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1. Title of the inventice

Circuit, Driver Civenit, Organic Electrolumiacscent Display Device, Elec
tro-optical Device, Electronic Apparatus, Method of Controiling The Curs
et Supply te anm Orpanic Electrcluminescent Pixel, wod Metbod for Brivin
g a Circuit

2. Claims

1.4 {river circuit operatitg in stages that cemprise o programming ¢
rage zund a reprodacticn stage, the circuit comprisiog: a plerality of cu
rrent paths each of which passee threogh the circeii, 2 current driven e
lement. & transistor conoected so as cperatively to contrel the current
supplied to the Said element. 2 capacitor cennected for slering aev cpers
ting veltage of the trangister during the programming stage, and §witchi
ag means which coatrol the current paths, the arreagement beinmg such tha
. c¢ne ¢f the current paths does not iaclude the satd clement.

9. A driver c¢ircuit fer driving a pizel of av elecircluminescent de
vice, the pisel including an electroluminescent element and the circuit
comprising; a trapsister copnected s6 as cperatively te centrel the curs
et Supplied t¢ the electroluminescent element, a capaciter connected fo
r storing ao operating veltage af the transister duricg e programming st
age, 2 first switchiog means connected so as to esteblich when cperative

a current path through the transistor during the pregramming stage, and
a second ¢vitching means cennected so as to establish when operative a
current path threugh the transictor and the electroluminescent element d
urizg @ reproduclicn Stage, whereiop the first s¥itching means 1$ conect
ed such that the current path during the programming stage does nol pacs

throngh the electreluminescent element,
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3. Adriver cireutt for driving a pizel ¢f an electrelominescent de
vice, the pixel including an electrelumineccent elemeatl and the circuit
comprising; a transister connected $¢ as cperatively te¢ control fhe curs
ent supplied to the electreluminescent element, 2 capacitor cconected ig
T storing an operatinf veltage of the traosister doring a programming st
age. 3 firet ewitchiag means connected €¢ ag t¢ establich whenm operative

o current path threugh the transister dauring the programming stage. a ¢
grend switching means comnected S0 a% to establich when cparative 2 culr
ent path throuvgh the trapvsister and the electroluminescent element duria
g a teproductica stage, gnd 2 current €ink, the flrsi ¢witchiag mepns be
tog ccennected sech that the cwrrent path doring the programming stage is

threugh the trangittor to the verreat sink.

Lo A driver circoif a¢ claimed (o0 ¢latm 2 or 3. whercin the [irst 2
nd second switching means are controlied by respective control sigaalg ¢
eparate frem each cther.

5. A driver ¢ircoit as c¢latmed 12 goF ¢f ¢laims 1 te 4, further com
prising a third switc¢hing means, the thisrd switching mesns being connect

ed to biag the ftrangittor to act a¢ a dicde during the pregramming stage

6. A driver circeit ac claimed in claim 5, whereino the third switeh
ing means conoects the first switehiap meant t¢ the scerce/drain current
path of the traasister.

. Adriver circoit as claimed i1n cfaim 5, whesein the third switch

ing means conrects the firct ewitching means to Lhe gate of the Lransist
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0r.

§. & driver ¢ircoit as claimed in any of claims 2 te¢ 7, wherein an

additicnal transistor (¢ cornegted in parallel with the said Lraagister,

gn gdditicnal switching means interccunects the drains of fhe transisto
rs. and the gate ¢f the additienal trangistar is coanected t¢ the gate ¢
fothe said transister.

9, A driver circuit a8 ciaimed in ¢laim 6, comprisiag 2 plurality ¢
[ additional transisters each with 2 respective additicnal switching mea
2¢. each additicaal tractisteor and additienal switching meanse being ¢oon
pcted a¢ aferesaid with the additicnal switching means being coneectled o
D series with each ciher.

10, A driver ¢circuit ae¢ ctlalmed in any precediog claim, whercern the

circuit 1s implemented with pelssilicen thin film transisters,

[1. 4 method of contrellieg the curvent supply to an electrofemines
ceat element comprising the steps cf providing a current path during a p
rogramming ttage which path dces nce pass through the electrolominescent

clement end of previding a current path during 2 reproduciion stage whis
¢h path dces pass through the electroluminescent element.

12. A methed of ccntrelling the current sgpply to ap electrelumines
cent elemect cemprising the steps of providing a current path doring a p
regramming stage whick path ¢enmects t¢ a turrent sink and of providiag
a current path during a reproductico stage which path passes Lhrough the

electroluminescent element.
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1%, An electrglominescent digplay device comprising one o moie dri
yer citceits as claimed ir asy of clatms 1 te 19,

1¢. An electronic apparatus incarporating an efectroluminescent dis
play device ag ¢leimed in claim 3.

15. A driver circuit as clagimed io clgim §, wherein the third swite
hing means i¢ dicpcesed between the capacitor and the first switching mea
ne.

1. A driver circuit as claimed in any of ¢laims 1 i¢ 10, whercin |
he said transistser is a p-channcd thio film tramsieter

17. A driver cireuit as ¢leimed in claim 5, wherein the first, the
second, and the third titchitg means are formed of recpective n-chaneel
thin film transistere.

18, A4 civeuit comprising a current driven element, the circuit prov
T¢ging 2 firet current path including the cusrent driven element and 2 $¢
ceod currenot path not [ocluoding the current driven element.

19, A cifcuit comprising a current driven elemeat, the eircuit proy
iding a first ¢orrent path flewing o currenot throegh the current frivgn ®
element, and a seccnd cursent 9ath act flewing currest thresgh the curre
gt driven element.

20. The circuit accerding to claim 18 or claim 19, forther comprisi
pg a tramsittor for controlling a current supplied to the current griven

element.
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21, The ¢ircuit accardrng tc claim 20, wherein the secuved currenl p
ath ts disposed so that the second current path 1t eaabled to be connect
¢l teo a power Scurie

22. The circuit according to c¢laim 20, wherein the seccad corrent p
ath fortber includes o frret switching means,

23, The ciseuit accerdiag tc clatm 26, wherein the secend current p
ath includes at leact one of fhe traneister and ancther tramsistor that
determines a current flewing throught ihe transistor.

24, The e¢ircuit aceording to claim 20, forther comprising a capacit
or ceanected to a gate ¢f the transigter.

25. The citcuit according t¢ claim 24, forther comprising a second
switching meant dicpoged between the carrent driven element and the trac
sister.

26. The girguit sccording to claim 23, further comprisiog 2 third s
witching means disposed between the 1ivet switching meant and the capagi
ter.

7. The cireuit aceording to clamm 25, wherein the [irst switching °
meant gad the tecond Switching meant are controtled by respective centig
I signals separated from eac¢h other

28. The circult according to claim 18 ¢r ¢latm 19, wherein the curr

ent driven element 1% an crgante electreluminescent ¢lement,
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28, The circuit according to claim 20, wherein the transistor is a
p-chavoel thie film traneistor

$0. The circuit accordiog to claim 26, whereip the firgt, the seceon
. and the third switching means are n-channe! thin film transisters.

§1. The circevit accerding to claim 20, wherein the first current pa
th aad the secend carrent path iocluding the transictos

31. Ao electro-optical device baving 2 plurality of pixels aod at |
east onc pixel cempriciog o circuit with a current driven element sed 3
currert determining means for determining # corrent according to a data
sigual, the circwit providiag a first current path including the corrent
driven element and 2 second cerrent path act inclading the current drivy
en element.

$3. An electronic apparates iacluding the electfo-optical device ac
cerding te claim 32,

d4, The circvit according to claim 7§ ¢ claim 19, whercin the speq
nd cyrrent path ¢ commected to g current sink.

35, The cirewit according te c¢laim 21, wherein the sec¢nd curcent p
ath is comnected t¢ 3 current gink.

36, A methed for driving a circuit comprisiog a curreat driven elem
ent and a transister that controls a current cupplied to the current dri

ven element, cemprising a step of determining a pate voltage of the tranm

sigtor bzsed en 2 predetermiced currezi.

3T. The method according te claim 36, {urther comprising 2 step of
supplying a current to the current driver elcment.

38, The method according to claim 36, wherein oo current 13 supplie
d te the current driveo element during the step ¢f determining a gate vo

[tage o¢f the traonsistor based on 2 predetermiced curreat.
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3. Detailed Description of Toventicn

The present fovention relates, inter alia, te a driver cirguit. Qre p
articelar spplication of such a driver ¢ircuit is for driving a pixel ol

at crganic electreluminescent devige

Ao erganic electro-luminescent (QEL) element comprises a light emittin
g material layer sandeiched betwecs zn anode laver and a cathede fayer.
Electricativ, this element operates like a dicde. OGptically, it emits
light when feorward biased and the Inteesity of the emiteico increases Wi
th the forward bias curreat. [t 13 possible to con¢trect a digplay pane
I with 2 matrix of OFEL elements {abiicated c¢u a transparent substrate an
d with at leas: sne ¢f the elecircde lavyers being {ranspareat. Gne cac
aleg integrate the driving circuit en the same panel by weicg low temper
ature nelveilicen thin film travsister (TFT) techeology.

[n g basic analey driviag scheme fer anm active matrix OQFEL dispiay. a m
inimom of twe trassisters are required per pixel (Figure 120 T ¢ for a
ddressing the pixel and T it fer converting the data veltage signal 139t
0 current which drives the OEL elemeat at a designated brightness. The
data sigael ie stered by the sterage cavaciter Csicrage when the pixel 1
s not addressed. Alibough p-chanmnael TFT7s are shewn in the figures, the
same principle car alse be applied for g circuit with a-chancel TFTs.

There zre problems assceiaied with TFT aeaiog circwits and OFL element
s 6o not act like perfect divdes. The Yight emitting material dees, hew
ever, have relatively wniform characieristiics. Due to the nature of the
TFT fabdricatice techroique, spatial varimtion of the TFT characteristics

exists over the ¢ntite panel. DOne e¢f the most impertanl constderations
in a TFT analcg circuit I8 the varigticn of threshold voltage, éﬁVT| [
om device to device. The effe¢t ¢f soch varizticy in an QEL display, ex
acerbated by the noo perfect dinde behavieur, is the non-soiform pixel b

rightaese over the dicplay panel, which sericasly affects the image qual
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1ty. Therefere, a built-in circuit for cempensating a dispersicn of trg
nstefor characteristics 1§ required

& circuit shewn im figure 2 1¢ proposed as one ¢f built-io for compens
ating 2 varitaticn of tramsistor tharacteristics. [o this cireuit, T1 1s

for addressing the pixel. T2 cperates & gn anvaleg current gontred o
provide the drivieg curreat. T3 ceenects between the drain asd gaie cof
T2 and teggles T? to be either a diode or fv satvration. T4 gcts as z 3
witch. Either TD o1 T4 can be ON at aoy cac time. loitiatly, T1 anod T3

are OFF, aad T4 15 ON. When T4 15 OFF. T1 aod T3 arc ON, and a currect
¢f koown value Ts gllowed to flow jniy the OFL element. threugh T2. Th
is 13 the progremming stage hecause the threshold voltage of T2 it measy
red with T2 cperating as z dicde {with T3 turzed ON) while the pregrammi
2g curreot is allowed t¢ flow throsgh TI. throngh T2 and iatc the QEL el
ement. T3 sherts the drais and gate of T2 aod turns T2 in te a dicde.
The detected threshold veltage ¢f T2 is stered by the capacitor Cl cenne
cted between the gate and scurce termioals ¢f T2 when T3 and TI are swit
¢hed OFF. Theo T4 is tuwrocd ON, the curreot is eow provided by Vop. [f
the siepe of the curput characteristics were flat, the repredoced curse
ot would be ihe same as the pregrammed corrent for any threshold voltage
of T2 derected. By tvroing ON T4, the drain-source veltage of T2 is pu
[led uwp, sc @ flat cutpst characteristic will keep the reproduced curren
t the same a8 the programmed current. Nete that a¥pg thewe in figure 2
is imzginary, oot real.

A& cecestant current is provided, e theory, during the active programmi
ng stage, which 18 12 t¢ t5 in the timing diagram ehewo in figure 4. Th
¢ reprodection stage starts at 6,

The circuit of figure  is advantagsous but there i an on-going desir
¢ to reduce pewer consemption., In particalar, implementation o¢f the cur

rent-sgurce im the circuit ef figure 2 requires a bias voltzage (VBE&S) i
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noadiitivn to the supply veltage (Ypp). Altheugh the supply voltage Y
U} could be imcreased to ¢over the required bias veltage :VB[AS} whieh
would have the advantage of reducing the compenent count, there 18 stili

an gverall increase io system power coosumpticn to program with any val
we of deta current (lpyqp).

Attenticn fs, By the prescnt ifaventien. drawn to the fact that all cur
reots passing throwgh the circuit of figore 2 pass through the OFEL eleme
nt. The significance ¢f this Lo the preseut imventico will be apparent
frem the descripbtion given hereisalter.

Aceording te a first aspect of the present ioventicn there it provided

a driver ¢ircutt eperating in stages that comprise a programmicg $fafe
and 2 repreducticn stage, the circuic cemprising: a plurality of current

pathe each of which passes through the circuit, a corrent driven ¢lemen
t, a trapeister connected st oas cperatively to comtrol the current swppl
fed tc the said element, a capaciter coonected for stariog ao sperating
vpltage ¢f the transister duriog Lke programming stage, and switching me
ans whieh contrel the cerrent paths, the arraogement heing Sovck that g¢ae’

of the currect pathe degg not in¢lude the sald element.

Acecrding te 2 second aspect of the present fnveotion there is provide
d a driver circuit for driving a pixel of gn electroclumivescent device,
the pizel includiag an electreluminesceat element and the circuit compri
ging; a transister conomected sc as operatively to contrel the current su
pplied to the electroluminescent clement, & capacitor ¢oomected for cter
ing an operatiag voltage of the tramsistor during a pregramming Stage, @

firet switching means connected so as to establish wheo operative a cur
rept path throuwgh the transistor doriog the pregramming stage. znd a sec
ood switching meaas coanected s¢ as to establish when cperalive a ¢urfen
t path throogh the transictor and the electreluminesconl ¢lement duriug

a Teproducticn stage, wherein the firet switching mezns 18 connected Sue
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h that the current path duriog (he programming stage does not pags thigy
gh the electroluminescent element

According to a ¢hisd aspect ¢f the present inventicn there it provided

a triver ¢ircuit fer drivieg a pixel of am electroluminescent device, t
he pizel iocleding sn electroluminescent element and the cirewit ¢ompris
iag; @ transistor comnccted sc as cperatively to control the corrrent sup
plied te the electroluminescent element, a capaciter connecied fer sferi
nf atv Gperatiag volfage o¢f the fransistcor during 3 programming stage, 1
frrst switching means conmected sc as to establish wher eperative a cuif
eet path threugh the tramsister during the programming stage. 2 secend ¢
witching means connected s¢ as t¢ estadlish when cperative 2 current pat
hothrouwgh the tramsistor and the electreluminescent element during a rep
rodyction stage, and a cucrent sink, the first switching meant being ton
nected Such that the current path doring the pregramming stage is throug
bothe transistor to the current sink,

Sccording to s fouwrth aspect of the present inventiocn there 1§ nrovide
| & method of contrelling the current supply tc an elecirclyminescent el
ement comprising the steps ¢f providing a current oath during a programm
ing stage which path does net paes through the electreluminescent elemen
t znd of previding a current path during & reprodocticn Stage which patd

dee¢ pass through the electrolumicescent element.

According te a [0fth aspect of the present inovention there if provided

e methed of controlling the current sppplyv to an electreluminescent ele
ment comprising the steps of providing a cerrent path during 2 programmi
ng stage which path connects lc 2 current sink and of previdiog 2 curren
t path during a reproducticon ¢tage which path passes throved the electro
luminescent e¢lement

Aecording to a sixth gepect of the present invention there is provided

an tlectroluminesceat display device comprising cne ¢r morg friver ¢irg
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1ite aceording to any of the [irsty to third aspects of the present inven
ticn.

Aeenrding 1o a sevenih zspect of the presest inventicn there ig previd
ed an electranic apparatus (ocerporating an electroluminescent display d
pvice acearding to the sixth aspect of ithe present iavention.

According to an eigih aspect f the precent laventien there 1¢ provide
¢ & circuit comprising a current driven ¢lement. the circult providing a

firet current path incieding the current driven element aed @ Second co
rrent path not iacioding the current driven element,

dccerding te a nmiveth aspect of the present laventicn fhere ig provide
d a2 circuit compriging a curirent driven element, the gircult previding 2

firet current path flewing a current throogh the curzent driven element

and a3 Secend corrent path net flowing curreat through the current driv
en element.

According to a tenth aspect of the prescut inventicn there is provided

a method fer driviag a2 circult comprising a curtest driver element and
@ trangister that centrale 2 turreat sepplicd te the curreat drivea elem
ent, comprising a step of determiviag a gate voltage of the transitter
afed 61 z predetermined carrent.

[t wii1 be neted that according to the present lmventicn oo carrent is

applied to¢ the current driven element by the current centreliing transi
gter during the pregramming siage. Lo wccordamce with the loventicn inm
an electrolominescent device a pixel driver circeil can be implemented ¥
ithout degrading tke perceived image presented by the electroluminescent

device. [t hae the benefit o¢f reducing the cverall power goagumption ¢
gmpared with the prier art in which the same currenf 15 supplied to the
0FEL element dering both the programming and the reproduction stage. Fur
thermoere, the ¢ircuit cen be operated frem a normal supply voltage rathe

f Lhau requirting a high bias veltage as in the prier art. la effect, th
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¢ present invention prevides for separatica of the pregrammiag and the
eprodoctive cerrent paths, This¢ enables a number of advantages to he ac
hieved. For txample, if there is no current flew through the OFL clemen
t during the programming stage then Lhe pregramming stage cperates mefre
quickly = sioce the arrangement aveids the slow down caused by the paras
itic capacitance ¢f the QEL c¢lement.
{Embodiments>
i pixel driver circuit accerding te a first embodiment o¢f the present
inventien is shewn in figore 3. Traesister T2 cperatet at ae atalcg cur
rent contrel te previde the driving currenl to the OFL element. Alse, t
he sterage capacit6r C1 is coonected between the gate and the teurce of
trapeister TZ#. o the circuit of flgure 2, a current scurce 1% Gperatiy
ely centecied to the source of fraasister T2 oy trancister T1, during th
g programming stage. and corrent is thws applied to the OEL element. o
the embod iment of the present inveniica. transistor T1 gperatively conn
ecte tramcister T2 to & current sivk during the programmiag ¢tage. That
is, accerding te the present fnvention, during Lhe progremming Stage a6
corrent ¢ sgpplied through transister T2 to the OEL element. [a the ¢
ircuit of figure 3, the drain of transistor T2 15 coaznected t¢ the goure
¢ of transistor T1 via the seurce/drain path of transicter T3. The sour
ce of transister T1 is conmected to the gate of tramsistor T2 aod the Za
tes of tramsisters T1 and T3 arc cennected together. The programming ve
Ltage VP is applied to the gates of TL and T3. Transister T4, which i
switthed off durisg the programming stage, consects the drain of T2 and
the source of TY to the OFEL element. During the programming Stage, trag
sister T1 operativel? cennects transister T2 to a cuirent siok which it
tied te grooed or a reference veltage.

The circoit of figare 3 operates in the programming stage with T4 ¢wit
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ched off acd T1 and T3 switched on. T3 being switched en has the effect

ol makivg T2 wct as a diode and TL comnects thise dinde to the data curs
ent sink. As a resuit. capacitor C1 ¢harges (or discharges, depending o
0 the veltage stered during the previcus frame). Capacitor C1 charges t
o the gate/sonrce vollage of trensister T2 and thut stores the voltage (
VG682, correspending to lhe data curreat [DAT] which will control the cus
rent supply to the OEL element during the repreduction stage. At the ¢
d of the programmiog stage. T1 and T3 are switched off. The veltage VGS
7 i stered on CL Ter the remainder of the frame pericd. As will be r1ea
dily zpparent from the ¢ircuii diagram and this descripticn, in accerdan
ce with the present iaventisa there s no reguirement for a bias veltage

to previde a corrent source. That is. the fupply veltage (VRD) in figu
re 3 is deiermined by T2 aad by the OFEL element and there 18 ne requirem
¢nt for a bigh veltage Lo power a current scurce. The maximem voltage I
equired by the circuit is thus sigaificantiy less thap that required by
the circoit of ligure 2.

At the start of the programming stage. with T4 switched of f. 9t 1s fou®
nd that the OEL element exhibits a paratitic capacitance which discharge
s through the device. The rate of chargiog of C1 determines the time fa
ken for the pregrgmming stage. o accordance wmith circuits embedying th
¢ presen: iovemtion, the capacitance of €1 can be relatively small and t
hus the chargiog can be very rapid. A¢ a consequence, the pericd fer wh
ieh ne ¢urrent is applied to the OEL element by T2 1s very short compare
d with the whole frame. These lactors, together with the persistence ¢f

vicign of the hyman eve meant that there is no perceptible degradation
cf a displayved 1mage.

Tae off resistance af T3 can be impurtani, becasse after Cl has bheen ¢
harged and T3 i switched of [, the ¢ff resistance of T3 can affect the v

oltage acrose C1 fer the rest of the frame period. Thus, the gate/sourc
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e capacitance of T3 chowld preferably be small compared with €1,

The reprodecticn veltage VR i¢ applied to the gate ¢f tragsistor T4,
At the beginning of the reproducticn sfage, 1n the cirewit of figure 3,
T4 is switched ¢n avd TI and T3 remein ewitched off. As a resulr, T ac
tg a2t a corrent scurce with YG52 bhiased by C1, thus supplying current to

the GFL elemert. At the end ¢f the reprodocticon stage T4 i¢ switched o
f4, T1 aod T3 temain switched off. This compietes eoe cycle, The drivin
g wavelform {§ indicated in figure 3.

Figure 4 iliustrates a second smbediment accerding to the present inve
nticn. The circuit ¢f figure & diflers from that of figure 3 in the cen
nectice of transister T3, o the ecirceit of figure 4. T1 15 connected
to C1 through the draio/seurce path of T3. The cireuit ¢f figure 4 is p
referred to that ef figure 3 becauvse T3 1¢ act 12 the current path durin
g the programming Stage. Otheiwise the cperaticn and effects ¢f the tec
gud embediment afe similar tc¢ thege of the [irst embrdiment.

Figure 5 is 3 circuit diagram shoewing 2 nomber of pisels in an active
matrix dieplay, with each pixel implemented in accordance with the circe®
it el fipure 4. To simplifv the illustration, a monochrome display devi
¢e is thown., Sinpce the circuit is ¢f am gciive matrix, pixels on the sa
me raw are adiressed at the same time. Transister T3 1s respensible [or

pixel addressing., so its seurce terminal is coensected te the current da
la lise shared by a columo of pixels. Becanse of this the leakage ¢urre
pt ¢f T3 should be kept to g minimem. This caz be entured by using a mu
Iti-gate structure for T1. Ia addition to a multi-fate structuvre, a lig
htly deped drain (LDD) structure can als¢ recduce the leatage corrent.

Figure 6 is a2 schematic cross—sectional view of the physical implement
atien of the pixel driver cirguit in an QEL element structure. In figur
e B, numeral 132 {odicates a hole injection layer, anmeral 133 indicates

an organic EL layer, and ocumeral 151 indicates & resict ¢r sepasating s
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tructurc. The switching thia-film transister 121 and the a-chapnel type
cutrent-thin-film traneister 122 adopt the structure and the process or
dinarily uged for a lew-temperaturs pelysilicen thio-film travsister, su
¢h as are used fer example in knowe thio-film transister liguid eryetal
display devices such 25 a tap-gate structure aad a fabricaticn process w
herein the maximuim temperature is 600degrees ceatigrade o1 less. Heweve
r, other structures and processes are applicable.

The forward oricnted srganic EL display element 131 i8 fermed by: the
pisel electrode {15 lermed of Al. the cpposite electrede 116 formed of I
TO, the hele iojectiva faver 132, and the crganic Eb Jayer 133, [In the
forward oriented grganiec EL displar elemeat 131, the directicnr ol curren
¢ of the crganic EL display device can be set from the oppesite electrad
¢ 116 fnrmed of [TO to the pixel clecirede 119 formed of AL,

The hele infecticn layer 132 and the crganic EL Taver 133 ma¥ be forme
d ueing an ink-jet printing methad, empleving the resist 151 as 2 separa

tizg structure between the pixels. The cpposite electrode 116 formed of

-

[T may be fermed usicg a Sputtericg methed. Hewever, other metheds ma
v alse be used fer forming all of these components

The typical layout of g [ull §isplar pavel empleying the present inven
tien is shewn schematically 1o figere 7. The pavel comprises an attive
matrix OFEL element 200 with wnalogue current pregram pixels, an integral
ed TFT scazning driver 210 with level shifter, a fiexible TAB tape 220,
and an external analogue driver LS 230 with av integrated Ra¥/controlle
. 0f cgurse, this is only cnc cxample of the possible panel artangemen
ts in which the prese¢nt ifavention can be weed.

The structure of the organic EL display device 18 not limited fo the o
ne described here. Other structures are alse applicable.

With refercnce fer example to the circuit of figure 3, 1t will be appr

eciated that the inventicn provides s date culreni source - io this case
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far the GFEL element. The gircuit is readily extended so as Lo provide
ar amplified and/or moltiple level (current) cotput. The primciple of ¢
ueh 2 cirenit can be understecd with reference to figure §. the c¢ircuit

¢f figure § comprises the circoit of figure 3 with an additiveal drive
transistor TS and an additicnal ewitching transistor T6 added. The cour
ce of T5 it¢ connected t¢ YOD and 1ts gate receives the same drive veltag
e signal a% 18 gapplied to the pate ¢f trassistor T2, The drata of trans
istor T5 is geries comnected to the drain ¢f transistor T6 zua the sourc
e of T6H It connected tc¢ the commoo point ¢f conmection of trangictors T2
. T3 aud T4. The pate of trantister T8 i¢ connected to the geie of tran
sistor T4, If it is assumed that the charactertetic of trassister 72 is
W/L and that the characteristic of trameistor T it selected te be (N-1
JW/L then a curreat amplificatiocn of:-

lewr = Tin x N

is zchieved. [im ig the current which flewe through the current sink, i
c¢. IDAT i figures 3 and 4. louwt i¢ the corrent which flews threugh th
¢ OFL element. Thus the circoit of flgure 8 can he oeed to reduce the v
alue of [DAT compared with the circuit of figures 3 and 4, while maintal
ping the same c¢urrent through the OFL element. Lawering the value e¢f ID
AT has the advantape of enabling the operating speed ¢f the circuit te b
¢ lucreased. Lowering the valuve of [DAT also hae the advantage ¢f lower
ing the transmission less experienced across a matrix of pisels, which i
¢ particolarly impertant with respect to large scale display panels.

01 ccurse, additicas} stages - each adding their cwn circuit of additi
onal transistors T5 and T§ - cac be added. With the switching transiste
rs T6 series ccooccied and sach receiving 1ts o¢we Zate drive signal =~ ag

chown iuv figere 9 (A,B c¢te) - different cutrent values cao be selected

tc pass through the QEL c¢lementl, resultiog in differeat tntensities of |

ight catput.
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Preferably the circuits shown in figores 3 to 9 are implemented wsing
thin Film transistor TFT) tcchnology, most prefershly in polysilicen,

The present iaventicn 1s particularly advantagesuns for wie 1o emall, m
thile efectrenic products such as mobile phones. camputere, CB plavere,
DYD players and the like - altheugh It is net limited thereto.

Several electronic apparztuses using the zbove organi¢ electroluminese
ent display device will now be described.
<1 Mebile Computery

An example it which the display device accerding to sae of the above ¢
mbediments ie applied ¢ a mebile personal cempuier will now he detcribe
i.

Figure 10 1s an iscmetric wiew illustrating the configuration of thie
pertenel computer. In the drawing, the perscuzl computer 1160 15 provid
ed with a hedy 1104 including 2 kevboard [10F and g display voit L1OF.
The ditplay unit 1106 is implemented usiag a display panel fabricated at
cording to the pressnt invention, as desciibed above.

{2: Portable Phone 5

Next, an example in which the display device 15 applied to a display ¢
gction of a portable phone will be described. Fig. 11 is an iscmetric v
lew illustrating the cenfiguratiocn ¢ the portable phone. [n the drawin
g, the portable phene 1200 i¢ provided with a plurality of operation key
© 1902, an earpiece 1204, a mouthpicce 1206, and 2 dicplay panel 10G. T
big dieplay panel 100 i¢ implemented using a display panel fabricated at
cording to the present inventicn, as described above.
<3¢ Digital Still Cameray

Next, a digital still camera uveing an DEL display device as a finder v
[11 be degcribed. Fiz. L7 i¢ ap isemetric view illustrating the configu
ration of the digital still camera and the connecticn te cxternal device

¢ o1 brief.
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Typical cameras Sensitize fifme bated on optical images from ebjocts,
whereas the digital stil] camera 1300 generates imaging sigeals from the

optical image of an object by photoelectric conversicn using, for examp
le, a charge coupled device {CCD). The digital still camera 1300 is prg
vided with ano OEL elemeat 100 at the back face ¢f a caze 1302 te perform

displaty besed oo the imagiag signals frem the CCD.  Thus, the displey p

anel 100 fyoctisns at a finder {or displaying the object. A phefe accep
tavce woit 1304 iacludicg eptical lenmses and the CCD s pravided at the
front side {behind 12 the drawing) of the cate 1392,

When 7 ¢ameraman determines the object image digplaved in the DEL elem
ent pane! 100 and releases the shutter. the image sigaals frem the CCD a
re traosmiited end Slered Lo memeries io a circuit beard (308, In the d
igital still camera 1300, video sigual ouwtput termimale 1312 and faprt/e
ptput terminals 13014 for data commpaicatico are provided en a side ¢f (D
e caze 1302, As shtewn io the drawing, 3 televisien meniter 1430 and a p
ersonal computer 1440 a1e counicted to the videe ¢ifnal terminais 1312 a
ad the joput/eetipet fcrminals 1314, respectively, if necessary, The ima®
ging sigoals stored in the memories of the circuit beard 1304 are cutput

to the televisicn menitor 1430 and the persceal computer 1440, by a giv
¢l operaticn.

Examples of electrenic apparatuses, sther (hauw the persenzl computer ¢
kewn in Fig. 10, the pertable phone shown in Fig. 11, and the digital st
111 camera cthown in Fig. 12, ieclude OFL ¢lement televisicn sets, view-{
inder-type znd monitering-Lype vides tape recorders, car pavigation syet
ems, page:is, electroaic notebooks, portable calculaters, word processars
, workstations, TY telephones, point-of-sales system (POS) terminmals, an
0 devices provided with touch pacels. Of course, the above QEL device ¢
an be applied to display sections of these electronic apparatudes,

The driver circuit of the present inveotion can be dispesed not only
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& pixel of a display wnit bet alsc in a driver disposed onteide a disgp
lay wnit.

In the above, the driver circuit cf the present iovention has heen des
cribed with refercnce to variout dieplay devices. The applicationt of ¢
he driver c¢ircuit ¢f the present investion are muck breader thao joct di
spilay devices and ioclude, for example, its wse with a magaetoresistive
RAM. 2 cepacitance senser, a charge seesor. & DVA scuser, 3 pight vigicn

camera auod maey other devicec,

Frgore 13 tllustrates the applicatiow of the driver cireuit of the pre
seat lovention te a magnetic R4W. o figure 13 a magnetic head is indic
ated by the reference MH.

Figure 14 I1lustrates the applicaticn of the driver circait ef the pre
fent invention tu a megnetcresistive elemest. [n figere 14 a magnetic h
ead 1s indicated by the reference MO, and a megoetic resistor it iadicat
ed by the reflcrence ME.

Figure 15 [llustraves the applicatioc of the driver circuit of the pre
tent izventien fto a capacitance Seascr oI g charge senser. In figure 15

a sente capacitor {¢ indicated by the referenge Csense. The circyit of
figure 15 is alse applicable to cther applicaticns, sach at a fisgerpri
nt sensor and a DNA senscr.

Pigure 16 illustrates the applicaticn of the driver ¢ircuit of the pre
sevt ioveultice t¢ 2z pight Ficicn camera. [ figure 106 a photocandustos
1¢ indicaled by refrenece R.

In the embodiments illuvstrated with refercoce fc the abave specific de
seription the transiciors have been showo as p-chasae! type trapeistors.

This is not {imiting of the invention. For example, ligure 17 1% 3 &7
tef outlive of an alternative implementaticn of the circuit of figore 4.

e figure 7 n-channel transistors are wsed threughout the circuit, e

xcept for the drive transistor which is retained a8 2 p-channoel transist
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01,

[t will be apparent to perscns skilled in the art that sther variatien
¢ and modifications tar be made te¢ the arrangements described with respe
¢t te figares § te 16 without departing from the scope ¢f the Inventign
4. Brief Descripticn ef Drawings

Figure 1 thews 3 cenveaticnal OEL elemcnt pixel driver circult nsing
wo otrangistors,

Figure 2 shews 2 koown curteat programmed OFL element driver with thre
thold veltage cempensatioe,

Figure 3 showe a2 pixel driver circuit accerdiog to a first embodiment
¢f the preseat inventign.

Figure 4 shows o pixel driver circuit according to a seccnd embodiment

gf the preeent inverticn,

Figure 5 shews severzl pixels in a matrix display wherein each pixel v
ses the circuit of figore 4,

Figure § i¢ 3 cchematic secticral view of ¢ physical implementaticn ¢f
an OEL element and pivel driver acccrding to an embediment of the prese’
et loventice,

Fipure 7 i¢ a simplified plan view of an OFL di¢play panel incorporati
1g the present inventicn,

Figueze § shows another embodiment of a pixel driver circuit accerding
fg the present inventign.

Figure U shows another embodiment of a pixel driver circuit according
tc the present tnventicn,

Figure 10 is a schematic view of a mohile perscnal compuier incorporat
iag a display device having 2 pixel driver accerdiog to the present inve
nticn,

Figure 11 is a schematic view of a mechile telephecne incorporating a @i
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eplay device haviag z pixel driver accerding ©¢ the present inventios,

Figure 12 15 a schematic view ¢f 2 digita!l camera incerperating a disp
tay device baviog a plixel driver according o the present inventien,

Figure 13 illustrates the applicaticr of {he driver circuit of the pre
sent ifnventlion to a megoetic RAM,

Figere 14 illusiretes the application ¢f the driver eircuoit of the pre
$eat iuventlco tg 2 maganctercsistive element,

Fipare 15 [1lastrates the applicaticr of the driver circuwit of the pre
sent levemiior lo a capacifance sepseT ¢r 2 charge Senser,

Figure 16 ilTustrates the applicaticn of the driver circutt cf the pre
sent inventi¢n ¢ a4 night visice camera, and

Figore 17 is a brief cutline ¢f an alternative implementatico of the ¢

ircuit ef figure 4.

(Fig. 13
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ABSTRACT
A driver citcuit operating in stages that cemprise a programming stage
and a reproducticn stage, the circuit comprising: a pluraiity current p
athe each of which patses through the circueit, a current driven slement,
g transister cenoected s¢ as cperatively to centrel the corrent suppliec
d te the said element, @ capacitar conoected fer §torimg an cperating ve
[tage of the transistor doring the programmiag stage, aod switching mezn
¢ which centrol the current pathe, the arrangement being such that cae ¢
f the ¢yrrent pathe does net include the said element. Vg cErrent 1§ @p
plied te the current driver element by the current centrolling transiste
r during the pregramming Stage and thus the everall power consumpilon Is
reduced. Furthermere, the circuii can be cperated frem a nermal Sapply
veltage rather tham requiring a high biage woltage. During the pregrema
ing ¢tage, the circuit wses a current sink rather thae a current source,
Preferably, the current driven elemenat i¢ as electreluminescent ¢lemen
f.
Representative Drawiage

Figore 3
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