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PLANARIZI G I}? 0:# RATURE POLY- SILICON THIN FILM PANEL§£,I b%os% T%—AE
INVENTION [O S?:(L\% IS invention relates to a highly aqueous, strongly basic p anarlzn%é
solution for planarizing polysilicon layers employed in the production of liquid crystal displays
(LCDs), Micro Electr | n r to the use
of such solution for p a%a%%%@@?é’%@y& i(?l)ér'%‘l aye@@)%%gﬁﬁ%%%@ggéﬁ%%%ﬁwg Enih
other poly Si substates devices. The highlySh{tROUHN EMRAYELESiC planarizing solution
selectively etches mountainous protrusion or projections extending upwardly from the surface
of a generaliy planar polysilicon film produced Emgf li ous silicon in a Low
temperature 593?/ Si (LTPS) process and to do E%Lwi (ﬁ}F ﬁ#\‘?{@%%qant etching of the
generally pld"aflpdiysifieention flaBnic r disto BNBUTOINMIE by ERTFIONG $00D2] R sleesiting tbrdysilicon
need for poliasistewiors is e puindiardgadiyrRecas kgl iss)) Igbe EREeEeHaReMOfSRARIGAEMS) and
faster signaldsansmissl I r tion than amorphous Si devices, The :
major part of these poly%sl‘,?@a?ﬁg {%t\?r‘\]%g uggo\wgg?sﬁgggt %@%ﬁﬁg?z}%@ﬁgor 3'\'}?8%1?)’3%. WE I{ﬂ-&ﬁ/&wucnon
(for IT, BT s&r<disant ettt 8ol ubegiea devisssiarie Sighuaeie stangicbpsisplanniiphislviosikeierively
thin film transtisesmigntichary siahsisniaysiéaicns HiehdngCi)ias haencherpRE B1aneaeXicaAsa5 Biicon
the market ] ' el d : ispla :
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(CRT-display). The reason for t velopment of as generally due 10 1ts
lightness ang/igiicad elqingslbe oseetrll e eiHieahfidtion and data technology has
continued to rapidly advance, the need for bettxGrEUNDtTOTARMNVENTEDNIttance requirements

has becomeggycriciahihah B LR IET L CRACIE RIS IAMER! HRsSALS StingEaL

requirements, In view of that the industry has develope hnologyto provi evices
to meet thed&H EIaLEASPUSIAR BSHOA AP ISR TR PRTCRIATRERRAYR & JaWRRS nER MsoRPrS 8l ess poly
known as o8 #dapiipe rdetines pelyCSii¢lonnibbite fleviceaasi Stgr MEWB Fof BT BTeehsved ogytriggowidwethend

LIPS TFT teﬁm@a&mstarwésagpmaual/ugaﬁe&riﬁiﬁmmﬁxaﬁfaw@g% 3 digéra% @%ii?ﬁ[%f‘ﬁq]as

substrate, that is generally a transparent f%F;zlss or quartz, Is provided. Second, a coating o

amorphous SRREN RIS daUErISRL s b ma GHRRAVBIAHIS Rrvipuste emeloed catode U diplay
a Plasma E(fttrtisthyC hé&micabdiapoth©dgyesiiient @ BE YD) TprafssasT fundiathere is ixeijbresednd

an annealingpjasefs i de=sins RIHzE Rt Re8030 FRD AGRce Al 4 2 d0lSIHEPR,

film. This annealing process is generally conducted in a chamber with an Exirner Laser
Annealer (ETRF 0P UL AP VB SONHMEAR R RSB PO RA ME R S LGP g rabe
area, a draitp ared thord soehsiingeitaegarefdaite LIPGW BTThaN thetiiduting dsatemedrerea revs écbmdbgy to

de{)osli_tion ﬁr@ﬁé‘_ﬁ]ﬁe\ﬁc&- HDrﬁt%j\/tﬁ%séSingJ{Qc{n%g@oﬁoiﬁﬁ &%Hﬁ%ﬂcgiféﬁiﬂ@@g; zﬁl_st!ﬂéw lechnology s
polysilicon fjlm. n a scan line and data line driving circuit area (plurality of driving circuits
and a disple@og'tneaﬁ ﬁﬁja?ﬁg?tﬁﬁe I Efﬁ'ﬁﬂﬂ&”ﬁl‘@ Ewgf??&}%snwﬂyﬁfﬁ?%ubstrate. Typical
process for ¥83prdul thetid AT 1 FeShnpigyp tariprotssagsrdist osmptistortextalingheg, stierheFistiawvingylated

US Pre-Gragibévae!igatio peRbd) 6atinsh MNasyigaQrdRR1 864Rii€9 0RO AQ4&iIng QPRABHRAS &ion film
20051023075 e; o\s/}{(g 2998/],337672% (U8200t8 002169 2006/0 384FJIO; arlg UuS Pactgznt_ NIOV
6,846,707, th&ARSETE0rd SBP LIPS R UBRY SHRTLEH &Yel P Y e PEMR & It hemical Vapor

Deposition (PECVD) process. Third, there is performed an annealing process to re-crystallize and transform the
amorphous silicon film to a polysilicon film. This annealing process is generally conducted in a chamber with an
Eximer Laser Annealer (ELA) or Sequential Lateral Solidification (SLS). This polysilicon film forms a source ares,
a drain area and a chan_nel area of the LTPS TFT. Next in the channel area a second deposition process, e.g.,
PECVD, is performed to form a silicon dioxide layer on the polysilicon film. Then a scan line and data line driving
circuit area (plurality of driving circuits) and a display area (plurality of pixel units) are produced on the glass
substrate. Typical process for the production of LTPS-TFT products are disclosed, for example, in the following
US Pre-Grant Application Publication Nds. 2004/0018649; 2005/0090045; 2005/0162373; 2005/0230753;



[0004] It has been discovered that in the process of forming the polysilicon film coating from
the amorphous ajgc%(r; 13,(357‘6”,”66‘"“9 there have been structural bafflers and Croblezans
encountered. Among the problems is the formation gf sharp mountain-sha od Stratpeae
protruding oRENEIBING shaws et RN 8865 e el@dycRiarRs bPM¥rsAHCaniHibndaxa meldiebh fighince
difference art}% gparp shape of these of these upwardly protruding or projecting

. refo. I .
mountain-shaped structures has been reported to cause reliability failures due to leakage

current and tutdgSRIEERYEISA Heah el i Pitiesg O ivaeing thsintieiivepdi® erptingelipol{isiliowrphous
surface. Thesizis bihareitigihard1Re6 iedarailRIuiraduse RouRliibaienthescARIghhdHRIence e

of the polysilicon. i r without da ing or etching the.surface of the polysilicon fil

curtace o ol R S RS R SR R Gl s
10005] In actispadifcBygithbeiSeiphtetiieenomend skamreiaescd] MRSRIGH AgsRoenyardbteiplaging sierojecting
polysilicon planatsizihgpsokiticinssiad/Bier rablastonmsstraagihasarewhaileasigerereicniaiRicture

control agemf%mﬂ'wﬁm%a&ﬂm g 8%%5?%' il ?n%”&é’?gs‘iu%ﬁ‘?ﬂ E’et.iafh%le‘%?ﬂ‘?%%P?e”%sn 24Ee
as for example, at least one 'OXIC?IZEI’ ar_1 at_ east one sur (;_tant. polysl Icon i mﬁayer?onec?
by annealing¢ fArfsdueper imine Hse Neia ireerep akie aolypilisos (B savefaviine ARmaigopicihiearhe
shaped strustizasof pojolysinosinT sarajections sxieosling bpviarsl iy Saasie) generally planar

surface of the polysilicon film layer is con I’(\’(@HHEM?[%QW&PWGOUS’ strongly basic,
polysilicon planarizing solutions to substantially reduce or eliminate those upwardly extending

mountain sHaP&d dtaseerianee wHbihisduenon s j& et WaKOERUERS: SiAsicRaNE ARllignanarizing
gener_e_llly plgmmbmlyﬁﬁcmasimdmyeﬁsehw Iahmnmmmah@ggmmmlmi@ﬂm&{ and generally
polysilicon Filn. fkg JMGN}{ti@rBH%%H&xeﬁ&Oéﬂ& *%g?d?&%%!'b?ﬁd&?hﬂ%?{s& ngaﬁ@ﬁﬁégﬁ%r?er& QO A

having water, a least one strong base and at least one etch control solvent, and optiona cI}/ at
least one oXiBEEUEMIREE fmet Breneactdiit et AgRRIuE slivn deatitdqy batdryate and having
polysificon phaurdaiizshepeticatnplositjpresusibibits projetidhe exendigapeaallyfloa\ie geRdrblyfphRaosurfacy ef the
generally a I .

NVENTION RS L ekl e AT e bl oy Bk b el gy opors o
polysilicon FHRREMZHN LRGeS SHPYATE LG TR EhaRe Y B RIS REpihtions
rate control witheutignausigndipait etatipood igtaimaty plarka etiysticon gblanardagiet zeanyl Sieviidg teyeampuibo gsierally
strongly basiee QySliH Rl TR EEaRo S ILERRUHN BN AL idnd SONBESRIRG K. o

ro to about 14.5. Th

preferably a] g)H of from I%bout 13. e invention is further directed to a process

in which a pETy<IRESIRIRRSE Sk FdFASERIL SR APl Aolyeatrard 9RIERIS LA IR daal roglar ahjest one
substrate asefertaning e bighlyciquesiue strehgirbasicl pelysiicop minerzion sompgsitofe ati dhissirenéandiii ggenerally

upwardly fragidheHapEaidiRRAIP HHRcEAE shRRelRIlGRMikN layer is contacted with such
highly aqueous, strongly basic, polysilicon Ianarizinéﬁolutiong\}o@ﬁﬁébﬁstamially reduce or

eliminate those upwardly extending %EeT I%ﬁ%?ﬁ %%Hﬁ%' res, protrusions or
projections without any significant etchinrgNBPRi etEeriaM§GNIAEAT Polysilicon film; 100071 The

o e e e sl sl s
ave a 0 or greater, genera rom
Rbodt b1 13RS a0 S A AU SRR N B S S S AL AT Ml aedus,

strongly basic, polysilicon planarizing solutions will generally have a pH of 12 or greater, and preferably a pH of from

about 13.2 to about 14.5. The invention is further directed to a process in which a polysilicon film layer formed by
annealing a film layer of amorphous silicon on a substrate and having mountain shaped structures or protrusions or
projections extending upwardly from the generally planar surface of the polysilicon film layer is contacted with such
highly aqueous, strongly basic, polysilicon planarizing solutions to substantially reduce or eliminate those upwardly
extending generally mountain shaped structures, protrusions or projections without any significant etching of the
generally planar polysilicon film.

[0007] The highly aqueous, strongly basic, polysilicon planarizing solutions of this invention will generally have a



pooal The highly agueous, strongly basic, polysilicon planarzing solutions of this invention will

have strong ba%@o“f&%ﬁ?ﬁ& an amount of from about 0.1 to about 10%, pr I/EI!: out
1.0 to about 6.0 %, more preferably about 1.8% to gbout 3.2%, by weight o?‘ ep a‘%&nrgl?l%

solution. [00@94f Ther brigitly qaisio dPHSI GHYRRBHCINAYRIICHR Plan@ERiNY SQBOTR Wb &St
present at legsf ong strong base. The strong base is selected ;tom a tetraalkylammoniurn
hydroxide, choline, an alkali hydroxide such as sodium or potassium hydroxide, an alkaline
earth metal 9 ox gk RWEHPRIY; B?ﬂco?"&’é.'lﬁ?l’.]rﬂaPﬂVGFS)ER‘Y@WIir?fd'ﬂédﬁveﬁl'R%lWHé‘%&ﬂW!ﬂrbase
alkyl carboratesnain aleadouet kiffimeabautth 1om atisyl 1R iaserain fkaboalkalinabearslo e, abeylbreferably

alkoxide, an,glialpe /@ng[a‘,ggrg} %ﬁlar[hgmﬁg% @Huﬁ‘éha“ alkaline earth or alkyl perchlorate,

a mercapto compound an alkyl phosphate, an a ky arsenide, a Lewis Base which can easily

accept protéfidns’ g DG SRS ﬁ’l@f@bf’a%ﬂﬁt’f@aﬂﬂﬁwﬁéﬁw WW.&@S@%H@G&M@W@Q
base and argssuftaisteongbraaiksdactdfomaterbajigiomadeuatidexidesrholiac] @R kil hidopde surekaisium

each S 15 IngSRARARN e ROSHUNAR At SasHes Ay Lrisabl 8"k oh Ay sl

of from 1 to aj{_ﬁ referabl 1 to 6, and still more preferably Ito 4, carbon atoms;

X-01-1 or a gflta W%ﬁ"ﬂ@a%@ﬁ%?@%ﬂ&'myﬁ?@ Q’hﬂ}‘/ 'éﬁﬁ"'ﬂf R arogdaran
integers of &lkai, almlmstemtemlzﬂihlyMGmwﬂhmemmum digytiperxtiteais tetrarasdhghapourto BiLEKY|
hydroxide (w@me i enl e 8! LA BXHI SR CLAPING dn PSR DARMIARL B e
[0010) The gﬁ%ﬁeou tron%g basic, polysilicon plananzing solutions of this invention
will contain gﬁ% X 5P e&'ﬁﬁpﬂs@%ﬂﬁ’t‘fﬁ @%‘ﬁ'ﬁ‘ﬂf'ﬂwy%@%@%@@”@r
glycols. Any suitable alcohol or glycol etch rate qgyne) pqgent may be employed. Examples of
such alcohol and %éhds useful as etch rate control a%‘ient in the highly a(lueous strongly

basic, polySHigSH BEHA P LERAIbASUBT MRS RrvaHE Wﬁ’dlﬁﬂe‘”ﬁﬁf?%{)‘@'ﬁ oIl QHSY'@fI*f?l@h@
glycol, glycéioipétivg paiditty, 1 NdSt aytistibngipqodferady tety a athybe aergdy)Cablaod soitly est tARReakh
The a1 1easkoeataial (aie (W) 342" I ISRERRIM SRPIRSBRLULDP DINY S Wiersy e

strongly baf, olysilicon planarizing solutions in an amount of from about 0.1 to abou

preferably fio BNgS" §YABK R Sosamaty TR Bisterenydr JhVABL ul ?% asaiHeti! M’%‘Qe is
weight of treBleleditbis p[eferalily Ne@tkor WilHbe present in the highly aqueous, strongly basic,

polysilicon mopnme Blg‘ﬁﬂ'b&@&ﬁ Qfrdhys ¢ say@la %r/m ashama%méramsamm&nﬁcémaﬁpmst one

99.8%, prefc?rhab rom ug84 .5 10 about 9 more preferably from about 90 to about
97%, by weight a(fgré[? a%e't% UoRRREE fﬂ@rﬂﬁ&ﬁ%{?@ﬁﬂ%?ﬂﬂc %ﬂ@]ﬁﬁ@ﬁﬁ@m % QliRobeie rate

strongly ba&ietrhaagrsinen be slemreiifrsokstib sustodiadiie and/gysils nsefidyselstionatyrarageodmas aliyly

will containagideRSktRAgy DsiZRIyshe wmm@ %ﬁﬂﬁ@&mﬁynté%tﬁmm?!@%uﬁ'ﬁe%ﬁﬁma?% Ainylene

such oxidiz ous strongly basic, onS| icon
pianariving SR, PUR MU M EhERehhe) BEHIBRYAGt PR A GR el et rotee
persullates 3retitbpacaidvibeanssatics, mﬁ@ﬂl@@lwﬂmeﬂmeﬁromﬁltw pesiicahsplenackingixduties in
thereof. Sukadneurrdeiarranborouse ot eom anaizinaRPIIRDS BTaiR iV artinadRrivdEy Ri 216!
not limited fo% t%%%?uhép Eff Ié% dmmonium perchlorate, ammonium permanganate, and
WO 2008/133 T0/S5808) fi 8"4 ammonium perchromate, The oxidizer component,
if employedf the\séinibbrpessenii the/tishioarusmsgeiaesialigsbeprsisemelinartiod iejktiyrea] thouysption
strongly basis palvaibcesmplnesizing aoliH08%, lﬂe@éﬁa&ﬂéh\"ﬂb&fﬁﬁ@ﬂ@%@@'ﬂ% of)- forh

by weidht BieiADLL 45933 JATbRIE (BIGRY 1903 b0UL G fo about 0.2 %, based on
the Welghto the solu

[0012]  The highly aqueous, strongly basic, polysilicon planarizing solutions of this invention may optionally, and
generally will contain at least one oxidizer. Any suitable oxidizer may be employed. As examples of such oxidizer
that may be employed in the highly aqueous, strongly basic, polysilicon planarizing solutions of this invention there
may be mentioned permanganates, perchromates, persulfates, perchlorates, peroxides, ozone and other hyper
oxidized materials, and mixtures thereof. Suitable oxidizers for use in the planarizing solutions of this invention

include, but are not limited to: ammonium persulfate, ammonium perchlorate, ammonium permanganate, and



100131 The highly aqueous, strongly basic, polysilicon planarizing solutions of this invention
also opt?qnally aQpt '5551?54(%3“ one surfactant. The surfactant, when preseg(t:' %08/0%169
composition, may also act as an etch rate control agent. When a surfactant is present the
amount of surfmotini wishgeaerally beias amsat, of dipiaysabot Selutonalotis ZAEHIARM generally be
preferably fr Pﬂltﬁ 304 ut 1500 ppm, more preferably from about 100 to about 1

pom, Any Ul e AR sieiop Bt BOSRBI TR, MM T i Y aodb o
employed in24! Rty Weldhb Biisrably 91981 Béli 1opaIpiarmbts fom abrukd: e Bew8id s basedanyhe weight
suitable watef #goiitite. amphoteric, non-ionic; cationic or anionic surfactant [0014] Amphoteric

surfactants ygaHio Q&QQ‘Y_S,%%@%§ﬁ(§%ﬂ§ﬂé¥n$ﬁﬁéﬁli&%&f&igﬁy‘@é%ﬁﬁa%os%ﬁgq@?o%{aﬁg%

present invention include betaines sulfobetalnes such as a etaines, ami

betaines, alk§As5eNEHEEAkL S e-RIRHAN OXIRY PEBARLIS it RBROSHR; Y A8 SR Afcan eleh el centiokagent.
such g_s a_r;ipﬂwgIyswm,iwmmmmmaﬁemmmhﬂubgiyﬂilmm mwwwmrw(j@amgooo
iminodiaci inadi r [ ; oxides su
as alkyl am%@ﬁcﬁi@ﬁ%%ﬁg%gn%%gﬁ Kylar iﬁb‘%&%@ﬁéﬁ%é%a%%gﬁgggg%%@?gon@ﬂuﬁ nsauc{ié})cie
alkyl amphot&REEntrRY PRisRINEd HApengrthe sutehia BifadaR! lphBRice ARPSYPER tabighit aqueous, strongly
cocoamidopbesiy pbgsitivereniaeddagr sititgpecgy lao naeitbid Watasoebleaspraeidamiopyt hyadsen\sr anionic
sultaine, cagpeanphodipropionate, cocoamidodipropionate, cocoamphopropionate,
cocoarnphohydroxyethyl propionate, isodecyloxypropylimino dipropionic acid, laurylimino
dipropionatd)Wdtapimopsafayiaminefoidee iy cageas) tengixisecaptl fuorinaiedalkybtons of the
amphoterics,dQi S iABlfse HARRNIRSHLLIAICIBNY SRS St ANEURPRGARRY 2y
silicon planarizing solutions of the present inventio n include acetylenic dials, et gxy a%e&
acetylenic dfﬁ'lfg?%ﬂ’i‘?ﬁ e PRiMRAK KKk eteiesy AsHsRBIaXHik Ieidt Spsvalivesrisuaiied amphoglycinates,
polyoxyethyéenkopttianats, atiphodiiyonates eate empiopiphyityeiis; Miolialas paly axyRbRyARAGMInodiacids
monoalkyl eihehg xRy mRivde ”&nﬂ@'&id%ﬂoéiﬂﬁ‘%&yﬁﬁls%f&cﬁ@%iz gr@daﬁm%%e aﬂlgy b oxides.
enic dials or ethoxyiated '

rnonoalkyl glther . Preferably, the nonionic surfactants ‘are acety 0
acetylenic dittERd suLqases A heamaied Al ABATOBric rrRixtuRt SB@ohoPrEERYpOE amphoteric
Anionic surfcesiatds asefodomnituprbrigistaing Leoes)ikipong inktyibe poky siicani@iaagtaingxy sultaine,

solutions of | LOR,} i I asj :
sulfates, an??é%@ﬁg 2%?&?5%@%@%%%&%%%@@%&%@5 %5@%%23&?&&?58@@%

Cationic sutaSRIRERRTI SRRANYR RS (0 R R ST aRUsRAEIRKIBMING £Xde) 2Nl pocoamine
solutions oftite péfuernaind eltiempmitticle amine elhoxylates, dialkyldimethylarnmonium salts,

dialkylmorp@g{inium salts, arkylbenzyldimethylammonium salts, alkyltrimethylarnmonium salts,
and alkylpy Rlurn salts. WO 2008/133767vcru S2008/002169 5 [00181 The height of theNon-
polysilicon pnitsusicnsisoseubiiebeidinsyertend stpryywaric [yofiticort hiengreing salllyop anas pedysiliveo
film will generieRetH I SRR ISFB0RME 8OO ﬁ%ﬁrﬁ%%ﬁ?}%ﬁ&ylﬂé@qﬁﬁqmgﬁeﬁﬁwr? Suorin

somewhat | 9 Olffsogtn?ﬁWhat more in height above the generally plahar surface o

9 {(RD& AKR0!sr AUPHSHIS A5 SRRSO RABHITs AR R BRI RS Ve Yy et @neaoalk elhersi e

polysilicon filRR B
or substantialyeelianindiastrieener dive siofaaans ojet tikisneitioolt mbabilkg tieige Retatihp|aeaion-

polysilicon fiig é@ﬂ&far{QQ%%etylenic diols or ethoxylated acetylenic diols. Especially useful is the acetylenic diol surfact
ant Surfynol 465.

[0016] Anionic surfactants useful in the highly aqueous, strongly basic, polysilicon planarizing solutions of the
present invention include carboxylates, N-acylisarcosinates, sulfonates, sulfates, and mono and diesters of
orthophosphoric acid such as decyl phosphate.

[0017] Cationic surfactants useful in the highly aqueous, strongly basic, polysilicon planarizing solutions of the
present invention include amine ethoxylates, dialkyldimethylammonium salts, dialkylmorpholinium satts,
alkylbenzyldimethylammonium salts, alkyltrimethylammonium salts, and alkylpyridinium salts.



The protrusions or projections rising from the surface ol the generally planar polysilicon film on
the substrate ar&,ﬁﬁ &@ or substantially eliminated by contacting the s [ﬁ?l?sgo %%02169
general planar polysiticon fi iim with the highl y aquequs, strongly basic, polysilicon p anarizing

solutions of {bEgprevetieightentiRNpinsiRIHMRASESIA fRRNPEKMERIPE TinRN) tRMIROTRIEN planar
o o PR ATl B0 O S RN R RIS ORI L Re b Re S,

period of from about 8 minu referably for a e om ab

to about 6 nﬁhm"@&h?hwpré@wmwrﬁoﬁ? ammlmén@mﬁﬂcs ?hrhm@éys'fme tenspdiatybatigethEhe
process will penaidegperatof eiohieaton 8o tdeeitmige vibsantalperinaabhedeqrotadnu hjdcishs

about 75 C, mw@&rﬁ]‘(ﬁ@l&%‘g@@l%w Wco% fo %?eout 70 T. Most preferably the process is

conducted for igrferro utes at a temperature of about 6010 T. Temperature
and time ard¥4#able constants because process condition can be varied by, parameters; inc
luding but not I|m|tédeimtmsmpwmmaﬁ@&rﬂiﬁ'ﬁﬁfmbﬁhé@a&ﬁlwampdy&@:@m Il&Ethe substrate

exposure engggyseﬁﬂgﬁy@ggﬁ},gam%n% e&%pégﬁé ﬁ? aE’J Ot SerQrSi Bﬁ%&ﬁ%ﬂf@oﬁ g‘?@ﬂ'“ﬁ high
@

upwardly from the generally planar surtace ysilicon f| m’on a fepare
can be by aﬁﬁ%ﬁ‘?ﬁﬁtﬂ@?ﬂégﬂ% Rl isrizioa ssjslian §f HipRIRENtTMeRton fat ?r\"fﬁé”ﬁl%{ﬁé?mﬁ@t"fe s
solutions of tifigent teeationplish lsycls priagtivegrdinergd d nasizpriyusions positjatienafl Caiwdnly ¢rtoontaortiasthil

e LIPS pangs, (RAzQ¥ firetiverdinRisd Wéggﬁtﬁfjﬂw&eprfé?éwwalw%ﬁ%%&n Bttty HHERY minut

examples. Examples 1-6 [0021] UPS panels having_upwardly extending protrusion or

projections FEVTRG H9RAGK{BPR %\[9&9?‘350‘%‘%&)50? mﬁaﬁr’\‘?\/@r@e@é‘l‘;’ﬁsﬁl‘%%q ffrgperature of fro
PTFA-coatet) faniaiolia skaton 4024z ipreferatii dlonveasutip pet ahoat B5tD, filbedpwithatsy irASbout 60 °C to ab

Planarizatiog,Cofgpagition qiddis jpyeny tYm\éh obeQMPRSIaNRARAd gennegled 10R ahout .

temperature of about 65 to about 70 C. The bath had an impeller agitator and SUS-heater
which madethe tempBP4ESre of batR be constant, AltelfTRE@Y.ignated fifne (in miftfes) the
panel baskeimgkmmmertammudwheo%lanﬂabbsmge@ocawrtmmnaadheazanmbyoparameters inc

deionized waiff 'B@ktﬁbmﬁﬁeﬁ'%&M&%P&%ﬁ?ﬂfﬁ@%@n@%@ibhﬁ%ﬁ&ﬁ%ﬁ 'Iéé’é?@k&!@é‘%r@' XK&‘BEfn

rinse and dranré%gvﬁ; an air _knife module e same location o

ne Sam
iboes weresd R S AR G G TR (o S 70 PR SRge e
Compositiongn!yFitiesr 88 a0 4TE Sere penathpaneuantod oyamos italidendans ath enioeetaspleTt? Spping the pan

Planarization @RWEHIRR QiR INGOHAMRUERShRT MRS R tink SRR JhRURREH bhto th

extending proLtwglons or projection on the UPS panels without any significant etching of the
generally planar p%ﬁ&'%?flcon film, Table Base in Examples 1 to 3: Tetramethylammonium
hydroxide BA&lin Thrénveptiords:iieimiad iy faiowing istativg dubsdoémitimerassiesn Hydroxide
(20:0.1) Base in Example 5: Tetramethylammonigrghaygjrchide + Potassium Hydroxide

(30:0,1) Bai ggE)f an%s ;]I'aetrarjneth yl 0051 p& drox (rdoe (;EoPsEgassrum H Pf Xide, 800 to
(25:0.5) Etc ntro E‘)?ar%pa]eg ﬁa 429 r|e fené d yCo %fonetﬁo entm
Example 3: M@W@cﬁaﬂtem@mtacﬂTA/gmqﬁpE)@hbﬁWma@hylerhlehgm@m(@@me/b)aﬂn filled with a
Triethylene gips®id&a@%idn Composition of this invention which Compositions had been heated to a temperature of about
65° to about 70 °C. The bath had an impeller agitator and SUS-heater which made the temperature of bath be
constant. After the designated time (in minutes) the panel basket/magazine was taken out of the Planarizing
Composition and carried to a deionized water bath with fresh water overflow. Then each LTPS panel went through
DI water rinse and drying with an air knife module. The same location of all the LTPS panel sample pieces were
observed with FE SEM to determine the performance of new LTPS Planarization Compositions. The results are
set forth in the following Table. In each case the LTPS Planarization Composition of the invention reduced or
substantially eliminated the upwardly extending protrusions or projection on the LTPS panels without any
significant etching of the generally planar polysilicon film.
Table



Etch Control Agent on Examples 5 and 6: Methylene glycol (0,5%) + Surfynol 465 (0.5%)
Oxidizer in Exa 3 nd 6: Ammonium persulfate [0022] While the i ' as been
described herei%%o%g%jgr?ce to the specific embogiments thereof, it will t?g g}%%?@él}g &P that

changes, mpeifieatiariasibiadiRiteSeadsaenmade withors pigparting freadietispirt [colseape
of the inventiyg corjcept disclosed herein. Accordingly, it is intended t:)oeénsb&%r(]:&igrll St ch
changes, modlficat on and variations that fall with the|spirit and scopg otthe appengded claims.
CLAIMS |, A'}!ﬁoce.;s for reducing or eliminating protrusions or projectidns extending upwardly
from a planar surfacereigolgshition filws@rodogeseby LewrdeMagiatulerBgly BritleP|S)
annealing a film of Fggggpk%ﬁﬂlico deposited on a|substrate; the pfogess :&mprising

contacting the plangar polysilicon film with a highly aqlieous, strongly basic pg Iyérilicon
planatizing solution to selecfgély et¢h the protrusiong or projections from the| surfage of the

planar polysilicon filmswithpu, any sipgefseariteiwhing pédheplanay polyzsilicon 4iim, saighhighly
agueous, strru‘.ugiy J?%% pu%s}jibon )E"“@;i*:ré"o sclutic;r%sg%ﬁj‘rpri;'gf' & “9'utio. nging ab%.'—l of
12 or highef.and comprising water, & least one strong base, and at least one|etch ra?é contro)
agent. 2, A [pfocess aetorditigy to Claif-4%whi&n thel $80onYy badw is séfected From tHOHroup

consisting af & tetnfaiylammpnium hydsaxides pholinEsamalkaltaxdroxide, amalkalinggartn
a;;aline

hydroxide, carbemnate-an-alkaline-eapth-carbppate—an-alkyl-garbonate;-an-alkali
acetate, an e%gad/r;tdh hcetate, angg‘l yl agétate, angg?l{% i;%e)? e 2 alk(a\ﬁne eaptp?f\’ |
alkoxide, an flkyl dIRé%ide] Bh alkali| Spaiide | &% alka iﬁ@edrthwaksidlezoan alky! cyarias, an

alkali perchlerata, eaalaing P RERNRIGRIE AI3AiY! Perchiorate, a mercapto compound,
an alkyl pho%pglat an alkyl arsenide and a Lewis base which can easzi%accept proton ions.

3. A process-accordiyg 04C%5WW?W%'P8WF%®Q§?&%§ PolssiD Berexied 4t the group
consisting offastdtrbxaRpiimTeimnielhylkmuieuxinleydsuideunRdiassinoxioléreidel (Bdssium hydroxide, 4.
A process agaesteeahdiEdaidiandhRiRib TR RGO BabaGRH R AR

Etch Control Agentin Examples 1and 2: Triethylene glycol

Etch Control Agent in Example 3; Ethylene glycol

Etch control Agént in Example 4: Ethylene glycol ((0.1%) + Triethylene glycol (0.9%)

Etch Control Agent on Examples 5 and 6: Triethylene glycol (0.5%) + Surfynol 465 (0.5%)
Oxidizer in Examples 1, 3, 4 and 6: Ammonium persulfate

[0022] While the invention has been described herein with reference to the specific embodiments thereof, it will
be appreciated that changes, modification and variations can be made without departing from the spirit and scope
of the inventive concept disclosed herein. Accordingly, it is intended to embrace all such changes, modification
and variations that fall with the spirit and scope of the appended claims.



S. A process according to Claim 4 wherein the etch control agent is selected from the group
consisting of ethylene glycol, glycerol, ethyl carbitol, tiethylene glycol and tetraethylene 6, A
process according to Claim 4 wherein the polysiiMamptanarizing composition additionally
contains a surfactant. 7. A process according to Claim 6 wherein the surfactant is an seclenic
diol. S. A process according to Claim 2 wherein the polysilicon planarizing solution also has
present at least one oxidizer. 9. A process according to Claim 8 wherein the oxidizer is
selected from the group consisting of permanganates, perchromates, persulfates,
perchlorates, peroxides, ozone and other hyper oxidized materials, 10. A process according to
Claim I. wherein the polysilicon planarizing solution contains at least one strong base selector’
from a tetraalkylammonium hydroxide, NaO1-1, KOH and mixtures thereof, the at least one
etch control‘agérﬂf%eéé@aé@lﬁ*a&\oéﬂlww@ igpesbPERiRFiRBTIRTIRRNgYEBREHY from a
mixtures there a%ﬁ%é &? Bﬁ‘gﬁ ¥l emecstis ot Ydldd8yapanling a
acetylenic dl0| L QTPI 1 ?%El 1B fady Bﬁté?épﬁﬂfgf@? PRl 88%?“& ing
to Claim 10 w gré%lﬁc e%E 1on€ fro Ons Omyﬁ’lﬁﬂ léffe Olt ¢ planar polt}(él l(:ont?Fl

14,4, the at Ie

tetramethylarnyﬁgg 1 r. ir uﬁé% a@&ldﬁﬁgﬂm ggent
is selected fromlgh&aﬁe%eﬁﬂww&afgmmﬁ gbég@%mi BDRANGR SBRsPagent.
thereof, and the oxidizer is ammonium persulfate, with the strong base comprlsmg about 0.1

to about 102% Aypmwetghicibrial CMitHol AeRICORIsIHBbRIERCIDFLAY D Lo WohsiRthg
oxidizer about 6f@%ctaalbylam@riiuny hyaigkitieackbline, ah Isiksli apdratidigatpalkslbmmpaiges from
about 10 to abbydregide, ppaikih espenmsntayekdiziocatih sedantthentelatwaightatd, tnelkali
polysilicon plasegigihgrsalkalion eah Acgrtcassitkyterclittg o dkalimlcatidecin alkalrotantion or
projection ext%WBM&W&W%BM@W% watalipoppsticyaniin avatid apuidadly
to a height of FASFRILASEN et Bn Meling owth Reaei owim anstlied srohinenisi TR RN AREERP W)
before the plarf@PBijRMEBRe AN ke el ArthahevH AT RaHF b AR esRiRsAton ions.

3. A process according to Claim 2 wherein the strong base is selected from the group consisting
of a tetraalkylammonium hydroxide, sodium hydroxide and potassium hydroxide.

4. Aprocess according to Claim 2 wherein the etch control agent is an alcohol.

5. Aprocess according to Claim 4 wherein the etch control agent is selected from the group
consisting of ethylene glycol, glycerol, ethyl carbitol, triethylene glycol and tetraethylene
glycol.

6. A process according to Claim 4 wherein the polysilicon planarizing composition additionally
contains a surfactant.

7. Aprocess according to Claim 6 wherein the surfactant is an acetylenic diol.

8. A process according to Claim 2 wherein the polysilicon planarizing solution also has present
~ at least one oxidizer.

9. A process according to Claim 8 wherein the oxidizer is selected from the group consisting of
permanganates, perchromates, persulfates, perchlorates, peroxides, ozone and other hyper
oxidized materials.

10. A process according to Claim 1 wherein the polysilicon planarizing solution contains at least
one strong base selected from a tetraalkylammonium hydroxide, NaOH, KOH and mixtures



13. A highly aqueous, strongly basic polysilicon planarizing solution capable of reducing or
eliminating protrusions or projections extendirtg upwardly from a planar surface of polysilicon
film produced by Lew Temperature Poly Si (LIPS) annealing a film of amorphous silicon
deposited on a substrate; the solution comprising water, at least one strong base, at least one
etch control agent, and having a pH of 12 or higher. 14. A polysilicon planarizing solution
according to Claim 13 wherein the strong base is selected from the group consisting of a
tetraalkylanunonium hydroxide, cholitie, an alkali hydroxide, an alkaline earth hydroxide, an
alkali carbonathereef.dlicatrienssantiatelrioontenbagent ddleglectah Gormtethalens ighir el glyaerobandlkaline
math acetate, teatigicatsatandimixiegs dikssidandiheirkion dspthaamesarict ehnaa alkoxide,
an alkali cyanﬁ!@fa‘aﬁq%m%im%’fﬁ@é déﬂsa?@laém&@e aﬁ“lﬂﬁ@ﬁeﬂfé%ﬁ fEPmecrnlfiraline

earth perchloratc an alkyl percblor te, mercapt %)I‘él? é)ﬂd an alky hat naallnyI
arsenide a |ng
solution accorgor"lgiXﬁé gﬁgﬁf‘%ﬁ%ﬁ ﬁl e%) ntS|st|ng
Ofatetraa'ky'%mmﬁﬁm é{ﬁ@é@ ﬁﬁi&% a aguaqﬁ ﬁah h
polysilicon plaparizivg,soBEQD ;i I |

alcohol. 17. A&myﬁutﬁgabratamwa%%mgae%mﬂet&éﬁlwﬁagém%mgmwm'
agent is selecigqopBy Ins MEIOHR SRS NS R LI eBeuL/SH by WessR, & TeaRone
zricthylene glyga@icaig dekipeiby e lyaolol8 aboplestippin, iR RizNg 8o bligntaseDsdithg to

Claim 16 whete Wéghobfshqeutysiieoapiingicinpadsisan additionally contains a surfactant
19, A polysilicon planarizing solution according to Claim 18 wherein the surfactant is an

-1

lycol

acetyienic dioh p®c¢ rtqﬂ%lmanlzmgemme pragusini Ry RSt extending sirvendly
polysilicon plafiormi § lsaer prduslican msinnd vy 1o m%ﬁmnbout
pianarizing somwézeeb}e @bevafhe\ﬁmwm@ laeas aphsiicutfn hefrrahe glensp

consisting of PRIFALISEAALIS corAgHd withdte pefilicarlansEAing it e roxides, ozone and

other hypeIrS(.))é\qu yryq(’ilxteeoruzsst strongly basic polysilicon planarizing solution capable of reducing or

eliminating protrusions or projections extending upwardly from a planar surface of

- polysilicon film produced by Low Temperature Poly Si (LTPS) annealing a film of
amorphous silicon deposited on a substrate; the solution comprising water, at least one
strong base, at least one etch control agent, and having a pH of 12 or higher.

14. A polysilicon planarizing solution according to Claim 13 wherein the strong base is selected
from the group consisting of a tetraalkylammonium hydroxide, choline, an alkali hydroxide,
an alkaline earth hydroxide, an alkali carbonate, an alkaline earth carbonate, an alkyl
carbonate, an alkali acetate, an alkaline earth acetate, an alkyl acetate, an alkali alkoxide, an
alkaline earth alkoxide, an alkyl alkoxide, an alkali cyanide, an alkaline earth cyanide, an
alkyl cyanide, an alkali perchlorate, an alkaline earth perchlorate, an alkyl perchlorate, a
mercapto compound, an alkyl phosphate, an alkyl arsenide and a Lewis base which can
easily accept proton jons.

15. A polysilicon planarizing solution according to Claim 14 wherein the strong base is selected
from the group consisting of a tetraalkylammonium hydroxide, sodium hydroxide and
potassium hydroxide.

16. A polysilicon planarizing solution according to Claim 14 wherein the etch control agent is an
alcohol.

17. A polysilicon planarizing solution according to Claim 16 wherein the etch control agent is
selected from the group consisting of ethylene glycol, glycerol, ethyl carbitol, triethylene



22. A polysilicon planarizing solution according to Claim 13 wherein the polysilicon piartarizing
solution contains at least one strong base selected from the group consisting of a
tetmallrylammoniturt hydroxide, NaOH, KOH and mixtures thereof, the at least one etch
control agent is selected from the group consisting of ethylene glycol, glycerol and trierhylene
glycol and mixtures thereof, and the solution also has present at least one surfactant selected
from seetylenie diols, and at least one oxidizer selected from persulfates. 23. A polysilicort
plenarizing solution according to Claim 22 wherein the polysilicon planarizing solution has a
phi of from ab&lycalzrddesmeshyleameleoht least one strong base is selected from the group
consisting of tetramethylarnmonium hydroxide, KOH and mixtures thereof, the at least one
etch contra@aitgpﬂlﬁfga?@ , affG‘iﬁﬁ?(ﬁ“‘&P&@ﬁcB&?@%WétﬁV{Eﬁ@bWEBB‘W&W@‘@W&I
and mixtures {rRETRBTFUSA A4 E BRI LAPRINS A WA persulfate, with the strong base
comprising 8bg i, SBRNLAMS By Weidt i eichkcontial Agent comprsing abaut 0.1 to
10% by weighf,, e%?ﬂig I a GUtT0 05 10"ab6ut 0596 y welgﬁ?', and the at 1east ona
surfactant comprises from about 10 to about 2000pprra, the percentages being based on the
total weightofARRpalissi eamRiskiaisingoRkLihn g h AW A SReREIAR QNS fdfriding
coated substrgétuliayieh AdelpRMnpalYsikicak biusdFface planarized by reducing or eliminating
protrusion or projection upwardly extending from the film surface by the process according to
any one of2ClampalysilizdiPplanarizing solution according to Claim 20 wherein the oxidizer is selected

from the group consisting of permanganates, perchromates, persulfates, perchlorates,

peroxides, ozone and other hyper oxidized materials.

22. A polysilicon planarizing solution according to Claim 13 wherein the polysilicon planarizing
solution contains at least one strong base selected from the group consisting of a
tetraalkylammonium hydroxide, NaOH, KOH and mixtures thereof, the at least one etch
control agent is selected from the group consisting of ethylene glycol, glycerol and
triethylene glycol and mixtures thereof, and the solution also has present at least one
surfactant selected from acetylenic diols, and at least one oxidizer selected from persulfates.

23. A polysilicon planarizing solution according to Claim 22 wherein the polysilicon planarizing
solution has a pH of from about 13.2 to about 14.4, the at least one strong base is selected
from the group consisting of tetramethylammonium hydroxide, KOH and mixtures thereof,
the at least one etch control agent is selected from the group consisting of ethylene glycol,
triethylene glycol and mixtures thereof, and the oxidizer is ammonium persulfate, with the
strong base comprising about 0.1 to about 10% by weight, the etch control agent comprising
about 0.1 to 10% by weight, the oxidizer about 0.05 to about 0.3% by weight, and the at least
one surfactant comprises from about 10 to about 2000ppm, the percentages being based on
the total weight of the polysilicon planarizing solution.

24. A Low Temperature Poly Si (LTPS) coated substrate having a planar polysilicon film surface
planarized by reducing or eliminating protrusion or projection upwardly extending from the
film surface by the process according to any one of Claims 1 to 12.



