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WD 2006/ 060528 PCT/ US2005/ 043397 A ME T' HOD FOR
FORM NG A SEM CONDUCTOR ARRANGEMENT W TH GATE SI DEWALL
WOERACRRS2OF SPECI FI C DI MENSI ONS FI ELD OF THE PeWEB2ODEIN3397
5 [01] The pr&ﬁ%?ﬁobﬁgﬁﬁgk&ﬁq s@LEéo&%‘r&?t hod of
manuf act ur i §%
particularly, to th%pﬁ@@ﬂ?@ﬂ@ﬁNg nSpacers of specific
di mensi ons BACKGROUND OF THE I NVENTI ON [02] Currently,
deep sub-m cron conpl enentary netal oxide
FIELDSSHTHEOMNVESTION (CMOS) is the primary technol ogy for
ultra-large scale integrated (ULSI) devices. Over the
[01] The azpgent ipygnieha cdaies 49 2 mediepd of mgufebteringisgnaicapflucOhices, and more particularly, to
the forﬁlit@HS{féic@ﬂést &ificanddndidigr easi ng transi stors density on
|ntegrated CIrCUItS (1Cs) has been a principle focus

nics industry. [03] A ULSI
BACKgﬁPgﬂﬁt can |ncﬁ¥%£ CMCS field effect transistors

[02] CL&rEIEﬂ}Saeemlb %ﬁcr&%ﬁpﬁﬁéﬂm&:}pﬁg&i Q)gcigg segfrf'cto cﬁtctgzl (%JR/R)%?Q he pnmary technology
PRl d

tween ‘drai n and source reglons. drain and sour
for ultrii ga@g'e Stle ng?géat?dy(H{J%Ibqlelv&gesh Q¥sy the gpstdgﬁ degadip. fequcingpshe; syﬁ af CMOS transistors
and incg@Eey tan{idd@s Gmyityoh irfigraldd tiynits DPER bechpdeESIKOMAY 8 the didro electronics
uLO4] The drain and the source regions generally

i'nclude thin extensions (shallow source and drain _
[03] A BLkplestretitrns nclude MOSiiedd offee ronsisprsdBETs) ahirhyhaginw@opuslgeter gates disposed
betweeh [ARin0al Qodr@ ©ARBNUBe tibANSd Sdule @t Qle NGBy heaiB! doPd with a P-type
draln ex ensions hel p to achieve i mMmunity

a
dqmm?”“?‘%? ﬂ- SIPET ®PPREYPE) whi ch degrade transi st or
{04] Thg Wﬁ@@eurfqypgl@gtgppqa@y inglhwderthia [extepsignyisipHem sakce and drain extensions)

that ard Elﬁ&ﬁ%d%ﬁ@iﬁlsy unmaﬁl-tsehgmng |enlﬁ£cfe%ﬁs%to? Biceadhse eS8l and drain
garrler-lome

extens1§ﬁ EWIP gwc O!(flrlélgfulgwﬁg g}o ng%](le e?iglc g‘ﬁg d%ﬁadle trﬁr@ﬁteéperflonnagce for both n-
channeC g tprebdnh¢l rgnssivor tShahdmmell effedtf @t tarse threghold 20ltage roll-off and drain-induced
barrlerWehx'lgCUISﬂ{lILM sbmoﬁxlda&gm AterdsloBN §ﬂds tthct? cgﬁtﬁ)@lm? sﬁ@éﬂaxﬁﬂel effects, are
Conventional techniques utilize a doubfe i nplant

pm“m‘?b@@@%mFB“PBPW¥§ﬁ€WF@%ﬂgource and drai n extensions.

[05] CoAgsntidnall tBdhnik@es tulileze OdVWIEE immabromwﬁ&ﬁ@ stihlivey S01d€ @Rl @nifl extensions.
Accordg{g% tﬂe 20?%681{;(?1' I?prllc)?ées@r ﬁ L?’g %%JQV\% %{gngl\ogsgalée:}grm%% Ey &?ﬁ&u?g aq;anmstor gate
Structuf@ (ithere deypll spagdry guader sise ?ﬁaaveléon sphﬂéfa@ ifhe@éwmsaywﬁtp ttdgped on both

sides of fhe Qe@ep@dctﬁﬁ vf@ QlcbhverSibE&pRE pfobe@s g@h 8s as&xff&b% FoResY braun don implantation
process qpl\{h%{l]tttile Sj ﬁlgspgcers thg OCE g{olbeos?1 m%gducers antls gnftw{hxn 6oﬁontylﬁst below the

rocess or  a (W
top Surélqu@_fw@l substrpse éreforn the hercderpil dngn Wme@gs ivelt asod patally form the drain and
source HePANtS into a thin region just below the top surface

of the substrate to formthe source and, drai .
1061 AT P GG U PP & mpd Sy il e e v i of e e
structus O [gevided gied s soufdd 6}d dbdid @tensidne. Withite sﬂﬂzthlsmmfre'm place, the substrate is
doped g%@cﬁﬂ%n%ﬂé %e%?s%%?e nﬁ %fagler%@orls R o§nat18motctﬁk cﬁap;ygoarce and drain

he | at era gate structure, are provi
reglonso@gpertdﬁ]én% %fiﬂ-lq: gouses dudgdraip ﬁXt@’billo%snlg iinhipied th?] the (plocking capability of the
m&mmﬁﬂﬂ&%ﬁ|| spacers in place, the substrate is 30 doped

[07] Asathg' ? t}an ors %1s;f6cgg mﬂd?(%p decpelélsreg etra%gl s‘?or gw}up shalgowo gr?d‘ ultra-shallow
orna Sour ce and dar ons,

Source/ﬁrelrltehterrswao b@ﬁge wpre tdfficul dey m@f@w cifoajexpmplet & ﬁmsotnlsm%srequlre ultra-
shallovd sﬁﬁ}bebdnﬁ &ﬂm@klt@nsfoﬁs i jilc@smidene ofQ&P abi 40 Jah/oniéferst(ﬁ}ﬁ) Forming source and

arin RAE i SRETGR nde L st o R So IR <Ghipipp orcaion

techniqagyd Colvertipnal fipm|itaplgytation techniques, for example, have difficulty maintaining shallow source

indus

and drain extensions because point defects generated in the bulk semiconductor substrate during ion implantation

can cause the dopant to more easily diffuse (transient enhanced diffusion, TED). The diffusion often extends the
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source/ drai n extensions become nore difficult to
manuf acture. For exanple, a transistor nmay require
W@ kiosme0536 shal | ow source and drain extensionsP@Tmmmmymmxn
' tion depth of |l ess than 30 nanonetersl%
soured 45 i SEAS G SIS CBVRIH I (i bl oTRCRtelgr PGS Gife, conventional fon
implad@ion sl diffusiog Jgpapthiedhnig@s meka irsisi@s yn e fi€ Isﬁisbklphblélﬁi dhGrt-channel effects,
which§QANE R0 Blofe Al i AR ha &%ﬁ&%&%p%ﬁéme %&V%m i onal ion

nIIJJ antation_ techni ques, or exa ve diffi cultly N
(081 To QY eHOmp ﬁ?qlf‘gOfsthﬁF ISORRFTEY lﬁlpcsgurceaﬁg du¢in, jregiops, gaarbei raised by selective silicon
epitaxislegrawt’s (SHOD tdrhakel eélﬁaitlsnsgteﬁbﬁfcaﬁxﬂdirdnﬂc&xﬁ&s EMJ ditficult. The ralsed source and
drain %%%HSS gggiqyﬁgggngﬁﬂgé%[ %% cr%gtgéé algcn?atxongqr}?c}_es S an %e?uac‘:ﬁ gee% scturce/dram junction
resistapqq RadFewer/ i ?eﬂ%slr%?ﬁtan"FED) The d| ffusion often extends

[09] Ot the-cdnsiBEa2A0 &/ %&@2&5&8@1&@3&@%&1@& %ﬁ%gparﬁ&iﬁlﬁﬁlc@ﬁgwded between
the ralggd%&upceeag(t 1% 28 ﬁb S?lr stxllfc(c:n?‘ ga ﬁ ﬂmﬁ‘a’gr Cﬁ{l/C§lﬁlt1? S}%Eﬂoteft’é’ﬂ ol‘ the sidewalls of the

m con
polysiticep b3 usipg élﬁ S%WH"eoﬁpﬁffxuk growthpd pligen. fcbdwrlygilies gawlsewalls are exposed

dunngtsélacrﬂﬁé it g gewill, kl@weingd SHSIBERHI RLE af Be eEi afe!%a&rlfé polysilicon. It is
In a

possiofis B 1 el Siste b el ‘ﬁ%i"d&thﬁ%‘ wtih gurin th seleive
epitaxipl(p8Iwthef sifj¢crdemingehesationof tht hesksowormé dmiss. Hobwveves diurdece, it is difficult

to credd e g;‘é@:l'snmﬁl%écﬁg disteREs e e{isﬁxle%ﬁ)‘#ec&)&ﬁ of %le%g{yélﬂc%n ?!itla Elﬁ&xglls since it is

diff gdp axi al g} Q lSEG o, make connectrons to sour
Heud fed?"é’r”ﬁ"%’ffﬁf & PLYSTHeQ ugRg thy g Progss 1 ai sed sour ce
and drain regions provide additional material for
SUMW@ETHEMENTMi on processes and reduce deep
ource/drain junction resi st ance and source/drain
(10] Thg@rlf & geed dayj aspefhrdeot clogdR smases off spedific doensipebetba toirobrsuseto protect the

polysilzbegtel sﬂgwdllath&ﬁg sefeOtitle @ﬁtaﬁﬁl%rdim}adf Biﬁccjns t h e separation
urce

TN TR R R T Re—
Semcopﬁ’étomf@t@t?@lﬁm@méﬁsmgh@ %de ef/\fahm& ofatet dhtrodt Gayitd spdivhllscouploying an

exposu&ﬁ&& tdjdéﬁﬁeriga daR@1e8RId8 Cillwal gﬁc\lfgﬁ‘és@xlgreg [ng%{(@psghseggls gtl ll.rh{e %agenelectrode by

SI |
emplowrgﬁlggﬂ“{,) brFfoﬁﬁ'f’ g‘ftg‘&?&"é@ﬁ all spackEnt ed growth wi Il occur
[12] Byatmpldyeg ebeporse dpeaifie asposifre tdoe S1mh|ay$I dtelp G scah texpoSure tool, and in certain
embodRRRS {hp Ea%ietpgtteﬂlslgtuﬁ’e ﬁlgﬂy%@& {o%%e élé? %&@Joh QQ§ ge Hgde a patt%rn spacer may

encapsul ate the PO ySI I cCon_an
be fongeglvg vevélgh%ablgrfr%&\ %01@:‘3% h Thgr resyjting @ﬁﬁmcﬁg?oprn@n tepf:@psulate the pattern
polysilicoegatei somtudds ahdy@rotea il eidevddlls biRe FoNEilihhahi SuriddRVIEYed epltzixlfhl growth to
ficul h
P REHLESy Busll HAL ! dCuBOR SRS BIRS'S Skl vy e
photohglegrgpéy IPogesh pgapeéer% elel o gich grogese phramdtags. 16 cadfainf dmbodiments of the
inventidr) thp KRV Pitte OGN Db bﬁp&éfullyhﬁgrﬂ@ kst bd dEQRO Sl RPmbhdiG spacers allowing
for enhancedh dewge ! on%gnce that '5:/13{’“@5 L AVEINT]L ON | 10] There
AEY 0GBl Vb BUPTHEC ¥ &ers of specific
[13] Thg{ papﬂgen gtptghlgaetish@[ algoawpt breothes @ghedtsoof] regtr@@t inténgon which provide a method of

control siﬁ&lvehl' ?&@r (ﬂﬁén@im%'cg Iexkﬁorﬁﬁlﬁdr %nﬁ"rchﬁﬁé I s ﬁﬂoﬁ%&hﬁses the steps

con. s and ot her needs are
of f"mﬁ’;ﬁ% ae% f‘g ‘Jﬁth'é“% Sli‘e‘ivé“ P@sf'@ﬁvngi %*R?@(?H PEATFSV tBth mfﬁwaklﬁ Iae deposing 2

spacer Ryenetehtbel gad eldcovdl fognisg a RBersd sBOMABL 61cD the §fatea Y& EB biching a spacer

layerm%%ﬂﬁﬁébvﬂﬂthggh@teﬁéderps%tﬁggskf ormng a gate electrode
havi ng s oyi ng an exposure tool to

[147The &xsenige he °t§%hf€?‘“§FSeé%PF“§d@d “aeggaof thepeser dnvaption vl freagme more

apparerit frorh lie: felldh@yadetafedodeschiptton @athe pRE@ACHTAGS ¥Mén RO QYAjiBtion with the
to define the sidewall spacers.

xposur e tool

accompg]?%]g ﬁ%l oying the same specific exposure tool, such
as a step and scan exposure tool, and in certain
enbodi ments the sane pattern reticl e, that is used to
define the polysilicon gate electrode, a pattern
spacer may 25 be fornmed with very tight alignnent
specifications. The resulting pattern spacer can
encapsul ate the pattern polysilicon gate structures
and protect the sidewalls of the polysilicon gate
during selective epitaxial growth to
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prevent unwanted sel ective epitaxial growh. The wi dth
of the spacer pattern is controlled by the
w@bwbobisehogr aphy process paraneters, as wel | BST/E8105/043397

____process ara t ...1n certain enbodi mrents of the
BRIEFBHWTIQ @B‘h pattern may be purposeful |y

[15] Flgglie lg léema[gcbdepmtlon OE Sg rt1on gge%ﬁ:to%u@é w?gfgtd[nﬁr& ofl &ro? manufacturing

6r'enhanced devi ce perfor nance t
in accordariod wittednibedimpntsof Bs preseBtipvertiogpacers. [13] The earlier

[16]F1g§1te@t @eglcﬂ GeHSnAd 6f BESO1 IRbwRY ﬂ@tfblﬁﬁtl(ﬁﬁﬁ aGht ciftrddhén accordance with
i nventi on which provide a nmethod of

embOd‘E‘S‘ﬁi‘?f&elpfef‘f’ﬁtlg‘feﬂtéo\ﬂlal | spacer di nensions during
[17]Figaerfi shondthe Storcturpaef Fizaest 2ifollengng tihidepopiiqntd g S@%Pﬁb’na}/% s acpqygance with

embodlﬁter‘ﬁ?&the%feseﬁl%&&ﬁlﬂ a gate el ectrode havi ng si dewal | s,
formn r.s.on_the si

a .
18] Flg@@ﬁdjgpﬁgth%s rugtbra 8%%‘1%%5%0‘%@@?0&% & reélsttpat ee 1 C%cord%r)ée with embodiments

of the pheddnbintigti@. pat t er ned resi st mask over the spacer |ayer;

[19]Fi %r%d% ShR! C}Qeg stfhctaR 8GN ure'3§ fl)lm{ étJEm@QﬁQﬁéj §A6e 1t Iy dcBRdance with
gp erned resi st rrasi I%e foregoi ng and ot her
embodifmseit efitePreseatiBei®- and advant ages of the present

[20] F1gufé\6aﬁ§1bt§’ﬂle Whibtire REEIQNES aRF the resijhavbeetreriqvedrintaérerdance with embodiments

of the nr ol | owi ng det ai | ed description of the pr esent
Heﬁ Ation when taken in conjunction wth the
[21]Flm@r‘$@¥‘§yﬂlﬁ gtr@ﬂhgwoﬁ égure ) fq}bﬂl%cfs F%@g@l@)ual growth in accordance with

embodfaferté J,ﬁ%q&'éénoﬁysaa% BRI EF DESCRI PTI ON OF THE DRAW NGS
[22j F‘%"%gei’ﬁp‘éfgﬁ %ttog Pts %aaf; e?nc?ﬂ:sHacerda%QﬂggxhénPﬁ ag(lforcénog %’&1 'elgﬂ)dgltents of the

uri one “phase
presentrim@utfoact uri ng i n accor dance wi t h enbodi rrent s of the

[23]Figlk P8 Qgch&ﬁh\ﬁ@ @Jplcg&t of b 184 Fib @b 2R omedRfl EdpSsuit t6dl FdCdhnibecusa@f to perform

ure owi ng the formation of a gate el ectrode
emeillegﬁﬁ@?)PrEFﬁ‘ﬁé‘QeW’Eh 5 enbodi nents of the present

i nvention. [17] Figure 3 shows the structure of Figure
DETAREDGIHSORIPATON OB THE POGENTIGN of a spacer |ayer in

accordance with enbodi nents of the present jnye n.
[24] THe pepenHinypntics addrepass prd selvesaebleps frated rt%thg?mtﬁ?“a{hf’ g‘f"fl &pie clectrodes
during A@E1bdRYd épﬁﬁlaq)éroﬂthrp&ﬁésﬁtancpﬂié foafidtion oF raiged erud@nicdns wid their separation from

the pogfn‘Ec}?B:%ngg? Ec%rog? s1det hl‘les p['ilg)?r? gxtlar d Srgge}fthFventgoQ aLt&eQ']as ﬁrkcﬁgé Isfacing of the

rUC ure OWIng et chi
raised bduee gpbdrans ahdgreyres Hﬁot%vé@‘b‘?fdl?fﬁ@é‘”% pihe pabstiEnalg ke LE?%G by employing
the saﬁ{‘ﬁ:e&iﬁ@é&ﬁ&ﬁr}g kddy 60d ’conéﬁne[tQé)ﬂol)EIﬂlgiﬂrgﬁte Patadepib Aéfie iReatterned spacer with
very tl;}é :?gg%@grﬁtes&e%gleg%gsd élﬁa ées%u{g tte%g ra?e% eStapsnglf% tgﬁ gﬂterrmédspeo}]ysﬂwon gate
electrod)st@bttide0dnd pfoRdt Fie gqusehcan sAteopidewally éurg]g selective epitgxal grpwr &his prevents
unwan@ed sﬁ!ecltlge\’\épﬂ%%asf gllo%t df \éﬁC(ﬁlp:’it Qh@)ghtélelegfo@é’w Kisd, MheaGi68ofl &0 Gfacer pattern is
I nrents of he present Ver‘ﬁ m]s

precsqy gl baaS TS PR T PR RSy LT BT s n coin
embodhdn@GEedpRBt pattefﬂn A papdselalhcadignet tvith gififead torpeqatBSSymﬁnetriq epacers allowing for
enhan%gxﬁﬁcf e{' cIcvweane Al Ia 1ce gniug]?’&le gg%tﬁ)n%roke%s a sche ITB.t ic

e View a conventi onal P stu
[25]Figgoll sqhhlaqnc@aﬁemvés ROBIPN b2 FSBHPRNFPT PHES Wéf%%ﬁ’%* oBftopigd in accordance

with eRb&BRRALs of MY HehtMVentidh) DbubhilateEDisPSORI Rt ln@KbOHy Fiifble substrate, but in

NTI . s
an exemplary embgi\llment, is a silicon substrate. The gate layer 12 is formed by a conventional deposition

technique on the substrate 10. A gate layer 12 may be made of polysilicon, for example. The depth of the gate
layer 12 should be equal to the preferred depth of the final gate electrode structure that is desired.

[26] A cap layer 14 is formed on the gate layer 12 and maybe any suitable depth to provide protection to the top
of the polysilicon gate electrode during certain stages of processing. In certain embodiments, the cap layer 14 is

made of silicon nitride, for example.
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[24] The present invention addresses and sol ves
problens related to the protection of polysilicon gate
web@coswsees during a sel ective epitaxial growedir/us2005/043397
process nd the farmatio rai sed source drains, and
7 eBRE S 5o B S of PSR 1 o 1o S ckeatids Saie et elscde 20. The
etching jprpeess | ih ghe nrrﬁerpamentm,l auployt ep@ifiesspdsuk naoknd Hgine the polysilicon gate

electrcﬂ@ Bzitt%x‘{)e% RERGHDA 2RARE 381 rﬂgy vt R )'f)lo;';eal sﬁ&das ﬁﬂy hG\gn ﬂ e 9 and briefly
nd ensur es ogrot ection o he sid

descrllﬁag g}gvl | I %hexglg{)lg %f &elnp%lalel%)}méwﬁ\[ek;%% @te;z 5ndt zﬁ@ gxgﬂstgre tool may be
emplogdasing b epedfipmgem sti¢clo formaedsk Thel@isk beheh hed pahessdhing 6k polysilicon
gMCdggg&apattern to define the patterned spacer with very

al i gnnment specifications. The resultin
[281 Aﬁ%%?éﬂr ﬁfe‘&g%i?a%gé‘id %ﬁ%%?ﬁ’ﬁﬂi rfdgrehet @a’(@mﬂﬁl@@n&t deposition process, such
as chefpiohlygpor ﬂﬁ)@ﬁtlc@i{t}@) @loehert sl ektoUId gl sy b@Bﬂplee@EcﬁﬁiﬁSthe spacer layer
16. C&R%tl&% éﬁéeL hlgtg g&%lﬁassé lggnm(@cidle %r si %Enll rrl}%d? eolr gtﬁer su1ta le material, forms the

t axi gro unwant’ed Ssélectrve
SW”“@H?PQXlaI growt h of S|I|con at the gat e el ectrode.

[29]1Folibsiag tht B osiidalonsp@der Itaﬁ:ﬁl@ pa %Eer% th&dBfirled andPhi&EeS. eﬂn&he embod1ments
t he itho rocess par amet

o G ALhEF R4el U5 RUPA L ERBAOR Y oSy AL S P emptoea
form therpplyilicen aztt%electrm@ Elpﬁmregaq e patks rqigle foswes udel Yo define the polysilicon

gate el@dtl’ogﬂﬁﬁerﬂ\&stnbw Ad of deBRt thd RitGhRAbRerd B BAL daffe saEE&Bosure tool, such
for enhﬁ atgment of device erfornanc

as that Uﬁ Ol}élvgﬁ BlS| aﬁ;b Psg /RS plBFo(seéléfstgask E%gﬂer fQF Q?'hzsglcg_n gate electrode 20, as
depicteg gh&igm¢ 4- cﬁild apprd@p kab¢ssdanipgrof kdyancesfin exps@reiteb kokietfaiance and overlay

reglstrg@maﬁgmh Fpe@m%ﬁcesd@ Gl QN dvahQL ABGict ﬁlaa% B SnceM t h

? resent 1 nvention. supstrate
[30]Fq 1§W1ﬂ$ gt fﬂ@atlwwéfheﬁagfowt A Sunvpabr ets E}ﬁféfeciea%oeu%ube fappe specific
exposugnto@ e fphiag Yhe @Ok thae Mas erhBoyad &I thrinCtHd gdfdJ@é\S:frdScEt.’Ze an ERBing process is

perforrge%tu?a !: ye:?l[lon;lzm'JrlﬁerE~I eJr % ? S tr? nﬁigl\i:?gn FeISO %nﬁe qﬁ? e(gcﬁﬁ iop tlﬂcg,/ spacer layer

n I que on ayer
16 Cfe‘B@ Sﬁ@éefé 2P0 HéTpEs 34 e, sefeskectedandl B Tptsers 42 pm agfidth (Y@ that is very

tightly @atit@lled| b3 YRS phdidlitedy@ighydprbRss@atdRbiers, Qudhn€ o £ Fdﬁ@g tdjx@s@t (Ij@ D. bias, as
IS esire

w2l 3L LGSO RS ™) 25,
[31]F1waey%@ouwye wf:ﬁtna lof Egldei)folﬂowwg e owiod ofphokeat 1§ bynconwntidnel photoresist

removdl &ﬁmlqﬁés tl"hh@ 1eRRL S bp'aée?s@@ of ﬁgl@va@ ﬁQ)? &99<ﬁysﬁﬂé6d da6 efeoli@dhnd over the
di nents, the cap

ocess n certajn_enbg
oo s (A pcferbl N Tahoce BRI 1 1R, 1 B AT, s poces i
perfortD 1@ O88 BB 2B SM\/e \UGRBRE OB 38 7 Thea7degibris g o povRied e @AR distances
from tHe tﬂglglﬁﬁc()ﬁj Qzﬁé"&&tr&fe bE kg gﬂa@ersliszxgblll%%r&gse @ﬁdﬂ?&/c bflhpgmpe g o(fﬁls %olysﬂlcon

orma gate el ect proces
gate eletcH%ie 69 ggg)ltﬁzteql ﬁ%m\x{agﬁi se]éﬁxdp ngaé g@b@@pfﬁe épaéggsp?(ggmug thlS process. At
this stageQ b sgacer tedr it iayt H&(Etc}iﬂmoyﬁinb\reﬁ EdinpQplyror fRtREi6RER,.

'[32] Tth{lLﬁ&[t&i 081912\{e@t I ongcif:rs%plgslygure é aBé JF1 éf"l)é ’Pge&lcts srp'rlc}éré Othat have a

own ure
symme{riggl gfidth. A&o“ﬁvﬁr X BEHHP @nbodm@@wfélmlmmn amsnemﬂsmve#reﬁgndql that have

differes b¥@ithsa Meis HGRFIcLaNP Ok Q. hoRkmdrRY vh&h&'i)f Qﬁ e HBhARGeR to device
apge for i

perfom%a (%Cb my Illgw Qagst ar aneaf ct(i:olq nﬁg) %}?16 { %Féprp%vgil 9 Ofnil gcg‘fugxal transistors. For
exaﬂlplela%tnretmel SMC@B?IIOA dsqoudieg of theyptimirg cliagctedsposti ah @@hana triugistor from a

p~chan1{iﬁt9.in§i$t&das il R 4baSing perﬁnﬁ‘ag&vo@ Bhkl&@@l)ﬁ;eg ln%% §£n31stors or p-type transistors
deposi tl on ({’)?r OCeSS, SUC as chem ca epOSI tron

dependPE RIS 5 g iR TR P B Yo TRB) qsggfumﬂwg%ch SR o5
[33] The esyhmrericsl fppacsp aceschiedyen acchfilancEatiti eibbdinals EAE Pfesent invention by
purposeq{ﬁfye‘aﬂ%1 gsthe s%&'cgﬂ aftetn %th L %eto fyljoggcargél Sﬂl lh %I%Qodﬂne%{ of(iihee 'step and scan
or er surtable materia or e 1 acer et
exposurg gool to Bipurg§4 TnoWSﬁg'a'Ph aay é?)?ﬂéqeﬁ i he élﬂg%@érﬁmmyefr thq_ gxposure tool.
Hence, tHe@haad® 1 & wil @t bdwignedef b Btred MdnRAbeLhO Blysillcbh fallectrode 20, but
enbodi nents of the present invention, the
sem conductor wafer is provﬁded in the sane, specific
exposure tool as enployed to formthe polysilicon
gate el ectrode. Furthernore, the sanme pattern reticle
that was used to define the polysilicon
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gate el ectrode pattern is now used to define the
patterned spacer. Hence, the sane specific exposure
wao owb/06seeh 15 as that used in Figure 9, is aIB@UUSBﬂymman

to forma photaoresjist nmask 18 er th ¥ o structure o
rather ugg_t% %ffsgq TRARREE 8& a d%ed aé‘?‘mt-d B}nB% % Oﬁ{e Sﬁ)acrgr Ei{leo 915 ﬁg Q& the structure of

Figure amnfthbaﬁrhcekmg&mm@bﬁalms afgelb@ieaatdlvances i n exposure tool
[34]Fo e?c?l?naﬁ&f JMOE@%%X&BM\@S %L@ééan erxﬁcghr% kdoBis |d€iﬂcte(d%l:ﬁeﬁ£l[§ﬂ[yt i) Figure 9,

rmance, as well "as_advanc retic
and inc af lgélsplll}'flt}oH @ys{elaq 38 fhgtrpécé(gies 1t1%]1at1%10 %ﬂ*r?{léer{;eﬁl b 1} %attern fe.tlcle 32 is held
bya retﬁbfe platea 3phed dseiBédsshrliompibksah8 sppuifie reudlre32ga¢r@1(y¢(bg botlythe paigming of the

Polysﬂlcon Sg‘%tg i]tg h}oﬁe %ﬁﬁd i ‘%E 15 Aelérg gﬁéoﬂljg%]n%lﬂg fodutﬁbé ftl{g lrhgﬂt rﬁgmttllﬂﬁllummatlon
system g@ontcaznse@gceﬁ}uﬁgr vmfeé gr%(%/trysa chusfy 4%&]0%?%% ?% (ﬁ)nlg\ols tﬁe operatxon of the step

mmsmﬁgﬁM@ﬁh&Qnal manner to produce the structure of Figure

BS]HG&%EI%@’I‘ t§ EliLBod(e)logy ?Hm \A&geisenft ge%' oaf lpgeylgf{iye%tﬁtgcglg&é%ﬁﬁc dimensions,
whetheTFpmBEEHE GTsymPtrit avebeareaﬁefmo wrwft oo yodicapespdgwalls dyfpg ssfective epitaxial

silicon %thr @lgllel?}ﬁprgbéntﬁlg ndHARE @éldcﬁd&(%gﬁaaﬁhgtoxﬁh @6RSScupAp anbé¢ expssed areas of
such as ex osure reticle to resist C.D. bias, as

the polyggicpn &6 elsfito{® pr ocess paraneters, such as etch

[36] Alhbwefritt® fpreyent joeenem, ha@egg@gppbedam&llwgp@p defail; jtgpgo be[ o:kefljly understood that

the sanE: Y v?aly%f HOUGont aﬁ@e&&ﬁly&ﬁ%ﬁ isQbt bk bD whpbfllignivhtivg, thdw@ope of the
renoval of the resist 18ﬁ$§ congg§ lonal phot or esi st

presentimyeptiopBgiag lingited pY ooy e PRAGES PRe spacers 22 on
sidewal I s 24 of the polysilicon gate el ectrode 20 and
over the <cap layer 14. At a desired point in the
process, as depicted in Figure 7, a selective
epitaxial growth process is perforned to create
regions of selective epitaxial growh 26. These
regions are provided at specific distances fromthe
pol ysilicon gate el ectrode by the spacers 22 having a
precise wwdth W The entirety of the polysilicon gate
el ectrode 20 is protected fromunwanted sel ective
epitaxial growh by the spacers 22 during this
process. At 30 this stage, the spacer |ayer 16 nay be
etched or renoved conpletely for further processing.
[32] The illustrated enbodi nent of the spacers 22 in
Figure 6 and Figure 7 depicts spacers that have a
symetrical width. However, in certain enbodi nents of
the invention, asymmetric spacers are fornmed that have
different widths. This is depicted in Figure 8.
Asymetrical w dths of spacers provide enhancenent to
device performance, by allow ng asynmetrical doping
to achieve inproved performance for individua
transi stors. For 35 exanple, asymmetrical spacers
al | ow decoupling of the optinum characteristic of an
n-channel transistor froma p-channel transistor, as
wel | as decoupling performance of simlarly doped
n-type transistors or p-type transistors depending
upon the function, such as maxim zing drive current or
opti m zi ng short channel effects. [33] The
asymmetrical spacers are achieved in accordance with
enbodi nents of the present invention by purposefully
aligning the spacer pattern with an offset. For
exanple, in the enbodi nent of the step and scan 40
exposure tool to Figure 9, an offset value may be
placed in the alignnment paraneters of the exposure
tool. Hence, the photoresist 18 will not be aligned in
a centered manner over the polysilicon gate el ectrode
20, but -4 WD 2006/ 060528 PCT/ US2005/ 043397 rat her
in an offset manner by a desired anmount. Etching of
the spacer |ayer 16 then produces the structure of
Figure 8. Further processing can proceed as descri bed
earlier. [34] For explanation purposes, an exenplary
step and ~scan exposure tooI |s deplcted schenatlcally

N | R 1 e o s o,



10

15

20

25

30

35

40

5 by areticle platen 34. As described earlier, the
same specific reticle 32 is enployed in both the
wQaiobeeasesrg of the polysilicon gate el ectrode ROI/ESIH05/043397

the spacers 22. A lens arrangenent 36 focuses the
WHAT|I3 ’i‘ﬁ‘&ﬁp Jfi the i1l uninat i on system 30 onto a

SF m ¢ O léﬁl%é) éf f [‘-1 e%-§00 ’l]( actor J?Mn mQIR lé o}%rﬂgﬁ thésteps

cont rof controls the o eratlon d
sommingex m@wéocie&a jpavige 3igpwalle 3k @?leqgwnﬁf@%’f’ﬂég OF & 5} ne the gate
electrod®f20{-0@ present invention, spacers of precisely

19 ntr ol éewdll 3 cee%:sI 2f2 Iog ’chgl s ?4 2N the g‘tg elm%ﬁm mﬁﬁsymg Sakofe exposure

created to protect
tool301§©toyisfme|ﬂ@6rde\sqllc$mﬁ?-25 during sel ective ep| taxi al
silicon gr ow h, thereby preventi ng unwant ed sel ective

g .i t ta )ﬁlgl?ep%%@)g c1f clél%n:]f)g}algcc e forn%xg cfe thel’%tg]%ﬁ%f%ﬁﬁouglhlﬁ@ea employing a

patternpiticle 8 tnd nvent i on has been described and illustrated

Isgl?‘r’e go%}in?}g bt thd §1debv§ll JpQ:eQ elZ?ﬁcﬁﬁEsl e)hpld@gg ths taRGhattchAbticlet3n @mployed in the
lustration and exanple only and is
fom“nﬁ?ftthetgéteﬁlé"t’l‘%%n by vvay of linmitation, the scope of the

15 prhesent invention being limted onI y by the terns
t he
28 06/ Oggqglggﬁbg%g fl%é?o g;gc;r%uﬁ%l% chéln 3Bthe a&:wgél‘ll_ sr)pam 22 1I§:1udisI depositing a
spacer Jayqid6 Rtselthe £l lfeifpdeg A4 GBS 5n°¢‘é?%esﬁ%°?r ayef 16 defined by

thepatféﬁmwclesnragdthe steps: formng a gate el ectrode 20
| fs
{ S ALY Pha e S RN RGP AR kiR imiadidince vit t
mmkm§md@mhlﬂ spacers 22 on the sidewalls 24 of the gate
Slegt;ode 20 enploying t he same exposure tool 30-42
o defi acers 2 . :
claim ]T t{;g ﬁ"‘%‘ﬁ‘ ohre’r[norﬁn g of it orm%gts e-emg ‘e %a?%ggé&%%onasubsuate
10 on iwhich thel @ste elepiody 2hig famedy éiletSéPWﬁllrS@ECPlél & peyeoting iy sidywillj@4 of the gate
electrotl(ﬁi oHoR%ei0tivd é})ﬁaﬁdl 9‘@00@ lihring BRG8FoFmidL of tl%blbkdl%ep&mh gywiig
e sane pattern reticle 32 enployed in the formng
of the gate el ectrode 20. 3. The nethod of claim 2,
wher ei IThé hethbdbhiliig 4ofwherbie tisi dkiewall Fraspralepis thp sidewalls 24 of the gate
electmd?ﬁllhtléges p@fd{hg ng a spacer |layer 16 over the gate
and formng a photoresist mask 18 on the
spacerllayer 16 defined by 15 the pattern reticle 32;
argd an H&@Bﬂe{hm Gﬂl:ﬂilyl e twbhkiaghd dikewsip aeers ayethe bgewals 24 of the gate
e sidewal acers 22 in accordance with the
electroﬂ?]%(m& a§¥rm{‘eq"° WS84 The method of claim3, furt

C gy smmgsnpxeqvffsetﬁm woalisanat of (e captrahpd-gr 81\'}§[nhfoxgwlg “he sidewall

- spacer§ﬁb§1te 58 & ofidfind Rc1RiRs Mg b dthe vgad 1€ alhRai podeteBddf ihg exposure tool 30-

rmed, the sidewall spacers 22 protecting the

42. SI devval |'s 24 of the gate

7. A method of controlling sidewall spacer dimensions during semiconductor manufacturing,
comprising the steps:

forming a gate electrode 20 having sidewalls 24; and

forming sidewall spacers 22 on the sidewalls 24 by: depositing a spacer layer 16 over the gate electrode
20; forming a pattern resist mask 18 over the spacer layer 16, and etching the spacer layer 16 in accordance with

the pattern resist mask 18.

8. The method of claim 7, wherein the step of forming the gate electrode 20 includes defining the
gate electrode 20 with an exposure tool 30-42 and a pattern reticle 32, and the step of forming the sidewall

spacers 22 includes defining the pattern resist mask 18 using the same exposure tool 30-42 and pattern reticle 32.
-6-
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wab@eenskeod of claim4, wherein the sidewall

el ectrode 20 from sel ective epitaxial growth during
the perform ng of the selective epitaxial growth. 5.

on the sidewalls 24 of the gate electrode 20 have
symmetric widths. 25 6. The nethod of claim4, wherein
the siThewaihbd fpkicet; ¥hdn tasiddvall siactes? drassypaetgfal-t he
gate electrode 20 have asynmetric w dths; and further

conprising offsetting an _alignpent of, the exposure
Co! " Soratad Rerh g bp SR RSHER 22 STREET . ¢ he
step of offsetting includes adding an offset value to
al i gnnent paraneters of the exposure tool 30- 30 42.

7. A nmethod of controlling sidewall spacer dinensions
during sem conductor manufacturing, conprising the
steps: formng a gate el ectrode 20 havi ng sidewal Is
24; and 35 form ng sidewall spacers 22 on the
sidewal I s 24 by: depositing a spacer |ayer 16 over the
gate electrode 20; formng a pattern resist mask 18
over the spacer |ayer 16, and etching the spacer |ayer
16 in accordance with the pattern resist nask 18. 8.
The nmethod of claim7, wherein the step of formng the
gate el ectrode 20 includes defining the 40 gate

el ectrode 20 with an exposure tool 30-42 and a pattern
reticle 32, and the step of form ng the sidewall
spacers 22 includes defining the pattern resist mask
18 using the sanme exposure tool 30-42 and pattern
reticle 32. -6 WD 2006/ 060528 PCT/ US2005/ 043397 9.
The nethod of claim8, wherein the sidewall spacers 22
are symmetrical. 10. The nethod of claim8, wherein
the sidewal | spacers 22 are asymmetrical. 5 10 15

20 25 -7
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