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i. Tithe ¢f [nvention

Cireunit, Driver Circeit. Electre-optical Device, Organic Electroluminese
ent Display Device, Efectronic dpparates. Methed of Controlling The Corr
eat Supply te a Curreat Driven Element, and Method for Driving a Circuit
2. Claims

1. 4 driser circail [sr a current driver element, the circoit cemprisino
g an n-channel transistor and a complementary p-channel tramsister conee
cted st z¢ to cperatively control, in combingtign, the current supplied
to the c¢urrent driven ¢lement.

9. A deiver eitenit as claimed in claim 1, wherein the complementary n-
channel and p-thannel tramsiscers cemprise poivsilicen thin film transis
tore.

3. A driver circuit ag claimed 1o ¢laim 2. wherein the ccmpliementary n-
charnel and p-chanoe] travsisters are ¢patially arranged fa cloge proxim
ity te each other for previding a complementzry pair of n-channel and p-
chavnel tramsisters haviong approsimately equal thretheld voltages.

§. & driver circuit as claimed o zey one ¢f ¢laime 1 tc 3 croonected s
as tc establish when cperative a vollage driver circuit comprising resp
ective sterage capacitors fer the n-chanoel and p-chavnel transistors ag
d respective switching means copnecled so as te establish when cperative
respective paths to the m-chawvoel and p-channel transistere fer respect

ive data veltage pulses.
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5. A drivesr citcuit as claimed in any ene ol claims 1 te 3 comprising I
gspective sterage capacitors for storing 2 respective ppetating veltage
of the n-channe! and the p-channel transisters duriog & Drogramming stag
¢, a first switching meane connected so as te cslablish when eperative a
first current path from 3 cource of current data signale threvgh the a-
channel and p-channel trantisters and the current drives element during
the programoiog stege. and a Second switehing means connected te establl
¢h when cperative ¢ seccud current path thrgugh the e-chaanel and p-chaa
nel transisters and the corrent driven e¢lement during a repredoction sta
ge.
f. & driver circeit 38 ¢laimed in claim &, wherein the first switching
meant and the sewrce o¢f curreat data signals are comgected £¢ af [§ Prev
ide when cperative a current gscurce far the current driven element.
T A driver circuil as claimed in ciaim 5, wherein fhe firer swifching
means and the spurce ¢f current data signals arg cemnected s¢ ag te pres
ide when cperative a current sink fer the current driven element.
9. A driver circuit as claimed in any ene ¢f claims 5 to 7, further com»
prising respective further switching means respectiively conpected o bia
¢ the n-chaonoel lransister and the p-channel fravsister ts act as dicdes
doring fhe programming stage.
§. A driver circuitl as ¢laimed ie claim &, wherein the respective furth
¢r switching means comprise p-channel tramsistors,
18, A driver circuit as claimed in any ong ¢f claims 5 to ¥, wherein th

¢ circuit i¢ implemented with polysilicon thin film trangistors,
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11, A driver circuit as claimed in cltaim 4, wherein the ¢ircuit is impl
gmented wsing polysilicon thin film transigtore,

19, A driver c¢ircuit as claimed iv any preceding ¢iaim, wherein the gur
reet driven element ¢ an electrolaminescent element.

13, A method of centrolling the sepply carrent to a curicnt driven elem

ent comprisiag providiap an n-channel trangister and & p-chaonel transis
tor connected s¢ as te gperatively centrel, 1n cembicaticn, the sapply ¢

grreet tg the current driven element.

14, A method as claimed in claim 13, comprising the further step of pro
viding the n-chavael transictor and the p-channel transistgr e pelysili
gon thin film transisters.

15, A method at claimed fn ¢laim 14 cempricing the farther step of spat
‘ally arranging the u-channel and p-channel pelvsificon thin film Lrangi
stors ia clese preximity t¢ each other.

16. 4 methed ag claimed in any ¢ue of claime 13 to 15 cempriviag provid
ing respective sierage capacitors for the p-channel and p-channcl transi
stors and respeciive switching means connected s as tc establish wher o>

perative respective paths to the n-chansel and p-channel tramsisicrs for
respeciive data veltage pulses thereby fc establish, when cperative, a

voltage driver circoit for the curreat drivfen element.

17. A method at claimed it zny coe of claime 13 t¢ 15 cemprising provid

ing a programmiag stage during which the n-channel and p-chamnel trenpeis
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tors are operated io a first mode and whereiv a current path from a sour

ce of rarrent data signals is estahlished through the n-channel and the

p-chaonoel travsistors and the current driven element azd whereln a respe

ctive sperating velitage of the n-—chaunel trazsistor and the p-channcl Lr

ansistor is stered lo respective storage capaciters, asd 2 reprodeclion

siage wherein 4 sccond mede and a Seccoad current path is established thr

gugh the a-chaooel transistor and the p-channel transistor and the curre

ni driven element

18, A4 method as ¢laimed o claim 17, wherein the firet mede cemprises ¢

perating the n-chapoel and p-chanael trensistors ag dicdes,

19. A method of cvntrelling ke supply corrent to an electreleminescent
dieplay comprising the melhed a¢ claimed in 2y ¢ue of claime 13 fv L3
wherein the curzent driven clement Is ap electroluminescent element.

70, Ar orgatic eleciroluminescent display device comprising a driver ci
reoit as claimed io eny coe ¢f ¢lalms 1 te 13,

21. An electronic apparalus incerporatiag an erganic electrelaminescent
dicplay device as claimed 1o ¢laim 29.

92, & circuit comprising a curcent driven element and at least twe acti

ve elements, the curzent driven element heing dicpesed hetweem the two a

clive elements.

23, A ¢irtcuit comprising a curreot driven element and at feast twe act

ive elements, the twe aciive elements being coane¢ted threugh the currcn

t driven elemenat together.
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24. The circuit accerdiog to c¢laim 22 or claim 23, wherein the twe acti

ve elements are transisters,

95, The circoit accerding to claim 24, whereia the twe transistors are

mutzally different channel type tranmsistors.

26, the circeit accerding te claim 22 or ¢laim 23, wherein the cusrent

¢riven element 1% an organic electroluminescent element.

27, The citcuit acgoréing te claim 24, wherein the gates of the twe tra

psistors are each comnected to a respeelive capacitor.

96, Ap electro-optical device cempriging the circuit accerdiog to claim
17,

7¢. An plectrenic apparatus ilncorperating ae electre-eptical device ace

erding to claim 2§.

30. A methed fer driving g citcuit comprising 2 current driven eiement,
g first active e¢lement. znd a seccnd active element that 18 disposed at
g tide ¢f the current driven elemeat oppesite 1o the fire! active eleme

pt, ccotrelling a cerrent supplied fv the curreet driven eiement by the

Pirst getive element and the second active vlement.

91. The methed accerding te claim 36, comprising the step of selecting

the firet active element to be a firet transister and celecting the sece

pd gctive element t¢ bhe a secood framsistor.
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37, The methed according to ¢laim 31, cemprising a step of determiniog

L

a gate voitage of at least ane of the first tramsistes avd ihe second tr

antittor hased on & predetermined turrent.

9%, The methed accerding to claim 32, comprising the step of cawsing th
¢ predetermived cuorrent te flew through a secend current path different

frem a first current path that tnclaudes the carrent drives element.

34, The method aceording to ¢laim 33, cempriting the step e¢f grrangping

the seccnd carrent path tc imciode at feast ome ¢f the Tirsl traesistet

and the second trangigter.

3. Detaield Descriptiocn of laventicn

The precent iaventiocn relates to a driver cireuit. Owe perticular app
{lcaticn of such 3 driver circoit is fer driving an vrgazic electrclumta
giceat element.

Ao organic electroluminescent (DEL) element OEL clementcomprises a lig
bt emitting meterial laver sandwiched between an ancde layer and 2 catho
de layer. Electrically, thic element cperates like a diede. COptically,

it emits Pight when forward biaced and the inteasity of the emigsion in°
cregses with the forward bias current. Tt Is possible to comstract a di
splay paoel with a matrix of OFEL elements fabricated vo a francparent gu
bstrate and with 2t [east cne of the electrede lavers belng transparent.

[t is aleo possible te integrate the driving circeit su the same pancl
by usiang low temperature pelveilicon thin film tramsister (TFT) techscel
0g7¥.

In a basic anglog driving gscheme for an active matrix QEL displar. 2 m
inimem of t®¢ Ciaosistors are requited per pixel. Such a driviag Scheme

is illustrated in Figure 1.  Trassictor T1 is provided to address the
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pivel and trapsistor Ty is provided to convert a data voltage signal VDa
pp 1RO curTEDd which drives the OFL element at 2 designated brightness,

The data sigral i3 stered by a sterage capaciter Cetorage whea the pis
¢l is net addressed. Although p-chanmel TFTs are shewn in the ligure,
the same prinmciple can also be applied for a circuit wtilising n-channcl
TFTs,

There are problems asscciated with TFT analeg circuits and OEL element
¢ d¢ not act like perfect diedes. The light emitting material does. how
ever, have relafively noiform characteristice. Due to the nature of the

TFT fabrication techoique, spatial variaticn of the TFT characteristics

¢xists cver the extent of the display panel. One of the mest important

coasiderations in & TFT analog civcuit ig the variaticn of threshold ve
itage, «Vp, from Gevice tc device. The effect of such variaticr i1z 20

OFL dispiay, exacerbated by the non perfect diede bebavieor, is the non-
gniform pixe! brightness cver the display area of the panel, which serio
psly affects the image yrality. Therefare, 2 built-in circuit for compe
neating a2 dispersicn of tramsistor characterietics 18 required.

A cireurit showe in figore 2 i¢ proposed as ene ¢f built-in fer coempens
ating a variaticn of trassister characleristics., o this circult, frang
igtar Ty i¢ provided for addressiog the pixel. Transister Ty cperales a
¢ an acalcg current ceotfol te provide the driviag curreat to the OEL el
sment. Transister T3 connects belweer the drain and gate of transiste
1 Ty and toggles transister Ty to act cither ag a dicde or in a saturati
co mode. Trapsigter T4 tcts s 4 switch in responte to an applied wavef
irm VGP‘ Either Transister TI or traasister Ty can be ON 21 ary cne tim
¢. loitially, at time ty showo in the timing d1agram of Figure I, tran
sittore T, and Ty are OFF, and trapsistor T, is ON. Wieo trazsistor Ty
is OFF, traasistors T and Tg are 0N, zod a current Ipap of known valwe

is allowed to flow into the OBL element, through transistor Top. This I
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¢ the programming Stage because the threshold veltage of transigtor T? ]
¢ measered with traesivtor Ty turned ON which shorts the drain and gate
of travsester Ty, Hence fransistor TE cperates a8 a dipde whife the preo
gramming current is alfewed to flow thrgugh traacistore Ty and Ty 2nd 1o
tg the OFEL clemest. The detected thresheld weltage of transister TE it

stered by 4 capacitor Oy connected between the gate and scurce ferminal
s ¢f transister Ty when trancisters Ty zud Ty are switched OFF. Transi
stor Ty ds then turncd 0¥ by driving waveform Vop and the cerrent throug
hothe OFEL element is zcw provided by swpply Vpp. [f the slope gf the ou
tput tharacteristies for transister TE were flat, the repreduced corrent

would be the same as (he programmed cwrrent for any thresicld valtage o
Ty detected and stored in capacitor €. However, by turzing 0¥ transi
gtor T4, the drain-soorce voltage of traesistor T2 ig pulled up, ®c¢ a fl
at cutput characteristic will maintain the reproduced current at the sam
e level as the programmed current. Note that aVpy shews 1o figure 2 is

imagivary, net texl. Ii has Deen used solely to repredent the threchol
i veltage of transicter Ty,

4 constant current 1§ previded, io theer?, during a tubteguent active
pregramming stage, which is signified by the time interval ty to ig in
the timing diagram shewn ia figere 2. The reproduction stage starte at

time tg-

The circuit of Figare 2 does provide ap improvement over the ¢ircgit s
hewn iz Figure | bet variaticns inm the thresheld velue of the centrol tr
ansistor ase not fully cempensated aad variations in image brightnecs ov
et the fisplay ares of the panel remainm.

The present invention seeks to provide 2z improved driver circuit. In

ite application te¢ GEL ¢lements the present inmventior Seels tg provide
an improved pixel driver circuit in which vrariaticns in the thregsheld ve

ltaget ¢f the pixel driver trantistor caa be farther compensated, therebd



(23) boboobooboabn

v oprovidiog 3 more waiferm pixel brightoess gver the dosplay zrea of the
patel and, therefore, Improved lmape gquality.

According to a Ti7st aspect of the preseat inveotico there 1% provided

a driver ¢ircyit for ¢ currenl driven element, the ¢ircuit compriting a
t n-chacnel transistor and 2 complementary p-channel frangistor cconnecte
i se 2% te eperatively contrel, in combingtice, the current suypplied to
the corrent driven clement.

Beneliciallf, the current driven element 1§ gn electroluminescent elem
gl

Preferably, the driver circait alse comprises rcspective storage ¢apag
jters for the n-ckannel and p-chanoel tfraoeisters aud rcepeclive switchi
ng means coanected so as tc establish when operative respective paths to

the n-chanael and p-chatnoel trapsistore for respeciive data voltage pul
ses.

Advaatageeusly, the driver circulf may alsg comprise respeclive si6rag
e capaciters fer storing a respective operating vollage ¢f the e-chanuel

and the p-chanzel trensistors during a pregrammiag slage, a first swite
bing means cornected sov as to establish when eperative a first curzent p
ath froma Svurce ¢f current data signals threugh the o-chanoel and p-ch
aonel transistors aad the current driven clement duzing the programming
stage, and a second switching meant cenmecied to estabiish when opergtiv
e 2 secoad current path through fhe n-chamocl aud p-chanmel transistors
and the ecorrent driven element during a reproduction Stage.

In a fuorther embodiment, the first switching means zund tbe scurce of ¢
urrent data sigsals are connected s¢ as to previde when operative a curs
ent tonree for the current driven ¢lement.

[n an alternative emhodiment, the firet switching means the Source ¢f
current data Signal€ are coannected §o as to provide whea cperative a cus

rent sivk for the currect driven element.
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According to a second aspect of the present invention there is alsc pr
gvided 2 methsd ¢f ceotrelling the sepply current te @ current driven el
ement comprising previdiang an n-channel transister and a p-chamnel trans
Tster cennected o a% to eperatively contrel, 1t combination, the Suppiy

corrent t¢ the current driven element

Preferably, the metbod further comprises providing respective storage
capacitors for the o-channe! and p-chanoel tramsistors and respective ¥
itchieg means cemnected sc as to establish when cperative respeciive pat
he to the a-chanpel and p-channe! traesisters for respective data voltag
¢ puises thereby to establish, when eperative. a veltape driver circuit
fegr the current driven element.

Advantagecusiy, fbe methed mav comprice providing a pregramming stage
furing which the n-channel and p-chanmnel trancistors are cperated o a f
irst mede ard wherein @ cusreal path Jrom 3 socurce of current data sigoe
ls 1¢ established threungh the p-chasoel and the p-thanael transistors an
4 the current driver elemcut and wherein a respective eperating veitage
¢f the n-channel tramsister and the p-chaneel trancicter 15 siered ip re®
spective sterage capaciters, and a repreducticon Stage wherein a second m
gde and a secend corrent path is establiched threugh the n-chanael (raps
fvtor and the p~channe! traesistor aod the current driven element.

Beneficially, the present fovention provides a methed ¢f ceatrolling ¢
he supply current t¢ an electroluminescent diepley comprising the method

¢f the inventicn as described ebeve wherein the current driven element
ig an electreluminescent element.

Accerding to a third aspect of the present [oveation, there it alsc pr
ovided an organic electrelomicescent display device comprising a driver
circuit as clzimed in any ome of claims | t¢ 12,

(Embedimentsy
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The concept ¢f a driver circuit aecerding to the present loventlco g
illustreted 1o Fig. 3. Ao QFEL element is c¢oupled between lwo fransistor
¢ Tyy and Tyg which cperate. in combivation, as ae anelog current contro
I ofor the current flowing through the OEL element. Transistor Tyg it a
p-chaanel tramsister and tramsister T15 is an a-¢hannel tramsistor which

act therefore, io combination. a8 a complementary pair for analof conts
ol of the corrent threugh the OEL element.

As mentioned previces!y. cne ¢f lhe mest imperianl parfameters 1o a TFT
analeg cirguit design is the threshold veltage Voo Aoy variaticn, als
within a ¢ircuid has a sigoificant elfect oo the cverall circuit perfor

madce. Variatiens in the threshold veltage ¢ae be viewed as o rigid her
tzental shift gl the sowrce Lo drain current versus the gate fc source v

oltage characterictic for the tramcistor concerned god are cavsed by {he
teterface chyrge at the gate of the travsistor.

[t hae been realised with the presceet inveaticn thet in an asrey of TF

T devices, o view of the fabricatics techniques emplored, neighbouring

-

or relativelr close TFT s have a bigh probability of exhibiting Lhe game
¢r an almest similar value of threchold voltage &Vp. Furthermore. 1t b
a¢ been realiced that ag fhe effectie of Lhe same &Vp on p-channel and o
~channel TFY s are complementary. compensaticn for variaticas ia thretho
[d valtage &V cen be achieved by employing a pair of TFT" s, ene p-chae
nel TFT and one c-chavuoel TFT, te provide apzlog control of the driving
currentl [lewieg to the OFEL element. The drivieg current can, thercilore,
be provided independenatly of amy variatics of the threshold voltage. 8
nch a concept i illustrated ip figere 3.

Figure 4 i!lustrates the variatico In drainm carient, that is the ¢urre
at Tiowing threngh the OFEL element shown in figore 3, for varions levels
¢f thresheld vottage J\VT. /\VTI, /\VTE for the transisters TIE and T15

Veltages Vl, V? and VD ate rTespectively the voltapes appearing across
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franeigler Ty T15 and the OFL element from a voltage fource Vop.  Ase
umiog that the transisters Tyy and Tyg have the same threshold voltage a
of assuming that ésVT =0, then the current flowing throuvgh the OEL ele
meat 1§ given by cress-over point A for the characreristics fer the p-ch
atnel fraosister TIE and the n-channel transistor Tro sbewn iz figere 4.
This is shgwn by valuve Ij.
Assumiag now that the threshold voltage ¢f the p-channel and o-channel
fransistors changes fo a¥py, the OFL element corrent L ig ther determ
ined by crossever peiat B. Likewisze, for a veriation in threshold volta
ge to AsVz. the OEL element current 12 i¢ given by croceover point C. |
b can be scen from figore 4 that even with the variaticss 1o the threshe
id veltage there is minimal variation {0 the current flewisg thriough the
DEL element.

Figure 5 shows a2 pixel driver circuit configured as a voltage driver ¢
ircuit. The circeit comprises p-chaomel transicter Try azd n-channel t1
aasister T15 acting a8 3 ¢emplementaty pailt to previde, in cembination.,
an znaleg current conirgi o1 the OEL element. The circuit tucludes resp
gective storage capacitors Cl? and CL5 and re¢pective ewitehing trantidts
t¢ Ty and Ty coupled to the gates of traversteors Tyy and Tys. When tran
sistors Ty aad Tp are switched ON data veltage sigagls Vioand Vg are sto
red respectively in sterage capacitors Clg and CIS when the pixel 18 net

addressed. The trancsictors TA and TB fonciion 2¢ pass gates uvoder the
selective coentrel of addressing signals P ard @y applied to the gates
ef transisters Ty ant Tp.

Figere 6 shows a driver circuif accordiag te the preseat invenptice can
figured as a current programmed OFL elemeat driver circuit. As with the

voltage driver circuit, p-channel transister Tyg and a-chasnel transist
or Tz5 ate coupled 20 a¢ t¢ fomebtion as ao acalog current contrel [ar £

¢ OEL element. Respective storage capacitors Cp, {9 and respective swit
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ching transistors Ty and Tﬁ are proviged for trapsisiors Tpo and Ty T
he driving waveforms for the circuit are alse chown ip figure 6. Either
frapsisters Tl, Tg and TE’ 6T [Tamsister T4 can be ON at any oae time.
Transisters T and Tg connect respeotively belween the drain and gate ¢
{ trangistors T12 and TIS and switch 1o respense to applied wavelorm VSE
[ te toggle tramsisters Tyg and Tyg to acl elther a¢ diodes cr as tragsi
¢tore in satnratien mede. Transistor Ty 1s alse consected to receive wa
veform Vqpy- Transisters Ty aed Ty are duoth p-chasnel trensistere t¢ en
sure thet the tipnale fed threugh these transistors are at the Same magn
itude. Thie it t¢ encutre that any spike currects through the OEL elemen

{ duriog transitions of the waveform Vopp are kepl to a minimum.

The circeit thewno o figure & cperates inm a similal manoer to koewa cu
rrent programmed pixel driver cirenits fa that ¢ pregramming stage and a
display stage are provided 1o each display peried but with the added be
pelit that the drive current to the OEL element 15 centroiled by the com
plementary cpposite chavoel transisters Typ and Ty5. Referriog te the d
riving wgveforme showe in figure 6, 2 display vericd for the driver cire’
uit extends frem time ty teo time tg. [eitially, transister T, is ON an
d transisters Ty, Tq and Ty are OFF. Transistor Ty is turoed OFF at tim
£ L by the wavefcrm VGP and traonsistors Ty, Ty and Tg are turoed 0N at
time ty by the waveform Vgp. With treosisters Ty and Ty turned ON, the
p-chanzel travsistor Tyo and the complementary n-channel transister Tyg
act in a fitst mede as dicdes. The driving waveform [er the fragme peri
od concerned i¢ available frem the cuwrreat seurce Ipyqp al time ty acd th
is is passed by the framsister Tq when it ewitches von at time iy The d
clected threshold veltages of tramsisters Tyy and Typ arc stored in capa
citgrs Cp and Cg. These are shewn a¢ imaginary voltage sourges AEYTIE ]

nd aVpg io [igure 6.

Transistors Tl, T3 and Tﬁ are thea switched OFF at time t, and £1a0518
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tor T4 is switched ON at time typ and the curreet through the OFL eiement
it then provided from the sowrce VDD wnder the centrol of the p-g¢haone!
atd n-channel traomsistors ?12 and TIS cperating in a2 fecond moede, 1.¢.
a8 transistors in saturation mede. It will be appreciated that as the ¢
urrent thecugh the OEL element i: contrelled by the complementary p-chan
ael and n-chaonel transistors Trg and Tyg. amy wariatien feo thresheld vo
Itage in ene &f the transistors will be compensated by fhe ether opposit
e chapoel travsistor. as described previcusly with respect te figure {4,

[0 the current programmed d7iver circuit shown in figure 6, the swilel
ing transistos To is coupled to the p-chaneel tramsister Tyg. with the s
gurce of the driviog waveform lpap cperating as a currtent tovsce. Howey
er, the switching traneister T3 may at an altermative be coupled te the
n-channel trangistegr TlS a¢ shown 1n figoere 7. whereby [DAT cperates ¢
pocurrent sink. Ta ail cther respects the cperatien of the circult show
1 in figure 7 ig the same as for the circuit shewn in figure 6.

Figores § to 11 shew 2 SPICE ¢imulaticn of an imeroved pixel driver ci
reuit accesrding te the precent inventicn.

Referring to figure 8, this showe the drivieg weveforms IDAT’ VG?’ VSE
p and three valges of thresheld veltage, samely -Ivelt, Drolts and +lvol
t osed fer the purpcses of simulaticn to Shew the cempeacatieg effect pr
¢vided by the comhination of the p-channel and c-chacoe! transisters for
centrelling the corrent throogh the OFL elemest. From figure 8§, it canm
be seen that, initially the thresheld veoltage L’VT was set gt -lvolt, i
nereasing to Ovette at 0.3 x 1974 seconds and iocreasing again to tlvolt
2t 6.5 x 1074 secends. Hewever, it cac be seen from figure § thal even
witk such variatione in the threshold voltage the driving corrent throu
gh the OFL element remaing relatively unchanged.

The relative stability in the driving current through the OEL element

cen be more clearly seeo in figure 10, which chowe 2 magnified version o
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f the response plovs shewn fo figure 9.

It can be seen from figore 10 that. weing o value of 0 volts a3 a base
for the thresheld veltage £xVT. that 1f the threshold veltage LAYT thano
ges te -lvelts there is a change of approximately 1.2% 10 the drive curr
eal through the OEL element and 11 the threshold voltage &¥p [¢ changed
tqg “lvelt, there 15 a reductico o drive current of approximatels [.7%
compared 1o the drive current when the threshold voltage aﬁVT ig 0 volts

The variatien of drive carrent of §.7% 15 shown for reference purpose
s euly as sgch @ varialico can be cempensated by gamma correcticn, which

is well known io tbis art aad will nct therefere be described in refat!
bt t¢ the present inventicn.

Figure 11 shows that fer levels of Tpyp raoging from 6.204 to 1.04,
the improved centrel ¢f the OFL element drive corrent i¢ maletzinoed by
the uvse ol the p-chanoe!l and cppesiiec n-¢haonmel tramsisters 1o accordanc

e with the present invention.

It will be appreciated [rom the above descripticn that the wee ef a p-
chasnel tramsister and am eppesitc n—chaoael Llramsistor to previde, io ¢
ombinatisn, analog coatrel of the drive current through an electrelamine
scent device provides impreved cempensalicn fer the effects which wauld
ptherwise occur with variaticss in the thresheld voltage of a cingle p-¢
haasel o1 z-chaznel transister.

Preferably, the TFT p-chacoe! and p-chamnel trangistors are fabricated

as neighbeuring cor adjacenrt transistors dariag the fabricetisno of an QOF
[ elementOEL display ¢o as to maximise the probability of tbe complement
ary p-chacoel and z-chanoel transisters haviag the same value of threshe
Id voliege ~¥p. The p-channel and a-chanac] transistors mey be furiher
matehed by comparison of their owtput characteristics.

Figure 12 19 3 schematre cross-sectiengl view of the physical implemen

tatier of the pixel driver ¢itcuit is an OBL element structure. In figa
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1e 12, nomeral 137 indicates a hele injectien laver., numeral 133 indicat
e¢ an crgaeic EL laver, and nwmeral 131 indicates a resi¢t er geparating
gtrocture., The switchiag thin-dilm transister 121 aad the n-channel {y
pe current-thia-Tilm travsisior 122 adopt the structure and the process
erdinarily used fer a low-lemperature polveilicon thie-frim transistor,
such a8 are wsed for example v koewa thin-film trapsister liguid crysta
P fisplay devices sock zs a top-gate structure acd a fabrication precess
wherein the maximum temperature 1§ 600 degrecs centigrade or lese. Howe
ver. other structures and processes arc appilcable.

The forwazd criented vrganic EL display element 131 18 fermed by: the
pixel electrade 115 fermed ¢f Al, the cpposite electrede 116 formed of
TO, the hole injecticn layer 132, and the organic EL Taver 133. Ta the
forward eriented ocrganic EL display element 131, the direction of curren
t ¢f the ergasic EL display device can be set from the oppesite electrod
e 116 formed ¢f 1TO to the pizel electrode 115 formed of Al

The hele injecticn layer 132 and the cigani¢ EL laver 133 mey be forme
i gsing an ink-jet printicy method, cmploying the resist 151 25 a separa
ting structure betweer the pizels. The gppoesite electrode 116 fermed of

ITO may he fermed vsing a sputtering method. However, cther metheds ma
v alse be nsed for ferming all ¢l these componeats

The typical lazyeut of a Tull digplay panel emplovieg the present inven
tien i¢ shown schematically in figure 13. The panel compriset an ag¢tive
matrix OFL element 200 with analogne current program pixels, ao 1ntegra
ted TTT scanning driver 218 with level shifter, a flexible TAB tape 210,

and gn external avalegwe driver L8T 230 with an ietegrated RiM/controll
er. Of courge, thie is anly one example of the possible panel arrangeme
pts in which the pregsent invertian ¢an be wsed.

The structure of the organie EL display device i¢ not limited to the o

ve described here. Dther stryctures are alse applicable.
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The improved pixel driver ¢circuit of the present inventicz may be used

in dieplay devices inccrporated in many types of equipment such ag mobi
le dicplays e.g. mobile phones, lapiop perscnal computers, DVD players,
cameras, field equipmect: portable ¢icpiaye such as desktop computers, C
CTV or phots albame:; or inmdostrial displays such as control room equipme
at displars.

Several elettronic apparatutes vfing the above crganic electroluminesc
ent display device will aow be degcribed.
<1: Mobile Computery

An example im which the displavy device accerding te one of the abuve ¢
mbedimenls i§ applicd to a mobile perscnal computer Will oow be describe
0.

Figure 14 is an isometric view illuttratiag the configuraticn of this
perscaal computer. Ia the drawing, the perscazl cempater 1100 is provid
¢d with 1 bedy LL&4 ifaciuvding a kevboard 1102 and & dicplay unit PL10G.
The display weit 11496 is implemented weing a display panel fabricated ac
cording te the present iavention, as described above.
<2: Portable Phoney

Next, an example io which the display device f¢ applied to 2 digplay s
ection of & portable phene will be described. Fig. 15 i¢ ap iscmetric v
jew illustrating the configuretion of the portable phore. In the drawin
g, the portable phene 1200 ic provided with a plurality of operation key
s 12087, an earpiece 1204, 2 moutipiece 1296, and a display panel 100, T
his display panel 100 is implemented uvsing a display panel fabricated ac
cording to the present inventicn, as described above.
<3: Digital Stil! Cameray

Next, a digital still camera usiag an OEL display device as a finder ¥
i1l be described. Fig. 16 it ae itometric view illustrating the cenfigu

ratioo of the digital still camera and the conpection to exterpal device
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¢ in brief.
Typica! cameras seaSifice [ilme bated oo cptical images frem ebjeets,
whereat the digital still camera 1309 generates imaging sigeals from the
tptical image ¢f anm cbject by pheteelectric conversicon using, for examp
le, z charpe coupled device (C{D). The digital still camera 1300 is pre
vided with ae OFEL element 100 at the back face of a case 1302 t¢ perform

Iisplay based en the imaging signale from the CCD. Thus, the display p
anel 100 fwocticons as a finder for displaying the ebject. A phato accep
tamce unit 1304 {ocludiog optical Jevses and the CCD is provided at the
front sid¢ thehind io the drawing) of the case 1307,

When 2 cameramas determines the objett image displaved in the OFEL elem
ent panel 100 aod releases the shutter, the image signals from the CCD a
re trapsmitted and stcred to memories io z circuit beard 1308, Tn the d
Pgital still camera 1380, video sigoal cutput terminals 1312 and foput/u
ptpet termicals 1314 for data communicaticn are previded en 3 side ol i
e ocase 1302, As shown io the drawing, a televigico moniter 1430 apd a2 p
ersonal computer 1440 zre connected to the video sigral terminals 1312 g~
pd the loput/oatput terminale 1314, respectively, if necessary. The img
ging signals Slored ic the memories of the circuwtt board 1308 are votput

tg the televisiocs monitor 1430 god the perscnal computer 1440, by a giv
e gperatice,

Examplics of clectrcnlc apparatuses, other than the persenal computer ¢
hewe io Fig. 14, the portable phone shown in Fig. 15, and the digital st
i1l camers shuwn iz Fig. 16, inclede OFL elemect televicion sets, view-1i
inder-type and menitoring-type video tape recarders, ¢ar navigation syet
ems, pagers, electronic notebooks, poriable caleolateors, word processors

workstations, TV telephones, point-¢l-sales system (POS) terminals, amn
d devices provided with touch paaels. Of ¢ourse, the above OEL device ¢

an be applied to display sectiens of these electronic apparatuies.
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The driver circuit of the present Inventicn can be dispesed 2ot coly i
poa pixel of & display woit but alse in a driver dispesed sutside a d4igp
lay uweit,

[n the abeve. the driver circuit of the present inventicn hzg been des
cribed with reference to various display devices. The applications of t
he driver ¢ircuit ¢f the present iaventicn are much broader than just di
splay devices and include. for exampie, Its nse with a magaeteresistive
RAM, & capacitance sensor, a charge senser, o DN4 semsor, a night viticn
tamera atd many cother devices

Figore 7 illustrates the applicaticn of the driver eirenit of the pre
sent leventicn to a magoetic RAM. Im figure 17 a magnetic head i¢ iadi¢
gted by the relerence MH.

Figure 18 illustirates an altercative application of the driver eircuit

¢f the present itaveaticn t¢ a magnetic RAM. o figure }8 2 magnetic de
ad 18 indicated by the referezce VH.

Figure 19 illustrates the applicaticn of the driver circait o¢f the pre
sent invenmtier to a magoeteresiciive element. [z figare 19 a magoetic h
ead i§ indicated by the reference MH. acd & magnetic resister is iadicat
ed by the reference MR.

The afcregeing descripticn las been giver by wav of example only an{ i
£ will be apprecieted by a person skilled in the art that medificatinons
civ be made without departrng from the scope of the present inventicn.
4. Brief Destcripticn of Drawings

Frg.o 1 shews a cenventicoal OFEL element pizel driver citcait ating two
frageifters,

Fig. 2 shews a hoown current pregrammed OFL element driver circrit wit
b threshold voltage compensaticn,

Fig. 3 illustrates the concept of a driver circoit inclading & complen
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gutary pair of driver trantistere fer providiang threshold veliage compen
tatien in accordance with the present inventicn.

Fig., ¢ shows plots of characteristics Tor the cemplementary driver Lra
asisters illustrated in Fig. 3 for varicue levels of thresheld veltages.
Fig. 5 shows a driver circuit arranged to operate at a voltage driver
cirewit io accordange with a first embediment of the present inventicn.

Fig. & shews a driver ¢ircuit arranged te opergte as¢ & carrent program
meé driver ¢izeuit 1n ac¢crdance with a second embediment ¢f the preseat

laventica,

Fig. 7 showe a currept programmed driver circuit tn accerdance with a
third embodiment of the presest inventica.

Fige § to L0 show SPICE simulatisn tesults for the circuit illusirated

in Fig. 6.

Fig. 12 is 2 schematic Sectiomal view ¢f g phveical implementaticn of
an OFEL element and driver agccording to an embodiment ¢f the present inve
ptica.

Fig. t3 is a simplified plan view cf an OFL elementOEL dispiay penel i°
acerporzting the present levertion.

Fig. 14 is a schematic view of a mobile perscral computer fncerperatin
g g display device having a driver according to the preseat inveatien.

Fig. !5 is a schematic view of 2 webile felephene incerpsrating a digp
lay device haviag 2 driver according to the present inventica,

Fig. 16 is a schematic view of g digital camera iocerperating a displa
y device haviog # driver according to the present inventicn,

Fig. 17 illustrates the application of the driver civcuif of the prese
ot lwveatien fc a magonetic RAM, and

Fig. 18 illustrates av alternative applicaticn of the driver circuit o
f the present {nveation to a magaetic RAM, and

Fir. 19 illustrates the applicaticn of the driver circuit of the prese
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pt invention t0 2 magnetoresistive element.
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[Fig.513
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[Fig.10]
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[Fig.113
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CFig.13]
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[Fig.15]
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(Fig.161
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[Fig.181]
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1. ABSTRACT

Adriver cir¢uit comprises a p-chaene! trzaSister and av nm-channel tra
nsistor conoccted as a2 complementary pair of (ransisters ¢ provide anal
og control of fhe drive corrent for o corrent driven element, preferably

g0 crganic elecercluminescent element (OEL clement). The traneisters,
being ef wpposite chauwnel. compentate for any variaticn in thresheld vel
tage &Vp avd therefore provide a drive curreat 1o the OEL element which

is relatively indeperdent of ZBYT. The complementary pair &f transiste
rs tan be applied te either voltage driviag er cvurrent driving pizel dri
ver circeits,

2. Representative Drawing

Figure 7
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