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METHOD OF FORM NG SI DEWALL SPACERS TECHNI CAL FI ELD The
present invention relates to the field of

worevahgsstar i ng of sem conduct or devi ces, and, POT/@S2005/010475
particularly, to the formatti on of sidewall spacers.

BACKGROUND ART | | ar ge
nunber of i ndi \}Ylg'[ﬁﬁ% ?ﬁﬁéﬁlﬁﬁ\{lﬁggéhéﬂpf@%ﬁgﬁﬁ
transi stors, capacitorsTECHNIGAFHELDet c. These

el enpptRseAt ﬁw&)g&ﬁ@ﬁfeﬁ% Ot R kM uh Ruribh ® bMeRRIIRIUBS: devices, and, more
circuit devi ces, | ogic devices and

pawlgquaﬁ?glg@gg%lpgo Aﬁwﬁqoﬁ'ﬁ?e&/enent in the perfornmance of
integrated circuits reqBACESRAOUNDARTE i on of feature

Si ZQI?’tegralté?l aﬁégﬁst do rBrlsteoa @ 'ﬂ?lﬁl%@a@t“QndlﬂdJah@lrc%Q%ﬁe%erQ; such as transistors,
operation due to reduce gation tine

canagiflic e{s!9me &icu riaess plymentsEq @weﬁﬁi in ’E‘F"g’a‘% éor?‘r‘f("t‘ﬂ@‘ Wﬁ%éPCh as memory
dewddes, flagialevian ald natrepresads@s. i An iinp@vamentanliht pérfornpanchef integrated circuits requires
a rgailtct%ﬂ fI éa%urg H%@t II{Q Q&’J.do %o alf indHLE i 4 eSPAUWRf % é&xﬁ?ﬂ&t ﬂocreduced signal
cross-sectional view o d ect transjstor
Propegatindimey redeced F?é‘“@ts'é‘tsé”%‘f a“t“l*féeasér"t the pumberg fungiiopal ?demems in the circuit in
or&ﬂtﬁﬁitérﬁ&ﬁfuacrﬂlomtyi ve regi on 102. Shall ow trench
I So'Fa e ho:\lfvg'hg‘schél'ng fic cr s% séf:& na”qi« cﬂ’%tﬁlel\é%ffgc?%ng or]@% cfcgrg) E@ to the state
nei ghbori n Clrcul ate e 8
of ﬁaw n"gs@strd@ lglmomarese%an Mwe realsvsloan afjowy EFchsisniatiqrsd 03, 1%t ipodate the active
regﬁdﬁﬁﬁ?dorﬁ‘ﬁ@éhbﬁrh@ cHelRStematie AQdke a&ﬂodeslfoh aidvad sfde afatcb @14, 115 and a top

surgaf oflg és?ttormegf f)ver \%8%9 t181 anla%lélia laom the s tratellgflgca gate msFlﬁnon layer 105.

OVeér a sur
A motbative layee IO.BOS.Iprem@d pYeea surfelc@ 0§tm fubstrats 1q1apd thg gide ftyffaqeh@‘l 115 of the gate

eleSd€ 18! @*setﬁra@@r@m%@eﬁme Ehﬁnmﬁﬁ,demgwce}delvlﬂﬁ is flanked
by si dewal Addi ti onal | %stot he fie

Sp
of t AP IR ETF e EitgE P 6TV AP MR R 1, an oxended
draireggion11009souan regiet éPcked a draai regioneldB.on ooy ofgths extanded source region 109,

wh'i'cﬂgé %Otg‘(ﬂ'gs @&ﬁce%m‘éﬁsﬁh“ aﬁdeg b@(‘onlc;lf?fhe e&tep&ﬁ tdfagnnreéqgn t]laedenoted as “drain
ext ended source regio whi is denote

exteaSignT GEend RN Bp gl ANy %}W%ﬂe Eoc R B g i 106
dr aimmiedgd omforhilif}, thel @eld tetfett amsistoir HIONs @ystrbad Wom réfer@xd @nitigures la-lc.
I e, e
Fléaﬁee&\é\%%\gs 3, Jg%tﬁa\lf% osslgﬁglgr%'i %w%%ﬁ 'thélfilegi ?or ntfaﬁsgstc?ﬂg@ﬁ ptﬁgt stage of the
magyfpcBEing pregepisi st or 100 is described with reference to
Fi guireiStht ﬁlcnl:lCLsolEiogd.ﬂme lbaarﬁ!hl&WStl\a ré&@i @ Bdre rmed in the substrate 101. Then,

thecg(%tg%ssulgt%%?a err] Ith%\gatg ;le %r ]fié afe orn? fdfo%%ghets&bglna? ]%E Ofhe top surface 116
he ‘manu uring pro

of phie gate clegtiqde t0(> eh@her¢dshylaapmtt§a§chis7 TL‘ESF samurfswen bﬁ:ﬁomﬁé using advanced
techBglieOsY ichQrplafisiod, eépmdml dRidhtiva mﬁtﬂa&bxrtmgﬁpr;wl Then t he

gat i nsul atji on nd the

are 8?%‘5? 6’%?&“%%%“3% &‘% 't a%r"éedl‘iﬁi’a‘%ﬂ%g *‘c‘la 5" ° %aec':eé“"fié‘a‘e”a' &
pobfilicohevgatesutairac il auiethd D@ insglaton Jayerd§s w\gésnwaﬁlptnlghography and etching
techﬁ&ﬁg BRblolithb §, whinlis tukdl Qﬁov@rﬁf& RRodsOkiMBA inUkié BE comprises depositing a

ed techni ques of .ion ntatio d t
PR PR B P CHOGP BT Firoite 0 BRRS pife ' orerto aveid

adgast effelsectirngfeoni §Gntkrgerdnor iwprderbiycigeat ligby ani tight zefle@gdgromathe layer of gate
ele £ n%keﬁgt 5 91% Qﬁtztﬁlg 'c@eltm @ayg 107 %ytr% ' flnjmg@ QbonYh%rla)Ieh 6f gate electrode

Strate gat e i nsul ati on ng
m%@v\ﬂ h(bthlﬁlfnaqs Iof th?)if?téﬁg Werdpﬂjm@/tbe ﬁqlaﬁ@d iugbthfﬁ ém éeglected from the surface of the
codting ta@dri 10 DG Ffapdestrundielg with SthNﬁﬂlectédeﬁ)\M\antxmerpﬁQ‘ 1&0#8n the coating layer 107

an? hlle s&rﬁgenéfrt]he 1 Vﬁr gtat‘e efe i&?{&?&bdﬁﬂg) ‘?ﬂe réfﬂ:gnvﬂy Qihlgé B;&gf rﬁ&terlal and the

ot over the substrate exp OSIQP
coQtﬁé I@ﬁbt‘@?‘ églegffctlyegyéﬁlduceql n ditegdhe t]etyerag%lpbotoreswt is patterned” using known

photolithography techniques to define a mask, known etching processes are performed on the exposed portions

of the coating layer 107 and the layer of gate electrode material to define the gate electrode 156.
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adverse effects resulting froman interference between

incident light and light reflected fromthe |ayer of
w@ados/ogdoect rode material, an anti-reflective cpat/Usm0s5/010475

| ayer 107 may be for msd abbve the | ayer of gate

b7 e SR Ol e et TR RS eF OB P G we
IOSuﬁéragtaovgfthqsh@tr@;gatdmwgldb ayf@qes 11371 1P of the fageredestrode 106. This may be done by

meq,es%tf fhwai c)f(ﬁila%nv(\ﬂf!i podldngmhe Las é@ﬁ&@%é 4 ARS !hQEu%Etifa@q @1 Since the top
bet ween ?at I N ayer he surf

sullfa‘ﬁgl é‘b (gftheggéfeé eétlr%l&tq 96016 éovﬁﬁ% 8¥ hglcoatnﬁ] l%er 19%@ uring t q’le thermal oxidation, the
pratefitedayti B taes ot extrdne oveayrerop ofifasre 0@ rTihed, tha peltingHayecid@isiered away.
| ay & lat%loszagk S tl?efrﬁla%ﬁ:fgérﬁ{ﬁg Xrogeg‘sqy&gxgn in ’Ngtu% Nb. t "Hw% eLtéWigJ soﬁ}te reglon 109 and

photoresist is patternéd using known photolitho
the cxieplss gl gesiop | Hers firamed bypalnting ioBigi 2 éepelﬁ AT f"&b‘g
theagae eparoliOr06e darc Rf thhﬁlbﬁﬂmﬁ oGledhtsjdo rht ifielt sffeof trahdisor ¢ @arhat A not to be doped
n terial to
are dp%%’e?ed by?ﬁég fjph ?X} sglca\gf) thgt‘%ﬁ Z?sedtlc?zﬁ)g(i;gsqfe ]§[§rrat i on of
t he Fgawngerneleltt?t@méhefeiew%vwré 17wl 8 retformed oatey gl )| of g sfacer material is
coﬂ-f@r%,all)t b@o@E&B&@ttﬂeVﬁbs]tratyelDl 108 HySméaBsr B che@ILAIN vapditedeposition (CVD). In

confl'I rma c{e 0§1f10 cal ckness oq thsélég fo? t%g I?éy T 15 sﬁbstal%lhallyn de n%enggfta%cal slope of the
gy oo hay bé done’ by of -t her

surzﬁexp eratvhldnlt @fdemsq@ér tm Roiicr, tbweyeg étle,ham @@tt%ﬁb{ eawéjth&kness on horizontal

suf@REst u@as Qe Jufife %Hﬂ%tsﬁb@ﬁra@: 100 hnd R B Quirle 1 160 tseUfafc@®Btrode 106, and on
ver, eg) by the

116 of the te e e .10 S C
Ve’&‘&%ﬁ‘ir{ches f“&ﬁ/%aheﬂﬁi?su&%‘fes e %lgwgfq{'ehg@te epftroom fation, the
pr otée tayereof spye matke(8 ldjbes%tcmgltaneo@toelnﬂlm\he#nlsm@iqfmbing, an etch rate in a

vertitd] E@&@onl cated h&%an etch @ateclﬁ) @Férﬁgltzll &¥eBfion 1 Qerdfste %B&!SH% @f the layer of spacer
way er stage manuf act urin

a
mEREH PHESEIERAG B e VPR S BUVB O BLPGh 0 Tidp e 16
of tha gatestdcanid @b @paihasurfegiodthe dibframn @, froremerkd mprei gojoklathbn ingjined portions
of lthg nazerqfl 1. aln%%an;r ;Hﬁltor%rolf 91|e lalya'tl ?1 &'ln)@e §1Hpc%t|s s@lgs%mt]aqg- horizontal are removed

cent t at'e el ectrodeé .. Parts of
m%%‘h%‘lkb’é‘iaé P‘l’@""i oyt '§¥eﬂ b ‘t"ﬂ‘ésefs\"@F‘ﬂ's %‘Ibft@E?"YtVF‘H%ls‘éﬁh 3b e gopprtions of the
laylehAll oRthesitQrfdca 1he 1doped gat Gecear et d by a |l ayer of
phot.Qr
i Onsﬁl Et%l‘} r?g of hre] ?aglerqli]f)égﬁ)e gé%@é’gtﬁnag ﬁgﬁ%r% oﬂbe?rg)l;/g ‘zﬁté t?ygr%mons of the layer
111I3/V'"8131‘8’”a’r“@‘ fubise Pue Ao haylewer ramovalfof gomips o6 e i il dpving a verticl
suttfee, GRRILAQIMREk Yord &3 Gsatnedl t1R\6aYstrdid i d Sda SHels@bealksPakers €170118 adjacent the

y ns _of chem cal vapor deposition (CVD). In
gageﬁ%@n@ﬁ deposition, a local thickness of the

depdoileveng mawatlprsofshmaﬁ'tsp@frﬂsy” hidefhe priesptegion | £ and the drain region
115 Qﬁaﬂ)rm%& Qgpﬁnp%tat‘idﬂ%f $§ bOC s maddridt N Al stheingticARRO Sk fiSl . view of the field

bR BRmaL Y e St ot B LR S o e 1
of thim!ls absneadinestcbOray &npkrfotmgd tooyptivelg dérante inIieGicipfe ragfpe 102, the extended
soa@et r@glﬁlld1@§ ttﬁerzlt@ndwﬁam églgn plro we%asrt&@gmsm ;&m%rmgamam

he side surfaces 114, e el e(;t[1 ]hOG
The A B‘ry@?m Bffth%%lgbaétrmemgfl gfrff)xg]mgf lil gecbt{aeH%(H is that, in etc ing the layer 111 of
spacar sdriniofhe gaad diegirode MOGANExpakd © thieetcnt rhidlgleadaw @ teokion eltthe gate electrode
105 ncls ﬁ)d\éﬁgd.tslcl%ﬁllatlcglll)}ﬁ%el Qéged a%peg{aﬁc%to?ﬁ\e Iop Q¥ br %%E}e Ela.rtrﬁde 106 in Figure

ori zont . ore, ortlons of t
]C| JWOS@P ogtﬁ%léaéprel%ctdéﬁ?éarpayfj\fr% 6f§eét tgﬁq,tqbgléyeof tlg formatlon of the field effect
trafdidds t| @ §ihod khe YhapoOsfitie@hte ebctrodU 0his algrep O dh iuauasirodiéd rhaneer.

! ayel V:Iél ]bf tqﬂ ;gr&:ﬁe %R’lecsd J%xfs@qg tgcﬁlg%ugg thgthaﬂi\g%te%aﬁufgc%lgg giea field effect

106 ‘ace o he s

trap%sfmvé\ﬁremwmqeﬁtwmy cleqyads during|therferanatipg of %ﬁ*é?we'f SPgqqia is reduced.
| ayer 111. In particular, portions of the [ayer 111
whose surface is substantially horizontal are renoved
nore qui ckly than portions of the layer 111 whose
surface is substantially vertical, such as, e.g.,
portions of the layer 111 on the side surfaces 114,
115 of the gate electrode 106. The etching of the
| ayer 111 of the spacer nmaterial is stopped upon
renoval of the portions of the layer 111 having a
horlzontal surface Due to the slomer reanaI of

e s Y a1 S A A A ' o, . Y

ate 101 adjacent
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gate el ectrode 106. Followi ng the formation of the
sidewal | spacers 117, 118, the source region 112 and

w0 besdysaen region 113 are formed by i npl ant at i p@T/0$§2005/010475
ions of a dopant material .3 A schematic cross-sectional
view of the field effect transistor g(g) after the

formation of the souP&S&LPégﬁgrPFllfngﬁ Nhe drain

r egi e folldBing gesshovsimplifiedsuguarg of the in¥entiralil order @rprovide a basic understanding
of @ﬂﬁk@@bée@ Qr ﬁ)% SR el ti’ﬁ‘ls %{ntagr igl?\gt %Qxlﬁﬁsttlk/é/ @Jeﬁlleq'ocﬁqgét 1§veht'ﬂ)n It is not

active region , the extended soqurce region

intprided taidentify sy °6f’5‘ic*ﬁ eF'@@’l‘Sd’r‘i the jnyentiph@r 1 delipeais “Féfﬁp‘c')ﬁfﬂiel'?"e“m“ Its sole
pupdgt if foepreddnaiomme rcagemn ]a]s&phﬁkdrfbrmkﬂs @ Mretide tohke rpdsrb Odtailad Hescription that is
adethed. of formng a field effect transistor is that,

I'n etching the layer 111 of spacer material, the at

el echcodiae 0B illystrative cadedimest Pgtéw éteeqasaﬁwe"ﬂvmuadheth%aoééommg sidewall
spic@rs &ﬂnp@iﬁe@ﬁjnﬁlﬁg pfeattd oveg atudstlee The fedti@e B0 6 sidsirfich aidauabpesiirface. The top
sur%ace ]Ls cmg:regsy fl ﬁrsp ;Xot%cnve %yeg%r%g Zal? E I‘ ange cgrgir;;éotciectweq%er is formed over the
sw@ rsaléqce andothe ﬁtrbetrag:at Bhegoging lyeies 1@@vwayA a\acwre?fsaeﬁpyceaﬁrpter@ﬂ is deposited
coﬁtbr%\aﬁ} &Rt Ik bide Qlfrfa(tehﬁe foprstimpdcé oA (R subdit@e f iITR] By bf §ader material is etched

transi lst or 100, since the shape of the gate el ectrode
anpEPdY sl tered in an uncontrol |l ed manner. In view of

t hi sAqeerdibg @repotieer Flsguti @xembpdimdnef theerdsent quention hartethad pigayming sidewall

sp&c@:@ cmyefs AfrhiE b QQur@fove@a fibeafl. ehd Bfilre l‘iaE 253d SERE and a top surface. The top
wher ei n erOS|On of ate el Ctro ur i

surffqﬂa ﬁﬁﬂe@ﬂ bt cqa}l]r@ ]@/Frd é\l\gr proéeﬁgvd: YL i§ nne over ﬂw% sndg1 surface and the substrate.
The echtinglaye Db SGEBUREecOk prdd¢ENTdyENs fiiveed bodr the wilnyrfpe alsgort wrface and the

su@str?t.k Idygr o@g sﬁm{exal %fdeﬁﬁﬁed'c&\fmslly%er tht e Qlﬁf‘acé the top surface and the
rovi basi ¢ under standi ng of sone aspects of t

su Sﬁ%‘%nW&?ﬁer off§RRcsT BARTAHS §ehrdanisptorsHlyexhaust i ve over vi ew
of the inventi ONBRIKEF DESORIPTIONGHTIREIDRAWINGRAL i fy key
or critical elenments of the invention or to delineate

the Tie %‘R’g’ltlgrt m!a)hl% Jn&b\ls%’&h 'bp Hfferelngesto #e lf(ﬁlopHé 98§$t16r§tal$69 in conjunction with

present some concepts in a sinplified forma
theyceqmpanying grap ings, irothish lesreferense ma@%r'?emfr/ b eeewaﬁts f"sd in which:

di scugsedialiatsesw sdhedic dirdigsebtionalnvidws| afsd Kielt ieffect transistor in stages of a
m%na%mngrl&e accoHl% tp{hgﬁspéfﬂleqxen“ on, a method of

pacers conpri ses formng a feature

overFla“@é (P9 rsheve SChT‘H@'Cf“é‘%ff EFF‘@“Ha‘ée“éi o ’fblé"e'g (FFFPA dr@nsiing gy stages of a
mén0fctSriak bREEs acmgtt@ax eﬁm&f;a@eoﬂtr& p&@éﬁﬁﬁ'&dtldﬂyanal first

S{ 8: Ig%uire%sx% 3|f g)(oev»é scI em?tlc croosglgectl(gall & es,rof a géc’lg lf?fncq treans‘%lsrt‘]o(gj in stages of a
mztnh@ctwbsltomtvecordmeo @f@aeruemgowl@@y@rf thegreffeehw@@n A | ayer

of aWﬁlQa%rm@ﬁ&r 'lsalsusl:eﬁtltme@@&'artl(ﬁg rﬁ(ﬁﬁfcﬂfoﬁﬁilallld/ aRRfivel Rfms, specific

sur stra

e to e
e"ﬁ’g‘s@Fm% eregglga(eel?ee Tf?ya\’ray Og Xé!fqgehlg awegﬁiiwg\ést apg 6re %gf["l Iescrlbed in detail. It
sh@\dd \eruadangpot,dowevert t‘lnetrthq description atreiv ef seerifodinh@imentfis rtOhletended to limit the

1n%¥1%qg§he|pgr‘(l%|f&nls dﬂcl&@é hBQtdonotfle gcﬂ{rm Nk i%ﬂeﬁi%\’l\@g fo cover all modifications,
spacers conprises formn feature qver. a substra

capfdenioo A pREMHAR 1ol TS P EEREPST i BN 42 gy the appended
cldiop surface is covered by a coating layer. A first

protective |ayer is formed over the side surface and

-the substrate. The coating |la s renoved. A second

protective |ayer "’I'%D'F@}'l‘:%‘gcégéwl‘l(h@@ iTHE INYENZIQN ¢ he

t op siustrhteve emidaichehither tsubabtiontre deséibkdbeliv. Of thain®PpaoLdlarity, not all features
ofnc;ﬁta?gz{l: yplé%ntg%ggﬁe;%?c geggﬁ‘ ahQJ %Ae"xtg’g}\;g{ vlylgl}g callrsg %e app;/ecnrated that in the
debcflopgﬁ%t@éPHYnsaﬂwua erpbediprt HWErerai [SpIE Pt iemaiPrafic qspfigs must be made to
acBEg@RME’v-EloﬁNs @Ecxﬂ:ﬁaDR&\NaN%pTMe Mﬂi\ls@enéni f2Atetand Ho@ness-related constraints,

w lcri\ eﬁ % OP Tom (k))r}é im n?engponq n%th%rh %’[ore%ver CWV pge %S:%&!Itéd%ét Qdh a development
TaKER T Wit

conj un
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t he acconpanyi ng drawi ngs, in which like reference
nunerals identify like elenments, and in which: Figures
W0 20060989DW schemati c cross-sectional views ofprar/is®ha010475
effect transistor in stage¢ of a manuf acturing process
according to the state of the t; ures 2a-2d s
effart ikt ©Omelen 8 W sBRiae Ry ﬁ)/\‘iil‘I erverﬁ‘e TEFGT ‘?‘Pee%'tde“ag'“g for those of
ordirragyrskill §t the arf havisg thgesefi06f tgs dimhsract uri ng process

acc%gl 'plrégemt ﬂveﬁ{bne\ﬂﬁqg\l\' rfg?'agscx%d tavhf? re@é'ré?é@ﬁatthé ﬂt‘é&\@& hgﬁes Although the
and Fi gures 3a-3c show schemati c craoss-sectional views

varbof.ls gglf)?sealngi st@xr:tfu@%?f atsFralﬁgﬁdgctt% ldeV‘lCﬁ a@tdgﬁggi |6fhe grawmgs as having very precise,
shaﬂmt’wﬁ@&mbﬂslaﬁrgprpﬂ‘lﬁcﬁﬁss skalta Or wWé argretognizni, theal&}"dﬂ@Gh ogenb and structures
areQ1 t ats 21%01 Fﬁ@@;tedl upt‘ﬁgﬁ}g\!v 9& 3 ﬂldnﬁlyt tncereia{%gﬁés oPfhe {/a?‘lous features and doped

vari ous no cations and alternative
regrlqaf ﬁ@wteg were? P INgS RS P ﬁ?@ﬁ&esateé REFedised #L0BPFFIE the HgipY thage features or
reglay ofd ffabeidapsdie Gicds.n Neh&tthsa,VWd’]g&cl&mdira&ﬁr@s Berigilded to describe and explain
illl{:sitﬁaﬁi(v:e %Xﬁmgle eog ct:hreleptbet%?nlt)ﬁw n el?ne Pﬁ%‘g?rdpgndgmgg %1 eg(gg' dm Ql?o\ﬁﬁ\{)% uhderstood and
intprpyeted fathayedarpanig dopsiprept Witighg %Wﬂl@hoftmsq ﬁ@dsmai! Pl?fESEﬁ bcxﬁhose skilled in

thef OBVt aeti %Isp&addeﬁhxuan dw tdrii @r SPRE, T ar ¥ defihifieh th&iLhMdr@0 frbrfs the ordinary
ons ui val ent
an%?utstg?m?{éfneamn a? ar]%frstood tl'{o e sklllfcﬂm the art 1s tgéhdegpoq)e mﬁphed Fy consistent usage

Irve
of thia germ ax/wasé legreira STodlsf qxwetdh%ytenher ;ézpapfelﬁ d@ddeé [tahayga special meaning, ie., a
W@ tharCehat %%Xédl\@sm artisdas, NYEBPEL: meﬂnlltlohl &t]fb’étek;){@;sly set forth in the

odi e ntio
o EENPhPGAEEI O MBS Y §reeigd S Ba0 aiegee g B el o e trm

orpimpk.ement ation are described in this specification. It

will ThQEregéQHﬁ\%ﬁtloh Tnakdd Fi)trp%gsﬁbﬂ:tt@ %artul‘f‘a@&lre arhetdhe@feg @rylﬁlstgp gﬁ)@t;mtlally without
of any such actual enbodi nent, nuner

thqre[ﬁglné ﬁxéﬁ?sgp IoBtHe %aﬁ:é&qctrqd&, oa@&qag Iwah 2 mﬁ;hfgzﬁntlé‘ éedﬁﬁa él‘OilW of the gate electrode
in e forrearien bthie: stiewall spqees.STo Bip e dne or rg@aprstectistliByersage formed both over a side

sur?aQyBJd o@eﬁ]g?og%r{“ape c?f%?éa{%f?o‘h%k@o‘s ?er ﬁl@lgasqlﬁt'e @1@:1%%&! Q‘l l@}tle?gf a spacer material

constr al nt var om one enentati on
is sapfoRPRYY HeRosied/BYe B eie sifacoyiit fop Bk—tff"‘é‘bﬁ‘:dé‘t"l sHpsBefe-t Pebpeauqatn the layer of
spa’&erdﬂt’eﬁblﬂ@%ﬁd gisb@dpicalivi t) Ifidrm Bide v Bpc@X adguaght the feature. In the etching process,
thetoH%cérr é{mlggﬁyerg )é é@\%#\t%r % g)% Q‘g %S? hp %atae r ou;:r Pe
hawﬁ"lghef H@st@é\r?eembfdlremtoﬁ ihg pmes@mgmnére dmébqér% &gfgrence to Figures 2a-
2d| m@?et naoghow Llscm\amctwosd@&@mlb/m Wi 4 held effer enscieod @ 4 Bt stage of the

magll;tIPc?u&n% Prggesgull;\ a subs te gn duc%c 1veer Vlc%r 509 nd {ren%- 1scr>1at{o§snﬂ)3 204 are formed.

Vice *are
Ththe gafe awlamlgrslamg 2%5&1‘9 qugequrryhepp@g@tg@] §hlz§pcpently a layer 219 of a material is

deﬁb@nﬂeﬁ oGl iR kbR 2B gndﬁﬁﬁoﬁf alel u%§latlo§x h9&e0s kite |d§§351hcﬁl o 1@ 188&rtof material 219
ni ze that, re

n regio
sy BF REP  LEopfon SEPER L S0 S HRE LR Y. el vapor deposion
andoraWsmg@hanMdhdInlaahabdryqpotlﬂme relative sizes of the
var 'IQ lﬁﬁysfcﬁ%bﬁr%@po@ﬂ& qmalrlg%&%eg%ﬂnq &grcé B4 Iaﬁwsition surface via

draw ngs nmay be exagger ated or_ reduced as conpare
physral RIpcsisesochy a5 et fleve Ard giisiop, Thesgyisowstapyplly aﬁgﬁmbwd'ﬁca“m of the
matt@inli TBsSdepdNigiviesutiive Inag Be, e b esudict atiegte dhisalwion gpgerad®or a surface of the layer
21b nﬁxl ﬁ:cgglgcet e gugtls.r?al Lﬁ%e ﬁorﬁé?ﬁl)e?rhz“lg tcl éréﬁ?et r\aﬁdr\élethg%ﬁgmll Sfhe deposition

e present inventio ds and phrases used

su%? éuewogeﬁ SuhvapRs: Thfaaps Fddsea Avthe Arresitisp é‘tf@EF’ pichisadg tog growth of the
layRERDI N@nﬁlﬂ%@l Suddiihg Mbytta appied iu piileica bapacdepitiod. A faggsamade of the material
is g\cpn{bgr%?ﬂg 91 15Jns rlex Sag%ie’?(l){nn% [9%% zé% !:alui%gth eJectn £ %fr agf)éng\frgmfthe target, which are
theg dﬁ@#'ieﬁm‘ ‘b‘i‘FP‘ISH‘a'! surfacedi f ferent fromt he ordi nary and’

customary neani ng as understood by those skilled in

the art, is intended to be inplied by consistent usage

of the termor phrase herein. To the extent that a

termor phrase is intended to have a special neaning,

i.e., a meaning other than that understood by skilled

artisans, such a special definition wll be expressly

set forth in the
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specification in a definitional manner that directly
and unequi vocal ly provides the special definition for
w0 besoesore or phrase. The present invention makesI/UE2005/010475
possi ble to manufacture a $ield effect transistor,
substantially without there bei i ng. an ero i on of the
gat dn éﬁ‘ne&cﬂ, GHY deeﬂsmgxt tlreetggctsn% e lgl glfﬂ-ﬁlf P %fﬁ“}ls/(’f a chemical reaction
bettvedhpa@ols e¢a0git) whioh odcive orgatiethe vieoity ddie deppsitibresuffae méiglidproducts of the
resion LR BURENEL aBRAGFLmceTO LNIS end, one or more

protective ers_are fornmed both over a side surface ,

and P&yt er&a&c chemict! a@rer GFPogliqnea (FE o cherEbatPpategosition wherein the
chéi@h rasioa @atre ielaeglismadehichAnlagyber créafed,ae g pag aticaiabes i gdw discharge.

| ' e

Adva?hta%é%mb? gg’g‘!)aaér{?gaqgﬂocﬁén; %gva?é(r epots ggrbéfgg%tg%?{poﬁ?o? I’?g Fhlg' %;teenal at a lower
teW“@ﬁé‘@éFOW‘@WI C&F'“'F%V@t’rcqﬁ?;ctﬁ“‘ﬂhl sot r opi cal I y to for m

si demal JartB@@acaibsdimeljt HE eet préshi@ invemiobll £ mateiial tol @heCdubdtiatd 01 comprises
cryp tal?neesslﬁc&bnéttl?ee a{% ms(lzx)lgtloéwﬂ!i3 fZO? rhcgrtn]?r%gsl S\III%OH 9 éxecge aﬁm npalienal orfltthe layer 219
comprisgspplyerystalive gititsndiningnebodiment iee qswéélermf therayerri! P oAy Beragcomplished by
peﬁ&mg |aQﬁ§le wxpof EIpBUtRAGE a e fre@ult FemdAr vadsl defds@UY Brodeds, wherein the

ross-sectional view of a field

rea@?‘f‘é?t“'f‘?’ﬁ?@ ]aélf @CH ‘'n a first stage of the
man Ulotingrthavgpqsitioteshe. layer2 13, afnh sroteettve 1a9@ 220 ia formagsitover ¢he layer 219. In
oné @rﬂio@ﬁelgot%m@@qhé ﬁr@trb?(necln?eQL)@I 329 %% %Q@pnse%”\erﬂﬁﬁxfd@ﬁdﬁ%da portion of the

nsul ati on |.ayer d ov
g B BE BURAIL T S roual P 2y R ETEEn G pegor vaer
elevBeddemesiute dThenly; a tiemieulestionaicove@the aaterid hethghye 219 and the oxidizing
amb IR GLA! chﬂ o ta%mamﬁof@ﬁ REEL b R mBdriak NE @YK ofQe first protective
mat er i al may performed using deposition
'ayfrél’:%ﬁ?“é%%‘é“ @B‘i?h‘mé@y BAydimcal vapor deposition, chemcal
Vap dherghalpaiihtioh Giay Bedff@meddyasam oenpid he@ad! ctxhieuinnc al rapidilpmhal oxidation,
thedﬁeﬁ)ao é‘f%e%t tpaﬂmt(lrgof I&ylﬁhtgdaéo aVﬂ%O{emg@A?l% 'fotrla%ﬂon ammhﬁer l&eﬁé exposed to the

IS transporte roma sour ositlion sur
OXVIZﬂg B‘h?@t cAts PpRdeelence s 8 shicHadipinghe ﬁ?'@ BCTRasIERT fZPQJgF*bfﬁd‘at‘O“ from a
pluTJn.@,roelamgs subst antially no chem cal nodification of the
gﬁ‘: feA([:ll gréxatlv]gly tﬁerma g(gilat:io:;]xgnﬂ yatéltlrpfgrn E}y heﬁgqo.g tg? g%{d Seﬁ'?p tr%nélstor 200 in a
furpdce phie teing e*poesw the pidities ambisptc @urlﬂm@em&%rdptah ic @ firges, temperature is
ty;ﬁmm@mtuam diriAg Faealtﬂeynaﬁ Sidati A 1AIuAti PP Hern@f oxiddon in a fumace can be longer
ition surface is exposed to the

G
”\')éﬂ‘brf“on?ﬂép B8P ¥619&nses on the deposition surface,
which leads to a growth of the |ayer 219.

Al t QE patreval 65(1dat$cmu4 Eoﬂroh Bgthmyer @@ cﬂ:@aotl()"a @ﬁifat:eﬂh@é'by fi0Ri@#zed. Thereby, an
materia

°"}9‘6 ﬁ%‘ﬁ? B‘é&”‘w’{ fhe l'aéﬁ?’is?l%iét ?68‘8? & ‘C‘P F°6‘Fﬁ ‘& Eis'a%rf’t‘ﬁ“““”rlﬂ?“% 20 Thus, the first
pra@usdayetae greped the expest ofabadmmr F10 ofhetnimeritldasg®ithe laykr 23 imay be taken into
acc%[uﬁ bgl Qﬁ'ﬂ:s&)ﬁcﬁ&%’ Jd%QmQQ tﬁl&ﬁesggﬂgesia%r ALY S#th%ﬁg tc!nﬂ)erature is applied in the

hemi cal vapor GDOSI pOSI material is
e B B PrRC e BEPL O SSOEHBRT G CBReES D BRENRLAN 1 protecive layer
220 aseSntrodiachyadohtsollingdte QibraBm @i (hS th@finab bxidationt dne the iapylind feyiperature. The
Ion%gr él%[h%gﬁ&lga?% tlhftdllé%%rs tﬁ«%}z[é)gﬁe(a ?emtpﬁgl.nja g}begélig(?tlutggn §r§t:ﬁ %etctlll% layer 220 becomes.
Pl asma enhanced chemni cal vapor deposition is a variant
of Clmamaﬁc&idat\bamﬁp bdﬁp@&ﬂﬂ)y &Bxd\tm&lﬁaﬂ?hrﬁ\edhh@ 16 P 1 tedrhal annealing, the field

effjéc?? gnts.lstgrnls l?e%t%é’l to% &l‘n Q:mper%)rure n e’ab gcre ogthe %\édlzmr%amﬁ)lerﬂ gqémperature applied in
theptaaé rﬂaarre% harwelélé rwém hsdpr t\b@pwe"m@@tersmpﬁﬂsﬁ "thle cSWSm%' [pgidation. In the
an€bRINQSd thérRRIyQktivald@ retitiRErhét ofakond il QVWRKt frQEHAS [dfck P ) @Bcur such that

conventional chem cal vapor deposition. In a

parti cul ar enbodi nrent of the present invention, a

material of the substrate 201 conprises crystalline

silicon, the gate insulation |ayer 205 conprises

silicon dioxide and the material of the [ayer 219
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conprises polycrystalline silicon. In this enbodi nent,

the deposition of the layer 219 nay be acconplished by
w@eoososyeng a chem cal vapor deposition or a |PET/US2005/010475

pressure chem cal vapor defosition process wherein

t he react onpr.ises sil ane W .
they fffd PERASOYS tyebﬁzodt g‘t"ﬂ ed) fAfgpasepesly (’Sr g esrﬁ‘i‘eosta@@'fyi ‘{}g“e first protective
laykrawithrese2(to etehifigor med over the |ayer 219. |In one

enbodinent formng the first protective |ayer 220 nay

omprise a thermal oxidation of a portion of the la

219 In pther e padiments BhheRIgsFb I Vertitethe 5’9@4“”2“1‘5’ firg pr@S‘(’ﬁB’% @6‘” may comprise
phis@alavap@xdeplisizibn) Ghanital espor dapadinioa aindiorygdma Gfihavad eliemétal @por deposition.
Thtk 5% TG OY eaifle & QETHAR £ Edv@ Rhyer 220,

e PUBLREh IRED Bt P MR E e B AR ey BREH e

oxi di zi ng anbi ent occurs, which leads to the formation

of ame Gist @Rteclivetliner PRL ALyl él)|mpr196 dnhdx@dé "SI @itertahef fhe NStr 219. In an
emgodouge?ﬁgflth\ééresen}Im\ggt?c%%gvﬁrer?irgglg (Pal oﬂf’?eq )éi]gagnspergesgol crr)55tallme silicon, the
magegig)iofithe laxsr PR carpsemgliipe pibigen dtoﬁder(étﬂz)d t her rral oxi dat i on,

the field effect tranS|stor 200 is heated to a high
;[: ﬁgp er t%le %"errﬁftl%g ﬁ_ﬁthg rt:lrfst przr.tﬁctlve ln,\éer 2% bgart]rgg ]aéer88'§ 15 df/:posned over the first

Prqtqcﬁ‘&dlﬁ)&t I‘W@Cht hay Yei perfdrmed.f et byt mesns pis phypicad @@POWIdeSIUO" chemical vapor
deﬁo@igt’)rﬂ;r poﬂnafeﬁmea it mab(;r)depg;fntldnaﬂ‘pegcoa Aﬁtla@&r?@‘t hy)eﬂe)éomprrsed of silicon

oSt T e ST o B 50 Dkl ! iy o st

layen96.stedlagen 2 t9h the 6isst whptzdtimglagenBiOeant the Ceatingigyer RS anapatterned, which may be
accgasbrrtﬁédlb9eerrorrn,§g rtnurvrrﬂ%mhsgemnawr& protessadpi cal l'y | ower
han during rapid ermal” oxidation. A duration of
t hermal oxidation in a furnace can be | onger than a
d ur dtht odatirgflayeicol ehag braomghredsticitddhstj i0 the phatoltHograhly @ateming, adverse effects
res%ﬁéjﬁ&h Qtn’mtéfeg {etﬂe%e a\clﬁéﬂﬁhéh@)éﬁd' li %rtl'?eﬂgétéasﬁqnt fhe yer %19 and the first

surface thereor is oxid zed an oxid
Profgtierayal 226Ff° sypeiantialyeqvoigeflg Tp thisepd 3 f "%‘?f@r‘? CP%‘P%IJ@YGF Pl(g can be adapted
su&tltﬂaﬁﬁghﬂéﬂﬁcﬁ@ frony @he budi@rof ﬁiaﬂlatm-éhaly& intérfeees Béstrsctivepr with@ightirafRcted from an

mter? %/eebetwefn QEO%}’]VSng le?‘yte %0'9 learéae He riipgote% ive ]%%r % aég&or%}?merflg%etween the first
projestivsUaver 239 ar@cherleepﬁﬁd‘”wgt ayefhetarm P n@e layer HP endrbssfrstgfotacting layer 220 is
effbcBYdyredt&. |f a higher tenperature is applied in the

t hermal oxidation process, the oxidation occurs nore

qui ckly. Hence, a thickness of the first protective

| aydn oB&Gmipediménes of dretprasént @dentign, @ imterforeice hgjweeh ancident and reflected light

mad %ﬁ@tahtﬁ?y @t a{'d']&d tbP hiRg tﬂé(bdaﬁ“g' ¥y 26 oft B%a@ﬁ:ﬁltha@ Qbsorbs incident light
erat ure.

d i on
Pe‘teﬁgﬁ)‘éﬂ‘ﬁlpl“e‘ﬂ“tserfﬁde‘r“ 3?‘8‘5@“’3?‘%% #l gtf E%Pémrﬂ@ flgeft ‘r“"s‘{} “gh‘ By the ayer 219 and
thepfirart ppa@dctiveelayea gzl B2@inpdeomeisg lajére20fml matiia abspibing feeyindddent light and
adfrpgrllé %"@ri}géé of &P 'c&m‘ié"r%ﬂﬁh st nﬁ?tlhérpg deJﬁUctrR'@ﬂteF*erEﬁ@BMen incident and

annea fect transistor iIs heated
reflgptgrhli gt"é?%éts%\'t’elfr"'éb‘?fi‘? “t“ﬁéacgﬁtg%nce of the oxidizing

anbient. A tenperature applied in the rapid thernal

anne/@ h&gtl{@gss QEUJAH%WO{ Ihlgﬁﬂd foetctetﬁpigﬁﬁtzw iffa ﬂl p t%g tlhpmanufacturmg

ermal _oxidation e annea y

PfO&?f'F rsVsaP\eumr%g%er tanbichepatteraing 4t Hengats H’S‘t"ﬁ’é" f'qyrrs%OS the layer 219, the first
pridciieasici 300 ahcﬁtjﬁ&l&oaQ@Qa)ﬁmm OLCEatbreleStrall 206hiatdrii@l dverthd substrate 201 and the
gat@ rtn%ttllaqr%h Cl}raly:era Sesq‘%%%a%e elec od|e 3@55 comf)nsgiqa f% guarﬁi eazqggi/ﬁchys cogered by the first
Prqw&yerlaw N apedpewting leyeetlQihmgmorral«ty dterﬁetre eewee%%éﬁmm%ﬁs‘de surfaces
214,hes present invention, the formation of the first

protective | ayer nmay conprise physi cal vapor

deposi tion, chem cal vapor deposition and/ or plasnma

enhanced chem cal vapor deposition. These processes

may be followed by rapid thermal annealing to densify

the first protective |ayer 220.
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The first protective |ayer 220 nmay conpri se an oxide
of the material of the layer 219. In an enbodi nent of

wo bespysdsent i nvention wherein the material of p¢hES2005/010475
| ayer 219 conpri ses polycrystalline silicon, the

mat er | al the | ayer 2 onpr eS|I i con

(Si A ‘ﬁ\ff?r@’ra""t“h‘g ¥o¥%%?°8?1dagpg’talq‘gec?"l PLCCHYe o PIEE |8v'es Gifmed over the
subls@ate201 2@V he sdecwtds Ay, R Eyof the 24de7eldcgodd @ffo Fiotnani thasegond pretective layer 208
m c&ﬁ‘&ns%%ﬁ%&i’dé{%n t)iaayyﬁfnon m%?ate @Eéfrogkezo@ @lBIeQJ t‘ﬂ@gde sBrfddes:214, 215, and a

neans o ySi cal osi tion
poﬂn@bﬁfélpetsp@ﬁat%?m ﬁloéf'stﬁﬁ Slﬁ'ﬁ%é’ﬁ glé aﬁgﬁgﬁp E aﬁlmvaé &'}be tﬁermal oglgatlon used in the
forth@@ S bric @Mbodifkvet of fhaﬁtsngotécayedayemv thieptyertive ox0danipr usglsu the formation of the
sec%lul hr&gtglvmag'gr I2§2§m9}r besde fbrﬁi@d’]b)p%yam Efr rhﬁ@therﬁnggoxliatatlm by' fA¥fns of thermal

r oxi mat edé hen, the gate
OXIdﬁ§GP“étfP‘B??e PW@TbCZ@QWt%aW kﬁéfr*a' 2*T9ahn$ he first

protective | ayer 220 and the coating layer 207 are

pat t.er.ned I

knov{/?w thpﬁho {'mﬁ\f\'h? % gcénpg% ﬁggndﬁrQ&é%n% l%}%pﬁ%r%%(’vesggéé pr%p& the portions of the
gaie glagtioAR0p aymentzmldm aﬁéZ Kotif el a RoFrIos atthe hete 20 rlaspie the surface of
thelfm&trﬁll: pdr1hagyd rﬂaﬂé’iMl 1Pt tRdspoRdns rﬂ@\’tﬁﬁaﬁﬁl isb E&fhtns1nraécii\&|hldelb%/1 Bxg@respondingly

r.om fer en nt an i ght

adgplpg &g é‘d’lg][ ket dlggpiap X\E%ch optg ?Cﬁve r?%'or"%tg 4 protective

| ayer 220 are substantially avoided. To this end, a

t hi C’ﬁllg & 208 m?}h%mtﬁl%tah BGdel o@)ﬁ@ Fnatg@a? oﬁtﬁ@la&b@2ﬁ9¢ﬂ@ﬁr€&1c§ WEMe material of
| re ect ed
the] %@lgrrate Zﬁ elhf érrl grgbogglg{)tr(d’ C[]n véﬁent mve{xtﬁ)n wharﬁin tpe terl OP %e substrate 201

cofprizes erpstallive eflicenc endotbe \wenle‘ttrhée epatommyses aylmsziﬂl“ﬁe alhepn, the layer 208
cokﬂ%esfshfcéatdu@(ﬁ&t ective |layer 220 and/or an interface
between the first protective |ayer 220 and the | ayer
219. Thus, a reflectivity of the layer 219 and the
fir sAftepmetfcemtiov ef thayeemd pRGctive lapérf208 thewedtipg fapal 3621 renfomed. Removing
theoéogﬁl? zgt%@g}ngp&&ﬁnsgfexptogﬁg e c%§tﬁlgiiayél Qyﬁr(]td}, ga*lant%ﬁapted to selectively remove

tween incident and reflected lig (%/
thempgiebefiheariipe keera0basers By "FhFHCHYS MHePreeAs '?PG’ ?%93?& the material of
th243don® brofictivatagérizas remhia bubatbsiailynsiaffeaed et etthaghtThus, the first and the second
pr@ﬁ:pve lé?laef &rQ grg%:g/lgd Bpl%fr ectﬁlgg)ﬁthg?oeaﬁngl I%ep ta %ﬂ)ergtlgg% g{lgctrode 206 and
th%%ﬁhﬁ“t“héolfftoﬁ%mmf&tl%‘tythﬁétcpfﬁ’yer 220 For mng the

coati ng I ayer 207 of material absorbing the incident

!2 Og xp%shngtt]ﬁ Cf)ginﬁﬂl eert2!3]7§ to gn etcl!glrlrﬂtg aly \c/:(())rilpnts%h vevetceelmexéapgchm%y Fhe wet chemical
ctdhid e ponmpnied Tkeesing dmtorrﬂez laes kPt Phagphoriepyd. di peytiqudar, exposing the coating

1&92‘6@&@%@' leﬁtheﬁth ?th@séd to Rel &EVEBITBh VG tHe rc&a‘ﬁﬁg BREd7aN @ embodiment of
Vi ew 0 he fie ans a later

e prezeps mes?nﬂ?rhv&hewaﬁhﬁca?%?r%é&p%ﬂawgsgﬂC%* Wian i n Figure

2b. In the patterning of the gate insulation |ayer

205, Fléd?@k smrthezﬁe%- eﬁ%a?rarfsls&)lsioom PhAkrd 'stV@e Jf W%ant&%@nﬁ@&ocess After
the coating | ayer 207, a gate el ectraod 6 is

they(Fapval Althg 3L '53(%2% " S adefj e PEem 7 &r‘ £ 8‘%?“5 g;?éaf" region 210 are
ford@B in ﬂfdmbsgarb @0 leddpednt thdgate2QGrodo DYSY iIThie Mma@bd dvpe Huimpawdg ions of a dopant
%%81’ int\é@'le% stlrai‘e ﬁ)(PVSJr@ gf tpé/ suEJa'gte Edlrtlga ar@ B&ttcetfetdloye% an%é%Bvered by a layer of
e coating layer ditio y, the gate
pheforsgitt (LB PD atdirides si de surfaces 214, 215.After
the f or mation of the gate electrode 206, a second

pr ot %%%a!;@#% fo?tg§ %rg %}E Eggnﬁrg thgro%ﬁltopgf tﬁe%Qt%tIﬁcfé@Eogrcgggmn 209 and the

and tThe side sur ate el ectrod
expodd dmisrpgione? 19 Imey berssiREncp briere e irgroving giethe oanedargr 207. Thus, in the ion
impRARIoh,S@e h@ifdTRler@07 ABdoibe on® idirétep Q6 tiieOfitlDEffeb@ang@bre200, such that an
el ectrode 206 close to the side surfaces 214, 215, and
a portion of the substrate 201 close to a surface of
the substrate 201 . Simlar to the thernal oxidation
used in the formati on of one enbodi nent of the first
protective |layer 220, the thernmal oxidation used in
the formati on of the
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second protective |layer 208 may be perforned by neans
of rapid thermal oxidation or by neans of thernal
woziodatsoen in a furnace and can be foll owed byPCEPSD05/010475
thermal annealing. In the 8 hermal oxidation, the
second protective | ayer 208 grows at the expense
irradigtlon 1 thej g3t Llegifods R agshﬂ@ eaf éfgt‘?twa YIS A gt t°ﬁs is advantageously
avaidede surfaces 214, 215 and a portion of the substrate
201 close to the surface of the substrate 201 . The
material loss in these portions may be taken into
ac c iy ferther gmbogimspie ef tbeypriseﬂt lméglﬁgh te ﬁ?ﬂ“?'oaﬁgbf ?x't@deg source region 209 and
thel eRBr@ieddr &1 rekio L2 1D ata@ bepeGrine Db r0Efomadonsof the pdcbnd@fotektive layer 208.
active region 202. The layer 208 may conprise an oxide
of the material of the layer 219 and an oxide of the
mat e iaer ofof sprdsemaerisst ! dx cenformrplly deposiied evprigbrubAe 20+ the fpg surface 216

an@dh@ﬁmtxrfic&mmtzilﬁnDM@ﬂtQ bdnfdrbia déﬁiilﬁfn] @dhickesstol Bortions of the layer 211 over

theztgpt sSutr 2?? Zogg' tl‘t:eo rshr?a%éc’srz(fééig ann{ i)/vlgre thg’ Its1|1b:st(r:a?eﬂrhe()'i‘l és ﬁuEsta%tlally equal. The

corgfprmal| ql;yq;mmz@gthe denfpxr pfsseg;ersmptf:r@ Al ldm@yxbedgerfometl &y meprs of physncal vapor

deJogfléﬁthﬁeQ{EapflapSm &ﬁl@@@ﬂpl%ﬁteﬁlﬁ%éeﬂQhénﬂ&hervapgpgeposﬁtl'bﬁ In one illustrative
g |n% %ﬁ t F an% ving the coating

empodipant, B P2 ?ag' @”?@m3x8‘§ A9'the coating Iayer 207

to an etchant adapted to sel ectively renove the

mat ef k@bmPit $EsERAI VA, bAWEField Cfiect WG €A S20b Nter the completion of the
materjal of the first rotec

maptbrinapost it evse g ?arftfteé%t %/et?‘é“‘l"gﬁf{%‘?e%@/ﬁ's"%%’ﬁéf"ﬁ‘e”a' 211, this layer
is achbsingsbikdp@hllyy Anrahdhestdid ttb)amtdtrepxettdhanst adapldalsgch thahthe spacer material is
selgclltjl’/eft“)I re%dedt u'ﬁer?aQQ%nﬁlrstpﬂrgtgc%% 'la‘f& é29yaﬁ5 1l Scdili %?o@é'cé{\%dla)‘ep 208 remain
renDV|ng e coating layer 7 and protect th
subyiaptisllepratiscred Bethoddadnd t he substrate 201 from bei ng
affected by the etchant. Exposing the coating |ayer
207 t.c I
The ’l&tgtarﬁg)ﬂg ic Q&{h q{%ﬁ lz%gm ba%g M?lﬁl?g?emxggér?pqgecmk réghmg Due to the
anigeyapy qidpel ciehiee prp@fsstnaﬁﬂloaheféﬁaﬁtw ' Se?etrdnaterlﬂ 2bhiret atﬁﬂl*étam‘a“y horizontal,
sudap e b(ﬂ'ﬁont(h& Rt duﬂ‘&e b&iliﬁﬂ thd Qgrtl&nﬂ)vhﬁﬁe 28 Bhﬁd’ duBstrate 2@l are removed

ectivel coati &h
m(ﬁeo%uc?le than port ns 8fs tﬁe 1a rPier offspz}c«%{rl magﬂg \ﬁal Whl(% are su s antgall é‘t?cal such as portions

esent 1 nve
ov¢rithe s@ga{rfa@gZMa%ﬂér le@$lde\®q‘¥'ppch‘é%1 753 1B isiedlpr ttmh@ ptfiqj\@l] spacers 117 118 in the
fiefale Btk @an&ﬁoﬁb@%or&hfm thie ©thtdl oBhf R Gle férmddSllaSdnOthe ZQQlektFbde
further stage of the manufacturing process. After the
renmoval of the coating |layer 207, an extended source
r egiSome e Brspmetecaive layet @ﬁdeﬁhme@hﬁprpte@iivohyez 1@ remain fubstanigadly unaffected

by tlﬂ: ddiSht %Hé?%‘%&ét fhe &Q%aé%%ﬁme éahaee]egﬁ)&d@ 264 86h bR 1o the etchant.
his nay nting | o a_dopant
Thﬁhf'eﬁrtsyp of tht%tefﬁefogﬁ%’étsrasta@agzg" y avwﬁffgetﬁt@d{ he

substrate 20 1 that are not to be doped can be covered

by %éeﬁ%g ¥Onﬁ;t|09 Qﬁ%@&&&hl?&pa&ﬁ Qtl 7, %h&p%aurcte I?%‘on %’? Hd tASiram region 213 are

i ons. odi ment's resent. inventio
formigeh irf 6‘? ﬁattstraé% 204f byt iwlaptiog e asdamng Bateria iy “?cfgbsgﬁa 201 In the ion
1mbl&&atﬁ%ﬁf&ﬁﬂ&dalldﬁaﬂérﬂ IT @glirk3ion2 iﬁ)h tieytheleurpatdiorned sipeddapat from the gate
ele.ctroede E@Brr%ml agl qge Jrn eé&?& 1'3']9 ? g{;i %l t}e %Eseiec € ,tZ(nS,esince the sidewall

npl an the coat i d sor s 1ons

Spﬁﬁﬂé%ﬂé@btﬁwthe field effect tranS|stor 200, such that

anirradiation of the gate el ectrode 206 and the gate

Ia_g\s/al‘i‘lrl] aa)@ eau(t) ﬁnsnle m%ste :a/\cl}!)‘e pI:rfo%?eedrt ectetllelzﬁee d gn sI lrnrghe active freglolp] 202, the source

regiqned & it extpnsdefmovrewegltrt?@?) fihesrdrrint reian 263 and e e@%tdeqm@ejfegwn 210.

source region 209 and the extended drain region 210

may be perforned before the formation of the second

protective |ayer 208. A layer of a spacer naterial 2

11 is conformally deposited over the substrate 201,

the top surface 216
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and the side surfaces 214, 215. Due to the confornal

deposition, a thickness of portions of the layer 2 11
wWo@®s/ovdeeo t op surface 216, over the side surfaperUubd5/010475

215, and over the substrat® 201 is substantially

equal . The conformal deposition of the Iayer of _spac

et &PThSY emPedmeRts of g PSR IBYERHOR 5y HbSHE T efsRSFST igiires 3acSe. Figure 3o
showa p Geld eféspiashdistad BQO it b 611 segd of v apaufacoha P ddess@ctoing pal aasmbodiment of the
pre?elqumggoq %h? mb%le&VﬁQQ Ecthgﬁgﬁd 50‘2 QR trJnEh S8i&ions 303 304 are formed. These

ustrative e I ment e spacer nateri al
feapugsipPdys Be SPIed gisingj adydnerd tes&"%@ﬁ effaton cimplapationg é&&owawmox'datw“ and
photélgdg@phyt he field effect transistor 200 after the
conpl eti on of the manufacturing process is shown in
Figure 2d. After the deposition of the layer of spacer
mat ey ga elgrtrqde, 306 fipwing| Wélﬂrfq@ ¥t cﬂéd‘“‘hh|t@o%1ff%99|3éfalﬂrey‘°l’ surface being
coJéféd 6 £ bamlg 1Mse7) i fohhd oddila gat rnQﬂHnSn ayee Bosngd ths s@@ka&twd This may be

I
dorms E)llows %Hst q? grag mS\%atlo{m&r 3b?is Fegosne (QlﬁrOJw gstr% F}E(ﬁm:ﬁ{en d layer of a gate

e secC
elegsrodt remruakﬁemlaayehe l@z@)@l? v in Fgutb@t B denosited yveuthagafee@tﬂe@n layer 305 and

theQMbsEeti@ 3@At Clhh@[d&a{mg-r Ager 3M 15 QtgoQied EveE the ey Bl o f @tfe éai%%lel:tﬂ))ﬂ@ fmaterial. Subse-
cer, nal e

ity SREE AR dby 3 PRETEPLRE RS Hrettn b e M coMiF ver 307 are
pattelned loafpen thefgats plctexde ARt eThisainay2beldon¢ byaperfarmeing photolithography and etching

tecmgst a@l‘n‘ﬂ?rl th%hg]%t'u%qgteab()? §Q@erﬁ)%d1¥nlgrﬁ dp Qe ﬁr&@nt QIW%KUOB RiBscribed with
surface 2 he portlon ovgg the surfa

refTrﬁge to ielrss 2 éd élﬁalcoatgg éay?re‘i%m TP uﬁfﬂlsgﬁll t(}at 1‘1] Blhoto?lthography adverse
eff@BIrésulomsronf antime@feteaog dttwadh irgjdert Bght aerdiedtad light afebubstant@ty avoided.

are substantially vertical, such as portions over the

side surfaces 214, 215. Thus sidewal | spacers 217,

218 Asmtiriahef ‘f“‘oS“PWéte§P’d@Wa‘l°f“P§Sﬁéﬁ'8¥‘s Thq gate ipgudatip, lay gy 805 may comprise
silitdnafigtidef TeClhyet bfansmatrar mayO0dmaese Polgirysalline sitidoe ast @inha@er@f of the coating

art dj acent the gate el ectrode. Since

lﬂ%ﬁ£7wwr ?B%e@ﬁ g?ﬁ&@ | ayer 220 and the second

protective |ayer 208 remain substantially unaffected

by tAhlﬂst@Io@ebtW’éﬁayeer(ﬁN fdRh SAto@& the kidEsufrats1 18 gt Eofzmgafdlaﬁcnbhk@% and over

the.%ﬁb trate OE %lmé ar. to % f %rtﬁtl;n ofk%ﬁ:l fn 9 &oteg {ve ?aéertzg(b%lla ?he seconcla protéctive layer 208

S1on gate
in Téidmwaig'é@fm gre%mt@qvgtérgn éﬂscrlbéb\m’ﬁé@fefew todigurey éa o hercrasian of the first

prﬁctn%h%eﬁﬁ@%ﬂ@kdmpﬁ&&ﬁ%ﬁ ofilidtion gﬂ-&mcﬁs SOME ERe EIBRGLARB0E Lidse to the side
surgaﬁes 3??%?;5 A @01%81],]% t}815 étra oBBLﬁ]{)se mﬁ sga?cgf)tetp%stugstr?tﬁg&l T%e tl11'ermal oxida-

tios cHn S rpaf@maﬂn a fhmact ke by onans [wp Fagid tlgrmad nxidatibe agd dewel followed by rapid
tmﬁﬂ@&ﬁ&h 7 absorbs ions such that the source region
I's spaced apart fromthe gate el ectrode 206.
Slnllarly, the drain region 213 is spaced apart from
t he Igaediletagicd dnbd@ma G, magrifl ©€tht st Botataveehyler 320 awe conidrikdin oxide of a
ma?eh:ﬁ%? R?Tééagaéctrodg 36@Lrld34m 8)@516 cﬁ%%'tehag)f §1E %stﬁw@oPem an embodiment of the

acti vat opants I n the active region
premszmvenﬂ@ whR é‘ergétﬁlelﬁﬁméﬂ%% @W@ﬂ%&?%&/é@“%ﬁ'ﬂ% apcpip gjterial of the
subdfofl 30t b@npilisa tistalRg isiticon Acira pabtetthve laga BENES A odrae dilicon dioxide.
regi on 210. Furt her enbodi nents of the present
i nvention are described with reference to Figures
3a- Subseqmpmilyy the cpating fryead 04is femeyed. Wifichaiay be doan Ry &pesing thegoating layer 307
to anrhoaanf: hJaﬁtEd 6 6@ BveBfrerfovB B Ha@Gd bifthd\@atPE RGES67, MG 6 maGrial of the first

prottec laIyer 1S su%ﬂnPanl n& affeicgg e)p he e%c%ant I nvention. In a

ion 302 and trench
|solat|ons 303, 304 are forned These features may be

for mlauﬁitme@amgemacda yEroe s tf enib&dimdntpt tw@m @lention described
e It10 0 Ll 0 It
R “hegfe’g?va*é RllR e P 18P oo e conne
surface 316, the top surface being covered by a

coating layer 307, is forned over a gate insulation
| ayer 305 and the substrate 301. This may be
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done as follows. First, the gate insulation [ayer 305

is deposited over the substrate 301. Then, a | ayer of
w@2@anessed ect rode material simlar to the | ayeprCRU82005/010475

ehomn in Figure 2a is depdﬁited over the gate
whk:cgiﬁ%y %&Ipﬁs@ ex ao\él%tye coatm la 8r 33:3? d’HOS orléJl %cﬁd %inantaﬁeou%ly, wF]t chemical etching
magavrceldelaénahrseuewrmwetrhr aqchlnﬂfbeeem@ferehpf the Creah@ lear 807, such that the gate
elebtfbAb Bt QBstdnBNE o3 fdRageli BRihk BBk Péceds N t@RtiICat@BAbW @R ge of the gate
1materral and the coating |ayer 307 are patterned to
Clfitn t he gate el ectrode 306. This may be done by

perform ng photolithography and etching techni ques.

Sl’] m/’lﬂ%rr thd @mBQﬁof@ﬂQBétrﬂ@la&an@r thfké p'rd’t‘ectl\h:q y‘érI @@ anm@ FHnoCkfd This may be

present | nvent]on descr]bed w ‘ﬁ% %1 g | b
doge; @u’i“%@s e peping el Te REQtFH Yy 'F“&i/é?o ‘30'“? Pt BEPED feﬁﬁfrvééﬂ remove the
magetigihof thh fitsy protectiphiageo$ A0t hl&gaﬂpﬁhryqteradqfelresgete elkftedd 396 and the material of the

suls Mot WGt ERIARY LGN HeeREG, Dt ween i nci dent [ ght

["ight are”substantially avoi ded. A
naterlal of the substrate 301 may conprise silicon

The Tatedovinsifhtatitsoprottdiyelaye3R6 mapye feoopiEd Baneaisl of @arhemical etching. In
an gmﬁodmgegt ofoP: présQ’X ﬁr(rfn?lf)n &ﬂ‘?erME ﬁrrstI ﬁétﬁ&‘&?laﬁ?méorﬁ‘@rgg sii]icon dioxide, this

I'Tne siTicon and mat e ng
mw&yépnewﬂ'w teeofipist ¢fEes tepsisteg é?P o 4nj ageeouspsofufignsgf hydrofluoric acid (HF).
Adoxrﬁhfg&ﬁiry Wit ¢hayiRal «2RiAg hiowh @ pareEllafy igh tdketivly G the WichiBg@6cess, such that
there r Ps?f’anfall?'g&i magg%rcl)f%hereg ecltectrﬂ(ge o]g %&%ﬁ‘&gﬁ%‘é&%{ hg ge}tfi erlescttrode.

protectlve | ayer 220 and the second protective |ayer

508 Frgﬂlget%@h(ﬁlmﬁ(ﬂibl%%t t?hfnsrltch@o@rfl ngtagerwﬂmﬁlhrﬁrﬂicmrmg process. A second
escr.l pe eto

Pr(f(%[-lﬁd?yef 8 &cforﬂﬁéo\fs]’ &§ eps}llgq:cféscl*tl %5_:‘56 ?féheegrate §l’£8roge 306, the top surface 316 of
thecmprpledtode 100 endtid sudack ofthd sopstraé 303 oilhis mmsbedfmetbh @egyg plthermal oxidation or
by%e@&t df %ﬁlﬁrcgﬂ%?& |d9;§)§t1(§no cﬁen&alsxjagﬁ d%grfrﬁrcﬁa/osg-lﬁ]sma%rlflﬁmce@ﬁﬁjemrcal vapor

o B D S Gt P e G PR Bhetng o deniy
thepedohdproradivd layea3 0B UA macdal @fthetpﬁcorr@amscn@é layeapaydcotnprse pifidon dioxide.

oxi dation, and may be followed by rapid thernal

annealing. In one illustratiyve enbodrnent a_materi al

of tIpether epqurrmngpg@f presgntprg%rpn é‘rrw?tegrdﬁbyqr 3 i3, ppt removed before the
forméficl@f mé seaondpioettivalay@Bod Nestegd the fiet patdtiodieye3D0 ramuths amthe side surfaces

of %ﬁﬁzge ele%tror{ I"}@? %Rh% ér%l:e 09§hets&§tra§el’kka?taﬁcﬂggovg’rgélw tLr{}e&)ﬂd ?rotectlve layer 308

esent | nvent
and/preipeqrRogaied 306 theowmnps%@ecbrﬂ e A% alAdyareeesrly dln a'gwa reduction of the
préd0@ioNBdsR o @l Rk HB® treddiddit 308 SncStht LBIPE bISRS first protective layer 320 to the
a&ﬁXngé&%R% silicon, the first protective |ayer 320

it nprise silicon dioxide. Subsequently, the

coating layer 307 is renopved, which may be done by

eXPOos] H&nddBoGQatdisiI300ANEEn Sbhded Qiraaﬂregibrc BRNdre ﬂﬂﬁcﬂt i he substrate 301

adJageytS | %%t?cjle\é\%%ﬁé gen??té?)g P(!f"r]g%? E_Brlfp etnﬁné r?r}s I‘Og 8(6)€nt mag{ral into the substrate
300l .aBoetions &f tls'uhistrafrﬁOll authige theofteldeeffFat ganeistoripo thhteareartot i andoped can be covered
bygllfyﬂsr n%h&ogesrgtraﬁ)t e NS Rfs idnde coating layer 207 in
odi nent of the present invention described with
reference to Figures 2a-2d, the renoving of the
coatlnh ntgerleayceiltmefﬁ@?o’f thegpyreseo mpemh@ethvr@tmatrhreqyﬁttcaktended source region 309 and the
ex{%r,cre!a] bAf gguncﬁo ERYe 99%&%%%&&%%904mecfp@wonza vle%¥/€rr320 before the

hori¢c acid. Advant ageous]| wet chem c

re'é?%‘fﬁ@ﬁ‘@e ﬂ‘é‘f’%"ﬁb‘(ﬁ‘ﬁe’ 330 ¢ |b@fﬂ""§l§lf‘§@?‘|°{} Pkt E}/e Bfone ﬂgtefér%'ﬁreﬁbﬂg
of the material of the coating layer 307, such that
the gate electrode 306 is substantially not damaged by
the etching process, or there is at nost | ow danmage of
the gate electrode. After the renoval of the coating
| ayer 307, the first protective |layer 320 can be
renoved. This may be done by neans of exposing the
first protective |ayer 320 to an etchant adapted to
sel ectively renove the
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material of the first protective |ayer 320, whereas

the material of the gate el ectrode 306 and the
woradosnysabs of the substrate 301 are substanti al PET/IS1005/010475

affected by the etchant. The renoving of the first

protectlve | ayer. 320 may be perforned by neans of

e o TOHT o i PHen B PP U TGP i TP g fyFitires 26-26,  layer
of & spa@niataial Wh éy depavitddenfrimpliytovprtintsale burfaces B by 8Y5 oB 6 gate clectrode 316, the
topt CORE |3§6e§f tﬁe' a{ece‘ﬁ:@trdéb 96@ zgn@ the stﬂs§atm b[‘ﬁe gi%?%f p&éced 'er@ﬂld"'gll is etched

he tield effect transistor I Nt o an aqueous
anisQyPRjealy 1Y f?_‘fF‘ sievRlisPacedt 7 3 1At ﬂ‘OY"FF)F’gUEE\JQ/ant ageousl y,
wet chem cal etching allows a particularly high

| ! er of spacer
:5 ??i% %n;{slolﬁ' ccéftch%ggf tﬁet I%m &gpa?gr%%ﬁacl 6311! IZMééJlg%F\%E cf&)ﬁ%g%hé l§y f sp

mafrY 1] togp aﬁ%g@apﬁﬁ tOtSH@’" AT gatepiglgifergassy o the second
prcﬁéa&vcﬂaye{ 8 efsite@itially réblﬂSffeStEd)liy tBOchirtd. Bhuk,akekcosd protectiof layer 308 protects
the,.ogétg elm?roéJ Lﬁﬁén I Ioe\r:sg!%sp %t o@qirl% bem &?cgsgagtg %%tﬁl?a%g %ﬁél?tg%t%%{ Ergiesirable erosion
of fpgate elscende BeSched BOBHSTBR éOltlbis’V@EPsQ‘Oa%Beavsiﬂ@ wiedihé gat e

el ectrode 306 and the surface of the substrate 301

;rrggsr%% l¥ Fc))hm %Prb(gﬁt?él51mgps(§acer(:s)s3’l 499!)82? souﬁc)é re%%tn 3?{'ang a draYn region 313 are
foruhecplometsub@mtea?ﬁd/ Bis npwasme bmlhlah'@f@sl iophad md@faht n\mpd rmto the substrate. Since

the%pmu sbdc@91317.T918 absBrbHERE 1RA0Rde réhiR 38240 B dFAI’nQE%f%?\BW}/ﬁe spaced apart from
h % ] n$¥ ge fol | owed by rapid thermal annealing to
' ec?é £reyiaR

second protective layer 308. A material of
the second protective |ayer may conprise silicon

di O)ﬁlrgﬁ?y thle ri‘ielgtehch wﬁ@%OUﬁﬁ} Be &tn fe@@ b)péeﬂ%ﬁrmg an annealing step to activate
invention, the first protective a er IS not

dopagi i BeacHr BHY 1Rt BPRRIERH 18f Wé’“ E8LBAL P GEdpq sparee region 309
and iy &ren®@0 Brainlrepinedd, the first protective [ayer 320

remai ns on the side surfaces of the gate el ectrode 306

and the surface of the substrate 301, and is cover

by tTHePEsAnEntR Sreteiised e formatan offiglstedt Arstpisr 'a‘fté*’& the present
invielitio® mb)hl& PR Gte RErRiaBLbithedorimatoa lof IRBall Hdscantiagecirsduye on a substrate.

n r [ .

rop S I P D bbb RS BED OGO Solerh i

first protective layer 320 to the etchant can be

om tﬁ@gamoﬁﬁr @?ﬂo&ﬂﬁﬁﬂdl&ﬂﬁdé’d@@o%a@i 0Rra09 oﬁﬂdis aiR issttRneadbe modified

ancgéﬁacél&eg ﬁl%e %%fﬁrgnt %%'ttegm Cr{l?,nata’se apgi\j@tt It']o.lxhosy qu ed lrbt%e za’P I;I'ava the benefit of the
teaphieb &erein.ndior mg\plg,f th@ prdesprasiaps e tferthi abbvei rmyobet peeformed in a different order.
Fulthefedrd, @b BmdQibns ar(P@feﬁde@ BSthO et 61 @H%@tfoﬁ%ﬁde@n%h&éﬂ &od@ other than as

de-‘d‘gﬁg&{‘ geaﬂangf%tf)e 08\{/ é%{é ef5 ?et e(\)"dg{y &at t&ef paﬁﬁb?roefnggcf lgéints(dﬁalf)sed above may be

altgfiovnmodified tandi o8 ondbsvarigioss. ark mopidéret walniy dlgki svenst &d gpirit bfethe invention.

Ax&ﬁ&&ﬁﬁ%ebﬁ%&%%&ﬁguh&Qﬁma@&ﬂ%ﬁhQ&e@&m&B&m@Xtended
source region 30 d the extended drain region 310
can be performed before the formation of the first
protective |ayer 320, before the renoving of the first
protective |ayer 320 or before the formati on of the
second protective layer 308.Simlar to the enbodi nent
of the present invention described with reference to
Fi gures 2a-2c, a layer of a spacer material 3 11 is
deposited conformally over the side surfaces 314, 315
of the gate electrode 316, the top surface 316 of the
gate el ectrode 306 and the substrate 301. The | ayer of
spacer material 3 11 is etched anisotropically to form
sidewal | spacers 317, 318, as shown in Figure 3c. The
ani sotropic etching of the |ayer of spacer material 3
11 may conprise exposing the |ayer of spacer materia
3 11 to an etchant adapted to selectively renove the
spacer nmaterial, whereas the material of the second
protective |ayer 308 is substantially not affected by
the etchant. Thus, the second protective | ayer 308
protects
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the gate el ectrode 306 and the substrate 301 from
bei ng exposed to the etchant, such that an undesirable

weemsioesnof the gate el ectrode 306 and t he subetT/EE®05/010475

301 i s advant ageously avoilded or reduced. After the
formati on of the sidewall sgacers 317, 318, a source
region 312 and a drain regi are forned in the

WHADIS CeABMBB1. This may be done by inplanting ions of

a dopant material into the substrate. Since the

S|demall spacers 317, 318 absorb ions, the source

regilon 37¥omehnqof ?‘?E“‘%ﬁséﬁeﬁallr%?ff"’éﬁ"%"f‘f%m%r e spaced apart

f r orforining agatue: oetractbsoate saglGauréhaniag b yide shifiee frideltap seffdce s4id top surface
transi st %em?&gerw atfﬁ"st SB{ERIVEWQ arQlya cgﬁﬁ% B{/Jpﬂﬂgedaagove said first protective
anneal in to activate dopants in The active

region 3 @?rthe source region 312, the drain region

313, fortnlhg aeecbipeledtieayErerer k8 @RBurB0Oana Bl dubseratext ended

draip re 1 Jhe present invention is not

restilc "gdﬁ({kg‘% "gmy?ror mation of field effect

t r arreifermaliysdepqsiyag elaer ofafpacprmesicaipliover s @ bt 2prspidjside surface and above
appl i ed quu&gs@ﬁaﬁﬁally to the formati on of sidewal |
Spacerﬁcfro i Jnl etehm sald Iaeé?rltoys aec rorQate%alSUbSt rate. For

exarfpPE& P he “prESEnt™ T AVENRt i on may be applied to the

fornatlon of electrlcally conductive lines. The

par tj, cul afe ﬁlgtp&idilf Hﬁﬂtl,sw@l‘&fklaﬁmméghm/f@at@{ &mprises:
|IIustrat|%e on X@ q$ theﬂ|Q%eqt|on may be nodified
and 95ratts TRE" 'AMBICPY BFERL BT €qui val ent manners
appdvrentg stidfitstpogestieRaykrd avet saidhlaychef ngterialhavi ng t he
beanebo%msgsa&j b&nﬁgﬁa@mv@%d AR &bt&mﬁgrer exanpl e, the

S

process eps set forth above X $ rformed in a

di f fraYEHRE SE)‘F' G of PR HET BOtE® Iy it st 8"{‘?%"% peE-

intended to the details of construction or design

her %I ns hﬁmmhﬁt ZhQIQreﬂlssalq %é‘rrof mﬁglal J(‘)m{)xhs%s &)Ily@llygmlme silicon.

bel ow. s t ere ore evident that fhe particul ar
enbodlnents di scl osed above nmay be altered or nodified

and 4l | ste fethad dfataird DSwifedh fomiig sdid rfiesd pastettivie Mayéri®@mprises performing a

the%t%eg andatﬂgnd r§c@§s 0# ogkm Blhs,gld &%%At&ﬂt Accor di ngl y, t he

protec n soug erern s as set forth in the clains
below CLAI M5 mHAT IS CLAIMED: 1. A nethod of formng
si dewal | 15paeBESof cIEMNPWhesdin\@id ffaRfeltbmighisé afg@atietiedeover a
substrate, said feature having a side surface and a
top surface, said top surface being covered by a first
protéect i vihe mafhed ofaaieim d. wheedin fdeabtaopepf faur fire dradstnpeasghing said second

pr(ftécﬁ%t]ay@rr@@o%@ﬁsle&’@fshx@c\h@fomdt: ormng a second protective

| ayer over said side surface and said substrate;
removi ng said coating |ayer; conformally depositing a
| ayelr of The sphaaf clamt lewhesdin soid epatisglpydr ©@mpses dlicen @inide.
said side surface and above said top surface; and
acer material

an|sotrop|call et chi ng sa er of s
2 The et ﬁglath%* Oféﬁalg] lmwierel‘Md? gg degﬁm&d ;?g?cltﬁ/q,]lgyeg%ﬁmanses performing a

thdned bxidasorcponpssioSe®rtion efxaid ifdaturtgnda doglipe pf saifi substrmt er i al

over said substrate; formng said first protective

Iayer over said |ayer of material;
A method of forming sidewall spacers, comprising:

forming a feature over a substrate, said feature having a side surface and a top surface, said top surface
being covered by a coating layer;

forming a first protective layer over said side surface and said substrate;

removing said coating layer;

forming a second protective layer over said side surface, said top surface and said substrate;



depositing said coating | ayer over said first
protective |layer; and patterning said |ayer of

wordosnysabg said first protective |ayer and sai BCT/USI005@10475
| ayer. 3. The nethod of clhaim 2, wherein said |ayer of

g: ?fg%fg%??ygg‘ﬁrshﬁigg’ l&?{le% éi %%rgrlfalfﬁlnag)v%é%i 80\?{] '?uéf?ée, sjl;lt}letop surface and said

protecti webstrayerd conpri ses perfornmng a thernal

OXi daﬁiswap.caqnp %m%aleﬁ & oPQhdel Rterff Sai d | ayer of

mat er i al . The netﬁod of claim1, wherein said

feature conprlses a gate electrode. 6. The nethod of

claiim 1, Thekrtkedvf abiml Sealsteinioenigfsaig farefcomsisespr ot ect i ve

! ayec{epo@lﬂgg ﬁ@eﬂof%%{%{?&i' oVt %desgﬁslré{? | ayer is conprised of

[icon claim1, wherein

saldkﬁéﬁﬁﬂ%ﬁCWQVéN”b@ﬁﬁ?W%@?°§WF?8bﬁmn|tr|de 8. The

nmet hatkrofg saill Biydnoflmatsrhanebail bangiapg sai d second

protective |ayer conprises performng a thernma

oxi dation process of a portion of said feature and a

por thiton dfhe sghes of clpigy 1P arhereingaid matpriaf ¢pHIriss PAXSFYERIHRY silicon.

si dewal | spacers conpr|S|ng formng a feature over a

ngSéLﬂ Z@esa hod F algp i \érlc (2 QSIHS rceir%ovsmé{ saglcﬁrst prgec‘ff‘ve layer, wherein
remyangusm@ﬁr’ptavgxmcqweﬂaxrrm pegformed aﬁesrpmmrwts@d:fqam lqyszyer over

said side surface and said substrate; renoving said

coat i.ng I rotective |ayer over
Car oot acl e T Pl B e @ B e e et
substrate;conformally depositing a | ayer of a spacer

mat efi al QY gethé@bfd:la%h gewiebtif BfEng R st HRRcHM IdyBCBmAiEs performing a
sai d substrate; and anis %ﬁroplc%I ching said | ayer

e
thegspal gxjdatn Prigts of § pertion §iFaid-fegure g W&}{’Bf’ S&'f’é‘f % wherein
formng said feature conprises: depositing a |ayer of

d rmtSer I af‘he Qbd of Qiaf;‘n 9S %é’glﬁ R Q%Q%h& ﬂr&gctlscal r comprises performing a
coatln | ayer over said eﬁéer of materia

theyat! eEAFHPhRTOStiofR RostiPa pf B featecpq aortion of Sélaus‘t?st@&at i ng
| ayer. 11. The nethod of claim 10, wherein said
mat eri al conprises polycrystalline silicon. 12. The
met hod of claim9, further conprising renoving said
first protective |ayer, wherein renoving said first
protective layer is perfornmed after renoving said
coating layer. 13. The nethod of claim9, wherein said
feature conprises a gate el ectrode. 14. The nethod of
claim9, wherein formng said first protective |ayer
conprises performng a thermal oxidation process of a
portion of said feature and a portion of said
substrate. 15. The nethod of claim9, wherein formng
sai d second protective |ayer conprises performng a
thermal oxidation process of a portion of said feature
and a portion of said substrate.



