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PolysiliconTFT Technologyfor ActiveMatrix OLED
Displays

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

Abstract—Theintegration of activematrix polysiliconTFT tech-
nologywith organiclight emitting diode(OLED) displayshasbeen
investigatedwith the goalof producingdisplaysof uniform bright-
ness.This work identif ies and addressesseveral processintegra-
tion issuesunique to this type of display which are important in
achieving bright and uniform displays.Rapid thermal processing
(RTP) has been incorporated to achieve uniform polysilicon mi-
crostructure, along with silicides to reduceparasitic source and
drain seriesresistance.Using theseprocesses,TFT drain curr ent
nonuniformity hasbeenreducedbelow 5% for 90% of the devices.
This work also intr oducestransition metals to producelow resis-
tance contactsto indium-tin-oxide (IT O) and to eliminate hillock
formation in the aluminum metallization. Theseprocesses,along
with spin on glassesfor planarization, have beenusedto produce
functional activematrix arrays for OLED displays.The final array
pixel performanceis alsopresented.

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

I. INTRODUCTION

A varietyof technologiesarecurrentlyin competitionfor a
shareof theflat paneldisplaymarket.Currently, thedomi-

nanttechnologyis theliquid crystaldisplay(LCD), whichoper-
atesby modulatinglight generatedby aback-light.A new emis-
sivetechnology, known asorganiclight emittingdiodedisplays
(OLED displays),recentlyhasshown promisefor high lumi-
nousefficiency (12 Lum/W), low voltage andlarge
viewing angledisplays[1]. In thesedisplays,currentis passed
througha thin multilayerorganicmaterialwhereit is converted
into light. Oneof the layersis an electrontransportingmate-
rial while theotheris a holetransportingmaterial.At thejunc-
tion betweenthetwo is a layeroptimizedfor luminousrecom-
bination wherethe carriersrecombineand the excessenergy
is releasedas light. The wavelengthof the light canvary de-
pendingon thedopantspeciesusedin this light-emitting layer
[1], [2]. Theorganic layersaresandwichedbetweena hole-in-
jecting electrodeconsistingof a large work function material
andan electron-injectingelectrodeconsistingof a small work
functionmaterial.

Sincethemostcommonelectroninjectingmaterials(Al-Li,
MgAg) areopaqueto visible light, thelight mustexit thestruc-
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ture throughthehole injectingmaterial.Thereforethehole in-
jectingmaterialmustnot only have a largework function,but
mustalsobe transparentto visible light. The mostcommonly
usedmaterialis indium-tin-oxide(ITO) andthiswaschosenfor
this work.

Due to the natureof the light emissionprocess,the bright-
nessof theOLED materialis proportionalto theamountof cur-
rentpassingthroughit. Becauseof this, anactive matrix pixel
arrayneedsto deliver uniformcurrentsto theOLED materialin
orderto createuniform light. This is differentfrom active ma-
trix liquid crystaldisplay(AMLCD) arraytechnologieswhich
only needto deliver voltages,not currents,to switchtheliquid
crystalmaterial.Therefore,differentprocessingissueswill arise
for the developmentof active matrix OLED (AM-OLED) dis-
playscomparedwith AMLCD displaytechnologies.Thispaper
discussestheseissuesand presentsa fabricationprocessfor
AM-OLED displayarrays.First,thedesignstrategy will bedis-
cussedanda justificationfor theneedof polysiliconTFTswill
bepresented.

II. OLED DISPLAY ARRAY DESIGN APPROACH

OLED displayshave beendesignedin both passive matrix
andactivematrixmodes.In thepassivematrixmode,eachpixel
consistsof anoverlapbetweentwo conductors,theaddressline
andthedataline, with theOLED materialin between.No tran-
sistorsarerequired.To turn on a pixel, a certainvoltageneeds
to bedroppedacrosstheOLED material.Theaddressline de-
liversa fraction of this voltage,andthe dataline providesthe
remainder. A pixel receiving only part of the full voltagewill
beoff. However, this approachlimits thecontrastandrestricts
the format of the display to smallerpixel counts.In addition,
this approachrequirespatterningof boththeholeinjectingand
electroninjectingelectrodes,which is difficult if MgAg is used
astheelectron-injectingelectrode.

Usinganactive matrix designapproachcansolve theimage
contrastandMgAg electrodepatteringproblems.In theactive
matrix approach,a transistoris placedat eachpixel to separate
the effect of the dataline voltageandthe addressline voltage
on the voltageacrossthe OLED material.A commonMgAg
electrodeis usedto eliminatetheneedto patterntheelectronin-
jectingelectrode.Within AM-OLED designs,avarietyof pixel
architectureshave beenproposed[3]. Differentpixel architec-
turesmaycontaindifferentnumbersof transistorsperpixel.The
simplestdesignusesonetransistorperpixel.A singletransistor
designapproachhasthe advantageof increasedcontrastcom-
paredto a passive matrix design,andwill have a higheryield
thandesignscontainingmorethan1 TFT per pixel. However,
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Fig. 1. Pixel designschematicsshowing (a) thesingleTFT perpixel design,
and(b) thetwo TFT perpixel design.

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

To avoid thehigh currentpulsesnative to thesingleTFT de-
sign,designsinvolving two transistorsperpixel havebeenpro-
posedwhich have pixel memory[3]. This memoryallows the
pixel to deliver a smallcurrentthroughouttheentireframepe-
riod. ThoughtheaveragecurrentthroughtheOLED materialis
thesame,thepeakcurrentis greatlyreducedwhich leadsto in-
creasedbrightnessandOLED materiallifetime.Otherarchitec-
tureshavealsobeenproposedto improvebrightnessuniformity
by correctingfor variationsin the transistorthresholdvoltage
( transistorsper pixel) [4]. Our work attemptsto reduce
brightnessvariationsacrossthe substratethroughprocessing
improvementsratherthancircuit designcorrections.Both the
oneandtwo transistor-per-pixel designsareconsideredin this
work. Fig. 1 shows a schematicof thesearchitectures.

The next design issue is to determinewhich technology
shouldbeusedto fabricatethetransistorarray. Themostcom-
monly usedtechnologiesfor AMLCDs areamorphoussilicon
and polycrystalline-silicon(polysilicon). Both of thesemate-
rials arecompatiblewith large areaglasssubstrateprocesses,
which is necessaryto fabricatedisplays at reasonablecost.
PolysiliconTFT technologywas chosenfor its highermobility
andgreaterstability comparedwith amorphousTFTs aswell
as for its ability to provide p-channeldevices. The higher
mobility is neededfor thesingleTFT perpixel designbecause
thepixelsonly emit light for a small fractionof theframetime
andthereforelarge currentsarerequired.A calculationof the
requiredmobility is asfollows.

The averagecurrentnecessaryto producea bright display
is approximately [5]. If weassumea

pixel sizeof , asteadycurrentof is nec-
essary. Sinceeachpixel emitslight only whenit is activatedby
its addressline, eachaddressline is ON for only a small frac-
tion [1/(# addresslines)] of the frametime. Thus, in order to
maintainan averagedc currentof , assuming480 ad-
dresslines,themaximumtransistorcurrentrequirement
is . AssumingaTFT operatingin sat-
uration,therequiredmobility canbecalculatedaccordingto

(1)

To achieve the propercurrentlevels usingsmall device ge-
ometry , andagateoxidethicknessof 50nm,amo-
bility greaterthan - is required.Sincea mobility of

- is required,amorphoussilicon cannotbeusedbe-
causeit hasmobilitieslessthan - andthereforecannot
deliver high enoughcurrentswith compactdevice geometry.
Polysiliconbasedtransistorshavemobilitiesmorethananorder
of magnitudegreaterthanamorphoussiliconandthereforewere
selectedfor this work. It is importantto notethat thepixel de-
signsusingtwo transistorsperpixel requiresignificantly lower
drivecurrents.Asaresult,themobility requirementismuchless
and,strictly from adrivecurrentperspective, amorphoussilicon
TFTsmaybeadequate.

However, p-channeldevicesaredesiredto preventvariations
in the OLED materialturn on voltagefrom leadingto current
variationsin the OLED material.To accomplishthis, a p-type
transistoroperatingin thesaturationmodeis usedto drive cur-
rent into the OLED materialbecauseboth thegateandsource
voltagesof a p-channeltransistorcanbedelivereddirectly via
thegateanddatalines.However, if ann-channelTFT wereused
only thegatevoltagecouldbewritten directly to thepixel, the
sourcevoltagewoulddependuponthevoltageacrosstheOLED
material.Sinceamorphoussilicon technologycannot produce
adequatep-channelTFTs, it may not be a goodcandidatefor
AM-OLEDs,evenfor thetwo transistorperpixel designswhere
muchsmallerdrive currentsarerequired.

Next, this paperdiscussestheprocessingissuesin matching
polysiliconTFT technologywith activematrixOLED displays.

III. DISPLAY PROCESSING

This sectiondescribesa fabricationprocessusedto realize
bothpixeldesigns.In botharchitectures(onetransistorperpixel
andtwo transistorsperpixel), thecurrentpassesout of a tran-
sistorandinto theorganic light emittingdiodestructure.Since
the transistorcontrolsthe currentthroughthe OLED material,
the uniformity of the transistorthresholdvoltage,carriermo-
bility, andseriesresistanceis crucialto thefinal performanceof
the displayarray. This is because,to first order, the saturation
TFT currentcanbewrittenasshown in (2) where represents
a sumof both the seriesandcontactresistance, represents
theholemobility, and representsthethresholdvoltage.

(2)

It is evidentfrom (2) thatvariationsin thethresholdvoltage,
carrier mobility, or seriesresistancewill directly impact the
uniformity of the TFT current and consequently, the bright-
nessof thedisplay. In this work, a varietyof stepswereimple-
mentedto reducetheseriesresistanceandimprove theunifor-
mity of thepixel electricalcharacteristics.Thecarriermobility
andthresholdvoltagevariationswerereducedthroughtheuse
of rapid thermalprocessing(RTP) for polysilicon crystalliza-
tion to achieve uniform polysiliconmicrostructure.A silicida-
tion processwas developedto eliminateTFT seriesresistance
anda low resistancecontactschemewas developedto connect
theITO to thedrainof theTFT. Finally, aplanarizationscheme
basedon spinon glasses(SOGs)was usedin orderto provide
a smoothanduniform surfaceprior to OLED materialdeposi-
tion. Thesestepsaredescribedbelow alongwith aprocessused
to fabricatethedisplayarrays.
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Fig. 2. AM-OLED arrayprocessoverview.

Thefabricationprocessisdividedinto fourparts:a)siliconis-
landpreparation,b) TFT silicidation,c) ITO electrodeandmet-
allization,andd) final arraypassivation.A crosssectionof the
processindicatingthesefour areasis shown in Fig. 2.

A. SiliconIslandPreparation

Thesilicon films weredepositedby pyrolysisof disilanein a
low pressurechemicalvapordepositionreactoratatemperature
of 470 C or 500 C. Thefilms werethencrystallizedinto the
solid phaseusing rapid thermal processing(RTP). The RTP
processwas chosenover alternative crystallizationmethods,
such as excimer laser annealing(ELA), becauseof its high
uniformity andhigh throughput[6]. Theuniformity of heating
duringcrystallizationis importantto createuniformpolysilicon
microstructureacrossthewafer. In theELA process,dueto the
narrow localizationof 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
polysiliconmicrostructure.TheRTP throughputis determined
by the speedwith which thewafersarepassedunderneaththe
heatinglamps.For this work, scanspeedsof 5 mm/sor greater
were used.The RTP crystallizationtemperatureswere in the
rangeof 677 C to 720 C. The thicknessof the polysilicon
islandswas 50 nm.

After theamorphoussilicon films werecrystallizedandpat-
terned,a 100 nm gateoxide anda 100 nm amorphoussilicon
gatewerethendepositedby plasmaenhancedchemicalvapor
deposition(PECVD).Thewaferswerethenannealedin a fur-
nacein a nitrogenambientat 800 C for 30 min to crystal-
lize the amorphoussilicon gate,and then further annealedat
1000 C to improve the propertiesof the polysilicon islands.
Thegateelectrodewas thenpatternedandthegate,sourceand
drainweredopedeitherwith Phosphorusor Boronto a doseof

cm . Thedopantswereactivatedat 800 C in a fur-
nace,thoughagain RTP couldbeusedfor dopantactivation.

B. TFT Silicidation

Nickel silicideswereformedonthesource,drainandgatere-
gionsto reducetheseriesresistanceof theTFT. Thegateregion
directly on top of thechannelwas not silicidedbecauseof the
useof anoxidemask.Thismaskwasnecessaryto preserveap+
region in contactwith thechannelto maintaina blockingjunc-
tion andthusproperdevice operation.Thesilicidationstepbe-
comesincreasinglyimportantaspolysiliconislandsarereduced
in thickness,becausethinner islandsincreasethe seriesresis-
tanceof theTFT. It isdesirableto reducethepolysiliconisland
thicknessto improvetheTFT performanceandto increaseman-

Fig. 3. Crosssectionsof thearraypixel at threedifferentstagesin processing:
(a) after TFT formation, (b) after metallization,and (c) the final pixel cross
section.

ufacturingthroughput.Our previous work hasshown that the
useof silicidescanenableultrathin islandTFTsto
bemadewithout significantreductionin theON currentdueto
theislandseriesresistance[7]. Furthermore,sincethesilicida-
tion processreducessignificantly thesourceanddrainparasitic
seriesresistanceandits associatedvariability, theuniformity of
theTFT is expectedto improve.

Thesilicideswereformedby sputterdepositingNi onto the
wafersfollowedby an in-situ vacuumannealat 400 C for 10
min. The silicided sourceanddrain regionshada sheetresis-
tanceof 20 , whereasthenonsilicidedregionshada sheet
resistanceof 800 . Sincethe polysilicon gate lines were
alsosilicided,thegateline resistancewas improved by a factor
of 40 comparedwith a nonsilicidedpolysilicongate.Fig. 3(a)
shows a pixel crosssectionafter thesilicide stagein thearray
fabricationprocess.

It is importanttonotethatNiSi is resistanttobothreactiveion
etchingandwetetchingof silicondioxide[8], andthusit canbe
usedasaneffective etchingstopfor theopeningof thesource
anddraincontactwindows.Dopedsilicon is not asresistantto
dry etchingasnickel silicide.Thisis anotheradvantageof using
thenickel silicidedsourceanddrainprocess.

Petitioner Ex 1020, p. 3
BOE v. Samsung, IPR2023-00988



848 IEEE TRANSACTIONSON ELECTRON DEVICES,VOL. 48, NO. 5, MAY 2001

Fig.4. Comparisonof AFM picturesof (a)anAl film and(b) anAl — Ni film
afterbothfilms wereheatedat500 C. It is clearthattheAl-Ni film resiststhe
formationof hillocks.

Fig. 5. Illustration of how Al hillock can short a dataline to the common
cathodeof theAM-OLED structure.

C. ITO ElectrodeFormationandMetallization

After thetransistorformation,300nmof PECVDpassivation
oxidewas depositedto cover the islandsandgatesandto pre-
ventshortsbetweengateanddatalines.Contactholeswerethen
openedto thegateandislandregionsusingwetetchingfollowed
by depositionof thedatametals.

Thedatametallizationconsistedof athree-layerstackto pre-
venttheformationof hillocks.Thelayerswere50nmof Ti, 200
nmAl, and50nmof Ni. A crosssectionof thepixel atthisstage
is shown in Fig. 3(b). It was found that theTi alonecouldnot
preventtheformationof hillocksduringhydrogenation,but that
theadditionof anextra layerof nickel on top of thealuminum
preventedtheformationof hillocks [9]. Fig. 4 comparesatomic
forcemicroscope(AFM) imagesof anAl film with aNi capping
layerwith anAl film with nocappinglayerafterbothfilms have
beenannealedat 500 C. It is clear that the nickel layer pre-
ventstheformationof hillocks evenat temperaturesfar greater
thanthoserequiredfor AM-OLED processing.This is an im-
portantconsiderationin OLED displaysbecausea hillock can
causeashortbetweenthedataline andthecommoncathodeof
theOLED material.Fig. 5 shows anexampleof OLED display
damagethatmayoccurfrom a hillock. After metallization,the
waferswereplasmahydrogenatedfor 1 h at 300 C.

The datametalswere then coveredwith a doublelayer of
PECVD oxide andspin on glass(SOG).The SOGwas cured
onahotplateat300 C. A highercuretemperaturewasnotused
becauseit mayhaveinstigatedout-diffusionof hydrogenandre-
ducedtheperformanceof theTFTs.Thecombinationof these
two dielectricsprovidedexcellentprotectionof themetalsfrom
futurecorrosiveetchesaswell asasmooth,well-planarizedsur-
facefor thedepositionof theITO electrode.It is importantthat

Fig. 6. Two differentprocessesareshown to contacttheITO to thesilicided
polysilicon island; (a) the ITO contactsthe silicide directly, and (b) the ITO
contactsa datametalplug which thencontactsthesilicide.

the ITO electroderesideson a well planarizedsurfaceso that
the surfaceof the ITO is free of any asperitesthat may cause
nonuniformcurrentflow acrosstheOLED material.A contact
hole was then openedin the SOG andoxide so that the ITO
couldconnectto thedrainof theTFT. TheITO wassputterde-
positedat 200 C.

Two different approacheswere investigated to contactthe
ITO electrodeto the silicided polysilicon island. In one ap-
proach,the ITO contactedthe silicided islanddirectly. In an-
otherapproach,the ITO contacteda datametalplug, which in
turn contactedthe silicided island.Fig. 6 shows a comparison
of thesetwo contactapproaches.Both processeswereusedin
orderto investigatewhich processcouldprovidemoreuniform
pixel characteristics.

In the metal plug approach,the Ni capping layer in the
Ti-Al-Ni stackis necessarynot just to prevent hillock forma-
tion, but alsoto ensureagoodcontactof theITO to themetals.
Previous work has demonstratedthat the Al-IT O forms an
interfacialoxideandthecontactis notohmic.However, adding
a Ni cappinglayerpreventstheformationof this oxideandthe
Al-Ni-IT O formsa low resistance,ohmiccontact[10].

D. Final Array Passivation

After theITO patterning,a secondSOGdielectricwas spun
onto the wafer andcuredon a hot plateat 275 C. This cure
temperaturewas chosento belessthanthecuretemperatureof
the previous SOGlayer in orderto prevent stressingandpos-
sibly crackingthepreviousSOGfilm. A contactholewas then
patternedandetchedusingwetchemistryto openanareawhere
the OLED materialwould contactthe ITO. This window de-
finestheareafrom which light will beemitted.Theuseof wet
chemistryis importantat thisstagein orderto provideagradual
slopein theetchedpassivationoxidearoundtheOLED window
formedontopof theITO. A gradualslopeis importantin order
to achieve goodstepcoverageof theOLED material.

Also, in orderto guaranteea smoothsurfacefor the OLED
material,this final cut to theITO wasplacedonly over thearea
of theITOthathasminimaltopologicalvariationsunderneathit.
TheSOGunderneaththeITO will ensurethattheITO issmooth
exceptwherethis SOGhasbeenetchedfor theITO-datametal
contact,while theSOGon top of theITO will planarizethere-
gion wherethe ITO contactsthe metal plug. Thus,a smooth
topology is provided for the OLED material.A smoothsur-
faceprior toOLEDmaterialdepositionwill minimizeunwanted
OLED materialthicknessvariationsandthereforeimprove the
brightnessuniformityof thedisplay. Fig.3(c)showsafinalcross
sectionof thepixel prior to OLED materialdeposition.

Petitioner Ex 1020, p. 4
BOE v. Samsung, IPR2023-00988



STEWART et al.: ACTIVE MATRIX OLED DISPLAYS 849

Fig. 7. Cumulative probability plot of TFT drain currentsfalling within a
percentageof the mediancurrent.It canbe seenthat the silicided devicesare
moreuniform.

IV. ARRAY PERFORMANCE

Thefour majorprocessimprovementsdiscussedabove were
all importantto the final arrayperformance.The RTP process
achieved uniform polysilicon characteristics.The silicidation
and ITO contactstep reducedparasiticseriesresistanceand
thereforefurther improved uniformity. The metallizationwas
hillock freeandpreventedshortsto theOLEDcommoncathode.
Finally, the passivation and planarizationproduceda viable,
smoothITO surfaceprior to OLED materialdeposition.

To determinetheuniformity of polysiliconTFTscrystallized
usingtheRTPprocess,datawascollectedfromwafersprocessed
byRTP.Thesedevicesweresilicidedandcompletedthroughpat-
terningof the metallizationlayer. Themaximumprocesstem-
peratureof thesedeviceswaskeptbelow 700 C. Thelocaluni-
formity wasdeterminedby measuringthestandarddeviationof
thresholdvoltageover theareaof onedie( cm ). Theglobal
waferuniformity wasdeterminedby evaluatingthedataover an
areaof cm . Thelocal deviation was 65 mV for n-channel
TFTsand140mV for p-channelTFTs.Theglobaldeviationwas
100mV for n-channelTFTsand150mV for p-channelTFTs.
This dataconfirms thattheRTPcrystallizationprocessleadsto
highlyuniformpolysiliconTFTs.

Thesilicidationprocessalsowasfoundto improvetheunifor-
mityof theTFTs.Fig.7showsacumulativeprobabilityplotcom-
paringTFTsfabricatedwith silicidestoTFTsfabricatedwithout
silicides.For a largegroupof silicidedor nonsilicideddevices,
thevalueof wasdeterminedthatachieved amediancurrent
level of , at . Then,theindividualdeviceswere
measuredtodeterminetheexactdraincurrentof eachTFTatthis
fixed value.Thepercentdeviationfrom themediancurrent
(thetargetcurrent)wasthenmeasuredfor eachTFT. Thisgraph
plotsthedeviationin thetargetedcurrentasafunctionof theper-
centageof devices.Thismethodtakesintoaccountbothmobility
andthresholdvoltagenonuniformityandthereforebestimitates
thenonuniformityin TFTpixelcurrent.

Fig. 8. TFT transfercharacteristicscomparinga TFT using an ITO-metal-
silicidecontactschemewith a TFT usinganITO-silicidecontactscheme.

For the graph,it is clearthat the silicided devicesaremore
uniform. For example,80% of the silicided deviceshave cur-
rentsthatvarywithin 2%of eachother, whereasthenonsilicided
deviceshave currentswith variationgreaterthan5%. This in-
creasein uniformity is attributedto a reductionin thevariable
seriesresistance.

In addition to TFT silicidation, it was also found that the
methodof contactingthe ITO to thesilicon islandwas critical
in determiningthe parasiticresistanceof the pixel. The series
resistanceresultingfrom connectingtheITO directly to thesili-
cidedislandwas intolerablyhigh andsignificantly deteriorated
the pixel drive current.This is becausewhen the ITO was in
direct contactwith the nickel silicide an interfacial oxide was
formed.Thiscontactthenwasno longerohmicin nature.How-
ever, whenaddingthemetalplugbetweentheITO andtheNiSi,
thecontactwasohmicandparasiticresistancehadonly aminor
effect on the pixel performance.The contactresistanceusing
the ITO-metal-silicidecontactschemewas -cm at a
biasof 1 V. In contrast,the contactresistanceof the ITO-sili-
cideschemewas - cm , even at a biasof 10 V.

To illustratetheadvantagesof thisnew contactmethod,Fig.8
showsthelineartransfercharacteristicsof thecompletedpixels
usingtheITO-metal-silicidecontactmethodaswell astheITO-
silicide contactmethod.A control TFT is also shown which
hasno ITO connection,but ratherthe silicide was probeddi-
rectly. It canbe seenthat pixel usingthe ITO-silicide contact
suffered greatly due the contactresistance,but that the pixel
usingtheITO-metal-silicidecontactdoesnothavethisproblem
andachieves characteristicssimilar to thecontrolTFT.

VGA sizearrayswith a4-cmdiagonalwerefabricatedusing
the processdescribedabove. Fig. 9 shows a microscopepho-
tographof a completedpixel having the singleTFT per pixel
design.The pixel size is m by m. Fig. 10 shows a
transmissionmodephotographof a pixel having the two TFT
perpixel design;its pixel sizeis m by m.
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Fig. 9. Photographof acompleted50 �m squaresingleTFT pixel (topview).

Fig. 10. Photographof completed100 �m squarepixel having the 2-TFT
design.ThepassTFT, storagecapacitor, anddriveTFT areindicated.

The pixel functionality was testedby probing the ITO pad
andapplying testvoltagesto the peripheryof the array. Pixel
TFT characteristicsweremeasuredfor n channelandp channel
wafersandfor waferswith bothtypesof ITO to islandcontacts.
Fig. 11 shows the transfercharacteristicsat of a
p channelTFT in thesingleTFT pixel structure.Thep channel
pixel TFT hasamobility of - andthen channelpixel
TFT hasa mobility of cm - . Thesecharacteristicswere
measuredfor the casewherethe ITO contactsthe NiSi via a
metalplug. After thecompletionof thearrays,theOLED ma-
terial was depositedandthe displaysweretested.An average
brightnessof wasobtainedat a framerateof 60Hz
[11]. TheoperatingAM-OLED displaytestifies to thesuccess
of theactivematrixarraypanelandthefabricationapproachdis-
cussedin this paper.

V. CONCLUSIONS

A processto fabricatepolysiliconTFT active matrix OLED
displayarrayshasbeendescribed.In orderto createa display
with uniformbrightness,avarietyof stepshavebeenintroduced
to reducenonuniformitythatmayarisethroughprocessing.To
achieve uniform transistorthresholdvoltageand carrier mo-
bility, a solid phasepolysiliconcrystallizationby rapidthermal

Fig. 11. P-channelpixel TFT transfercharacteristics.W=L = 4 �m=8 �m,
V = �1 V.

processing(RTP) was used.TFT thresholdvoltagevariation
lessthan200 mV was achieved using the RTP crystallization
process.To reducetheTFT seriesresistance,silicideswerein-
corporatedontothesourceanddrainregionsof theTFT andthe
silicideswerefound to significantly improve TFT currentuni-
formity. To reducetheseriesresistanceof thepixel, a Ti-Al-Ni
metallizationschemewasdevelopedto interfacetheITOandthe
TFT island,resultingin a goodohmiccontactto 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 cm - for n channel
TFT’s, and cm - for the p channelTFTs.Thesearrays
resultedin functionalVGA AM-OLED displayswith brightness
of .
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