bgosébel R @1ehagg okl RerECE chmdases +£eqnahoVEs 1ine

In the 3F period, outputs of the even rows in the
piGasetof bk esetaraln -Ghbaenedrivdrg, the senser sigoalt

lines Si to Sn, which is different fromthe - 49 -
secadenobpphied ks periivdchg EhenalalBol iie ttheewase solurtheline

3F period, as in the case of the 1F period, after the
VIl veenciire wanssectlifdls fepeat 50t Hee aovidadéscri bed

processi ng operation until the power-source |ine
A%@ﬁwgéhd YOO TR adERE FBAF set ettT o’ I RBRCar8™s ©

J_%legll %%% 36 hx%ad rtlh\ézersecz:ﬁls%%u E’Tsegt clzc%lnetceﬁe\.’g nc%t %%et %?.as

llne Biasl, and the potentials betweeﬁ both electrodes of
the capacitcrs ¢ are commonly set Lo GHD, After that, ths

_ drivér circuit sectioﬁ sets a voltage applied to the bias
line Biasl! to have a low level, therebyv setting the sensor
TFTs 5 connected to the bias line Biasl to be in an off- |
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 circuit section seis a
voltage applised to the power-source line VDDLI te have a high
level when the sensocr TETs 5 are in the off—state.

Accordingly, the sensor TrFTs 5 connected te the bias line

Biasl function as photoelectric conversion elements, and the



[ 0061] 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 |ine RD2 and setting the reading TFTs 9
connected to the row selection line RD2 to be in an
on-state. In this case, inage-pickup results obtained
in the 3F period are maintained as voltages in the
capacitors 6. Thus,. when 1% reading TFTs 9 are in
“the on-state, the reading TFTs 9 read the vol tages
that are maintained in the capacitors 6 to the sensor

caphgRabbifess Sinarded FReWi a1kher Pl I MNY 1 TEES 0 8dzance
which formthe source follower circuits. After the

wikBwisghechion JHire: RB2 ksnsekected, s the Trlsdiated.
connected to the pre-charge line 1200 are set to be
Aficaranhsh; stlat ejriwker ebyctihe sensben ssgrralid ianesaSi Line
Sn _are pre-charged at the reference potential. After
Biphe abodve-messidsedcsr déassVigZ optrdtisrtharheediipyes 2
chcuit secti-on applies the driving signal RD4 to the
copgRrsePERTR TN Yhate iRDAIMIREFehy SofedtiTg TRE FoW the
fiselectionglhine Bgﬂ. After ébe d;iv%!tgircgit S ct{on
£&Ft h8Y - r ep&ars “BesPRiVaF S8 eontT 6 Frot 8REFortthe
ap %gndé8¥§i%g5léefféss%ke%EiﬁgggegO%ﬁ??%g%%%@ﬂehkgea bias
.m and termnates the peri od. T
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 1F pericd, the sensor
signal lines S1 to Sn are always pre—charged at the
reference potential using the driving signal PCG that is
aprlied to the pre-chargs line PCG.
[CO55]

In contrast, in a ZF pericd that is a reading period,
first, the driver circuilt section appiies the driving signal
_RDL to the row selection line RD1, thereby selecting the row
- selection line RD1 and setting the reading TFTs 9 connected
tc 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 8 arxe in the on-state, the reading TFTs 9 read

the wvoltages that are maintained in the capacitors 6 to the

sensor signal line S1 viaz the amplifying TEFTs &, which form



As described above, in the exanple of drive contro
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 tinme for one

hori zontal |ine becones 1F/(n/2). Thus, the vertica
frequency is not 'changed, and the horizontal
frequency is decreased, so that the necessary reading
time can be sufficiently-ed§ured. Specifically, for
-exanple, a time can be ensured, which is tw ce the
reading tinme for one horizontal |inethe exanple of

trgr gM@r@@n:taplow@%sgﬁ iFbed: wi t vefereRCeoliOs&i bt iBn line
[ 0063] Furthernore, for exanple, in the exanple
RoOf 1 6r s €t r @heShome tonfRgred G o hokhpreadhaggefline
i mge-pickup results of rows, and resetting of rows
PCEhate asec eacfrediigpesednoneatow Préwiost Gheheensor signal
corresponding row are _perforned in one F period.
lipeed} 1s Pr@ﬂﬂﬁﬁfgﬁéaﬁFybh%sf%?ﬁWﬁPQQ1HQ»@thel ttﬁ;*er
driver circuit section gglles t he driving signa

thF 0P RES THW EPEEt PERCP T e ROE St Her @by 56t £F hge’f h%lr Ruit

se qgln Hizi;%h% 9?%5 g éo ﬁhf ﬁ&?’seL %tlgn ectlon
?0 e I n an on Sta e drlver Cl Ircul sec

1ihkNgpseaquent.al 'sxlgeégﬁg'aﬁge &CA@{%&%&U §Sne BD2. The

driver circuit section further performs a control process
that is similar to that performed for the first row. BAs in
the case of thg iF period, the driver circuit section
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 1s findished fo: the m-th row.
rechel

As described above, in the example of drive control
shown in Fig. 8, all of the sensor signal lines are
maintained at the reference potential in an odd ¥ period,
and image-pickup results obtained in the iF period are line-
sequentially read to the senscor signal lines in an even F
periqd.
(00577

Additionally, for exampie, in the example ¢f drive
contrel shown in Fig. %, also when output signals-are read

using the source follower circuits, in order to ensure a



obtained in the previous F period to the sensor
signal lines Si to Sn. After that, the driver circuit
section pre-charges the sensor signal lines Si to Sn
at the reference potential at a tine at which the
driving circuit section applies the driving signa
2CG to the pre-charge |line PCG Then, after the
pre-charging, the driver circuit section applies the
driving signals RD2, Blasi 2%nd VDDl . Accordingly,
because the power-source |ines VDDl and.VDD2 have a
| ow | evel when the sensor TFTs 5 connected to the
nePQWELr SOLELEI Ad NS MDDY angni f Ah@Y Shates hectedr
charge that exists in the capacitors 6 is discharged
frébachbe senser cihsed, and thec potieiizalns DeEvegiiency is
both el ectrodes of the Capacitors 6 are commonly set
detoe@®d, | neodinty ast irbgeapsektheresadin@giTERs Qven rows
connected to the row selection line RD2 are set in an
isomrestarecdtin e sameripre atdwhitehinhics cperarPon <is
performed, image-picku results_of the rowthat is
reébnﬁ@o‘f’%d“'—fi’% Stfrfeargﬁwcégii@&’f%% ?§ N R “arevFedd to
Q sensor ﬁ? naI I%nes Si qto Sn. Then, the driving
PEEIPElTY s%c chaf 388  the sensor signal |ines
% 0 Sn at the reference potential. After
‘ the-pre-charging, the driver circuit section applies
theydlFd viig-isiignah g, RS, s Bhwas 2y and VD2 n The drdaarog,
circuit section repeats the above-descri bed
thpr aeessi-ngi operat$ ot it iappllhiesr avesakeein®nsildma s Biasi,
RDm and the power-source |ine VDDm 1 are sel ected.
Bighén, VPDhal 4ryd UHE dioi vee biasulinsediizon sebeBisgs2, and
only the power- - 45 - supply line VDDm and resets
thehecrvapaedesrs B rdfaiVDRie2f8fisposed Tepagsd ivehy, thereby
connected to the omer source |line VDDm After the_.

'SeErH}%r ke r%ﬂﬁc‘” Son ﬁP%n%ﬁa?‘éeEOtn”é% ?eﬁ§or*§?@n%3r381
and I Sr[ t h%e%r Is\c/nelrﬁsgl icr%leé t Ia%% Rf%b? F%t}ges in

pef o descri bed alove,

aﬁeéﬁngjc?tgf it Veo@e@ Dﬁ&réé‘ol"%ésn Wird- 2kl v9§§art.«gs<ﬁe ad
row selection |ine power - supply |ine VDDk-

lo@l edei veRet i cSan® TEMe fosranyn row lknCwhere k =
2toml), the sane wire can be used. In other words,

Chcsbrdentgeadi e ofrircowszand tasetékhgrofin anwse thatcaters 6
each di sposed one row prior to the correspondi ng row

isadéspkeforded d nichesarerFIPési bd, asd gitedl sotentibés
reading and the resetting can be provided as comon

be§pgRal SOtz At He i TWEP8sCaTRGSTOTT & Fees &RBMAN Bss et

' [ I d, h nb f
roufhl SR ALINe 5208 Loed hseaise Lhe pubsc of o
Oﬂ SEQQE ﬁ%gggqun&R&saﬁgﬁéﬁéﬁ éféé J éﬁgige& at a

i mage- di on Sec
po&906§$ time at whichk 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
selected.. Thus, outputs of the rows connected to the row

selection line RD1 are read. After that, the driving



In addition, although the description is omtted
here, also in the second enbodi nent, for exanple, as
in the exanple of drive control shown in Fig. 6 in
the first enbodi nent, both reading of the

i mge- pi ckup results and resetting nmay be per formed
in the sane clock cycle in one F - 46 - period, and
the differences between the i mage-pickup results and
the outputs in the case ef 4a reset operation may be

- obt ai ned. [0067] According to the image-pickup
el enment portions 4 in above-described second

Clegapglg@éﬂ even . 'cﬁafrgsscaﬁ@ of - ANy 0ne of ﬂlassl%z to Sn

exanpl es of driven CORtrol shown in Figs.

att BBe aﬁ@féﬁ%c@ oHeEs 821 05 4 heigourcenfiohl ewer ariving
circuits as in the case of the first enbodi nent.

cifeaot diagddnn wheniekeehei ¢r Chiarg e ilgrage<pi ekuphe pre-
results) stored in the capacitors 6 are read, anal og

‘chentputimarrdse pEhéor nettdyy tis biczrngathengoutice driver
follower circuits. Thus, for exanple, - _even when the

Ciff@t;ia%cwq/@oa EFERCS S5PPBS D~ THIsLY tldtiehg WDye and VDD4, and

i m |cku el enent rt|o s 4 are fo-ned on
e B T AT ST BBS- G a ko g e Rt egP o S i t h

sabpeogis 'aaxf%mt' géﬁsaagg%ua Rl Qe Lealieed,

€ case e sens

mor .19&””& %ka@ega_ < Rl-C WP &1 eg&?@tﬁm\ﬂh%rn%bmeh%oweed

mage- pi ckup processing can be increased and the
seNupbesn of 1,0 adal-i10Rsc0ket BEr bARIETPIGKUR  RSULSECAN

be increased. [0068]
section terminates the 1F period.
00551

In the next 2F period, first, the driver circuit

section applies the driving signal RD1 to the row selection
line RD1, thereby selecting the row selection line RDR1 and
setting the reading TFTs 9 connected to the row selection
line RDL to be in an on-state. In this case, image-pickup
results obtained in thé 1F-period are malintained as voltages
in the capacitors €. Thus, when the reading TFTs 9 are in
the oh—state, the reading TFTs 9 read the voltages that are
maintained in the capacitors 6 to the sensor signal lines S1
to Sn via the amplifying TFTs 8§, which form the source
follower circuits. After the row selection line RD1 1is
selected, the TETs connected to the pre-charge line PCG are
set to be in an on-state, whereby the senscr signal lines Si1

to 8n are pre-charged at the reference potential. After the



Furt hernore, according to theage-pickup el enent
portion 4 in the second enbodi nent, the gate voltage
of the sensor TFT 5 is changed, thereby properly
usi ng the photoel ectric conversion function and the
rest function of - 47 - the sensor TFT 5.

Accordi ngly, because integration of the reset
function for the capacitor 6 is realized without the
reset TFT 7, the circuit-séale of the image-pi ckup
el ement portion 4 can be reduced, and, even when
integration with the display function is realized,

apbhe-aperture; @%taic@sgﬁnghspé&a%pdcay_ ehemept veer £ em 3
is not decreased. [00691 Addi tional Iy, the
scabove- gesicrdbed el Birstiagds sgeandmemhedirentswas€liection
descri bed as preferabl e enbodi nents according to the
lipeeReht tirvesity eeleThénpresentow megritdénni $inetRD3.
limted to the contents of the enbodi nents.
AfW@Qifmﬁeﬁﬁiﬂﬂi ﬁéﬁcﬁéﬁaﬁﬁﬁ%%ﬁmEﬁ4ﬂ3®eﬁaé§PﬁFFﬁoﬁtSimilar
coggggitéggéggén?§%h%hglggd°£o&§%nﬂ&%§%@tsgﬁggggiggé 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, VDDL, and VDDZ to
the blas lines Biasl and Bias2, and the power-scurce lines
VDD and VDD2, respectively, thereby setting the sensor TFTs
5 eonnected to the bias lines Biasl and Bias2, and the
pbwer—source lines VDDl and VDD2 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-sseguentially read to the sensor signal
lines S1 to Sn by the reading TFTs 9 connectéd to the row
selection line RD2. After that, the driving circuit section
pre-charges the sensér signal lines S1 to 3Sn at the
reference potential at & time at which the driving circuilt
section applies the driving signal PCG to the pre-charge
line PCG. As déscribed above, in the 3F periocd, outpuis of

the even rows in the case of reset are obtained via the

sensor signal lines $S1 tc Sn, which i1s different Zrom the



48 CLAIMS 1. An inmmge-pickup device characterized by
conprising: a photoelectric conversion el enment that
converts light into electric charge, a storage
capacitor that stores the electric charge which the
phot oel ectric conversion el enent has obtai ned by
conversion during a predeterm ned period, the storage
capaci tor connected to the photoel ectric conversion
el enent disposed in a matr#X, -reset nmeans for

di scharging the electric charge in the storage
capacitor, an anplifying thin-filmtransistor

calbals raceivescranpl i figs,, andooutpuhs thesebeciHd Gr
charge stored in the storage capacitor, and a

pefead, ol itrhithef chBet sanshet D saiteh edneected driver
between a signal line and the anplifying thin-film

citpaisisiadrion repeats the above-described processing

operation until the power-scurce line VDDm-1 and VDDm, and

the row selection line RDm are selected, the driver circuit

section terminates the 3F period.

(0061}

In the ﬁext 4F period, first, the driver cirquit
saction apﬁlies the driving signal RDZ to the row selecticn
line RDZ, thereby selecting the row selection line RDZ and
setting the reading TFTs 9 connected to the row selection
liﬁe RD2 to be in an on-state. In this case, image-pickup
results obtained in the 3F periocd ars maintained as voltages
in the capacitors 6. Thus, when the reading TFIs 9 are in
the on-state, the reading TFTs 9 read the voltages that are
maintzined in the qapacitors 6 to the sensor signal lines S1
to Sn via the amplifyving TFTs 8, which form the source
follewer circuits. After the row selection line RD2Z is
selected, the TETs connected to the pre-charge line PCG are
set to 5e in an on—staté, whereby the sensor signal lines 51
to 5n are pre-charged at the reference potential. After the
above-described processing operation, the driver circuit
saction applies the driving signal RD4 to the row selection
line RD4, thereby selecting the row.selection.line ED4,

After the driver circuit section further repeats a similar



characterized in that a source el ectrode of the
anplifying thin-filmtransistor is connected to a
power - source supplying line, a gate el ectrode of the
anplifying thin-filmtransistor is connected to the
storage capacitor, and the anplifying thin-film
transi stor fornms a source follower circuit. 2. The

i mage- pi ckup device according to Claim1,
-characterized in that the photoel ectric conversion

el ement conprises a sensor thin-filmtransistor in
whi ch a | eakage current changes in accordance wth an

co qgﬂﬂtp9£cé£§%ﬂﬁg%hbigggn é@ssungm@jhpgﬁﬁbﬁkgkgﬂe row
2 ed"in that

evi ce according to daim characteriz
schibechegel i feans, CoRpr keesidaresetnd M drimg,

transistor that is disposed between the storage
[ooa@pacitor and a ground wire. 4. The inmage-pi ckup

devi ce according to Caim2, characterized in that

t hels edstcnipags above, in the example of drive control
shown in £ig. 2, since the image-pickup results of the odd
rows/even rows are alternately read in the respéctive F
périods, a reading time for ohe horizontal line beccumes
1¥/(n/2). Thus, the vertical freguency is not changed, and
the horizontal freguency is decreased, =so that the necessary
reading time can be sufficiently ensﬁred. Specifically, for
example, a time can be ensured, which is twice the readiné
fime for one horizontal line in the exémple of drive contrcl
described with reference to'ﬁig. 3.
16063}

Furthermore, for example, in the example of drive
contrcl shown in_Fig. 10, both reading of image-pickup
results of rows, and resetting of rows that are each
disposed one row prior to the corresponding row are
 perfcrmed in one F period.

[0064]

Specifically, as shown in Fig. 10, the driver circuit
section applies the driving signal REl to the row selection
line RD1, thereby setting the reading TEFTs 9 connected to
the row selection line RDI to be in an on-state. The driver

circuit section line-seguentially reads image-pickup results



conprises a reset function which the sensor thin-film
transi stor 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 neans is

configured, for the sensor thin-filmtransistor that
functions as the photoelectric conversion el enent
when the gate voltage is lower than a threshold, in
such a manner that the sw #éhirng function sw tches
the gate voltage so that the gate voltage is set to
be equal to or higher than the threshold, whereby the

ob§5§ﬁé&ifncfﬁggﬁ%éonhge?5$Q£P&§ CAPAE teQ¥nsh® signal lines
di scharged by the reset function. 5. A display

siappasal usirehar askel | ziesl DY @QNpiizsiag: skRgsen dbspl ay

el ements that are disposed in a matrix, and "
chirpge- phe ki devisdgsalhatnas eShtt@chedtt ahkeheek aagece

di spl ay el ements,- the i mage-pi ckup devices including
cophot del ezt rd ¢igeneér ghoah el oredit Svitatciceiver 6Pt iti

into electric charge, storage capacitors that _store
apphac @l Bt riicl citar §é I cR-t hee phot geisectyirge Line FCG.
Thggpvg gégnthe pre-charging, the driver circuit section
applies the driving signails RDQ{ Biasi, and VDDI.
Accordingly, because the power—source.limes VDDl and VDDZ
have & low level when the sensor TEFTs 5 connected te the
power-source line VDDl are in an on-state, electric charge
that exists in the capacitors 6 is discharged via the sensor
TFTs 3, and the éotentials between both electrodes of the
capacitors € are commonly set to GND. In contrast, bescause
the reading TFTs 2 connacted to the row selection line RD2
are set in an on-state at the same time at which this
operation is p@rfozmed{ image-pilckup results of the row that
is connected to the row selectiqn liné RDZ are read to the
sensor. sigral lines 81 te Sn. Then, the driving circuit
section pre-charges the sensor signal lines 51 to Sn at the
reference potential. After the pre-charging, the driver
circuit section applies the driving signels RD3, BiasZ, and
VvDD2. The driver circult section repeats Tthe above-
deécribed 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-



el ements have obtai ned by conversion during a
predeterm ned period, the storage capacitors
connected to the photoel ectric conversion el enents

di sposed in a matrix, reset means for discharging the
el ectric charge in the storage capacitors, 50
anplifying thin-filmtransistors that receive,
amplify, and output the electric charge stored in the
storage capacitors, and read oeut thin filmtransistor
swi tches connected between respective signal |ine and
the anplifying thin-filmtransistors,

supply line VDDm, and resets the capacitors & that are
disposed in the row connected to the power-source line VDD,
BAfter the driver circuilt section pre-charges the sensor
signal lines 81 to Sn, the driﬁer circuit section terminates
a 1F pericd.

{0065]

As described above, in the example of drive control
shown in Fig. 10, because a rdw selection line RDk and a
power—-supply line VDDk-1 are driven at the same time for any
row'k {where k = 2 to m—1), the same wire can bs 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 pericd, signals for the
reading and the resettiﬁg can be provided as common signals
using the same wires. Thus, 1f the same wires using common
sighals 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
inmgroved.

[C0066]

In addition, although the.descriptiOn is omitted here,
also in the second embodiment, for example, as in the
example of drive control shown in Fig. & In the first

embodiment, both reading of the image-pickup results and

i

resetting may be performed in the same clock cycle in one



characterized in that source electrodes of the
anplifying thin-filmtransistors are connected to a
power - source supplying line, gate el ectrodes of the
anplifying thin-filmtransistors are connected to the
storage capacitors, and the anplifying thin-film
transi stors formsource follower circuits, and
characterized in that at | east the photoelectric
conversion el ements, the-suérage capacitors, and the
anplifying thin-filmtransistors are integrated, and
di sposed in correspondence with the inage displ ay

peQESHE”!zﬁd 6 pHEhe 4 g'f%&l' gXer}E’é“ 45 aecqrd ng'tigk%aldé%aits

5, characterize & ng configured so-a

anl:intﬁ‘efé@iﬂ)t%emno@neshgégdoe'&Cﬁééé‘t Charge bl hb¢ pe
storage capacitors after discharging of electric

. obchangé.is perforned by the reset nmeans, so as to
read, in the next field period, stored electric
[0@haige in the storage capacitors in a state in which
di scharging of electric charge is -not perfornmed by
t he " FeFeti e dfs thandnass @ Yo RdelepRrheranbm s bfin
el ectric char%F that are converted by the

2bgHBE %%T"éﬁl?eici: r SFBAC e Eent ' FY &1‘?1 drer 6rERCRS any

ongeg¥egher§§I%%kgy%fr%eqvggsggggrol shown in Figs. 2 fo 10,

the amplifying TFTs 8 form the source follower circuits as
n the éase”of tﬁe first embodiment. Accordingly, whearn
electric charge {image-pickup resulis) stored in the
capaciﬁors © are read, analog output can be performed by -
ilizing 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-35i
substrate in order to be easily integrated with the display
function, analog output can be realized as in the case of
CCDs or CMCS image sensors, which are genérai image-pickup

elements, whereby the speed of image-pickup processing can

kb

be increased and the number of gradations of the image-
pickup results can be increased.
[0068]

Furthermozre, according to the image-pickup element
portion 4 in the second embodiment, the gate voltage of the

sensor TFT 5 is changed, thereby properly using the

photoelectric conversion function and the rest function of



- 51 - 7. The display apparatus according to Caim
5, characterized by being configured, when the
phot oel ectric conversion el enents, the storage
capacitors, and the amplifying thin-filmtransistors
are al so disposed in the matrix in correspondence
. with the inmage display elenents, so as to perform in
~a field period, reading of stored electric charge in
the storage capacitors of éven rows of the matrix,
and so as to perform- in the next field period,
readi ng of stored electric charge in the storage
th@@@@@éspr@@fs.odﬁc&%zgfm,h%e@h@,;ex-inteéraﬂ& of the
di spl ay apparatts according to Caimb5, characterized
rebyt beimg: iconfiogured, cubenitdre phiot aelsddtzeidCwithout the
conversion elenents, the storage capacitors, and the
reaapl T¥Yi'hg the iffchatt sandd stOrishariasglesy idkspos edndmt
~ the matrix in correspondence with the inmage display
pogtément Ccarsbeagecycper f oRtn FYRbid e drdeperi-dan with
based on conmon signal s-, both reading of stored _
thg| @LERTRY AHge OPn T EheS3t b sile hpadit ®of 2F OiRsCof e
o148 AT 0 200 di shar gl ng, of Sl oty i g, charge by he
res neans for the storagé capacitors ‘of rows which
ioggg]each di sposed one row prior to the correspondi ng
row i n a readi ng sequence. 9. The di spl ay apparatus
acc{Hitngnb1G atm: Sapsharacdanirzed iy shehng second
configured so as to perform in the sanme clock cycle
embadonentd el pesicadbehoth peatkh ngo of tharcdacheakectric
charge in the storage capacitors, and discharging -
acB2rdind @l ddte ircechakgénbynthenr edée peaasnfointdretion
storage capacitors.

is not Timited to the contents of the embodiments.
Modifications may be appropriately made without departing

from the gist of the present invention.



ABSTRACT An i mage- pi ckup device includes a
phot oel ectric conversion el ement 5 that converts
light into electric charge, a capacitor 6 that stores
el ectric charge which the photoel ectric conversion
el enent 5 has obtained by &gnversion, reset means 7
for discharging the electric charge in the capacitor
: 6, and an anplifying thin-filmtransistor 8 that
CLAIMScei ves, anplifies, and outputs the electric charge
stored in the capacitor 6. In addition, the
i mge- pi ckup device is configured so.that the
anplifying thin-filmtransistor 8 forms a source

1. An ]:rr?algle(—)&&#upccjeﬁlﬁg ichéracterized’ by comprising:

a photoelectric conversion element that converts light into electric charge,

a storage capacitor that stores the electric charge wh_ich the photoelectric conversion
elerment has obtained by conversion during a predetermined period, the storagé capacitor
connected to the photoelectric conversion element disposed in a matrix,

reset means for discharging the electric charge in the stofage capacitor,

an amplifying thin-film fransistor that receives, amplifies, and outputs the electric
charge stored in the storage capacitor, and

a read out thin film transistor switch connected between a signal line and the
a‘mplifying thin-film transiétor,

characterized in thlat a soufce etect-rode of the amplifying thin-film transistor is
connected to a power-source supplying iine, 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 a leakage current

changes in accordance with an amount of received light.
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3. The image-pickup device according to Claim 2, characterized in that the reset means
compri'ses a reset thin-film transistor that is disposed between the storage capacitor and a

-ground wire.

4. The image-pickup device according to Claim 2, characterized in that the reset means
comprises a reset function which the sensor thin-film transistor has, and a function of
switching a gate voltage that is to be applied té the sensor thin-film transiétor, and in that the
reset means is coﬁfigured, for the sensor thin-film transistor that functions as the
photoelectric conversion element when the gate voltage is iower than a threshold, insuch a
manner that the switching function switches the gate Voltage so that the gate voltage is set
t§ be equél foor hfgher than the threshold, whereby the electric charge in the stdl"age

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 ére attached to the image display elements,

the image-pickup devices including |

photoelectric conversion elements that convert light iﬁto electric chargé,

storage capacitors that store the electric charge which the photoelectric conversion
elements have obtained by conversion during a predetermined period, the storage
capacitors connected to the photoelec_:tric convefsion elements disposed in a matrix,

reset means for discharging the electric charge in the storage capacitors,
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amplifying thin-film transistors that receive, amplify, and output the electric charge
stored in the storage capacitors, and

read out thin film transistor switches conqected betWeen respective signal line and
the amplifying thin;film transistors, |

characterized in that source electrodes of the amplifying thin-film fransistors are
connected to a power-source supplying line, gate electrodes of the amplifying thin-film
transistors are connected to the sforage capacitors, and the amplifying thin-film transistors
form source follower circuits, |

and charactgrized in that at least the phﬁtoeiectric 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 perfqrme'd by the reset means, so as to read, in 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 amounts of electric
charge that are convérted by the photoelectric converéion elements from differences

between respective read results.



7. The displaf apparatus zccording to Claim 5,
characterized by being configured, when the photoelectric
conversion elements, the storage capaciters, and the
amplifying thin-film transistors are also.aisposed in the
matrix in correspondence with the image display elements, sc
as to perform, in a f£ield period, reading of stored electric
chargé in the storage capacitors of even rows of the matrix,
and so as to pefform, in the next field ?eriod;-reading of
stored eiectriclchargekin the storage capacitors of ddd_rows
of the matrix. |

8. The diéplay apparatus-according to. Claim 5,
characterized by being configured,-wh@n the photoelectric
conversion elements, the storage capacitors, and the
amplifying thin-film transiétors are also disposed in the
matrix in correspondence with the image display elements, so
as to . perform, in one field period, based con common signals,
bothrreading-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 cof rows which are sach disposed one row prior to
the correspending row in & reading seguence. .

8. The display apparatus according to Claim 5,
characterized by being configured so as to perform, in the
same clock cycle in one 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.



ABSTRACT

An image-pickup device includes a photoelectric
cdnversion element 5 that converts light into eleciric
charge, a capacitor 6 that stores electric charge which the
photoelectric conversion element © has obtained by
conversion, reset means 7 for dischargimg the electric
charge in the cepacitor 6, and an amplifying thin-film
transistor 8 that receives, amplifies, and outputs the
electric charge stored in the capaciter 6. In addition, the
image~pickup device is configured so that the amplifying

thin-film transistor 8 forms & source follower circuit.



