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PolysiliconTFT Technologyfor Active Matrix OLED
Displays

Mark Stewvart, RobertS. Howell, Leo Pires,andMiltiadis K. Hatalis

Abstract—Theintegration of activematrix polysilicon TFT tech-
nologywith organiclight emitting diode (OLED) displayshasbeen
investigatedwith the goalof producingdisplaysof uniform bright-
ness.This work identifies and addressesseveral processintegra-
tion issuesunique to this type of display which are important in
achieving bright and uniform displays. Rapid thermal processing
(RTP) has beenincorporated to achieve uniform polysilicon mi-
crostructure, along with silicides to reduce parasitic source and
drain seriesresistance Using theseprocessesTFT drain current
nonuniformity hasbeenreducedbelow 5% for 90% of the devices.
This work also intr oducestransition metalsto producelow resis-
tance contactsto indium-tin-oxide (IT O) and to eliminate hillock
formation in the aluminum metallization. Theseprocessesalong
with spin on glassedor planarization, have beenusedto produce
functional activematrix arrays for OLED displays.Thefinal array
pixel performanceis also presented.

Index Terms—Hillocks, nickel silicide, organic light emitting
diode displays, polysilicon, rapid thermal processing.

|. INTRODUCTION

variety of technologiesarecurrentlyin competitionfor a
A shareof theflat paneldisplaymarket. Currently thedomi-
nanttechnologyis theliquid crystaldisplay(LCD), whichoper-
atesby modulatinglight generatedby aback-light.A new emis-
sive technologyknown asorganiclight emittingdiodedisplays
(OLED displays),recentlyhasshovn promisefor high lumi-
nousefficiengy (12 Lum/W), low voltage(< 10 V) andlarge
viewing angledisplays[1]. In thesedisplays,currentis passed
throughathin multilayerorganic materialwhereit is corverted
into light. One of the layersis an electrontransportingmate-
rial while the otheris a holetransportingmaterial At the junc-
tion betweernthe two is a layeroptimizedfor luminousrecom-
bination wherethe carriersrecombineand the excessenegy
is releasedhslight. The wavelengthof the light canvary de-
pendingon the dopantspeciesusedin this light-emitting layer
[1], [2]- The organiclayersare sandwichedetweena hole-in-
jecting electrodeconsistingof a large work function material
andan electron-injectingelectrodeconsistingof a small work
function material.

Sincethe mostcommonelectroninjecting materials(Al-Li,
MgAg) areopaqueo visible light, thelight mustexit the struc-
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turethroughthe holeinjecting material. Thereforethe hole in-

jecting materialmustnot only have a large work function, but

mustalso be transparento visible light. The mostcommonly
usedmaterialis indium-tin-oxide(ITO) andthiswas choserfor

this work.

Due to the natureof the light emissionprocessthe bright-
nessf the OLED materialis proportionalto theamountof cur-
rentpassinghroughit. Becauseof this, an active matrix pixel
arrayneedgo deliver uniformcurrentsto the OLED materialin
orderto createuniform light. This is differentfrom active ma-
trix liquid crystaldisplay (AMLCD) arraytechnologiesvhich
only needto deliver voltagesnot currentsto switchthe liquid
crystalmaterial. Thereforedifferentprocessingssuewill arise
for the developmentof active matrix OLED (AM-OLED) dis-
playscomparedvith AMLCD displaytechnologiesThis paper
discussegheseissuesand presentsa fabrication processfor
AM-OLED displayarrays First,thedesignstratey will bedis-
cussedandajustificationfor the needof polysilicon TFTswill
be presented.

II. OLED DispLAY ARRAY DESIGN APPROACH

OLED displayshave beendesignedn both passie matrix
andactive matrixmodeslin thepassie matrixmode eachpixel
consistof anoverlapbetweenwo conductorstheaddresdine
andthedataline, with the OLED materialin betweenNo tran-
sistorsarerequired.To turn on a pixel, a certainvoltageneeds
to be droppedacrossghe OLED material. The addresdine de-
liversa fraction of this voltage,andthe dataline providesthe
remainderA pixel receving only part of the full voltagewill
be off. However, this approacHimits the contrastandrestricts
the format of the displayto smallerpixel counts.In addition,
this approachrequirespatterningof boththe holeinjectingand
electroninjectingelectrodeswhichis difficult if MgAg is used
astheelectron-injectingelectrode.

Usinganactive matrix designapproactcansolve theimage
contrastandMgAg electrodepatteringproblems.In the active
matrix approachatransistoris placedat eachpixel to separate
the effect of the dataline voltageandthe addresdine voltage
on the voltageacrossthe OLED material. A commonMgAg
electrodds usedto eliminatetheneedto patterntheelectronin-
jectingelectrodeWithin AM-OLED designsa variety of pixel
architecturesiave beenproposed3]. Differentpixel architec-
turesmaycontaindifferentnumbersf transistorperpixel. The
simplestdesignusesonetransistomperpixel. A singletransistor
designapproachthasthe adwantageof increasedontrastcom-
paredto a passve matrix design,andwill have a higheryield
thandesignscontainingmorethanl TFT per pixel. However,
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Fig. 1. Pixel designschematicshaving (a) thesingle TFT per pixel design,
and(b) thetwo TFT per pixel design.

in this approacheachpixel is only pulsedON for a fraction
[1/(numberof gatelines)] of the frametime. This requiresthe
peakOLED currentto bemuchhigherthantheaveragecurrent,
which leadsto fasterdegradationof the OLED material.

To avoid the high currentpulsesnative to thesingle TFT de-
sign,designsnvolving two transistorger pixel have beenpro-
posedwhich have pixel memory[3]. This memoryallows the
pixel to deliver a small currentthroughoutthe entireframepe-
riod. Thoughtheaveragecurrentthroughthe OLED materialis
thesamethe peakcurrentis greatlyreducedwvhich leadsto in-
creasedrightnesandOLED materiallifetime. Otherarchitec-
tureshave alsobeenproposedo improve brightnessiniformity
by correctingfor variationsin the transistorthresholdvoltage
(> 4 transistorsper pixel) [4]. Our work attemptsto reduce
brightnessvariationsacrossthe substratethrough processing
improvementsratherthan circuit designcorrections.Both the
oneandtwo transistor-per-pigl designsareconsideredn this
work. Fig. 1 shavs a schematiof thesearchitectures.

The next designissueis to determinewhich technology
shouldbe usedto fabricatethe transistorarray The mostcom-
monly usedtechnologiefor AMLCDs areamorphoussilicon
and polycrystalline-silicon(polysilicon). Both of thesemate-
rials are compatiblewith large areaglasssubstrateprocesses,
which is necessanto fabricatedisplays at reasonablecost.
PolysiliconTFT technologywas choserfor its highermobility
and greaterstability comparedwith amorphousTFTs aswell
as for its ability to provide p-channeldevices. The higher
mobility is neededor the single TFT per pixel designbecause
the pixelsonly emitlight for a smallfraction of theframetime
andthereforelarge currentsarerequired.A calculationof the
requiredmobility is asfollows.

The averagecurrentnecessaryo producea bright display
(100 cd/m?) is approximatelyl0 mA /cm? [5]. If we assume
pixel sizeof 50 pm x 50 pm, asteadycurrentof 0.25 pA is nec-
essarySinceeachpixel emitslight only whenit is activatedby
its addresdine, eachaddresdine is ON for only a small frac-
tion [1/(# addresdines)] of the frametime. Thus,in orderto
maintainan averagedc currentof 0.25 pA, assumingd80 ad-
dresdines,themaximumtransistorcurrentrequirement 7,,,....)
is0.25 1A x 480 = 240 pA. Assuminga TFT operatingn sat-
uration,therequiredmobility canbe calculatedaccordingto

Ixnax

v Coac(vgs - ‘/th)Q )

E max

To achieve the propercurrentlevels using small device ge-
ometry(W/L = 2), andagateoxidethicknessof 50nm,amo-
bility greaterthan34 cm?/V-s is required.Sincea mobility of

p= 1)
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34 cm? /V-s is required amorphoussilicon cannotbe usedbe-
causdt hasmobilitieslessthan1 cm? /V-s andthereforecannot
deliver high enoughcurrentswith compactdevice geometry
Polysiliconbasedransistordiave mobilitiesmorethananorder
of magnitudegreatethanamorphousiliconandthereforevere
selectedor this work. It is importantto notethatthe pixel de-
signsusingtwo transistorger pixel requiresignificantly lower
drivecurrentsAs aresultthemobility requiremenis muchless
and,strictly from adrive currentperspectie, amorphousilicon
TFTsmaybeadequate.

However, p-channeblevicesaredesiredto preventvariations
in the OLED materialturn on voltagefrom leadingto current
variationsin the OLED material. To accomplishthis, a p-type
transistoroperatingin the saturatiormodeis usedto drive cur-
rentinto the OLED materialbecauséoth the gateand source
voltagesof a p-channetransistorcanbe delivereddirectly via
thegateanddatalines.However, if ann-channellFT wereused
only the gatevoltagecould be written directly to the pixel, the
sourcevoltagewould dependuponthevoltageacrosshe OLED
material.Sinceamorphoussilicon technologycannot produce
adequatg-channelTFTs, it may not be a good candidatefor
AM-OLEDs, evenfor thetwo transistomperpixel designsvhere
muchsmallerdrive currentsarerequired.

Next, this paperdiscusseshe processingssuesn matching
polysilicon TFT technologywith active matrix OLED displays.

This sectiondescribesa fabricationprocessusedto realize
bothpixel designsin botharchitecturegonetransistoperpixel
andtwo transistorger pixel), the currentpasse®ut of a tran-
sistorandinto the organiclight emitting diodestructure Since
the transistorcontrolsthe currentthroughthe OLED material,
the uniformity of the transistorthresholdvoltage,carrier mo-
bility, andseriegesistancés crucialto thefinal performancef
thedisplayarray This is becauseto first order the saturation
TFT currentcanbewrittenasshowvn in (2) where &£, represents
a sumof both the seriesand contactresistancey.,, represents
theholemobility, and V't representshethresholdvoltage.

DISPLAY PROCESSING

Ids — %NPCO,:(Vgs - Vt)?

= - . 2
1+ %/JPCO;CRS(‘/QS — Vi) )

It is evidentfrom (2) thatvariationsin thethresholdvoltage,
carrier mobility, or seriesresistancewill directly impact the
uniformity of the TFT currentand consequentlythe bright-
nessof thedisplay In this work, a variety of stepswereimple-
mentedto reducethe seriesresistanceandimprove the unifor-
mity of the pixel electricalcharacteristicsThe carriermobility
andthresholdvoltagevariationswerereducedhroughthe use
of rapid thermal processing RTP) for polysilicon crystalliza-
tion to achieve uniform polysilicon microstructureA silicida-
tion processwas developedto eliminate TFT seriesresistance
andalow resistanceontactschemewas developedto connect
thelTO to thedrainof the TFT. Finally, aplanarizatiorscheme
basedon spinon glasse{SOGs)was usedin orderto provide
a smoothanduniform surfaceprior to OLED materialdeposi-
tion. Thesestepsaredescribedelon alongwith aprocessised
to fabricatethe displayarrays.
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Fig.2. AM-OLED arrayprocessoverview.

Thefabricationprocesss dividedinto four parts:a) siliconis-
landpreparationp) TFT silicidation,c) ITO electrodeandmet-
allization,andd) final arraypassvation. A crosssectionof the
processndicatingthesefour areads shawvn in Fig. 2.

A. Siliconlsland Preparation
Thesilicon films weredepositedy pyrolysisof disilanein a

low pressurehemicalvapordepositiorreactoratatemperature

of 470°C or 500°C. Thefilms werethencrystallizedinto the

solid phaseusing rapid thermal processing(RTP). The RTP

processwas chosenover alternatve crystallization methods,
such as excimer laser annealing(ELA), becauseof its high

uniformity andhigh throughpuf6]. The uniformity of heating
duringcrystallizationis importantto createuniform polysilicon

microstructureacrosghewafer In the ELA processdueto the

narrov localization of the light beamand the melting of the

silicon film, significant microstructuralvariationscan result.

In contrast,the wide profile of the RTP lamp and the solid

phasecrystallizationnatureof the processresultsin uniform

polysilicon microstructureThe RTP throughputis determined
by the speedwith which the wafersare passeduinderneathhe

heatinglamps.For this work, scanspeed®f 5 mm/sor greater
were used.The RTP crystallizationtemperaturesvere in the

rangeof 677 °C to 720 °C. The thicknessof the polysilicon

islandswas 50 nm.

After theamorphousilicon films werecrystallizedandpat-
terned,a 100 nm gate oxide anda 100 nm amorphoussilicon
gate werethendepositedby plasmaenhancedhemicalvapor
deposition(PECVD). The waferswerethenannealedn a fur-
nacein a nitrogenambientat 800 °C for 30 min to crystal-
lize the amorphoussilicon gate, and then further annealecat
1000°C to improve the propertiesof the polysilicon islands.
The gateelectrodewas thenpatternecandthe gate,sourceand
drainweredopedeitherwith Phosphorusr Boronto a doseof
2 x 10'% cm~2. The dopantsvereactivatedat 800°C in afur-
nace thoughagain RTP could be usedfor dopantactivation.

B. TFT Silicidation

Nickel silicideswereformedonthesourcedrainandgatere-
gionsto reduceheseriegesistancef the TFT. Thegateregion
directly on top of the channelwas not silicided becausef the
useof anoxidemask.Thismaskwas necessaryo presereap+
region in contactwith the channetto maintaina blockingjunc-
tion andthusproperdevice operation.The silicidation stepbe-
comesdncreasinglyimportantaspolysiliconislandsarereduced
in thickness becausehinnerislandsincreasethe seriesresis-
tanceof the TFT. It isdesirableo reducethe polysiliconisland
thicknesgo improvethe TFT performancandto increaseman-
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Fig.3. Crosssection®f thearraypixel atthreedifferentstagesn processing:
(a) after TFT formation, (b) after metallization,and (c) the final pixel cross
section.

ufacturingthroughput.Our previous work hasshowvn that the
useof silicidescanenableultrathin (< 30 nm) island TFTsto
be madewithout significantreductionin the ON currentdueto
theislandseriesresistancg7]. Furthermoresincethe silicida-
tion processeducessignificantly the sourceanddrain parasitic
seriegesistancandits associatedariability, theuniformity of
the TFT is expectedto improve.

The ssilicideswereformedby sputterdepositingNi ontothe
wafersfollowed by anin-situ vacuumannealat 400 °C for 10
min. The silicided sourceand drain regions had a sheetresis-
tanceof 20 /00, whereaghe nonsilicidedregionshada sheet
resistanceof 800 2/C. Sincethe polysilicon gatelines were
alsosilicided,the gateline resistancevas improved by afactor
of 40 comparedwith a nonsilicidedpolysilicon gate.Fig. 3(a)
shaws a pixel crosssectionafter the silicide stagein the array
fabricationprocess.

It isimportantto notethatNiSi is resistanto bothreactizeion
etchingandwetetchingof silicon dioxide[8], andthusit canbe
usedasan effective etchingstopfor the openingof the source
anddrain contactwindows. Dopedsilicon is not asresistanto
dry etchingasnickel silicide. Thisis anothermdwantageof using
thenickel silicided sourceanddrain process.
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Fig.4. Comparisorof AFM picturesof (a)anAl film and(b) anAl — Ni film
afterbothfilms wereheatecat 500°C. It is clearthatthe Al-Ni film resistshe
formationof hillocks.

i1 Hillock shari ng Dizia o Cathioule

Fig. 5. lllustration of how Al hillock canshorta dataline to the common
cathodeof the AM-OLED structure.

C. ITO ElectodeFormationand Metallization

After thetransistoiformation,300nmof PECVDpassvation
oxide was depositedo cover theislandsandgatesandto pre-
ventshortsbetweergateanddatalines.Contactholeswerethen
openedo thegateandislandregionsusingwetetchingfollowed
by depositionof the datametals.

Thedatametallizationconsistef athree-layestackto pre-
venttheformationof hillocks. Thelayerswere50 nmof Ti, 200
nmAl, and50nmof Ni. A crosssectionof thepixel atthisstage
is shawvn in Fig. 3(b). It was found thatthe Ti alonecould not
preventtheformationof hillocks duringhydrogenationbut that
the additionof anextralayer of nickel on top of thealuminum
preventedtheformationof hillocks[9]. Fig. 4 comparestomic
forcemicroscopdAFM) imagesof anAl film with aNi capping
layerwith anAl film with nocappingayerafterbothfilms have
beenannealedat 500 °C. It is clearthat the nickel layer pre-
ventsthe formationof hillocks evenattemperature§ar greater
thanthoserequiredfor AM-OLED processingThis is anim-
portantconsiderationin OLED displaysbecause hillock can
causea shortbetweerthe dataline andthe commoncathodeof
the OLED material.Fig. 5 shavs anexampleof OLED display
damagehatmay occurfrom a hillock. After metallization the
waferswereplasmahydrogenatedor 1 h at 300°C.

The datametalswere then coveredwith a doublelayer of
PECVD oxide and spin on glass(SOG). The SOGwas cured
onahotplateat300°C. A highercuretemperaturevas notused
becaus& mayhaveinstigatedout-diffusionof hydrogenandre-
ducedthe performanceof the TFTs. The combinationof these
two dielectricsprovidedexcellentprotectionof themetalsfrom
futurecorrosve etchesaswell asasmoothwell-planarizedsur-
facefor thedepositionof the ITO electrodelt is importantthat
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Fig. 6. Two differentprocessesreshawvn to contactthe ITO to thesilicided
polysilicon island; (a) the ITO contactsthe silicide directly, and (b) the ITO
contactsa datametalplug which thencontactghesilicide.

the ITO electroderesideson a well planarizedsurfaceso that
the surfaceof the ITO is free of arny asperiteghat may cause
nonuniformcurrentflow acrosshe OLED material.A contact
hole was then openedin the SOG and oxide so thatthe ITO

couldconnecto thedrainof the TFT. TheITO wassputterde-

positedat 200°C.

Two different approachesvere investigatedto contactthe
ITO electrodeto the silicided polysilicon island. In one ap-
proach,the ITO contactedthe silicided island directly. In an-
otherapproachthe ITO contacteda datametalplug, which in
turn contactedhe silicided island. Fig. 6 shavs a comparison
of thesetwo contactapproachesBoth processesvere usedin
orderto investigatewhich processcould provide moreuniform
pixel characteristics.

In the metal plug approach,the Ni cappinglayer in the
Ti-Al-Ni stackis necessaryot just to prevent hillock forma-
tion, but alsoto ensurea goodcontactof theITO to themetals.
Previous work has demonstratedhat the Al-ITO forms an
interfacialoxide andthe contactis not ohmic.However, adding
aNi cappinglayer preventstheformationof this oxideandthe
Al-Ni-IT O formsalow resistanceghmic contact{10].

D. Final Array Passivation

After the ITO patterninga secondSOGdielectricwas spun
onto the wafer and curedon a hot plateat 275 °C. This cure
temperaturavas choserto belessthanthe curetemperaturef
the previous SOG layerin orderto prevent stressingand pos-
sibly crackingthe previous SOGfilm. A contactholewas then
patternecandetchedusingwetchemistryto openanareawhere
the OLED materialwould contactthe ITO. This window de-
finesthe areafrom which light will be emitted.The useof wet
chemistryis importantatthis stagen orderto provide agradual
slopein theetchedpassvationoxidearoundthe OLED window
formedontop of theITO. A gradualslopeis importantin order
to achieve goodstepcoverageof the OLED material.

Also, in orderto guaranteea smoothsurfacefor the OLED
material thisfinal cutto thelTO wasplacedonly over thearea
of thelTO thathasminimaltopologicalariationsunderneati.
TheSOGunderneatlthel TO will ensureghatthel TO issmooth
exceptwherethis SOGhasbeenetchedfor the ITO-datametal
contactwhile the SOGontop of theITO will planarizethere-
gion wherethe ITO contactsthe metal plug. Thus, a smooth
topology is provided for the OLED material. A smoothsur-
facepriorto OLED materialdepositiorwill minimizeunwanted
OLED materialthicknessvariationsandthereforeimprove the
brightnessiniformity of thedisplay Fig. 3(c)shavsafinal cross
sectionof the pixel prior to OLED materialdeposition.
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Fig. 7. Cumulatve probability plot of TFT drain currentsfalling within a
percentagef the mediancurrent.lt canbe seenthatthe silicided devicesare
moreuniform.

IV. ARRAY PERFORMANCE

Thefour majorprocessmprovementsdiscussebove were
all importantto the final array performanceThe RTP process
achieved uniform polysilicon characteristicsThe silicidation
and ITO contactstep reducedparasiticseriesresistanceand
thereforefurther improved uniformity. The metallizationwas
hillock freeandpreventedshortso theOLED commoncathode.
Finally, the passvation and planarizationproduceda viable,
smoothlTO surfaceprior to OLED materialdeposition.

To determingheuniformity of polysiliconTFTscrystallized
usingtheRTP processgatawascollectedromwafersprocessed
by RTP. Thesalevicesweresilicidedandcompletedhroughpat-
terning of the metallizationlayer. The maximumprocesgem-
peratureof thesedeviceswas keptbelov 700°C. Thelocal uni-
formity was determinedy measuringhe standardieviation of
thresholdvoltageover theareaof onedie (0.25 cn?). Thegloball
waferuniformity was determinedy evaluatingthedataover an
areaof (10 cm?. Thelocal deviation was 65 mV for n-channel
TFTsand140mV for p-channelFTs.Theglobaldeviationwas
100 mV for n-channelTFTsand 150 mV for p-channellFTs.
This dataconfrmsthatthe RTP crystallizationprocesdeadsto
highly uniformpolysiliconTFTs.

Thesilicidationprocesslsowasfoundto improvetheunifor-
mity of theTFTs.Fig. 7 shavsacumulatveprobabilityplotcom-
paringTFTsfabricatedvith silicidesto TFTsfabricatedvithout
silicides.For alarge groupof silicided or nonsilicideddevices,
thevalueof V5 was determinedhatachiezed amediancurrent
level of 20 A, a Vps = 1 V. Then theindividualdeviceswere
measuretb determingheexactdraincurrentof eachTFT atthis
fixed Vgs value. The percendeviation from themediancurrent
(thetamgetcurrent)wasthenmeasuredor eachTFT. Thisgraph
plotsthedeviationin thetagetedcurrentasafunctionof theper-
centagef devices.Thismethodakesinto accounbothmobility
andthresholdvoltagenonuniformityandthereforebestimitates
thenonuniformityin TFT pixel current.
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Fig. 8. TFT transfercharacteristiccomparinga TFT using an ITO-metal-
silicide contactschemewith a TFT usinganITO-silicide contactscheme.

For the graph,it is clearthatthe silicided devicesare more
uniform. For example,80% of the silicided devices have cur-
rentsthatvarywithin 2% of eachother whereashenonsilicided
deviceshave currentswith variationgreaterthan’5%. This in-
creasdn uniformity is attributedto a reductionin the variable
seriesresistance.

In additionto TFT silicidation, it was also found that the
methodof contactingthe ITO to the silicon islandwas critical
in determiningthe parasiticresistancef the pixel. The series
resistanceesultingfrom connectinghelT O directly to thesili-
cidedislandwas intolerablyhigh andsignificantly deteriorated
the pixel drive current.This is becausevhenthe ITO wasin
direct contactwith the nickel silicide an interfacial oxide was
formed.This contacthenwas no longerohmicin nature How-
ever, whenaddingthemetalplug betweerthelTO andtheNiSi,
thecontactwas ohmicandparasiticresistancéadonly aminor
effect on the pixel performanceThe contactresistancaising
the ITO-metal-silicidecontactschemewas 480 uf2-cn? at a
biasof 1 V. In contrastthe contactresistancef the IT O-sili-
cide schemawas 33 m$2- cm?, even at a biasof 10 V.

Toillustratetheadvantage®f thisnew contactmethod Fig. 8
shawsthelineartransfercharacteristicef thecompletedpixels
usingthelTO-metal-silicidecontactmethodaswell asthel TO-
silicide contactmethod.A control TFT is also shavn which
hasno ITO connectionbut ratherthe silicide was probeddi-
rectly. It canbe seenthat pixel usingthe ITO-silicide contact
suffered greatly due the contactresistanceput that the pixel
usingthelTO-metal-silicidecontactdoesnothave this problem
andachieses characteristicsimilar to the control TFT.

VGA sizearrayswith a 4-cmdiagonalwerefabricatedusing
the processdescribedabore. Fig. 9 shovs a microscopepho-
tographof a completedpixel having the single TFT per pixel
design.The pixel sizeis 50 xm by 50 pm. Fig. 10 shovs a
transmissiormodephotograptof a pixel having thetwo TFT
perpixel design;its pixel sizeis 100 ;m by 100 zm.
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Fig. 10. Photographof completed100 pm squarepixel having the 2-TFT
design.The passTFT, storagecapacitoranddrive TFT areindicated.

The pixel functionality was testedby probingthe ITO pad
and applyingtestvoltagesto the peripheryof the array Pixel
TFT characteristiceveremeasuredor n channelandp channel
wafersandfor waferswith bothtypesof ITO to islandcontacts.
Fig. 11 shaws the transfercharacteristicat Vps = —1 V of a
p channelTFT in thesingle TFT pixel structure The p channel
pixel TFT hasamobility of 21 cm?/V-s andthen channepixel
TFT hasamobility of 46 cm? /V-s. Thesecharacteristicsvere
measuredor the casewherethe ITO contactsthe NiSi via a
metalplug. After the completionof the arrays,the OLED ma-
terial was depositedandthe displaysweretested.An average
brightnesof 101 cd/m? was obtainedat a framerateof 60 Hz
[11]. The operatingAM-OLED displaytestifiesto the success
of theactive matrixarraypanelandthefabricationapproacldis-
cussedn this paper

V. CONCLUSIONS

A procesdo fabricatepolysilicon TFT active matrix OLED
displayarrayshasbeendescribedIn orderto createa display
with uniformbrightnessavarietyof stepshave beenintroduced
to reducenonuniformitythat may arisethroughprocessingTo
achieve uniform transistorthresholdvoltage and carrier mo-
bility, asolid phasepolysilicon crystallizationby rapidthermal
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Fig.11. P-channepixel TFT transfercharacteristicsiV/L = 4 pm/8 um,
Vps = —1V.

processing(RTP) was used.TFT thresholdvoltage variation
lessthan200 mV was achieved usingthe RTP crystallization
processTo reducethe TFT seriesresistancesilicideswerein-
corporatedntothesourceanddrainregionsof the TFT andthe
silicideswerefoundto significantly improve TFT currentuni-
formity. To reducethe seriesresistanc®f the pixel, a Ti-Al-Ni
metallizationschemevas developedo interfacethelTO andthe
TFT island,resultingin a goodohmic contactto the ITO. The
Ti-Al-Ni metallizationschemealsoeliminatedhillocks, which
could otherwisecausecatastrophicshortsin the display Fi-
nally, spin on glasseswere integratedto provide a well-pla-
narizedsurfacefor the OLED material. The final array pixel
TFT’s had effective mobilities of 46 cm?/V-s for n channel
TFT's, and21 cm?/V-s for the p channelTFTs. Thesearrays
resultedn functionalV GA AM-OLED displayswith brightness
of 101 cd/m?.
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