WD 03/054951 19 JUN 2006 PCT/ US02/ 41103 SEM CONDUCTOR DEVI CE COVPRI SI NG A
THIN OXI DE LI NER AND METHOD OF MANUFACTURI NG THE SAME 5 FI ELD CFJR-#805

| NVENTI CRyd hfosassent invention relates to the field of spri/gemRAdEdsOr
devices, and nore particularly, to the formation of doped regions in a

-seni conduct or devi ce. BACKGROUND OF THE | NVENTI ON Over the |ast few
decades, the sem conductor industry has undergone a revolution by the use
10 of seni CEFHACRNDEFTIRe EAVIF0gyONEE IS ENT PCEIET SHEIE LINRRgANY MEFEQRY (C4t ed
el ectroni ¢ HRVVEECIVRAFATHhEANBSt common seni conduct or technol ogy presently
used is silicon-based. A conventional process for preparing such a

semisc ongleg HhasE ter neENTIo ves t he deposition of a polysilicon gate |ayer
over silicon substrate. The polysilicon gate layer is then etched to a

desired w dt e ptiseniehveRiidielates td186 field BESnActnG@tdrApVica) dnd rige prrtonlaly, to
substantially vert ical sidewalls on the gate el ectrode. 15 Follow ng the

f or mat | Bp fmaticnef daped regieng i HirEricon dendEYFYr ai n extension inplant is
typically perforned. The polysilicon gate el ectrode masks the substrate

di r ect | yopREROIRAD DETTHE phvENTIO®E, SO that source/drain extensions are

formed adj acent to the gate el ectrode. After the source/drain extension

i nplants, si desahd 1as RRE@IcdeRthe defidhRbucti? idugrydal endigdat b edlelutionbylbese
source/drain i npl ant process is then_perforned to create the source/drain

r egi®nsof Won%t% |WBW§‘PHY g faficate smallrighlsHtqerted,deoloRr SEVIFSaa Ly ™08 rmsks

to prevepimé ?elﬁ&ﬁﬁuéﬁufe&%ﬂ>%§‘|pﬁesbﬂm| @8d Ss Eﬂl&iﬂ-ﬁh@dzd’lgx bﬂfﬁﬂeﬂﬂiﬁrﬁﬂpﬂo&tsﬁ) fothe
substrate directly underneat

t he S|demall spacer cess, the
deep sopfepaing sash2 segicendsctar dedesyiavelyesdthe dgpRsHINR %é‘t @X%SFI@(?P rgg't‘?( %FHe

Wi dt h - ofi;l e BRAKE e p%i;rsﬁﬂ&oﬁ lB&te 1hyoPlifReAtddMBA S QC&‘ﬁﬁ&B witlﬂ& mrrabmgk an
anneal ing step activates the inplanted dgopants. The sid eg@e pacers are

t ypi cal byformecraisobppieafy topraeidefbstapsilly N%m@aéﬁ‘ge‘?éa}né(?fl M EBERFCEYChi ng 25 of a

di ejectric | pyefiSHab f@afidd draRgdid Elédt%ﬁe,tarb@ﬁrcamsﬂﬁﬁﬁlﬂaﬂteﬂtypl\tﬂry t he
substrate and the gate electrode. It is known to e o%ga%g]%ng%%o |de

deposi t patfosmeds The golysilicosgaipepisptradeaasks e sulpsifyie dirpeily

|ayer it Ak ARbEALDE £ rohiSy Rfdo BB bite bikdrogbdeval | spacer s. The
anisotropic etching of the dielectric |ayer etches _the silicon pitride and

stops on t heAlftPrrfé¢ sqyxqeieain W@lﬁ@ﬁﬂﬁnﬂ@m& ﬁH’é‘é’iﬂ?‘ spapegs arg SIgPd gn B SERE L 9% con
Subst r ajeqee §@Suﬂcé/ﬁ‘n%fn ﬂgﬂﬁ? pfo%ests)ﬁ@ iRl De¥foftBIOR) ér@die Vet $butceldidi€ Kapass. '!lele

bet ween 30 100 A nost typically AB A sem c duct deV| ce
f ab2Q c asidewall spacerstfprned on the gate electrode act as masks to prevent e deep source am nnp
from being implanted into the substrate directly underneath the sidewall spacers. By this process, the
deep source/drain regions are separated from the gate electrode by the width of the spacers. After the
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 3004, 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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met hodol ogy is depicted in Figure 1. The sem conductor device includes a
substrate 10, gate electrode 12, liner oxide 14, silicon nitit§d&N3fiacer
16, sour g@h gsgdsbsiext ensions 18 and deep source/drain regpepgs@iiid® concern
recogni zed by the inventors of such a configuration and nethodol ogy rel ates
‘to 35 the out-diffusion of dopants, especially fromthe source/drain

ext ensi @6 gifled junttoneVBdth aftes mdblénmedegméeriicandsigorgrerfdenance Thi heide layer

out-di ffusiagn of the dopants results i hi gher .resi.st ance u rajpns and
WO 03/ obhged a1 & ot Flom BeCTRnd B 81 pBA SRS SRR i TG Er e et
t hese pfoglleadtparie gimperht Rebstduanisthedral pesstiag. M allowkhtee dopates tb ayediffus4,
used as_an etch stop | ayer duri ng( t he,efchi n%gof the silicon nitrhi %
h T e

si dewal from fhecsapse/deamy extepsions 1 info the oidg iner & FIanee R 5 AgOpHwE CRHEE et
t hergral pratigi6R 66dn Hich stdp lByeRkd Sréfent Bgi@ @atkigthe Spadertetctl] Bu tmewill od sarvehas a

sourceldrain extensions 18 into the oxide liner 14. Hence, there is a
concer ndgpagyamgitoruf-fiktusiop pEdopaits drring thermalpegeessiign | ayer to prevent gougi ng
during the spacer etch, but that will not serve as a dopant sink for

out - di f fusivAR PO SENWIONG t her mal processi ng. SUMVARY OF THE
| NVENTI ON There is a need for an arrangenent and nethod for nmaking a

seni conduct OrThe W £ BeddRor aRfaB¥RIRIStOd -Edthddifor GibkDif 2depdcundudia deviee limyer s,
but still provides _adeguate etch ﬁ%gsp&;ln .capabili.t 10.to all ow ﬁﬂit
si dewal Preegyiscquf-dighusinn of dppants & PFlRYsE: Rtk Y RTOY @F‘?%atSFtCP [FEPPRAE PARERHLY

subgd r ajEaod RisfieRNsfAtAchAE AR rdfRdWRtholyz0agihe 6f Hesliconahbsbie. pr esent
i nvention which provide a mnethod of formng sem conduct or dl?ew C%}q&

conpri si ng t Kes ep@ptheppeqds i Hef by galodimsniscet tgﬂ SresHIt Anvertigneyhich grov

for m ngnRMo@¥f Aemink Rekmi@aductod ABvidd) Gorfpiisihet the GHesFFordiing b @atd whstrédaten aand
the gate electrode. Anitride |la i s deposi tedﬁggletﬁjgg oxi de %l ner, and

the ni t PubsiEats, 49 formings p de Tipprilg fan PO b Hhigkng ubstipte 2aq s gelp

st oppi NGeQRdt Ne nBXidtiytd Reeposititor B8R dRideAmer)dnd ¢hd hiftRle liyRats ¢tShel@s Sorkrhan
100 A in thickness suppresses out-diffusion of the dopants since that

| aybY f Biftds spases, this etehipgsiorpis ontp SHESIBd nore dopants are retained in the

substrate. | fnO8deF af Oxifié liMHaDR 10X tHee 160 ASH thidknésk shgpre &k et-diffesidristahd on of
etch stopping during the etching of the nitride Iay%%),mga ver%.SSI.ec ive

dry et cRopsay siee yags dayver dorAg lessof @ndnl & dopantyiand mgret ® 2 fBfat i on,
in cert ik ah Sdepth SR derBideSinef td 81 deRMant h@Rtionl feetSInpipRsShningafie t he

out- diffusion of the dopants, especially in the source/drajn. extensjon
r egi ons etchiag of the nitride Jayvgera yegsielactyredy eleh inay &F gres P%ﬂgaﬁ%,‘g °$‘8‘§‘§m§? 31883@ the

j ungh i ogScert (BRRBBY, ihRFOY ipRdertddnibodihts RE theOMmUEEGE - The suppression of the out-
diffusion of the dopants, especially in the source/drain extension regions, results in lower resistance
source/drains and less graded junctions, thereby improving transistor performance.

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

provide a semiconductor device, comprising 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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The earlier stated needs are also net by enbodi ments of the present
i nvention which provide a semiconductor device, conprising alSuibsiliate, a

gate el eGyHQsles04y the substrate, and an 25 oxide |iner opc-iR8oSHiEtrate.
The oxi de ?I ner has a thickness of |less than 100 A Nltrlde smwaahJ?cs

‘spacers are prow ded on the oxide liner. The foregoing and ot her features,
aspects and I@nzt s @fe dtheupr eSEiphre i elluvwinnthed foimative ob re omide dinepivar ent
fromthe fol I owi_ng qtﬁ-gll | ed_description of the present invention when taken
in conj tsexlimsa Wilhembpdiments of BW?/%DE’@’V%I’F‘S% ngs. 30 BRI EF DESCRI PTI ON OF THE
DRAW NGS Fi gHfpfirel4 | shows SR QRIS , ofCFigaiS- s,emer Ospatcediadw egibnsions gnglan dect or
devi ce constructed in accordance w g E or. art. met hodol ogi es,

i |1 ust r BerfoRged, HeacgRrfangs Pt SpBert tﬂ%% GRESSPHPYRHOLr | ayers. Figure 2 depicts

a segri conduckRredeyd d;ﬁ&s PRNhaGiUsfeElgird 4paRa@radiclegrivildytr katiedi deposisedoin  t he
present inventian, one stage, of manufacture. 2 WD 03/054951 19 JUN
2006 PCWWIS@‘EPM"P@E“’F@@?P‘@ °§th8§f?ﬁﬁ¥§“’?‘ﬁ‘énstructure of Figure 2, follow ng

the formati opjffe AMoRKiLEBirkdnE bf Fifure 3Cf6N6WARS S cidhing oﬁﬂibﬁiéleﬁﬂble&eﬂb fartve
present invention. Figure 4 shows the structuyre, of F%fg re 3, .afte

sour ce/ sideiyall spsceeresitmearsieciintes nogordancs wih gapodiments, Bf&%‘?{l,‘én‘(ﬁ‘??%l

enbodi ments @feufe JREERERE sirfiRe tf Figurd 6F'aﬁétraﬁd€apd§ﬁto@/fd§a1ﬁ bepladt rhac thaere  of
Figure 4, after a dielectric |layer has been dep05|t acc rdan W th

In
enbbli neerfosmed te heseai cguEe/diaiy siqns ot e g spmEcandugios e‘t“?‘?e lgtarcﬁﬂf

Figure gyud gﬂ%ﬂ&ﬁrgﬁnﬁh&lﬁh&g of the dielectric layer to form 5| dewall
spacers on the gate el ectrode, in accordance wth enbodi nents of

present i nveHiguess 8a-81:p1gmtéhe7fog@a§tp@ pha dipposable spageg Apd gt imeagpracegs © ?yé?g
deep So'd{e ﬁﬂe@%ic Eeor&ﬁée PREGntbEinRGs P e BhehGorc T €at e sour ce/ drai n

regi ons e sem con uctor device, in accordance with enbodi nents of the

pr esent |nvent|on res 8a-8c depict the formation of a di sposabl e
spacer &EEAQHEDP@SQR&IHP%QEE rPan& KN the di sposabl e spacer

accordance with enbodi ments of the inventian. DE PTI THE
| NVENTI ON 15 Th¢y érepﬁné%mtlomﬁd@rﬁ%SPwdéa]d?Ségfg‘éﬁn%W@t dP 5@5"%&’%?@@8?‘5? ed to
the out ;g (L{4BLQY d¥findBRAM rocessing, resulting in higher resistance source/drain regions and
more graded junctions, decreasing transistor performance. The present invention solves these
problems, in part, by forming a semiconductor device with an oxide liner that is less than 100 A in
thickness on a substrate and a gate electrode. A nitride layer formed on the oxide liner is etched to
20  form nitride spacers, this etching stopping on the oxide liner. During subsequent thermal processing,
out-diffusion 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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into overlayers during thermal processing, resulting in higher resistance
source/drain regions and nore graded junctions, decreasing tr@qmlgm®
y

per f or MRS o355 P €sent i nvention sol ves these probl enspey/fsddaltos
form ng a sem conductor device with an oxide liner that is [ess than 100 A

‘in thickness on a substrate and a gate electrode. A nitride layer forned
on t he cxibdémentndn even furthdredperiallP prefeprerhemibodiines, Sheathizkssss vhihs oitle Hnargs

out o f feaeh B usahe of M AR S5 BREEHE B B ER S B gr e

suppre5§ebbtrbly3ﬂhe t hi nner OXI de l'i ner, V\:hl ch does not provi de as a great a

dopant si nk the el Hence ret n the
substrate of %? Plr:‘grbgerr‘l c?)ét Ce/ eétewl?:renﬁpllﬂf sls P%@‘EPF@ 1 Fi CP%WE ggﬁagrteéﬁ%e
sour &e/ Gtraaterssurce/ﬂtamxgnaoiﬁsdG j adjacetnlt tonthe g eledtrode OY.the iputa Bltisdde 132 peasksatherance.

25 Fi gur t he sinuc uct r.,devic e step
of manuf gbs% i ?’%’SP TRt tni’ﬁl §Pi gﬁg?ffaﬁts (sﬁletﬁ‘fﬂg't‘tn eede & e‘étﬁctéf’ 82(3‘“%?
up of p(ﬂlgm&SBI moH de]'notrone )eﬁlbudlﬁ\f:ntlcﬁ tHeGedqaRaceT pﬁJceﬁ $iepd hahepra@nt ﬂb@utm rnmat | on

of thep 8] e el ectrode of netal qgate_el ectrode, for
exanpl e, %g %%‘% ?gaﬂ% Efefi’s & ﬁl@%ﬁ%érﬁ@o‘{ﬁ‘iﬁ rﬁ‘éeﬁst’?g’r so glﬁtcﬁe SXCPYOU IR (S on of
a pol ySIpblform&dgﬁdsreotﬂeaylm’smmiefthaoﬁdéhﬁeﬁmSUbStl’ate fol | owed by

pho I|thogr ste ate o |de 30 sho so be
pro ded bet \?tﬁg’éute%g 25%5@9221 §‘8°?‘zfﬁ8ﬂ’{g PnIfEigPa f ‘i‘F"l ’@3?1295 \g%tag%ébg% to
C L eate a)vgah@oyddegheg?gt The dlé&d‘ﬁlb@}&@r 38 nﬁy gl ﬂ@oaﬁtedfn@h h@tgfelﬂ%nﬁlhﬂanﬁ&’lﬁ §Rh 'aﬁndOf f
t he gat t an oxide liner I, eposite typical nethod o
form ng%ggkﬁii Q4B Ly gay fie B%?&HHE‘E(S}?S" ¢ lasreot Se RIPRIfEC S chhishatsPaX, Bpor
depositiefmad\rmgmdﬁvewwm?drgmkmmeto those of ordinary skill in the art.
The oxi de 35 Ener de osited to a thickness of |less than 100 A, and

e womn50° o ARG, e SRR aids o cletisirces 38 s ogen sisHe WEoDB FideMgh 1

PCT14)S02pa4:3 0. Ierteidiaran tis. oxid& 1R¥E thutidIah «RE HBH t@ﬁr&%np%cﬁ%ﬁé oféhe silicon
oxide liner is ess than about 45 A

erbodi nent e. thickness th

t hi ck. %éat}tzﬁg d‘tftnﬁetF %fl%sfétl sgtltfeﬂtja?’%deetl%‘%t%aeé bpon gpade tthigne ipia e of
the - Subsﬁvéﬁticﬁaﬁﬂtorlaﬁ rﬁd:tgeﬂ’seca&e nfisS B & &Y Aol B¥crReShgd A ckdRingR! aihSohly

per f or gventlon nne create source/drain extensions 36

adj ace ntgg?%“'? tlseenéﬂl%yc?a [ Emis Sldt?Wéu Reees &9 e pish ehempstiygayek exhghit high

substr ahem&&otomdp rsetw;rvttyl sanh@crmattmﬁ Ningf wilPR&NS 85 Gh raB6dubiy i fbm e Ahe
gatz%el ectr ures 3 and 4 depict one enbodl ment of the

seqtténc&® eéxrp BY SEeé’g:létrys t“éﬁ@g% s hﬁireé‘g’é‘i‘ft chem{sties 28t reqines for sehing ipdeiinent s,
the st ephsiod etbhigiéraacBveriofl ehiag, endheM SefBlowis e ARY#MBrAHRO, Sid @YERAAONP! ant is

Figure 7 shows the structure of Figure 6 following the formation of source/drain regions 42

by a deep implant process and subsequent thermal processing. During the deep source/drain
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

sputter method, or by Ge CVD with subsequent oxidation. It is then anisotropically dry etched to
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performed prior to the deposition of the oxide liner 34. 10 In F199%@Hﬁ5 a
dielectric layer, such as silicon nitride, for exanple, is deposited as a

| ayer 38 WQV&054931e oxi de liner 34. The dielectric |ayer 3BCT/N&§2/41803
deposited in a conventional manner, such as by CVD. Qther materials may be

used in_the dielectric_|layer 38, rOV|de such naterl ChavEt
very sef®Bt# R4 D rCF 3?5 1§tﬁﬁnt 5 SEHE 81 ?ﬁ%e{lg]i\élépc%ar‘{ r?lg‘?hrl de
in the d&p%lsl%to%&(hlhﬂyﬂ made bﬁﬁud@eﬁmde,tdihﬂﬂr ingrefidr m si dewal | 15 spacers 40.

It is critical for the oxide |iner to act as an etch sto vent
gougi ng of t Il?éSP§$aﬂe<§8?’FefS§ﬁ‘B’stFr“é‘f‘%m§6éediﬂt FRE"Th PPl Ut {:Sﬁo P J;ngé ?

oxi de | kfiRke/dR4in hﬁ?aﬁl@%aﬂ?@% fhihaBiBR bf thaghicérh) as AeyRvteNiniFgued 8tp inannat $tep
net hods, care

be taken to avoid overetchlng AcconglngJ% ﬁg&({
sel edt i ethen yeriqrmpd fhat @ap|bs hoter tHary epnypationals SR i SOUFRATRIP £X BS“’“r &
chem st pyeMaler ahbVal Wil 'nghbe Ellbtjercteﬁaco L1255 ﬁi’gh&iece&ﬁérﬁﬁﬁeb VTHeysp‘i&brst beret then t hl n
liner will serve as an ad e?uate etch stop | ayer. lﬁmﬁo %Plar 1c:t]fi((i'mstry

i ncl udedisoysgd obentban EPEhEpRlan 8 1?4 19 WeE JeTHRFERLTE Mudi ng
pl asma @%%@g§g or reactive ion etching, include the follow ng: CF4/ HBr | HeQR
and C 2/HBr/He®2. Figure 7 shows the structure of Fi ureg& follomnngdthe
formation of Thegeeenrimaeside is ghlvantagecs iR, that § sapdg 1FRI0K dxdn g @
5Ub380 UGBy SIBHER|rroRf A& TR0 HadiMaY ke Hf‘seﬂlﬁ:%ﬂd&ﬂ#bfo@éséihgl n inplantation,

e

the'sid S sp cers 40 act as masks to prevent i Iantatlon of d?grnts in
the 25 substAltpeshdbe presestiigntion burhsendarcrited 2ad Hestgad 1 fRipiefids tpcpe cle

Convent i gaal, Eﬂ%ssapg a'a\f?a[gﬁf hlﬁﬂtratﬁﬁ%ﬁcg ERishpleAey ztn'ﬁ@é’ #%tko @élﬁl@bﬁ'b!}’m@y of

paramet ers may the thernmal annealing, the thin oxide

| i ner 3dingiapem éss:@ca)etoﬁ@xe@mselm nwmgmcbhméflm@t%omﬂbvp@ﬁf%mﬁﬁf the,@rredslse S8 ai n
extensions 36 and the source/drain regions 42, since the thinness of the
oxide liner 34 substantially prevents the Iiner fromacting as a sink for
dopants. Hence, nore 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 |ess graded
junctions. This acts to inprove the transistor performance. |In another
aspect, a highly etch selective filmfor a disposabl e spacer process is
provided. In this process, gernmani um oxide is enployed as a di sposabl e
spacer material. Germaniumoxide is 35 preferred as it has the property of
dissolving in water. The gernmani um oxi de may be deposited by a sputter

met hod, or by Ge CVD with subsequent oxidation. It is then anisotropically
dry etched to 4 19 JUN 2006 WD 03/054951




PCT/ US02/ 41103 form a spacer. Figure 8a depicts an arrangenent after

ger mani um oxi de spacers 50 have been deposited over a liner 52, made of
oxide, nitride, or other material. Disposable spacers nmay be T4

different manners. An exenplary use is to performdeep source/drain
inplants 54 after the formation of the spacers, as depicted in Figure 8b.
An anneal step 5 is then perforned that nay be hotter than conventional,

si nce Qﬂg ﬁ@grce/drain extension formed after spacer renoval will not be
subjectedA 0 the higher tenperatures. The spacers 50 are then disposed of
and an LDD inplant 56 and | ower tenperature anneal is perforned, as
indicated in Figure 8c. The gernmanium oxide is advantageous in that it can
be rendved vAp§mEgrAIcioridgviggt@mprigh®: 10 very sel ectively fromother filns
traditionall 4 sem conduct or processi ng. Although the present

i nvention hé%mgggﬂegggtribed and illustrated in detail, it is to be clearly
under st ood tdgte ¢lbetrsian®2) on thy swisyraef(30);1 ustrati on and exanple only and is
not to be taken by .way _of limtation, the scopge of the present invention
being |i i teaal%ﬁ? lipgy (BRbor dienubsate R%%EH& liggrdPrkhaving 8 tyepesyoe

CLAI M5 1455 iAysfy8 £ONnduct or device, conprising: a substrate (30); a gate

el ectrode (32) on the substrate (30); an oxide liner (34) on the substrate
(32), the oxmeideisiEwall3picenédd)og the vxide kner34), ksks t han 100 A; a nitride
si dewal | spacer (4Q) on the.oxide liner (34), and source/.drai n extension

i npl ants ( 36PUKAETAE K ERTAR Hpﬁlaméééﬁgdéé%fg/ﬁwq eI DR TBEFS { pe

oxi de kgoﬁr (34) overlying both the source/drain extension inplants (36)
and the source/drain regions (42) to suppress the out-diffusion of dopants
in the sour dbt dxigediner (349 rosiedying hottatiesopBe)drain ¢ xtemsioo emplaain(3oegidns (42) .
2. The device of.claim erein the oxide layer, (34).is |less than 45 A
Chi ok B8 W Bistreion Ll e st B REE ot i e P ERHE e "ot ops
of :  f xEnsidndmPRhe (SbLald edRe(dBdh réflod @ppstrate (30);

2. The device of claim 1, wherein the oxide layer (34) is less than 45 A thick.

3. A method of forming a semiconductor device, comprising the steps of:

forming a gate electrode (32) on a substrate (30);

forming an oxide liner (34) less than 100 A in thickness on a substrate (30) and
the gate electrode (32), the oxide liner covering a surface of the substrate;

forming a source and/or drain extension implants (36);

depositing a layer (38) on the oxide liner (34);

etching the layer (38) to form spacers (40), the etching stopping on the oxide liner

(34),

forming source and/or drain regions; and

removing the spacers (40) after forming the source and/or drain regions (36).
4. The method of claim 3, wherein said layer (38) is a nitride layer.




formng an oxide liner (34) less than 100 A in thickness on a substrate
(30) and the gate electrode (32), the oxide liner covering a surface of
the substrate; form ng a source and/or drain extension inplant%JUNB)E
depositing a layer (38) on the oxide liner (34); etching the layer (38) to
form spacers (40), the etching st oEpi ng on the oxide liner formng source
and/ or 5dr ai Theaggthersof daith #.ewhartinghe bep opatshing theoifridg latar (3Hrinsladest he

source and/ or_drai n. regions 6)...4. The nmethod .al m. 3. {.n said
ayer - (BB R R B GEIPE i)y g dRfHGRIRR G nSRk MO ST, 3

wher ei Relebigvigt ﬁi-’fﬁ@lfenﬁ% GihnGhat 1R 16k factieas! 4t @th 6B8)duridgl sattedry etelyingt chi ng
the nitride |ayer 1(38 Wth an etching chem stry having nitride-to-oxide
sel ect ipveveptig¢teh ef basiliconpestrelgat the |iner acts as an etch stop during
said dry etching, preventing etch of the silicon substrate. 6. A method of
form ng a sem conductor device, conprising the steps of. formng a gate

el ectrgde (Imetivdaf sorhihg at@nicdtuctdraenicagoaprisiigdie steprarf: (34) | ess than
100 A in thickness on a sugstr te (30) ang the gate el ectrode (32);

deposi ting 4OWNRE pEate|SRrEP @@soBﬁ sphitrafs§388 1iner (34); and etching the

nitride la : tQ; g AVl IS: { i Ng on
t he oxi de Y?ﬁ%élﬁg)ﬁlﬂ)&ﬁ?%%gkﬁe}% %gtgﬁlg)? Ggf&a}n%ﬂ%?m%sgﬁl e?%]@[{gﬁgﬁ s(t§ g};ﬁg% gt chi ng
t he ni tihé giae bleytesde((328) includes dry etching the nitride layer (38) with

an etching chem. stry w. very high nitride-1o- oxide selectivity. 8 A
met hod of sdgb?sé%‘é% %ﬁltrb‘iﬁqi‘%‘irfd@s‘?rbtﬂeBFldﬂ&B%(ég)ﬂanm i mpl anted regions into
overlayers Qe SRENGARL LRI 8Y &Y tdth nifRIFRDhGHGI0Y,RBe S{cBRE s&ippidgayl ant i ng
dopants into Cregglsons (36,%3’2)(i82 a subrgt rat@ej (3033‘; 5f o? m nggan I)(I))xig:jﬂgJ | i ner
(34) | ebsoxilalin&@B4)A t hi ck over the substrate (30), form ng source/drain

extension inplants (36) and source and/or drain regions (42) in the
substrate (30), and form ng a gate electrode (32) prior to the inplanting

of the dopantiz m@Rsd bPEIRINE, 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.

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

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

forming an oxide liner (34) less than 100 A thick over the substrate (30),

forming source/drain extension implants (36) and source and/or drain regions (42)
in the substrate (30), and

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)

the steps of forming the oxide liner (34) and forming the source/drain extension
implants (36) and the source/drain regions (42) in the substrate being adapted such that
the oxide liner (34) overlies both the source/drain extension implants (36) and the
source/drain regions (42) to suppress the out-diffusion of dopants in the source/drain

extension implants (36) and source/drain regions (42).
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sidewal | spacers (40) on the gate electrode (32) and oxide liner (34) the
steps of formng the oxide liner (34) and form ng the source/drain
extension inplants (36) and the source/drain regions (42) i1g jUNelgubstrate
bei ng adapted such that the oxide Iiner (34) overlies both the
source/drain extension inplants (36) and the source/drain regions (42) to
suppreds thd h@unethkvdf éfrdaion8, ofhedopént seri of ohsing sidevell dpaicrs (4@xineludéson

i mpl ant 36 o rceldrain 9 JUN 2 The, net hod
o " AP aEAe e 61 ey e ghaieated T e 8 gRiE SIS PR P nL oo
deposi tg-P@tchidl tHel HidcAd§Er (338)anR¥BOpicHRy Withdgh bichatcdigidthafings 4 Mestoat e

el ectrode (32), and dry etching the nitride |layer (38 nlsotroplcally
with amlterd@hO-De@eiSplﬁCtm%[t has a high nitride-to- OXI de selectivity. 10. The
met hod of claim9, wherein the etch recipe conprises at |east one of

CF4/ HBr/ HeQ2 or Cl12/HBr/ He02. 11. The nethod of claim9, wherein the etch

reci pe 100NHd sR$hal GFLISREM, Skhdteinl Zhe Etth BRipOdoMpricealamléast wieref n t he
step of form ng sidewal l acers (40) on the gate electrode (32) and oxide
l'i ner 6§%ﬂ5$ﬁﬂfﬁe@r€bﬁﬁﬁV§@9zrenDV|ng the sidewal | spacers (40) after

form ng the source and/or drain regions (42) in the substrate (30). 13. The
nmet hod of claim 12, wherein the oxide liner (34) overlies both the

sour ce/1dr Themeriodngickimiopphamristhé 3&h radipe tdieprisesn €& dhanistry egi ons (42) and
covers the surface of the substrate (30). 14. The method of claim?9,
wherein dry etching the nitride layer (38) anisotropically wth an etch

recei ptyot hat [ L tor | [ 1SY&derd hhge I | ner
et s he? an Mhane@elkPlam b P G PR SV MIR L ) oy
sili corga&ﬁisﬁrmlbe{ﬂ)ﬁdmd oxide liner (34) further comprises removing the sidewall spacers

(40) after forming the source and/or drain regions (42) in the substrate (30).

13.  The method of claim 12, wherein the oxide liner (34) overlies both the
source/drain extension implants (36) and the source/drain regions (42) and covers the

surface of the substrate (30).
14.  The method of claim 9, wherein dry etching the nitride layer (38) anisotropically

with an etch receipt that has a high nitride-to-oxide selectivity such that the liner acts as

an etch step during said dry etching, preventing etch of the silicon substrate.
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