A RAI SED SOURCE AND DRAI N PROCESS W TH DI SPCSABLE
SPACERS FI ELD OF THE | NVENTI ON [ 01] The present
WO pooensi4en rel ates to the field of senm conduct PET/US2006/014698

manuf act uri ng, artlcul ar | the formation of
sem conduct or Atjlg“%g]élgg QCESWVEE and drain
regi ons. BACKGROUND [02] Currently,
deep- subm cron conpl errent ary rret al - oxi de- sem conduct or
FIELDOYIRE INVELR@®NOr | mary technology for ultra-large scale
integrated (ULSI) devices. Over the last two decades,
[01] THe (kS én hvéddfien Sl 10 fihe GMidSoft é’eﬂﬁb&hﬁ&t&rﬁanﬁﬁ&uﬁn@cﬁrﬁaﬁérg Qarticularly, the

formitoRRSL SE QL Slt on | Cs a principal focus
Ormo%) the m clfcg)g? ectr o‘r'1n|l %l,ev?tﬁds °urf § ansgrﬁ\mffgl circuit can

i ncl ude CMOS fi eI d effect transistors (FETS) which

have sem conduct or gates di sposed between drain and
BACKGROUED OEgHENSVENTIeNdr ai n and source regions are

typically heavily doped with a P-type dopant (boron)
[02] Gyrergily, deert preico pamien{epty Sphbo:gdespmicobtiestor (@YOS)a the primary technology
for ul§9—léfg@ Scale @rgégf%ﬂ:g (We@l:ésy Obep ﬁlla HQQWOS&@:JdLsO yé’dlﬁ:glg b §1z${l’%MOS transistors

d drain extension regi ons that are di spose
and ipGroineEatsior drpsity ot s thgs Reptha rdsipelfonys PfstP%FHCKYéIF‘ft’@WﬁSalﬂ@étfy A ULSI
circuil ba igdhalk ICHIQSSTXIL efeciatrdsiahra (RETE)X#iadhSHa0N SmitohdictbOgates disposed between
i LAt 4 SIRE s S03RSH B] LE Br Rhs P IR o oo
or an B-ypea oy <ptl?salmqug>t dJihe draigigad gouxep eepiqes sopstelly ertcbld@ﬁlnnqz\awee and drain

extenidir re@dﬁ@ tnekt abﬂ]h@%&pdﬂﬁll& nidbrheatint G @& dﬁhdnm%s%i’qr performance. The shallow
sourcgJ %%u[ d?am er%grl n -tl;h achlegeg lrllr ovl%lt? O r ﬁ% gn?ttne ﬁtgelﬁﬁ etflat degrade transistor

ens| ons  an
perforfance derebotirNechgpnet imélPrfé%Mnyl trapgintars: a‘ihprt-alsmei efifesis Sanogagse threshold voltage

roll—oﬂ%ﬁ&ﬂi&m&ﬂ'&ieh BiricrlORliAS TREhSb#8oRde Al Bralnl RRRcRL Q{dshence controlling
transistors with shall ow

on eCreases
Short'd}f P’Pe ng}% fiat'? %?chlﬁrg?' IEROHPAT g E?P’Ber%“aﬂ%c ome nore
[03] Agtlfefsize Qlﬂ the ttapsisiarndifpaest! on &Cs dbagasepxangistoes with shatialvlultra-shallow source drain

extendidn@ B&oRt Rore M¥cuitQSl Wakuackld MRz §191§1He OWerpf Yfafr ?sto@@f% ngf’i‘ﬁ'enultra-shallow
extensions with a. junction depth of [ess tﬁ 6

soure 4 GFER P} FHPHICR JRbtGE (g HPSTE” R Remensouss and drai
extensigns with jrmeion deptldﬁ}iésh thad 30 emSs tehadiffidilt WingicenvwiRioyal fabncatlon techniques.

Conv&inh&faf E)hlll letlQIg teCi E%lﬁsnﬁakfg G%cuftyﬁ%r %&%}nl oﬂautﬂ%%'&ﬁc Sdrain extensions

Conventional 1on 1 antation tec es
becaugsj pofit defpatsysepettert i thi Pk semitopdygios S daies g abpiantstion can cause the

dopanebbtrﬁﬁ&éaﬁil?&&fﬁ@&(&’ah&ﬁnt&ﬁhaﬁ&ed defuaed, SEQL e aifadod dked Q@en@d"thgsource and

bst r at t at
iy T A W ——

lmplaretﬁwaﬁ@de@fﬁ@iopfdemngotnchm@@s))nakweaslw pu e 3@ sebdplhle Bxdhemnciannel effects,
whlchtrmt ﬁ@ lddspﬁﬁ proRg th&ﬁs‘tr[but@dﬁQl%ﬂé&eﬁJ&Sieéb%t& ih@ anitaated ownwar d

0T SiGant PR AT PHE PG AF 0T GAOSHTER B FGLy SRt epiany o make
conne¢tippsh 9 thu esmrcpmhke dtainagwsiags tesssdifficult. h@hd @issd seep tand ldeint Bgions provide
addltuﬁlgpl'hﬁterﬁhﬁpg%t)nt&t fmﬁ&&a%on Wgéegéqar{dq@dﬁl:ctd degb Q)m@g@rglﬁ Junctl n resistance and

Z ile tail distribution that extends deep Into the
Souree ief“ﬁifeé‘Sta‘[CM] To overcone these difficulties, source
[05]Raised sclurexi/dminr @QicssRs emﬂnyx@dxsmmkdspkbyrs S@veetden \il&dSblltia&:‘d)ﬁbt suitable as
dimen§Blls HEbKse! PHIRKS e '
lmencors;t acts’ | ess dmﬂél cu %J&gﬁgﬁﬁglogegéggérgégg% dﬁ 517(1 depicts some

ei’oé*@‘?r‘&ﬁ%“ﬁ‘leiﬁ\ﬂ’lﬂ‘é‘c}é?adl tional material for a contact

[06]InSHig. 1164, d @hte elictupdOTeis prowidéll dnekubstle d@ep sgios lﬁﬁﬁéﬂ?aﬁwm serves to protect
polySlilcldQ?atté eg%tcr:cgdg § %%?nr&gan %hc%x? u: ce?g‘?‘%f"e sg'lectlge eggaécéal growth (SEG) process.

enpl oyi ng dlsposable spacers have been used, but are

not suitable as di nensions decrease, such as 65 nm

t echnol ogy nodes and bel ow. H-gs. 16a-16c and Fi gs.

17a-17d depicts sone of the concerns with these

approaches. [06] In Fig. 16a, a gate electrode 72 is

provi ded on a substrate 70. A silicon nitride cap 74

serves to protect



pol ysilicon gate electrode 72 fromunwanted silicon
grow h during the selective epitaxial growh (SEG
wpe@er3wsIThe SEG process is sel ective towards BCT/USING/014698
nitride, and as a result, no silicon will be grown on
The SEGHprosessiselegjiye B WaHRHcPHRiEide sndasairsryt oo dliogrwilfiegeagen top of the gate
electip@/2 dAng@beiSHG prosesch as TECS, or LTO oxide is used to

[07] ,Inongi‘e %Fdh%nk% & Lﬁﬁoxmg%' %éa% @gn 5»{11% ih@ ”7€r91-to'119‘£7‘%g°t§1e }oPS tion of the oxide

liner @ appaig of siderypl @Pqers éﬁrerfplmeii deom sligpn @s@éﬁ&r@xam&r rhgtmiagien of the silicon

nitrid® ﬁpatebsem &Y t&m@mcmntpﬁshé&bﬁﬁﬁ@ﬁ&sofz Siliéch nitR a5 fou!owed by dry etching.

[08] I?i%ic ﬁg% Sgagroc%sr F g(%rs Isutclll QSF d—gl-r W% Ftls %rne%%o{(]) bg Igé E@% to revae the oxide of

the opifeplines €6 &ewl Déthe Iqmdfs\a @hceﬁsry aing4repiiaxial eitiooh onlp @eas ot silicon surfaces.

PreseB®@ oPfE 6:8de1Ré 76 6n th&MBBte W@Qo@d(lbr%nt@,ﬁchtgtb%ﬂ%ﬂ Q@velﬂ! th&brmation of raised
urce/gr mRem)vaI of the oxide is necessary since epitaxial

50 f'&on only grows on silicon surfaces. Presence of

[09] Snrhethg seiidbdingr) 76 GrbetP@endie rithide ®pilogt Faingd thif@itrivo shaderpTsew @ity can be etched

during HE PIFGFQUEH) ﬁGQa MG PeacH thgfﬁjfé}@fggq% LR F}eﬁfemrig ?6 Ss%ge TEOS or LTO etches

Qu
rpic 3t REQH wRabRp cf F’im]!f“@é% o i gt o e pplypilgn sat cletrode 72 i
high. Sfsagesuls ofABis exposp@\of thy cadems di éhe @blgdiledn ghteralengod‘e ma tHelformation of the raised
sourc%‘éln @6 &Qa:tes yg{ls@hﬁeae\é}s%y torf@t}ﬁ gs%%%dtlﬁ]ﬁl Hg!) ylshle I {&Qreqe%tl)'g undesirable.

el ectrode 72. Since etc es rap
[10] RFF‘?E“‘% PeBAbFisi 165 te démﬁ@éq Biide PRcO P e RO railgfmhalo and extension
implagtQr Eieweven fhetdae 3p @FRcETdl Bl6dk BAinGladls Gl REAE progerlySpelbr@Bd. Hence, the

. devtcél?ecﬁnersﬁrﬁllsjelbko?gtletagl ergl Pn(l)p Herdsz()f the corners of the

I con gaeeecr the formation of the
[1] ﬁﬂa'il%féﬁth%?frf@@ln@ Fieh SO/ dpiantvels fouss of 4 dehwitezpride B, fout instead uses a

thermfal@r g’ﬁwna&mﬂ e ﬂb@&v@@ ais\Olll Foke %adlmders-{m tﬂ@ﬁﬁro&% 1@150@ sJalthzl nce a thinner
ererr | n

nitrid cag %Oes ab S‘émr‘{? % J&%sl’él‘foeé?:t g ‘P‘éer P%W‘?gf}’é%?r fef)“lté M SBW’W effects for the
halo lmmla%tﬂ@nemee&hy on inplants. However, the ears 82

[12] R@fefrﬁgtnbvv & Flgpll%f@dt zh@até QTQJn@&H @ £ rf&ﬁ&pgd DGubBERPRY | X nitride cap 94 is
V| ce becones unusabl e or at

provfi 5 B BEGRr PSR FRO 2 298 ARG LB RFHBHD g, nd docs ot covr
the silfcow miriigicap 84. SRishosble sidevall sratansO 8ane@rattisled dnshel gm0l g@wn oxide 96.

[13]F %e PfBSfeﬂ}l&chQ &fugtﬁre of f‘igrlﬁa Ql’té‘i‘ th'e @cﬁ'{gﬁgg Ptﬁ@félsé’h stogk J/J}BL Cfm ideal process.

gr own ox| de vvever e rea erstoo
H°W°t"ﬁéh*’a1i?ib‘?f6‘§€f‘? Ipyer Yt Paét@éh’ @ﬁﬁ‘i‘ @ thejspaee cigh ?lﬁ?qsﬁn #orthas fhe papdayer 94 cannot

be scat@plotd @Smikhias Hesirst. VEhe @alafef hﬁﬁie&@ﬁ&&élatai ©hhe WBI di@h X the spacer etch
procegs mfl[ﬂ-:r}gsFlt Qf ’cﬁer rhtgge c?;p B%SL deggtcs-:&J ’}2: 1% had '%Q?W %fefegrcs:t I$02 are formed In this

ererring now
ﬁguret the Firges SPa‘PFa?B zrmemoaedgta{tﬂee remé%@m@abet@zarqcses f Brermeisecsars 402 prevent the

halo 1&1&1@&&1’0&%&)0&9 frof s@thsfaf:t'oﬁll? aelﬁ&l/ecg"r Ah%lt&ﬁé@Né d)elgak@@ th® 9ap0§4 thicker is to
| de

mainta 1n t%? E %Fl I C g raé(glatthee P]aaera e%arrﬂ\eﬁr 5%08%} t%? ﬁ:glogatl Pfln tg%xﬁtnge spacers does
not repjilttip jagy eveg@qh t@ﬂ, exppies th sepbdfahespotisilienn| gats plceds 9D Briatethe SEG process.

Howeldr Qz‘é'd@;ﬂﬂedoiﬂ Fiéq e70, ey ot %m%l@iﬁéqspg%ksdr@suﬁﬁm ah mfﬁglﬂg ‘gap between the
ructure of . 17a after

t
pdys‘%%’f‘ it ?18 ‘ief gZt"ﬂ‘éﬁ’la Hise 6"“&“815?8‘9‘73%?"59?10 i The &plo 1%%’%5 which are typically
perforpedoeihechightibyveilt est be dtieto boprriofmet bificaciamslyl day @rthe3Madbs effects caused by the
ralsed@@w&dﬁkng 3f00e 15" btﬁg vJoRls tﬂa edpdd 3F L ra?steé: uidl/ QGESRe toﬁ 910;3'?(?&16 sidewalls of
cannot DBe sca own as nuc
ﬂwp°H§§PFéﬂed¢%%hd%p |l ayer nitride loss is related to t he
over etch of the spacer etch process. The result of
the nitride cap loss is depicted in Fig. 17c, in which
"mouse ears" 102 are fornmed. In this figure, the
nitride spacers 98 are renoved by the nitride renoval
etch process. The nouse ears 102 prevent the halo
i npl antati on process from sati-sfactorily achieved. An
alternative to nmaking the cap 94 thicker is to
mai ntain the cap 94 thin, and neking the spacers 98
narrower such that the renoval of the nitride spacers
does not result in an overetch that exposes the top of
the ponS|I|con gate electrode 92 prlor to the SEG
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rai sed/ source drains 100. In other words, the edges of
the raised source/drains are too close to the
wGeeaemsd4Bs of the polysilicon gate el ectrode 1PCTBURMIBGRRYI4698

OF THE I NVENTION [ 14] There is a need for a nmethod of

SUNR@M?ﬁQﬁFHEﬂNﬁENTEBﬁrce/drains using a disposable spacer
0ocess IS SC Iable t.o . smal |. di nensi gns

[14] ’g'FIF 3 75°8 E“p"r BP9 r‘F‘ﬁﬂ“ﬁ‘ﬁt’%ﬁef‘ SHFTIEFES dtiPe %FHP%? Spacer process that is
scalatgix o emali dimsisiansdndwilows forgyéranimglantptibh for Iduice/d@in@xtatsiomyand halo implants.

[15] ﬂ%eag@ot% Gecl®lre Qé{t b? QH&an{Eﬁt@ Bﬁth@&es&aﬁl%v&ﬁﬁﬁ’ ik f)rg\){@erg: Ijné?tQ)d of forming
whi ch provi de a_net hod rmng raised source/drain

ralsedaqo%racgdra% BT cioglpﬁsgngttwestegi gp §or18 g agﬁﬁ: ﬁlfcﬁ‘@degn éétﬂ{g’trate and formmg double
dlspoﬁﬂ_bEQ;bd'cad @n @ichasidswdis 6fr thd gate elenttodeor Rdisad) sehevaldtaih regions are formed on the
substgi Sf@l?o%%g){))grelagﬁpo%gg d%le%%?%ab% sgﬁ\é\@l | of the gate

source/dral h regions are fornmed on
[16] jhp earlicy; piafed ngeds are s 1¢) i ethes ymbadpeyta PE Y presprs ing@jtipyt which provide a method

of foﬁriu%lO&aﬁhﬂoﬁduSt&aﬁﬁﬁ@emer[t L6pribing tikakehd off fostial Bt dipadse Qfaeers on a gate
the prese lse(%wentl

electro el, anﬁ rimrnrun% %’e&ondrzhspres?%qbsaaceggg E1§ ﬁrsI dlsposab %e{) i ource/dram regions are
fom@drméﬁgémﬂ S@Wtﬁp@ﬁhl?gipftcpréa@teépsedof f or mng first

[17] 16 %ﬂ&gﬁg (N &&a@elaﬁl&s ,Qbpeds AR z?ikﬁ@a"gé‘sQﬂ%e PRIkt fnognmm@m become more
sSe n Sa acers e
cororg Ry PR, BT O Aioh OF G B P Vi R ™ gAncton vt the

acconipfamyirfgidrastingand second di sposabl e spacers are renoved.
[17] The foregoing and other features, aspects and the
advant ages of the present invention will becone nore

srisf R R SRR I en "t aken 1 - con uncti on i ¢h
[18] WQ‘F ?%ﬁgﬁp gegg:ﬁc%vgé A g'asg stggj)rgcg' ﬁ gg%ﬁ%g E ;r Imgéllécﬁp:tg A durlng various

sequeptiahprgcessaiteps ip PFC ange yigyoettairrmbpdigenisetihe pisHnidRGRioha f er

[19] FakdI - EgleM&rséqQéhﬁalseﬁbu&ﬂﬁrbcaks FRITOERIS Faisl @NFe/ifin 3RHAK §b86184Ace with other
embolM qs%%w al “engodlnents of the present invention.

F%@T PSP i ct sequential steps in a process
[20] Figsy 16pd 6<mitmgt # atiged mﬁ@@ymlowna disppsablerspaeeie &7 &am @dised source/drain
areasWM t h ot her enbodi ments of the present invention. [20]

o S A5, SRS AR B RSB LR s i

dispofaBl¢ ppabergs . 17a 17d show an alternative prior art
nmet hodol ogy for form ng rai sed source/drain areas
usi ng di sposabl e spacers. DETAI LED DESCRI PTI ON OF THE

| NVENTION [ 22] Th I nventi on addresses and
DET‘%IBFP/Q?WB{H ‘g‘?@{"%ﬁ{%{ h\e/ f o:r mati on of raised
[22] ’I%Q grllés%ﬁ/ ng)érﬂ aJd?egéeg%]ﬁ scgl%s §1|’0§1§1m dr%l?i{oé&i gg%eﬁlérénggo\ﬁl o? ?aised source/drain regions
in a mcewy?t@rndqvml%lﬂdagut@rprwswalmed rwpraﬁ@ratluezstwwau@é@tq&yn and halo

1mplaﬁt@ﬁb\6%£liséd®§%bnv&fti@ﬂa@§1§&§ses‘ i@f cr&ﬁ@hé 1aFed sBi@cd d@dis€ th partlcular the invention

prov1$e(s) lflor sc éalglégrl myiqglfllg goutb} c*'l slposabl%s gersl Q/\éhe teloﬁfg’)s([t:l Bzﬁr (% spacers protecting the

polys1é,1ga@eip slectrpflet ﬂrpnt Yeing femosrti dwalg Fhe SEGopacse r@lsmmr@cthusﬁgeats fiem forming,

and aBQ Iawsltﬁecmog Bhrfile %Lperag;ef & ifeptofin REHE guoem%e@dg MfidoB Qiitride sidewall
preve

pr.oc ts
spacetsr Tt FaHe SHREEPAcgr AT D SPTTAaR: (ot PPHES Fifcigphgnd tncable
distanbofréye theafdts dfhhenpolykiliton gatk lelovtiodgaffeo ptchingthad sdnloival ©fithe disposable spacers.
This Qbe]:rz{ti,’og eas %)eﬁi QQ"@E Ipr veAdsEdr %ou;ErE@rsVMr ggler%lllg%ellgrow&@ polysilicon gate

he ral sed source/drains to be separated a
elecfrgqﬁfﬂemis é’i*ﬁnpf‘é‘ﬁ‘%jlmﬁ PIBEB ISR K PRI LB edalg s
[231Fpel y6idkgic @a;u@ﬁme;te@& &@Cd seatlenditbemaitehiinggpraed ifi @oMardce with certain
embo? &ents c?f tﬁi T! sen au?v'e?tloﬁp%ﬁee geﬁncoxﬂm:tgr &ﬁ‘ﬁqg & lcfgﬁ] in &0ss 4% ll(Ln @3 schematic
nouse ears or ot

overgromﬁh on the polysilicon3gate electrode permts

uni npeded ion inplantation for source/drain extension

formati on and hal o i npl ants.




[23] Figs. 1-6 depict sequential steps in a

sem conduct or manufacturing process in accordance with
w@erobaswsenbodi mrents of the present invention.PdNEsS2006/014698

sem conductor wafer is depicted in cross-section in a
depictioth dikie Lo &R LCTUR 14 Fandg’n a qubstzatedQssuchep wpull digen splistipts, a silicon-on-
insulft@r swesttatg et Siebdter ddc@odt Q4 i lnads Dgateadibletide 18¥et 1%, Qhhde of a suitable gate

dlelegtxlfprﬁ;tgrﬁ; Such @s ;‘rl (Lféh& hlolp g@t@rﬁl %{corA gl?az%r 1% provu%ecci on Ee fﬁlysﬂlcon gate

ectro es a ate ectr ayer
electﬁﬁ*ﬁf‘d@ ofhe ézarslayer apmey Q%tnédecﬁf élseef’lﬁ imaterig] ttha Wil protsqy th saigace of the gate

electiddle Dleud@ a kHle@tlilvelépm{aﬁgrbﬁh ,(SEEI) ‘i‘arocés CA@ exa@Rof & GuilaBle material is silicon
el e trodg] 14. The c

il O e ok B R gp SR T BT B OF e Wl Wit oovides o
methpglo BeeltWheCﬁé thiely qop ogrer of theipelygiisoe satd destrodsdé ddet nouneédtg baprovided. In
this eREMpRE dndRdiRBHL ! tBodagtlay é}ﬁ@%ﬁe(nﬁ&@etﬂe@g ﬁﬁ% 30%1 %@{mxlpﬁ and in certain

partlcu{ar embloéjimenaﬁg% gbog%t()er I g#l }f%naﬁgyof ogw,g%ltg&!} %qt etlecvélrz &4 'tuﬂltlﬁ cap layer 16
may QS bY [venvprtioné techniquese stdhors. QIR vierdetonafoliwtel dtajaogying mnd etching of the
polysﬂ‘aéncéateéleetﬁhé-"h £88p 996 on the polysilicon gate

24Fe 2 rode 14 does not n{fpévd to be provided. In this
[241 i, &3 Do SRS dhdig 1 fpHvmethe feagﬁé?al fesmptigy oban SR lover 18 and firs
dispokpéle\spasers 30.nhd o.xuﬁa(la;mmls fligctlyeooataps e siachlls Bf heght@kletrode 14. In the

1llustt9@§ &fﬁ&&ﬂr@ﬁt tﬁémﬂlg '1a'§¥§rl§s Ra Itlﬁl—n?atﬂ? Giow egxi%nzlnd ggl%?’i A& 18 +nn on the cap layer

[1con gate e e cap
16 W‘fe “rf%\ff’nbeé‘ %yltrtdan i Py e SR deewlly gqen s cog\pgsional manser. The
thickrgt@spog ibé badweeh alohiav@nksibymsp@ibb@ 50 higgronid @ndh fdridARr &ilbodifdents, is about 35
R Ly3| licon gate el ectrode 14 and cap |l ayer 16. [24]
angst 91
Fi g shows the structure of Fig. 1 follow ng the
[25] Fg’éweﬁ’eq fgrmatigar ardheithsrmally starn esidede the ayidy layeg 1% figt disppsble spacers 20 are

formed lofs (0 584 1@ye5I8&Q1€ﬁ1§ ex%ﬁlplar; Qﬁbda?iﬁeﬂtethe ﬁ%tﬁﬁspésablgépﬁe%ﬁbb Yre made of nitride,
electro de

for ext onlt a‘ll: eudé 0 Zlfle a)aceeﬁsbo an lg)e c€ns1d€rﬁ% Sfa épalcg% ap ri%fllieéna e relatively thin,
such gs{3eg Hbhoh, yforcpramyple. o6<¢oa;eent1<midpdqerfwatmimesesnmuy Beamplopal th breate the first

dlspo@ﬂp sﬂa&{%@ A@Ud\ﬂg ﬁgboélﬁon|o$a AR 188 0d &rﬁsb%lc e-mﬁg oxi de
nm

[26] Aﬁiﬁ%ﬁ Tma; (}% tﬂﬁ %S}%Hl%@%%hﬂ% Qg%zokf)étﬂ%ﬁg)éﬁe ggeg\éﬁeg I@atwelll thick oxide liner 22

is dermsigdtas (dnsctetdon &lzo it Foexamgs ttieomxiie dinet 22 may dbe thetidnadbout 70 to about 80
S APAL TN cSmp1d, SRR Wihes Ric RIS £ VR ; . e

e formation of fh he ?%qwker mal Iy ar ov\a/% oftlng&%h “}l:t? u&egeg%(rp%eé& the present

inveniody o 18, first di sposable spacers 20 are formed on

[27] sm_haathmffsetepdcay 20 ard &. thih)¥hd dih peos&ERlablE Yo ﬁdp’lbﬁ(ﬂiemﬂﬁally "gfbem oxide of the
oxide fldygrSIfS Q'iu§ RS La?l §e@ﬁ%%{t§e 1%9 1s§1ra§0ng)gg1% gglf thcon %ate e?éétrodo 34 for the SEG

anpl e.  The e sp ere
ep‘taxéi‘épr@fefss étnc%’b%@tds laygi meyo ‘B%Spﬁﬁd gicly ig vegY fhingthy ovehptph can be minimal,

Whlch&bbﬁffs ﬁ&nlﬁmﬁlocoﬂﬁmﬁtmn of (ﬂfe sﬂ%@lrﬂidnee caP 15N MERHERAR! theSRRAAE Epacer layer
present gn o aglF éBg glgc%%ge ga%st prior ‘?{8@9 q‘&eé C?rsI?e ? %p?&gf@ﬁﬁﬁws a process

WmeWr liﬂi?hdle n¢ca9§faer foamdy mvillewhrrotvpy eodeet gk ArhS nfn2B{ boddwh. eSinck Mietle of the cap

layer i@ AR EdnSe@furkab e Fikst <§§po§3ﬂ)l§sﬁ’)9<§@ﬁ tgrrﬁ%ct‘ﬁé S %Qerqgl Céﬁltﬁg kept rather thin,
e layer 18, a relatively thick oxid Flner 'S

b S oris ST ORI T RS b IBRBRIO0e s # 30 . To
overcameisetge df Itlﬁ&rco&ans’,myoubﬁ db@kab&ephc&bﬁﬂfgeﬂeat it proalpaut 80

[28] Inqﬁgg §{<sr£]c§g§ cgéylgéagle s%lce(?s 24 eafgmlat? tf}%ngbﬁ Llj'geer 6% r’{‘}}e secong désl%ostalhle spacers 24
are mﬁé? %fe@mn nitpideefet ?xemple B ays*sr: feeraedtimcopfenticat] mapres e\wé; aghgy deposition of a

nitridealfy@r S didhing., Shnb@th@tnﬁx'iﬂepﬁ@ ﬁ@@&é liSproldi&y, e nﬁﬁ&ﬂ: Tlﬁ ﬂlyérh@ may be kept

i BB P Bt oo R 9t i o g fftiint spscing
betweiﬁéheymeﬂ ﬁqxlen’dgat eldeheexdtsr@dlepmﬂlﬁmgate lklectSEQ 4epi t axi al

process. Since the nitride |ayer 20 prior to the

spacer etch is very thin, thetover-etch can be

mnimal, which results in mmmal consunption of the

silicon nitride cap |layer 16 underneath the nitride

spacer |ayer present on top of the gate el ectrode 12

just prior to etching. The thinness of the spacers 20

aI I OWs a process WI ndow \Nhl chis necessary for very.

o ~r—- s

M o o



overcone sone of these concerns, a double di sposable
spacer arrangenent is provided. [28] In Fig. 3, second
waele@posaBd e spacers 24 are fornmed on the oxi dePCT/HB2006/014698
22. The second di sposabl e spacers 24 are made of
[29] Follpviingrhe faintationgs thefsespndedisppspblespasgrsd4 rfbﬂﬂﬁé‘e fiesr A4 eickpd&y a conventional
ox1de%%ﬁ%€sﬂﬁ1h§ﬂ &e sHRRALYE FigS4) Clhis@&hiByhatl 8 6iFdct dr@dhoRing fhe oxide liner 22 and the
Since the nitride cap | ayer

°X‘dﬁ?@'eﬁ fg%ﬁ%lleé%r{aé‘ao eﬁ‘ébsgﬁt? &r de cap | ayer 16 may be kept
[30] Afeet b irapeivy] of Hierpxidhline 22med S ouiel loskir 3 dwabibe swfecethe Shstate 10, a

selecﬁmpﬁ%alkg%m Woblss 8 gerﬁﬁmédoco RleQY hfi6d Rikd/drsih eegtonssmgd &ficted in Fig. 5.
bet ween rai sed source/ draln§ and. t he si

of
The %(9 P;i%‘ieﬁs |n}?6ﬁ @%ﬁn}éeng?nglcqnf J%rgxw e[ S PIGESH etﬁﬁsé dlsposa%le spacers 20
and theOfitAEkt dap huy@ {16 plreenseitvom grodtihp ds ablyglicop aatesletr@dt, 141 Aethe same time, the
relat196>f§ ﬁe Jphégt% b4 &%ddc§ arpgdg(ﬂlgtg segyrat%n QRANE 'Bst{:vgeﬁ‘?ﬁe otk gﬁh@x‘éi@@l source/drain

resu he structure of |g . his etch |ng has

“%mﬁﬁ@a@ﬁF@EW“HPHE@ﬁﬂWFWE lfhe oxi de Ilner 22 and the
[31] D¥dnibenation pederickSf ﬁlrrmmddlmlds titeag€thef petfhred loshie &k etrublire of Fig. 6. For

exam%lé a] dﬁInfnng htopl%ggpﬁr K Wl EteH té)tlljgrf gég éul-: G(flbield{egsgssﬁ%ezstp?ég? eZB Iiﬁ and an HF wet-
etch agp pesed to een@pq thegsidgllayerp &%k Preadasivdy wide prep pistsifesgreisd fw e se of the

double rdapdsﬁﬂersgacsxe do, 2 Uhe el &lie@hefd&@-bﬂH&SduZﬁg a Bdfo ﬂﬂﬂh}ﬂ&l&dmhg'lhlgh tilt) that

may gé(cgrﬁlﬁfer'e .inT rfcfsrrrEr]xa%oF {{)(r)o%gsgfos‘gngg S %r%ecf: Ogs\z{ﬁ? ts%lger}sa glgt‘l%%y I:uﬂ{/ isolate the

polysgipercaetesled®da thlelhes 19 ctanaed@r @ap;eatlaly@frmc’llsf qgiSesvéms formed in the prior art.

The §ie| df ﬁlQrke&ﬁ@%ﬂ?osa@E sER@rs Mﬂaﬁlehﬁd@ﬁéﬂd&ﬁ‘} 6f 8¢ ed 6fQBecapayer 16, thereby
At. the s space

a e
SOIVI%IBSH?E (Péat égﬁgﬁngg %f&f)tg F’o&ﬁ;\?l% Hn;%qngt gﬁ szb'xée tv\‘%eeﬁx {' ﬁt set of disposable
spacegsdbss b€ ptoblems gilaged do swuseceersdriallowingetye dnsatp6 ofittg reised source/drains a
convéﬁQJ)rMﬁdrAcEsg ngy &Qhﬁlo%d@&éoﬁﬁﬂ@ tﬁLl}’ormLt%;]t LﬁhgﬁﬂnbﬁaﬁétérQQl&r

series of nitride and oxi de etches are then forneg
3218 G AeRe! PHESSE) 1B dp Gl PRGOS OFUF RERGIENOR for forming raised
source/Gratas i &chidvaducphdsipdsor i ¢ wet-etch to renove the double
[33] Ig tﬁgpPZ? gaw: ol §,§ §b&9 foa-tﬁéh] oﬁggub %%@F\%weat ﬁ%ﬁltéle Zl%)?ovided The gate

renove e oxXl ayers |ve
clectrggleid ippetysiligon a§e elpctrodsy AL epyodipraisy ST RYY AR 465 S plicon nitide, for
examﬁllb 519@ﬁ)ﬂlbédeolﬁtﬁa§@§sﬂlc&0gate7_électr6d'éd34avnie @sp 1ahi® 36 may be made thin, as in the

emboaxme qo r\fil?s I gclhlf rer%a/%m%he%st? fr%gd emr{}())%hﬁlglii-t?, g Hasl’rénnagk 38 is provided on top of

the cqpr3éc8yé\ard®sh oey leﬂheadﬁ pfrasﬁvltaéiegp@saéléifferemﬁra@éh@am@ iprreémp}e a suitable

hardnflakll lnﬂteﬂla$ %@B@ silidd oﬁ@é Y& elxétﬁ‘pﬁm Meeere(l)tﬁa@ 54616 mhtsiald AEF & employed
cre t i on of ear

w1th0f1bc}eﬁgtéugal??gxt [:\eesc&;e 06' :B-Ae Jpgsen ﬁnﬁe‘émgq Z%onzﬁntl?tﬁl mglzog?)lﬂ%es may%e employed to
createthsyrokdepiced giFé @rsechiasthosa ralipr desiriberbpithrehpert toyhegmbadirgent of Fig. 1.

[34] ﬁé § %exﬁ’gts thehﬁru&ﬁp o* ﬂ¥ e/rfolmlngttﬁbefﬁﬁgbfons& la\éfhgcgl Iﬁtﬁ&l{%%r 40 over the stack of
rel ated to the shadow n | ant s

rie § pufioR i 448 JOSREF ' e SHrorp PSS B B%%&l@%ppmm The thin
nitrids Gilyarels, wiiké iy db [betwsenrabbua t edlatioat 200 @r eganple, dndlih Owvkin gmbodiments is
appro&f?n%tefgqr) %t ﬂlal(}rﬂ)e ?Jnnédhag a cgﬂvgrEGnﬁ 91&{10%@{0 %‘hg ﬁltn%e rayer 40 ¢ vcérs the sidewalls

tioha roce oye onpléte t
of therggie lgetiogad4grd %lqeéo‘@@meemm fé? ha&@w@é [ 32] Figs. 7-15
[35] mpﬂh@ aepss&ﬂm efMnhd tain sﬂiEcﬁiﬁx&ndleﬂay@xt fedn RiaAbBEE M0 B&pottd. tThe oxide liner 42 is

ahlglptrem eratur oxui/ EH+%) E)r gx?u[nplgo é\]\ tal% {hﬁicﬁcésesqsiasoo&%c{e/b%{ltalb% f’or example, and

evi ces

in parélpléart arné depr@imatelyss b!eemceﬁt@m rmblodawna mg‘tepfmné mythodelpey forgforming the

hlghtgxﬂﬁe?augé &l 6hay beLused2 TRE Dvéaledl depldid n0BL ©. €l ectrode 34 is
a polysilicon gate electrode, in certain enbodi nents.
A cap layer 36, made of silicon nitride, for exanple,
is provided on the polysilicon gate el ectrode 34. The
cap layer 36 may be made thin, as in the enbodi nent of
Figs. 1-6. Differently fromthe first described
enbodi nents, a hardmask 38 is provided on top of the
cap 36. The hardmask may be nade of a suitable
material different fromthe cap 36. For exanple, a
suitabl e hardmask material may be silicon oxide, for
exanpl e. However, other SU|tabIe naterlals may be

., = o S o o



Fig. 7. Silicon nitride layer 40 serves as the first
di sposabl e spacer, as wll| becone nore apparent. The
Wa biow/158487 i de | ayer 40, which may be between aROUUSZ06/@14698
about 20 nm for exanple, and in certain enbodi nents
[36]Fig 1 gﬁlmw& e ﬁﬁ%néexgpntla@ergﬁ?osﬁlg%,of@épafcerrlﬁgw%(}mged of silicon nitride (e.g., SisN,).
The $paJaNIRYRE 4408 &latlmtlﬁﬂdﬂﬂhﬂgye préEB(Engl’Ih}Iefs “oles2 Ay eem@lBry @1QdkadsS for the spacer

layert4£] 1es aﬁﬂr&%@%&l} B d’&f '«hntd Qﬁl 9%% getgée t%ggc] a‘% ko? gxaglgl\é ers
[37] W@p\@eg thP epoifon ofy e praFen leerlﬁmnwnmqnalcfemmaye?es% perfprmed to create the
secor@XdisiBsablé BREerAdb frdin Ghe PliSdnt felde JFNR: HideflRydr i4MeThéteicH &eﬁxstry employed

prefe?eiﬁtlgalﬂﬁ ﬁ@gggé %En%% and%)élegqlf)t sglbsgg ailly it% t}%?ﬁ)mcgp #—Ienc)e(,ﬁh,pqxléie flréeﬁgZ is preserved
in this stefp aFiteisecahdagisposablel srapapy 49xdrantmableyo Brovidn 4 desiced widih, land therefore a desired

separ@tim @s@bﬁ@z@ﬁl@betﬁe&tﬁ@r\éﬁmsbﬁ}%rauﬂ%ahﬁfﬂ@e Reedfaf thf QESbAEE polysilicon gate
hte eratga %ége may be used. The structure

elec“ioge 3éel[5'|9csfre°31 ijdgfe ] Fig. 10 shows the
[38]]aFiza iy e wetdtchdd pesfiorngid posmbveoir aafde &n sjpladiesr 4R.ayanitridedstch then follows, to
remor/é)tﬁm 18k of lnittjidg g ﬁ&h e 'sﬁiﬁcé &l subslsa{tcsi\dd’ )At tlﬂ?}%m? %cﬁ%mask 38 protects

44 is relatively thicker than the precedin
the rfl%tgyelw ghin @itridg2ap Kpereife ﬁ’tﬁ*l bt §°I?‘1ﬁffawhefseldf gpd pirile soﬁatbf‘e pidewalls of the
polysiliayregatedlecttotle B preiaiah@isy/eablsGromfprmingd Theosnbstrate s B@t ypesad outside of
ﬁws@ﬁﬂ%gmggm§ Mgpgyt 100 nm for exanple. [37] Foll ow ng

on of the spacer |ayer 44, a conventiona
[391Fdg- ARy Plr?@ys ﬁ}edeecgee YTz d? follpying 2 skéchvecnitasial rawhdBlicprocess to create the
raisedd bdifk@’ﬂlﬁhk @8.S pacaventishal SE® frobdie isSpekfb@Ri tbbdid e rfifed tsB@ce/drains 48.
BecausQ ? H)?ei}étgrn Oél}l eet Sé%wal?s g thﬁp?p oﬁﬁ %o r?aﬁgpn e%x% eleftrode 34, mouse ears are
Pfevesf%&ftlef?muag 4t91156!€&1f11? t he oxi de. Hence, the oxide |iner

[40] AHitridS etk ié@‘r g@ﬁ Ye8lrnlell, thelYesitsSdr %ﬁilch ﬂa @eﬁc@e@@xﬂﬂg qgs @ﬁez:ﬁtmieeetch removes the
ar ired width

na
scond QRSB BS s TR CLA TR S P BAeb: R v e oxide,
such pshbat ceritared istbel hapdaasl and e redyants wf the odide fner 4% Folavdng theremoval of the

ox1desﬂhgﬁ§1d9f:aptlzl}@r 3@941(%% llefnﬁﬁﬁ ogat ﬁrs@ch@ggaﬂlg) gﬁce%ého a;g}gnoved by a nitride etch.
tructure is depicted in

This {gaves B SHmg g 1% o it O éﬁfﬁveenibw{émei P % omeé processing of the
semiconduogpr ddice nduy thieh bd pdorabd; buch hesturfeddrdilnaveensidndmplenané hildlinplants without

conce'i-rg 'r%aJdQ% ﬁﬁdeglfablg l)lt)crk;]r@ of ﬂig 1r£ndia91{pehﬁe? F]}$ H6 s@gags og §hatd$19 effects created by the

substra
ralsedtSﬁece{défr%waoycl?ﬁ% itOrfherﬁugwlks et t&wlxsewrgatseectraﬁd t he
[41] ’lthé)ﬁ’esleﬁtaﬁvblﬂian ifis mdéepradmehdﬁmtoﬂhﬂeetms Gflﬁﬁmﬁlg G’eﬁk\é@ﬂohﬁe/ﬂlﬁms that may be

utilizetdqgt %ﬁl tlheﬁ %pe @at g ngl elc\%,;atg QVee 1 §s4 t:l>; . techr[:c)){o ies reate%&n %5 nm. This is

e Su 'S no
achletffé tVS}'ih@Pé ceflprlsﬁe th§ é@@mﬁe@ |p57m§§;@o1>feth€ mn@ctmﬁdev{ce Gijcluding source/drain

extenﬁ&lﬁbl&%ﬁloﬁﬁlﬁhﬁt) [nib%idﬁ& Of F' g. 12 following a

I taxi roce s.to create th
21 Rl ESirp i ion P Mool Sl s i e RSy pdetood tha
the sappe fsfby e of itletrgior atdexdnipl anbyiagdid ng dulregdedbavayf Hitation, the scope of the
preset@ﬁfvéﬂﬁ&?b Ightnh&i &fy@&ﬁﬁtze’xﬂ%f% aﬁp@ﬁie&’&lgﬁy\’al I's and the top
of the polysilicon gate electrode 34, nouse ears are
prevented fromformng at this region. [4 A nitride
etch is then performed, the results of which are
depicted in Fig. 14. The nitride etch renpoves the
second di sposabl e spacers 46. This is followed (as
depicted in Fig. 15) by an etching step to renove the
oxi de, such as that contained in the hardmask and the
remmants of the oxide liner 42. Follow ng the renoval
of the oxide, the nitride cap |layer 36 and the
rermmants of the first disposable spacers 40 are
renoved by a nitride etch. This |eaves the sane
structure as depicted in the-earlier enbodi nent of
Fig. 6. Further processing of the sem conductor device
may then be perforned, such as source/drain extension
i mpl ants and hal o i npl ants wi thout concerns regarding
undesi rabl e bl ocking of the inplants either by nouse
ears or shadom#effects created by the ralsed

N ey s Y "



achi eved wi thout conprising the subsequent processing

of the sem conductor device, including source/drain
w@xa0ens3i4en i npl antati on and hal o i npl ant ati on. PCHE$2006/014698

Al t hough the present invention has been descri bed and

Whtlléustpated in detail, it is to be clearly understood
same is by way of illustration and exanple
onky ansilﬁeam@eﬁfomgbgsea USRD orfVir eaQL?Agréqqge@é Ate%F’ the
m

scope of present 1 nvention

the ter ﬁ%‘m6¥a¥qtfe"leéﬁ5‘iﬁléﬁ‘ﬂé‘bl°”é138‘?sﬁﬁe% @ is dained | s

1. A mefdneitly afublb aisgbhdbly spagdrSIB0245 00 HE 6n althiddwal Jf the bRESsctrode 14, 34;
conpri s o%n%agedss s&gddau; rgglsqsae B85 subsgfate% 3gga$d 14, 34

on a substrate 1 m n

spacer srepgyingihe dogbje dispgsablp sregast20sHpieMag. | of the gate

el ectrode 14, 34; form ng raised source/drain regions

dotibl o SaiiBaRi 0 | RubedOumithns gFfe S/ 53 g cecrode 16 prio
to forpring Hrg doubie d@p@ﬁhh spacerfs &Q,fl‘héﬂa 46onprising fornmng a cap

16 36 on the gate electrode 14 prior to forn1ng t he

bIe i S cers 40, 46. 3.
Ehoa SheRRR AL Sain B pish ¢ e <Clapmb otbls ot otimr 0. 24 40, 4
inclutm oposaibbteitdisapers202@), onZk;gatd Bectrdfe 114ncl udes form ng
first nitride spacers 20, 40 on the gate el ectrode 14.
4. The nethod of claim3, wherein the step of forn1ng
dohibl e HIeFHe4 B daim fawisrein thsiep f formine doyple ﬂﬁms@&égacers 0, 24; 40, 46
includepforminmgpnaridolited?, 42 d e fidPyitrid@spadarst2ielof i rst nitri de
spacers 20, 40. 5. The nethod of claim4, wherein the
step of form ng double dlsEosabIe spacers 20, 24; 40,
46> 1 nc| teaspd phalaiy 4seesidhastopof Benispdrble dismaablegacesp 20, 24; 40, 46
includedWerning sekdnd hifieé spacdrs 2446 dhBe sMdeliad 20f claim 5, further
conprising formng a hardnask 38 on the cap 36 prior
to form ng the first nitride spacers 40. 7. The nethod
of6-cl ai Theauethpief elpim % fiuthert coprisingffommirigraghafdnragkt 38ndrt the dap 36 prior to
forminfpRIRGR: Sitrfe spabid 44des formng a nitride |ayer 40
directly contacting the sidewalls of the gate
el ectrodes 34 and covering the hardmask 38 and the cap
36/- 8. Thaenctired dfotiinn$, wherein the Step bfifortringfirst oinjole bgmtamn0 includes forming a
nitridef 19/eFA0 e @) oG thAYRY a1l Br éa?e(éﬁelcﬁlodgmtaﬁ@éol\&g {8 Rordmask 38 and the
¢|demalls of the gate el ectrode 14, and orn1% the
irst nitride spacers 20 on the oxide Iayer 18. 9. The
met hod of claim8, wherein the step of renoving the

d Qu bl e lql'e %Qﬁﬁ@pﬂ c‘fangg gh%r %g@ﬁ S, Sfm'nﬂr ald%%ﬁe Bzerr flﬁ dlrefcp }gcotntactlng the

series of nitrid OXI
sidewalls, of thegats slgctiops 14 %Pé f%‘éé e §rsgemdezs@aceqs H‘émtﬁ(‘? Qrisle [aggrdB. 18,
the oxide liner 22 and the cap 16. 10. The net hod of

clyai m rein the ste
di’s posépbf\é}géﬁ(g?:%}asm éf%' Bt R (I;Pe)r%mop f%r%ﬁdﬁﬁ 15""%"8][" 2024 spacers
mclud%?fperfﬂmmg & eerigyed nigide @@i axide Pf@@s tosemoemhv first dné sebond oitridermphcers 20, 24, the

oxide SRE 08) the Billd IIncl22 3RAGERS 1610, 46, the oxide liner 42, the
har dmask 38 and the cap 36.

10. The method of claim 7, wherein the step of removing the double disposable spacers 40, 46
includes performing a series of nitride and oxide etches to remove the first and second nitride spacers 40, 46, the
oxide liner 42, the hardmask 38 and the cap 36.



