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et SR eI G BL Dttt 10
angstrons to about 50 angstrons and in particul ar
embodi nents, is about 35 aitstrons. [25] Fol | owi ng
the formation of the thermally grown oxide in the
oxi de layer 18, first disposable spacers 20 are
formed on the oxide layer 18. In the exenplary
enbodi nment, the first di sposable spacers 20 are nade
of nitride, for exanple. The di sposable spacers 20

inventi



such as 5 to 10 am for exanple. A conventional spacer

formati on process may be enployed to create the first
‘NQ$°@ﬁH§ﬁHIe spacers 20, including deposition 8€T%B?%¥ﬁﬂﬁws
Aft

tride d ani sotr et 26
oIl P P PP TR OTER £ EPRkyES 58 Aty » comentona
oxide gipd, weﬂtinayethe shigcturgofifid. &t Thvusedtshing hasdle it dfgerhqvimg the 22ide figr 22 and the

ox1deQ?ﬂ?@@ﬁ&ﬂ?ﬂesuﬁ&eQWé§ﬁBsﬁgteh@ Fig. 3. For exarrpl e t he
bet ween ahout

[30] Agﬁgtget ﬁelaﬁs@l ‘thtg% Rxn?ef IBzFr @X%drﬁl?e ox1dg| atyﬁroldi O%E’ﬁ &yriace ofstge substrate 10, a
selectivdepithaing goeth pn@yss epednmbdipattawnirdidad siurceldpmntgiang 24, modapicke in Fig. 5.
The SBEG BRER! may! b@‘é%%kzﬁ@nal LI%%Lr RufiE Mﬁ% %isfp%o%éss %&%& faﬁrt,cﬁshe spacers 20

ar e SOthln he etch process 1s a
and th ﬁ*éridﬁeﬂmlverg‘rﬁdwe% RHE98 EBph piche RoRpileon |g%f9 Bpoegd 1474t oo semo time,te
relatively vl adateeed4] pyodii@ anl hdeSuateRefatagonf distahcel b@@deﬁxttheﬂﬂgdéf)f thdRised source/drain

regmnpﬁul a¥x§h1!3 béﬁ%ﬁlc&}&t@ﬁ@it%&e 140de 14 for the SEG epitaxial

e nitride layer 20 prior to the
{31] Agm@fmnéir gaicy of nijigdeyang gxjda etchep are Higrperfagmet tocczpate e structure of Fig. 6. For

exampm mbdmlnea hdﬁ:ﬁﬂ:cﬁﬁhoﬂicﬁ@éﬂleﬁcﬁ tol rBnd¥e fie m&lbieem@&wmph&fs 20f 24t A€ an HF wet-
etch cange use(? E} removcri hxe oxa&qg {s qg % "}he r%inuv?lr neda en are s ar crea 39 Eﬁ&m use of the

I"ayer on-top
doublgj m@sam $peerst28, %t @ﬂuaﬁgds tﬂerﬁéadpwffweé@m@ﬁ hqlch @ngma@e@sm@lgh—txlt) that

may o@dul' %V@ i the rf@&ﬁﬁiﬁt ereﬁd%ceVMiU forl Jg o8l %ﬁa@ﬁg Yo faQeradW @lilY isolate the
as urn an

polysxlgo;h %aée qﬁec?ctdgg él%}/etlwéo @%r rf:'o'r érreat’ﬁf‘ {)ﬁ, PYEe 2L, Sélghag g?fglad in the prior art.
The sighuefi thegsetdng dispasable glrspos abibe isEamdmtlP6f fosimatf thngaptliper 16, thereby

solwné:i@sﬁ?teé BMES o MR sﬁﬁ@wﬂg eflfe@@tforrhég BEftantshiAR thg J%E&gésel fhlra] ﬂ%ts $eD8r disposable

att n|n t he narrow gates
spacery U1 F GE R R ip Ut 515y SPGB G D dans
convertibnat 1€8® nop DC@ipRiged taocttplblie fdinspastbt emepaioas: device.
[321Figs, 738 gl@gjﬁns%qderﬁiapgt%\él %g'ler [erﬁ‘l%lriirl#gé}s Eir’] e gesen§ xgrgtﬁgn for forming raised

| sposa spacers 24 are oxi
source Sipin: pisEmIEBES g9gicgposabl e spacers 24 are made of

[33]InFigl 7,6 g% dléctrdided&has f)&h f@m&rﬁlﬂh@ubsmomm atg@te fiﬁrecﬂﬁcdizi pfova@led. The gate
Su C S S it

electro&e \436 aggollyrsﬂc rg% a0 % JF]I cer ain eglbcpé{me f ¢ n]]a {aapr% agle of Iszhcon nitride, for
examplws |P§JV1§¢fbweé19 @@iysﬂtchle gatt Pqutfd‘é? %iapThe@yxehyex 66 iy bb enaréfe ﬁ'@n as in the
embodn@ha¥ Flﬁ@'l ¥. biteRniWolnd 18 S8QRNEhdhiSBAS 8 Rl@naSPRCEFiSvidd on top of

S fflClent
e car R TSR P Pt o Bl B SR oo Gase PR,  sueble
hardmaglo hyterital imep he gjldoe orille dtrrepataple] 4lioweder)/ Ehe? OGB4 BBUYBEs may be employed
withouf &B %;ptﬁé Qg %16[[)2@%1“ Ex@éxhlw (Ekﬂvéuhﬁlalf 19&}{5@&}6@& n%fy vb Iaﬁployed to
eco di spgosa gﬁcers 24, the oxide |Iner
Cfea*e‘g PBS?“ g%w\éﬁ%ﬁ ?faFarh%%%e%‘t"@ﬁesp?%@ &Eteﬁnmj“meﬁt ¥R 1
[34]FisB rdeuidta,theeSnméturEbgF ig. 4. foﬂlaﬂmx& tixt fodniatign di a sititdnenitedefl@ei 400dver the stack of

Fig. 7. GIRY hﬂ'ﬁe tla@fgr 4@%&9@% I:Q Bifst &%aogagg s;gate Q)fﬁggi% njﬂ%\(xg& %q%rent The thin

fromthe surface of the substrat
nitride F"‘é‘ﬁtﬁ‘@’a‘?’h“‘(ﬁ‘fm%mé b@%@&é A ée abpyt 28@51 fOﬁ xaglochad [impgrepin pgbodiments is

approxfita@M 10 R@, wdyrbk aﬁjﬁedﬂyfy ah&ﬁexﬁxﬂz@hétlﬁd@loé@ Thénitr8€la@e 80 d@ers the sidewalls

r.oce d to create rai sed
of the g%@ eﬁ&m?e 4 agc[ a?so cover% the ¢ 25% am‘lS théd)harcmafk “in Fig. 5. The

[35] Af@:_t@ cf@p@é:@g gf thq;ym B@coa ngmq\}zg'mqemamd@hf@r 4fipdepesiedrlhe oxide Liner 42 is
a high t@\d}ﬁdrdﬁ@e thie%ﬂ’nﬁ)oﬁﬁéém 18.he sfibtiSthickiesROBRE & HBRGEHS, R %xample, and

in partiiz%aé aﬁg Ia;gpécixrnixa&e 5 @rgtubceg%/lg 8:31‘% ga%gltgz nc%{xv%{n%,?lga o H’g&? ?rofgrmmg the
high teryrpentureaxlda miay/ e wyedwiTbisstraquac is depicR4 ipiigduce an adequat e
separation distance between the edges of the raised
source/drain regions 26 and the polysilicon gate
el ectrode 14. [31] A conbination or series of nitride
and oxi de etches are then perforned to create the
structure of Fig. 6. For exanple, a conbined
hot - phosphoric wet-etch to renove the double
di sposabl e spacers 20, 24 and an HF wet- etch can be
used to renove the oxide layers 18, 22. The relatively
wi de open areas are created by the use of the




doubl e di sposabl e spacers 20, 24, and avoids the

shadow ef fect during a halo ion- |nplant (u5|n8
WOROHHLE4t )t hat rray occur later in the fornBETEH2006/014698

[36] F%r Ffs‘ﬁ&?s th Séﬁgxgg%m%nl? gltcr delp§31t1og o%P 9 ‘?u%xb laéer 3{? 2'% egds 0&%1%&041 mtnga (% 2., SisNy),
The spapgs riaéeﬁ"*é isrigfateyein gisker ﬂm tht’ h@oeé%aﬁr&fw e Aﬁﬁmlagahxs}mess for the spacer

layer SUEAppRKimbiky T8k, lafd Jahﬁn@mbmenaﬁiut 20 tEl'ElﬁmtSm(Zﬁn @Jr eiaéﬂ@e
S tun enden

eeESaRt SpRRN e SRRGSEPud 8 hURERPMGEREROET LI Ol co e
secon¢ éllszmaél‘} spagers A frarh &G@mcmgmeﬁfs eCths sifacar ldyerl 4. iTirp k@intismisAy employed
prefer@dﬂﬂiy%ﬂ;ff& el piBde ahd\@ed dof &Bst'cﬁlﬁillygfch the SR@S ARhE, thegcgc% @ﬁe? 42 is preserved

oy W BT LS Sy S o S
separaiomiveshicyable httween die edssd svarge/treinethgy williedorined 2t bidds ef thdywlysilicon gate

elecucfdé)ﬁm&%ctgémtd%tél%x Q'i‘dUCt or device. [32]Figs. 7-15
entlgﬁnste ps 1 n other enbodi nents of the

BSHHJ&!@&%&W* APPSR rerarnihefidedr sady nedlr derdiagiohstynollows, to
removg Gathbolgtl oft ndiidedie io@els:. sufid8 df thasubsirgre 30/, AtahiQii®) the hardmask 38 protects
the reﬁ!ﬂ%ﬁft tiulg gﬁtg%e“’cap ga?y%xg?be rzan ﬁlre rggrgb %}or@ of {Smc?ét Jn?télgrtxd;%o é}em% galgewalls of the
P°1Y51‘a°°b&ﬂtvéﬁ°F?de oh W'&ézfeéeném@csf %ﬁ@m oritie Thaubsta B Hinge ppgsed ouside of

the secbndciposhlily @ced@s. made of silicon nltrlde for exanple

[39] F%SB%I;()% t]gee %-gcgu Brhﬁ:b% Hglf%%{:vin%%%gecgi% ?pltaxf éro ggg%(é pr?%cﬁsts to create the
raised é?“fﬁdg’@s 4§ G@iwmet}aé REG prdopsoriy pankernfel i pregfe o rrpilyd chource/drains 48.

Becaud D @@ ppRetis: onatheh ARSI IR thS o iefélﬁﬁgorp@tet Rk 341 D&use cars are
ardmask may be made of a suitable

h
pmwm%ggﬂmngm%PﬁWs$ﬁﬁﬁ fromthe cap 36. For exanple a
[40] A gitride gioh & theh perfhrmped ihavagoliy dfathichrane doeotsliih Figoid. Okd wigide ¢tdrremoves the
second%@éﬁm}@spadéﬁw@vﬁﬁs is Q)tllg\ﬁ{d @UWefiabd & FI&HB‘*} by &l e&hﬂ?yte;p@ remove the oxide,
e

artlng fron1t sco

suh o PR e ), e S PP A USRS Bgitaloviel bpismove of e
oxide, Grpitraly eap 14ver 36@!‘@@@ embdngs of tha Cikst digpsabl gacdraORieGemofed BUCKIride etch.
This 1e§§es tﬂﬁ‘%&ﬁe @rﬁiﬁtjmleeag déb%%% lﬂ%deaé'i__ml J?nbgcﬁﬁ&? %f" fé ? t I}%rther processing of the

nbodi nent
semmogcluf:taxbdtewpeem%ffthepP@erfqm‘eq) |Sl|lCBW Sﬁbrcq/ch@n ?’@ﬂ“ﬁﬁt qnglﬁnthd halo implants without

concensi régaddg utdetifablel Blodkag OF thé Gndac@reithidd By 5161&6 KarsOdr shakfbv@effefts created by the
raised sgbijcé/cﬁ% bt n& {05 glgse ltoqxeesqdeégis o?l% %o Jsf’ﬁco mgate electroe?e

osabl e”s fent. The
[41]The hrewnt iRyestiop ales nr@yﬂéﬁr pra@yctiophioghy meledped fwmwesnd @iyoefdraiBs that may be

utilizedt i@ teﬁﬂﬂﬁ%@l&ﬁﬁlaﬂlm 65T@f an@%aBP)| £ weR AL hbda t&ﬁr[o‘o@'eﬁgreater than 65 nm This is

i SRR TSR kB SRS LTRLSl 0, D B BT CEISE, O
fﬂﬁmﬁﬁvvéwﬁmphaméﬂdemmmhwm.of the gate el ectrode 34 and

[42] Altﬂtlm%@ th6 P¥RASnVehlBn §A @ceﬁ@le@ﬁ&d 5&?1%111]3@&&'1@%;1%%3 to[bg %ﬂear@fu'h&%tood that

tion of the t ilicon nitride

the samg hsebafag & ltsisdn 3 efwgwlféﬁhﬁwf Bt f@r‘ﬁéﬁ%&&)wwor Hfatia i gooe ofthe

present Zviritigrhbeing iip@edahlybe the xerokeof (Heliifpended daimexanpl e. A
sui tabl e thickness is about 3 to about 10 nm for
exanple, and in particular, and approxinmately 5 ran
in certain enbodi nents. A conventional nethodol ogy for
formng the high tenperature oxide may be used. The
structure is depicted in Fig. 9. -5 WO 2006/ 135489
PCT/ US2006/ 014698 [ 36] Fig. 10 shows the arrangenent
after deposition of a spacer |ayer 44, fornmed of
silicon nitride (e.g., Si3N4). The spacer |layer 44 is
relatively thicker than the preceding |ayers 40, 42.
An exenpl ary thickness for the spacer |ayer 44 is
approximately 50 am and can_range between about 20 to
about 100 nm for exanple. [87] Following the
deposition of the spacer |ayer 44, a conventiona
etching process is perforned to create the second
di sposabl e spacers 46 fromthe silicon nitride of the
spacer |ayer 44. The etch chem stry enpl oyed
preferentially etches the nitride and does not
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25

in this step. The second di sposabl e spacers 46 are
tunable to provide a desired width, and therefore a
desired separation is achievable between the raised

source/drains that will be fornmed and the sides of the?f;_-”'ﬁf‘

polysilicon gate electrode 34. The structure is
depicted in Fig. 11. [38]In Fig. 12, a wet-etch is .
perforned to renove the oxide in oxide liner 42. A .07
ni tE€LASMS ch then follows, to renove the thin layer -
of nitride 40 fromthe surface of the substrate 30, At
this point, the hardmask 38 protects the relatlvely

thih ni tAthoda fdrajmraiss! soared andwraipandas,ratiposingthe stepsi . .

O g0 ek b iR A ddi A PLS L 16,36 pot ysiticon:.

gate electro reévent nouse ears fr

f or mi ng.foMhiag doide dkaitcsaiﬂe)suasermaw fﬁxﬁ@%obnmatlsssdewdl ofthe gate o

t NeaBoal 44048 g@%@ﬁh@ di%@!%@{e sgﬁ’c@rs 1639 b g{ﬁ 1%&@&%%& mmde

the structure a“sele

eplau)aceram,gmmdm s@@ﬁ@)nltpﬁgewsrstzﬁ aﬁeapaateﬂémmahs eﬁist mtndc T

i uen onal SEG process is
per %%#ggﬁ4ﬁﬁgé§o¥ébfﬁ ?ﬁ?%ed source/drains 48. .
Because fofmit eniget stwrod/drain regiorsi26; 4§ ehetha kitstraw d 0f 3(13 atmbp

or event CPRBH I SPFRgSbeTRreSpR gt o S B A i Se

etch is then perfornmed, the results of mhlch are

obhna o of i L ek s e B B G4 S o e gaté__ ER

depiletrede 14priorgo fobinpjnglilye dunbletdidpbaaglespaprst2n, R4y 46.1 h e

oxi de, such as that contained in the hardnmask and the ;,,.“ EE

remants of the oxide |iner 42. Followi ng the renoval -

of % he Thinsehodidfelaith LJ whieeis e dt@yﬁforaﬁn@mbtmsposame“paccm RSN

T A B 0 By e

stnucture as depicted in the earlier enbodi nent of
Fig. 6. Further processing of the sem conductor.

devi ce may then be performed, such as source/drain‘L£f55"f”i[f~;”f
ext4enSI The nfmioarwslaaml Wigdréin tEkepriif Sormiidgd Wiible dispedsiidispacers. o v

oy ot 48 eBi-E et & i e @éa&an%%éu&td‘agﬁéam 20‘

sounce/dralns being too close to the sidewalls of the
polysilicon gate el ectrode. [41] The present |nvent|0n
thus provides production-worthy nethods of formng:.

! aissed swfzﬁﬂ{odwbreﬁnmatermme@ep o@tdrtntrzgaﬁubt& dxspasablespacers B

g éﬁ{og that are 65 ran and_ bel ow, as wel

g %lde% fogping: e sqeARhIteRRECOThEY 46son the oxide liner
achneved wi t hout conprising the subsequent processing
of the sem conductor device, including source/drain ;:;-'
extension inplantation and halo inplantation. .[42] -

Al 6hougth hiean &8 R 5 ¥Rk icopliaty Rﬁﬁmgctqmmmmme oap i

illustrated in detail is to be clearly  understood

t haf Pripe f%"&ﬁ%t’@%?“\%‘}“%ﬁ?“ﬁ‘?%st rati on and exanpl e
only and is not to be taken by way of limtation, the
scope of the present invention being limted onIy by
the terns of the appended claims. -6 CLAIMS 1. A -
met hod of form ng raised source and drain areas,
conprising the steps: fornming a gate el ectrode 14; 34
on a substrate 10; 30 5 form ng doubl e di sposabl e SN
spacers 20, 24; 40, 46 on each sidewail of the gate .

el ectrode 14; 34 the doubl e di sposabl e spacers 20, 24;
40, 46 |nclud|ng first nitride spacers 20; 40 and
second nitride spacers 24; 46 separated frontthe fast B
nitride a

AMENDED SHEET
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spacers 20; 40 by an oxide liner 22; 42; form ng

rai sed source/drain regions 26; 48 on the substrater
10; 30, and 10 renoving the doubl e disposable:-
spacers. 20, 24; 40, 46; 2. The nethod of cIa|n11

further conprising forming a cap 16;.36 on the gateﬂ"ﬁl..f*- *V i

electrode 14 prior to formng the double dlsposable'-“'
24; 40, 46. 15 3. The nethod of claim 2;:

ers .20, CLE
whetoi n "t%ﬁé“‘g?@p“&?a“ﬂér Ml?rglndhmm;em%ﬁosmsatclfh'stsmadesmcers 0.
20 m&ﬂdes#&mi{% a REsd Tasye{ 96 ;qu'égtl} ggnﬂ;&t{fgt thg1 o] H/gils of thc gate". ‘. :

a ers  20; on the e ectT
thEHOdE Xand ﬁ?‘@mﬂ\ﬁ@%@rdma@hég gidthe odp F6or ni ng double f
dlsposable spacers 20 20, 24; 40, 46 includes forning
t he OXIde liner 22, 42 on the first nitride spacers. :
20,8 40 .The methiod afslairad, Bithed eimpriging fotig m bide &yapmiuecuy

| ne] nASAUP B AIERASEUESAREENE 1.0 tinelP A irigpomer o

th@oﬁﬁlﬁéﬁe‘)’i!@weyerigs 22. 6. The nethod of claim5, ..
further conprising formng a hardmask 38 on the cap -
36 prior to forming the first nitride spacers 40. 7

AVENDEDT!HERthod of Thém e tiiettinothe Gtepi of) émovibg Ui dbubieansposame . e
st ep, 0f 5p B@M&d&ﬁ?&#fowg as LEL & nﬁlﬁlaacectwé%/étches fo rermove: the o

i ncl'udes form ng ayer

CoRthend pgorhuidecionartd 20124 the cgitedaycel1@ el GRSl B e

coa&;épg the hardmask 38 and the cap 36. 5 8. -
met ho
| ayer, .18 directly contacting the sidewalls of the-

| f h ; .;i fg   xi;?“fi
a2 g, LI e

g| qﬂamrggo vﬂﬁsnéudestplaﬂ'zmtmpa ofries %ﬁﬁiﬂﬂé&ﬂaﬂdﬁﬁu«%@ﬂ&ﬂe?m remove the . _. |
i r n es performn
0 58088 By SE e RBA VS L BLT L s s

figpBéand second nitride spacers. 20, 24, the OXIde
| ayer 18 the oxide liners 22 and the cap 16. '10.: The

met hod of claim 7, wherein the step of removing the _gm.ﬂr..

doubl e di sposable 15 spacers 40, 46 includes _

perform ng a series of nitride and oxi de etches" to
remove the first and second nitride spacers 40; "46; o
the oxide liner 42, the hard nask. 38 and the cap 36 B
8 AMENDED SHEET ' : EEEES

AMENDED SHEET

of claim5, further conprising formng an OXIde i.;-);ﬁ3=:¢




