WO 03/ 054951 PCT/ US02/ 41103 SEM CONDUCTOR DEVI CE COVPRI SING A THI N OXI DE
LI NER AND METHOD OF MANUFACTURI NG THE SAME 5 FI ELD OF THE | NVENTI ON The
present | woessioisersirel ates to the field of sem conductor dexdwesy/4and nore
particularly, to the formation of doped regions in a sem conductor device.
BACKGROUND OF THE | NVENTI ON Over the | ast few decades, the sem conductor
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the nost conmmon seni'conductor technol ogy presently used is silicon-based.
A conventional process for preparing such a sem conductor device involves
t he depdSELD OF THE BNYINTIEIN i con gate | ayer over silicon substrate. The
polysilicon gate layer is then etched to a desired width. The etching is
performed aniBetpresgit sukhtiontrdatpy ovhalkeld efisemisardusior gevicsp.iane Bloreagisiary-do on

t he gat hee}oﬁﬁétfoﬁg?dop%g’relz@%kgl‘r’%‘i-ts@ﬂictoﬁcﬁﬁo?ﬁm&i on of the gate electrode, a

sour ce/ drai n extension I's typically perfornmed. The polysilicon
gate el ectrode masks the substrate directly underneath the el ectrode, so

t hat soBAGKARAUNTERF dHE IDYENIHANT or med adj acent to the gate el ectrode.
After the source/drain extension inplants, sidewall spacers are fornmed on
the gate el ec®veothe last fywdisegsles dersemjcandiciar indyteyhes Wideganssa rexolitina by e ¥sgr med

to gpeatg sglglgceﬁ(fglgt{o? ge/gﬂ{rcr)gd St5 ?@)&i@eﬁé small) %i%?g%kﬁ%ﬁ@léetr@rﬁ@ﬁ@ﬁé’esj ABMRIMeA t he

gate el ectro o prevent the deep source/drain inplants from
bei ng i nplErnegmiqonductdndechnpogy arceendy rusest isysiligeadrsdatncennentionygikagess for
spacers. By .t higs P RyHRNEEhdhalioh bei RRRIRAE (aERaEAbRS from
t he gat eprgl%larel%?rs%l ei géjﬁ?%gu%%%ﬂﬁgﬁ ¥he stpacéep;Os .1 Af t er@?ﬁle, i gr¥)l g%téat ion

pr ocess eslican substriel Ehe golysificaangasalayay isstherp eigbed (pat dlssitedeWidip| Tap i diNgolSant s.

The si de i LN QPR QlsiddR1S bii@vaht Slcafbdbhe gat e
el ect roop\g?ﬂg%/m%% gﬁ:&n{g}@ggto&% wé&eﬁu{é%%%ﬂi I C I1 aysér such ag%si I jecon nitride that
has Been depdSillbwihgdbeformptonaf it gater adechinde, £ iieurepsdrain egleptiery Hpant isitypicallynown

to enpl Oﬁérl%rr%lédn%ﬁet ]gggilsﬂﬁ:og %&g%ieh%he s tht QubktrRe Bird AR iHdShRasd Elbrddaker to

use as an etch's aye uring the etching of the silicon nitride
si dewal | thatpewres/drain Benserissot foopsdadiseanhioripe gagfeleckedsdi el ectric | ayer etches

the silicon nAftér!tﬁeesoﬁRg/dﬁgtp&%enQBn 11#;'gﬁarlt§:, BRLwApAR s R BB dlle bidlasdiioadl e
u e |

gougi ng of the silicon substrate. I ner oxide is typically deposjted
With a tAidsknessceiaibdmplahpdoesy 0O then (RErfEUHA, o £FRte 8 (SOUGH IR fegions skea A

Sem £ nds‘f&e%aﬁfl s HRYs G684 Bh e %ét% deWirddR abihs Snask¥RS Predial: 88\edpSsodRPpuinSehplaRts
Fi gure 1. e *Sem conduct or “devi ce incl udes a substrate 10 ate electrode
12, | i nefrorokéidginplantesi ihtodesysubstratei directlypadaneatighe sideivallsparess By Bt BASS LS 18
and deepy..s oMt &R dh ?égﬂ)ng £QisONtaGronfhe BAIE BIEGrJdE 6P BRI obthe kfbRers WRALIRN S Of
such a confrguration and nethodology relates to
implantation processes are completed, an annealing step activates the implanted dopants.
The sidewall spacers are typically formed on the sidewalls on the gate electrode by etching
25  of a dielectric layer such as silicon nitride that has been deposited over the substrate and the gate
electrode. It is known to employ a liner oxide deposited prior to the primary dielectric layer to use as
an etch stop layer during the etching of the silicon nitride sidewall spacers. The anisotropic etching
of the dielectric layer etches the silicon nitride and stops on the liner oxide, preventing undesirable
gouging of the silicon substrate. The liner oxide is typically deposited with a thickness of between
30 100 A to 300A, and most typically, 150 A. A semiconductor device fabricated with this
methodology is depicted in Figure 1. The semiconductor device includes a substrate 10, gate
electrode 12, liner oxide 14, silicon nitride spacer 16, source/drain extensions 18 and deep
source/drain regions 20.
A concern recognized by the inventors of such a configuration and methodology relates to
35  the out-diffusion of dopants, especially from the source/drain extensions 18, into overlayers of the

semiconductor device. The out-diffusion of the dopants results in higher resistance source/drains and
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35 the out-diffusion of dopants, especially fromthe source/drain
extensions 18, into overlayers of the sem conductor device. The

out - di f f usioons/08495t he dopants results in higher resistance mawspe/idna ns and
1 WD 03/054951 PCT/ US02/ 41103 nore graded junctions. Both of these

probl ens degrade the transistor performance, The, oxide Iayer sed as
an et ch mropraflegjonctigns: Bagh affikese problepy degraderibe Gansistop REHITPARGe ]%fi pyer
spacer 5’14%%_?1&3& ?C]h%t({%gaye Qﬁrg%hﬁ"e &&Wf?he@ﬂ[doﬂﬁﬁﬁ&%m&%ﬁ &Qtacﬁsfaﬁﬁﬁiﬁk
processi ng I's a pants to out-diffuse fromthe source/drain
ext ensi dpsthe Gopantsoduring tlasc juleeqnént drerma)., prmﬁﬁ@e Tiuﬁeallve thedopapis & AAEEE di ng
the 5 pre %\ﬁ% ﬁg &‘]/c}rém eflefidlors 19 Rneh XSS éldteglrl}ar ﬁlvﬁ@ﬁcegﬁib&g'ﬂlg cOHeEnNEeakdiey BPacer

etch, bu not serve as a 0 sink for out-diffusion of

dopafit s peHisiongpftah etchsiop fyoiie iV, gommg@ SPMET $tel/ERTth Vi Rer ¥TESS & need
for an ang r gonduct or device the

pr event gfog%?gg]?%?hgl on %&%}Qg Jr?%sdulgé(%l{%a 1égér&s1 z‘?but still provides
adequate etch stopping capability 10 to allow a sidewall spacer etch to be
per f or TeUMMARIUOF gOEJNYENHIONhe silicon substrate. This and ot her needs
are nmet by enbodi nents of the present invention which provide a _ nethod of
forming a serfihersniduwctesd forewi aeangeromd end pisdiod Her BRAlERS 2 FPMICERGHCIRY davigrathe

el ectro ! IR R BodfRed hdd té&aetm@aa&min

t hi ckne qe‘%ﬁtst% te(ﬁsu ésl{%{a@ Iggr}% ngﬂa%gi e@ té iéé)trg de. iy ni tr|S aygr 1.%'
depd$i t ed albew & kideveakli sgeset taleto, beazn@ormqe witheut gengingaf die sjlisopuber®t o form 15
nitride spac h e uRXpre@nd inRGHtion WHEHUSEviad aan
oxi de li ner ?%h% ald &ﬁeerg[gegﬁgg n%g%p%@gdlﬁlﬁ?%knessésun nesslgrsl out1 di flf ugl on
of the Id@&mlmfsfomng:e s¢rhigenduetgedevicer ¢peprigiag thsfsteps of E’menﬁra EPAFHLIBAY 2nor €
dopant s t I flRknds® oRtlheOWibbiRRe Md @€ ghiener
to stil IS(?IB%I{e E@hﬁ?&nﬁ&% %gdeoﬁﬁg%%%ﬂ%?ég%%ngl ﬂﬁl’l ngot rt1e et chi ng of gt he
nitride diayede, Aanivaleylaweliederositsddmythe pee hiagr, pul the @ditduyerg's ciet a8t ri es
durijpg th hakn preferred enbodi nents of t he

i nvelﬁtl on&d%%ﬁ%%%g% gg@ﬁ%rﬁ&%?dg%éﬂeo%% % ffu5| on of the dopant S, ;f)em ally
in the sour celtdrae of axaxidedinorthatdglessiban K08\ intthickiesy Bpsesspeyt«il] &ﬁb”é 0

source/ d d t abGfseRY hérP a8y AR ark BRHES L th

per f or na#n?hlﬂss?ﬁ% tehfg@f'L %r?fogggge%gﬂgesggqgrre % éo nmet by e if{naoozcilll nment s  of tehe
present substatet foprdghioclowphewkide linerste #il serit dhednelion of stch sippiog Srips e
substrat S AbEre @04 3R RpkiglRed duffg 1en t he
subst rateg b Cg@%%lgidg nlgg%ﬁrggelg&g’ﬁ??ﬁness }gl?e | ess 1tﬁaofs}clzoo A eSNlut rigd
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apparent r omt he etall ed description of the present invention
when t aksnrce/draing ond igsrcarpdsd Jlmcth’ilstth@eta’dﬁm%&ﬁﬁaﬂﬁﬁﬁfrp&@%“

The earlier stated needs are also met by embodiments of the present invention which

provide a semiconductor device, comptising a substrate, a gate electrode on the substrate, and an

25  oxide liner on the substrate. The oxide liner has a thickness of less than 100 A. Nitride sidewall
spacers are provided on the oxide liner.

The foregoing and other features, aspects and advantages of the present invention will

become more apparent from the following detailed description of the present invention when taken

in conjunction with the accompanying drawings.

30  BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic, cross-sectional view of a semiconductor device constructed in
accordance with prior art methodologies, illustrating the out-diffusion of dopants into overlayers.
Figure 2 depicts a semiconductor device manufactured in accordance with embodiments of

the present invention, during one stage of manufacture.
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30 BRI EF DESCRI PTION OF THE DRAW NGS Figure 1 is a schemati c,
cross-sectional view of a sem conductor device constructed in accordance
wi th pri owoanstos#st hodol ogi es, illustrating the out-diffusirar/esozdopant s
into overlayers. Figure 2 depicts a sem conductor device manufactured in

accordance with enbodi nents of the present invention, duritn;glson gtage of
manuf act ur e. Figurad) dspiche stuopeg o jEeresd 1ieBowipg dif r8atpRs it 400X ¢ e cture

Of  Fi QUIE, Zuanl AL APUHDRhOR PR RIeAIGH Oxi de Iiner in accordance wi th
enbodi ments of the present invention. Figure 4 shows the struct U{esof

Figure 3, af thiguredushasysdthai situeiice Ak iFRTs Splafipn soussedlraip eGP JUPIRRtS are

accor da | haBRtSerodfndGtsRE B PRlerl AMBRIdhON. 5 Figure 5 depicts
t he str&gﬁaﬁmghgpggagﬁ}rle 4, t:Iaf toer asdi el z)ct?i c |l ayer has begn giegosi ed, in
TS The

accobdance wiFignre fsbpiciethe strusture RE Figpeshmiter dishcirsrlayeeihgs,
structurg of nFé QHE EmBodith@rd (ﬂ"éﬁeggesgﬁl@n\}%&m ng of the dielectric layer to
Via e

form side spacers on t ate el ectrode, in accordance wth
enbodi ment s dfigurhé siavessertrupyeah Figsre.5, fatoginedherigung il delertitpRE {oBn of
Fi gur e 4 alh Glacs PR 88 LloERIIiRL ol AR:ANN SitoahRaR of fe pREGOIMBMiKO Creat e

source/ drai A gions o sem conductor device, in accordance gn t
enbodi ment's dfigerhd depistefie stmotaret pfoRigurEi ¢ aftes aglgem sodesiiraip RELE B3aton of

a digpos pac n TP BRbnP HP GRS SeRiiBdR¥oN Sevibéleind hepRmak! eitBpacer
in a@corp%glﬁlg%e%wﬁ’t ﬁfeéﬁbgoﬁédfnﬁ %@ e i nvention. DETAl LED DESCRI PTI ON OF

THE | NVENBo@e6 of the ppasens énventionvent i on addr esses and sol ves probl ens

related to t rﬁg&% ga(-%cfcfeﬁi%%@lg ﬁ&&a%gﬁ*ﬁtd%pogaﬂﬁsgpa‘eg@inh% @hSakl Prdcag efopR¥yingl
processi ng, resu Ing 1 I gner resi st ance source/drain regi ons and nore

graded jtadisposatss spdesc irezsdrdance with sinkedimeyeefithy iHEi@N. The present invention
solves these problens, in part, by formng a sem conductor device with an

oxi de 'ﬁﬁ%ﬁ%Dﬁ&ﬁﬁﬁﬁm}@ﬁlﬁﬁﬂON hi ckness on a substrate and a gate

el ectro nitride yer formed on the oxide liner is etched to 20 form

ni trigde spacefg, r%slahtsm\?ehﬁgﬂ Rre3tc0 B ffved Brdbltehs @1hiele td thé Buit-difA4fon @ dopants
subsequent t her Ta processing, out-diffusion of the dopants that have been
pr evi ousingp ovephyers dwing teermalprpeessieg TeRPLtnE dn DigheiEHSIAACE FRUICT/ AT TR does

not provide asia & &R}Bs,adéé{%gﬁﬁg t§hsMforderfolndd® Phd Presebk tinvetigdiC eolveyDihese
dopant is Tretained In the substrate of the sem conduct or,ﬂew ce.sloa'g]%

resul ts pmblemaear parkdly Seramesa seatisandnciorsierise with ag exige Iprsdhat ffrfessihsn

| mprovedy,{{Ans gﬁ%gﬁbsﬁﬂé T, HBAE Blectode FA QHFiG 1Ryet MerARd ol @heSdxtideding i@ ethedto
sem conductor devi ce during one step of nanu¥actur| ng. In p‘%%?i schematic

depi 2 i oferm aityide wacsrse thiy esehengsorpipg @ thepxise liggh Lusing LBiPaUTh RSFEsing.g

formed Of\yt &iffusion of the dopants that have been previously implanted are suppressed by the thinner oxide
liner, which does not provide as a great a dopant sink as in the prior art. Hence, more dopant is
retained in the substrate of the semiconductor device. This results in lower resistance source/drains,
less graded junctions, and improved transistor performance.

25 Figure 2 shows the structure of a semiconductor device during one step of manufacturing. In
this schematic depiction, a gate electrode 32, made up of polysilicon, for example, is formed on a
substrate 30. The formation of the polysilicon gate electrode 32, or metal gate electrode, for
example, is accomplished in a conventional manner, such as by deposition of a polysilicon gate
layer over a silicon substrate, followed by photolithography and etching steps. A gate oxide (not

30 shown) may also be provided between the substrate 30 and the polysilicon gate electrode 32, to
create a gate dielectric.

As shown in Figure 3, following the formation of the gate electrode 32, an oxide liner 34 is
deposited. A typical method of forming an oxide liner is through PECVD (plasma enhanced
chemical vapor deposition) methods which are known to those of ordinary skill in the art. The oxide

35  liner is deposited to a thickness of less than 100 A, and between 20 and 70 A in especially preferred
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substrate 30. The formation of the polysilicon gate el ectrode 32, or netal
gate electrode, for exanple, is acconplished in a conventional manner,
such as bwodBpssssti on of a polysilicon gate |ayer over a KiT/Uspen1103
substrate, followed by photolithography and etching steps. A gate oxide

(not 30 s may al so. be provided bet t he subs e 30 and the

pol ysi | i SB‘BV\%‘Q‘F‘ES ﬁ?é@rf%@r §§’e‘”f‘]gy PIEeE: (\{{\egmg qyREnS, dheet %"é?g‘telsﬁ ef thorgxide, Bs 1§ 1y
Figure 3 les Hah abdud 95 Bh@idk OTRRS 4 @it 34 b&zegsath@ 28b RREEQRS234d tRbubNdds thd ner
34 is ﬁgsmgd A typical nethod of form ng an oxide liner is through

PECVD (pF fihanced cheni cal vapor deposition) methods which are known

to those of omgdirnarey4,SKidukceldtaih RReMidn impPhei OXpdtrRai td 9%5nde§udﬁ§1pﬂ§mieﬁ% to a
t hi ckpess of |less than 1001, and between 20 and 70 A in especi al

pr ef e? r eQTCA8 SQYFeRin SHigEHONS 3 Adiagsnt tothoepte deriiods A e gate ﬁle@%‘ﬁ 32 Eﬁaﬁlﬁ‘éhe

especi al kihsRiteBetd Seveargaintaioh of ddpafts bhéel Nessnalh thdgat@ Ykl db BREItHofgh | €SS
t han about 45 A thick. The oxide liner 34 covers the gate el ectrode 32 and

the surf &i8res apgh4 depighone prbediment of the ppqyencs of progess étﬁPScléﬂéfrBiifﬁﬁmé%‘feéﬂ%‘la

i npl ant  bhePEhbsAiHERS, it ReEOVIBRLEOBAhd MPRRGEvetRd, 2 BheRE %xt%ﬁ’s'tﬁncﬁﬁ
extensi ons 36 adj acent to the gate el ectrode 32. The gate electro

masks t h@efampd piicsiethgderogitign elibhexidedgiendt-at i on of dopants direct! y

undegmeat h t he, B3k 5eh Bletitie fayd2 suchlal BRI itelk, Gbi &ﬁmﬁ‘le 30debsictARE GlayeNsR
enbodi ment of the sequence of process steps in the present invention, in

ot her enBYdithfetids lineh. Thedislegtic e ASemagbadrposited ina penyeitioad] mageert wak a3 he

ext ensi ogy idVp. Qﬁfler'rﬁaterﬁi%r&%r petked '11'1 e cflé?e&llil,ela%%s Fﬁo'vfa& Qfch tlerQiI HE bd ner
34. 10 In Figure 5, a dielectric layer, such as silicon nitride, for

exanpl e, eﬁc@WéHﬁleﬁ%ledgC%Fanaélﬁ@rtO@Bldeover the oxide |iner 34. The

dielectric | ayeFigd®. 6, @iﬁ)’sﬂ%n%ﬁﬁ@éﬂnttﬁg dieféc@icCi%Y%‘thhsO&%h RBEN@ forns ¥AbwAS DY
CVD. O her materials mié) be used in the dielectric layer 38, provided such

mat et al §PaEy 4P dt is sritigabipr theroyide dinerciditg aghyps pi elel ppR O RERYSNE gouBiRg Gbthe Filicm gur e

6, the sklsead 30i duiingland RitlidCertlh. BiRE! b CoxiRY Bilfer 38 NASHLLEMICIHARY thh horm
sidewal | 15 spacers 40. It is critical for the oxide liner 34 to act as an

et ch st op°tventispahviior agouRihefly ere pet Ry fakerptp avgishetereighings deanidingly, # fhighly
nitride edichive &iyRES 1§éﬁﬂ)l@?éﬂ derolth E}férmd%@zalhﬁﬁcé??%‘ TRBEEh Elthéﬁ?lgrszh@(ﬂl&tmlgh
|

conventional prior art nethods, care nust be taken to av over et chi ng.
Accor di ngityde -ta-omdg sekpetivity | sa cthatyibe dhiy liseic ill serispy @y adequafe fesibnitem et dewal |
Spacgs s #bmpkhe cRintikinC ReRUG! CF,. sk e@ﬁﬁitmhgzmmrg:@ and rdcigel €ort QeHing, Qﬁ'cludlng

select|V|ty so that the thin liner will serve as an adequate etch stop

| ayer. ARI3SR ShubgATA7a5t erampishing inchidp thedeliorying: (v H@Fﬁfépcwlz/ﬁﬁ%‘gx ries

and recipes fPi’gu@tﬁéhbWchelsﬁﬁdnﬂﬁibf‘& l6ors & 1ﬁ 31 fGhalbn HEBGICENRin @%!o@@h' ng,
i ncl ude the foIIovmn CF4/ HBr / He and Cl12/HBr/ He02. Figure 7 shows the

st ruct ur BY df 99ep giiPAng PFASess AR ngytbsenenf dhenmel Brocessing oRpidng HieadeRp rsewrelAing 2

implantation, the sidewalls spacers 40 act as masks to prevent implantation of dopants in the
25  substrate 30 directly underneath the sidewall spacers 40. Conventional dosages, implantation
energies, and thermal annealing parameters may be employed.

During the thermal annealing, the thin oxide liner 34 suppresses the out-diffusion of the
dopants in the source/drain extensions 36 and the source/drain regions 42, since the thinness of the
oxide liner 34 substantially prevents the liner from acting as a sink for dopants. Hence, more dopants

30  are retained in the substrate 30. The overall affect of this is to lower the resistance of the
source/drain regions 42 and the source/drain extensions 36, and produce less graded junctions. This
acts to improve the transistor performance.

In another aspect, a highly etch selective film for a disposable spacer process is provided. In
this process, germanium oxide is employed as a disposable spacer material. Germanium oxide is

35  preferred as it has the property of dissolving in water. The germanium oxide may be deposited by a

spuiter method, or by Ge CVD with subsequent oxidation. It is then anisotropically dry etched to
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by a deep inplant process and subsequent thermal processing. During the
deep source/drain inplantation, the sidewalls spacers 40 act as masks to
prevent iwad@mwsatsion of dopants in the 25 substrate 30 diraewdog/4umoser neat h
the sidewal | spacers 40. Conventional dosages i npl ant at i on energi es, and

t hermal anneal i ng paraneters may be enp Dur.i ng . l'i ng,
t he t hi rfoBRjagwagef- nélgurgﬁas BFSe%%%%antgFf& IH)L?%( e BRI S O% ‘? ?H%Cers o&gﬁe?g%ﬁn t he
sour ce/ dc{e@bsnte@és&e%ﬂﬁhé}fﬁ Iﬁﬁie%dxﬁ@%uﬁwbﬁ@haﬁ@tdmar egi ons 42, si nce t he

t hi nness of the oxide |iner 34 subst antl al % néevent ner

t he okl
acting as a sPisRospie SREI’S‘H&H% be e dp dif! C’Seﬁlpza}r%usreéf gl%e 8 etphe

subst r at &30l EnpPHar Al aéftelatfh@ Efrtnai®dn df tﬂlllessphcf‘e:rst & depiord i H@uﬂ’eéﬂ%l At ameeal s;tdp t he
source/drain r gl ons 42 and the source/dralg ext ensi ons

55 Tr ad At Do 8t v 8o helieE SR SOREBIOD TN 1 SHERLTG) SRR |,
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process 1s p ovi d | S rOCGSS %%{H)mn| um 0 i.de i.s enp

di spos abqll@OS?ﬂa@feqﬂdrﬁéltIel?]Pdela Graih Lomen Emperafuge a‘f:."g df FLoPEd ae‘?slxﬁ%fat%alsn t he
propert ypf.dLSsol ving in water. The germani um oxi de may be deposited by a

sputter thod, or by Ge CVD wi th subsequent oxidatio It Ls the
ani sot r opi cal The ghrpaniume il tli)adVﬂnt?/@"E%WgB%Q“S"fn Fbef?lfﬂ@@glvﬁ@'lsﬁt??y 'Flo‘?(aﬁ? ryand

spac !/:érg lé?::tlg@% SR oBiles itk tﬁﬁﬁ@ﬂﬂ%ﬂﬁ@m in@drhiesndg@bimbdebingdXi de spacers 50
have een eposited over a liner 5

f d
mat eri al . Di spbbeush ghegyrseriiavepign Iﬁéb%%lgs‘i%ﬁgdo@%@isg?ﬁd {?Ef{‘ff‘?gr s tﬁme Elxaerhbl ary

use is tf?nd%f‘s dJ 8'%1{51 éﬂ@‘ézﬁne Ry %§6fjﬂlﬁbtfht1bmmﬁlﬁplé6nl§fah@i’s roh® bk edkemby way of t he
spacers, epicted 1n Figure 8b. An anpeal step erf rrmed t hat

may be hbmtt@ttont uhasvoc@ﬁf\ﬁbwrpwn@pveng%%n& IHEltf‘éld‘&}’rYdDé(/tEﬁ *ﬁi‘?ﬁ ‘&rﬂf ?%‘P%d
after spacer renoval will not be subjected to the higher tenperatures. The
spacers 50 are then disposed of and an LDD i nplant 56 and | ower
tenperature anneal is perforned, as indicated in Figure 8c. The gernmani um
oxi de is advantageous in that it can be renoved very safely in water, and
10 very selectively fromother filns traditionally used in sem conduct or
processi ng. Al though the present invention has been described and
illustrated in detail, it is to be clearly understood that the sane is by
way of illustration and exanple only and is not to be taken by way of
limtation, the scope of the present invention being |limted only by the
ternms of the appended clains. 5 WD 03/054951 PCT/US02/ 41103 WHAT IS
CLAIMED I S: 1. A sem conductor device, conprising:



5 a substrate (30); a gate electrode (32) on the substrate (30); an oxide
liner (34) on the substrate (32), the oxide liner (34) having a thickness
| ess thawal@®s#siand a nitride sidewall spacer (40) on tcTonsoda@1108 ner
(34). 10 2. The device of claim1, further conprising source/drain
extension inplants (36) and source/drain regions (42) in the substrate
(30). 3. The device of claim?2, wherein the oxide liner (34) is |less than
45 A thi ekgaTds cRangtbeg of form ng a sem conductor device, conprising the
steps of: formng a gate electrode (32) on a substrate (30);. 15 form ng
an oxide liner (34) less than 100 A in thickness on a substrate (30) and

the gate el egtrodq 3ond#ERASIiEd, BEnfistit ri de | ayer (38) on the oxide
liner (34); and etching the nitride layer (38) to formnitride spacers
(40),5t he etching §ﬁ@1§?}'ﬁtﬁ@3% the oxide liner (34). 20 5. The method of

claim4, wherein the,3trRpuqk &)ohimRubdhaesd)yi de layer (38) includes dry
etching the nitride layer (38) with an etching chemstry wi.th very high
nitride-to-oxi de 8BPEee ilwﬁff) op thegubsipls §32) oS Qﬁﬂf)]fl‘éﬁ‘éé?%&aﬂﬁﬁ@g’imﬂ%‘?fé:leg% of
dopant s fy.qAbé APAANt ed regions into overlayers of a sem conductor device,
conprising the steps of: 25 inplanting dopants into regions (36, 42) in a
substrate (30); an@ nitfigy sidangllaprcesteon theexidelmay 3fkess than 100 A thick over

the gybstrate(30) tpd d@\;meeof@ﬂirﬁqgﬁﬂﬁleﬂdoﬁi.{)ﬂh@g sduttieldnBi eaei¥hiimbRsts (39) lﬁildlg a
gate el ectrode (32) prior to the |B§I anting of the dopants, and form ng

si dewal | seyserédnia reearmy (‘90 it thesupairaie @0kct rode (32) and oxide liner (34). 30
8. The net hod30f Ch@l Bivice .ﬁﬁﬁ?,nwﬁel?e@n&E%ﬂd@fin&@ﬁﬂisﬂ&s%aﬂ@ﬂ@lthicﬁ.pacerS (40)

includes depositing a nitride |ayer (38) over the oxide liner (34) and the
gate el ect r odé- (32)3 methed efiforneing mpemgcondprgorlpyics, qeupriigthy sieps of:

ani sotropically w ff&nﬁ{gn@ga@%w&l%@é@@) dhadubfidg @i gh nitride-to-oxide
selectivity. 9. The nethod of claimS38, Wnereig, the etch recipe c%rrprg ﬁ‘gras at
| easSone of CF4/ Empingeapoxie lpep(3dipless iBapl 003 imthicknespoma YRS ERIGEVL pud e 8,

wher ei n tgg@ epcgﬁ;gaer(@gj pe conprises a CF4 chem stry. 6
depositing a nitride layer (38) on the oxide liner (34); and
etching the nitride layer (38) to form nitride spacers (40), the etching stopping on
the oxide liner (34).

20 5. The method of claim 4, wherein the step of etching the nitride layer (38) includes
dry etching the nitride layer (38) with an etching chemistry with very high nitride-to-oxide
selectivity.

6. A method of suppressing out-diffusion of dopants from implanted regions into
overlayers of a semiconductor device, comprising the steps of:

25 implanting dopants into regions (36, 42) in a substrate (30); and

forming an oxide liner (34) less than 100 A thick over the substrate (30).
7. The method of claim 6, further comprising forming a gate electrode (32) prior to the
implanting of the dopants, and forming sidewall spacers (40) on the gate electrode (32) and oxide
liner (34).

30 8. The method of claim 7, wherein the step of forming sidewall spacers (40) includes

depositing a nitride layer (38) over the oxide liner (34) and the gate electrode (32), and dry etching

the nitride layer (38) anisotropically with an etch receipt that has a high nitride-to-oxide selectivity.

9. The method of claim 8, wherein the etch recipe comprises at least one of
CF,/HB1/HeO, or Cl,/HBr/HeO,,
35 10. The method of claim 8, wherein the etch recipe comprises a CF; chemistry.



