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Designof anOrganicPixel AddressingCircuit for an
Active-Matrix OLED Display

WouterF. Aerts, Stijn Verlaak,andPaul HeremansMembey|IEEE

Abstract—in this paper, we presenta designof a flat-panel dis-
play (FPD) basedon organic light-emitting diodes (OLEDs) and
onorganicthin-film transistors (OTFTs). Addr essingmode,cir cuit
topology, layout, and dri ve schemeare developedin order to reach
the desired frame rate and to control the gray levels against the
threshold voltage dispersionsof OTFTs and OLEDs. Our design
shows that the current OLED and OTFT technologyare suitable
for FPD technology though setting serious constraints on dri ver
design.

Index Terms—Displays, plastics, thin film circuits.

|. INTRODUCTION

RGANIC semiconductorscan be depositedand pro-

cessedinto circuits at suficiently low temperature
to allow the use of large-arealightweight flexible plastic
substrates.Those substratesmalke it possible for organic
semiconductordevices to be manugcturedin a roll-to-roll
fashion,this being a continuousproductionprocessassumed
to costlessthan classicalbatch processe$l]. An important
applicationfor organicor “plastic” electronicsareactive matrix
organic light-emitting diode (OLED) displays.To take adwan-
tage of plastic substratesalso the driving matrix should be
manugcturedattemperaturesompatiblewith thosesubstrates.
One possibility is to useorganic thin-film transistorg OTFT)
for the addressingnatrix. The integration of one OTFT with
one OLED hasalreadybeendemonstrated2]-[4]. However,
high-quality displays combining specifcations regarding
displayuniformity, resolutiongrayscalespower supply frame
rate,andothers requireseveraldriving transistorger pixel. In
this work, we perform somefirst-ordercalculationsto assess
the use of OTFTs for active matrix OLED displays.Based
on those calculations,some designissuesare addressedIt
is shavn that state-of-the-artOTFTs can be usedas driving
elementsn OLED displays.Without furtherimprovementson
organic semiconductorsand related processtechnology the
designspacds relatively small,though.This work canbeused
to seta goalfor future OTFT development.

Il. ASSUMPTIONS

To be able to do simulationsand calculations,we have
madesomeassumptiondasedon valuesfound in literature.
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Fig. 1. Model for OLED [12]. The parameteraluesare obtainedby fitting
experimentabatain theworking areaof the OLED. Thehigh nonidealityfactor
m shavsthatthismodelhasno physicalbackgroundbut isaparametrianodel.
Thevaluesaretypicalfor anOLED with areal 50 #mx 150 pm andathickness
of the organiclayersof 80 nm.

For OTFTs, we used state-of-the-arperformancevaluesfor

pentacenetransistorson glass substrates.Hole mobilities
higherthany > 1 cn?V~!s~! have beenreported[5], while

typical pentacenghin-film transistorglo notconductelectrons.
Therefore,in simulationsand calculationswe have taken a
valueof 1 cm?V ~!s~! for the hole mobility andall circuitsare
basedn p-typeOTFTs.For thethresholdvoltageV avalueof

—1V isreasonableThe I,y /IopF ratio canbe 10°. A value
of 200 nm is typical for the dielectric thickness.In addition
we have neglectedthe OTFT overlapcapacitancessssuminga
self-alignedOTFT fabricationprocessFor SPICEsimulations
we usedthe level 3 MOSFETmodel.

For OLEDs, a typical value for the external quantumef-
ficiengy n is 1%. For this efficiengy a currentdensity of 20
mA/cm? is sufficient to obtaina luminanceof 100 cd/n? for
red and blue OLEDs. For greenOLEDs even lesscurrentis
necessaryror an OLED of 100x 100 um the currentrequired
for maximumbrightnessis then2 pA. The electronandhole
transportand injection phenomenan organic multilayersare
not yet fully understood Recentpublicationsshown that the
current density versusvoltage characteristicsare dominated
by bulk properties[6]. The equationsderived are very com-
plicatedandhardto modelin SPICE.In additionthe transient
characteristicef the OLED do notinfluencemuchtheworking
of the pixel addressingcircuit proposedhere. Thereforethe
OLED canin first orderbe replacedby a seriesresistanceind
a capacitancén parallelwith a diode,asshovn in Fig. 1. This
model,from [12], will befurtherusedin calculations.

A framerateof 100Hz is assumedFor an active matrix con-
taining1000rows, theselectiortime perrow isthenonly 10 us.

Finally the pixel areais assumedo be 100x 100um andthe
power supply25 V.
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Fig.2. Differentconfgurationsfor pixel addressingircuits.(a) Onetransistor
configuration.(b) Two transistorconfiguration.(c) Voltagedriven four transistor
configuration.(d) Currentdriven four transistorconfiguration.

I1l. ADDRESSINGMODE

Becausethe luminanceof an OLED is proportionalto the
currentdensityflowing throughit, an OLED hasto be current
driven.

The simplestway to addressa matrix arrayof OLEDsis by
passve matrix addressingln thisaddressingnodetherows are
selectedneby one.Whenarow is selectedicurrentisimposed
to eachpixel of thatrow to obtainthe desiredbrightnessThe
maindisadantageof passie matrix addressings the high cur-
rentdensitiemeededor high peakluminance.Thesehigh cur-
rentdensitiedimit the maximumnumberof rows andcolumns
ontheonehandandthelifetime of theOLEDsontheotherhand.
Anotherdisadwantagenf passie matrixaddressings cross-talk.
The brightnessionuniformity causeddy the onsetvoltagedis-
persionof the OLEDsis alsoanimportantdisadwantageof pas-
sive matrix addressing.

Severalauthorshave alreadystressetheadvantage®f active
matrixaddressingscomparedo passve matrixaddressing7].
Active matrixaddressingneanghatoneor moreactive devices,
in our caseOTFTs,areaddedto eachpixel. Thedisadwantages
of pixel driver circuits basedon oneor two TFTs have already
beeremphasizeih severalpublicationd7]-[9]. Intheone-TFT
configuration[Fig. 2(a)]adatacurrentisimposedo the OLED.
This configurationrequireshigh peakluminancesimilar to the
passve matrix addressingMoreover, the sourceof brightness
nonuniformityhasnow shiftedto the thresholdvoltagedisper-
sion of the OTFTs. In the two-TFT configuration[Fig. 2(b)] a
voltageis imposedo thegateof adriving transistorM, during
selectionand this voltageis storedon a capacitance’s. Al-
thoughthis configuration hasa built-in memoryandtherefore
doesnot require high peakluminance this configuration suf-
fersfrom TFT thresholdvoltagedispersiomaswell, leadingto
brightnessonuniformity

To improve the brightness nonuniformity several pixel
driver circuitsbasedon four poly-Si TFTshave beenproposed
[9]-[12]. In the presentpaper thesecircuits will be evaluated
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with organic TFTsinsteadof poly-Si TFTs.Also thesecircuits
canbedividedinto two categories:voltagedriven circuitsand
currentdriven circuits.

The working principle of the voltage driven circuits
[Fig. 2(c)] is theuseof anautozerocycle to referenceghe data
againstthe OTFT thresholdvoltage, eliminating the effect of
the OTFT thresholdvoltagedispersion.The main problemis
thatthis autozerocycle is slow whena large numberof gray
levels is demandedpecauseM, hasto turn itself off. The
necessarnaccurag of the auto zero cycle is determinedby
the smalleststepin gate-sourcevoltageof the drive transistor
to obtain the desirednumberof gray levels. To obtain 128
gray levels, the stepin currentis 16 nA. The smalleststep
in gate-wltageis then 27 mV. Our SPICE simulationsshav
thatin this casethe autozerocycle takes 980 us. A solution
to acceleratethis circuit is the use of a more complec drive
schemelt is possibleto spreadout the auto zero cycle over
more selectiontimes by alreadyturning off the pixel when
otherpixelsareselectedIf pixeli isturnedoff whenpixel i-98
is selectedthe auto zero cycle will be suficiently accurate
when the data for pixel i arrives. The disadantageof this
drive schemas thatthe pixel is off during980 s of theframe
time (10 ms), i.e., 9.8%. This meansthat higherluminanceis
requiredandthushighercurrentdensities.

Theworking principleof thecurrentdriven circuitsis thepro-
grammingof thegate-sourceoltageof thedrive transistoiby a
datacurrent.An examplecircuit was presentedby Hattorietal.
[10]. We presenta modified versionof this circuit in Fig. 2(d).
Comparedo thecircuit of [10], we addedanextraselectiorine
to increasdhelinearity of the circuit andwe placedthe OLED
betweernthedrainof M3 andthegroundto cancebuttheOLED
transientcharacteristicaDuring selectionof the pixel (M, and
M, open)a datacurrentis imposed(through M5) to the drive
transistorM,. ThefeedbackoopthroughM> andM; settleghe
necessargate-sourcevoltageto drive the datacurrentthrough
drive transistorM,, independentlyof the thresholdvoltage of
thistransistorIn this way thethresholdvoltagedispersionsre
cancelledout. The gate-sourceoltageof M, is storedonaca-
pacitance’s. Thesettlingof thegate-sourceoltageof thedrive
transistorV/4 is aslow processA large partof the settlingdata
currentimposedby the dataline flows throughthe drive tran-
sistorand henceonly a small part —C's - §V4(t)/6t canbe
usedto chagethecapacitanc€’s. Thetimet neededo chage
C startingfrom V4 to V canbesolvedfrom theconserationof
thisdatacurrentandis given by (1), whereVr agrger isthede-
siredgatevoltageimposecdby thedatacurrent.Vp p isthepower
supply Vr is the thresholdvoltageof the drive transistorand
Cpararinkg is thecapacitancef the dataline including Cs.
K p isthetransconductangearameteof theOTFT. K p isgiven
by - Cox /2: see(1), shovn atthebottomof thenext page.The
time neededto chage a Cpararrne Of only 1 pF starting
from a maximumbright pixel (Iorep = 2 pA, Vo = 16 V)
to a minimum bright pixel (IoLgp = 16 NA, Vrarcer =
23.5 V) with anaccurag of 27 mV (V = 23.473 V) is 128 us.
Thetime to chage Cs startingfrom a maximally bright pixel
(Iorep = 2 pA, Vi = 16 V) to anoff pixel (Iorep = 0 nA,
Vrarger = 24 V) with anaccurag of 27 mV (V = 23.973 V)
is 1.25ms. The solutionto acceleratehis circuit is to usethe
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Fig. 3. Maximum capacitanceof the dataline that allows current driven
chaging of avoltageVrarcer — Vo (Vo is VerEcHARGE, the voltage
prechaged during the first part of the selection)on the gate of M, within a
frametime (10 is). Thetargetvoltageis 16,00V accordingto the maximum
currentandthus maximumbrightnessThe accurag is 13.5mV, i.e., half the
minimum stepof the gate voltage.For a dataline capacitancef 3.4 pF, the
drive currentcanchage 80 mV within 10 us.

more comple drive schemepresentedn the following para-
graph.

IV. DRIVE SCHEME

The drive schemepresentedheredividesthe selectiontime
into two parts,a voltagedriven partanda currentdriven part.
In the first part, the gate of drive transistorM, is prechaged
with avoltageestimatedo make M, drive the desiredcurrent
throughthe OLED. This voltage doesnot take the threshold
voltagedispersiorinto account.The voltagechaging is faster
than the current chaging could be. In the secondpart, the
drive currentonly hasto chage a small voltage variation
AV on the gate of My, i.e., the thresholdvoltage dispersion
of M,, AVr,. Sincethe voltageon the gate of M, is almost
exactat the beginning of the secondpart of the selectiontime,
most of the drive currentwill be usedto flow through M.
Only a small part will be usedto chage the remainingpart
of the necessarygate voltage. Within a frame time 1 the
voltage that can be chaged s limited by the capacitanceof
the data line. This is shavn in Fig. 3, which is obtained
out of (1). A realistic minimal value for the dataline ca-
pacitance will be shovn in the next para-
graph to be 3.4 pF For such data line capaci-
tanceof 3.4 pF, it canbe readfrom Fig. 3 thatthe maximum
thresholdvoltage dispersionof M, is 0.08 V. The expected
thresholdvoltagedispersionsare of the order of a few Volts.
Thereforethis drive schemds not sufficientto compensatéor
the thresholdvoltagedispersions.

This drive schemedoes however becomesuficient if a
memoryfunctionis addedo it. After the secondpartof the se-
lectiontime, the voltagevariationchagedby thedrive current,
AV, canbe measuredindstoredin an externalmemory The
next time the pixel is selectedthe value in the memorycan
be addedto the prechage voltage, which will becomemore
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Fig. 4. Two transistorstructures.(a) Not self-alignedfabricationprocess.
(b) Self-alignedfabricationprocess.

precise Again AV is measuredaindaddedto the valuein the
memory After afew selectionghevaluein thememoryequals
quite accuratelythe thresholdvoltagedispersionof M. As a
result,the prechage voltagewill be very accurateand during
the secondpart of the selectiontime the drive currenthasto
adjustthe gatevoltageonly slightly. This little adjustmentan
be donewithin a frametime. From (1), it can be calculated
that if the prechage voltage hasan accurag of 15 mV, the
capacitancef thedataline canbe ashigh as60 pF.
Thisoperatiormodestrengthentheneedfor acurrentdriven
circuit, becausén a voltagedriven circuit the pixel threshold
voltagedispersiorcannotbe measuredxternally,

V. CONTROL LINES

A controlline controlsatleastonetransistotperpixel. There-
fore the gate-sourceand gate-draincapacitance®f the tran-
sistorshave to be as small as possible.In a nonself-aligned
transistorfabricationprocesgFig. 4(a)], the gate-sourceand
gate-drainoverlapscanbelarge.Assuminga 10 um resolution
processhatresultsin anoverlapof 10 um, anoxidethicknesss
200nmandatransistomwidth of 50 m, thegate-sourceverlap
capacitance(/g s, is 75 fF. For 1000rows, thisresultsin 150pF
perdataline, whichis far too large. In a self-alignedtransistor
fabricationprocesgFig. 4(b)] this capacitancés smaller In the
idealcasethereis only afringing capacitancef thethickness
of the gate metalis 50 nm, the oxide thicknessis 100 nm and
the transistorwidth is 50 um, thenCgs is 0.38 fF. For 1000
rows, this makes a reasonablé).38 pF per dataline. Several
self-alignedprocessesanbe conceved; oneexampleis given
in [13], wherethe self-alignedtransistorstructureis fabricated
by lithograpty with illumination throughthe substrate.

The RC constanif the selectlines hasto be smallin order
to selectthe pixelsfast. This determineshe materialchoicefor
the selectlines. Indium tin oxide (ITO) hasa typical sheetre-
sistanceof Rscr = 10 2/squareFor aline width of 10 um,

In ((Vo—VTARGET)-(V+VTARGET—2-VDD—2-VT)

t =

DN | =

(V—VTARGET)'(VTARGET—2'VDD—2'VT+VO)) ~CparaLiNg
w. :
KpT* (=Vrarcer + Voo + V1)

1)
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Fig.5. Differentconfigurationsof thecontrollines.(a) Poverandgroundare
patterned(b) Pover andgroundarenot patterned.

athree-colompixel of width 300 um (threesubpixels eachwith

a width of 100 xm) and 1000rows, the line resistancas 300
kQ2. ForanRC constanbf 0.25us (2.5%o0f theselectiortime),

the line capacitanceshouldonly be assmall as0.83 pF. This
is not achievable.If the selectlinesaremadeof gold or copper
(Rscr = 0.1 Q/squarg theline capacitanceanbeaslargeas
83 pE

Thevoltagedropsover thepowersupplyline andgroundhave
to be small in order not to limit the power dissipation.If all
pixelsin a columnareon maximumbrightnessa currentof 2
mA flows throughthe power supplylines (for 1000rows). For
aregular ITO line with line width of 10 zm the voltagedrop
is 300V. Thus,alsothe power supplylines shouldbe madeof
metal. For gold or copper the voltagedropis only 3 V. If the
power canbesuppliedby alayerof conductve materialspread
over the completedisplayarea,the voltagedrop canbe further
reducedby afactorof 10. In thatcaseathick layerof ITO can
alsobe consideredo be a viable option.

Fig. 5 shavspossibleconfigurationsfor controllines,ground
and power. Fig. 5(b) depictsthe situationwhere ground and
power are planeswhile dataandselectarelines. In thatcase,
the capacitancesf the dataline and selectline are given by
respectrely (2) and (3), whereb; is the width of the select
lines, b, is thewidth of thedataline, d;, d> andds arethever-
tical distancedetweerthe controllinesandgroundandpower
planes,V is thenumberof rows and B is thewidth of onesub-
pixel. We proposeasrealisticvalues:by, by = 10 um, N =
1000 rows, B = 100 um, Cgs = 0.77 fF, Cs = 1 pF (for
Ion/IorF 107) and dy, ds, ds 5 pum of an insulator
like benzogclobuteen(BCB, &, = 2.6). Using thesevalues,
the capacitancearerespectiely Cpararrnve = 24.2 pFand
Cserecrrine = 24.4 pF. With thesevaluesthedrive scheme
with memoryfunction presenteckarlierin this paperis appli-
cableif theaccuray of the prechage partof theselectionis 17
mV.

da

by -3-N-B-eg-e,
+Cs+ 2 0E
di
by-3-N-B-gg-e,
do + d3
by -by-eo -,
da
b1-3-N-B-80~ET
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Fig. 6. Layout of the pixel driver circuit. (a) Top view BB’ of the
layout. (b) Sideview A A’ of the layout.

If the power supply line and the ground line are patterned
[Fig. 5(a)], which complicatesthe fabricationand increases
the seriesresistanceand hencethe heat dissipation,the ca-
pacitancescan be smaller For the previous technological
example they becomeespectiely Cp ararrve = 3.4 pFand
Csprecrring = 6.45 pF. Thus,evenin this casethe more
comple drive schemavith memoryfunctionhasto beapplied.

VI. LAvouT

To obtain a three-colorpixel, three subpixels have to be
placed adjacentto each other The different colors can be
obtainedby e.g. filtering awhite light-emitting OLED by color
bandpasdiltersor by e.g.,usingdifferentlight emittingorganic
layers[14]. Thelength:widthrelationis assumedo be 3:1. This
is accomplishedy the layout presentedn Fig. 6. Neitherthe
power supplynor the groundarepatternedn orderto easethe
fabricationand reducethe heatdissipation.The control lines
areseparatedby a 5 um thick layer of BCB in orderto obtain
small line capacitancesWe assumeself-alignedsource/drain
electrodeswith respectto the drain, e.g., by illumination
through the substrate[13], to minimize gate-sourceoverlap
capacitanceslo allow this, we assumehe power supplylayer
to bemadeof athick layerof ITO. Theselectine andnonselect
line lay atthe outsideof the pixel areain ordernotto shadehe
illumination. Finally the OLED is placedon top of thecircuit.
This impliesthe useof top-emittingOLEDs[15], [16].

VII. CIRcuIT DIMENSIONING

In this paragraphwe derive the minimum power supplyand
the dimensionsthe OTFT pixel engine.We also evaluatethe
limitationsto thedisplayresultingfrom theuseof OTFTs.

The power supply Vpp, hasto be large enoughto support
the currentfor maximumbrightnessIorepaax, giventhat
M, will have to work in saturatiorregime and M3 is working
in trioderegime. This resultsin afirst boundarycondition,ex-
presseddy (4), whereVoreparax is the voltagedrop across
the OLED necessaryo supportlo,epaax-

Iorepaax isproportionalto theluminance Hg andto the
areaof the pixel, Oprx . This relationshipis expressedn (5),
whereK is typically 2 A/cd for the emissionof Algs.
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The areaof the pixel, Oprx, canbe derived from Fig. 6 as
follows.

Therearetwo requirementgor the sizeof Cs. First, Cs has
to be large enoughto ensurethat the chage redistrikution of
Cs to Cgs1 (gate-sourceapacitancef M;) at theendof the
selectiortime doesnotintroduceanerrorlargerthan27myvV (the
smalleststepin gatevoltagefor 128graylevels).SecondlyCs
hasto belargeenougho ensurehattheleakagevoltageduring
thetimethepixelis notselecteds smalletthan27mV. Thelatter
requirements the moststringentone.For Ion/lorr = 1077
and a safetymaugin of 5, C's hasto be largerthan1 pF. For
e, = 3.5, tox (insulatorthicknessfor Cs) = 100nm andthe
lithographicallydeterminedninimumdimension= 10 um, Cs
hasanareaof 40 yum x 80 pm.

M, hastochageC's in halftheselectiortimewith its source-
draincurrent/; thatwill induceachangen Vg4 asl; = Cg -
6Vea(t)/6t. Solving this equationand demandingthat I; is
largeenoughto chage C's within thetime T /2N evenfor the
toughestaseeadsto the requiremenbf (6) for W, /L. Here
Vo is the startvalue of the gatevoltageof My, Vpara is the
voltageon the dataline andwantedto be chagedon the gate
of M, and Vg4 is the resultinggate voltageof M, after half
the selectiontime. The toughestchaging is the chaging of a
maximalbright pixel to a darkestpixel. For Vpp = 37 V this

meanghatVpara = 36V, Vo = 28 V. Asshavn in paragraph

V the accurayg of the prechage phaseshouldbe 17 mV, thus
Vea = 35.983 V. This leadsto therequirementVy /Ly > 2.4.
For Vpp =19V, Wy /Ly > 5. M, isthusshorterthanCys. As
M, is placedadjacentto Cyg, it will not determinethe size of
thepixel, Oprx.

For M- thefollowing reasoningapplies.During selectionof
thepixel, My shouldbein thesaturatiorregime. Thereforethe
drain-sourcevoltageof Ms shouldbe smallerthan V4. This
leadsto therequiremenbf W,/ L, specifedin (7).

The areaof the pixel, Oprx, is thusinfluencedby the di-
mension®f M2, M3, andM4. Dependingnthevoltagesupply
andthe current,eitherthe width of M, or of M3 + M, deter-
minesthelengthof thepixel. In thecasethat M- determineshe
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Fromthesetof (4) to (8)—(9),we canderivetheachievablelumi-
nanceHq asafunctionof the pixel area.An exampleis shavn
in Fig. 7. This figure is calculatedfor the minimum supply
voltagenecessaryo obtainaluminanceof 100cd/n? for agate
lengthof 10 zm. This+ supplyvoltageis 37V. Fig. 7 shavsthat
thereis a maximumin luminancefor a certainpixel area.This
canbeexplainedasfollows. Thetransistowidth scaleswith the
squareroot of the areawhile the channellengthremainsfixed
at 10 yum. The OLED currenton the otherhandscalespropor-
tional with the pixel area.For a smallerpixel areaa largercur-
rent per unit areais possibleand hencea larger luminanceis
possible Theluminanceis thusincreasingor decreasingixel
areaHowever, for avery smallpixel areaalmostthe complete

lengthof the pixel, theareaOprx is given by (8). We assume areais occupiedby the constantareaof Cs, which doesnot

thatthelithographicallydeterminedninimumdimensionis D.
OnespaceD is foreseerbetweenll, andC's, eachcontrolline
haswidth D andat eachsideof a pixel thereis an D/2 sepa-
rationto the adjacenpixel. This amountgo afixed4D in (8).
Takinginto accountheratio 1:3 for the pixel width:length,(8)
is obtainedlIn thecasethat M5 and M, determinghelengthof
the pixel, the areais given by (9):

1 TAX
Vbp >\/(VT +Vorepaax)® +2-2LEPIAX

7,
KPL_3
IorEDMAX
+y ) — v - Vr 4)
|| Kp

Iorepmax =K - Hg - Oprx )

(Vo=Vpara) (Vbara+2-Vr+Vea) \ | .
Wy ln((VG4*VDATA)-(VDATA+2-VT+V0) Cs N

Kp - (Vpara+Vr) - Ty

o >
(6)

scalewith the gatelength. The ratio W/ L becomesero,and
thus,alsothe currentandthe luminancebecomed. The areaof
thepixel atwhichtheluminancds maximalis 245 pmx 82 ym.
Thesizesof thetransistorareW; /L, = 3.75, Wy /Ly = 12.5,
Ws/Ls = W4/Ly = 2.65. The currentfor maximumbright-
nesslorepmax, iS 4 pA.

Keepingthe pixel areaconstantthe influenceof the supply
voltagecanbeseerin Fig. 8: increasing/dd allowshigherumi-
nanceFor smallVdd, thedimension®f M3 andM, determine
the relationshipbetweenpixel areaand luminance;for larger
Vdd, M, determineghis relationship.

Fig. 9 shows a similar picture, but assuminga technology
with minimum dimensionsand gate length of 5 yum and a
pixel areaof 203 ym x 68 pm . For a luminanceof 100
cd/n? the lengthof the pixel is determinedoy the sumof the
sizesof M, and M5. A power supplyof only 19V is needed.
The sizesof the transistorsare Wy /Ly = 3.75, Wy /Ly =
15.7, W3 /L3y = Wy4/Ls = 10.8. The currentfor maximum
brightneSS,IOLED]\[AX, is 2.75 LA,
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Fig. 8. Luminanceasa functionof supplyvoltage.The gatelengthis 10 xm
andthepixel areais 20000 m? (245 pom x 82 pm). Thecirclesarecalculated
with M3, M, dominant,the solid line is calculatedwith /> dominant.The
lowestline appliesUpto Vp p = 22 V M3, M, aredominantwhile abore 22
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Fig. 9. Luminanceasa function of supplyvoltage.The gatelengthis 5 y«m
andthe pixel areais 13800pm? (203 gm x 68 um). Thecirclesarecalculated
with M3, M, dominantandthesolidline is calculatedvith A7, dominant.The
lowestline appliesUpto Vpp = 21V Mj;, M, aredominantwhile abore 21
V, M, is dominant.To obtain100cd/n¥? asupplyvoltageof 19V is necessary

VIII.

As the numberof pixels increasesthe capacitancesf the
controllines increasesee(2) and(3). The available selection
time per pixel decreaseslf the selectiontime decreases,
Cpararine Must also decreasesee(1). The accurag of
the prechage thereforemust increasewhen the number of
pixels—hencéhe size—ofthedisplayincreasesThis relation-
shipis calculatedn Fig. 10. Fromthisfigureit canbe seerthat
for anaccurag of 17 mV the numberof pixels canbe 1100.
For pixelswith awidth of 300..m, thedisplaysizeis limited to
33 cm.Fig. 10shavstheimportanceof avery accuratesoltage
driven partof theselectiontime. If theaccurag is 15 mV, then
the numberof pixelscanbe 1500.For pixels of width 300 m,
this limits the displaysizeto 45 cm.

For thissizetheseriegesistancef theselectine is still suffi-
cientlysmall. Theseriegesistancés 4.5k(2 andthecapacitance
of the selectline is 36 pF. This leadsto an RC constanif 162
ns,whichis still only 2.4%of the selectiontime.

DISPLAY SIZE

IX. CONCLUSION

We have presented feasibility studyonfull-plastic displays,
whereboth the pixel addressingircuit and the light-emitting
device consistof organic semiconductorsThe two main prob-
lemsin organicpixel driver designarethethresholdvoltagedis-
persionsof OTFTsandOLEDs on the onehandandthe speed
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Fig.10. Numberof pixelsversusheaccuray of thevoltagedriven prechage
partof theselection A gatelengthof 10 umisassumedThecuneisthelimit
imposedby the chaging of the dataline during the currentdriven partof the
selectiontime.

andcurrentdriving capabilitiesof the OTFTsontheotherhand.
In orderto reachthe desiredframerateandto controlthe gray
levels againstthe thresholdvoltagedispersionsof OTFTsand
OLEDs,we have shovntheneedfor acurrentdriven addressing
modeandwe have presente new driving schemewith anex-
ternalmemory We have shavn the needfor metaladdressing
lines with very low capacitancesTheselow capacitancesan
be obtainedby a self-alignedOTFT fabricationprocessandby
the useof a thick layer of insulatorbetweenthe controllines.
We have presented layoutwith nonpatternegowersupplyand
ground,necessarfor heatdissipationandeasymanufcturing.
Basedon this layout we have shawvn that large flat paneldis-
playswith reasonabl@ower supplyare possible We conclude
thattheuseof full plasticdisplaysashighinformationdisplays
is possible but demandingn termsof organic semiconductor
technologymatrix addressingircuitsanddriving schemes.
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