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WD 2006/ 060528 PCT/ US2005/ 043397 A METHOD FOR FORM NG
A SEM CONDUCTOR DEVI CE W TH GATE SI DEWALL SPACERS OF

WBPI6d/dsb€38Dl MENSI ONS  FI ELD OF THE | NVENTI ON 5 {Odisobbs043397
present invention relates to a nmethod of manufacturing

sem conduct or devices, and nore particularly, to the
f or MaMETH@D FORKGRMING /6 SEMICONDUOTORDRVECIBAGFEREAND
OF THE | NVENIDEWALDNPAUERSOF ISPE CHRED IBNSIONSO N

conpl enentary netal oxide sem conductor (CMOS) is the

FIELIPOF WHE Wv@ehoR! ogy for ultra-large scale integrated
(ULSI) devices. Over the |ast two decades, reducing

[01] Thetpeesot ineentén EhMBE0 b neihed FnRhFaculify &RtodOBAEBGnd more particularly, to
the foﬁngga,}%k@g&fssbfg,g 8d diderRidns Ntegrated circuits (1Cs) has
e

been a princip ocus of the mcro electronics

BAC i ndust r(%/. !03 A ULSI circuit can include CMOS field
SEP Q% §0¥FETS) whi ch have sem conduct or

s.disposed between drajn, and source regions. The
r021CRAE acep SBITFoR omplefierimry mafalox SFichuiseton (GMOTNis e présprry technology
for ultrjlarge seplerintegrpged (UBBR device, I0verah) lasbtwoaltcaliés rydaeingl@p &t of CMOS transistors
and indrREIASRRAAEOY Adnsitylon iltQbked ERGuiE fred) BasAh 4 NEciSIQ WGE . oni
industry egi ons genernzsallyljo? [ %%tude&tnﬂpgé)ext ensﬁ%ﬁ%a?g%‘éﬁféh\?vmm clectronics
scr§‘ourc_:e and drain extensions) that are disposed

[031a yasgmiﬂmmwmml ls field éfRctgahdstdrO(FET) HBREhdvE aaaﬁéosa@{ﬁr ;l,rates disposed
betweeR @FalrC4nld BbMrée: ) TR, \ QLI EX S R .
coveeR QOATI0RS: rofiR, (L 0BRSS ol oL oy B g e o Pme

o ach
d°panth’é’lj°i“)a‘ﬁé“ Props SpRaptdPhosRlPtP®)- mance for both n  channel and
[04] Thp deincand dle sburansgiats @emrallbhokie ﬁﬁ&ﬂﬁ&ion@ {shAB6% Sok @ ing @tdmextensions)

- r.ol |- of f .and .drai n-i nduced .
ot ar SR Pl R0 0 el B (B oot ey s nd e
extensions delp fpeaskigve imBRY AP Porrghanteb effectsivéhivh dberaie frawsistor parfognan@(for both n-

channelad pickihed trbigisioRP ShdrEdhinn@ehdifdas bAOESHIRG AR ?dii%h{ 88 drain-induced
an

. Cogventional techniques utilize a double 1 m
barccicHing SUO SRR, 0, Db b 45 chor e HOT B tet, ar
particulagydgpatianigs transisthre besomeemtiéronal process, the source and

[05] CokbietioBal RechRRRE Bl AT ButiO PRt M 2\l Ay Eo(n%? Sh 0P extensions.
Accordigafpeng SItWr Ut?ot Hre Wi t hout si deVVa spacers Qn a Op .
% 1ot eemERtogal §1orssy dis suins 2p4 dipip exteppignsaye fprase by prpgdingy teansistor gate
structur¢ witleysdtdwahspletsion a sipd@fcOdf atshicorbsirats.t TheGllidbEsudtate & doped on both
di f fusi on

sides of GIR ' - ' uch, as L .
S WE 08P, 0B A BEEE st 5 15 Bl BLER g g

process.¢ W&g%ﬁe sideyiatl spagers, thecdopipgpragssyintndacss dgpants iptduactbin region just below the

top surfgte jpfithé SubktruteOto SorinlThebouir€Jind Arafirldendidl QMVEING to pANS YSFaAKE drain and

sourcen%gong.he substrate to formthe source and drain )
extensions as well as to partially formthe drain and

[06] Afteg g rdgan gnd gpuseesxtesipgy arpforrend, tidrevallisracers, athich ghutithe &ateral sides of the gate

structure2b PIASIdEN Weraliebolrd JAB BrainSktekAVAL. | WRDAS QlcSrall WALGLin BB the substrate is
doped ats&%nd tee{oaijormséegego OL tdhcﬁﬂ'gat & Sl%r B ot e e ol i

o fover the sour C& HRE° AT H ERPBhSPH1RE Prifption of e deep source and drain
regions, Sirgiendoping of the eousce and glamosstendidng issinlibited Albe td the bBEkigOREBility of the
sidewall 8pa8@gond tinme to form deep source and drain regions.
[07) As Bgr L ng?ff or mat i odejﬁ)of the deep source and drain regions,

¥t ORIy GPosthan d6% deseasssd trensistors keving ribligps andsultra-shallow

source/diaintvixtonsiansl bebusme ioret diffficd! 10 Glainifeoneel DB dxhhple, Gf trahfior may require ultra-
shallow s%hrgeem ldlain%?é&%n? with a junction depth of less than 30 nanometers (nm). Forming source and
drain extensjons with junctions depths of less than 30 nm is very difficult using conventional fabrication
techniques. Conventional ion implantation techniques, for example, have difficulty maintaining shallow source
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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[07] As the size of transistors disposed on ICs
decreases, transistors having shall ow and
ul tra-shal | ow source/drain extensions becone
WQi6/0058% t o0 manufacture. For exanple, a tran§P§W§¥°°D/"43397

source!HBY drkif %éxié@ns%&i(zﬁry dSwnvitPino 31‘!! ﬁ(%&%g?ng&gor at.rate:3 d&lso, conventional ion

1 dO uncti on

mplnfElrs é‘%’g“"c Copdspiggen @ﬂa%%ﬁ?ﬂélétora el therlGiispscentible i fhorrghannel effects,
which ggsltin  dnpertt profils tax!eiptdbsnanfthat &Eadddagints the Bibktiate. VI Y

[08] Téblefcbsd! LJmeuocfl thdde GG rﬁsg ttﬂeoggngce ax%a@PérF]xg %e:%b og can}- %Crgnggql?%fegzcuve silicon

ﬁonventl onal 1on i ntati on
epitaxipl ZIOWISER) topaky C%?m?nautwqwe aildriin opntzeis fessediffiaicl The sdised source and

drain repidneprsvidenddib@abmigeiaiol dohiadl 9111&%811 ﬂ@d@%&s’ﬁx@ fi:dﬁc@ dl;eB Soulidlakin junction
resmm&gmdggg‘%%g“%ﬂé?g{%{ar ate duri ng’ ion inplantation can

cause t 0 frore easi | y diffuse (transient
[09]Ong o, thp cngider PthP-‘uJ§|°€mtmgTE®)i soufivand bk iteseptdiondigaceptsaded between

the raidedd ®urcd aﬂﬂQr&QQﬁd 06 819 B Fhd I FBER AR33Y the ﬁr‘aﬁrzt&g f’@g sidewalls of the

o { {] t
YN A A R G S

during ﬁ%h‘@rﬁp&atxlab groathg uyahfed grooth wiipaciir at BE Boipogt Afas 1B KRS polysilicon. It is
possiblé anﬁ},g |a%519k§t109ﬁ sglhﬁtgh& é%ﬁ&gﬁi e lﬁxlitgxo{ntd p%oqeacp i %unng the selective

result in opan
epltaxng Pgﬂ%l gﬂ]eciogﬁ f, the creation pithe laléPéiﬁOlp‘?ﬂ drpips. dIpWysyer, 4t maactice, it is difficult
to creafe (8]spafers @itk precisedisons a0d efistr@ qsfbteﬁﬁm&ﬁ 8 Polylilidn Y kidvalls, since it is

difficul P PretinBdxHoshiE 9 R %gmg oSel ective silicon
s gr&ta)’((?basl groﬂﬁﬁbﬁ}g’?&%’é ee‘? 'Shnecti ons to source

UMM%R%O% contacts | ess di ff| cuI t. The rai sed source
Jﬁéﬂﬁm Bhs pr ovi de additional material for
Rrocesses

t ilici.dat reduce deep
uorTogPl e, B o} SRl RS Tnee St b o ed o prots e

ource
polysﬂ@é Eftpzidewally dsvlwrﬁelechVQ @@]m@gewatfof silken.consi derations in

[11] Thi€ Ejﬁ@thbﬂgecfs aie%@dbﬁéa%&ﬁerﬁsﬂﬁtﬁé Eﬂekgﬂ&n%ﬁu&%cﬁ ‘g%%é‘& bod of forming a

Semlconguczor ce gero bet ween e ral sed sour
RS AnEH

ﬁ%m%% diersiepuof f aa’ené isslopiErde dpngesidgwalls, employing an
exposurg ipel tp ddfine the puimelediroden Sidswallespavkds Sre@rmed i the bidewddls ¥thd gaQkctrode by

employig%ﬁlgsaglgﬁipgguett&ﬁ tohRfhd YRw gP%@,fy al growth of silicon.

l1con gate si s are exposed during

121y empleghs B SER PERTQP PGB, sughwiaien 2t et xoakud tool e in certain

emboduadntsttlib@aree(m&ﬁ tktiale aRS 1s0£ed:t51 eemathy §61§shlﬁ&ﬂgate‘ Jleci:r&ie, a pattern spacer may

Nt | a

MR A ———

polysilicgy, ﬂ"é“c%“?’wes ‘@6 inO&M th? SI@WGU&# th§fpols'$mqoc edte diuing seectitespitaxial growth to

prevent Gih@aitdd Oﬁle&fvet @ﬁaxﬁa’:ll @@ﬁh S Oiﬂﬁec Qi dr AkJASer fHRUEViE rcnntl‘opled by the
photohtlggr%& oc S aralmeters as e%'l S {oporeate the BPACErS i

i spt ERCES Bl oM TP RS REAMCBH- of feff@in embodiments of the

mventloxp éqeyzgqcpr, Peftsm gent ke pyipdssfudly hlsgnedswithoe offhet foScreattBsyalinfefricGpHcdrs, allowing

for culhadBd {800 RRbrRUR AR echﬂafvabimthrag Mklcli@0, during the
cess HE 1 NTION [ 10] There

RY OF
1 et s B 5 i e i st A o Sl ionorbic pecice  enetod of
controlliefj sifewsll wasr dimetsioonduribe ses@atiuttor Panofa@ing! MAis method comprlses the steps

of fonmﬁboi Xﬁé LIE&Q&E &%E sk ﬁ #aolrxg:ﬂ% mgugwa la%grg "o She sPdewzﬂf( b%' deposing a

l'i con. BT 'néeds "are
Spacer lag }éﬁ‘rﬁ’B é?‘ Fﬁ‘@ "of"“Pﬁé a B?‘@%’@fh*les‘?t W@,‘m"ﬂdhp sepfeciayep rand étehéng a spacer
layermaacormneh@ﬂhﬂxfapit@mad Restdask20 sem conduct or arrangenent,

[14] The %}5&1}% Sah&] gﬂl&hﬁftﬁrtese F%Seri% ax.fxdo ng' %nﬁa% ! g:l:egelnie g%?rn(t)xgxg will become more

apparent dram; thf:efolclwengg#taée@eémh@dré theSir @mmvbntlsp aber gkea i cdnpundtionl with the

accompanyihgldi®ings.dewal | s of the gate el ectrode by enploying
the sane exposure tool to define the sidewall spacers.

[12] By enpl oying the same specific exposure tool,
such as a step and scan exposure tool, and in certain

2-




10

15

20

25

30

35

enbodi nents the sane pattern reticle, that is used to
defi ne the polysilicon gate el ectrode, a pattern

acer may 25 be formed with very tight alignnent
W(& Qgp@ﬁ%satl ons. The resulting pattern spacer BGHUS2005/043397

5&?&% N pol ysilicon gate structures
BRIEF and prot ect T%Ige sidewal Is of the polysilicon gate
[15] F1g\§1'b| i Esrhgsclﬁﬁktﬁ%éxbfﬁn Spd HoRdndr a %@d&ﬁcﬁctbt&vaf@ Qg Bhe phasvaN ndxthfacturing

rom h., The width of the spacer
macw%&fet“@ith ngimgegﬁpf%?lrrg%mwemg phot ol i t hogr aphy process
[16]FigpaRakptter strucas ofdliduregk falipeing e dorestion 98 p 2ate telsptzode fmaccordance with

embodnﬁ&l{stoflﬁlpprggg{gmgﬁgpts of the invention, the spacer
an of f set

ern may be pur |1y aligned,w
(171 Fisep e AT o6 PG et loviag 1, JBRRISoR 45 S BT ot ence vt
embodilésiof e presedtinvemione t hat is achi evable with asymmetric
[18] Figl‘?'.r? & the[sgr&)’clure (?% gﬁéﬁl Aﬁ@lr deﬁﬁl@(;n%ga R&& gﬁtcﬂlrﬁ a@&ﬁ&cmﬁh dd¥odiments
aspects o resent 1 nvention which provide a
cfﬂwpm@WW@Gm@ﬂ controlllng si dewal | spacer di nensions
[19]Fighlersi ﬂﬂw§&ﬂ1s&@dﬁ!§é«l of Gioufsod Y§1RGing lekchiglg of ltieSspatet et in accordance with

ses th steps of formng a gate eI ectrode
emb““ﬂ%pﬁg‘ %resaxgmvflfm’," and formng sidewal | spacers on the

[20] Figwe 0 depicts| the styjctureiefFigyierfpfiar thesmoust bas bpeamov pccgrﬁ@c@g@mbodlments
ofmep@e%%&ﬂﬁ f or mng a pat terned resi st rrask over the
and e

AR doteah A6 T Ho Bt (P eting GOty TG Ay i gocortamee wit

embodith@usefbe prgsedtirderdipmer f eat ures, aspects and advant ages

[22]Fi E 8%&%&6&%&&& My Xs@ﬂhﬂeﬁ@al \Qfsal;ér 2RBEQITR: iNBcBidardP RAK &fodiments of the
the followi ng detail ed description of the present
PfesentPWE?ﬁl on when taken in conjunction with the
[23] Figl€ 0 @npetaybtigerhitanbirgdde vRw\dDa 28061GBIBABure tool that can be used to perform
7 BRI EF DESCRI PTI ON OF THE DRAWINGS
meme%%fgg?g%?{égv%aﬁg a schematic depiction of a portion of
senm conduct or _waf er during one phase of

DETAUP@Q?W?NQF Tﬁﬁwwce with enbodl nments of the
[24] Thegzrresg}% Slh?ulggr.\\]/_a %ﬁs%gami %éq% P]r re ated to fotl?%tl% o%gglys%c% Eate electrodes

| on
during aseloasvs qulexidl groatcrsecdssrvnd (e orhatich o rasestiomenfiaini faditheis scparaion from

the polﬂ?lgoieéate e BYRD ki, [ ﬂn711a11Fcblng fe p%se?nh Ql‘@&xu&h&bﬁt'efs l{ﬁdcislé §pacing of the

i e o o C o o O SRS 0 o B Sk 5
the samb Epeifit Exposure[tdcBscHiigdufiee the gelpilistis gadyation foudsfing e pitterned spacer with

very txggtl A tgsgémcgtfo'%g ef‘rﬂo mastl ¥é&£rnél sE)&&J ealapRiBhds %ferbaftéﬂned polysilicon gate

P e oS Bt v, s provents
eleotrodg e'rm[ctw} arglipgpisets ths pebrgiligon epfe sidepli g ‘.'ge%’a?“"?ﬂ@&ﬁ’f‘ &P prev

unwantddGElE&@é Efitaxdl ghoiwitgofailichh & thO@tbemec&ay e Alsbthaedithr ofatha spacer pattern is
premsel}gcontrolleggbg% F?rﬁgtnﬁtﬁo agh}; Fx%ce@sr et o?s a.Ezy &0 te{cﬂ Eroclsg erameters In certain

ru Ct I gure after P
exubodines e soRsEDET i PrESEREY PP Lt oR eBHETHY W?fﬁﬁt%‘"wmg or

enhanceﬁifenttoh@evﬁé' ;%ﬁ@rﬂfande ﬂif&l@ﬁ te ﬂnple[n&ﬁ(}n ﬂfdcg#.r et 7 shows the
S ctiv
[25] Flgbrf; 6m%m?tlﬁal§ ggpd?t%aa%ogéonwf F ﬁemc_t)ggl\g%% (Er ss-g%h&ﬁﬂnﬁéd in accordance

with empodisafstof theypresattjimyantion. A substrate 10 is provnded that may be any suitable substrate, but in

an exemplary embodiment, 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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[22] Figure 8 depicts formation of an asymetri cal

spacer arrangenent in accordance w th enbodi nents of

t he resent invention. [23] Figure 9 is a schematic
WOIBROSHh of a side view of a conventional exPEBEUPMW05/043397

ol net h ds of . t
RrIFEROY S%P{@% b BRRE o Pt 1 RoRieds Mot G R AR o irods 20, The
e“’hm%p RIOEERIT I "[1’2‘2?1’Ilt W@n“ﬁi"e%‘é’llﬁys i2ripesifici Bprserd deck §% é@inarﬁl@ polysilicon gate

electroéeqtavteml prooinlestiveal kgogure@olt iaytbh gmﬂbﬁﬁ aG6dH 9 lEhaDJhown in Figure 9 and briefly
| C e urin el ectlve
describBf haYe? As a‘ﬂrlaxgtgélﬁ p(lroggeéﬂsosngleﬁii ﬁ ﬂ’av gﬁ%%hﬁtfff Slﬁl ssqn ?ng)sglgdtool may be

I tax i al
emPl°y§€ yfipg? Wrcafonsticanitioltie farma eyssly db¢ ik fsrtipmused fnahe etching of the polysilicon

gateelqbﬁcbdﬁSl licon gate el ectrode sidewalls. In particular,

[28]A£ a er ae%ﬁg lxjsrd C%osXe%,ng Ix ? g{)lﬁtgtp ’Qﬁ:&?’%ﬁo ' e%)lgéeggcg? é)gaﬂtegﬂepeqmqnwg)cess, such
as chengpaéj sapat deosgion (GND)vo bt shitablo metiatdogs,| nexytbe &dﬁo;by to form the spacer layer

16. COﬁV&h&w PaberdBatdridR, HAHB sHGGxIL 6 SERPRGE 3 @9 ﬁgm!ltgnal, forms the
1ol kgewethe ponS|I|con gate pattern to ne the
Spacet Bt t%rned spacer with very tight alignnent

[29] Folilmm the depdsitiomef spabbrdayeciss|ithé spagrspiad thed dOREd S @Qc@fned In the embodiments
of the pREGARSHLEL BS s&xh&naé{oi @ifé}qurm&e}ﬁn thd H2 o5 eengsugng % Gnployed to

structures and pr ot &%:11
form mﬁ%ﬂ‘YSH’@°‘§?§P§@P‘F‘\S‘% Fé*ﬁhftﬂa%re She sg%wﬁtpm fﬁFPlP gxatryraevseﬁ fosiefine the polysilicon

gate elecimde piteth issdvwenstd i defp Itlte@‘éﬂte&{ed Gacent Hed&é el shthQBoit exﬁcﬁﬁe tool, such
as that &@& fn Iﬁéu%: § 1 %) ﬂ?o usﬁ t§ 9 tvowregi}s,]tr}naglf~I %é ovFr %ﬁ%@?&‘ﬁ‘%&éﬁe e ectrode 20, as

cisely contr
dep“’te‘b‘f‘&%”se maértskeapﬁyarme Oé*tda'nc‘p ioepesre pat emvwedersance ad overlay

reglstrat&ﬁr(ﬂ@hrﬁena@em&ﬂé BERISs advikResSiR AG6IE mARELEAIY tdiSances.
[30] Foll%unn%‘mete Eormaan gtl tlhggheogogqst Msggsf%gérsﬂ%te%?tﬁgﬂ%r eaﬁs qﬁng the same specific
€xposurg| @9} @éoxpvquftm xpmh d@ thahwas egrploydiao ifonp |tiergattelecirodp 2@ e 8hing process is
perfonn[:dziﬁ]a c&iv&iﬁf)&l tharels PRbcE Bl kiucRRRIE Flote 3. BOICL 'tl%%g;ﬂ{n%gf the spacer layer
16 creatsy ] uctSl a? y) %ﬁ in cross- 2sectl on,

SO BEFH AR SRR 24 A ererie FEog 20 e srabese PR b g atdth Yhhat is very
tightly contenlipbbyr tae pholdlitiogragphy Puoicete plardniiss, may asb@:p&ﬁx)é Biidld ®és@t C.D. bias, as
well as %Qﬁ%&s@ Rametid sukillas c%ﬁ cﬁae}ﬁ?sgpl ?’&1 od an owferetch lighod

'l con substrate by a

(311 Figye, FOME g SIS 5 W.%ﬁ'?os@gt%quk@ thyresishk$ by gbasientignal photoresist
removal d8hnighe) lthé 1dadas @e sﬂa?erﬂ%lonﬁﬁieﬂﬁﬁ 24 6ffthe}Rly¥iBdoh bﬁ@ﬂectrf)&f 20 and over the

cap layefai%tﬁaw at oesn%zﬁ gmgteg #hh Iproce s, 35 d%ﬁ:geg fn 1{;]%3 f,lar,?glf:ctﬁ%?pétamaq growth process is
performeg) lp etepe hgiont pseeatvecotiin gio iR The regjoR6re providpl 4t apeeific distances
from the:bélyhlﬁcofl QitEe1Ebuad tyR: sPRES 28 BN a:b?ec@é"\gxdw b’?hc%ﬂélrety of the polysilicon

e h to de protectio
gate elecﬁﬁcie & pr Fegtfr %%)1%8 %e;leéié\fe eglgéxaloqﬁ?vrtgby tg%ﬁpfcg{s ﬁz glfrgé ggs process. At
this staggy the mae@@s@ 1 gnay bqvtqbeirqr aimoveaitoopleteip fotr Sirthdr bﬁ’c@ﬁm | ayer

‘[32] The liflusirfted BRIRInRA &1 thd g&@er@ b3 G g%ure;é?)]rmd e 2p1&t§ %/é@ers that have a

s . %0 ‘gﬁ 528 PCT/ US2 043397

ymmetrye el Gree pisebie Wﬁnh@l %ﬁm@f%ﬁfpﬂ@rswe@@g that have
different twidtlfso (Tiis & dypitted a|Fexpter8o dey@fetrickh@idthe bf:@tcﬁ@ pﬂ)ﬁ/ﬂé) EfhiSncerhdht to device
peﬁomah&ebyp.aﬁﬁ\%ﬁBB yinﬂlgtﬁ%tl h%?ﬁg t§ 96\/1§1p1%ve%8)§r%+ chiua? transistors. For

to de I'ne I con gat

example, ﬁwwa SpRsg P Rl oéﬂag%mu@ waenﬁﬁyf e @wplleldsﬂeﬁstor from a
p-channebturdbistarSastwet bs Gb@ilhg pofinh@s & sﬁlﬂaﬂkdd éd ol peMransik@Edr 'pbﬁfé transistors

r n conventi ona engt
depnding Bl 8 AL S IR B ST RRY °rb°8m§m§$r§’f’6 Pebi( ey o
[33]The §iyemefr4ce,l PReETS AN aqh:etfqdcm eactopdaficer withaemtmdiknentd o thegsdserit Snvention by
purposeﬁillb@ﬁgdﬁ%&ﬁ’e dphcet Ri@e@ e R OrRE. 1R ExaRBleY s itle! GBBdimSR bEthe step and scan

exposure %oo? ?o Elgure 9, an offset value may be placed in the alignment parameters of the exposure tool.

Hence, the photoresist 18 will not be aligned in a centered manner over the polysilicon gate electrode 20, but
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[ 28] A spacer layer 16 is deposited, as is depicted in

Figure 3. A conventional blanket deposition process,

such as chem cal vapor deposition (CvD) or other

WO06/869528 et hodol ogy, may be enpl oyed to for nPE€RES2005/043397
n | t £

rser 5B B by A H AP BPGREE 18 16 RSB brctce o
Figure 8qgphef prpcessing q#ipracprd as ie@cr@ﬁfhf@éﬁer | ayer 16. [29]
[34] ForF%IMMUn']ﬂmBQ@ afl eibﬁ)ﬁlafyl SGbB aﬁlf sc&Dﬁ@ﬁﬁuek@]/B Idepldded stiematically in Figure 9,

s are then It r is he
and mclg#ﬁsbi}:lwmugn sygt?m ?ﬁ at lSyfovx es umxgglon axighrﬂen h& pattern reticle 32 is held

ese n I nven
by a retisle platon A Lt doscribpdfeestier; the same siediBireife %%ee@émd in §¢ffe thp patigring of the

polysilidoft ?Q@ Héﬁoﬁe%l andfhe We A R arrgﬂééxﬂant o Rsds 1 |hh1ht(ﬁ@ﬁt the illumination

I
s S S RSB S A TR e Bt
and scattdxp@hie@de pattern i s now used to deflne t he patterned

[35] Hex%g,%ﬁrthehnkﬁlwa@lo a'tcl?@:e el ape%ﬁant 5@0&@9%% éoemued gam dimensions,

at use gure 9, Is also_use m g
whethershe{riSsIr SYMIpRET c2pdh 578 ﬂ?éﬁeﬁb‘iﬂ?gq YoilieBni gy aglé diring selctive epiaxial
silicon ﬁ‘b\@lﬁ,t tﬁ@dﬁ peRentidSunvaltpd @letiibeicpitakialgisvah dom Dhriusing pphoewpbsed areas of
the pol g w %QEage of advances in exposure tool |ens

epo F?&? Aice and overlay registration (alignnent)
[36] Alqg@glf tbe pragsntdnvention m|bpenalgscaw aneillustrpted ip detgil jt g to be clearly understood that

the samErB rﬁngﬂﬂdsﬂﬁwﬁ Qld%kzﬂrﬂﬂkﬁﬁﬂy and Blnot6 bd @k BY whyhe lifnfrativaf thasaope of the
o er .t ate el ectrode 20,

S

p’ese“tﬁ‘g‘?“ﬂ&“lfﬁ‘é T‘fg"js)%&he ugsoef'f)i SoddBED i n forni ng the
mask 18 that was enployed to formthe gate el ectrode
20, an etching process is 20 perforned in a
conventional manner to produce the structure of Figure
5. Hence, the etching of the spacer |ayer 16 creates
spacers 22 on sidewalls 24 of the gate el ectrode 20.
The spacers 22 have a width Wthat is very tightly
controlled by the photolithography process paraneters,
such as exposure, reticle to resist C. D. bias, as
wel | as etch process paraneters, such as etch
chem stry, power, pressure and overetch tinme. [31]
Figure 6 shows the structure of Figure 5 follow ng the
renmoval of the resist 18 by conventional photoresi st
25 renoval techniques. This | eaves the 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 growh process is perforned to create
regi ons 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 width 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 may 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
symretrical w dth. However, in certain enbodi nents of
the invention, asymetric spacers are forned that have
different widths. This is depicted in Figure 8.
Asymmetrical w dths of spacers provide enhancenent to
device performance, by allow ng asymetrical doping
to achi eve inproved performance for individua
transi stors. For 35 exanple, asymetrical spacers
al | ow decoupling of the optinmm 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
optim zing short channel effects. [33] The




purposeful Iy aligning the spacer pattern with an

of fset. For exanple, in the enbodi nent of the step and

scan 40 exposure tool to Figure 9, an offset val ue

may be placed in the alignnment paraneters of the

exposure tool. Hence, the photoresist 18 will not be

aligned in a centered nmanner over the polysilicon gate

el ectrode 20, but -4 WO 2006/ 060528 PCTI US2005/ 043397
cidi@dl.her in an offset manner by a desired anpunt.

Et ching of the spacer layer 16 then produces the

structure of Figure S. Further processing can proceed
1. 8 A6AGkddRE Sk ais&hicoddddtdr AihgeitR! dRpliLANLPYEROSES,

an exenplary step and scan exposure tool 1s depicted

schematically in Figure 9, and includes an

i 1] goinfatd @ ﬁ%&h&ﬁ‘hag&gts[&%alﬁréﬁiﬁl@ﬁ‘% 4 kb AAdNREd &P odul tool to
arra ttern reticl 2is held 5 by a

deftt‘“étﬁi‘ecga? g’?té‘t%’r?néﬁl’at 9idePPbed earlier, the sane
specific retlcle 32 |s enployed in both the patterning
of %he poI ﬁlcon g ehec gEIZO an $ acer
°Aml“§nsé ‘AP él??é%r tBBTBESE St RE ‘f?c& © FRROM e &re same
expolstlrel tvohtatdefire thessy@bvelﬂrs;aaers) aidthasaepatanttidé anplot @ thdfrming
chuck 40. A controller 42 controls the
ofﬁ? ge?%@ﬁdof the step and scan exposure tool. [35]
ance with the nmethodol ogy of the present invention,
Spa§er S ?ﬁe BEtﬁ&i §pL1¥1 P%ﬂe?éull ﬁ)q fgﬁﬁ&é Iﬂ} fh gldianlS%pg%?s’ includes
whet her asynmetric B
demrﬂ@tlee @pafttéaysbp‘gﬁs theuge@rﬁles;tr@tbmdl fsmdmg 3 ﬁgt@@lsemsw the spacer
ddg@gggﬁbgakmﬁkéagon growt h, thereby preventing unwanted
sel ective epitaxial growh fromoccurring at the
exposed areas of the polysilicon gate el ectrode. [36]

Al t BoughThdRetb® € Akini DVRRAdr WBmPASnDEEREESAY IeRBRe 3 spacer
illystrated hg detail, |t is.to be clearly unders?oo

laygry{g form thesidewpilspacerysp agoatrane withithehptatesigimaghd exanpl e
only and is not to be taken by way of limtation, the
sco e of _the i nventjon b limted_ onl
et Bhet SR I%S%szé aortﬂrlatnﬁeer? g sejectiypepiigual sgowt
on ﬂswbsme on \ihlclﬁthﬂﬁté‘lﬂdztmﬁe i ﬁfrﬁhd’} @he&tdﬁﬁm padebipedteting the sidewalls

¢ QNS RTS8 RS ALl s g

emepremwe tool to define the gate electrode and a
pattern reticle; and form ng sidewall spacers on the
sidewal I s of the gate el ectrode enploying: the sane
expdsur eTheooéthadoofdleih Hewhdren dieddlsmbll sppracear e sidewhlls loEa gate

ekéﬂﬂ@mgggﬁﬁﬁangﬁﬁﬂgle enployed in the formng of the
gate el ectrode.

6. The method of claim 4, wherein the sidewall spacers on the sidewalls of the gate

electrode have asymmetric widths.

7. The method of claim 6, further comprising offsetting an alignment of the

exposure tool when forming the sidewall spacers.

8. The method of claim 7, wherein the step of offsetting includes adding an offset

value to alignment parameters of the exposure tool.
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2. The nmethod of claim1l1l, wherein the formng of the
sidewal | spacers includes depositing a spacer |ayer
over the gate electrode, and form ng a phot oresi st
mask on the spacer defined by the pattern reticle. 3.
The nmethod of claim2, further conprising

ani sotropically etching the spacer layer to formthe
sidewal | spacers in accordance with the photoresi st
mask. 4. The nmethod of claim 3, further conprising

perforn1ng sel ective epitaxial growh on a substrate

on %hi chAt methetheb cantellingotidewall pasepetimensines dprgngnagmiconductor
maSFaBRhg, dam?ﬁﬁlq%tth@geﬂshe sidewal s of the gate

el ectrode from sel ective epitaxial growh during the

performng of the selective epitaxial growh. 5. The

met foingh gatk alediode havtiglsRiewallshahdsi dewal | spacers on the

sidewal | s of a gate electrode have symmetric wi dths.

6. The nethod of claim4, wherein the sidewall spacers

on foneingiscdiewsll h}&c@f ot e sytctmlls ‘E;P eleﬂscrsmdg alspacer layer over the gate
ele%%o;ér%m}rrguﬁ%a \gﬁ?t e {eflstnlaasgnov%n&e rs];%?gerqayef a{l{i] etcglh,%({h%;she?cgrr layer in
accorlgice whid rthef mattern mepist hasks ivtlervia lthe sqpad dorsming8he @Itﬁeelmd!nidcludes

.9 f .

defﬂlgl I irl]egéaggneYegtf‘r%%lﬁ Vafqﬁ)@ur% %o%p?n% a %Jrr'f‘ Fehgll? ggn% %hg ?tlglv gi?t%rnﬁng the
sidewal snaseringlestsh defiging the/patiern estgt m&skelémg the panierpgpasiing éagh frjd pattern
retisi@acer di mensions during sem conductor rmanufacturing,

conprising the steps: formng a gate el ectrode having

sidewal I's; and form ng sidewall spacers on the

si degal | Shebﬂethda%pa&hm RBerBinIRASRIvall §¥&Hs LY §nthRa0at €

el ectrode; formng a pattern resi st mask over the

spacer | ayer, and etching the spacer layer in

accor.dantie niétiidd of beinPR wheden theasdesbll §PacHs ary\BigiRkticdlhe

step of form ng the gate el ectrode includes defining

the gate electrode with an exposure tool and a pattern

retizl e, Tiendetliddeof staip 1 Dfwheinnthe ge}i bitfornsihgldwatyimnsepialesidewall
S acersmclzjldc?es o&se[t{nm A ! hen O?Eahfer rg) lgl‘ee O f’t mask usi ng the
P exposure fgmﬁ& £ER 8ticle. 10. The

nethod of cIa|n19, mhereln the sidewall spacers are

symmetrical. 11. The nmethod of claim9, wherein the

sidewal | spacers are asymetrical. 12. The nethod of

claim1l, wherein the step of formng the asymretrica

sidewal | spacers includes offsetting an alignnent of

the exposure tool. 7




