SOB 91690 DI SPLAY APPARATUS, DRI VI NG METHOD FOR

DI SPLAY APPARATUS AND ELECTRONI C APPARATUS CROSS
REFERENCES TO RELATED APPLI CATI ONS The present

i nvention contains subject matter related to Japanese
Pat ent Application JP 2007-295553, filed in the 2P#pars0
Patent O fice on Novenber. 14, 2007, the entire
contents of which being incorporated herein by
reference. BACKGROUND OF THE I NVENTION 1. Field of

the Invention This invention relates to a display
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The present invention ates a SO to an electronic

appar atus which includes a display apparatus of the
type described. 2. Description of the Related Art In

regeRt ¥earsundeyel PREEREEHf A B display sapparatus of
the planar self-1um nous type which uses an organic EL

(el ectrohamigieseance),devi Ge C%?lt%ll‘;gggltzbﬁg@tt tleRG e
el enent is proceeding energetically. The organic EL

devileeett tbi ZAs i RNEAGBBAOK L halat iich ap @b@ﬁif%‘{us
field is 1 S08P1690 applied to an organic thin film
t kenetihen ofganiGa-hicAtent 0ffice on November 14, 2007,

the entire contents of which being incorporated herein by

reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a display apparatus of
the active matrix type wherein a light emitting element
is used in a pixel and a driving method for a display
apparatus of the type described. The present invention
relates also to an electronic apparatus which includes a
display apparatus of the type described.
2. Description of the Related Art

In recent years, development of a display apparatus
of the planar self-luminous type which uses an organic EL
(electroluminescence) device as a light emitting element
is proceeding energetically. The organic EL device

utilizes a phenomenon that, if an electric field is



filmemts light. Since the organic EL device is
driven by an application voltage |ower than by, the
power consunption of the same is |low. Further, since
the organic EL device is a self-lum nous device which
itself emts light, it requires no illum natingS08P163C
menber and can be forned as a device of a reduced

wei ght and a reduced thickness. Further, since the
response speed of the organic EL device is

approxi mately several ps and very high, an
after-image upon display of a dynanic Eicture . does
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organic EL device is approximately several ps and very
high, an after-image upon display of a dynamic picture
does not appear.

Among display apparatus of the flat self-luminous
type wherein an organic EL device is used in a pixel, a
display apparatus of the active matrix type wherein thin
film transistors as active elements are formed in an
integrated relationship in pixels is being developed
energetically. A flat self-luminous display apparatus of
the active matrix type is disclosed, for example, in
Japanese Patent Laid-Open Nos. 2003-255856 (hereinafter
referred to as Patent Document 1), 2003-271095
(hereinafter referred to as Patent Document 2), 2004-
133240 (hereinafter referred to as Patent Document 3),
2004-029791 (hereinafter referred to as Patent Document

4) and 2004-093682 (hereinafter referred to as Patent



FIG 23 schematically shows an exanple of an existing

active matrix display apparatus. Referring to FIG

23, the display apparatus shown includes a pixe

array section 1 and peripheral driving sections. The

driving sections include a horizontal selector 3 3HdF1&90

wite scanner 4. The pixel array section 1. includes a

plurality of signal. lines SL extending along the

direction of a colum and a plurality of scanning

l'i nes VB extending along the direction of a row. A

mdﬁ@u dlsposed at a place at which each of the
P -Ilnes SI. and each of the scanning lines W5
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operates in response to a signal” ‘ck supp
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start fse so supplied thereto simlarly fro
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scanning line W5. The horizontal selector 3 supplies

aniriikage skenabnd o ANRsi anBbrl i He Sl deecsyPChHr g sM
with the |line sequential scanning of the wite

scanner sdashée. 4 Thenpi xeke 2 dmclwdestacsammidiGides a
transistor. Ti, a driving transistor T2, a storage

capaciktocyChr .@i’lﬁnaﬁl. Liight B SR8RLEN -evhit ing
el ement EL (el ectrol um nescence) The driving

direction of a column and a plurality of scanning lines
WS extending along the direction of a row. A pixel 2 is
disposed at a place at which each of the signal lines SL
and each of the scanning lines WS intersect with each
other. In order to facilitate understandings, only one
pixel 2 1s shown in FIG. 23. The write scanner 4 includes
a shift register which operates in response to a clock
signal ck supplied thereto from the oultside to
successively transfer a start pulse sp supplied thereto
similarly from the outside to oulput a seguential control
signal to the scanning line WS. The horizontal selector 3
supplies an image signal to the signal line 81, in
synchronism with the line sequential scanning of the
write scanner 4 side.

The pixel 2 includes a sampling transistor T1, a

driving transistor T2, a storage capacitor Cl and & light



transistor T2 is of the P-channel type, and is
connected at the source thereof, which is one of
current termnals, to a power supply line and at the
drain thereof, which is the other current termnal,

to the light emtting element EL. The driving S08P1650
transistor T2 is connected at the gate thereof, which
is a control termnal thereof, to the signal |ine SL
through the sanpling transistor Ti. The sanpling
transistor Tl is rendered conducting in response to a
control signal supplied thereto fromthe wite
seanhéind ahdnganplles candtwei tesearanygge siighairiving
supplied fromthe signal line SL into the storage
capaviteroClT? Fhefdrhg Rgchranst stidre Tenflete] (¥ eFed
the gate thereof, the image signal witten in the
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ol bowing,  char agterislic exprenslon. 4. .S0BE168D. o3
sampling transistor T1 is rendered conducting in response
to a control signal supplied thereto from the write
scanner 4 and samples and writes an image signal supplied
from the signal line SL into the storage capacitor Cl.
The driving transistor T2 receives, at the gate thereof,
the image signal written in the storage capacitor Cl as a
gate voltage Vgs and supplies drain current Ids to the
light emitting element EL. Consequently, the light
emitting element EL emits light with luminance
corresponding to the image signal. The gate voltage Vgs
represents a potential at the gate with reference to the
source.

The driving transistor T2 operates in a saturation
region, and the relationship between the gate voltage Vgs
and the drain current Ids is represented by the following

characteristic expression:



where p is the nobility of the driving transistor, W
the channel width of the driving transistor, L the
channel length of the driving transistor, Cox the
gate insulating |ayer capacitance per unit area of
the driving transistor, and Vth is the threshol ¢508P1690
voltage of the driving transistor. As can be .
apparently seen fromthe characteristic expression,
when the driving transistor T2 operates in a
saturation region, it functions as a consgant current
sour ce Leh. s l.ies ain.curre lL[ds in

T8 e okt & VB Eagege ol

response to the’'g age FI G illustrates

. . j sti.c.o ligh
L LR T L N, WS

emtting el enmen e "axi

. . . . th : f
' @ia%%%@swgggh a&o%a Vgilrg,@ggﬂ é/r%plgl ttoer ax| %r? clsi%ai%noelbe

ordinate indicates t r ai curren 1dSs.

noted chhgt the anadeveltage.of the . Light emitting, ;..
h drrving

element EL is the drain voltage of the
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the light emtting elenent EL varies

thats the ¢harmctielishigacybyeaddereaf,t 95?9@;@(9 becone
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dﬁﬂh&si@@bfﬁ”%s'@§Hi§ef$§&QMﬂﬁﬁ% %@9g6f¥&$Hﬁgﬁ or
drain voltage V varies. In this regard, since the
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operates in a saturation 5 S08P1690 regi on and can

suppkytdsain cwaentacids cosrespondim@ct9ons as a
constant current scurce which supplies the drain current
Ids in response to the gate voltage Vgs.

FIG. 24 illustrates a voltage/current

characteristic of the light emitting element EL. In
FIG. 24, the axis of abscissa indicates the anode voltage
V and the axis of ordinate indicates the drain current
lds. It is to be noted that the anode voltage of the
light emitting element EL is the drain voltage of the
driving transistor T2. The current/voltage characteristic
of the light emitting element FL varies with time such
that the characteristic curve thereof tends to become
less steep as time passes. Therefore, even if the drain
current Ids is fixed, the anode voltage or drain voltage
V varies. In this regard, since the driving transistor T2

in the pixel 2 shown in FIG. 23 operates in a saturation

o



the gate voltage Vgs irrespective of the variation of
the drain voltage, the em ssion |light |um nance can
be kept fixed irrespective of the time variation of
the characteristic of the light emtting el enent EL.
FIG 25 shows anot her exanple of an existing pixelogpi1690
circuit. Referring to FIG 25, the pixel circuit shown
is different fromthat described herei nabove with
reference to FIG 23 in that the driving transistor

T2 is not of the P-channel type but of the N-channe
type. Froma fabrication process of a circuit, it is

f regient dyd v anrageodsatn fuormmndl Lder ansT SRS i ¢R
conpose a pixel from N-channel. transistors. SUMVARY
OFhFHE FNVENTISON Moweversspoctthie ¢ifr ¢trt vebnt i gur &5 6he
of FIG 25, since the driving transistor T2 is of the
NdERannerl 35, thct onéseonnectB AMERENER aF ! thferest
to a power supply line and at the source S thereof to
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Accordingly, when the _characteristic_of the |ight
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i nfluence appears with the potential _of the squrce,
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vari es. and t drain_current 1ds
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to ¥IG. 23 in that the driving transistor T2 is not of
the P-channel type but of the N-channel type. From a
fabrication process of a circuit, it is frequently
advantageous to form all transistors which compose a

pixel from N-channel transistors.

SUMMARY OF THE INVENTION

However, in the circuit configuration of FIG. 25,
since the driving transistor 72 is of the N-channel type,
it is connected at the drain thereof to a power supply
line and at the source S thereof to the anode of the
light emitting element EL. Accordingly, when the
characteristic of the light emitting element EL varies
with time, since an influence appears with the potential
of the source S of the driving transistor T2, the gate

voltage Vgs varies and the drain current Ids supplied by



varies as tine passes. Further, not only the | um nance
of the light emtting el ement EL but also the

threshold voltage Vth of the driving transistor T2

di sperses for each pixel. Since the threshold voltage
Vth is included in the transistor characteristi cs08P1650
expression given hereinabove, even if the gate

voltage Vgs is fixed, the drain current lds varies.
Consequent |y, the emission [|ight |um nance disperses
for each pixel, and uniformty of the screen inmage

c ot, be .obtained. A display. apparatus having a

func f%ﬁgéFgch?%% ﬁ%ﬁfféev?%?%ih T doPEAGES Wt h of

t he, dri~ing nsistor T2 which disperses .for each
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f q.an,. . has roposed heretofore.and is .
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active matri x type successively scans e Sscanni
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di spl ay apparatus of the active matri type carries
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correction SABP1690 funcfion carri'es out a thresho

valrue ncenk esht o Opekakison ths%)@'&%_hE@Fi, s dehen

line sequential. scanning. Accordingly, it is

nedessatymi enddeli®pestbBgdfor cach pixel, and uniformity
of the screen image cannot be obtained. A display
apparatus having a function of correcting the threshold
voltage Vth of the driving transistor T2 which disperses
for each pixel, that is, a threshold voltage correction
function, has been proposed heretofore and is disclosed,
for example, in Patent Document 3 mentioned hereinahove.

The display apparatus of the active matrix type

successively scans the scanning lines for each one
horizontal period (1H) to sample and write the signal
potential of an image signal into the storage capacitor.
In particular, the display apparatus of the active matrix
type carries out a signal potential writing operation by
line-sequential scanning for 1H period. An existing

display apparatus having the threshold voltage correction



di spl ay apparatus to carry out a threshold voltage
correction operation and a signal potential witing
operation within IH period for pixels for one line
(one row). However, as enhancenent of the definition
and increase of the density or higher speed driwggiso0
of a display apparatus progress, the 1H period is
conpressed and becones shorter in time. Accordingly,
it is becomng difficult to conplete a threshold

vol tage correction operation and a signal potentia
witing operation within such a shortened 1H peri od,
whiugk tiisnacsubjectotto abéhrgehokd. vd iTlecefroeel 19t i s
desirable to provide a display apparatus which can
exgeuteiant hn eshuolldorglstrageth core dticonegpenatd bn and
a signal potential witing operation stably at a high
speedneven iherediHsper i bd 1ibecoresashof tertheAceordiing
to an enbodi nent of the present invention, there is
provipded ardispley t@ppararusti rellidideshalgi xeltag ray
section, and a driving section, the pixel arra
sECEt6ATI AR | YRl T iwrplafaki B yoRtl SChtRithgl] TRksing
extending 8 SO08P1690 along the direction of_a row, a
plapeaRtt 9 of i & ghalt IPepégd g% dhidiGtg alrongneherne (one
direction of a colum, and a plurality of pixels
di*$posed in rows and col ums at

However, as enhancement of the definition and
increase of the density or higher speed driving of a
display apparatus progress, the 1H peried is compressed
and becomes shorter in time. Accordingly, it is becoming
difficult to complete a threshold voltage correction
operation and a signal potential writing operation within
such a shortened 1H pericd, which is a subject to ke
solved.

Therefore, it is desirable to provide a display
apparatus which can execute a threshold voltage
correction operation and a signal potential writing
operation stably at a high speed even where 1H period
becomes shorter.

According to an embodiment cf the present invention,
there is provided a display apparatus includes a pizxel
array section, and a driving section, the pixel array

section including a plurality of scanning lines extending



pl aces at which the scanning lines and the signal.
lines intersect with each other, each of the pixels
including a sanpling transistor, a driving
transi stor, a storage capacitor and a |ight en1tt|n%
el enent, the sanpling transistor being connected 1§70
control termnal thereof to an associated one of the
scanning lines and at a pair of current termnals
thereof to a first one of the signal. |ines and a
control termnal of the driving transistor, the
drlz\ehggtpz;a@ff&t& Peing_£opnected, Al @ besé g i nes
current terminals thereo

er@xtt%hagn el enent, and; gt .a; sgcond, Qf?ﬁu tggdcgrrent

termnal s thereof to a power supply, t & st orage

C%ﬁ%&bﬁ@Fbefqgumﬁ%nQQ%bSQe@eiﬁw¥%h§'Q%dcgﬂﬁﬁﬁks at
termnal and one of the  current termnals of the
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wite scanner for supplying control signalsto the

SGaRBIBg-ET RS, anda okfEr sWei&habt Y neSYRREYENGh & uding a
signal potential and a ref erence potential to the
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threshol d vol tage correction operation in response to

acaganteel sSh@nalli@uwpphtedite dhewassoehat egnscanmni ng
line when the associated signal [ine has the
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corresponding to a threshold voltage of the driving

t tanshstosoc Mic:d heestar age sapaciroor iand theénada a pair

signal potential witing operation
of current terminals thereof to a first one of the signal
lines and a control terminal of the driwving transistor,
the driving transistor being connected at a first one of
a pair of current terminals thereof to the light emitting
element and at a second one of the current terminals
thereof to a power supply, the storage capacitor being
connected between the conitrcel terminal and cne of the
current lterminals of the driving transistor, the driving
section including a write scanner for supplying control
signals to the scanning lines and a for switchably
supplying a signal potential and a reference potential to
the signal lines, the sampling transistor carrying out a
threshold voltage correction operation in response to a

control signal supplied to the associated scanning line

when the asscciated signal line has the reference



in response to a control signal supplied to the

associ ated scanning |ine when the associ ated signa
line has the signal potential to sanple an imge
signal from the associated signal line and wite the
sanpl ed i mage signal to the storage capacitor, tHEBF1690
driving transistor supplying current in response to
the signal potential witten in the storage capacitor
to the light emtting elenent to cause the |ight
emtting element to emt light, the wite scanner
conbi ni ng_scanni ng periods allocated individually to
plRGtantonsstof “EHe scaMtitAge| FRBSSIRPTGIH 8 €ohpbsiited
scanning period including a first period and a second
p&Gil6ASCt Re Wrf t& Stidivnér2Bat phtt i - ¢ drier 6E°72%F gnal s
to the scanning lines all at once within the first,
PEPPEE L8  eXBE U e SLHPEShBP B Vat die YEdr 88t PBRTAton
operation of the scanning lines all at once, the wite
sCANAECPBHP Put? i hd CE nFFgPaio%W?po]ileﬁ dfafE®to the
scanning, lines within the second period to execut
SGUSRET AT of GHAT: Bot et AP wr i | 1 Speraa oRdta | 117
Pr.ef er abl the wite scanner_is. conpased of .two, O
i e  BPTUErE CHiad 6d PRVSEF I %0 TRy eadtirt from

SLATER S8 L0uF BRI YIS Ut o QUERL L

AP0, B 2 BLELECARLY DS W LB SepaTer s

(“Jﬁgiﬁ§@88 current in response to the signal potential
written in the storage capacitor to the light emitting
element to cause the light emitting element to emit light,
the write scanner combining scanning periods allccated
individually to plural ones of the scanning lines to form
a composite scanning pericd including a first peried and
a second period, the write scanner outputting control
signals to the scanning lines all at once within the
first period to execute the threshold value correcticn
operation of the scanning lines all at once, the write
scanner outputting seguential ceontrol signals to the
scanning lines within the second period to execute a
sequential signal potential writing operation,

Preferably, the write scanner is composed of two or

more gate drivers connected in series and each allocated

to a predetermined number of ones of the scanning lines

10



smal  er than one scanning period to the scanning |ines
within the second period. Preferably, the pixel. array
section further includes feed lines disposed in
parallel. to the scanning lines for supplying power

to the second current terninals of the driving S¢8P1690
transistors while the driving section includes a

power supply scanner for supplying a power supply

vol tage, which changes over between a high potential.
and a |l ow potential., to the feed lines, and the

I, r..S ' t |l ow potential to the
P‘%\Mﬁ FoSHPRLY é(‘?-‘r@i}%gntgi %BQM%% ne. | ow p

eed lines cor ng to the scanning lines to

execut e pLhe, Lhygshold wol iage coctestion opsrati on

within the irst period and then swtc y supplies

th%%qﬂiegbiaPoé@ﬁ‘éﬂo%! s%!gla% onae 4 ofhe EF;@&&H@@- I'n

this instance, preferably the power supp scanner

supphies thenlaw potentihal - 1hy a phase scghfliﬁé eNG& s
smal | er than one scanni ng period sequentially "to the

feg@dnkhnese Wddifu theibhrst period and then
switchably supplies the high potential all at once to

the feethdddieslyl nchep displayappacat s, rphal ities
of scanning 11 SO8P1690 periods (horizontal,

Pemicds} s af €€ onicred itpok o8 MA LOMASIT €oSERAN Mhning

period including a first period and a second peri od.

Witilries Ehe fimstyiper pedewhiehilid d@rfr eQtrent terminals
of the driving transistors while the driving section
includes a power supply scanner for supplying a power
supply voltage, which changes over belween a high
petential and a low potential, to the feed lines, and the
poewer supply scanner supplies the low potential to the
feed lines corresponding to the scanning lines to execute
the threshold wvoltage correction operation within the
first period and then switchably supplies the high
potential all at once to the feed lines.

In this instance, preferably the power supply
scanner supplies the low potential with a phase
difference smaller than one scanning period sequentially
to the feed lines within the first period and then
switchably supplies the high potential all at once to the

feed lines.

In the display apparatus, pluralities of scanning

11



hal f the conposite scanning period, control signals

are outputted fromthe wite scanner to the scanning
lines to carry out a threshold voltage correction
operation all at once. Then, within the second period
which is the rear half of the conposite scanni ng08P1690
period, sequential control signals are outputted from
the wite scanner to the scanning lines to carry out

a sequential signal potential witing operation. In
this manner, in the display apparatus, a plurality of
scanni ng perlods (horizontal periods) are conbi ned

aRd TERESt h?%%h?drrotex}mp@ég@dstoﬂ?@ecctqn%ﬂaﬁ:Jei»at foris
carried out commpnly within the front half of t
cORFBSPE ° pBT Ut nwreréart enct e Y @néﬂrSWPﬂhﬁp and &
operation is carried out sequenti al S uentl
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the threshol d voltage correction operat| n_and

singndl stt %ﬂ?ff%fr“vﬁ PRYBRePat toh R T8 sk
nor mal | y ﬁng sta hinthe s ort§ped oréz fégs to
pEMEE Efe 8?361 wﬁﬁ%ﬁrﬁ?ﬁ%ncan Feddy for®

enhancene t of th ef i nhilon and (9%299%

f ot
diFEviHg " p%e%ﬁ?ﬁ 5ixel’s of 94 di 'spiay “app ?g e o thé"
t t t h |
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resho correction eration can be carried

idﬁ%ﬁg 8?ét5ﬁ{gé@te%nQrHﬂlEgén%rlte scanner to the

scanning lines to carry out a seguential signal potential
writing operation. In this manner, in the display
apparatus, a plurality of scanning periods (horizontal
periods) are combined and the threshold voltage
correction operation is carried out commonly within the
front half of the composite period, whereafter the signal
writing operation is carried out sequentially.
Consequently, even if the horizontal period H is
shortened, since the threshold veltage correction
operation and the signal potential writing operation can
be carried ouf normally and stably within the shortened
horizontal peried, the display apparatus can be ready for
enhancement of the definition and increase of the driving
speed of pixels of a display apparatus of the active

matrix type. Further, with the display apparatus, since

12



picture quality free fromunevenness can be achi eved.

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1. is a block

di agram showi ng a general configuration of a display
apparatus according to the present invention; FIG 2

is a circuit diagramshowing an exanple of a pixg8F1650
formed in the display apparatus shown in PIG 1; FIG

3is atimng chart illustrating a reference exanple
of operation of the pixel shown in FIG 2; FIGS. A4,
5 6 and 7 are circuit diagrans iIIustratlng

on&{eattlh%éhgidt@&@ e'cosc%g«glw Eﬁm 2ot aﬁe d% S

graph i I'l'ustrating the cperation

75 @8n< 92804 ﬂ&gar eth]%' @%ugghgic@%fqgﬁag' ' gféﬁéyl&g

operations of the pixel. shown

grcﬁ}?sl}akl bH%é@%@%&ﬁ%e@pgﬁﬁt Ion, 4%&%&%@ ed in, HG

12 is a circuit diagramillustrating an

Oﬁﬁkﬁhk@nQlethf ﬁyé@ekr%ﬁoﬂﬂgbéhﬁgéé Zin Egcgﬁég 6§%

timng chart ustrating operation of
the pixel shown in FIG 2; FIG 14 is a timng chart
illustrating operation of the pixel shown in FIG 2;

FISB1EFSAESr apwavefoar mgi agramdd | ustrati ng

FIG. 1 is a block diagram showing a general
configuration of a display apparatus according to the
present invention;

FIG. Z is a circult diagram showing an example of a
pixel formed in the display apparatus shown in FIG. 1;

FIG. 3 is a timing chart illustrating a reference
example of operation of the pixel shown in FIG. 2:

FIGS5. 4, 5, 6 and 7 are circuit diagrams
illustrating operations of the pixel shown in ¥IG. 2;

FIG. 8 is a graph illustrating the operation
illustrated in FIG. 7;

FIGS. 9 and 10 are circuit diagrams illustrating
operations of the pixel shown in FIG. 2;

FIG. 11 is a graph illustrating the operation
illustrated in FIG. 10;

FIG. 12 is a circuit diagram illustrating an
operaticn of the pixel shown in FIG. 2;

FIG. 13 is a timing chart illustrating operation of
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operation of the display apparatus shown in FIG 1;
FIG 15Bis atimng chart illustrating a driving

nmet hod for the display apparatus of FIG 1; FIG 15C
is a block diagram showi ng a devel oped formof the

di spl ay apparatus of FIG 1; FIGS. 15D and 15F ars@8p1690
reference timng charts illustrating operation of a
scanner included in the display apparatus shown in
FIG 15C, FIG 16 is a sectional, view showi ng a
configuration of the display apparatus of FIG 1;

FIG 17 is a plan view show ng a nodule configuration
oftheheidesptlagrrapparfdtus-of FIG 1; FIG 18 is a
perspective view showing a television set which

i ncl udesftthe Idi $pl ayt appay atis tlsRdWASH e FIRg operagpe: of
19 is perspective views showng a digital still canera
whihehritiel utlee"t hie dilépl ay apparatus shown in FIG 1;
FIG 20 is a perspective view show ng, a notebook type
per sonal F Konpiter-Swhi €AV ¢ Holude$ orRB di St R tine
apparatus shown in FIG 1; 14 S08P1690 FIG _21 is a
sOEREFELLEN vP B ¥hSWisRg 28 pBrt abt e P ndl’ appar’at us
whi ch i ncl udes the display apparat shown in ElG . 1;
FIG 22 i'$a 'pbrspedt Fid é&?a&ﬁoﬁ#iﬁ%‘f%ﬂ@oa driving

method for the display apparatus of FIG. 1;

FIG. 15C is a block diagram showing a developed
form of the display apparatus of FIG. 1;

FIGS. 15D and 15E are reference timing charts
illustrating operation of a scanner included in the
display apparatus shown in FIG. 15C;

FIG. 16 is a sectional view-showing a configuration
of the display apparatus of FIG. 1;

FIG. 17 is a plan view showing a meodule
configuration of the display apparatus of FIG. 1;

FIG. 18 is a perspective view showing a television
set which includes the display apparatus shown in FIG. 1;

FIG. 19 is perspective views showing a digital
still camera which includes the display apparatus shown
in FIG. 1;

FIG. 20 is a perspective view showing a notebook
type personal computer which includes the display

apparatus shown in FiG. 1;
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canmera which includes the display apparatus shown in

FIG 1; FIG 23 is a circuit diagramshow ng an

exanpl e of an existing display apparatus; FIG 24 is

a graph illustrating a problemof the existing

di spl ay apparatus of FIG 23; and FIG 25 is a ci¥¢tH}690
di agram showi ng anot her exanple of an existing

di spl ay apparatus. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT The preferred enbodi ment of the
present invention wll now be described in reference

o s FEOTPANNING SRR DO -vdl BT e ottt

shown a gene confi'guration o I'Sp

acGording Egogyg%uén. g%%t159Y89£% {he-gls qéﬁpoﬁgiratua

appar atus shown includes a piIxe array and
drdpd 20 ;s segtions. (3, 4 and 5) for driving the pixe
array section 1. The pixel. array section 1 includes

a plural jpty. of Si%a@%@gsgé@flsvev\%le%%g' .qu 9'\91'21% t he

direction of a row, a plurality of signal”lines

eaae(r@qlangh@b@ngﬁlhfde@ Keet 19R,of , a, 60l um,. %ﬁ {?85’&6&%.

a plurallty of pixels 2 disposed in rows an ums
; places at which the scanning lines WS and the
signal lines SL intersect with each other, and a

pluralityrof 24 eedal bnes.DS SQIMI-RY 88w PRVEL WM@ of
| i nes di sposed corresponding to the rows of the
piaxelesideidfed Hd M yNGpparatus;
FIG. 24 is a graph illustrating a problem of the
existing display apparatus of FIG. 23; and

FIG. 25 is a circuit diagram showing another

example of an existing display apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The preferred embodiment of the present invention
will now be described in reference to the accompanying
drawings. TIn the FIG. 1, there is shown a general
configuration of a display apparatus according to the
present invention. The display apparatus shown includes a
pixel array section 1, and driving sections (3, 4 and 5)
for driving the pixel array section 1. The pixel array
section 1 includes a plurality of scanning lines WS
extending along the direction of a row, a plurality of

signal lines SL extending along the direction of a column,



sections 3, 4 and 5 include a controlling scanner

(wite scanner) 4 for successively supplying a

control signal to the scanning lines W to

i ne-sequentially scan the pixels 2 in a unit of a

row, a power supply scanner (drive scanner) 5 forsogp1690

supplying a power supply potential which is changed

over between a first potential and a second potentia

to each of the feed lines DS in response to the

I i ne-sequential scanning, and a signal driver

(hori zontal selector) 3 for supplying a signa

pet ehtiral it seriimigeds andismgessignalovandna eefermence

potential. to the signal lines SL in the columms in

r esponaseat ovithid thieneécgenient 1 wres danniinghbe 319l o

be noted that the <controlling scanner or wite

séaﬁﬁérsﬁ-{ﬁﬁﬁﬁﬂﬁﬁ§|Wﬁthr@§96n%%h%@ &Nl acR1sTyhely Wock
supplied thereto fromthe outside to _successively

t E8RST ekN e starte PuRge 2NEBPYE S UPPIRIYd 1SR dF T3P F5%m

the outside to output a control signal to the

SEAMAPAGCTT HES WRB.E Phecpdwet %ftﬁpmvesléaﬁner%eofﬂrdwva

scanner 5 operates in response to a cl ock S|gnal

s&ﬁﬁltﬂ%sf?’orﬁ tHE oUEEFBUE 0? stEtEss i VaFy St aNSt e&wr&te
16 SO8P1690 _start pul se E sg qvplled S|n1IQ[ rlq N
tﬁéaBU?‘é? de Y& 51”icr‘f§5§é2jﬁ AT AR %Waﬁg&o%é? thgnat to
DabE! hnar oy 361 R of RS RTAPES TRER Gdkd i n
t%?xgﬁspﬁaynqg rn%?%% Shomn,lg ggé%r supply scanner
(drive scanner) 5 for supplying a power supply potential
which is changed over between a first potential and a
second potential to sach of the feed lines DS in response
to the line-sequential scanning, and a signal driver
{horizontal selector) 3 for supplying a signal potential
serving as an image signal and a reference potential to
the signal lines SL in the columns in respense to Lhe
line-sequential scanning. It is to be ncoted that the
controlling scanner oy write scanner 4 operates in
response to a clock signal WSck supplied thereto from the
outside to successively transfer a start pulse WSsp
supplied similarly from the outside to output a control
signal to the scanning lines WS. The power supply scanner
or drive scanner 5 operates in respense to a clock signal

DSck supplied from the outside to successively transfer a

16



1. Referring to FIG 2, each pixel 2 includes a |ight
emtting elenment EL of the two-term nal type or diode
type represented by an organic EL device, a sanpling
transistor TI. of the N-channel type, a driving
transistor T2 of the N-channel. type, and a stordgele30
capacitor Cl of the thin filmtype. The sanpling
transistor Tl is connected at the gate thereof, which
serves as a control termnal, to a scanning line W5,
at one of the source and the drain thereof, which
ser\ve.a r t ,nal,s, .t o he gat e of the )
d?ﬁéﬁﬁgEFggﬁésg%bfﬁ% }lgﬁdsé%l%%%ubt er tg%eo%?s¥ﬁ%tﬁ
squr.ce rAl r t si.gnal. .Linge _.SL.. The
g erans: stor PaNE Bohn il gt Gha o Ey HE et
sayr¢e and the drain thereof to the light emtting
element EL and at the other one of the source and the

drain theyeof, taasfged.line DS c%ﬂf&@&r&%%ﬁ?ththe

enbodi ment, the driving transistor T2"Is “the
Nahangeb :fyR&iANdn $heonnsst od Al the dr ahh$i 48 r1c.

thereof, which is one of the current termnals, to

the feee hing BS and. at, Lhe 3)‘1%'&3@‘32811%%4;"%{ 8Qtht
which is the other current 1'7 SOB P1690 termnal, to

t heianedg sideof miherl tght cemiddimg 8l egpator B oJthe
light emtting elenent EL is connected at the cathode

t hgpeotcandsdixed o aa predeleryi nrd ;¢at h@dgampling
potential Vcat. The storage capacitor O is connected
betweenstbe BoOwfcehs aschien€Urt e, Lenmifahg anthiN@ror
gat e
12 of the N-channel type, and a storage capacitor Cl of
the thin film type. The sampling transistor T1 is
connected at the gate thereof, which serves as a control
terminal, to a scanning line WS, at one of the source and
the drain therecf, which serve as current terminals, to
the gate G of the driving transistor T2, and at the other
one of the source and the drain thereof toc a signal line
SIL.. The driving transistor T2 is connected at one of the
source and the drain thereof to the light emitting
element EL and at the other one of the source and the
drain thereof to a feed line DS. In the present
embodiment, the driving transistor T2 is of the N-channel
type and is connected at the drain side thereof, which is

one of the current terminals, tc the feed line DS and at

the source § side thereof, which is the other current

17



G as the control termnal of the driving transistor

T2. The controlling scanner or wite scanner 4

changes over the potential to the scanning line W5
between the Iow potential and the high potential to
out put a sequential control signal to the pixel $02pr1690
havi ng such a configuration as descri bed above

thereby to line- sequentially scan the pixels 2 in a
unit of a row. The power supply scanner or driver
scanner 5 supplies a power supply potential., which
changes over between a first potential Vcc and a
seeondnpdt ent i @le Vsodeost He feeldhe |liluds PSLEhirespomset
to the line-sequential scanning. The signal. driver
ofiLhor Trzontiahtseméctong 3= bapplt éd: assignad ctqsbteenthal
Vsig, which is an image signal, and a reference
potéshpiial thefscf grchdisiegnal ¢ i exleglerareddiag ¢4e t he
colum direction in synchronismwth the

| imvsessdaenteal- SeanhiagRod rarkeidrspf ayl agiraracisd
havi ng the configuration described above, the

s&EPMFERY ERANSIWTET STESsARPI eer By Sarrias!t ped stifhaate
potential Vsig into the storage 18 SO08P1690 ,
c&paci toe. certiit Harmanganpf | \%@0 g OG 9 FoAT A Setond -
timng at which the control signal rises after a first

t iTeNGORE Thnt TH tHE T EgE sTTghat T96EE* Fofl the®s over
ref erence ?otential Vofs to the si_n%J ﬁoten iaH
VEEGPEESRE thE 1 YieniPG At Mt K thve PESNEFBI “ 3T ghAl

f%kk%n%gaﬁugghcggetgygh potential to output a sequential

control signal to the pixels 2 having such a
configuration as described above thereby to line-
sequentially scan the pixels 2 in a unit of a row. The
power supply scanner or driver scanner 5 supplies a power
supply potential, which changes over between a first
potential Vcc and a second potential Vss to the feed
lines DS in response to the line-seqguential scanning. The
signal driver or horizontal selector 3 supplies a signal
potential Vsig, which is an image signal, and a reference
potential Vofs to the signal lines SL extending in the
column direction in synchronism with the line-sequential
scanning.

In the display apparatus having the configuration
described above, the sampling transisteor Tl samples and

writes the signal potential Vsig into the storage

18



sanpling transistor Tl. Sinultaneously, the current
flowing through the driving transistor T2 is

negatively fed back to the storage capacitor. d to
apply correction of the nobility p of the drivin%t8
transistor T2 to the signal potential witten i PUSkd690
storage capacitor . In other words, the sanpling
period fromthe second timng to the third timng
serves also as a nobility correction period within

whi ch the current flow ng through the driving
transistar 42 'Scfn%g%t ! Lugbyfed.back &Qo&hgese(ggmge

Cap clitor rcu OMM In

gr’du ;i?l Saf wa}!f?SJ%%' @0}4‘8%99& ahrez% %”JrHQSt{ oy,

Ion tot nobility correction funct

d%%%ﬁthgtaﬁﬁﬁEh 2 1&35&'9955%3 Jﬂg%sp%%%ﬁ Eﬁ@“&é@erence

scanner or driver scannéer anges over

p%k@@hh@&lt@bﬁgn%cfQ%@ E @ﬁdgﬁbéﬁéﬂg %ﬂeVs br§$ a third

potential Vcc to the second pot ent i al VSs at the

ficristinki At ngn baf ane Lhgrs8MPki cﬁ}galt rangisst.Qr len Sc?ﬂﬁolt%%
the signal potential Vsig. Simlarly, at the second

tisaipg : Bef OF &nd ha sandl. i ng dansiester y Ti - 15amml e nthe
19 SO8P1690 signal potential Vsig, Ke control l'ing

SEaARMEhgOEh WidIe tHeCARNONnd £ ENUETT trN@2SABPhND- i vely
transistor Tl conducting to apply the reference

pakenteak Mofisnd ramrbbe shgnaltod ine tSlabpil hes gate iGn

of the driving transistor T2 to set the source S of

t he drbvingilians sttorhd2dtovihe 1seeendtcr T2 to the
signal potential written in the storage capacitor Cl. 1In
other words, the sampling period from the second timing
to the third timing serves also as a mobility correction
pariod within which the current flowing through the
driving transistor T2 is negatively fed back to the
storage capacitor Cl.

The pixel c¢ircuit shown in FIG. 2 includes a
threshold voltage correction functicn in additicon to the
moblility correction function described above. In
particular, the power supply scanner or driver scanner 5
changes over the potential to the feed line DS from the
first potential Vcc to the second potential Vss at the
first timing before the sampling transistor Tl samples
the signal potential Vsig. Similarly, at the second

timing before the sampling transistor Tl samples the
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potential Vss and set. the source S of the driving
transistor T2 to the second potential Vss. At the

third timng after the second tim ng, the power

supply scanner or drive scanner. 5 changes over the
feed line DS fromthe second potential Vss to tH&8r1690
first potential Vcc to store a voltage correspondi ng

to the threshold voltage Vth of the driving

transistor T2 into the storage capacitor C. By such

t hreshol d vol tage correction function as just

descri bed, the present display apparatus can cance

t e INERf PAEARELBF e t R8s ABP 0" Vol {8y S SOPRSBF OF e L te

driving transistor T2 which disperses for_each glxel

| t5G2E0EE Bel CHOtEd thiat® *FRe b7 db%dri%%%%f C%‘é ‘fﬁlﬁ‘sqt

timng and the second tim ng. er versg .

DI L3 TS RORn 17 TGS ZorGrEher (e JGE8 BCbobictt ap

functign articul ar ontrollln ann

mﬂﬁf@ §&aﬁﬁeFﬁ% %Vﬁcé%c¥hén ﬁﬁ}Yﬂﬁgt %glﬁggr'ﬁ%to set
%1 non- c nd ctln state Lo, eleq;rl sconnec

gﬁ?@réf ng erahsistor” T géfron1b%

t t_ of
Eg)gwtlﬁoteﬁ?ldﬂda a&%ghgﬁﬁg( ténq%g&§¥%%ggl%%$o the
Sgoiéllgr V|95t0§ré%% Q@%@%ﬁq§§9é$%&af'V%sgatﬁ%‘¥% ent,;aly

ansi st or varil es

| nter n%%'f@grralkeat Othﬁqgﬂ lm.},g, t}lr@ Vﬁre'ra'éhB?_lesémer

SOUFCE potenti a rivi nsi st or 2 to keep

tﬁ%:%ﬁ-%eSQBESSeXQiQﬁ%%gXQSOQSEM@ﬁ%1feed line DS from the

second potential Vss Lo the first potential Vce to store
a voltage corresponding to the threshold voltage Vth of
the driving Lransistor T2 into the storage capacitor Cl.
By such threshold voltage correction function as just
described, the present display apparatus can cancel the
influence of the threshold voltage Vth of the driving
transistor T2 which disperses for each pixel. It is to be
noted that the order in time of the first timing and the
second timing may be reversed.

The pixels 2 shown in FIG. 2 further includes a
bootstrap functiocon. In particular, the controlling
scanner or write scanner 4 places the sampling transistor
T1 into a non-conducting state to electrically disconnect
the gate G of the driving transistor T2 from the signal

line $IL at a point of time at which the signal potential
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the gate G and the source S of the driving transistor.
T2 fixed. Even if the current/voltage characteristic

of the light emtting element EL varies as tine

passes, the gate-source voltage Vgs can be kept

fixed, and no variation of the |um nance occurs.SHEK690
3 illustrate operation of the pixel shown in FIG 2.

It is to be noted that the operation illustrated in

FIG 3 is a reference exanple, and the operation of

the pixel circuit shown in FIG 2 is not Iinited to

th?StJ]gl I l l § [»Q& eﬂm,lon t'lzlleG tglra%gre?aalfa}rg rt of Fi G

ustra es the pot en | he scanni ng

feed line or
lldB%Sé@ﬁenEFg Poe eaﬁa ?ﬁe potenq; eéVﬁggloknof

power suppl ¥’ Iine " tlﬁ

LSl gRbe b % Sectihah P RREC S LS (ETATRE 101 wign

axis. The pot ent | varl atl on e scarnnin

rQ@k£%%@§§tl$#§1@Qﬂ§r$f ggg &LgﬂguﬁpQ&r?ks Lhe

sanpl i ng transi st or en open and "efoddt’ st%t e.

ThﬁaﬁgﬁgebkafzWﬁf@@%@o@heoéaEQ fed Lige DS oo o between
the bpl' S

represents changeover between power s

valhtaggse VIE Cardd:- 1S S0, FRE §0$§”&k?%u%%l§§8599ﬁgwn;

jﬁ
variation of the signal. |line repr esent égber
betiwean th%ﬁﬂlqn@hep@ﬁﬁ%ﬂﬂﬁyv&#ﬁageaegaLQS%& iﬁi to%tﬁge

potential Vofs of the input signal. In parall
pOh@ﬁtléhlﬂ@ﬂkﬁkﬂ@ﬂ@nﬂeﬁt|@Qﬁﬂﬂs%k§QiH@e§Qg%§$Lgﬁha

vari ations of the gate G and the source

dijavieRgource voltage Vgs can be kept fixed, and no
variation of the luminance occurs.

F1G. 3 1llustrate operation of the pixel shown in

FIG. 2. It is to be noted that the operation illustrated
in FIG. 3 is a reference example, and the operation of
the pixel circuit shown in FIG. 2 is not limited to that
illustrated in FIG. 3. The timing chart of FIG. 3
illustrates the potential variation of the scanning line
WS, the potential variation of the feed line or power
supply line DS and the potential variation of the signal
line SL with respect to the common time axis. The
potential variation of the scanning line WS represents
the control signal and controls the sampling transistor
Tl between open and closed state. The potential variation

of the feed line DS represents changeover between the

power supply voltages Vece and Vss. The potential
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transistor T2 are illustrated. The potentia

difference Vgs is the potential difference between
the gate G and the source S as described herei nabove.
The period of the timng chart of FIG 3 is divided
into (1) to (7) periods in accordance with the s508r1690
transition of the operation of the pixel for the
conveni ence of description. Wthin the period (1)

i medi ately prior to the pertaining field, the |ight
emtting elenent EL is in a light emtting state.
Thereafter, the newfield of the |I|ine-sequentia
s&annahgomsa%nﬂé¥@dgnahdlvarﬁh1qqmgeﬁpﬁ§ﬁ CpEr Y 2) ,
the potential of the feed line DS is changed over

f borvene tie stigpetlenprant et 9 % Réds&e6nde pot ¥t al
Vss. Then, within the next period (3), the input
sbghattiak WHangdd fovei "PYBNF 1HE si ghal P‘bﬁlelﬁﬁ ar Vefg
to the reference potential Vofs. Further, within the
pEPFBEt {2 | vaqlr?etﬁsv@ﬁprﬂﬁﬂblw%ﬁ*vs@s&b@r e PELERT TR on.
Wthin the periods 82) to é t he ate vol t age

t HBT$Bl+eR° Xoltagd2sf Fha™dr i g §n§i 8?0? @?'zirdr"é-”g

tial d. Th d 4 ti
DFFBALF i 117 GSlfong 1550 SEEEL 608Ny %P?éﬁgﬁ orPddrtoRce
th which th f th t T2
LA R T RIS é?”%?%%ﬁald
sour ce tran istor. T2 is

iﬁSFiﬁPFE%% %c)%rééﬁ§é& 8 %%f%ﬁﬂ AV%ss. Then, within
the pergﬂg %erlog tPr %QQE%uX%]%%% t ofrﬁﬁgjqpis divided

into (1} to (7) periods in accordance with the transition
of the operation of the pixel for the convenience of
description. Within the period (1) immediately prior to
the pertaining field, the light emitting element EL is in
a light emitting state. Thereafter, the new field of the
line-sequential scanning is entered, and within the first
period {2), the potential of the feed line DS is changed
over from the first potential Vcc to the second potential
Vss. Then, within the next period (3}, the input signal
is changed over from the signal potential Vsig to the
reference potential Vofs. Further, within the period (4},
the sampling transistor Tl is turned on. Within the
pericds (2} to {4), the gate voltage and the source
voltage of the driving transistor T2 are initialized. The

periods {2) to (4) are a preparation period for threshold
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operation is carried out actually, and a voltage
corresponding to the threshold voltage Vth is stored

bet ween the gate G and the source S of the driving
transi stor T2. Actually, the voltage corresponding to
the threshold voltage Vih is witten into the stdlfgées0
capacitor C connected between the gate G and the

source S of the driving transistor T2. It is to be
noted that, in the reference exanple of F11G 3, the
threshol d correction period (5) is provided three

LIRS andoa el 4400 ARk R, (PA) 4,5, Id1se eg nggt to

each of the t correc I on periods (5

dwl%raq wsngm qlzd okt age, correction period (5)
ok

repeat the t reshol tage correctlon operation

b%xﬁen@l ﬁaboP¥QQ§f1ﬁ¢ Ebﬂ?éﬁ a.gplﬁgg%rqggﬁgsgon én or

to the threshold voltage Vth is witten

stior age i n¢apaci 1 +d tubt sbsoi® &ﬁé?&tl%q vBQMEVI%m,
that the present inventionis not |imted to

buti tthhe tﬁ@rﬁ@ﬁﬁkpq:@peEaE59@ﬂﬂ§Mibﬁﬂﬁ%@ﬁ'Sgrg%gt%ld
within one threshold voltage correction period 3

23p96BP16R0; s Therealt el 5@@udW1§"H%dOBeQQE£9@b
peri od/ mobility correction period (6) is entered.

Heroerebhensignalo et entkahoMsi @ 0fadthechmages signal
is witten in an accunul ated manner into the storage

capacietor tid gvhid & andvehtageutdé foh bkl hEyying

correction is subtracted fromthe
transistor T2. Actually, the voltage corresponding to the
thresheld voltage Vth is written into the storage
capacitor Cl connected between the gate G and the source
S of the driving transistor T2.

It is to be noted that, in the reference example of

FIG. 3, the threshold correction period (5) is provided
three times, and a waiting period (5a) is inserted next
to each of the threshold correction periods (5). By
dividing the threshold voltage correction period (5) to
repeat the threshold voltage correction operation by a
plural number of times, a voltage corraesponding to the
threshold voltage Vth is written into the storage
capacitor Cl. It is to be noted, however, that the
present invention is not limited to this, but the
correction operation may be carried out within one

threshold voltage correction period (5).
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vol tage stored in the storage capacitor . Wthin the
writing operation period/nobility correction period
(6), it is necessary to place the sanpling transistor
Tl into a conducting state within a tinme zone within
which the signal line SL remains having the sigmalgpr1690
potential Vsig. Thereafter, the |ight emtting period
(7) is entered, and the light emtting element emts
light with a [um nance corresponding to the signa
potential Vsig. Thereupon, since the signal potentia
Vsig is adjusted with the voltage corresponding to

t he t hr é8troledh Aokt agbe Whitaind oplse v dpe ager O frgpility
nmobility correction, the emssion |ight |um nance of

t kerkpghtcenpetiaty @efenenered. nbere ntreencdd by
the dispersion of the threshold voltage Vth or the
mitenEyap 6Figq hef driievilRgoer abdist o FZILFEN|i 82t be
noted that a bootstrap operation is carried out at the
begicHitFhgtof THEAT Gt Cefl et F HY P& IGR2CTF T and Whil% 2
the gate-source voltage Vgs of the driving transi stor
Tol§a9RepY FPXAPLUIREYgaPET POTEMNT i'al SURhd Fﬁ%ds%ﬁ?béhe
potential. of the driving transistor T2 rise. 29
SOSP1686 SEpeiatibn 6t Sttﬁga%‘? xS Crsholut fi'n EPE
2 is described jn detail with reference to FIGS 4

1577 LEPPSPPE U tHITh B O GRD Bt (95 g Sp&r PP T)° &

SR8 b G A IR RS PR BRI, L 5ot 1

T% E%nhﬂcggngfgtate within a time zone within which the
signal line SIL remains having the signal potential Vsig.
Thereafter, the light emitting period (7) is entered, and
the light emitting element emits light with a luminance
corresponding to the signal potential Vsig. Thereupon,
since the signal potential Vsig is adjusted with the
voltage corresponding to the threshold voltage Vth and
the voltage AV for mobility correcticn, the emission
light luminance of the light emitting element EL is not
influenced by the dispersicen of the threshold voltage Vth
or the mobility u of the driving transistor TZ. Tt is to
be noted that a bootstrap operation is carried out at the
beginning cf the light emitting period {7), and while the
gate-source voltage Vgs of the driving transistor T2 is

kept fixed, the gate potential and the source potential

of the driving transistor TZ rise.

24



state. At this tinmes, since the driving transistor T2

is set so as to operate in a saturation region, the
driving current Ids flow ng through the |ight

emtting elenent EL assunes a val ue given by the
transistor characteristic expression nentioned S$08F1690
her ei nabove in response to the gate- source voltage
Vgs applied between the gate G and the source S of
the driving transistor T2. Accordingly, after the
preparation period (2) and (3) is entered, the

pot ent i t.he feed, Line or (A y. line D
changedq%%g%ﬂg'segdng po %ﬁ?ﬁéﬁ%egéfagHggﬁéﬁlfﬁ%Fl
5.4e30GB8oL ey SEGANG RALENTLAL o V58 45 p58E. such {hat
the driving transistor T2 operates in a saturation
regi-an al;this {idm,;hhechk ght,&dtidng i 16l epento Bl 4is
turned off and the power supply I'ine side becones the
Sauce 4 Of e, Ard ViR Lh L anSE St Ofa1T2s Akt BLSend | Mg

t he anode of the IlghF emtting elenent EL is charged
t @ot:RBr$8EONE: RRteNteak aMg$i nd hefnafker the; next an s
preparation period (4) is entered, while the

petenti alaofertile tshepal s1hde Ple 125 SAGPRLEI0; 1 HREONBS; o
the reference potential Vofs, the sanpling transistor
Tisel:S sbUk AEEh Ahd @ tsetint hes gat e PatreMelg@bnof thd heriving
driving transistor T2 to the reference potential Vofs
aguseenti ndfFl QowhingTh@rsoyrcend anthit heigat g G pdndherr.
driving transistor T2 upon |ight em ssion are

I mistsbakbzedvalue given by the transistor characteristic

E

expression mentioned hereinabove in response Lo the gate-
source voltage Vgs applied between the gate G and the
source S of the driving transistor TZ2.

Accordingly, after the preparation period (2) and
{3) 1s entered, the potential of the feed line or power
supply line DS is changed to the second potential Vss as
seen in FIG. 5. Since the second potential Vss is set
such that the driving transistor T2 operates in a
saturation region at this time, the light emitting
element EL is turned off and the power supply line side
becomes the source of the driving transistor T2. At this
time, the anode of the light emitting element EL is
charged to the second potential Vss.

Then, after the next preparation period (4) is

entered, while the potential of the signal line SL
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in this manner, and the gate-source voltage Vgs at

this time becones the value of Vofs - Vss. The
gate-source voltage Vgs = Vofs -- Vss is set so as to
have a value higher than the threshold voltage Vth of
the driving transistor T2. By initializing the s508p1690C
driving transistor T2 such that Vgs > Vth is

satisfied in this manner, preparations for a
succeedi ng threshold voltage correction operation are
conpl eted. Then, after the threshold voltage

correction period (5) is entered, the potential of

t hecheed FhaerdS rastasr wetepbie heVdis stthgotenpt &g Vee

as seen in FIG 7. Wen the power supply voltage
beécomes sthe Tirst porent cal fovert e 9356t Batpafior of
the anode of the |ight emtting element EL becones

t Hdeporéningl t oI odPcoSto? ihe @i Rgtential Vofs
transistor T2, and current flows as indicated by a
bréckéf el i-Ref &F r olv naPR PRUFIGS PPOACPENPE T it (thE
equivalent circuit of the light emtting elenent_g}

i SHEPPEsERERYY SR & paFar eFI et i'6R 8F € a* iyt bk +2¢9
Tel and a capacitor . Since the anode potential of
(he TGRCTGHET L1 b8 S0BPIEO0 v erBHL CEE THhat | €2
the second gotfntiaH_VSsh .Sl ower th@ﬁ Veat | + Vi hel

t Fé i GEECTEF V'8 iRAT 6Ff V8tate, "Hhd 'Rk CUrtTent®
flow ng through,the diode.Tel is_ _considerably smaller
trﬁﬁrﬁéﬁs gg?ré2¥0¢%(imvﬁﬁ t'Rr 84gh” ¢ he i rﬁ@yﬁgg vasne
trﬁyg%e§t%£ag2thgT¥HfgsIaﬁd %EEPgéeeﬂéh %& EHS driving

transistor T2. By initializing the driving transistor T2
such that Vgs » Vth 1s satisfied in this manner,
preparaticns for a succeeding threshold voltage
correction operation are completed.

Then, after the threshold voltage correction period
(5) is entered, the potential of the feed line DS returns
to the first potential Voo as seen in FIG. 7. When Lhe
power supply voltage becomes the first potential Vcc, the
potential of the anode of the light emitting element EL
becomes the potential of the source $ of the driving
transistor T2, and current flows as indicated by a broken
line arrow mark in FIG. 7. At this time, the eguivalent
circuit of the light emitting element EL is represented
by a parallel connection of a diode Tel and a capacitor

Cel. Since the anocde potential of the light emitting
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current flowi ng through the driving transistor T2 is
used to charge up the storage capacitor C and the

equi val ent capacitor Col. FIG 8 illustrates a tine
variation of the source potential of the drivin
transistor T2 within the threshold voltage corr%gﬁ3%§9o
period (5) illustrated in FIG 7. Referring to FIG

8, the source voltage of the driving transistor T2,

that is, the anode voltage of the |light emtting

el ement EL, rises fromthe second potential Vss as

tideRasses, Afler;d hepythreshol d, vl tage vgg[ffféti&&r

period (5) passes, the driving transistor T2 1is cut

offharafd,the @@E&rﬁqykcai$95tﬁgf ﬁ@%jp%km%@@_gtgke, and
source S and the gate G of the driving transistor T2

becones.equat toihe threshel dhyaltage Mhhi At this
time, the source potential is given by Vofs Vth. If

t Ricsisivakbe: Yodrsa 11 M Rnshi Lhe renBidis lr0Wek nbhan:-Meat che
Vthel, then the light emtting elenent EL is in a

cutraffingt atgns Ascsean .f rom fGred, sth8sB0M L the
potential of the driving transistor T2 rises as tine

passesntHowevetg throudh SA8PAEHAind hepresent exarmmhged

before the source voltage of the driving transistor T2

r eac khesryeof sp -t hstdrheef bapicitdame cit hnashabkdeyel fage¢

correction period (5) comes to an end, and therefore,

t epsanpbingetransi stor Tl is turned off and the

wai ting period (5a) is entered. FIG 9

F'IG. 8 illustrates a time variaticn of the socurce

potential of the driving transistor T2 within the
threshold voltage correction periocd {5) illustrated in
FIG. 7. Referring to FIG. 8, the source voltage of tLhe
driving transistor T2, that is, the anode voltage of the
light emitting element EL, rises from the second
potential Vss as time passes. After the threshold voltage
correction period (5) passes, the driving transistor T2
is cut off, and the gate-source voltage Vgs between the
source § and the gate G of the driving transisteor T2
becomes equal to the threshold voltage Vth. At this time,
the source potential is given by Vofs - Vth. If this
value Vofs - Vth still remains lower than Vcat + Vthel,
then the light emitting element EL is in a cutoff state.

Az seen from FIG. 8, the source potential of the

driving transistor T2 rises as time passes. However, in
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illustrates a state of the pixel. circuit within this
waiting period (5a) Wthin this first tinme waiting
period (5a), since the gate-source voltage Vgs of the
driving transistor T2 still remains higher than the
threshold voltage Vth, current flows fromthe firs®Bri690
potential Vcc to the storage capacitor C through the
driving transistor T2 as seen in FIG 9. Consequently,
al t hough the source voltage of the driving transistor
T2 rises, since the sanpling transistor Ti is in an
off state and the gate G of the driving transistor T2
i $henpaestitgledampddantefsrat €ie H%6 EhECpbEBNLT Al -6
the gate G of the driving transistor T2 rises i

t dgevhes Wansidier got sapfats rise of Vithe §BarEe s Hifpe
other words, within the first-tinme waiting period
(Sayeshoth ofliane soureetipoteftiodl (@ndCPresght et end,
potential of the drivin?, transistor T2 rise. At this
t iene, tBEReECThe Ty SPRETHN AT ETHT ides 1t &5 bEV PP id
to the light emtting elenment EL, the light emtting
elPefehbe BV EMts M6 1PAghe?! Ther8Hftér - mﬁg% he tine
of | H passes and the 28 S08P1690 . potenti al . of the

S anarCREnes o Detgmes the beror dice or nEPsr ST,

e 730! b9, L1 A8t o Tl L5, LU0ed, o G, S, the

e S e SRR LT LSSl Yol
driving transistor T2 still remains higher than the
threshold voltage Vth, current flows from the first
potential Vcec to the storage capacitor Cl through the
driving transistor T2 as seen in FIG. 9. Consequently,
although the source voltage of the driving transistor T2
rises, since the sampling transistor T1 is in an off
state and the gate G of the driving transister T2 is in a
high impedance state, also the potential of the gate G of
the driving transistor T2 rises together with the
potential rise of the source S. In other words, within
the first-time waiting period {5a), both of the source
potential and the gate potential of the driving
transistor T2 rise. At this time, since the reverse bias
continues to be applied to the light emitting element EL,
the light emitting element EL emits no light.

Thereafter, when the time of 1M passes and the
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waiting period (5a) is entered. By repeating the

t hreshol d vol tage correction period (5) and the

waiting period (5a) in this manner, the gate-source

vol tage Vgs of the driving transistor. T2 final

reaches a voltage corresponding to the threshol F98P1690
voltage Vth. At this tinme, the source potential. of

the driving transistor T2 is Vofs - Vth and is | ower
than Vcat | Vithel. Thereafter, when the witing

oper ati on period/nDbiIity correction period (6) is
eQ£§£§Qﬂa§h8f {%E g%h Qfegh§Lsﬁég5MeJltﬂ? §E?é§?nc%h

changed over fromt rence potential

S'ﬁHE@ntQQﬁeoéf§J VR %a%QQ1n5h§Fb$§¥%€%¥nw %? t%rned on

transi stor. is turned on"as seen In

thics dane, tﬁ@ay§kgﬁﬁ%l9@t@HEé§%0V§|&bﬂy§§e co¥PLLags,
val ue according to a gradation. Since the sanpling

t ransiast 8k . TitHe: @R et hengat e 1Roterbhal + Bfc theeshold
driving transistor T2 becones the signal. potentia

VsicQ.cagbanwhéd € ort hR rseur ¢e) potgntdal cnef sEhendri Midg
transi st or T2 rises as tine passes because current

f loms inthee et & ough fikoshtheed r_?/ Rebent 1a .crcC.
Also at this 29 S08P1690 ti ne, t he source

patrenrishal dofot theydrdovirag i banse st@r (5§12 adaesndokaiting
exceed the sum of the threshold voltage Vt hel of the

| ipghticem{bd) nin elteneftinBkranthd he:weathodes potenid algs
Vcat, then the current flowng fromthe driving
t riefngihst or i T2ng souged sankyT# of i ehidngirkgcabst hevolitage
capaci t or
corresponding to the threshcold voltage Vth. At this time,
the source potential of the driving transister T2 is Vofs
- Vth and is lower than Vcat + Vthel.

Thereafter, when the writing operation
period/mobility correction period {6) is entered, the
potential of the signal line SL is changed over from the
reference potential Vofs to the signal potential Vsig and
then the sampling transistor Tl is turned on as seen in
FIG. 10. At this time, the signal potential Vsig has a
voltage value according to a gradation. Since the
sampling transistor T1 is on, the gate potential of the
driving transistor T2 becomes the signal potential Vsig.
Meanwhile, the source potential of the driving transistor

T2 rises as time passes because current flows

therethrough from the first potential Vecc. Also at this
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equi val ent Cel and the storage capacitor C. At this
time, since the threshold voltage correction

operation of the driving transistor T2 has been

conpl eted already, the current supplied fromthe
driving transistor T2 reflects the nobility p. S508P16390
Particularly, where the driving transistor T2 has a
high nobility p, the current anmount at this tine is
great and also the potential rise amount AV of the
source is great. On the contrary, where the driving
transistor T2 has a |OM/nDbi|i%y p, the current
afoiat 6f e WUNFhGotraksiStor TR 91 EnBaf | VEe e T
potential rise amount AV of the source is small. By
sdéhdopperat | Gitewhéhgatelsobrce VOreade g ofadthe thel
driving transistor T2 is conpressed by the tentia

r icde tHrobhe Nt APEEPEc e REER he sBi] Y ﬁ?taﬁﬁe at a
point of tine at which the nobility correction per.iad
(6PtEBRheel t b°& el LPﬁeijjéf%Q%o{l r%“én\‘?olffglﬁetvgsde%lr\’&ﬁ]g
which the mobility p.is -elinmnated .conpletely is .
OBTAPREEoFI G 41 GAFUSER &t 68° & RART At 36 Wit htrespect
to time of e source potential_of .the drivi e .
L P ETBR T 50 08P1 800 W LHIE T B | 14 thie tine,

ERuneg! LRD, BRI IOk ARREL! 008 AN, opCRaEEN 41 M.

, Where e nobi I Fiv ransi st or

T2, 53,0 gbr Qfstsoorurﬁehgg' tage géqgl@%e@r LViD9ay, the

transistor rises qui ckly and the gate-source

VOLLAgR. YOSp] Sef URACIRRTaRE IBFNr il :QLBEr IO e cts

where the
the mobility w. Particularly, where the driving
transistor T2 has a high mobility p, the current amcunt
at this time is greal and alsc the potential rise amount
AV of the source is great. On the contrary, where the
driving transistor T2 has a low mobility u, the current
amount of the driving transistor T2 is small and the
potential rise amount AV of the source is small. By such
operation, the gate-source voltage Vgs of the driving
transistor T2 is compressed by the potential rise amount
AV reflecting the mobility p, and at a point of time at
which the mobility correction period (6} comes to an end,
the gate-source voltage Vgs from which the mobility p is
eliminated completely is obtained.

FIG. 11 illustrates a variation with respect to

time of the source potential of the driving transistor T2
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mobility p is high, the gate-source voltage Vgs is
conpressed so as to cancel the influence of the
nmobility p, and the driving current can be
suppressed. On the other hand, where the nDbilit%hé)
is low, the source voltage of the driving transi%t%it620
T2 does not rise very quickly, and also the
gat e-source voltage Vgs is not conpressed very
strongly. Accordingly, where the nmobility p is |ow,
the gate-source voltage Vgs is not conpressed very

' t - l o Lying, C Lty
S TP oe o et St TR et e ol {h A g above.
lightscem tLiRgeperind GAbye WL f}hcsbitlh]w 'oghfchsnadi%‘ﬁ%

period (7), the sanpling transistor Tl "is turne

tha%@@§@th@2li§h{ﬁﬁﬂ1EBE”QO@L&%“%Hlégqugfegﬁé égﬁ”ﬂwg

The gate-source voltage Vgs of the dri'ving transi stor

T2 ra$si1kept f2 Xethe ARG ithe drhyi NG tyARSLSHeke Td1tage
supplies fixed driving current ids 1n accordance with

t hgysChar ashprd $id € aLXR8SSIi AN gihwenyhens nahove e
the light emtting elenment EL. Since driving current

| dwbifiiows;:t hs ougih t hee bhogbtsemdd ing telemept B, the
anode voltage of the light 31 SO8P1690 emtting
elementskbg $hads ity daheesourceivalicaage of the mobility

driving transistor T2, rises up to Vx, and at a point

ofuy, tinpetht ahichhd hervehtagen exceeds reatd+ drhehe

the light emtting element EL emts light. As the

| icghie rehiasg} oredd mhebeobirest { ongis tiher, cunhkendthyvod t age

of the |ight
voltage of the driving transistor T2 does not rise very
guickly, and also the gate-source voltage Vgs is nok
conmpressed very strongly. Accordingly, where the mobility
B is low, the gate-scurce voltage Vgs is not compressed
very much so as to supplement the low driving capacity.

FIG. 1Z illustrates an operation state within the

light emitting period (7). Within the light emitting
period (7), the sampling transistor T1 is turned off to
cause the light emitting element EL to emit light. The
gate-source voltage Vgs of Lhe driving transistor T2 is
kept fixed, and the driving transistor T2 supplies fixed
driving current Ids in accordance with the characteristic
expression given hereinabove to the light emitting

element EL. Since driving current Ids’ flows through the

light emitting element EL, the anode voltage of the light
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emtting element EL varies. As a result, the potentia
of source S varies as shown in FIG 11. However,

since the gate-source voltage Vgs of the driving
transistor T2 is kept at a fixed value by the
bootstrap operation, the driving current Ids' flsoaPrng20
through the light emtting elenent EL does not vary.
Therefore, even if the current/voltage characteristic
of the light emtting elenment EL deteriorates, the
fixed driving current Ids' require flows, and the

| um nance of the light emtting elenent EL does not
vary tatngl ¢le®g EI3 ithpOst at'ds £adets Fedtidt eshdlé
value correction operation and a detailed signa
wdirtiivage bperatitonr darr irédeoutd it Hin ©HE fhst ARt of
period particularly within the no-light emtting
périimedasf wiheh theariig téHar ex seriin Ct?tFI*GVLéelRe?}E? riifgt
to FIG 13, wthin the | H period, the input signal as
aﬁmﬂﬁégégs?b?@ﬁ”f‘@Haﬁ@é%so%é?h%etﬁéeﬁh?h%ﬁqQﬁ fE&on
potential Vofs and the signal otentlal VSlg In t he
t|tﬁ=imﬁgbéﬁa%l?solformrethfscurfﬁ%t AN uﬁ% btthe
input signal is represented hy 32 S08P169(

c&‘f‘tlrtcSlmgu GhaErappth é’d‘rﬁSSth s@aﬁﬁFHg i
exhibits the high |e onIy ¥¢ hkn aHtlne erj.od t 18
WISHE At ReVEht ©3HY1 & ﬁl”ué corfection'BeFYod, “and St hdh
exhibits the high |eve %‘EhéQm%Q%Fheﬁr%'g?v erlﬁp
wiHin *PHECS i G a?mw ﬁﬁnﬁ VT ot PR RE“PPRT R cHar't,

kept at a fixed value by the bootstrap operation, the

e \ﬁ@te-lr}tg?al of

driving current Ids’ flowing through the light emitting
element EL does not vary. Therefore, even if the
current/voltage characteristic of the light emitting
element EL deteriorates, the fixed driving current Ids’
require flows, and the luminance of the light emitting
element EL does not vary at all.

FIG. 13 illustrates a detailed threshold wvalue
correction operation and a detailed signal writing
operation carried out within the last 1H period
particularly within the no-light emitting pericd of the
timing chart shown in FIG. 3. Referring to FIG. 13,
within the 1H period, the input signal as apn image signal
changes over between the reference potential Vofs and the
signal potential Vsig. In the timing chart of FIG. 13,

the transient time of the input signal is represented by
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the transient time of the scanning line Ws is
represented by t2. As can be apparently seen fromthe
timng chart, when the input signal is the reference
potential Vofs, the sanpling transistor Ti exhibits an
on state to carry out the threshold val ue correcti%né2°
operation, and then when the input signal becones the
signal potential. Vsig, the sanpling transistor Tl is
turned on again to carry out a signal. witing
operation. Therefore, it is necessary for the display
appar atpis of,the gqghxs i LYREL Qc%ﬁ‘rﬁ.{é’ ‘{%Ieaws
t hreshol d val ue correction operation and a signal.
pabentiak Whiti g, opekat LN RILE ] i sper Fggiod t
Incidentally, as enhancerenf of the definition an

i ngreasecql the. orarathonespeed of; & qye%@'ogy gp@a{}?énus
proceed, the 1H period becones shorter, and also In

t hiys i pliRst aReenid 1thejoperat i %é@%ﬁfﬁ%e@%e}b@d 4
reference exanpl e described herei nabove wth
refiemeRcent os a1 Jirithihgl e PRCESSARY he COM L1831,
threshol d voltage correction operation and a signa
patentiahs Weiht i dighe @PEraki 9BaMh 1 N :irld REri8drepresented
Thereupon, it is necessary to 33 SO08P1690 take the

t ransicentad idee per kpgsréhtBNGded @kothend nputingsicgaak,
and the control signal into consideration as seen in
t heehi mhagichar ts iefnafl Gs 18 anskarice @utchbput tvdxg of
the reference potential Vofs to the signal |ine SL,

t hde shmeshold dvolstiagercol r ecttilon soper ahi enata tarnimg
of f

out. the threshold value correcticn operation, and then
when the input signal becomes the signal potential Vsig,
the sampling transistor Tl is turned on again to carry
out a signal writing operation. Therefore, it is
necessary for the display apparatus of the active matrix
type Lo carry cut a threshold walue correction operation
and a signal potential writing operation within 1H period.
Incidentally, as enhancement cof the definition and
increase of the operation speed of a display apparatus
proceed, the 1H period becomes shorter, and alse in this
instance, in the operation sequence of the reference
example described hereinabove with reference to FIG. 3,
it 1s necessary to complete a threshold voltage
correction operation and a signal potential writing

operation within 1H period. Thereupon, it is necessary to
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operation of the sanpling transistor Tl, inputting of
the signal potential. Vsig to the signal line SL, a
signal potential witing operation and a turning off
operation of the sanpling transistor Tl within the
period of 1H In other words, the expression 2tlsoBr1690
2t2 + t3 + t4 < 1H nust be satisfied. Actually,
however, since the period of 1H is shortened

consi derably as the enhancenent of the definition and
the increase of the speed of a display apparatus
proceed, it is difficult to satisfy the relationship
desérei bed abovelsntd thasi desiednplletead BE of hileshighht
val ue correction operation and the signal potentia
weilohag epeéridid orenlicchi Alghel period e ideTatien grdereen
to cope with the problens of the reference exanple
désckppetimaboyehartie opr 8dent 1§ mashtGesi ve6ibi hejulg-ing of
plurality of horizontal periods and carries out the

t hPeshefl 8 vt U Gt gﬁf%p’é? dthort e ALY wi it hi e
part of the conbined period. Thereafter, the, signal
psbaRehald viritadsy copération P ted 2ot TR Brder
within the renmining part of the con%ined erj od. A
FPEc 1133 SOIPFeOTPACBNEEFER 15 Y [lus LPRRRS. Hh ©f the
exanpl e of an operation seguence w¢§pe tﬁg horizonHa
pérPoas {2H" ek i h8d 1T % t 0 'BE ROt ed THEL 'an
operation_ sequence of the reference example descr.i.bed
NEPEEREEObe T o SR 3R SRR SUbgor Gradd Bf Tt e 11 Hing
C%%rkhéogaﬁg 53'6??%@i%@9rt9f within the period of 1H. 1In

other words, the expression 2tl1 + 2t2 + 3 + t4 < 1H must
be satisfied. Actually, however, since the period of 1H
is shortened ccnsiderably as the enhancement of the
definition and the increase of the speed of a display
apparatus proceed, it is difficult to satisfy the
relationship described above and besides complete the
threshold value correction operation and the signal
potential writing operation within the period of 1H.

In order to cope with the problems of the reference
example described above, the present invention combines a
plurality of horizontal periods and carries out the
threshold value correction operation commonly within part
of the combined period. Thereafter, the signal potential
writing operation is carried out in order within the

remaining part of the combined period. FIG. 14
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operati on sequence of the present enbodinent is
illustrated on the | ower stage. In the operation
sequence of the reference exanple, the input signa
changes over between the reference potential Vofs and
the signal potential Vsig in a unit of 1H To the8F1690
sanpling transistor TI(N) for the Nth line, a contro
signal. including three pulses PO, P1 and P2 is
successively applied. The sanpling transistor T1(N)
turns on in response to the pulses PO, Pl and P2. The
cotie@latsgnal i shiditedeke N -

i ncl udi ng thrte pufgggQSS,gé?@%%giggxgiﬁPIgE?§a?§OH

apfied cbOowhBee SAPIHANG ZbhaAST 58004 sTLOM 1 ) Lo :
N+Itﬁ line. Wthin the First fi pé?f%ﬁ,l)mhén %ﬂgm%ed

| Nputi ssicgnad hased haaketer epeea Pod-enid@ln¥ef s¢ vitdhe
sanpling transistor TI(N) turns on in response to the

Caftfietlenpul S€al1d AcG@RABeULe fo tRSA0LM ¥OLLAUS, the
correction operation. Thereafter, when the input

siugnal schaages de aisigabnhpot entd alomdsirgkoMt thid whe
same 1H period, the sanpling transistor TI(N) turns
orppieatt espongeitae tife thonprobepulles®obdinkaccagry out a
signal. 35 S08P1690 potential witing operation. The
sanphishgatednsi strer 1TeN) sofigd he Tt Bhé i fige coOMRIrets@suence
the threshold voltage correction operation and the
siognabepot éntdrale wedatophlg, operatduan swighhii nchiegdd rste r
hori zontal period in this manner. It is to be noted
t Pgttveat thg srefievencehpotential Vofs and the signal
potential Vsig in a unit of 1H. To the sampling
transistor TI(N) for the Nth line, a control signal
including three pulses PO, Pl and P2 is successively
applied. The sampling transister T1(N) turns on in
response to the pulses PO, Pl and P2. The control signal
shifted rearwardly by 1H and including three pulses PO,
Pl and P2 similarly is applied to the sampling transistor
Ti(N+1l) for the N+lth line. Within the first 1H period,
winen the input signal has the reference potential Vofs,
the sampling transistor T1({N} turns on in response to the
contrecl pulse P1 to carry out a threshold voltage
correction operation. Thereafter, when the input signal
changes to a signal potential Vsigl within the same 1H

period, the sampling transistor T1(N) turns on in

response to the control pulse P2 to carry out a signal



sanpling transistor T1(N+1) of the next line turns on
in response to the control pulse POto carry out a
first time threshold voltage correction operation.
After the second tine horizontal period is entered,
when the input signal is the reference potential SdafPs£20
the sanpling transistor TI(N+1) of the N+lth |ine
turns on in response to the control pulse Pl to carry
out a second tine threshold voltage correction
operation. Then, when the input signal changes over
fromthe reference potential Vofs to a signal
poveatiail isi g2ng wwesaipbi ng Ther aASPStRE TERONEPFOr
turns on in response to the control. pulse P2 to
cdrry) onf Bhsiljriallipet eArPAF LR itienghrepbpati vht ta9s
this manner, the sanpling transistor for —each |ine
conpreresor here rtdshoPH bl ¢ ayedctr PECEPOR2 L opleriatidon
and the signal potential witing operation within a
PEPREALHP | WH N e préteht s et erdn O eRdnph e 118
since the correction is not conpleted by the first
t FRBnet hr ddhdisd “eoPE aetebriretti 8 optf ati®n, Tife
threshold voltage rrec%ion oqgrati n.is carrie ut
Huwrte

diS¢FEioREl FYAT56" pragH nd TepstPEi VatYyS d‘ﬂ? D
contrasf, in the operaéion.sgqg;qﬁecggpordhggat§3r§ye
présent >Bnbodiiert TR Rf}?% carhér “¢onbi'nes &
gkﬁ%%g%égegé%ﬁ%?%?g%%ﬁg%é%g%%?#éﬁ??é%gékﬁkﬁg?LLypresent
enbOdinfggﬁer rhe second time horizontal periocd 1is entered,
when the input signal is the reference potential Vofs,
the sampling transistor T1(N+1} of the N+lith line turns
on in response to the control pulse Pl to carry out a
second time threshold voltage correction operation. Then,
when the input signal changes over from the reference
potential Vofs to a signal potential Vsig2, the sampling
transistor T1(N+1) turns on in response to the control
pulse P2 to carry out a signal potential writing
operation. In this manner, the sampling transistor for
each line completes the threshold voltage correction
operation and the signal potential writing operation
within a period of 1H. 1In the present reference example,
since the correction is not completed by the first time

threshold voltage correction operation, the threshold

voltage correction operation is carried out divisionally
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two scanning lines) to forma conposite period of a
first period and a second period. In other words,

this conposite scanning period corresponds to 2H.
Wthin the fist period, the control. pulse Pl is
outputted at a tine to the two scanning |ines (N4fF1690
line and N+Ith Iine) to carry out a threshold voltage
correction operation at a tine. Then, within the

second period, the control pulse P2 is outputted to

the two scanning lines (Nth line and N+tlth line) to
eXEAULE ~AqS PNt 8. :8) gnal potential writing
operation. In t%e exanple, the input signal. is the
referenc ial Vof it hin .t ' ri : )
whi ch cof?ggﬁgﬁﬁgﬁfoy?hgh¥1%%%ﬂﬁépﬁ %%&?%%pﬁdﬁgggﬁﬁég ke

sGapnRgsPeE i afbaxHand chapges; i order. f Egmn@s a
signal potential Vsig to the signal potential Vsig2

Widihi-a1the osecond Rer iedigfist hey) ajtﬁﬁﬁfi!a{@laﬁl?;aéfﬂ%ated

conposite scanning period 2H At this tine,

sapldifigetENSE & ing TI6N ofn the NLR ki RetyE Do,
in response to the control pulse P2 and sanples the

sitgRalscpoheny i ainddi dlo. foThen, colhtes isaMkirlgd of a first
transi stor TI(N+1) of the Ntlth line turns 37 SO08P1690

Ofpelr oBleapeNs esd b rich@ceobtl ol 1rpultse rPdoand, sampl es the
signal potential Vsig2. FIG 15A illustrates details

ofccombef fet s@nsiiant petriipe 0bridesdmput-csizgnalwiandn the

on/off transient tines of the sanpling transistors

THiNY: andidd( N#e awirtthion phése P1 is outputted at a time
to the two scanning lines (Nth line and N+1lth line) to
carry oul a threshold voltage correction operaticn at a
time. Then, within the second periocd, the control pulse
P2 1s outputted to the Lwo scanning lines (Nth line and
N+1lth line) to execute a sequential signal potential
writing cperation. In the example, the input signal is
the reference potential Vofs within the first period
which corresponds to the front half of the composite
scanning period 2H and changes in order from the signal
potential Vsig to the signal potential Vsig2 within the
second period of the latter half of the composite
scanning period 2H. At this time, the sampling transistor
T1(N} of the Nth line turns on in response to the control

pulse P2 and samples the signal potential Vsigl. Then,

the sampling transistor T1(N+1) of the N+lth line turns
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conposite scanning period (2H). In order to facilitate
under st andi ngs, FI G 15A adopts a representation
manner simlar to that of the detailed timng chart
of the reference exanple shown in FIG 13. In the
present exanple, within the front half first perd0d@®lcs0
of the conposite period 2H, a collective threshold
vol tage correction operation is carried out, and
within the latter half second period, a sequenti al
signal potential witing operation is carried out.
Where the transient tinme of the input signal is

r §Pr éSeREBHOBTL tUC Hife COPEARS BRtS T |Pr?=e agf & REPsEhAichg
transistor Ti by t2, the threshold voltage correction
tisiEBy patemht} N isiggnal potential witing tine by
t4, in order to conplete the <collective threshold

voltage %H?ré%?ﬁéﬁ~86%F%¥?%ﬁﬁﬁﬁﬁlﬁh8{ %%dﬁ%nﬁﬁ?W%le“L
gnal potentj al MWItIn% B rati on described  ab ovef
wi TN °fhe"pet ittt oAl PEY) 8 fRCedsary B shtTST Y
3tl + 3t2.+t3 + t4 < 2H. t t
G hes SRSt FrAnSF oy gﬁm‘””é a@. weh FRERES BRETY
f J h t
o e B SR R ELS ke ter e e e
net hod of th t t | e
emcﬁ%gszsg%s@ffeéﬁ@a@ﬁve €0 :?r”eovzr"%%n%%wner
+ .13t th t t
R 5755, A9y S 1

r%% er%ngx égghﬁye §ﬁgﬁﬂ 1¥ep&é9n13. In the present

example, within the front half first pericd of the
composite period 2H, a collective threshold voltage
correction operation is carried out, and within the
latter half second period, a sequential signal potential
writing operation is carried out. Where the transient
time of the input signal is represented by tl, the
transient time of the sampling transistor Tl by t2, the
threshold voltage correction time by t3, and the signal
potential writing time by t4, in order to complete the
collective threshoeld voltage correction operation and the
sequential signal potential writing operation described
above within the period of 2H, it is necessary to satisfy
3t1 o+ 312 + £3 4+ t4 < 2H. In contrast, it is necessary to
satisfy 2tl + 2t2 + t3 + t4 < 1H with the reference

example shown in FIG. 13. Where the two cases are
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a predeterm ned threshold voltage correction operation
and a predeterm ned signal potential witing operation
can be carried out, and enhancenent of the definition
and increase of the operation speed of the panel can

be anticipated. FIG 15B illustrates a general S508P1690
configuration of an operation sequence of the display
apparatus of the present invention including a
potential variation of a power supply line. Referring
to FIG 15B, the maveforns of the control signals

lied t t t 1 d Tl (N+1
e R e
hol d | t t d.f t
A B, R TR L

CEShERBnae DAtyRan ne, Rponals W] A0, LIB,PELL O Tor

fe pi xel's l i'ne and ting

t'ﬂ@%eggﬁh dci flq%hB%%ehn <I !1 lhhs the.
ST et i

smal l'er t Further, ‘erence o etine

p%rq%heam&hlt&m fig %eqehw@d 0R, bc%%oﬁl‘%éséﬁf $eeaN o,

potential Vss a startlng ti

n% 'p'r%&té%n%k@%%sh%%t b5 o‘}%%ﬁ%e&p#‘% nhe

line and the NHlth line is smaller than 1H After t

gate af pthe.diving s ?%Q%'é&&%nﬂf%lS%&1E9n%h eration
ref erence potenti al s and the source of the

didavi BY EEARSESIAN | %n@egnﬁ&qé@&»r&e%qn@hepgé?Mi@flonv%%d
when no light is emtted, the power supply
increase of the operation speed of the panel can be
anticipated.

FIG. 15B illustrates a general configuration of an
operation sequence of the display apparatus of the
present inventiocon including a potential variation of a
power supply line. Referring toe FIG. 15B, the waveforms
of the control signals applied to the sampling
transistors T1(N) and T1(N+1) are common within a
correction preparation period and a threshold voltage
correction period for the Nth line and the N+1th line. On
the other hand, the difference between the signal writing
time period for the pixels of the Nth line and the signal
writing time pericd for the pixel of the N+1th line is
smaller than 1H. Further, the difference of the time

period in which the feed line DS becomes the second

potential Vss, that is, a starting timing of a no-light
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l'ine is changed over fromthe second potential Vss to
the first potential Vcc to carry out a divisiona
threshold voltage correction operation. Thereafter,
while nmobility correction is carried out, the signa
potentials Vsigl and Vsig2 are witten into the $08P1690
storage capacitors of the respective |lines to cause

the light emtting elenents EL to emt light. In this
manner, in the present operation sequence, sequenti al
control signals are outputted to the N h and hHIth
scanning lines W6 with a ghase difference snall

tﬁgﬁt@ﬁégs@%ﬁm%do%ﬁe@dt ¢HY Ui tHi atnﬁiet&@cﬁhath "Line

peri od. The power sup scanner supplies the second

potertipal ¢ ¥ssh3 %ﬁplgFg$¥tV“%ﬁﬁ@€eﬁflFﬂ%sdfﬁylng

corresponding to the plurality of scanning_line

(NtfﬁnséﬁHoMl%rﬁ%tcatr?mtﬁﬁ FEhBESRES H%G&ng 1 YgEs I the
npl ement _a threshold voltage correctlg gseratlon(j

vm%lufﬁ@t RE FiF <17+ 0¥ ddand” tien' thHdiges SVer "t hg"

otential to be supplied to,the firs tenti

pﬁxgepﬁﬁﬁ Ther p 3ﬂﬁﬁt lst?ﬁﬁ?ﬁfétgggrpoﬁer ?ﬁ?éﬁy
mer canner i t he C te
nﬁoﬁgﬁgk%ﬁ‘?‘gl‘?‘ﬁf AN R G

nd d l.ines DS t

(ggllg pPP% ne scaﬁﬁﬁﬁﬁrﬁ )OM% %]i% %%ﬁa? %E§£$ﬁ

er and t e t al

gupblﬁ@& C? tl%ﬁ E%%&a? g%tlgﬁm%%%%@ék whff%k%%blllty

cé%ﬂ%%%90£0{5négr JE% %b%?lﬁﬂe signal potentials Vsigl

and Vsig?2 are written into the storage capacitors of the
respective lines Lo cause the light emitting elements EL
to emit light. In this manner, in the present operation
seguence, sequential control signals are outputted to the
Nth and N+ith scanning lines WS with a phase difference
smaller than one scanning period {1H) within the second
period. The power supply scanner supplies the second
potential Vss to a plurality of feed lines DS
corresponding to the plurality of scanning lines WS (Nth
and N+ith scanning lines WS) in order to implement a
threshold voltage correction operation within the first
period and then changes over the potential to be supplied
to the first potential Vcc at & time. Thereupon, within
the first period, the power supply scanner supplies the

second potential Vss to the plurality of feed lines DS
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apparatus according to the present invention.

Referring to FIG 15C, in the display apparatus

shown, the pixel array section 1 is driven by a

scanner 45. The scanner 45 is conposed of the
controlling scanner or wite scanner 4 and the po#erlod0
supply scanner or drive scanner. 5 shown in FIG 1

and has a function of scanning both of a control Iline
or scanning line W5 and a power supply line or feed

line DS for the sanpling transistor T1. This

rat ed canner. 45 is ned fromtwo
ar 3 S ECRATEE TR A ieeh bS] "G o preds. S hTREEE
nunb s of that is, N scannlng nes“ .
c%ﬁiECted o prbacE R N oRbl hat i 8Hlp@ﬁfgsn %?eegfﬁm
te.d F G ,15D |IIustr eration of th
gﬁ%%ﬁf@léga SeFhndEs S P se?o horéd ?Ha?o ?P%?lle

c 15D |IIustrates an exanple of a
re e?%ﬁcggggtd&f ntq?s?'é”a%nlng lines W5 and the feed

lines DS.afe (dfiven, |ﬁ3991§$ﬂy?ﬂkkﬁkkyt?go %ﬁégggle

the first drlver whi ¢ top O
dral ‘{3%&%189”9@&5%@1 t%erthsspg@&wtwe?x gg b Rrring

first to Nth scanni'ng |ines and

f aed rhinessBS. ,»._nT he,next Nﬁas&oggp%tw s%%%en%@'gdyﬁ 1

drlves the NWlth to 2 scanning l'ines W5 an

linesDSecELG 15E iddivstrates apgliali an ofrthe conner 45
i ntegrated scanner 45 shown in FIG 15C In order to

fad ldoh@bgeq undarst andk-Res: i hhesdddidig ochart cof s EliGer 4

15A adopts a
and the power supply scanner or drive scanner 5 shown in
PTG, 1 and has a funclion of scanning both of a control
line c¢r scanning line WS and a power supply line or feed
line DS for the sampling transistor Tl. This integrated
scammer 45 is formed from twoe or more gate drivers
connected in series, and a predetermined number of, that
is, N, scanning lines WS are collected to produce a
compination period for each gate driver.

FIG. 15D illustrates operation of the integrated
scanner 45. It is to be noted that this timing chart of
FIG. 15D illustrates an example of a reference, and the
scanning lines WS and the feed lines BS are driven line-
sequentially. For example, the first driver which is at
the top of the gate drivers connected in series

sequentially drives N first to NtLh scanning lines W3 and
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representation manner simlar to that of the detailed
timng chart of the enbodi nent shown in FIG 15B. This
i ntegrated scanner 45 is formed fromtwo or nore gate
drivers connected in series, and a predeterm ned
nunber N of scanning lines W5 are coll ected to fsaBmiaso
conposite period for each gate driver. For exanple,
the first driver at the top of the gate drivers
connected in series applies a common control signa
waveformto the sanmpling transistors TI(I) to TI(N)
Wthin a correction preparation period and a

t Hireshbidevalue Ebereett orecper dodvien §aeudlvist Lo dKi Hes
lines. Meanwhile, the difference between the signa
wehei Nyl Eh neo pattitodls sicapaingi kieles 8 adfaéend Hitrss O
smaller than 1.1-1. Further, also the difference of
the ti mihg atl Skhitéhus hes pot émarmtloafofh‘eh%o%re%absﬁy
l'i ne DS becones the second Potentlal Vss, that is,

t KE28haFt f A9 g 6HCa mot | i Rt C8AREt Fagfaperitade
bet ween adj acent lines is smaller than 1H After the
pOEREP P“%%”Q%e‘ﬁ§1§16$n?h%h%W§V? dqﬁraﬁ§ﬂs?%ﬁpgﬁéis
set to the reference potential Vofs an ot e I
ofreRFe8PBPABYY! MA@ edodrBedf the \?l n g’i“w ‘:}t%fl

t t t t t V hi
ncw'rnﬁgﬁfc@ﬁfmﬁg%é?e?n aﬁ‘fm%eﬁb' %fsgugérs'y”w Tpis
ed OV% fromt sec? Qofreo%t 'L%lo \Vss tpet
fﬁp§gq58F% t?%ﬁ“W%% *cart tHireShol'd" Vol tage

C%&E%%Egogogg éégd 11y Sg@%ggﬁftﬁg a\gye%%termlned number N

of scanning lines WS are collected to form a composite
period for each gate driver. For example, the first
driver at the top of the gate arivers connected in seriles
applies a common control signal waveform to the sampling
transistors T1(1l) to TL1{N) within a correction
preparation pericd and a threshold value correction
period in the first to Nth lines. Meanwhile, the
difference betwesen the signal writing time periods intco
pizels of adjacent lines is smaller than 1H. Further,
also the difference of the timing at which the potential
of the power supply line DS becomes the second potential
Vss, that is, the starting timing of a no-light emitting
period, between adjacent lines is smaller than 1H. After
the potential of the gate of the driving transistor T2 1is

sel to the reference potential Vofs and the potential of
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mobility correction is carried out, the signa

potentials VsigNi-1to Vsig2N are witten into the
storage capacitors of the respective lines to cause

the light emtting elenments EL to emit light. 't'hen,
the second driver applies a common control signalV8P1690
waveformto the sanpling transistors T1(N+l.) to

TI(2N) within a correction preparation period and a
threshol d val ue correction period in the NHlth to 2Nt h
lines. Meanwhile, the difference between the signa

WL [ erj ods .into pixels_.of jacent. ljnes is
oriil aPerRaro R Eutivars SrAS ERe ailrr arence b e
tiJu a i f .ential, of the .S ly line
p B o R L B ot bt 181 Vea PGl EEERy o108,
start ing. tLm f..a na-Li 1 J L eri.od

SUAL e LOLDG, Ofs R N0 Ll £ NOHEE O ccong
p%kﬁ%h%@%l°@s£h§)gﬁk@fiqgtt St L VNG, IS QASESEOL JE%IS
set to the reference potential Vofs and the_po¥ent|a
ofi he L8 QU 661 ©fgd h& r ALk YERYLLE ANSI B OF il 2r d Se4381 105 16

the second potential Vss wthin the no-light emtting

Pedred i £ Neo PaNET i SURRI %a43: SEBRIEIQ 1 isngnkhs shanged s
over fromthe second potential Vss to the  first

patsantiral cVogs i e alidey Wk rant hreshold svektggecapacitors
correction operation. Thereafter, while nobility

CQIfT @Gki 0BspScCRld 186he@UEs LhHEsSiNAl1iRoEeBkh 8 Sng

VsigN+Hl  to Vsig2N are witten into the storage

capadichosSEDftd hewit light.

Then, the second driver applies a common control

signal waveform to the sampling transistors T1(N+1) to
T1 (2N} within & correction preparation period and a
threshold value correction period in the N+lth to 2Nth
lines. Meanwhile, the difference between the signal
writing time periods intc pixels of adijacent lines is
smaller than 1H. Further, also the difference of the
timing at which the potential of the power supply line DS
becomes the second potential Vss, that is, the starting
timing of a no-light emitting period, between adjacent
lines is smaller than 1H. After the potential of the gate
of the driving transistor TZ is set to the reference
potential Vofs and the potential of the source of the
driving transistor T2 is set to the second potential Vss

within the no-light emitting period, the power supply
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respective lines to cause the light emtting el enents
EL to emt |ight. The display apparatus according to
the present invention has such a thin filmdevice
configuration as shown in FIG 16. FIG 16 shows a
schematic sectional structure of a pixel fornedsosranco
i nsul ating substrate. As seen in FIG 16, the pixe
shown includes a transistor section (in FIG 16, one
TFT is illustrated) including a plurality of thin
filmtransistors, a capacitor section such as a
storage capacitor or the like, and a light emtting
séénionssohray! avesr ganinctiEe wd@mshiotTheiat riafsitst 6he
section and the capacitor section are forned on the
sdbstirapet byt b TEpitecessry apitk tthé Nricghelény e tiasty
section such as an organic EL elenent is | am nated on

t ke rrepahei storratdeti-ont e aiié reapael ¢ drogedttivon. A
transparent opposing substrate is adhered to the Li%ht
eFCEERAGISRCET OFf Y C8 BBRdi e atjeit? it oF 6Pt 2l 1'att o !
panel . The display apparatus of the present enbodi ment

i (el Ygée28urFe aww%tﬁnawaapa?%\tﬂsof@rgeaCﬁﬁaaﬁ“eowﬁegm e

a 44 SOBP1690 flat shape as seen in FIG 1.7. )
REFEPPTAGTE ol FIGE C07 CaRoCr Spl by Py FY 5ERE1 BH WG ek

a plurality of pixels each including an organic EL
el"mEREE a'¥hin filmtransistor, a thin film capacitor
and so forth ar e f ormed_and inte%rategoigha mat ri x

for exanpte %GR 4N PREGF AL hgccor™ind & grsLht

invention has such a thin film device configuration as
shown in FI&. 16. FIG. 16 shows a schematic ssctional
structure of a pixel formed on an insulating substrate.
As seen in FIG. 16, the pixel shown includes a transistor
section {(in FIG. 16, cne TFT is illustrated} including a
plurality of thin film transistors, a capacitor section
such as a storage capacitor or the like, and a light
emitting section such as an organic EL element. The
transistor section and the capacitor section are formed
on the substrate by a TFT process, and the light emitting
section such as an organic EL element is laminated on the
transistor section and the capacitor sectien. A
transparent opposing substrate is adhered to the light
emitting section by a bonding agent to form a flat panel.
The display apparatus of the present embodiment

includes such a display apparatus of a module type of a
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substrate. A bonding agent is disposed in such a

manner as to surround the pixel array section or

pi xel matrix section, and an opposi ng substrate of
glass or the like is adhered to forma display

nodul e. As occasion demands, a color filter, a S08P16390
protective film a light intercepting filmand so

forth nay be provided on this transparent opposing
substrate. As a connector for inputting and

outputting signals and so forth fromthe outside to

t he ixel array section_and_vice versa, for_exanple,

0 TR BPa Br HiTa Gl PRt I FPO ey L0B b obi ted lon?
the _ di.splay_nodule. The display ratus accordin
tg%fﬁgaﬁrsgé% S??ﬁﬁﬁ1i¢§$raé§c?i%€%£% 6Véoﬁa§l§e?%r$%Ch
of. a.f| panel and can _be applied as a.display ..
aﬁgg?gﬁﬁggognv%?égﬁgje eg?FPEHPaﬁﬁgﬁgfhslgﬁ 55?¥%h%tor’

f iﬁgt%anm@ﬁgﬁi ﬁﬁﬁjixW%néi gnal, .,0putLt gf%r@%dor

produced in t ectroni c appar at us FepraYed as

an jRes  SUEh 9%a‘cfrg]&,e)f§gp!e§am | gi tal arC 3B ag%%e

not ebook type person conputers, portable

sefi$and ¥l 460, CARRLAS, LA the cfi%ltplo%‘é'idngn é"\g%hsgaﬁgn]a%%gr

exanpl es of the electronic apparatus to whi

disspliay suaPpaiat s i @ppki-edy are. descrjbed, Fl G 18
shows a television set to which the present Invention

! %eaﬁﬁloh,edangeefr?rdﬂﬂ&i‘i’z% Bl 180 the 1tekeyisipn sal,

includes a front panel 12 and an inmage
is adhered to form a display module. As occasion demands,
a color filter, a protective film, a light intercepting
film and so forth may be provided on this transparent
opposing substrate. As a connector for inputting and
outputting signals and so forth from the outside to the
pixel array section and vice versa, for example, a
flexible printed circuit (FPC) may be provided on the
display module,

The display apparatus according to the present
inventicn described above has a form of a flat panel and
can be applied as a display apparatus of various eleclLric
apparatus in variocus fields wherein an image signal
inputted to or produced in the electronic apparatus is
displayed as an image, such as, for example, digital
cameras, notebook type personal computers, porlable

telephone sets and video cameras. In the following,



di splay screen 11 fornmed froma filter glass plate 3
and so forth and is produced using the display
apparatus of the present invention as the inage

di splay screen 11. FIG 19 shows a digital canera to

whi ch the present invention is applied. Referrim§sEdos0
FIG 19, a front elevational view of the digita

camera i s shown on the wupper side, and a rear

el evational view of the digital camera is shown on

the | ower side. The digital canera shown includes an

i mge pickup lens, a flash |ight en1tt|ng section 15,
acdPsplay secticor E6rranepntRigiratdld ttehhackehip display
switch, a shutter 19 and so forth, The digital canera

| spprodtieed UsIRG iCHe 2P sPP S dfBar at us of  t he

present invention as the display section 16. FI G

shows a ‘Nét-eBEoR PYpe? d@?@ﬁﬁﬁﬁoﬁoﬁﬁhtE? TQﬁchﬁq?hpfﬁéent
present invention . is ap , Referrlnng FI G

tH@VﬁBFéﬁ%o&?t%ﬂﬁ%lﬁgrsdgﬁﬁngaﬁﬁuF8rF%ﬁo ﬂﬁ31udes a

| RUE Vb ACtaT o HHATES fof ELE & 010 idy “SHCET o 22
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N s e R T e R i S
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pPe ent i nvention is applre ng to F
FIG. 19 shows a digital camera to which the present

invention is applied. Referring to FIG. 19, a front
elevational view of the digital camera is shown on the
upper side, and a rear elevational view of the digital
camera is shown on the lower side. The digital camera
shown includes an image pickup lens, a flash light
emitting section 15, a display section 16, a control
switch, a menu switch, a shutter 19 and so forth. The
digital camera is produced using the display apparatus of
the present invention as the display section 16.

FIG. 20 shows a notebook type personal computer to
which the present invention is applied. Referring to FLG.
20, the notebook type personal computer shown includes a
body 20, a keyboard 21 for being operated in order to
input characters and so forth, a display section 22

provided on a body cover for displaying an image and so
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21, the portable term nal. apparatus is shown in an
unfol ded state on the left side and shown in a fol ded
state on the right side. The portable term na

apparatus includes an upper_ side housing 23, a | ower

si de housing 24, a connection section 25 in the FUEHh690
of a hinge section, a display section 26, a sub

di splay section 27, a picture light 28, a canera 29

and so forth. The portable term nal apparatus is
produced using the display apparatus of the present

i t] th i spi tion 27. FIG 22
Yo TR RE T T
[ . i.ed. [ to. FIG .2 th [

0] TEL Y 00,016,122, e oo, camErs

i,Gk] LN f, an i mage pickup object, a
DL AR L D5,

start/st r .image pickup, a nonitor 36

and so farth proyided Qri?aﬁdllae;ec#hikglﬁdg gy, S&CLign

30 which 1s directed forwar ev canera i's

LG . the displ: t. foLF . t
pfml&%e%eswg%%ﬁ %n%%&@% ?QZ«%E@&%%lgg%én%ﬁ;rﬁs%% FIG.

i nventi on as nmoni t or 36. ould

b@ﬂH”@%ESEQQQQQMeHQQ%&n%KiEbﬁgréﬂmih% %%Ewnhgﬁtml.

vari ous nDd!flcatlons, conblnatlpns, sub col i nati ons
angh libenati oNs JRY:HRCeWr+dependiNg R wrdesi 9Nro dcq

requi renents and ot her factors insofar as they are

W dticR bhet§§0ﬂ§ﬂﬁfsﬁ@%.apﬂﬁn@%gt%bﬁgngeﬁﬁhhheapparatus
includes an upper side housing 23, a lower side housing
24, a connection section 25 in the form of a hinge
section, a display section 26, a sub display section 27,
a picture light 28, a camera 29 and so forth. The
peortable terminal apparatus is produced using the display
apparatus ©f the present inventicn as the sub display
section 27.

FIG. 22 shows a video camera to which the present
invention is applied. Referring to FIG. 22, the video
camera shown includes a body section 30, and a lens 34
for picking up an image of an image pickup object, a
start/stop switch 35 for image pickup, a monitor 36 and
so forth provided on a face of the body section 30 which
is directed forwardly. The video camera is produced using
the display apparatus of the present invention as the

monitor 36.

47



equi val ents thereof. 48 S0821690 WHAT IS CLAIMED | S:

1. A display apparatus, conprising: a pixel array
section; and a driving section; said pixel array
section including a plurality of scanning |ines
extending along the direction of a row, a pluraldopi690
of signal lines extending along the direction of a
colum, and a plurality of pixels disposed in rows

and colums at places at which said scanning |ines and
said signal lines intersect with each other; each of
said pixels including a sanpling transistor, a

drivi ng 17 asiudtiobe andtortage bapabpsorsihdl e |iinglhhe art
emtting element; said sanpling transistor being
cohnécvediats anodidritaedli ober nderelbinddoast B an

associ ated one of said scanning lines and at a pair
ofcopirineptorerarichal s erREi edd M3 W RiT SePeRei s’ %aid
signal lines and a control termnal of said driving

t C&AdUBt BRAVEEETEYrS vinAg ot Pahsi &t o Shéragiebnhectsy are
a first one of a pair of current termnals thereof to
saitdbinghie ¥R i9g tEPeABRENARH G2 1H5s&Cohd%one of
said current termnals thereof to a power supply;
s&ddgforabR CHpE@tor bei ng connected between the
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control term nal and one of the current termnals of
said 49 SOBP1690 driving transistor; said driving
section including a wite scanner for supplying

control signals to said scanning lines and a signal.

sel ector for switchably supplying a signal poterG8&le90
and a reference potential to said signal lines; said
sanpling transistor carrying out a threshold voltage
correction operation in response to a control signa
supplied to the associ ated scanning |ine when the

a%%%%i§599¥£{ﬁﬁ?k; ine has the reference potential to

6 a“vol'tage corresponding to a threshol d vol tage

of said drivi.n ransi stor. into said storage
capacitg%'ah dl%%%ﬁVef%ﬁﬂi%gﬁspoFgﬁ??%ﬁlﬂ%ﬁti ng
operation j.n _response_to .a caontrol signal supplied to
t he assd%#%>§ﬁ'§5§ﬁﬁi%%C?Vﬁé Eﬁﬁ%n t he associ at ed

si gnal k;qgjgﬁégtggﬁ§iggal potential to sanple an

i mge signal m t he associ ated signal line and

wite th&ﬂ%ﬁgﬁg%g 59?99 &&gﬂ%h E%cﬁahgngtgr qgalitﬁtof

capacitor; sai riving transistor suppfying curre

| R ahBSRYNEE. D @tﬁ%n%iigaa!él tentd af; Wi bEen kn, f‘}%tvg a

storage capacitor to sai ight emtting el enen _
CRUs@asatd of Gl AMithi00%e 8l &I, Q88 thki ghtecSaid

[
Wite scanner combi ning scanni ng peri ods al | ocat e
| B vi dyahhy, toplaural,ranes, of £ said1SCaNALAGed in rows
and columns at places at which said scanning lines and
said signal lines interseclt with sach other;
each of said pixels including a sampling transistorn,
a driving transistor, a storage capacitor and a light
emitting element;
said sampling transistor being connected at a
control terminal thereof to an associated one of said
scanning lines and at a pair of current terminals thereof
to a first cne of said signal lines and a control
terminal of said driving transistor;
said driving lLransistor being ccnnected at a first
one of a pair of current terminals thereof to said light
emitting element and at a second one of said current
terminals thereof Lo a powesr supply:;
said storage capacitor being connected between Lhe

control terminal and one of the current terminals of said
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lines to forma conposite scanning period including a
50 SOBP1690 first period and a second period; said
wite scanner outputting control signals to said
scanning lines all at once within the first period to
execute the threshold val ue correction operationfipiss0
said scanning lines all at once; said wite scanner

out putting sequential control signals to said

scanning lines within the second period to execute a
sequential signal potential witing operation. 2. The
di spl ay apparatus according to claiml1l, wherein said
wdirte isgannetsistcaonposed of two or nore gate drivers
connected in series and each allocated to a

pr edet ersdinedirmuibegr seft brmesirgflugand scanhingdanies for
formthe conposite scanning period. 3. The displ ay
appapravisg aceordiing iteadkal-m daid wvemnaiings aide swdtce &
scanner outputs the sequential control signhals with a
plageadi fEkeence Sralsivetchhbhy oneerElYaRg AgSipett od to
said scanning lines within the second period, 4. The
dicoplay i appardtusdeesndengctontela mel saigher erhl ddings:
pi xel array section further includes feed Iines

di sposedsd it parmiliep foesaid WeaRArHG Y| Aes F dhreshold
suppl ying power to the second current term nals of the
drioditRget FARET St Bi's ARSIERE 1881 B dF9 AMNG s &t fonPntrot

i ncl udes a , . . .
signal supplied to the associated scanning line when the

associated signal line has the reference potential to
write a voltage corresponding to a threshold voltage of
said driving transistor into said storage capacitor and
then a signal potential writing cperation in response to
a control signal supplied to the associated scanning line
when the associated signal line has the signal potential
to sample an image signal from the asscclated signal line
and write the sampled image signal to sald storage
capacitor;

said driving transistor supplying current in
response to the signal potential written in said storage
capacitor to said light emitting element to cause said
light emitting element to emit light;

said write scanner combining scanning periods
allocated individually to plural ones of said scanning

lines to form a composite scanning period including a
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power supply scanner for supplying a power supply

vol tage, 51 S@BP1690 which changes over between a

hi gh potential and a | ow potential, to said feed

l'ines; and said power supply scanner supplies the | ow

potential to said feed lines corresponding to saisf8P1690

scanning lines to execute the threshold voltage

correction operation within the first period and then

swi tchably supplies the high potential all at once to

said feed Iines 5. The di splay apparatus according to
sai d wer su pIy scanner supplies

|
fﬁgfﬁt poﬁé? n?néh \ﬂ%ﬂ?ng Bﬁﬁ%% di ff erence snaller

I LI L

suppl % gg\%ﬁg; he otential all at .once t &%a{d f 88

l i nes. or driving a sﬁ1ay devf e

I'%H %Q @gt atﬁéxt r ﬁ& §595%ogbf§ J%%rbvgggtion of

sectlon e pixe array section inc a
plur; @|%E¥n9;n§0?ﬂnkp%lllggs ng&(tendlng along t he
direction of a row, a pl uraflty of signal lines

ext endi ng, 8l ng (Lhe odhfeetd Rl :BCOLUI L AN Aol

plurality of pixels disposed inro tUrms  at

placesiat cwhiohy the $6aRNI N L Iﬁe&laﬁqh%hgeébg@%o iod
lines intersect with each other, each of the pixels

i nel udiepgea aségﬂﬂéd%gaﬁr§9§h§1Oﬁoté%ﬁi%uthgtlng
transistor, a st or age
operation.

2. The display apparatus according to claim 1,
wherein said write scanner i1s composed of two or more
gate drivers connected in series and each allocated tc a
predetermined number of cnes of said scanning lines Lo
form the composite scanning period.

3. The display apparatus according to claim 1,
wherein said write scanner outputs the sequential control
signals with a phase difference smaller than one scanning
period to said scanning lines within the second period.

4. The display apparatus according te claim 1,
wherein said pixel array section further includes feed
lines disposed in parallel to said scanning lines for
supplying power o the second current terminals of the
driving transistors while said driving section includes a

power supply scanner for supplying a power supply voltage,



capacitor and a light emtting el enent, the sanpling
52 S08P1690 transistor being connected at a contro
term nal thereof to an associated one of the scanning
lines and at a pair of current termnals thereof to a
first one of the signal lines and a control termaedlsso
of the driving transistor, the driving transistor
bei ng connected at a first one of a pair of current
termnals thereof to the light emtting elenent and
at a second one of the current termnals thereof to a
power supply, the storage capacitor being_ connected
betweanchheseom ol dedrgEnal AR oird Sof iPReaNE UP r &ML
termnals of the driving transistor, the driving
secterofiphcl weli Tyt ch feect éiseann®d for suppl yi ng

contr ol g%gnals to the scanning lines and a signa

sel ect ors#iot Posigitt eHABLY SHBPIYH RYPRLSEGnEPE pYtenti al
and a reference potential to the signal lines, the
sETPEPRGAE r BfsTStOriesCat P AgCott e NI EShoPd® Yot t age
correction_operation in response to a control signa
sPNNeat b e fa%s%ﬁcatt&dthgc FHY S YELWAGRA t he
associ at ed si gnal Jine_hgs t he ;eference otent{ﬁl.

t FWPEET 87 VP T ate BortéSpBntifig' 1o 'a PhPes Bl o<
vol t.a t he I Vi transi stor into the _storage
05635%§8g£§nﬁu? eﬁffhﬂgﬁghéﬁgp%?%ﬁﬁﬁﬁﬂl ﬁ#ptﬁﬁgoncegto
oper%tion ig.response to a control signal supplied to
t W& 19ad§58i 41'8e° scanni ng 1i ne when the associ at ed
§|gnal !éneThhaaiEBfafhgﬂghhtB%tgg&b?&iﬁ&‘@9%H%§ma@,

i mage sighal Trom

wherein said power supply scanner supplies the low
potential with a phase difference smaller than one
scanning period sequentially to said feed lines within
the first period and then switchably supplies the high
potential all at once to said feed lines.

6. A method for driving a display device including
a pixel array section and a driving section, the pixel
array section including a plurality of scanning lines
extending along the direction of a row, a plurality of
signal lines extending along the direction of a column,
and a plurality of pixels disposed in rows and columns at
places at which the scanning lines and the signal lines
intersect with each other, each of the pixels including a
sampling transistor, & driving transistor, a storage

capacitor and a light emitting element, the sampling
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the associated signal line and wite the sanpl ed i nage
53 S08P1690 signal to the storage capacitor, the
driving transistor supplying current in response to

the signal potential witten in the storage capacitor
to the light emtting elenment to cause the |ightS08P1690
emtting elenent to emt |ight, the nethod conprising
the steps of: outputting control. signals to the
scanning lines all at once within a first period,
which is included, together with a second period, in

2 comasite soRnl ng, peclod, forned by, conbinlng L

scannlng perlo OoCa |n

PSR S NE ks BRI g D e i

val ue correction operation o cannin

atoio%%’reﬂ@dtgﬁ Pryz}lté n e%gglf‘le{]g) I Ql flrdsq_t ! Ol %Ifg{]gcle Ssignal

the scanning nes MAt in the secon per o

exeGide 184 §eg&%%¥6fﬂte%%gﬂgh pptant &yleyhﬁLtIQDSJS%q%

operation. 7. el’ectroni ¢ appar at us
digpd @ilvﬁggaffgﬁgﬁé%a%o%gﬁﬂg LRl AR Lt 2453 rst one of

a palr of current terminals thereof to the light emitting
element and at a second one of the current terminals
thereof to a power supply, the storage capacitor being
connected between the control terminal and one of the
current terminals of the driving transistor, the driving
section including a write scanner for supplying control
signals teo the scanning lines and a signal selector for
switchably supplying a signal potential and a reference
potential to the signal lines, the sampling transistor
carrying out a threshold voltage correction operation in
response to a control signal supplied to the associated
scanning line when the associated signal line has the
reference potential to write a voltage corresponding to a
threshold voltage of the driving transistor into the
storage capacitor and then a signal potential writing
operation in response toe a control signal supplied to the
associated scanning line when the associated signal line
has the signal potential to sample an image signal from

the associated signal line and write the sampled image
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signal to the storage capacitor, the driving transistor
supplying current in response to the signal potential
written in the storage capacitor to the light emitting
element to cause the light emitting element to emit light,
the method comprising the steps of:

outputting control signals to the scanning lines
all at once within a first period, which is included,
together with a second period, in a composite scanning
period formed by combining scanning periods allocated
individually to plural ones of the scanning lines, to
execute the threshold value correction operation of the
scanning lines all‘at cnce; and

outputting sequential contrel signals to the
scanning lines within the second period to execute a
sequential signal potential writing operation.

7. An electronic apparatus, comprising the display

apparatus according to claim 1.
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