5 May 2005 1 SPECI FI CATION ACTI VE MATRI X TYPE DI SPLAY PMAYGE0SACTI VE
MATRI X TYPE ORGANI C ELECTROLUM NESCENT DI SPLAY DEVI CE, AND METHODS OF
DRI VI NG SUCH DI SPLAY DEVI CES TECHNI CAL FI ELD The invention relates to an
active matri x type display device having an active elenent provided in
each pixel wherein the active elenent perforns a display control in pixel
units, and to a nethod of driving the sane- Mre particularly, it relates
to an active matrix type disphgy devi ce having el ectro-optical elenents
whose | um nance varies with t Bwi ng therethrough, as display
el ements for the pixel and to an active matrix type organic

el ectrol um nescent di splay device which utilizes organic
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devi oes. SRR YIRFRBRSNYSAT RSP 38 Bivie.aom Mg 011 ¢

el ements for respecti VOFHKEVENGNUCH DIPIAS DECICES ranged in-the form of
a matri.x, and respective pixels are driven to display inmge such that the

light intensity of each pixel is controlled in accordance with inmage
information representing the inmage to be displayed. Such driving techni que
al so appTECHNIEC A FARLY EL displays utilizing organic EL el enents as the
di splay elenents for pixels. Mreover, the organic EL displays have
advant ages ove¥hel ipgentigndelptes 40 agiasiveapatrixsiyen display deyicedyigi @ ®HvEi spl ays
have a hi gher visibjlity, need no. backlighting, a haye faster response
to sign = Tum nous
| gneAlEmens @rovidedkia otk pixphwherpindhe acsih e@e@%ﬂ@ﬁgdm&a?@y septrel ity
using light-emtting el nts,as the displkay ele s.far. pixels.. The
or gani ¢ PR VG 3 2 el B e e petn NS R RBY 0RO H Egivdye
that or Qﬁﬁl‘& tﬁ;e (ﬁgﬁgge@éyiééha@i%e&%@épﬁcal elements whose luminance varies with
' "the current flowing therethrough, as display elements for the pixel and to an active
matrix type organic electroluminescent display device which utilizes organic

. electroluminescent (hereinafier called organic EL) elements as its electro-optical

 elements, and further to methods of driving such display devices.

BACKGROUND ART

Recently, in the display devices such as liquid crystal display (LCD) utilizing
‘liquid crystalline cells as the display elements for respective pixels, plural pixels are
arranged in the form of a matrix, and respective pixeis are driven o display image such

. that fhe light intensity of each pixel is controlled in accordance with image information
representing the image to be displayed. Such driving technique also applies to organic
EL displays utiliziﬁg organic EL elements as the display elements for pixels.

Moreover, the orgamc EL displays have advantages over liquid crystai displays
such that the organic EL displays have a higher visibiiithy, necd no backlighting, and
have faster response fo signals due to the fact that the organic EL displéys are self-
luminous using light-emitting elements as the display elements for pixels. The organic

EL displays are quite different from liquid crystal displays in that organic EL element is




current-control |l ed type one wherein |uminance of each |igMaydfobting
element is controlled by the current2flowing through it, while liquid
crystal cell is voltage- controlled type one. Like liquid crystal displays,
organi ¢ EL displays can be driven in a sinple (passive) matrix schene and
in an active matri x schenme. The fornmer displays, however, have sone
difficult problens when used as a | arge-si ze high-precision display, though
the display is sinple in structure- To circunment the problens, an active
matri x c@m%con%@nﬁénMﬁagn%é@wredev@%%@eiqf witihc Hghhemiting «lgment olfi ng
through a light-emttin el enent for each ,pjxel .is contrqll.ed an active
ol et cansiolad o oo UOVE, AhAcush s Pty EATACTIRRaRS] 48 GRS pi cal |y
athin f&hl(h%&ﬁé%%%gr’ TFT) also provided in the pixel. Fig. I shows a

p

conventi ona Circuit (circuit of a unit pixel) in an active matrix

Lype organi ¢ EydlispleunbbpUiaRAE BRkall S, AERNTENDORNATH S A HOE-

234683). As is sh y venti onal pi xe cuit

i ncl udes(paskis) G scheeting T8 Bh adi®ve MAYkRGhaRe. AN TG nER R‘l'ib?ﬁy@,%dv%v@r, positive
vol tage supply Vdd, a TFT 102 having a drain connected to a cathode of the

or gani ¢ ldvesberatiffichi prablema whgh @sedtiada $0pe-siee hiphompasioh @lispl3 temghect ed
between a gate of the TFT- 102 and the ground, and a TFT 104 having a

drai n cotbndepkay is simple igsitehot. TheirdETven0the raoblows,caa activemettiedontoia dat a
I'ine 106, and a gate connected to a scanning line 105. Oganic EL el enents
are of t ex¢heme |heg heepaiavelopedytim -veth ithe guaredBewngl tipyughha dight-smitiag exhi bi t
rectifyi effects,in ny case Thus,. the organic EL elenent is .shown in
Fig. | cEmeRar shquird & Snicaledbraneive e B FymRlend g BHIESENt i ng a
di ode. | haul.d _be under.st,pod.. .h er,. th in what .fal.l ows .t he organic
1 el eneltd PREE et AG0RHBET mi RS Lohosb ) B BB ds Sy ioper ot ons
of the pixel gt cyi : r s f:0l 1.0 i : nni ng
line 105 is b(r:F(; [o] fﬁ?vgssg%ge eg?{?@ﬁ)ﬁégpcgrﬁ?l?ﬁip_ ét WF @\E/%P_ l?]%%t%cz&gxanpl e
shown heh&kiR)typ&BebahiteEd figidy {Iﬁr'i‘xﬂ:@e erafdIRRL itReb Yickh 385 Whit tipD FRRL ent i al

VW to nake the TFT 104 conductive, thereby charging or discharging the
capaci t @34883). and bri ngi-ng t he
As is shown clearly in Fig. 1, the conventional pixel circuit includes an organic
EL element 101 having an anode connected to a positive voltage supply Vdd, a TFT
1027 having a drain connected to a cathode of the organic EL element 101 and a
grouhded source, a capacitor 103 connected between a gate of the TFT. 102 and the
ground, and a TFT 104 rhaving a drain connected to the gate of the TFT l102, a source
connected to a data line 106, and a gate connected to a scanning line 105.
Organic EL elements are often called orgaﬁic light-emrtting diodes (OLED)
because they exhibit rectifying effects in many cases. Thus, the organic EL element is
shown in Fig. 1 and other Figures as an OLED and indicated by a mark representing a
diode. It should be understood, however, that in what follows the organic EL clement is
' "‘ﬁ?)?;équifed to have a rectification property.
Operations of the pixel circuit as shown above are as foﬂows. First, the
scanning line 1035 is brought to a selective potential (a HIGH level in the example
shown herein), and the data line 106 is supplied with a writing potential Vw to make the

TFT 104 conductive, thereby charging or discharging the capacitor 103 and bringing the



5 May 2005 3 gate of the TFT 102 to the witing potentiaMang00Rext, the
scanning line 105 is brought to a nof-selective potential (which is a LOV
l evel in this exanple). This status electrically isolates the scanning
line 105 fromthe TFT 102. However, the gate potential of the TFT 102 is
secured by the capacitor 103. The current flow ng through the TFT 102 and
OLED 101 will reach a level that corresponds to the gate-source voltage
Vgs, which causes the OLED 101 to be lucent wth a |um nance in accord

W t h t hegagelof ®otTRIal 028 thdresieiad pbtentidlaVwf Nbttoile seamnbpeliad 10nis bieduaht
transmts |um nance information data, provided on the data |line 106 by a
sel ecti dn a glonsekatmvagotenna GOfch iimtao LOVE oveleln this lexipeplepf Thisesdatio as

"witing". In the pixel circuit as shown in Fig. 1, once potential Vwis
witten ft‘%ﬁ“t“?ﬁé‘yaiilé&eﬁolilﬁ srgaming HineOLED fiam the THT pd2) iHyhrever, athe agaonst ant
| um nance untjl_the next witing is made. A plurality of such pixel

ci r cui t Patgntial EWFWZB%S@PY?B&V theeapapit 03- as  pi xel s) can be arranged

oy T P B GBS T L 7
S by, 1 REAEL AR LB SRR 84 3o bl 029

cireui t yiviph hagiBasteliy 8Edord dthhd Burr&f 30 Betebl 88 whiffollows At %F&aﬁai ng
sequentially selected by a scanning line drive circurt 113. In this

‘exanpl e,th@iteebiits imiha@enfrmafi@edath provided bhl MRSdath Vind 106 BYS)sel¥Bliéh X. 1t is
a nmatter of course that in this case, there are mdata fines and n

scanni ngflstanamg line 1Q5sinhpthe pet miilk be yeferret s dyritiey’. de thegaod clrcgihtis emit ti ng
element emts light only at the nonent it is selected. In contrast, in an
active rsewvnin Fypd, dpepbetgnidrd\Ywds wristeatio [theyLEEN(I01,i ;ugh thee@BED tn keep on
emtting ,ki ght after conpletion of the witi r]g t hereof Accordingly, in the
active mallbelishiedat aceptay ypipparce uniihtheiextowvnting 1§dmde- and  peak current of

ype. di Spl ay QePIERTINGh R (ROl FRas 11 bgBhE Bty e gl wH e & 7o
and/or iy Bhee! stMBed it PeWorfiCH £ atrix as shown in Fig.2 to form an active
matrix type display (organic EL display) device, in which the pixels 111 are
sequentially selected repeating the writing into the pixels 111 through data lines 114-1 -
115-m driven by voltage-driving-type data line drive circuit {voltage driver) 114 with
scanning lines 112-1 - 112-n being sequentially Sel‘ected bya scanﬁing line drtve circuit
- 113. In this example, pixels 111 are arranged in m (columns) by n (rowsj matrix. It is a
‘matter of course that in this case, there are m daia lincs and n scanning lines.
| In a simple matrix type display device, each light-emiiting element emits light
| only at the moment it is selected. In contrast, in an active matrix type display device,
each light-emitting element can keep on emitting light after completion of the writing
‘thereof. Accordingly, in the active matrix _typerdisplay device, the peak luminance and
peak current of light-emitting elements can be lower as compared with the simple
matrix type display device, which is an advantage especially to a large size and/or high-
precision display device.
| In general, in the active matrix type organic EL displﬁy device, TFTs (thin film

transistor) formed on a glass substrate are used as active elements. However, amorphous




In general, in the active matrix type organic EL displ ay?#i24¥° TFTs (thin
film transistor) formed on a glass sdbstrate are used as active el enents.
However, anorphous 5 May 2005 4 silicon (non-crystalline silicon) and
polysilicon (polycrystalline silicon) to be used for formng TFTs have
poor crystallizing properties as conpared with silicon single crystal- This
inplies that they have a poor conductivity and controllability, so that
TFTs exhihit large fluctuations in characteristics. Particularly, when a
pol ysi | i db¢pnrimpniceystadlingosilienn) 2nd drokysilicen y(pelyeryaaliing sicos) tesbe used for n or der
to circugvent _@@gq’l ens caused by thermal deformation of the 9' ass

subst r at ‘ETMHS riaxs RESY (TR IERR RIORGEISS 85 GRYBIEY WA S1Hcen single ¢iesigh ass

bstrat.g - ti f - . il filmtoo o talli th
ol ysi i 2 s (haBBLIRR il SRR PGS ookl e el BREY BB oV ar oo
area of fﬂ}cﬁ&ﬁ?ﬁs‘m%ﬁlﬁﬁ:ﬁﬁk&sd' fficult, resulting in non-uniform

crystallization of polysilicon at various points on the substrate. As a
resul't, thres Wrﬁhu?ﬁh*}&vﬁ@rﬁa(}folﬁﬁi&nf PFTRE fOfndd6n SAPEatRiRS I @l Gla¢@ri es
over several hundreds of nV, and at least | volt in sone cases.” I n such
~cases, isubjthae 9AMRd4Iab elit@lent\Wroldemt cidsed by Ohdriab BefBinitlon, oftthe glahs eshol d
values Vth will be different fromone pixel to another. Consequently,
current subisiraté,| o Wseig atdwating NedhinkueliEDsgadhygappliedBo i extesst Substeaté eftef r om one
pixel to another and can deviate greatly froma desired |evel. One cannot
t hen antfPEngineoigan emaphaunisiicon dilm| tot srysiallips the. patsikicans T uBoweveronl y wi t h
the threshold Vth butﬁgl SO le‘t_‘h a fluctuation in the nobiljity ii_ of

carri er $miRrp jgadigtion of faser light over fefargearsp |of the slass ﬁ'ébsﬁla@b'lsémﬁcﬂﬁe
inventors of the present inyenti.on have ..proposed a pixel circuit as shown
o, g SR sotioRel U spB Baerrophitgn e Siiraten cel
circuit gigg ' raRr o %I] a se Paten |ication

i ncl udesfgé a% lﬁf‘égq'ff%"%\?ﬁ‘%‘g gﬁ' %P’h'gg*gé conne\egic@gg% Wt & S%%@F‘&n\% Vol t age

suppl y \ebraituhbrbdd 82mRA%hN S 122581 Aol i SHEELEd to a cathode of CLED 121

and a source connected to a reference potential or ground line (herein
af t er si npl'y In such cases, if the same-potential Vw is written to these pixels, the threshold

- values Vth will be different from one pixel to another. Consequently, current Ids
flowing through the OLED (organic EL element) varies from one pixel to another and
can‘ deviate greatly from a desired level. One cannot then anticipate getting a high
quality display. This is true not only with the threshold Vth but also with a fluctuation in
the mobility 1 of carriers in the same manner. |
| In order to alleviate the problem, the inventors of the present invention havé
proposed a pixel circuit as shown in Fig. 3 (See JP—A—HI 1-200843).

‘ | As is apparent from Fig. 3, this pixel circuit disclosed in the formerly filed

~ Japanese Patent Application includes an OLED 121 having an anode connected with a
positive voltage supply Vdd, a TFT 122 having a drain connected to a cathode of OLED

121 and a source connected to a reference potential or ground line (herein aﬂef simply
réferred to as ground), a capacitor 123 connected between a gate of the TFT 122 and the
ground, TFT 124 having a drain connected to the data line 128 and a gate connected to a
first scanning line 127A, respectively, a TFT 125 having a drain and a gate connected to

a source of TFT 124 and a source connected to the ground, a TFT 126 having a drain




referred to as ground), a capacitor 123 connected bet weef MaYZl0® of the TFT
122 and the ground, TFT 124 having asdrain connected to the data |ine 128
and a gate connected to a first scanning line 127A, respectively, a TFT
125 having a drain and a gate connected to a source of TFT 124 and a
source connected to the ground, a TFT 126 having a drain 5 May 2005 5
connected to the drain and the gate of the TFT 125 and a source connected
to the gate of the TFT 122, and a gate connected to the second scanni ng

| i ne 127da@wegedtodhe diam Fidghe gateohthesdain h2hepd 4 snerdexdmanéctedsioghe gadohi th a
timng signal scanA The second scanning line 127B is supplied with a
timng sihgddil Bard a gaiecemested 1q the sacpgd seangingdinedd @i t h an OLED | umi nance

i nf ti data). A t dri i d bi t Ilwto th
data Tine 126 #hotbitied: te Kuoes Jae A7 Adhcoerlied WEALcHoR Yo CLED
| um nancg i pformation. In the | e shown. herei.n. the TFETs 122, and 125

are N ormen TioReo R seaiflut Bfe AR foPiRG 550y o0 opl® PG s
oper at e R rpp e 4 POEES WG RRrRa (o1, B APl ARACS T g, 5

and the Qa¢ideSHBMR dufreli By td tHeSdads 1ih© i bOWS acdoPddnbe vRi &ive ichfehtt dghown in
Fig. 1, Tumnance data is given to the pixels in the formof voltage,

whi | e i rbasétopiheLED heninhnceinformation=i g. 3 |l uminance data is given to the
pixels in the formof current- Corresponding operations are as follows.
First, in wi tinnge lcsamplendewinnhaemntheohFTs d2Anamdgl25 ams N1 2ibAnenM(AR7B shown
in Figs. 4A and 4B are set to the selective status (status of selective.
pot ent i dransssters g thp TFYs ddhanmh i2GargAchaneel pAOB depngisiars- FigsL bwalbshevs) and
data line 128 isSnft@e Wi.th a current . 1w as shown in Fig. 4C which

cor r es pdHBI®S Chatser temixal GieHEQPeTaiPBr mat i on shown in Fig 4D. The current

| w fl th he TRI 125.vja t TET 124.. T tex | t
generated i n thachie ibraree by e pretigu B Figniaff o n%0r 1 ne
rTE;i 0ﬁ25sh§5vﬁ iR 298 Ur & 4CRIbRY. 1" i plkel it QRENATETid 1, iGirnaALaAL N

given to the pixels in the form of voltage, while in the pixel circuit shown in Fig. 3

luminance data is given to the pixels in the form of current. Corresponding operations
are as follows.

- First, in writing luminance information, scanning lines 127A and 127B shown
in Figs. 4A and 4B are set to the sclective status (status of selective potential, for which
scanA and scanB are pulled down to LOW levels) and data line 128 is fed With a current
-Iw as shown in Fig. 4C which corresponds to the OLED luminance information showﬁ
in Fig. 4D. The current Iw flows through the TFT 125 via the TFT 124. The gate-source

| voltége generated in the TFT 125 is set to Vgs. Since the gate and the drain of the TFT
125 are 5h0rt—circuited, the TFT 125 operates in the saturation region.
Hence, in accordance with a well-known MOS transistor formula, Tw is given
by

| Iw =y 1Cox1W1/L1/2(Vgs-Vth1y (1)
where Vil stands for the threshold of TFT 125, i 1 for carrier mobility, Cox1 for gate
capacitance per unit area, W1 for channel width, and L1 for channetl length. -

Denoting the current flowing through the OLED 121 by Idrv, it is seen that the




Hence, in accordance with a well-known MOS transistor foPiAy2005v i s given
by 1w=(err) 1 Cox]W/L1/2(Vgs-Vthl)2 (4 where Vtl stands for the threshold
of TFT 125, g | for carrier nmobility, Coxl for gate capacitance per unit
area, W for channel wi dth, and LI for channel |ength. Denoting the current
flowi ng through the OLED 121 by Idrv, it is seen that the 5 May 2005 6
current Idrv is controlled by the TFT 122 connected in series with OLED
121. In the pixel circuit as shown in Fig- 3, since the gate-source
vol t age ofranhddrVAT compollednl the W@“sléa vermebigd aquati¢sowith DLED d2y. Iisthgi ven by
ldrv =(err), 2Cox2W2/L2/2(Vgs-Vth2)2 (2) assuming that the TFT 122 operates
in the sﬁ‘?‘ﬁlr Hiqugrps g rn 11gac3 oﬁérmeath gateroures Yolean of g THTMES equalisi st or
saturation region under the follow ng condition

i's ener g rabl e i
I Ings Ve g‘l"e‘?ﬁ%e‘lﬂaﬂp“?& I45% ISERSEPY appearing in the equations (2) and
(3) are the sane aslh ggg;xgﬁahi%z(ﬁgg§§aﬁthe TFTs 123,and 122 are

X6 y

closely fornmed within si der that ractically tt 1= p
2, CoxI CA% th TET VB ;?@ t§xPaln equation may be easily

deri ved i‘isrso ﬁ%ﬁeéétetgéuatlonggf g‘n“&’@f% hg\\%i‘\?\/“_ (V2/ W)/ (L2/L 1) (4) That
is, if carriermgiBhtily,Vit Us knBdhethaPRANIOY tRBEisteRiil Rh&RII eraﬁfédmt hreshol d

Vth vary within the panel or vary from one panel to anot current ldrv
fl ow ng sanhatiemfegiohen@itihe &Mbwinge eorditidny proportional to the writing

current Iw, and hence the |um nance of the OLED 121 can be precisely
controll ed. For exanplds]>i|fVgstVtils designed that W2 = W3)and L2 = LI, then
ldrv/iw =1, which neans that witing current lw
Parameters appearing n the equations (2) and (3) are the same as in equation (1). Since
the TFTs 125 and 122 are closely formed within the pixel, one may consider that
praclically
pl=p2, Coxl=Cox2. Vthl=Vih2 7
Then, the following equation may be easily derived from the equations (1) and
@
| Tdrv/Tw = (W2/W1)/(L.2/L1) “4)
That is, if carrier mobility u, gate capacity per unit area Cox, and threshold
Vth vary within the panel or vary from one panel to another, current Idrv flowing
through the OLED 121 is exactly proportional to the writing current Tw, émd hence the
luminance of the OLED 121 can be precisely controlled. For example, if it is designed
that W2 = W1 and L2 = L1, then Idrv/Iw = 1, which means that writing current Iw
‘_matc'hes current Idrv that flows through the OLED 121, irrespective of variations in
TFT properties.
It is possible to construct an active matrix type display device by arranging
pixel circuits as described above and shown in Fig. 3 in the form of a matrix. A
configuration example of such diéplay device is shown in Fig. 5.
Referring to Fig. 5, provided to each current-writing type pixel circuit 211

arranged in a m (column) by n (row) matrix on a row by row basis are any of respective

first scanning lines 212A-1 - 212A-n and any of respective second scanning lines 212B-




mat ches current ldrv that flows through the OLED 121, ir? ¥Maye@Pbve of
variations in TFT properties. It is pbssible to construct an active matrix
type di splay device by arranging pixel circuits as described above and
shown in Fig. 3 inthe formof a matrix. A configuration exanple of such
di splay device is shown in Fig. S. Referring to Fig. 5, provided to each
current-witing type pixel circuit 211 arranged in a m(colum) by n (row)

. , . . Fi : i
Pion 1. A SRIEE: Sulhek B8 el 1Bt 2LERRCHAER  borke B8 0B e, 0 5005
7 1 - 21238m8 TEHW : feabis beanfifan i lis comkefdNo!

connect ed toet he glgﬁFlgTeﬂﬁﬁg é‘i@‘:szlfl' 214 gplng?zglbhgﬁ- g%#g;lgﬁosca%ﬁir{% I ne

21213-1 -gﬁaaﬂﬁengwmg;g.ed to the gate of the TFT 126 of Fig. 3. A
first scanning line drive circuit 213A for driving the scanning |ines 212A-

| - 212A-n is pAdivsteahning Hieairivefcircait 21k Sor drivigd the sedmiling 1aRg aPAsIcanni ng
line drive circuit 213B for driving the second scanning |lines 21213- 1 -
21213- n iZl24-nVs provided teo Mg leftgifithese pixdis apd aelesondHeanrfing tine drive thenisecond
scanning line drive circuits 213A and 21313 consists of shift registers.
The scanmd¥ for deviagithesecpnd srapaing imes 2HB-1 + 23 2Brwispreviderbte the mightof conmon
vertical gtart. pu se VSP, .and wi.th vertj cal .cl Qck, ses V and, VCKB,
respect i ?9‘."%’@%@# pnd the spqond sgapning YeLIgpy %Pya%maow%

_ ingal .cl ock..pul VCKB, del ' it 214.
Each of (bl el R il iR 4B AR AR SO 0D FemeltebMiE dn, “of
. ti Ls - - . i 1 .-

conneot e aRnE vl Stuft pilke VP Anf with Cafel WA DUIES VERA i SURHR 2
circuit. (edpeétdly. drtieVedirtiéed)clotkOpulsd VOKRNS %ﬁ'gﬁ}iyp&é[%égoﬁ]ﬂrlgrﬁyg}fﬁk{ fPthet O the

respective pixel's by the data I'ine drive circui't t he data

fines 21%ettical AddkpulseNEGKB naedkiofndeldy cirbait 2bpve active matrix type
di splay device will be described. As the vertical start pulses VSP are fed

to the first akidch o€ thepel ciertsn2 Hgin each column is also connected to any of
respective data lines 215-1 - 215-m. These data lines 215-1 - 215-m are connected at

one end thereof to a current drive type data line drive circuit (current driver CS) 216,
Luminance information is written to the respective pixels by the data line drive circuit
216 through the data lines 215-1 - 215-m.

~ Next, operations of the above active matrix type display device will be

describéd. As the vertical start pulses VSP are fed to the first and the second scanning

line drive circuit 213A Vand 213B, respectively, these scanning line drive circuits 213A

and 213B begin shift operations upon receipt of the vertical start pulses VSP,

~ sequentially output scanning pulses scé_\nAi-scanAn and scanB1-scanBn in synchronism

with the vertical clock pulses VCKA and VCKB to select scanning fines 212A-1 -
212A-n, and 212B-1 - 212B-n in sequence.

On the other hand, the data line drive Qircuit 216 drives the data lines 215-1 -

215-m abcording to current values determined by the luminance information. The

current flows through the selected pixels that are connected to each of the scanning lines,

- to perform the writing operation on a scanning line basis. Each of these pixels starts

emission of light with intensity in accord with the current values. It is noted that, as




line drive circuit 213A and 21313, respectively, these stM@aWi2@8o1ine drive
circuits 213A and 213B begin shift dperations upon receipt of the vertical
start pul ses VSP, sequentially output scanning pul ses scanAl -scanAn and
scanBl-scanBn in synchronism wth the vertical clock pulses VCKA and VCKB
to select scanning lines 212A-1 - 212A-n, and 21213-1 - 21213-n in _
sequence. On the other hand, the data line drive circuit 216 drives the

data l'ines 215-1 - 215-maccording to current val ues determ ned by the
| umi nancessrived Praviqusly, thenertucaliploghh pulse ¥iKA wrSé}&SW behind &eéféft@afjﬁmv!w s that

t h of. th ' | , I .m t Lt
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5501 OBkl e thd i ifindeClidth SRRl OB hePLpGiof I8 BRI ik SFARN ng [T ne
127B becones non-sel ective aheaé) of t?’ue gcannl ng l1ne 127A, as seen in

Fig. 3, thérebRal@iinihg bt AinBace dnfiendw dRabewaiffesin®extSRNRCt i ve, the

| um nance data is stored in the capacitor 123 within the pixel circuit,

~thereby mai nt dhnaidage ehoRtaoirdnt Mirransteadint iak shewn daFg. 3sis wmipldyed font o next
frame. In a case where a current mrror structure as shown in Fig. 3 1is
enpl oyedh¢ gixel tdiguisi reproblenc arises thapthbIsenetare swelvehat larper sembgrt of e

i nvol ves a | arger nunber of transistors as conpared with the one as shown

in Fig. tnansisig as eompared: wish Shesonsl as sbowyvin Fign 1 FFgat is, in dhgexagmpleshawan f or ned

of two transistors., ile, in.the exanple shown in Fig. 3, each pixel
equi red FEar, SR S B DY RERETS HAe FLe FryPlashare gl Eeed | n
JP- A- 11-@2{9}081431,r ilﬁre ng{&aggo a larger current Iwis needed for witing
from dat&“1¥Ag §¢ cgﬁiﬁ) reg fr% the current Idrv flow ng through a
right-emtting,g, : el £ Bq iRpt A Jdodsas ih Qurrent
fl ow ng througﬁﬁtﬁgﬁﬁ’gl_ t er%hg;?i ng e ‘emaﬁt J]C)]_fglg i's geﬁ_elr ;}Hr&"‘gabsgsm afewit
A evengbert MreRERK id HFUARRS SvritiiR P daldnRe s r&gmgﬁl%dae&iﬂpme%n@ﬁ mevel s for
the pixel, the magnitude of current in the neighborhood of the | owest
gr adat i dlowting misoogh at Kpthendeingrdément OLED. The reason for this is as follows.
Current flowing through the light emitting element OLED is generally abouta few g A
even at the peak luminance. Hence, supposing gradation of 64 levels for the pixel, the
- magnitude of current in the neighborhcod of the lowest gradation turns out to be several
tens nA, which 1s however too small to be supplied correctly to the pixel circuit through
a data line having a large capacitance. |
7 This problem can be solved for a circuit shown in Fig. 3 by setting the factor
(W2/W1)/(L2/L1) to a small value to thereby increase the writing current Iw in
“accordance with equation (4). To do this, however, it is necessary to make the ratio
W1/L1 of TFT 125 large. In that case, since there are many limitations in reducing the
channel length L1 as described later, the channel width W1 must be necessarily made
Jarger, which results in a large TFT 125 occupying a large area of the pixel.
| In the organic EL displays, when the dimensions of a pixel are generally fixed,
this means that the area of light emitting section of the pixel must be reduced. This

results in a loss of rehability of the pixel caused by increased current density, increased

power consumption due to increased drive voltage, coarse graining of the pixels due to




tens nA, which is however too small to be supplied corre&iMay 2005t he pi xel
circuit through a data |line having a9l arge capacitance. This problem can

‘be solved for a circuit shown in Fig. 3 by setting the factor

(M2/W)/(L2/L1) to a snmall value to thereby increase the witing current Iw
in accordance with equation (4). To do this, however, it is necessary to
make the ratio WL/ L1 of TFT 125 large. In that case, since there are many
limtations in reducing the channel length LI as described |ater, the
channel five dbdredk st lidht cm@tting ah) dnd thatike, Wiiclgprevenshéduatioresdhe pikeh a | ar ge
TFT 125 occupying a large area of the pixel. In the organic EL displays,
when t hesizh, memelyphsdet an ipproebmentdoge higherd fesolétiored,  thi s nmeans that the
area of light emtting section of the pixel must be reduced. This results
in a loss of rih esinpleysupposehthapiwaéingc arsed Iy thenerdeascr dewr 8rt i¥lensity,

o1 i nf ngPTSRTH G ﬁ?ei’%?éf%"q%@fgﬁwigw &;elagfgrggé‘ B °L 43P e Tt
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that Wi {3 g £UT 9t 0fLd hEy OFFIETs Gy %J Rl R1L) ALOS HGSLETED 8 Lhe

nei ghbor ho owes rada IS nécessary to

make thquﬁnﬁm%@IonWhQtrbd&él!m@fof&Keecﬂalﬂemaggtﬁi119,0‘;1%%&1%9@@@@@ o£ hat of
the TFT 122 if LI = Is assunmed. This is not the case if LI <

-Homever,plkagam@ésegnﬁlldmtatlons on the reduction of -the channel Iength LI

in view of wthstand voltage of pixels and design rules. Particularly in
the current niRarieulahynmtthe abriran masos baatituiion Bs ghovdy iniFigi 3 ipseidemed that L
| = L2. This is because, considering the fact that the channel |ength

great |y thitflelct $.2. This esbrshabey eonsislegng ﬁlethrtbatsbwhansdti@r@h preatle pfdgchet eri stic
in the saturatlon regi on thereof, . and so on, I s advant ageous to conform

t he TFTShoeold yalugF 3 FAOSIEOLCHIW RN FHAFACHTISIE eihfhegﬁﬁwa%tmrfe&yn dresedi ng LI
caual Lo oh2eh. SRS SR BTk o2 bR TR RS O
configuration by choosing L1 equal to L2 so that an exact proportional relationship of
the current Idrv to the current Iw is established, which makes it possible to provide
current of desired magnitude to the light emitting element OLED.
| It is inevitable to have some fluctuations in the channel length during the
manufacturing process of TFTs. Even then, if in design 1.1 equals L2 and the TFT 125
and TFT 122 are sufficiently close to e&_lch other, substantial equalityl LI = L2 1s
-guaranteed, should L1 and L2 deviate to some extent. As a result, the value of Idrv/Ivs.r
according to the equation (4) remains substantially constant in spite of the fluctuations.
| On the other hand, if in design L1 < L2, ‘but the actual channel lengths are
shorter than the design lengths, then the shorter channel L1 will be more affected
| relatively than the other, rendering the ratio of L1 to 1.2 susceptible to the fluctuations
during the manufacturing process and hence the ratio Idrv/Iw of equation- (4).
Consequently, dimensional fluctuations in channel length, if they occur on the same
panel, can degrade the uniformity of an image formed.
' Furthermore, in the circuit as shown in Fig. 3, it is nécessary to made large the

channel width of the TFT 124, serving as a switching transistor (hereinafter referred to




current of desired magnitude to the light emtting el eneAMa@dD5 It is

i nevitable to have sone fluctuations in the channel |ength during the
manuf act uri ng process of TFTs. Even then, if in design L | equals L2 and
the TFT 125 and TFT 122 are sufficiently close to each other, substanti al
equality LI = L2 is guaranteed, should LI and L2 deviate to sone extent.
As a result, the value of ldrv/Iw according to the equation (4) remains
substantially constant in spite of the fluctuations. On the other hand, if
in design LI < L2, but the actual chanh?| | engths are shorter than the
design Length r NP t

relative 3(’ 1@% t{r 3&5 rﬂgrs,aﬁl%e(%\aggésr) ﬁzﬁgﬂ%ﬁég lfdzlﬁ ?ﬁ%ta(%]fn%ﬁfﬂﬁ%%‘ﬁ {s%{é: (P gg%‘%s&t%e to
the Tl ughitbicaRsnt IHIRSHEARBNTRETERADU! THY aRbREERS a%}ge ?S@P&réu%cﬁﬁﬁﬁﬂg

| drv/Iw of equation (4). Consequently, dinensional flucCtuations in “channel
| engt h, ldrge &gy occur on the same panel, can degrade the uniformty of an
i mge fornmed. Furthernore, in the circuit as showmn in Fig. 3, it is
necessary to Husodimegis dfhbe inharnioal prédté anfactie nldtiix t9de dsplayidegicasam
switching transistor (hereinafter referred to 5Ma_y2005 10 as scanning
transi s@@ivei matssriEpe argasic Ko digplayi dryiaehandi arethads d drivinghibeserdisplag depiseniuse
the witing.curtent Iw f]ows through the TFT 124. This, al so causes a | arge
pi xel cwﬁﬁe&%exeg&arﬁ% #g of wres &P’éﬁ‘?‘ RSN Fetrasomalk H’é‘e]: FURHE i QRIS i de
an active matrix type di.splay, devi.ce, an.,acti.ve matrix type or ic EL
sl ay Gl Rk ©.4niRe A BRSO b5y 2Pa bRR B R A HES SRR el
'CirCUitﬁ]ﬂ%ﬁﬁQ@.%kh&th current type, by realizing small pixel circuits
occupyin% sna F areas to ensure a high resolution display and by realizing
accurate current supply to each light emtting el-ement. DI SCLOSURE OF THE
MENTI ON According to a first aspect of the invention, there is provided an
acti ve DISCLASURBEOF THEINGENEDN e i ncl uding current-witing type pixe
circuits arranged in a matrix formfor allowing current to pass through
the pixel cirdgcosling o afidhtspect ofthe mwotondheretik ptaidetbncactive matrix type

—
jroed

- display device including current-writing type pixel circuits arranged in a matrix form for
allowing current to pass through the pixel circuits via a data line in accord with luminance to
write luminance information thereinto, each pixel circuit having an electro-optical element
whose luminance varies with the current passing therethrough, and the pixel circuit
comprising: a conversion part for converting the current provided ﬁom the data line into
voltage, a hold part for holding the voltage converted by the conversion part, and a drive part
for converting the voltage held in the hold part into current and passing the converted current
through the electro-optical element, wherein the conversion part is shared between at least two
sepérate pixels in a row direction.

According to a second aspectrof the invention, there is provided an active matrix
type display device including current-writing type pixel circuits arranged in a matrix form
for allowing current to pass through the pixel circuits via a data line in accord with
luminance to write luminance information theréinto, each pixel circuit having an electro-
optical element whose luminance varies with the current passing therethrough, the pixel circuit

comprising: a first scanning switch for




wite luninance information thereinto, each pixel circui®Man309§ an

el ectro-optical elenment whose |um nance varies with the current passing

t heret hrough, and the pixel circuit conprising: a conversion part for
converting the current provided fromthe data line into voltage, a hold
part for holding the voltage converted. by the conversion part, and a drive
part for converting the voltage held in the hold part into current and
passi ng the converted current through the electro-optical elenent, wherein
the conversion part is shared between Qt | east two separate pixels in a

row dir s%?é&iQélg tp@s\clsgﬁgrﬂé% Wrrk p?oﬁﬁ%lp ]g'g?lgt)f}g gglla, 1He, BN nggtl%%lt f-%é)r? for ?o%\rxﬁ%lrtﬁ% g
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D ough S caFIchE ol HROURY o ey Reahhihe SYTTh LA0 VG A 95 00d ool

wite |awitetafireseldeiioelyapaseingt theneitag®cobagbd bl ted caivesion pde\d dd part for

el ectro- optical elenment whose |um nance varies with the current passing

t her et hiraddigp the Whaltage seppledrtbercto thomghthe sevgnd acdniningt svatchnanchg dsive paht fHor 5

May 20-05 ---- selectively passi n% the current provided fromthe data |line,

a conveoaveHing ghe Vﬂbagecmﬁemthm hold; past e cumentpansh passing tthe sogveriedecuttentt
cond_s switch for selectivel

scanni swtch.into voltage, a s canni ng . ]
passi nﬁﬂffwg VR ?153@-9,%% F?e@ae%ywﬁ?rm%@ﬁ%?@ﬁnw&wt%h Koharedahatween al
hol di n | i t.hereto through the second scanning switch,
and a 3?%‘%3‘”%%@@%?3‘%@3%2‘?‘?9H§°t{°ﬁe voltage held in the hold part into
current and p I . I -10 1’ ﬁ;ﬂ:
el enent , wher thﬁ;b%lﬁneé lee? gﬁ@%@%ﬁ?‘%ﬂég‘ﬂ% %ﬂoé’gﬁéﬁggg@%g% V\%ehtr?{@td (BT EASTS t wo
separ at gn Rétiel dathiR tFpd GpIY dBice Mbludies Bt Gyritthpybdbhd] 88RRG arRhetd
invention, there is provided a nethod of driving an active matrix type
di spl aya dexdix orinforatlowingeurrednto pass throggh yeepiveDoidcuits viaw dfa dheé angeerd N a
matrix formfor allow ng current to pass through the pixel circuits via a
~dat-a | i wghilymimaoes @ wrifetlhminancainfomnationthéreintd, eadchnpireleiicnit baviag iao electro-
t hereinto, each pixel circuit having an electro- optical element whose
| um nan@icaheicaniumbpse hanigarsecrricp y5th the eureans maswing khersthrengh, said pisek cui t
conprisi.ng.a first. scapning swtch.for, se|ectively.passing the current
pr ovi et AHOAIMEESIAE A Mt SPeIng SWiE, BirSelsriYRY PaRise B cUBPR: RIGVICRL QDY r ent
provi degd %&uﬂﬂe, Saa'ogm}ce'rsrigr} part for converting the current provided through said first
scanning switch into voltage, a second scanning switch for selectively passing the voltage
converted by said conversion part, a hold part for holding the voltage supplied thereto through
said second scanning switch; and a drive part for converting the voltage held in said hold part
into current and passing the converted current through said electro-optical element, wherein
said first scanning switch is shared between at least two separate pixels in a row
direction, comprising a step of: setting second scanning switch to have a sequential selective
status by sequentially selecting the preceding row and then the later row while first scanning
switch has a selective status when writing to at least two separate pixels in a row direction.

According to a fourth aspect of the invention, there is provided an active matrix

type electroluminescent display device




scanning switch into voltage, a second scanning sw tch foMaygd086ti vel y
passi ng the voltage converted by said conversion part, a hold part for

hol di ng the voltage supplied thereto through said second scanning swtch;
and a drive part for converting the voltage held in said hold part into
current and passing the converted current through said el ectro-optical

el ement, wherein said first scanning swtch is shared between at |east two
separate pixels in a row direction, c rising a step of. setting second
scanning switch to have a sequential se&fective status by sequentially

sel ecti 3 | I 3 |.Aat | i i
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provi ded an active matrix type electrolum nescent display device 5 May
2005 lihforpedtiedi nBereintd, €RhchW pixeNgciruie wiliethe Chy Cali idisphiyr adl@Rehti organi@t ri x
formfor allowng current to pass through the pixel circuits via a data

| i ne i nelactodumingsdcnt |alemendnbaving avfirste electnodearc secandf elermodorant hiayeisnod,
each pixel circuit utilizing as a display elenent organic

el ect r oflgerdlemineneent | asganie thaietialg the {ayers beingcplacsde between dhe ¢lastredesr artek and

| ayers of . el ectrol umnescent organi.c material, the |ayers bejn | aced
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cur r entpdrh iy Pirdehe afd Padtiny HeecdveltbdichigemahtougB tBEBRianic\I8ERIImIe cent
conversion part is shared between at | east two Separate pixels in a row

di r ect i damefic aberimthetconoerkiohtpartas ghartd dbtviden at teasitwosepatdiepixelssinr@w ded
an active matrix type electrolum nescent display device including

cur r entdiggctiphng type pixel circuits arranged in a matrix formfor allow ng
current to pass through the pixel circuits via a data_line in accord wth

| umi nance to AeFETINgiRiaite asnast of WwadniAtioRetherens proddehanpstivte reats dype
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matrix form for allowing current to pass through the pixel circuits via a data line in accord

with luminance to write luminance information thereinto, each pixel circuit utilizing as a
display element organic electroluminescent element having a first electrode, a second electrode
and layers of electroluminescent organic material, the layers being placed between the
electrodes and including a light-emitting layer, the pixel circuit comprising: a first scanning
switch for selectively passing the current provided from the data line, a conversion part for
converting the current provided by the first scanning switch into voltage, a second scanning
switch for selectively passing the voltage converted by the conversion part, a hold part for
holding the voltage supplied thereto through the second scanning switch, and a drive part for
converting the voltage held in the hold paﬁ into current and passing the converted current
through the electro-optical element, wherein the first scanning switch is shared between at
- least two separate pixels in a row direction.

According to a sixth aspect of the invention, there is provided a method of driving an



and | ayers of electrolum nescent organic material, the |2ae8yg£08eing pl aced
between the electrodes and including a light-emtting |ayer, the pixel
circuit conprising: a first scanning switch for selectively passing the
current provided fromthe data line, a conversion part for converting the
current provided by the first scanning switch into voltage, a second
scanning switch for selectively passing the voltage converted by the
conversion part, a hold part for holdi,ng the voltage supplied thereto

t hrough the second scanning switch, a d2a drive part for converting the
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According to a srxth aspect of the invention, ere s provided a nethod of
dri vi nga adta My iB GRBord@ih dehinaBed R Wiite lutbidastEiifoMhatindsesanto, dh@Ppixel
device including current-witing type pixel circuits arranged in a matrix
f or m f ovircali bawing anueleemne-opticgdadlemedirwhese luiminapnis ehries withiths cuirent pasdiag a
line in:-accord wth [umnance to wite |um nance information thereinto,
each pitherethreyghe gaid pigslichiguih sompasing ¢- st seaaning| ssiishtfonmdewivelynpassing dhe
varies wth the current, passin t heret hrough, said pixel circuit |

conpr i s{URENLPTP roRLSH] %ﬂ B & RORLATSIOB) forcopvprng thg curent pravided
provi det sion part.for _convert, t he cuyrent
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voltage held in said hold part into current and passing the converted

cur r entvolthgohglll ia3hid halld gatt iptophiredt| and vEinE, thakenedredairterdftithsiughcaihi ng
switch is shared between at |east two separate pixels in a row direction
conpr i séectroaopticeb elsment wherginssid distsscanming gvatoht is rshaxgdhberecern at kgstetved al
sel ective status by sequentially selecting the_ preceding row and then the
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to at least t eparate pixels in. arowdirectiqon. In the, enbodi ments of
the actd Q?Qu?ﬂﬁg? §eje¥9'5§ta&}s§§1 sequeRtially selreing, etpﬁg:eaﬁg\;gw and & BT Bk

while first scanning switch has a selective status when writing to at least two separate pixels in

a row direction.

" In the embodiments of the active matrix type display device having the above
configuration or an active matrix type organic EL display device utilizing organic EL
elements as the eléctrobptical elements, the first scanning switch and conversion part are
possibly designed to have a large arca due to the fact that they deal with a large current as
compared with the electro-optical elements. It is noted that the conversion part is used only

~ when luminance information is writteﬁ, and that the first scanning switch collaborates with
the second scanning switch to perform scanning in a row direction (for a selected row). Noting
this feature, either or both of the first scanning switch and/or the convetsion part may be shared
between multiple pixels in a row direction, to tiiereby decrease the area of the pixel circuit

. occupying each pixel, which would be otherwise much larger. In addition, if the area of the
pixel circuit occupying each pixel is the same, a degree of freedom of layout design increases,

so that current can be supplied to the electro-optical element more precisely.




configuration or an active matrix type organi c EL di spl ayMig\&088 utili zi ng
organic EL elenents as the electro-ogptical elenents, the first scanning
switch and conversion part are possibly designed to have a | arge area due
to the fact that they deal with a l.arge current as conpared with the

el ectro-optical elenments. It is noted that the conversion part is used only
when | um nance information is witten, and that the first scanning switch
col | aborates with the second scanning switch to performscanning in a row
di rect i oOBRIEPDESCRIEFIN OPWHE DRIAWINGShi s feature, either or both of the
first scanning switch and/or the conversion part may be shared between

mul tipl e pixelBigi hisea diewitdidgeah bba codventidred pixy! clamitease the area of the

pi xel circuit occupying each pixel, which would be otherw se nuch |arger.

I n addi tion, iigthes abdmkafiagrime shpwigl a confgurationcexappiangl @sohvepligedl is t he
same, a degree of freedom of |ayout design increases, so that current can
be suppl #iye mptinype display slevise pabring pegbHIcUBr e preci sely. 5 May 2005 13
BRI EF DESCRI PTI.ON, OF THE .DRAW NGS Ficg. | is.a Ci rcuieg di a ramg_f a
conventional piigef [tf CEGHIE diagtany of 3 epirent-wyiting type el HIrEWE AFTRIIRS o
configuration egxanpl e of a conventional active matrix type display device.
utilizi n%rlcgia)ggﬁcaiigﬁtui ts; Fig. 3is acircuit diagramof a current-witing
type pixel cirgyi i Wal ot | i L D0 AFE-D - :Ss @ ki1 M Ng
chart " showi ng P Aas arrang et shilindurRg Jrsfid e Tl $Guhifg ok, 7
current - YA bfe bt Rimithlg 1§pd gidéitciehit 6F Big. §; Fig. 4B is a timng chart
showing timng of signal scanB for scanning line 127B1 Fig. 4Cis a timng
chart show ng Eigt #Bds auiimigt cithett shodfing biming! of 8iynall s¢awBr foLScandmg lindD i s a
timng chart show ng OLED | um nance information; Fig. 5 is a block diagram
of an actdMe matrix type display device utilizing current-witing type
pixel circuits in accordance with prior application; Fig. 6 is a circuit

di agr am showi g4 isracimisgisheit shawing pctiyecyrieairdatapl the gyrreny daiver CS;

Fig. 4D is a timing chart showing OLED luminance information;

Fig. 5 1s a block diagram of an active matrix type display device utilizing
current-writing type pixel circuits in accordance with prior application;
Fig. 6 is a circuit diagram showing a first embodiment of a carrent-writing type
pixel circuit according to the invention;
Fig. 7isa doss sectional view of an exemplary organic EL element.
Fig. 8 is a cross sectional view of a pixel circuit for extracting light from the
Abackside side of a substrate;
Fig. 9 is a cross sectional view of a pixel circuit for extracting light from the
| fronf surface side of a substrate;
Fig. 10 is a block diagram showing a first embodiment of an active matrix type
display device utilizing a first current-writing pikei circuit according to the invention;
Fig. 11 is a circuit diagram of a first pixel circuit ebtained by modifying the
first embodiment; "
Fig. 12 is a circuit diagram of a second pixel circuit obtained by modifying the
ﬁrst embodiment;

Fig. 13 is a circuit diagram showing a second embodiment of a current-writing




pi xel circuit according to the invention, Fig. 7 is a crodmy88bi onal view
of an exenplary organic EL elenent. H#g. 8 is a cross sectional view of a
pi xel circuit for extracting light fromthe backside side of a substrate;
Fig. 9 is a cross sectional view of a pixel circuit for extracting |ight
fromthe front surface side of a substrate; Fig. 10 is a bl ock diagram
showi ng a first enbodi nent of an active matrix type display device
utilizing a first current-witing pixel circuit according to the invention;
Fig. | ItYPespigelgicpipecodding iaihes#veatiely st pi xel circuit obtai ned by
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circuit giage atrﬂi'F Ss@c?alx\fdncq?@od?r%&%n &ch%gﬂeﬁlg%gﬁ\% Rﬁeg%frﬁﬁg’faé%hi}lg ’}g t&c?‘ > My

2005 type prxel "Cirtcuit according to 't ock

di agr amiﬁ‘l;gm#) g an active matrix type display device wutilizing the second
enbodi nent of the current-witing pixel circuit according to the

invention; FigiglBA isSa amlingd gt sHd¥hg Shend 8Osighdl segn VK séfanalcuse@nA (K of
the current- witing type pixel circurt shown 1n Fig. 14; Fig. 15Bis a
“timng ohding typepixelcitcuitishgwnin Biggidyl scanA (K+1); Fig. 15Cis a tinming
chart showing timng of signal scanB (2K-1); Fig- 15D is a timng chart
showi ng ti mi ndipfl5Boanaminting srandboping tmirigpf stegmm scand (Kithl:ng chart show ng
timng of scanning scanB (2K+1) Fig. 15Fis atim n% chart showi ng timng
of scanni ng sdahB>Cakapming-phart shommgstiming ofisigpakseanB (Zhdi ng active current

oot o 1 S e R g L B 207 am of
Fig 15E is a timing chart showing timing of scanning scanB (2K+1);
Fig. 15F is a timing chart showing timing of scanning scanB (2K+2);
‘Fig. 15G is a timing chart showing active current data of the current driver CS;
-and | |
Flg 16 1s a eircuit diagram of a modified pixel circutt obtained by modifying

the second embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Preferred embodiments of the invention will now be described in detail by way

of example with reference to the accompanying drawings.

FIRST EMBODIMENT

Fig. 6 illustrates a circuit diagram of a first embodiment of a current-writing
type pixel circuit according fo the invention, in which only two neighboring pixels
(pixel 1 and 2Z) in a column are shown for simplicity’s sake in drawing,

As shown in Fig. 6, the pixel circuit Pi’ of pixel 1 comprises OLED (organic
EL element) 11-1 having an anode conﬁected 10 a positive voltage supply Vdd, a TFT
12-1 having a drain connected to a cathode of the OLED 11-1 and a grounded source, a

capacitor 13-1 connected to a gate of the TFT12-1 and the ground (reference potential




the second enbodi ment of the invention. REST MODE FOR CARNwYyNGOBUT THE

| NVENTI ON Preferred enbodi nents of thg invention will now be described in
detail by way of exanple with reference to the acconpanyi ng draw ngs.

FI RST EMBODI MENT Fig. 6 illustrates a circuit diagramof a first enbodi ment
of a current-witing type pixel circuit according to the invention, in

whi ch only two nei ghboring pixels (pixel I and 2) in a colum are shown
for sinplicity's sake in drawing. As. shown in Fig. 6, the pixel circuit PI
of pi xelpdintg,anPFT déd 1Ak { dragacnnmecttd teek daering 17 ahd algalacomngetadh taamode
connected to a positive voltage supply Vdd, a TFT 12-1 having a drain
connect dist saspieglino §@AJE respectioelypa TT - I5-A haviag g deim dernicsigd te @ sogrce
capacitor_13-1 connected to a _gate of the TET12-1 and the ground (reference
pot ent i & B ikl lopeeirce eonnsstad jo the epferofithe THIRA hand aggals PmRsHRe 8d to a
data line 17 and.a gatfﬁéﬁnnect d Ito a first scanning |ine 18A-1,

r espect i WEPAH scannperine T8B-1 (eSpechively 2y connected to a source of TFT 14-

L 3 source conMAghP b ykHCGARkeRE or it T Todfrisck 0BBB FloMimoRpect ed to

a second scanni ng é respective pI X€l “Circuit

P2 of pixglie ZohRRd &E hpbiivd varAaY shdcdVdaNP4g1C qmeﬁaﬁﬁgetao dkdie

positive voltage source Vdd, a TFT 12-2 having a drain connected to a

cat hode @hnédial fd-ERathbde ofnbe DIFDUNAEUnS QUEHGERded SARRS ial @lpadifbr 23-zonnect ed
to a gate of the TFT 12-2 and the ground, a TFT 14-2 having a drain

‘connect egnheartéder dagase lof ke TET 424 and)aliee gamindeat B tld-h hbvingta dedmni ng
line 18A-2, - respectively, a TFT 15-2 having a drain connected to a source
of the TPMerted toatheodate dine ddnnad teegate conmesteghte a dirstt snenfipg liR- BA2Qnd a gate
connected to_a_second scanning line 1813-2, respectively. A so-called

di ode - capIPEEtivelh at Pl 1 TR haymathdral emagsiediior sawe qfithe ?ﬁ%ﬂ-l 2PPWEFted is

shared BELAGER b1 RAEr ihe TEH' 1%, Tna 'and Gomhected So b 'tRodha Caming has ' > 1N

18B-2, respectively. |
A so-called diode connection type TFT 16 whose drain and gate are short-
circuited is shared between the pixel circuits P1 and P2 of the two pixels. That is, the
drain and the gate of the TFT 16 are respectively connected to the source of the TFT 14-
1 aﬁd the drain of the TFT 15-1 of the pixel circuit P1 and to the source of the TFT 14-2
and the drain of the -TFT 15-2 of the pixel circuit P2, respectively. The source of the
TFT 16is grounded. |
| In the example shown herein, the TFTs 12-1 and 12-2 and the TFT 16 are N—
channel MOS transistors, while the TFTs 14-1, 14-2, 15—1, and 15-2 are P-channel MOS
' tranéistors. |
In the above arrangement of the pixel circuits P1 and P2, the TFTs 14-1 and
14-2 function as a first scanning switch for Seiectively supplying the TFT 16 with
current Iw provided from the data line 17. The TFT 16 functions as a conversion part
for converting the current Iw supplied from the data line 17 via the TFTs 14-1 and 14-2
into voltage and constitutes current mirror circuit together with the TFTs 12-1 and 12-2,
which will be described later. The reason why the TFT 16 can be shared between the

pixel circuits P1 and P2 is that the TFT 16 is used only at the moment of writing by the




"15-2 function as a secon

drain and the gate of the TFT 16 are respectively connech d#yt290bhe source
of the TFT 14- | and the drain of thgqgTFT 15-1 of the pixel circuit P | and
to the source of the TFT 14-2 and the drain of the TFT 15-2 of the pixel
circuit P2, respectively. The source of the TFT 16 is grounded. In the
exanpl e shown herein, the TFTs 12-1 and 12-2 and the TFT 16 are N channel
MOS transistors, while the TFTs 14-1, 14-2, 15-1,and 15-2 are P-channel MOS
transistors. In the above arrangenent of the pixel circuits Pl and P2, the
TFTs 14-cirgndiw.14-2 function as a first scanning switch for selectively
supplying the TFT 16 with current Iw provided fromthe data |line 17. The
TFT 16 functi orhs HeTsalTdripdridibfingten as g secand iganming gwitehe fas peleetiely w

supplied fromthe data line 17 via the TFTs 14-1 and,é 14-2 _into voltage and
constit LFPB%'YE’@HB% fEPagiiensds-kppd I ¢ W’Q@E}Fh‘@ita&? eopvered %’ﬁ'@? BT 4658he 12-2,

bet ween TR Ja11 9K Ly WA a poBoe ndeldife vkl BB Ery o
the, MomeRhyledfd Hidient P Y1 A0Psupdled h HRMTIM S Gnd 139 He 1 and
¢ swtc ppl yi'ng

_ scanni ng or selectively su hg the
capaci t ofsrsl $2-3 #4d12l3- Bnddnhad BEvY g!nt@g@r &Qﬁiéﬂfn%eﬁe Byt ?é:s }T&% if@he The
capacitors 13-1 and 13-2 function as hold parts for holdrng the vo?tages,

whi ch arrespecivveipheichrs 184D drdel T2 ﬁﬁt@%ﬁi@&’ti&d@r@ﬁﬂé &R pa3sing YRPtarRErtyd a the
TFTs 15-1 and 15-2. The TFTs 12-1 and 12-2 function as drive parts for

‘conver t icnagetthehvoph dge®LE8 8-l rentihd -2 te aljew tthy @1 EIpatilt ards11-3-1d earid 13- 2

I nto respective currents and passing the converted currents through the
OLED | Hight.| TherfgLEDs 13-} andall I-8vitre letec@poptical |elemg¢ntamdiogel lunfinangesiaiies | i ght .
The OLEDs || |1 A and 11-2 are el ectro-optical elenents whose | unm nance
varies Withthe cygents passing shigygh theg. Dietapled strugtases obthePLleRs i1wwddides of the
CLEDs | I...4 | an(g%iL-Z w Il be described |later. Witing operations of the
first enBBACHEIH®8? e pixel circuit described above

Writing operations of the first embodiment of the pixel circuit described above
for writing luminance data will now be described.
First, consider writing luminance data to the pixel 1. In this case, the current Iw
is provided with the data. line 17 in accordance with the luminance data with both of the
scanning lines 18A-1 and 18B-1 being selected (in the example shown herein, scanning
signals scanAl and scanB1 are both LOW levels). The current Iw is supplied to the TFT
16 via the currently conductive TFT 14-1. Because of the current Tw ﬂoﬁving through
the TFT 16, voltage corresponding to the current Iw is generated on the gate of the TFT
16. This voltage is held in the capacitor 13-1. |
| ~ This causes current to flow -through the OLED 11-1 via the TFT 12-1 in
response 1o the voltage held in the capacitor 13-1. Thus, an emission of light starts in
' the OLED 11-1. The writing of the luminance data to pixel 1 is completed when both
the scanning lines 18A-1 and 18B-1 assume non-selective status (scanning signal
scanAl and scanB1 being pulled to HIGH levels). During the sequence of steps
described above, scanning line 18B-2 stays in the non-selective status, so that OLED
11-2 of the pixel 2 keeps on emitting light with the luminance determined by the voltage

_, held i the capacitor 13-2, without being affected by the writing to the pixel 1.




for witing lum nance data will now be described. First,5day4086r witing
| um nance data to the pixel 1. In thijg case, the current |w is provided
with the data line 17 in accordance with the |um nance data with both of
the scanning lines 18A-1 and 18B-1 being selected (in the exanple shown
herein, scanning signals scanAl and scanB | are both LOWIevels). The
current lwis supplied to the TFT 16 via the currently conductive TFT
.14-1. Because of the current Iw flowing through the TFT 16, voltage

cor r espondi ng Nextt bensuigr variing| miigange rdataatoe theopixelh2  §his ecanfbet daneThT  16.
This voltage is held in the capacitor 13-1. This causes current to flow

t hr ough Selsstiag bosh of the sgagping, incprPAr2 and § $B-2 (@ahsramingsignd seagPeaged hel d in
The wr | (AISGr Bine O fiasBy a5y BPBDI SHITFY”bbB) G diBR Both e

canAL S SBrat oL e A manreaded BReror st bl foRpReidostifaecor O
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| um nancfe FeTEBMIRS Sol¥pdib Belh HRAGpadikBl @320 the capacitor 13-2, without
being affected by the witing to the pixel 1. 5 May 2005 17 Next, consider

writing | um naheeendabmespondifie toibealoithgd héld i die Bpacitore 3by floweliastiging bot h
of the scanning lines 18A-2 and 18B-2 (with scanning signal scanA-2 and
scanB- 2 theOhgD OAZ Iveythie IET Ehd, thyreby ppisingniye QTR Al -2 tov etrit lidhe. Datieg | | ne 17
in accordance with the |um nance data. Because of the current Iw flow ng

t hr ough th&eqmence of thy steph despriped above, \seannige lino r18Bsh aredntaigs tthe mpe- cur r ent
Ilwis generated on th of  the TFT 16, This vgltage.is held in the
capaci t oFe§igrestaiss, ?‘bﬁ?gmgéﬁb‘nﬂf%’ E"ESglt hé?omuteég‘é}'héﬁnﬁsi"ﬁ Wit theapaci t or
13-2 flows. through .th ED 11-2. vi,a the TFT 12-2 thereby causing the
Gep 11 R ity e ohed bl S g FaRecteod 37T, BB BHEE S Above,
- scanni ”%g'tﬁé‘%riﬂiﬁgi&hg?ﬁ&ﬁ gins the non- selective status, so that OLED | |

-l of the pixe continues light emssion with the -
That is, the two pixel circuits P1 and P2 of Fig. 6 behave in exactly the same

way as the two pixel circuits of prior application as shown in Fig. 3. However, in the
invention, the current-voltage conversion TFT 16 is shared between two pixels.
Accbrdingly, one transistor may be omitted for every two pixels. As noted previously,
the magnitude of the current Iw is extremely larger than the current flowing through thel
-OLED. The current—volte_lge conversion TFT 16 must be large sized to diredly deal with
such large current Iw. Hence, it is possible to minimize that portion of the area occupied
by the TFTs in the pixel circuits by configuring the cﬁrrent—volfage conversion TFT 16
o be shared between the two pixels as shown in Fig. 6.
As an example, a structure of the organic EL element will be described. Fig. 7
' shows a cross section of an organic EL element. As apparent from Fig. 7, the organic
EL element is formed of a substrate 21 made of, for example, a transparent glass, and a
first electrode 22 made of transparent conductive layer (for example, anode) on the
substrate 21. Further, on the first electrode 22, a positive ho.ie carrier layer. 23, a light
emitting layer 24, electron carrier layer 25 and an electron injection layer 26 are

deposited in order, thereby forming organic layers 27. Thereafter, a second metallic




| umi nance determ ned by the voltage held in the capacito? Mag2005wi t hout
being affected by the witing to theguixel 2. That is, the two pixel
circuits Pl and P2 of Fig. 6 behave in exactly the sane way as the two

pi xel circuits of prior application as shown in Fig. 3. However, in the

I nvention, the current-voltage conversion TFT 16 is shared between two

pi xel s. Accordingly, one transistor nmay be omtted for every two pixels.
As noted previously, the magnitude of the current Iwis extrenely |arger

t han t heelectroden(forf éxawiphey cathode)gd® sHermed @DtheTtrgawadayent 2T oApdgegddiver si on
TFT 16 nust be large sized to directly deal with such large current 1w.
Hence, i ¥oliageddasiops the Brshickicipda 22 1ael thorsesond dectiode 28 emsesclgpi®d by t he
TFTs in the.pixel circui.ts by configuring the current-voltage conversion
TET 16 SRS Bxer Zfolaivkat "I‘fﬁg"‘ﬂﬁ 38 ositive belirenseomtgieds. A an
exanple, a structure of. the organic EL el ement wl| serlbed. Fig. 7
Chone & cross HobE phf brculf i RaRlch snrorgBiER eicthent (BEEPI FFIT Bitef o -
the orgagj fe g%@xs ShiRiFaRtark Bsd 1 Bl e BEIcBhBolS iptPBEd. For reh@insGyanpl e, a
t ranspar ent ass, and a first electrode made” of trarisparent conductive

| ayer (f@hie8%8IGR €, anode) on the substrate 21. Further, on the first
el ectrode 22, a positive hole carrier layer 23, a light emtting |layer 24,

el ectron carriBécahisybe odfanRiEL d3phl eleticois 4 dir€@t viedntybayse, i ralativelgeposi t ed
in order, thereby form ng organic |layers 27. Thereafter, a second netallic
5 May 20Rfge b8sie¢.eldenmceddug ftorlintikaiops én costt lal ploddStidis cdpabitiey] wnstdoe or gani ¢
| ayers 27. Applying DC voltage E across the first electrode 22 and the
second efealigticdgersed sngle efgysmlgnq piljpen sehireiei asgthe agéye olgment. diwrther, jight when
el ectrons ,and Siti ve,gol es are reconbined. In the pixel circuit having

such an Yfgat? gﬁﬁt‘_’ the tto( b epjttedrirpm fthy Fght eHHUPE Pl A FABPREDE at e ar e

U520 55 SR Gech SR e R S BN T ol kBB A
L otncy (@S0 22 A HFwhlnig o7, MERRE e Ho i s Toheld HPbigh ERlraRRE
which is generally too high for the organic layer 27, and in such a case, the ITO layer
must be formed before the organic layer 27 is formed. Hence, in general, the
manufacture thereof proceeds as follows.
| Manufacturing processes of TFT and organic EL element in the pixel circuits
for use in the organic EL display device will be described below referring to the cross
~ sectional view of Fig. 8. |
| First, a gate electrode 32, a gate insulation layer 33, and a semiconductor thiﬁ
film 34 of amorphous (i.e. non-crystalline) silicon.are formed .in sequence through
' depdsition and patterning of the respective layers, thereby formihg a TFT on the glass
substrate 31. On top of the TFT, an interlayer insulation film 35 is formed, and then a
source electrode 36 and a drain electrode 37 are electrically connected to the _soﬁrce
region (S) and the drain region (D) of the TFT across the interlayer insulation film 35. A
further interlayer insulation film 38 is deposited thereon. |
In some cases, the amorphous silicon may be transformed into polysilicon by a

heat treatment such as laser annealing. In general, polysilicon has larger carrier mobility

than amorphous silicon has, thereby permitting production of a TFT having a larger
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realistic to use a single crystalline silicon substrate aMay280active
element- Further, in order to allowjghe light to be emtted fromthe |ight
emtting part, a transparent conductive |layer of indium tin oxide (1TO
is normal ly used as the first electrode (anode) 22 as shown in Fig. 7.
Mostly, the ITOfilmis formed at a high tenperature which is generally
too high for the organic layer 27, and in such a case, the ITO | ayer nust
be formed before the organic |ayer 27 is fornmed. Hence, in general, the
manuf act ¢iirent dévabilfty pr oceeds as fol | ows. Manufacturing processes of TFT and
organic EL element in the pixel circuits for use in the organic EL display
device wi || beNeksciraisparebietlesiradef38raf IR is dornked asrths snodedcoirespahding ew of
Fig. 8. First, a gate electrode 32, a gate insulation |ayer 33, and a

seni cond@dbefirst plegtrodei 2l 3. G obhsoptrasEL elemenhPLEPY sThen, 30<0T2a%i¢  con are
formed in sequence through eposition apd _patternj ng.of the respective

| ayers, ¥EHayay) (sresponging wﬁge preapdaysr 22 ot Pig, g1 {sigpesiigd thespi B IOFR ¢ o

ol et rodt Sguufi i, R Tpdl: popots lafer GelatpmiBll J el R ¢ e
Sour ce {8010l oA LBl K BBl (b TERRS B98O or

i nterlayer Insulation ayer 1nsulation
deposi t egigtper eon. In some cases, the anorphous silicon may be transforned
into polysSiliicon by a heat treatnent such as |aser annealing. In general,

pol ysili con has thedrgiieB it desdribdd Rbbvd, ﬁ%httibledkeﬁlaiﬁf Rb@ube badkiide furkias,
thereby permtting production of a TFT having a larger 5 May 2005 19
curr ent siide)wétliel substratd\Rk tHenee, tit ia nspeasazn thae teciubsichde 39 slufuld Bmiade bDa ned  as
t he anode (corresponding to the first electrode 22 of Fig. 7) of the
or gani ¢ trnsgaretrenaterjab(®bch isThermaliy e glesghdios thipreaseny errelpively dange spendi ng to
t he organhg Iage[ 27 of Fig.. 7) i-s deposited ther%on tag form an organic EL
el enent Supstrge P Is %Seﬁr_éf‘zillnl JOHVE FAETX ts@;eg%rg%%wﬁs ay Qeﬂéﬁo@ldtaécﬁc“mi ch
Wil be hater tqued Lot hhe caf hode 41 (gorr espanding ko Lhe second
that light can be taken out from the front (upper) face of the substrate 31 has been
recently adopted. A cross sectional view of such the arrangement is shown i Fig. 9.
This arrangement differs from the one shown in Fig. 8 in that a metallic electrode 42, an
organic EL layer 40, and a transparent electrode 43 are sequentially deposited on the
interlayer insulation film 38, thereby forming an organic EL element.
As would be apparent from the above shown cross sectional view of the pixel
circuit, in the active matrix type organic EL display device adapted to release light from
the backside of the substrate 31, light emitting part of the organic EL element is
l-positioned in vacant space between the TFTs after the TFTs are formed. This means that,
if the transistors forming the pixel circuits are large, they occupy much of the area in the
pixels, and lessen the area for the light emitting part.
In contrast, the pixel circuit of the invention has the arrangement as shown in
Fig. 6, in which the current-voltage conversion TFT 16 is shared between two pixels,
the area occupied by the TFTs is decreased and hence the area for the light emitting

pérts can be increased accordingly. If the light emitting part is not increased, the size of

the pixel may be decreased, so that a display device of a higher resolution can be




Fig. 7). In the arrangenent described above, light is takbay@@sfromthe
backsi de (under side) of the substrape 3 1. Hence, it is necessary that

the substrate 31 should be made of a transparent material (which is
normally a glass). For this reason, a relatively |large glass substrate 31
is used in an active matrix type organic EL display device, and as active

el enents, TFT that can be deposited on the substrate is usually used. An
arrangenent that |ight can be taken out fromthe front (upper) face of the
subst r atrealgZedhas been recently adopted. A cross sectional view of such the-
arrangenent is shown in Fig. 9. This arrangenent differs fromthe one
shown in Fig. Mltérpatively imtheetirghit jacraegeseant 8¢ishowm ngg. 6r eperfransstorcayer 40,
and a transparent el ectrode 43 are sequential|y deposited on the

i nt er | ayRsr ompted| faf PRy 1P RS, witeh Bisveases therfiseess <y E’E‘thén@f?é‘ht. As
woul d be arent fromthe above.sh ross. sectional .view of the pixel
circui t OTERahe GurseRisvoliage SonerRion oF hafi I Bis G ot dseorbed Revign¥ing o
rel ease || - fr ksi ‘ t i ﬁgqni g part
of the d%%gﬁﬁ?kgﬁﬁgPéﬁgﬁ?agg’%g@%?%?%ﬁgd%¥ﬁ§®£§§ﬁ?%é%géggge meé%%bﬂe_TFTs
after thg,dFJ high g)r&@gw@%nzm $nifeANSrchitatan bbf adshifell " ARROT RlcRICLGY M ng the
pi xel circuits are |arge, they occupy nmuch of thearea in the pixels, and

| essen tdeereasifd tHeWhah@ldnp@t. em tting part. In contrast, the pixel circuit
of the invention has the arrangenent as shown in Fig. 6, in which the

‘current -vol t ade tleotivaitshown TieFigl 6, a pais biithedl e 1 6vamd TEFBO 2pi &l 8 pair blie ar ea

occupied by the TFTs is decreased and hence the area for the |light emtting
parts cdhe BET HeanhEET 182 fordi ragbsetive foutrbms mirghs, whosetdhagcisaistics| s.gnot

i ncreased, the size of the pixel may be decreased, so that a display

devi ce dhreshald g¥iby are paferablynidenticabe Henes thgytrangstors fagming ethe current

Alt tivel inth I if. | nt as shown in Fig- 6, one
traﬁ;ingtnlél\r‘{f%ﬁ elpggerﬁﬁiyt%lﬂsg’ggl df‘% rgg&g‘t‘%&??”éf@%‘%i ch igcrease_s t he degree
of Tt eedom i n e, Layauiyr A5 G0 8T d e IHE FETbRRIE 08, SORKSHS PR TFT 16

Inthis case, "as ed previously in conhec ed art,

a | ar ge ghannekiMbeppabht haflteMB 16 04n bdehatliTbel®eer?ibre than two pixels.

In this case, further reduction of the size of a pixel circuit and hence the occupied area
in the pixel circuit, is possible. However, in a case where a current-voltage conversion
transistor is shared between multiple pixels, it might be difficult to dispose all the
OLED drive transistors {e.g. TFT 12-1 and TFT 12-2 df Fig. 6) close to that current-
voltage conversion travsistor (e.g. TFT 16 of Fig. 6). |
| As described above, an active matrix type display device, which is an activé
matrix type organic EL display device in the examplé shown herein, can be formed by
- arranging current-writing type pixel circuits in accordance with the first embodiment of
the invention in a matrix form. Fig. 10 is a block diagram showing such active matrix
type organic EL display device.

As shown in Fig. 10, connected to each of current-writing type pixel circuits 51
_arranged in m-by-n matrix are respective first scanning lines 52A-1 - 52A-n and
respective second scanning lines 52B-1 - 52B-n in a row-by-row basis. In. each pixel,
the gate of the scanning TFT 14 (14-1, 14-2) of Fig: 6 is connected to any one of the

first scanning lines 52A-1 - 52A-n, respectively, and the gate of the scanning TFT 15




thus, a high precision current mirror circuit can be desd§lay@0@bt hout
reckl essly decreasing the channel length L. In the circuit shown in Fig-
6, a pair of the TFT 16 and TFT 12-1 and a pair of the TFT 16 and TFT 12-2
formrespective current mrrors, whose characteristics, e.g. threshold
Vth, are preferably identical- Hence, the transistors form ng the current
mrrors are preferably disposed in close proximty to each other, Although
~the TFT 16 is shared between the two pixels | and 2 in the circuit of Fig.
6, it wl(l5kk lappaf Eig 6tihednnedted TFanyldneod thedsecaiibscashihg timxed2Bybr 62Bhan t wo
pixels. In this case, further reduction of the size of a pixel circuit and
hence t hengewpgptiwly.area in the pixel circuit, is possible- However, in a
case where a current-voltage conversion transistor is shared between

mul ti pl e pi xel stroyidedpp the lgld sige of thenixel sertigndpd §est seanningdine drivp cheyiy e
transi sto e.g. .TFT 12-1.and TE - f Fig. 6 | ose t.o that current-
vol t age céﬁgqﬁw&@sﬁwl%éﬁéﬁ%%%ﬂf Oéi%degfpﬂﬁsn SKE BRE above,
an active_ .oRtrix t. | S -deyi C | [ n ' trix type
organic i@i%"%‘@é‘y‘%ﬁ‘%&é@% n lYﬂeex‘gin‘%Ygg °§§3§§ tﬁ’éﬁ’@ﬁ#ﬁ &%asﬁg%{g %G%I}Dr'f@ by
arrangi ngyfdishRNE - Wil k bS] | PiRGS ; first
enbodi nent of ﬁ]eg?%éegtﬂ?gﬁﬁ%@g&%%g%@# rl?%e (E}V%Cc‘fx%gﬂs?gﬁgaﬁqiggﬁ I agram
showi ng sfeefied6f iskift FEpistdry. ThasP S lifc rive GiRUAY SRV 53BSrs Rav i n
Fig. 10, connected to each of current-witing type pixel circuits 51

‘arr anged suppliedowitih arcehmion wdrtical gmpepilse/ V'SP iand tvefivaheloclo phlsexe¥CEAlarld - 52A-n
~and respective second scanning |ines 5213-1 - 52B-n in a row by-row basis,
I n each pY&KB; The iertigak edock pulse VEIo s alightiyTdelayed by-4 delay chpuiob4 mith 6 i s
connected to any one of the first scanning |lines 52A-1 - 52A-n,

respect i VEIRget t e Yastcal sloek ppise NCKRBanni ng” TFT 15 5 May 2005 21 (15-1,

15-n) of Fig. 6, s connected to any one of the second scanning | jnes 5213-
125205 n, r AURCHACD dYel SR Sl gh ol Bt progfded wih g el Beac i on

isafir %Sp%&%f%nda?égﬁjllé e quISYnel. Iersc(';' %t% lines 55-1 - 55-m are connected at one end

thereof to the current drive type data line drive circuit (current driver CS) 56.
Luminance information is written to each pixel by the data line drive circuit 56 through
the data lines 55-1 - 55-m.
| Operations of the active matrix type organic EL display device described above
will now be descriBed. As a vertical start pulse VSP is fed to the first and the second
scanning line driye circuits 53A and 53B, these scanning line drive circuits 53A and
| 53B start shifting operations upon receipt of the vertical start pulse VSP, thereby
sequentially outputting scanning pulses scanAl-scanAn and scanBl-scanBn in
syﬁchrom'sm with the vertical clock ;Sulses VCKA and VCKB to sequentially select the
scanning lines 52A-1 - 52A-n and 52B-1 - 52B-n.
On the other hand, the data line drive circuit 56 drives each of the data lines
55-1 - 55-m with current values in accordance with the pertinent luminance information.
"I‘his current flows through the pixels that are connected to the scanning line selected,
.carry'ing out the current-writing operation by the scanning line. This causes each of the
i'pixels to start emission of light with intensity in accordance with the current values. It is

noted that since the vertical clock pulse VCKA slightly lag the vertical clock pulse




53A for driving the scanning lines 52A-1 - 52A-n, and pr &WaedPn t he ri ght
side of the pixel section is a secong scanning line drive circuit 53B for
driving the second scanning lines 5213-1 - 5213-n. The first and second
scanning line drive circuits 53A and 53B are formed of shift registers.
These scanning line drive circuits 53A and 53B are each supplied with a
common vertical start pulse VSP and vertical clock pul ses VCKA and VCKB.
The vertical clock pulse VCKA is slightly delayed by a delay circuit 54
with re¥pE®, thaoscammng bned tBB-1@hddRBpubsenMGIdB: scliicEvg peeth thd seahniogr cuit 51
in, a colum is provided with any one of the respective data line 55-1 -
55-m Thigws 184t hand heA-258s showngg g or édtdamprist iwdimg thesearang linasdB8of to the
current dri ype data line drjve circuit (current driver CS) 56,

Luni nandeailﬁ%é-r?gﬁqva%cgmmw s, é*aewaﬁwéataw ¢ifldn dbg sepeetd Hlve
circuit 5 ough. the .data |lines 55-1 - 55-m eratjons of the active
a1 (3L BPoRE R E a0 B8 dud PRghiere Deb@a st

describ . r il : Ls fed to the first and the second
scanni ngqﬁ“%gm%‘ﬁll\{@e&egf%é%%b@%?ﬁmgﬁr%xt@%bt hese scanning line drive
circuits 53Aand 53B start shifting operations upon receipt of the
vertical start pulse VSP, thereby sequentially outputting scanning pul ses
scanAl- SIRSAMOMIFRCATRIN ©IanBn FIRSTEMBODIMENT W th the vertical clock

pul ses VCKA and VCKB to sequentially select the scanning |ines 52A- | -
52A-n and 5213ugd }l S2BsircoitChagrive showarg hmt mddificatdan @f khengixelrdincaitdnr cui t 56
drives each of the data lines 55-1 - 55-mw th current values in

accor darf€eordpnag wib therfirshembodimenhahike refirenceanumerals imhFigs.c it raadt 6 | ows
through the pixels that are connected to the, scanning |ine selected,

carryi ngeRygEent Hke euFoEsHPORHE Flﬁﬁle%ef‘\aﬁlpoﬁ’fGV“@FF@%%SHW%}OW Gy vy s
causes eacrf of .rthe t‘gi xelﬁ to star ((la?‘isséon of ljf%h%' i.th ir]tensity in
accor darkeE fTEHts RE e, eighboring piagls (@enqted a5 pixels { a2 A GCIWEN S ¢ i cal
clock pyjisEaMGKA slightly lag the vertical clock pulse 5 May 2005 22 VCKB,
t he scanning Tines 18B- 1 and 18B-2 become non-sel ective prior to the

scanni ng In the first modification, current-voltage conversion TFTs 16-1 and 16-2 are

respectively provided in pixel circuits P1 and P2. This configuration apparently seems
to be similar to the pixef circurt shown in Fig. 3 in connection with prior application.
'Hov\.i'ever, the pixel circuit is different from the one shown in Fig 3 in that the drain ~
gate couplings of the diode connected TFTs 16-1 and 16-2 are further coupled together
for common use between the pixel ¢ircuits P1 and P2. |

That is, in.thes‘e pixel circuits P1 and P2, the sources of the TFTs 16-1 and 16—2
“are grounded so that they are functionally equivalent tb a single transistor element. Thus,
the circuit shown in.Fig- 11 having the drain-gate couplings of TFTs 16-1 and 16-2
commonly coupled is practica]ly the same as the circuif shown in Fig. 6 having TFT16
shared between two pixels.

Because the TFTs 16-1 and 16-2 together are equivalent to a single transistor
element, and because writing current Iw flows through the TFTs 16-1 and 16-2, the
channel width of each of the TFTs 16-1 and 16-2 can be equal to the one té which the
channel width of the current-voltage conversion TFT 125 of the-pixel circuit shown in

Fig. 3 in connection with the prior application is halved, as compared with the pixel




lines 18A- | and 18A-2, as shown in Fig- 6- At the pointSMay208® t he
scanning lines 1813- | and 1811-2 have,becone non-sel ective, |um nance data
is held in the capacitor 13-1 and 132 within the pixel circuit, so that
each pixel remains lighted at a constant |um nance until new data is
witten into next frame FIRST MODI FI CATI ON OF THE FI RST EMBODI MENT Fi g.

Is acircuit diagramshowing a first nodification of the pixel circuit in
accordance with the first enbodinent. Like reference nunmerals in Figs. | |
and 6 regiRsteihowhni ikFigr 3 G boHRRBANT Wid Bt PRBP hplicAden. s hQésultl MRl drea ty of
i1lustration, only two pixel circuits of two neighboring pixels (denoted
as pi xel sodcupied bF)the ITETsdnlthenpix@l eirciit taisbe adadd .smaflett than fthat sif tho gidet cat i on,
current-vol tage conversion TFTs 16-1 and 16-2 are respectively provided in
pi xel ci rerduits iRfonapaionvithihe priovagpligatiaat i on apparently seens to be
simlar to the pixel circuit shown in Fig. 3 in _connection with prior

appl i cati on. vwifkrbe pprargntyiiat dhe enfignmtion f deseihpd beve dmethenrsthown in
Fig.3 in that. the drain -.gate couplings of the diode connected TFTs 16-1
and’ 16- 2 BPdiceian i be SapHERal gaE RO PRisis buisalsn io HOE ek R RXEISES I el
circuits @e#jﬁ%% P2 Tpat s, in these pixel circuits Pl and P2, the
sources o ' -1 and 16-2 are grounded so that they are
functionally equivalent to a single transistor elenent. Thus, the circuit
shown in Fig. | | having the drain-gate couplings of TFTs 16-1 and 16-2
comonl y SRUQNEMODIPICATIOR IO THRFIRSTEMBODIRIENT cUi t shown in Fig. 6
having TFT 16 shared between two pi xels. Because the TFTs 16-1 and 16-2
toget her are edqig.vil ehdwd @ drcaltnflhgrain sowisg ar secohd Mdificationl dfec sk
witing current Iwflows through the TFTs 16-1 and 16-2, the channel width
of each cfirctitén FEdxlanés with et firSt dnlpmiimes. bieatfetence menemls it FigshiZind he
channel wi dth of the current-voltage conversion TFT 125 of the pi xel
circuit dheswresent likej g5 cogrespondingralemenin Inithis seeandpnodification alsm tvios

hal ved, as. ared wth the pixel 5 May 2005 23 | . i ]
- nelélgggng pixels (pixels 1 and 2) (1311 a COII.III]¥I are shown for simplicity of illustration.

In the second modification, scanning line is (18-1 and 18-2) are respectively
provided to each pixel one by one, so that the gates of the TFTs 14-1 and 15-1 are
connected in common to the scanning line 18-1 while the gates of the scanning TFTs
14-2 and 15-2 are connected in common to the scanning line 18-2. In this respect, this
modified pixel circuit differs from the one according to the first embodiment in which
both of two scanning lines are provide to each pixel.

In operation, row-wise scanning is performed by a singie scanning signal in the
seclond modification, in contrast to the first embodiment where row-wise scanning is

| performed by a set of two scanning signals (A and B). However, the second
| modification is equivalent to the first embodiment not only in configuration of the pixel

~ circuit but also in function thereof.

- SECOND EMBODIMENT
Fig. 13 is a circuit diagram showing a second embodiment of a current-writing
type pixel circuit according to the invention. Like reference numerals in Figs. 13 and 6

represent like or corresponding elements. Here, for simplicity of itlustration, only two




circuit shown in Fig. 3 in connection with the prior app?MexPeh. As a
result, the area occupied by the TFTg4in the pixel circuit can be made
smal ler than that of the pixel <circuits in connection with the prior
application. It will be apparent that the configuration described above in
the first nodification can be applied not only to two pixels but also to
nore than two pixels as in the first enbodi ment. SECOND MODI FI CATI ON OF
THE FI RST EMBODI MENT Fig. 12 shows a circuit diagram show ng a second

modi f i catnefghbofingpixels@bixelsiiraidi2) in Acolomaracteshoeni t h the first enbodi nent.
Li ke reference nunerals in Figs. 12 and 6 represent |ike or correspondi ng
el ements. | n tAscaspuwed tortiei fitst ambodineht in whithya cumentrveltgge ooriveryiqni xel s
(pixels I _and 2) in a colum are shown for sinplicity of illustration. In

t he secontFhb@listshatgdbetvees dwn pixels. thernixql sirguiBotithg second epbodiment basasct i vel y
provi ded fo_.each pjxel _one by one, so that, the gates of the TFTs 14-1 and
15-1 are&%éﬁ%éan@@gﬁfﬁéﬁﬁwm&ﬂ@%mm&awﬁ ts algp shaggd hetwegndtWoat es of
t he scanni.nq. TETS. 14-2 and,15-2 are connected in conmon.to.th canni ng
[ine 10 iR Thatsisy Sageihe A%, ol o FRENTS bh ©i SROINg KPR A8Ar Fom { he
one accorgi T '%ﬂg ' LGh - .t ' i nes
are provi eﬂpg%&@zfgﬁ&pﬂiwgﬁﬁlﬁggggi}e |o?1if§ih. ﬁc%@ggﬂpﬁlﬁﬁ%e%%g?{;%d by a
Single sGasmindlifd B9land thd QfirceSSTIRO StalRIAE TFIBE4 BRonAditdA0 thédaid shdl he
first enbodi ment where roww se scanning I's perfornmed by a set of two
'scanni ng thé gmalof théd\camehtRpoltaglo vemertsiod TETSKCAMIto tHeCdrhing fi R stmnigui val ent
to the first enbodinent not only in configuration of the pixel ~circuit but
al so i n flikTstiiSenandhid-2 sdrvin§aCasonliBGDinMgdwvifehg. 13 is a circuit diagram
showi ng a second enbodi ment of a current-witing type pixel circuit
accordi ng to tfA&eiseapaimg line 184 o€ theeTAT grotp showsnalFg.i 13 5 syppliciBwithd 6

| ‘represent, |.i ke or_corresponding elenents. Here, faqr sinplicity of.
i || ust r afigng s scang- gﬁwy%lm?ASB-l of B group is supplied with a timing

signal scanB1, while the scanning line 18B-2 is supplied with a timing signal scanB-2.

OLED luminance information (luminance data) is supplied to the data line 17. The
current driver CS feeds bias current Iw to the data line 17 in accordance with active
current data based on the OLED luminance information.
_ Writing operations of luminance data to a current-writing type pixel circuit in
accordance with the.- second embodiment described above will now be described.
' First, consider writing luminance data to the pixel 1. In this case, the current Iw
| is provided with the data line 17 in accordance with the Juminance data with both of the
scanning lines 18A and 18B-1 being selected (in the example shown herein, scanning
| signals scanA and scanB1 are both LOW levels). The current Iw is supplied to the TFT
16 via the currently conductive TFT 14. Because of the current Iw flowing through the
TFT 16, voltage corresponding to the current Fw is generated on the gate of the TFT 16.
This voltage is held in the capacitor 13-1.
‘This causes current to flow through the OLED 11-1 via the TFT 12-1 in
response to the voltage held in the capacitor 13-1. Thus, an emission of light starts in
the OLED 11-1. The writing of the luminance data to pixel 1 is completed when both

the scanning lines 18A and 18B-! assume non-selective status (scanning signal scanA




nei ghboring pixels (pixels | and 2) in a colum are showhMags200bnpared to
“the first enbodinent in which a curreyst-voltage conversion TFT 16 is
shared between two pixels, the pixel circuit of the second enbodi nent has
an the first scanning TFT 14 serving as a first scanning switch is al so
shared between two pixels. That is, regarding "A" group of scanning |lines,
one scanning line 18A is provided to every two pixels, and the gate of
single scanning TFT 14 is connected to the scanning |line 18A, and the
sour ce ofnd seanidkbeing pellein® HIGH leveloh Rawng dha sequensedf sieps desdribedabogat e of
the current-voltage conversion TFT 16 and to the drains _ of the scanning

TFTs 15-scanpng lise 28Be) siayfgndhe gorsadlestiye statpm oo dhad fleHIp 112hef theaiichd 1ine
18A of the "X hown.in Fig. .13 i | i i th tim i gnal
soana  THEPS St PREL T pedfingiaien disterandofy it Yaftred bR B5°"S gna
Bl, whil.e t ing 1] B-2 is: ied with a tini i gnal
soant A SRR PR e bR " 2 Lo s orel

data line 17 NOE cfiide? iy Nitinime @M% PABEND! Tls L ho dbepglata 1ine

17 in accordance W th active~ current data based on the OLED | um nance
i nf or mat depitind\bboth HOhRRLERIAD NHesOI8 A Wl NBBCE (Gith chthing SighdleRhnAVahlii Ng type
pi xel circuit in accordance with the second enbodi nent descri bed above
wi | |- novgchrB-Qebeing HeOW Rveld,, asdbhsi sepplyisig tcurrgnt Iwi toatheedstatlinet 07 tihe pi xel
1. Inthis case, the current Iw is provided with the data line 17 in

-accor dameeoniande wittethe dnmmancedada tBecanselof et durceiht T 8owsngathniugd) thé FEE 18A and
18B-1 being selected (in the exanple shown herein, scanning _signals scanA
and scanB1viarfke BT H 4 onltagscormeyponging tethe ewrent iwiis sengsplied @8 o SeBOfTFT 16
via the cu ntly conductiye TFT 14. Because of the current |w flow ng
t hr ough tﬁﬁg‘%%llﬁ%&‘é,"oﬁ%ﬁet% %lddBF}feé?B%’dﬁrﬂg'zto the current lwis generated

he f~th FT 16.  Thi I Lhs:held in.th [ 3- 1.
Thi s cavees curviat tebotTnoE S ARES s eicabfbigr T 2R Gl
. | 1 [ ' A, - | SS) f
ot Sty PLETRFRAAFEE R #2576y EARTEL I oreD by AR DARE 2" o

pi xel | the seQERLELEGheIRPs Reidtibed MBoPE AThMANS IMESISHRA AfdalifBrhd fsune
non-sel ective status (scanning signal scanA

selective status, so that OLED 11-1 of the pixel 1 continues emitting light with the

luminance determined by the voltage held in the capacitor 13-1, without being affected
by the writing to the pixel 2.

Although the scanning line 18A must be selected during the writing to the
pixéls 1 and 2 as described above, the scanning line 18A may be reset to the non-
selective status at a suitable timing after the completion of writing to the two pixels 1
and 2. Control of the scanning line 18A will now be déscribed.

As described above, an active matrix fype display device, which is an active

- matrix type organic EL display device in the example shown herein, can be formed by
arranging the above pixel circuits in accordance with the second embodiment in a
matrix form. Fig. 14 is a block diagram éhowir_:g such active matrix type organic EL
display device. Like reference numerals in Figs. 14 and 10 represent like or
corresponding elements.

In the active matrix type organic EL display device according to this

embodiment, the first scanning lines 52A-I, 52A-2... are provided to each of the pixel




5 May 2005 25 and scanB | being pulled to H GH | evel s).5Bayid@§5t he
sequence of steps described above, 9ganning line 18B-2 stays in the
non-sel ective status, so that OLED 11-2 of the pixel 2 keeps on enitting
light with the | um nance determ ned by the voltage held in the capacitor
13-2, wthout being affected by the witing to the pixel 1. Next, consider
writing lum nance data to the pixel 2. This can be done by selecting both
of the scanning lines 18A and 18B-2 (with scanning signal scanA and

scanB- 2 uivity SLWangedeinsy matmd obyn solopingitygn cews.emith pae seanping king 81| | ne 17
in accordance wth the |um nance dat a- Because of the current Iw flow ng
t hr ough €68 WeETOWS| §.0y pae §‘Ft’@111118‘lhnf4f°f\‘7‘6?ﬂ’8§fég cHF?‘@s&tﬁﬂi‘h‘bert@ h?t@r%urrent |
lwis generate é te of theowg ge i,s.held nIthe |
capaci t o¥°31%% ‘@GW" aqtlcorlﬁéglﬁ r\f'of’ Q& el dn anwf & |
capaci t og. gi 2 .1 1.0ws through the OLED 11- 2 via the TFT 12-2, thereby

causi ng lheé ?f_ED"/ 1-2 to emt light. During the sequence of the steps

descri bed aboy i sel t at us, 1
o thar - oLeD 17 A€ PR Béd P sfdbia kol oo S203, MpB-2 bO uRE playficd |

| um nancgifl @he AR M fohaMPtdvadfedt8! thel Minitee of ARASACHA sdadinihg Mickhout

being affected by the witing to the pixel 2. Although the scanning |ine

18A nust 53158382} edkqdals innIh ¢aok pintel, tthergatt of thesscamiixe BT 14ashdwi iaFiglescri bed
.above, the scanning line 18A nay be reset to the non- selective status at a

sui t abl el ismbomgectdliterthe fisst srmnpilngtlinamm—wzmmg respedtivelyt wad thexgates of  and 2.

Control of the scanning line 18A will now be described. As described above,

an acti eﬁe:rlmng%el%léﬂr@;“ée%)raeeww%m the gecoad seangingiines 2Bt Y pe

or gani cnélqﬁl spl a\été vice in the exanpl e shown herein, can be fornmed by

ar r angi &t eg‘lxel circuits in accordance with the second enbodi nent

ina. mtrix f rm 14 i s a mshovmn ctive matrix

type organic &Sépll%a(ilargé zi'_"?sk cge?rq?" ncgecl‘h a% Yeg% W?[4 and 10
7 repr ese%attik‘??pé)ﬁrgaﬁgrﬁfaﬁfmg'(ﬂ:gl_cg_l e 'ﬁhﬁng charts represent writing operations

for four pixels in the 2k-1% row through 2k+1" row (k being an integer) counting from

top to bottom.

In writing to the pixels in the 2k-1* and 2k™ rows, scanning signal scanA (k) is

set to the selective status (which is LOW level in the example shown herein) as shown

~ in Fig. 15A. During this period, selecting the scan signal scanB (2k-1} as shown in Fig,

15C and the scan signal scanB (2k) as shown in Fig. 15D in sequence allows the writing

to the two pixels in these rows to be made. Next, in writing to the pixels in the rows

2k+1* and 2k+2™, the scanning signal scanA (k+1) as shown in Fig. 15B is set to the

' seleetive status (which is LOW level in the example shown herein). During this period,

sequentially selecting the scanning signal scanB (2k+1) as shown in Fig. 15E and the

scanning signal scanB (2k+2)- as shown in Fig. 15F allows the writing to the two pixels

n these rows to be accomplished. Fig. 15G shows active current data in the. current
driver CS 56.

As (iescribed at)ove, in the pixel circuit in accordance with the second

embodiment, the scanning TFT 14 and the current-voltage conversion TFT 16 are

shared between two pixels. Hence, the number of transistors per two pixels is six, which



In the active matrix type organic EL display device acco? Maw@00Pd this
enbodi ment, the first scanning lines,52A-1, 52A-2... are provided to each
of the pixel 5 May 2005 26 circuits 51 arranged in a matrix of in colunms
by n rows, with one scanning line for every two rows (i.e. one scanning
line for two pixels). Hence, the nunber of the first scanning |lines 52A-1,
52A-2, - is one half the nunber n of the pixels in a vertical direction
(--n/2). On the other hand, the second scanning |lines 5213-1, 5213-2 ...
are provi fgdthanithdd of de: Heel reivicnig shovaeid Big. 8ac bormeetiotHeith eriot bpplivatiteer of t he

second scanning lines 5213- 1, 5213-2, ... equals n. In each pixel, the
gat e of Wyhk Noarihtles, Telndehtishpwe! cmokt gan atldn it swrenwotingl operatipreas j r st
scanning |ines 52A-1, 52A-2... respectively, and the gates of the scanning

TFTs 15 the pixel ciedlit iscaneetian wighthedrion appliceien.second scanning | i nes 5213-1,
52B-2- respectively. Figs., 15A- | 5Gare timng ¢ each fo iting
operations inlt ﬁé‘%%%gdlﬁei & CUFFRRIYOltags GanysT ‘ali‘\it}i:&lEi@dPs‘HFlgy&’E\%‘? ce. The
timng charts resent witi operations  for fou i {n.t 2k- 1st
Fow 1 hr st LTS et e it s I8 e AR b3t om 1
witing i ' g 0K 145 [ gnal.scanA (k)
is set t@%“%ﬂ?‘%@%@ﬁ?@s{% éisém(e\k/mi %ﬁ I'S aﬁ)ﬁﬁ%ﬁq?%%t(ﬁ%eg%%%b F%éshovm
her ei n) @ﬁce%&\a@ allPo&ua if 9 pildl TREreldRe, ShO B conT@uffon NS shékon HEAN

signal scanB (2K- 1) "as shown in Fig. 15C and the scan signal scanB (2k)
‘as shoWFig N1 Fhdlps 18¥nkdpesediy @ilfiniat tBcdupRedWarkd imdhe pixel bRclivvhapiixel s in
these rows to be nade. Next, in witing to the pixels in the rows 2k+1st
and 2k+2wdypi¢chby sealifTy) gige goabnlycha Aulrkativoliage stiowersiom TEgl6 bBBRalss set to
the selective status (which is LOVIevel in the exanple shown herein).
During tthe scapemigolET idearoeharcd biepwensl ot prglst inethiscepmbigntptiongHals thesnB
(2k+1) as shown in Fig. 15E and the scannjng, signal scanB (2%;2‘%l as shown
in Fig. Pesiblg|ipdhe seqead gombodipent Jors@in wychiakigher Tesolnfan dhansthe B1st pe

acconpl ‘et %gimeilt gjr er%leSIrGgir?ght \gsdirgg&sﬁalnes of the 1‘1353;[1: egnargt%glpgrtto@?etfu%{nrgetﬂé pixel

. size. |
Although, in this embodiment, the scanning TFT 14 and the current-voltage
conversion TET 16 are also shared betﬁwn two pixels, it will be apparent that they can
be é‘.hared between more than two pixel circuits. In that case, merits of reducing the
number of the transistors are significant. However, sharing of the scanning TFT 14
between too many transistors will make it difficult to arrange so many OLED drive
-transistors {e.g. TFTs 12-1 and 12-2 of Fig. 13) close to the current-voltage cc')nversioﬁ
transistbr {e.g. TFT 16 of Fig. 13) in each pixel circuit.
| | In the embodiment described herein, the séanning TFT 14 and the current-
voltage conversion TFT 16 are presumably shared between a multiplicity of pixels.

Howeuver, it is also possible to have only the scanning TFT 14 shared between the

multiple pixels.

MODIFICATION OF THE SECOND EMBODIMENT
| Fig. 16 is a circuit diagram showing a modification of the pixel circuit in

accordance with the second embodiment. Like reference numerals in Figs. 16 and 13




driver CS 56. As described above, in the pixel circuit ihMayc¥i08ance with
the second enbodi ment, the scanningadFT 14 and the current-voltage
conversion TFT 16 are shared between two pi xels.. Hence, the nunber of
transi stors per two pixels is six~ which 5 May 2005 27 is |ess than that
of the pixel circuit shown in Fig. 3 in connection with prior application
by 2- Nevertheless, the inventive pixel circuit can attain the same witing
operation as the pixel circuit in connection with the prior application It
i s not edeprosint liké kecdrhmpendingeelemonts t Agrin,clonvierpdicay of Hiust@tion, rondy e for t he
scanning TFT 14 to deal with extrenely large current 1w as conpared wth

t he cur rpexel circhitoofytwae heigliEbe(Wkelakienorad g\f Bhestt § and B3 IFETCOlUMmsg have

| arge dinensions, and hence occupy a large area in the pixel, Therefore,

t he ci r dipsiratednt i guration as shown in Fig. 13 hel ps advant ageously

i ni mi ze th i .in the pi ircuit, that i i th

THTe 2 nee: ndk dnpel Gleog b Aecrrouir Pale ML RONThi. Akl REGHPP EAndY | 1o
SN _ e ! . . o

Shae " pealfeh heRfifs DRLR LT sCalind TPLD 140 did B4 SORUTBLCAERD. L 0

than th ' [ t i i Si f icfhd

emtti néroz)tg‘%(fhglrl re ucﬂﬁg % "g %?HXZFQZ.Q%JS?}%& ’%g%@e?r??ttﬁﬁgézﬁr{%odi ment ,

t he scanBimghgl FIT #4-an@dtAe2 aiéf dopféctatdin @@emor enterssinating Fiile 18AaThe al so
shared between two pixels, it will be apparent that they can be shared

bet ween rogpeativiehdnidswandithe | gatdsr ofliithes didde-dohatctah JETsmbg-lt sndflorkdoeci ng t he
nunber of the transistors are significant. However, sharing of the scanning
TFT 14 cdoatastsnint canman ot agh gitkear opeswegn pixghkiacyits Bl faodclid.tand fusthsf r ange so
many OLED drive transistors (e.g. TFETs 12-1 and 12-2 of Fig. 13) close to
t he cur rcenrecied|tp dfesotssy ef e sppnningaHel sst4ot apd 142 TFT 16 of Fig. 13) in each

ixel circuit. I.n the enbodiment described herein, the,scanni.n ET 14 and
]{Q he current- Vit &gErehosbeg ovgpepnggctlgpéelﬁ?@yh}pamnﬁe gﬁ&?@ﬁ"’?@?&in a

mul ti pl WAt dnd {43'3)1(18 ltﬁe‘ curreht—voltage conversion TFTs 16-1 and 16-2 are respectively

connected in parallel, they are functionally equivalent to a single transistor element. In
this regard, the circuit shown in Fig. 16 is substantially equivalent to the one shown in
Fig 13.

| In the pixel circuit in accordance with this modification, the number of
transistors is the same as that of transistors for two pixels of the pixel circuit shown in
Fig. 3 in connection with the prior application. However, in this conﬁgﬁration, since
writing current Tw flows through the TFT 14-1 and TFT 14-2, and through the TFTs 16-
2 and 16-2, the channel width of these transistors caﬁ be equal to the one to which that
of the pixel circuit in connection with fhe prior application is halved. Accordingly, as in
the pixel circuit in accordancg with the second embodiment, the area occ_upied by the
TFTs in the pixel circuit can be extremely reduced.

Although in-all of the embodiments and their modifications described above,
the transistors forming current mirror circuits are presumably N-channel MOS
transistors, and the scanning TFTs are p-channel MOS transistors. Howevér,_ it should
be understood that these embodiments have been presented for purposes of illustration

- and description, and not to limit the invention in the form disclosed.



However, it is also possible to have only the scanni ng T&May£208har ed
between the nultiple pixels. MODI FI CGATI ON OF THE SECOND EVMBCODI MENT Fig. 16
is a circuit diagram show ng a nodi fi'cation of the pixel circuit in
accordance with the second enbodi ment. Like reference nunerals in Figs. 16
and 13 5 May 2005 28 represent |ike or corresponding el enents- Again, for
sinplicity of illustration, only two pixel circuits of two nei ghboring

pi xel s (denoted by pixels | and 2) in a colum are illustrated In the

pi xel circuit in accordance with this nodification, pixel circuits Pl and
P2 are respectively provided with the scanning TFTs 14-1 and 14-2 and the
current - INDUSIRIAT CUYEL.EIY OFTElE INVENANONLG- 2 Specifically, the gates of
.the respective scanning TFTs 14-1 and 14-2 are connected in conmon to the
scanni ng |i ne A8desciibel abogs pacictive nutra type disglayhievigat asactive miagrix type

di ode-connected TFTs 16-1 and 16-2 are _connected in comopn to each other
bet ween grgaeic B display devige, andamuethaghef drivingthese displar devees i acpdyigr ces of

t he scannj TFTs 14-1 d 14-2. As is apparent fromthe .above connection
el ati ongiih e Bvion sablecusniiiotings sonvertian e andler scApnipp gwitches 1o

current-yvol.ta onversion TFTs .16- d 16-2 are respectivel connect ed
n par al ToTaRg e ReRrEr oAl YO REPT 3o i st EFeio oLnEs RMerslafeio e

el enent . . i g i it i {01 j b i.ally
equi val _esr?%' H‘F%‘é {l @Cfd%egg O\A%wlil‘?% “f—*frgf-‘t i@aﬁ‘\ﬁﬁ?fﬁg ‘E’!tgeifg% glél’n?ﬂ:?% ?%ﬁlg{]:ﬂgor dance
with t h'(%ie@l?gloﬁaﬁ@a?}télélﬂent&)h%éﬂb{fﬁb%f s afrh@Rtlept Ofhe dréa LB&IPIRIMBY ?xélhat of
transistors for two pixel's of the pixel circuit shown in Fig. in
connect i @ituith ipr phel Rhh Ge AERddC AhudNit iKIQEMBIE, tol Tncichbes theOfieh QT gt oN,
since witing current Iw flows through the TFT 14-1 and TFT 14-2, and

t hr ough drmeinpkst dnd/orZedirnd thbsizs of phigels fiammiaghen rdsdiutafn. The sevettiammiagt or s can
be equal to the one to which that of the pixel circuit in connection wth
t he pri ciscippichisat degred & frestlomadn thedeynd desigy of adrivgcireuit, thereby forming

a pixel circuit with a high accuracy.



the pixel circuit in accordance with the second enbodi nemiayt2885ar ea
occupied by the TFTs in the pixel ciqguit can be extrenmely reduced,

Al though in all of the enbodi ments and their nodifications described above,
the transistors formng current mrror circuits are presumably N-channel
MOS transistors, and the scanning TFTs are p-channel MOS transi stors.
However, it should be understood that these enbodi nents have been
presented for purposes of illustration and description, and not to limt
the invention in the formdiscl ose@LAIME 2005 29 | NDUSTRIAL UTILITY OF
THE | NVENTI ON As descri bed above, an active matrix type display device, an
active matrix type organic EL display device, and a nethod of driving

t hese di splay devices in accordance w th the invention enable

cur r ent - Vonzagtive srarax dypndisplpy slexied/ineludiag rivrieat-wwiing Hee pirel pecuisar ed

bet ween at | east tmo,pixelgmﬁéﬂthat t hese current-voltage conversion parts

and scafiinggd sha ety fofm WAGRITESHE F AESs dRropgh Al dixehereils gae

itti I t I -optical .el ts). .B f. 1hi . t,
The. ar oadBR e Pteepl i apminaR G R I FRRRE etinton e e Or L s
Possi bl ecld RAERSS LBGr@bARaP feidnbill twhn & ldfihcPAabie 2P NS CHIHER N
si ze of o] xel s a I gner- reso ut1 on- e 1 nvention my al SO | nCrease a

degree of,asgihggﬁg;gh}dﬁgh,%dlsgmqﬂid@g%iggb%ﬁn%ri ve circuit, thereby form ng
a pixel circuit with™a high accuracy. 5 May 2005 30 CLAIMS: 1. An active

matrix type di$pbyrsiey pae fornednveiting thelcheeit-pibiited Goly iR qitX Ghe GitbCUi t S
arranged in a matrix formfor allowng current to pass through said pixel
circuitsvodtagela data line in accord with lum nance to wite | um nance
informati on thereinto, each pixel circuit. having -an electro-optical

el ement whose 4 kil parider hodding thoniolthge ernvetied knsaid penversign paskeed hr ough, and

sai d pixel circuyit conprising:. . )
a drive part for converting the voltage held in said hold part into current and

passing the converted current through said electro-optical element, wherein said

conversion part is shared between at least two separate pixels in a row direction.

2. The active matrix type display device according to claim 1, wherein said pixel circuit

has said conversion part shared between pixels in two neighboring rows.

3. The active matrix type disﬁlay-device according to claim 1,
| wherein said conversion part has a first field e_:ffect transistor (FET) whose
drain and gate are short-circuited, said transistor generating voltage across said gate and
| sourbe when said transistor is supplied .With current from said data line;
wherein said hold part has a capacitor for holding said voltage generated across
said gate and source of said first FET; and |
wherein said drive part has a second FET connected in series with said electro-
optical element for dnving said electro-optical element in accordance with the voltage

held in said capacitor.

4. The active matrix type display device according to claim 3, wherem said  first  and




conversion part for converting the current provided fron® Ma2@8ba line into
vol tage; hold part for holding the w%gltage converted by said conversion
part-, and drive part for converting the voltage held in said hold part
into current and passing the converted current through said '

el ectro-optical elenent, wherein said conversion part is shared between at
| east two separate pixels in a row direction. 2. The active matrix type

di spl ay device according to claiml, wherein said pixel circuit has said
conver si @oopbFi T slaae substagalbe sany eiractéristic wod penstihivo cummegit mawer Greufhe acti ve
matri x type display device according to claim1, wherein said conversion
part has a first field effect transistor (FET) whose- drain and gate are
short-circuited, said transistor generatin ol t age acgros ai ate and
sour ce wherheasing PRtgRdYRG ?91?$3@1W0F%@1% TSWY%&’ Iein %ﬁ’h‘? éﬁ?tdlg%gtla- li ne;
wherein said hold.part, has a,capacitor for holding said voltage generated
acr oss %éFﬁkgﬁ?gM§ﬂﬁEEHEP&éhﬂF83%¥HQ@1Pﬁéﬁﬁtfﬁoa%@aWHéPBF i?d"®¥ i ve part
has a sqﬁﬂﬁgofET connected in series with said electro- optical elenent for
driving sard €l ectro-optical elenent in accordance with the voltage held
in said capacitor. 4. The active matrix type display device according to
claim3, wherein said first and 31 5 May 2005 second FETs have

subst ant4. athe chaMateiRaypRCdisyliybddviceddtBordiipaibiddiing, owhereiniaidri Mirar FETcui t.

5- The active matrix type display device according to claim3, wherein said
first Fhicludes a muiliglicityt ofatrsissttar eleinents ritaveigathe ddrbimts vamd ngants camstied wo
separate pixels in a row_ direction. 6. The active matrix type display

devi ce degeheri sad trengster tementhranesiirabbaween st lepitTwo| saparaigapixels in a
multiplicity of transistor elenments having the drains and gates connected

~ t oget her™oWsHicgU9t ansi st or el enent bei ng shared between at |east two
separate pixels in a rowdirection. 7. An active matrix type display
device including current-writing type pixel circuits

7. An active matrix type display device including current-writing type pixel circuits

arranged in a matrix form for allowing current to pass through the pixel circuits via a
data line in accord with luminance to write luminance information thereinto, each pixel
circuit having an electro-optical element whose luminance varies with the current
passing therethrough, said pixel circuit comprising:

a first scanning switch for selectively passing the current provided from said
data line; |

a convéréion part for converting the cwrent provided through said ﬁrét
scanning switch into voltage; |

 a second scanning switch for selectively passing the voltage converted by said

conversion part;

a hold. part for holding the voltage supplied thereto through said second
scanming switch; and ' |

a drive part for converting the voltage held in said hold part into current and
passing the converted current thrbugh said electro-optical element, wherein said first

scanning switch is shared between at least two séparate pixels in a row direction.




arranged in a matrix formfor allowing current to pass thMaygl0dhe pi xe
circuits via a data line in accord whth |um nance to wite | um nance
information thereinto, each pixel «circuit having an electro-optical

el enent whose |um nance varies with the current passing therethrough, said
pi xel circuit conprising: a first scanning switch for selectively passing
the current provided fromsaid data line; a conversion part for converting
the current provided through said first scanning switch into voltage, a
second sg dfwiaotvesmattihyfecdispdat doticeetyrdpmsteictgmt hevhestin s poohwaceied by
said conversion part; a hold part for holding the voltage supplied thereto
t hr ough Isaistiddegoathningawitthrsharsdbeioreen prglsdn dig tveo praghborisg rehverting t he
voltage held in said hold part into current and passing the converted
current through said electro-optical element, wherein said first scanning
switch i hared between at .l east two separate pjxels.in.a tow direction.
32 6. I NAPINFmERATRE TSR G Ao HElh £ B0 pertip T PR wher of
sai d pixel LI i i i j i - het ixels in
thet o The O el oS efert L BB A1 bl sGRAEHIER HOFRP

accordi nfrd-Qog! @i M 7, wherein said pixel circuit has further said
conversion part shared between at |east two separate pixels in a row
direction. 10. The active matrix type display device according to claim9,
wherein said pixel circuit has said first scanning swtch and said

~conver si N her ictivotiatak aysd dplayedavicepaccetding o tcladmn®i whdyemi sajd pows. 11.
The active matrix type display device according to claim?7, wherein said
first socanenitrigssaidt Bist ispanningeswitclf and saifEOnversiongpart gatheshasethbeivedn to a
first- scanning line-, wherein said conversion part includes a second FET
havi ng igdainiwerngizhbgregrows.

11. The active matrix type display device according to claim 7,
wherein said first scanning switch includes a first FET having a gaté connected
to a first scanning line;
wherein said conversion part includes a second FET having a drain and a gate
thefeof short circuited for generating voitage across thé gate and the source thereof
when current is suppﬁed from the data line via said first FET,
wherein said second scanhing switch includes a third FET ﬁaving a gate
‘connected to a second scanning line; |
wherein said hold part includes a capacitor-for holding the voltage generated
' ac_:rdss said gaté and source of said second FET and supplied via said third FET; and
wherein said drive part includes a fouﬁh FET connec_ted in series with said
electro-optical element, for driving said electro-optical element in accordance with said

voltage held in said capacitor.

12. The active matrix type display device according to claim 11, wherein said second
and fourth FETs have substantially same characteristic and together constitute current

MITOr circuit.




t hereof short circuited for generating voltage across théMg200and t he
source thereof when current is suppkked fromthe data line via said first
FET; wherein said second scanning switch includes a third FET having a gate
connected to a second scanning line; wherein said hold part includes a
capacitor for holding the voltage generated across said gate and source of
said second FET and supplied via said third FET; and wherein said drive
part includes a fourth FET connected in series with said el ectro-opti cal

el ement, for driving said electro-optical elenment in accordance with said
voltage held in said capacitor. 12, The active matrix type display device
accor di ntp. tfhecicivenmbfx wipe displaysddvibesecardthg ndaifrobit,t WhérBifissarblist or
substantially same characteristic and together constitute current mrror

ci r cui t . seBovbFED 0bsingls t@sistPh elemeni sharadehetwsent at denstifvep beppragepixels imccor di ng
to claim1l, wherein said first or second FET is a single transistor

el enent &FPXf decHelween at | east two separate pixels in a rowdirection 14
The active matrix type display device according to claim 11, wherein said
first or second FET includes a nultiplicity of transistor elenments having
their drgj e I i r bei ng
shar ed bg{aggﬁﬁg%gﬁéggiq%§gﬂ§§%arg%%QE%Q?éF%éfﬂgg}?ga?hl%@é??tﬁg?% A

met hod  afocld wi nchilicd S hfipfay! S ranéREorHichiRlrRY hABNS BRir dHiny dhd fates _
current-witing type pixel circuits arranged in a matrix formfor allow ng
cur rent doanfASStoahhey Gidtti@isistr eRiment beip tsharél debwdbatad 1&ish evd Bepegor d wi th

| um nance to wite lum nance information thereinto, each pixel circuit
havi ng grixed$ mcd toov dipdctioml el enent whose | um nance varies wth the current

" passi ng therethrough, said pixel circuit conprising a first scanning

switch for selectively passing the current provided fromsaid data line, a
conversion part far converting the current provided through said first
scanni ngl%ﬁ method of grxvggtagg@pv%lmamx type display device mncluding cufrent-writing

type pixel circuits arranged in a matrix form for allowing current to pass through the
pixel circuits via a data line in accord with luminance to write luminance information
- thereinto, each pixel circuit having an electro-optical element whose luminance varies
with the current passing therethrough, said pixel circuit comprising a first scanning
sﬁritch for selectively passing the current provided from said data line, a conversion part
lfor converting the current provided through said first scanning switch into voltage, a
second scanning switch for selectively passing the voltage converted by said conversion
Vpart, a hold part for holding the voltage supplied thereto through said second scanning
switch; and a drive part for converting the voltage held in said hold part into current and -
‘passi-ng the converted current throughr‘said electro-optical element, wherein said first
.scanning.switch is shared between at least two separate pixels in a row direction,
comprising a step of:
setiing’ second scanning switch to have a sequential selective status by
sequentially selecting the preceding row and then the later row while first scanning
switch has a selective status when writing to at least two separate pixels in a row

direciion.



second scanning switch for selectively passing the volt agMayci®dérted by
said conversion part, a hold part fa@a holding the voltage supplied thereto
t hrough said second scanning switch; and a drive part for converting the
Voltage held in said hold part into current and passing the converted
current through said electro-optical element, wherein said first scanning
swtch is shared between at | east two separate pixels in a row direction
conprising a step of setting second scanning switch to have a sequenti al

sel ect i vkd- dinaaative matris epgengand tlpctselpmencsergt display rdeygimnguding cament hen t he

| ater row while first scanning switch has a selective status when witing
to at | eMuEng fpespigh sireuilsi atganged fAn 2 Mg dorp doy gllowme\veiyrerpds Pass 16, An

ti tri i i c.el ectrol um i spl devi. i ncl udi
cur r ont - Digef chd BRo LGRS G1e°e SRt e RAtp gt M afi P EdH S &l Poui ng
current ihﬁ)f&gﬁgn tﬁgrr &P&heéclﬂe p&'ef( eclircﬁitr ﬁﬁlfrﬁﬁ Vi@ 52 d%ﬁf’ag leiﬁzﬂl%n{ rggrﬁg r d. Wi th
| um nance TO0 Wite Fum nance® T nfornati on %er el nto, acC pr xel =Circult

uti i zi NGo@hanilbSBhCHNeRbARNnCk IR8 GectRIIECH s0¢dHl d1EG AR and 18yE S brhavi ng a

first electrode, a second el ectrode and |ayers of eleGrolummnescent

or gani-c gi@ihinfhescbRrbMi€ hatdial, Mk Ry as 8dindellnRe beiviiRneheslkEasiRs andd
including a light-emtting layer, said pixel circuit conprising: a

conver siinclughag t light-croptivgelayem epid paxebeirav@irdonprsingded from said data |ine
~into voltage; a hold part for holding the voltage converted by said
conver si on partconyerdioa parti foe cpmcttinfgothe curreat promyged Heony sdid algts ¥ Wté n sai d
hold part into current and passing the converted current through the
organic voltagdr ol uni nescent el enent, wherein said conversion part is shared
"between at |east fwo se ate pixels in arqQwdirection. IT The active
mmtrx type ofgioh BATLREBOLBIE I HEGE SR RS RE PR ATHG (o ol ai m
16, wherein sqi dipl X8l el Gl AR Jibafle RORYA IR Bak RANLSERPESCN
pixels in two neld% oring O

passing the converted current through the organic electroluminescent element, wherein

=9

said conversion part is shared between at least two separate pixels in a row direction.

-17. The active matrix type organic electroluminescent display device according to claim
16, wherein said pixel circuit has said conversion part shared between pixels in two

neighboring rows.

18. The active matﬁx type organic electroluminescent display device according to claim
16, -
wherein said conversion part has a first field effect transistor (FET) whose

drain and gate are short-circuited, said transistor generating voltage across said gate and
source when said transistor is supplied with current from said data line;

wherein said hold part has a capacitor for holding said voltage generatéd across
said gate and source of said first FET; and

wherein said drive part has a second FET connected in series with said electro-
optical element, for driving said electro—optical element in accordance with the voltage

held in said capacitor.




18. The active matrix type organi c el ectrol um nescent diSMaxy2088vi ce
according to claim 16, wherein saidsgonversion part has a first field
effect transistor (FET) whose drain and gate are short-circuited, said
transi stor generating voltage across said gate and source when said
transistor is supplied with current fromsaid data |line; wherein said hold
part has a capacitor for holding said voltage generated across said gate
and source of said first FET; and wherein said drive part has a second FET
connected in series with said electro- optical elenment, for driving said

el ectro-optical elenment in accordance with the voltage held in said
capaci t ol9. Themagtizonairix3dyse aganitglecielumieesqent [displayydsaicgagenifing to claim

el ectrol um nescent _di spl ay, devi ce accgrdi ng to .claim 1%@{Wher ein said
first antb-swbepg sardirfand sensed dift1sahpye §'§?§@“Hh‘é¥ SRMErshetactersiiy anaoget her
constitute current mrror circuit.. 20~ The active matrix type organic

cl ect roI@ﬁﬁgs@g%mgweﬂmicggmﬁccordi ng to claim 18, wherein said
first FET is a single transistor elenment shared between at |east two
separate pixels in a rowdirection. 21. The active matrix type organic

el ectrol surThgseent m&i'r&ﬂ#ﬁé’m?_@ﬂib eRcAERAIAsBch: pHyaieNce hBeordignisicRiMal d
first FET includes a multiplicity of transistor élenents having the drains
and gat em, GolipnEa tseid HiRYFEMEK.a §iagld thamakRtdr didiient |shired tbebadentht Ibak edoby at

| east two separate pixels in a rowdirection 22. An active matrix type

or gani ¢ spaatermkelninnesoeditecdos.pl ay device including current- witing type
pixel circuits arranged in a matrix formfor allow ng current to pass
through the pixel circuits via a data line in accord with | um nance to
wite lumnance. information thereinto, each pixel circuit utilizing as a
di spl ay 4 dHe PG RARYPeTERiF sfeﬁwlﬁggraeéﬁ%ntérsgl?érrﬁevwa»apﬁgdlggft?P fm

el ectro secon | e de d layers. of el ectrolym nescent organic
mat eri al s eﬂe‘P%@&r &%%’W‘%é& Bé?@gﬁyt%etrﬂsgﬁqrreg%grﬁs Having th
~ drains and gates connected together, said transistor element being shared by at least two

separate pixels in a row direction.

22 An active matrix type organic electroluminescent display device including current-
wn'fing type pixel circuits arranged in-a matrix form for allowing current to pass
through the pixel circuits via a data line in accord with luminance to write luminance
 information thereinto, each pixel circuit utilizing as a display eiefn.ent organic
electroluminescent element having a first electrode, a second electrode and layers of
electroluminescent organic material, said layers beiﬁg placed between the electrodes
“and including a light-emitting layer, said pixel circuit comprising;
 a first scanning switch for selectively passing the current provided from said
data line;
a conversion part for converting the current provided through said first
scanning switch into voltage; |
a second scanning switch for selectively passing the voltage converted by said
conversion part;

a hold part for holding the vhltage supplied thereto through said second




and including a light-emtting layer, said pixel circuitbbeg2008ing: a
first scanning swtch for selectivelg6passing the current provided from
said data line; a conversion part fér converting the current provided
through said first scanning switch into voltage; a second scanning sw tch
for selectively passing the voltage converted by said conversion part; a
hol d part for holding the voltage supplied thereto through said second 5
May 2005 36 scanning switch; and a drive part for converting the voltage
hel d i n sahdndolfciRand into current and passing the converted current

t hrough said electro-optical elenent, wherein said first scanning swtch

i s shared bet weériveapart 6asionteming eipaveltage hieddeinssaidhheldrpavt mia eeténvan®3. The
active matrix type organic el ectrol um nescent display device according to
cl ai m 2passthgtks nomaitdd pisrent thiraughisaidnelsctoapplidal element awbdreig sew ficsh shar ed
between pixels in the two neighboring rows. 24. The actjive matrix type

or gani c EREHRS SWVileH i sBaeth betwiesp ptdpas Byo separabepirels Hya o dirggtinn- 22, wherein
said pixel circuit has further said conversion part shared between at |east
two separate pixels in arowdirection. 25. The active matrix type organic
el-ectrol inescent di ay deyi o ' cl al : .0 said

pi xel - ci%%l[}?h ¥ gﬁévse nsl%ﬁést%er%r ar’s‘%ﬁ%ﬁﬁrﬁ'd&gri{/ﬁg%%ﬁ d}afﬁl&ys(%?ﬂ géc%(gr ?‘éﬁ‘a%%rt bot h
shar ed - DI i j - Fb £V : i t.hl X type
or gani c 21 SE P bl e B I et e B er o
sai d finglo ReHBiAgrewd. tch includes a first FET having a gate connected to
a first scanning |line; wherein said conversion part includes a second FET
having a drain and a gate :

24. The active matrix type organic electroluminescent display device according to claim
22, wherein said pixel circuit has forther said conversion part shared between at least

two separate pixels in a row direction.

25. The active matrix type organic electroluminescent display device according to claim
24, wherein said pixel circuit has said first scanning switch and said conversion part

both shared between pixels in two neighboring rows.

26. The active matrix type organic electroluminescent display device acco;ding to claim
‘22,
wherein said first scanning switch includes a first FET having a gate connected
1o a first scanning line;
wherein said conversion part includes a second FET having a drain and a gate
thereof short circuited, for generating voltage across the gate and the source thereof
when current is supplied from said data line via said first FET;
wherein said second scanming switch includes a third FET having a gate
connected to a second scanning line;

wherein said hold part includes a capacitor for holding the voltage generated

across said gate and source of said second FET and supplied via said third FET; a:qd _




t hereof short circuited, for generating voltage across thblay@085and t he
source thereof when current is suppljsed fromsaid data |line via said first
FET; wherein said second scanning switch includes a third FET having a gate
connected to a second scanning line; wherein said hold part includes a
capacitor for holding the voltage generated across said gate and source of
sai d second FET and supplied via said third FET, and 5 May 2005 37 wherein
said drive part includes a fourth FET connected in series with said

el ectr o- opt i cavhatimnsid drivopadrindidey = &witheFETtconnaped gnberes evtnsaid n
accordance with said voltage held in said capacitor. 27. The active matrix
type or gela¢teo-epticet elemant, ﬁ@rstgéfmg siild pleeijo-gptidat elemeabingicagrdaacecyish paid 26,
wherein sqid iecond,and fourth FETs have substantially sanme characteristic
and t og¥lHEF Pelgria s GRRACHOF rent mirror circuit 28. The active matrix type
organi c el ectrolum nescent display device according to claim 26, wherein
said first or second FET is a single transistor elenent shared between at

I ot . . . o | . e
or gani ¢ 21 dE aEEmBlRs bifado (MM ERIGEAR diply dIRCAC0A U WL, YO
sai d firsd QherSRCANAsdchid 208! G F@T@Lﬂéﬁrb Rhib&aduangf salleadint2iisti&lagient s

havi ng their drains and gates connected together, “said transistor el enent

bei ng shagedler dpbaR tudiend BRFJr cirdgit. Separate pixels in a row direction. 30.
A nmethod of driving an active matrix type organic el ectrol um nescent
‘di splay device including current-witing type pixel circuits arranged in a
matrix formfor allowng current to pass through the pixel circuits via a
dat a | i n8.iTheacitvsr matwixttypd ergimianleetrolomingscens disphiynigmice aterrdingee clom
thereinto, each pixel circuit having an el ectro-optical_ el enent whose
| umi nanc#®-weieres saidt first e second &R I5Asunsly transsier (6 shaggd fetwegriat cj r cui t
conprising. a first scanni.ng switch.for selectively passing the current

| dedefy #F

prov b Seperpte BIXELS 1§ £ AW dicetifiver si on part for converting the current
“provided through said first

29. The active matrix type organic clectroluminescent display device according to claim
26, wherein said first or second FET includes a multiplicity of transistor elements
having their drains and gates connected together, said transistor element being shared

between at least two separate pixels in a row direction.

- 30. A method of driving an active matrix type organic electroluminescent &isplay device
-inc'iud-ing current-wrting type pixel circuits arranged m a matrix form for allowing
‘current to pass through the pixel circuits via a datal line in accord with luminance to

" write luminance information thereinto, each pixel circuit having an eléctro—opticai
element whose luminance varies with the current passing therethrough, said pixel circuit
comprising a first scanning switch for selectively passing the current provided from said
data line, a conversion p&rt for converting the current provided through said first

‘ écanning switch into voltage, a second scanning switch for selectively passing the
voltage converted by said conversion part, a hold part for holding the voltage supplied
thereto through said second scanning switch, and a drive part for converting the voltage

held in said hold part into current and passing the converted current through said




scanning switch into voltage, a second scanning switch f&Mael2ddstivel y
passing the voltage converted by saiq conversion part, a hold part for
hol di ng the voltage supplied thereto through said second scanning swtch,
and a drive part for converting the voltage held in said hold part into
current and passing the converted current through said 38 5 May 2005

el ectro-optical elenent, wherein said first scanning switch is shared
between at |east two separate pixels in a row direction, conprising a step
of setti ogctscopiingdl slearent, nghesein tsald fist beanaie seitpheist shatedstetwedn stelegdtat us by
sequential ly selecting t he preceding row and then the later row while first
scanni ngtwewipeiake tads m swivediréoienstomprsingtresiepwf ti ng to at | east two
separate pixels in a row direction. 5 May 2005 39 ABSTRACT OF DI SCLOSURE
When a cur r ent Se#ng: Sergndly sranpipg e¥wigghy é@.havpsan%ﬂ%entia{ selegBYs skt dveat er

nunber  of tra SIS 0 nd TFTs occup ch of the area.of_the pixel

i oul t . Speiag ety B s pregeding £ AdTER B 1atsty T POIE TSt B3RTREVe a
first sc n T n t r T ) spective
Cecona”c O Ses  blohile oS LAVl 4807 1o BONE' Rp bbb 1)a, P PCCt LTS
(12-1, 1gzeiohor O_ED i ncl udi ng organl c EL el emrents (11-2, 11-2) of two

pi xel's, for exanple, in a rowdirection- In each of the pixel circuits, the
first scanning TFT (14) handling a | arge anount of current (1w) as conpare

with current flow ng through the OLED (11-2, 11-2), and the
current-vol tage conversion TFT (16) are shared between two pixels.
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ABSTRACT OF DISCLOSURE

When a current-writing type pixel circuit is made, it involves a greater number
of transistors and TFTs occupy much of the area of the pixel circuit. To alleviate this
problem, two pixel circuits (P1, P2) have a first scanning TFT (14), a current-voltage
conversion TFT (16), respective second scanning TFTs (15-1, 15-2),.capacitors (13-
1,13-2), and drive TFTs (12-1, 12-2) for OLED including organic EL elements (11-2,
11-2) of two pixels, for example, in a row direction. In each of the pixel circuits, the
first scanning TFT (14) handling a large amount of current (Iw) as compare with current
flowing through the OLED (11-2, 11-2), and the current—voitége conversion TFT (16)

are shared between two pixels.




