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AND DI SPLAY DEVI CE DRI VING METHOD 5 Technical Field The present invention
rel ates twoodi/epBry device and a display device drivi remERicmdi0644
Background Art Liquid crystal displays are generally classified 10 into
active matrix driving liquid crystal displays and sinple matrix driving
liquid crystal displays. The active matrix driving liquid crystal display
di splays an inage having a higher |um nance, higher contrast, and higher
resolution as conpared to the sinple matrix 15 driving liquid crystal
display. In the active matrix mmrE W @ Higu & drystal display, a liquid
crystal elenent which also functions as a capacitor and a transistor

whi ch activates the liquid crystal elenment are arranged for each pixel. In
the active matrix 20 driving liquid crystal dis? a selection signal is
i nput from a scanPI&BLAYI PEVIEEr HNRgDASPAAEhPEY CEe§REVENGt ¥EFHORanni ng
line so that the scanning line 1is selected. At this tinme, when a voltage
having a |evel representing a Iuninance is applied froma data 25 driver

to a signal line, the voltage is Iled to liquid crystal el enent
through>he transistor. Even mhen ?ﬁp%q sﬁ%éiﬁ is turned off during a

period from WO 2004 Oelg];>3r1e4se|:;1 /i]nF')vZeon 3;{oon10r6eﬁ tes to a display device

and a display device driving method.
Background Art
Liquid crystal displays are.generally classified
10 into active matrix driving liquid crystal displays and
simple matrix driving liquid crystal displays. The
active matrix driving liquid crystal display displays
an image having a higher luminance, higher contrast,
and higher resolution as compared to the simple matrix
15 driving liquid crystal display. In the active matrix
driving liquid crystal display, a liquid crystal
element which also functions as a capacitor and a
transistor which activates the liquid crystal element
are arranged for each pixel. In the active matrix
20 driving liquid crystal display, a selection signal is
input from a scanning driver serving as a shift
register to a scanning line so that the scanning line
is selected. At this time, when a voltage having a
level representing a luminance is applied from a data
25 driver to a signal line, the voltage is applied to the
liquid crystal element through the transistor. Even

when the transistor is turned off during a period from



the end of signal input to the scanning-line to the next signal input, the
voltage level is held until the next signal is input to the scanning |line
because tWw® 200408tk crystal el enent functions as a capad®dTarr200381644

descri bed above, while the signal is input to the scanning line, the |ight
transmttance of the liquid crystal elenent is newly refreshed. Light from
a backlight passes through the liquid cr?stal elenent at the refreshed
light transmttance so that the gray 10 level of the liquid crystal display
is expressed. On the other hand, an organic EL (El ectrolLum nescence)

di spl ay whi ch tkesend gahi sifhal elepeht soashspansanengsliopei tal tkeement s
requires no backlight, unlike liquid crystal displays. Hence, the 15
organi ¢ EL di speay $tompli mipwtorthet ohtdoeplayell hs hddit iohilt hleeor ganic
EL display has no limtation on the angle of field, unlike liquid crystal
di spl ays.  FornehfsSi@aabnispiaeetchp GRFIFapRdAg ot ibegaAFeUEE tHEspl ays
as next-generation, display devices is _greatly 20 expected, Fromthe

vi ewpoi nt of alﬁgﬁhdI%ﬁY%%%%e?lﬁm@ﬁt EBREFA_LS %ﬁdahgﬁﬂaFégﬁFuti%ﬁ,

vol tage-control.l ed .active matrix.driyving schepes have been devel oped not
only TorS 11 qui GSTSSoET Hrabraybie ShEo=TaraDr fanttoubete B cpi bys.

However, the capaghiyyofs a0 ofgan Sl «ELEURNE L3.Ough salleg,igan that

of aliquid crys | 'enent so a carren e organic el enent
WO 2004/019314cf§§%§f299é$9&96f§ néwly refreshed. Light from a

backlight passes through the liquid crystal element at
the refreshed light transmittance so that the gray
10 level of the liguid crystal display is expressed.

On the other hand, an organic EL
(ElectroLuminescence) display which uses organic EL
elements as spontaneous optical elements requires no
backlight, unlike liquid crystal displays. Hence, the

15 organic EL display is optimum for a thin display. 1In
addition, the organic EL display has no limitation on
the angle of field, unlike liquid crystal displays.
For this reason, practical utilization of organic EL
displays as next—-generation display devices is greatly

20 expected.

From the viewpoint of a high luminance, high
contrast, and high resolution, voltage-controlled
active matrix driving schemes have been developed not
only for liquid crystal displays but also for organic

25 EL displays. However, the capacity of an organic EL
element is much smaller than that of a liquid crystal

element so a current flows to the organic EI, element



itself. To hold a voltage, the nunber of transistors increases. This |eads
to an increase in conplexity of a circuit constituted by transistors. In a
transi st owo0 mesieald4l y, the channel resistance 5 changes@umP2003/0a068hange in
anbi ent tenperature or long-time use. For this reason, the gate threshold
vol tage changes over time or varies between transistors. It is therefore
difficult to uniquely designate the current |level to be supplied to an 10
organic EL el enent on the basis of the gate voltage I|evel of a swtching
transi stor by changing the value of the voltage to be applied to the gate
el ectrode of itmelf.ansicstharldard thusaghanthagquiied evieltdnsdetaugrent to
be supplied to the organic EL elenent. In 15 other words, the | evel of the
current to be suppgasss. cdihimrldizdbeturmmuglsr ebast giateaubyexHandgithg t he
value of the voltage to be applied to the gate el ectrode of the
transi stor and® tdECEHamANRE tHEE U hancan oS §HeS - organic EL el enent. That
is, even when a gate voltage 20 of the sane level is appljed tp the
transi stors of a ﬁ%r%lﬁq%%sw&el%?n?ﬁ%lwgaﬁ?% Ha RILDFARFR
plurality of pixels m hatf\g)e di fferent, em ssi on | um nances. This may cause
0

a variation i UM % 3 hcélad?%epljaﬁl eh tfén&?%ac_%%%roer of Invention
L o a2 et e NSO AN bl B e phae v oo and

voltage changes over time or varies between
transistors. It is therefore difficult to uniquely
designate the current level to be supplied to an

10 organic EL element on the basis of the gate voltage
level of a switching transistor by changing the wvalue
of the voltage to be applied to the gate electrode of
the transistor and thus changing the level of the
current to be supplied to the organic EL element. In

15 other words, the level of the current to be supplied
can hardly be unigquely designated by changing the wvalue
of the voltage to be applied to the gate electrode of
the transistor and thus changing the luminance of the
organic EL element. That is, even when a gate voltage

20 of the same level is applied to the transistors of a
plurality of pixels, the organic EL elements of the
plurality of pixels may have different emission
luminances. This may cause a variation in luminance on
the display screen.

25 Disclosure of Invention

It is an object of the present invention to

provide a display device and a display device driving



met hod, which allow stable display on the basis of a sinple driving
principle. In order to solve the above problens, according to an aspect of
t he presewo ionverdsidson, there is provided a 5 display dendmcrP2asmepicisi ng: a
plurality of scanning lines (e.g., selection scanning lines X1 to Xm; a

plurality of signal lines (e.g., signal lines Y1 to Yn); 10 a scanning
driver (e.g., a selection scanning dri vef 5) which sequentially supplies
to the scanning |lines selection signals that select the scanning lines; a

data driver (e.g., a data driver 3) which supplies a designation current
(e.g., a gray rhetiedd,l5diedi giatavors talbYendidPATA)omt dchdeoadis abff tyy of
signal lines within a selection period (e.g., a selection period TSE)
when the scanrsingplé nésivimg eiinriselected; a plurality of pixel circuits
(e.g., pixel circuits D1,1 to n) which supplies a driving current 20
corresponding to a ErPedRr vig® ueobYe t e d@lRpmap TOM! €09 r emECORAINT | B0 to

the signal lines; a plurality of optical elenents (e.g.,, light- emtting
el enents E1, 1 3 ERFGT vihi deRieTsyht 11 AR Gdor wh § W%%‘élcg‘?rg\ﬁ ng

current suppli pluraljty of pixel circuits; and a power supply

d by th 25
(e.g., a cormoh ¥ Ié%%hﬁﬁ SUPPIY° 89 which outputs to the plurality of
pixel circuits a W0, 2004/ 019314, PCTLIEROQ3/ P19844 (¢ %., selection

scanning lines X1 to Xy);

a plurality of signal lines (e.g., signal lines Yj
to Ypn);

10 a scanning driver (e.g., a selection scanning
driver 5) which sequentially supplies to the scanning
lines selection signals that select the scanning lines;

a data driver (e.g., a data driver 3) which
supplies a designation current (e.g., a gray level

15 designation current IpaTa) to the plurality of signal
lines within a selection period (e.g., a selection
period Tgr) when the scanning lines are being selected;

a plurality of pixel circuits (e.g., pixel
circuits Di, 1 to Dy, ) which supplies a driving current

20 corresponding to a current value of the designation
current that flows to the signal lines;

a plurality of optical elements (e.g., light-
emitting elements Ej 1 to Ep p) which emit light in
accordance with the driving current supplied by the

25 plurality of pixel circuits; and

a power supply (e.g., a common signal power supply

6) which outputs to the plurality of pixel circuits a



driving current reference voltage (e.g., a voltage VH GH) to supply the
driving current. In the above device, in accordance with the timng when
t he power wouppd/gi9eut puts the driving current 5 referencecmireeg®iosthe
plurality of pixel circuits supply the driving current in accordance
the current value of the designation current that flows wthin each
sel ection period. Accordingly, the optica@ elenments emt |light. 10 Hence,
when the power supply outputs the driving current reference voltage from
the end of the selection period of a predeterm ned scanning line til
begi nni ng of tdwei sel@ctuorerperiatkdntdevalexdges ceaug ng a Ivaleiage dri vi ng

current corresponding to both an 15 opti cal

pr edet er m ned Visg@anni ty $upmlanthardoptical cetesneihd corresponding to
next scanning line flows. Hence, the optical elenents can emt |ight
desired | unminance. ¥hebh¢ bgonede el yinud peesdanee dfi Ui ngheukieiRg 20

reference voltage to the pixel circuit, at, once after, all the scanning

with

t he

el enent corresponding to the

t he
at a

lines are sel 1R, CRe IPQWRF oPIRRAY OwFRIHeht S1¢ £ BHRY IFYHCE When a reset
voltage js output to the plurality of _si | lipes, within a period when
Q&%ﬁ%ﬁf@ya ﬁ

none of

he pl
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current value of the designation current that flows
within each selection period. Accordingly, the optical
elements emit light.

Hence, when the power supply outputs the driving
current reference voltage from the end of the selection
period of a predetermined scanning line till the
beginning of the selection period of the next scanning
line, a driving current corresponding to both an
optical element corresponding to the predetermined
scanning line and an optical element corresponding to
the next scanning line flows. Hence, the optical
elements can emit light at a desired luminance.

When the power supply outputé the driving current
reference voltage to the pixel circuit at once after
all the scanning lines are selected, all the optical
elements can emit light.

When a reset voltage is output to the plurality of
signal lines within a period when none of the plurality
of optical elements are selected, the signal lines
reset charges stored in the preceding selection period.

For this reason, the parasitic capacitance of the

S



signal lines can be quickly charged within the next selection period so
that even when a designation current having a smaller current value is
suppl i ed, wamo4/e98r4ent val ue of the designation current rcanPrapioddeps be 5
set in the steady state. Hence, even an optical elenent such as an organic
EL el ement whose lum nance is nodulated by a small current on the , uA
order is allowed to quickly display nult?ple gray level |um nances. 10
Brief Description of Drawings FIG 1 is a view showi ng an organic EL

di splay applied as a display device according to the first enbodi nent of
the present i mveabnlifdG céh itse anplcnl widve sfeohivwigtlai mpitded rshridown in 15
FIG 1, in which an oxide insulating film channel protective insulating
film and conmmmletiebon querted soitatedven hélen undiestamiia FIG 3 is a
sectional viewtaken along a line Il - Ill in FIG 2; 20-- FIG 4 is a
sectional Vi evHEIQH: NS 3 isRallar cynrent Fague: i syrrjeda W&t onal
view taken along aline _ V- Vin FIG, 2; FIG 6 is an equival ent rcuit
di agram of fOLﬁ‘urrZ@“J%ldY%leé%to%lg&ﬁ Jdegh@ation Figreiph %aﬂb CPjﬁéqt%@ijrrent

vs. volt racteristic o annel field effect tra istor WO
2004/ 01 14 pd%%ipgbogv%rﬁ%a 5%%%£%e. ence, even an op ki

element such as an organic EL element whose luminance
is modulated by a small current on the pA order is
allowed to quickly display multiple gray level
luminances.
10 Brief Description of Drawings
FIG. 1 is a view showing an organic EL display
applied as a display device according to the first
embodiment of the present invention;
FIG. 2 is a plan view showing a pixel shown in
15 FIG. 1, in which an oxide insulating film, channel
protective insulating film, and common electrode are
omitted to help understanding:;
FIG. 3 is a sectional view taken along a line
IIT -~ IITI in FIG. 2;
20 . FIG. 4 is a sectional view taken along a line
IV - IV in FIG. 2;
FIG. 5 is a sectional view taken along a line
V - V in FIG. 2;
FIG. 6 is an equivalent circuit diagram of four
25 adjacent pixels;
FIG. 7 is a graph showing the current vs. voltage

characteristic of an N-channel field effect transistor



used in the first enbodinent; FIG 8 is a timng chart showing the |evels
of signals in the apparatus according to the first enbodinent; 5 FIG 9A
is a viewwshmos/og3a vol t age state when no sw tching cirraa/ir2e8/0a06anged,
and a gray level designation current with the nmaxi mum current value is
supplied across the drain and source of a transistor and a signal |ine
during the selection period of the 10 ith row FIG 9B is a view showing a
voltage state when a switching circuit is arranged, and a gray |evel
designation current with the maxi mumcurrent value is supplied across the
drain and souggedofind thieamsirsttorembbdandna ;si gnal |ine during the sel ection
period of the ith row, FIG 10 is a view showi ng an organi c EL display
applied as a displ aralewv de acdomdinyg cdherthehsedon thentediedsnofof the
present invention, in which a comon 20 signal power supply is arranged in
a control |l er: siBn@lslin Shee \Aoewrehowi agcardangarroc the dilgsitay applied as
a di splay deV|ce according to the third enbodi ment of the present

i nvention, inemkostimemdidrain of the transistor of a pixel circuit is
connected to a 25 selection scanning.lin FI GS.. [12A ar](_t 12B.are

equi val ént circuit Hi%gr¥hsts shollisiy %ta 3G 1 HE S O

enbodi nent tosw? %9%%&?%%§%ﬁuﬁpgégg%003/0 0644 %.gray level

designation current with the maximum current value is

supplied across the drain and source of a transistor

and a signal line during the selection period of the
10 ith row;

FIG. 9B is a view showing a voltage state when a
switching circuit is arranged, and a gray level
designation current with the maximum current value is
supplied across the drain and source of a transistor

15 and a signal line during the selection period of the
ith row;

FIG. 10 is a view showing an organic EL display
applied as a display device according to the second
embodiment of the present invention, in which a common

20 signal power sdpply is arranged in a controller;

FIG. 11 is a view showing an organic EL display
applied as a display device according to the third
embodiment of the present invention, in which the drain
of the transistor of a pixel circuit is connected to a

25 selection scanning line;
FIGS. 12A and 12B are equivalent circuit diagrams

showing adjacent pixels in the third embodiment to



indicate current flows in different operation periods; and FIG 13 is a
timng chart show ng the levels of signals in the apparatus according to
t he thirdwe® »rbodsrent . Best Mode for Carrying Qut the IporerrRosmiosdet ai | ed

enbodi ments of the present invention will be described below wth
reference to the acconpanying draw ngs. The scope and spirit of the
di spl ay’ device 10 or panel are not |im tefl to the illustrated enbodinents.

[First Enmbodinent] FIG 1 is a view showing an organic EL display to which
the present invention is applied. An organic EL 15 display 1 conprises, as

a basi c arrangeameintatancar gant cf Fwsdiispldiyf Parmit Jpasdtai ar ipeari @is;

sel ection scanning driver 5, common signal power supply 6, sw tching
circuit 7, anckembntroller 11. In the organic EL display panel 2, a display
20 section 4 on which an image is actually displayed is forned on a
transparent substrafb&G8. 1¥hés dataiminyeehangt skeewbry obheckeivihy @Fi ver 5,
common si gnal power_ supply 6, and switching circuit 7 are arranged around
the display sett§mt s, IThERYadrPala e acoet g iloh 25 sd¥ift ng driver 5,
and co n signal power, supply 6 nay be arranged either on the transparent
substr?tgg 8 orelg%%gjaf“?lr%xi ble circuit board arranged around the WO

2004/019314 PCT/JPZOO%&Q%pqﬁﬁks%or Carrying Out the Invention

Detailed embodiments of the present invention will
be described below with reference to the accompanying
drawings. The scope and spirit of the display device

10 or panel are not limited to the illustrated
embodiments.
[First Embodiment]

FIG. 1 is a view showing an organic EL display to

which the present invention is applied. An organic EL

15 display 1 comprises, as a basic arrangement, an organic
EL display panel 2, data driver 3, selection scanning
driver 5, common signal power supply 6, switching
circuit 7, and controller 11.

In the organic EL display panel 2, a display

20 section 4 on which an image is actually displayed is
formed on a transparent substrate 8. The data driver
3, selection scanning driver 5, common signal power
supply 6, and switching circuit 7 are arranged around
the display section 4. The data driver 3, selection

25 scanning driver 5, and common signal power supply 6 may
be arranged either on the transparent substrate 8 or

on a flexible circuit board arranged around the



transparent substrate 8. In the display section 4, (mX n) pixels P1,1 to
Pmn (mand n are arbitrary natural nunbers) are arranged in a matrix on
the transparmni/omslastrate 8. 5 In the colum direction, RCTeIP2003M0146ke
vertical direction, mpixels P1,j to Pmj (j is an arbitrary natura
nunber; 1 <j < n) are arrayed. In the row direction, i.e., in the

hori zontal direction, n pixels Pi,| to Pi,n (i is an arbitrary natural
nunber; 1 10 i < mnm are arrayed. That is, a pixel which exists on the ith
line (i.e., the ith row) fromthe upper side in the vertical direction and
the jth line ¢+aBspatbetj thbseohusnd.fromthe left side in the horizontal
direction is defined as a pixel Pi,j. 15 In the display section 4, m

sel ection scanni ngInl thesdXspflayXeectnonng, i nmt ke mowidalectiign &
parallelly arranged in the columm direction on the transparent substrate
8. In additioby, m ¢omepd Bi gnal arbupphyyl hABYrZl PEOEAYFUNATRG in the row
direction are 20 parallelly arranged in the colum directjon on_the
transparent sabsenged &nja @éﬁ?é§p@ﬁd§h@etﬁPPﬁPPﬁéntsEPEE%F%EGs%anning

lines X1 to Xm Each comon signal supply line Zk (1 k.< 1) is inserted
bet ween5t he 38| EBEi 6RI¥BANALAGCITARS gkeandlﬁk;é? %ﬁﬁ%égFgltion 25

and Zm "I n dBREPERIO: PgRAFSIPNEs, VIOt 6ova tanteng™ ALPRE SE UM
direction areng ﬁ%ghehh @9;290%£99%§1é)P§¥é35299§59106ﬂﬂ tﬂQ row
direction, i.e., in the horizontal direction, n pixels
Pi,1 to Pj,n (1 is an arbitrary natural number; 1 =

10 i £ m) are arrayed. That is, a pixel which exists on
the ith line (i.e., the ith row) from the upper side in
the vertical direction and the jth line (i.e., the jth
column) from the left side in the horizontal direction
is defined as a pixel Pj 5.

15 In the display seétion 4, m selection scanning
lines X7 to Xy running in the row direction are
parallelly arranged in the column direction on the
transparent substrate 8. In addition, m common signal
supply lines Zj] to Zy running in the row direction are

20 parallelly arranged in the column direction on the
transparent substrate 8 in correspondence with the
selection scanning lines Xq to Xp. BEach common signal
supply line Zy (1 £ k = m-1) is inserted between the
selection scanning lines Xy and Xy4+1. The selection

25 scanning line Xy is inserted between the common signal
supply lines Zy-1 and Zyp. In addition, n signal lines

Y1 to Y, running in the column direction are parallelly



arranged in the row direction on the transparent substrate 8. The

sel ection scanning lines X1 to Xm common signal supply lines Z1 to Zm

and si gnawd 1on€6193M1 to Yn are insulated from each ot herpdayIr2en@iosani ng 5

insulating films. A selection scanning line Xi and comon signal supply

line Zi are connected to n pixels Pi,1to Pi,n arrayed in the row
direction. Asignal Iline Y] is connecte&f%o n1p|xels Pi,] to Pm7 arrayed
in the colum direction. The pixel Pi,j is arranged at 10 a portion
surrounded by the selection scanning line Xi, comon signal supply line

Zi,

connected to the output termnals of the selection scanning driver 5.
common si gnal supptyaténds ZIhe os&Zheat ton endenedng 51 tossluitt i Ve X each
other and connected to the output term nal of the common signal power
supply 6. Thatcemmont ﬁaag@aheswghm ligepuf putot ant henéovhere i b

and signal atraegdq. iThehe sedwecdivacstannomgthe nesaxdpdoendn ar e

The

Ssupply

lines Z1 to Zm The ?IXG| Pi wi Il be described next with 20 reference to

FIGS. 2to 6 A&
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line Y4 is connected to m pixels Pj 4 to Py, 4 arrayed
in the column direction. The pixel Pj,§ is arranged at
a portion surrounded by the selection scanning line Xj,
common signal supply line Zi, and signal line Yj. The
selection scanning lines X1 to X, are connected to the
output terminals of the selection scanning driver 5.
The common signal supply lines Z7 to Zy are rendered
conductive to each other and connected to the output
terminal of the common signal power supply 6. That is,
the same signal is output to the common signal supply
lines 71 to Zy.

The pixel P;j 4 will be described next with
reference to FIGS. 2 to 6. FIG. 2 is a plan view
showing the pixel Pj,5. To help understanding, an
oxide insulating film 41, channel protective insulating
film 45, and common electrode 53 (to be described
latér) are omitted. FIG. 3 is a sectional view taken
along a line III - III in FIG. 2. FIG. 4 is a
sectional view taken along a line IV - IV in FIG. 2.

FIG. 5 is a sectional view taken along a line V - V in

3is a ;ectlonal V|em/£8§ N §§%§4§nﬂl Itne lllC??%féElg {%g@ giéa 4 is
s a
vi evpt aken,abong 2 LingsVis %é ¥ 20D4LDAFI4 £Q{ Jp2003/ 010644



FIG 2. FIG 6 is an equivalent circuit diagramof four adjacent pixels
Pi,j, Pi+1,)" Pi,j+1" and Pi+1,j+1 The pixel Pi,j is constituted by a

| i ght - em W wg4/619814enent Ei,j which emits light with a |[rROTIPRGO1(6AS .

cd/ n2) corresponding to the current value of the driving current and a
pi xel circuit D,j which is arranged around the light-emtting el enent

Ei,J] and drives the light-emtting el eneht Ei,j. The pixel 10 circuit D, ]
hol ds the current value of a current that flows to the light-emtting
elenment Ei,j during a predetermned light-emtting period on the basis of

a voltage sig@gaal. and current output fromthe data driver 3, selection
scanni ng driver 5, power supply scanning 15 driver 6, and switching circuit
7. Wth this operdtliGn,6 tire dnuidudived eaft (He diighdiaeirel f dodfent  Ei , |
is held at a predeterm ned val ue during a redeterm ned period. The

| i ght - eni tti ngdskeratt PEXSLS fingdePaf-lan: ¥a,grdanPeIEEiellededt. The
light-emtting elenent Ei,j. has g nultilayered structure, for by
sequential ly stackitfy BE3ikdii 6l & CoFs BEUEGT Hganild9 t‘FEg%ngCrdCl%’?, and

t he common el ectrode 53. The .pixel .el ect.rode funct i. S apnode on
the trafspare e&?&%t%&n@ é&l ?ﬁ‘é%oc’r a&ﬁi%c I‘é’% ha;?e;l %%gléj%a @tgﬁcti on of
receiving hol es, and el ect : ctr] i.el d.g fyaction of
transporting 55 /glsqaﬁ(frgﬂeeg&%?lo%ﬁ%% $%e%(|})1%g?rﬁrgeéﬁ: 0%19%02%019314
PCT/JPZOOB/Ol%@%%iﬁgzcurrent and a pixel circuit Di,j which is

arranged around the light-emitting element Ej 5 and
drives the light-emitting element Ej 4. The pixel

10 circuit Dj, 4 holds the current value of a current that
flows to the light-emitting element Ei,+ during a
predetermined light-emitting period on the basis of a
voltage signal and current output from the data driver
3, selection scanning driver 5, power supply scanning

15 driver 6, and switching circuit 7. With this
operation, the luminance of the light-emitting element
Ei,4 is held at a predetermined value during a
predetermined period.

The light-emitting element Ej 4 is made of an

20 organic EL element. The light-emitting element Ej 4
has a multilayered structure formed by sequentially
stacking a pixel electrode 51, an organic EL layer 52,
and the common electrode 53. The pixel electrode 51
functions as an anode on the transparent substrate 8.

25 The organic EL layer 52 has a function of receiving
holes and electrons by an electric field and a function

of transporting holes and electrons. The organic EL



| ayer 52 has a reconbination region where the transported hol es and
el ectrons are reconbined' and a light-emtting region where light is
em tted bwo maporsisng excitons generated upon reconbi natRcmIP2di3@1&s40r gani c
EL layer 52 functions as a light-enmitting layer in a broad sense. The
common el ectrode 53 functions as a cathode. The pixel electrode 51 is
patterned and separated for each pixel *?,j in each surrounded region 10
surrounded by the signal lines Y1 to Yn and selection scanning lines X1 to
Xm The peripheral edge of the pixel electrode 51 is covered with an
interlayer diekeet 6Rchbisl B Técohbihahdsnarkayen wheskl tben nitride or
silicon oxide that covers three transistors 21, 22, 15 and 23 of the pixel
circuit Di,j.tThespppérdsbhoflaceaatl elhettensepref renempirefl ehécérode 51 is
exposed through a contact hole 55 in the interlayer dielectric film54.
The i nterl ayeligh&rentititdnfi reosannupeseséinhie 18 §B658Y BYer fornmed of an
insulting filmof polyimde 20 or the like on the fjrst Lager ﬁ% silicon
nitride or sFPRPEYA1HE @8CIfRESpIRBETaled: MBA8 SECRESLRERAERtI vil§ and
transm ttance to visible light. The pixel electrode, 51 preferabl as a
el atT vl y i GRORIE Findeval S IoBCEEPPE Bnt Py TiAPRceLtkor 88 Tavs ™t ne
organic EL | ayer 52. For exanpl the pixel ;el ectrad 35% . 8l,as sas a
princi pal coné@néin ,rcﬁar?gisl?r%stel'n g)%ledecoz l fé) ,eli%r(fgi um%\/\% 2 8&?8%8}31%4
PCT/JP2003/01%6%%thgﬁe.
The pixel electrode 51 is patterned and separated
for each pixel Pi,5 in each surrounded region
10 surrounded by the signal lines Y; to Y, and selection
scanning lines X7 to Xp. The peripheral edge of the
pixel electrode 51 is covered with an interlayer
dielectric film 54 which has a layer of silicon nitride
or silicon oxide that covers three transistors 21, 22,
15 and 23 of the pixel circuit Di,q- The upper surface at
the center of the pixel electrode 51 is exposed through
a contact hole 55 in the interlayer dielectric f£ilm 54.
The interlayer dielectric film 54 may also have a
second layer formed of an insulting film of polyimide
20 or the like on the first layer of silicon nitride or
silicon oxide.
The pixel electrode 51 has conductivity and
transmittance to visible light. The pixel electrode 51
preferably has a relatively high work function and
25 efficiently injects holes into the organic EL layer 52.

For example, the pixel electrode 51 contains, as a

principal component, indium tin oxide (ITO), indium



zi nc oxide, indiumoxide (1n203), tin oxide (Sn02)," or zinc oxide (Zn0).
The organic EL layer 52 is forned on each pixel electrode 51. The organic
EL | ayer 9 ios4/@i9sd 5 patterned for each pixel Pi,j. Theawrpassmidsls | ayer
52 contains a light-emtting material (phosphor) as an organic conpound.
The light-emtting material nmay be either a polynmeric material or a | ow
nol ecul ar weight nmaterial. The organic € | ayer 52 nay have, e.g., a 10
two-| ayered structure in which a hole transport |ayer 52A and a
light-emtting layer 52B in a narrow sense are forned sequentially from

t he side of theigu xetidel eoctdiote &l deas(shydy) ,i rtiA Gxi3lle T@dli)ghtorem tti ng
| ayer 52B has a reconbination regi on where holes and 15 el ectrons are
reconbi ned andzimd ighitdenidnQng region where light is enmtted by capturing
excitons generated upon reconbi nation. Alternatively, the organic EL

| ayer 52 may have alhdireeddmieridd ayaictin el nfeiiieh o 97stte Rirsspor t

| ayer, a light-emtting |layer in a 20 narrow sense andéqell ectron transport

| ayer are forf@EciERfiemt al IS FgaHe dlielpfeh e Pi%&+%8 ectrode 51.

The organic EL |l ayer 5 have a single-layered structure.including a

Ihi ght -eEciZtti lngjalrtg%j/eetrn ‘?21 tgoa%aerar%wpf%glr‘me ?H&bBarﬂr_cgaéqu elrlaéffrrr;gyznal f}ol
ave a mul t ered structure .far. t er p ectron or hole

injection | ayecrorg% l\/\I}eégna alpl oéjpre?najttg{quggﬁlg%tsé%a%l h@%ac%g)vhe )a%esr %s ructure.

The organic E%%@@%M%PC@@%Q%%%lQQA material may be

either a polymeric material or a low molecular weight
material. The organic EL layer 52 may have, e.g., a

10 two-layered structure in which a hole transport layer
52A and a light-emitting layer 52B in a narrow sense
are formed sequentially from the side of the pixel
electrode 51, as shown in FIG. 3. The light-emitting
layer 52B has a recombination region where holes and

15 electrons are recombined and a light-emitting region
where light is emitted by capturing excitons generated
upon recombination. Alternatively, the organic EL
layer 52 may have a three-layered structure in which a
hole transport layer, a light-emitting layer in a

20 narrow sense, and electron transport layer are formed
sequentially from the side of the pixel electrode 51.
The organic EL layer 52 may have a single-layered
structure including a light-emitting layer in a narrow
sense. The organic EL layer 52 may also have a

25 multilayered structure formed by interposing an
electron or hole injection layer between appropriate

layers of the above layer structure. The organic EL



| ayer 52 may have any other |ayer structure. The organic EL display panel 2
is capable of full-color display or nulti-color display. In this case,

t he or ganwo #h4/0@yer 52 of each of the pixels 5 Pi,| to HiT/mP20s/ieired of a
light-emtting layer in a broad sense, which has a function of emtting
one of, e.g., red light, green light, and blue light. That is, when the
pixels Pi,1 to Pion selectively emt red,>4 green, and blue light, a color
tone is displayed by 10 appropriately synthesizing the colors. The organic
EL layer 52 is preferably nade of an organic conpound that is

el ectronical | ylawget r a2 . mép héhesacnsethdmwl bsyendsetectwoms are injected and
transported in the organic EL | ayer 52 in good bal ance. 15 In addition, an
el ectron transportaBhe eubshancELnayspbayapprepriaiel gapiikeed ¢hto the
light-emtting | ai/er in a_ narrow sense. A hole transportable substance may
be appropriat&rlineebari aisciaE erghtliehieeloy dhgetayn aln ndh¥dw sense.
An el ectron transportable substance and 20 a hol e transportapl e substance
may be approprfatel yeh@ QEGARAE 0Bt he2Y$ght2 et t 3R Ay Phykre iRt ifr r ow
sense. charge transport layer serving .an_electron ransport_| ayer or
a hol e tTanspo irlag%rphaly ba faﬁ%%% ° oa?ﬁh‘g?Fothé{Jange]thnja?i%n

regi on. Light e m t b 1 Xi h i r

transport | ay%]?%/aghséglg(s)grﬁovﬁﬂg léc ?%n e ﬁ%?ggﬁgdggnéﬁ%gt%ggaﬁ% %ﬁ’ WO

2004/ 019314 PCQ!&F?OPQAOiQSﬂé, &§een light, and blue light. That is,

when the pixels Pj 1 to Pj, n selectively emit red,
green, and blue light, a color tone is displayed by
10 appropriately synthesizing the colors.

The organic EL layer 52 is preferably made of an
organic compound that is electronically neutral. 1In
this case, holes and electrons are injected and
transported in the organic EL layer 52 in good balance.

15 In addition, an electron transportable substance may be
appropriately mixed into the light-emitting layer in a
narrow sense. A hole transportable substance may be
appropriately mixed into the light-emitting layer i? a
narrow sense. An electron transportable substance and

20 a hole transportable substance may be appropriately
mixed into the light-emitting layer in a narrow sense.
A charge transport layer serving as an electron
transport layer or a hole transport layer may be caused
to function as a recombination region. Light may be

25 emitted by mixing phosphor into the charge transport
layer.

The common electrode 53 formed on the organic EL



| ayer 52 is a single electrode connected to all the pixels P1,1 to Pmn.
Alternately, the common el ectrode 53 nay conprise a plurality of

stri pe- shajpenogbwstsr odes connected to the respective caamP2003boca4 speci fi
5 cally, the comopn el ectrode 53 may conprise a stripe conmon el ectrode
connected to a group of pixels Pl,h-1 to Pmh-1 (h is an arbitrary natural
nunber; 2 < h n) in the colum direction,1& stripe common el ectrode
connected to a group of pixels Pl,hto Pmh. In this 10 manner, the conmon
el ectrode 53 conprises a plurality of stripe-shaped el ectrodes each
connected to easher chbluim. aAsirghat eletyroddecconpoheél ect adbtet®H3 may
conprise a stripe common el ectrode connected to a group of pixels Pg-1,1
to Pg-1,n (g isledlarBijraty Hatdral AlBenuabely, 2tke gceammpni aleperoday
direction, a stripe comon el ectrode_connected to a group of pixels Pg,1
to Pg,n,.... Ph BAYsCaBRREFS BhblebakbhyePEctibtResShapedpeigekredes
plurality of stripe-shaped e] ectrodes , connected to each row. 20 In any
case, the comBpePetefobie 53¢ EeSBPEELYRcaPHY PRsul 4PE8 FPeRithe sel ection
scanning_l i ne i, signal line Y], apd co n_signal supply line Zi. The
common ePect rofe-5Y | EPandRTEr AL hRELI AT RAVRG TP EhF R kS FRTREI on. For
exanple, the c e 2 i f jngke nt or an all oy
cont ai ni ng atggﬁgg? %gééé?ggﬁdgaﬁﬁe%§8§2§$u%]gg%ﬁ%i%%}pﬁ%gg?u%%'hb%rium

and rare-earth als.._ The ¢ n 2 9314
PCT/ JP2003/ Ologgzﬁmﬂ_ =1 (ﬁ QMR a?E?EEéPgen§§u¥\Ql Q%Qﬂ‘, 34< 1 <

n) in the column direction, a stripe common electrode
connected to a group of pixels Pj pn to Py, nh. In this
10 manner, the common electrode 53 comprises a plurality
of stripe-shaped electrodes each connected to each
column. Alternatively, the common electrode 53 may
comprise a stripe common electrode connected to a group
of pixels Pg-7,1 to Pg-1,n (g is an arbitrary natural
15 number; 2 = g = m) in the row direction, a stripe
common electrode connected to a group of pixels Py, 1 to
Pg,nr'--- In this manner, the common electrode 53
comprises a plurality of stripe-shaped electrodes
connected to each row.
20 In any case, the common electrode 53 is
electrically insulated from the selection scanning line
X4, signal line Yy, and common signal supply line Z7;.
The common electrode 53 is made of a material having a
low work function. For example, the common electrode
25 53 is made of a single element or an alloy containing
at least one of indium, magnesium, calcium, lithium,

barium, and rare-earth metals. The common electrode 53



may have a nultilayered structure formed by stacking a plurality of |ayers
made of the above naterials. Mdire specifically, the nultilayered structure
may i ncl ud® mo4/diogis purity barium |l ayer which has a | owrewie26a3ncicddon 5 and
is formed on the side of the interface that is in contact with the organic
EL layer 52, and an alum num |ayer that covers the bariuml ayer.
Alternatively, the nultilayered structut® may have a lithiumlayer on the
| ower side and an al um num | ayer on the upper side. 10 When a transparent
el ectrode is used as the pixel electrode 51, and light emtted fromthe
organi c EL | ayef ho2e0h hhetangseiredElstdivephiay faneked2byhetadkexigt a from
the side of the transparent substrate 8 through the pixel electrode 51,
the common el gaturede t§3 05 lpyefrer allde sii e¢hds abbwel inglierémilist-edMoirem t he
organic EL |ayer 52. More preferably, the conmon el ectrode 53 has a high
refl ect ance agwienstftiché llvi,gltheemutlitdd afyeged sheustyari aagl ingjadesa. As
descri bed above, in the light-emtting element 20 _Ei,j having a.
mul til ayered $tiolcourdtywhesr ians dawerd whiichs has| Badevi ¥oakplfived tHePvween t he
pi xel el ectrode 51 and the conmon electroi;@S% hol_es are inj,ected from

r

the pixél el ectiodé FPFES K8 ShGamiCECT §§eﬁﬁﬁfg %gﬁgcﬂﬁoﬁg are
ol o8 and of CEHGHE MPEER FRRS SOAEEH 4 it HeYSradar o SEE Fly & 53 Fhen t he
hol es _ and el ectrons ate JSRQUPILARA b st liP 19483 © 1k KE M9, 2004019314
multilayered structure may have a lithium layer on the
lower side and an aluminum layer on the upper side.

10 When a transparent electrode is used as the pixel
electrode 51, and light emitted from the organic EL
layer 52 of the organic EL display panel 2 should exit
from the side of the transparent substrate 8 through
the pixel electrode 51, the common electrode 53

15 preferably shields the light emitted from the organic
EL layer 52. More preferably, the common electrode 53
has a high reflectance against the light emitted from
the organic EL layer 52.

As described above, in the light-emitting element

20 Ei, 5 having a multilayered structure, when a forward
bias voltage is applied between the pixel electrode 51
and the common electrode 53, holes are injected from
the pixel electrode 51 to the organic EL layer 52 while
electrons are injected from the common electrode 53 to

25 the organic EL layer 52. The holes and electrons are
transported in the organic EL layer 52. When the holes

and electrons are recombined in the organic EL layer



52, excitons are generated. The excitons excite the organic EL | ayer 52.

The organic EL |layer 52 emts light. The em ssion |lum nance (unit: nt. =
cd/ n2) of wamo4/@19B8idght -em tting el ement E1l, depends on tH@I/IPRem3®ndc44 val ue
of the current that flows to the light-emtting elenent E,j. To maintain

a predetermned em ssion lumnance of the light-emtting elenent Ei,]
during the light-emtting of the |ight- %ﬁ]ttlng elenment Ei,j or 10 obtain
an em ssion | um nance corresponding to the current val ue of a gray | evel
designation current | DATA drawn fromthe data driver 3, the pixel circuit
D1, is arranged axeudndntherki gbheeniteti.ngTekerrnt t&ns] e&tlEaChhepl xel
Pi,j. The pixel circuit D,j controls the 15 current value of the

Ilght enlttlngr@beﬂenELEﬂayer Bach ﬁhﬁebrgancG|ELDﬁaYeﬁoﬁﬁrﬁ@é§Sthree
transistors 21, 22, and 23 and a capacitor 24. Each transistor is forned
of a field efﬂé@htthin film transistor (TFT) having an N-channel MOS
structure. 20 Each transistor 21 is an NCS field effect nS|s%§¥
constituted by a gathe @mé@@ﬁ@@elﬂﬁﬁnaﬁéﬁe (Unddil &ti-ng FQVHHEZOf

sem conduct or r 43, sourc rode 21s, .and drain el ectr ode 21d.
Each tPanS|s@é %izewgtaﬁn@ceiﬁ ﬁéc?epﬁgﬁglgPo&ﬁ§SCESﬁ§P|tuted by a

e o o oy g, e, (g me o 5.

2004/019314 P%I@&@%Rp%ﬁ9%964%o $8intain a predetermined emission
luminance of the light-emitting element Ej - during the
light-emitting of the light-emitting element Ej 4 or

10 obtain an emission luminance corresponding to the
current value of a gray level designation current IpaTa
drawn from the data driver 3, the pixel circuit Dj 4 is
arranged around the light-emitting element Ei,~ of each
pixel Pj 4. The pixel circuit Dj 5 controls the

15 current value of the light-emitting element Ej 5.

Each pixel circuit Di, 5 comprises three
transistors 21, 22, and 23 and a capacitor 24. Each
transistor is formed of a field effect thin film
transistor (TFT) having an N-channel MOS structure.

20 Each transistor 21 is an MOS field effect
transistor constituted by a gate electrode 21g, gate
insulating film 42, semiconductor layer 43, source
electrode 21s, and drain electrode 21d. Each
transistor 22 is an MOS field effect transistor

25 constituted by a gate electrode 22g, gate insulating
film 42, semiconductor layer 43, source electrode 22s,

and drain electrode 22d. Each transistor 23 is



constituted by a gate el ectrode 23g, gate insulating film42,
sem conduct or | ayer 43, source electrode 23s, and drain electrode 23d.
Mor e specwa mad/d3idas shown in FIG 3, the first 5 trariTatreeo3Ddious a
reverse stagger type transistor conprising the gate electrode 21g, oxide
insulating film4l, gate insulating film42, island-shaped sem conductor
| ayer 43, channel protective insulating 18ilm 45, inpurity-doped
sem conductor |ayers 44, source 10 el ectrode 21s, and drain el ectrode 21d.
The gate electrode 21g is made of al um num and formed on the transparent
substrate 8. Thasexittecdndyl at pagef ellecdtodes 2Bgr, ngdtby iasodazing al um num
that covers the gate electrode 21g. The gate insulating film42 is nade of
15 silicon nithiilce 4@r, siehicondoxitde aagecrovdrs sphecexiedectiradel 88isng fil m
41. The sem conductor layer 43 is formed on the gate insulating film42.
The channel pmot eeiive silgstiratieng3fi-l m 45 is made of silicon nitride and
formed on the gate insulating film42. The 20 inpurity-doped seni%pnductor
| ayers 44 are made Msire mResilitiiead land 80 S8 mati héte -efds o fH&S
sem conductor |layer 43. The source el ectrode lec and, drain %I ectrode 21d
I

are madé of a%nérjisilorséllegtse& TR Shr SPdASTa LYt GAPUNTE 8y, al uni num
34, The second B i TFaRErS! 61S 03 o5iia 229 narls: RELaRL8r Ut ur 6 as
that of the figst trang]stor, 21,,W0Q;2004:9103% RGI-4B2Q83(Q10644 19
semiconductor layer 43, channel protective insulating
film 45, impurity-doped semiconductor layers 44, source
10 electrode 21s, and drain electrode 21d. The gate
electrode 21g is made of aluminum and formed on the
transparent substrate 8. The oxide insulating film 41
is formed by anodizing aluminum that covers the gate
electrode 21g. The gate insulating film 42 is made of
15 silicon nitride or silicon oxide and covers the oxide
insulating film 41. The semiconductor layer 43 is
formed on the gate insulating film 42. The channel
protective insulating film 45 is made of silicon
nitride and formed on the gate insulating film 42. The
20 impurity-doped semiconductor layers 44 are made of
nt-silicon and formed at both ends of the semiconductor
layer 43. The source electrode 21s and drain electrode
21d are made of a material selected from chromium, a
chromium alloy, aluminum and an aluminum alloy, and
25 formed on the impurity semiconductor layers 44.
The second and third transistors 22 and 23 have

the same structure as that of the first transistor 21



descri bed above. However, the shapes, sizes, and dinensions of the
transistors 21, 22, and 23, and the channel w dths and channel |engths of
t he sem cwawot/on93i4l ayers 43 are appropriately set in acavmams@isih the 5
functions of the transistors 21, 22, and 23. The transistors 21, 22, and 23
may be formed simnultaneously by the same process. In this case, the gate
el ectrodes, oxide insulating filns 41, gét insulating filnms 42,

sem conductor layers 43, inpurity 10 sem conductor |ayers 44, source

el ectrodes, and drain electrodes of the transistors 21, 22, and 23 have
the sane conpdsstripsd dveve whefiowdreesenticonshmpes, | ayess, d8ndf the
transistors 21, 22, and 23 are nade of anorphous 15 silicon, they can be
sufficiently ddivensidioneverthe heragehsconsuet or22 ayand 23, nayd behemde of
pol ysilicon. The structures of the transistors 21, 22, and 23 are not
limted to thech@v@@%éﬂﬂscﬂ%‘geamﬂy@léan@bnlgngmfagg%rtb@p@em%@@m%w type
structure nmay be 20 enpl oyed. Each capacitor 24 is constituted

el ectrode 24A§a§?ﬁétEgd%r%4$?p%ﬁﬂrﬁ?E?%¥t$?E %%d@CCQ¥QP%¢%dW¥B%eth?4A is

connected to t te el ectrode 23 of the ir tra sistor 23. The
electrodg 24B ?Engghﬂ%%t% 7o 1 Hed %l§5%¥% £1é%%7 “of the transistor
e e <obeny g tbe e Lo ke pde Susgieted
20 simultaneously by the same process. In this case, the
gate electrodes, oxide insulating films 41, gate
insulating films 42, semiconductor layers 43, impurity
10 semiconductor layers 44, source electrodes, and drain
electrodes of the transistors 21, 22, and 23 have the
same compositions.
Even when the semiconductor layers 43 of the
transistors 21, 22, and 23 are made of amorphous
15 silicon, they can be sufficiently driven. However, the
semiconductor layers 43 may be made of polysilicon.
The structures of the transistors 21, 22, and 23 are
not limited to the reverse stagger type. Even a
stagger type or coplanar type structure may be
20 employed.
Each capacitor 24 is constituted by an electrode
247, electrode 24B, and dielectric body. The electrode
24A is connected to the gate electrode 23g of the third
transistor 23. The electrode 24B is connected to the
25 source electrode 23s of the transistor 23. The
dielectric body has the gate insulating film 42

interposed between the electrodes 24A and 24B. The



capacitor 24 stores charges between the source electrode 23s and the drain
el ectrode 23d of the transistor 23. As shown in FIG 6, in the second
transi st ow@o461936 each of the pixel circuit D,1 to Drear/rkodsheosss h- row,
the gate electrode 229 is connected to the selection scanning line Xi of
the ith row The drain electrode 22d is connected to the common signal
supply Iine Zi of the ith row As shown 4% FIG 5, the drain el ectrode 10
23d of the third transistor 23 of each of the pixel <circuit Di,1 to Dien
of the ith rowis connected to the comon signal supply line Zi of the ith
row t hrough a cajpatiacir B esBreThehqgyages dcvteadetld gsoirede first
transistor 21 of each of the pixel circuit Di,1 to Di,n 15 of the ith row

i s connected teledierated ebis omdcmmidigpiniekecirade thedieh thwv. The source
el ectrode 21s of the transistor 21 of each of the pixel circuit D1,j to
Dmj of the jthawiimsPy s2Tonnect ed to the signal line Yj of the jth
colum. 20 In each of the pixels_Pl1,1 to Pmn, the éource el ectrode_22s of

the second transist®? PPV tonhEét e@ Jt% TEIP’% FREPL BERPIHRL28¢2 D0t he
third t t t t 5 f d th

nsulat g £1RHERE e} e e B :Lgfecr DT | s

I d The I d
al so connecte to A Zéfcégfggeogz(%hlgs ééto%% %%trod%é% I? ectrode

23s of the tran5|s connec

capacitor 24 V!%é%ﬁ%%é”f%ﬂéli§j$§P@993{@EQ§§$. 2Ilhe drain electrode

22d is connected to the common signal supply line Zj of
the ith row. As shown in FIG. 5, the drain electrode
10 23d of the third transistor 23 of each of the pixel
circuit Dj,1 to Dj,pn of the ith row is connected to the
common signal supply line Z; of the ith row through a
contact hole 26. The gate electrode 21g of the first
transistor 21 of each of the pixel circuit Dj, 1 to Dj p
15 of the ith row is connected to the selection scanning
line X; of the ith row. The source electrode 21s of
the transistor 21 of each of the pixel circuit D3 5 to
D, 5 of the jth column is connected to the signal line
Yj of the jth column.
20 In each of the pixels Pj,1 to Py, ns the source
electrode 22s of the second transistor 22 is connected
to the gate electrode 23g of the third transistor 23
through a contact hole 25 formed in the gate insulating
film 42, as shown in FIG. 4. The source electrode 22s
25 'is also connected to one electrode of the capacitor 24.
The source electrode 23s of the transistor 23 is

connected to the other electrode of the capacitor 24



and also to the drain electrode 21d of the transistor 21. The source

el ectrode 23s of the transistor 23, the other electrode of the capacitor
24, and tWw® mpadm3idel ectrode 21d of the transistor 21 arrETePaesoi@d4to the
5 pixel electrode 51 of the light-emtting elenment Ei,j. The voltage of
the common el ectrode 53 of the light-emtting elenent Ei,j is a reference
voltage VSS. In this enmbodinent, the cothon el ectrode 53 of al
light-emtting elenments E1,1 to Emn is grounded so 10 that the reference
voltage VSS is set to O [V]. Protective filnms 43A fornmed by patterning the
same filmaszhhat196 thecsenicoandusl octtogersldodfthdetranabsistors 21 to
23 are arranged between the selection scanning line Xi and the signal |ine
Yj and betweepitheThS sourma slgobtodeppBy ¢Fnehgitoausiseosi ghal theéne V]
as well as the gate insulating film42. The controller 11 outputs a
control signabtheoupleDONTdénef uthagcardai bodr2derakfiobkesdgnal CK1, start
signal ST1 and latch signal L to the data driver 3 on 20 the basis of a dot
cl ock signal ekextrpdeizbataf EHActranghaForsSYNCEAJICORPEFESF E?nﬁhgignal
VSYNC, which are _input fromthe qutside, The co %rolle 11 al so outputs a
cont rol 5si gnaPigedup @%ﬁﬁogﬁcpthﬁgtﬁenggé F%ﬁlg anfi fi eﬂ??@e ichock
signal CK2 and_ start signa 12. 25 The.cantrqll 0 outputs a
conmmon signaITEFogR&tgg n%% %R% EQTPRE & ﬁog?gﬁglééoﬁég supply 6. The

control ter 113532 SURPLIRS BiLRSAL ¥Q!age YRplrlochbe vO12084/ 913314

In this embodiment, the common electrode 53 of all
light-emitting elements Ej,7 to Ep,p is grounded so
10 that the reference voltage Vgg 1s set to 0 [V].
Protective films 43A formed by patterning the same
film as that of the semiconductor layers 43 of the
transistors 21 to 23 are arranged between the selection
scanning line Xj and the signal line Y4 and between the
15 common signal supply line Z; and the signal line Yy as
well as the gate insulating £ilm 42.
The controller 11 outputs a control signal group
Doyt including a data driver clock signal CKI1, start
signal ST1 and latch signal L to the data driver 3 on
20 the basis of a dot clock signal CKpr, horizontal sync
signal Hgyyc and vertical sync signal Vgyyc, which are
input from the outside. The controller 11 also outputs
a control signal group Goyp including a selection
scanning driver clock signal CK2 and start signal ST2.
25 The controller 11 also outputs a common signal clock
signal CK3 to the common signal power supply 6. The

controller 11 also supplies a reset voltage Vggr to the



switching circuit 7 and outputs a swtching signal to the switching
circuit 7. Mre specifically, the data driver clock signal CKl1 is a signal
t o sequenwicedobyowbisft the sel ected 5 col unm in synchr oniFvIBRods/otdva4 dot
clock signal CKDT An 8-bit red digital gray |level image signal SR, green
digital gray level image signal SG and blue digital gray |evel inmage
signal SB are received from an external 2éircuit at the timng of the clock
signal CKl. 10 The start signal STl is a signal to return the sel ected
colum to the first colum in synchronismwth the horizontal sync signal
HSYNC. The | atsshitsitlgma) diricsida 7siegralouvteurar &l Iseliftghsmgplsyonfad alhal og gr ay
| evel designation current |DATA based on an anal og gray |evel 15

desi gnati on sitgnalhe swittehdingnalirduids 7¥1 to Yn. The anal og gray | evel

desi gnation signal is obtained by causing the D/A converter in the data
driver 3 to D A cofpis tshasd fdatad 1of, de rdafa idrdven ke add digitadlal  gray

| evel image signal, SR, green digital gray .level 20 image signal SG and

bl ue di gital i%e\elSTigRade TosiSGIRIe %Ycﬁh&rfg g R raethed
correspandence with the ixels.Pi,1.to Pi,n., The.select.ion.s ning driver
cl ock si%gnal Y i @%ﬁﬁr%sg‘ed‘ﬁ 19 fojsghicfltoct]%eglsgé]la&ct Tow in 25

Synchnont s wikD 418 DL AL . MR TAGe Tkl sl 17 1
the vertical syng 3 2004/ Q1344 ;RGHIRANNB(10K0644 1 23 1ue digital

gray level image signal Sy are received from an
external circuit at the timing of the clock signal CKI1.

10 The start signal ST1 1s a signal to return the selected
column to the first column in synchronism with the
horizontal sync signal Hgync. The latch signal L is a
signal to parallelly supply the analog gray level
designation current IpaTa based on an analog gray level

15 designation signal to the signal lines Y1 to Yp. The
analog gray level designation signal is obtained by
causing the D/A converter in the data driver 3 to
D/A~-convert the data of one row, i.e., the red digital
gray level image signal Sg, green digital gray level

20 image signal Sg, and blue digital gray level image
signal Sp which are received in correspondence with the
pixels Pj, 1 to Pji n-

The selection scanning driver clock signal CK2 is

a signal to sequentially shift the selected row in

25 synchronism with the horizontal sync signal Hgync. The
start signal ST2 is a signal to return the selected row

to the first row in synchronism with the vertical sync



si gnal VSYNC The common signal clock signal CK3 is a clock signal to

out put a common signal to the comon signal supply lines Z1 to Zm 5 The
data dri veio Bp4/e@BEICti on scanning driver 5, and conmon KiTgrrabo3possas supply
6 arranged around the display section 4 will be described next. The
selection scanning driver 5 is a so-called shift register in which m
flip-flop circuits are 10 connected in séfies. The driver 5 outputs a
selection signal to the selection scanning lines X1 to Xm That s, in
accordance with the selection scanning driver clock signal CK2 received
fromthe contealghan Ykythe selection scanning driver 5 sequentially
outputs a 15 selection signal of ON level (high level) to the selection
scanning |lines X1 tiheXmdmmonhiss gorderclidke sigmladc tCKdn iscanmiliogX i ne X1
follows the selection scanning line Xn), thereby sequentially selecting
the sel ecti osigpadnitegolithes X1ceamgm S2UnRBr &0s 586 FPERPNY S1§8adhown in
FIG 8, the selection scanning driver 5 individually applies, to the
sel ecti on scasitiPRd ¥ ild&esxZit 69XAm-one of an ON voltage VON (e.g., nuch

and an 25 OFF vol { 406 VOUR (BLJ5L qual i P GWErrRdn THI= arer ence
el ect | on staRREnG TR X1 OBE Tal o306 HF 0195 s BT FRY00S OTAE 20
display section 4 will be described next.
The selection scanning driver 5 is a so-called ;

shift register in which m flip;flop circuits are

10 connected in series. The driver 5 outputs ;'selection
signal to the selection scanning lines X7 to Xp. That
is, in accordance with the selection scanning driver
clock signal CK2 received from the controller 11, the
selection scanning driver 5 sequentially outputs a

15 selection signal of ON level (high level) to the
selection scanning lines X7 to Xy in this order (the
selection scanning line X7 follows the selection
scanning line Xp), thereby sequentially selecting the
selection scanning lines X7 to Xy.

20 More specifically, as shown in FIG. 8, the
selection scanning driver 5 individually applies, to
the selection scanning lines X to Xy, one of an ON
voltage Vpon (e.g., much higher than the reference
voltage Vgg) as a high-level selection signal and an

25 OFF voltage Vopp (e.9., equal to or lower than the

reference voltage Vgg) as a low-level selection signal,

thereby selecting each selection scanning line Xj at a



predeterm ned period. During a selection period TSE when the sel ection
scanning line Xi is to be selected, the selection scanning driver 5

appl i es tWe® 0hivveBtsage VON as a 5 sel ection signal of Owydrexredosomicgh | evel)
to the selection scanning line Xi. Accordingly, the transistors 21 and 22
(the transistors 21 and 22 of all the pixel circuits Di,1 to Di,n)
connected to the selection scanning lini are turned on. Wen the 10
first transistor 21 is turned on, the current that flows to the signal

line Yj can flowto the pixel <circuit Di,j. On the other hand, a
non- sel ecti on ppedé oelrNGE iseypre@dent fromthe end of the selection period
TSE of the selection scanning line Xi of the ith 15 row till the begi nning

of the selection pePubihdSE aflecheoneperiodnTsgammemgtihe neeXeetioh the
(i+1)th row. Wen the selection scanning driver 5 applies the. OFF voltage
VOFF of |ow | ev@dn2bRal }inhelsel Bck? dre staker iRl | thrssodieebiom the

transistors 21 and 22 of all the 20 selection scanning lines X1 to Xm are
turned of f. WEFPPRHRY tF a3 St oraPRL1es R of Pt a4 pYoN dtS the gray

I | desi ti t. | DATA h i |, 1. Yi,. | t d. Th
el et L o0 SLLENL, LA ol AT A TE o Shpped. T

i | [ to th : h t | ecti
scamng L1 e S SLLA0E SRR [RLD Pessatai iy ogext selection
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the pixel circuits Dj 1 to Dj, p) connected to the
selection scanning line X4 are turned on. When the

10 first transistor 21 is turned on, the current that
flows to the signal line Yy can flow to the pixel
circuit Dj 4. On the other hand, a non-selection
period Tysg is present from the end of the selection
period Tgrp of the selection scanning line X; of the ith

15 row till the beginning of the selection period Tgp of
the selection scanning line Xj41 of the (i+1l)th row.
When the selection scanning driver 5 applies the OFF
voltage Vopp of low level to all the selection scanning
lines X7 to Xp, the transistors 21 and 22 of all the

20 selection scanning lines X1 to Xy are turned off. When
the transistor 21 is turned off, supply of the gray
level designation current Ipara to the signal line Y4
is stopped. The period from the start of the selection
period Tgg of the selection scanning line X7 of the

25 first row to the start of the next selection period Tgp
of the selection scanning line X1 of the first row is

defined as one scanning period Tgc. The selection



periods TSE of the selection scanning lines X1 to Xmdo not overlap each
ot her. The common signal power supply 6 is an independent power supply to
supply a wwetb€omatsed voltage to all 5 the conmon si gnalpcaupppbog/oiocaes Z1 to
Zm The common signal power supply 6 outputs a signal having a phase
correspondi ng to the common signal clock signal CK3 to the comon signal
supply lines Z1 to Zm Wile the selectioh scanning driver 5 is applying
the ON voltage 10 VON to one of all the selection scanning lines X1 to Xm

as a selection signal, i.e., during the selection period TSE, the conmon
signal power spgplyd$ Dk polf stiee daledievet scdimgey VIOWE &K alto thg d@mmon
signal supply lines Z1 to Zmas a reference potential for the gray 15

| evel desi gnatnonh coerkbamp . edxir igithaethe non-sel ection period TNSE fromthe
end of the selection period TSE of the selection scanning line Xi of the
ith rowtill the bEgfnaPHEODLSSidRakaPedel ofupiRlY 08 TSR 1p¢erarierti on

scanning line Xi+1 of the (i+l)th row, the common 20 sjgnal power_  supply 6
out puts a hi gieesel SYRPtRgke MGY & shakierened prrEmialte orlh driving

current._ Hence, when the co n signal.  fromghe co n signal ower

supply @is th@%o@?%@q\iﬁﬁ%@ ¥t ba%%i%gpdrﬁ%%rc@% puts the
sel ection signal of.the 25 ON voltage VON to one _se] ection sc I line Xi
of the sel ect?lo%nas%:a%%‘?’ lf; ?11’1pripelosy ﬁ%%t%msﬁesﬁ%rllaeicﬁ%‘hm%c% nlén%gdri ver 5

output's the Selgetlan,shonal o e NR3P0H J19814 PGT/ JRR00B] Q19604 26

the common signal supply lines 77 to Zy. While the
selection scanning driver 5 is applying the ON voltage

10 Von to one of all the selection scanning lines X3 to Xp
as a selection signal, i.e., during the selection
period Tgg, the common signal power supply 6 outputs a
low-level voltage Viow to all the common signal supply
lines Zq to Zy as a reference potential for the gray

15 level designation current. During the non-selection
period Tygg from the end of the selection period Tgg of
the selection scanning line X4 of the ith row till the
beginning of the selection period Tgr of the selection
scanning line Xj41 of the (i+l1)th row, the common

20 signal power supply 6 outputs a high-level voltage
Vygrgy as a reference potential for a driving current.
Hence, when the common signal from the common signal
power supply 6 is the voltage Vygy, the selection
scanning driver 5 outputs the selection signal of the

25 ON voltage Voy to one selection scanning line Xj of the
selection scanning lines Xq to Xp. The selection

scanning driver 5 outputs the selection signal of the



OFF voltage VOFF to the selection scanning lines X1 to Xm except the

sel ection scanning line Xi. Wien the comon signal output fromthe common
si gnal power2oo0sepPpisay 6 drops fromthe high-1evel voltageCiHr@dstooocshe 5

| ow- | evel voltage VLOW the selection signal output fromthe selection
scanning driver 5 to one of the selection scanning lines X1 to Xmrises.
When the common signal output fromthe €6mon signal power supply 6 rises
fromthe | owlevel voltage VLONto the 10 high-level voltage VH GH, the

sel ection signal of the ON voltage VON output fromthe selection driver 5
to one of thersekeqtbagr SGaRNIteY thienes ¥k tionXmdaalning THeaedsoX| ével

vol tage VLOW (the reference voltage for the designation current) as the
comon si gnal X}5 exuatepuit threometllee tdommsicagingmal 1gowe X jsupiinens tihe | ower

than the reference voltage VSS. However, the |owlevel voltage VLONnmay be
equal to the cemmosnecd drallt ayePuss fropothehicommess ¢ Iréle®OMeen the third

transistors 23 of the pixels Pi,|l to Pi,n_are ON during_the selection 20
peri od TSE of stup@lis If Dsa Brom dge S 9B vegiela Vorldpstss § Hicaks o&%hfge is

appl i ed between the anode and the cathode of each of, the light-emtting
el enent ® Ei , 11005 lgvel peddipse tvlié)W\loItE?gege&Leﬁe}}/l@fn tﬁ?@n@;n%%pﬁtgnal is
| oner than the reference .volt.age VSS. .Henceg,. n current £l in the

light-enitting & sse‘éie,cltjtog1 S R gdﬁr',tl‘ﬁegr ﬁ%ttoer?lnt eodg t%n\gst he ot her

nand, the i g | vl val 408 44 N9 e8] 369168 101288 1Ol 4@ 2004/ 019314

common signal output from the common signal power
supply 6 rises from the low-level voltage Vygy to the

10 high-level voltage Vgigy, the selection signal of the
ON voltage Vgy output from the selection driver 5 to
one of the selection scanning lines X7 to Xy falls.

The low-level voltage Vigy (the reference voltage

for the designation current) as the common signal

15 output from the common signal power supply 6 is lower
than the reference voltage Vgg. However, the low-level
voltage Vioy may be equal to the reference voltage Vgg.
For this reason, even when the third transistors 23 of
the pixels Pj 1 to Pj,p are ON during the selection

20 period Tgg of the ith row, a voltage of 0 V or a
reverse bias voltage is applied between the anode and
the cathode of each of the light-emitting elements Ej ;
to Ej n because the voltage Vigy of the common signal
is lower than the reference voltage Vgg. Hence, no

25 current flows in the light-emitting elements Ej 1 to
Ei,n- Light is not emitted. On the other hand, the

high-level voltage (the reference voltage for the



driving current) VH GH output fromthe common signal power supply 6 is set
to be higher than the reference voltage VSS. That is, when the common

si gnal i swamo4/weBtdage VH GH, the sel ection scanni ng drincvipPaomppicses 5 t he
OFF voltage VOFF to all the selection scanning lines X1 to Xm The
transistors 21 and 22 of all the pixels P1,1 to Pmn are turned off. A
forward bias is applied between the Iigﬁt-enitting elenments E1,1 to Emn
and the transistors 23 connected in series with 10 the light-emtting
elements E1,1 to Emn The voltage VHHGH will be described. FIG 7 is a

gr aph showi ng driericuy reemtrerst) Welrtcageudrartactmm sthe apfnmarhes igreannel
field effect transistor 23. Referring to FIG 7, the abscissa represents

t he vol t age vaonerlSumtieen isheedr dion kendvitghe s dlvage  theh & adradiongiee
represents the current value between the drain and the squrce. In the
unsat ur at ed r &§ildirga HesgegiTdtwidre Whssurtde GEMPY Glitagd Vs r ain
saturation threshold _voltage VTH _the drain saturatjon threshold voltage

VTH 20 is a fHdiasie o Ectyatidiss e Wah s Ved Gt V€L thiddiRiAF Hef i ned

i n accordance W t e ur ce-drai val.t age VD en t he qat.e-source

vol t age *VGS | ﬁqedg%ﬁeé]rﬁoﬁe IS HORH :]Cr? I‘—al%é aﬂ%fe Wi nem%%eongastcea%sflc}_tﬂ e voltage

VGS has a predelermned ya ue, @ SQurGesdralL 25 Gid ot JDS inangases as
e source-drain vol ]age i'ncreases.” 1n e saturated region

oot eSS, 5] L gyt 1 eshelohbeld B VO
applied between the light-emitting elements Ej ;1 to
Epm,n and the transistors 23 connected in series with
10 the light-emitting elements Ej,1 to Ep, p.

The voltage Vyrgy will be described. FIG. 7 is a
graph showing the current vs. voltage characteristic of
the N-channel field effect transistor 23. Referring to
FIG. 7, the abscissa represents the voltage value

15 between the drain and the source. The ordinate
represents the current value between the drain and the
source. In the unsaturated region (the region where
source~drain voltage Vpg < drain saturation threshold
voltage Vqp: the drain saturation threshold voltage Voy

20 is a function of a gate-source voltage Vgg and is
uniquely defined in accordance with the source-drain
voltage Vpg when the gate-source voltage Vgg is
determined) shown in FIG. 7, when the gate-source
voltage Vgg has a predetermined value, a source-drain

25 current Ipg increases as the source-drain voltage Vpg
increases. In the saturated region (source-drain

voltage Vpg 2 drain saturation threshold voltage Vopy)



shown in FIG 7, when the gate-source voltage VGS has a predeterm ned

val ue, the source-drain current IDS is alnost constant even when the

sour ce- draioewgbmage VDS increases. 5 Referring to Fl GrpChyJpgai3si@aur ce
vol tages VGSO to VGSMAX have a relationship given by VGSO =0 [V] < VGS1
< VGS2 < VGS3 < VG4 < VGSMAX That is, as is apparent fromFIG 7, when
the source-drain voltage VDS has a predéternined val ue, the source-drain
current IDS 10 increases as the gate-source voltage VGS increases

i ndependently of whether it is the unsaturated region or saturated region.
I n addition, g@sowheigaressonycehenotiaggaMESSsoucceasestagheVs dids a
saturation threshold voltage VTH increases. 15 As descri bed above, in the
unsat ur at ed regeéqatermheadt ielseur tee ds@iinceofirage vDErehhnges tven
slightly, the source-drain current IDS changes. In the saturated region,
when the gat eatwosteconbtagt vesnishenethpedourfe-d6atBevatbfdecYPEent | DS
is uniquely 20 defined independently of the source-drain voltage VDS Wen
t he maxi num géhereaafée voltage VGSMAX is being applied to the third

transistor 23, the source-drain_current |IDS is set tg %hesv | ue of the
current 5that fl owsREEERESRTt Fe &hGde '5192K8 ERETEAt N8A&29550f GERe

addi 1] on. to RakScEHax iPPE Fr SREEtono55we 3604PS1Y8EA Pa JbR003/ 010644
29 Vegl < Vgs2 < Vgs3 < Vgs4 < Vgsmax- That is, as is

apparent from FIG. 7, when the source-drain voltage Vpg

has a predetermined value, the source-drain current Ipg

10 increases as the gate-source voltage Vgg increases
independently of whether it is the unsaturated region
or saturated region. In addition, as the gate-source
voltage Vgg increases, the drain saturation threshold
voltage Vgpg increases.

15 As described above, in the unsaturated region,
when the source-drain voltage Vpg changes even
slightly, the source-drain current Ipg changes. In the
saturated region, when the gate-source voltage Vgg is
defined, the source-drain current Ipg is uniquely

20 defined independently of the source-drain voltage Vpg.

When the maximum gate-source voltage VggMax 1s
being applied to the third transistor 23, the
source-drain current Ipg is set to the value of the
current that flows between the anode 51 and the cathode

25 of the light-emitting element Ej 4 that emits light at
the maximum luminance.

Tn addition, to make the third transistor 23



mai ntain the saturated regi on even when the gate-source voltage VGS of the
third transistor 23 is the maxi num vol tage VGSMAX, the follow ng condition
i s satisfwehoosMBE@H - VE - VSS VTHVAX 5 where VE is theomirag®idses ween
t he anode and the cathode voltage, which is required by the
light-emtting element Ei,j for emtting |ight at the rmaxi mum | um nance
during the light emssion life period.ZV%HNAX is the saturation threshold
vol tage 10 between the source and the drain of the third transistor 23,
whi ch corresponds to VGSMAX. The voltage VHIGH is set such that the above
condition is msahtsthedheHeateratednrebiaont heesowhesr- dhai gatet-sageceVvDS of
the third transistor 23 becones |ow due to the 15 voltage division of the
| i ght-enittingoktegenVcEi of tbenhetrddtiransésites @At hSt RBet FaxdMslor 23,
the source-drain voltage VDS al ways falls mﬁthln.the_ran%e, of the
saturated staveltFor Vasmaxeasbn, Lphdowdngr eendihiRtciiFr 8Rt1PBSSHhat f1 ows
to the third 20 transistor 23 is uniquely defined by the gate-source
vol tage VGS. The ddwacHriveE 3 WisBl Zhe/ 8% i bed next. As shown in FIG 1,
the signal lines Yl to,Yn are nnected to_current ternjna CTl to CIn of
the data 25 dFPGER XE f&sp @ty9ig9geTh§%H§F§ g%@vgpo %rgégikgg the control
signal group DCNT i.,ncluding the g a.%r' .. clo & i.anal CK1, start signal
ST1, and | at cRe&PgRS "Eq\RB%fooW %‘3& BERR 5605 0 0644 30
light-emitting element Ei, S for emitting light at the
maximum luminance during the light emission life
period. Vppvax is the saturation threshold voltage
10 between the source and the drain of the third
transistor 23, which corresponds to Vggmax. The
voltage Vygrgm is set such that the above condition is
satisfied. Hence, even when the source-drain voltage
Vpg of the third transistor 23 becomes low due to the
15 voltage division of the light-emitting element Ei,5
connected in series with the transistor 23, the
source-drain voltage Vpg always falls within the range
of the saturated state. For this reason, the
source-drain current Ipg that flows to the third
20 transistor 23 is uniquely defined by the gate-source
voltage Vgg.
The data driver 3 will be described next. As
shown in FIG. 1, the signal lines Yj; to Y, are
connected to current terminals CTq to CTp of the data
25 driver 3, respectively. The data driver 3 receives the

control signal group Deyr including the data driver

clock signal CK1l, start signal ST1, and latch signal L



fromthe controller 11. The data driver 3 also receives the 8-bit red
digital gray level image signal SR green digital gray |evel image signal
SG and bWweeoodigstsal gray | evel image signal SB from arpcaxiresaialiocd4
circuit. The received digital signals are converted into analog signals by
the D/A converter in the data driver 3. _The data driver 3 controls such
that the gray |evel designation current 3PDATA based on the latch si gnal L
and the converted analog signals flows from 10 the signal lines Y1 to Yn
to the current termnals CTl1 to CIn of the data driver 3. The gray |evel
desi gnati on cumeenttHeDADAro1d equrlrlent Theatddtss derjuieral3emdtlstco t he current

| evel (current value) that flows to the light-emtting elenents E1,1 to
Emn to 15 causeeaihem ttheftbit ged o Yalngrmtd aordr depadisignalo a gray
| evel image signal froman external circuit. The gray |evel designation
current | DATA S o demoriididalsiogiml 9vads rede sipned Siee Al e

termnals CT1 to,  CIn. 20 The switching circuit 7.is forned of sw tching
circuits S1 t&isH taph IRy tieicdy dadqitions 3p SF 5 & (?6%‘?&&%11 to the

signal lines YL to Yn, respectivel In .addition,. the current .termnals
CTl to €Tn of THEYdat a qﬁﬁ)\feerc%va%de Hishiresth &t T Y& ST Hg E reui ts 25

Cae! S SRR PR LI W TGS e g ol e
2004/ 019314 PG/ JRZ003/ 010644231 driver 3 controls such that the
+ gray level designation current Ipata based on the latch
signal L and the converted analog signals flows from

10 the signal lines Y1 to Yp to the current terminals CTj
to CTp of the data driver 3. The gray level
designation current IpaTa is a current that is
equivalent to the current level (current value) that
flows to the light-emitting elements Ej 1 to Em,ﬁ to

15 cause them to emit light at a luminance corresponding
to a gray level image signal from an external circuit.
The gray level designation current Ipara flows from the
signal lines Y; to Y, to the current terminals CT; to
CTy -

20 The switching circuit 7 is formed of switching
circuits S7 to Sp. The switching circuits S; to Sp are
connected to the signal lines Yj; to Y, respectively.
In addition, the current terminals CT; to CTp of the
data driver 3 are connected to the switching circuits

25 S1 to Sp, respectively. Each of the switching circuits
S1 to Sp receives the switching signal ¢ and a reset

voltage Vggr from the controller 11.



A switching circuit § (the switching circuit § is connected to the
signal line Y] of the jth colum) sw tches between two operations: an
oper at i onwio2owh0ieBi4 t he gray | evel designation current [HOATAR2008/08069pl i ed 5
fromthe path between the drain 23d and the source 23s of the third
transistor 23 and the signal line Y] to a_ current termnal CTj of the data
driver 3; and an operation in which t he >leset vol tage VRST having a
predeterm ned voltage level is output fromthe 10 controller 11 to the
signal line Yj. Mre specifi- cally, when the switching signal 0 input from
the controller 11 Acswhiectsiig chimmuich repi ttig switathimgheitevd S he
swtching circuit § cuts off the current of the current termnal CTj. The
swi t chi ng cirdu tc@jneiead s diteputignaie YigsetYyvolh dde VRST dolamnthe
controller 11 to the signal line Yj. On the other hand, when the

swi t chi ng si grlithepiictivasn tthe Ghraradiiars 188 ERIE TSR tichiiy <& reui t

S is at lowlevel, the switching circuit § supplies the gray |eve

desi gnati on cdm¥era0 J978PA ISR {1 et A nal ﬁé%p t he
signal line Y] to the path between the drain an he _ soqurc 3s of
the tramsi st orérﬁn atf t‘??gdéib 9% n@%jgralfhe@%%%cﬂit g 90T g° al so
cuts off the reset.  vglt VRST C I 1. I, t rgani c
EL display 1 hoaflietnkbe n%JllsI\?\ncg?C c%a}%%ggsf%oﬁ'lrnc%??a nf?%l{reorgelggrel%a?i alsléﬁene%t h%?,aoe. g.,

t he i xel PI, I \ W t : i R i . col um Vo
2004/ 019314 P@H%ﬁ%%g?ég AW e sdnfled Ideivdr o, i

010644 32
operation in which the reset voltage Vrgr having a

predetermined voltage level is output from the

10 controller 11 to the signal line Yy. More specifi-
cally, when the switching signal ¢ input from the
controller 11 to the switching circuit Sj is at high
level, the switching circuit Sj cuts off the current of
the current terminal CTy. The switching circuit S5

15 also outputs the reset voltage Vrgr from the controller
11 to the signal line Yj. On the other hand, when the
switching signal ¢ input from the controller 11 to the
switching circuit Sy is at low level, the switching
circuit S+ supplies the gray level designation current

20 IpaTn between the current terminal CT4 and the signal
line Y4 to the path between the drain 23d and the
source 23s of the transistor 23 and the signal line Y.
The switching circuit S5 also cuts off the reset
voltage Vrgy from the controller 11.

25 In the organic EL display 1 having no switching
circuit 7 for reset, assume that, e.g., the pixel Pi,j

of the ith row on the signal line Yj of the jth column



should emt light at the highest gray level, as shown in FIG 9A Assune

that, for this purpose, the gray |I|evel designation current |DATA having

t he maxi nwa 200u0m98nt val ue is supplied to the path bet waeat/tPh@sdn@i+n 5 23d

and the source 23s of the third transistor 23 and the signal line Y,

during the selection period TSE. At this time, a highest gray |evel

vol tage Vhsb of the current term nal CT?Zis much | ower than the voltage

VLOW and reference voltage VSS of the common signal 10 power supply 6. That

is, the potential difference between the current term nal CTj and the

vol tage VLOW sbbutllde exdrmin ghitgaal theward ghesil wreyv deveflf i eiseshioyn | ar ge.

For this reason, a large current can rapidly be supplied to the path

bet ween the ddiai mIZ3d %nd Pssuns $bartce f23s tofi st Mairpogesi $h6r 9Z3vVand t he

signal line Y] to charge up the parasitic capacitance of the signal [line

Yj, and a steaéyest stes igme tgonc kY ed ts SDATRe XEY 1 g e "EFaTFhe pi xel

Pi+1,] of the (i+l)th row should emt_ I|ight at the_ | owest ay | eve

| uni nance. As§UFRESPF (Mediee ﬂ@rSpﬁpélﬁ@rﬁﬁééﬁmiﬁ@t&r§§ W@@@i%%ﬁéﬁﬁﬁépion

current _| DATA havi ng, the m ni num_current .val ue e __current .val i s not

zero) iS to hé3 ﬁﬂﬂ% &S FHES & 5né’l%nlt1hr‘?e tk\éjl.r,%t %%gtnsilgtéjsrs&\r%e a#%gjat t he

potential of he current,.term.n . L t g : owesty. 25 gray
%E%ﬁ%hjge@ %yﬁ%ﬁ%e%ﬁ%%ﬁ%ﬁgﬁ%&f SO RA

| evel voltage as alsma tent ence to e voltage

VLOW of the c i anal I | i e Ve mall ara
VLo of 1he COUN Shilhala PIOMELS S URLY 120 SKARAYN IHishe oterihes gray

current terminal CTH is much lower than the voltage
Vo and reference voltage Vgg of the common signal

10 power supply 6. That is, the potential differepce
between the current terminal CTy and the voltage Viow
of the common signal power supply 6 is sufficiently
large. For this reason, a large current can rapidly be
supplied to the path between the drain 23d and the

15 source 23s of the transistor 23 and the signal line Yy
to charge up the parasitic capacitance of the signal
line Yy, and a steady state can quickly be set. Next,
assume that the pixel Pjij, 4 of the (i+l)th row should
emit light at the lowest gray level luminance. Assume

20 that, for this purpose, the gray level designation
current Ipapa having the minimum current value (the
current value is not zero) is to be supplied to the
signal line Yy.. That is assume that the potential of
‘the current terminal CTj is to be changed to a lowest

25 gray level voltage Vlsb which has a small potential
difference to the voltage Vyigy of the common signal

power supply 6 by supplying the very small gray level



designation current |IDATA" and the gray |level designation current |DATA
should thus be set in the steady state. At this tinme, the anmount of
charges Wwa mh4/amglast ored in the parasitic capacitance dctireol/osicgnal |ine
Yj when the gray |evel designation current |DATA for the ith rowis
supplied is large. For this reason, the_potential difference that

corresponds to the change in potenti al 3f the si gnal line Y] per unit
time beconmes small. Along time nmay therefore be 10 required until the
potential of the signal line Y] is changed fromthe highest gray |evel

vol t age Vhsb tdegihmaticowestumrent |Iayaln vantdadgheVigtananewdt in the steady
state. In addition, when the selection period TSE is set to be short, a
di fference cocessipmvadiimp torzr a8 VgiamgesvR d SShyEhdratsat Béf 64 t he

potential reaches the |owest gray |evel voltage VIsb. Hence, the pixel
Pi +1,j cannot s&fiady isftat St ddbi 4t uiifartUthe orgEfi9eEL di splay 1

of this enbodi nent has the switching circuit, 7. Hence, as s in FIG
0B, |20 the SWIIEH i &i T EETS S MR Y S AL Biterth APr ¢ he
signal Iine Y] to the resef volta VRST. nmuch -hi gher than the highest gray
level voltage SR gu’rpr%g}it h@‘%% SelF@Y %evpeelri%edgﬁq@% ecf?l,r egjfhcore t he
gray | evel designati I . (d + r OW: lied to
t he path bet V\Eﬂé%*']%%e]%(}r %é% %ﬁ%%t%gsruséé{}flc%é S lo%llc‘{bh'e ﬁdalfls%%gr 23 and

the signal |i ‘ ' | ectd . el
e 1on30a) 0GR sn,, RHA bt dier R0 QA A ARK AhfSRod NI

the change in potential of the signal line Y4 per unit
time becomes small. A long time may therefore be

10 required until the potential of the signal line Y5 is
changed from the highest gray level voltage Vhsb to the
lowest gray level voltage Vlisb and set in the steady
state. In addition, when the selection period Tgg is
set to be short, a difference corresponding to a

15 voltage Vpp is generated before the potential reaches
the lowest gray level voltage Vlsb. Hence, the pixel
Pij+1,5 cannot emit light at an accurate luminance.

The organic EL display 1 of this embodiment has

the switching circuit 7. Hence, as shown in FIG. 9B,

20 the switching circuit S4 forcibly switches the
potential of the signal line ¥ to the reset voltage
Vrgr much higher than the highest gray level voltage
Vhsb during the non-selection period Tygr, 1i.e., before
the gray level designation current Ippta for the

25 (i+1)th row is supplied to the path between the drain
23d and the source 23s of the transistor 23 and the

signal line Y. During the selection period Tgr, the



amount of charges stored in the signal line Y] serving as a parasitic
capaci tance qui ckly changes so the signal line Y] can rapidly be set at a
hi gh pot ewa wb4/0195@r thi s reason, even when the gray | ewslT/mesi3@mesis on 5
current | DATA for the (i+l)th row has a very small current val ue
corresponding to the | owest gray level, _the potential can quickly reach
the I owest gray level voltage M sb. The3? eset voltage VRST is set to be
hi gher than 10 the highest gray |evel voltage Vhsb. The hi ghest gray

| evel voltage Vhsb is set in the steady state in accordance with charges
stored in theasbgnal offi rearyes tao¥rdbynt hbegsagnkdvaingedijgagrVondcurrent
| DATA which has a current value equal to a maxi numgray |evel 15 driving
current |no. ZFheanprirAsmitdrayapegéltadcpydngckédr CEARIERAROS tBRs to t he
light-emtting elements E1,1 to Emn_when they emt Xi mum

l.ight at a,
gray |evel |@eionadcdibne figr domi ghraddyl Pgheeduiitng FHETsEP @Pf%éﬁ ‘peri od
TSE. More preferably, the reset volt%ge VRST is Zq seﬁ to he ggual to or
hi gher than aRoEntéiFediCREOR vEVERgUPFRat Rag TRy HRUENEE a8V aPle bet ween

the |owest gray |eyel voltage sb an e _hi t_gr I l, vol tage
Vhsb. TRe Iom€§¥r&P§yID@¢@I%%5]¥I e(@ﬁgﬁ%gsr &?%%% th%%'eggé%%tate in
accordance with _charges .. .25 star Ln.the.si (W y the gray
| evel designnggﬁn‘uWFéﬁFIqﬁé%§%%$%%5ﬁé§%aq%%r}ghggﬁépﬁgboééggﬁ'to a

minimim gray | geel, Udntling Sl i SN REORHOT B FGHA1P2e91010644

voltage Vlsb.
The reset voltage Vggtm is set to be higher than

10 the highest gray level voltage Vhsb. The highest gray
level voltage Vhsb is set in the steady state in
accordance with charges stored in the signal lines Y3
to Y, by the gray level designation current Iparta which
has a current value equal to a maximum gray level

15 driving current Iyax. The maximum gray level driving
current Iyax flows to the light-emitting elements Ej 3
to Ep,n when they emit light at a maximum gray level
luminance Iyax for brightest light during the selection
period Tgg. More preferably, the reset voltage Vggr is

20 set to Be equal to or higher than an intermediate
voltage that has an intermediate value between the
lowest gray level voltage Vlsb and the highest gray
level voltage Vhsb. The lowest gray level voltage Vlsb
is set in the steady state in accordance with charges

25 stored in the signal lines Y7 to Y, by the gray level
designation current Ipara which has a current value

equal to a minimum gray level driving current IyTy-



The m ninmumgray |level driving current IMNflows to the light-emtting
elenments E1,1 to Emn when they have a mninumgray |evel |um nance LMN
(however , wdmo4/e98r4ent | evel is nore than 0 A) for dar kextr/iregistoio6Fhe 5
reset voltage VRST nore preferably has a value equal to or nore than the

| owest gray |level voltage VIsb. An exanple of the switching circuit § of
the jth colum w il be described. The svﬁ%ching circuit S§ is constituted
by a fourth transistor 31 forned of a 10 P-channel field effect transistor
and a fifth transistor 32 formed of an N-channel field effect transistor.
The gate el ectThdenddiimive yrapsistei Ftivamg thergatelgigctiods 0d the
transistor 32 are connected to the controller 11 so that the switching 15
circuit S rectheesighe-smitthiggeseygaatsOf ThetosByygewkercthedehaiet he
transistor 31 is connected to the signal line Yj. The drain electrode of
the transistog BinjiBuBoghert tdved LHeirareentMIer MAWEVET; the the data

driver 3. The drain electrode of the 20 transistor 32 is connected to the
signal |ine YjCunkent shavet &FcRPEBdERBR PhR) tFarsiarbessalightonnt’ted to

th troller 11 so that the switchi ircuit § i th t

Vol 1206 VRST | KTRE o7a FARGCTBAT, MOUROREFE Sh-Y CHPAGESTGIOE PROR {h
troller 11 js 25 at,_high |, the fifth trangj 32,18 turned

wni | & the fourth EraRsFardr caf FRvebPngi i 1Y e TRE-TEnE Rand. when the

switching signal 0 fyom,LAg WO,200460133124n PR/ AP20A34080644 76 jin

column will be described. The switching circuit S5 is
constituted by a fourth transistor 31 formed of a

10 P-channel field effect transistor and a f£ifth
transistor 32 formed of an N-channel field effect
transistor. The gate electrode of the transistor 31
and the gate electrode of the transistor 32 are
connected to the controller 11 so that the switching

15 circuit S+ receives the switching signal ¢ . The
source electrode of the transistor 31 is connected to
the signal line Y. The drain electrode of the
transistor 31 is connected to the current terminal CT
of the data driver 3. The drain electrode of the

20 transistor 32 is connected to the signal line Yy. The
source electrode of the transistor 32 is connected to
the controller 11 so that the switching circuit S5
receives the reset voltage Vggr. In this arrangement,
when the switching signal ¢ from the controller 11 is

25 at high level, the fifth transistor 32 is turned on
while the fourth transistor 31 is turned off. On the

other hand, when the switching signal ¢ £from the



controller 11 is at low level, the transistor 31 is turned on while the
transistor 32 is turned off. The transistor 31 may be set to a P-channel
type, andwidhmo4/0mansi stor 32 may be set to an N-channel RoipEP2003m1d6dd s 5

case, the switching node of the switching circuit Si is changed by
reversing the phase of the switching signal 0 . The period of the
switching signal 0 input to the control Pé&r 11 will be described here. As

shown in 10 FIG 8, when the selection scanning driver 5 is applying the
ON voltage VON to one of the selection scanning lines X1 to Xm the

swi tching signalnt@dineut 11t dst ke dont rleiedr, the sramdieidresd isOn the

ot her hand, during the non-selection period TNSE when the 15 sel ection
scanni ng dri verurmdds cappihyileg thiee tGRRsIicitcagS2 IGFEwmmeal lofithe Jéleect i on
scanning lines X1 to Xm the switching signal O input to the controller 11
is at high | éueinsiBiatr i34, mehe bewisethiting asiBqpedian®elnguPe o anchéheont rol | er
11 is a pul se signal which changes to 20 high |evel for each of the m

non- sel ect i on {WEIGESFoMSE May g??e sedl & i36h No&hiegdeESE YRfe svitt bty

circuits S1 to Sn are circuits which

operati oh for CaifplYithG e W%FO t %%ﬁ%ﬁmﬁ%{ﬂwﬁcﬁjﬁiﬁnﬁo%ﬂ%
accor dance wi CF (HETSRY Ol s "GgnalS 015 S ahe oty o' SR and an
operation for Sfio&r%lbl(y.V\D 2004/ 019314 PCT/JP2003/ 010644 37

The period of the switching signal ¢ input to the

controller 11 will be described here. As shown in

10 FIG. 8, when the selection scanning driver 5 is
applying the ON voltage Vpy to one of the selection
scanning lines Xq to Xp, the switching signal ¢ input
to the controller 11 is at low level. On the other
hand, during the non-selection period Tygg when the

15 selection scanning driver 5 is applying the OFF voltage
Vopp to all the selection scanning lines X1 to Xy, the
switching signal ¢ input to the controller 11 is at
high level. That is, the switching signal ¢ input to
the controller 11 is a pulse signal which changes to

20 high level for each of the m non-selection periods Tysg
in one selection period Tgg.

The switching circuits S; to S, are circuits which
switch between two operations: an operation for
supplying the gray level designation current Iparp from

25 the signal lines Y; to Y, to the current terminals CTjp
to CTp in accordance with the switching signal ¢ from

the controller 11; and an operation for forcibly



charging the signal lines Y1 to Y. to the reset voltage VRST Wen the
swtching signal 0 input fromthe <controller 11 is at low level, i.e.
during t h&o med/eesidson period TSE of one of the sel ecti orrCacERONBRE6E4 | | nes
X1 to Xm each switching circuit turns on the transistor 31 and off the
transistor 32. Wth this operation, thevgray | evel designation current

| DATA flows to the current terminals CPl/to CTn through the paths between
the drain 23d and the source 23s of the 10 transistors 23 and the signal
lines Y1 to Y. Wien the switching signal O input fromthe controller 11 is
at high | eveknairgeng €héi 89ghhE Doneselrectoon,pesci bde TNSEetofodtégehe

sel ection scanning litnes X1 to Xm each switching circuit turns off the
transi stor 31vgag.onwhdh the swahshshgrs3gnaht ¢t hinpul nron Hehgray | eve
desi gnation current |DATA does not flow to the drains 23d and sources 23s
of the transi sbotso2Beantilthe ati §nel lEvads ¥icto YHringstB&d, the
potentials of the signal lines Y1 to Yn are forcibly set to the reset 20
vol tage VRST Hedeetipn phtied| éski 6h PeRi 84 TBE 8FL8SEACPORCETHEIgray

| evel designation current | DATA flows fromthe si n%l | i nes Y% to Yn to
the curbent tédnegaKs €71¥no eé?ﬁ.SﬁﬁtFﬁéngtﬁéFcHéﬂd,uFﬂStRB H8R- sel ecti on

PPl Pod o thETSTGHAEOF| AGSo9T PAIVRPCTRESRAFge. AhounloF RA par asitic
capaci tance O%p%@%t%ghgogﬁéoé%%§4lgggﬁJ8%@9%59%Qgﬂ4cu§§ent IpaTa
flows to the current terminals CT; to CTp through the
paths between the drain 23d and the source 23s of the
10 transistors 23 and the signal lines Y7 to Y. When the
switching signal ¢ input from the controller 11 is at
high level, i.e., during the non-selection period Tysr
of all the selection scanning lines X1 to Xy, each
switching circuit turns off the transistor 31 and on
15 the transistor 32. At this time, the gray level
designation current Ipara does not flow to the drains
23d and sources 23s of the transistors 23 and the
signal lines Y7 to Y. Instead, the potentials of the
signal lines Y1 to Yp are forcibly set to the reset
20 voltage Vger-

Hence, in the selection period Tgg of each row,
the gray level designation current Ipara flows from the
signal lines Y7 to Y to the current terminals CTp to
CTp. On the other hand, in the non-selection period

25 Tnsg between the rows, the reset voltage VpgT is
forcibly applied to the signal lines Y3 to Yp. The

charge amount of the parasitic capacitance of the



signal lines Y1 to Yn becones al nost the sane as the charge anount when
the small gray |evel designation current |DATA flows, and the steady state
is set. Feo0200hi®3r4eason, even when the current val ue ofpdinEP2gBay06E4 | evel
designation current IDATA is very small, the steady state can quickly be
set. In the selection period TSE of each row, the data driver 3 generates
the gray | evel designation current | DATASwhich should flow fromthe comon
signal supply 10 lines Z1 to Zmto the current termnals CT1l to CIn
t hrough the transistors 23, transistors 21, signal lines Y1 to Yn, and
switching cireuigns1S1ihesSy, Toe v, Ciecemniesvallmestf thize sgray alsevéle
designation current |IDATA is equal to the current value of the driving 15
current whi ch dhsrseppinos tt erhicne Hhieglsieaditi totriaryg 1 esledneletss gBRtLoro Emn to
cause themto emt light at a |um nance gray |evel corpespondin%1to i mge
data. A net hodwfrecdudipagat Hé cddta add idre tesdvesttiode isc®&ati-ng '@% ver 5,
and common signal power supply 6 to 20 drive the qrganic EL display panel
2 and the disgmdﬁ GEEFRMI 0 VER RETorgEni e Isilaye Piwithe & adescri bed
next. As shown in FIG 8, on the basis of the ,selection cagg{ng driver

d|

clock sifgnal GRYSledESdERa G (Ve 55 T ImpTa 1" VELY (18 S on scanni ng
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39 In the selection period Tgg of each row, the data
driver 3 generates the gray level designation current
IpaTa wWhich should flow from the common signal supply

10 lines Z{ to %y to the current terminals CTjp to CTp
through the transistors 23, transistors 21, signal
lines Y1 to Yp, and switching circuits S; to Sp. The
current value of the gray level designation current
IpaTA 1S equal to the current value of the driving

15 current which is supplied to the light-emitting
elements E7, 1 to Ep,p to cause them to emit light at a
luminance gray level corresponding to image data.

A method of causing the data driver 3, selection

scanning driver 5, and common signal power supply 6 to

20 drive the organic EL display panel 2 and the display
operation of the organic EL display 1 will be described
next.

As shown in FIG. 8, on the basis of the selection

scanning driver clock signal CK2 received from the

25 controller 11, the selection scanning driver 5
sequentially applies the ON voltage Vgy to the

selection scanning line Xq1 of the first row to the



selection scanning line Xmof the nth rowin this order (the selection
scanning line X1 follows the selection scanning line Xm during each

sel ect i onweerngai9IBE to sel ect the sel ection scanni ng IRaTRIP26GOO06AE NGl Y,
the 5 selection scanning lines X1 to Xmare scanned in this order.

Si mul t aneously when the sel ection scanning driver 5 sequentially selects

and scans the selection scanning |Iines, e common signal power supply 6
out puts common 10 signals to all the common signal.supply lines Z1 to Zm
The conmmon signals output to the comon signal supply lines Z1 to Zmare

synchroni zed ws¢heetdn osbennihg lahé Pjxef The cuihsr®di, dntohimordehe
common signal of the voltage VLOWis input to the source el ectrode 22s 15
of the second ftlmsielertPonandannéngobite %| etetbees Pz ofledieiamird
transistor 23. In additjon, durlng t he sequentjal scanning by the

sel ection scanwwwgvb%net%a dabaliEg i veeh Sebeet veR p%ﬁaoqia?t“s:me%ome

8-bit red dlglt | eve e 20 signal_ SR green di gr.a Ieve
i mage signal QQSK%?U%eg?QFE @?%§n£ e}l?%ageAg?%ﬁ ?‘% Tr
ext er nal CIFCUIt on_t he basis. of

d d | k |
T s con retteredds SaShtife LoGER P i darafe Vrreiad "By Y tpUt

sel ection 25 s& Q%ng line Xi is output, the switching. signal 0 is
synchronously |np to the switching circuit 7. The switching signal 0O

turns on the transigigh) 84n8Bdsell wME.2004/ 049314 BLTEIERAO3, 040634, 40

5 sequentially selects and scans the selection scanning
lines, the common signal power supply 6 outputs common

10 signals to all the common signal supply lines Z7 to Zpy.
The common signals output to the common signal supply
lines Zq to Zp are synchronized with each other. In
all pixel circuits Dj, i to Dy, p, the common signal of
the voltage Vo is input to the source electrode 22s

15 of the second transistor 22 and the source electrode
23s of the third transistor 23.

In addition, during the sequential scanning by the
selection scanning driver, the data driver 3 receives
and latches the 8-bit red digital gray level image

20 signal Sy, green digital gray level image signal Sg,
and blue digital gray level image signal Sg from an
external circuit on the basis of the data driver clock
signal CKl input from the controller 11. When the
selection signal Vpoy that selects the selection

25 scanning line X; is output, the switching signal ¢ is
synchronously input to the switching circuit 7. The

switching signal ¢ turns on the transistor 31 and off



the transistor 32. The gray |evel designation currents |DATA having
current val ues based on the gray level of the latched signals flowto the
current twodonad®w3E@Tl to CTn of the data driver 3 throwgt/iPh@3morsann
signal 5 supply line Zi, the paths between the drains 23d and the sources
23s of the transistors 23 of the pixels Pi,1 to Pi,n, the paths between
the drains 21d and the sources 21s of t#€ transistors 21 of the pixels
Pi,1to Pi,n, and the signal lines Y1 to Yn. 10 Wen the sel ection signal
of ON level VONis being output to the given selection scanning line Xi, a
sel ection si grak ofr0ffi devel3d.s auiepytrato ltehel Kendigniatd oselcectizons
scanning lines X1 to Xm (except Xi). This period is the selection period
TSE of the 15 Iighlpa Gavidenceirfeort tviad ugisx blaseicr omi ttheDigrbyt dePiednodf t he
ith row, the first transistor 21 and second transistor 22 are ON. For the
pi xel circuithel lktahedDmigndxc dow e Fibeelcuginegd ttermingleoCli, n) of
the remaining rows, the first transistor 21 and second 20 transi stor 22
are OFF. That tios CTaherf tihe itaage VN i3s thgpidd e aeemode Sediedn

scanning line Xi during the selection period TSE of the ith row, the first
transi stors 2PNl Ysdddfd 2itr 4§ RIGHS %’?tl‘“??eﬂwg'%ﬁ SIS At &8 to

O et SuE ISRt A 5 e Ahe ol ate AL QY gl coman

the third transistqrs 23 and.,v0 2094/ QL9314 PRI RRANHDIA6M4 nc L e
sources 21s of the transistors 21 of the pixels Pj 1 to
Pi, n, and the signal lines Y3 to Yp.

10 When the selection signal of ON level Vpy is being
output to the given selection scanning line Xj, a
selection signal of off level is output to the
remaining selection scanning lines Xj to Xp (except
X;). This period is the selection period Tgg of the

15 ith row. Hence, for the pixel circuits Dj, 61 to Dj p of
the ith row, the first transistor 21 and second
transistor 22 are ON. For the pixel circuits Dp,;1 to
Dy, n (except the pixel circuits Dj 3 to Dj, n) of the
remaining rows, the first transistor 21 and second

20 transistor 22 are OFF.

That is, when the voltage Vg is applied to the
selection scanning line X; during the selection period
Tgg of the ith row, the first transistors 21 and second
transistors 22 in the pixel circuits Dj, 1 to Dj p are

25 turned on. At this time, the voltage Vygy from the
common signal supply lines Z1 to Zp is supplied to the

drain electrodes 23d of the third transistors 23 and



the drain el ectrodes 22d of the second transistors 22 of all the pixel
circuits D1,1 to Dnn. Sinultane- ously, the data driver 3 is going to
suppl y t heogpoayo198evel designation current | DATA to the raaviresi3/obocter m nal s
CTl to CIn in accordance with the latch signal L. At this tine, the
switching signal Ois input fromthe controller 11 to the switching
circuit 7 to turn on the transistors 31%nd off the transistors 32.
Hence, the current terminals CTl to CIn are 10 electrically connected to
t he common signal supply line Zi. The voltage VLOWof the conmmon signal
supply line Zithesdseintelbethodder22diant tiiee potemid at samdidthers 2R r ent
termnals CT1 to CIn. For this reason, a voltage that supplies the gray

| evel designatédnelb therehxel DANACLIES He pat o bt ween $heukianee and the
drain of the third transistor 23 is gaplled between the gate 23g and the
source 23s andbelvieebhe hda5audetve3s Ja?ndg@hrégdii%u FUZBHY oFDe HEF3Wi rd
transi stor 23._ The current val ue of the ay |level designation 20 current

| DATA i s based ®%et h‘ée?%@nﬂFb??aq:uﬁlf%fil I TA Foralg es?‘@%efn%R green
digital | | | S d bl d | |

s: glnaf1 S%r ?%pueve gﬁ% %il gg‘arﬁ:%l@eﬁ%ag%‘?lf%%w%e Js@?e ray 5 el o:jrr?'%g

the data d h th t
239 and t he Zﬁ%%%ngfz%?ifﬁ?ﬁéﬁf? At orafe oL g %%gr?%”%. 38 Pl to

Pi,n Wth h h
21)04/019314 Plcfr?ﬁ?go%% ‘L' goﬁzlf‘gﬂgr V| Ufo Ofnd NS BE QYA SVEI r M £ 7

to turn on the transistors 31 and off the transistors
32. Hence, the current terminals CTq to CTp are

10 electrically connected to the common signal supply line
Zi. The voltage Vigy of the common signal supply line
Zy 1s set to be higher than the potentials of the
current terminals CT{ to CTp. For this reason, a
voltage that supplies the gray level designation

15 current Ipara to the path between the source and the
drain of the third transistor 23 is applied between the
gate 23g and the source 23s and between the source 23s
and the drain 23d of the third transistor 23.

The current value of the gray level designation

20 current Ipata 1s based on the red digital gray level
image signal Sg, green digital gray level image signal
Sgs, and blue digital gray level image signal Sy input
to the data driver 3. During the selection period Tgg,
the data driver 3 stores charges in the capacitor 24

25 between the gate 23g and the source 23s of the
transistor 23 of each of the pixel Pj,; to Pj n. With

this operation, the current value of the gray level



designation current |IDATA that flows to the current termnals CTl to CTn
of the data driver 3 through the comon signal supply line Zi, the paths
bet ween tWw® 20d4/@i9sst 23d and t he sources 23s of the trandicarieer3®ddoead 5 t he
pixels Pi,1 to Pion, the paths between the drains 21d and the sources 21s
of the transistors 21 of the pixels Pi,1 to Pion, and the signal lines Y1
to Ynis set inthe stead state. That i42 the gray |evel designation
current | DATA having a predetermned 10 current value is supplied to the
pat hs between the- drains 23d and the sources 23s of the transistors 23 of
t he pi xel s Pi ,dedigriition Afumrerithalpydhehezapatidwer 24 thearcdmtahtt he char ges
at | east during one scanning period TSC or nore. In other words, the
transi stor 23 tbniisiagal it s Uil o e datg cdoirvean harapgh e ent

val ue equal to the gray |evel designation current | DATA at |least for a

ti me correspordimmprt ¢ igmels ey Ligw iZad THe @ty afyvadie WEifarges in
the capacitor 24. That is, the capacitor 24 serves as a storage nheans for

20 storing t helradmem3d @b gre tHE R A at des Jidtor t T rent®d DATA
havi ng & cur 1 OIS TS chjoe 1 Khevgril BAFRIS QUM | GIF GV | DATA
(o the LIt ot g BLETBILeE hd S F 1 ks i 25 0o sglect o
first transistors 21 and sepand Lransh shis $ RAM0 PARN 0493 v, s
set in the stead state. That is, the gray level
designation current Ipara having a predetermined
10 current value is supplied to the paths between the
drains 23d and the sources 23s of the tramsistors 23 of
the pixels Pj 1 to Pj, . After that, the capacitor 24
can hold the charges at least during one scanning
period Tge or more. In other words, the transistor 23
15 is going to supply a driving current having a current
value equal to the gray level designation current Iparp
at least for a time corresponding to one scanning
period Tgc or more by the charges in the capacitor 24.
That is, the capacitor 24 serves as a storage means for
20 storing the current value of the gray level designation
current Ipara that flows during the selection period
Tgrg and flowing a driving current having a current
value equal to the gray level designation current IpaTa
to the light-emitting elements Ei,l to Ei, n during the
25 non-selection period Tysg-
Hence, during the selection period Tgrg of the ith

row, the first transistors 21 and second transistors 22



of the pixel circuits Di,1 to Di,n of the ith row are turned on.
Accordingly, the gray |evel designation current |DATA supplied fromthe
signal |iweso0vdowmsi4aYn to the data driver 3 is stored irediP2aspawis or 24
of 5 each of the pixel circuits Di,, to Di,n of the ith row In each of
the pixel circuits D1,1 to Dnn (except the pixel circuits Di,1 to Di,n)
of the remaining rows, the first transi 46or 21 and second transistor 22
are OFF. Hence, the gray |level designation current IDATA is not 10 stored
in the capacitors 24 of the remaining rows. That is, the third transistors
23 of the renamitig pdwel cdmeotitfd Ay tihecogmyy nl evelthdesitgnatawmmeur r ent

| DATA As described above, during the selection period TSE of the ith row,
char ges bet weemursel gat.e dutorisd rgdur,cahsf grevt Reviedi e tdgmadilstor 23 are
recei ved by each of the pixel circuits Di,1 to D,n_in correspondence with
the gray | eveturkssitgdatiton seiamd 1Tyem thee Sldgnddl yingfe YicH&r des bet ween
the gate and the source of the third transjstor 23, whi cjgr&have been stored

so far, are 20-% dfteshidd Birisly 1 He PR dy dan&GrPadie@s et Yeri ods
TNSE aft th I i i ad TSE of, t it -t i xel,_.ci it
D1 tomD , n S P RS TS (6 HE dr i) H s erts Rdve T same
| evel as that_of the @flel %Vjtgieldgtsj{) 'tﬂsorbtlﬁﬁr rt%ntD I DAT@}%(%}tsglﬂeces of

cor r espondi ng I[rb e & arges “stored between 1 gat es* fan _ _
e S I AR, e Sy o P A s

first transistor 21 and second transistor 22 are OFF.
Hence, the gray level designation current Ipapa is not

10 stored in the capacitors 24 of the remaining rows.
That is, the third transistors 23 of the remaining rows
cannot flow the gray level designation current IpaTa-
As described above, during the selection period Tgg of
the ith row, charges between the gate and the source of

15 the third transistor 23 are received by each of the
pixel circuits Dj,6 1 to Dj n in correspondence with the
gray level designation current Ipata. Accordingly, the
charges between the gate and the source of the third
transistor 23, which have been stored so far, are

20 refreshed. During the plurality of non-selection
periods Tygg after the selection period Tgg of the ith
row, the pixel circuits Di,1 to Dj,n supply driving
currents (the driving currents have the same level as
that of the gray level designation current Ipara)

25 corresponding to the charges stored between the gates
and the sources of the third transistors 23 to the

light-emitting elements Ej ; to Ej, p, thereby causing



themto emt light. As described above, the selection scanning driver 5

| i ne-sequentially shifts the selection signal from the first rowto the
nth row. Wecwodorgidsy, the gray 5 | evel designation curr edr/IPRABAIGHOWS
sequentially to the pixel circuits D1,1 to DI,n of the first rowto the
pi xel circuits Dm1 to Dmn of the nth rowin accordance with the red
digital gray level inmage signal SR greéf digital gray |evel image signal
SG and blue 10 digital gray |evel imge signal SB input to the data

driver 3. Wth this operation, the charges stored between the gate and the
source of eachhii r@d cwiansigher. 23 are refreshed. Wien such

| i ne-sequential scanning is repeated, an imge is displayed on the 15

di spl ay section 4 agfs thacarigan abEvedi dpleaysgiauealioR. scChina igyge datiiviey of
causing the pixel circuits Di,1 to Di,n to receive the gray |evel

desi gnati on cur rldmte-slcRQAEAtdadilyg shiié tseltdet ised epdipod STSEadf Hw& ith row
and the operation of causing the light-emtting 20 elenents Ei,1 to Ei,n to
emt |ight onthee Hasits rew gﬁethﬁeégﬁvé@wgra@CF@¥€Pn6é§Pgﬁ§@i&ﬁaéhrrent

| DATA will be described here in detail. During the sel ecti.on.period TSE of
the ithSrow, deved sasignadigRalCust site IORTOIHTRYS TORYCRY t Prom 25

e select fon eaming diver S b Lhecsgecion agenag Lige  of he
clock signal V‘lgez%%ﬂe(ilgc?ﬁ.%:%u@%y ﬁ%%o%oo%%i%d‘ot‘l%he mth row in

accordance with the red digital gray level image signal
Sgs green digital gray level image signal Sg, and blue

10 digital gray level image signal Sg input to the data
driver 3. With this operation, the charges stored
between the gate and the source of each third
transistor 23 are refreshed. When such line-sequential
scanning is repeated, an image is displayed on the

15 display section 4 of the organic EL display panel 2.

The operation of causing the pixel circuits Dj 1

to Dj, p to receive the gray level designation current
IpaTa during the selection period Tgg of the ith row
and the operation of causing the light-emitting

20 elements Ej 1 to Ej p to emit light on the basis of the
received gray level designation current Iparp will be
described here in detail.

During the selection period Tgm of the ith row, a

selection signal of the ON voltage Vgoy is output from

25 the selection scanning driver 5 to the selection
scanning line X3 of the ith row in accordance with the

control signal group Geyr including the clock signal



CK2 fromthe controller 11. Then, the first transistors 21 and second
transistors 22 of all the pixel circuits D1,1 to Di,n connected to the
sel ecti onwosmadiiosy | ine Xi are set in the ON state duripgy/iPhe@sbiead ecti on
period TSE. At the start of the selection period TSE of the ith row, the
common signal changes to the voltage VLON During the selection period TSE
of the ith row, the voltage VLOWVIi s appV*%d to all the conmon signal
supply lines Z1 to Zm Since the second 10 transistor 22 is ON, a voltage
is applied even to the gate electrode 23g of the third transistor 23.
Hence, the thCK2 framsils¢ oco2Broklénrhkd obhedurtinerfioret when a given
colum of the light-emtting elements Ei,1 to E ,n of the selected 15 row
is to be causetrapséstorsiyhtanidrsagonfietnonsbetersidn perabld TINSE (to be
described later), the data driver 3 controls the potential of one of the
current term nal3eETEI¥E M, Pinhl ckO cbi respomascied t e thel seheebide caused
toemt light, to be |ower than the 20 voltage VLON Accordingly, in the
col utm of the PFBRING; RS tXDiaTe SRF okt sHae W etr2tei GREIRY heRYray | evel
designation current, | DATA flo fromjihe compn sigpal, supply line Zi to
the data’dri ve?eg.ec\_ﬂl%lﬁ REGtRnt Sot urr%po?h? h%t‘fl‘lftbh‘?fe‘hln*?t?%geéfje%nts Ei,1
to Ei,n of 25 el ect i js.to 'gmig%tdg 1 LLing, 1ight
during the nonpégﬁgét#%%(%gr#%% #ﬁ@%%?Yb %@gd%scrl eg ?%%gp§ﬁg%%%éda?a
driver 3 contrphs {§ecddd 2004/ 0198441 RETINE2008L 01084 4pe ABod Ty of
the ith row, the voltage Vyoy is applied to all the
common signal supply lines Zq to Zp. Since the second
10 transistor 22 is ON, a voltage is applied even to the
gate electrode 23g of the third transistor 23. Hence,
the third transistor 23 is turned on.
Furthermore, when a given column of the
light-emitting elements Ej 1 to Ej n of the selected
15 row is to be caused to emit light during the
non-selection period Tygr (to be described later), the
data driver 3 controls the potential of one of the
current terminals CTq to CTp, which corresponds to the
column to be caused to emit light, to be lower than the
20 voltage Viow. Accordingly, in the column of the pixel
circuit Di,jr which should emit light, the gray level
designation current Ipara flows from the common signal
supply line Z4i to the data driver 3. When a given
column of the light-emitting elements Ej 1 to Ej p of
25 the selected ith row is to be inhibited from emitting

light during the non-selection period Tygg (to be

described later), the data driver 3 controls the



potential of one of the current termnals CIl to CIn, which corresponds to
the columm that should be inhibited fromemtting light, to be equal to

t he vol t ege200@s14Accordi ngly, in the colum of the pixeT/B2ei3nce4d Di, |,
whi ch should emt light, the gray | evel designation current |DATA does not
flow fromthe coomon signal supply line Zi to the data driver 3. During
the selection period TSE of the ith rof® the data driver 3 controls the
potentials of the current terminals CIl to 10 CIn to supply the gray | evel
designation current IDATA to the data driver 3 to the signal lines Y1 to

Yn (the graydieuplidesifgrati of eter entricRATAcduesadst CMiowdt 6nsa col um
whi ch should"be inhibited fromemtting light). In each of the pixel

circuits D, LieDi®rafspohbist he ithe raigunrhéhalt shoudgndisst or 21 and
second transistor 22 are turned on. Hence, the gray |l evel designation
current | DATA rf ivist dchrioegh eaifatimoofl igdmoe sigeavedug® S ne zi -->
pat hs between the drains 23d and the sources 23s of the transistors 23 of

20 the pixel svditaga 01w N AO&&I@%M@? e d?%‘ﬂ? 21 tl}fné”t%e “sources
Aol 0 O o e B e B e g e e
Cor reSpondi ngieo PHEL: Gl BV B APE iy TRULT G0S) GhatTaLar rent
| DATA are recel ved, by L, PIXEL £] "4 {7 Dhata 1@ et 310 20041:04 9314
selection period Tggp of the ith row, the data driver 3
controls the potentials of the current terminals CTj to
10 CTp to supply the gray level designation current IpaTta
to the data driver 3 to the signal lines Yj to Yn (the
gray level designation current Ipara does not flow for
a column which should be inhibited from emitting
light). 1In each of the pixel circuits Dj 3 to Dj,n of
15 the ith row, the first transistor 21 and second
transistor 22 are turned on. Hence, the gray level
designation current Ipara flows through a path of
common signal supply line Zj — paths between the
drains 23d and the sources 23s of the transistors 23 of
20 the pixels Pj,1 to Pi n — paths between the drains 21d
and the sources 21s of the transistors 21 of the pixels
Pi, 1 to Pi,n ™ signal lines Y7 to Y, — transistors 31
of the switching circuits S7 to Sp — current terminals
CT1 to CTp of the data driver 3.
25 As described above, charges corresponding to the

current value of the gray level designation current

IpaTa are received by the pixel circuits Di,1 to Dj, n-



At this tine, in all of the first to nth colums, the current value of the
driving current flowwng to the light-emtting elenents Ei,1 to Ei,nis
equal to woeoogeumwsant val ue of the gray |evel designati acwrIrrensniodd4 | DATA
The current value is designated by the data driver 3. Hence., the current
val ue of the gray |level designation current |DATA which is continuously
hel d during the non-selection period TNSE is constant. That is, during the
selection period TSE, the gray 10 |level designation current |DATA flows to
the third transistor 23. The voltage across the common signal supply line
Zi, third trarfsi sthors 23e,f ilnstaltlr anSiteorsirl  tesingialcdlivmess Yt Yn,
swtching circuits S1 to Sn, and data driver 3 is set in the steady state.
15 Accor di ngl ygurrand twegeteato fa they el r icoimre spondintg fleowive Yewdle of t he
gray level designation current. | DATA that flows to the third transistor 23
i s applied bethiedH -aHd gare amantoE 23y thdit, e SorEE elettRle 23s of
the third transistor 23.  Charges with a magni tude 20 corresponding to the

|l evel of the VOITERRE PRt Héte gatayY éiee‘geilr S5 G G tq%%%lﬁce

el ectrode 23s of the hird transi stoor 23 are stor.ed, i.n the capacitor 24.
Duri ng the sel8ATn pety G TSE b THE ith 90 I3 Shd etcﬁ%api xel

cireurts b, 48 Plxm of dhed thron, the,25 st d ransialay Ayand seoond

transi stor 22 Tunction | eve esi gna current | DATA

fplcgywj ng Ogg / gg & ﬁ“ia %gégti'amecu\éjrér& the, 401k & ansi &frs MR 2004193 14
during the non-selection period Tyggp 1s constant.
That is, during the selection period Tgg, the gray

10 level designation current Ippgppa flows to the third
transistor 23. The voltage across the common signal
supply line Z4i, third transistors 23, first transistors
21, signal lines Yj to Yp, switching circuits Si to Sp,
and data driver 3 is set in the steady state.

15 Accordingly, a voltage at a level corresponding to the
level of the gray level designation current Ipara that
flows to the third transistor 23 is applied between
the gate electrode 23g and the source electrode 23s of
the third transistor 23. Charges with a magnitude

20 corresponding to the level of the voltage between the
gate electrode 23g and the source electrode 23s of the
third transistor 23 are stored in the capacitor 24.
During the selection period Tgr of the ith row, in each
of the pixel circuits Dj, 6 to Dj,p of the ith row, the

25 first transistor 21 and second transistor 22 function
to supply the gray level designation current Ipara

flowing to the signal line Yj to the third transistor



23. The third transistor 23 functions to convert the current value of the

gray |l evel designation current |DATA into the value of the voltage between
t he gat e wanmod/m@3siource. 5 As descri bed above, during tHoa/meésoiecan peri od
TSE of the ith row, the magnitude of the charges stored in the capacitors

24 of the pixel circuits Di,, to Di,n of theith rowis refreshed fromthe
precedi ng scanning period TSC. At the séffe time, the drain-source current

10 level and the source-drain voltage |level of the third transistors 23 of
the pixel circuits Di,, to Di,n of the ith roware also refreshed fromthe
precedi ng scathi ndherbihad-dr 3C.ankhies oot et i falncdticars drdbicarargrpdiig on t he

path of 15 the third transistor 23, first transistor 21, and signal |ine

Yj changes depahdiant oluse dhttdrnalray dsivwtlamas ismatHon rangigtlors 21, 22,
and 23, which changes over tinme. However, in this enbodinent, the current
val ue of the grmara evdlo dds gietiorP tdhredto YRrIpRetarit o tshr ough the
path of third tragzistor 23 -> first transistor 21 --> signal line Y] is

forcibly supﬁFFE %ﬂﬁ?%&na.driver 3. Hence, even when the interna
oot tange of the Lanel alors 2l R 0 By GIFIER VB, (B cihe, orey
oS Shoss PSSR b arilad i oo haedeniasl | evel.
in the capacitors 24 of the pixel circuits Dj 1 to Di, n
of the ith row is refreshed from the preceding scanning
period Tge. At the same time, the drain-source current
10 level and the source-drain voltage level of the third
transistors 23 of the pixel circuits Dj, ; to Dj, p of
the ith row are also refreshed from the preceding
scanning period Tgc.
The potential at an arbitrary point on the path of
15 the third transistor 23, first transistor 21, and
signal line Yj changes depending on the internal
resistance of the transistors 21, 22, and 23, which
changes over time. However, in this embodiment, the
current value of the éray level designation current
20 Ipara that flows through the path of third transistor
23 — first transistor 21 — signal line Y4 is forcibly
supplied by the data driver 3. Hence, even when the
internal resistance of the transistors 21, 22, and 23
changes over time, the gray level designation current
25 Ipara that flows through the path of third transistor
23 — first transistor 21 — signal line Y5 has a

desired level.



During the selection period TSE of the ith row, the common signal supply
line Zi is set to the voltage VLOWthat is equal to or |lower than the

ref er encewovmbi/aigai4dvVSS. I n addition, a zero bias or revaCIeIPRIB1044 S
applied across the anodes and the cathodes of the Ilight-emtting elenents
Ei,| to Ei,n of the ith row Hence, no current flows to the light-emtting
elenments Ei,1 to Ei,n, and they does nd#° enit light. At the end tine of
the selection period TSE of the 10 ith row (at the start time of the
non-sel ection period TNSE of the ith row), the selection signal output
from the sel ectiopuscagning delwetibntpethedsBiecodfohhscanhi ngwline Xi
changes fromthe high-level potential VONto the |owlevel potential VOFF
The sel ecti onthd5cseanmni siggmial veupbl appineszi hks GREt vbdt Blge VoEFE® t he
gate el ectrodes 21g of the first transistors 21 and the_ gate el ectrodes
22g of the se¢ppdl thahsistewsal2teforhtowprxehagikleei ¥8T®FSACto Di, n of the
ith row Hence, during the non-selection period TNSE of the 20 ith row,
the first travel&aeesVed- of I hadpikePnci RcaPFS PERS 10F 0" BV ShSBiPLAR ith row
are turned off. The_gray |evel designﬁtion gugrent AgAéth%tt goms from
the coPmon si§naPPiLpPI5CTPRe Het BliPAES 8P espondf 55 §PgnRal 1'Fnes Y1 to
Yn is cut off,. Ip additjon, during, 25_the n=sel ecti pecri o NSE of the
ith row, in aFFgRFﬁﬁmbﬁﬁé?gc?ygﬂ?ggsEF}lltggtg}nno§ktﬁ§ei?Ehrgag°even when
the transistor,_22 is_turn f rges:s§to LD / RAddts
PCT/JPZOOS/Olggaﬁe’SBO cuggeRE f18Q§ gES+iE ﬁ?ght eMEE%QHﬂ Q1834

Ei, 1 to Eji,pn, and they does not emit light.
At the end time of the selection period Tgg of the
10 ith row (at the start time of the non-selection period
Tysg of the ith row), the selection signal output from
the selection scanning driver 5 to the selection
scanning line Xj changes from the high-level potential
Von to the low-level potential Vopp. The selection
15 scanning driver 5 applies the OFF voltage Vppp to the
gate electrodes 21g of the first transistors 21 and the
gate electrodes 22g of the second transistors 22 of the
pixel circuits Dj 1 to Dj, p of the ith row.
Hence, during the non-selection period Tygg of the
20 ith row, the first transistors 21 of the pixel circuits
Dj, 1 to Di,n of the ith row are turned off. The gray
level designation current Ipara that flows from the
common signal supply line Zj to the corresponding
signal lines Y7 to Y is cut off. In addition, during
25 the non-selection period Tygg of the ith row, in all
the pixel circuits Dj 1 to Dj p of the ith row, even

when the transistor 22 is turned off, charges stored in



the capacitor 24 during the i mediately preceding selection period TSE of
the ith row are confined by the second transistor 22. For this reason, in
all the wpiomb4eiosuits Di,1 to Dien of the ith row, thediirreb3diasransi stor
23 is kept ON during the non-selection period TNSE. That is, in all the

pi xel circuits D1,1 to Dien of the ith row, the second transistor 22 hol ds
t he gate-source voltage |evel VGS of the third transistor 23 such that the
gate-source voltage level 10 VGS of the third transistor 23 during the
non-sel ection period TNSE becones equal to the gate-source voltage |eve
VGS of the thitheteapesdStor 28 during the imede@citehypereoddliseE During the
non-sel ection period TNSE, the common 15 signal output fromthe common

si gnal power ssppéytBon et hed chgmonf stigmal tisupphyate necZiingdelsyt bhe he
voltage VH GH. During the non-sel ection period TNSE, the cathodes of the
light-enmittingseferdnieamsigtern 2, n Br thosireasew ate alltheereference
vol tage VSS. The 20 common signal supply line Zi s at the voltage VH CGH

hi gher than th%l¥%$69%ﬁ€él§%lﬁhgb Vaijm afldiee ohth ERHr gelecbR#Edpondi ng

to the ay |l evel designation curre || DATA fl owi ng during, the sel ection
bori od Tor arbrenor Rt ot torn £HRt cal tBEN G HF HRCRORT LECEE of 25 t he
third transistor_23 QPnnecteEhé $ rigg.aif %his . Lage. bi as

a fo d
vol t age corres%%ﬁﬂ?%g3W%Ethe gray “fevel de5|%%a?%%% cGr T eh E%@éﬁ#@is
applied to thetgmbfgg4é91§§&41%Ej}g£?09§éOéggéﬁd Plansistor 22 holds

the gate-source voltage level Vgg of the third
transistor 23 such that the gate-source voltage level
10 Vgg of the third transistor 23 during the non-selection
period Tygg becomes equal to the gate-source voltage
level Vgg of the third transistor 23 during the
selection period Tgg.
During the non-selection period Tyngg, the common
15 signal output from the common signal power supply 6 to
the common signal supply line Z; rises to the voltage
Vygigg. During the non-selection period Tygg, the
cathodes of the light-emitting elements Ej 1 to Ej, n of
the ith row are at the reference voltage Vgg. The
20 common signal supply line Z5 is at the voltage Vygigy
higher than the reference voltage Vgg. In addition,
charges corresponding to the gray level designation
current Ipara flowing during the selection period Tgp
are stored between the gate 23g and the source 23s of
25 the third transistor 23 connected in series. 1In this
case, a forward bias voltage corresponding to the gray

level designation current Ipprp is applied to the



light-emtting elenents Ei,,1 to Ei,n of the ith row Hence, in all the

pi xel circuits Di,1 to Di,n of the ith row, a driving current equal to the
gray | evewo mesogsat i on current | DATA flows fromthe cormaanpognadcsd supply
line Zi to the light-emtting elenents Ei,1 to Ei,n of the ith row through
the drains 23s and sources 23s of the third transistors 23. Hence, the
light-emtting elenents Ei,1 to Ei,n em t51Iight. More specifically, in each
of the pixel circuits 10 Di,1 to Di,n during the non-sel ection period
TNSE, the first transistor 21 functions-to electrically disconnect the
correspondi ng lsigirtaderdiitid nYj eflreovanttse E;hijr dct Eansgi stforthz3 iduchravhat t he
gray level designation current |DATA flowing to the signal line Y} 15
does not fl owHemdehe itmhiadd tthengiistedr 2 .cuite dacanda Mansi Stforthz
functions to hold the voltage between the gate 23g and the source 23s of
the third tranditstow,23 dnifilely idrdemiera®d dko ﬁ%et e asel&dtSon peri od
TSE, by confining the charges in _the capacitor 24. In all the 20 pixel
circuits Di,1d%esiDnation ove et rIMTMé@W%efroébm RIRv IS 913591@51 to the
vol tage VHI GH duri.ng .t.he _non-selecti.on peri.qd . TNSE,. the third transistor
23 functions %ngégﬁlﬁlea Zdr {59 ﬁg]jlec&'lrgéﬁ{le&l 0 & S e Ssoridi ng to the
hel d gat e-sour,ce volta L evel, .t the |] -em. tt.i Ei,j.
Hence, the Iigtnq -E\érrir’c tﬁ&he g%n%f%git,hrllotdéj}%ghﬁ 0 ltr%g Zfsjtﬁ?lrgﬁgj{w do not emt

ight during eaghofs the WO 29044949314 PCU;1R2003/610644, &2 the

light-emitting elements Ej 1 to Ej p emit light.
More specifically, in each of the pixel circuits
10 Dj,1 to Dji,n during the non-selection period TysE:
the first transistor 21 functions to electrically
disconnect the corresponding signal line Y5 from
the third transistor 23 such that the gray level
designation current Ipara flowing to the signal line Y
15 does not flow to the third transistor 23. The second
transistor 22 functions to hold the voltage between the
gate 23g and the source 23s of the third transistor 23,
which is converted during the selection period Tgg, by
confining the charges in the capacitor 24. 1In all the
20 pixel circuits Dj, 1 to Dj,p of the ith row, when the
common signal is set to the voltage Vgrgg during the
non-selection period Tygg, the third transistor 23
functions to supply a driving current of a level
corresponding to the held gate-source voltage level to
25 the light-emitting element Ej 4.
Hence, the light-emitting elements Ej 1 to Ej n of

the ith row do not emit light during each of the



selection periods TSE of the first to mth rows. The [light-emtting
elements Ei,1 to Ei,n emt light during each of the mnon-selection

peri ods TWSRo040108 scanni ng period TSC. The current vaarerpedostohe4dri vi ng
5 current that flows to the light-emtting elenents Ei,1 to Ei,n when the
common signal is at VHHGH is the sane as _that of the current flowing to
the third transistor 23 of each of the B?xel circuits Di,1 to Di,n. That
is, the current value is equal to that of the gray 10 | evel designation
current |IDATA that flows to the third transistor 23 of each of the pixel
circuits D, 1lskGecBion geringst Agrselfechicod iperti dd TSE gowshe Thie r ow.
During the selection period TSE of the ith row, when the current value
that flows t o ltikktemid tingneilement23EL5 joftcedigh rofemtiffe 13ichd dpivd@@its Di, 1
to Di,n of the ith rowis set, the driving current of each of the

|i ght - em tti ngashemdntthieEm noposeilestied eddsidSedNsaurfe™val ue. Hence,
the light-emitting elements Ei,1 to Ei,n enmt |ight at desj r.ed _qgray

| evel Iuninan@@ﬁn@GnﬂbF@§§€ﬁiEéa'abg@é,quﬁlﬁﬁﬁé‘@ﬂﬁﬁﬁpﬁéﬁpf ébéﬁ' en the
current vs. voltage characteristic t he ird..transistor 23 changes

bet ween>t he pi%lr%atr ggﬁat%s f%f,wf ttoo%%rﬁ t]r,lg%{‘lrée&}’l%}tﬁngvéelae@eeﬁ% n%ﬂiréﬂ
current | DATA,_ havi ng r term ned rent. val i.s_farcihl upplied
bet ween the sddr éqzeéﬁﬁﬁh%%%e% ?%?ﬁlfﬁgﬁgﬁ-Jf%%“fﬁ%pﬁ%&?§ﬁ§?§¥g%§§§ during

the sel ecti i el AL |
VO 2004] 01031 PGTT TPS003 GLOR S g "o ERIPIAANE ReRaRiRe source

23 of each of the pixel circuits Dj 1 to Dj p. That
is, the current value is equal to that of the gray

10 level designation current Ipapa that flows to the third
transistor 23 of each of the pixel circuits Dj,1 to
Dj,n during the selection period Tgg of the ith row.
During the selection period Tgp of the ith row, when
the current value that flows to the third transistor 23

15 of each of the pixel circuits Dj 1 to Dj n of the ith
row is set, the driving current of each of the
light-emitting elements Ej 1 to Ej, p has a desired
current value. Hence, the light-emitting elements Ei,l
to Eji,n emit light at a desired gray level luminance.

20 As described above, in this embodiment, even when
the current vs. voltage characteristic of the third
transistor 23 changes between the pixel circuits Dj 1
to Dy, n, the gray level designation current Ipara
having a predetermined current value is forcibly

25 supplied between the source 23s and fhe drain 23d of
the third transistor 23 during the selection period

Tgg. In addition, when the voltage between the source



23s and the drain 23d of the third transistor 23 is always saturated, as
showmn in FIG 7, the common signal of the voltage VHHGH is output to the
comon si giedoo4/epl y |ines Z1 to Zm during the non-sel etiiropeiicad 5
TNSE. Accordingly, a driving current having a current value equal to the
gray |l evel designation current |IDATA is supplied between the source 23s
and the drain 23d of the third transistoP323. For this reason, the

| um nance does not vary between the light-emtting 10 elenents E1,1 to Emn
of the pixels. That is, in this enbodinment, even when a | um nance gray

| evel signal 2Baviangl tittee shneinvA3Idage [theelthiscdutyits istqi X8 sis any

i n-plane variation in |um nance between the pixels can be suppressed.
Hence, the or gdmiaysElsatiwmitad,1 asf shover 118 dilfodi herthe apmiosp|sayore L

hi gh-quality inmage. During the non-sel ection period TNSE, the common

si gnal change®& FheHQH Fa%s MEEIGHTHE ITEUen S siigh CUmSP ol e
light-emtting elenent, Ei,1 is about 50% . To the contrary, in a sjnple
matrix drivi nGYRRpI i RF Havi iRy ‘m IFHHER e hitd iqﬁ}l—e?’g]nee‘%lsorhrpr in the

vertical_ direction and n | jght-emttjng .elements .arraved in the harizontal
Girectsoh. t ha NSy AFHIIE LUy TS Vire GHFLHRE G M vi ng

di spl ay, as h esol utd co i t | em ssi t 25 the
light-emtti né’agdéeneen &ladieggoeg%ees rEEIIsar}Jq tj}ggéfeolr ggenglic%l I 5%1\]%%]%]0%4 S

enbodi ment, h V. \ i eGES, i ; i ght
em ssi on dut yq\c% Sﬂ?epl\e/l\oé%gom Olégrgicé{lerP%ﬁT%%Zéo%B}%l%M %4&%1& sd

of the third transistor 23. For this reason, the
luminance does not vary between the light-emitting

10 elements Ej,; to Ep pn of the pixels. That is, in this
embodiment, even when a luminance gray level signal
having the same voltage level is output to pixels, any
in-plane variation in luminance between the pixels can
be suppressed. Hence, the organic EL display 1 of this

15 embodiment can display a high-quality image.

During the non-selection period Tygg, the common

signal changes to Vgigg M times. The light emission
duty of the light-emitting element Ej 4 is about 50%.
To the contrary, in a simple matrix driving display

20 having m light-emitting elements arrayed in the
vertical direction and n light-emitting elements
arrayed in the horizontal direction, the light emission
duty is 1/m. In the simple matrix driving display, as
the resolution becomes high, the light emission duty of

25 the light-emitting element decreases. In the organic
EL display 1 of this embodiment, however, even when the

resolution becomes high, the light emission duty of the



light-emtting elenent Ei,j does not decrease. The organic EL display 1
can display an image at a high |um nance, high contrast, and high

resol uti owo Mneo®aidecti on scanning line Xi and one conmATTAIPGRAl64suUppl Y
line Zi are arranged in each row. Not a signal for scanning but a common
signal is sinply output fromthe conmmon _signal power supply 6 to the
common signal supply line Zi. The only shfft regi ster for scanning, which
is arranged in the organic EL 10 display 1, is the selection scanning
driver 5. A shift register is generally formed frommflip-flop circuits.
The common si grah tpenet tsupplel eheart ¥ ineed®etso nout pidcresisgnal Shieavi ng t he
same waveformto all the common signal "supply lines Z1 to Zm and therefore
can have a 15 ogigapliicf iFdd ddispdivt Istaeunc tdrsel aorent Himadeadore hiight he common
signal power supply 6, the nounting area is_ smaller, the structure is
sinpler, and tlvaimamss, &fighe|cardiast s agwalich IeRP eIt register. As
conpared to a conventional organic EL display having two shift 20
registers serving dRUrFAEEEIThe® GRIERT BIYi%pl PRHICTHE enbodi nent

can reduce the manufacturing cost  and increase, the é’icld'o Se r%d
Enbodi meht] A6 |Sélpé1_l3ﬂ%§ﬂeayzla@5§r cﬁrﬁf@qg@qﬁ@s ghar V&S g\loﬁapo& ment
L o oo S e S TP o hegigant
PCT/JPZOOB/Olqgﬁﬁnnﬁ%zom.the common signal power supply 6 to the
common signal supply line Zi;. The only shift register
for scanning, which is arranged in the organic EL
10 display 1, is the selection scanning driver 5. A shift
register is generally formed from m flip-flop circuits.
The common signal power supply 6 only needs to output
signals having the same waveform to all the common
signal supply lines Zi to Z, and therefore can have a
15 simplified circuit structure. For this reason, in the
common signal power supply 6, the mounting area is
smaller, the structure is simpler, and the number of
elements is smaller than a shift register. As compared
to a conventional organic EL display having two shift
20 registers serving as drivers, the organic EL display 1
of this embodiment can reduce the manufacturing cost
and increase the yield.
[Second Embodiment]
An organic EL display according to the second
25 embodiment will be described next.
Even in the second embodiment, the organic EL

display comprises an organic EL display panel 2, data



driver 3, and selection scanning driver 5, like the organic EL display 1
according to the first enbodinent shown in FIG 1. The data driver 3, a

di spl ay se«t10041019414 t he sel ection scanning driver 5, pix&ET/IPRocwidcgs D1, 1 5
to Dmn, and light-emtting elenents E1,1 to Emn have the sane structures
as those in the organic EL display 1 of the first enbodinent, and a
detail ed description thereof will be om?®ted in the second enbodinment. In
t he second enbodi nent, a common signal power 10 supply 6 is arranged in a
controller 11 connected to the organic EL display 1, as shown in FIG 10.
For this reagenyvethe,rahiiosefetheoaceuphadngr daivkrt be lpkeeltbeon the
substrate of the organic EL display 1 can be increased. 15 The organic EL
di splay 1 accergangct BLt Heéspeegnd aesbodingntoc&heoférate erhodéasrdance
with the waveform chart shown in FIG 8, as in the first enbodi nent.

[Third Enbodi senwh TheFfBi.rd-enBbei defie Wrivele descFilsedaveseCtiAPs 20
enbodi nent is the sane as the first enbodi nent except . that a draln 22d of
a second trandistbe 2216ﬁtaoﬁlﬁ@ﬁnnépﬂcGFﬂVBF P'oplégéhcﬁFfﬁﬂ Bi PfL/ils not
connected to a comon signal sup Ilne i | e tlonhscannlng
line Xi 2 as sH&WRmi, n/ FREd i}ghfhé ﬁén§5 @W@P ﬁc al g &s T Ot he

1t e T et e S e o e 300 <

PCT/JPZOOB/OlQG%% tge first embodiment, and a detailed description
thereof will be omitted in the second embodiment.

In the second embodiment, a common signal power

10 supply 6 is arranged in a controller 11 connected to
the organic EL display 1, as shown in FIG. 10. For
this reason, the ratio of the occupied area of the
pixels on the substrate of the organic EL display 1 can
be increased.

15 The organic EL display 1 according to the second
embodiment can operate in accordance with the waveform
chart shown in FIG. 8, as in the first embodiment.
[Third Embodiment]

The third embodiment will be described next. This

20 embodiment is the same as the first embodiment except
that a drain 22d of a second transistor 22 of a pixel
circuit Dj,§ of each pixel Pj, 4 is not connected to a
common signal supply line Zj but to a selection
scanning line X;i, as shown in FIG. 11. The same

25 reference numerals as in the first embodiment denote

the same parts in the third embodiment, and a detailed

description thereof will be omitted.



In the transistor 22, the drain electrode 22d and gate el ectrode 22g are
connected to the selection scanning line Xi. A source electrode 22s is
connect edwa moaoi@atse el ectrode 23g of a third transi st orrCABIP2003M 16644
transistor 22 is an N-channel anorphous silicon thin filmtransistor, like
a first transistor 21 and the transistor_ 23. The transistor 22 operates
upon receiving the voltage shown in the Yaveformchart in FIG 8. That 10
is, as shown in FIG 12A, during a selection period TSE, the transistor 22
of each of pixels Pi,1 to Pi,n is turned on by a scanning signal of an
ON-1 evel  (high-1eveh)thel tagesVehlotr 8ty t heesdkechi ehestandeng2dl ané Xi so
that the voltage fromthe selection scanning 15 line Xi is applied to the
gate of the traaistsebecBode St anneousigctetetor Bhsi sedeckionf each of
the pixels Pi,1 to Pi,nis turned on. In addition, the transistor 23 of
each of the pisesnimg1liperXi; |4 sorhed %hegprO@ﬁeZQatéSvépm%@@t%%p||ed
by the tranS|stor 22 during 20 the_sel ection period Hence, the dat a
driver 3 suppt?ed %aE?a?l?%QEPdﬁegﬁﬁn%fl%nt%hFﬁeFFa?E%ﬁEPFozghe THat hs

bet he d 23 th 23s of the t tors,23 of th
pixels PP\ 1 { PR ahar ot anat oK NECAv eh ACTRONS a1} L6oT oR TR cat od

by the arrow 2p;4n g%%hﬁ%§€?rTh§lﬁ réeP£r¥€'H§a8% EFgrggﬁyahﬁvﬁﬁ

desi gnati on current fhi's |ne cor respon e gray Tevel of a
red digital gray,\evel.inage signal WO 2004/019314 PCT/ JP2003/ 010644 57

The transistor 22 operates upon receiving the

voltage shown in the waveform chart in FIG. 8. That

10 is, as shown in FIG. 12A, during a selection period
Tgg, the transistor 22 of each of pixels Pj, 1 to Pj p
is turned on by a scanning signal of an ON-level
(high-level) voltage Vgy from the selection scanning
line Xi so that the voltage from the selection scanning

15 line X4 is applied to the gate of the transistor 23.
Simultaneously, the transistor‘Zl of each of the pixels
P;,1 to Pi,n is turned on. In addition, the transistor
23 of each of the pixels Pj 1 to Pj,p is turned on by
the gate voltage applied by the transistor 22 during

20 the selection period Tggp. Hence, the data driver 3
supplies a gray level designation current Ipara to the
paths between the drains 23d and the sources 23s of the
transistors 23 of the pixels Pj ; to Pj,  and signal
lines Y1 to Y in the direction indicated by the arrow

25 in FIG. 12A. The current value of the gray level
designation current Ipara at this time corresponds to

the gray level of a red digital gray level image signal



SR, green digital gray level image signal SG and blue digital gray |evel

i mage signal SB input to the data driver 3. Charges corresponding to the
current veloumos/e3tshe gray | evel designation current | DATA/BR@3St@i€e€d 5 in
capacitors 24 connected to the paths between the gates 23g and the sources
23s of the transistors 23 of the pixels Pi,1 to Pi,n during the selection
period TSE During a non-sel ection perio#’ TNSE the transistor 10 21 and
transi stor 22 of each of the pixels Pi,1 to Pi, are turned off by a
scanni ng signal of an OFF-Ievel voltage VOFF supplied to the selection

scanni ng | inespXi grAevoltigge alHo@dyi 9 eappl imdgko sdkihado®epn asidghdbie suppl y
lines Z1 to Zn1 For this reason, the voltages 15 between the sources 23s
and the draingigldaof gally ﬂh@eltmamseseogsa238@renpaﬁutaté@e Pagavol t ages
between the gates 23g and the sources 23s of all the transistors 23 have
a vol tage val deiverr 8spofiemyetso aore cobangdadsitor &4 FUFETCafadior s 24
during the selection period 20 TSE. As shown in FIG 12B, a driv

current havi ngfatheugrem hﬁﬂQka@ﬁﬁkﬂnaﬁéoph€U§F§théﬁéﬂﬁd@§@gﬁ§PT§ﬁ'current

| DATA fl ows between the sources 23s and dr ai d.of all the
transisfors 231 SPRESLIRES oI (XGE SAHYSEH T stﬁﬁtﬁa&%§h2¥“Wﬁ§W'§ “ef er ence

{he arrow i n BPE=S1IA% GTEAEE TMPREOR T (1o Brerrs BroF T 6 Eam (0
emt Iight. “Qh?o%ﬁ&%£93%4 PCE!J%%99§QQ&Q§éﬁtté§selectlon period
Top -
During a non-selection period Tygg, the transistor
10 21 and transistor 22 of each of the pixels Pj,1 to Pj p
are turned off by a scanning signal of an OFF-level
voltage Vopp supplied to the selection scanning line
X;. A voltage Vygrgm is applied to all common signal
supply lines Zq{ to Zp. For this reason, the voltages
15 between the sources 23s and the drains 23d of all the
transistors 23 are saturated. The voltages between the
gates 23g and the sources 23s of all the transistors 23
have a voltage value corresponding to the charges
stored in the capacitors 24 during the selection period
20 Tgg. As shown in FIG. 12B, a driving current having a
current value equal to the gray level designation
current Ipara flows between the sources 23s and the
drains 23d of all the transistors 23. Since the
voltage Vgigyg is much higher than a reference voltage
25 Vgg, the driving current flows in the direction
indicated by the arrow in FIG. 12A to cause

light-emitting elements E1,1 to Ep,n to emit light.



The present

changes and nodi ficati ons of

spirit and moope3wf the invention. 5 For exanple, in tIrETAPONS/010644
all the first transistor 21, second transistor 22, and third
transi stor 23 of the pixel circuit D,j are N-channel transistors.
the transistors may be form&d from P-channel transistors, and
t he anode and 10 cat hode of the light-emtting elenent Ei,j may be
connected in the reverse direction. At this tinme, the waveforns shown in
FIG 8 are invertedThénprheeritbodiveerhisn fhenbtghimeénett tngtherabdvef
light-emtting elenents E1,1 to Emn is the 15 non-sel ection period TNSE
bet ween t he sedrdecdmepesi odéarisEs cheng¢ghanemodi higcpeiood of the
light-emtting elenent E,j is the mdiscontinuous non-selection periods
TNSE bet ween t®#eSE@N gB2Y oRe pepRedWigowt deeartindr branbhe hePselecti on

period TSE of the next ith 20 row. As, shown in FIG 13, all the

enbodi nent s,

However ,

|i ght-emittin@Pel enRe sCE1thet SRER LMY be si nul t aneously caused to

al |

light during th -sel ect i od TNSE aft h by, t | evel
et gnat Ton current FPBATRGHPE W Pt LB PrOYAcCBABACEBrS: 24101 LA the -

'ight'enitti”9f§§s€'€%%9%§ﬁﬁéﬁgzi° E@&&ndp%réﬁéfsﬁéﬂﬁ%zVﬂgﬁggﬁ%i§83t one

of the sel ection peri

periods TR whep dhe; SeSet 2¥0LEaghe W 200418314 FCTL IE2003L 0106441 59
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15

20

25

I'ng oné 'scanning perTo m 1)

transistors. However, all the transistors may be
formed from P-channel transistors, and the anode and
cathode of the light-emitting element Ej,y may be
connected in the reverse direction. At this time, the
waveforms shown in FIG. 8 are inverted.

In the embodiments, the light-emitting period of
the light-emitting elements Ej 1 to Ep p is the
non-selection period Tygg between the selection periods
Tgg. the light-emitting period of the light-emitting
element Ej 4 is the m discontinuous non-selection
periods Tygr between the selection period Tgy of the
ith row and the selection period Tgr of the next ith
row. As shown in FIG. 13, all the light-emitting
elements Ep 1 to Ep n may be simultaneously caused to
emit light during the non-selection period Tyggp after
charges by the gray level designation current Ipara are
written in the capacitors 24 of all the light-emitting
elements Ej 1 to Bp,pn. At this time, when at least one
of the selection period Tgrg during one scanning period

Tgc and (m-1) reset periods TR when the reset voltage

invention is not limted to the above enbodinents. Various
desi gn may be done wi thout departing fromthe

t he

em t

reset



VRST is applied to the signal lines Y1 to Ynis set to be short, the
non-sel ection period TNSE, i.e., the light-emtting period of the
| i ght - em W wg4/eiogrrents EL1,1 to Em n can be made rel at irGal/JP200310g0644
Referring 5 to FIG 13, after the selection scanning line Xmis selected,
to return the charges stored in the parasitic capacitances of the signal
lines Y1 to Ynin the wite node of thefﬁ?xels Pml to Pmn of the
sel ection scanning line Xm the reset voltage VRST nmay be applied 10 to
i ncrease the nunber of reset periods TR during one scanning period TSC to
m I n the abovérenbbdi applsedahootiganstolkhl el enent Yi stousgdis Hoaeveo, any
other light-emtting elenent having rectification properties may be used.
That is, the 1sel sgbrtenihei hghetehentionypbeiad Ehspent - ohi cbhél ows no
current when a reverse bias voltage is applied but flows a current when a
forward bias vbl¥abechsthpprirariodndl aFse &hvhE-eRghiiag al¢wedhkance
correspondence with the nagnitude of the flomﬁng current. An exanple of a
o]

20 1i ght - emi t tFhgl eF@nemt nh&FRnBe rBREP f FRatF bR HY 0peRE esReFRIBHYED (Li ght
Emi tting. Di ode) e fgep% Inf%he bove fnbgdinents t he gata river 3 and
sel ecti on scan ?n% rivar S8THPErate ORI Eh l%%sfga%?l%g HoRKmi Yhal i nput
fromthe controligr,dd. Howexen...25,0henclock stgpal OG.10a. 15, putput
romthe comon ~Ssignal power suppl'y 6 and”used as a conmon signal may be

input to the selectipnnscanfEngndrivehap 2sntheyY0.5004/ 019314 yrite
PCT/ JP2003/ 010644 60
mode of the pixels Py 1 to Py, p of the selection
scanning line Xp, the reset voltage VrgT may be applied
10 to increase the number of reset periods TR during one
scanning period Tgc to m.

In the above embodiments, an organic EL element is
used. However, any other light-emitting element having
rectification properties may be used. That is, the

15 light-emitting element may be an element which flows no
current when a reverse bias voltage is applied but
flows a current when a forward bias voltage is applied,
and also emits light at a luminance correspondence with
the magnitude of the flowing current. An example of a

20 light-emitting element having rectification properties
is an LED (Light Emitting Diode) element.

In the above embodiments, the data driver 3 and
selection scanning driver 5 operate on the basis of a
clock signal input from the controller 11. However,

25 the clock signal CK3 that is output from the common
signal power supply 6 and used as a common signal may

be input to the selection scanning driver 5 as the



cl ock signal CK2. In the above enbodi nents, the nunber of tines the comon
signal output fromthe common signal power supply 6 changes to | ow | evel
i.e., thewgrap40wsel 5 designation current |DATA i s supmdTen;2008/000684 per

sel ection period TSE. However, the nunber of tines may be two or nore per
selection period TSE According to the present invention, when a driving
current flows to the light-emtting el eméfft, the 10 light-entting el enent
emts light. The current value of the driving current corresponds to the
vol tage held between the gates 23g and the source 23s of the transistor
23 of the pixetlstkcsitmaThekgol tage value is obtained by converting the
current value of the 15 designation current. For these reasons, the current
val ue of the drivingnctheenbovei robddsmanth, t hbecunmbatr ovakimesf thhe
designation current. The light-emtting elenment emts |light at a | um nance
dependi ng on t@emmenrgearatapubrst fhendele grarien eLgRe@htPOTRAt is, the 20
light-emtting elenent emts light_at a |lum nance set by the current val ue
of the desi gnafyBRl¥uprehRengefiefheelovfletelcuirent FRPUSTRY tAESHesi gnation
current _does not,chggge bet ween pixels,.the | um nance does not vary

bet ween Phe plﬁ?%}g? ?nIFBHF?EFiFﬂAﬁQ ef efithPsT ©25-8nd"8 Rfgh-quality
| e, a0 be dspkaveds Lidh2a0iLY, ("BoRRR0 MBS gL bhaliauenlige @
PCT/JP2003/010§é4twglor more per selection period Tgg.
According to the present invention, when a driving
current flows to the light-emitting element, the
10 light-emitting element emits light. The current value
of the driving current corresponds to the voltage held
between the gates 23g and the source 23s of the
transistor 23 of the pixel circuit. The voltage value
is obtained by converting the current value of the
15 designation current. For these reasons, the current
value of the driving current coincides with the current
value of the designation current. The light-emitting
element emits light at a luminance depending on the
current value of the designation current. That is, the
20 light-emitting element emits light at a luminance set
by the current value of the designation current.
Hence, if the current value of the designation current
does not change between pixels, the luminance does not
vary between the plurality of light-emitting elements,
25 and a high-quality image can be displayed.
It is only the scanning driver 5 that sﬁpplies a

selection signal to each scanning line. No drivers for



scanning are arranged at all. In addition, the cormmon signal power supply
6 has a smaller nunber of elenments than that of the scanning driver and

t her ef or ewloe®o040193i4npl € arrangenent. Hence, the nounti ngcarmaomsfoishe 5
driver is small. WO 2004/019314 PCT/JP2003/010644 62 CL Al MS 1. A

di spl ay device conprising: a plurality of scanning lines; a plurality of
signal lines; 5 a scanning driver which §équential|y supplies to the
scanning lines selection signals that select the scanning lines; a data
driver which supplies a designation current to said plurality of signal
lines within acehdely erel@pearigd wheraltlhe Scamudig ildmeshar ecdmgiony
selected; a plurality of pixel circuits which supplies a driving current
cor respondi ng gigralcpowent sranley of tdwe a desilgrat insiaanr rahte tdgnds ows to
the signal lines; a plurality of optical elements which emt light 15 in
accor dance wi ttharhé&harti vifngheursa@nnisuppliisehypnchitde i inss itdF & pi xel
circuits; and a power supply which outputs to said plurality of i xel
circuits a driSATRY S FEISRI S endiERfS 1 4 MPU V% Qf'roit\}} g
current. 20 2. A display device according to claim 1, wherein the power
suppl y out put SHHEMS S 'current reference voltage to said plurality of
pi xel circuits within a



non-sel ection period. 3. A display device according to claim2, wherein 25
the non-selection period is a period when none of said plurality of

opti cal ewenmni/e9arde sel ected. 4. A display device accormimmp200s/océeas m 2,
wherein WO 2004/ 019314 PCT/ JP2003/ 010644 63 a reset voltage is output to
said plurality of signal Ilines within the non-selection period. 5. A

di spl ay device according to claim1, wher¥ n the power supply selectively
outputs the driving 5 current reference voltage and a designation current
reference voltage to supply the designation current. 6. A display device
according to claim5, wherein the désih.ghalti¥nScurrent reference voltage is
| ower than the driving current reference voltage. 10 7. A display device
according to claimb; whedbsmplayhdepboerceuppl§iadit puts the designation
current reference voltage within the selection period. 8. A display device
according to clai ma,Piiperbihy eheSpaRinguppl§Sal ternately outputs a

desi gnation 15 current_reference voltag io supply the designation current
and the driving cur?entUfater¥ntt SHPL ge.l@?sA di spl ay devi ce according to

claiml1,_wherein the data.driyver_ sup ﬂie t he de ig tion curren to the
signal 17nes and thB Braerios GtV olPthe BaerE b brY a5 RSt Gt ron
current refere@%& g&%ﬁﬁ@@ QH%B#% ééPQEFEQS §P$§£1§U@W%¥ thip the

an 0

sel ection peri od, eac e pIrxel circurts stores e current
scanning lines;

a data driver which supplies a designation current
to said plurality of signal lines within a selection

10 period when the scanning lines are being selected;

a plurality of pixel circuits which supplies a
driving current corresponding to a current value of the
designation current that flows to the signal lines;

a plurality of optical elements which emit light

15 in accordance with the driving current supplied by said
plurality of pixel circuits; and

a power supply which outputs to said plurality of
pixel circuits a driving current reference voltage to
supply the driving current.

20 2. A display device according to claim 1, wherein
the power supply outputs the driving current reference
voltage to said plurality of pixel circuits within a
non-selection period.

3. A display device according to claim 2, wherein

25 the non-selection period is a period when none of said
plurality of optical elements are selected.

4, A display device according to claim 2, wherein



val ue of the designation current and supplies the

driving current that is

equal to the current value of 25 the designation current on the basis of
t he drivi wg 200uement reference voltage output fromthe praweP26Epplcyws
di spl ay device according to claim1, wherein WO 2004/ 019314

PCT/ JP2003/ 010644 64 each of the pixel circuits conprises a driving
transi stor and a capacitor which is conn&éted between a gate and a source

of the driving transistor,

10. A

the data driver supplies the designation current

5 to the signal lines and the driving transistors of the pixel circuits on
the basis of a desiegnatilamgeurisenitpuef doesas dvplliage idwt pdt sfigomlt he power

supply within
correspondi ng

the sel ection period, and the capacitor stores charges
ltimeshevithl ndédiegnatni-ce lewtion Peatiwden the gate and the

source, and when the driving current reference voltage is input fromthe

power supply,
correspondi ng
11. A display

the drivifg steorl aqu st qaasiingnd G hainy lourterein

to the charges stored between the gate and the source. 15

sy iR e SHIPBiLg Sed eat iR Y, QHﬁﬂﬁisn%%§a 19t %he pi xe
circuits conprises f%¥§t transi stor in i.ch a.%at%.is %qu%ﬁﬁﬁd to the

AT oL SRS i Cand E G G TGS EF 5 he si gnal

scannin& l'i ne

line and a dediatTonm corré

line, 20 a secq trnzicr]eSiv%tl%raﬁ{en t\gn:,sg.l:ilné% actheﬁ idses(i%%gcg.to%d c tx%etntie scanni ng

ref erence

10

15

20

25

re evotage an
6. A display device according to claim 5, wherein

the designation current reference voltage is lower than
the driving current reference voltage.

7. A display device according to claim 5, wherein
the power supply outputs the designation current
reference voltage within the selection period.

8. A display device according to claim 1, wherein
the power supply alternately outputs a designation
current reference voltage to supply the designation
current and the driving current reference voltage.

9. A display device according to claim 1, wherein

the data driver supplies the designation current
to the signal lines and the pixel circuits on the basis
of a designation current reference voltage output from
the power supply within the selection period, and

each of the pixel circuits stores the current
value of the designation current and supplies the
driving current that is equal to the current value of
the designation current on the basis of the driving
current reference voltage output from the power supply.

10. A display device according to claim 1, wherein

t'he driving current



voltage are selectively input to one of a drain and a source, and 25 a
driving transistor in which a gate is connected to the other of the drain
and t he sewrmes@d3tshe second transistor, one of a drai rrcanmP2e3goeerece i s
connected to WO 2004/ 019314 PCT/JP2003/010644 65 one of the drain. and the
source of the second transistor, and th% other of the drain and the source
is connected to the other of the drain afd the source of the first

transi stor and the optical elenent. 5 12. A display device according to
claim1ll, wherein the scanning driver selects the first transistor and

t he second transi stearch whii dthearnelxeomrentwid & ¢oanpriatet e rdmad et anni ng
line, within the selection period. 10 13. A display device according to
claim1, wherdimansdadiorofnche siaescidiare pittishe dfpracdee g pstvieeansi st or
in which a gate is connected to the scanning |line and one of a drain and a
source i s cofid@ @@ ¢ wesigdl Then&r 1508 @Rt §5%mnsi stor in which a
gate is connected to the scannin Ii%gkand ne of a drain and a sour ce IS

connected to the sddtfidga it VSN WPRIFST ig'S r i St G Wi A gate is
ted to th th f. t.he drai dt f.t 0

ranst stor o g R dne st SBit abs Slaone re e e S e v,

and the other of, JNeAREAY e RAHLDE S CRURRLAL AP dhgdither of the

drain and t
reference voltage output from the power supply within

the selection period, and
the capacitor stores charges corresponding to the

10 designation current between the gate and the source,
and when the driving current reference voltage is input
from the power supply, the driving transistor supplies
the driving current corresponding to the charges stored
between the gate and the source.

15 11. A display device according to claim 1, wherein
each of the pixel circuits comprises

a first transistor in which a gate is connected to
the scanning line and one of a drain and a source is
connected to the signal line,

20 a second transistor in which a gate is connected
to the scanning line and a designation current
reference voltage and the driving current reference
voltage are selectively input to one of a drain and a
source, and

25 a driving transistor in which a gate is connected
to the other of the drain and the source of the second

transistor, one of a drain and a source is connected to



source of the first transistor and the optical elenent. 14. A display

devi ce according to claim 13, 25 wherein the scanning driver selects the
first trwosiosd/o3wnd the second transi stor, which are ROnreeBAdio a
predeterm ned scanning line, within the WO 2004/ 019314 PCT/ JP2003/ 010644
66 selection period. 15. A display device according to claim1, wherein
the power supply outputs the driving cu@ent reference voltage fromthe
end of the selection period of a 5 predeterm ned scanning line till the
begi nning of the selection period of a next scanning line. 16. A display
devi ce accordifg §© laidrdin whed eitte dheroptitathel smemdhas a first

el ectrode connected to the power supply through the pixel circuit and a
second 10 el egt&@stesitox Whied che edenencet vioke adjenin appl il source A di spl ay
devi ce according to claim 16, wherein the power supply selectively outputs
the driving tsrcemeced@renceheodtiage ahdtke dé%ﬁlbfha%ﬁl%ntlé%r?’%ﬁce 15
reference voltage to supply the designation current nd the driving
current refereficehwofinge t@améist@§san@h%%et%%t%%?%r%ﬁ%%eQ ttage, and the

designation current reference voltage is no ,nnrg taﬁn.thflreference 20
vol taged 18. A di 5t ayR dé¥sRe2%ceBY HrRgPEOCtFHit 1© What&in ' the opti cal

el ement is anwgégggﬁctg% gégﬂﬁgﬁg driver selects the first

transistor and the second transistor, which are
connected to a predetermined scanning line, within the
selection period.

10 13. A display device according to claim 1, wherein
each of the pixel circuits comprises

a first transistor in which a gate is connected to
the scanning line and one of a drain and a source is
connected to the signal line,

15 a second transistor in which a gate is connected
to the scanning line and one of a drain and a source is
connected to the scanning line, and

a driving transistor in which a gate is connected
to the other of the drain and the source of the second

20 transistor, one of a drain and a source is connected to
the power supply, and the other of the drain and the
source is connected to the other of the drain and the
source of the first transistor and the optical element.

14. A display device according to claim 13,

25 wherein the scanning driver selects the first

transistor and the second transistor, which are

connected to a predetermined scanning line, within the



19. A display device conprising: a scanning |line group having a scanning
line of a 25 first row and a scanning |line of a second row, an optical

el ement gwoupodienwsrag a first optical elenent which i s camPetsdidast he
scanning line of the WD 2004/019314 PCT/JP2003/ 010644 67 first row and
emts light in accordance with a current value of a first driving current
supplied, and a second optical elenent fRi ch is connected to the scanni ng
line of the second row and emts light in accordance with a 5 current

val ue of a second driving current supplied; a pixel circuit group having a
first pixel cisedueictionahiperiicsl.connected to the first optical el enent and
supplies the first driving current equal to a current value of a first
desi gnati on curredts.suppldieplanderite secondipioxdlo ciledd tl wWiihefeis
connected to the second optical elenment and supplies the second driving
current equaltheo PRwa eyp ha| Rt sa thec 6d vdesi graticedt rafererce
supplied; and a power supply which applies driving current. 15 reference
vol tage to supEhFadse FEFSIERE ifAh ﬁ%hree 1 Q9 Gt itcal el enent

o e el Sl A A B 15 DS G et o ence
o e o S A S 0 R oo perod of the
of the second rowi s, a display device according to claim 1, wherein
the optical element has a first electrode connected to
the power supply through the pixel circuit and a second
10 electrode to which a reference voltage is applied.
17. A display device according to claim 16,
wherein
the power supply selectively outputs the driving
current reference voltage and a designation current
15 reference voltage to supply the designation current,
and
the driving current reference voltage is not less
than the reference voltage, and the designation current
reference voltage is not more than the reference
20 voltage.
18. A display device according to claim 1, wherein
the optical element is an organic EL element.
19. A display device comprising:
a scanning line group having a scanning line of a
25 first row and a scanning line of a second row;
an optical element group having a first optical

element which is connected to the scanning line of the



20. A display device according to claim 19, wherein the power supply
outputs the driving current 25 reference voltage to the optical el enent
group wi t hionoa4/01813- sel ection period. 21. A display devir@a/measndicag to
claim 20, WD 2004/019314 PCT/JP2003/010644 68 wherein the non-sel ection
period is a period when none of the optical elenments of the optical

el ement group are selected. 22. A displ%@ devi ce according to claim 20, 5
wherein a reset voltage is output to said plurality of signal lines within
t he non-sel ection period. 23. A display device according to claim 19,
wherein the pewettsuppl ynsekadtisvéiyhbuipuascohdandei vihl aurvrenentef er ence
voltage and a designation 10 current reference voltage to supply the first
and second desigeabifor farséntisivengheufrest &nEPSéEEndangi ReFCePReuits.
24. A display device according to claim23, wherein the desi nailon
current referentécadl eageens whschohgr CPRBACERE 8Pi tRRgSEAFFERT r&FErence

vol tage. 25. A display device according to.c|laim23, erein t ower
suppl y out put §¥t RBedESFgREL FEH a@@rf@ﬁgsrgﬁgkgnéﬁ 98FP§g§nﬁFtWFEEt§e
selectign pertod, 20 A LoplaY detles EEALANBLR Lo (Lt p20 wherel
NI Lage o supplY Lhedir .2 55008 deviaNetd ¢l % Riddbie
which is connected to the first optical element and
supplies the first driving current equal to a current
value of a first designation current supplied, and a
10 second pixel circuit which is connected to the second
optical element and supplies the second driving current
equal to a current value of a second designation
current supplied; and
a power supply which applies a driving current
15 reference voltage to supply the first driving current
to the first optical element through the first pixel
circuit and applies the driving current reference
voltage to supply the second driving current to the
second optical element through the second pixel circuit
20 between a selection period of the scanning line of the
first row and a selection period of the scanning line
of the second row.
20. A display device according to claim 19,
wherein the power supply outputs the driving current
25 reference voltage to the optical element group within a
non-selection period.

21. A display device according to claim 20,



current reference voltage. 27. A display device according to claim19, 25
further conprising a data driver which supplies the first and second
desi gnat i w0 mo4/0@Bt4s to the first and second pixel cir@®dEP2a3/01dve4 basi s
of a designation WO 2004/ 019314 PCT/JP2003/ 010644 69 current reference
vol tage out put fromthe power supply wthin the selection period. 28. A
di spl ay device according to claim 27, fBFt her conprising a signal line
whi ch connects the 5 data driver to the pixel circuits. 29. A display
device according to claim19, wherein each of the pixel circuits stores
the current wakueiaf thize ndesisgrizctdoncperéod depel ped iwidt Whent hene

sel ection period and supplies the driving current that 10 is equal to the
current val ueodf thiee ogdsicgdatalemendgr péntthen cpid dsdsies earenthdrakivi ng
current reference voltage output fromthe power supply after the

sel ection perieg@ s3d.echedi-spl ay device according to claim19, 15 wherein
each of the pixel circuits caqnprises a drivin t ransi_st.or %nd a capacitor

whi ch is, connect ed et Redli SPLagae VAN &SOHTE DS frd 2 ¥iong transi stor,
the data driver supplies the desi,gnati,on current. 20.to _th i
% [hteﬁ@%%i )gelrecﬁereccmq & Itlﬁe ou% % to, sal egllu%a(_jult %q_”

transi stors of" s of a gnation current

ref erence vol tage QUtYes (ARLNGHROYBL-SUARIOE ! idh it sel ection

23. A display device according to claim 19,
wherein the power supply selectively outputs the
driving current reference voltage and a designation

10 current reference voltage to supply the first and
second designation currents to the first and second
pixel circuits.

24. A display device according to claim 23,
wherein the designation current reference voltage is

15 lower than the driving current reference voltage.

25. A display device according to claim 23,
wherein the power supply outputs the designation
current reference voltage within the selection period.

26. A display device according to claim 19,

20 wherein the power supply alternately outputs a
designation current reference voltage to supply the
first and second designation currents and the driving
current reference voltage.

27. A display device according to claim 19,

25 further comprising a data driver which supplies the
first and second designation currents to the first and

second pixel circuits on the basis of a designation



the capacitor stores charges corresponding to the designation current
between the gate and the source, 25 and when the driving current reference
vol t age | wa wpuo193far om t he power supply, the deiving tracai@pras/osewppl i es
the driving current corresponding to the charges stored WD 2004/ 019314

PCT/ JP2003/ 010644 70 between the gate and the source. 31. A display device
according to claim19, wherein each of %%he pi xel circuits conprises a
first transistor in which a gate is connected to 5 one scanning |ine of
the scanning |ine group and one of a drain and a source is connected to
the data drivehirrénsecondrénaasvsivage nowhpeh argat ehespevemnedteElyto the
scanning line and a designation current reference voltage and the driving
current referentkeidOthel sagjechtenseeetedlvely input to one of a drain and a
source, and a driving transistor in which a gate is connec& d to the other
of the drain and 2Re sBuféepdfyt Aevieeondcoreandi EPoflashe if a drain and a

source is connected 15 to one of the draig,and éhe source gf %ge second
transistor, aRBrEREroERBPTéFIRAeadFLIR2AndiPRe"ELGPcECPPECEDNNBEted to the

ot her of the drain and th% igﬁrce. o% t he fi£§t transi stor and one opti cal
el ement 2of thea2tapfrédFrel8neff Brotp. 26°82°°A display device according to

calm L, furthe ocoryrl 39,0 Seheell a0c3raunadebush vojoh  sel ects
wherein each of the pixel circuits stores the current
value of the designation current supplied within the
selection period and supplies the driving current that
10 is equal to the current value of the designation
current on the basis of the driving current reference
voltage output from the power supply after the
selection period.
30. A display device according to claim 19,
15 wherein
each of the pixel circuits comprises a driving
transistor and a capacitor which is connected between a
gate and a source of the driving transistor,
the data driver supplies the designation current
20 to the driving transistors of the pixel circuits on the
basis of a designation current reference voltage output
from the power supply within the selection period, and
the capacitor stores charges corresponding to the
designation current between the gate and the source,
25 and when the driving current reference voltage is input
from the power supply, the driving transistor supplies

the driving current corresponding to the charges stored



whi ch are connected to the predeterm ned scanning line of the scanning
line group within the selection period. 25 33. A display device according
to cl ai m W@ 200mm@BEi n each of the pixel circuits conpri SEI/B2603036644
transistor in which a gate is connected to WD 2004/ 019314 PCT/ JP2003/ 010644
71 one scanning |ine of the scanning |ine group and one of a drain and a
source is connected to the data driver, & second transistor in which a gate
is connected to the scanning line and one of a drain and a source is 5
connected to the scanning line, and a driving transistor in which a gate is
connected toptheeehheheotiatbeaddatneandurhe.source of the second
transistor, one of a drain and a source is connected to the power supply,
and the other of Bhe dRadnsahdytieviOeseoroedisgcsanedaen L8/t he ot her of
the drain and the source of the first transistor and one optical elenent

of the opticalhelreieneaghoop. tBa. pAxdlsplagudsyi €emREESPEi ng to cl ai m 33,
further conprising a selection scanning driver which ,15 selects the first
transi stor and the3s&déwd rARSIESEOE, 1ihieH CBr & SGiredfedoREeed to
predeterm ned scanning line, of the scanning |line_group wthi,n_the

sel ecti 8n perPB&.Scﬁﬁ.lﬂgdﬁéﬁﬁandgyﬁcécﬁeggP iﬁdn%oggganFTg,o%ﬁePgin t he

on. sl oot | onopERFaR GoCueeRe"CRE S8 GOPTaN 0 18 OF S kPedet SFRined.
scanning line and the s6leGtion;Re,0d 0f1a e BEANAING iR ted

to the scanning line and a designation current

reference voltage and the driving current reference

10 voltage are selectively input to one of a drain and a
source, and

a driving transistor in which a gate is connected
to the other of the drain and the source of the second
transistor, one of a drain and a source is connected

15 to one of the drain and the source of the second
transistor, and the other of the drain and the source
is connected to the other of the drain and the source
of the first transistor and one optical element of the
optical element group.

20 32. A display device according to claim 31,
further comprising a selection scanning driver which
selects the first transistor and the second transistor,
which are connected to the predetermined scanning line
of the scanning line group within the selection period.

25 33. A display device according to claim 19,
wherein each of the pixel circuilts comprises

a first transistor in which a gate is connected to



36. A display device according to claim19, wherein the optical elenent
has a first electrode 25 connected to the power supply through the pixel
circuit waokoas/eesrnd el ectrode to which a reference volrcagP0s/01@apl i ed.
WO 2004/ 019314 PCT/ JP2003/010644 72 37. A display device according to
claim 36, wherein the power supply selectively outputs the driving
current reference voltage and the desigﬂﬁfion current 5 reference voltage
to supply the first and second designation currents, and the driving
current reference voltage is not less than the reference voltage, and the
desi gnati on caud estantieierence bl tlagesdanmotg noree tdraoup hend efee epte 10
vol tage. 38. A display device according to claim19, wherein the optica
el ement is ans adgahh cafd =l smente i8%comneldsed ayo dewe catandpeisehg: a
plurality of scanning |lines; 15 a scanning driver which sequentjally
supplies to the sesapaceydl inessketertipnvbighafsdthatlsefeieehedof said

plurality of scanning lines; a plurality of pixel gcircuits each of,which is
connected t o ‘B0 coR¢ eSpaREiRg bHeS NS 03 pPhiral ¥ 3B ANS R sE@NhFRg* Fi nes

and supplies a driving current corre sponding to a current value of the
designéfion c%@@%ﬁ??egatﬁlE?%I??@n%$n%pf?%%f %?gnents each of which

a driving transistor in which a gate is connected
to the other of the drain and the source of the second
transistor, one of a drain and a source 1s connected to
the power supply, and the other of the drain and the

10 source is connected to the other of the drain and the
source of the first transistor and one optical element
of the optical element group.

34. A display device according to claim 33,
further comprising a selection scanning driver which

15 selects the first transistor and the second transistor,
which are connected to the predetermined scanning line
of the scanning line group within the selection period.

35. A display device according to claim 19,
wherein the power supply outputs the driving current

20 reference voltage within a non-selection period between
the selection period of a predetermined scanning line
and the selection period of a next scanning line.

36. A display device according to claim 19,
wherein the optical element has a first electrode

25 connected to the power supply through the pixel circuit
and a second electrode to which a reference voltage is

applied.



emts light in accordance with the driving current supplied by a
correspondi ng one of said plurality of 25 pixel circuits; a data driver
whi ch suppla ms4/0te814desi gnation currents to the pixel cirCauPe@3imidas n a

sel ecti on WD 2004/ 019314 PCT/JP2003/ 010644 73 period when the scanning
lines are selected; and a common vol t age gutput circuit which outputs to
the selected pixel circuit a designation7 urrent reference voltage to
supply the designation currents 5 within the selection period of the
scanning lines and outputs to said plurality of pixel circuits a driving
current reference3vol t Agdisplayppeyitkeadcovidigg car céatis wiothin a

non-sel ection period. 40. A display device according to claim39, 10
wherei n the cohleweivol t age output circuit outputs the driving current
reference voltage to all the pixel circuits within the non-selection
period. 41. A di spltde ®eveEe SHERYiSRd & IMehiyme3FPutphdhég ive 09
designation current reference vol e is 15 lower ,than.the driving current
ref erence voIF&é@?REZFeﬁeﬁﬁgﬁﬁayogg ﬁ@eaﬁpigpﬁ QEEPHBBt&SRpFP§Fﬁ5¢ a first
desi gnation current ste f _supplyin first.. i ti rrent to a
first driving transisto O?ﬁﬁgﬁiﬁoasygpgg geeeng%% %g?ig Qf%H%tore char ges

corre 20 spondi ng Lo ur lue of the first designation current
bet ween a gat egngngtggﬁrgg%g%nﬁﬁé ??#st driving transistor;

the driving current reference voltage is not less
than the reference voltage, and the designation current
reference voltage is not more than the reference

10 voltage.

38. A display device according to claim 19,
wherein the optical element is an organic EL element.
39, A display device comprising:
a plurality of scanning lines;

15 a scanning driver which sequentially supplies to
the scanning lines selection signals that select one of
said plurality of scanning lines;

a plurality of pixel circuits each of which is
connected to a corresponding one of said plurality of

20 scanning lines and supplies a driving current corre-
sponding to a current value of the designation current;

a plurality of optical elements each of which
emits light in accordance with the driving current
supplied by a corresponding one of said plurality of

25 pixel circuits;

a data driver which supplies the designation

currents to the pixel circuits within a selection



a second designation current step of supplying a second designation
current to a second driving 25 transistor within a second sel ection period
to store wohmpngew3worrespondi ng to a current val ue of tIPETEPeOB®10644
designation current between a gate and a source of the WD 2004/019314

PCT/ JP2003/ 010644 74 second driving transistor; and a driving current
reference vol tage output step of, from{fie end of the first selection
period till the beginning of the second selection period, outputting a 5
driving current reference voltage to the first driving transistor and a
first optical pelréseintvhahi thei scavonngctlédeisn ager sed ewiteld/t Badf i rst driving
transistor and outputting the driving current reference voltage to the
second dri Vi ng tramrsicomponane 14 agec ovdpayit icdalculd efbdpdnouiiuds te
connected in series with the second driving transistor. 43. A display
devi ce drivi ngheeskégciedopdrag CorcHlildi m S2sigReltdrR CHET@ i tvi ng current
reference voltage is a voltage at which sour ce-drai,n voltage,of the 15
first driving EreAsNsEorCandI% $6uSEEPdYai ev%@ﬁéaéa Ontﬁ@r§%3§ﬁd driving

transistor are . set in a saturated state. 44, A display devi i Vi ng
met hod éonpri@?%%%n &Fi LS %%PBngﬁF&ﬁ%% r &he §F€%n6¥gé§éﬁ%%i%éda 20

(Lo el SO A G0 B L8 R s M A
first current reference voltage to supply the driving
currents within a non-selection period.
40. A display device according to claim 39,

10 wherein the common voltage output circuit outputs the
driving current reference voltage to all the pixel
circuits within the non-selection period.

41. A display device according to claim 39,
wherein the designation current reference voltage is

15 lower than the driving current reference voltage.

42. A display device driving method comprising:

a first designation current step of supplying a
first designation current to a first driving transistor
within a first selection period to store charges corre-

20 sponding to a current value of the first designation
current between a gate and a source of the first
driving transistor;

a second designation current step of supplying a
second designation current to a second driving

25 transistor within a second selection period to store
charges corresponding to a current value of the second

designation current between a gate and a source of the



designation current between a gate and a source of the first driving
transistor; 25 a second designation current step of supplying a second
desi gnat i w0 Wo4/00B1L4 t 0 a second driving transistor w tIRAT/ER26B0000d4
selection period after the WO 2004/ 019314 PCT/ JP2003/ 010644 75 first
designation current step to store chargez corresponding to a current val ue
of the second designation current betwe A a gate and a source of the
second driving transistor; and 5 a driving current reference voltage out put
step of, after the second designation current step, outputting a driving
current referercenbldrdge o treensfdtrest; dmidvi ng transistor and a first
optical elenent which is connected in series with the first driving 10
transi stor and out putddingtchecwhyaiithgr eiprasme refragR CUNRIE a3feeR 0 t he
second driving transistor and a second_ , optical elenment which is connected
in series wtRPIh€rofeddtd @ ihdhe didish sielemhion Regpied devh d&ri vi ng
met hod according to, 15 claim 44, wherei.n the driving. current .reference
voltage is akiﬁﬂlt“é’g}élgatod/\/rﬁh& S SRIFEH PV G of TR E TSR dri vi ng
Lransi stor and 3 sour ee-draln NoHLade oo IS srond drd 1id0 dramslptor are

transistor and a first optical element which is
connected in series with the first driving transistor
and outputting the driving current reference voltage to
the second driving transistor and a second optical

10 element which is connected in series with the second
driving transistor.

43. A display device driving method according to
claim 42, wherein the driving current reference voltage
is a voltage at which a source-drain voltage of the

- 15 first driving transistor and a source-drain voltage of
the second driving transistor are set in a saturated
state.

44. A display device driving method comprising:

a first designation current step of supplying a

20 first designation current to a first driving transistor
within a first selection period to store charges
corresponding to a current value of the first
designation current between a gate and a source of the
first driving transistor;

25 a second designation current step of supplying a
second designation current to a second driving

transistor within a second selection period after the
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first designation current step to store charges
corresponding to a current value of the second
designation current between a gate and a source of the
second driving transistor; and

a driving current reference voltage output step
of, after the second designation current step,
outputting a driving current reference voltage to the
first driving transistor and a first optical element
which is connected in series with the first driving
transistor and outputting the driving current reference
voltage to the second driving transistor and a second
optical element which is connected in series with the
second driving transistor.

45. A display device driving method according to
claim 44, wherein the driving current reference voltage
is a voltage at which a source-drain voltage of the
first driving transistor and a source-drain voltage of
the sebond driving transistor are set in a saturated

state.



