WD 2004/ 001714 PCT/JP2003/007430 1 DESCRI PTI1 ONLIGHT EMTTI NG
ELEMENT DI SPLAY APPARATUS AND DRI VI NG METHOD THEREOF 5 Technical Field The
present i|iwoenwbi/anirsel ates to a display apparatus incl udiamgram3mpisseal

el enent which perfornms an optical operation in accordance with a current
10 value, in particular, a light emtting element which emts light wth a
| um nance in accordance with the current value for each pixel, and a
driving nethod of the apparatus. Backgrouhd Art 15 In general, a display
apparatus includes an apparatus of a passive driving systemsuch as a
sinple matrix, and an apparatus of an active matrix driving systemin
which a switching transistor is Bi 8pbs€dRf &rP? &aéhOpNxel. In a liquid
crystal display of an active 20 matrix driving system as shown in FIG 16,
aliquid crystal elenment 501 which al so functions as a condenser and

whi ch i ncl ude's"HT| PHTITE T EyEYENT, DAFRIAY 2RRARATEY AP DBREYINGh MEFHOPUREERESRs as a
switching elenent are disposed for each pixel. In the active matrix
driving gistenl 25 when a pulse signal is inputted into a scanning |ine

503 by a scanning driver in a selection period to select the scanning line
503, and when a voltage for controlling.transmttance of the liquid
crystal is WD 2004/ 001714 PCT/Jonog?{ﬂf}JgiﬁBil #ela

The present invention relates to a display
apparatus including an optical element which performs
an optical operation in accordance with a current

10 value, 1n particular, a light emitting element which
emits light with a luminance in accordance with the
current value for each pixel, and a driving method of
the apparatus.

Background Art

15 In general, a display apparatus includes an
apparatus of a passive driving system such as a simple
matrix, and an apparatus of an active matrix driving
system in which a switching transistor is disposed for
each pixel. 1In a ligquid crystal display of an active

20 matrix driving system, as shown in FIG. 16, a liquid
crystal element 501 which also functions as a condenser
and which includes a liquid crystal, and a transistor
502 which functions as a switching element are disposed
for each pixel. 1In the active matrix driving system,

25 when a pulse signal is inputted into a scanning line
503 by a scanning driver in a selection period to
select the scanning line 503, and when a voltage for

controlling transmittance of the liquid crystal is



2 applied to a signal Iine 504 by a data driver, the voltage is applied to
the liquid crystal element 501 via the transistor 502. In the liquid
crystal eWwenm®nt/001714i qui d crystal nol ecul es are orient ed BatT/26ai3r0eTBOON in 5
accordance with the applied voltage to appropriately displace the
transmttance of a light transmtted through the liquid crystal elenent.
Even when the transistor 502 is brought in an off state in a non-selection
period after the selection period, the 102liquid crystal elenent 501
functions as a condenser. Therefore, electric charges are held in
accordance with a voltage value in an allowable range till the next
sel ection peri cxhplamt s thesoyiaht btntorb W rextd ofelol drheeri q‘ihed crystal
nol ecules is naintained in the 15 period. As described above, qui d
\c\LysLal di Ispl ayolteage di s payl bysbarat e ob L el @Jaﬁg‘ét%nﬂ%ﬂle%’g/s%% in

ich a voltage is neWwy witten so as to obtain, the snlttance
of the liquid cfiatidre e’@@%‘f&s%‘b‘l 504 - a @él@&?ljohq‘bje‘iil "?13:9 aﬂ

arbitrary gradatjon, 20 rag t|o formed in, accordance mnth t he

vol tage val ue. %}%W_ e e?? e%l% ?a@r%%% PAtER T oW Ot
organi c el emen |
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through the liquid crystal element. Even when the

transistor 502 is brought in an off state in a
non-selection period after the selection period, the

10 ligquid crystal element 501 functions as a condenser.
Therefore, electric charges are held in accordance with
a voltage value in an allowable range till the next
selection period, and so the orientation direction of
the liquid crystal molecules is maintained in the

15 period. As described above, a liquid crystal display
is a display apparatus of a voltage control system in
which a voltage is newly written so as to obtain the
light transmittance of the liquid crystal element 501
at a selection period time, and arbitrary gradation

20 representation is performed in accordance with the
voltage value.

Oon the other hand, the display apparatus in which
an organic EL element is used as a self-luminous
element does not require a backlight differently from

25 the liquid crystal display, and is optimum for
miniaturization. Moreover, there is not any

restriction of a visual field angle differently from



3 the liquid crystal display, and therefore practical use of the display
apparatus for the next generation has |argely been expected. Different
from t he Wwomendooieryst al el enent, the organic EL el enentpcanipeaston®s3di ght 5
by a current flowi ng inside. Therefore, an em ssion |um nance does not
directly depend on the voltage, and depends on current density. From

vi ewpoi nts of high |um nance, contrast, and fineness, also in the organic
EL display, there has 10 been a demand especially for the active matrix
driving systemin the sane manner as in the liquid crystal display. For
the organic EL display, the current flowing in the selection period has to
be increased iththeigasdi weydtili dgspysyenandnthrecdoker PKARELCRA LRE 15
active matrix driving system an elenent for holding the voltages applied
to opposite end§ bhet HéspiganppPELatepefent the éﬁ§§o§€HeﬁéFl€8cgaﬁixel in
order to maintain continuous en ssion_of each or ani% EL el epent at a
predet erm ned Lenupiiickess eWRECtRE-| | GRETEE SRt fEel 56 dv@H1Fn the
non-sel ecti on period. Therefore, the curre val ue_of the fl ow rrent
per unit time FEYStBé §%§W?PtHo%@§ePFg@HéCo%%bﬁﬁgmﬁﬁ%eﬁgﬁgﬁttﬁ&sﬂgﬁ % a
remar kably smal |l capacity, as.the_condenser. her ef ore, - rgani ¢ EL
el enent Ps sinﬁwy32§u5F§é55E&OWHQQe&&S&QerheT|§%ﬁ% gnggggg%é%gﬁgﬁt 501 in

IGICI T hp e g e
depends on current density.
From viewpoints of high luminance, contrast, and

fineness, also in the organic EL display, there has

10 been a demand especially for the active matrix driving
system in the same manner as in the liquid crystal
display. For the organic EL display, the current
flowing in the selection period has to be increased in
the passive driving system. On the other hand, in the

15 active matrix driving system, an element for holding
the voltages applied to opposite ends of the organic EL
element is disposed for each pixel in order to maintain
continuous emission of each organic EL element at
a predetermined luminance so that the light is emitted

20 even in the non-selection period. Therefore, the
current value of the flowing current per unit time may
be small. However, the organic EL element has only
a remarkably small capacity as the condenser.
Therefore, when the organic EL element is simply

25 disposed instead of the liquid crystal element 501 in
the circuit of the pixel'shown in FIG. 16, it is

difficult for the organic EL element to maintain the



4 em ssion in the non-selection period. To solve the problem for exanple,
as showmn in FIG 17, in the organic EL display of the active matrix
driving swsxm®m/o|md4or gani ¢ EL el ement 601 which emts 5 rdmIpkoghnr4ae a

| um nance proportional to the current value of the current flow ng inside,
a transistor 602 which functions as a switching elenent, and a transistor
605 for passing a driving current through the organic EL el enent 601 in
accordance with a gate 10 vol tage applied4by the transistor 602 are

di sposed for each pixel. In this display, when the pul se signal is
inputted into a scanning |ine 603 by a scanning driver in the selection
period to sel eehithieotnr anstbeonoBObelechnent pariedthe scanning |ine 603, a
signal voltage 15 for passing a driving current having a predeterm ned
current val ue throufh ShdVier dhei PEOPLED5 iLOTaSFRI®d & 0 25a SRl i ne 604
by the data driver. Then, the voltage is applied to gat .elect%ode of

t he transistoFIGGS}7anénlGﬁ?n&ﬁ@énégtgLiélﬁgﬂﬁﬁeﬁfiﬁgﬁhécgévﬁapg &l*&ct r ode
of the transistor 605. Accordingly t he ansi st or, I s.bro into the
on state, the ddiV¥PHgSES F@ﬂtaﬁaQFﬁﬁn&Cgﬁéd§ F8ﬁnFn%§§c§§-§ﬁc§§@#Fh t he
vol t age val ue plied.to the gate_el ect t:hr.au t nic EL

el ement 801 fr Eﬁa&bg r 228 PglPﬁ&CErgﬁgﬁgﬁﬁﬁgﬁﬁé,tgngafhg%égﬁﬁﬁic EL

el enent 601 em tl;[?‘l ﬁte ggr lght. 3t Jthe f'l%:&?i?l%nhﬁ%s'ir&eac%Ort(i%@l%%st‘éﬂﬂ h the

current val ue §f iving current. In the W 2004/ 001714
PCT/JPZOOS/OO?%%% which functions as a switching element, and a
transistor 605 for passing a driving current through
the organic EL element 601 in accordance with a gate
10 voltage appiied by the transistor 602 are disposed for
each pixel. 1In this display, when the pulse signal is
inputted into a scanning line 603 by a scanning driver
in the selection period to select the transistor 605
connected to the scanning line 603, a signal voltage
15 for passing a driving current having a predetermined
current value through the transistor 605 is applied to
a signal line 604 by the data driver. Then, the
voltage is applied to a gate electrode of the
transistor 605, and luminance data is written in the
20 gate electrode of the transistor 605. Accordingly,
the transistor 605 is brought into the on state, the
driving current having a gradation in accordance with
the voltage value applied to the gate electrode
flows through the organic EL element 601 from a power
25 via the transistor 605, and the organic EL element
601 emits the light at the luminance in accordance

with the current value of the driving current. In the



5 non-sel ection period after the selection period, even when the
transistor 602 is in an off state, the electric charges continue to be
hel d i n avoorodaeaelsni th a vol tage between gate and sourrga/rrRodaslee7430
transistor 605 5 by a parasitic capacity between the gate and source of

the transistor 605, and accordingly the driving current

conti

nues to be

passed through the organic EL el enment 601. As descri bed above, the driving
current is principally controlled by thedvoltage value of the 10 gate

vol tage of the transistor 605 outputted in the selection period to emt
the light fromthe organic EL elenment 601 at a predeterm ned gradation

| um nance. | n genesalectoont hertpdnsifsesr tha eranpelonr esrdPdnce depends on

an anbi ent tenperature, and the 15 channel resistance _chan
for a long tinevenTwbesf she, tyagatetenr 88Rokd ¥BI BgeTENGRG

of. tinme, and the gate threshold voltage, of eggg transi stor, i
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continues to be passed through the organic EL element

601. As described above, the driving current is

principally controlled by the voltage value of the

10 gate voltage of the transistor 605 outputted in the

selection period to emit the light from the organic EL

element 601 at a predetermined gradation luminance.

In general, for the transistor, a channel

resistance depends on an ambient temperature, and the

15 channel resistance changes by the use for a long time.

Therefore, a gate threshold voltage changes with

elapse of. time, and the gate threshold voltage of

each transistor in the same display region varies.

Therefore, when the voltage value of the voltage

20 applied to the gate electrode of the transistor 605 is

controlled, the value of the current flowing through

the organic EL element 601 is controlled.

In other

words, when a level of the voltage applied to the gate

electrode of the transistor 605 1s controlled,

it is

25 difficult to exactly control the luminance of the

organic EL element 601.

To solve the problem, a technique of controlling



6 the lum nance by the current value of the current, not by the |evel of
the voltage applied to the transistor has been researched. That is,
i nst ead oWwomoebtiage designating systemin which the | exaljpeéostobmzgat e 5

voltage is designated in the signal line, a current designating systemin
whi ch the current value of the current flow ng through the organic EL
elenment is directly designated for the signal line is applied to the

active matrix driving systemof the organi® EL 10 display. However, in the
organi c EL display of the current designating system the current val ue of
the designated current is constant in the selection period when the

desi gnat ed cur tast lumipassedbyHohevenrrehén veheeldicfhcesitFgnte &P he

designated current is small, nmuch tinme is reguired until the voltage is
brought into abgt&heoderelsdt &hisy voREadesipgRated &6r okt traffdSéCdre, the
organic EL el enent does not emt the [|ight at a desjred |um.nance, and

this results i hag beedr sgsiearahssl-ay TGadl ity &PSFﬁédofﬁhﬁigOéEa@Féplay. on
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current flowing through the organic EL element is

directly designated for the signal line is applied to

the active matrix driving system of the organic EL

10 display.

However, in the organic EL display of the current
designating system, the current value of the designated
current is constant in the selection period when the
designated current is passed. However, when the

15 current value of the designated current is small, much
time is required until the voltage is brought into
a stationary state by the designated current.
Therefore, the organic EL element does not emit the
light at a desired luminance, and this results in a

20 drop in display quality of the organic EL display.

On the other hand, when the selection period is
lengthened, selection time becomes longer than a time
for bringing the voltage into the stationary state.
However, when the selection time lengthens, a display

25 screen blinks. In this manner, the drop in the display
quality of the organic EL display is caused.

Therefore, an advantage of the present invention



7 is to performhigh-quality display. Disclosure of the Invention To
obtain the above-descri bed advantage, according to one aspect of the
present | woembd/anyisf or exanple, 5 as shown in FIGS. 1, I T/IP200308743d5,
there is provided a display apparatus conprising: a plurality of pixels
(e.g., pixels P1,j) which are disposed in intersecting portions of a
plurality of scanning lines arranged in a plurality of rows (e.g., 10
sel ection scanning lines X1 to Xm power stanning lines Z1 to Zm and a
plurality of signal lines arranged in a plurality of colums (e.g., signal
lines Y1 to Yn) and which conprise optical elenments (e.g., organic EL
el ements Ei,j) ieptdoc gldnfcope tdtdhnguad id drdWd@m@eurrent 15 flowing in
accordance with a gradation current fromthe signal |ine;, and reset neans
(e.g., current/voltage changddveglosiere ohstire 107§ Fb¢Rsetting a potenti al
of the signal 1line in accordance with electrjc (gha({rhgestchargegcoirn fhe 20
signal line by the graddttai cite oYY TRV T TRYRI2YY, FCoU it
voltage VR). In the present in tion, when the pixel o h et er mi ned
rowis sel ected® tHE GFSREAST (ﬂf/?{her iteSF vﬂsmf%I?%luong ega%% %%}n%]leéj’l i ne.
However, even when .a 25 di](‘)é}le nce bleq t pf)éen&ilﬁll sgt dPRied
stat i pnar5y by ﬁ%ék@%a]trf (%f'r rcle’nt ’}Agl\;eé]’ng hrough the sigrhal  1ine for
the pixel of the previous, row and the, W3 2004/ 001714 PCT/ JP2003/ 007430
a plurality of pixels (e.g., pixels Pi,j) which
are disposed in intersecting portions of a plurality of
scanning lines arranged in a plurality of rows (e.g.,
10 selection scanning lines Xq to Xy, power scanning lines
71 to Zp) and a plurality of signal lines arranged in
a plurality of columns (e.g., signal lines Yj; to Yp)
and which comprise optical elements (e.g., organic EL
elements Ej §) optically operating by a driving current
15 flowing in accordance with a gradation current from the
signal line; and
reset means (e.g., current/voltage changeover
portions 7, 107) for setting a potential of the signal
line in accordance with electric charges charged in the
20 signal line by the gradation current to a reset voltage
(e.g., a reset voltage VR).
In the present invention, when the pixel of the
predetermined row is selected, the gradation current
flows through each signal line. However, even when a
25 difference between the potential set to be stationary

by the gradation current flowing through the signal

line for the pixel of the previous row and the



8 potential of the signal line to be set to be stationary by the gradation
current passed through the signal line for the pixel of the next rowis

| ar ge, andaives/eurrient val ue of the gradation current fraT/IPhe3next3o pi xel
is 5small, areset voltage is applied to the signal line inmediately
before the next row Therefore, the signal Iine can quickly be set to be
stationary at the voltage in accordance with the gradation current for the
next row. 10 Moreover, according to anottfer aspect of the present
invention, there is provided a display apparatus conprising: a signal |ine
(e.g., signal lines Y1 to Yn) to which a current is sup%Iied SQ as to
obtain an 15 apbitendriplcofr éhe vabnel ddngptiockle sedmbst PeeS5§atioPgaNi ¢ EL
elenments Ei,j) which optically behaves in accordance with the _cyrrent
val ue of the chbur dhe Oresiigov surrend; agised theoughy 136 ﬂ&ﬂa&ngﬁe

vol tage supply neans for supplying a stationary voltage i,ch s e
current val ue dPr {Hhe é’l}ﬁeéntoglt@ﬁ R h Sl H &@rﬁegnﬁn\%qitﬁlée tcgltrﬁ):eetnr%

07 35 | n e BRARER, AT o o rRa e dtted
eet S o R T B e SR
immediately before the next row. Therefore, the signal
line can quickly be set to be stationary at the voltage’
in accordance with the gradation current for the next
row.

10 Moreover, according to another aspect of the
present invention, there is provided a display
apparatus comprising:

a signal line (e.g., signal lines Yj to Yp) to
which a current is supplied so as to obtain an

15 arbitrary current value;

an optical element (e.g., organic EL elements
Ei,j) which optically behaves in accordance with the
current value of the current flowing via the signal
line; and

20 stationary voltage supply means for supplying
a stationary voltage which sets the current value of
the current flowing through the signal line to be
stationary to the signal line (e.g., current/voltage
changeover portions 7, 107).

25 In the present invention, when a micro current is
passed through the signal line, at the current value of

the micro current, the electric charges accumulated in



9 a capacity connected to the signal line beforehand are insufficiently
shifted in a predeterm ned period, and so it is difficult to set the
current veloumogboittie mcro current to be stationary. EwsETt/dPRowhosidcase, 5
since the stationary voltage supply neans supplies the stationary voltage

to the signal line, an electric charge anount of the capacity connected to
the signal 1line can forcibly be changed so that the mcro current passed
t hrough the signal line can quickly be set®to be 10 stationary. According

to anot her aspect of the present invention, there is provided a driving
met hod of a display apparatus conpri si n%gg plurality of pixels Oge. g.,

pi xel s P1,j) wh ctersra o spogettied ith disedidpl Isippphgioneihema FAqral ity
of scanning lines arranged in a plurality of rows (e.g., selection cfcanni ng
lines X1 to Xmngpoiiicienin riived 22 Puafetmiiasd Beiidd B9 si gnal
lines arranged in a plurality of colums  (e.qg., signal.line 1 to Yn) and
whi ch conpri se 9 igptic ALl £ S5 Ty g‘gﬁlﬁe ‘éar]eliﬁancfi téi‘e,j )
optically operating by a driving current flowng.in .accordance with a

gr adat i on curré‘?‘ﬁtm‘fgq o#?%eem'si%g‘fe T5H ,Orf&?’%y‘rre?@%%q clonrrpér)il{lsalancga}Séz;\tI gr adat i on
current ep of passi t he .gradat.i 5 t i | i nes;
and a reset vold esj{&g% %’%a%%%%?]éé?‘ﬂ%léa%%%e‘ﬁﬁﬁaﬁf %ﬁgtﬁ%%é@aﬁé(:%n%?h
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charge amount of the capacity connected to the signal
line can forcibly be changed so that the micro current
passed through the signal line can quickly be set to be
10 stationary.
Accofding to another aspect of the present
invention, there is provided a driving method of
a display apparatus comprising a plurality of pixels
(e.g., pixels Pi,j) which are disposed in intersecting
15 portions of a plurality of scanning lines arranged in
a plurality of rows (e.g., selection scanning lines X4
to Xy, power séanning lines Z7 to Zp) and a plurality
of signal lines arranged in a plurality of columns
(e.g., signal lines Y to Yp) and which comprise
20 optical elements (e.g., organic EL elements Ei,j)
optically operating by a driving current flowing in
accordance with a gradation current from the signal
line, the method comprising:
a gradation current step of passing the gradation
25 current through the signal lines; and
a reset voltage step of displacing a potential in

accordance with electric charges charged in the signal



10 lines setting by the gradation current to a reset voltage. In the
driving nethod of the display apparatus according to the present
i nvent i onwosiongenittae potential 5 in accordance w th thealmetasioe7sdhnar ges

charged in the signal lines by the gradation current in the gradation
current step is displaced to the reset voltage at the reset voltage step,
the current flowing through the signal line can quickly be set to be

stationary at 10 an arbitrary current vald@. Brief Description of the
Drawings FIG 1 is a circuit diagramshowi ng a concrete node of a display
apparatus to which the present invention is applied; 15 FIG 2 is a
schematic pl anlvhew shetthggabpi ke etradgidon]cuprent3tpsaargééti onal vi ew
along line IlIl-11l1 of FIG 2; FIG 4 is a sectional viewalong line IV-1V
pf 20_FIG: 2;V§ﬂEﬁg§-is a secti onal yieM/anng i ne V-V of FIG. 2; F!G. 6
form 25 FIG 7 s dnditegr SHSHON AEEGTT & H5 (IS0 WnACier et i cs of a
fieldeffect transisior of RN 2RanReh LR MO 290U0U fotential
5 in accordance with the electric charges charged in the
signal lines by the gradation current in the gradation
current step is displaced to the reset voltage at the
reset voltage step, the current flowing through the
signal line can quickly be set to be stationary at
10 an arbitrary current value.
Brief Description of the Drawings
FIG. 1 is a circuit diagram showing a concrete
mode of a display apparatus to which the present
invention is applied;
15 FIG. 2 is a schematic plan view showing a pixel of
FIG. 1;
FIG. 3 is a sectional view along line III-III of
FIG. 2;
FIG. 4 is a sectional view along line IV-IV of
20 FIG. 2;
FIC. 5 is a sectional view along line V-V of
FIG. 2;
FIG. 6 is a circuit diagram showing a plurality of
pixels arranged in a matrix form;
25 FIG. 7 is a diagram showing current/voltage

characteristics of a field-effect transistor of an N

channel type;



11 FIG 8 is atimng chart of a signal in the display apparatus of FIG
1; FIG 9A is a diagramshowing the voltage of the current flow ng through
a signal Wwomodenittie di splay 5 apparatus of a conparat inca/pzenspbs3o n whi ch
a current/ voltage changeover portion is renoved fromthe display
apparatus of the present invention, and FIG 9B is a di agram show ng the
vol tage of the current flowng through the signal line in the display
apparatus of 10 the present invention; FI& 10 is a circuit diagram
showi ng a concrete node of another display apparatus to which the present
invention is applied; FIG 11 is a timng chart showing a level of 15 a
signal in the displ ajI@pparasus bimbnG chart oG a19ignah ERrEdet di agram
showi ng the concrete node of another display apparatus to which the
present inventdigplay appipdleatus @ HBGisla circuit di agram showing the
concrete 20 node of another display apparatus to _which fhe present
ﬁgﬁg l% 8§egﬂ

invention is appliedf 1@ @R14Si3 4 8P SRR PIshbR K tAE®I 8Vel"Bf the
sy anal I, Lo CLeplaYe SPRALALYSRLAELE 1 181 gEL 6 1 155! tepL G g agram
present 4yt o LS RREkL SBofhhedtale Sxdhasl o SRNAS. 0 PRl on
voltage changeover portion is removed from the display
apparatus of the present invention, and FIG. 9B is
a diagram showing the voltage of the current flowing
through the signal line in the display apparatus of
10 the present invention;

FIG. 10 is a circuit diagram showing a concrete
mode of another display apparatus to which the present
invention is applied;

FIG. 11 is a timing chart showing a level of

15 a signal in the display apparatus of FIG. 10;

FIG. 12 is a circuit diagram showing the concrete
mode of another display apparatus to which the present
invention is applied;

FIG. 13 is a circuit diagram showing the concrete

20 mode of another display apparatus to which the present
invention is applied;

FIG. 14 is a timing chart showing the level of the
signal in the display apparatus of FIG. 13;

FIG. 15 is a circuit diagram showing the concrete

25 mode of another display apparatus to which the present

invention is applied;

FIG. 16 is a diagram showing an equivalent circuit



12 of a pixel of a liquid crystal display; and FIG 17 is a diagram show ng
the equivalent <circuit of the pixel of a display apparatus of a voltage
desi gnat i w@ 109p@176 Best Mode for Carrying Qut the | nverrdmarr2003/60T430

Enbodi ment] Concrete nodes of the present invention will be described
hereinafter with reference to the drawings. Additionally, the scope of the
present inventionis not 10 limted to shown exanples. FIG 1 is a diagram
showi ng a display apparatus to which thelgresent invention is applied. As
shown in FIG 1, a display apparatus 1 is basically constituted to

i nclude an organic EL display panel 2 which perforns 15 col or display by an
active matrix drf\d misslteina ahdiuid démasmfv@rsral@w cPasses a gradation
designating current (gradation current) sink through the organic EL

di spl ay panel 2. HerBlGa k7 nkscarfdendras sheWiRrentheiedwm Hglfhta direction

of each of signal lines Y1 to Yn 20 fromeach of pixels P1, 1fto Pm n
descri bed | at erciropht Rharie B st & %a%]raié PRILAESS A t ranspar ent

substrate 8; a disp]ay portion 4 as di splay region in which an inmage is
substantial |y %i%ﬁ%%%%;é%s%@?%ﬁ?%ﬁt%%%hni ng driver 5 di sposed 25 around

t he di splbay portion 4, ehSaRt,g%C{Sde i@o &%agiiel?gok%_gheeg%eoﬁiw\er scanni ng

driver 6;and a curren age Change ion orma basic WD
2004/ 001714 PCT/JP20?§{99€4§Hbodiment]

Concrete modes of the present invention will be
described hereinafter with reference to the drawings.
Additionally, the scope of the present invention is not

10 limited to shown examples.

FIG. 1 is a diagram showing a display apparatus to
which the present invention is applied. As shown in
FIG. 1, a display apparatus 1 is basically constituted
to include an organic EL display panel 2 which performs

15 color display by an active matrix driving system, and
a data driver 3 which passes a gradation designating
current (gradation current) sink through the organic EL
display panel 2. Here, a sink current is a current
flowing in a direction of each of signal lines Y; to Yp
20 from each of pixels P11 to Py n described later.
The organic EL display panel 2 includes:
a transparent substrate 8; a display portion 4 as
a display region in which an image is substantially
displayed; a selection scanning driver 5 disposed
25 around the display portion 4, that is, in a non-display
region; a power scanning driver 6; and a current/

voltage changeover portion 7, to form a basic



13 constitution. These circuits 4 to 7 are fornmed on the transparent
substrate 8. In the display portion 4, (nxn) pixels P1,1 to Pmn (m n are
ar bi t r ar ywmoetoos/ad17raunber s) are di sposed 5 on the transpameroswbsiBe ate 8
inamtrix form In a colum direction, that is, a |longitudinal direction,
m pixels Pl1,j to Pmj (j is an arbitrary natural nunmber, 1 <) <n) are
di sposed. Moreover, in arowdirection, that is, in a lateral direction, n
pixels Pi.1to Pi,n 10 (i is an arbitrar¥3natural number, 1 < i < m are
di sposed. That is, a pixel whichis i-th (i.e. i-th row) fromabove in the
| ongi tudi nal direction and j-th (i.e., j-th colum) fromthe left in the

| at er al direcbbnatﬁtuaiphxelTPE§?.Ci$CPﬁt§hé GPspl ayepdPirsA 2r he

selection scanning lines X1 to Xmextending in a row direction are

j uxt aposed in &reobpaeditr gbis§iass the transparent substrate 8. The m
power scanning lines Z1 to Zm extending in the rqow direction are di sposed
opposite 20 to sel edti e CHARIRY POTdSOR1 4o TR An® i agdsdd it he
colum direction on the transparent substrate-.8, HE%&Q

Zk (1 <- k <_ iy (@ dPsfosed™ éFﬁéghnﬁgfggﬁigﬁ'scan&?%g rF%e fﬁgnhlhe
(i nos ZmE1 and B g S AR | SRES T To e exCena g Ta The corum |
g1 TeCtl o 81 SIIROREL e A Ao ORI T anRnln St at e
pixels P, to Pp, 4 (j is an arbitrary natural number,
1 <3 £ n) are disposed. Moreover, in a row direction,
that is, in a lateral direction, n pixels Pj, 1 to Pj n
10 (i is an arbitrary natural number, 1 £1i £ m) are
disposed. That is, a pixel which is i-th (i.e. i-th
row) from above in the longitudinal direction and j-th
(i.e., j-th column) from the left in the lateral
direction is a pixel Pj, 5.
15 In the display portion 4, m selection scanning
lines Xi to Xy extending in a row direction are
juxtaposed in a column direction on the transparent
substrate 8. The m power scanning lines Zj to Zp
extending in the row direction are disposed opposite
20 to selection scanning lines Xj to Xp and juxtaposed in
the column direction on the transparent substrate 8.
Each power scanning line Zp (1 £ k < m-1) is disposed
between selection scanning lines X} and Xy41, and
selection scanning line Xy is disposed between power
25 scanning lines Zy-1 and Zp. The n signal lines Y3 to

Y, extending in the column direction are juxtaposed in

the row direction on the transparent substrate 8, and



14 these selection scanning lines X1 to Xm power scanning lines Z1 to Zm

and signal lines Y1 to Yn are insulated fromone another by insulation
films di spaswds/errorlg these. The sel ection scanni ng | i neCAvIPaoid/opoder 5
scanning line Zi are connected to n pixels Pi,I to Pi,n arranged in the
row direction, the signal line Y] is connected to mpixels P1,j to Pmj
arranged in the colum direction, and the pixel Pi,j is disposed in a
position surrounded with the selection scdfning line 10 Xi, power scanning
line Zi, and signal line Yj. Next, each pixel Pi,j will be described with

reference to FIGS. 2, 3, 4, 5, and 6. FIG 2 is a plan view show ng the
pi xel Pi,j. To thade isatectimierseaniing nginexiXat Forkmnse@es ofc3Mphed 41,
channel protective 15 insulation filns 45  and a commpn el ectrode 53 are

omtted from tHeFeyhe trifm P13 HEt ijo}ms WEWC aforgr ¢ i Hestated| of
LG 2 PG Lt SR O e el P LG, Zuogtd HI G S
C oy L o0l B POl P Sl L B o e L) e
o Fent e 40D ARSI Lo 5 s bR 2D
et 5] SO PSR AR SR Lundhe e

connected to m pixels Pj 4 to Pp, 4 arranged in the

column direction, and the pixel Pj 4 is disposed in

a position surrounded with the selection scanning line

10 Xi, power scanning line Zj, and signal line Yj.

Next, each pixel Pi,j will be described with
reference to FIGS. 2, 3, 4, 5, and 6. FIG. 2 is a plan
view showing the pixel Pj 4. To facilitate understand-
ing, oxidation insulation films 41, channel protective

15 insulation films 45, and a common electrode 53 are
omitted from the figure. FIG. 3 is a sectional view
along line III-III of FIG. 2, FIG. 4 is a sectional
view along line IV-IV of FIG. 2, and FIG. 5 is a
sectional view along line V-V of FIG. 2. FIG. 6 is

20 an equivalent circuit diagram of four adjacent pixels
Pi,yr Pi+1,3, Pi,3+1r Pivi,5+1-

The pixel Pi, 5 is constituted of an organic EL
element Ej 4 which emits light at a luminance in
accordance with the current value of the driving

25 current, and a pixel circuit Dj, 5 which is disposed
around the organic EL element E;j 4 and which drives the

organic EL element Ej 4. The pixel circuit Dj 4 holds



15 the current value of the current flow ng through the organic EL el enent
Ei,] in a given emssion period based on signhals outputted fromthe data
driver 3,wosmbgatiran scanning driver 5, and power scannipay/mProoz®n74306 to
hol d an em ssion | um nance of the organic EL elenent Ei,j to be constant
for a predeterm ned period. The organic EL elenent Ei,j includes a stacked
structure in which a pixel electrode 51 functioning as an anode on the
transparent substrate 8, an organic EL 101$ayer 52, and the conmon

el ectrode 53 function as a cathode are stacked in order. The organic EL

| ayer includes function of transporting a hole and electron |nplanted by
an electric fiefde aRarPREl Hadyeaofr BhBoRBIrHRENEediloNPE ﬁhreﬁghﬂghe
transported hole and, 15 el ectron are re-bonded and an enission,region in
whi ch an excit BRIgBAEr BlLe8lBPRheltedboRdPNGLVERCSPLGPEAR: BET t he

[ight to f ti m i | i b . . Ih i |

e:gctroge ggcigggigaegﬁeggb%g gn8F€¥§é5EHZ%rP%?%gﬁiﬁgggngl%F?}§?n regi ons
ded with t i | L0 i i .other..in_th

ool T oee (isb8oriafiaLabhifs dr308808 SaLAC kel EARM AR S Bt Ne |

sel ecti ons scannjngol LBes Xh A Xax o BRshohecalcedge okouheoekectrode i s

coatgd.mﬁth an 5 Interl: I'nsulation 4 including silicon n!tride
or silicon oxidgiwhtRtWeich tBree EpABSLAEORS 2], ?%gdet%ﬂ%m(ﬂ'le@a%@r@b&@'

circuit Di,j are coated, “add a m ddl e WO 2004/ 001714 PCT/ JP2003/ 007430
The organic EL element Ej 4 includes a stacked
structure in which a pixel electrode 51 functioning as
an anode on the transparent substrate 8, an organic EL
10 layer 52, and the common electrode 53 function as
a cathode are stacked in order. The organic EL layer
includes function of transporting a hole and electron
implanted by an electric field, and includes a
re-bonding region in which the transported hole and
15 electron are re-bonded and an emission region in which
an exciton generated by the re-bonding is captured to
emit the light to function as an emission layer in
a broad sense.
The pixel electrode 51 is patterned to be divided
20 for each pixel Py, in regions surrounded with two
signal lines disposed adjacent to each other in the
signal lines Y7 to Y, and two lines disposed adjacent
to each other in the selection scanning lines X1 to Xyp.
A peripheral edge of the electrode is coated with an
25 interlayer insulation film 54 including silicon nitride
or silicon oxide with which three transistors 21, 22,

23 of each pixel circuit Dj 4 are coated, and a middle



16 upper surface of the electrode is exposed by a contact hole 55 of the

i nterlayer

insulation filmb54. For the interlayer insulation filmb54, a
second | ayer20hoeored of

the insulation filmmade of suclecazippaiBpomidde may 5

further be disposed on a first layer of silicon nitride or silicon oxide.

The pi xel

el ectrode 51 has not only conductivity but also a transm ssion

property to a visible light. The pixel electrode 51 has a relatively high
work 10 function, and preferably efficientPy inplants the hole into the
organic EL | ayer 52. For exanple, the pixel electrode 51 is formed of
films including main conponents such as tin-doped indiumoxide (ITO,

zi nc- doped i ndupmeax isther;f aicediofmtbxi @8 eCitn20R) 1st iexPPsesk itde 3 SR

oxide (ZnO . The organic EL layer 52 is fornmed in the filmon

Cind zinc

each pi xel

el ectrode 51. TedeobFamifc the [iajerlsyeirs inguda tignt driddd Yor &2 kel
P1,j. The organic EL |ayer 52 caontains an em Ssi oné}rﬁat erial (fluo esfrcrgnt
digariad ieemfduid y be

20 material) wiindienlavet

Shue 159569

SIS it EShl©

ei ther a pol yner-based terial or | ow ol ecul ar t.erial . For exanple,
as shown in FI Gh%,lwagﬁhifglﬂm%ero\,\%f o ?oonﬁflﬁncﬁ%dénaépdoubl e
e in.which a .hole 25 tran rf,. | - eMSSian
fqérlﬁﬁdﬂm%seeﬁjs]esp&ﬁee ioglpoas:ﬁgq:l%]t or ee;r Egﬂg\n%algqp(?d%el te%glect rode

| ayer structur
| ayer 52B i n

51 side.

The em ss

10

15

20

25

or s
The pixel electrode 51 has not only conductivity
but also a transmission property to a visible light.

The pixel electrode 51 has a relatively high work

function, and preferably efficiently implants the hole

into the organic EL layer 52. For example, the pixel
electrode 51 is formed of films including main
components such as tin-doped indium oxide (ITO),
zinc—-doped indium oxide, indium oxide (InpO3), tin
oxide (SnOp) and zinc oxide (Zn0).

The organic EL layer 52 is formed in the film on
each pixel electrode 51. The organic EL layer 52 is
also patterned for each pixel Pj 5. The organic EL
layer 52 contains an emission material (fluorescent
material) which is an organic compound, but the
emission material may be either a polymer-based
material or a low-molecular material. For example,
as shown in FIG. 3, the organic EL layer 52 may also
include a double layer structure in which a hole
transport layer 52A and an emission layer 52B in
a narrow sense are disposed in order from a pixel

electrode 51 side. The emission layer includes the

ii'&éo %%dkﬂ£|Udes t he WD 2004/ 001714 PCT/ JP2003/ 007430



17 re-bond region in which the electron and hole are re-bonded and the
em ssion region in which the exciton generated by the re-bonding is
captured w® ®od/oirtie | ight. The |ayer may al so include:pca/tphosmotayers 5
structure including the hole transport |ayer, the emssion layer in the
narrow sense, and the electron transport layer in order fromthe pixel

el ectrode 51 side; a one-layer structure including the em ssion layer in
the narrow sense; a stacked structure in 10 which an inplantation |ayer of
the electron or hole is disposed between appropriate layers in the |ayer
structure; or another |ayer structure. In the organic EL display panel 2
full color di spFayndr reglivh- ¢ol vhidhsphey elecsesi BRE hpdet RS 15 case ,
the organic EL |ayers 52 of the respective pixels Pi, i ’

e or i,| to Pi,

eni ssi on Iayersekhonﬁedbﬁaddtb@n@@}SSWRPcﬁeﬁé@@,iPoWhé§§n%p€te%c3%ﬁ@tion of
emtting the light of any of red, green, hlue. That is, when %Fh of the
plrelstPl,l Logpnéga§éﬂeéﬂiFéﬁyr@ﬁpp§dﬂﬁ€ HSgEP rgg'igdfmdFegne bl ue

col or tone obtained by appropri- ately synthesizin I ’ :
drspl ayed. Theloflan oTEE Vayer 82 SR I o e oy e °" P8

el ectronical Iy neutral organic.co und, -an r.di ngl h I d
electron5are !ﬁﬁFaﬁF86ea&%C§§dﬁP~HE%%%?%62%3”¥ﬁ%§§?g%2%?%ﬁi ﬁg%grESgh A
material havi “%Iigs%&r%'ne;ita&ﬁef} LLANSRONL, R RP & dNE JTRY: RDRIRPId 1@ &In6n be m xed

in the enissioff | e narrow sense, WO 2004/ 001714 PCT/ JP2003/ 007430
transport layer in order from the pixel electrode 51 :
side; a one-layer structure including the emission
layer in the narrow sense; a stacked structure in

10 which an implantation layer of the electron or hole is
disposed between appropriate layers in the layer
structure; or another layer structure.

In the organic EL display panel 2, full color
display or multi-color display is possible. In this

15 case, the organic EL layers 52 of the respective pixels
P;,1 to Pi, n are emission layers in the broad sense,
which have, for example, a function of emitting the
light of any of red, dgreen, blue. That is, when each
of the pixels Pj 1 to Pji n selectively emits the light

20 of red, green, blue, color tone obtained by appropri-
ately synthesizing these colors can be displayed.

The organic EL layer 52 is preferably formed of
an electronically neutral organic compound, and
accordingly the hole and electron are implanted and

25 transported by the organic EL layer 52. A material
having an electron transport property may appropriately

be mixed in the emission layer in the narrow sense,



18 a material having a hole transport property may appropriately be m xed
in the emssion layer in the narrow sense, or the materials having the

el ectr on waooofiwiielst r ansport properties nmay appropri at elpCThrP2en3oets3d i n t he
em ssion layer in the narrow sense. A charge transport |layer which is an
el ectron transport layer or a hole transport |layer may function as the
re-bond region, and the fluorescent material may also be mxed 1in the
charge transport layer to enit the light.180 The conmon el ectrode 53 forned
on the organic EL layer 52 is one el ectrode connected to all the pixels
P1,1 to Pmn Instead, the common el ectrode 53 may also be a plurality of
striped el ect r edestesrirdcthed ity 2edsH & SIUARPPAThNLANREY FRYa stri ped

common el ectrode 15 connected to a group of pixels P1,h-1taq P%h-l (his
an arbitrary napprabmghsdy Hfd Bixed 18 Pheenifs iy imitdifedtton, . or a

striped conmon el ectrode connected to a gr.o of, pixels P1 tog P -
Add: ltoi onal |y, EREEEMHSE ey dde ﬁ@%% Sgg‘aamfg?} Eﬁlﬁ?zﬁjﬁ%rﬁfﬂ satrHrC?ped
el ectrodes connected t I . t1tuted . tri ‘

ibebberonite R RN AR AR ST N N
arbitr ary nat ur al Ctgltrjﬁ]nie)egl{ie%nj?oonz%ipep)irgftﬁ qﬁ%wsdép&gé.l oy Ay AyeStriped

common elPect r odd* a group o g,1 to Pg,,n.” I n any

case, the co G IS ri | i | dam theesedection

a hole transport layer may function as the re-bond
region, and the fluorescent material may also be mixed
in the charge transport layer to emit the light.

10 The common electrode 53 formed on the organic EL
layer 52 is one electrode connected to all the pixels
P1,1 to Pp,n- Instead, the common electrode 53 may
also be a plurality of striped electrodes connected to
each column, constituted of a striped common electrode

15 connected to a group of pixels Pj, h-1 to Py h-1 (b is
an arbitrary natural number and 2 < h < n) of the
column direction, or a striped common electrode
connected to a group of pixels Py, n to Py p.
Additionally, the common electrode may also be a

20 plurality of striped electrodes connected to each
column, constituted of a striped common electrode
connected to a group of pixels Pg-1,1 to Pg-1,n (g is
an arbitrary natural number and 2 = g = n) of the row
direction, to a striped common electrode connected to

25 a group of pixels Pg,1 to Pg,n-

In any case, the common electrode 53 is

electrically insulated from the selection scanning



19 Iine Xi, signal line Y], and power scanning line Zi. The conmon

el ectrode 53 is forned of materials having a |ow work function, such as
one unit wacloodomgisat | east one of indium magnesi um aTeiPamm3/ obihi um 5
barium and rare earth netal, and an alloy. The commobn el ectrode 53 nmay

al so include the stacked structure in which a plurality of |ayers of
various material are stacked. Concretely, the common el ectrode may i ncl ude
a stacked structure of a high-purity bari &flayer 10 having a | ow work
function, disposed on an interface side in contact with the organic EL

| ayer 52, and an alum numlayer with which the barium|ayer is coated, or
a stacked strudtimre Xiin whiggtalt Hé e thj,umnidypewess saiingpased ing &1 -ower

| ayer and the alum numlayer is 15 di sposed in an upper |ayer. \Wen the

pi xel el ect r odghes Tomsogs Rt i ity it dd@Tgde Bavd e

light emtted fromthe organic EL |layer 52 of the ., organic, EL display panel
2 is emtted vida e Witk T EQ o B a5h O] rHsp udslﬁ’tgsta?taltoe g gi de,

the 20 comon el ectrode 53 pref.erably has .a _shield property . wth respect
to the Iight eﬁiecatsetd Froft H@%r@%ni S W erCB 2T W lu%lhu\%

er’ preferably

has a high 1l Lecty.on RIPRELLY JLLIL nashect 4oy te Ji iy emid edbtam the

organic escribed above,” in the or el enent Ei, |
o onenne s SRR P ER S A SR

which a plurality of layers of various material are
stacked. Concretely, the common electrode may include
a stacked structure of a high-purity barium layer

10 having a low work function, disposed on an interface
side in contact with the organic EL layer 52, and an
aluminum layer with which the barium layer is coated,
or a stacked structure in which the lithium layer is
disposed in a lower layer and the aluminum layer is

15 disposed in an upper layer. When the pixel electrode
51 is assumed to be a transparent electrode, and the
light emitted from the organic EL layer 52 of the
organic EL display panel 2 is emitted via the pixel
electrode 51 on a transparent substrate 8 side, the

20 common electrode 53 preferably has a shield property
with respect to the light emitted from the organic EL
layer 52, and further preferably has a high reflection
property with respect to the light emitted from the
organic EL layer 52.

25 As described above, in the organic EL element Ej 4
which has the stacked structure, when a forward bias

voltage is applied between the pixel electrode 51 and



20 common el ectrode 53, the hole is inplanted in the organic EL |ayer 52
fromthe pixel electrode 51, and the electron is inplanted in the organic
EL | ayer @® 2004/@01vtshe conmon el ect rode 53. Moreover, thedraireomndr430

el ectron are transported by the organic EL |ayer 52, the hole and el ectron
are re-bonded in the organic EL |ayer 52 to generate the exciton, the
exciton excites the organic EL layer 52, and the organic EL Iayer 52

emts the light. 10 Here, an em ssion | uni A@nce (unit cd/ n2) of the

organic EL elenent Ei,j depends on the current value of the current
flow ng through the organic EL el enent The em ssion | um nance of the
organi ¢ EL el enEARMOR| SjLepdrReft Sto Eéecbﬁgﬁahﬁ Fﬁpéﬁnéﬁﬁséﬂoﬁhﬁerlod of 15
the organic EL el ement Ei éhe em ssion |l um nance is set

accor dance mﬁthofﬂénéﬁrgénbaV§Fu Zof TQm gpﬁdBP?SA §F6ﬁ§F°9§tEéttéBdfron1the

data dri 3. h I th
cur rent val us of (PRELGE ﬁ%ﬁ9éﬁigpiﬁsﬁﬁéeen tﬁg gagapgsoﬁﬂdiayéﬁﬂ 2he

or gani ¢ EL el emgp mE%hE LB BAChy oRRLPhs: - BREN BEXC! LGLT GUIL Dy

i ncl udes the firs ransrstors COASL

thin-film tranélé&@&én(ggg)E?gﬁggékﬁkg E&f%ﬁ% B¥ Qn?%lﬁﬂ Na%?leﬁg”“e'

structure, and a capacitor i rst tranS|s Is a ef f ect

transistor of MoSetyBeccanst bt tedonlf adcgatepshaetr 9de WO 20844901%14
PCT/ JP2003/ 007430

layer 52 to generate the exciton, the exciton excites
the organic EL layer 52, and the organic EL layer 52
emits the light.

10 Here, an emission luminance (unit cd/m2) of the
organic EL element Ei,J depends on the current value
of the current flowing through the organic EL element
Ej,4. The emission luminance of the organic EL element
Ei, 5 is kept to be constant in an emission period of

15 the organic EL element Ej 4, or the emission luminance
is set in accordance with the current value of a
gradation signal outputted from the data driver 3.
For this purpose, the pixel circuit Di, 5 which controls
the current value of the organic EL element Ej 4 is

20 disposed around the organic EL element Ej, 5 for each
pixel Pi,j-

Each pixel circuit Dj § includes the first to
third transistors 21, 22, 23 constituted of thin-film
transistors (TFT) of a field effect type of an N

25 channel MOS structure, and a capacitor 24.
Each first transistor 21 is a field-effect

transistor of MOS type constituted of a gate electrode



21 219, gate insulation film42, sem conductor |ayer 43, source electrode
21s, and drain electrode 21d. Each second transistor 22 is a field-effect
t ransi st owoofoo4/0dDB 4t ype constituted of a gate el ectrode FAyIP2ai81087430
insulation film42, sem conductor |ayer 43, source electrode 22s, and
drain electrode 22d. Each third transistor 23 is constituted of a gate

el ectrode 23g, gate insulation film42, sem conductor |ayer 43, source

el ectrode 23s, and drain el ectrode 23d. 16@1Concretely, as shown in FIG 3,
the first transistor 21 is an inverse stagger type transistor including:
the gate el ectrode 21g forned of alum num disposed on the transparent
substrate 8; tMWa mxigitd dmsulestul et i Binlnf i4dm Mercigrmduciad yer 43,
anode- oxi di zi ng 15 al umi num di sposed so as to coat the_ gate el ectrode 21g;
the gate insul @Aured i¢kpadxdds ks ofard |4edkR F1e¢HedDr25¢ i derdxi de

wi th which the oxidation insulation film4l is ateq% t he, i sl and- shaped
sem conduct or S&ERIID AF I PO 4 heS dat el IR EEFONn FH3MT 42501 Hef 20

channel protective insulation film45_fornmed of. silicon itri formed on
the seni conduct®S I¥RS %%*?St?%%trg‘%y‘)f s%n‘?%%%a%]c?%t?rch?/e%%gﬂﬁgﬁ% di sposed
in opposite ends f the sem conductor. | a i1 of Llicon;
and the sburce JéTSeL?C:]JﬁJ%JO%n Z%?%njt}?ﬁr%?nﬁl%%cﬁ?gge %%5%@ %@%%%éf rom

chr o um chr ord el gy 52 ST o 2 Ut AU GLL oy Lo Egepne g mpuri ty

sem conduct or ayers 4 PCT/ JP2003/ 007430
transistor 23 is constituted of a gate electrode 23g,

gate insulation film 42, semiconductor layer 43, source
electrode 23s, and drain electrode 23d.

10 Concretely, as shown in FIG. 3, the first
transistor 21 is an inverse stagger type transistor
including: the gate electrode 21g formed of aluminum
disposed on the transparent substrate 8; the oxldation
insulation film 41 constituted by anode-oxidizing

15 aluminum disposed so as to coat the gate electrode 21g;
the gate insulation film 42 formed of silicon nitride
or silicon oxide with which the oxidation insulation
film 41 is coated; the island-shaped semiconductor
layer 43 formed on the gate insulation film 42; the

20 channel protective insulation film 45 formed of silicon
nitride formed on the semiconductor layer 43; impurity
semiconductor layers 44, 44 disposed in opposite ends
of the semiconductor layer 43 and film of nt silicon;
and the source electrode 21s and drain electrode 21d

25 selected from chromium, chromium alloy, aluminum,
aluminum alloy formed on the impurity semiconductor

layers 44, 44.



22 The second and third transistors 22 and 23 also have the sane
constitution as that of the first transistor 21, but a shape, size,

di mensi onwerf 20eqeh7140f the transistors 21, 22, 23, a chamalJradodton749é 5 t he
sem conductor |ayer 43, a channel length of the sem conductor |ayer 43,
and the like are appropriately set in accordance with the functions of the
transistors 21, 22, 23. Mireover, the transistors 21, 22, 23 may sinulta-
10 neously be fornmed in the sane process. 2Pn this case, the transistors
21, 22, 23 have the sanme conpositions of the gate el ectrode, oxidation
insulation filma41l, gate insulation film42, sem conductor |ayer 43,

i mpurity semi conductDre |saaarsl 4nd 4himbirEnsldarode? and Zhd i n

el ectrode. Even when the sem conductor |ayers 43 of the transistors 21,
22, 23 are anoipieudhsi 15a86n ConsiFfiuGiem adfr ithalg 9% TS but the

sem conductor |ayer, may al so _be pot§isilicqn or(fnnocrystahéine 20
silicon. The strgdSiceH 4he Wafsiy FL292 AR IOM G S ed to the

Capact tor 2. SRRk A ST bt rode Z4A° COMER e R A gate
The sour ce ol o0 G 228 BORHe THata) Sror il o (R &1 ™ ncl udi ng
a part of the gate insylatd.om fidm 42 Q204 00hdd 4 REURIFRA03 HATAB0
set in accordance with the functions of the transistors
21, 22, 23.
Moreover, the transistors 21, 22, 23 may simulta-
10 neously be formed in the same process. In this case,
the transistors 21, 22, 23 have the same compositions
of the gate electrode, oxidation insulation film 41,
gate insulation film 42, semiconductor layer 43,
impurity semiconductor layers 44, 44, source electrode,
15 and drain electrode.

Even when the semiconductor layers 43 of the
transistors 21, 22, 23 are amorphous silicon,
sufficient driving is possible, but the semiconductor
layer may also be poly-silicon or monocrystalline

20 silicon. The structure of the transistors 21, 22, 23
is not limited to the inverse stagger type, and may
also be of a stagger or coplanar type.

Each capacitor 24 is connected to an electrode 24A
connected to the gate electrode 23g of each third

25 transistor 23, an electrode 24B connected to the source
electrode 23s of the transistor 23, and a dielectric

including a part of the gate insulation film 42



23 di sposed between the el ectrodes 24A and 24B, and accunul ates electric
charges between the source electrode 23s and drain el ectrode 23d of the
transi st ow@B04/601Ast shown in FIG 6, in the respective SEIarrdoodtonansi st ors
22 of pixel circuits Di,1 to Di,n of the i-th row, the gate el ectrode 22¢g
is connected to the selection scanning line Xi of the i-th row, and the
drain electrode 22d is connected to the pomer scanning 10 line Zi of the
i-th row. The drain electrode 23d of eacB3third transistor 23 of the pi xel
circuits Di,1 to D ,n of the i-th rowis connected to the power scanning
line Zi of the i-th rom1 The gate el ectrode 21%_0f each first transistor 21
of the pixel cidiepossdDbetween theDielecsrodes i24Ph ancw4i® céifected to the
selection scanning line Xi of the i-th row, The source el ectrode 21s of
each first traasicanglazpsorlsictalcidhedides @fﬁWGQQ)qﬁﬁjSQHr%?j-th col um

i s connected to the signal_ line Yj .of the 0 In the pixels
P1,1 to Pm n 9 r£38 @R, dlj (90% ?gcfg%e %‘fs of the second
transi st or is Con3ﬁ§%§£3to t he gate eIectrode 23g of the third

transi st or 23 RERDE LS ‘hole 25 formed in the gate insulation film 42,

e e T e e e
of the capacitor ik Akl 50 OYRIPLLQNG BAIN MPROYHIOkHA
i-th row, the gate electrode 22g is connected to the
selection scanning line Xi of the i-th row, and the
drain electrode 22d is connected to the power scanning

10 line Z; of the i-th row. The drain electrode 23d of
each third transistor 23 of the pixel circuits Dj, 1 to
Di,n of the i-th row is connected to the power scanning
line Zi of the i-th row. The gate electrode 21g of
each first transistor 21 of the pixel circuits Di,61 to

15 Di,n of the i-th row is connected to the selection
scanning line Xj of the i-th row. The source electrode
21s of each first transistor 21 of pixel circuits D 4
to Dm, 5 of a j-th column is connected to the signal
line Y of the j-th column.

20 In the pixels P71 to Pp,pn, as shown in FIG. 4,
the source electrode 22s of the second transistor 22 is
connected to the gate electrode 23g of the third
transistor 23 via a contact hole 25 formed in the gate
insulation film 42, and connected to one electrode 24A

25 of the capacitor 24. The source electrode 23s of the

transistor 23 is connected to the other electrode 24B

of the capacitor 24, and also connected to the drain



24 el ectrode 21d of the transistor 21. Any of the source electrode 23s of
the third transistor 23, the other electrode 24B of the capacitor 24, and
t he drai nwoetoegoaiode 21d of the first transistor 21 is camPees@doBseo the

pi xel electrode 51 of the organic EL element El,j. The voltage of the
common el ectrode 53 of the organic EL element Ei,j is a reference voltage
Vss. In the present enbodi nent, the comon el ectrode 53 of all the

organic EL elements E1,1 to Emn is groundéd, 10 and the reference voltage
Vss is set to O [V]. Between the selection scanning line Xi and signal
line Yj, and between the power scanning line Zi and signal line Yj, in
addi tion to thelgateodesallat iodn thiel franglsiosr dllect My O fRE3&0UE SFor ned
and di sposed by 15 patterning the sane filmas that of th ser‘rihconductor

| ayer 43 of eaehestroRe 2ognoilsttdes thirdo transistorows i rﬁ’lﬁl hef 6, the
selection scanning l|ines X1 to Xm are cqnnected todtz?g%@sre#?ecti on scanni ng
driver 5, and eRechgrse Enwtndhe FeE2ELTOF 2%7aP8 orffédted to the
power scanning driver 6. The selectiQn scannin riv is. faor f a
so-cal | ed shif recr\%ecéﬁdﬁ@ 9 R i % aé]rsq_g ﬁrre?‘f;elt gLrémcr?él etrgf\t%e&)(i n
detail, reset_ period.TRESE scyi hed | , select] nni ng
driver 5%25 sU(,t@eg%’ievgllﬁ{%guteéﬁcgﬁéﬂ;ecla%ﬁnior%lttg%r%f&t%&%ter% séeHggnceﬁ:tgn

scanning | 1ne X fromghe selectd i hd 18 o e Osslers hased on a
cl ock signal B ra i A St SR 18 e St

organic EL element Ej 4 is a reference voltage Vgg-.

In the present embodiment, the common electrode 53 of

all the organic EL elements Eji,1 to Ep,p is grounded,
10 and the reference voltage Vgg is set to 0 [V].

Between the selection scanning line Xj and signal
line Yj, and between the power scanning line Zj and
signal line Yy, in addition to the gate insulation film
42, a protective film 43A is formed and disposed by

15 patterning the same film as that of the semiconductor
layer 43 of each of the transistors 21 to 23.

As shown in FIGS. 1, 6, the selection scanning
lines X7 to Xy are connected to the selection scanning
driver 5, and the power scanning lines Zj to Zpy are

20 connected to the power scanning driver 6.

The selection scanning driver 5 is formed of a
so-called shifter register. As a result, after
a predetermined time (in detail, a reset period TREgET
described later), the selection scanning driver 5

25 successively outputs a scanning signal to the selection
scanning line Xy from the selection scanning line X3 in

order based on a clock signal from the outside



25 (scanning line X1 next to the scanning line Xm, and the transistors
21, 22 of the scanning lines X1 to X. are selected. In detail, as shown in
FIG 8, wwdreoneepent to 5 the sel ection scanning |ines PXIi/apaoasp74ihe

sel ection scanning driver 5 successively outputs an on-voltage Von
(sufficiently higher than the reference voltage Vss) of a high |evel,

whi ch brings the transistors 21 and 22 into the on state in each selection
period TSE, 10 and outputs an of f-vol tage a®ff (not nore than the

reference voltage Vss) of the low | evel which brings the transistors 21
and 22 into an off state in each non-selection period TNSE. Here, in each
of the sel ecti otscammihaglinaed) Xlexd Xm thaessehetnvohiperfmat, aBdand
non-sel ection period are alternatelg repeated, and, the selection periods
of the sel ecti orhechnanagstones2l X122 00X, thressarnipy L&n8Fe¥Lapowirh one
another. Therefore, a period represented by TSE+TNSE = TSC is one
scanni ng peri oder20SFha¢ted; in the selection period TSE in which any

selection scanning line Xi is selected fro e .selection _scanning |ines
XL to Xm when the séPeQF%GHE'séﬁnﬁ ﬂHndFPUE&ES gﬂtﬁﬁgé FﬁgpﬁﬁFS%Osignal of

(e on-vel Cage, Von.LooteBel scthon StanmLng, | Lot e gscbegns Stor s

21, 22 connecte nirng rought in the on

state (all trg;%%%éﬁgégoé%igég gfsﬁggeggf@gl§iBﬁHbﬁﬁsDEnlontbogtaBE’3 . WO

2004/ 001714 P
Von (sufficiently higher than the reference voltage

Vgg) of a high level, which brings the transistors 21
and 22 into the on state in each selection period Tgg,
10 and outputs an off-voltage Voff (not more than the
reference voltage Vgg) of the low level which brings
the transistors 21 and 22 into an off state in each
non-selection period Tygg. Here, in each of the
selection scanning lines Xq to Xy, the selection period
15 and non-selection period are alternately repeated, and
the selection periods of the selection scanning lines
X1 to Xy are set not to overlap with one another.
Therefore, a period represented by Tgr+Tngg = Tsc is
one scanning period.
20 That is, in the selection period Tgg in which
any selection scanning line Xj is selected from the
selection scanning lines Xj to Xy, when the selection
scanning driver 5 outputs the pulse signal of the
on-voltage Vgpn to the selection scanning line Xj, the
25 transistors 21, 22 connected to the selection scanning
line Xj are brought in the on state (all transistors

21, 22 of the pixel circuits Dj, 1, Dji,2, Di,3



26 Dien). Wien the transistor 21 is in the on state, th
through the signal line Y} can flow through the pixel
this ti mewdmn4/0hel4 sel ection scanning lines X1 to Xm
transistors 21, 22 of the X1 to Xi-1, Xi+1l to Xm other
scanning line Xi are in the non-selection period TNSE
off-voltage Voff is outputted and both the transistors

e current flow ng
circuit D,j. At
tHoa/IPe@p®Ot43¥e 5

t han the sel ection
Therefore, the

21, 22 are in the

off state. When the transistors 21, 22 are’Pn 10 the off state in this

manner, the current flowing through the signal line Yj
t he plxel circuit D,j. Here, the selection period TSE
does not contane,né t hifbent thre trpReissory o, tgn@n the

cannot fl ow through
of the i-th row
aCPesEetper ithe

TRESET shorter than the electlg%FE§%% % TSE .exi ti*betmeen the_sel ecti on

peri ods TSE of CPRESPLt f1PEN 4N Pp.sdo
of the reset period T T af.ter the uls sign t
conpl etely oufp b{g&gﬁE%gﬁ Pﬁée%eléEF ?éaﬁn?ngtlgﬁé

the selection seanaig,d scg%liggﬂaﬂgtss xihepyl se3i.0gal g%f

on-vol t age Von sel ection scanning 1 ne

Accordi ngky, af p o] e S r d T S
conpletlo% of tESE%%EEg%g§t?gn % %Qet?%tﬁa g% IX1%hé Fgf

R&t Yos CaBf £&PY el apse

h% on- v Ita Von is
ige T row,

%} th row.
ET after the

rowti s sel ect ed.

The details wilbtherdesehi bad katiettibh 8aGhnisel aghion . p%rr'eocinT%ﬁel n whi ch

t he sel ection scanning WO 2004/ 001714 PCT/ JP200 /007430
non-selection period Tngr. Therefore, t

Voff 1s outputted and both the transisto

in the off state. When the transistors

he off-voltage
rs 21, 22 are

21, 22 are in

10 the off state in this manner, the current flowing

through the signal line Y5 cannot flow t

pixel circuit Dj, 5.

hrough the

Here, the selection period Tgg of the i-th row

does not continue to that of the (i+l)-s
15 a reset period TrggpT shorter than the s

period Tgp exists between the selection

t row, and
election

periods Tgg of

the i-th row and the (i+1)-st row. That 1s, after

elapse of the reset period TrpggpT after

the pulse

signal of the on-voltage Vo is completely outputted to

20 the selection scanning line X4 of the i-

selection scanning driver 5 outputs the

th row, the

pulse signal of

the on-voltage Vs to the selection scanning line X447

of the (i+l)-th row. Accordingly, after the elapse of

the reset period TrrggpT after the completion of the

25 selection of the i-th row, the i+l-st row is selected.

The details will be described later. In each

selection period Tgg in which the selection scanning



27 lines X1 to Xm are sel ected, when the data driver 3 appropriately
passes the current through current termnals OIl to OIn, a gradation

desi gnat i wg mo4/0ant4  appropriately flows through the si graalJroms®s743d t o Yn
5 along a direction shown by an arrow of FIG 6. Here, the gradation
designating current is the sink current flowng to the data driver 3 from
the signal lines Y1 to Yn via the current termnals OIl1 to On, and is
equal to the current value of the current2fl owing 10 through the organic EL
elenments E1,1 to Emn in order to emt the light at the |um nance
gradation in accordance with i mage data. The power scanning driver 6 shown
in FIG 1is adnstiXytéd &, ehe seleatledd shieht thegidsiter ArINeTpéwer 15
scanning driver 6 successively applies a predeterm ned source/drain voltage
to the transi SepPr2Rrdenedat PASEES the FowEerdcIRFONGH CHELSRE to Zmin

synchroni zation wth_the selection scanning driver 5. The power canni ng
driver 6 successrpémplsudut 0t REnpults 878 Onzﬁlets&gtr‘ﬁgl&?ﬁé“r&?gﬁni ng

line Zm fromthe power, scanni lines Z1 i.n order (;the_po arnhing line
Z1 next to thé‘pﬁ&ﬂ@rr@g&ﬂﬁfl rﬁ%lwlsné_‘}%r‘?)ug ¢ 595 gl&:eksmgirlgﬁéél @,nnr romt he

outside i.n synchroni zatj.on wi.th the pu Si | of-t on-vo e Von of
oo o o 20Ul BB RS o O e e O oA

the same~row o o5 canni . fAccor'd! ngly, aft er the
b ot S S A B e o0 1

flowing to the data driver 3 from the signal lines Y3
to Y, via the current terminals OTp to Otp, and is
equal to the current value of the current flowing

10 through the organic EL elements Eq 1 to Ep, p in order
to emit the light at the luminance gradation in
accordance with image data.

The power scanning driver 6 shown in FIG. 1 is

constituted of the so-called shift register. The power

15 scanning driver 6 successively applies a predetermined
source/drain voltage to the transistor 23 connected to
the power scanning lines %1 to Zpy in synchronization
with the selection scanning driver 5. The power
scanning driver 6 successively outputs the pulse signal

20 to the power scanning line Zp from the power scanning
lines %7 in order (the power scanning line Zj next to
the power scanning line Zy) based on the clock signal
from the outside in synchronization with the pulse
signal of the on-voltage Vop of the same row of the

25 selection scanning driver 5. Accordingly, after the
reset period TrgpgmrT, the predetermined voltage is

successively applied to the power scanning lines 27



28 to Zm In detail, as shown in FIG 8, the power scanning driver 6
applies a charge voltage VCR of the low |level (potential equal to or |ess
than t he wef ®oeeuelsvol tage 5 Vss) to each power scanni n@dT/JPeoadiooT43o a
predeterm ned period. That is, in the selection period TSE in which each
sel ection scanning line Xi is selected, the power scanning driver 6
applies the charge voltage VCH of the low |evel to the power scanning |ine
Zi so that the 10 gradation designating €8rrent flows between the source
and drain of the third transistor 23. On the other hand, in the

non-sel ection period TNSE, the power scanning driver 6 applies a power

vol tage VDD of ta KEgvel higher than that of the charge voltage VCR to 15
the power scanning line Zi so that the driving current flows between the

source and drain of Irheetieddsi stsoshoyd IPhdTsowdr VoIS RPYNDS G2 M Gher
than the reference voltage Vss and reset Itag%.VR, the third

transi stor 23 éﬁﬂﬁﬁﬁs6tﬁ@Péﬁe§t§t€h%ﬁ9%fﬂ@?%ﬁgﬁe,CﬂOqﬁﬁg%etﬁgwfiﬁgFl
transistor 21 is in the_off state, th current .f1 ows i c EL

el Ielmslr:;t Ei,j freme 1a&0\ﬁgﬁlaéc§ﬁnioﬂfg(ileisﬁe En G IS ﬁ%etﬁl%\%e&ro\%i%l%tg;ége VDD
W e described.. FIG LS. a._graph i currant/v I eris-
Zﬁ ti gs f the "Eisdl §OefPECt POVERsiSS aélrrﬁg%wg{l%[ehgwﬁc gngéfeq%gcggﬂalr%gﬂ G 7
t he absci ssa sho dr ak.n/.s c t , : j ; S
current val ue @E%%@ 4/Ogtgéﬁq%%Tﬁjﬁé%%%%%%§Z30Oﬂmﬂéﬂﬂyﬂ(yggrﬁg%§n§ﬂp 2

each selection scanning line Xi is selected, the power

scanning driver 6 applies the charge voltage Vgy of
the low level to the power scanning line 74 so that the

10 gradation designating current flows between the source
and drain of the third transistor 23. On the other
hand, in the non-selection period Tygg, the power
scanning driver 6 applies a power voltage Vpp of
a level higher than that of the charge voltage Vey to

15 the power scanning line Z%j so that the driving current
flows between the source and drain of the transistor
23. The power voltage Vpp is higher than the reference
voltage Vgg and reset voltage Vg, and the third
transistor 23 obtains the on state. At this time,

20 when the first transistor 21 is in the off state, the
current flows to the organic EL element Ej 4 from the
power scanning line Zj.

Next, the power voltage Vpp will be described.
FIG. 7 is a graph showing current/voltage characteris-

25 tics of the field-effect transistor 23 of the N channel

type. In FIG. 7, the abscissa shows a drain/source

voltage Vpg, and the ordinates shows a current value



29 I DS of the current between the drain and source. In a shown unsaturated
region (drain/source voltage VDS < drain saturated threshold voltage VTH
t he drai nwosmbuemdtred t hreshol d voltage VIH fol |l ows a gatrfmmraes®obs3vol t age
VGS), when the gate/source voltage VGS is constant and the source/drain
voltage VDS rises, the current value IDS of the current between the source
and drain increases. Furthernore, in the shown saturated region
(source/drain voltage VDS > drain satura2@d 10 threshol d vol tage VTH),

when t he gate/source vol tage VGS i s constant, and even when the
source/drain voltage VDS increases, the current val ue | DS of the current

f1 owi ng bet weergshe £s dulrec ecvammendy dietvieers (et saia lapd EsHstEnt . 5 @

Moreover, in FIG 7, gatel/source vol tages VGSO to VGSMAX have_a relation
of VGSO = 0 < WBSWI< WSS ur ayeSB reg hpssa(drajagsauirce o hiashy Aps As

apparent fromFIG 7, when the drai n/souré)iieC vol t g€, DS %%rconstant and
when the gat e/déf@t}mcéa\}fdtltad@éi VS §5hG ¢k c’ﬂtre ¥4t ue 1DS of

t he drai n/source current incr a eit nsat ur d and
sat urat ed regi s tunghe Sgl e"rPth r{f IJ:nof‘}rijo"‘ls E?t e /\7%@9% ncr eases,
t he drarn sat ur at dthr ol d voIt escri bed
above, ir the L}’r?slgtalﬂeat h) eq\]/T Cg@(i‘(r?o;%tﬁourcbg vol t age VDS

;g,ggyzgwcggg 6515018 CHId eette ek P i S gl giral e )0 2094/ 001714

current value Ipg of the current between the source and
drain increases. Furthermore, in the shown saturated
region (source/drain voltage Vpg 2 drain saturated

10 threshold voltage Vgpy), when the gate/source voltage
Vgg is constant, and even when the source/drain voltage
Vpg increases, the current value Ipg of the current
flowing between the source and drain is substantially
constant.

15 Moreover, in FIG. 7, gate/source voltages Vggp to
Vesmax have a relation of Vggp = 0 < Vgsi < Vgs2 < Ves3
< Vgga < Vggs < ... < VggMax- As apparent from FIG. 7,
when the drain/source voltage Vpg is constant, and when
the gate/source voltage Vgg increases, the current

20 value Ipg of the drain/source current increases in
either the unsaturated region and saturated region.
Furthermore, when the gate/source voltage Vgg
increases, the drain saturated threshold voltage Vry
increases.

25 As described above, in the unsaturated region,
even when the drain/source voltage Vpg slightly

changes, the current value Ipg of the source/drain



30 current changes. However, in the saturated region, when the gate/source
voltage VGS is determned, the current value IDS of the drain/source
current iwo02nd/eueldy determ ned irrespective of the sourr/mPren3mo7430 vol t age
VDS Here, the current value IDS of the drain/source current at a tinme when
t he maxi num gat e/ source voltage VGSMAX is applied to the third transistor
23 is set to the current value of the current flow ng between the 10 pi xel
el ectrode 51 and common el ectrode 53 of the0 organic EL el enment Ei,j which
emts the light at the nmaxi mum|um nance. Even when the gate/source
voltage VGS of the third transistor 23 is maxi mum VGSMAX, the follow ng

15 condition eq@dfF6RL( Thargepref @Paﬁﬁ?rsaﬂﬁsfihédS§(*§ut’fﬁ§tedt KHegtpansi st or 23
mai ntai ns the saturated region. VDD VE-VSS > VTHVAX (1), where VE is
a predicted naxFhEm (BFt 48 edﬁ@”é@& Vﬁ@@agﬁhgaﬁr é‘énid@tEEméP@ﬁ‘entthﬁl j at a

maxi nrum | um nance 20 tine mhlch 5 gﬁaﬁpgreases for h .resistance of

the organic EL &MHé&ME §F1U6|ED§n éoﬁéFlo&ur5€n%hésorganic EL

elenent Ei,j, and.VI saturated threshol ta e bet en_t he
clerent 5 i, VA L2 5, syt st teghold vl s 335 The

power vol tage VI e rnlned SO0 as to satisfy the above condition
equati on. tjAs shgg%%?ﬁg %e 1, the signal lines Y1 to Yn WO 2004/001714

PCT/ JP2003/ 007430 Here, the current value Ipg of the drain/source

current at a time when the maximum gate/source  voltage
VegeMax is applied to the third transistor 23 is set to
the current value of the current flowing between the
10 pixel electrode 51 and common electrode 53 of the
organic EL element Ej 4 which emits the light at the
maximum luminance.
Even when the gate/source voltage Vgg of the
third transistor 23 is maximum Vggmax, the following
15 condition equation (1) is preferably satisfied so that
the transistor 23 maintains the saturated region.
Vpp-VE-Ves = Vrpmax --- (1),
where Vg is a predicted maximum voltage divided into
the organic EL element Ej 4 at a maximum luminance
20 time, which gradually increases for high resistance of
the organic EL element Ei, 5 in an emission life period
of the organic EL element Ej 4, and Vopyax is a
saturated threshold voltage between the source and
drain of the third transistor 23 at a time of Vggmax-
25 The power voltage Vpp is determined so as to satisfy
the above condition equation.

As shown in FIG. 1, the signal lines Y7 to Yp



31 are connected to the current/voltage switch portion 7. The
current/voltage switch portion 7 is constituted of switch circuits S1 to
Sn, and tW® ®ogeabid i nes Y1 to Y. are connected to the Ru/iPeD3®ITCUI tS Sl
to Sn, 5 respectively. Furthernore, the current termnals Ol to OIn of
the data driver 3 are connected to the switch circuits S1 to Sn. The
swtch circuits S1-to Sn are connected to a switch signal input term nal
140, and a switch signal 4 is inputted ine®& the switch circuits 10 Sl to
Sn as shown by an arrow. The switch circuits S1 to Sn are connected to a
reset voltage input terminal 141, and the reset voltage VR is applied to
the switch ciecei congkctedSkovitiet Iﬂu§r19@|’tpﬁvl®élt.ag?héwrlg§@t DPEItiege VR i s

set to a voltage higher 15 than a hi ghest gradation voltage Vhsb. This
hi ghest  gr adafthen cugireaded "WHls des S&'J?F&h BgE 0 Bet! 16 FENSHGEREy in

accordance wth the electric charges charged jn.the ,ignal . .ines Yl to Yn
by the gradati % s#adignslinsyidd %énttoné\mi'n@néi (,t@ﬁ'gﬁtgr\%% L}em&fuzfll to 20
that of a maxinumgradation drivi cyrrent .ILMAX .f] owi hr.qu t he
organi ¢ EL el er{ﬁ?nthl Bt Ctoémf:erﬁtr‘ﬁdj%% etr?@’lécrc&arﬁlgcgﬂ%geéﬁerﬁ%s 7.1 to
Emn emt the [|ight  at bri ght.est | mu i [y ld\ﬁx in
the sel e.tcsti on Eg_rs%(?&t‘lgé@iyrhegﬁlr%r%e%%edggk%kac??fg&pr%]r‘?é@gﬁcl% not™ | ess
than an intermediale Vog_J te&%e agAﬁaacfari a U QiR Ald Ul ugdalwiear a
s S

| onest gradation Vélt set to be stationary in accordance with WO
2004/ 001714 PCIﬁ%E%QQﬁJQ%?4§QSn. The switch circuits Sq1° to Sy are

connected to a switch signal input terminal 140, and
a switch signal ¢ is inputted into the switch circuits
10 S1 to Sp as shown by an arrow. The switch circuits S
to Sy are connected to a reset voltage input terminal
141, and the reset voltage VR is applied to the switch
circuits Sq to Sp via this terminal.
The reset voltage VR is set to a voltage higher
15 than a highest gradation voltage Vhsb. This highest
gradation voltage Vhsb is a voltage V set to be
stationary in accordance with the electric charges
charged in the signal lines Y7 to Y, by the gradation
designating current having a current value equal to
20 that of a maximum gradation driving current IMax
flowing through the organic EL elements Ej 1 to Ey, ns
when the organic EL elements Ej 1 to Eyp n emit the
light at a brightest maximum gradation luminance ILyvax
in the selection period Tgg. The reset voltage Vg is
25 preferably not less than an intermediate voltage which
has an intermediate value between a lowest gradation

voltage Vlsb set to be stationary in accordance with



32 the electric charges charged in the signal lines Y1 to Yn by the
gradation designating current having a current value equal to that of a

m ni nrum gwadmod/en7i4dri ving current I M N fl ow ng through rdTerreecganidco EL 5

el enments E1,1 to Emn, when each of the organic EL elenments E1,1 to Emn
has a m ni nrum gradation |um nance LMN (additionally, the current val ue of
the current exceeds 0 A), and the highest gradati on vol tage Vhsb, nore
preferably a value equal to or nore than tAé 10 | owest gradation vol tage

VI sb, nost pref erably a voltage equal to the charge voltage VCH A swi tch
circuit S the ircuit § is connected to the signal line Y] of
the j-th coI unn) ﬁ1e §Ct(§ e C@ﬁé’%ﬂ tlﬁetéléﬂs@ﬁglad:f ipesc Y et 15

t hrou hthe Si I n cor ance with the n fromthe current
term %al g%a ?ydﬁ]f &lal ¢ HIRE &EPtgp&utrrﬁ@lgtofhat"f’?élgr &set vol t age

1a1°to f‘hErE?SE%"‘ﬂh’%ﬁ% VR qua‘ie'tfo Wi %héeix%tneéﬁné%%ﬁaa'tﬁ%%ﬁphﬂ e
into the switchg,gik5¢ Eu%refnto Eﬁl&eéﬁ‘%% %ﬁ%%%'ghkr% Ut ro';rgq% g:faIEtlﬁgo i's

of a high level, the switch circ cut € s

current term nabl%je t@n@ oyt put & the whesek vl tageHfd p et vol tage
input termnal 141 2? to tI“uél S|gn51I’ i ne Y] . a\& t he ot ergIrTfl gr%%nen t he

switch signal 4ellapehtedEhnto tbh@. g{l hel GI kG Wi bnus ngfard%'f'ltol?xe 15WiGh & gnal
input terminal 140 is of a’l'ow WO 5004/ 001714 PCT/ JP2003/ 007430
Iminy (additionally, the current value of the current
exceeds 0 A), and the highest gradation voltage Vhsb,
more preferably a value equal to or more than the

10 lowest gradation voltage Vlsb, most preferably a
voltage equal to the charge voltage Vey-

A switch circuit Sy (the switch circuit Sy is
connected to the signal line Y of the j-th column)
switches to either one of the passing of the current

15 . through the signal line Yj in accordance with the
signal from the current terminal OTy of the data
driver 3 and the outputting of the reset voltage VR of
a predetermined voltage level from the reset voltage
input terminal 141 to the signal line Yj. That is,

20 when the switch signal ¢ inputted into the switch
circuit S4 from the switch signal input terminal 140 is
of a high level, the switch circuit Sj cuts the sink
current of the current terminal OTj, and outputs the
reset voltage from the reset voltage input terminal 141

25 to the signal line Yy. On the other hand, when the
switch signal ¢ inputted into the switch circuit S+

from the switch signal input terminal 140 is of a low



33 level, the switch circuit § passes the sink current between the
current termnal OI] and signal line Yj, and cuts the reset voltage VR
fromthe wesmbs/ealtsage input termnal 141. 5 In this nm@amemP0050eTs3e he
source/drain voltage of the third transistor 23 is set to be a high
voltage in the saturated region shown in FIG 7, the current value of the
gradati on designating current flow ng throug the signal line Y] is
determ ned by the gate/source 10 voltage of3the transistor 23. That is,
when the gate voltage of the transistor 23 is sufficiently higher than
the source voltage, the gradation designating current flow ng between
source and dral%eﬁﬁlthéh@r§W§¢§P0P12§u&ﬁdSUhPéﬁ@ﬁStﬁ@esﬁdﬁ£ HrEeny

beconmes 15 | ar When Ita e of the transi,stor 3 |s not very
hi gher than t hePSGUFER ¢ 5t 0erente karTiagn BAg Fedostaraddl ner &

di spl ay apparatus on ered ssu hat._t he urrent/vol e smntch
bor 1 om 7o ¢ hEnS0BFBeEhE FRTERT VIN RBen IR GFSBoSEE K61t aoddo | ver 3
derives the cur di fr the signal line Yj. 1In the pixel Pi,j of
the i-th rOM/ané%PEt tee h%l ﬂ%qlhe sel ection period of the i-th rom1 the

second tgansistor 23 q@ggp%%.n%% t DR e les! Iyh ey %%H
brought in the on state. Accordingl'y, the charge voltage VCH I's ap& ied to

the gate of thethhi kdirlr 8Rangtiako232kr em Khe RS SCaNRINEGhiRgeZlin and
t he WO 2004/ 001714 PCT/ JP2003/ 007430

the saturated region shown in FIG. 7, the current wvalue
of the gradation designating current flowing through
the signal line Yy is determined by the gate/source

10 voltage of the transistor 23. That is, when the gate
voltage of the transistor 23 is sufficiently higher
than the source voltage, the gradation designating
current flowing between source and drain of the
transistor 23 and through the signal line Y5 becomes

15 large. When the gate voltage of the transistor 23 is
not very higher than the source voltage, a small
current is obtained.

Here, a display apparatus is considered assuming

that the current/voltage switch portion 7 of the

20 present invention is not disposed and the data driver 3
derives the current directly from the signal line Y.

In the pixel P; 4 of the i-th row and j-th column,

in the selection period of the i-th row, the second
transistor 22 connected to the selection scanning

25 line X4 is brought in the on state. Accordingly, the
charge voltage Vpopg is applied to the gate of the third

transistor 23 from the power scanning line Z;, and the



34 electric charges are charged into the capacitor 24 from one el ectrode
24A side of the third transistor 23. That is, the gate voltage of the
transi st ow@Bog6o1ttie sel ection period i s al ways subst amdraiPkgozmomise ant at
5 the charge voltage VCH At this tinme, the potential of the source 23s of
the transistor 23 is equal to that of the signal |ine Y] because the
transistor 21 is in the on state. The potential of the signal line Y] is
controlled by the data driver 3. Mreover34the data 10 driver 3 forcibly
passes the gradation designating current having the predeterm ned current
val ue between the source and drain of the transistor 23. Theref ore when
t he current vaklectfritchehgragst iaoe désirgest M@O dilper ereaicsl oy gé, firioa
gate/ source voltage of the 15 transistor 23 is hi h, and therefore the
potential of bhe silgwiiraden@4yy sise efatihrelin rangyisd Forfcret el y, as

shown in FIG 9A, when the sink current having the ma cu nt val ue
i s passed thrdbgh tife dilgnalatis melFagen O@h&%l%%ﬁ%& :903d 01%% 20 of

the i-th rowin order to emt the light fromthe O.I’ nic, EL el Ei,j of
t he pixel Pi,j S& %OWW Griaddiias) S,Pg]&ﬁ nancnes)tantﬂ2 i ghest

grrggﬂ:g c\rgglrzggg‘emétg‘fblr?gep r?{]eZZIZ%Q?é&Ielléof Hhée' gjhrer n(%ﬂ%?tevmha%rfggg in
|t g\i/e(r)t Pﬁ;nelt ﬁgttrrhge?gr é%rgceBe vo % ageC'%FéglCﬂorraq{s‘hle4C Izr%%lavébl 2 Oé,41/ éttlglf#lr%lterBﬂ y
PCT/JPZOOS/OO?%%% signal line Y5 because the transistor 21 is in the
on state. The potential of the signal line Y4 is
controlled by the data driver 3. Moreover, the data
10 driver 3 forcibly passes the gradation designating
current having the predetermined current value between
the source and drain of the transistor 23. Therefore,
when the current value of the gradation designating
current is large, the gate/source voltage of the
15 transistor 23 is high, and therefore the potential of
the signal line Yy is relatively lower.

More concretely, as shown in FIG. 9A, when the
sink current having the maximum current value is passed
through the signal line Yy in the selection period Tgg

20 of the i-th row in order to emit the light from the
organic EL element Ej 4 of the pixel Pj 4 at the
maximum gradation (maximum luminance), the highest
gradation voltage Vhsb applied to the signal line Yy at
a time when the electric charges meeting the current

25 value of the current are charged in the other electrode
24B of the capacitor 24 is relatively sufficiently

lower than the reference voltage Vgg or the charge



35 voltage VCH Moreover, when the sink current (additionally, not
non-current) having the mnimumcurrent value is passed through the signal
line Y] iwondeooitm emt the light 5 fromthe organi ¢ ElrcalimoestooEse1, | of
the pixel Pi+l,j of the next (i+l)st row at the mninmum gradation
| um nance (m ni mum | um nance), the | owest gradation voltage VIsb has to be
set in order to charge the electric charges neeting the current val ue of
the 10 current in the capacitor 24. The |éw%est gradation voltage VIsb is
approximate to the charge voltage VCH so that the gate/source voltage of
the third transistor 23 is low, and is sufficiently higher than the
hi ghest gradatiodnagel Vage Vhsb. However, since the current 15 value of the
m ni mum gr adati on designating current flow ng through the si%ﬁ§; qu? Y]
i s remarkably smal | Mongeweyot eftamalthd fsridrie il it neddignamalilne e
displaced in a unit tinme is small. Therefare, nuch tine.is requi rsecle rom
when the capacio8r CIF a3t hAegad D ¢ Disp AN KR FShen tita S 5t ké *Sihal
line Yj is set _to be statianar t. the | awest gradati valta y% b from
the highest gr &@&FVGH e[&déﬂ\ﬂy}s s gecital I%ﬁ&ﬂﬁc@n et%ELeJC (I’)l%l g‘relgotsr ows of
t he di spl.ay apparatuyses is |ar W t.h t igncrease d nh ir%]gfo%r. f _pi xel s,
25 the sélecti oﬂ}b;{ﬁiﬁd Ofgliar}%zacg%tLo ebleemseeq-‘ tEglJﬂe' Bhort - \eﬁt out JTJrgla(@hi ng
the lowest gradatign valhaga Msh -, dif ferenoe alue gioldageVDF is
gener at ed, and%%]e&\r}@ 4/@0 4 F?(?% P2003/ 007430
luminance (minimum luminance), the lowest gradation -
voltage Vlsb has to be set in order to charge the
electric charges meeting the current value of the
10 current in the capacitor 24. The lowest gradation
voltage Vlsb is approximate to the charge voltage Vcp
so that the gate/source voltage of the third transistor
23 is low, and is sufficiently higher than the highest
gradation voltage Vhsb. However, since the current
15 value of the minimum gradation designating current
flowing through the signal line Yy is remarkably small,
the potential difference of the signal line Yy
displaced in a unit time is small. Therefore, much
time is required from when the capacitor 24 is charged
20 up until the potential of the signal line Yy is set
to be stationary at the lowest gradation voltage Vlsb
from the highest gradation voltage Vhsb. Especially,
when the number of rows of the display apparatuses
is large with the increase in the number of pixels,
25 the selection period Tgg has to be set to be short.
Without reaching the lowest gradation voltage Vlsb,

a difference of a voltage Vpp 1s generated, and the



36 organic EL elenent Ei +1,j] of the pixel Pi+l,j cannot emt the |light at
an exact |lum nance. On the other hand, since the current/voltage swtch
portion 7wics2odé/eqposied in the display apparatus 1 5 of treEa/resmn1430
enbodi nent, as shown in FIG 9B, in the reset period TRESET, the sw tch
circuit S forcibly switches the potential of the signal line Y] to the
reset voltage VR sufficiently higher than the highest gradation voltage
Vhsb. Therefore, even when the 10 | owest QW%dation desi gnating current
having a mcro current value is passed through the signal line Yj in the
sel ection period TSE, the capacitor 24 is quickly charged and the signal
line Yj can be aeganis el stkaneiarkiat, 1 nef | thestizgphdat+ b VOARRQYe M sb.
15 Next, one exanple of the switch circuit. S will be described. The
switch circuit it sthanstdrtitde 2Re2Fout ¥R 23# R stor 31 which is the

field-effect transistor, of the P ch | t d fifth i st 32
which is the fiel d-ia$IFeEli‘et? %F s?‘%?ggp gl%ggﬁ%‘aﬁg}%ﬁgﬁﬂt{ V?%é?é‘?hi Séte

el ectrodes of the f t h dfifth | st , th
Cwiton signal i MR HAFHER Thotd et REERI ST LR ARETRT FRATRLE L0 17
transi st 31 i ' | ' d [ trod

i s connec ed.tB§¥ﬁ@ﬂgggéfﬁéééhéééhé%égﬁ%tﬂ%%n%%%%%rgﬁnF% gc?éghgngkﬁfhgo °
fifth transistprs32 bse£o8n }OtE@esﬁigeﬁlcifeﬁiF]S-25@rc1$§y50urce

el ectrode is connected to the t voltage WO 2004/ 00174
PCT/ JP2003/ 00743Pi tches the potential of the signal line Y5 to the

reset voltage Vg sufficiently higher than the highest
gradation voltage Vhsb. Therefore, even when the

10 lowest gradation designating current having a micro
current value is passed through the signal line Y5 in
the selection period Tgm, the capacitor 24 is quickly
charged and the signal line Y4y can be set to be
stationary at the lowest gradation voltage Vlsb.

15 Next, one example of the switch circuit S5 will
be described. The switch circuit S5 is constituted
of a fourth transistor 31 which is the field-effect
transistor of the P channel type, and a fifth
transistor 32 which is the field-effect transistor of

20 the N channel type. The gate electrodes of the fourth
and fifth transistors 31, 32 are connected to the
switch signal input terminal 140. The source electrode
of the fourth transistor 31 is connected to the signal
line Yj, and the drain electrode is connected to the

25 current terminal OTy. The drain electrode of the fifth
transistor 32 is connected to the signal line Yj, and

the source electrode is connected to the reset voltage



37 input termnal 141. In this constitution, when the switch signal j from
the switch signal input termnal 140 is of the high level, the fifth
transi st ow@do4/@htai ns the on state, and the fourth tramiiPeeo3d®d7430 obt ai ns
the off state. On the other hand, when the swtch signal 4 fromthe switch
signal input termnal 140 is of the low level, the fourth transistor 31
obtains the on state, and the fifth transistor 32 obtains the off state.
Different fromthis embodiment, 10 the fodrth transistor 31 is set to be of
the P channel type, the fifth transistor 32 is set to be of the N channel

type, and the high/low | evel of the switch signal ~ may be brought in a
reverse phase tioptHangenimedr ide svlint diiify smatdwiiatoh "dis el si. 15
Here, a period of the switch signal ~ inputted intqQ the sw.tch signal

i nput terminal sH4GAk 19igel deddimbdde Wit thh e i@idc gt s C&Hgdr i ver 5

applies the on-voltage Von to any of the selectigon, scanning lihes X1 to Xm
as shown in FI G408 is i &g HBD Sl tile? rf&ffdit@bdtﬁarﬁsolsﬁ'uogf s%/\%]tch si gnal

it terminel o0 0s oL Uie dow oty @ s aiber o oben the
selection, Seamia Linegochip 00d faloy e il anel ot o JFESET i1
UL o S LSO M i, SIS
140 is of the low level, the fourth transistor 31
obtains the on state, and the fifth transistor 32
obtains the off state. Different from this embodiment,
10 the fourth transistor 31 is set to be of the P channel
type, the fifth transistor 32 is set to be of the N
channel type, and the high/low level of the switch
signal ¢ may be brought in a reverse phase to change
over the switching of the switch circuit Sq.
15 Here, a period of the switch signal ¢ inputted
into the switch signal input terminal 140 will be
described. When the selection scanning driver 5
applies the on-voltage Vgpn to any of the selection
scanning lines X7 to Xp as shown in FIG. 8, the switch
20 signal ¢ inputted into the switch signal input terminal
140 is of the low level. On the other hand, when the
selection scanning driver 5 applies the off-voltage
Voff to all the selection scanning lines X1 to Xy, that
is, in the reset period TrggepT in any of the first to
25 m-th rows, the switch signal ¢ inputted into the switch
signal input terminal 140 has the high level. For

example, the reset period Trgggr in which the potential



38 of the signal lines Y1 to Yn by the sink current of the i-th rowis set
to the reset voltage VR is between an end tine tiR of the selection period
TSE of thwa 20pd001raw and a start tinme ti+1 of the sel ecthcaPp@sBi00T3TSE 5 of
the next (i+l)st row That is, the switch signal 4 inputted into the
switch signal input termnal 140 obtains the high | evel every n reset
periods TRESET in one scanning period TSC. This switch signal ~ may al so
have the same frequency as that of the cl 88k signal 10 inputted fromthe
outside. The data driver 3 passes the gradation designating current to the
current termnals OT1l to OIn by the clock signal fromthe outside. \Wen
the switch sigedl the isdguetled iinetso Yiph&osWirt &Y $ihgn&iinkn s nedtniofalthe40 i s
15 of the low level, the data driver 3 synchronousI)(]takes t he gradation

desi gnating currd&ht rom dsalsel ke dve émsett sititadiss VaT Lt KSETITCAWEN t he
switch signal 4 inputted into the swi tch signal, i pput term nal, 0Ois of
the high Ievel enchéigs &idr idfer™ls dGe€Tiden Jtor?gpfsﬁ@ &é?ﬁ% c}n_]t%
dest ANALL0G, UL ent Lo AN e ST B LI ST 0 e
ol gnal | s VP28 1% 7 o d B S Hannt At he Focel: oy i o0 FHEET  of
cach, o, {he_Leas el Lase, VB4 Syl o0 it et dialy i e a6 to Yo co
obtains the high level every n reset periods Trgggr in
one scanning period Tgc. This switch signal $ may also
have the same frequency as that of the clock signal
10 inputted from the outside.
The data driver 3 passes the gradation designating
current to the current terminals O0Tp to OTp by the
clock signal from the outside. When the switch signal
¢ inputted into the switch signal input terminal 140 is
15 of the low level, the data driver 3 synchronously takes
the gradation designating current into all the current
terminals OTq{ to OTp. When the switch signal ¢
inputted into the switch signal input terminal 140 is
of the high level, the data driver 3 does not take the
20 gradation designating current from any of the current
terminals OT7 to OTy.
Therefore, in the selection period Tgg of each
row, the gradation designating current flows into the
current terminals OTq to OT, from the signal lines Y3
25 to Y,. On the other hand, in the reset period TRESET
of each row, the reset voltage Vg is applied to the

signal lines Yj to Y, to obtain the stationary state.



39 Next, the gradation designating current of the data driver 3 will be
described in detail. In the selection period TSE of each row, the data
driver 3 wgemwesatiest t he gradati on designating current t@@roP2003®0530
respective current termnals OIl to OIn fromthe power scanning lines Z1
to Zm whi ch out put the charge voltage VCH through the third transistor 23,
first transistor 21, signal lines Y1 to Yn, and switch circuits S1 to Sn.
The current value of the gradation designd®ing 10 current has the level in
accordance with the image data. That is, the current value of the
gradation designating current is equal to that of the current flow ng

t hrough the organi c NElxtel éimentosaktlono demigniat iadsunrendniof {95 | i ght at
the | um nance gradation in_15 accordance with the i mage data. Next, the

di spl ay operatﬁ@ﬁaadﬁi&ﬁﬁvﬁn@lﬁétﬁ@dd@ﬁcrﬂﬁéddﬁ§pﬂ§¢aégpar&Pu§hf
constituted as described above wll be d scribegp§ﬁ%ﬁ§po§f.in FIL.G 8, the

sel ection scansiergCcEé ol Ppelost disgc &dsiefery X6l pit pisdSSi ghal of the
ow rom the. SERBEERS 5 Elmitg AR XE L PRAT FRLHl DEa ot the |
Successi Tl y OFERUEETHE PUSETH] Grarinf itnd dnarbe g s Vo 1w
[evel) 10, 1M BRUSE SRR 0 e 2 S dehe it s Lo e wsbiie
Veyg through the third transistor 23, first transistor
21, signal lines Y1 to Y, and switch circuits Sj to
Sp- The current value of the gradation designating
10 current has the level in accordance with the image
data. That is, the current value of the gradation
designating current is equal to that of the current
flowing through the organic EL elements Ej 1 to Em,n in
order to emit the light at the luminance gradation in
15 accordance with the image data.

Next, the display operation and driving method of
the display apparatus 1 constituted as described above
will be described.

As shown in FIG. 8, the selection scanning

20 driver 5 successively outputs the pulse signal of the
on-voltage Vo (high level) to the selection scanning
line Xj of the m~-th row from the selection scanning
line X1 of the first row based on the inputted clock
signal. Moreover, the power scanning driver 6

25 successively outputs the pulse signal of the charge

voltage Veyg (low level) to the power scanning line Zpy

of the m-th row from the power scanning line Z7 of the



40 first row based on the inputted clock signal. In the selection period
TSE of each row, the data driver 3 takes the gradation designating current
i nto the v 100h001cidrcuits S1 to Sn fromall the current REVIFR20B/0874801 t0 5
OIn based on the clock signal. Mreover, since the switch signal ~ inputted
into the switch signal input termnal 140 has the low level in the

sel ection period TSE of each row, the fourth transistors 31 of the switch
circuits S1 to Sn obtain 10 the on state, 48nd the fifth transistors 32
obtain the off state. On the other hand, since the switch signal 4
inputted into the switch signal input termnal has_ the high |l evel in the
reset period TRESET sbwedesedown thise inpuwtited cdesiksedadadl offnt AéSswi t ch
circuits S1 to 15 Sn obtain the off state, and the fifth transistors 32
obtain the on seaestipmapersodfan Ofe SEHT &Ry SN GE L% R Ppor ti on 7

di sconnects the signal lines Y1 to Yn, fromthe reset volta in

termnal 141 i Fekee % AEER HEH (Sjtfsf‘g@ag:fln@aé:tlﬂrrrcﬁﬁt tlﬁgtopgcﬁltel osg“%‘}tscq o 20
pass the gradati,on desigpating, current .equal to t val t he
current flow n§itd %]1heto %rng el @Lﬁe@‘r?erﬁ%sr%‘,tlcct%ﬁ@%anlsarﬁe er to
emt the_ light at.the | um nance, gor . in accordance with the inmage
data. The portio A P&ﬁehderonf lr}%lcetic&g)sé}%%il%q{oglz'S apply the reset voltage g/R to

et S0 ", Eahasiagh SRS DR el P ot AT o
PCT/JPZOOS/OO?%%% switch signal input terminal 140 has the low level

in the selection period Tgg of each row, the fourth
transistors 31 of the switch circuits S; to Sp obtain

10 the on state, and the fifth transistors 32 obtain the
off state. On the other hand, since the switch signal
¢ inputted into the switch signal input terminal has
the high level in the reset period Tgrgggr ©of each row,
the fourth transistors 31 of the switch circuits Sp to

15 Sp obtain the off state, and the fifth transistors 32
obtain the on state. That is, when the current/voltage
switch portion 7 disconnects the signal lines Y; to Yp
from the reset voltage input terminal 141 in the
selection period Tgg of each row, the portion is to

20 pass the gradation designating current equal to the
current value of the current flowing through the
organic EL elements Ej,1 to Ep,p in order to emit the
light at the luminance gradation in accordance with
the image data. The portion further functions not to

25 apply the reset voltage Vi to the signal lines Y3 to
Yp. On the other hand, in the reset period TRESET of

each row, the current/voltage switch portion 7



41 di sconnects the signal lines Y1 to Y. fromthe current termnals OIl to

OIn, and connects the signal lines Y1 to Yn to the reset voltage input
term nal Wwal2004/0acr di ngly, the portion functions so as rRax/Ipacskby3set 5
the potential of each of the signal lines Y1 to Yn to the reset voltage

VR Here, atimng at which the on-voltage Von is outputted to the

sel ection scanning line Xi substan- tially agrees with that at which the
charge voltage VCH 10 is outputted to theéﬁomer scanning line Zi, a tine

| ength of the on-voltage Von is substantially the same as that of the
charge voltage VCH, and the pulse signal] is outputted between the tine ti
to time tiR (tHlssqpuments sthdeskaakt}orepefl o THE BFORERS -SRIFMY. 15
That is, the period in which the on-voltage Von outputted fromthe

sel ection scanrfieigPeraverOBl skP f@%n/ | A VHRMINFS et Wi FH%Fat LTRSS Eh t he

charge voltage A VCH outputted fromthe power scanning dri 6. \Wen the
pul se signal oftQ hén ofP | %Ir?§eBUY%£Y?§ﬁ %%pugot?ﬁ%ggﬁieﬁgibn scanni ng

Ui X th i tch si Lo~ d i : ; ¥
Lot el S0 bSEORELER ) Coab MBULLA PUet St et anals kot gt
th tate. Si \V/ :

Seanning Ti ne AT PHEEEREL 957 Ea0RI5r hk CLLBAL S0 P F prppkS!

sel ection peri Lpe,giadatiwn designating current does not flow
t hrough the orgg%%§¥%€)€004/00€%1JQPCT/JP2003/007430

Here, a timing at which the on-voltage Vgp is
outputted to the selection scanning line Xj substan-
tially agrees with that at which the charge voltage Vcy

10 is outputted to the power scanning line Zi, a time
length of the on-voltage Vg is substantially the same
as that of the charge voltage Vcy, and the pulse signal
is outputted between the time ti to time tir (this
period is the selection period Tgg of the i-th row).

15 That is, the period in which the on-voltage Vgyp
outputted from the selection scanning driver 5 shifts
is synchronized with that in which the charge voltage
Vey outputted from the power scanning driver 6.

When the pulse signal of the on level is outputted to

20 the selection scanning line Xj, the switch signal ¢
inputted into the switch signal input terminal 140 has
the low level, and therefore the transistor 31 obtains
the on state.

Since the charge voltage Veoy outputted to the

25 power scanning line Z4 is not more than the reference
voltage Vgg in the selection period Tgg, the gradation

designating current does not flow through the organic



42 EL elenents Ei,1 to Ei,n. Therefore, the gradation designating current
of the current value neeting the gradation flows through the data driver 3
fromthe wamngo|arar 23. Therefore, the el ectric chargecarmP263wni4een in
the capacitor 24 so as to maintain the exact voltage between the gate and
source of the transistor 23, which is required for the third transistor 23
to pass the gradation designating current. As a result, the transistor 23
can continuously pass the driving 10 currélt of the current val ue equal to
that of the gradation designating current even in an em ssion period TEM
Since the transistor 21 has the off state in the em ssion period TEM this
driving currentEHoekengnEs fEom t B oighnt heTReHREPT I nEBe YIT2@2 Yo and f 1 ows
15 through the organic EL elenents Ei,1 to Ei,n, and. current control of a

preci se | um nand@SHyBARiRFNCHErePbsef bF RS ARTHERE VLY aBBFEIRANERSt he

sel ection scannin driver.5 a i L i ly 20
succes;ively sh%?%d?ﬁéé%u£%%wg?g%§$&$% Eﬁgnﬁégg g%a%g¥rgn%%ﬁ§a€?¥st r ow,
the pixels P1,1 t0 Pl f,th fi th i f th
n}thprOM/Sare sE%% %%%g%?yzébga?%%£%§%% y%%g?hgfﬁggég ?8§g} %%?%ngl?ng ©

current of the gai Qﬁi%ﬁrtﬁe ¥%§%$£?%§ 22 E&P§§Et¥d§§§ﬁ€§§hvﬁh?Cgﬁg&ﬂg 'S

repeat ed, the display ortion e organic pl ay pane I splays

the i mage. V[)299f£98é7ﬁétﬁgg£JERQO§5997Q§Q source of the transistor

23, which is required for the third transistor 23 to
pass the gradation designating current. As a result,
the transistor 23 can continuously pass the driving
10 current of the current value equal to that of the
gradation designating current even in an emission
period Tgy. Since the transistor 21 has the off state
in the emission period Ty, this driving current does
not flow through the signal lines Y7 to Yp, and flows
15 through the organic EL elements Ej j to Ej p, and
current control of a precise luminance gradation is
possible.
As described above, when the selection scanning
driver 5 and power scanning driver 6 linearly
20 successively shift the pulse signal to the m-th row
from the first row, the pixels Py 1 to Pj p of the
first row to the pixels Pp 1 to Py, of the m-th row
are successively updated based on the gradation
designating current of the data driver 3. When this
25 linearly successive scanning is repeated, the display
portion 4 of the organic EL display panel 2 displays

the image.



43 Here, the update of the pixels Pi,1 to Pi,n of the selected i-th rowin
one scanning period TSC, and the gradation representation of the pixels
Pi,1 to Pwanoodooitiie selected i-th row will be descri be®CTaPRoV3t0hBI30
selection period TSE of the i-th row, when the selection scanning driver 5
outputs the pulse signal of the high level to the selection scanning line
Xi of the i-th row, the transistors 21 and 22 of all the pixel circuits
Di,1to D,n connected to the 10 selectioﬁy%canning line Xi obtain the on
state in the selection period TSE. Furthernore, in the selection period
TSE of the i-th row, the power scanning driver 6_ applies the pul se signal
of the low | evel as ﬁﬁéechﬁh@eupééF?a@g el Rhkehsi ithetgaﬁé,asogrthﬁmer
than the 15 reference voltage Vss to theggomer scanninﬁ ine Zi .0 t he

e

i-th row At thFelefhed &THeerPhel®raRSi StornoD9 RakI el on/ s?%?e{ch?he
voltage is also applied to the te. el ectrode 23 f the third transistor
23, agd Ithe t ¥ ?‘I%Ja%%iE?%?eﬁ%ggﬁfh?]ﬁs"%h‘gh%np%g%l?%.]'E'Qelon‘gt &/ Bt %'r
hand, since the_sw tch signa | nput t i itch si i t

Larm nal a0 heset hE RSk ARaLarh ROFLETLLIEE SE8RIbLER SISt L hetl th

row, the ¢ransistors;3lipf g%hﬁEggoﬁmh%Eﬁogi@ggig§ Sle got§nrgﬁyewﬁgg on

state, and the tranS|$tors ave 25 e.off at e. Furthernnrez
accor dance “‘thtEQeselgéﬁﬁoHaEéahﬂﬂﬂgt§?iﬁ@£05tB@tﬂ@t@ @thﬁﬁlgeln t he

selection period of the i-th row, inall the pixel WO 2004/001714

PCT/JP2003/0074§9gnal of the high level to the selection scanning line
X; of the i-th row, the transistors 21 and 22 of all
the pixel circuits Dj, 61 to Dji, p connected to the

10 selection scanning line Xj obtain the on state in the
selection period Tgr. Furthermore, in the selection
period Tgr of the i-th row, the power scanning driver 6
applies the pulse signal of the low level as the charge
voltage Vey which is the same as or lower than the

15 reference voltage Vgg to the power scanning line 7j of
the i-th row. At this time, since the transistor 22
has the on state, the voltage is also applied to the
gate electrode 23g of the third transistor 23, and the
third transistor 23 obtains the on state.

20 On the other hand, since the switch signal ¢
inputted into the switch signal input terminal 140 has
the low level in the selection period Tgr of the i-th
row, the transistors 31 of all the switch circuits S
to Sy have the on state, and the transistors 32 have

25 the off state. Furthermore, in accordance with the
image data inputted into the data driver 3 in the

selection period of the i-th row, in all the pixel



44 circuits Di,| to Di,n of the i-th row, the gradation designating
current flows through the data driver 3 set to the relatively | ow voltage
so that tWwe® moaddatridson designating current flows througlrdihrP2qewers3&canni ng
5 1ine Zi to which the charge voltage VCH of the relatively high voltage
is applied -* third transistor 23 -> first transistor 21 --> fourth
transistor 31. At this time, the source/drain current of the third

transi stor 23 has the current value of thé%gradation 10 designating
current and the voltage between the gate and source of the transistor 23
obtains the current value of the gradation designating current flow ng
bet ween the sogdcevans Braintef Dihe fakdisstioth2Fomwn %ERCSSIOR peri od
TEM To obtain this voltage, the 15 electric charges are Eéhar ed_jin the
capacitor 24. desighpdirgnrerrent ffHOWsetOGOVGH G@EPSETI N e SEN h

row, the gradation designating current _havin constant level, is forcibly

passed t hr ough tohéPsowér @ & g™ ivr?&r%ﬁge-%ot %@at%h%&]r? t%rz?ﬁéal%s}to&s 23 of

the 20 pixel ciycuits,Di,1 to D ,n ~-* t first .transistor : t he

pi xel circuits B5EREEIBY UL e féioé’f’r?alhc%‘ﬁioﬁl i tF 1%5) i -Sﬁs:at%r%lelnf%{)urt h

transistors 31.of the i ciLcui - > e r t termnals
e’ g Pniler s o T e

Orl to n of 7t ver 3. Accor on 25 period

TSE of the i-t r}éf'l%}[@ﬁgteg%xéqlgthag%ﬂa%et he, %@rieéagth@gdl kRrendk stbhe

transistors 230 circuits D,1to D,n, the transistors 21 of

the pixel WO 2064/ Q0%714+PEFLIB20034007439 fourth transistor 31.

At this time, the source/drain current of the third
transistor 23 has the current value of the gradation
10 designating current and the voltage between the gate
and source of the transistor 23 obtains the current
value of the gradation designating current flowing
between the source and drain of the transistor 23 in
the emission period Tgym. To obtain this voltage, the
15 electric charges are charged in the capacitor 24.
In this manner, in the selection period Tgp of
the i-th row, the gradation designating current having
a constant level is forcibly passed through the power
scanning line Z; — the third transistors 23 of the
20 pixel circuits Di,1 to Dj, p —> the first transistors 21
of the pixel circuits Dj, 6 j to Dj, n —> the signal lines
Y1 to Y, — the fourth transistors 31 of the switch
circuits S7 to Sp — the current terminals 0T to OTp
of the data driver 3. Accordingly, in the selection
25 period Tgg of the i-th row, the voltages in the power
scanning line Zj, the transistors 23 of the pixel

circuits Dj, 61 to Dj,p, the transistors 21 of the pixel



45 circuits D,1 to Dien, the signal lines Y1 to Yn, the transistors 31 of
the switch circuits S1 to Sn, and the current termnals OTl to OIn of the
data drivewo Bo4/a@htei n the stationary state. Moreover, i rrcanp2esioormo5 of
the first to n-th colums, the current value of the driving current
flowi ng through the organic EL elenents Ei,1 to Ei,n in the em ssion
period TEM reaches the current value of the gradation designating current
flowi ng through the signal lines Y1 to Y.420 That is, the gradation
designating current flows through the transistor 23, and the voltage in
the power scanning line Zi -> the transistors 23 of the pixel circuits
Di,1to Di,n -=itheitsabsi st dosD2lnef thiee siphgdl ldnesuilus toi Yo/t 626 , n ->
the signal lines Y1 to 15 Yn -f the transistors 31 of the switch circuits
S1 to Sn -> theapeisdarst SlnPfalteeopyitehord r61itie Sgat® Sari #8F 3 obt ai ns
the stationary state. Accordingly, the voltage of .the |evel, i.n accordance
with the currefhe @Eﬁﬁ@nﬁft@ﬁ@”ﬁ?ﬁﬁhﬁﬂﬁn%ﬁbgﬁ%nggiﬁéecgﬁﬁgnﬁrﬁmgﬁ g 20
through the transi stor 23 is applied between.the e .el g and
source el ectroﬁ@%?‘%%l &e &2 PR Ys ttf? gﬁ&eto%aeé dl el%t %l%y g%gr%%s havi ng
a size in accordance with the |evel qf # e @Ift@ﬁ ween e £ gaie
glectrodé 239 Qﬁd%gﬁhi&gsglgé%gbgé‘ g:o ré;t'he tré%gﬁgtoru23 i's charged
in the capacitor 34ng 0 QAGR MOA%g dhaldifs RCd e mad STSheoftd he
the pi xel , L to D

i-th row, in circuits ,nh of the1-th row, the WD
2004/ 001714 PCEQ;??QQ?@QQ?&%%.the emission period Tgy reaches the
4 4

current value of the gradation designating current
flowing through the signal lines Yp to ¥p.

10 That is, the gradation designating current flows
through the transistor 23, and the voltage in the power
scanning line Zj —> the transistors 23 of the pixel
circuits Dj, 1 to Di,p — the transistors 21 of the
pixel circuits Dj,1 to Dj,n —> the signal lines Y7 to

15 Yp, —> the transistors 31 of the switch circuits S; to
Sy —> the current terminals OTj to OTp of the data
dfiver 3 obtains the stationary state. Accordingly,
the voltage of the level in accordance with the current
value of the gradation designating current flowing

20 through the transistor 23 is applied between the gate
electrode 23g and source electrode 23s of the
transistor 23, and the electric charges having a size
in accordance with the level of the voltage between the
gate electrode 23g and source electrode 23s of the

25 transistor 23 is charged in the capacitor 24. 1In other
words, in the selection period Tgmg of the i-th row, in

the pixel circuits Dj, 1 to Dj,p of the i-th row, the



46 transistors 21 and 22 function to pass the gradation designating
currents flow ng through the signal lines Y1l to Yn through the transistors
23, the twaosemarst 23 function to obtain the gate/ sourra/Jpebé3age3o n 5
accordance with the current value of the forcibly flow ng gradation
designating current, and the capacitor 24 functions so as to hold the

| evel of the gat e/source vol tage. Here, in each current flow ng path
through the 10 power scanning line Zi thﬂéugh whi ch the gradation
designating current flows, the transistors 23 of the p| er circuits D, 1
to Di,n, the transistors 21 of the pi xel circuits Di to Di,n, the 5|gnal
lines Y1 to Yntramsésticamsiod: eme 22 drundid oswitie pasisr (ﬁhec 9rafatd o, and 15
the current terminals Ol to OIn of the data _driver %’fe assu that an

el ectrostatic cHsdemarig tqvéfl%ﬁﬂtrserﬁlo‘”blé’(% G diskhh tsrilé?r’ﬁTgﬁ%nqsi nes Y1

to Yn fromthe source el ectr of each tr 23 is tric

charges Q char dged I&Pﬁ&bﬁi gtnr?naﬁl%]%? \ar%f’tz:gbe Y2 a?rnléSlass Y Izgfws I Q

=CQv ... (2); um n lat, the current val ue of the

gradat i on des?%’ﬁ’ﬁ 1% & Oé)rﬁajtﬂ‘a%h gparstz?ester lhcf’g T Pi,j is 25 ldata

(ldata |g ConStantordpa L0 SR ON AR LR Jz@rtl'?eh fdE g pequi red for
[ r

bringi ng "t he voarcia SIS power scanni ng I ne transi st or

23 of the VW’2@9&5&9&]%%J§Q¥ﬂﬁ¥Qﬂ§hQ9k%%%g current, and the

capacitor 24 functions so as to hold the level of the
gate/source voltage.
Here, in each current flowing path through the
10 power scanning line Zj through which the gradation
designating current flows, the transistors 23 of the
pixel circuits Dj 1 to Dj, p, the transistors 21 of the
pixel circuits Dj, 1 to Dji, p, the signal lines Y; to Yp,
the transistors 31 of the switch circuits S7 to Sp, and
15 the current terminals OTq to OTp of the data driver 3,
assuming that an electrostatic capacity of the current
path to each of the signal lines Y7 to Yp from the
source electrode 23s of each transistor 23 is C,

electric charges Q charged in each current path at

20 a voltage v are as follows:
Q=Cv ... (2); and
dQ = C+dv ... (3).

Assuming that the current value of the gradation

designating current of the predetermined pixel Pj 4 is

25 Idata (Idata 1s constant in the selection period Tgg),
for a time dt required for bringing the voltage in the

power scanning line Zi, the third transistor 23 of the



47 pixel circuit D,j, the first transistor 21 of the pixel circuit D,]j,

the signal line Y], the fourth transistor 31 of the switch circuit §, and
t he currewo 200g0a7raal OT] of the data driver 3 into the KiTatPzasanyu3db st ate,
the follow ng equation is established: dt = dQldata ... (4), where dQ

denotes a change anount of the electric charge of the current path in the
time dt, and al so denotes the change anmpbunt of the electric charge of the
signal 10 line Y] in the potential differédce dv. As described above, as

| dat a decreases, dt |lengthens. As dQ increases, dt |engthens. As described
above, in the selection period TSE of the i-th row, the sizes of the

el ectric char gesizsHargiectuil’s Bin, hethapaiditorisrans bitahe? bixkIthg rcuits
D,1toD,n of thei-th roware updated fromthe previous_one scanni ng
period TSC, andipifd GHF@H:T Vi ups %ﬁet%kgn%ﬂi%ﬁnﬁ;{ﬁnrQRﬁsqu%E&ng t hr ough
the transistors 23 of the pixel circujts Di,1 to D,,n of . the i-th row are
20 updat ed frorﬁﬁ%lp?fé?ﬁﬁjﬁ %ﬁaﬂ?ﬁ' nﬂ“b%&?o%iﬁ% S B AR N the

arbitrary point_in th ansi st.or -> the figst S ->_the
signal 1line thectﬂ%{baés (é\"ngl hort & '%t?' RS %]ﬁcfésl%%é ?ﬁgé %?%%%‘?%?%% 21,
22, 23 i ch change wth t .t Howey LA, the present
enbodi nent, forsact&%cee’ c%l}er en l@%mgo%‘%%%%f#g%%tl on e:g?%‘%](gii ng current

flow ng through the tyansi r. 23 -* thgytransistor 21 WO 2004/001714
R AL LAl 113 RSSO

where dQ denotes a change amount of the electric charge
of the current path in the time dt, and also denotes
the change amount of the electric charge of the signal

10 line Y4 in the potential difference dv. As described
above, as Igata decreases, dt lengthens. As dQ
increases, dt lengthens.

As described above, in the selection period Tgg of
the i-th row, the sizes of the electric charges charged

15 in the capacitors 24 of the pixel circuits Dj, 1 to Dj p
of the i-th row are updated from the previous one
scanning period Tgc, and the current values of the
driving currents flowing through the transistors 23 of
the pixel circuits Dj 1 to Dj,p of the i-th row are

20 updated from the previous scanning period Tgc.

Here, the potential in the arbitrary point in the
transistor 23 — the first transistor 21 — the signal
line Yj changes with internal resistances of the
transistors 21, 22, 23 which change with the elapsé of

25 time. However, in the present embodiment, for the
current value of the gradation designating current

flowing through the transistor 23 — the transistor 21



48 -~ the signal line Yj, even when the internal resistances of the
transistors 21, 22, 23 change with the elapse of tinme, the current val ue
of the gradetongeni7desi gnating current flow ng through trETrIrassiost4es 23 5
->the transistor 21 -> the signal line Y] is as desired. Mdreover, in the
selection period TSE of the i-th row, the common el ectrode of the organic
EL elenents Ei,1 to Ei,n of the i-th rowis the reference voltage 10 Vss.
The charge voltage VCH the sanme as or | owef8t han the reference vol t age Vss
is applied to the power scanning line Zi, therefore reverse bias voltages
are applied to the organic_EL elenents Ei,1 to Ei,n of the i-th row, the
current does not>fFlev $heBabhlike bjgadyen18her ehendRisr®el1 to Ei, n of
the i-th row, and th% or gani c EL %IenentipEi,l to Ei,n_do_not emt the
light. Moreovef©Sphy FﬁgegrgﬁéF'Sn deEPRALERg 2dur Pént Pl GRFRGe PHtdugh t he
signal lines Y1,to Yn, the signal lines YL to Yn._beco tationary at a
vol t age | ower tﬁ%ﬁ ?Eépfﬁ SEa%éQGVOI §ggu€éﬁ?%TﬁglEﬁan§§%FogFﬁ aééﬁ&citors
24 for passing - iLvi.ng rent t h gani c |_enen Ei,1
to Ei,n are uni%%gﬁgﬁéggégnfﬁg e%% F%g%gégaéé %8 %dggfg%gépﬁgsgﬁfr%§t

{1 owihg through g hegat e diiyst 31 frpmiidie shanaly Jides Yt Yn. 25

Subsequently, in the end tine t1 R of the selection peri of the i-th
row (i.e., the gtaktelime of the non-selection period TNSE of the i-th
row), the WD 2004/001714 PCT/JP2003/007430

Moreover, in the selection period Tgg of the i-th

row, the common electrode of the organic EL elements
Eij,1 to Ej,n of the i-th row is the reference voltage

10 Vss- The charge voltage Vepg the same as or lower than
the reference voltage Vgg is applied to the power
scanning line Zj, therefore reverse bias voltages are
applied to the organic EL elements Ej,1 to Ei p of the
i-th row, the current does not flow through the organic

15 EL elements Ej 1 to Ej n of the i-th row, and the
organic EL elements Ej 1 to Ej n do not emit the light.
Moreover, by the gradation designating current flowing
through the signal lines Y; to Yp, the signal lines Yj
to Y, become stationary at a voltage lower than the

20 charge voltage Veyg. The charges to the capacitors 24
for passing the driving current through the organic EL
elements Ej 1 to Ej n are uniquely determined by the
gradation designating current flowing through the data
driver 3 from the signal lines Y1 to Yp.

25 Subsequently, in the end time t{r of the selection
period Tgrp of the i-th row (i.e., the start time of

the non-selection period Tygg of the i-th row), the



49 sel ection scanning driver 5 ends the output of the pulse signal of the
high level to the selection scanning line Xi, and the power scanni ng
driver 6 wodmo4edieisout put of the pul se signal of the | owdmerebostoorsdine 5
power scanning line Zi. That is, in the non-selection period TNSE till a
start tinme tl1 of the next selection period TSE of the i-th row froman end
time t2, the off-voltage Voff is applied to the gate el ectrodes 21g of
the transistors 21 and the gate electrode§9229 of 10 the transistors 22 of
the pixel circuits Di,1 to Di,n of the i-th row by the sel ection scanning
driver 5, and the power voltage VDD is applied to the power_ scanning I|ine
Zi by the powesedeaiiong sgranpdnds drifyerefordds kheneutehts @fedi®n peri od
TNSE of the 15 i-th row, the transistors 21 of the pixel circuits Di,1 to
Di,n of the i-®Plsewsdsrdln athdhs fistatevednda Hde G158 desi gnati ng
current flow ng thrqugh _the signal lines Yl to Yn fromjfhe power scannin
line Zi is cutSCapiiiferndte Xim 3k Wsh RO S P& l‘f’éE\Qg(?no t he °
i-th row, in any of the pixel .circuits D .1.ta i, N of t I-thr t he
second transi st %%@ﬁi tl}enémo §° sstlaq(nea.l ﬁfe%ehfeec]torw clhagfhég'r géebs tg#ar ged
in the capacitor 24 | r-avj ous sel i per T t is i h row
are conf ;éned b Ot“f'uee% tér%r%}qg}qgrlg 1L2Sé1n'd ngalﬂz rE]‘thtﬂ ?%,e i%rfor'?-];?eelnéc‘)&raf-:l"soerII ection

period TNSE and,Jifi,q pnul qus el eald,an peid ad BE hde.aal eleaiicen
vol tages VGS of the thi transi stor 23 becone equal. WO 2004/001714
PCT/ JP2003/ 0074301 0d Tgr of the i-th row from an end time ty, the
off-voltage Vyoef is applied to the gate electrodes Zlg
of the transistors 21 and the gate electrodes 22g of
10 the transistors 22 of the pixel circuits Dj 1 to Dj n
of the i-th row by the selection scanning driver 5, and
the power voltage Vpp is applied to the power scanning
line Zj by the power scanning driver 6.
Therefore, in the non-selection period Tygg of the
15 i-th row, the transistors 21 of the pixel circuits Dj 1
to Di,n of the i-th row obtain the off state, and the
gradation designating current flowing through the
signal lines Y to Y, from the power scanning line Zj
is cut. Furthermore, in the non-selection period Tygg
20 of the i-th row, in any of the pixel circuits Dj, 1 to
Di,n of the i-th row, the second transistor 22 obtains
the off state. The electric charges charged in the
capacitor 24 in the previous selection period Tgg of
the i-th row are confined by the transistors 21 and 22.
25 That is, in the non-selection period Tygg and the
previous selection period Tgg, the gate/source

voltages Vgg of the third transistor 23 become equal.



50 Therefore, between the gate and source of the transistor 23, the

vol tage for passing the current having the current value equal to that of
t he gradawioowo4/eurrent flowing in the sel ection period TPeH/IPROIBIONMEE 5 t O
be applied even over the non-selection period TNSE In the non-selection
period TNSE of the i-th row, since the VDD satisfying the above condition
equation (1) is applied fromthe power nnlng line Zi, the third
transistors 23 of the pixel circuits D, 1 o Di,n 10 of the i-th row
continuously pass the sane driving current as the gradatlon desi gnati ng
current in the previous selectlon period TSE. Mbreover n the

non- selection[ﬂ#¢¥ﬁ¢Q$E%EQﬁtW?@P| Chey 9V IR TOHFOR O%IE@?rode of the
organi c EL el enents Fi 5 the_i-th row t he reference

t h
Coltage Vs NoPdRet oy h?33po%<? %%%11 PAITERT n%a%?l%?*?%e%%? vol t age
VDD hi gh th th f \V f f d
Vol tagee oo nalt i EhET ENEEALI LA SR TEL SR o5 %g'a 5r?3%§lson-th
h ff
ont e T he ar R fdn ) BESERCT A TS| SLeC ol pLifol ble! S8R 0AR.LYS O

state, the driving cur Iom1 roug 1to Yn

via the tgansistorse 24 %pffgd & o855 FOF ough ﬁ@ﬁ—QéE@@tEogzggfﬁggnfg%Ei’1 to

Ei,n of .the i-th row by the function of the transistor
organic EL el enents Eh, tntonkh-BeBBELibACPELUBE. T]f\@_ﬁabfl Shel R-therpixel

circuits Di,1 to Di,n, the transistors 21 and 22 function to confine the
electric WO 20Q§hﬂﬁé7ﬂﬁePﬁﬂﬁJgﬁﬂﬂéf@Qﬂ§3ﬂhe above condition equation
(1) is applied from the power scanning line Zj, the
third transistors 23 of the pixel circuits Dj 1 to Dj, n
10 of the i-th row continucusly pass the same driving
current as the gradation designating current in the
previous selection period Tgg. Moreover, in the
non-selection period Tyggp of the i-th row, the common
electrode of the organic EL elements Ej 1 to Ej p of
15 the i-th row has the reference voltage Vgg. Moreover,
the power scanning line 75 has the power voltage Vpp
higher than the reference voltage Vgg. Therefore,
forward bias voltages are applied to the organic EL
elements Ej 1 to Ej p of the i-th row. Furthermore,
20 since each transistor 21 of the i-th row has the off
state, the driving current does not flow through the
signal lines Y7 to Y, via the transistors 21, and
flows through the organic EL elements Ej 1 to Ej p of
.the i-th row by the function of the transistor 23, and
25 the organic EL elements Ej 1 to Ej n emit the light.
That is, in the pixel circuits Dj ;1 to Dj p, the

transistors 21 and 22 function to confine the electric



51 charges of the capacitors 24 charged in accordance with the gradation
desi gnating current between the source and drain of each transistor 23 in
t he sel ecwicoowoperirad TSE in the non-sel ection period THET/EBawiz/o0vT4ansi st or

5 21 functions so as to electrically disconnect the signal line Yj from
the transistor 23 so that the driving current flow ng through each
transistor 23 does not flow through the signal lines Y1 to Yn in the

non-sel ection period TSE. Furthernore, each capacitor 10 24 functions so
as to charge the electric charges for holding the gate/source voltage of

each transistor 23 set to be stationary when the transistor 23 passes the
gradation desi FRRT S cof r ERe . CERRA EPERsT 4t 6Ra D3R Ut FERITIBNES YHtRass

the driving current hayin 15 the current value equal to that of the
or adat | o desi it ST EHEP Bt N BUGHES hEubF G SoFrosh ohent SOUEFST to

Ei,ni d ith th / | t . held b h It 24.
aS tescr i bed abbys, AFhLEHa: SOFBLt o BoFT o ?%E%gfgﬁﬁos¥%§g 1R YeR O the
descri bed absve Fon . Fow, th
pacsed {hr ough ihe Ur agi S06r S0 b erot nEebERa FRpr cubFa ol P B Y o

the i-th gow thereforeibhe Syrsentoval decpictie, dikubpgeCHr ot through
1 25 to Ei d as d

the organic EL elenents Ei, Ei,n I's obtalne esired, and the

organic EL el egpmts1 Elidet 9. Ebromepht thenkighbrapzasgredeternined
gradation | um nance. WO 20047 001714 PCT/ JP2003/ 007430

driving current flowing through each transistor 23
does not flow through the signal lines Y; to Y in the
non-selection period Tgrp. Furthermore, each capacitor

10 24 functions so as to charge the electric charges for
holding the gate/source voltage of each transistor 23
set to be stationary when the transistor 23 passes the
gradation designating current. Fach transistor 23
functions so as to pass the driving current having

15 the current value equal to that of the gradation
designating current through the organic EL elements
Ei,1 to Ej n in accordance with the gate/source voltage
held by each capacitor 24.

As described above, in the selection period Tgg of

20 the i-th row, the gradation designating current having
the desired current value is forcibly passed through
the transistors 23 of the pixel circuits Dj 1 to Dj,
of the i-th row, therefore the current value of the
driving current through the organic EL elements Ei, 1

25 to Ej, p is obtained as desired, and the organic EL
elements Ej 1 to Ej pn emit the light at a predetermined

gradation luminance.



52 When the current designating systemis applied to the active matrix
driving display apparatus, the current value of the driving current

fl owi ng twoowegdoolesch organi ¢ EL el ement per unit tine car/dreosedused. 5
For this, in the non-selection period, with the gradation designating
current having the current value equal to that of the driving current, a
capacity Cof a current path to the signal line Y} fromthe source 23s of
the third transistor 23 has to be quickly %%arged. 10 Here, in the pixel
Pi,j, the current value of the gradation designating current, which is
passed through the signal line Yj in order to emt the |light fromthe
organi c EL el ement Eih¢nathe apgrest geadanabhnd| gEFReHcesSLABBLEACt he
non-sel ection period TNSE of the 15 j-th row, is defined as, lhsb in the
sel ection peri oBRTSECBIVE MBAFI1H SHiWiRGheeREAY | JPPFRAERS pFRel

Pi+l,j,.th t I ft ti desi [ t ich
passot thr ugh FRE- S BrkiL F it viiF bt UERS 1 UbTEL L REOFE B CFIOM e

LT 2L, 20 CLIBIE el P IES B0 Sl it

(additionally, t% Tous, Pan organi ¢ SRERT Ei +1, |

its the:light ] j = ti ,0d TNSE of
emts the; | 1ghtygl @th“(ng%gg”ﬁ?%Bs%ge%ﬁgo§g§e§§589 WQEhpgﬁ§° 0

the (i+l)st row, 1s define ection perio SE of the 25

(i+l)st row. Thep,yi foﬁoliég_’{‘@;ﬂgt{xg&a&ﬁ??eﬁﬁ HQ{rT%?eéhe Lhsbernt | L 8hye - -

(5). The voltage applied to one end of the signa i ne WO 2004/ 001714

PCT/JP2003/0074§Qual to that of the driving current, a capacity C of a
current path to the signal line Yy from the source 23s
of the third transistor 23 has to be quickly charged.

10 Here, in the pixel Pi,jr the current value of the
gradation designating current, which is passed through
the signal line Y5 in order to emit the light from
the organic EL element Ei, S at a highest gradation
luminance Lhsb in the non-selection period Tygg of the

15 i-th row, is defined as Ihsb in the selection period
Tgg of the i-th row. Subsequently, in the pixel
Pi+1,j,,the current value of the gradation designating
current, which is passed through the signal line Yy
in order to emit the light from the organic EL

20 element Ejyp,4 at a lowest gradation luminance Llsb
(additionally, the micro current flows, and the organic
EL element Ei+l,j enits the-light at a low luminance)
in the non-selection period Tygg of the (i+l)st row, is
defined as Ilsb in the selection period Tgg of the

25 (i+1)st row. Then, the following relation is obtained:

Thsb > Ilsb ... (5).

The voltage applied to one end of the signal line



53 Y] on the side of the data driver 3 is defined as Vhsb so that the
signal line Y] obtains the stationary state at the current value |hsb. The
vol t age amul 20edotioridone end of the signal line Y] on thecaimeoosfoordde data 5
driver 3 is defined as VIsb so that the signal line Y} obtains the
stationary state at the current value Ilsb. Then, the followng relation
is obtained: VCH > VIsb > Vhsb ... (6) That_is, when the potenti al

di fference between 10 the drain 23d and sburce 23s of the transistor 23 is
VCH VI sb and | ow, the current value of the source/drain current flow ng
through the transistor 23 decreases to |lsb, Wen the potential difference
bet ween t he dra¥h °R3ehansieeu?Eetasdatat@eiveandi ¢ ofchdined VAR and

15 high, the current value of th purce/drajn, current  f]ow ng through the
Cransistor 53 | HorGaRbathe THEtAL AL Cha: b JRBOHRS O AcEimbTareny | HEThe

t th to t i |1 Yj th | ectrode. 2 f th
curtent path Lo Uicosiglalalipell LA GOy ceagh oRhipnE2E8 oo, 11
to the highest dati ] i f : = VI sb- Vhsb
(o Che i ghest gkadgelone LimarnemLis b, onefalieiee Klesdyl ob neb)

¥ on order to acerohl 8t ect hecchandss 26 agouot k! enthsbonand the eharge

anmount QL can quickly be charged because of a relative ge currént. C

denotes the capgstiyn8f thbesesf{EnhrPathatd0:200AL 004 1dn PGFAIR209858907430
Then, the following relation is obtained:
Veyg > Vlisb > Vhsb ... (6)
That 1s, when the potential difference between
10 the drain 23d and source 23s of the transistor 23 is
Vep~Vlsb and low, the current value of the source/drain
current flowing through the transistor 23 decreases to
Ilsb. When the potential difference between the drain
23d and source 23s of the transistor 23 is Vpp-Vhsb and
15 high, the current value of the source/drain current
flowing through the transistor 23 increases to Ihsb.

A charge amount Ql accumulated in the current path
to the signal line Y+ from the source electrode 23s of
the transistor 23 in order to modulate the lowest

20 gradation luminance Llsb to the highest gradation
luminance Lhsb is as follows:

Ql = C(Vlsb-Vhsb) ... (7),
the current value of the current flowing through the
signal line Y5 in order to accumulate the charge

25 amount Q1 is Ihsb, and the charge amount Q1 can quickly
be charged because of a relatively large current.

C denotes the capacity of the current path.



54 On the other hand, a charge anpbunt @2 accunulated in order to nodul ate
t he hi ghest gradation |um nance Lhsb to the |owest gradation | um nance

LI sb i s egwatonooni7ain absol ute val ue of the charge anountpc@LiP2tn3tootdie 5
current flow ng through the signal line Yj at this time is Ilsb. Here, in
the constitution according to a- conparative exanple in which the
current/voltage switch portion 7 is renoved fromthe display apparatus 1
of 10 the present invention, the voltage VAsb is applied in one end of the
signal line Yj on the data driver 3 side in order to pass the gradation
designating current having the current value |Ihsb through the signal |ine
Y] in the selection Qeritpl aESEbHhaky 2 tHFEE AP 137 A tHeed
stationary current value | hsb, Thereaft

one end of the & GFeT IFnh&oFuIGtTS edg”[j%g}tﬁtﬁi GJIOQ%%@W‘PEFU Sgslsn
the signai |1 ndab (b (HE QBT GH U G 20™RaRrGre HEX 1 )5 16w and to
he curront vall THSH S (e B sifari o L0 Boariaa e dME 2% crrar kbl y
Vol tage ¥ ob 22 BT THe SralTEhary ST & Snd S Gh et o F caponce figre
i npossi bl e. Therefors, it is especially difficult to snoothly display an
i mage whose i mage data easily WO 2004/001714 PCT/ JP2003/ 007430
Here, in the constitution according to a-
comparative example in which the current/voltage switch
portion 7 is removed from the display apparatus 1 of
10 the present invention, the voltage Vhsb is applied in
one end of the signal line Y4 on the data driver 3 side
in order to pass the gradation designating current
having the current value Ihsb through the signal line
Y5 in the selection period Tgg of the i-th row and to
15 obtain the stationary current value Ihsb. Thereafter,
the voltage Vlsb is applied in one end of the signal
line Y4 on the data driver 3 side in order to pass the
gradation designating current having the current value
Ilsb through the signal line Y4 in the selection period
20 Tgrp of the (i+l)st row and to obtain the stationary
gradation designating current. In this case, since
the current value Ilsb of the gradation designating
current is remarkably small, as shown in FIG. 9A,
much time is required for obtaining the voltage Vlsb
25 of the stationary state and a high-rate response is

impossible. Therefore, it is especially difficult to

smoothly display an image whose image data easily



55 changes |i ke a dynam c inmage. However, in the display apparatus 1 in
which the current/voltage switch portion 7 is disposed as showmmn in FIG

1, betweewdtve4/tdime ti R when the selection 5 period TSE rafT/ip2en3io01430 r ow
ends and the tinme ti+1 when the selection period TSE of the (i+l)st row
starts, that is, in the reset period TRESET of the (i+1)st row, the
swtch signal ~ inputted into the switch signal input termnal 140 is of
the high level, the fourth 10 transistor obtains the off state, and the
fifth transistor 32 obtains the on state. Therefore, as shown in FIG 9B,
in the reset period TRESET of the (i+l)st row, the gradation designating
current does nothandsme thlkrigh Wmctqﬁ@a%gnal | i nes Yl to Yn, but the 15
reset voltage VR is forcibly applied to all the signal_ |ines Y% 0 Yn. The
reset voltage VR is Z@¥e¥®ratileblde ‘él%Bi?&g%ppﬁF@lgB? thiR VRic fj}ﬁ@st
gradation voltage Vhsb, s rdance with th

t.at
gl ectric charg r?ﬁferbw %Jteﬁag‘?] ?‘?%Jeg‘é}i?gﬂﬁ‘g?%r%\ez %C&S% S5 ?ﬁes%?‘?ﬁ%atl on
|
esi gnati ng currer@;{j av ‘tg??/ ﬁ?%:ﬁjrtﬁgt %Iﬁ. ughR ntghetglgﬁg the maxi mum

gradation dri VI ow ng r%ug e or gani c feient s El, 1

Lo Em n. o when e, o8 08Nl co ELoRL enenls. B, duho Eunc6 Lhbec 2o, 11gbh

the brightest X me dati on | unTnance in t e sel ectibh peri od
TSE. The reset mol tage VR bs P%gffwr@ YoBetnt o beinet Lesssthansthe

internmedi ate WO 2004/ 001714 / JP20037 007430

that is, in the reset period TrggrT ©of the (i+l)st row,
the switch signal ¢ inputted into the switch signal
input terminal 140 is of the high level, the fourth

10 transistor 31 obtains the off state, and the fifth
transistor 32 obtains the on state. Therefore, as
shown in FIG. 9B, in the reset period TrggrT ©f the
(i+1)st row, the gradation designating current does not
flow through any of the signal lines Y to Y,, but the

15 reset voltage Vg is forcibly applied to all the signal
lines Y1 to Y.

The reset voltage Vi is set to at least a voltage
higher than the highest gradation voltage Vhsb set to
be stationary in accordance with the electric charges

20 | charged in the signal lines Y1 to Y, by the gradation
designating current having the current value equal to
that of the maximum gradation driving current Iyax
flowing through the organic EL elements Ej 1 to Ep n,
when the organic EL elements Ej, 1 to Ep n emit the

25 light at the brightest maximum gradation luminance Lyax
in the selection period Tgr. The reset voltage Vgp is

preferably set to be not less than the intermediate



56 vol tage which has the internmedi ate val ue between the |owest gradation
voltage VIsb set to be stationary in accordance wth the electric charges
charged i watveso|irgnal |ines Y1 to Yn by the gradati on degiIpeaBionTy36
current having the current value equal to that of the mninum gradation
driving current IMN flow ng through the organic EL elenents E1,1 to Emn,
when each of the organic EL elenents E1,1 to Emn has the m ni num
gradation |uninance LM N (additionally, tR& current 10 value exceeds 0 A),
and the highest gradation voltage Vhsb, nore preferably the value equal to
or nore than the |owest gradation voltage VIsb, nost preferably the

vol tage equal welthgechdrigh Vel dde VoFermedipite fadne Pediveed tHhe reset
voltage VR is 15 higher than at | east the highest gradation voltage Vhsb,
in the reset péerest e dsdtion ival o éfrle?%éetbé%%g)@n 40 1Rk &hd drain
of the transistor 23 can he_s to be | aower .than VCH Vhsb., .Th is, the

el ectric char g8SOFIREST fyrec PreFid T PR HAW 5T 01t HdSsi gnal

e o, [rom IS R Se ook gt 235, QR d AL MINEL A 1S,
(ol Vel ST Q92D AP AN U0 a0 b Staid ey
b004) o1v14. pCHIRANE, HElFitn MNP CRB AR I PHISA PRIl VO
the organic EL elements Eq,61 to Ep,p, when each of
the organic EL elements Ej 1 to Ep,p has the minimum
gradation luminance ILyy (additionally, the current
10 value exceeds 0 A), and the highest gradation voltage
Vhsb, more preferably the value equal to or more than
the lowest gradation voltage Vlsb, most preferably the
voltage equal to the charge voltage Vep.
In this manner, since the reset voltage VR is
15 higher than at least the highest gradation voltage
Vhsb, in the reset period, the potential difference
between the source and drain of the transistor 23
can be set to be lower than Vpp-Vhsb. That is, the
electric charges of the capacity C of the current path
20 to the signal line Yy from the source electrode 23s
of the third transistor 23 is charged so that the
relatively low gradation driving current, that is,
the relatively small gradation designating current can
guickly be stationary, and the potential of the signal
25 lines Y7 to Y, is quickly stationary at the reset

voltage Vg.

Moreover, when the selection period Tgr of the



57 (i+1l)st row starts, in the sane manner as in the i-th row, a selection
scanning line Xi+1 and power scanning line Zi+1l are selected by the

sel ect i onwsxmn10Mgi4dri ver 5 and power scanni ng driver @cCtarrdodswntdder t he
fourth 5 transistor 31 obtains the on state. Accordingly, in each col um,
t he gradation designating current flows through the power scanning |ine
Zi+1l -* the third transistor 23 --> the transistor 21 -> the signal |ine
Y -> the fourth transistor 31 -> the data dfiver 3. 10 Thereafter, in the
non- sel ecti on period TNSE of the (i+1l)st row, in the same manner as in the
i-th row, the ganlc EL elements Ei+1,1 to Ei+1,n of the ( |+1)st [ oW
enit the |ight é% ﬂhétIHﬁWnéﬁéétéraaatFEﬁ PATGCRAPRGACES WPt hRehé—Ebr rent
val ue of each driving current. 15 Here, e tl qui red for bringing

the voltage infPHe PowEre§ éﬂﬁuﬁﬁaPPﬁagz e héltﬁaﬁsPQWSF SS3nnL K
transi stor 21, he téan5|stor 3% an g # gata ver 3 into
stationary stat hélgﬁgaaﬁﬁ ﬁc g §n5 |n§e%SFkéﬁP FﬁapﬁéngeﬁE%YFSn

d TSE of t N t 2
Po (3. I the Eﬁﬁﬁﬁn{% S ogchiting BFRUERCR, CnlY rhh e R AR NS o

through the S'ggféngﬁggérY%l BBtXEnbntBQeoﬁeEEQEbon REEbQQlE@E of sfhe i - th

row is |arge, e current value of the gradation 25 deS|gnat|ng
current flow ngehbhobghuihe %hanalrahbe@énYaesaené{@lh@ thersekegtbay period

TSE of the (i+1)st rowis small ke the current value Ilsb at a | owest
gradation WO 2Oeﬂkaaéﬁléhecib&ezo@&éﬁﬁiﬂ@o11ne Zi4+1 —> the third
transistor 23 — the transistor 21 — the signal line
Y — the fourth transistor 31 — the data driver 3.

10 Thereafter, in the non-selection period Tygg of the
(i+1)st row, in the same manner as in the i-th row, the
organic EL elements Ejyq,1 to Ej47,n of the (i+l)st row
emit the light at the luminance gradation in accordance
with the current value of each driving current.

15 Here, the time dt required for bringing the
voltage in the power scanning line Zj;q1, the transistor
23, the transistor 21, the transistor 31, and the data
driver 3 into the stationary state by the gradation
designating current in the selection period Tgr of the

20 (i+1)st row is represented by the above equations (2)
to (4). If the current value of the gradation
designating current flowing through the signal lines Yq
to Y, in the selection period Tgg of the i-th row is
large, and the current wvalue of the gradation

25 designating current flowing through the signal lines Yj
to Y, in the selection period Tgg of the (i+l)st row is

small like the current value Ilsb at a lowest gradation



58 lum nance LIsb tine, the voltage for the signal lines Y1l to Yn to
obtain the gradation designating current of the (i+l)st rowis set to be
st at i onar wo heoidt4 | engt hens as represented by the abawa/mpguastooons (2) to
5 (4), and there is possibility that dt is |longer than the selection
period TSE. Therefore, if the current value of the-gradation designating
current is small in the selection period TSE of the (i+l)st row as

descri bed above, for the display apparatu§81 in which 10 the
current/voltage switch portion 7 is not disposed, as shown in FIG 9A the
sel ection period TSE of the (i+l)st row ends before the voltages applied
to the capaci tPimengr khsh dtinansiie ofobedtEeh Ehe eI bnbiYest ate.

There is possibility that the 15 current | ue of the drjving current_of
the organic EL elérem st& datain otlis +9Fr,ﬁh‘y%l<frhe£??w1}%*fl% 5Tl 9 Rr ent

f h f dat | desi ' . s Sl h
cur et/ vol t age e LER BGr (100 £20°9 1E© P& sk Pt he aFSp 29¢ appar atus 1

of Lhe present ) STALIENL, Lo, Leselopar) ot TRESEIL | sqnet s bauedi ptel y

before the sel ecti peri od row. | order t t he

signal lijies Y1 4p Y&%%Q&étf&igﬂ%ybjhﬂ@gh&&w%ﬁn% vabige Pf L b

gradation designatﬁng 5 current en the gani c enents Er+1,1 to
Ei+1,n of the {iglistctOVoemiribe tight dlotbeclow | gninansgrrehbe reset

voltage VR is applied so as to quickly charge WD 2004/ 001714
PCT/ JP2003/ 0074@81ue of the gradation designating current is small
in the selection period Tgg of the (i+l)st row as
described above, for the display apparatus 1 in which
10 the current/voltage switch portion 7 is not disposed,
as shown in FIG. 9A, the selection period Tgr of the
(i+1l) st row ends before the voltages applied to the
capacitor 24 and third transistor 23 obtain the
stationary state. There is possibility that the
15 current value of the driving current of the organic
EL elements Ej+1,1 to Ejtq,n of the (i+1)st row is
different from that of the gradation designating
current.
However, since the current/voltage switch portion
20 7 is disposed in the display apparatus 1 of the present
embodiment, the reset period TrrpgmT 1s set immediately
before the selection period Tgg of the (i+l)st row. In
order to set the signal lines Y7 to Y, to be stationary
at the current value of the gradation designating
25 current when the organic EL elements Eji 3,1 to Ejy1,n
of the (i+1)st row emit the light at the low luminance,

the reset voltage VR is applied so as to quickly charge



59 the electric charges in the capacity C of the current path, and the
potential of the signal lines Y1 to Yn quickly rises. Especially, when the
reset vol wagmod#17i4s set to a value in the vicinity of trea/rrhesgerseltage 5
VCH or the | owest gradation voltage VIsb, and even when the current of the
| ow | um nance such as the |owest gradation current Ilsb for the | owest
gradation |um nance LIsb is passed through the signal lines Y1 to Yn in
the selection period TSE of the (i+l)st ®w, 10 as represented by the above
equations (2) to (4), the change anounts of the electric charges of the
signal lines Yl to Yn in the reset period TRESET and in the sel ection

peri od TSE of tthe @ledtstia shacaieshdn fihe maRaditss Crindr diher CUTGRAET when
the gradation designatin current of thegé]é;l)st row is the Iowest

gradation cur e/l a8 e rddeslt iGN e W P Ynhe
signal lines Y1 to_Yn obtain the stati.qnary _stat at t adation
vol tage VI sb i ﬂuti'-r?édé’elléc?ﬁsbn f@%%ﬁﬁs@’}%ﬁnt 49 tvéﬁov%gerﬁf

el ectric charges cal be char.ged .in the capaci C d

the current val‘¥e c?f ttr?e agr a?dg'ﬁ o &8 gt Jlnnlgt%uorggtnl%e &C]%f]ea‘&ceﬂ] \ﬁl on

peri od T§E anqlthe O(:V?e rTé]drag}xe O%{ JJF%EE%%(G\} 1640 %c&

updat ed. “25 Mor'édy e Sa capaci t or |s charged

with a large char é%;o - m%ﬂ@@@téﬁhlwmce in the
previ ous scanm“ﬁlg ‘0{%{0% 14 P éJII}ZOOB/ 007430

lowest gradation current Ilsb for the lowest gradation
luminance Llsb is passed through the signal lines Yj
to Y, in the selection period Tgg of the (i+1)st row,
.10 as represented by the above equations (2) to (4), the
change amounts of the electric charges of the signal
lines Y1 to Y in the reset period Trgggr and in
the selection period Tgg of the (i+l)st row can be
minimized.

15 Therefore, even when the gradation designating
current of the (i+l)st row is the lowest gradation
current Ilsb for the lowest gradation luminance Llsb,
the signal lines Y1 to Y, obtain the stationary state
at the lowest gradation voltage Vlsb in the selection

20 period Tgg of the (i+1)st row. The electric charges
can be charged in the capacitor 24 in accordance with
the current value of the gradation designating current
in the selection period Tgg, and the luminance
gradation of the pixel can quickly be updated.

25 Moreover, in the same pixel Pj 4, the capacitor 24
is charged with a large charge amount to obtain the

high gradation luminance in the previous scanning



60 period TSC (or the previous em ssion period TEM. In the state, when
the charge anmobunt of the capacitor 24 is reduced to update the | um nance
to the | owagpadatiran | um nance in the next scanni ng pericadPI®@Gootddat is, 5
when the current path varies to the | ow gradation high voltage controlled
by the mcro gradation designating current fromthe high gradation | ow

vol tage controlled by the |large gradation designating current, the current
by the reset voltage VR is passed through the signal 10 lines Y1 to Yn

i mredi ately before. Accordingly, the electric charges of the current path
are shifted on the |ow gradation high voltage side. Therefore, when the
signal |ines YIP¢bio®h Bad (Pe ERpaRTewiona gRésségardediodsTmme. capaci tor,

t he charge anount of the capacitor 15 can be brought close to, a | ow
gradation si de BRFoFE2tRe WRRReERP oRRNPEYEoBNIIRE ThathPsCaPRelbotefiti al of

th itor 24 i gnal |ines YL to Yn jckly be stati

as 1o qui ckly char BEPRESorRctPE enaPGeLin REBaenteablei 1BY 2asPRrcok °°
d i th L ow. 20 {] i gnat i £ th

urrent val ue BPERESHStPrT QP GF anat i el hRat: ACkurFeR “ors smal 1.

Therefore; the Nﬂéﬁagﬁgoégnggﬁgégtﬂfv§§§gs E$2E5%§9§H§éf?§ §£§nf%§§hs

Pi+l,1 to Pi+l,nint : tron period . . and the
potential of thg,siggal c&ﬁ@?@lYédb%ygﬂhQ%ﬁng 895@5@105hse§igﬁaeﬂﬁgy state

wi t hout dependi ng on"the current 004/ 001714 PCT/ JP2003/ 007430
current from the high gradation low voltage controlled
by the large gradation designating current, the current
by the reset voltage VR is passed through the signal

10 lines Y7 to Y immediately before. Accordingly, the
electric charges of the current path are shifted on the
low gradation high voltage side. Therefore, when the
signal lines Y{ to Y, and the capacitor 24 are regarded
as one capacitor, the charge amount of the capacitor

15 can be brought close to a low gradation side before the
selection period Tgrg. That is, the potential of the
capacitor 24 and signal lines Yq to Y, can quickly be
stationary so as to quickly charge the electric charges
in each capacitor 24 in accordance with the low

20 gradation designating current, even when the current
value of the desired low gradation designating current
is small.

Therefore, the voltage of one pole of each
capacitor 24 of the pixels Pj;j,1 to Piyg,n in the

25 selection period Tgp of the (i+1)st row and the
potential of the signal lines Y1 to Yp quickly obtain

the stationary state without depending on the current



61 val ue of the gradation designating current. Therefore, wth any
gradation, the current value of the driving current in the em ssion period
TEM ( non- v mod/0cam4 period TNSE) is the sanme as that of rRdwIrdesiogriae ed 5
current of the previous selection period TSE, and the organic EL el enents
Ei+l,1 to Ei+1,n emt the light at the desired em ssion |um nance. In

ot her words, wthout |engthening the selection period TSE of each row,
the organic EL elenent Ei,j enits the ligftl at the 10 desired | uni nance.
Therefore, the display screen does not blink, and the display quality of
the display apparatus 1 can be raised. [Second Enbodinent] FIG 10 is a

di agr am showi ngval w# spf dyheppzadaticon 1deabanating derdthar at REFFET ¢ hat of
the display apparatus 1 of the first enbodi nent. As sho in,FlG 10, the
di spl ay appar atWisth By n&ladrist Qhe %@%i%ﬂr¥%ﬁ%tY%%ﬁ?cﬁ¢iéﬁ#tﬁ#+¥ﬂ%ﬁ organic
EL display panel 102  which perforns the col or_display by the active matrix
20 driving syst@Hreme ¥ shi teW¥iﬁ%9%hpﬁﬁ%ggT%%ﬂo %ﬁﬁ%%@%ﬁ?%ﬁ%%lay pane

102 includes: the .t t substrate 8; the di ' in which
Lhe i mage | s sUBSEH | BEs) o Sph oy cteine v <A Qe § bt CAR R B ver 5

ection "Scanning driver 5

di sposed round%the gisg%ayhg%%%%fpogg1%%}é$€i§§r§§¥ﬁg38@é$g gdrivere6; and

ry , .
a current7volta % %O ver sl on 1 on astTc constitution.

These circuits 4 7 d t 004, 7 -
s oS drbthfe 07epEReACL "RY, P11 86 ¥D, F0R4ER0E e 1ignt

at the desired emission luminance. In other words,
without lengthening the selection period Tgg of each
row, the organic EL element Ei, emits the light at the

10 desired luminance. Therefore, the display screen does
not blink, and the display quality of the display
apparatus 1 can be raised.

[Second Embodiment]

FIG. 10 is a diagram showing a display apparatus

15 101 of a mode separate from that of the display
apparatus 1 of the first embodiment. As shown in
FIG. 10, the display apparatus 101 includes the basic
constitution including an organic EL display panel 102
which performs the color display by the active matrix
20 driving system, and a shift register 103.

The organic EL display panel 102 includes: the
transparent substrate 8; the display portion 4 in which
the image is substantially displayed; the selection
scanning driver 5 disposed around the display portion

25 4; the power scanning driver 6; and a current/voltage
conversion portion 107, to form the basic constitution.

These circuits 4 to 6, 107 are formed on the



62 transparent substrate 8. The display portion 4, selection scanning
driver 5, power scanning driver 6, and transparent substrate 8 are the
sanme as i watesowdirspl ay apparatus 1 of the first enbodi reEnvir2&)3bbhesef or e,
even with the organic EL display 101 of the second enbodi nent,
t he vol tage .
update of the
pixels P1,1 to Pmn, and the gradation 10 ﬁ@presentation of the pixels P1,1
to Pmn are the sane as in the display apparatus 1 of the first

107, the switch

application timng by the selection scanning driver 5,
application timng by the power scanning driver 6, the

enbodi nent. In_ the current/vg}tage conversi on_portion

circuits Sj to SHoCSRETEN &§

transi stor 32 are di%posed 15 f.or_ each col um. Additionallg

circuits ML to RCEhdOfy £7EFEHN% BT G Avdetr ¢S

t he vol t age

SEEhE our thhe iskdiast eorFtoand fifth
current mrror

RS A

control the current .nmi_rror . circuits.ML.to M _ar di sposed. .One.end of the
O yarerOR= 5T ISR 1075 £ Gomnabeed A o 5 g

current/vol tage conversi ortion

current mrror cir i's constitut capac

to 20 ¥n. and the (0hRes ﬁ/?:@grjastu%oﬂn%@ 2 &i10% Ml indB St er
ul eda o a or

type transistorgn@le e, ERRn KARS THQY $:8kni62 ’F_.L31:1’is%2_ba¥ujl k0

f the type,

ida% jbsed

to Wh 25 are field-effect th!n fi!nltran3|stors 0
especially a-Si theaBsicsher SmbdWMheelt ,amiPRRUS 5 i

lines Y1
103. The

and two MOS

an, and W

i

sem conductor |ayer, but nmay al so be a WD 2004/ 0017 PCT/ JP2003/ 007430

by the selection scanning driver 5, the

voltage

application timing by the power scanning driver 6, the

update of the pixels Pj, i to Py, p, and the gradation

10 representation of the pixels Pj, 1 to Pp, p are the same

as in the display apparatus 1 of the first embodiment.

In the current/voltage conversion portion 107,

the switch circuits S5 to Sp constituted of the fourth

transistor 31 and fifth transistor 32 are disposed

15 for each column. Additionally, current mirror circuits

M) to Mp and transistors Uy to U, and transistors Wy to

Wp control the current mirror circuits M; to My are

disposed. One end of the current/voltage conversion

portion 107 is connected to the signal lines Y71 to

20 Yn, and the other end is connected to the shift

register 103.

The current mirror circuit Mj is constituted of

a capacitor 30 and two MOS type transistors 61,

62.

25

The transistors 61, 62, 31, 32, Ui to Up, and W; to Wp
are field-effect thin film transistors of the MOS type,
especially a-Si transistors in which amorphous silicon

is used as a semiconductor layer, but may also be a



63 p-Si transistor in which polysilicon or nonocrystalline silicon is used
in the sem conductor |ayer. The structures of the transistors 31, 32, Ul
to Un, andO0/Moi/a01v¥s may al so be of an inverse stagger tyoa/IProd/00nipd anar
type. In the followi ng, the transistors 61, 62, 32, UL to Un, and WL to W
wi |l be described as the field-effect transistors of the N channel type,
and the transistor 31 will be described as the field-effect transistor of
the P channel type. 10 A channel length of3the transistor 61 is the same

as that of the transistor 62, and a channel width of the transistor 61 is
| onger than that of the transistor 62. That is, a channel resistance of
the transistor 631 iteangjragion Han wiHaah afo kel kkeatsixt gromacr yora ebddifpl e,
15 the channel resistance of the transistor 62 is ten tines that of the
transi stor 61. 3idigeans Jfariad Mhdhe tRksRTtsiaehce Tie t he

transistor 62 is higher than that of the tr istor 61, t channel
|l engths of theky HHrE 6P nd FS J?ﬁ)'?:? e%flelgari@ Efth col um

wi |l be descrihed. For the current irror. circuit t he i n.electrode
of the transi JortOG%‘# @%r?;ﬁesc? g%e to tHe Jolyce e?tecqgr[%rgetgéea e

transi st W, and the e el rades tr [ ; dsH2 are
connected to t hceoﬁgloaunrabre %l e?tcé 0 eeeo;éijh%%ﬁ%’nsﬁg%oﬁ%j{%%oﬁl SO to one

T e 1o LR OIS TSI o P e ot e
field-effect transistors of the N channel type, and the
transistor 31 will be described as the field-effect
transistor of the P channel type.

10 A channel length of the transistor 61 is the same
as that of the transistor 62, and a channel width of
the transistor 61 is longer than that of the transistor
62. That is, a channel resistance of the transistor 62
is higher than that of the transistor 61. For example,

15 the channel resistance of the transistor 62 is ten
times that of the transistor 61. In this manner, when
the channel resistance of the transistor 62 is higher
than that of the transistor 61, the channel lengths of
the transistors 61 and 62 may not be the same.

20 Each column will be described. For the current
mirror circuit Mj, the drain electrode of the
transistor 61 is connected to the source electrode of
the transistor Wj, and the gate electrodes of the
transistors 61 and 62 are connected to the source

25 electrode of the transistor Uj, and also to one pole
of the capacitor 30. The drain electrode of the

transistor 62 is connected to the source electrode of



64 the transistor 31. The source electrodes of the transistors 61 and 62
are connected to each other, also to the other pole of the capacitor 30,
and furt hwao 1004/@017140w vol t age i nput term nal 142 of a | ®gTeIPREBADT4EO] t age
5 switch portion VCC at a constant |evel. The |ow current/voltage sw tch
portion VCC of the low voltage input termnal 142 is |lower than the
reference voltage Vss, further |l ower than_the charge voltage VCH and for
exanple, -20 [V]. 10 In the j-th col um, tfe drain el ectrodes of the
transistors 31, 32 are both connected to the signal line Yj, and the gate
el ectrodes of the transistors 31, 32 are both connected to the switch
signal input tEBPRi RERNEABLEOThEélsoulte EPEEERoBECEFTPABSt PANENStor 15 32 of

each colum is connected to the reset voltage |[nput termnal. 141. The-gate
ﬁ E EShﬁac ”hea%H 1

el ectrodes of thEEPaRsPEFoPS BPYaRd BfFS SPED 8def6 €6t hér-S°and

d inal R h hi, [ 03 he _drain 20
cloctrodes of the FRangFRBhreBte Hiathe' HeStehnccan b8 ERehGrneP Sand

coneeted o 2 SO GSael n: sgRsl\TRNS be BT, 140, cfbron0iLy

regi ster 103 sh _ ul se si ased e rom’t he
outsi de, £5 SUCCESELUCLY-RUbRUYS LBE BULERsShARalogbian oRel e¥gl o an

output term nal Rn from out put rmnal RL in order (the output term nal

Rl is next to thgredhpuiolebfenalyi¥en2884L9847H4 PEE 4R2003(,004480e

input terminal 142 is lower than the reference voltage
Vggr further lower than the charge voltage Vpoy, and for
example, =20 [V].

10 In the j-th column, the drain electrodes of the
transistors 31, 32 are both connected to the signal
line Yj, and the gate electrodes of the transistors 31,
32 are both connected to the switch signal input
terminal 140. The source electrode of the transistor

15 32 0of each column is connected to the reset voltage
input terminal 141.

The gate electrodes of the transistors Uj and Wj
are connected to each other, and connected to an output
terminal Ry of the shift register 103. The drain

20 electrodes of the transistors Uy and W4 are connected
to each other, and connected to a common gradation
signal input terminal 170.

The shift register 103 shifts the pulse signal
based on the clock signal from the outside,

25 successively outputs the pulse signal of an on level to
an output terminal Ry from output terminal Rq{ in order

(the output terminal Ry is next to the output terminal



65 Rn), and accordingly successively selects the current mrror circuits
ML to Mh. One shift period of the shift register 103 is shorter than that
of the swloembd/an7sicanni ng driver 5 or the power scanni reETaIPdeasiwer436. Wil e
the sel ection scanning driver 5 or power scanning driver 6 shifts the
pul se signal to the (i+l)st rowfromthe i-th row, the shift register 103
shifts the pulse signal for one rowto the output termnal Rn from output
terminal RL in order, and 10 outputs n pd?%e signals of the on level. The
gradation signal input termnal 170 outputs of the gradation signal of an
external data driver, and this gradation signal is_set such that the
current mirrorRelr cir€sa®EOrBiMILE B RESPTEY§LEeFoEREHS bYNe 5SCRRESREI se

signal of the shjft register 103 pass the radat Lon designati current
havi ng the currght*<4l érc?htéd%brﬁﬁh%@°mj@ﬁetﬁ%lEFaﬁﬁf?%ﬁ.oéwggﬁe

dat i desi [ t, .Ln.th j ipod TS h
’n accor dance wERCt NECPURF RAnb® gF SOSRT bR bf 307t RB*br GanFRSEL el ements.
El,1 to E [ .t h d j i st 23
and through  t nELToRBT I TReehvtt e R AL B oG oo 2 PREhEAT LSl Cet fon

period TNSE (emseion geri gy TEMLheceuLt et sLhausnbelpecg, the source and

drain of the transistor 2 d throug ~organi c"EL elements E1,1 to
Emn in accordghgerWsthnhhegl 4Pt hance ghafeli pRe Fhesradghh®Nto the

designating current may al so"be an anal og or digital WO 2004/001714
PCT/ JP2003/ 007430+1) st row from the i-th row, the shift register 103
shifts the pulse signal for one row to the output
terminal Rp from output terminal Ry in order, and
10 outputs n pulse signals of the on level.

The gradation signal input terminal 170 outputs of
the gradation signal of an external data driver, and
this gradation signal is set such that the current
mirror circuits M; to Mp successively selected by

15 the pulse signal of the shift register 103 pass the
gradation designating current having the current wvalue
in accordance with the gradation. By the gradation
designating current, in the selection period Tgg, the
current in accordance with the luminance gradation of

20 the organic EL elements Ej 1 to Ep p i1s passed between
the source and drain of the transistor 23 and through
the signal lines Y; to Y. Accordingly, in the non-
selection period Tygg (emission period Tgy) the current
flows between the source and drain of the transistor 23

25 and through the organic EL elements Ej 1 to Eyp,p in
accordance with the luminance gradation. The gradation

designating current may also be an analog or digital



66 signal, and is inputted into the drain electrodes of the transistors Ul
to Un and WL to Wh at a timng at which the pul se signal of the on | evel

i s inputtew fooomi7tshe output termnals RL to Rn of the swfiresgisBer 5
103. The period of the gradation designating current for one rowis
shorter than one shift period of the selection scanning driver 5 or power
scanning driver 6. Wile the selection scanning driver 5 or power scanning
driver 6 shifts the pulse signal to the (@ﬁl)st row 10 fromthe i-th row, n
gradation designating currents are inputted. The switch signal 4 is
inputted into the switch signal input termnal 140 fromthe outside. The
period of the sswinadh SAnghals inrutited daRe ddhefirahh fRLgerieatesisof the

sel ection scanning driver 5 or power scanQ%ﬁ%i driver 6 timng when the

switch signal Th GRS EIR L o the 31 stz et & ReFPts a tine
at which the selecti,gn scanni ng, driver or power_scannin river. 6
outputs the onM ’%tﬁ sFéua]s‘?egn%t%nao]f ?%gc% c?r} \Qﬁ%Yes][Colrss ,u%g‘l"{]%?%f ore,
whil e the sel ectjon.__.scanni iver,5 0] nnj i ve shifts to
the mth row f?%irﬁ tqnuetl’?l’l1 rs er&%%lf/%vgélm oRnl- |tgc5e nyvo t%gégsg% t éeé[ls%:/lc ch signal

4 are i n%utted.ﬁo\g\enu%ﬂ?e&n?%i%fﬂ@r@a&%ﬂﬁ p&ggf&ggﬂ%taﬁré@:

gradation signal 1np the voltages are” applied to the drain

el ectrode and gaye &lectdpdes ofhother trasi SHOrsblst and-1he surewat flows
bet ween the WO 2004/ 001714 PCT/ JP2003/ 007430

selection scanning driver 5 or power scanning driver 6.
While the selection scanning driver 5 or power scanning
driver 6 shifts the pulse signal to the (i+1l)st row

10 from the i-th row, n gradation designating currents are
inputted.

The switch signal ¢ is inputted into the switch
signal input terminal 140 from the outside. The period
of the switch signal ¢ is the same as one shift period

15 of the selection scanning driver 5 or power scanning
driver 6. A timing when the switch signal ¢ of the on
level of the transistor 31 is inputted is a time at
which the selection scanning driver 5 or power scanning
driver 6 outputs the on-level pulse signals of the

20 transistors 21, 22. Therefore, while the selection
scanning driver 5 or power scanning driver 6 shifts to
the m—-th row from the first row, m on-level voltages of
the switch signal ¢ are inputted.

When the gradation signal is outputted from the

25 gradation signal input terminal 170, the voltages are
applied to the drain electrode and gate electrode of

the transistor 61, and the current flows between the



67 drain and source of the transistor 61. At this time, the current also
flows between the drain and source of the transistor 62. Here, the channel
resi st ancwoofoo4/0a714t r ansi stor 62 i s higher than that of rdTerreemnsidsse or 61,
5 and the gate electrode of the transistor 62 has the same voltage | evel as
that of the gate electrode of the transistor 61. Therefore, the current
value of the current between the drain and source of the transistor 62 is
smal l er than that of the current between fHe 10 drain and source of the
transi stor 61. Concretely, the current value of the current between the
drain and source of the transistor 62 is substantially a value  (product)
obt ai ned by nulddaihyiangl @&auatde off e tremEfdion &l st dfc s thae,
transistor 62 to that of 15 the transistor 61 by the current val ue of.the
current bet weddre Ifalrgreiith sl Sovtse RFWaRD (i Gidt a3 SAE Curent

val ue of the current between the drain aqﬁgas urce of the transi%%q£162 IS
| ower than thatthst tansighaed? et t Hend SO ST The e

1 owi ng. hr oug I A KT Ae] G or® G5 S doa T y e o aUS SeRaH P11 i The
oL 1o e T S ST R U8 L AL S el e
L2010 ot PR O A SOy gpnenstye 16k consis ot chas
transistor 61. Therefore, the current value of the
current between the drain and source of the transistor
62 is smaller than that of the current between the
10 drain and source of the transistor 61. Concretely,
the current value of the current between the drain and
source of the transistor 62 is substantially a value
(product) obtained by multiplying a ratilo of the
channel resistance of the transistor 62 to that of
15 the transistor 61 by the current value of. the current
between the drain and source of the transistor 61.
The current value of the current between the drain and
source of the transistor 62 is lower than that of the
current between the drain and source of the transistor
20 61. Therefore, the micro gradation designating current
flowing through the transistor 62 can easily be
gradated/controlled. The ratio of the channel
resistance of the transistor 62 to that of the
transistor 61 will hereinafter be referred to as
25 a current decrease ratio.
Next, the operation of the display apparatus

101 constituted as described above will be described.



68 In the same manner as in the first enbodi nent, as shown in FIG 8, the
sel ection scanning driver 5 and power scanning driver 6 linearly

successi veloyposhiodirist he pul se signal to the mth row fraamwireomBionsBor ow. 5
On the other hand, as shown in FIG 11, fromthe end of the selection
period TSE of the (i-1)st rowtill the beginning of the selection period
TSE of the i-th row, that is, in the reset period TRESET, the shift

regi ster 103 shifts the pul se signals of t4® on-levels 10 of the
transistors Ul to Un, and WL to Wh to the output termnal Rn fromthe
output termnal RL. Wiile the shift register 103 shifts the pul se signal,
the voltage |e¥elthe saeesppredrsignit thef fikhetseflbeRinenhal 25 nppwn
term nal 140 corresponds to the off |evel of the 15 transistor 31, and is
mai nt ai ned at hi@th@veﬁckF%$ BRESCHEOP eVERBI NP e+ YBRSP sBRF BOWeT
Therefore, in the reset eriod TRESET, in the signal lihes, YL to Yn, the
voltage is quicﬁ??nﬂigﬁl%E%ﬂe¥o6tﬁih?@§%¥ %B??%@Eg yf?ﬂﬁf?héh?egﬁ se

vol tage input termnal _141. 20 re en t shift,regi ster 103 outputs
the pulse signﬁ?g%?ftﬁg %%e|%v€$ ¥8Wr££°%uﬁﬁﬁt9%£?%iﬁ Y*R, the gradation
signal input termnal 1 [ gradat.i 1,0 of 4th %
indicating t he grada Fo%gelggﬁégn%gﬁgf %%egﬁb?ﬂ ?gwﬁgﬁd P}fh%g%ﬁuﬁh? At

this 25 tine, Séﬂggo%hﬁhéfééf%é%géﬁ b r28d g%FOEftPEejTEhl)gﬁlygw paye the

on state, the gradation signa the curr val ue indicating the val ue

for the gradati gne\WLg9QA41 09144t RETEdPROO8LA0F4890d Ty of the i-th

row, that is, in the reset period TrrpgrT, the shift
register 103 shifts the pulse signals of the on-levels

10 of the transistors Uy to Up, and W; to Wp to the output
terminal Rp from the output terminal Rj. While the
shift register 103 shifts the pulse signal, the voltage
level of the switch signal ¢ of the switch signal input
terminal 140 corresponds to the off level of the

15 transistor 31, and is maintained at high level H of the
on level of the transistor 32. Therefore, in the reset
period TrgggT, in the signal lines Y; to Yp, the
voltage is quickly displaced to the reset voltage Vy
from the reset voltage input terminal 141.

20 Here, when the shift register 103 outputs the
pulse signal of the on level to the output terminal Ry,
the gradation signal input terminal 170 inputs the
gradation signal of the level indicating the gradation
luminance of the i-th row and j-th column. At this

25 time, since the transistors Uj and Wj of the j-th
column have the on state, the gradation signal of the

current value indicating the value for the gradation



69 | um nance of the i-th row and j-th colum is inputted into the current
mrror circuit M, the transistors 61 and 62 obtain the on state, and the
el ectri c oloerogea17fdavi ng t he size in accordance with thecurreestoowad ue of 5
the gradation signal is charged in the capacitor 30. That is, the
transistors U and W function so as to take the gradation signal into the
current mrror <circuit M at a selection tine of the j-th colum. Wen the
transistor 61 obtains the on state, in 10°Phe current mirror circuit M,
the current flows through the gradation signal input terminal 170 -> the
transistor 61 -> the |low valtage input termnal 142. The current val ue of
the current flowAgPERESUGH ThE 1grad&OFoATS; gnil cRAGEN denilpRutierd - > t he
transi stor 15 61 -> e low voltage input termnpal 142 follows that _of the
gradation signaFFtﬂt%gﬁiguFFﬁEF @gEEQItﬁérFE&EIMﬁﬁ the SRPPSHSEPERalPt i nput
term nal 140 correspaonds.to _the off | evel of _th transjst.or 31, the

transi stor 31 OPnﬁh§Bj9%ﬁ3g8|ﬁ ﬁgssga%ﬁheagpf%gfa gﬁcgﬁ&ciﬁ ag&§at i on
desi gnating cur .o f i ht. qu rr Lk ror, circui a

i gnal 1ine Vi Boe o p] Sa oG e SqOanErs e WAa  ha oo R o S e e 103

outputs the pukse gi-gnakibe. Ehgnaut pYt hercaak nRi-khL, cfag%c%%ggr a@ation

signal of the current value indicating the “value for the gradation
| umi nance of thenhtt hsl OWhandrabistlskslsColUBRG f,i ARMWCLEEn b bhe rsame

manner as in WO 2004/001714 PCT/ JP2003/ 007430
take the gradation signal into the current mirror
circuit My at a selection time of the j-th column.

When the transistor 61 obtains the on state, in

10 the current mirror circuit Mj, the current flows
through the gradation signal input terminal 170 — the
transistor 61 — the low voltage input terminal 142.
The current value of the current flowing through the
gradation signal input terminal 170 — the transistor

15 61 — the low voltage input terminal 142 follows that
of the gradation signal.

At this time, since the level of the switch signal
input terminal 140 corresponds to the off level of the
transistor 31, the transistor 31 of the j-th column has

20 the off state, and the gradation designating current
flowing through the current mirror circuit My and
signal line Y4 does not flow.

Subsequently, when the shift register 103 outputs
the pulse signal to.the output terminal Ry4+1, the

25 gradation signal of the current value indicating the

value for the gradation luminance of the i-th row and

(J+1)st column is inputted. 1In the same manner as in



70 the j-th colum, the electric charges having the size in accordance
with the current value of gradation signal is charge in the capacitor 30
of the (jwo®b40moiaumm. At this tine, even when the traritatreess/ovj430 W 5 of
the j-th colum obtain the off state, the electric charges charged in the
capacitor 30 of the j-th colum is confined by the transistor U, and
therefore the transistors 61 and 62 of the j-th colum nmaintain the on
state. That is, the transistor U function® so as 10 to hold the gate
voltage | evel in accordance with the current value of the current of the
gradation signal at the selection tine of the j-th colum even at the

non- sel ecti on tihfe Jofth mojunth ddiarmt e st e s IRF WL WHEh $H shift

register 103 15 shifts the pulse signal, the electric charges having size
in accordance Wit RIIRFERTeME Malthe FUTHRN grigfats ont s‘?rg‘?'éﬁ‘gtji%n

successively charged into. the ca itor 30 of t n-1h_.col fromthe

capa](c:i tﬁr 30 o‘*‘flq%}?gl 1% s‘fhac]bq%rﬁfga%\%ncﬁ%cjcm%lfgf%goénﬁ%etrfénPJZ)OSEapaci t or
30 of the n-th colum ends,,.the shift i i once, ends,
the sui toh st gl dbr - Ene b (oS GRAT 1T T i Fe ShE R YeneD fo

the off g evel fa?{aﬂé ;ﬁﬂiﬁb%ﬁgﬁl%ﬂintg@et(g@fns%gég%,tsaﬁn}e ts%]%%%@fgousl y

obtainthg on st transistors . f state.
At this tine, siNeadhe,Lhaiges, afee chasgetddn theocapacifons S @hn all

t he columms, the transistors 61, 62 have the on WD 2004/ 001714
PCT/ JP2003/ 007439 confined by the transistor Uj, and therefore the
transistors 61 and 62 of the j-th column maintain the
on state. That is, the transistor Uj functions so as
10 to hold the gate voltage level in accordance with the
current value of the current of the gradation signal
at the selection time of the j-th column even at the
non-selection time of the j-th column.
As described above, when the shift register 103
15 shifts the pulse signal, the electric charges having
size in accordance with the current value of the
gradation signal is successively charged into the
capacitor 30 of the n-th column from the capacitor 30
of the first column. When the charging into the
20 capacitor 30 of the n-th column ends, the shift of the
shift register 103 once ends, the switch signal ¢ of
the switch signal input terminal 140 switches to the
off level from the high level. All the transistors
31 simultaneously obtain the on state, and all the
25 transistors 32 obtain the off state. At this time,
since the charges are charged in the capacitors 30 of

all the columns, the transistors 61, 62 have the on



71 state. Moreover, since this time is the selection period of the i-th
row, the gradation designating current flows through the power scanning
line Zi -watvedodiransi stor 23 -* the transistor 21 -> tETRiPgemlootsdmes 5 Y1
to Yn -> the transistor 62 -> the |ow voltage input termnal 142 in al

the pixel circuits Di,1 to Dien of the i-th row At this tinme, in any
colum of the first to n-th colum, by the function of the current mrror
circuit M, the current value of the gradagion 10 designating current
flowing in the direction of the power scanning line Zi -+ the transistor
23 -~ the transistor 21 -> the signal lines Y1 to Yn -* the transistor 62
-* the | ow vol sagéei-npforesvginalsinge ithis Fdmge Ishtt&iens@USF ARt i pl yi ng
the current value of 15 the current flomjn%_in the djrection of the
gradation si gR&FiPApeE téeniindlh FPy - Theng %%t 6P 0% he | ow

vol tage input termnal 142 by the current decrease_ .rati,qo_of ,the _current
mrror circuit SHFETePY & Wﬁf%@ﬁ5“§%bﬁgﬁIQQW§¥'?f%H9Lﬁ% YRE 36 Fglg Tvely

| arge gradation _desi.gnati current LE hg. hi i e 1 ssed in
the selection ﬁéPﬁg&%t?§E2%%_%héESrgggﬁéggF8%nE%hEQQF%%P%lg 6%5$§g%§are

accumul ated | nthgcqpach!yyol tEogsCUERENkoPA NAO 1he vl e digigc 11 from

t he source 23 oft the transistor the potential lowers. 1n this
case, even when hRgngunrgnt; valiye 19fe § %&rﬂ%d&&%% nald ng qurgrent

flowing in the next selection period TSE is small, 4/ 00171
PCT/ JP2003/ 007432 i-th row. At this time, in any column of the first

to n-th column, by the function of the current mirror
circuit M+, the current value of the gradation

10 designating current flowing in the direction of the
power scanning line Z{ — the transistor 23 — the
transistor 21 — the signal lines Y; to Yn — the
transistor 62 — the low voltage input terminal 142 is
a value obtained by multiplying the current value of

15 the current flowing in the direction of the gradation
signal input terminal 170 — the transistor 61 — the
low voltage input terminal 142 by the current decrease
ratio of the current mirror circuit My.

In any of the signal lines Y7 to Yp, the

20 relatively large gradation designating current having
the high luminance is passed in the selection period
Tgp of the previous row, the electric charges are
accumulated in the capacity of the current path to the
signal line Yy from the source 23 of the transistor 23,

25 and the potential lowers. In this case, even when the
current value of the gradation designating current

flowing in the next selection period Tgp is small,



72 the potential of the current path is high by the reset voltage VR
applied in the previous reset period TRESET Therefore, it is possible to
qui ckly seto 1ohgoqotsenti al of the signal lines Y1 to Yn Ra/ipeomstoatssonary at
the 5 potential in accordance with the gradation sink current.
Subsequently, the pulse signals of the selection scanning driver 5 and
power scanning driver 6 shift to the (i+l)st row, and the non-sel ection
period TSE of 10 the i-th row is obtained’2In the same nanner as in the
first enbodi ment, the gradation |um nance of the organic EL elenents Ei,1
to Ei,n of the i-th rowis wupdated. Subsequently, the sw tch signal input
terminal 140 ther pathosivfeoffi ghel evarenin®athe ishiighr bgi $her re6ST
simlarly repeats the shift of the pulse signal to th n-th col um from
the first col uvpltageoNgi AgRyleco inyddst ®TENd Oftadasicdn PEEHCHan®ESEIT t he
organic EL elenents Ei +1,1 to Ei +l,n_of the (i+tl)st ro the .20 el ectric
charges are sufbessitegey dffar§edoss e t@aﬁ@éF§3@%S§6 %%miﬁgtﬁpﬁﬁagolunn
fromthe first colum. . In _the secqnd. e di,nent i rrent mrror
circuit M is @¢s§§§eﬁléﬁF§igénﬁﬁb%ﬁigﬁﬁ 56??F%ﬁ§ﬁﬁgsg%£%h%' é&ﬁﬁf

transi stars disposed.faor .each, pixel can..25 j4u.zed, and the drop of
nuNer i ca;% aperﬁ?%ém atcih(empiaxce OJ')c&garrgl e W}lﬁ%‘l t#feegfyggr%gﬁt ﬁg current mrror

circuit M is dj d, and even when the gradati on WO 2004/ 001714
PCT/JP2003/007%%%Q%%%'

subsequently, the pulse signals of the selection
scanning driver 5 and power scanning driver 6 shift to
the (i+1)st row, and the non-selection period Tgg of
10 the i-th row is obtained. 1In the same manner as in
the first embodiment, the gradation luminance of the
organic EL elements Ej 1 to Ej p of the i-th row is
updated.
Subsequently, the switch signal input terminal 140
15 reaches the high level, and the shift register 103
similarly repeats the shift of the pulse signal to the
n-th column from the first column. Accordingly, to
update the gradation luminance of the organic EL
elements Ej47,1 to Ejt41,n of the (i+1l)st row, the
20 electric charges are successively charged in the
capacitors 30 of the n-th column from the first column.
In the second embodiment, since the current mirror
- clrcuit M is disposed outside the display portion 4,
the number of transistors disposed for each pixel can
25 be minimized, and the drop of numerical aperture of
the pixel can be inhibited. Since the current mirror

circuit M is disposed, and even when the gradation



73 signal slightly deviates fromthe current value to be originally

out putted because of anbient noises or parasitic capacities in the

gr adat i onwgi ynaboirrput termnal 170, the deviation of tHE/IPRECADTION 5
designating current value of the signal line Yj is mnimzed according to
the current decrease ratio, and further the deviation of the |um nance
gradation of the organic EL el enent E can_be suppressed. In the enbodi nent
shown in FIG 10, the 10 transistors Ul t33Un which control the current
mrror circuits ML to M are di sposed. However, as shown in FIG 12, the
source el ectrodes of the transistors WL _to Wi are connected to the drain
el ectrode of t lséomnednsilsiahrtla] davie tgh €romedhoddidienthdaimdistRy 61,
15 and the gate electrode of the transistor 62, the transistors Ul to Un
can be onittedorigined labHERHFGH RFEUTHO SHRRAPT MATES SFto  Sn

i nclude CMOS structures of N channel, a P channel transi.st.ors,, but as
shown in FIG PRIaHd i RERAGMES B q'SFpegﬁarC%ﬁ:s]ioﬁ GO B of the
current mrror circuits to,Mh are di.sposed.. .The i stor of the
current/ vol t agd B Esi ol ’pgﬁ’k{el o(ﬂevl Ty 9 ncﬁhu%eg%gni y %E si ngl e- channel
type transistor, l.n_thi. qpﬁ; It 4 i {0 Si mpldd Wt hes

manuf act ari ng 6?%%%%§§h§hég? é”@ﬁﬁ?%ﬂ%?@%f?%%%q%B ver si on pd}tion 107.
Furthernore, t Q@Omd;e% &fnd he tHanshet i ©fdedheasirFent d vodiage
conver si on por?lleiélﬁw\fL |s§(%lcf%§ear sanr% WO 2004/ 001714 PCT/ JP2003/ 007430

further the deviation of the luminance gradation of
the organic EL element E can be suppressed.
In the embodiment shown in FIG. 10, the
10 transistors Ui to Up which control the current mirror
circuits My to Mp are disposed. However, as shown in
FIG. 12, the source electrodes of the transistors Wy
to W, are connected to the drain electrode of the
transistor 61, the gate electrode of the transistor 61,
15 and the gate electrode of the transistor 62, the
transistors Uj; to Up can be omitted.
In the above embodiment, the switch circuits S to
Sp include CMOS structures of N channel and P channel
transistors, but as shown in FIG. 13, the same channel
20 type transistors as those of the current mirror
circuits Mj to Mp are disposed. The transistor of the
current/voltage conversion portion 107 may include only
a single-channel type transistor. In this manner, it
is possible to simplify the manufacturing process of
25 the current/voltage conversion portion 107.
Furthermore, the channel type of the transistor of

the current/voltage conversion portion 107 is the same



74 as that of the transistors 21 to 23 in the display portion 4. Then, the
transistor in the current/voltage conversion portion 107 can collectively
be for medww 20b4/0ttihe t ransi stors 21 to 23 in the di spl ay puavirean3/od743® | f t he
transi stor of the sanme channel type as that of the transistors 21 to 23 of
the display portion 4 is partially disposed in the current/voltage
conversion portion 107, needles to say, the transistors can sinultaneously
be forned. 10 In a display apparatus 201 $hown in FIG 13,.each of the
swtch circuits S1 to Sn is constituted of: a N channel type transistor
132 connected to the switch signal input termnal 140 into which the
switch signal ad tbaknpit tbe; tapasafrtRTEh3dANEP Eypént CAAsCLERL2¥31 15
connected to a switch signal input termnal 143 to _which a 9ﬁt h signa

-, ~ (- is Iogp@rﬁégatﬂen)T§§nratP€v§F§€S§§§ﬁ§lletPﬁeQ§ﬁrF8% P3ﬁ3984 is
inputted. As shown in FIG 14, thin ransistgr 131 ohtains thedpni%%ate in
the sel ection FERVEASTSE BYTLHENsHOYcRaP2GOGiat V& Y (e iCSRS “ad & swi t ch

: cti on i B BYTEhEISHCt off 2 .
| Tneb 71 1o amther SRAPELAFOSS, T dRarst of 1o SLGRARY PRReet To vn,
t i st 62, | |_t: ' t ' , [ t ff
tate 1nothe. 20785 HETFOd SPREGRT e LA Er e 5 147 ‘Ontai te 1 bt of

HELS I e TR D S e Y B
partially disposed in the current/voltage conversion
portion 107, needles to say, the transistors can
simultaneously be formed.

10 In a display apparatus 201 shown in FIG. 13, . each
of the switch circuits Sq1 to Sp is constituted of: a N
channel type transistor 132 connected to the switch
signal input terminal 140 into which the switch signal
¢ is inputted; and an N channel type transistor 131

15 connected to a switch signal input terminal 143 to
which a switch signal — ¢ (- is logic negation) as
a reverse signal of the switch signal ¢ is inputted.

As shown in FIG. 14, the transistor 131 obtains
the on state in the selection period Tgw by the switch

20 signal — ¢, functions as a switch for passing a micro
gradation designating current to the power scanning
lines %] to Zy, transistor 23, transistor 21, signal
lines Yq to Yp, transistor 62, and low voltage input
terminal 142, and obtains the off state in the reset

25 period Tppspp. The transistor 132 obtains the off
state in the selection period Tgg by the switch signal

$, obtains the on state in the reset period Trgsgr, and



75 functions as the switch for applying the reset voltage VR to the signal
lines Y1 to Yn. Also in the switch circuits S1 to Sn shown in FIG 1, the
transi st on® 1840017132 of the same channel type may be usedvIrE@shoB30

transi stor 131 may be connected to the switch signal input term nal 143,
and the switch signal input termnal 140 nmay be connected to each
transistor 132. Even in this case, the simlar effect can be obtained. In
the embodi ment shown in FIG 13, the 10 triahsistors UL to Un for
controlling the current mirror circuits ML to M are disposed. However, as
shown in FIG 15, when the source el ectrodes of the transistors. W to W
are connect ed tBR¢el eRai #s efleet FoHeCHf foReaPR FRRaY sk Basetheoybrge

el ectrode of the transistor 61, 15 and_the gate el ectrpde of the 62, the
transistors UL ¥R tUntRanshenaki 1HRES Fhetorésent®E50ehti BRI S7HBER1 i mi t ed

to the above- d i bed enbodi t d [ ly, b dified d
changed i n desi GGt Hout 1 deparei HGPFF offht e scbpet 907 bTNT hat BF eskif
| minance i< debianat o' otk Sradneh EPBELAY Pad b M BEC OF the sini

current tract h i Ny ly-~C e rrent
may 25 b? passe%’ﬂ?rﬁuérg%%%it ﬁ%Ppiﬁ%él }g%i %jon%%%&?h%o s?lg%a%\%ﬁ:%% éi\]{?{lggnd t he

pi xel Pi, 1 may ﬂﬁ%tf@m{lj_ﬂgi 2531 heng gfRdaki, onch Ust §RAE e  hpuaccor dance
with the current 2004/ 001714 PCT/ JP2003/ 007430
terminal 140 may be connected to each transistor 132.
Even in this case, the similar effect can be obtained.
In the embodiment shown in FIG. 13, the
10 transistors U; to Up for controlling the current mirror
circuits My to M, are disposed. However, as shown in
FIG. 15, when the source electrodes of the transistors
W1 to Wy are connected to the drain electrode of the
transistor 61, the gate electrode of the transistor 61,
15 and the gate electrode of the 62, the transistors Uj to
Un can be omitted.

The present invention is not limited to the above-
described embodiments, and may variously be modified
and changed in design without departing from the scope

20 of the present invention.

For example, in the display apparatus 1, the
gradation luminance is designated in the pixel Pi,y by
the current value of the sink current extracted from
the pixel Pj,j. However, conversely, the current may

25 be passed through the pixel Pi,j from the signal line
Yj, and the pixel Pi,j may emit the light at the

gradation luminance in accordance with the current



76 value of the current. This display apparatus of the active matrix
driving system may al so be used. Even in this case, the swtch circuit
passes t hwo mesignat ed current of the data driver througCctiireoddosisgmal | i ne
in the selection period of each row, and the constant voltage of the
constant level is applied to the signal line in the reset period between
the selection periods. However, when the Iuninance gradation is higher,
the signal line voltage is high 10 and the %ignal line current is |arge.
When the |umnance gradation is low, the S|gnal line voltage is |ow and
the signal line current is small. Therefore, fotential relation is
obt ai ned such tﬁ%iu¢h@fv5h@a@@§reﬂ¢3 VF3hs $hsh Y c2DRAFREWFI 9L rEY®red in
FIG 9B. The 15 reset voltage VR is preferabl t to a voltage |ower than
at |east the h|@%E%Yeg@%ﬁ%%?oﬂr%8¥P§g§Y@E%% Za ?gsob%esFﬁF onary in
accordance with the Iectrlc har the_ s nes Yl to Yn

bK the gradation Vﬁﬂafpn &ﬁr Qﬁ? hg6 awﬁﬁghcEFFSH?%vgﬁﬁgegquaF to 20
t t t t EL
© naX|nun1gr? gﬁ%&ﬁa éﬁg'ﬂ?ﬁgﬁ£r8? tﬂ%”%i&goﬁ%fg r Eﬁgggphtﬁﬁ]organlc

el enents E1 or gani el enen nemt the

light at the béigﬁéfshﬂéxiﬂuﬁhgrQQ?&EPE?MB%%B&%H e%ehtbswsegﬁ&tlon

period TSE. The set voltage I1s prefera 5°set to be equal to or |ess
than the 'nter”?HéaESnsﬁQhEagglﬁﬁhéhohaﬁhéh@ohBEﬁﬁﬂeﬂb%E@ yglaggb@éaeen t he

| owest gradation voltage VIsb set "to be stationary in WD 2004/001714
PCT/ JP2003/ 007488 the signal line in the reset period between the
selection periocds. However, when the luminance
gradation is higher, the signal line voltage is high
10 and the signal line current is large. When the
luminance gradation is low, the signal line voltage is
low and the signal line current is small. Therefore,
a potential relation is obtained such that the voltages
Vi, Vl1sb, Vhsb are vertically revered in FIG. 9B. The
15 reset voltage VR is preferably set to a voltage lower
than at least the highest gradation voltage Vhsb set to
be stationary in accordance with the electric charges
charged in the signal lines Y to Yn by the gradation
designating current having the current value equal to
20 the maximum gradation driving current Iyax flowing
through the organic EL elements Ej 1 to Ep, pn, when the
organic EL elements Ej 1 to Ep pn emit the light at the
brightest maximum gradation luminance ILyax in the
selection period Tggp. The reset voltage is preferably
25 set to be equal to or less than the intermediate
voltage which has the intermediate value between the

lowest gradation voltage Vlsb set to be stationary in



77 accordance with the electric charges charged in the signal lines Yl to
Yn by the gradation designating current having the current value equal to
t hat of tW® 200d/1mem gradation driving current | MN fl owamgreémseopho 5 t he
organic EL elements E1,1 to Emn, when each of the organic EL el enents
El,1 to Emn has a darkest mninum gradation |um nance LM N (additionally,
the current value exceeds 0 A), and the highest gradation voltage Vhsb,
and nore preferably a value equal to or |éds than 10 the | owest gradation
voltage VIsb. Further in this case, the circuit of the pixel Pi,j may
appropriately be changed. Wen the scanning line is selected, the

desi gnat ed cur reroridagwienyl thhrtdgyle igsd Wiy rdlandafe Ghagegatdd tHiugh t he
pi xel 15 circuit to convert the current value of the designated current to

the vol tage | evdidnaihdd-nafe Yacditnifmg QY rére i a6ttt SaTPRdHE Yesi gnat ed
Converted  whorHETSCRFHE 1o JE R0 SEISA Y 1l &2 90 Horever, the
Bccor dance wi t FEPHB LIS R ap et B S HaugH CREnr g S T e i s
brof o1 ably ol Shgsed AL sch LGN G £y AP, | LS pe B {he
chaTm S || et SRR S As £ 144 1, ol ea i el et
PCT/JPZOO3/OO74§E£dation luminance Lygry (additionally, the current
value exceeds 0 A), and the highest gradation voltage
Vhsb, and more preferably a value equal to or less than
10 the lowest gradation voltage Vlsb.
Further in this case, the circuit of the pixel
Pi, 6y may appropriately be changed. When the scanning
line is selected, the designated current flowing
through the signal line is passed through the pixel
15 circuit to convert the current value of the designated
current to the voltage level. When the scanning line
is not selected, the designated current flowing through
the scanning line is cut. The voltage level converted
when the scanning line is not selected is held.
20 Moreover, the pixel circuit for passing the driving
current having the level in accordance with the held
voltage level through the organic EL element is
preferably disposed around each organic EL element.
In the embodiment, the organic EL element is used
25 as the light emitting element. However, for example,
there may be used a light emitting element in which the

current does not flow when the reverse bias voltage is



78 applied while it flows when the forward bias voltage is applied, and
which may emt the light at the lumnance in accordance with the size of
t he currewo fobgwiing therein. Exanples of the |ight em tRdmpei3@neaes nay 5
include a light emtting diode (LED) el enent other than the organic EL
el ement. According to the present invention, when the pixel of the
predetermned row is selected, the gradation current flows through each
signal line. Even when a 10 difference bet%een the vol tage set to be
stationary by the gradation current flow ng through the signal line for
t he pixel of the previous row and the voltage to be set to be stationary
by the gradatiepp&medewhibaséédflpWSowéﬁﬂtﬁgesﬁgﬁWﬁrﬁiﬁéaﬁoWoﬂﬁégﬁi%él of
the next row 15 is large, and the current value of th % adation__current
for the next pPReLipg,saBFl Whigk Payee™}§l thge 1198t % i %& 33“‘tlﬂén§|egnal

| i ne before the next row, thereb the.sign&lt i ne_can uiith be set to be
stationary at iRe2¢6PFS§ECRnYAERorBENEEZG Of {hE S8 gFRbati S Edrrent for

th t T f , aft th t ' AN j t th
curront val e SRERASar| BRAGOLGFT At T Ry CRFStan nd TEEEE B8 1 img
el ement s the, 28RSy %Lg%htg%pﬁgt%igﬁz'dg%%eq 1) lemetd e kgl 25

emtting eleneﬁpé . . . esire I'um nance. That is,
the 11 ght W 2008 OBETT4-PEH Th5808 Gorazo o o e 1S serected

According to the present invention, when the pixel
of the predetermined row is selected, the gradation
current flows through each signal line. Even when a

10 difference between the voltage set to be stationary by
the gradation current flowing through the signal line
for the pixel of the previous row and the voltage to be
set to be stationary by the gradation current passed
through the signal line for the pixel of the next row

15 is large, and the current value of the gradation
current for the next pixel is small, the reset voltage
is applied to the signal line before the next row,
thereby the signal line can quickly be set to be
stationary at the voltage in accordance with the

20 gradation current for the next row.

Therefore, after the next scanning line is
selected, the current value of the driving current
flowing through the light emitting element is the
same as that of the designated current, and the light

25 emitting element emits the light at the desired
luminance. That is, without lengthening the period

in which each scanning line is selected, the light



79 emtting elenment emts the |light at the desired |um nance. Therefore,
the di splay screen does not blink, and the display quality of the display
appar at uswa ®o0d0ghie WO 2004/ 001714 PCT/ JP2003/ 007430 8@®a@/ir2d03looM3® 1. A
di spl ay apparatus conprising: a plurality of pixels which are di sposed in
intersecting portions of a plurality of scanning lines 5 arranged in a
plurality of rows and a plurality of signal lines arranged in a plurality
of colums and which conprise optical eldfents optically operating by a
driving current flowng in accordance with a gradation current fromthe
signal line; and 10 reset neans for setting a potential of the signal Iine
i n accordance wintih télner terliemesHarages scHdrgdd aht athdhg @ainghe by the

gradation current to a reset voltage. 2. The display apparatus according
to claim1, 15 usHeweside ¢ hdhexgftonfradd s bl IRIcs! %Frr%ﬁi‘gt %P dPpassing t he

gradation current, through the signal line in | ectio eri od of

predet er ni ned PO an@ns il G oiP GHY Basy! tci%stgb? e‘#ﬁ?pglﬁp%fa E?1ater‘—’lsil%ugsﬁllal
20 line to the reset voltage after the selection period and before the
sel ection perid§<ﬂlq e next row. 3. The display apparatus according to

claim1,



wherein the reset neans includes: a transistor for the gradation current,
whi ch 25 passes the gradation current through the signal line; and a
transi st owd mn4/0theldr eset vol t age, which sets WO 2004/ 00PCIRAIP2003/007430

PCT/ JP2003/ 007430 81 the potential of the signal line to the reset
voltage. 4. The display apparatus according to claim1l1, wherein the reset
means conprises a current mrror circuit which generates the gradation
current in 5 accordance with the gradatioﬂ”%ignal. 5. The di spl ay appar at us
according to claim4, which further conprises: a shift register, and in
whi ch the reset neans conprises a gradation_ 10 signal switch neans for

sel ectively supplying the gradation §i&n&l It¥ he current mrror circuit
correspondi ng to each colum in accordance with the, gradation signal from
the shift register. 6: Tﬁeda?EbPXyaﬁﬁﬁﬁﬁgPﬁsCQEESFHFH ‘to claim1, 15

whi ch further conprises: e reset_neans

81,8 gaha driver, _and. in which_.th

conprises: a transisfoP ot giaﬁa8é§F8ﬁ Wi FBnEr WA EhOS5gs4Bs t he
gradation C”rre?%té?é&H?En%“?o%kQQﬁ%.&%“S fﬁr%%Q t$§ ?85ﬁn9§§vﬁﬁﬁe§“d a
transistor for e'reser vol fage, i Ch sets e potentral of “the signal
line to t@e res&%r%ﬂ&é&QEn a plurality of rows and a plurality of

signal lines arranged in a plurality of columns and

which comprise optical elements optically operating

by a driving current flowing in accordance with

a gradation current from the signal line; and

10 reset means for setting a potential of the signal
line in accordance with electric charges charged in

the signal line by the gradation current to a reset

voltage.
2. The display apparatus according to claim 1,
15 wherein the reset means includes:

a function of passing the gradation current
through the signal line in a selection period of
a predetermined row; and
a function of setting the potential of the signal
20 line to the reset voltage after the selection period
and before the selection period of the next row.
3. The display apparatus according to claim 1,
wherein the reset means includes:
a transistor for the gradation current, which
25 passes the gradation current through the signal line;
and

a transistor for the reset voltage, which sets



7. The display apparatus according to claim11, wherein the reset voltage is
hi gher than a highest 25 gradation voltage in the signal |ine, the highest
gr adat i onwwoiopaga7ldei ng a voltage in a case that the grradatPzars/oowse ent
equal to a highest gradation driving WO 2004/001714 PCT/JP2003/007430 82
current flow ng through the optical elenent is stationary in the signal
line. 8. The display apparatus according to claim1l, wherein the reset
voltage is a voltage between a 5 hi ghest §tadation voltage in the signa
line, the highest gradation voltage being a voltage in a case that the
gradation current equal to a highest gradation driving current flow ng

t hrough t he opttheaboglkeawentl iof tsigmarly liipe e dihgndea9thdold¥ea | ovest
gradation 10 voltage in the signal line, the |owest gradation k6 voltage
being a voltage in &-caség KHSRIRY FRRAAORF aqrqeht %ai%lc D% Yovest

gradation driving current flow ng through the optical el enent grs
stationary in WR&Eedngide Heset fpags ﬂ‘l’g“pdﬁlssﬁsaf SR U A ding to
claiml, wherei,n the reset volta i S ual_ t | J OVRSt dat i on vol t age
in the signal Iqlﬁ&uj‘t%héﬁﬁjdbﬂesg(enegt%gcc?ﬁ i ﬁe Vo1t aagtgL jei g J'Paer\g/*'{)Iajlq{;l‘ge in a case
that the_ gradatjon current..eq t tosgfpdation driving 20 current
flow ng Phrougﬁ%ﬁ?&d%&qecyltg’[ g%leentgc%agéal@t%g?isolg};ry in the signal line. 10.
The display apparatus acgol difg, 10, ChdBdius according to claim 4,

which further comprises:
a shift register, and
in which the reset means comprises a gradation
10 signal switch means for selectively supplying the
gradation signal to the current mirror circuit
corresponding to each column in accordance with the
gradation signal from the shift register.
6. The display apparatus according to claim 1,
15 which further comprises:
a data driver, and
in which the reset means comprises:
a transistor for the gradation current, which
passes the gradation current through the signal line
20 from the data driver; and
a transistor for the reset voltage, which sets
the potential of the signal line to the reset voltage.
7. The display apparatus according to claim 1,
wherein the reset voltage is higher than a highest
25 gradation voltage in the signal line, the highest
gradation voltage being a voltage in a case that the

gradation current equal to a highest gradation driving



wherein each of the pixels includes a pixel circuit which supplies the
driving current to the optical 25 elenent. 11. The di spl ay apparat us
accor di ngwomood/@iim410, wherein the pixel circuit in theqimwebosohrsao WO
2004/ 001714 PCT/ JP2003/007430 83 predeterm ned row conprises: charge hold
means for holding electric charges 1in accordance with the gradation
current flowing through the signal line in a selection period of the 5
predeternined row, driving current swtch8#eans for passing the driving
current having a current value equal to that of the gradation current in
accordance with the electric charges held by the charge hold neans through
the 10 optical mimmeit Bfqwing He ettt Qi TRt predet er mi ned
row, and gradation current control switch neans for controlling a flow of
the gradation cfatemnanbwihdhe it thid'Si gnal 1ine via the driving

current swwtch 15 neans.. 12.. The di splay apparatus.according to ¢laim 11,
wherein the gradati dh cuTh‘%n‘?l%B%?yo?g% ?Eﬁgn%%?\%r%:l‘ngtﬁ% %??-(%TP gi rcuit in

e Yo cors SRELECEE et o LS D Bk oplgpassi o e
swi tch maoans i%f‘g}%eesl.tecélggga@fgﬂQ\gofgaéé]eirprﬁg@tﬂﬁﬁfdline, the
highest gradation voltage being a voltage in a case
that the gradation current equal to a highest gradation
driving current flowing through the optical element is
stationary in the signal line, and a lowest gradation

10 voltage in the signal line, the lowest gradation
voltage being a voltage in a case that the gradation
current equal to a lowest gradation driving current
flowing through the optical element is stationary in
the signal line.

15 9. The display apparatus according to claim 1,
wherein the reset voltage i1s equal to a lowest
gradation voltage in the signal line, the lowest
gradation voltage being a voltage in a case that the
gradation current equal to a lowest gradation driving

20 current flowing through the optical element is
stationary in the signal line.

10. The display apparatus according to claim 1,
wherein each of the pixels includes a pixel circuit
which supplies the driving current to the optical

25 element.

11. The display apparatus according to claim 10,

wherein the pixel circuit in the pixel of a



rowto hold the electric charges in the charge hold neans; and 25 a

function of st

current sSwWamh4/omaans i n an

oppi ng the gradation current passing through the driving
em ssion period of the predatcvimos@dorow. WO

2004/ 001714 PCT/ JP2003/007430 84 13. The display apparatus according to
claim1l, wherein the driving current swtch neans has a transistor.

The di splay apparatus according to claim 11,
switch nmeans has a driving

swi t ch neans
and drain are

transi stor respecdereinyningdd r@WlSCFPHISES ‘control transi st or whose source

is connected

connected to the signal line and the source of the drivi

14.

( 5 wherein the driving current
: transi stor, aRd the gradation current control
includes: a current path control transistor, whose source

10
ng

to a gate of the driving transistor. 15. The displa
appar at us accor di ng R rIRiNALY mearss iR it A KA t'gbaetpqesyhi gher

t han a hi ghest
gradation volt
equal to a hig
el enment is 20
transistg;. 16

10

15

20

25

. gradation voltage in the signal |ine, .t hi.ghest
ade ai?éiqu”gjiaél%lwclatgb the z?rcaéjéé%t%th%eéntgr Eﬂll%& current

hest ti dri.vi f | Qwi ; i cal
dEa B PAe o T e S T Lot ot he i ving

-p£g§%é££%§ﬁ%k1%QRﬂratus according to claim 14,

driving current switch means for passing the
driving current having a current value equal to that of
the gradation current in accordance with the electric
charges held by the charge hold means through the
optical element after the selection period of the
predetermined row; and

gradation current control switch means for
controlling a flow of the gradation current flowing
through the signal line via the driving current switch
means.

12. The display apparatus according to claim 11,
wherein the gradation current control switch means of
the pixel circuit in the pixel of the predetermined row
includes:

a function of passing the gradation current
flowing through the signal line via the driving current
switch means in a selection period of the predetermined
row to hold the electric charges in the charge hold
means; and

a function of stopping the gradation current
passing through the driving current switch means in an

emission period of the predetermined row.



wherein the reset voltage is a voltage between a highest gradation voltage
in the signal line, the 25 hi ghest gradation voltage being a voltage in a
case thawatves/griadati on current equal to a hi ghest gradati/aproo3@ni4so ng
current flow ng through the optical elenment is WO 2004/001714

PCT/ JP2003/ 007430 85 stationary in the signal line and the source of the
driving transistor, and a | owest gradation voltage in the signal line, the
| owest gradation voltage being a voltage8®n a case that the gradation
current equal to 5 a | owest gradation driving current flow ng through the
optical elenment is stationary in the signal line and the source of the
driving transistor.13L7. Thee ddisiplaay aamediodtuls araerding § st s,
wherein the reset voltage is equal to a |owest 10 gradation voltage in the
signal line, thégrsiesttheycdidatineh arsiteye P8 AT A7 i a case t hat
the gradation current equal to a | owest gradation driving current flow ng
t hrough the cwnﬁﬁﬁﬂs%ﬁﬁﬂﬁﬁu is stationary in the signal |ine and the source
of the 15 driving transjstor. 18. The display C i to claim
14, wherein the réset g J %ﬁpaqar[ao’@ Sv%??%%%%?e%ﬁjﬁ%n%l’dr ain of
the driving transistar,, .when it pt.i e i ndi i, cal
behavi or .2 20 1@&1%%1%%%% a&;rla%%a(fa%%éﬂa%%o%ﬁ%ﬁ tI{(IJ C i?{nﬁ,éwﬁéﬁ t he

optical el enentt% aAnprganig EL element. 20. The display apparatus
according to clai msl, !

the gradation current control switch means
includes:
a current path control transistor, whose source
10 and drain are connected to the signal line and the
source of the driving transistor respectively; and
a data write control transistor whose source is
connected to a gate of the driving transistor.
15. The display apparatus according to claim 14,
15 wherein the reset voltage is higher than a highest
gradation voltage in the signal line, the highest
gradation voltage being a voltage in a case that the
gradation current equal to a highest gradation driving
current flowing through the optical element is
20 stationary in the signal line and the source of the
driving transistor.
16. The display apparatus according to claim 14,
wherein the reset voltage is a voltage between a
highest gradation voltage in the signal line, the
25 highest gradation voltage being a voltage in a case
that the gradation current equal to a highest gradation

driving current flowing through the optical element is



wherein the optical elenment includes a light emtting diode. 25 21. The
di spl ay apparatus according to claim1l, wherein the current value of the
driving cewor®nt/0i1314 equal to that of the gradation curr et/ JPA@320046 001714
PCT/ JP2003/ 007430 86 22. A display apparatus conprising: a plurality of
signal lines to which a current is supplied so as to obtain an arbitrary
current value; a plurality of optical elenents each of which 5 optically
behaves in accordance with the current valdfe of the current flow ng via

the signal line; and stationary voltage supply means for supplying a
stationary voltage which sets the current value of the current flow ng
BPLBFEC the si gitait idnwey ﬁlmftm@lamsggnhﬂ\ﬁt@@ hehss gharce i de. T3, The
suppl y rregﬁs pdiﬁ)ir‘fm:Fr%l”?f’tifsg’?é#g![%%df%rl%wggh‘gﬁ%ﬁti‘%}%{ﬁf?é%ﬁ%t gggses
eset vol tage, W G BBEL Lot ST alOBFSY HEFSTORLT | TREL Toe (R PAcRt
voltage, 24, TR SLep A anRatalg aoERL it Sl 2, LSt
(e s ona | nee 0 NEYE 80 SEELAL 6, PHRE Bl AL UBL o ThE=Sh3e) e

optical element is stationary in the signal line and

the source of the driving transistor.

17. The display apparatus according to claim 14,

wherein the reset voltage is equal to a lowest
10 gradation voltage in the signal line, the lowest
gradation voltage being a voltage in a case that the
gradation current equal to a lowest gradation driving
current flowing through the optical element is
stationary in the signal line and the source of the
15 driving transistor.

18. The display apparatus according to claim 14,
wherein the reset voltage is equal to a voltage applied
to a drain of the driving transistor, when the optical
element indicates an optical behavior.

20 19. The display apparatus according to claim 1,
wherein the optical element has an organic EL element.

20. The display apparatus according to claim 1,
wherein the optical element includes a light emitting
diode.

25 21. The display apparatus according to claim 1,

wherein the current value of the driving current is

equal to that of the gradation current.



wherein the driving circuit includes a current mrror «circuit. 25 26. The
di spl ay apparatus according to claim?22, wherein the stationary voltage
appl i ed bwatveso@|trat i onary vol tage supply nmeans is a volrcaygrP2eusioots30\O
2004/ 001714 PCT/ JP2003/007430 87 allows electric charges accunulated in a
capacity connected to the signal line by the current flow ng through the
signal line in the selection period to have a predeterm ned charge amount
in a non-selection 5 period. 27. The dlspl%9 apparatus according to claim
22, wherein the stationary voltage applied by the stationary voltage
supply means is a voltage which displaces electric charges accunulated in
a capacity 10 conneéfed fodifRlaVgARPAFRRESHGOBPFAFGBEE current fl owi ng

t hrough the signal line_ to a, predeterm ned char 28. The displ ay
appar at us accor di ng ?opépﬁﬁ%ﬂgi Ofwﬁéﬁ@?ﬁ tHBeS P.HE@F@ 90FP§§§H ppffi ed by

the 15 stat Mh | t
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t he signa l'ine stationary ore the next selection period
of the current flowing via the signal line; and

stationary voltage supply means for supplying
a stationary voltage which sets the current value of
the current flowing through the signal line to be
10 stationary to the signal line.
23. The display apparatus according to claim 22,
wherein the stationary voltage supply means comprises:
a transistor for a gradation current, which passes
a current having an arbitrary current value; and
15 a transistor for a reset voltage, which sets
a potential of the signal line to the reset voltage.

24. The display apparatus according to claim 22,
further comprising:

a driving circuit which allows a current flowing
20 through the signal line to have an arbitrary current
value.

25. The display apparatus according to claim 22,
wherein the driving circuit includes a current mirror
circuit.

25 26. The display apparatus according to claim 22,
wherein the stationary voltage applied by the

stationary voltage supply means is a voltage which



29. A driving nethod of a display apparatus conprising a plurality of

pi xel s which are disposed in 25 intersecting portions of a plurality of
scanni ng wWoms4/0|rrdanged in a plurality of rows and a plraTaiPzeog/00f436i gnal
lines arranged in a plurality of colums and WO 2004/ 001714

PCT/ JP2003/ 007430 88 which conprise optical elenments optically operating
by a driving current flowing in accordance with a gradation current from
the signal line, the nethod conprising: gradation current step of
passing the gradation current through the signal lines; and a reset

vol tage step of displacing a potential in accordance with electric charges
charged in the 3} 4A%F ©lPREEIBYCPREIGFaBSCIBRIBAFHeAR BoCEPRESEY vol t age.
10 30. The driving nethqod, according t Laim29,. wherein_t r.adation
current step iscﬁg??ﬁ%ﬁadtpnggﬁhélgﬁﬁgcﬁFBﬁ @rFBS,CgﬁHeEECEE8 Pfe optical
el enments optica behayes b the.driving, .gcurr . QW Ln.agcco ce
with the 15 gragé¥?8ﬁﬁc§§?eﬁ%ggﬁge%lPﬁelgnggtF%ggﬁé#§§h5g§&9dTﬁé égﬁging

nmet hod of the dis : S rdi o ¢l ai 9 LN the reset
vol t age step ié g%§¥gggggagkgethﬁégg?gggF%oﬁﬁc%rggﬁtSsgegﬁﬁgﬂpiers of
the predetermn : flows through the signal Iine 20 and before the

3 riQW.

gradation current for the pixels of the next row flows through the signa
line. 32. The drivipg netrhedqdekpthe dbppkayusPRacdtdsng to claim 22,

wherein the stationary voltage applied by the
stationary voltage supply means is a voltage which
displaces electric charges accumulated in a capacity
10 connected to the signal line by a largest current
flowing through the signal line to a predetermined
charge amount.
28. The display apparatus according to claim 22,
wherein the stationary voltage applied by the
15 stationary voltage supply means is a voltage which
allows electric charges accumulated in a capacity
connected to the signal line by the current flowing
through the signal line in the selection period to have
a predetermined charge amount in a non-selection period
20 between the selection periods, so that the current
value of the charge flowing through the signal line is
stationary before the next selection period.
29. A driving method of a display apparatus
comprising a plurality of pixels which are disposed in
25 intersecting portions of a plurality of scanning lines
arranged in a plurality of rows and a plurality of

signal lines arranged in a plurality of columns and



according to claim?29, wherein each of the plurality of

pi xel s includes a
pi xel circuit which supplies the 25 driving current to the optical elenent.
33. The dwioviongoaretshod of the di splay apparatus accor dirgy/iPeosioai4se 32,

wherein the pixel circuit in the WO 2004/001714 PCT/ JP2003/ 007430 89 pi xe

of the predeterm ned row conprises: charge hold neans for holding electric
charges in accordance with the gradation current flowi ng through the
signal line in a selection period of the %3predeternined row, driving

current switch neans for passing the driving current having a current
val ue equal to that of the gradation current in accordance with the

electric chargebigl| goBprine eRaigelnelamaBEAsCPRIGAYAYL ABSIBL R BY
el enent in an optical  behavi or Eeriod,of t he redetermn

gradati on curr et SEGHLRE| CYHFER
gradation current flgw
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according to claim 33
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.wWherein the gradation current control
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swi t ch neans

of the pixel ci?SﬂPFlFﬁngﬁe pi xel of the predeternined row includes: 20 a
function of passing %h?r%%%ﬁ%%ho%uﬁ¥%hﬁnkge 'ﬁ@ _s%ﬁ%%”%@éﬂ&%é%ﬁfﬁﬁn l'ine

via the driving curren
pr edet er mi ned

swic neans 1 n
current through the signal lines; and

el ection period of t

a reset voltage step of displacing a potential in

accordance with electric charges charged in the signal

lines by the gradation current to a reset voltage.

10 30. The driving method according to claim 29,

wherein the gradation current step is performed in

the selection period, and

each of the optical elements optically behaves by

the driving current flowing in accordance with the

15 gradation current after the selection period.

31. The driving method of the display apparatus

according to claim 29, wherein the reset voltage step

is performed after the gradation current for the pixels

of the predetermined row flows through the signal line

20 and before the gradation current for the pixels of the

next row flows through the signal line.

32. The driving method of the display apparatus

according to claim 29, wherein each of the plurality of

pixels includes a pixel circuit which supplies the

25 driving current to the optical element.

33. The driving method of the display apparatus

according to claim 32, wherein the pixel circuit in the



rowto hold the electric charges in the charge hold neans; and 25 a
function of stopping the passing of the gradation current through the
driving cwo®ni/oEn4t ch means in an optical behavi or perrcadireéostobs3v\O
2004/ 001714 PCT/ JP2003/ 007430 90 predetermned row. 35. The driving

met hod of the display apparatus according to claim?29, wherein the reset
voltage is set to be higher than a highest gradation voltage 5 stationary
in accordance with electric charges chargéﬁ9 in the signal line by the
gradation current having a current value equal to that of a highest
gradation driving current flow ng through the optical elenment, the

hi ghest gradat i Bh¥eliof ngheupredetoenhyea EQYrePfPIOSPRH a case that the
optical elenent perforns an optical behavjor at a Ei Qest adation. 36.
The driving nethod ofheheedhs ﬂd?eéﬁﬁaFSFUQOlQ&ESrﬁ'ﬁg F&chgﬁﬁ9§§, wher ei n

the current value of the drivj %urrent is.equal _to %h % of the gradation
15 current. 37.}ﬁh%CH?F9?Bﬁen¥fﬂﬂd Be ?ﬁ%daféﬁﬂa9u5538 a? " 4dcording to
claim29, whereip, (he, opLLogh (gLEMPIheNaY 220 2L9RTLE FbrEbABR! the

5 predetermined row;

driving current switch means for passing the
driving current having a current value equal to that of
the gradation current in accordance with the electric
charges held by the charge hold means through the

10 optical element in an optical behavior period of the
predetermined row; and

gradation current control switch means for
controlling a flow of the gradation current flowing
through the signal line via the driving current switch

15 means.

34. The driving method of the display apparatus
according to claim 33, wherein the gradation current
control switch means of the pixel circuit in the pixel
of the predetermined row includes:

20 a function of passing the gradation current
flowing through the signal line via the driving current
switch means in a selection period of the predetermined
row to hold the electric charges in the charge hold
means; and

25 a function of stopping the passing of the
gradation current through the driving current switch

means in an optical behavior period of the
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predetermined row.

35. The driving method of the display apparatus
according to claim 29, wherein the reset voltage is
set to be higher than a highest gradation voltage
stationary in accordance with electric charges charged
in the signal line by the gradation current having
a current value equal to that of a highest gradation
driving current flowing through the optical element,
the highest gradation driving current being a current
in a case that the optical element performs an optical
behavior at a highest gradation.

36. The driving method of the display apparatus
according to claim 29, wherein the current value of
the driving current is equal to that of the gradation
current.

37. The driving method of the display apparatus
according to claim 29, wherein the optical element has

an organic EL element.



