1 DESCRI PTI ON DI SPLAY DEVI CE AND DRI VE METHOD THEREFOR 5 TECHNI CAL
FIELD [0001] The present invention relates to a display device and,
nore particularly to a display device using current-driven el enents
such as an organic EL display, and a drive nethod therefor. 10
BACKGROUND ART [0002] As a thin, high imge quality, and | ow power
consunption display device, an organic EL (El ectro Lum nescence)

di splay is known. The organic EL display includes a plurality of

pi xel 15 circuits including an ordEsuRIPErod ement and a driving
transi stor. Wien providing display on the organic EL display, there
is a need to conpensate for variations in the threshold voltage of

the driving transi sharsAndesschNaBase i Fosio asgesaused by

deterioration over tine of the organic enent s. 03] Vari ous
types of pixel circuits that perform conpensation operation are
conventionalh% known. Patent Docunent 1 describes a pixel circuit 80
shown Pn BEEFENLSALTREERPxel circuit 80 includes TFTs (Thin Film

Tr ansi st or[%)oogé b e esaen%a?ﬁ%ﬁf?{or?@e&%’%%.sa{?oOa( %%%b%ﬁ?;d%%f%%%&lgg?

When witing 25 to the pixel circuit 8 irst,

are contraldred paatdpubBariyate todiBpliaql dzeitdeughti®-Sntiteae dilitrage
of the TFT 85 (driving transistor), Then, the TFT 84 and the TFT 83
are contr GYSBE LS éHCgfﬁSsﬁﬁt@rgﬁn%%r%Lt@P%ﬂ4§ﬁmt%ﬂ?<ﬁaﬁ§€ﬁﬁbﬁ@$@°90
hold the threshql.d voltage of the TFT 85. Then, a data 30 potenti al

is applied to a data Iine DIL and the TFT 81 is 2 controlled to an
on state. Accordingly, variations in the threshold voltage of the TFT
85 and an increase in_resistance caused by deterioration over tine of
t he or ganiB&“BCREPEReART87 can be conpensated for.

[G002] As a thin, high image quality, and low power consumption
display device, an organic EL (Electro Luminescence) display
is known. The organic EL display includes a plurality of pixel
15 circuits including an organic EL element and a driving
transistor. When providing display on the crganic EL display,
there is a need to compensate for variations in the threshold
voltage of the driving transistors and an increase in resistance
caused by deterioration over time of the organic EL elements.
20 [0003] Various types of pixel circuits that perform
compensation operation are conventionally known. Patent
Document 1 describes a pixel circuit 80 shown in Fig. 18. The
pixel circuit 80 includes TFTs {(Thin Film Transistors) 81 to
85, a capacitor 86, and an organic EL element 87, When writing
25 to the pixel circuit 80, first, the TFTs 82 and 84 are controlled
to an on state to initialize the gate-source voltage of the TEFT
85 (driving transistor). Then, the TFT 84 and the TFT 83 are
controlled to an off state in turn to allow the capacitor 86
to hold the threshold voltage of the TFT 85. Then, a data

30 potential is applied to a data line DTL and the TFT 81 is



5[ 0004] The pixel circuit 80 is connected to the data |ine DIL, four
control lines WAL, AZL1, AZL2, and DSL, and three power lines (a
wiring line for Vofs, a wiring line for Vcc, and a wiring line for
Vss). In general, the larger the nunbér of wiring |ines
(particularly, control lines) connectéd to a pixel circuit, the 10
nore conplex the circuit becones, increasing nmanufacturing cost.
Hence, Patent Docunent 1 describes a pixel circuit where the source

term nal efontthelTEX 83 ah bhestETe84 Asceadminesied daa itshe ceaentihokhki ne
WSL. Patent Docunment 2 describes a pixel circuit where the gate
term nal GMIERECTRTVEYEaGE @dnhbet 8o an€ot rEICrEsspi fie NABLL sitange

previ ous rQw. By LZLn ro iLn . a_po '

The number ooty Pl A Se e e b o dhed . [O60LI BRORE TEtHne 3
descri bes carpibéekofpessbte®Otshown in Fig. 19. The pixel circuit 90
I ncludes TFTs 91 and 92, a capacitor 93, and an organic EL el enent

94. Whén WAOCHAgTR pAgetlhel pexdet 89 iewranroster Fetthe HatFFm e OTS:,
controlled£Q 88,0001 1ines wsL, AzL1, AZL2, and DSL, and three power
lines (awiring line for Veofs, awiring line for Vec, and a wiring
line for Vss). Ingeneral, the larger the number of wiring lines
{(particulariy, control lines) connected to a pixel circuit, the

10 more complex the circuit becomes, increasing manufacturing cost.
Hence, Patent Document 1 describes a pixel circuit where the
source terminal of the TFT 82 or the TFT 84 is connected to the
control line WSL. Patent Document 2 describes a pixel circuit
where the gate terminal of the TFT 82 is connected to a control

15 line WSL in a previous row. By thus commonizing a control line
and a power line, the number of wiring lines can be reduced.
[0005] Patent Document 3 describes a pixel circuit 80 shown in

Fig. 19. The pixel circuit 90 includes TETs 91 and 92, a
capacltor 93, and an organic EL element 94. When writing to

20 the pixel circuit 90, first, the TFT 91 is controlled to an on
state. Then, an initialization potential is applied to & powexr

line DSL to provide the initialization potential to the anode
terminal of the organic EL element 24. Then, a power supply
potential is applied to the power line DSL to allow the capacitoer

25 93 to hold the threshold voltage of the TFT 92 (driving
transistor). Then, a data potentiel is applied to a data line

DTL. By thus providing an initialization potential from the
power line, variations in the threshold voltage of the TFT 92

can be compensated for with a small number of elements. Patent

30 Document 4 describes & pixel circuit where an initialization



state. Then, an initialization potential is applied to a power |ine
DSL to provide the initialization potential to the anode term nal of
the organic EL el enent 94. Then, a power supply potential is applied
to the power line DSL to allow the capacitor 25 93 to hold the
threshold voltage of the TFT 92 (driving transistor). Then, a data
potential is applied to a data |line DTL. By thus providing an
initialization potential fromthe power |line, variations in the

t hr eshol d pedletndge lofi s herJEHKGP Cammbe gompenshired &od Wi tdefzremakl

nunber of elenents. ,Patent 30 D%cunent 4 deicribes {kgixel circuit
where an BREREPZatPoRT 3186t ehFPEI 2i S2pf ovited O™ RARFTeritne

and a refgfeneeppatentivah dis JHieviged ;EremtAs daddnisi® i oRal i at ion
Docunent 5 describes a pi xel C|rCU|ttﬁatperfornB conmpensation

oper at i on dduriingg aapphuadlty yodfhdwrdondiatlabpepépdsdse beforve wrdirig.ng. 5
1] Japgnese
PRTIOR ART DOCUMENTS
PATENT DOCUMENTS
[0006] [Patent Document 1] Japanese Laid-Open Patent
Publication No. 2006-215275
10 [Patent Document 2] Japanese Laid—-Open Patent
Publication No. 2007-316453
[Patent Document 3] Japanese Laid-Open Patent
Publication No. 2007-310311
[Patent Document 4] Japanese Laid-Open Patent
15 Publication No. 2007-148129
[Patent Document 5] Japanese lLaid-Open Patent

Publication No. 2008-33193

SUMMARY OF THE INVENTION
20 PROBLEMS TO BE SOLVED BY THE INVENTION
[C007] By applying the methods described in Patent Documents
1l and 2 to the pixel circuit 80 shown in Fig. 18, the number
of wiring lines connected to the pixel circuit can be reduced.
However, a pixel circuit cbtained according to the methods has
25 a problem that there are a large number of TFTs. On the other
hand, the pixel circuit 90 shown in Fig. 19 has a small numbexr
of TFTs. However, when the pixel circuit 90 is used, the power
line DSL needs to be driven in conjunction with a control line
WSL. Hence, a power control circuit requires output buffers

30 which are of the same number as the power lines DSLs. 1In



Docunent 2] Japanese 2007-316453 Docunent 3] Japanese 2007-310311
Docunent 4] Japanese 2007-148129 Docunent 5] Japanese 2008- 33193
SUMMARY OF THE | NVENTI ON 20 PROBLEMS TO BE SOLVED BY THE | NVENTI ON
[0007] By applying the methods descrihed in Patent Documents 1 and 2
to the pixel circuit 80 shown in Fig. 18, the nunber of wiring |lines
connected to the pixel circuit can be reduced. However, a pixel
circuit obtained according to the nethods has 25 a problemthat there
are a | ar geldiuioer ofindETshe @uittdieflhef the power line DSL needs to

change in a short time in accordance with a selection period
of the control line WSL, the cutput buffers provided in the power
contrel circuit require high current capability. Therefore,
5 the pixel circuit 90 has a problem that the circuit size and
power consumpticn of the power control circuit increase.
[0008] An object of the present invention is therefore to
provide a display device having a configuration in which an
initialization potential is provided to pixel circuits from
10 power lines, and having a power control circuit small incircuit

size.

MEANS FOR SOLVING THE PROBLEMS
[0009] According to & first aspect of the present invention,
15 there is provided a current-driven type display device,
including: a plurality of pixel circuits arranged
two-dimensicnally; a plurality of control lines provided for
respective rows of the pixel circuits; a plurality of data lines
provided for respective columns of the pixel circuits; a
20 plurality of power lines provided to supply a power supply
petential to the pixel circuits; a single or a plurality of
common power lines, each connected to two or more of the power
lines; a drive circuit that drives the control lines and the
data lines; and a power contrel clrcuit that drives the power
25 lines, wherein each of the pixel circuits includes: an
electro-optic element; a driving transistor provided on a path
of a current flowing through the electro-optic element; a write
contreol transistor provided between a control terminal of the
driving transistor and a corresponding one of the data lines;

30 a light emission control transistor provided between one



hand, the pixel circuit 90 shown in Fig. 19 has a small nunber of
TFTs. However, when the pixel circuit 90 is used, the power |ine DSL
needs to be driven in conjunction with a control |line WSL. Hence, a
power control circuit requires output Jbuffers 30 which are of the
sanme nunber as the power lines DSLs. In 4 addition, since the
potential of the power |line DSL needs to change in a short tine in

accordance with a selection period of the control |line WAL, the

out put bufderkiqpion dédrmanthe powetheondr ovimy r curdnsieuirr e amidgh a
current capabilit Therefore, 5 the pixel circuit 90 has a praobl em
that the GYCEH° g‘f%@ga‘ﬂbe ﬁé\/\}é}f‘e @8H§6nb“t1?eo§1 8P9th&E2PBfeFE SHtVgided

circuit inglgase ofANGR], ABnQRLectn chertnﬂ%a@r%@rﬁhé BYGROLE PN diSninal
therefore to provide a display device having a configuration in which

an initialdzahe dnipobentraalsissopy ewiddgte powgr xehtebi clircsiframli@s
power Lines, and having a power control cjrcuit small in circuit

si ze. NEANSSBR"SOLVIRNG YTRETPROBE ENE' 6009} Wtloriditig ™t BORSTHH&t to

aspect of he o%%gngou@yeﬂﬂ@rg) L% tah%mtbﬁl%or\{agﬁgra
current-driven type display device, including: "a plurality of pixel

circuits ardtdridedctondthagrenseopatdyd aappktiraf ithe pkecontriolvdrtmes,
provi ded for reSﬁéctlve rows of the pixel circuits; a plurality of

data |ines-"Fovi (i"tf%?‘p‘:'r‘"e"s65&1’?%8%6%%"@!‘“’:&88'p’i}}?eFir&f’?&hﬁcé“t

20 pl uralidy (bt SPOVE!: 411 N3 POV @§9059t§@p£¥:o@v DOYRL, éﬂemc}htmls
potential to the pixel circuits; a single or a plurality of conmon

power 1Pi nexy ®hidw ceankecbéd the tml@crt&rbrlelmél t hérpowes kiongssriarm

drive circuit that drives t control lines and the data |lines; and a
power cont¥dEEPRUPE 3 it eoﬁ?ﬁq}éﬂs%fh e S99 FFABSTShiker & €&Gh of

the pixel G4 cyighs bRekydss: i@n.ghectro-optic element; a driving
transi stor provided on a path of a current flow ng through t he

el ectro- opltlddd 18| amentdimg vire tee thomtir ebpecansi sher ppeswndecthettiean a
control termnal of the driving %r SI stor and .a correspondi ng one of
g gd ht

the data I"hes?® 38FH] ghTPENT s&F o PEoREFSEREr dRYPEELP pr &PRd

bet wegp ONgission control transistor is placed in an on state upon
initialization, and the initialization potential is a potential
at which the driving transistor is placed in an on state when
the potential is applied to the power line upon initialization.
[0012] Accerding to a fourth aspect of the present invention,
20 in the third aspect of the present invention, the light emission
control transistor is placed in an off state upon completion
of the initialization and is placed in an on state upon threshold
detection.
[0013] According to a fifth aspect of the present invention,
25 1in the fourth aspect of the present invention, the light
emission control transistor is placed in an on state for a fixed
period of time upon light emission.
[0014] According to a sixth aspect of the present invention,
in the second aspect of the present invention, each of the pixel

30 circuits further includes a reference potential application



5 conduction termnal of the driving transistor and a correspondi ng
one of the power lines; and a capacitor provided between an ot her
conduction termnal and the control termnal of the driving
transistor, and the power control cirguit applies 5 the power supply
potential and an initialization potential to the conmon power |ine(s)
in a swtching manner. [0010] According to a second aspect of the
present invention, in the first aspect of the present invention, the
drive ci rdl;:iatnssL@rt@ctw:dwﬁdeidabétzveecbrptlf(elcoa:l'rtn:@ﬂ,liﬁes:rrdmaé pOwhbagiiy,ingnd
controls 10 to aIIOM/egch of _the sel ected ghxﬁ circuits to perform
stor

det ect i on PTEIEHPESABR 02 of ST HE WS AN witing, and

l'ight em sgioam )i Acddfdind €81d Js Ae@RL 184102 £l b@e@éﬁ%%n@nt&*&%
present |nvent|on in the second aspect” of the present invention, the

i ght 15 &m ské (srecoodtasﬁeqtr ahditstpressntplavedtion arach <t ahe piped

initializat.on, the initialization potential is a potent.i al .at
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According to a fourth aspect of the present invention, 20 in th

third aspeb.‘[lvofngt heapsesert dnwentpohrol heing g:h:tﬂnemtsgl on ‘@mthmlte
t ransi st or lLaced in an off state upon conpl etion of

initiali zé:tci OInH* FRS P Hfed 3 Bt oast 4t FﬁF@éﬂ%ﬁ eod]é’te&,ttefjon.

[0013] Acqyy di Rgnt@2 1fiinkt BIQ§P§&§ Ay btﬂgeprM1ﬂ§1\(ﬁn£ﬁ9ﬂlel2§oMn
the fourth aspect of the present invention, the |ight em ssion

contrap t r[aiﬁ)s'tlfis]tmcqnsdnlgattedam r¢1ahtbnasteactte01f0¢1rae prrednpeimived tdfont, i me

upon |ight, em ssion. [0014 ordln to a sixth.aspect of the
pr esent |H\Pen1“reo?f°:c? FRB%E athe?sB EEeBF YHEPre §1en‘r‘p??nfé‘rﬁ%5&‘?ld

each of thgdi*8bn, a reference potential is applied to the data line

and the write control transistor 1s placed in an on state.
[0017] According to a ninth aspect of the present invention,

15 in the first aspect of the present invention, the display device
includes a single common power line.
[0018] According to a tenth aspect of the present invention,
in the first aspect of the present invention, the display device
inciudes a plurality of common power lines, wherein the power

20 lines are provided for the respective rows of the pixel circuits,
and the power control circuit applies the initialization
potential to the common power lines at different timings.
[0019] According to an eleventh aspect of the present invention,
in the tenth aspect of the present invention, a plurality of

25 power lines disposed adjacent to each other are connected to
each of the common power lines.
[0020] According te a twelfth aspect of the present invention,
in the tenth aspect of the present invention, a plurality of
power lines selected every predetermined number of lines

30 according to order of disposition are connected to each of the



30 circuits further includes a reference potential application 6
transi stor provided between the control term nal of the driving

transistor and a reference potential line. [0015] According to a
sevent h aspect of the present inventiaqn, in the second aspect of the
present invention, each of the pixel circuits further includes a
reference potential application transistor that is provided between
the control termnal of the driving transistor and a control |ine
connect ed domriche pawwketelcoas rol transi stor, and that has a control
term nal connected to a control line provided for pixel circuits in

anot her rd\/Q02iLO FOPIG naceD A diig teg N aéP@ﬁ:ttrP%Eb@@treé\enFHéN@r“éééﬁt
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[0017] According to a ninth aspect of the present invention, 15 in
t he flﬁst‘é§ﬁEct of the present invention, the display device
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aspect of resent TSt ‘aspe &6 present
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| ines, wherein the power 20 |lines are provided for the respective
rows of tﬁéﬁﬁﬁﬁéﬂkﬁﬁﬁ%hiﬁ%luéﬁﬁﬂfﬂﬂ%%&%ﬁéﬁydthFéﬁl@P#éﬂﬂ?séﬁﬁﬁm§§dthe
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of 25 power |ines disposed adjacent to each other are connected to
each of tREF3RREN fenerednasds Ve ooongc cof di gy Pédxalt RerFFehtaspéct

IO];IVEEE'?I g:}%ﬁ%@%lll:ﬂ\gf?tk;gggeknl&lhugstspé\plc?esd)e&% sq,fpplrj]yeaop %r supply
potential to the pixel circuits; and a single or a plurality
of common power lines, each connected to two or more of the power

15 lines, the method including the steps of: when each of the pixel
circuits includes: an electro-optic element; a driving
transistor provided on a path of a current flowing through the
electro-optic element; a write control transistor provided
between a control terminal of the driving transistor and a

20 corresponding one of the data lines; a light emission control
transistor provided between one conduction terminal of the
driving transistor and a corresponding one of the power lines;
and a capacitor provided between an other conduction terminal
and the control terminal of the driving transistor, applying,

25 using a power control circuit, the power supply potential and
an initialization potential to the common power line(s) in a
switching manner; controlling states of the transistors
included in the pixel circuits by driving the control lines;
and applying potentials corresponding to display data to the

30 data lines.



power |ines selected every predeterm ned nunber of |ines 30 according
to order of disposition are connected to each of the 7 commobn power
lines. [0021] According to a thirteenth aspect of the present
invention, in the first aspect of the_present invention, all of the
transi stors included in the pixel cirfuit are of an N-channel 5 type.
[ 0022] According to a fourteenth aspect of the present invention,
there is provided a nethod of driving a current-driven type display
device including a plurality of pixel circuits arranged

two-di nensionally; a plurality of control lines provided for 10
respect i v&fE&RS SoPFt Epl&%ﬂN%%QNnnts; a plurality of data lines
provi ded f[%rozﬁgsag%t 'r}é%golc%m% eOf;10¢ %Irxe!%ou Itre%ch[ﬁ.S’a goplurgl ity of
power |ines provi ed to upply a power supply poten i ar to t he pi Xel
circuits; pardeatsimgderiain,abpl ag@litny oh TOMmN ipewebnl hoesn tieAcho
connected to two or nore of the power 15 lines, the nethod including
t he stéps téf: cafepn gierof 10AES pivdeingcithe wevsey senGges: cypruit, the

el ectro-opti.c.elepent; riving transistor. provided on_a,path of _a
current { IO G e AR OLGR P or ag 15T oy e B b o Bl P R selts
transi st orffamovhédeashvaet weaasa EHddrelinkekm fiadé rofnddiecdrd Mamihts in
transi stor and a 20 correspondi ng one of the data |lines; a |ight

em ssi on EEFr FlxelafdicsvoE provPecledetoen Bhadbideeri dhet @enraal
of the drivin ransi stor_and arr ondi n n f the _power Lines;
and & capserTar Sr Fec bol i e St EER G AT | B FAC T RAT eS80 he
contrab tennal oofndhe whiiati ngnksansirsd-Atorappkyinpdre@S dIHHY case
power control circuit, the power supply potential and an

initializ&h Rdpvidmity dréviRe EmasvegoheResi (s Furhes SwickERAg
manner; conalLing SLakes, ol g Lansishors dngl yded,lnobhg i g
circuits by driving the controf I'rnes: an apﬁfylng potentials
corresponditngocteidlisptayréaice tthd ke r3Qidatazti eSthe SERECERtE61 THE
| NVENTI ON

circuit.

15 [0024] According to the second aspect of the present invention,
initialized pixel circuits are selected on a row basis, and the
selected pixel circuits perform threshold detection, writing,
and light emission in turn. Accordingly, threshold voltages
of the driving transistors are compensated for and then a screen

20 can be displayed.

[0025] According to the third aspect of the present invention,
by controlling the light emission contrel transistor to an on
state by applyinganinitializationpotential to the power line,
the initialization potential can be applied to the other
25 conduction terminal of the driving transistor.
(0026] According to the fourth aspect of the present invention,
by controlling the light emission control transistor to an off
state upon completion of initialization and controlling the
light emission control transistor to an on state upon threshold

30 detection, the pixel circuit can be allowed to turn off during



[ 0023] According to the first or fourteenth aspect of the present
invention, by applying an initialization potential to 5 the common
power line(s) using the power control circuit, the initialization
potential can be provided to the pixel, circuits fromthe power |ines.
Accordingly, the nunber of elenments it each pi xel circuit can be
reduced. In addition, the power control circuit drives the comon
power line(s), each connected 10 to two or nore power |ines.

Ther ef or e,a perpatedrém ttHe icdseadf zahibitdualhley tHE evhand tdie: qpaver

|l i nes, the nunber of output buffers provided in the power control
circuit i§3¥éaﬁééa?nnﬁkﬁﬁthFeﬁ%%%?BgﬁeFélPéddEéSFW@lSFPEG?FU§F£§tof
the power Gopttak i ine 19 0R24LnAce0rdlng 4.0 second aspegt, of
the present 1 nvention, initialized prxel circuits are selected on a
row basi s ,beanidticheesel ected pi xel circuits performthreshold
detection, witing, and light em ssion in turn. Accordingly, .

t hreshél d MA4’dgscordie tar g dg fthaiattors HrePESRPRRASHIEA HER and
then a scr, , (S ; rdi t e

aspect of PnaohreeEhf Benh Qe Sps s Ay HEN S bk B
control trsafasiestor atfd xa@ ey isicab & thyeapnyl Nghtaemi 861 6m) thatlied@ths
potential to the power line, the initialization potential can be

appl i ed t ®% K&cot hekrt 2 BHPICPREACHRr ¢ rfdle SLxeheCdFFyihy are made

transist Ort'l"be[ 0068) Fﬁ?(%g_ltt estslq]bg_@eté 9H§é9e9§QQEEaQIroﬁ??an?ﬁ%%ce.

i nvention, by contro ht emssion control transistor to an
of f state upaddeenphetdigreothendistel ciathdns andrrc @fttr ahbtimg Helte ocbisght
em ssion control transistor to an on state upon threshold 30
det ect i on Ot¥eE PRRILhE Hegitt cBAASHEN A9TGREd POV iRH ANBEP RAKTHGANGea
Y i L e
power | i ng,002 8t hreshad thotot ttee dikvhnspgdansiEsiior peanehe idateectied,
by controlling the reference potential application transistor
15 to an on state upon threshold detection, a reference potential
is applied to the control terminal of the driving transistor
from the reference potential line, making it possible to detect
a threshold of the driving transistor. In addition, since the
reference potential application transistor can be contreolled
20 to an on state at relatively flexible timing, a threshold
detection period can be freely set.
[0029] According to the seventh aspect of the present invention,
by controlling the reference potential application transistor
to an on state upon threshold detection, a reference potential
25 is applied to the control terminal of the driving transistor
from the control line, making it possible to detect a threshold
of the driving transistor. In addition, reference potential
lines and control lines for reference potential application

transistors can be removed.

30 [0030] According to the eighth aspect of the present invention,



5[ 0027] According to the fifth aspect of the present invention, by
controlling the Iight em ssion control transistors to an on state for
a fixed period of tine upon |ight em ssion, the lengths of the |ight
em ssion periods of the pixel circuitigare made the sane, naking it
possi ble to suppress variations in luninance. 10 In addition, since
the pixel circuits turn off during periods other than the |ight
em ssion period, noving i nage performance can be inproved as in the
case of penfesntAgL blmgknenserdd eonti®D28hnbceobdittdah Gl Beasé Xiphn
aspect of the present invention, by controlling the reference
pot enti al tapsishead oRteeaial stiorefsrepcarm orentidle 1ap@hp%h¢<éstmt@e
det ecti on, 2 refe ence pot nt.i al |s ;@ ied.t E{ erntnal
of the dri¥] ng C)tlr anst slta[i %r%ltfte tdﬁe Egcrreanncsels%otren]fl alv % 78’ mal?l ng
it possiblkgriegdetiechoasibreshel die@_fe_ct:he deth ¥é Kbt aBsi sher .ddiRing
addition, since the reference potential application transistor can be
cont r ol ed T20SE.6 taH - onI%ta@@lhtOIFel‘aﬁhﬁelty afqdemblae riamisigloq or a
t hreshol d detect on pg&é%%re N Ot a& %gtb QQ%Q# ﬁ ordkgg Q t he
seventh aspéct Zor t1He® presén ﬁ%en o, By ¢ontTol FHetH e P8 8nce
potentialla@QLlcatlon tran5|stor to an on state upon threshold
detection, a reference potential 25 is applied to the control
term nal dfP03de %l@ct@xlrctﬂglq tanshsndnthraomadie o orte virekeneg, i ngitigni t
possibl e 1,9, el el a Lhrashaldogb-Lhe driying, LIANSISO el opy o)
addi tion, reference potent rnes” and" Tont ol i fes §orr é erence
potentbal Apphii¢at E0Redhads| &b ke CahKiIRgr eEDYEEs i BOE 0030]e AEEOKHENY
to the eighth aspect of the present invention, 10 by controlling the
wite cont¥gicuifanskst of tiee arPvrr SIoAtEodpeATEREBshol d detection, a
reference gnt ' d ta the contral termnal t he dr|V|ng
transistoﬂgﬁ ﬁ]A%co%fngQ @h ma %Eg it &%bggﬂﬂrepfgsaegecventlon’
threshol d 10fe theneki \blfn@_u5phtaﬂﬁh‘f$.é9§ prévagdh tionhavigdhaut addi-ag a
transistor or a wiring line, a reference potential can_be provided
from the ddtguiitngs n[a@e&strpa%%rtéta@gtbe e e af poasgedined, fivking
Preseql | NYeRtisQRy1 bNeo "MIRELe Afn oUW RUEE S50 P YL 4R, dn dhe BIVer

circuit. 1In addition, by applying an initialization potential

0 the common power lines at different timings, initialization

of the pixel circuits can ke performed at suitable timing in

accordance with a selection period of the pixel circuits.

20 [0033] According to the eleventh aspect of the present invention,
writing can be performed to the pixel circuits according to the
order on a display screen.

[0034] Accerding to the twelfth aspect of the present invention,
the amounts of current flowing through the common power lines

25 are made the same, making it possible to prevent the occurrence
of a difference in luminance on a screen.

[0035] According to the thirteenth aspect of the present
invention, by configuring the transistors included in the pixel
circuit by the same conductive type of transistors, the

30 manufacturing cost of a display device including pixel circuits



10 circuit is reduced to one, nmaking it possible to reduce the
circuit size of the power control circuit. [0032] According to the
tenth aspect of the present invention, the nunber of output buffers

provided in the power control circuit %s made snal | er than the nunber
of power lines, nmaking 15 it possible To reduce the circuit size of

t he power control circuit. In addition, by applying an initialization
potential to the conmmon power lines at different tim ngs,

i nitializataroweofretiheepi xel circuits can be performed at suitable
timng in accordance with a selection period of the pixel circuits.
20 [0033] According to the eleventh aspect of the present invention,

writing C%ﬁuﬁﬁ“E@%Eﬁ&?ggoﬁobﬁrﬁhéﬂﬁﬁﬂwfﬁG%CUits according to the order

on a di splay screen. 034] According to the twelfth aspect of the
present i n\esti)oRigt he i@maubl sclofdicwmeentshdkbng rg cohfdyghat hen cofmaon
power lines 25 are nade the sane, nmaking it possible to prevent the
occur r encéIEPIFYIFET EF R FCEFAPEnF Rhd@ T8h RPN PHOSBT PASSEPEi ng
to the thg&H%%QFQ aspect of the present invention, by configuring the
transistors included in the pi xel circuit by the same conductive type
of transistors, Fibe B0 smanufactiy idiggrast obfa piciedpbaycdeviiceluded
i ncluding pixel circuits 11 can be reduced.
in the display device shown in Fig. 1.
Fig. 3 is a timing chart showing a method of driving the
10 pixel circuits in the display device shown in Fig. 1.
Fig. 4 is a diagram showing a connection configuration
of power lines in a display device according to a first example.
Fig. 5 is a diagram showing operations of pixel circuits
ineach row in the display device according to the first example.
15 Fig. 6 is a diagram showing a connection configuration
of power lines inadisplay device according to a second exanmple.
Fig. 7 is a diagram showing operations of pixel circuits
in each row in the display device according to the second
example.
20 Fig. 8 is a diagram showing a connection configuration
of power lines in a display device according to a third example.
Fig. 9 is a diagram showing operations of pixel circuits
in each row in the display device according to the third example.
Fig. 10 is a diagram showing a connection configuration
25 of power lines inadisplay device according to a fourth example.
Fig. 11 is a diagram showing operations of pixel circuits
in each row in the display device according to the fourth
example.

Fig. 12 is a block diagram showing a configuration of a

30 display device according to a second embodiment of the present



BRI EF DESCRI PTI ON OF THE DRAWNGS [0036] Fig. 1 is a block diagram
showi ng a configuration of a 5 display device according to a first

enbodi nent of the present invention. Fig. 2 is acircuit

di agram of a pixel circuit included i 2the di spl ay device shown in
Fig. 1. Fig. 3 is atimng chart showwng a nmethod of driving the 10
pi xel circuits in the display device showm in Fig. 1. Fig. 4
is a diagram show ng a connection configuration of power lines in a
di spl ay dedivesmtdeaording to a first exanple. Fig. 5is a

di agram showi ng operations of pixel circuits in each rowin the
di spl ay device &é8orti A & FiHreif fs29eams 8 Pl gireuis ncdivdgram

show ng a .co Clil: nf i td of. p r kbnes in a display device
accordingJ%bqgﬁégégﬁéggxgﬁgﬁég-éﬁg%n lnF?§§'7h?é a di agram show ng
operations of prxgl Iti tew tsmi Agedch o enowing kemdtispl ayf deivteg the
according to the second exanple. 20Fig. 8.is a diagramshow ng a
connecti oPcEHf iCdaFEE Fenldf tipviErsAliavesevacs ahsPr al? deid céZaccor di ng
to a third exanple. Fig. ' I i 0 | jxel
iroui ts in sachrourt % herSert e SIOMAS CRRET PR la RS
exanpl e. Higplk@ dsviaceiagoamishont ng thiednaeeddiorerconti g atriee@n25

of power lines in a display device according to a fourth exanple.

Fig. 11 is®editd§Pam showi ng operations of pixel circuits in each row

in the display geyice ageording itoq g JRWe B $XAPLercuit included
10 in the display device shown in Fig. 15.
Fig. 17 is a timing chart showing a method of driving the
pixel circuits in the display device shown in Fig. 15,
Fig. 18 is a circuit diagram of a pixel circuit included
in a conventional display device.
15 Fig. 19 is a circuit diagram of a pixel circuit included

in a conventional display device.

MODES FOR CARRYING OUT THE INVENTION
[0037] (First Embodiment)

20 Fig. 1 is a block diagram showing a configuration of a
display device according to a first embodiment of the present
invention. A display device 100 shown in Fig. 1 is an organic
EL display including a display control circuit 1, a gate driver
circuit 102, a source driver circuit 3, a power contreol circuit

25 4, and {m x n) pixel circuits 10. In the following, m and n
are integers not smaller than 2, i 1s an integer between 1 and
n inclusive, and j 1s an integer between 1 and m inclusive.
[0038] In the display device 100, n control lines Gi parallel
to one another and m data lines 3j parallel to one another and

30 intersecting with the control lines Gi perpendicularly are



Fig. 12 is a block diagram showi ng a configuration of a 30 display
devi ce according to a second enbodi nrent of the present 12 invention.
Fig. 13 is a circuit diagramof a pixel circuit included in the

di spl ay device shown in Fig. 12. Fig. }4 is atimng chart showi ng a
met hod of driving the 5 pixel circuitsin the di spl ay device shown in
Fig. 12. Fig. 15 is a block diagram show ng a configuration of
a di splay device according to a third enbodi nent of the present

inventi onprovided.  TheFi@ 16H)S gigdrcuiitcdiagram ofra Rirt@hged
circuit included 10 in the dISp|ay device shown in Fig. 15.

Fig. 17 i $vwe-dimengienatiy sHowengeatiie horlcars aftitgnggof hid picesitrol

cireuits i} Lhecd spl ay, device shownin Big.adf o, gl a

circuit dlagran1of a pixe crretit indl uded IT a cdnveﬁ%longl%&Pgﬁlay

device. 15Hi,0.n Rrtsoa cihedi Bidi agaam pbwér Pl X@ds OIFiCUHAe igitivwided in
a conventional display device. MODES FOR CARRYI NG QUT THE | NVENTI ON
[ 0037] 3( Finsst lERBOER st FoRbF g linepsGlh bFyEkhEr B untehewiprra the

Conflguraﬁﬂé%%rogogtrol circuit 4 to the power lines VPi, p common power

lines 8 (p is an integer not smaller than 1) are provided. The
control lines Gi, Ri, and Ei are connected to the gate driver
circuit 102, and the data lines Sj are connected to the source
10 drivercircuit 3. Thepower lines VPi are ¢connected to the power
control circuit 4 through the common power lines 9. A reference
potential Vref and a common potential Vcom are supplied to the
pixel circuits 10 by means which are not shown.
[0039] The display control circuit 1 outputs control signals
15 to the gate driver circuit 102, the source driver circuit 3,
and the power control circuit 4. More specifically, thedisplay
control circuit 1 outputs & timing signal OE, a start pulse YI,
and a clock YCK to the gate driver circuit 102, outputs a start
pulse SP, a clock CLK, display data DA, and a latch pulse LP
20 to the source driver circuit 3, and outputs a control signal
CS to the power ceontrel circuit 4.
[0040] The gate driver circuit 102 includes a shift register
circuit, a logic operation circuit, and a buffer (none of which
are shown). The shift register circuit sequentially transfers
25 the start pulse YI in synchronization with the clock YCK. The
logic operation circuit performs a logic operation between a
pulse cutputted from each stage of the shift register circuit
and the timing signal OE. An output from the logic operation
circuit is provided to corresponding control lines Gi, Ri, and

30 Ei through the buffer. To each contrcl line Gi are connected



di spl ay device according to a first enbodi ment of the present
invention. A display device 100 shown in Fig. 1 is an organic EL
display including a display control circuit 1, a gate driver circuit
102, a source driver circuit 3, a powe control circuit 25 4, and (m
x n) pixel circuits 10. In the followng, in and n are integers not
smal ler than 2, i is an integer between 1 and n inclusive, and j is
an i nteger between 1 and minclusive. [0038] In the display device
100, n conmt rpglxdi neisrddipandl, | eind o gnexeanatineiuiasd 1M datea ddiresc§)
parallel to _one another and 30 intersecting with the control lines G
per pendi cHcdrieFtarely13sprevi dek TRFPOPHRInFopF kel it fit's 10 are
arranged Lty dhmensl Qually akibesPeLLLye. [ AISRRIOS, Gf-riRe GORLI O
lines G and the data lines § . ITn addition, n control [|1nes I3| n
control |imes skier ®nd regicwer ¢, Aas: VR cBr@ui oY istedn 5/padaldealtctre
the control lines G. Furthernore, to connect the power control
circui P 480 The shdkérregirdsen/pihasor casraAcpeRRreFiesegispers, and

i nt | t i L i G 0.,
and B ar & EARASELed B0 THE QA S i | Ver EPPLLTT 12 Snd RS (470

lines § argicaanectadsiochhenisourics WA tHr kver cToce WTEK IJndl Recpower
lines VPi are connected to the gower control circuit 4 through the
conmon poweiPonsl 55 BRLFefigoEneRke s60eAERPARF A BRe ZREPECES ages.

pot enti al r lie [ ' ' . ich
are not sk?g\%%g]a?ocg%éﬁ]%hles g?éfg}{aéﬁggn@ofgéﬁgﬁt% 85%85?@%%%%&

si gnals 1%hkeoolilipugat emihtid eI teier €liinind Oyl e @Y. CeTek | neryi stiekCBi t
3, and the power control circuit 4. Mre specifically, the display
control cisteFer Ahodigat 3y fatinPhGcsiogiarIce thestidtinpurseeyPLPind a

cl ock YCK t Re iver elrcul 2:.0 BE%@ r P, a
cl ock QK,ﬁh%fjsgﬁggﬁégt%%A%Aa%J;a etat%% %)aléé% Zlg ? %gt %&gotze%cg ’
driver cirti #iSplapdoatt-puts rmcudant raaltpsitgnahe Catch plespOBeto the
control circuit 4. [0040] The gate driver circuit 102 includes a
shift regil$feP eirewtt,”-a FBEP ctitherartofl EF LIt FeaRHVES bUTF P tCHone

of Mhﬁgrl pulse LP, the latch circuit 7 holds the display data stored in

the register 6. The D/A converters 8 are provided for the
respective data lines Sj. The D/A converters 8 convert the
display data held in the latch circuit 7 into analog voltages
and apply the obtained analog voltages to the corresponding data
20 lines 87.
[0042] The power control circuit 4 has p output terminals for
the p common power lines 9. The power control circuit 4 applies,
based on the control signal CS, a power supply potential and
an initislization potential to the commen power lines 9 in a
25 switching manner. When p = 1, all of the power lines VPi are
connected to a single common power line 9. 1In this case, the
power control circuit 4 applies the initialization potential
to the single common power line 9 at predetermined timing. When
P =2 2, the power lines VPl are grouped into p groups and power

30 lines included in each group are connected to the same common



are shown). The shift register circuit sequentially transfers 25 the
start pulse Yl in synchronization with the clock YCK. The |ogic
operation circuit perforns a |ogic operation between a pul se
outputted fromeach stage of the shift register circuit and the
timng signal CE. An output fromthe ?%gic operation circuit is

provi ded to corresponding control lines G, R, and 30 E through the
buffer. To each control line G are connected 14 mpixel circuits

10, and mgjweel 1 id oui tsn £01are sl e6d pdweeldBtroret yrisithg sbplies
corresponding control line G. [0041] The source driver circuit 3
i ncl udes dmemibiitighifatiayirsttentszlate ddisspe¢cm@uom doateechlenee vt7,

d mDA ters.5.8. The shjft ister 5.h
cascade. cORTEEEsltr BHTERET s, BndPer SAEPRFdna ter &r 1opANEE Yot the
suppl i ed tRuhe figmsity st@gemdiedi St€ra higsyNeheoNpaathena Lhdt hee

clock CLK and outputs timng pulses DLPs fromthe registers of the
respecbi veirsttages zabiepl aytefatta DA S ¢ dyppledltpotdreiyalgi ster 6 in

accor danc i D the.output tim of th imn ul.ses . . The
o gl g 1 2 P Rab el et of dren b e D e ARl buldes
DLPs. Whenrdiepkayrdat @ DAnkopi 8€ Ji0Wdis 3bordded heTEenl sien 46,

the display control circuit 1 outputs the latch pulse LP to the latch
circuit 7.a vaeaciher|Bichrgl poubrggniedd edsmehe 1@t cAheSTRLS sl IEP,

the latch circuit .7 | ds_ th i_spl dat.a,stored_jn regi ster, 6.
The D1 A covertert s e pviiv: ded o e 7 2¢hect U8 GATA Minds &
The Dhh corwekberse8ycamliont he disptarsatalhetshdinddie hatGRing
circuit 7 into anal og voltages and apply the obtained anal og vol t ages

to the correspéndirng dat & 120Li nesigjioq 0042FrThe Yy@wsi stont r cind a
circuit 4r%%%r n%gtngeggigingggliégtion transistor. The organic EL
element 16 functions as an electro-optic element.

[0044] As shown in Fig. 2, the pixel circuit 10 is connected
15 to the control lines Gi, Ri, and Ei, the data line Sj, the power
line VPi, a wiring line having a reference potential Vref, and
an electrode having a common potential Vcom. One conduction
terminal of the TFT 11 is connected to the data line 3j and the
cther conduction terminal of the TFT 11 is connected to the gate
20 terminal of the TFT 12. The drain terminal of the TFT 13 is
connected to the power line VPi and the source terminal of the
TFT 13 is connected to the drain terminal of the TFT 12. The
reference potential Vref is applied to the drain terminal of
the TFT 14 and the scurce terminal of the TFT 14 is connected
25 to the gate terminal ¢f the transistor Tl1Z. The source terminal
of the TFT 12 is connected to the anode terminal of the organic
EL element 16. The common potential Vcom is applied to the
cathode terminal of the organic EL element 16. The capacitor
15 is provided between the gate and source terminals c¢f the TFT

30 12. The gate terminals of the TFTs 11, 13, and 14 are connected



the p conmon power |ines 9. The power control circuit 4 applies,
based on the control signal CS, a power supply potential and an
initialization potential to the conmon power lines 9 in a 25
switching manner. When p = 1, all of Lge power lines VPi are
connected to a single common power In this case, the power
control circuit 4 applies the initlallzatlon potential to the single
common power line 9 at predetermned timng. Wien p 2, the power
lines VP @& engr edpedol NI On®s QrOUES arGdpawer rddpddtseliyncl uded in
each group are connected to the sane comon 15 power line 9. In this
case, the [PSMerd EBbat rolsd fcemr—mzpwm Fegvwime 4 methed ioZafly sning the

potenti al to t.-he. S i fferent t| n n_the
. P el ci CUl@ﬂEB gﬁ@?hg Gowe Vglsuppcates 3 ﬁ%%entl

fol | ow ng, i § assune ten

hi gh- |eVG'oinh@”TF’B'lZill@ctlhaea Imlatlpalxlez_at:m@up@tlemahai tlS ®ow, and

| ow-1 evel potential. [0043] Fig. 2 is a circuit diagramof the pixel
circui b 1WS%M§QQﬂﬂﬂ¥Qﬁ1¢h%)SQPrQ&mP?ﬁ@@ﬂl%%rQiuthquFﬁcI@BésaFP?§ 11
to 14, a sapackles 15 .and an orogeicEh el emmnt 16, The JETS Adsto
14 are al FN“Ehanne type nS|s ors The ] %olii“fO

respecti Vq|Wpéﬂﬂ@frh@l1r18_=$;1al%bt@oﬁp&ﬂ'f&bhbﬂ.a%é‘&écﬁh,ona(dété/d:tﬂ:gon of
transistor, a |light em ssion control transistor, and a reference

potenti al Zappreeaeldwlts 78 52 br Wrikdngr gatd é 1Bt admdfsdoniga¢hywecieons

as an ele%ﬂﬁ%n%phhgfgggg%é&lod and turns off during periods other than

10 a light emission period.
[0046] With reference to Fig. 3, the operation of the pixel
circuits in the first row will be described below. Prior to
time tll, the potentials of control lines Gl1, RL, and El are
at a low level and the potential of a power line VPl is at a

15  high level. AL time tll, the potential ¢f the control line El1
changes to a high level and the potential of the power line VP1
changes to a low level (hereinafter, the low-level poctential
of the power line VPi is referred toas VP_L). For the potential
VP L, a sufficiently low potential, specifically, a potential

20 lower than the gate potential of the TFT 12 immediately before
time tll, is used. Hence, after time tll, the TFT 12 is placed
in an on state. In addition, since the TFT 13 is also placed
in an on state, the source potential VSl of the TFT 12 is
substantially equal to VP L.

25 [0047] At time t12, the potential of the control line E1 changes
to a low level and the potential of the power line VPl changes
to a high level. After time ©l2, the TFT 13 is placed in an
off state. Hence, even if the potential of the power line VP1
is changed, the source potential V81 of the TFT 12 remains at

30 substantially VP L.



[0044] As shown in Fig. 2, the pixel circuit 10 is connected 15 to
the control lines G, R, and Ei, the data line §, the power |ine
VPi, awring |line having a reference potential Vref, and an

el ectrode having a conmon potential Vcom One conduction term nal of
the TFT 11 is connected to the data Iine § and the other conduction
termnal of the TFT 11 is connected to the gate 20 term nal of the
TFT 12. The drain termnal of the TFT 13 is connected to the power
line VP aridb4sheasotimee tlier nthmpoabnthel IFE TBei Sorctruiedtiadstml tamel
drain termnal of the TFT 12. The reference potential Vref is applied

to the drdilncPepaent Sofighel TR 14PARET tHe S P cet e MiiTial ® gt Ré
TFT 14 is a‘?c%n?%l':gﬁ %? at%ﬁgh_?%&%%ntde“c%n@éfé’%ﬁ&eptﬁ”g@%i%i Qfr I3

The source term na I's connected to the anode terninal
of the organildedl tel ementgate. cEheiaaimon pbéenfT al2 Vcamd seafeplened to

t he cathode termnal of the organic EL el enent 16. The capacitor 15

i s provi d&PHetiednVEHk igatetantl Reiseeht Bhak AdISsTET thesTHER S 12,
The gate tgrghnal s Of kB8 IEIP, LheedSe s A0 1542 A5 & 1HeOPBLEL8d applied

to the organic EL element 16 does not exceed a light emission
threshold voltage after time £13. Hence, after time t13, the
TFT 12 is placed in an on state but a current dees net flow through
10 the organic EL element 16. Therefore, a current flows into the
source terminal of the TFT 12 from the power line VP1 through
the TFT 13 and the TFT 12 and thus the source potential V81 of
the TFT 12 rises. The source potential VS1 of the TFT 12 rises
unitil the gate-source voltage Vgs becomes equal to the threshold
15 voltage Vth, and reaches (Vref-Vth).
f0049] At time t14, the potential of the control line E1 changes
to a low level, After time t14, the TET 13 is placed in an off
state. At time tl5, the potential of the control line R1 changes
to a low level. After time tl15, the TFT 14 is placed in an off
20 state.
[0050] At time t16, the potential of the control line Gl changes
to a high level and the potential of a data line S3j (not shown)
reaches a level corresponding to display data (hereinafter, the
potential of the data line 5j at this time is referred to as
25 a data potential Vda). After time tl6, the TFT 11 is placed
in an on state and the gate potential VGl of the TFT 12 changes
from Vref to Vda. The gate-source voltage Vgs of the TFT 12
after time t16é is given by the following equation (1}:
Vgs = {Cowen / (Cozmp *+ Cst)}

30 x {Vda - Vref) + Vth R 1



16 to the control lines G, El, and R, respectively. [0045] Fig. 3
is atimng chart showng a nethod of driving the pixel circuits 10.
In Fig. 3, V@ indicates the gate potential of the TFT 12 included in
a pixel circuit in ani-th row, and 5 ¥Si indicates the source
potential of the TFT (the anode potential of the organic EL el enent
16). Each pixel circuit 10 perforns initialization, threshold
detection (detection of a threshold of a TFT 12), witing, and |ight
em ssi on each oNceedumathgrorguétane Qer iCody andhteurasaof fars ivag ue
periods other than 10 a Ii%pt enisiion eriod. %0046; Wth reference
to Fig. 3,°%A8%oPePatt oo eREPI X213 feuit’s TR EARAFT T3CT IR Wel |
be descri hgd hel ew, RELQE {9 tine t11, the potentials of control
lines G, Rl, and EI are at a low level and the potential of a power
line VP1 i90tl]aThs bhagdciteuele vAllubi of tHd oddemipoEbntélaherdf ltthés

control line El changes to a high |evel and the potential of the
power Pi ne‘”\ﬁﬁf%ﬁ&ﬁégsiﬁiﬁg‘a PBY FRYRBI Ceprere rfaft’g‘?l‘?% het Yow- FEPEr

potential 0f,thenPOWEE o} 1RE: MR foSrkdf SIHLhd 2083 o Pad LquEPiotNe)
pot enti al L, a sufficiently low potential, specificCally, a

potential 20 | owgs thatezt-hevgat & pahenti al aof ¢he TFT 12 i mredi ately
before tine tllA is used. Hence, after time tl1l1, the TFT 12 is placed
in an on state. *FnSBE0i t YR %ﬂﬁuﬂ?gﬁhEO?ﬁ?ti%liZG%I%%'HF%EEE i® &f on

state, thesouLeerpPohaptd @l oVida Oft @ otELe 120 ShisUbSant aldne egyal
to VP_L. 25[0047] At time t12, t he potential” of the control line E

changé$§ t d2adhew hevethamygk taliaopot entakl aofd tthe pewnersdumrmee WRltage

changes tq a high level . After time t12, the TFT 13 is placed_in an
of f state.VHefde NEVERTI 12 tTRAPUTMICITBF 1 EREY pbYdt Ti'Fe v Vits) -

changed, th@ssqQuice iRRtent, ahe %%eﬁ%iﬁhQﬁJEﬁé%%n&?gﬁhﬂ§ngél%%anges
substantially VP L. 17 [0048] At tinme t13, the potentials of the

control |itwes Riw dmrdell. dhiarmge tiioeat Hl gltheeTVET 11ALS grl ddeniein 18y offlie
TFTs 13 and 14 are placed in qﬂﬁfn state ang %he reference potenti al
Vref is appiiv€d t0°1He GEER ‘ferifi RATCHH A het FAF d8k2 Tie refePerEe 5
potenykal fYref ghgedstersd ,n%l%lgg thad e Thd Xed s1pl acgehids aggon
state immediately after tinme t13 and the voltage applied to the

organi ¢ Elsubls¢rentalbyddéda notVmedceedth)l.i ght emnmi ssion threshold

vol t age af nce, after ti the TET 12_js placed

1 anon oUGEDURE & BE U b6 ROFLFY o £BF Gugrol Line B han3Es
to a high level. After time tl8, the TFT 13 is placed in an
on state and the drain terminal of the TFT 12 is connected to

20 the power line VPl through the TFT 13. Since the potential of
the power line VPl is at a high level at this time, a current
flows into the source terminal of the TFT 12 from the power line
VPi through the TFT 13 and the TFT 12 and thus the source
potential VS1 of the TFT 12 rises. At this time point, the gate

25 terminal of the TFT 12 is in a flcoating state. Therefore, when
the source potential VS1 of the TFT 12 rises, the gate potential
VGl of the TFT 12 also rises. At this time, the gate-source
voltage Vgs of the TFT 12 is maintained substantially constant,
[0054] The high-level potential applied to the power line VPi

30 1is determined such that the TFT 12 operates in a saturation



10 the organic EL elenent 16. Therefore, a current flows into the
source termnal of the TFT 12 fromthe power |ine VPl through the TFT
13 and the TFT 12 and thus the source potential VSl of the TFT 12

ri ses. The source potential VS1 of the TFT 12 rises until the

gat e-source vol tage Vgs becones equal fo the threshold 15 vol t age
Vt h, and reaches (Vref-Vth). [0049] At tine tl14, the potential of the
control line El changes to a low level. After tinme tl14, the TFT 13 is

placed in myiehfdstatea 1Alght ¢l dslizn pdrel ot enhé ali sofo the) coMenele,
line RL changes to a low level. After tinme t15, the TFT 14 is pl aced
in an of f 08T &Rt I[@be@]nwh%@w e, TEhé? ;fbtrémgu e ot ghhemdSRLPoI

! Gl gh, | evel | data .l
(In(r;t(:a shomnl%aer}g‘g)gic%gs%é eve e\élgrr%sqgonélnﬁp%tq %%gﬁgﬁ)gaﬁggm%lnlgn%h

(her ei naf t@fannikche 1payent hadu it 1die datertl:i ne § at th| s tinmeis
referred to as 25 a data potential Vda). After tine t16, the TFT 11
is plaéed in anIon &fafldlantox Haogat éft@dfentl al VGl (éh-the TFT 12

changes from wr Vda.. The t e- sour taeV t TF
oot e Foch AT B IRLEn SOHY 6% X OLE 89 0% ALRL NE 5T Trd?

COLED( COLEGR Jerddh (VAais Ved) carM &t 1}nobli§t% and NQixe {hatenin
e

equation (1) COLED is the capacitance val ue of t organi ¢ EL el enent
16 and Cstcap@cifaneapaéi & amees vatige dfllithe capacitor 15. [ 0051]

e capact et el ut.aLokihe PLEAILS Fh SLEROL 48 A5 s L1l oo

t ransfior mechd Rig@athenf 0B) owi ng equation (2) : Vgs = Vda - Vref +
Vth... (2). As such, when the gate, potential VGL of the TFT 12
is changed frorrlIVFei/ié)’/VdaCO}tﬁéiasouNGf@fpotent| al--v$t)ef the TFT 10

the TET 12 rcaches “Sinertnt ATy Funa s uroy 1L R St e,

t17, the mﬁeﬁélovdtaabotbatwntv@ bhtrwoé?slnelﬁa@gpé:nd @nathowHrewdbld
After time t17, the TFT 11 is placed in an off state. Hence, even if
the potenticditage Vhb efthe iHE $2-chblimjesore, even if the threshold

15 wvoltage Vth varies or if the threshold voltage Vth changes over
time, it is possible to make a current corresponding to the data
potential Vda flow through the organic EL element 16 and to make
the organic EL element 16 emit light at a desired luminance.
[0056] At time t19, the potential of the control line El1 changes

20 to a low level ., After time t19, the TFT 13 is placed in an off
state. Hence, a current does not flow through the organic EL
element 16 and thus the pixel circuit 10 turns off.

[0057] As such, the pixel circuits in the first row perform
initialization at time t1l to t12, perform threshold detection

25 at time tl13 to tl4, performwriting at time tl16 to tl17, and emit
light at time t18 to t19, and turn off during time other than
time tl1l8 to tl9. Pixel circuits in the second row perform
initialization at time tll to tl2 as with the pixel circuits
in the first row, and perform threshold detection, writing, and

30 light emission, delayed by a predetermined time Ta from the



15 the gate-source voltage Vgs of the TFT 12 rermains at substantially
(vda - Vref + Vth). [0053] At tinme t18, the potential of the control
line El changes to a high level. After tinme t18, the TFT 13 is pl aced
in an on state and the drain termnal ,of the TFT 12 is connected to
20 the power line VPl through the TFT2§3. Since the potential of the
power line VPl is at a high level at this time, a current flows into
the source termnal of the TFT 12 fromthe power line VPi through the
TFT 13 angitfae TEFch2tanth tines tiketseuwce poentiral , MSlxof diheulkd 12
rises. At this tinme point, the gate 25 termnal of the TFT 12 is in a
floating sittat@. i1Theredwmer ien 1nhelablzdlel Poreaingl ThR1sHIe e LPAT

time, ¢ he Toraroair 8o FE R Chr i T gt Bl R
subst ant i alHneseenst astect 0854w rEhe nbi, ghind eMiejhtpeebtiah, appld edi be
the power line VPi 30 is determned such that the TFT 12 operates in
a sat uPat i®orFime Ta from pixel circuits in an (i-1)-th row.
[0058] As examples of the display device according to the
present embodiment, the case of p=1 {first example), the case
of p=2 (second and third examples), and the case of p=3 (fourth
example) will be described below. Fig. 4 is a diagram showing
10 a connection configuration of power lines VPi in a display
device according to the first example. In the display device
according to the first example, a single common power line 111
is provided to connect a power control circuit 4a to the power
lines VPi. ©One end of the common power line 111 is connected
15 to one output terminal provided in the power control circuit
4a, and all of the power lines VPi are connected to the common
power line 111.
[0059] Fig. 5 is a diagram showing cperations of pixel circuits
10 in each row in the display device according to the first
20 example. The power control circuit 4a applies a low-level
potential to the common power line 111 for a predetermined
period of time at the start of one frame period. Hence, the
pixel circuits in all rows perform initialization at the start
of one frame period. Then, pixel circuits in the first row are
25 selected and the pixel circuits in the first row perform
threshold detection and writing. Then, pixel circuits in the
second row are selected and the pixel circuits in the second
row perform threshold detection and writing. Thereafter,
iikewise, pixel circuits in the third to the n-th rows are

30 selected in turn on a row-by-row basis, and the selected pixel



19 region during a light em ssion period (tine t18 to t19). Hence, a
current | flow ng through the TFT 12 during the light em ssion period
is given by the follow ng equation (3), ignoring the channel-Ilength
nodul ation effect: 51 = 1/2WI14t. Cox(Vgs - Vth) 2-. (3). Not e
that in equation (3) Wis the gate wi h, L is the gate length, mis
the carrier nmobility, and Cox is the capacitance of a gate oxide
film [ 0055] The follow ng equation (4) is derived from
equation (A)rclQardpegdathofh{ddliold elbe2tWohl¥axgMdaing Vr ef ) 2(4) .

The current | shown in equation (4) changes corresponding to the data
pot ent i al [\ﬁﬁaﬁoﬂu?h@dés?(%?ldéﬁeh%l ignerhl 1d éghpl of Y olurage ameréodt he
TFT 12. Threroefore n |g t he thre}?hol d11d5 vo%t age_\ Vt h v r| es .or

the threshdld vofl{Lage Vh Changes over 'S p055| b &etd mal%e a
current coiinesPeRAiANGddh the Lald tIaOéﬁﬂtllalgh‘éd@oilw sAneUghod e of
organic EL element 16 and to nake the organic EL el enent 16 emt
light at &idesiaed 1|lah1tr%:¢i@§10[n0®5@]lxml Ctlarrmuttfgln t-he rpdttene’ aleegh

the contraql |neE 0 Aft er. J et 19 e
TFT 13 |sQ°p aced |nle;tn%2r? at&e1 n@g o ?uﬂ“grﬁer&oes nBEET otttpl

t hrough t ke @nganienfils cha:,rmm réf and thyst the PirxebdPdrGWd o4 Q itdr NS
of f. [0057] As such, the pixel circuits in the first row perform

initializdtli gfter vrdbinglangd fumn qsférfd@ﬁfﬁmhpéhﬁblmeztﬁac@ctqfortima at
tinme t13 t erformwrltln at .tine t16 . to t1 n,

at time t 19958 ¢ 18, ® et KisPRoBLobkETes o tmg: CorBRte R eta o
t19. onellscp@@ﬁbfﬁea rbvtelieoﬁ@cpmner gwrpcaf OfgR kRktdldrzathan al thiene
tlIl to tl2 as with the pixel circuits in the first row, and perform

t hr eshol d seEEeei BRWIWERt Ty, Sarvtr 130 N9 eﬁtpiémls%imvitcﬁeliay:@ifwm&d
pr edet er mo@%%t e Ta Ué)rgthe ZOH[J)_IOéel }cl ch| tt?lel n the i rst JOW. In

out rame pg ning .s
general, plxel Cl CUItS In pt rom/per fn1|n| I Za éh ur|ng

the sanme perd pdxas &haduduy |1r35ga‘iy6l.1@ht\pié(@|tkfé h%ln‘lmta& saazmi}aj spRws . do,
and performthreshold detection, witing, and |light em ssion, del ayed

by 5 a ti rFélq%plﬁmrpméméuerwptlmW%he(lgtlljfltqf t@wllgp@@aa]ssmn
exanples of_ t. dj Vi ce agc rd| n t present enbodi
Hg gferﬁggi f?c?L %foeel Clrf:e)l goug ?92 trraéne(}gecor%) alﬁe

t he casSe exa e case O n
third exampla@sihe aBdgthefcase 1Qighr e-mﬁss(jfcﬁilpéfh&i(ﬁﬁphﬁe) mutib lsrReter

described below. Fig. 4 is a diagram show ng
than a 1/2 frame period, with the scanning speed of the pixel
circuits remaining about twice the normal scanning speed.
Alternatively, the scanning speed of the pixel circuits may be
20 made faster than about twice the normal scanning speed and the
length of the light emission period may be made longer than a
1/2 frame period.
[0062] Fig. 6 is a diagram showing a connection configuration
of the power lines VPi in adisplay device according to the second
25 example. Inthedisplaydevice according to the second example,
two commen power lines 121 and 122 are provided to connect a
power control circuit 4b to the power lines VPi. FEnds of the
respective common power lines 121 and 122 are respectively

connected to two output terminals provided in the power control

30 circuit 4b. The power lines VP1l to VPn/2 are connected to the



10 a connection configuration of power lines VPi in a display device
according to the first exanple. In the display device according to
the first exanple, a single comon power |ine 111 is provided to
connect a power control circuit 4a to Ehe power lines VPi. One end of
t he common power line 111 is connect e@*15 to one out put term nal
provided in the power control circuit 4a, and all of the power lines
VPi are connected to the comon power |line 111. [0059] Fig. 5is a

di agr am shawintg ppesatiinas1of, pneth€ ipbadict Sinkd 7o (8AZHLY @W VI e
di spl ay device according to the first 20 exangle. The power contr ol
circuit 4&upsicitesd 4ol 6he| e¥Eropaanay diinrtol£Re common power line 111

for a pred 1 pe eriaqd,o ime.at.fthe start of one.frane per.i.od.
ronce, "1 ne e PES' BELE & fhana B al p e e O P ar PR BiRe
start of oane ihr agenpest oth theedisplXeldsiiddlidcsorBihfecdifisd Je@wnar e
25 selected and the pixel circuits in the first row performthreshold
det ect Pon &FdPAei-t | B§S PREAT PPREroki ¢EEFHt | 4P tarpldesord v lavel

sel ect ed h i | ircuits in_the secon 0 erformthreshol.d
Sot oot | on Tteblg ol X8 Bl Bbh3y Boldf PAGONAT HMPE L HUIAILENIT,
third to thaird Bfr owse a4 32 seheet 86 dik tAHameOPeli bONW- A I 1hasi S,

and t he sel ected pi xel
a low-level potential to the common power line 122 for the
predetermined period of time after a lapseof a 1/2 frame period.
10 Hence, pixel circuits in the first to the (n/2)-th rows perform
initializatieon at the start of cne frame pericd, and pixel
circuits 4in the (n/2+41)-th to the n-th rows perform
initialization, delayed by a 1/2 frame period. After the first
initialization the pixel circuits in the first to the (n/2)-th
15 rows are selected in turn on a row-by-row basis, and after the
second initialization the pixel circuits in the (n/2+1)-th to
the n-th rows are selected in turn on a row-by-row basis. The
selected pixel circuits performthreshold detection andwriting.
The pixel circuits in each row emit light for a fixed period
20 of time T2 after writing and turn off during other periods of
time.
[0064] In the display device according to the second example,
as in the first example, the pixel circuits in each row need
to emit light for the same amount of time, but unlike the first
25 example, light emission of pixel circuits in the n-th row does
not need to be completed before the end of one frame period.
In the example shown in Fig. 7, the scanning speed of the pixel
circuits is the same as the normal scanning speed, and the length
T2 of the light emission pericd of the pixel circuits is about

30 a 1/2 frame period.



21 circuits performthreshold detection and witing. [0060] The

pi xel circuits in each row turn off during a period from
initialization to threshold detection. The pixel circuits in each row
need to emt light for the sane anoun% of 5 time, and light em ssion
of pixel circuits in the n-th row nee 3 to be conpl eted before the
end of one frane period. Hence, the pixel circuits in each row emt
light fora fixed period of tinme Ti after witing and turn off during
ot her peri@i%saf Fiyes i[s086d]adrurdseoniBg dicsPhay tdeyicen s Wudatignt 0
pi xel circuits 10 is perfornmed over one franme period. On the other
hand, in tHetex®epre STenV?hiRigdisplar devagetasaerdéngdia e ttdird
performed qQver .abo 1/ 2. franme.period. Hence, .the scanni,ng speed of
the pixel SITEts 13 hBot et T Reratitds sontnd ATRA PR FRIEC
addi tion, #uwd hnsoaxgspée,1ihes iengbhd Tizpfaddherbivghtgend ssdreikckbSa
period of the pixel circuits is about a 1/2 franme period. Note that

t he | efgt Pfert Rentrghtcisiissi 4 pertihed PrEg rbelmeld/ Fdhor Eeds tdfaitha
1/2 frame period, W LA Lhe sganni ng speed of { he, pixel Cifouits,
remai ni ng about tw cé the nbrima SCahni ng speed. Ad%erné?ﬁ%éﬁy, %He

scanni ng sfeedcekdhe cRpbXxeltitr €ditdisndTRy pbev28:dadecHapbee r tddan ralbout
tw ce the normal scanning speed and the Iength of the |ight em ssion

peri od mayiFEeuwddec| ofAger pevah lanes Vi aNR3per i oPr Fhosdmugbegers a
diagran1stmkpgrgcgonne%%%pF% qﬂfkgg%ation af .t he .ppwer %Lag; VP _in

: WS, onne 1 n POWEL
a displ ay devi ce accoréing Te sec%%&xﬁgﬂbxéﬂﬁle.’lﬁ he dFéHFay

devi ceoacaamdsngrt 0 vielg .Second tG%adpd By nunie rRRNABRs RA¥EEchh&ESed 23
and 122 are provided to connect a power control circuit 4b to the
power | i nédevpommpRJBOWEE t g elsiect i ve common power |ines 121 and

122 are | RGP, SCPUICELSHLLP LA SN CLILI 01 041
connect ed 1@ itth@ach row in the display device according to the third
example. The power contrel circuit 4c applies a low-level

15 potential to the common powex line 131 for a predetermined
pericd of time at the start of one frame period, and applies

a low-level potential to the common power line 132 for the
predetermined period of time after a lapse of a 1/2 frame period.

Hence, pixel circuits in the odd-numbered rows perform

20 initialization at the start of one frame period, and pixel
circuits in the even-numbered rows perform initialization,

delayed by a 1/2 frame period. After the first initialization

the pixel circuits in the odd-numbered rows are selected in turn,

and after the second initialization the pixel circuits in the

25 even-numbered rows are selected in turn. The selected pixel
circuits perform threshold detection and writing. The pixel

circuits in each row emit light for a fixed pericd of time T3

after writing and turn off during cother periods of time. 1In

the example shown in Fig. 9, the scanning speed of the pixel

30 circuits is the same as the normal scanning speed, and the length



22 common power |ine 121, and the power lines VP(n/2+1) to VPn are
connected to the common power line 122. [0063] Fig. 7 is a diagram
showi ng operations of pixel circuits 10 in each rowin the display
devi ce according to the second 5 exangé The power control circuit
4b applies a |l ow | evel potential to t common power line 121 for a
predeterm ned period of tinme at the start of one frane period, and
applies a lowlevel potential to the common power |ine 122 for the
predet er mMTedpei¢ Ad gbfe émihes 2di @eraotapsenef paxdl Zifrcai®spey iapdutl0
Hence, pixel circuits in the first to the (n/2)-th rows perform
initializatildf ar2PReP8EAPE- of one franme period, and pixel circuits
in the (n/2* t t n I by
al/2f ran[éoogjjsgr]l %%Iég ﬁ}g% Q’Ph%% :&\ﬁ%’f’%r{; (?er\{aqdleza{bil:%%&%ﬁ% e th(?esgl%)réglgl ts
in the firedanpQet henfin/iz)g t bard Sbeows rd@oensal et edhé nptlbléﬂ] Q@irauits
row by-row basis, and after the second initialization the pixel

ci rcui fs |5}ﬁ3‘3t‘3|¥é110ﬁ/t2°+i51310|¥d1‘36 he HSPRarci e sBPERYRH FReRER8I6n a
Ow- Dy-Tow haslisg THERGLAELeA RlECL ChL LS OIS LTI RSl M
detectlon an witin h XEel"CIrcul 'R each T ow em t Por

a fixed pethrathg20tpé ddmffﬁmTﬁoﬁéi‘ arinasi L ngmnd2eursudgd fasdwmrng;h@trber
peri ods of time. [0064] In the display device according to the second
exanpl e, ds$ PnPiAedifiSiensaamyl i pales %t@%GP?SHPW’éM lewWeKeed
to emt l' eror tpﬁe eﬁpngn519£e£éﬂgé f%“iu%ﬁh ﬁ tH? Jéﬂf %%
exanpl e, t emssm pi'xel circurts i'n the n-th row does not
need tlo be:l'féorﬂﬁrfﬂe&d ohfeft(mree stctﬁ“%eﬁnd afconeifg ate ey iddspllay deeice
exanpl e shown in Fig. 7, the scanning speed of the pixel circuits is
the same &#SAKEIRGr Hﬁlt%éﬁ%ﬁg SHERE - éﬁdm‘tﬂhié JasfFrh tire FrOUHS Pitght

e ssi on RELAOF e piotebuSh! Gl LouknahoML: 3058, 42 Lrane, period

23 [0065] Fi IS a agra ow ng a Nnection co Iguration of
t he power siubrse:sm‘dl?alup ahédi sphay devittesacaoldifngrévcd hin tlRinfihance
exanple. In the disp IaX device according to the third exanple, two
conmon povdCUritdes 281thndeanmead fhevFgsgetocediegtreyented.

15 [0068] Fig. 10 is a diagram showing a connection configuration
of the power lines VPi in adisplay device according to the fourth
example. Inthedisplaydevice according to the fourthexample,
three common power lines 141 to 143 are provided to connect a
power control circuit 4d to the power lines VPi. Ends of the

20 respective common power lines 141 to 143 are respectively
connected to three output terminals provided in the power
control circuit 4d. The power lines VPl to VPn/3 are connected
to the common power line 141, the power lines VP(n/3+1l) to
VP (2n/3) are connected to the common power line 142, and the

25 power lines VP (2n/3+1) to VPn are connected to the common power
line 143,

[0069] Fig. 11 is a diagram showing operations of pixel circuits
10 in each row in the display device according to the fourth
example. The power control circuit 4d applies a low-level

30 potentizl to the common power line 141 for a predetermined



5 power control circuit 4c to the power lines VPi. Ends of the
respective common power lines 131 and 132 are respectively connected
to two output termnals provided in the power control circuit 4c. The
power lines VP1, VP3,... for the odd-punmbered rows are connected to

t he common power |ine 131, and the poWwer 10 lines VP2, VP4,... for

t he even-nunbered rows are connected to the common power |ine 132.
[0066] Fig. 9 is a diagram show ng operations of pixel circuits 10 in
each row igedike dirspliay devicte aceotdbhgoh® fhend b @xampaickhe
power control circuit 4c apglies a lowlevel 15 potential to the
common powe ey 11 PPieat 18 L prted ety nF HEtP PRy of 11¢ me4at foke teart

f f [ lies.a_l i
pover 11 ndrgs et el M RRR T R e ek B PO bERL Iy ool WY

a 1/ 2 framndgeppddes Henee-1pr&Elpdtientikl Std Ahkheontish pember ethd qus
perform20 initialization at the start of one franme period, and pixel
ci rcui Ps P RECeRBFAHMBETET POREOPerT Gimei ART ik Adtticona tratsyed by

a 112 frame,periody, ALLerqthe, Jidst JipLiialization, the pixel of Loyl ts
in the odd- nlibered Fows are sel ectBd tn Turn, and after € Ssecond
initializath/an -tther i X @lerFob-@Ui it id1 itzae 13 £vehensibder ed 6N rame
selected in turn. The selected pixel
period, pixel circuits in the (n/3+1)-th te the (2n/3)-th rows
performinitialization, delayedby a l1l/3 frame period, and pixel
10 circuits in the (2n/3+1)-th to the n-th rows perform
initialization, further delayed by a 1/3 frame period.
[0070] After the first initialization the pixel circuits in the
first to the (n/3)-th rows are selected in turn on a row-by-row
basis, and after the second initialization the pixel circuits
15 in the {n/3+1)-th to the (2n/3)-th rows are selected in turn
on a row-by-row basis, and after the third initialization the
pixel circuits in the (2n/3+1)-th te the n-th rows are selected
in turn on a row-by-row basis. The selected pixel circuits
perform threshold detection and writing. The pixel circuits
20 ineachrowemit light for a fixedperiod of time T4 after writing
and turn off during other periods of time. In the example shown
in Fig. 11, the scanning speed of the pixel circuits is the same
as the normal scanning speed, and the length T4 of the light
emission period of the pixel circuits is about a 2/3 frame
25 period.
[0071] Note that the number p of the common power lines 9 may
be 4 or more. When p =2 4, the connection configuration of the
power lines VPi and operations of pixel circuits 10 in each row
are the same as those described above. In addition, when p =

30 3, (n/p) power lines disposed adjacent to sach other may be



circuits performthreshold detection and witing. The pixel circuits
in each rowemt light for a fixed period of tine T3 after witing
and turn off during other periods of tinme. In the exanple shown in
Fig. 9, the scanning speed of the pixgé 30 circuits is the sane as
the normal scanni ng speed, and the lehgth 24 T3 of the |ight

em ssion period of the pixel circuits is about a 1/2 frane peri od.

[ 0067] According to the display device according to the second
exanpl e, Wdrdnielgedabo bthepekier 8Band:0 dherplxed, G GUi/bS Sodee aridicBg
to the order on a display screen. However, when there is a big

di f f er enc &BECREENST ABY afrplithtls Nef M@ iir P rtorresitiesy tehEbeighatieh € BBWADN
power lin 1 1 en there is a big differ e i_n
Iuninance%%g%%béggghe%ﬁﬁbggggﬁgg[gaggiﬁhrvgé'%?egﬁgggc%égﬁfggg'may

di fferencerd Bel ust daRBR d@YhOEC Uil ahl dHeporBterids vipe, sereen.. .
According to the display device according to the third exanple, in
many casediay e it biocudient $eBIRhForREoligte 4 becRamdh l3oRer

lines 131 and 432 are sybstantiaLLy, LS 5815 ; and LA, 2. dLf herence
in lum nance ‘occutring a e center of thé screef can be preventéed.
15 [0068] wEzg. v, i.s .atdlizagh ard shewbA@<ONNLE! | heGopH guriafsiteaqof
the power lines VPi in a display device according to the fourth
exanpl e. 19F PREVHLLPY dy Pee¢icceiaee ofdi Agrt bhe HesPegtiNeekanplf thharee

comon pover, i 41 .t 4 [ royj ded cpnnect _a r._contro
cirourt adirsh Retebils' Roied SeSRLHLAES {0y oB8 BabsabiV oz cmmsn

power 1bi nassh4tctiocld4dlanes respacs ipieley conpectedid o three out put
termnals provided in the power control circuit 4d. The power |ines

VP1 to VP99 7ad ereotitidut E8eE8 the EsafienopbviErlatinaship et gorde
142, " and THATEE Daernf s ffaiPE IR0 Bnre TN «BRHE of S
comon powexeli aerddBcs [100694d Fihg. 14dgtls o dhagriamtsBaws o pei-abions
of pixel circuits 10 in each rowin the display_device_accordin% to
the fourt pf the pixel circuits 10. For example, by increasing the number
15 p of the common power lines 9, the scanning speed of the pixel
circuits 10 can be reduced or the light emission period of the
pixel circuits 10 can be made longer. Note, however, that at
this time the number of cutput buffers provided in the power
control circuit 4 increases and thus the circuit size of the
20 power control circuit 4 increases. Therefore, these
parameters may be determined taking into account the
specifications, cost, etc., of the display device.
[0073] As described above, the display device 100 according to
the present embodiment includes a plurality of pixel circuits
25 10 arranged two-dimensionally; a plurality of control lines Gi,
Ri, and Ei provided for the respective rows of the pixel circuits
10; a plurality of data lines S3 provided for the respective
columns of the pixel circuits 10; a plurality of power lines

VPi provided to supply a power supply potential to the pixel

30 circuits 10; p common power lines 9, each connected to two or



exanpl e. The power control circuit 4d applies a | owlevel 30
potential to the comon power line 141 for a predeterm ned 25 period
of tinme at the start of one franme period, applies a | ow1evel
potential to the comon power |ine 142 for the predeterm ned period
of tinme after a lapse of a 1/3 frane period, and applies a | ow | evel
potential to the comon power line 143 5 for the predeterm ned period
of time further after a |lapse of a 1/3 franme period. Hence, pixel
circuits imorehpofier Qtinke the; Gnds)e tlnivewseipernfiar D02 Ribkitadi+ Zéd 4 @heat
the start of one frame period, pixel circuits in the (n/3+1)-th to
the (2n/3)c¥HIPdnd1pes feFmhini erdl Fzatd oiPufd dyédepychravis i ket
period, angd .pixe Lrcujts<kn the [ 3+1).- -t
performi %Jiwaeféi %%%f&g%h ]?luq{retﬁig# ré&é#a@é%%béoégrlﬁzgnggg%%ﬁgﬁﬁgdg %}A%{WO]
After the ddivets the tdoaleirzal hofn Ve pExeh pdixetutiscuit theifdTsded ant he
(n/3)-th rows are selected in turn on a rowby-row basis, and after

t he se€on®LHE ] bePomt LRel PiecdrocPPELF £ eTSNEN/ BHEF | A 3FRLVERIt 0
the (2n/3),- I r | ect i r r V= [ i

A ter the Ao or I S e e B ol £ o sl R PBSbRn 57,
to the n-tdrgaeMe areeiehestedél Nnat WFNM DN awf O byonw basdishs iEher)
sel ected pixel circuits performthreshold detection and witing. The

pi xel cirdfwdded ipteseR oW eApEe| itgHMiPaL 25 i %Rl BEFi dF ofndi Ae
T4 after L] u ff. ducing r hi Ny I

exanpl e s%m#eggoﬁﬁg?&ﬂ?ta?hlén%cg ni %?@%é@gqé?ggﬁe p%%(géjl%%cicroc%ﬁ%tgg IS
t he sane asanke snormabrociadyd bgreperd;hardat hecd angidl ©4 ohe trr Loght
em ssion period of the pixel circuits is about a 2/3 frame 25 peri od.
[0071] Not?d@% ARCTEREPARUADRE GOV thee ¢EhiminhovErPaGiies bS mnpvheed or

more. \Wen, p 4.t He. canpection gegfé&%i%gilgnopfth%hﬁpq%r M@ggwt}éggse

and operations of pixel circul O 1n each row are the sane

descri bed shavel thraditt4 cappMien the3@oer( BhPYl Poyetedtings adidspased
adj acent to each other may be 26 connected to the same common power
line, or (Mip)2poReFLPTR RICE I & &hér § FOPROT i PRV Sy IBE SconAdcfed

to thezsang ;¢Q oweL.- line. For exanple, when p = 3, the power
| i nes VPi ms:fy g]emge{aect ed every third line and the power |ines VP1,

VP4, 5 may dog4¢oBrRechesd 4&mpbying sthecdmmizpownetidn neytddd sdower thenes
VP2, VP5, ... to a second common power |ine, and the power |ines
common power lines 9 using the power control circuit 4, the
initialization potential can be provided to the pixel circuits
10 from the power lines VPi. Accordingly, the number of
20 elements in each pixel circuit 10 can ke reduced. In additicn,
the power control circuit 4 drives the commcn power lines 9,
each connected to two or more power lines VPi. Therefore,
compared to the case of individually driving the power lines
VPi, the number of output buffers provided in the power control
25 circuit 4 is reduced, making it possible to reduce the circuit
size of the power control circuit 4.
[0075] In addition, the gate driver circuit 102 and the source
driver circuit 3 (drive circult) select initialized pixel

circuits 10 on a row basis, and control teo allcw each of the

30 selected pixel circuits 10 to perform detection of a threshold



VP3, VP6, ... to a third common power line. When p = 1, instead of
providing n power lines VPi for the respective rows of the pixel
circuits 10, mpower lines may be provided for the 10 respective
colums of the pixel circuits 10. [0072] As such, there is a
trade-of f relationship between the nufber p of the comon power |ines
9, the scanning speed of the pixel circuits 10, and the length of the
| i ght em ssion period of the pixel circuits 10. For exanple, by

i ncreasi ngf bige mEmex, 4bipiwd, bhe ldemMindmipaiiem 1h RAsn9, AdwrsGarniyng
speed of the gixel circuits 10 can be reduced or the |ight em ssion
peri od of EifethrRehrotd vedirese19f ¢af BE Adde romgersatpd éorhanyaen
that at t tput buffers provided in the power
cont rol cF%%ﬁ%%gﬁ %%grgggggg%n (ﬁus the circuit size of the 20 power
control cifroogid] 4ni 68 eases, her efker €3 i1heseqear areber on YA dRe upon
determ ned taking into account the specifications, cost, etc., of the
di spl ay dé\ﬂlééallFG(.t)?SP ansl Hag drilsddLlapabeon Pledcaitdipldys dadteatiod
accor i 00 A°ykIgn AOESERY, £0Q0) IR, LOCLYAGS . PL UR AL L Qlodiit Ly
circuits T arranged two nsionalTy; a furali cont rof
lines G, iR ap;smi:bcEto phewded oie vhe upeaneﬁttil\aalrzewoﬁf the: rifsek,
circuits 10; a plurality of data lines S provided for the respective
col umms ofo%t HeeTHi 5L g ciliq sTHD: 13 EPuﬁﬂlqw %?ab%mby EPREELYP an
brovi ded 13, 3uRRLY .31RQWERoSURPL Yy PALENTLAL Lo ldle Bixgl 30560 Telts
10; p common power nes each connect e tmo or 7 noré power

| i nesi1¥Pi ;ird tgatle zer b ¥ rpcantdiall d&?bbf'@fﬁp]dlrdd/es tHe s6apt & Aedniinas
G, R, and Ei; a source driver circuit 3 that drives the data |ines

S and; arf BPPIREr LEonttPorddd it tae tTﬁéYt1%Fiis\lké]sactel*?ei’|'c§(§*\}i)e‘|?’ffisﬁé§e
VPi . Each j i . |
I. Each pixel, i&%’itcgr% %g %ﬁ%ﬁ%ﬁ:{l;ﬁ ai’l;' !F §':§Ent %&a

(electro-optic e Vi ng ran or) prOV|d

pat h of a wuhr ehtrebhoW nde ddutdugh tjn@c@fcglamlq/ Etthal peat dixicwd tTED 11
(wite control transistor) provided between the gate term nal of the
TFT 12 an®2® cBFr edpotttfichg *@at BUFH n@ S  darimr B3 perghd efHYsi he

Con”gb 1%&&%&&%595&pr.roo‘éh@e?mb %/Pgﬁed“ ggcgié’ﬁ” tz%rg&qgi i b % TFT

12 and a correspondi ng power |ine a capacitor provi
bet ween t hthrechiote @tk gdton,tiey supal §i0§ o berd&dt ¥2omthe poner llne
control circuit 4 applies the gomer supply potential and an

initializa® %ntlb%tté%ﬂelséPl?ooﬁ freep CorrdripBRetetediad 9 Th agdigion,
swi t chi ng Hﬁn@ r-13 L%%ﬂcgé( rr‘éi 8RR Y9 shhe, ifi LI L%g%{;!riocf‘f time |

potential to t e common power lines 9 using t the power circuit
4, the iniddeal ldghitoampes eoh | alAccarchagpypvidedl éogide i xtle diigddits
10 fromthe power lines VPi. Accordingly, the nunber of
20 emission periods of the pixel circuits 10 are made the same,
making it possible to suppress variations in luminance. In
addition, since the pixel circuits 10 turn off during periods
other than the light emission period, moving image performance
can be improved as in the case of performing black insertion,.
25 [0077] In addition, each pixel circuit 10 includes a TFT 14
(reference potential application transistor) provided between
the gate terminal of the TFT 12 and a wiring line having a
reference potential Vref {reference ©potential 1line).

Therefore, by controiling the TFT 14 to an on state upon

30 threshold detection, the reference potential Vref is applied



20 elenments in each pixel circuit 10 can be reduced. In addition, the
power control circuit 4 drives the common power lines 9, each
connected to two or nore power lines VPi. Therefore, conpared to the
case of individually driving the pomeﬁglines VPi , the nunber of

out put buffers provided in the power control 25 circuit 4 is reduced,
making it possible to reduce the circuit size of the power contro
circuit 4. [0075] In addition, the gate driver circuit 102 and the
source drittetheigatd teBm{Gki we the TEITt)2 Sebecthd mefeabhzepquienelial
circuits 10 on a row basis, and control to allow each of the 30

sel ected pibid: BRKERP LS POSEoPpEr b dftdstedt FFEBioLe Chr BRI 128 of
the TFT 12, Lt i 1 $§i [ r.di ngl
threshold%GBF?géggg?'?ﬂgm#%gﬂ%éﬁﬁéﬁgo%%éﬁgh%gég¥%f§%%&91ﬁgﬁ%ésggﬁgen
can be di sy ayedtifif] 6k dhreaddilld aatedt ol bEx13di Garplbacetedy arton
state upon 5 initialization and the initialization potential is a

pot ent Pal @O \RHi ER adE-tHEP- 19T Pl d@ FRe 4H s ast dedisharaasding
potential . N radl Pi jpitiali Lon.
Ther of or e." b5 Bante 51T inb 1o BN h 58S “Hcaseg d LAGER LEmLO Roves

i nitializatiinen gpottért inalbke blieopepet biuheeMPiprddirict) innitthiealplorati on
potential can be applied to the source termnal of the TFT 12. In
addi ti on, IPETPRTCHFYIS HRECRPUSTTIA 61F/ SR&LBIdjoRC TPt P diRdyFe
initializatj.on. 1S :pla | resh ion
Accor di nglacy,(e ?hgggﬁ:ﬁﬁ& §§Sclﬂtenfgwggnnc et%téjﬁl gﬁgﬁu%g élt'ur%)Ill %fofq}%%g%?lr’lg a
peri odof r eaddrelily kai thal dzailon deritchke theestohd tetEcd iseondnto
addi tion, upon _ threshold detection, by sugglying_a current fromthe
power |inéosith eramph?seias -of- the EPPTLRD AT BECABFRR ddurpd ity
addi tion, i l.aced g n tef ay ki i f
tinme upon‘%?gﬁﬁﬁgﬁségY%%aJigngd?H§|@?gﬁﬁ%&?i%égﬁé gFit e‘ﬁﬁ%ﬁ?qu
em ssi on pere adspettihe powelofivuidiselOcareunadel @ heclsammbrakiong
it possible to supPress variations in lumnance. |In addition, since
the pixel %0 PeTaert RrRVeFPAdif ithE PRYF0FSEERErc it &t et 3 FGRE
em ssian i | HBGS. [ .Qve i e
case g pera&?%anR%?gbe |nse?%?%i?gggpﬁgﬁgg?vfﬁ'a dﬁ?ﬁoﬁ?ﬁgggﬁb%?xel
circuit 10d metiudesctee TETclit (vifeepénde: potent cabtagppldication. In
transi stor) provided between the gate term.nal of the TFT 12 and a

wiring |i feHAFRg &Y SRERES fofentidialiertipRf @PERREI ALt ERL ILAF

line). Therghorenoh¥r COMIOld LRgal Bee I Jt‘in[‘i%g@“ 9R; 51 & fzdjﬂ%’i’l 3¢
t hreshol d detection, the reference potential Vref i's applie

the pixel circuits 10 can be performed at suitable timing in

20 accordance with a selection period of the pixel circuits 10.

By connecting a plurality of power lines VPi disposed adjacent

to each other to each common power line 9, as in the display

devices according to the second and fourth examples, writing

can be performed to the pixel circuits 10 according to the order

25 on a display screen. By connecting a plurality of power lines

VPi selected every predetermined number of lines accoxrding to

the order cof disposition to each common power line 9, as in the

display device according to the third example, the amounts of

current flowing through the common power lines 9 are made the

30 same, making it possible to prevent the occurrence of a



29 to the gate termnal of the TFT 12 fromthe reference potenti al
line, making it possible to detect a threshold of the TFT 12. In
addition, since the TFT 14 can be controlled to an on state at any
timng, a threshold detection period g?n be freely set. 5 [0078] In
addition, according to the display device according to the first
exanple (Fig. 4) that includes a single common power line 9, the
nunber of output buffers provided in the power control circuit 4 is
reduced t aligiferemaki hg Idmipessicbbe 4 aareduce Thediikduint sizeOfthkhe
power control circuit 4. In addition, 10 according to the display

devi ces ad&dFilA§ors intd vsecotil the Figierdt Bl exbifpl @8 reman W chgnngdd
10) that i ude ral id. f &P 0 | .
l i nes VPitgﬁ%Vid% tpg% trgﬁéggﬁg t|vég?ﬁﬁﬁﬁgﬁrfﬁgﬁﬁﬁ§eqp%$?§ﬁ¥§g%?0,
t he nunbercigfcuaut pubybtd easept ndudad vient §he opoyesn CMHITe, €hé eist 4
is made 15 smaller than the nunber of power lines VPi, nmaking it
possi bPe t&F rtéGueésphaycileeift ydofrechecfower control circuit 4.
I n additi ' e iLbitiall LO ' 0.t o n
power i ng[srbog%tﬁ%% %é&elrggn%%t Prgng!ral sofyein%?ttapa% gg%?ﬂ(;ﬁtr? g% e gﬁiéﬁm
circuits ¥ daathelpestDomeid at dsubt pdtentidb RgiicaeROpBecOsuancand t h
a selection period of the pixel circuits 10. By connecting a
plural ity BMspdierol rRESEHPL - dileséarad) e SsrurslEartndst kP TR dach
common povsr. L LAE, e AT 1 L0e; 81 pPL A devi 068, a060L A L0 LG ;
second an ourth exanples, witing can 'be peryorned £6 the pi xek
circuilhs ¥ aicepbdeng ihe henosder o onr & disspl1gyl 8ereen.adtion,
connecting a plurality of power lines VPi selected every .
pr edet er myfedc Aumder PofcrithesT At der th A§ Yo SEake IP@sr i BFt R KiFediionen
to each c i 9 [ he, di evice acco
the thi rd%g’%%%gﬁg%\g% hééJC gﬁlolucnl% g%gf @gEr ?%n%éﬁ%l%e%g\q}hg%ugﬁ %’ﬂaet%gén%ﬁon
power |ines Pravedsadeo tite: 32 teame rmbBkl NgF ithepassi b ef £ en pteventat he
occurrence of a 30 difference in |um nance on a screen. In addition,
al | of theifrafdiFf i rREPHEREASI RPN IFilxeEneidrdiithe1 6 Er kL o¥r &Re
N-changel (g4 ﬁé tﬂﬁ5c899§5ﬂH&JQQz%ﬁ?o&r§@§£ tors included in the
pi xel circuit 10 ¥ t he same conductive typé of transistors, the cost
5 of the dicglogy (devbne Empodangreduced. [0079] Note that the gate
potential of the TFT 12 upon the start of initialization is a data
potential witté&hIprevitdusl §lart dimesamssherind s CaRE 1 ITRer P, 2t o
securely pj. h i t inpitiali i
oue | cvel ot aRti ST UE LPBRaRRE D Boqerord Aoy R G O B
suf f i ci entingenawonl n Addigdlay, deoiseckt@lshgpinadce Fhe. TEY ikZliudeanaon
state upon initializatjon, a potential at which the TFT 12 is pl aced
in an2Bn Sdredmayehec Provi ded 4 aneheigat €iteitfak Cof Nt tRa O the
fromthe data 14169 QLchie &ﬁ%eéﬁECQhQO%EQéi ali ) d e and) the Tk 11
or the 15 TFT 14 may be controlled to an on state.

components of the present embodiment, the same components as

those of the first embodiment are denoted by the same reference
characters and description thereof is omitted.

25 [0081] In the display device 200, (n+l) control lines GO to Gn
are provided and n control lines Ei and n power lines VPi are
provided parallel to the {n+l} control lines GO to Gn. The
control lines GG to Gn and Ei are connected to the gate driver
circuit 202. Though not shown, pixel circuits in an i-th row

30 are also connected to a control line Gi-1 in a previous row.



[ 0080] (Second Enbodi nent) Fig. 12 is a block diagram show ng
a configuration of a display device according to a second enbodi nent
of the present invention. A display device 200 shown in Fig. 12
includes a 20 gate driver circuit 202 ?nd pi xel circuits 20 instead
of the gate driver circuit 102 and t he pi xel circuits 10. O the
conponents of the present enbodi nent, the same conponents as those of
the first enbodi nent are denoted by the sane reference characters and

descri pti anmd hEkeobyi geoitétegh 2HH0BL] :haithe dbsptay 10edL&:200,
(n+1l) control lines GO to G1 are provided and n control lines E and
n power I|"ﬁé§n‘9P|11aﬁé éﬁév@d?é%if?)%ﬁfmel eoteatihé YAsd) control lines GO

o, Cn.  The ety ol gl i nies: O3 Lo, Q. and: B gt  coguegt ey 1o 1e 9age
driver CII’CUIt 2 oug Ot S cilrcurts n an 1 - row

30 are al 3 coBrAaciedr i a3¢conhs Q‘Jlﬂellnelg:uiﬂfﬂ) arp1eveeUSFTOE1 +31
The display device 200 does not include control lines R or wring

lines Por %réf erRACECpBtENt iadd WPePrIpOOB AL Fenl@mepg £§-a Bia @dixel

di agr am of t l. _circui i X

circuit 26:|n%ﬁQdﬁ?l?ﬁ$?hf EE% AﬁeggngﬁﬁaC| gﬁah ﬁp a%(%¥§§ﬁlc
EL el enentl 2 cThe ipi z@re@lb@w ﬁow?othé mm@@ﬁ@ctjt Oa G ONi £ ®lvplii, nes
G and Ei, a control line G-1in a previous row, the data line §, a
pover | i n@ngPRn skrfEivdel bevinae ﬁammﬁg oo teoiiBeh Yorent al the eixelln

the pixel iUt 30, thesdral i tet plgalcof, d he,TET 24 Ls comnected

to 10 the control ne G%an the g fermmnal

connected dre tdteont nehel cneakdi- &hé ngé’@@ P4 @V rUS JOWheTH@T 24 is
configuration of the pixel circuit 20 is the sane as that of a pixe
circuit 1GPREEsedf 6P the ativvweldéderi bedl poi iy, previous row. The

configuration of the pixel circuit 20 is the same as that of
a pixel circuit 10 except for the above-described points.
[0083] Fig. 14 is a timing chart showing a method of driving
15 thepixel circuits 20. With reference to Fig. 14, the operation
of the pixel c¢circuits in the first row will be described below.
The potential of the control line GO is at a high level at time
t23 to t24 and is at a low level during other time. For the
pixel circuits in the first row, the waveforms prior to time
20 tZ23 are the same as those prior to time tl3 in Fig. 3.
[0084] At time t23, the potentials of the control lines GO0 and
El change to a high level. After time t13, the TFTs 23 and 24
are placed in an on state and thus the potential of the control
line G1 is applied to the gate terminal of a TFT 22. At this
25 1{fime point, the potential of the control line Gl is at a low
level (hereinafter, the low-level potential of the control line
Gi is referred to as VG_L) and thus the potential VG L is applied
to the gate terminal of the TFT 22. The potential VG L is
determined such that the TFT 22 is placed in an on state

30 immediately after time t23 and the voltage applied to the



[0083] Fig. 14 is a timng chart showing a nmethod of driving 15

t hepi xel circuits20. Wth reference to Fig. 14, the operation of the
pi xel circuits in the first roww || be described bel ow. The
potential of the control line GOis a high level at tine t23 to
t24 and is at a low level during other tinme. For the pixel circuits
inthe first row, the waveforns prior to tinme 20 t23 are the sane as
those prior to tine t13 in Fig. 3. [0084] At tine t23, the potentials
of the conrtmryanikiBiesl&kandokoachangexiceed il ghht ewek sidh tiérr etshiowd
t13, the TFTs 23 and 24 are placed in an on state and thus the

pot enti al VSREHE BbhtT di1MS 52361 HenCirpPifEart ol theé2gat ERe et f#l 16f a
TFT 22. A i ' [a] ' e t j

s at a1 GWSael (Hern Rarrer T e L ou e parent (ol GrquaLl ene!
control |iorgaGici 8irelensed 1®. agh¥Gelfprandat busrdite fletwentinalo Y&el

is applied to the gate termnal _of the TFT 22. The gotential VG L is
det er nPned8GER FREPIRHE OFFFRS2TTS 47| 48R Fhe &PY6R $iRge’Rp through

i mredi at ely, abbers { iR {23 @Rdbheny Al A0enarRli 852 B4/ gani c
EL el enent 26 does not exceed a I%ﬁt em ss?on t%%e%ﬁg%g J\'/%?t age
after timehe2BFT Heneceseaft @het soerd@PpoteheidF V2o stipd acedd mianson

state but a current does not flow through the organic EL el enment 26.
Ther ef or e W & *eUrteRt L T Y ol thes BIshirconepadtiatalo shetie streid
fromthe power ki gen VP14 hrough 4 he  LkTy2g)and the TFT 22 and thus

t he source potential VS1 of the TFT 22 rises. The source potenti al
VS1 ofl0t hg ODBT ] 22t riisestaat ithd betgat basouric ehwatdrage IVY$nbecaimasad
equal to the threshold voltage Vth, and reaches (Vref-Vth)., 10[0085]
At time tZ24 CPRRIDItRAL A S I hEDR RRTAIL IRIneE T8O SRATEPL cHdifgElt o
a | ow | evelante POLLRAL LAl Afed NEREOME MlotkhRE aPlo £1AR08S LS O i disgh
| evel , and theé potential of the data line § (not shown) reaches

dat a pot enmiocal soen) Aftaeheti arglatt2dpotdet THTYJ3A3 anitk 24 tame @l pcedei n
an off state, the TFT 21 is _placed 15 in_an on state, and the gate

potenti al V&P 6f e’ tFr9PLeRsAGES ¥ BAT A& S ot RAIA T TFEL jt%é’l%icﬁgl

circupks ijm LR LESte f QWa {8 QUWRLES M JTE: &Nt @61 leBnd 44735 £ g same
3. 10086] As h |

as those after tine t17 in Fig. such, 1 n the pixe

circuit 2Grooovipaf ed Yoat hé'opi Kieé AGedi ctriti t0 iactor diimgttoow hehe
first enbodinent, the control line R and the control lLine G are
commoni zed Ve ?éf“sc?ﬁ:?ﬁ t9Mentan 1% HFhCoRABRr3DMCSAr 85hoT did&t &dti on
during a sel egtion period of pixel circuits in an (i-1)-th row (a
period during which the potential of a control line G-1is at a high
| evel ). 235 0D86]ngs tsveht, hiesiiod gidel ecir@ni tpepi othmpgdred ebertenpe xel

potential i,s applied to the gate termnals of the TFTs 22 froma
cont r%i] | icﬁécél.@ J[%@@?Prﬂ%“ag%%ltf‘ﬁe HhoFEPof e N diSpFaptuelitd8®200

accordi Ngrj and the control line Gi are commonized. Pixel circuits in
an i-th row perform threshold detection during a selection
prericd of pixel circuits in an (i-1)-th row (a period during
which the potential of a control line Gi~1 is at a high level}.
25 During the threshold detection period, the reference potential
is applied to the gate terminals of the TFTs 22 from a control
line Gi.
[0087] As described above, in the display device 200 according
to the present embodiment, a pixel circuit 20 includes a TFT

30 24 (reference potential application transistor} that is



to the present enbodinent, a pixel circuit 20 includes a TFT 30 24
(reference potential application transistor) that is 33 provided
between the gate termnal of a TFT 22 (driving transistor) and a
control line G connected to a TFT 21.(wite control transistor), and
that has a gate terminal connected to a control line G-1 provided
for pixel circuits in another row. 5 Therefore, by controlling the
TFT 24 to an on state upon threshold detection, a reference potenti al
i s appliemroyidee gadteceer nival gatet hermEdal2 offr am THE eant (dalivlinge
G, making it possible to detect_a threshold of the TFT 22. In

addi ti on, THREAGHEE! s2F AWFPRRhECT itids Foreamegteretefcd Fpot britirdte
Vref 10 a (o} S d he
st embod e o TOUSB1 NGt 8 ¢ hat al TRoUGh r Re 5 el Tor rect £°20
t he gate teeconhadl dflnrehcel—'l‘.lzﬁrbmdsdmnptien ciectihesdonthothét rewa - 1

in the previous row, the gate termnal of the TFT 14 may be 15
connecPed TEE 05/ r HIY Icicﬁ’é"réll%nﬁn % LT 3t eV? ofR PBWSERERs URR™

i nt eger noctm%r;%l her abpas:fdn, A %% L-ay.d ordi g i

vari ant can al so obtain t#n sane a van(t:ag%%ttcje?l%f% ects IQT%]B%&Q 'Ff}ferd
Enbodi mentgatlel gerbinkd af MecKEd agr anvs how ngnareani igerat, mkdfnga
20 displ ay, device according to a third enbodi ment of the present

i nventi on.1tAPAPSpPaY %9?5@‘31@0@ LOREFACLA i §Re1BFT e-ude’ aéid(j&tlé’nf
driver cirngu {,,302-angds FM&%' gC'lEﬁH'st §o§0cﬂé1%te%%gegfzet£§t 1eatlhg/'x\é%r

circuit 102 and the pixel circuits he conponents o
present enrbedcfentnttbe kianes (f@m'pmhenTETsas’ZQS:amhbser@du&éte dudrstthe
enbodi ment_are denoted by the sane reference characters and

descri pti di thefB8PILEBhi tted. [0090] In the display device 300, n
cont ol |i1es 10d RhAOWES :1nGs MBI AL o prOYi dat Par ald et g 0.

control |ines The control [1hes G an are connecte
gat e dri vermiineli bf3th8MXT THe idi sphaycdayitce t&@Ocdmesoholtlanhuale
control lines Ri

in the previous row, the gate terminal of the TFT 14 may be
15 connected to a control line Gi-x in an x-th previous row (x is
an integer not smaller than 1). A display device according to
this variant can also obtain the same advantageous effects.
[0089] (Third Embodiment)
Fig. 15 is a block diagram showing a configuration of a
20 display device accoeording to a third embodiment of the present
invention. A display device 300 shown in Fig. 15 includes a
gate driver circuit 302 and pixel circuits 30 instead of the
gate driver circuit 102 and the pixel circuits 10. Of the
components of the present embodiment, the same components as
25 those of the first embodiment are denoted by the same reference
characters and description thereof is omitted.
[0090] In the display device 300, n control lines Ei and n power
lines VPi are provided parallel to n control lines Gi. The
control lines Gi and Ei are connected to the gate driver circuit

30 302. The display device 300 does not include control lines Ri



34 or wiring lines for a reference potential Vref. [0091] Fig. 16 is
a circuit diagramof the pixel circuit 30. As shown in Fig. 16, the
pi xel circuit 30 includes TFTs 31 to 33, a capacitor 35, and an
organic EL elenment 36. The pixel 5 cigguit 30 is connected to the
control lines G and Li, the data line §, a power line VP, and an
el ectrode having a common potential Vcom The pixel circuit 30 does
not include a TFT (reference potential application transistor)
correspondimgittangheéifed fdr ahe formicgupateoniel ¥hef pi xel circuit
30 is the 10 sane_ as ihat of the pixel circuit 10 except for the
above- descii%ed pdfnts® 1§ (?0@2]”#&5 ARFITIN £ FF?-Fn@lE‘ﬁ r¢L<hbvi fd - a

met hod of Adf isubpf t#ﬂ%ﬁ Xgls, CLEC W2 13Q4 L MLi P 36 %@_ﬁaest@gﬁ %1 16
the operation of pixel circluits in the first roww | be described

bel ow. For33l5at heppetkebr c3 ¥ cuirtds annothenic rsh el‘l@\N,entthéGV\/aV]Hfa)lprIXel
pri or %o time t33 are the sane as those prior to tinme t13 in Fig

[0093] At Hinr it ISHECTRRERT B 6t COM ToniPEP Gl ARS B B dE|ta '
change to 13 o @f, Igvgbweéftﬁte o 133 ahhe1lETsodd Mrﬁgsaa %m%ﬂced

in an on state and the potential of the data [ine 20 S is applied to
t he gate trertminmakloVcohe THEE 32xeAtcitomit 3B tdoet3dotaimeleieerRCc@FT

potential Vref is applied tqo the data line §  (not shown). Hence, the
ref erence FGEREREF P%?teefnﬁl?laf)}f)?]rje%la?]&rt he2gat 2=e%r FPREFSBPIEHRS FRT

32. The refier epger pot el atnytgtraa&%%r phoed SUCh;LRgs L he lEF¥h§2
is placed in an on state 25 inmediately after tine t33 and t

vol t agé appimeedato threr organtice Elpielednment r86i dods nekcepteeﬁara ttihght
em ssion threshal d vo{}ltage after tinme t33. Hence, after time t33, the
TFT 32 is PXEcFPA*ARSIPLI A% but a current does not flow through

the organigdgb ekegeni; 36 Therehgrenas: CéHJhﬁ_@ltg £l Qusn bt 1H8 304
source termnal of "'the TFT 32 fromthe power line VPl through 35 the

TFT 33 andheheifHTc32cants Bus Wheh sefiecenpoterftical 1VSthefotchatibh 32

rises. The source potential VS1 of the TFT.32 rises untjl the
gat e- sour & RbfEhgeTgs “hedohes feqahirTov tht e etioiRe ot tdge VER,

and r QQChQ:She( Tedr \C{EQLulég Q_ngér]]le e‘t:tr%l:rg?omt 3the tvﬁ%e@%&ﬁlgtﬂﬂloro{o ttliﬁte
control line El changes to a | ow | evel and t he potential of the data

line § chHard¥geset tha dana @mt@maealpr\iaba tAf téemet £h® 118414.hé . TFT 33

is placed | ff stat the ate ote f t,he TFT 3
chalrct)ges fr[@%ﬁ Pe tttom\?da Fot? %ﬁ@tgpﬁé %lorfglft}“?sc‘?rht]t Lprecy

t he El change to a high level. After time t33, the TFTs 31 and 33
are placed in an on state and the potential of the data line

20 Sj is applied to the gate terminal of the TFT 32. At time t33
to t34, a reference potential Vref is applied to the data line

S5j (not shown). Hence, the reference potential Vref is applied

to the gate terminal of the TFT 32. The reference potential
Vref is determined such that the TFT 32 is placed in an on state

25 immediately after time t33 and the voltage applied to the
organic EL element 36 dces not exceed a light emission threshold
voltage after time t33. Hence, after time t33, the TFT 32 is
placed in an on state but a current does not flow through the
organic EL element 36. Therefore, a current fleows into the

30 source terminal of the TFT 32 from the power line VP1 through



10 waveforns after tine t34 are the same as those after tine t17 in
Fig. 3. [0095] As such, conpared to the pixel circuit 10 according
to the first enbodinent, the pixel circuit 30 does not include a
transistor for providing a reference potential to the gate 15
termnal of the TFT 32. Pixel circuitsS in an i-th row perform
threshol d detection and witing during a selection period of the

pi xel circuits inthe i-th row (a period during which the potenti al
of a contridle TFAe3&ands the BEhidghahevelys tharsoagrddipcthneshdl @l of
detection erlod a reference potential is applied 20 to the gate

t er m nal G RETTET=35°Fr oM S ECHAES A95Fa P Y%Qé}trﬁ% Todsis ﬂié&s
above, in Jdtelldm@ngedge{mc@e 399@&&%9'5&&@5%%5.% @é%‘% BRadi

upon threshold detéection, a reference’potential is applied to a ata
line S ambla;a“gléTv:am (mdteaadn&sr olvderfaivsihgtor) is placed in an on
state. Therefore upon threshol d detection, by controlling the TFT

31 to an orf &tdtat témree%%feﬁé@ ResEatt PaloT Ehagianitegltbtihe! ges

t erm nal r t )af d I .
making 1€ Roosi bl e s o et ets Poreahere o The Er 357 %0 SireREn,

W t hout addi agdat# rartsingtiel dda a \Mfrtemgtimenmﬂt,herle afmar 8Aaces 3 aced
potential can be q[glaow ded to the pixel circuit 30 fromthe data 36

line Sj. Y0BBATINGFRTE ALY Bt KEGGHPT e HE ESL A pE e Ffade LG E&F a

threshol d deteethen PeaLod Ao tﬂéegltﬁq LIPEd] @l el Refrane ca Yy tt%e
period, the present invention is not limted thereto. It 5 1s al'so

possi Ble tweverfovimdea At ¢hreistrold 4det @dthiconaperaodhiaseanytpertiott piiior
to a selecti on’gperl od of pixel circuits to be selected just before.
[0098] As Jeddfi-béd above, according to the present invention, a

di splay deyjgescan ch}pb%hgggeah@é thaspa,conti qui;at n@nae@oé@lﬁfwteh

an initialization potential 'is provided to pixel circuits from power
i nes and tthraffihas empmligrerdonthelpiiglcuiitrcsibl 30 idvesi noti insliwe a

| NDUSTRI AL APPLI CABI LI TY 15{7039941 Di sgl a%/ devi ces of the present
|nvent|onqﬁ5ﬂ§lﬁ§ﬁfu g¢ providing a r fefence potential to the gate

15 terminal of the TFT 32. Pixel circuits in an i-th row perform
threshold detection and writing during a selection period of
the pixel circuits in the i-th row (a period during which the
potential of a control line Gi is at a high level). During the
threshold detection period, a reference potential is applied

20 to the gate terminal of the TFT 32 from the data line Sij.
(0C96] As described above, in the display device 300 according
to the present embodiment, upon threshold detection, a
reference potential is applied to a data line Sj and a TFT 31
(write control transistor) isplacedinanonstate. Therefore,

25 upon threshold detecticen, by controlling the TFT 31 to an on
state, a reference potential is applied to the gate terminal
of a TFT 32 (driving transistor) from the data line Sj, making
it possible to detect a threshold of the TFT 32. 1In additien,
without adding a transistor or a wiring line, the reference

30 potential can be provided to the pixel circuit 30 from the data



that the display devices have a configuration in which an
initialization potential is provided to pixel circuits from power
| ines, and have a power control circuit small in circuit size, and
t hus, can be used as display devices éNng 20 current-driven el enments
such as organi ¢ EL displays. DESCRI PT OF REFERENCE CHARACTERS
[0100] 1: DI SPLAY CONTRCL CIRCUI T 102, 202, and 302: GATE DRI VER
CIRCU T 253: SOURCE DRIVER CTRCU T 4: PONER CONTROL CIRCU T 5: SHI FT
REG STER GinREGISTER 7: LATCH CIRCU T 308: D/A CONVERTER LINE 37 9,
111, 121, 122, 131, 132, ? 141 to,143. COWON PONER 10, 20, and 30:
Pl XEL CIRd&0?7] Note that although in the description made so far a
threshold detection period is inserted immediately before a
write period, the present invention is not limited thereto. It
5 1s also possible to provide a threshold detection period in any
pericd prior to a selection period of pixel circuits to be
selected just before,
[0098] As described above, according to the present invention,
a display device can be obtained that has a configuration in
10 whichaninitialization potential is provided to pixel circuits

from power lines and that has a power control circuit small in

circuit size.

INDUSTRIAL APPLICABILITY

15 [0099] bisplay devices of the present invention have features
that the display devices have a configuration in which an
initialization potential is provided to pixel circuits from
power lines, and have a power control circuit small in circuit
size, and thus, can be used as display devices using

20 current-driven elements such as organic EL displays.

DESCRIPTION OF REFERENCE CHARACTERS
[010C] 1: DISPLAY CONTROL CIRCUIT
02, 202, and 302: GATE DRIVER CIRCUIT
25 SOURCE DRIVER CIRCUIT

POWER CONTROL CIRCUIT

1

3

4

5: SHIFT REGISTER
6: REGISTER

7: LATCH CIRCUIT
8

30 D/A CONVERTER



11, 21, and 31: TFT (WRI TE CONTROL TRANSI STOR) 512, 22, and 32: TFT
(DRI VI NG TRANSI STOR) 13, 23, and 33: TFT (LI GHT EM SSI ON CONTROL
TRANSI STOR) 14 and 24: TFT ( REFERENCE POTENTI AL APPLI CATI ON

TRANSI STOR) 15, 25, and 35: CAPACI TOR %016, 26, and 36: ORGANI C EL
ELEMENT ( ELECTRO OPTI C ELEMENT) 100, 5 0, and 300: DI SPLAY DEVICE G,
Ri, and Ei: CONTROL LINE Sj: DATA LINE 15VPi: PONER LINE 38 CLAI M
1. A current-driven type display device, conprising:

apl ural i tyof pi xél clIkuilizdartahgedls 188, dineAdilonall4p;: COMMON POWER

LINE
16, 20, and 30: PIXEL CIRCUIT
11, 21, and 31: TFT (WRITE CONTROL TRANSISTOR)
5 12, 22, and 32: TFT (DRIVING TRANSISTOR)
13, 23, and 33: TFT (LIGHT EMISSION CCNTROL TRANSISTOR}
14 and 24: TFT (REFERENCE POTENTIAL APPLICATION
TRANSISTOR)
15, 25, and 35: CAPACITOR
10 16, 26, and 36: ORGANIC EL ELEMENT (ELECTRO-QOPTIC
ELEMENT)

100, 200, and 300: DISPLAY DEVICE
Gi, Ri, and Ei: CONTROL LINE
Sj: DATA LINE

15 VPi: POWER LINE



a plurality of control |ines provided for respective rows of the

pi xel circuits; a plurality of data lines provided for
respective columms of the pixel circuits; 10a plurality of power

| i nes provided to supply a power suppg¥ potential to the pixel
circuits; a single or a plurality of common power |ines, each
connected to two or nore of the power I|ines; a drive
circuit that drives the control lines and the data 15 |lines; and

a power control circuit that drivesctheMpower |ines, wherein each of
the pixel circuits includes: an electro-optic elenment; 20a driving
transi stor provided on a path of a current flow ng through the

eleCtrO'OQFiC ehegﬁPEéntEﬁriven.ﬁxﬁe g%@%%%? 88915@' dd, _iéfh I,

provi ded between a contr term driving transistor ‘and a
correspondi ng one ofplheztaty |inregs; 2paxkight eptssiten conim@inged

transi stor provi ded between one conduction term nal of the driving

transi st ortnd 1388 PBEHOAUI ng one of the power |ines; and

a capacitor proyigied HAeen AR 0 NaT LAIUGHO 16F 18l 00 1%
control term naf "of the riving transistor, and
of the pixel circuits;
a plurality of data lines provided for respective columns
of the pixel circulits;
10 a plurality of power lines provided to supply a power
supply potential to the pixel circuits;
a single or a plurality of common power lines, each
connected to two or more of the power lines;
adrive circuit that drives the control lines and the data
15 lines; and
a power contrel circuit that drives the power lines,
wherein
each of the pixel circuits includes:

an electro-optic element;

20 a driving transistor provided on a path of a current
flowing through the electro-optic element;

a write control transistor provided between a
control terminal of the driving transistor and a corresponding
one of the data lines;

25 a light emission control transistor provided
between one conduction terminal of the driving transistor and
a corresponding one of the power lines; and

a capacitor provided between an other conduction

terminal and the control terminal of the driving transistor,

30 and



39 t he power control circuit applies the power supply
potential and an initialization potential to the conmon power |ine(s)
in aswtching manner. 5 2. The di splay device according to claim1,
wherein the drive circuit selects iniggalized pixel circuits on a row
basis, and controls to allow each of the selected pixel circuits to
performdetection of a threshold of the driving transistor, witing,
and light emssion in turn. 10 3. The display device according to
claim 2, wherei fheh@dvieghtC BRI onl TDHLY odPR Y HERs| Shor poyepl acwlivn
an on state upqn hnitiallzaiion  and o, oocon:ithe I MiLi alization
potential H& & Potent a” AP WAT th T He LB RV RY 1T 4RSI SYBPCT £9%PAced
in an on stiafeq swhen khewpotieitd alarire-applied to the power |ine upon
initialization. 4. The display device according to claim 3, wherein
the light em ssion control transistor is placed in an off state upon

20 completjon of, the initiali.zation and is pl.aced in an on_state upon
thres%l d jdet ec P%rﬁsP&ag.&f’hlé:e |Cs(:p)cf%c§1n E/‘?géaéﬁncdr“gﬁ]%@e%%t%?grﬁvi,

wher ei n t he ddught s sisd @Rie9nl § 9bd tidRsi §1 HkuiSs Phagedwi Pa sl ORnd
state fora fixed 25 period of tinme upon light emssion. 6. The
di spl ay desdind&odecor di-hgv teg chl &ff Fhe seMestelriswdhcbfcuiies pppsirform
circuits fuyrther includ a _referenc ofent.ial _application . .
transistofg%FEVﬁgngEe %%gﬁstOé%c8£t§h§)%ﬁﬁﬁﬁnﬁaFrggsh?t??kaWﬁﬁt&Pﬁg

transi st orarand ignhtetRl e8cen pot enddral line. 90 7. The display device
according to claim 2, wherein each of the pixel circuits further
i ncl ud@s a reference potenti al

3. The display device according to claim 2, wherein
the light emission control transistor is placed in an on
state upon initialization, and
the initialization potential is a potential at which the
15 driving transistor is placed in an on state when the potential

is applied to the power line upon initialization.

4, The display device according to claim 3, wherein the light
emission control transistor is placed in an off state upon
20 completion of the initialization and is placed in an on state

upon threshold detection.

5. The display device according to claim 4, wherein the light
emission control transistor is placed in an on state for a fixed

25 period of time upon light emission.

6. The display device according to claim 2, wherein each of
the pixel circuits further includes a reference potential
application transistor provided between the control terminal

30 of the driving transistor and a reference potential line.



application transistor that is provided between the control 5
termnal of the driving transistor and a control line connected to
the wite control transistor, and that has a control term na
connected to a control line provided fgr pixel circuits in another
row. 10 8. The display device according to claim2, wherein upon
threshol d detection, a reference potential is applied to the data
line and the wite control transistor is placed in an on state. 15

9. The di splay device according to claim1, conprising a single common

power |in 10. The di spl ay ,device according tqQ claim1, conprising a
P Ur el 1y ot comtBrt oy PFRLSS ARTGRALATO0 Iid gBuer "Tierea pach &
provi ded figfe thecdiespectiiMe rawsHdr theRideel £iF&titshce@Mhtential

the power control circuit applies the initialization potential to the
common powarllijcagd oat tdphsesenmt thati rigs pra§idedThetdéspl Zye deritgel

accordi.ng .to claiim erein luralit f_ power Jines dispose
i acelt (SRR Ot h P AT GO EE TR 1 (b HER POt RE L dater Ot o0
lines. 4kfnlinescachiading 4.0 :00tdar, Sha dhaposid & eRnake1 GURGLed
to each of the common power I|ines.

connected to a control line provided for pixel circuits in

another row.

10 8. The display device according to claim 2, wherein upon
threshold detection, a reference potential is applied to the
data line and the write control transistor is placed in an on

state.

15 9. The display device according to claim 1, comprising a

single common power line.

10. The display device according to claim 1, comprising a
plurality of commcn power lines, wherein
20 the power lines are provided for the respective rows of
the pixel c¢ircuits, and
the power control circuit applies the initialization

potential toc the common power lines at different timings.

25 11. The display device according to claim 10, wherein a
plurality of power lines disposed adjacent to each other are

connected to each of the common power lines.

12. The display device according to claim 10, wherein a

30 plurality of power lines selected every predetermined number



13. The di splay device according to claim11, wherein all of 5 the
transistors included in the pixel circuit are of an N-channel type.
14. A nethod of driving a current-driven type display device
including a plurality of pixel circuigs arranged 10

two-di nensionally; a plurality of control |ines provided for
respective rows of the pixel circuits; a plurality of data |ines
provi ded for respective columms of the pixel circuits; a plurality of
power |ines’ piows dedordisapyl grdepofiatl spwsplty opatrentomhetioed he epickel
circuits; d.a single or a plurality 15 of conmmon power |ines, each
connected‘ﬁ%t?ﬁbCSP%RBrBOB?It e'power |ines, the method conprising
the steps of: when each of the pixel circuits includes: an

el ectro-optic elenment; a driving transistor provided on a path of a
current flidn ngThhrdughlaheeslicet tocopiing ¢leakain la whetreif0aXomntfr ol

transi stor. _provi ded. bet ween confrol termnal .of the drivin
L ansi 8t or QB G R A e, OF CHE Garg 1l FHECIT | FRfpof an

eni ssi on GpQlhetir @PsksSt or provi ded between one conduction term nal
of the driving transistor and a correspondi ng one of the power |ines;
and a capacitor provided 25 between an ot her conduction term nal and

the contraql, termnal. o he dr.iving transistor, .appl yi ng,.

using & povier - cBTITTICPECTL Vhe B T o potn (i AP Ak e
initializatjaQndagigenthal g.tNe tgompe povelell i Netsruifsa SRR
manner; 30controll'ing states of the transistors included in the ™ 42
pi xel 18i r cuic-sliyndiprahgyt he rdoreddltyl phesontand lines papplgdedidor

potentials COrresRading tq,d shlay data;to, the data lInes. . 1ines
provided for respective columns of the pixel circuits; a
plurality of power lines provided to supply a power supply
potential to the pixel circuits; and a single or a plurality
15 of common power lines, each connected to two or more of the power
lines, the method comprising the steps of:
when each of the pixel circuits includes: an
electro-optic element; a driving transistor provided on a path
of a current flowing through the electro-optic element; a write
20 control transistor provided between a control terminal of the
driving transistor and a corresponding one of the data lines;
a light emission control transistor provided between one
conduction terminal of the driving transistor and a
corresponding one of the power lines; and a capacitor provided
25 between an other conductition terminal and the control terminal
of the driving transistor,
applying, using a power control circuit, the power supply
potential and an initialization potential to the common power
line({s) in a switching manner;

30 controlling states of the transistors included in the



42

pixel circuits by driving the control lines; and
applying potentials corresponding to display data to the

data lines.



