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A METHOD FOR FORM NG RECTANGULAR- SHAPED SPACERS FOR
SEM CONDUCTOR DEVI CES FI ELD OFTHE | NVENTI ON The

wonres®aedsz nvention relates to the field of PCT/US2004/035407
senlconduct%y ﬁ@ﬁg@ﬁpg Aﬂ§# IJy, to
t he fornatlon éﬁ%ﬁ rmation in
sem conduct or eV|ces INVENTION In

the formation of sen1conductor deV|ces
FIELB&SH TraaNeek@I1gif eat e spacers on the S|demalk of a gate
to serve as masks during source/drain inplantation. An
ex Q‘Mréhﬁl}( nﬁleaiﬁﬁfelafc@ gzt fl@c[]oflil;élﬁlecﬁﬁﬁct(ﬁl’pd)césm anit iadré panticularly, to the
i s de ted ) %(ﬁ de crlbed bel ow. In
mi
form%i"&o Sﬁaceriands 19?6? at e fOTBU na{g At e % ¥ Sr med t her eon.

The gate 12 may be a ponS|I|con gate, for exanple.
BACSGB@HﬁD&F@ﬁﬁ”@YEEﬁEﬁbn regions 16 are formed, by ion

| ant ati on, for examle, the gate 12 a
tgeﬁog]equ%ofmﬁond%tcg ﬂea/tcgsr it :ﬂrspac{?#{ﬂi%) qr?te&gzﬁgg Prt ﬁea s@e)v/vgﬁ]s of a gate
to seﬁélys hadistdati gaomratdradimpiuigtivna dn exvepiayabacereprortion process and implantation
procecsise R ?%Hed Wi sTf@de%&%&ﬁfe oLVayer may be made of any

eria such as silicon nitride, silicaon
oxﬂl}j@g 1, @wbstéqteewé@f f gae }?a@yérfep g}egeon e"f‘l-g gatAﬁz I'ngbf)ei. 65(?1%811&011 gate, for
exanBleC Bdun@/dta eﬂ@ﬁsﬁdﬁ&é‘éﬁﬂs lﬁdi’d?fofnﬁﬁ Wbly tich i@planiiiog; for@xaple, employing the gate
oS5 B e 0P PRIy SR RRRLER i v
depos)iﬁong Fhesspdc®r layEh @a)slpa@éq ef amgsuft@f:ermaaenn]agkh asa;}hgwgutwiq, ﬁhqon axide, low-

k dieBatiemaAdiasf & performng a source/draln I mpl ant ati on
process. It is desira

C b R A P TRG ‘GATESTD R BF QT o Pl e oo cing
creat&h@f%hapdmap@ab 1@ fhhtectesl frofnthé Ddewalisplf gri¢ . i e smpe@q;]éggrm ggmask, along
with Igtl%ﬁ% §2e o q%rf&fnf szso%ge/drluﬁ 1195[94&@%@ groEQS C'Itqgtd@sum'@ tod@%é the deep

[ drain | antS However, as w | recogni zed
s GO PTG B G B SHABE o on TGPt procss, as
1nd1cEEcgby aa?rowi iﬂ)&ls etipleyed kafpat i dedp sthe/disinppesl Bpaeers wilBbe recognized

byt a(y 1gur ﬁﬁé lyglla}gedt EACQ‘ P&rﬁfFl f tl%tou%pr@ T topt'he ﬁqgi$§ﬁ spacers 18 have a
h?ﬁ O\NS sone F] %16 ions durin
relatiyéie th(l}eEfpﬂIS elihe ewterreégqﬁ |T#ﬁ|a8?w3asmne NPFRERE” offie dppsidgring the deep

sourcreﬂfaﬁltmlM@Atéﬁoiﬂbl@&ssﬁﬂﬁﬁtgya RI0GBISsh-ehdigy @eBsequences of
igg#)gs%glggcilgé otgge ppum#l htd\l.geeto Ehlg [\tgl'nrlln %n{ﬂ]; Iog tﬁe s§£ce1ts 1§1s depicted in Fig. 3.
An lmprpsswmonmcﬂ of the Idcwsion pf tbmdeelf sovme(drelle erpplwe@@? the &irpation of source/drain

reglolnml A L:Fend LRRIERh ﬁl@@a(fef% rl@ﬁith@e[ﬂea@rfdmi@&' B}Cﬁ/ Cﬂlﬁ lisTurfBOthANSe desirable
that extend underneath the s ar.ea

B RSBy 2 PR 4o Pt PP DR P Dt twoven
of th¢ Bghapedl shaveks thduveidg thy soRfGe/fimin EnpntaBon pewasse, t he chann eI
h a%&nﬁtﬁe@ ity gxﬁ%e o BJe}b &Qﬁ%ﬁ tsﬁl@&g 16148ned QOIIxenﬁg of conformlty for further film

unch-t hrou he D-shaped spacers 18 durlnr%1 e
depo%‘%‘lﬁlf REETSEPEYSIR ﬁuclh ﬁfﬂcgﬁaﬁ asttp%ﬁqrnﬁp%(ggéloubeOﬁreqr the forting of an interconnect
layerdHieha@hv. amﬁe’d@@m@fnattnb ef e shapkge sHAC PaSrsk8lubes coli@mity in subsequent film
morsenlng of conformty for further film deposition,
He %%ssary in such processes as the formation of a
doubl e spacer or the form ng of an interconnect |ayer
SUMMAR R THE INVRETISNopi ng nature of the outer shape of

h rs.r .
geg?aér? %F%Féd fcg‘daur(r:lgl?odco? I?orr?urnrgnat s%acer an uabs%gu%gr%ggtor dewce that provides for

increased control of the source/drain implantation process, as well as improving conformity for further film

depo

deposition.
These and other needs are met by embodiments of the present invention which provide a method of

forming a spacer comprising the steps of depositing a spacer layer over a substrate and a gate electrode having
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SUMVARY OFTHE | NVENTI ON There is a need for a nethod
of formng a spacer and a sem conductor device that
wprzms'vudmzfor increased control of the source/ 8C&iUS2004/035407
o JP R R LB i (RIS LB .
protegtiyt lapsy lseetbﬁb@dp mvssth@proileﬁ@e loyes e thejspages ﬁ‘tYPTOQYeR/Wﬂ fepysurface of the gate

electiBicOMb %n@lnmfetﬂ?&&u%f Ia}fep BﬂTﬂh@ Qna@r BRAGREIC AR i®WAG of e gate electrode.
st eps of de osi ting over

The spprgr ]éyeEJ gteg; t%{;?flmloxéiaotge lﬁﬁeé fr{)l&%he Ssat%sFege %n% oHea'%?e top sureface of the gate
electio@ b if@al shacere i thadate glecsnodhew&i dash spaqedbadvig mwmglbaantlally. vertical sidewalls
extenﬁ ééﬁﬁeﬂt}/%e %ﬁey ctr&l@ Jdihepspacer |ayer. The prot ect ive
I's et e remove the protective |ayer from
t h8y sipuidiag 2 Pra%we W@ on h1§ 8paes Ry ihe degallpf theripacgiig grotected during the
etchi®d Iﬁ&%is OQQhaaQ leﬂfﬁitlﬁ]ﬁy&bd{lantgﬁlﬁ (pslhé}ie&)Cd'pthﬁs Foayi@r Tha sgabe according to the

presegtip %V&{lt}OB &8}/6%%(%% noéLa aﬁhénngrrouter edd da%%sq{le 1mR§ntg1%f1 I];|)r0ﬁle difficult to

S ore
contrglp @dser thd lalyl@felyfvplmml plie vell béu.hv spaesr aprdaswxﬁevfomhfé fqr ggther film deposition,

such Moﬁtﬁ&s?ac%f r@c@s@esQ@ﬁm@rc@ﬁn@&ﬁa&&q{%leﬁtﬁcsf orm spacers on the
ate electrode with each space

0 i T S PRt P by BB s SR HgPepLipsrfog which provide
methbd e f@aing adnd@hdoBedeyice ewakibisg thdyepp pifindigrgeat electrode having vertically
extenﬁﬁgts%%allly Gn aasxl%ﬁaté) Qm& Etgmjglg ":HES@ rmd!a\@a‘fles‘bacelts I}ﬁ tﬁel ga@é/\@wtro&f Each first

spacer prot'ect uring the etching process
sidev| apoet hasbBAAS tVFf&?aﬂlyl eeding ﬁlj‘&ﬁr é&de"(ails §’ﬁ‘a‘1§’éﬂ’}’5t§‘ﬁ§1§fé%mall§ o the gate
electfo@ Ji@d'allsTUEsoﬁlﬂaﬂiﬁlh iBFISOHich prgeebsOis plr@riddesitinhe jamvadatrdddrnd the first
s dewaﬁ aceIoraeskm 0es. not have a thinner outer edge that
CORRREE R grrp? &%i on profile difficult to control.

Al b eatlhlesta’ceélnaqu e plyo et by pidgr|empeinaquts\gh fhie prgfent lhﬂén%d@éh provide a

semidoRGk BAGRRe &ﬁ{ﬁﬁﬁﬁgﬁ du¥suhi@fa dakloh h&rsulﬁstrliténzvﬂlem@ %itt& hhg vati@sidewalls,
oubl e @és & processes_ or

and s \é:glesgic?rf ‘© %all éga]pfrf; %r? o1 tthe %ate dsli] reivé/ael San%l rEaeve a rect\én%%lemt' cr%ss -section and
extend tvergealle haaienbat imlfalfe Helght of the seint Ton my@amted gepr Wdraerhreglons are provided

that&ggﬁﬁquy@em@@q)a&g form ng a sem conductor device
el ect.r ode

rrBrlsm the steps of formngﬁt3 %ég b
ha\T HigreguRg o¢ gt fealas AsRRC AP TRRIRESE o e presgnidpisiop gylkbecome more
appa@iitdrofnahaolgvifg detledsiegtapimh bof thopreentsnvention vdergaltee in conjunction with the
Each first sidewall spacer has a pair of
acco agﬁ%gﬁﬁlgﬁs'ext endi ng planar sidewalls that are
subst ant i al |1¥g arallel to the gate el ectrode

R@W&%ﬁ ONQ PB@W@% i npl ant ation pr ocess is
mamlsfetcalteedaqq@équp vmhemen ast@lelfhe‘llol%y ot her errbodl ment s of t he
pr @%ef] Hepicﬁ\ﬁ%rﬁrhcﬁﬂe We R DR AR trébiSaMRinE AN EHE tfEerdia MéctRance with
npri si I%Saa substrate, a gate on the substrate with
p“"rtaﬁgle'ﬂ%ﬁ" gHavi ng vertical sidewalls, and sidewal |
s p mgex slows'l'threstrsdudevﬂ#lg 2 giira e Suse/dnaia nowlalttdtlen @edes has been performed.

I ! a i i N2 1
oxt g 1ot (bR Rifes el 900 M SSRASERE GLIQMAAL one phase of

maanqq@reglala@ordp)@?] W}ttnﬁﬂllé)ﬁlgr@ats eihy Er@spré}rnavieﬁlop,ef@lllw tgler @posmon of a spacer

JayerPr OVi ded that are defined by the sidewall spacers. The
];fo% g’%@iﬁé q{u%titur%\e/oré rl?f Iezg %‘1] e\rM R ’de%)g’goencotf% ?egtl\%g%r%{%lqgees%acer layer, in

accorﬂmmrwﬂtﬁelbﬁ@mrxtmfﬂngpl@@mam{e@@ndescr i ption of the present

' NYRNE HéBQtsm%ﬁlucE@é(ﬁrhé B £HOWin e bR WiflebrdiddBve layer in accordance with
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE

embqeimRif Rf(% presént invention.
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Fig. 1 is a schematic, cross-sectional view of a
sem conduct or devi ce during one phase of nmanufacture
anoammmsdance with prior art nethodol ogy. Fi gPC2/US2004/035407

?::lllﬁ hs the, str Ct “g%lgog fo'flloxgm ilhe %H g\M ﬁ]lEg ﬁﬂaz?egtl%grpllncaccordance with

GPE6 Porwe grﬁa 5 i N accordanc
embmm&bﬂh@)gpseglnvgntlgn 3 shows the structure of Fig. 2

af tgy. sadeﬁfaéé ftﬁeeéu%aﬂerbflmlﬁm{nag la Y3 urB/ B4 £ $8pl RS0l BRBess performed in
per forme schematic, cross-sectional view

IS a

accofﬁlf‘*ncéw§’é?ﬁﬂi?6‘|"r’6%%?fél?e PEFESP @B ¥ i ng one phase of.

manuf acture in accordance with enbodi nents of the
DETRIeEEDESARIWVEBON O5ITHEISVENTWONg t he deposition of a

spacer layer. Fig. 5 shows the structure of Fig. 4

af t1de preppat @é@@@l adidrgssesognd aolmsdagcé)@ms \y@atcpdaty dhe fgpmafippoof spacers and the
sour&m?eﬁrﬁiﬁlpiaﬁ’tyt% dos’e Brofife %Mddﬁ%@M@SF{ET @tam(ddcﬁfﬁ[bkﬁ IprarEl&h&r the invention

i nv S

es e ent |
v SO G A B EPRGUET Pyl (BB ELT YRyt o vita D-
shap¢ fhatzedioesddandhehrmigh Hurggiiedowreriirgn giplanfagonmressemegrading the control of the

1mplluﬁ]vcﬁ§at brgﬁe Fi Bre 1Kve§mv§h1t3%§ 1ﬁ£15%%ﬁrﬁ s 1111:151&1{ dBse profiling during the
[ow ng the etching of the s acer

sour @Ea(’)‘]‘ HrphRiataR) Hf‘l’feséd’%c?&ﬁ“%rﬁ Whgin Tlﬁe‘“ﬁ’r“é‘é%rﬂ -ShADGY) &RREST iy, the gate and
emplbyifis th8spa@phsCitrsask fieing the sudtcei@inGinplkritadion gro@s IS[‘lge the spacer of the present

invertiol 4Se / gtrh%i/e a t’#ﬁpejr %%Eogttﬂrg{%{l %8? ﬁﬁﬁh—&ﬁ{ué m!mnthe 1n.vent10n provides a

accordance w I nvent1 on
precifyESPAce/frpin HIESAtmT daspprofling HEA fu}wmamew@e ewased gonformity provided

due foliheakp Qvalidr8668SfoARGral MeSiepisHbil. emss 15 @A Atpeithnt Qividie for deep
sub- Ialcrog%Mog?'Efffabgcgggng Elgceaa % %F%gﬁc%ur %1/1 rcrilr e use I'{Ql q%gta)a?eco?c{] spacer due

dvance tec
to thpmptqvmoeﬁomuwbargen spevstsiatsriheppfere n@ﬂ’dstp@eamse’ﬂ@ arsmlm righ.

to gde el @éﬁemﬁcy cloldstHastal Qitlels £daRicabudd edeaaaeﬁrng one phase of
created in t &Erlor art ﬁ\nthaDshae

man et A YA PN Ot PERTRT o™ HhF i At tnete 30 has @ g
electprl©8% 984 asthepglysiliion gatd, Fremgioirtqoo by ahventieali terphiquet. Al ewese/drain extension

form%og}‘pfolcgs is }-Ji]rﬁedl Qﬁ@%hh 52 ?tg@ a%\éﬁﬁsld tmga‘?evs%ﬂ%alh &t&agns 36.

ant dose profil Qng durln the source/dr
| o e d? B SProNAL A (e eBETer. AP HBGHnEY ity ese 32 are ypicall

formé®By a@GUtding (dchEqapeih sP@LEVe 0N etchity GAEE ainde eubthiliyilyngertical and
pla .4.he spacer as a mask during the source/drain

o npl antation process. Since the spacer of the present
i nvesredeplayed dbis shaym dpresitsd an tha sybeieate 0t oS bagarugh WipFrager layer 34

may B&REdR-dF Hﬁyoédwblermel/ecﬁﬁ Gldtesial {06 ds f&\hﬂﬂdd, Soxple Qilllod&sdw’iectnc material, etc.
rce ant.at i r of.i

ise s
oo PiFish oL AP e e S LR B BP it e
deptigerghitloess hbths tpewplaps dbinaldided Iarlldowiqwgldﬁr@ Flpanf@rctw@él width gfithe spacers
that #8) %Qél'tu'élﬁ}p& formd Strel SicHA ot HP%at:@ nJyeIéBdV ALS e)aceﬁif)laxg %ﬁlgodlments of the

sub-m cron CMOSFET fabrijcati hi nner
invenfiam i PaeH Py ey BB IR RS PRPaee el é et 8%% to

t hén d_:oﬁfmhmneldechﬂdju‘eo rheifdripatioh af tjespacsplaedis ﬁ;ﬂewetdlb@ pref@iopic etching to
form@%ﬁ]%‘ra Llﬁcefrso Eucl‘ij S‘s‘ﬁ%ﬁ&éﬂ 1HVF %f‘% %?hé ellt%qveng oh quwevgll glstea% fbrﬁls Qprotectwe

t1c, cross-sectio sem conduct or
layercigy prowmin Fig Dt jsieanfermsily ﬁ@ﬁ%ﬁﬁ%@% J\Eépa}C?f laxet 8- d APrcwaterial of the

protedfive hhy&mb @i frapaat ﬁonﬁtﬂ'le hheridpfoasiefNthe spasteRidr 4. In bﬁu&lﬂa@ thedmaterial in the
proteghvle lllager 45 ahoHld %e §u8h t%?tat 19nott su%;%an%cl%/ e%geed w?fleﬁ the %)tacer f?agir ?4 is subjected to an
etcmtnglm'ﬁmaq;g@g_ etchangdmod]ed \mr@g dpripg the ntg,lpmmof the spacer layer 34 to form spacers, an
etchant should be used that is highly selective to the material in the spacer layer 34. When the spacer layer 34
is made of nitride, for example, a suitable material for the protective layer 42 is an oxide, for example.

Further, the material of the protective layer 42 should exhibit good conformity.
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formati on process is forned, enploying the gate 32 as
a mask to create source/drain extensions 36. The gate
wGZodsamsizdevval I s 38 and a top surface 40. ThePCT/US2004/035407

dﬁl‘f’:\?‘m}llglneSS o% the F}o&é@& qu/'ére@qﬁm%?esg %81' tﬁe@ }t}{e rﬁ)gcrelt"ﬁ% QZV 1n%mbod1ments

dry e such as react |vzﬁ
of the Riefeyt, ln‘aﬁ@naF@ e@&lﬁl@t athiekmagsiofbepreaen thewt| 10 Arfel a‘vm&ﬁ% maAbe employed to

provﬁiQ ar ﬁeqda@)ﬁﬁﬁec@tﬁ td ﬁ:le §imﬂs 4 %@ﬁab&ﬁﬂat@ﬂl b8y Beh Eli%ts&c@t@ayer 34, as
over

4
il g A PR O B ORGEah FHF e AP Bt uposh S a ticess
that priotidds d eyffi@ent axdudief patettonidkihaliidelvaltstof the spaeersdfoin@dl frome the spacer layer 34
is nelcp:g %Qt%%‘él%tlvglgpo I‘ Q:ﬁvthyeMs & a%ﬁm @du%@rﬁzﬁ&ia%gs amd lﬂﬁ)'@essmg time.

as chem ca osition, for exanple. A suitab
deplih 6derigthihe Kivyerus 06 g4 HiellepngAsetchigy Biocesyto g By Pr@@aﬂve layer 42
excepi¥bnk ﬁle d@lﬁlﬁm}dﬁféhdmgl;ﬂlawilb of iephdeldyensathdn alebarmlaeto ﬂﬁaﬁemus 38 of the

gate %9 %erse Teglolés o? g’f prqtecgveqayer 94{ are ges%afte%rm&ltrﬁtgrexgg numetral I]fg fln Fig. 6. The

spa N certain éxe
etchipf s aj dr:w@mﬂgowch tshaeastivg dar etdhing e The portigaged dhetpaaiectivs layer 42 are removed
excebtthiGKNRRiSaI9 Extgﬁﬁﬁﬁgﬁn@hoﬂkoﬁ/@t&oﬁl b9 e@lﬁ%&ﬁch&@@: hhy bk Elnployed

Con\/ent | ONn tec ue he for mat

o0 T o0 e stsefo o Ao At Myl b B r e b Rt fo spacer ave
34 ald ishhap ﬁcfrosﬂbccs&bs&ate SQald fias otephegiremirfac 40-pfighe fte elBbtepde 32. This action
P38 h B EAL RRuASVENSEu. ot ead Tor e 2 protectve

er 42, a5 shown in .5, that is confornall
ded&lps e cehing W%Ce§p‘31€@r mwa%rthesa Iy T Ofyait E9UORIC V5f eigih e protective
1aye1p¢4odnetﬁet v skdaweds 524 thesspeliefsf4g rpmﬁctsftmmobheyemmal &lom being attacked
dur1nr%a{1e etcrﬁgxfg tprlz)ges%s ﬁe%ger vI cg.lre Iorvsgés antlaﬁ]l}/ Q%E ?5'1!1“{ %{jie%aﬁlg ) oﬁ']the spacers 46 are
createh dp criogs-spagion gt S@e%ﬂs‘t%?ﬁhlblm llegialﬁvlelﬁé@e % &phapdl e Thyrarcess 46 therefore do

not ﬂr@éﬁ@é th&%uieﬁreﬁ&@u@:@ﬂtﬁﬂ td ﬁn@lﬂhﬁﬁgﬁhhrﬂ@ abcyur@/dﬁtﬁf ﬁnblﬁﬁﬂlt@ﬁ process.

S p é%%oller?/gl‘?lg I;m%%taltlgn grgce?n 1%%ertlérme as g own tln IE % rg%gto o egtﬁ lscalrck?/dram regions
48. Be@usetohthe Istwphoighd spacse|46cthe sperce/drain replana tlese mﬁlelmprtﬂm and does not

extelﬁgﬁ@e%{eath a¥ %ﬁtelgéﬂge o\f\h@ Qpat:éﬂ@4§ Q@tﬁ(ﬁlfgh h@}ﬁ%{ect%ér ?@nm% daf)lcted in Fig. 8,
tride, fo bl e materi al

this ‘B’i‘baihglé‘ft ls\/"é‘erfllﬁ§é P‘ﬂ&? ip §th%fr?m89ﬂ“8%‘ts the Py feians 44 g Trapved as being
unneth@rynsitetd ebhigfof thaepaoerdiyecid Vithe lagly eff pretiXtighregidnd 4¢xihidbiate very thin
(suclgagqg ar?g f aﬁ}yevg- %oés 'ﬁb%%ea%u&gblé e!}féct RBh 91% g&ﬁﬂg\f)?oﬁheaa\éﬁéved by the I-
chE es 'an that of the spacer |ayer
ShaP%*rfB%?ﬁﬁsﬂ%nt s of t he present invention. For exarrpl e, a
t hinak ness vaficab etune entha baeitsidkQalld 5L @f &b Gkt sid&A1 Apdedy 4Qen improved

I d.t
confo %\%é)? vidi (9 %opflﬁt}{erq?m %eé)og 9 q&l?l"ti gs gﬁm%%c)enccfrf a%&o@os%c{ewgl i_pﬁcer (shown as

secoxglg;a]@@rﬂl spg:yre p4 rg,qlashglémwj ip Figp Alesnativelys confopmipydpalogereved ffor other film
depotifiés et QQKtérU&nécﬁM%‘ AR Rcthié mhSiaRV e ANkk R@ENRSoROrmity, a thinner film

t hi ck des ff
oo e e PATSY  R  E53 BB e o i
with h gma¥lecbitbl om t he spacer | ayer 34 is needed, so that a

r elT‘ﬁE bx‘é&htyln\;enﬁdﬁ tlRfs %o%ﬁ&s' V&nﬁc@ﬁ/d%&or%%wbesang %lh()@h)lr %afqgg the same that
reduce material costs and processing tine. Fig

exhibyis p mete sontqed spyrs(draify impignt dpse grofils singp theggis hfglmahntéttoe ﬁ?fﬁ@aﬁon from the
corndd baﬂe@Scet endraBoailoys lakper s@ﬁo@lts &a dévices Wistysiralled gitoBX C e pt aI ong

h %tltﬁoqlr tl%:;l)rlssgr}ta \feethQ:: 0 t e S%’(YgLedS n?flllﬁggedslg acﬁgﬁ it ‘rilsygr be clearly
undesg)od Taeke saﬂ@gis dwisvag fof fllstraget pndegxppide ply @rd 1441°taFOebe taken by way of
limit&lR8 |tlgar§@(1p§ o ¥ frddedt ﬁlﬁ/&lﬁ@rﬂféﬁlg ORI oAly b¢ the kebinddf Ghe aﬁwndﬂﬂ&alms

etchlng is a dry etching, such as a reactive ion

etching. The portions of the protective |layer 42 are

renoved except for the vertically extendi ng regions

44. A conventional dry etching technique may be

enpl oyed. Fig. 7 shows the structure of Fig. 6 after

anot her etching has been perforned to etch the spacer

| ayer 34 and renove it fromthe substrate 30 and from

over the top surface 40 of the gate electrode 32. This

action
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fornms spacers 46 on the gate sidewalls 38 of the gate

32. During the etching process, which may be either a
wanyosaiceds2zor an i sotropic wet etch, the protecPCYAIS2004/035407

| ayer 44 on the outer sidewalls 52 of the spacers 46

51@% spacer |ayer material from being attacked
.WHgtgi %qgtchlng process. Hence, vertical, or

subst antm&he&&%mgeé acepua;n%rnsﬁg@lem@sl s 52 of the
spacers 46 are crea 5

In cross- [ th ace
26 CERIIBS 10 86T AT a0 g & Fiesieafnde CEYRERE Tip sutace 0
end&ﬂasﬁlgfe‘&teﬂﬁlgtshe&f/aﬂiﬁ @ge do not pr esent a thin outer

region suscepti bl h during a
sogﬂr)cel}gda %ﬁﬁ'ﬁ)‘l} #g%;% %{1%8'%;% 2 gjég A source/drain
i nsiching e ipeiectie dyey42)ite repevef tb«? Prefectivelayes Kgwhom e mpager lger (34) over

the tbﬁ)s&fﬁc%@(ﬁ 0B ERELA e 132) 8L BRaift Be pRBREBY F9erqh2) ol @e spacer layer (34)
he source/drain inplant

s
Pmﬁ@%geﬁ%F%W?Fkﬁ g%gﬁgﬁﬂggngﬁé&does not extend underneath
t hestobing: the spackg &yaf34) weespa derspace GayerAB4) froudite stifsgate (30) and over the top

surfe@g b?&fttﬁe te! eﬁ:g&oqg @2{11% f%lespgc%fg' @é) @Ig thle ?at«':: Elgttro& (4@)'%1% each spacer (46)
odi men i's exe as in other enmb

haV”Eﬂ"Féfo Sbgfpngialfy; Yrgicql e@%ﬂ éxtsrfdegrpeﬁ%@&w&éte B‘%‘i‘fﬁi}f oy (38).
unnecessary after the etching of the spacer |ayer 34.
The. | acKrheinepoddfeletni i evhereig ibe Igmcet hyerVif) Gllemeied war thicknbds greater than
fgsuch as 10 angstrons) in any event, does not have a
noti ceabl e effect on the doping profile achieved by
t he Ishgfed spacers 46. Due to the vertjcal natur
t he’ out erPe Geledhaf ofeim gowhsyein theaprptpqtiag layer (figys fermediq eé?l%‘mess between
aboudt 6) A anbourpooddzed conformty is provided for further
filn1deposition such as formation of a second
Wal l Jﬂs, B‘é&l@& of(%a\@mwﬁe?ems il Qlﬁger ?alyg%ﬁ'lé a miRAE gﬂdsthelsé’rotective layer
ashe [1Tnes in 8). Alternatively, conform
@mF%m8P§b i nproved for other fil m depositions, such as
i nterconnect |ayer dielectric material. Due to the
I NCY. eas exlmerhdif o forhibya seAicoiineielevitel, tompdeypatd stepon for a

Secf&‘il& SRAS %Eeh%@er(%%\f[i’r% v??ﬂé(aug xR Sé(egﬂjhs (3—58 o8 a F@Kﬁé (30);

| ar ger 8spacers possi evi ce
p| tfepning s1ﬁ)qxx@g @}qferq G enthe grie elpﬁggdeﬁﬁ?dﬁaﬂggst éldewall spacer (46) having a
pair SERIHIRARN Getddy pAeAt isidevaBi G2y Bl AR dubs@fitialPydrdlel tb e gsafectrode sidewalls
G&th t exhibits a nore controlled source/drain inplant
dose profile since there is no inplantation
p e rretforaing @ poufoe/draintimplantatiom with bé saterpiectqda (Y and ghe dirshpideayall spacers (46)

,n%gggd@@a%hggg@; spacers for devices wth snaller pitch.
Al't hough the present invention has been described and

|l ustrat ed tail it is to d
I éfj St L glthe ‘pd| Og gﬁ‘?}l’l gwgg}ér%? tlh? ft‘fplfg ?Orr%lfl% gﬁﬁt sg%\azﬂ R%C ?3%)01ncludes:
o ni dypoalnug 4 spacpdyet (B4)lveer tlglvahtray (3Wayd e gakeictrrtre (3@h t he

SCQRmi Po'ﬂ:@tld@'i SEM o AY SRk B pg |imted onIy by
t he tegns of 2@ Qﬁégn e%ﬁe ﬂx@ﬁ%HA S CLAI VED

1. °Khireih efate%slrve W g e Spra dper (% f?ﬁ?‘?”é\lerﬁj“f‘ﬁ‘é”a&s%‘g (40).
dep03|t|ng a spacer layer (34) over a substrate (30)
and. a gathe metheiodf cloithed, (B&3in Hhaviemef eghihginclgdes fieehiigl@g protective layer

(42) Wm}{\%rtﬂel &%;cluye IQ%E gﬁfé{éﬂ)t ?ohqg}ﬁ@ih;l §xtén§i§2 p(}rti(?l%%‘ tlﬂeg p@tective layer (42)

tecti ayer e spacer
that e% Elh‘lah%j‘d fqbéarﬁﬁlévtpéellql {reihq %Sﬁé}“t(oﬂ?%‘d"t”éusr( ve the
protective layer (42) fromthe spacer |ayer (34) over
t hes. t op Thbl mbB&KL i) 7, dhertih ehe giap & eehiag fuitxd encludsd ptchifiglthe spacer layer

(G4 10 3r|2 ngv% thrt]a si[)ab:eer lxpyero(t?;scfrom tge su@éﬁg{e (;Oﬁ1 Zl)d oger a topesugpc%%&)lj 01l Y Ea'ie electrode




parallel to the sidewalls (38) of the gate el ectrode
(40); etching the spacer |ayer (34) to renove the

wepeasacodsayer (34) fromthe substrate (30) andpovais2dohess407
top surface (40) of the gate electrode (32) to form

- spacers (46) on the gate electrode (42) wth each

(32)slpavingrthe éhader hgeri(Bh) beweensitib sdt@eitdtradel sdewaltst(B&akd the vertically extending

ending parallel to the gate

portd Sg"g?{?%ﬁgé"tév?%%?ﬁgﬁ s (38). 2. The nethod of claim 1,
mhereln the spacer layer (34) is deposited to a
t hitkneske gresg Erlaing ﬁur%ef@mpremg Toraing bRy sigswall|sgdcen (424> in the first

sidewdliapbdidd)he protective layer (42) is fornmed to a
t hi ckness bet ween about 10 A to about 100A. 4. The
ﬁ: ??geolg‘e %et%{g}cfgf % grelg ! heace% 'Pa? 1%'4) 1s%¥cﬁed vglél% etchagta}:hat is highly

selechva g th grficas fayr é?‘%“ﬁgio%i nsféhﬁs@@mﬂm@ﬂﬁhe I@@Wlfﬁéayet:(é@pr i sing
the steps: formng a gate el ectrode (32) having
vertically extending sidewalls (38) on a substrate
(30); formng first sidewall spacers (46) on the gate
el ectrode (32), each first sidewall spacer (46) having
a pair of vertically extending planar sidewalls (52)
that are substantially parallel to the gate el ectrode
sidewal s (38); and perform ng a source/drain
i mplantation with the gate el ectrode (32) and the
first sidewall spacers (46) nasking the substrate
(30). 6. The nethod of claim5, wherein the step of
formng first sidewall spacers (38) includes:
depositing a spacer |ayer (34) over the substrate (30)
and the gate electrode (32); formng a protective
| ayer (42) on the spacer layer (34); and etching the
protective layer (42) and the spacer layer (34) to
formthe first sidewall spacer (46). 7. The nmethod of
claim®6, wherein the step of etching includes dry
etching the protective |ayer (42) to renove the
protective |layer (42) except for vertically extending
portions of the protective |ayer (42) that are planar
and substantially parallel to the gate el ectrode
sidewalls (38). 8. The nethod of claim7, wherein the
step of etching further includes etching the spacer
| ayer (34) to renove the spacer layer (34) fromthe
substrate (30) and over a top surface (40) of the gate
el ectrode(32), leaving the spacer |ayer (34) between
the gate electrode sidewal k (38) and the vertically
extendi ng portions of the protective layer (42). 9.
The nmethod of claim@8, further conprising formng a
second sidewal | spacer (44) in the first sidewal
spacer (46). 10. The nethod of claim@8, wherein the
spacer layer (34) is etched with an etchant that is
highly sel ective to the spacer |ayer (34) and does not
substantially etch the protective |ayer (42).



