1 *159159* SPECI FI CATI ON ACTI VE MATRI X TYPE DI SPLAY DEVI CE, ACTI 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 rel at esumml“mmmmmmm
matri x type display device having an active elenent provi i xel
wherein the active elenent perforns a display control in pixelsoigits, and
to a nethod of driving the sane. Mire particularly, it relates to an active
matri x type display device having el ectro-optical elenents whose | um nance
varies with the current flow nGSERCIFICATMIN, as display elenents for the
pi xel and to an active matrix type organic el ectrol um nescent display
device which utilizes organic el ectrolum nescent (hereinafter called
organic EL) elenments as its electro-optical elenments, and further to

met hods of JACTING MAJREX TYPE DISRLAYDERICEACTYEMATRECHYEE | h t he
_display devices such as liquid crystal displa tilizi lquid

" cryst al | i AREGANIC ELEGERG E %mggbﬁ)‘{rébﬁm@%&{ﬁ&?dk ur al

pi xel s are arranged in ' ective pixels are
driven to display imgeoﬁmgqﬁgw*m%ﬁ@ of each pixel is
controlled in accordance with image information representing the inmage to
be di spl ayed. Such driving technique also applies to organic EL displays

utilizi ngrﬁcﬁy&%ﬁ?mtgmnt s as the display elenments for pixels. Moreover,

the organic splays have advantages over liquid crystal displays such
that the organiTheHhvehtfonl r@lasesia\ua aetivé gfaaix wipsidipldyt devidedtedingoan active

backl i ghting, and have faster response to signals due to the fact that the
or gani ¢ ERlememtproyidedhineeask pixel hedenothe acivengjeteniperforms a disglagicontoltiv as t he
display el ements for pixels. The organic EL displays are quite different
from | i qupiselamits;tand toiaspsdthkadsof drivingathe sameMeremartéquéarlsi it rplgtes do apacive

matrix type display device having electro-optical 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 (hereinafter 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 pixels are driven to display image such
that the 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 utilizing organic EL elements as the display elements for pixels.

Moreover, the organic EL displays have advantages over liquid crystal displays
such that the organic EL displays have a higher visibility, need no backlighting, and
have faster response to signals due to the fact that the organic EL displays 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
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"2 0 current-controlled type one wherein |umnance of each light-enitting
elenent is controlled by the current 41owing 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 matrix schene. The forner displays, however, have sone
difficult problens when used as a | arge-si ze high-precision display, though
the display is sinple in structure. To circunvent the problens, an active
mat ri x caiient-contiolledrerypa sonkee eiherdin dhmjadcd ofwedchhlighteengittinge etenfenbvis ng
through a light-emtting elenment for each pixel is controlled by an active
el ement, dootrokedabpl the eurreat dlawisg|throngh it.i ehile diquéd terystalnedlis isovoltagepi cal |y
athin filmtransistor, TFT) also provided in the pixel. Fig. 1 shows a
convent i cwatrollgddape eng.cuit (circuit of a unit pixel) in an active matrix

t ic EL display (f det ai | USP 5,684, 365 and. JP- A- HO8-
- D23603) T Rs i 5 1dhb MU AR AR, coreanic T SRPIRVE6ED dRaTr Vi & IR 1

i ncl udes an _organic L el egent 1Q: Vi a ositive
Vol t age SABBING) Oi sehees R uien Bifvs R AR EARE o REIEE ABE St ' e
or gani c I : 2Eive & gxﬁ‘@éi'k'ﬁ)ﬁrd' aRdeaCct ed
bet ween E}aézgtsgﬁg;ﬁﬂf;f%gﬂPWe%%&gﬁg%ﬁ% ég‘if%ﬁﬁﬁe :agﬁl a 'IAFT i%g%havi %g a

drai n conneaisprytio sintiffe dréttuchire ! & cifdulnved? thedproblemms,Can £AiRE e cofiral dat a
line 106, and a"gate connected to a scanning line 105. Organic EL el enents
are of t ergcé@hé dds Begandeselophtin aviiith ithg cdireste fowHgEMroudhe a alight-entiting ex hi bi t
rectifying effects in many cases. Thus, the organic EL elenment is shown in
Fig. 1 andemetidor Sichpied ineordrollel B aardtivediemante dorosxamplen algatesinseleiedt i ng a
di ode. It _should be understood, however, that in what fol|ows the organic
EL el emenfield effe¢tdransistgn (typigalisoa this filra trepsistpr, (THD ialsa peoddrd-ipghe pixek at | ons of

the pixel circuit as, shown above gre gs.follows. First, the ., scanning |line
105 i s brought K18 5SE%‘V%Et@U@"HBP%rH‘?‘gIC‘r(c'd‘t HEiEgYit %{/%Pntli’"fqi)e'ne%?fﬁlvé

matrix type organic EL display (for more details, see USP 5,684,365 and JP-A-HO8-
234683).

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
102 having a drain connected to a cathode of the organic EL element 101 and a
grounded source, a capacitor 103 connected between a gate of the TFT. 102 and the
ground, and a TFT 104 having a drain connected to the gate of the TFT 102, a source
connected to a data line 106, and a gate connected to a scanning line 105.

Organic EL elements are often called organic light-emitting 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 element is
not required to have a rectification property.

Operations of the pixel circuit as shown above are as follows. First, the
scanning line 105 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



"shown herein), and the data |line 106 is supplied with a witing potential
Vw to make the TFT 104 conducti ve, thpreby charging or discharging the
capacitor 103 and bringing the 3 1 | gate of the TFT 102 to the witing
potential Vw. Next, the scanning line 105 is brought to a non-selective
potential (which is a LOVIlevel in this exanple). This status electrically
| sol ates the scanning line 105 fromthe TFT 102. However, the gate
potential of the TFT 102 is secured by the capacitor 103. The current

f1owi ng throsthe tire 102 %o 1R wtidg pPhfekkidlOdw iNkLt, fiRacinning kBivel03 Rarought
corresponds to the gate-source voltage Vgs, which causes the OLED 101 to be

lucent  wbtd nenlseltivan petentialapatichl isviat hOWielecelr inetiis \exhmple).t Whisesthtus| n what
foll ows an operation that transmts |um nance information data, provided
on t he dadectdidatly EORtesytha scahwiogiline 105 fowarthe nBFT i W2. Hdoyevient thet gatepi xel
Wl be referred to as "witing". In the pixel circuit as shown in Fig. 1,
“once pot apeténsial afithe IFFri0RtiwsecursdirydhercapaeiterO3such the OLED 101 will be

| i ghted | ymi, i | _ |\t J de. I | i

of “such pi xel  Ssaea Aaving housh ieyrorad s OLEDion ulFedPadevelie ' o
b d i h f | in. Fig. f '
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i ough daths MtiancEif ERa ASAL LA TRGMS Ukl I KRR Sperl®h |

drive ci rgmidarsi@k id8Maféd Hernatidft dival Proviled i the dhtaNe 108 %yla seldelidnn bei ng
sequentially selected by a scanning line drive circuit 113. In this

exanpl e, ¢fissginingllide BOSe imo taengee will beréfered nonas) "vimiting" (Inahes pixekdirduit.aslt is a
matter of course that in this case, there are mdata |lines and n scanni ng
| i nes. | rshawsiinflig hwince poteptial Wivsis|vajttenctoi the OldZRH O sivh-theiQLEIN] 0&] enent
emts light only at the nonent it is selected, In contrast, in an active
matrix tyyel b lighted/ataespngtant luainence pafHthenext writigeds @adat can keep on
The. act tve mat roPIEgHE oF SapRoerrass HHelpBd manieads sraned 10 2 "

pixels) can be arranged in the form of a matrix 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 selected by a scanning line drive circuit

113. In this example, pixels 111 are arranged in m (columns) by n (rows) matrix. It is a

matter of course that in this case, there are m data lines and n scanning lines.

In a simple matrix type display device, each light-emitting 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 type display 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 display device, TFTs (thin film

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



"peak current of light-emtting el ements can be |ower as conpared with the
sinple matrix type display device, wygch is an advantage especially to a

| arge size and/or high- precision display device. In general, in the active
matri x type organic EL display device, TFTs (thin film transistor) forned
on a glass substrate are used as active el enents. However, anorphous 4 11
silicon (non-crystalline silicon) and polysilicon (polycrystalline silicon)
to be used for formng TFTs have poor crystallizing properties as conpared
with sil isdmonghomkrystatlyet slicon) Thd polysiticor {palperystalliog sHiven) to poused for
conductivity and controllability, so that TFTs exhibit large fluctuations
i n char adpeming {TFJs hapapeorenysiallizing praperties s rompared withsiticopsingls sredfabn a
relatively large glass substrate, jn._arder, to cjrcunmvent | ens, caused
by t her hlﬂ@lg}qﬁg‘ﬂqté'i*?yd?a"ﬁ RePogr ganductiyjiysgndgoptro at?‘ﬁ’é’e?" QWEEE{BF ﬁ’gﬁ?'gchni que
N usuaIHg aQ@]ied taQ tFe %}ass substrate after formation of an anorphous
“silicon fiPBIMGUANORS IO CPABECHEHIES 0| vsi i con TFT. However, uniform

i rradi ati on of ' : : [
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various %Bﬁffzﬁeﬁf? Jrd& 18 $REGHA R proféma chiRed bb,thérﬁfaﬁﬂgi@hﬂat‘ikﬂi oethytdlasef TFTs

formed on the sane substrate varies over several hundreds of nV, and at

| east | Vipbétrdté) % 0d¥er enddating ltechnitle ©amaslly iappliddetcs dieeglasyt aubistrate afteri s
witten to these pixels, the threshold values Vth will be different from
one pi xelfotmatimodhen amGephoas siicoh \filmctar crystallizelshe pblysilingn fIilodigwevie OLED
(organic EL elenent) varies fromone pixel to another and can deviate
great |y funiform inediation of dessr liglheveramiasge erearofathei glass ubstgase i dificulhi gh
qual ity display, This_ s true not, onl ith the threshpold Vth but also with
a fl uct udesdting | nanmnifose; qullzatloafof@%llwg af yariqys Pgﬁﬁ%o?réﬁrfé SUra{Sy or der

| | evi h r ob he,, f th ' ' h
br oposed A° i seant Ghiegui vabiec KURAT e Tpfmet BR4BE SERR so b hndB R s 1
appar ent sfe(/é)rgi f&t’%redi’ofw,sangia¥ﬁ:|astqi Véitintsofletgised in the formerly filed

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 u of carriers in the same manner.

In order to alleviate the problem, the inventors of the present invention have
proposed a pixel circuit as shown in Fig. 3 (See JP-A-H11-200843).

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 after simply
referred 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



"Japanese Patent Application includes an OLED 121 having an anode connect ed
wth a positive voltage supply Vdd, a TFT 122 havi ng a drain connected to
a cathode of COLED 121 and a source connected to a reference potential or
ground line (herein after sinply referred 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 |ine 128 and a gate connected to a first
scanning line 127A, respectively, a TFT 125 having a drain and a gate
connect eGohfected toe ERidind tird gdtd 4f eRATET $28dmka soundeesnaectédtottheggeolind, a
TFT 126 having a drain 5 connected to the drain and the gate of the TFT 125
and a souh€TFTanpesidedeatocdnnectgdtoethesecontiscaifinglii@, 12dBd a gate connected to
t he second scanning |line 127B. As shown in Fig. 3, the scanning line 127A
is supplied witAs showmimBigs Bgthel scasing Ane TREAsie supiliedcwithianigmingnégmeb 7 i s
supplied with a timng signal scanB. The data line 128 js s pgééggl wi th an
" OLED | uniseams el herfeepndescauning tine 437B 1 %\PPP%W‘tH@iWB‘Pg%m‘p’F@ d B as
current Iwtg the datg |.ine {n accordapce wt tive current ta
based on I{Q‘Fel%élﬁlﬂiﬂ"ﬂ'r‘?an‘%‘ﬁ}b@“l fypinggice in rfnﬁﬁl‘o‘é b & IR dﬂg?re‘?% t he
TFTs 122 and,125.are N channel . I . S 126
are P ohdnnEAesBER Rt b € therdira ihé 398 iR fCchaed dilifadivroulieh 88,

pi xel ci nGULi Ad [Wa® . Warp di fference between the pixel circuit
shown inlf?ug%‘f"‘%&gg’é[?étlatéd‘gﬁé“&s’ g’frmﬁm.“?fﬁﬁ g. 1is as follows. In the pixel
circuit shown i fhé Gxarhplel $HEWIARGRInD3het TFTs Ti2vadY 195 tahe Nickainel MOShe form
of voltage, while in the pixel circuit showmn in Fig. 3 lumnance data is
gi ven t o tidigisforx @idsthe THRId 28 andn1 26 arP clannel MOS teapstas. figogdrddishows  are
as follows. First, in witing |um nance information, scanning |lines 127A
and 127B tghimgreharits)foFithpspixel Airawit im@pesationset to t he sel ective status (status
of selective potential, for which scanA and scanB are giul | ed down to LOW

| evel s) and dat defipite differencesegwegn thegpixelr Gesyit shownzia Kigodrandrthgiqge 4c

whi ch correspaonds to.the ED | und nance .i nformati.on..sh .ln Fig. 4D. The
current IWWII?‘O‘\WSF ight dugh fllewst rtPPZB‘xeli drouffeshep 1po7e. %\r,\\@“lj‘é&“&@ gg@r’ée

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 selective 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 shown
in Fig. 4D. The current Iw flows through the TFT 125 via the TFT 124. The gate-source
voltage generated in the TFT 125 is set to Vgs. Since the gate and the drain of the TFT
125 are short-circuited, the TFT 125 operates in the saturation region.

Hence, in accordance with a well-known MOS transistor formula, Iw is given
by

Iw =1 1Cox1W1/L1/2(Vgs-Vth1)’ (1)
where Vtl stands for the threshold of TFT 125, z 1 for carrier mobility, Cox1 for gate
capaqitance per unit area, W1 for channel width, and L1 for channel length.

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



"vol tage generated in the TFT 125 is set to Vgs. Since the gate and the
drain of the TFT 125 are short-circuiged, the TFT 125 operates in the
saturation region. Hence, in accordance with a well-known MOS transistor
formula, Iwis given by Iw=u 1CoxI W/LI/2(Vgs-Vthl)2 (1) where Vtl stands
for the threshold of TFT 125, u | for carrier nobility, Coxl for gate
capaci tance per unit area, W1 for channel width, and L 1 for channel

| engt h. Denoting the current flow ng through the OLED 121 by Idrv, it is
seen t hatcutiert Bire is cantollediby the TEFnt22o¢dnndcthy in heriesArith Q2. EEbARbCingtle i n
series wwth OLED 121. In the pixel circuit as shown in Fig. 3, since the
gat e- sourpieel visicuiage shéwn fie Fig-13, sitre dhei ghts-soyrgs ‘@ltﬁﬁoﬁﬁleeﬁﬁﬁtmg eapaly 1drv
is given by ldrv = u 2Cox2We/ L2/ 2(Vgs-Vth2)2 (2) assumng that the TFT 122
oper at es Y& given yaequation o, IBEAYeN¥ci dental ly, it is known that a MOS

transistor is generally o ab ' S tion region.nder the

foll O:M' ng cl)ndigt I on .Idﬁ\c iﬁ?bpéﬁgh%&wﬂ%ﬂ%g)l Par amg!t er@appeari ng in the
ti . | : 1). Si the TFTs 125

and 122 SreliB TR 12) UReraRER, B2 sl RlAAR 10 S Ger that |

practically u §ﬁéid8nta1€§9><i'c i KnBwA: thyf B! ME)S/ttx;&RsiEig??sz )gbilihgafﬂyoblp@%régineﬂuation

may be easily derived Tromthe equations (1) an rvlilw = (W/ W

1)/ (L2/ L shjurhtibn régioh uhder thé flldwingéonditton ity g, gate capacity per unit area
Cox, and threshold Vth vary within the panel or vary fromone panel to

anot her, current |drV Vidsowi|iMgs-Vtr ough the OLED 121 is ef@ctly proportional
to the witing current 1w, and hence the |um nance of the OLED 121 can be
pr eci sel yParameters| appearingdn theequatiens (29 and (3)xrelthei sgmeds in equation (1). Since
the TFTs 125 and 122 are closely formed within the pixel, one may consider that
practically
ul=p2, Coxl=Cox2, Vthl= Vth2
Then, the following equation may be easily derived from the equations (1) and
@
Idrv/Iw = (W2/W1)/A(L2/L1) @)
That is, if carrier mobility 1z, 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 Iw, and 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
matches 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 display 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-




‘that' W2 = W and L2 = L1, then Idrv/lw = 1, which neans that witing
current |w matches current Idrv that §1ows through the OLED 121,

i rrespective of variations in TFT properties. It is possible to construct
an active matrix type display device by arranging pixel circuits as
descri bed above and shown in Fig. 3 in the formof a matrix. A
configuration exanple of such display device is shown in Fig. 5. Referring
to Fig. 5, provided to each current-witing type pixel circuit 211

arranged i N2 foBh( P@kheINgachMirst schfilllg fAé R12XAAN- 212/0W iD¥onestedasite gate any of
respective first scanning lines 212A-1 - 212A-n and any of respective

second sc#Enhé TETId1dest Fig.2B andidach scan@ihgBine. 21281 h@l2Bemisitohnecsdd ®ctheni ng
line 212A-1 - 212A-n is connected to the gate of the TFT 214 of Fig. 3,
and each gateofithe§FTil26 ofFRB31 - 212B-n is connected to the gate of the TFT
126 of Fig. 3. Afirst scanning line drive circuit 213 A for driving the
scanni ng | i nes 2 fipsscanningdimeadrive;circpit 343 4der draving thel sspaning lingsed@An] zel s,

Seanni g A13es YR o T 5 of indee s, o & woombsEbife e PREETERRel o
The first, and, t d i ng |

consi st s 2138 o ARy EARF Secand SenAhadiods AHARNS; SLZEH I Brogiodd B Adule .
213B ' ' . . . DI it

vorti on B BIRERO IR oty VBRI RAAiRE fho SHRX birils A3 X0 08 cthlits
pul'se VO dhiy %éfg'igél%.' Yhl§dafiag 11 ldpive QHRE1ES 21 1A WRE 213Baké pRIvideldOsikh BU! Se

VCKB by neans of a delay circuit 214. Each of the pixel circuits 211 in
each col wmmén absiRalcammgulsedVsP aidywith vertkabelock \palsdatVCKAnad VCKR] -
215-m These data lines 215-1 - 215-mare connected at one end thereof to
a curr entrespectiecly.yPee dettizall ¢loek gpulseeVCEKACisi slightlyrdetayed dwitly eesp@3) to2the.

Lum nance information is witten to the respective pixels by the data |ine
drive ci reuical cloek pulse ¥GJEB branedas of 2 delesscipo 214. 215-m  Next, operations

of the above active matrix type. display device w.ll_ be
Each of the pixel ¢ircuits 211 in”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
described. As the vertical start pulses VSP are fed to the first and the second scanning
line drive circuit 213A and 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 scanAl-scanATh and scanBl-scanBjﬁ in
synchronism with the vertical clock pulses VCKA and VCKB to select scanning lines
212A-1 - 212A-n, and 212B-1 - 212B-n in sequence.

On the other hand, the data line drive circuit 216 drives the data lines 215-1 -
215-m according 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



"described. As the vertical start pulses VSP are fed to the first and the
second scanning line drive circuit 2IgA and 21313, respectively, these
scanning line drive circuits 213A and 213B begin shift operations upon
recei pt of the vertical start pul ses VSP, sequentially output scanning

pul ses scanAl -scankl ', h and scanBl-scarit in synchronismwth the vertical
cl ock pul ses VCKA and VCKB to sel ect scanning lines 212A- | - 212A-n, and
21213- 1 - 212B-n in sequence. On the other hand, the data line drive
circuit 2kkeribed pesvidusty, teeteerticahelock palsd VCIA b shghdg&oc@lndaghet@rm;i elogk val ues
determ ned by the |um nance information. The «current flows through the

sel ect ed puisceVEKBhap thae the seansingd ling léthbQﬁOHteﬁen@cscfllﬁWH@ ahpatb ©f the o

performthe witing operation on a scanni.ng line ba .i S. h of these
pi xel s stsgarming kpg EXfAy 3s g¢en) 1P§F& 30 At the Rﬂ‘%‘ﬂg? F%?“P‘Hg d?ggﬁeﬁ{n‘?sﬁ?néur rent

 pul s voRRerEvE e tpane, Ala It FEPTOLIT ?'fa?%?ﬁ%ofuﬂ%w@‘he RNt °F e
scanni ng théﬂéﬁyg%%%n@m&?@%ﬁﬁsﬁa %&{lﬁlt?ih@ecﬁdtf‘f Sede sertfeg?néo%%mrﬁ'@ line 127A,

~as seen in e scannlng ine 1 beconmes non-

sel ective, the aqGRrIRkAirR RiOF Shullire ASHEARARETS AXhnptbjdd for he

pi xel circuit, thereby maintaining constant | um nance until new data is

witten g (blmxélr(fu[tafﬁeprdb[bnﬁ #REE thtethe AruCtilté @Molvesr 4 darget muatber efas
shown in Fig. 3 is enployed for the pixel circuit, a problem arises that
the struatansistoroiyotomared vithghe omsiadshowafin Rig. angihat 3y & the esamplarsbawni t h t he
one as shown in Fig. 1. That is, in the exanple shown in Fig. 1, each

pi xel is ihdiigreld eath pinel is farmed of twe trapgistpes, while, tin éheoseampleshonavin Kig ¥ig. 3,
each pi xel reqw res four transistors. Furthernore, in actuality, as

di scl oseceach pixel MEIIGSZ@GBHQ’SWWSW&W cases, a larger current Iwis needed
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| owest gradat rns to be several
Current flowing through the light emitting element OLED is generally about a few 1 A

even at the peak luminance. Hence, supposing gradation of 64 levels for the pixel, the
magnitude of current in the neighborhood of the lowest gradation turns out to be several
tens nA, which is however too small to be supplied correctly to the pixel circuit through
a data line having a large capacitance.

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
larger, 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 reliability 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 correctly to the pixel
circuit through a data line having a | arge capacitance. This problem can
be solved for a circuit shown in Fig. by setting the factor (W2/W

)/ (L2/L 1) to a small value to thereby increase the witing current lwin
accordance wth equation (4). To do this, however, it is necessary to nake
the ratio W/Li of TFT 125 large. In that case, since there are many
limtations in reducing the <channel length L1 as described |ater, the

channel vjdfiderdhe G 128t ARRESSAEh | dnd TReIRke, MidEprevartireducties of the piskla | ar ge
TFT 125 occupying a large area of the pixel. In the organic EL displays,

when t he stieNBdifidlpinddrs an fproVerneén fgenkiphér rgsdlutiomd,  this neans that the
area of Iight emtting section of the pixel nust be reduced. This results
in a | oss of rdoradxahptey snppaseethpt waitingaageant bon thecoalesed ¢ dewentAdensity,
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limtati g;fﬁelggnﬂ%igrnqg}ég; ion of the channel length L1 in view of w thstand
vol t age plI xel s Tand design rules. Particularly in the current mrror

constitution aPastiaidily i thé Burréht nitror Sortitition ag ghow & Filgl 3 5t istprefehied i s
because, considering the fact that the channel length greatly affects

t hr eshol cdhadl e Laf Thistis bevausk oonsideaing thedt factthatithe eleanael Isngth greatly affects
saturation region thereof, and so on, it is advantageous to conformthe
TFTs 125 threshdldxvalue affactransistasnsaturatiomeharacseristigin she spturpjore reginsy therepl equal
to L2 so that an exact proportional relationship of the current Jdrv to
the curreid soupn 4t BsadyBntegeayy to waniorm ik d4'Ts 125 adi 192eintthe Sretqairror

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 L1 equals L2 and the TFT 125
and TFT 122 are sufficiently close to each other, substantial equality L1 = L2 is
guaranteed, should L1 and L2 deviate to some extent. As a result, the value of Idrv/Iw
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 L2 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 necessary 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 enmitting el ement OLED. It is
inevitable to have sonme fluctuations ijp the channel |ength during the
manuf acturi ng process of TFTs. Even then, if in design LI equals L2 and the
TFT 125 and TFT 122 are sufficiently close to each other, substanti al
equality LI = L2 is guaranteed, should L | and L2 deviate to sone extent.
As a result, the value of Idrv/lw according to the equation (4) renains
substantially constant in spite of the fluctuations. On the other hand, if
i n desi graslsdansigtraistortin@ometcasds) commenting therdgtaBneatcethe ST 125, bebamse t he
design lengths, then the shorter channel L1 will be nore affected
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current roug Thi s al So causes a’l arge pi xel
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to provide an active natrix type display device, an active matrix type

or gani ¢ Hccuhatua¢ntsipplyao eactdlight emitting efentbnt.vi ng  t hese di spl ay devi ces
when pixel circuits are of witing current type, by realizing small pixel
circuits occupying small areas to ensure a high resolution display and by
realizi ng@ accur ate current SUp'FII(iI}ItO each light emtting el enent.

DI SCLOsU active matrix type di splay device in
accordance wt h the i nventl on i ng&dﬂﬁes current -wi tﬁptﬁﬁdl xel. circuits
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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 from 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 separate pixels in a row direction.

A second active matrix type display device in accordance with the invention
includes 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, 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 through the first

scanning switch into voltage, a second scanning switch for selectively passing the



el ement whose |uminance varies with the current passing therethrough, and
the pixel circuit conprising a convengion part for converting the current
provided fromthe data Iline into voltage, a hold part for holding the

vol tage 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 elenent, wherein the conversion part is
shared between at | east two separate pixels in a row direction. A second
active najolthge torverted dplthey cotversion part,achald gartcfer holding the violtage supphied

i ncludes current-witing type pixel circuits arranged in a matrix formfor
al | owi ng theratorthriiugh shesesond keanoiplg swhitchpanded ddve part for cpnyertingi theavaliage i n
accord with lumnance to wite |lum nance information therejnto, each pixe
circuit Held imghehold past inte grant and pesswgehe comesed quﬁéhreégk‘/gﬁ Lt h t he
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into current and passing the converted current through the electro- optical

el ement, shefied fafubyequrehtisbasdonigg shd preteding shasmrihbethederr adw hdilst t wo
separate pixels in arowdirection. A nethod of driving an active matrix
t ype di spfiralyscdening ewitch bascovetertive stajuss whet naiting\te at least twosgparate pixglssnep of
setting second scanning switch to have a sequential selective status by
sequent i & oy diggctioni ng t he preceding row and then the later row while

first scanning swtch has a sel ective status e iting to at | east two
separate pi xel sA{fisst agtiyematdixtyps FIS?FF‘ﬁW“f'}eP%"cm Qgpﬁvgew&w jecpyqaace with

o ectr ol gL DeaceRl b R SH S0 S0l ByRSE0N SR0GE ey HOELONERLAOR

glclcg\rm dn\?vi ﬁ(wrir?éﬂcu}rgntp&;s Pads" PR tHeCpREX Blrefits’ Gid! § Hatd Bné ifiHcBorld! Btn! N
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 conversion part for converting the current provided from 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 organic electroluminescent element, wherein the conversion part is
shared between at least two separate pixels in a row direction.

A second active matrix type electroluminescent display device in accordance
with the invention includes 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 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



| um nance to wite |um nance information thereinto, each pixel circuit
utilizing as a display elenment organijg el ectrol um nescent el enment having a
first electrode, a second electrode and |ayers of el ectrol um nescent
organic material, the layers being placed between the el ectrodes and
including a light-emtting |layer, 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; andetwvabnithe clpctrodes and imohndieg & light-erhigtinglayery thehykel cinguit kemposiolg par t
into current and passing the converted current through the organic
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conprising a first scanning switch for selectively passing the current
provi ded the dirstt banfiagaswiteheis sharebbevesh cat lpast t twioo sepacaiy guitdlndn taheowur r ent
provided by the first scanning switch into voltage, a second scanni ng

swi tch foliresddmct i vel y passing the voltage converted by the conversion
part, a hold part for hol ding the voltage supplied thereto through the
second scanni fymeiadaf driving an agtive mabiar type slectrolpmingsceny displandsvicsde hel d

the. of cotteeogaeckth dhe FURRION,GPETHF A HED fof Seting SAERT soSHine G ek o ol

b I . i | in. .di i . h f
petveen o Bk HOHEL0D B Rt IR DR
accor danGge téﬂo&h%hllé‘ﬁ?ﬁkbﬁﬁ{hérgom{dlﬁﬁa% aase?éc%%@fau?se&zﬁénn@riﬁﬁ%?i‘gﬁ r&gNN N9

switch to ave a sequentia ective status by sequentia ecting the
pr ecedi NGwoRdpARE pitidlin a row direction,

In 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
electro-optical elements, the first scanning switch and conversion part are possibly
designed to have a large area 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 written, 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
conversion part may be shared between multiple pixels in a row direction, to thereby
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.



‘the lTater row while first scanning switch has a sel ective status when
witing to at least two separate pi x%s inarowdirection. In the active
matri x type display device having the above configuration or an active
matri x type organic EL display device utilizing organic EL el enents as the
el ectro-optical elenents, the first scanning swtch and conversion part are
possi bly designed to have a large area due to the fact that they deal with
a large current as conpared with the electro-optical elements. It is noted
t hat the PRIMEDESCRIFTON OFVFHE DRAIWINGSN | um nance information is
witten, and that the first scanning swtch collaborates wwth the second
scanni ng swi t clFig a iparciroaidRgannofgconvemtiomhpicter eciitpn (for a sel ected
row). Noting this feature, either or both of the first scanning switch

and/ or the cofigrXisonbloek diageam showingra dorifiguration examplepdfea ponvehtonah a row
~direction, to thereby decrease the area of the pixel circuit occupying

" each pi xeictivevmatrix typeifligpler devipepijizies pixgktiraudtiger . In addition, if the area
of the pixel circuit occupying each pixel is.the same, .a .degree of freedom
of |ayout desi d‘lr‘lgiintsr‘bﬁ'égg,d'@ gt 2 CHTPRERYINE, BpS Pé’EFBﬁrfF‘é‘ga?‘B’@ﬂé to

el ectro-opti call. eberrent nore precisely. 13 BRI EF DESCRI PTI ON OF THE

DRAW NGS 10§ 8PR1G2HOY ¢y cuit di agram of a conventional pixel circuit; Fig.

2 is a block diggram: b LQYradd f C igpal
active matrix hBcras Bhig ff IRV A Bhind DAP G o LRRNERE 180T
cireul ! HAu ahObyfert Hrithilty W pikéiel it BEFRY 32l Gl rouit according to prior
application; Fig. 4A1s a timng chart showmng timng of signal scanA for a
scanning |ine FH274Baf at fhdinguchiaenthowing itigng \obasighak stanB forwichnrihg Fing. 3,
Fig. 4Bis a timng chart showng timng of signal scanB for scanning |ine
127B; Figl27BC is a timng chart showi ng active current data of the current

driver CS; Fi gF 4D is a timng chart showi ng CLED | um nance jnformation;
ig. 4C is a timing chart showing active current data of the current driver CS;

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

Fig. 5 is 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 current-writing type
pixel circuit according to the invention;

Fig. 7 is a cross sectional view of an exemplary organic EL element.

Fig. 8 is a cross sectional view of a pixel circuit for extracting light from the
backside side of a substrate;

Fig. 9 is a cross sectional view of a pixel circuit for extracting light from the
front 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 pixel circuit according to the invention,

Fig. 11 is a circuit diagram of a first pixel circuit obtained 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



"Fig. 5 is a block diagramof an active matrix type display device utilizing
current-witing type pixel circuits ingaccordance with prior application;
Fig. 6 is a circuit diagramshowi ng a first enbodi nent of a current-witing
type pixel circuit according to the invention; Fig. 7 is a cross sectional
view of an exenplary organic EL elenent. Fig. 8 is a cross sectional view
of a pixel circuit for extracting light fromthe backside side of a
substrate; Fig. 9 is a cross sectional view of a pixel circuit for

extract i ngpd pigéltcifcuid acdonding to thetinentibsce si de of a substrate; Fig. 10 is a
bl ock diagram showing a first enbodi ment of an active matrix type  display
device utilizi mg.al4 ity o blogk rdisgramy showing Fnxagtive matgixt type cHispishgevise t he

i nvention; . Fi 11 is a cifcuit diagramof a fi r.stlrcg_i xel ci rcuitotﬂgtai ned
a

rlg.

by modi f yitigingribe sesond; erabastimentapl thepqugrentryrifing pixgl gt ageording 0
_ second pi.xel circuit obtained by nodifying the first enbodinent; Fig. 13
“is a cirdby¥U8Pagr am showi ng a second enmbodi ment of a current-witing 14

type pixel cirgyjt or di.n j: Jone g, i _agram
howi hg an act ik Haf R St bl Mo RERARNERT sighfl sl & B R8ts
enbodi meny,i@fo fPE pidl Eifddir bWhiiMBigPi¥el circuit according to the
i nvention; FIQ. 1gA iIs atimng chart show ng timng of signal scanA (K of
the current- WHjji 58 isWRBniRg XBdrt showing timsdulsignal bdapA (K41)Fig. 15B is a
timng chart showng timng of signal scanA (K+1); Fig. 15Cis a timng
chart showi ng tHigi I5¢ isfa tanigg @hars steovBng Aitirdp of signial scahBIRKrB); a ti mi ng chart
showi ng timng of scanning scanB (2K); Fig. 15E is a timng chart show ng
timng of scandiggl StiemBinpEchyrt shawigg tiggmg pEscanpingdergBBKIt showi ng ti ning
of scanni ng scanB (2K+2);

Fig. ISEisati

ming 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

Fig. 16 is a circuit diagram of a modified pixel circuit 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 to the invention, in which only two neighboring pixels
(pixel 1 and 2) in a column are shown for simplicity’s sake in drawing.

As shown in Fig. 6, the pixel circuit P1 of pixel 1 comprises OLED (organic
EL element) 11-1 having an anode connected to 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



"Fig. 15Gis a timng chart showing active current data of the current

driver CS; and Fig. 16 is a circuit diagramof a nodified pixel circuit
obt ai ned by nodi fying the second enbodi nent of the invention. BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON Preferred enbodi nents of the invention will now
be described in detail by way of exanple with reference to the
acconpanyi ng drawi ngs. FIRST EMBODI MENT Fig. 6 illustrates a circuit

di agram of a first enmbodi nent of a current-witing type pixel circuit

accor di NGolM), aMEFT 14 Havidg, a drdinvnabctedio/a Hae lineilghhdaigage gonxedted td i xel 1

and 2) in a colum are shown for sinplicity's sake in drawing. As shown in

Fig. 6, tflrer oandhg lineg t8AL, RbpedtivplyxeTFT elrpavisgs dEiECorimecipdné e solte

el enent) 11-1 having an anode connected to a positive voltage su([i)pl y vdd, a

TFT 12- of AT Mylaa sowcecanmaeted taethetgatesofhe Fﬂigel%i, anda gateepnnected hdl a

_ grounded source, a capacitor 13-1 connected to a gate of the TFT12-1 and

" the grours@cqndgcanming ing,RBnd: fepectivel¥oi nt), a TFT 14-1 having a drain
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connected to a gate of the TFT 12-2 and the ground, a TFT 14-2 having a

drain caonset&titd chet Baa dmical?, iand dl gateacvatinecterhte acfinsth ecaneshgt linea 18 A5t
scanning line 18A-2, respectively, a TFT 15-2 having a drain connected to
a sour ce re$pettiecl TRTIET 2 5-2ehaving T draiccomedied tb @ sourpeoigtae dFdil 412y @ spmre12- 2,
A O oetd 1o the gate of the TET 125, and a gate connecied fo & second scanning Iine

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 and 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 16 is 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
transistors.

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 selectively 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



"A so-call ed di ode connection type TFT 16 whose drain and gate are short-
circuited is shared between the pixel jgircuits 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 and 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 16 is
grounded. In the exanple shown herein, the TFTs 12-1 and 12-2 and the TFT
16 are N-cuekatrinel 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 andhe[FEshks-Trnd 1542 fungtion as 4-secondrrcanring awiteh forrsslectivalnni ng

switch for selectively, suppl Ylﬂ&g the TFT 16 with curr%nt | w ~1tl),rovi ged from
the dat a Supplgingzthe vapaciters 1361 anghd320¥ih the voltage genvertss by dhe TFLJo. ddgverting
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capaci t orgspkdtive adpcifors 43\ Adil 1312 M@ fesykRti¢o biveért £ dndopassing thé Codvertedhe
capacitors 13-1 and 13-2 function as hold parts for holding the voltages,

whi ch ar ecurearMardugh the DB @ 1-duarident-2lyy allbw the DLIED arldl andplli2etd e t he
TFTs 15-1 and 15-2. The TFTs 12-1 and 12-2 function as drive parts for
conver t i right.EheyOLERgekl-hehd 1ili2 ateecleatroserdicali elementp xdiose lymingnde vaiies13- 2
into respective currents and passi n%Dt he converted  currents through the
OLED 11- Iwisihthexurrents passingsrqush tnePetailed simgtures of theObRDs 111} gk 11-Fhe
OLEDs 11-1_and, 11-2 3re el ectro-optical elenents whose | um nance varies
with the ¥l %"9?9 ehg through them Detailed structures of the OLEDs
11-1 and 11-2 \Wriltilng %}e)er%ggr?srcl)flﬁed it bffbodiment 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 Iw flowing 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 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-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 in the capacitor 13-2, without being affected by the writing to the pixel 1.



"Witing operations of the first enbodiment of the pixel circuit described
above for witing um nance data w | Lsnow be descri bed. First, consider
writing lumnance data to the pixel 1. In this case, the current Iw 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 scanBl are both LOWIevels). The
current Iwis supplied to the TFT 16 via the currently conductive TFT

14-1. Because ext,heonsider evritingWubdisatice Aata tt@hpixein®. This kb, bev @b be
corresponding to the current Iwis generated on the gate of the TFT 16.

Thi s vol tsalgetingbdth lofl therscariming: b di8iAG2 add18B-2Twith scanmsessignal seanA-2 and | ow
through the OLED 11-1 via the TFT 12-1 in response to the voltage held in
t he capaccadi-21eing LOWs levals),eands by osupplying ghrrenst bwtto the datmdingl EDin1- 1.
The witing of the lumnance data to pixel | is con“ﬁleted when both the
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| um nance data to the pixe 'S ca one sel ecting both of the
scanni ng thé OREDL BA2%iATH THOB122( iNefBy THRMY e GILEID al1-Bdrit Bg@nBuriaganB- 2
being LOWI| evels), and by supplying current Ilwto the data Irne 17 In

accor danake sedquenté ef ltheristeps desatibbdr . abBes; ascavning linkhel 8B4 rrmaintaing thk awinng
through the TFT 16 via the TFT 14-2, voltage corresponding to the current
| w is gerseleatiesdstetuss bee thpatQLEIP 11t heof TheTpixel 1 Tentinues| lighemissidnewvithi thet he
capacitor, 13-2. Current corresponding to the voltage held in the capacitor
13- 2 f | oviBMingneR defernpined by Hhs voltage bﬁlg ip filee qappciter- 13-1,iwithasbheiag aifeeigd t he
OLED 11-%1 tﬁ emt light. e?#ri ng the sequence of the steps described above,
scanni ng PitA8 VI¥B210 MGAXS“ns t he non- sel ective status, so that OLED 11-1

of the pixel 1 ﬂ%P}sl RS ﬂ)iggtcil%mtf P1 AWt & ﬂ’iQ% 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.
Accordingly, 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 the
OLED. The current-voltage conversion TFT 16 must be large sized to directly 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 current-voltage conversion TFT 16
to 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 hole 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



" lum nance determ ned by the voltage held in the capacitor 13-1, w thout
being affected by the witing to thepgixel 2. That is, the two pixel
circuits P1 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 he etastrode(fof lexahplg, tdthare)28tihdorndEin theherganic tayets- Yol Appheng &V er si on
TFT 16 nust be large sized to directly deal with such |arge current |w.
Hence, i tvoitageBsairgisethe dirsti elieetiads 2hand plg s¢cond electriode 2B ecausescibipiliaht by t he
TFTs in the pixel circuits_by configuring the current-voltage conversion
TFT 16 tesnismgdaysr ed ipemitdieht when elggirqns,aid pogtivehelgmare seqompiney.  As an

exanmpl e, a strycture of .the organic EL el eme 1 cribed. Fig. 7
’ s)r(lovrrvls) a Cross %é‘lﬂj‘? Bixelogireyyt hay n":“Eh B OFgan .emﬂe%ggﬁg@; ”fff‘f%flﬂr@p@g 7,
th ' e IS .f.or . of . f le, a
t 1 anspar i PReE SRR abcysel el R o e 5Bl Gudy (BRARCR or IforRT0 1 &
| ayer (fcgga%?@ém_e, anode) on the substrate 21. Further, on the first
, a po

el ectrode sitive hole carrier layer 23, alight emtting |ayer 24,

el ectron carri Bechéhe spadid EIdisFlaf Abviedis Mdiegct VW fypy Bhe, 3bisatlativélgposi t ed
in order, thereby form ng organic layers 27. Thereafter, a second netallic

18 el ect riage iqfdize. Hlanp| due catlindeheipn? &n icostl adprbdactidnheapabiani it ik ayers 27.
Applying DC voltage E across the first el ectrode 22 and the second

el ect r odaedBtic4aswe at siagle icepstallinerditicom subistrgter as2the tagtiegrelementy Hturtheg in

el ectrons and positive holes are reconbined. In the pixel circuit having
such an ondeinic altew ethe flight tochemitted-front dhardight gmitting pArass t@nweretht e are
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silicon sybst {@ldneiHlytBs nh fo¥ tnePoaRE layeF 27t B in dudh 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 thin
film 34 of amorphous (i.e. non-crystalline) silicon are formed in sequence through
deposition and patterning of the respective layers, thereby forming 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 source
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



order to allowthe light to be emtted fromthe light emtting part, a
transparent conductive layer of indiygptin oxide (ITO is normally used as
the first electrode (anode) 22 as shown in Fig. 7. Mstly, the ITOfilmis
formed at a high tenperature which is generally too high for the organic

| ayer 27, and in such a case, the I TO layer nust be forned before the
organic layer 27 is forned. Hence, in general, the manufacture thereof
proceeds as follows. Manufacturing processes of TFT and organic EL el ement
in the pigggntcdrivability for use in the organic EL display device will be
described below referring to the cross sectional viewof Fig. 8 First, a
gat e el ect rode Nat, strgsparentneledtaide 38 df A6 is Ie&rmedras the smmiedcomiespouding hi n
film 34 of anorphous (i. non-crystalline) silicon are formed in seqguence

e.
t hr ough tdéheofisist ¢lestrade @2edFige /M phithe organiteEk glepment (WED)y Ehen, anrergamy
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treat nentg; 'up)h as | aser annealing. In general, polysilicon has |arger
carrier noBility than anorphous silicon has, thereby permtting production

of a TFT havi ndnghd @t @emdR devéritRatabevd, Yight isitikén d¥ERbm the backRRR LRI
electrode 39 of ITOis forned as the anode (corresponding to the first

el ect r odesid®} obtheFsubstraid 3 hfHenke, ibisg@oéssarkithat tieamibstrgt©B EShould hemadeaof ar gani ¢
El layer 40 (corresponding to the organic |layer 27 of Fig. 7) is deposited
t her eon tteansparent material gwhich iEnommadlyenglassyi Ferithip reasonen eglativelyl lasgerslyss. g.
alum num is deposited,. which wll be later, forned into the cathode 41
(cor r espowBstrRse 84 1§ ReedsiBasmetivg dpatriy dweperganic Bl; display deyiges and 3 #ctivgenent

descri bedeléan?é)n\{se,’Tlll.L gg% cimS b(te %légonsitg tonft{lg rs?xt}sprgteblg%ﬁa{lgreusg&ngrel rarrangement
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 in 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
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
parts 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



"side) of the substrate 31. Hence, it is necessary that the substrate 31
shoul d be made of a transparent matepphal (which is normally a glass). For
this reason, a relatively large glass substrate 31 is used in an active
matri x type organic EL display device, and as active elenents, TFT that
can be deposited on the substrate is usually used. An arrangenent that

| i ght can be taken out fromthe front (upper) face of the substrate 31 has
been recently adopted. A cross sectional view of such the arrangenent is
shown i n rkaliged9. This arrangenent differs fromthe one shown in Fig. 8 in
that a netallic electrode 42, an organic EL |ayer 40, and a transparent
el ectrode 43 arAdtesmayively; imthe\cindeit asianganent as blown int Bigl yene transigtagicedn il m
38, thereby form ng an organic EL el enent. As would be apparent fromthe
above shdwromitted ok evary swalpixglewhich dncseasescthe degraecef; freedom imibe Jayquye
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light em n contrast, t pi xel circuit” of the I nventionh has

t he arrangersihe e chagydl 1édgth E1 9. 6, in which the current-voltage
conversion TFT 16 is shared between two pixels, the area occupied by the

TFTs i s decr eagadhasiccuiteshoantih®igroga paivlof tieTFT gbtand MRt 121y andarpa ofan be
i ncreased accordingly. If the light emtting part is not increased, the
size of tha@HFJ k& bhndd¥ TohR2-2dome aespectiveccurtent mirolissphase chavictasistiés, &.ghi gher
resolution can be 20 realized. Alternatively, in the circuit arrangenment as
shown i n threghold, Vi eare rpaefsrablyoidentinal. éensei theetranséstorsvBrmingnthepPYEs™,  whi ch
Cur T ont - VBB ErIo@h b GAPOTRTAIOSe HOKAITY 10486t OBE" deacr | bed pr evi ously in
comnecton W UIhIShThERER 11wl 4B PRIRPIL) B iR G RURREL 7 e
W thout rgekk 65341Y be &R That $hd FPT GBARBE sh&tBbBiween more 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 of Fig. 6) close to that current-

voltage conversion transistor (e.g. TFT 16 of Fig. 6).

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

matrix type organic EL display device in the example 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



‘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 formypespective current mrrors, whose
characteristics, e.g. threshold Vth, are preferably identical. Hence, the
transistors formng the current mrrors are preferably disposed in close
proximty to each other. Although the TFT 16 is shared between the two
pixels 1 and 2 in the circuit of Fig. 6, it will be apparent that the TFT
16 can be shared between nore than two pixels. |In this case, further
reduct i o181, 15@) of Eig. 6fis eonpketed tccanytonetof aldsebend scahfifg tiaeusiBd -a28Ba i n
the pixel circuit, is possible. However, in a case where a current-voltage
conver si anrespectivelyst or i s shared between nmultiple pixels, it mght be
difficult to dispose all the OLED drive transistors (e.g. TFT 12-1 and TFT
12-2 of Fig. 6)Previdedon thetlpfyside @f herpixel sestionge a disshseansingnlinerdivei cticait (e. g.
TFT 16 of Fig. 6). descri hed above, an active trix type display
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exanpl e sho erein, can bhe formed. by .arr i current-writing.type

o el ci gt ettin s AR semid B ardve gt SR B0 e TR SR ARED on 1 1
a matrix Hi Q I | ] S . WV, rl type
organi c I':l[n%é ?1%% 1'3352 e\?ll gﬁ? ?i,&gs? agﬁg%%?%&%%@‘f%}% %nﬁg%ftggg%oaﬁggﬁ é)])f'g
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respective first scanning lines 52A-1"- 52A-n and respective second

scanni ng dupplesl WiBalcommaBvérticdl start Pitsd V-SPOMdbASAiG clodk Hatshs BMOIEA .andt he
gate of the scanning TFT 14 (14-1, 14-2) of Fig. 6 is connected to any one

of the f{VEKEB. Jhaneitivgl tlonk pubg A/GKA iSZhghtly delapecby ualelay cruditt Hewitht e of
the scanning TFT 15 21 (15-1, 15-n) of Fig. 6 is connected to any one of

t he secorfgspeettorthevertical stockpelse VCEBB- n, respectively. Provided on the

| eft side of the pixel section.is a first scanning line drive circuit 53A
for driving theds@agashngixel plsuicdh 1 a oolusm is Previgadowideanyosne € theght

s de of Lhe BLEL SEELLn L5 n secod scaninoline Crive cl relit, 938 for
scanni ng LA J5 1 %E &jrfeﬁyi&rﬁreS%e a&ﬂa IR 8h% 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 drive 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-scanAln and scanBl-scanBln in
synchronism with the vertical clock pulses 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.
This current flows through the pixels that are connected to the scanning line selected,
carrying out the current-writing operation by the scanning line. This causes each of the
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



"formed of shift registers. These scanning line drive circuits 53A and 53B
are each supplied with a common vertipgal start pulse VSP and verti cal

cl ock pul ses VCKA and VCKB. The vertical clock pulse VCKA is slightly
del ayed by a delay circuit 54 with respect to the vertical clock pul se
VCKB. Al so, each pixel circuit 51 in a colum is provided with any one of
the respective data line 55-1 - 55-m These data |lines 55-1 - 55-mare
connected at one end thereof to the current drive type data line drive
circuit (VYOKBetite sdanniey lifes) 18861 and U8B +2abecemiembarseltiivnpricy torthd ¢oanning each
pi xel by the data |line drive circuit 56 through the data |lines 55-1 -
55-m Opdimas il8As]l arfd 187e-2azs shewnrintFig. 6. Ay phe poigtnitineihe granminglinks\1i8Be
descri bed above wll now be described. As a vertical start pulse VSP is

fed to theand 18B-2zhayethesome ngpelegtiven lymmangedaty is held dn the,capacitrgal 3xhg 538,
t hese scanni line drive gircuits 53A and 53B start shifting operations
Upon r et 1 D7 Wilkin e chixe) cigi so Thpl gachopinel Frenadty, liEtieh A cotyg
out putti ngm§&%€£b@ﬂ ngw&?éisw%ghﬁg-%gﬁgéhen and scanB 1-scanB 1 n in

synchr oni sm w e vertlca o es VCKA and VCKB to sequentially
select the scanning lines 52A-1 - 52A-n and 52B-1 - 52B-n. On the other
hand, the data |ine drive circuit 56 drives each of the data lines 55-1 -

55-m wi t FFIRSITODIFRE ATFON OFRTHE’RSTEMBUDIMENPEr ti nent | um nance
information. This current flows through the pixels that are connected to

the scanni ng | iRig Bleisectifmit digg@am)shogirpud fitshencalificacioh ofthd pirel cipaltdhi on by
the scanning line. This causes each of the pixels to start em ssion of

| i ght wi tdecondamgesivith tha farst embadiowent Liket teferenger murherals! ineEigsl f1l1iand hot ed
that since the vertical clock pul se VCKA sli ghtlly lag the vertical clock
pul se 22 ropgeent dike of camresPARAing glegmentspAgaign for seppheityRigHustrsiansenlE svpve

prior to the scanni lin 18A-1 and 18A-2, as.sho jn. Fig.. 6. At the
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non- sel eclghvre,t (1 um nance data is held in the capacitor 13-1 and 13-2
wWithin th %I%(%' circuit, so that each pixel remains |ighted at a constant

lum nance unti i NEWAIQL AodificMdn! biferdtVoRaflE ¥onvef SSIETFTs 16-1 and 16-2 are

respectively provided in pixel circuits P1 and P2. This configuration apparently seems
to be similar to the pixel circuit shown in Fig. 3 in connection with prior application.
However, 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 circuits P1 and P2.

That is, in these pixel circuits P1 and P2, the sources of the TFTs 16-1 and 16-2
are grounded so that they are functionally equivalent to 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 practically the same as the circuit 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 to 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



"FI RST MODI FI CATION OF THE FI RST EMBODI MENT Fig. 11 is a circuit diagram
showing a first nodification of the phyel circuit in accordance with the
first enbodinment. Like reference nunerals in Figs. 11 and 6 represent like

or corresponding elements. Again, for sinplicity of illustration, only two
pi xel circuits of two nei ghboring pixels (denoted as pixels 1 and 2) in a
colum are illustrated. In the first nodification, current-voltage

conversion TFTs 16-1 and 16-2 are respectively provided in pixel circuits
P1 and Pzirctiinishowniifi iFigirain connepiar eithlthe peenapplicatibie As airbsult, the giee pi xel
circuit shown in Fig. 3 in connection with prior application. However, the
pi xel ci racoupied by dhé TETerin the pixet piscuiheansbeowade rsmaﬁgr. than rthatheft the tpixedir ai n -
gate couplings, of the diaqode connected TFTs 16-1 and 16-2 are further

coupl ed tedgBEhiBrconnestion grithhe paar HPlGRIAN. t he pixel circuits Pl and P2. That

is, in these pixel circuits P1 and, P2, the sources.of the TETs 6 16-.1 and
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Wl be dbfarRT: T SOsuRIEHPREr G et BLmaB S8t SemeSi 6P
tm) W(C:i)l L: ig}i&%&%ﬁﬁg B&eﬁsQBifeﬁdl Qn%tZ)cfrrll la%ofu?nnt ae's (')\fr(ne{ﬁ' s%ﬁlicﬁg%? iR AReE ¢ han

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 18-1. 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 single scanning signal in the

second 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 illustration, only two



"the first enbodi nent. SECOND MODI FI CATI ON OF THE FI RST EMBODI MENT Fig. 12
shows a circuit diagram show ng a secgnd nodification of a pixel «circuit
in accordance with the first enbodi nent. Like reference nunerals in Figs.
12 and 6 represent |ike or corresponding elenents. In this second

nodi fication also, only two neighboring pixels (pixels | and 2) in a
colum are shown for sinplicity of illustration. In the second

nodi fication, scanning line is (18-1 and 18-2) are respectively provided

to each piektbofiig pikélsqPpRelsSlCaridBtin b BElugit £6 sfwit.he TFTs 14-1 and 15-1 are
connected in comon to the scanning line 18-1 while the gates of the

scanni ng TFTs Adle@mpared 161k first endiodasént dn iwhiclo anmnrehtvdltage soaversiog | i ne
18-1. In this respect, this nodified pixel circuit differs fromthe one
accor di ngTh'b 16 fseshireddretwesndwiornirals, ithe pirelctircui of theofecendoeseedimenichasianes ar e
. provide to each pixel. In operation,_ roww se scanning is performed by a

" single sdhpfirsigeamingalFT d4sevingsascd HEst senmecaiichrs alsq shayed atsveen wehe
first enbodi maJIPE wher e r(%w-vui Se scanning is ﬁerformed by a set &g fwo
scanni ng REQhaf bat & AFRRTGE VWEPLP, Of Rechnoiigofaes. @98 ForBlipe it L84 val ent
to the fi . odj oLy | 1 gurat | t ' | hcuit but
also in fﬂlrjrﬁ%:lfi ?(gﬁ) &ﬁ’gfg%ﬂ & 9@%&%@%@%@?% Sgdéﬂbigf;TSI st g‘%ﬁrﬁ%"leg FOdtlhggr am
Showi NG &c34G00 Ané THRJAFERE sedrc@ofsﬂ,yssmmrg TFT19 s wx{?ﬁc@m{he%aﬁlaga
according to the 1nvention. Like reference nunerals 1n Figs. 13 and 6

repr esenttht igdsRe OF the WurRAROSIENE ToRV@EBATERT Herad thathe HrdThd bf ey sc@hning
illustration, only two 24 neighboring pixels (pixels 1 and 2) in a colum

are showTTFBslsoapdi 8@ serviigas 4 secoid sabmidg switth.i n whi ch a current-vol t age
conversion TFT 16 is shared between two pixels, the pixel circuit of the
second enbodi nelite sgasning ling HEAS of the “@¢agnoup ghavaT il Bigs d 8 \is wgppdied avith ast
scanning swwtch is al so shared between two I xels. That, is, regarding "A"
group of WREENgnl |SP4fb°s,Thﬁnécagelagdlqmlﬁﬂ-ﬁeoflﬁﬁgrpgp i pupplige vitho a dirging ¢ wo

pi xel's, asri]gdnas anngall;[ svhﬂtfa tl?ei 8¢ Lr%ng i?lg %892 ;I;Fs-{lp;]ﬂffed \%itﬁ %qpn?i%tgesggn%? sctagﬁ-z
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 pixél circuit in
accordance with the secohd 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 luminance 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 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 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-1 assume non-selective status (scanning signal scanA



"scanning line 18A, and the source of the scanning TFT 14 is connected to
the drain and the gate of the currenpsvoltage conversion TFT 16 and to the
drains of the scanning TFTs 15-1 and 15-2 serving as a second scanni ng
switch. The scanning line 18A of the "A" group shown in Fig. 13 is supplied
with a timng signal scanA. The scanning line 18B-1 of B group is supplied
with atimng signal scanB 1, while the scanning line 18B-2 is supplied
with a timng signal scanB-2. OLED |um nance information (lum nance data)
i s suppl iand stanB Iheeingppudledito EIGH leTéls). Duding ¢het sequénge of 618ps desoabedi aboveur r ent
Iwto the data line 17 in accordance with active current data based on the
OLED | uniscannieg ling &8P stays.in\the nomeelentive statusn so grat OB d hdeofdhe Rixeb2 a
current-witing type pixel circuit in accordance with the s nd
enbodi meriteenr 98 eitinga Higlite Wi the Jyminaace determined. bBPiﬂP%tVPR‘L‘%’nE‘ﬁge‘P Wi ting
| um nance dat.a the pixel 1..In this case, .the current Iw is provided
i th s he caRedion 1 32 Bnpu BeingittecthaiP e RERE  IRERELde dat b i th bot h of
the scanning lynes - -hel ed: (i apl wn
her ei n, scanni nNgé]&’sFﬁgeg%é%?uﬁgﬂ%?nﬁkgﬁe g'é‘% LQLE‘)%‘SI giéeﬁésj)dféne?ﬁg

current |§€’lé-cﬁn§ BB é)ieﬁlletsgarli Ii fifids 194 a%d 8802 (®ith rs@éﬁdiﬁ/gvg RAUChAN @ndFT 14.

Because of the current 1w flow ng through the TFT 16, t age

cor r espongaiilg-2t Beihf LOW léRls)| whd Hyoaipplyiheduient e @atie ditatlie TFTinl6.
This voltage is held in the capacitor 13-1. This causes current to flow

t hr ough tdveordafd? with theMumirtahee ddfd. Betadsei of the asmnt be flowvingwhroughttbey€FFel d i n
the capacitor 13-1. Thus, an em ssion of light starts in the OLED 11-1.
The writiHygviefthe RET| Wyivaliagsecodrespondingpioxthe currens Inoitigieneraigd windhe igatetof t he
scanning |ines 18A and 18B-1 assume non-sel ective status (scanning signal
scanA 25 hadFdckBhisysitage iselddn thecappelor|ldvde| s). During the sequence of

tafus, so t hatCerEbi 3T aponido e tage hid s BHeapBor T3 g TGO b ¢ he
bei ng- af 80Ky Tende e TR 22 ARFeeY et the VgpHEZHd Blichidne nublag"e !
I um nancegdajegudnRe ldPanPistéps describdl Sabo?e, {EnMiARKIMRY 18B-1 maintains the non-

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
pixels 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 18 A will now be described.

As described above, an active matrix type 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 showing 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-1, 52A-2... are provided to each of the pixel



- above, t

"sel ecting both of the scanning lines 18A and 18B-2 (with scanning signal
scanA and scanB-2 being LOWIevels), ognd by supplying current Iwto the
data line 17 in accordance with the |um nance data. Because of the current
Iw flow ng through the TFT 16 via the TFT 14, voltage corresponding to the
current lwis generated on the gate of the TFT 16. This voltage is held in
the capacitor 13-2. Current that corresponds to the voltage held in the
capacitor 13-2 flows through the OLED 11-2 via the TFT 12-2, thereby
causi ng tdireui® EDafrkngedt in & matrid bfjit colDomns by n rdves, vethuens scaphingHinesfoe ps
descri bed above, scanning |line 18B-1 nmintains the non- selective status,
so that GVED tb tovef(i.ehengscaaning lingrfor e pixels)+ keneg. thegmmbgr of the, first
| um nance determ ned by the voltage held.in the ca itaor ,13-1, w.thout
bei ng af fseetnaRg lipes 2R IwS2idrhg-t18 Ocnﬁg’a i%@ln“?‘.q’eﬁ\l“t ﬁfgﬁ\jﬁni“ﬂé L AYFHER | ne
18A rrusthﬁre sel&_ct d during the witing to the pixels 1 and 2 as descri bed
eelioth "l"(?é' line 18A may be reset to the non- selective status at a

suitable i m P huk ReRETRL SRR Slnfd FhaPA® ! honizo Gosidky and 2

Control of the Scannin now SCri above,

an acti VEN@%& Fcatn}{@g fHeSRY %xcrﬁﬁa@%nc@mh‘emuhﬁ)e%fﬂfet §eé6nd Shnhink linege
L "display t

organi c vice I n e exanple shown herein, can be formed by
arrangi Nngs2g¢, SR E gtk nCin &idh Eﬁ{e'l,ﬁh@gﬁ@bﬂ&ft@%aﬁﬂiﬁ@TFWﬂ%@swﬂdn ®ighodi ment
ina mtrix form Fig. 14 is a bl ock diagram show ng such active matrix

t ype or galsiis cBhnectidplthyfiesdanring llinke 52 Afle5S2Ac2.. nespectively, and thieggatesf and 10
represent like or corresgondin el enments. In the active matrix type

organi c Bhe stappingyT FfsiSdd S-dcandridi-Depre eonnaeted t%ﬁhﬁ@@ﬁ%ﬂrﬁ@@“%ﬂﬂélﬁeﬁsr5§§'lscanni ng
lines 52A-1, 52A-2... are provided to each of the pixel 26 circuits 51
arranged 12B-& -f8¥0eFsved¥- m col ums by n rows, with one scanning line for

Y Y2 L0 e 5T SRS e S TR B
the pixel r%atirir)} t?pev ce)thainﬁ:alliL dgsipfa%fcéeiv?c%. ([‘ﬁglti%qmg 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
selectivé 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
in these rows to be accomplished. Fig. 15G shows active current data in the current
driver CS 56.

As described above, 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



"On the other hand, the second scanning lines 52B-1, 52B-2 ... are provided
with one scanning line for each row Kkence, the nunber of the second

scanning lines 52B-1, 52B-2, ... equals n. In each pixel, the gate of the
scanning TFT 14 shown in Fig. 13 is connected to the first scanning |ines
52A-1, 52A-2... respectively, and the gates of the scanning TFTs 15 (15-1
and 15-2) are connected to the second scanning |lines 52B-1, 52B-2...

respectively. Figs. 15A-15G are timng charts each for witing operations

in the aheygs Bhitha of TR pik¥l didclR sho@A i BigEB ifliceimeationl enthqeior Bpplidation ng
charts represent witing operations for four pixels in the 2k-15" row

t hrough ¢+ Nevertheless, e ingerstivei pitxe ginchit canattainghé same writipgtapetaivn @m | n
witing to the pixels in the 2k-1s” and 2k'h rows, scanning signal scanA
(k) is ghepixel ¢itemitde cennectien withthesprionspphcation] ON | evel in the exanpl e
shown herein) as shown in Fig. 15A. During this period, selecting the scan
si gnal scanB ( dkisipotad thaolike HW quregnt-valtagegoaversion skl 185 ghatdes ffnBe (2k) as

hoen | b enfing TP S PR e A AR P B bl o

d 2k+2" - i anal 1N Uhe Tovs
R SR el P a0 e R s g e R
Coier 1S & Neeb 6630 o lae Gl die pliced HtRRRORI1HN SRl 20AAGa DL AGSAARE

(2k+1) as and scanni ng signal scanB (2k+2) as shown
in Fig. 155 a|HeWs ddv@nthbddublyImidmizectht Wecipidelafea innthe higet diRuk ther ke
acconplished. Fig. 15G shows active current data in the current driver CS
56. As desupieébyaheTETs] sindehrotponte thecéurmant-voltageanwersian CEF Tl 6 fout hisosecond
enbodi nent, the scanning TFT 14 and the current-voltage conversion TFT 16
are sharthd sbartnivee TFTWH4 prexshiased bigween twhepixelsrire thipfconfiguratien. di és pws t wo
pixels is six, which 27 is |less than that of the pixel circuit shown in
Fig. 3 i rpassihiect therseapndiembodimenb i piainimych pyhigher espytionethas dhe figg
inventive pixel circuit can attain the.sane . witing operatian gs .the pixel
circuit i¢miQsimerthysaging t’i‘%é‘“ﬁﬁ“ﬁ‘&?‘s %%ﬁr@m BN part of reducing eplxg P

size.

Although, in this embodiment, the scanning TFT 14 and the current-voltage
conversion TFT 16 are also shared between two pixels, it will be apparent that they can
be shared 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 conversion
transistor (e.g. TFT 16 of Fig. 13) in each pixel circuit.

In the embodiment described herein, the scanning TFT 14 and the current-
voltage conversion TFT 16 are presumably shared between a multiplicity of pixels.
However, 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



"It i's noted that, like the current-voltage conversion TFT 16, in order for
the scanning TFT 14 to deal wth extmngnely large current |Iw as conpared
with the current through the OLED (organic EL elenent), the TFT 14 nust
have | arge di nensions, and hence occupy a large area in the pixel.
Therefore, the circuit configuration as shown in Fig. 13 hel ps

advant ageously mnim ze the occupied area in the pixel circuit that is
occupi ed by the TFTs, since not only the current-voltage conversion TFT 16
but al so reptesens ¢ikeaor ngrrdpondig alemeatsaAgdinbﬁlr\mpliqitymfriﬁu%raéionmnlﬁ itwo
configuration. It is thus possible in the second enbodinent to attain nuch
a hi gher pixeldlitebite of twameighboring pixelsc(dpneipddKtpixgls d andr )i Mg cAMA #e&nsi ons
of the light enmjtting part or reducing the pixel size. Athough, in this
enbodinedﬂ?“ﬁﬁ%lscanning TFT 14 and the current-voltage conversion TFT 16

Char oo bet ween ROREPORNAN o pAcreents wih ots MR T el W PL 57 °°

reduci ng ghe. . &Eﬁ@ﬁ@ellgfpré\n?e& GAMSthS QL mhidd $FFL 9AL1 bRk W\é%urreﬁhari ng

of the scanning etween too many transistors will make 1t difficult

L0 arranggs0. EAYerGhEOTETE UB-1 haNf-5! BhecifGall, (1E Biteh2ofl RN despactieo! Fig.

13) close to"the current-voltage conversion transistor (e.g. TFT 16 of
Fig. 13) Jcan@AgITFTsNal] sid t4i2tare binricbrRed divbotinBans thesanhingdineel8ai. (Thet he
scanning TFT 14 and the current- voltage conversion TFT 16 are presunably
shar ed befesmetiva drihs iandi thet gated ofii thel diode-timwevted, TFTs i1o-hlapd pw2saiel e to
have only the scanning TFT 14 shared between the nultiple pixels.

MODI FI CAT¢oDRe@rd PHEOSETOND EagbopthrEkstween . pixed gigcuis &1y and P2giaad fambehowi ng
a nodification of the pixel_ circuit in_ accordance with the second

enbodi rren‘EanE‘FtR‘étor‘@Fé‘i"gﬁ?ﬁé’fﬁ’ﬂﬁr&aaﬁ“%iTlll;TFilﬂsl.a“%ﬁma%d 13 28 represent |ike or
correspondi ng g%enents.

pi xel circuits of SARBAHRY %bg?‘f gpg’rvﬁ%&%&?‘%&I}ﬁ%ggﬁlh;ﬁi‘%ﬁé EC%%higggl%st :Nﬁ a
col um ar Fa-1 ialmli Yald 8l ﬁl'e current-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 configuration, since
writing current Iw 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 can be equal to the one to which that
of the pixel circuit in connection with the prior application is halved. Accordingly, as in
the pixel circuit in accordance with the second embodiment, the area occupied 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. However, 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.



"In the pixel circuit in accordance with this nodification, pixel circuits
P1 and P2 are respectively provided whth the scanning TFTs 14-1 and 14-2
and the current- voltage conversion TFTs 16-1 and 16-2. Specifically, the
gates of the respective scanning TFTs 14-1 and 14-2 are connected in
common to the scanning |ine 18A. The respective drains and the gates of

t he di ode-connected TFTs 16-1 and 16-2 are connected in comon to each

ot her between pixel circuits P1 and P2, and further connected to the
sources of the scanning TFTs 14-1 and 14-2. As is apparent fromthe above
connection rel ationship, since the scanning TFTs 14-1 and 14-2 and the

cur r ent - INDBSERIADVETHIITY OFTEHEGNVENTION- 2 are respectively connected
in parallel, they are functionally equivalent to a single transistor
elenent. In tMAsdesedizaddbovh@naictiveimatrghiyps displaFidgvice,cin; astive Batrantypal | y
equi valent toQ the one shown in Fig. Jf3 .ln &ge i)iel ci.rcuyit in,accordance
with thi ©rewes ELdimlandevigee and amethogrol drivipgsthesedisplpy devigesdn ageardancha;  of
transistors for. two. pi xel.s of the. pixel circuit sho in .Fig..3i

connect i d’ﬁ‘twbteH“Yﬂ’é‘oB rqngl?le é’BHF'i’t(':%Pthlggﬁ CORYSTRLQN, party W#‘ﬁi LAURS ?\ﬁ'ﬁa}ff {%8 n,

since wtin urrent fl I Q?ﬂ, . -2 and

t hr ough tq?eShq%ﬁigbe&%e-egf t zllie\r,%{at tf@)\,\@xap ﬁg“%ﬂéé?ﬁg F']—lj\?\nél;lé%@%% gglgigtngp;hﬁ% iag faor S can

oe eaual Jofdifl sHREndCall o 1drB@ ey %{‘ﬁg@bé‘éh Sith it cfltfr@nagehan W th

the prior "applTcation I ccor as in e plXx circuit in
accor dancgledirbptitt SGR&1S). BAdeEMihis bitngdhfat, O kL dcdipiddBy pikels in
the pixel circuit can be extrenely reduced. Although in all of the

ermbodi nendigus et pbiet camdief fedatddorithusles ds i gpssblabiovmcreasd ¢het armasifslights
formng current mrror circuits are presumably N-channel MOS transistors,
and the samittingrpariiafidoraedugs-thhsingef pikels forr mhighen resalutiono ke éventien s8¥ul d  be
understood that these enbodi nents have been presented for purposes, of

i | | ust r atalsmincgase aidegsea ofifrasdomdn ghelayout dlesignpt a drive ciFcpdnthersbyi fArmigg f or m
di scl osed. 29 |.NDUSTRI |LITY OF THE | NVENTI ON As descri bed above, an
active met PGl GiEcBE vtha ligh agUia®e  an active matrix type



"organic EL display device, and a nethod of driving these display devices in
accordance wth the invention enabl ejgurrent-voltage conversion parts

and/ or scanning switches to be shared between at |east two pixels so that
t hese current-voltage conversion parts and scanning switches allow a | arge
current as conpared with light emtting elenents (electro-optical

el enents). Because of this arrangenent, the area occupi ed by pixel

circuits per pixel can be reduced. Thus, it is possible to increase the
area of light emtting part and/ orCLAIMSe the size of pixels for a higher
resolution. The invention may also increase a degree of freedomin the

| ayout design of a drive circuit, thereby forning a pi xel circuit with a
hi gh accuracy. 30 CLAIMS: 1. An ctlve %rlx t | ay device including
cur rent - wki Al Bgtivey gt e displayidevice dpcludipg fu ﬁ é‘?é) tXJ}/ BXEh PIEI) | owi ng

h h | dat. d h
i nanceTABeRg In & AT AR ah?%mgﬁ%q‘%‘ﬁ (s rPye B el Sk s 8,7, 1

having anygl gl [0 ac%ﬁltd &ﬁ% hﬁh.ﬁ V&?&g Fuh I APRARSmARDH Bferdthidl eddhpigdi r ent

passi ng t erethrou sal irculrt conprising: a conversion part
for Conve{]iduggh& %Hréledﬁo-&stfw @%efnf Qm&s@quﬁlﬁﬂa%cé ivafied With ViRl tageit a hol d
part for ing the voltage converted by said conversion part; and a drive
part for gMsuetHerdiBrdullk, andlshidgrxdelreuit Comgrisindiol d part into current and
passing the converted current through said electro-optical element, wherein
said conver si anc@aketsiors pah dorecbrivettingethe atirrérgguovided froap theadata |hnc<emt9 ina
row direction. 2. The active matrix type display device according to claim
1, wher ei yoltaged pi xel ci rcwt has said conversion part shared between
pixels in two ne| hbori n ws. 3. The activ rratrlxtge dlsplsy devi ce

according to cl&houl partfpr lﬁg%‘{?l@%%‘?"gﬂ bb%“éc%‘@ Of PELaANd | o) g ef f ect
t t FE wh d t t d t t
genorati ng vol (iEvesnbae Euvertih B8 LRR-Tel LT sk oo Seuids™ o
suppl i ed %sglngcfﬁr F Eveltbd iRk tﬁir%hg’h | §aﬂ?’electro-opt1cal 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 display device according to claim 1,

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 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 driving said electro-optical element in accordance with the voltage

held in said capacitor.

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



“wherein said hold part has a capacitor for holding said voltage generated
across said gate and source of said fijrst FET, and wherein said drive part
has a second FET connected in series with said electro- optical elenent for
driving said electro-optical elenment in accordance with the voltage held
in said capacitor. 4. The active matrix type display device according to
claim3, wherein said first and 31 second FETs have substantially sane
characteristic and constitute current mrror circuit. 5. The active matrix
type di spleaynddENTlavecolstalitially same tharant&isticland epmstitute duriént snirrpEgirgust. a
single transistor el enent shared between at |east two separate pixels in a
row direction. 6. The active matrix type display device according to claim

3, wherein said first, FET _inclydes a nultiplicit f transisto | enment s
havi ng t he Theartice maaixgupedisplan AedeeeFcor ft%rf%"l"{n iﬂqﬁr?‘?%éiirﬁtoimil‘érrent

bei ng shared between at |east  t ar at ixels in a. row.d.rection. 7.
An active? fHgrg frapsier cﬁl‘?ﬂﬁ“inha i @éeﬁeﬂmﬁﬁ%%&”& Pe@ﬁ{a_tqu{ell%én 3 6 pi xel
circuits di?ercfigr?ged inamtrix formfor allowing current to pass through

the pixel circuits via a data line in accord with lum nance to wite

| um nance information thereinto, each pixel «circuit having an
el ectro-optical elenent whose |um nance varies with the current passing

t her et hr oidihe asfveimpireayp& dispiay dewiosriicordingto daifi 3,SVheseinsaid ndfirstvi FEW f or

sel ectively passing the current provided fromsaid data |line; a conversion
part for inolodes &imgltiplieityc of tangistpr elentbats hdvimgigre dmind dndr gates somneaiedg
swtch into vol tage; a second scanning switch for selectively passing the
vol t age ctogetber saidHtansiatod eleotent beisg sharpd betwegn @b legsiplara separatepixels iy at he

vol tage supplied thereto through said second scanning switch; and
row direction.

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 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 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.



"a drive part for converting the voltage held in said hold part into current
and passing the converted current thrgugh said el ectro-optical elenent,
wherein said first scanning switch is shared between at | east two separate
pixels in arowdirection. 32 8. The active matrix type display device
according to claim7, wherein said pixel circuit has said first scanning
switch shared between pixels in the two neighboring rows. 9. The active
matri x type display device according to claim7, wherein said pixel circuit
has furt HerThsactvecmatvisrtgpeodisplay dedéracedrding twedaimal, wheeain saidupixed pitcatt e
pixels in arow direction. 10. The active matrix type display device

accor di ndhas gaid (fiastrscanningewitahrshared bepreeaipixels indhe twanpgigkhariagfPvst scanni ng
switch and said conversion part both shared between pixels in two

nei ghboring rows. 11. The active matrix type display device according to
claim?7, rein said first. scanni.ng swich includes a.first .FET.having a
gate conmectSdUYGMArGtyRg él?;@ﬁ’hﬁ?‘ﬂ ?ﬁcﬂgfln%ﬁ’eqlaéﬁuﬂs‘@e&mé f)%éé?ﬁl?ocﬁmﬁgrt

i ncl udes lﬁ[sﬁﬁﬁﬁé}dﬁardzzomyﬁ&ggﬂ{ dhAbd vaiteR I Na8t thdSEfRPte ?B@;st in\(lz\% Wi ted
for generating voltage acros he gate and the source thereo en current
i's suppliggcfip@m the data line via said first FET; wherein said second
scanning swtch includes a third FET having a gate connected to a second
scanning line; wherein said hold part includes a capacitor for holding the
vol t age generated across said gate and source of said second FET and

suppl i ed W. &teasdive hmatdix Rigpe displhy dénacee accosding tdrdlaim pawhereirckaidguxel f ourt h
FET connected in series with said electro-optical elenment, for driving said
el ect r o- optcushasedaichingt scannieg switel aad viaidh canversion, ppit peh §bared jbgtveeend
capacitor. 12, The active matrix type di splay device according to claim11,
wher ei n sRikels §uvheeighhioling 80Ws-h FETs have substantially same characteristic
and together constitute current mrror circuit.

11. The active matrix type display device according to claim 7,

wherein said first scanning switch 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
thereof short circuited for generating voltage across the gate and the source thereof
when current is supplied from the 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
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

mirror circuit.



"33 13. The active matrix type display device according to claim11l, wherein
said first or second FET is a singlejgransistor element shared between at

| east two separate pixels in a rowdirection. 14. The active matrix type
di spl ay device according to claim 11, wherein said first or second FET
includes a multiplicity of transistor elenents having their drains and
gates connected together, said transistor elenent being shared between at

| east two separate pixels in a rowdirection. 15. A nethod of driving an
active matrix type display device including current-witing type pixel
circuits arranged in a matrix formfor allowi ng current to pass through the
pi xel ci riguiThe aviive matid typt idisplayndesvicecacdondirtghto claimm dhcehereinvgaid first @i nance
information thereinto, each pixel circuit having an el ectro-optical

el enent \shomd FEFisrmsivglevensistor elgineht sharedchetween atdeast twiysepaeateprelsigh, said
pi xel circuit conprising a first scanning switch for selectively passing

t he curré’rﬂo“’pqllwtlﬂ'éd fromsaid data |line, a conversion part for converting
the current provided through said first scanning switch into voltage, a

. second scanning swtch for selectively passing the voltage converted by

sai d convgr ?hg Qalctivl?ea[ntatrixatr}Jii}gléigspga%r @eerﬁ]é_%r %égg}cfgﬁ%ﬂ) LiRfen Y9! &/ﬁ%r@insééﬂph}s?%rt her et o

t hrough sal d 'second scan rive part converting the

vol t age [k%&éjnd' ]ﬂi’? %cgucfeéﬁ |a%ﬁ’lﬁbficiij‘6§1r§r¥6k:i§t&r€lexﬁé}ﬁs hPARS tHk %lﬁfﬁl_s @Al \Lates ed

current rough sai ectro-optic ement, wherein sai irst ~ scanning

swWi t ch i sconhedi@ltdaethee aRidodradsRasiteldriiént YRl shh@dBex@beh dtMedit tww separget i on,
conprising a step of setting second scanning swwtch to have a sequenti al

sel ect i vepisdlainusrdwy directiguent i al |y sel ecting the preceding row and then the
| ater row while first scanning switch has a selective status when witing
to at |l east two separate pixels in arow direction. 34 16. An active
matrix type organi c el ectrol um nescent display device, including current-

writing tipet piesthed ofidriving an agtivg agtax itypedispiey Asvisoincludyig CHITHRMAGN&ur r ent
to pass 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 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 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.



"through the pixel circuits via a data line in accord with |um nance to
wite |um nance information thereintgyg each pixel circuit utilizing as a
di splay el ement organic electrolum nescent el enent having a first
el ectrode, a second el ectrode and | ayers of el ectrolum nescent organic
material, the layers being placed between the el ectrodes and including a
light-emtting | ayer, said pixel circuit conprising: a conversion part for
converting the current provided fromsaid data |line into voltage; a hold
part for TeolAdi sgive heattioltypegarganio ekectreldniiyesseit dlisplayvdavideanclpding;cuanedt-a dri ve
part for converting the voltage held in said hold part into current and
passi ng tweting myer pixdl cuevitsnarrangeduigha tresrinrigemi for aillewingo CuiteH eloc Bss
el enent, wherein said conversion lt_)arjt is shared between at, | east two
separ at e troughdhe pixgl elgitg; iz adainline m aceard withilyBinages fo write, RMYRYYCR; ¢
el ectrol um nescgent  di spl ay devi.ce accordi.ng to cl ai 16, .wherein said
pi xel ci rafprmagon thefepite.of éﬁ"fﬁi yEguat é‘ﬁgg‘é‘ﬂ %t‘\/\é@ﬂ’laﬁ slqmaent jorggpic

nei ghbor i - ctl i r i r ol Ui nt
dropl ay dtisBSinediy ASReRC iR T HelBE Y SO RUTSIS B BLBSERC
first fie LS T : b € dA
short - ci r%ﬁﬁtﬂl&ﬁﬁ%g&éﬂ%@%ﬂé i“gatté)rlr%lﬁg%%e a%?or%ﬁg\’/@?%bgge agﬁ)t?g %rseg%rgdengtng and

sour ce Whgplydiigt lightemittinglayef saidikdl @Bcit Edmgriginignt from said data |ine;
wherein said hold part has a capacitor for hol ding said voltage generated

across said gat eomseicgopdrt foradonsetifg the airrdnEprovaded frdwarsaiddatalide dutove part
has a second FET connected in series with said electro- optical elenent,
for drivivdtagei d el ectro-optical element in accordance with the voltage
held in said capacitor. 35 19. The active matrix type organic

el ect r ol umi nesckhgld gpg fordipldiag theevoliage senveried by saidconversion pprtBd n sai d

fc:)[]i i ? 3? esgﬁ(r)pagﬂg%l;g?rp g(:)/recasngerallngbs'? a%e‘& %l)llta}/geshae incst]a% %((:Jde }I;a{r? }nltg cgrr}gnt a'.[naget her

passing the converted current through the organic electroluminescent element, wherein

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 matrix 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 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 driving said electro-optical element in accordance with the voltage

held in said capacitor.



'20. The active matrix type organic el ectrol um nescent display device
according to claim 18, wherein said fisrst FET is a single transistor

el enent shared between at |east two separate pixels in a row direction
21. The active matrix type organic el ectrol um nescent display device
according to claim 18, wherein said first FET includes a nultiplicity of
transi stor elenents having the drains and gates connected together, said
transi stor el ement being shared by at | east two separate pixels in a row
direction. 22. An active matrix type organic el ectrolum nescent display
device including current- witing type pixel circuits arranged in a matrix
form for ¥ Thoaeliyecnatriziype ergpris slectralumingscen displayclevice agenrding o glagn dat a
line in accord with,|um nance to ite lum nance _information thereinto,
each pi xeld, cvheseint i st 3y S%fgng%aﬁisphw stbsfhti! SymR Gharacteristic. and
electrol%nigﬁscent.elenentthavin a first electrode, a second el ectrode and
| ayers of'©8 gé??ﬁﬂﬁﬁfﬁ&?ﬁéﬁ?“ﬁf&&ﬁfe material, said |layers being placed
between the el ectrodes and including a light-emtting |ayer, said pixel
circuit conprising: a first scanning switch for selectively passing the

current pipYindgekie MMRaYSE orgﬁéié‘ elécﬂsmnﬁné‘seaﬁ%ﬁ@iz@ruepfé@tacé&ailn Q8\¢Rihi Ng the

current provided through” sai irst scanning switch into voltage; a second

scanni ng BBMvidheih GhidShitse FETVE| 4y sipgleStraigistdreclondrt apsred dewweddnedt 1bast sabd
conversion part; a hold part for holding the voltage supplied thereto

t hr ough sseparateguxelsiinxbroscdingvtiog. swi t ch; and a drive part for converting the
voltage held in said hold part into current and passing the converted
current through said electro-optical elenment, wherein said first scanning

switch is_shared.between at | east,two, separate.pixels.in a row difection.
28 ' She o2k The Srite FATE e QALGRR ClocH BTGP e DAY s o ol

2&9?2? rs]ﬁ]aig %@b%&ﬁ%ﬁt%%ﬂuf ale'g nﬁlllt)i(;ﬁlcit(}:ll 5 Hﬁ&sis?&selgr%le%sfﬂarvﬁntg 2Nt ng
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-
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 utilizing as a display element organic
electroluminescent element having a first electrode, a second electrode and layers of
electroluminescent organic material, said layers being 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 voltage supplied thereto through said second



"two ‘nei ghboring rows. 24. The active matrix type organi c el ectrol um nescent
di spl ay device according to claim 22, wherein said pixel circuit has
further said conversion part shared bgpmeen at least two separate pixels
in arowdirection. 25. The active matri x type organi c el ectrol um nescent
di spl ay device according to claim 24, wherein said pixel circuit has said
first scanning swtch and said conversion part both shared between pixels
in two neighboring rows. 26. The active nmatrix type organic

el ectrol %ﬁ}ﬁ§%p§p&crﬂia§¢p| ay device according to claim22, wherein said first
scanning swtch includes a first FET having a gate connected to a first
scanni ng line; aeVepdit St cbnoetivgthd Obltagerteld hcsaidl hsldopaseinom durrént andvi ng a
drain and a gate thereof short circuited, for generating voltage across

t he gat e passing hise sonvected icheestothroughesaide electembplical siqupint.ewhéreimnsagdifisstdat a
line via said first FET; wherein said second scanning swtch_ includes a

t hi rd FETcheninggwitchyiatshared betrvsen atdleasd teo senaentel pixekirin p figw|dirgetiongher ei n sai d
hol d 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 37 Ln said drive part .includes.a fourth FET connec i ries
Mt sl . dheabi v s Sl ecttpfinifis e i Duly v ERARRGURE sb Ve

el ement i . - W\ 1. | 2 i ' j . The
et ve et Perp e i o spiHrhE il Swiyth kel GRRASI SiRk1s ithe TP
claim 26y, esHboRng fdws Second and fourth FETs have substantially sane
char act e?tiwsti C andngtogset her constitute current mrror circuit. 28. The
active matri x type organic el ectrol um nescent display device according to

claim 26, wherein said first or second FET is a single transistor elenent
shar ed be24\dte aative inataixt type\orgasip leatroluminesicenti dispdayr dewiodi aceardingrto claim

22, wherein said pixel circuit has further 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 according to claim
22,

wherein said first scanning switch 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
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 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



'29. The active matrix type organic el ectrol unmi nescent display device
according to claim 26, wherein said fysrst or second FET includes a
multiplicity of transistor elements having their drains and gates
connected together, said transistor elenent being shared between at | east
two separate pixels in arowdirection. 30. A nethod of driving an active
matri x type organi c el ectrol um nescent display device including
current-witing type pixel circuits arranged in a matrix formfor allow ng
current to passwhdreinu@id dtiee pact dhcladescalifdustv FBT aconféded imeerled wiclcedid Wit h
| um nance to wite lumnance information thereinto, each pixel circuit
havi ng areledteeoptivabglement], foradrimgnsaidvblesteo-optdah aleaent b dcesrdan¢ehwithsaidur r ent
passi ng therethrough, said pixel circuit conprising a first scanning
switch foyoltage beldiig saig capasiiping t he current provided fromsaid data line, a
conversion part for converting the current provided through said first
scanning swwtch into voltage, a second scanning switch for selectively

[ . ' ] , hql d f
el g (BE ThE Rl ARt ﬁeééf%‘gwﬁ@eiﬁéﬁlfﬁﬁ%ﬁéﬁﬁw Fhies eBinkp %&E@WQE ch,
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el ement, WBehed ddnSiutd dukfeif mif@cig sWtch is shared between at |[east two
separate prxels in a row direction, conprising a step of setting second

scanning switch to have a sequential selective status by sequentially
sel ecting the preceding row and then the later row while first scanning
swi t ch ha28. &hs ebtinet mateixdype organio efectwoluminegcens didpldyadesicetasoordimgao ataempi xel s
in arow direction,

26, wherein said first or second FET is a single transistor element shared between at

least two separate pixels in a row direction.

29. The active matrix type organic electroluminescent 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 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 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 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
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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.



