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The presewD wpem@pdi on relates to a sem conductor devi ce hagdrrupos/opsoved
transi stor performance and enabling met hodol ogy. The present invention has
particular applicability in fabricating high density sem conductor devices
with high speed integrated circuits having subm cron 5 design features and
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factors EﬁﬁﬁﬁﬁhﬂeagLDy be degraded 10 by vari ous processing oper ati ons
during fabri cafl se f’i‘&hl?élaﬁés”?o denasédnb@iort F Ex%h”tranfsi%r
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enhanced)edhemﬂneﬁaland va@bng d@ﬁ@dblpmon The tnsespeteid véngien Hiagy mar@p'éaramphgabﬁmeew al so
require

i ol et r R e ShELARLANE PRIREL B el Sl yRel G bV ank Bbmicren ¢
consﬁhnt*ﬁ@?ﬁ@&pﬁ@B@é@“%@ﬂ@ﬁﬁmﬂbmbased upon t he value of 1 for a vacuum 15

In inplenenting conventional fabrication techniques, as illustrated in Fig.
1, a gatgacr&ReUNGSRRTL IS typically forned over a sem conductor substrate
10 with a gate dielectric layer 12, e.g., gate oxide |layer, therebetween.
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sem conductor fabrication gues, such as those used to formthe
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di fl uoride (BF2) |npur|t|es di ffuse and segregate in the oxide [iner 15.

A | ower -& %,ngzge &x@péamg@e@g@ween Ion 1mplantat10n is then conducted to implant shallow
source/drain extensions 13. An oxide liner 14 is then formed on side surfaces of gate electrode 11

and the upper surface of substrate 10, as at a thickness of about 50 A to about 200 A to protect the

20  substrate surface during subsequent etching to form sidewall spacers 15, typically formed of silicon

nitride. Reference character 14 illustrates a moderate or heavy doped source/drain region typically
implanted subsequent to forming sidewall spacers 16.

Difficulties are encountered in implementing conventional semiconductor fabrication

techniques, such as those used to form the structure illustrated in Fig. 1. For example, during high

25  temperature processing, as during deposition of the silicon oxide liner 15 by low pressure chemical

vapor deposition, typically at a temperature of about 700°C or higher, dopant impurities implanted

into the source/drain extensions 13, such as P-type impurities, e.g., boron (B) and boron difluoride

(BF,) impurities, diffuse and segregate in the oxide liner 15. A lower-temperature 400°C CVD

liner oxide can be used to prevent such out diffusion and dopant loss. However, dopant loss occurs

30  during high temperature activation appealing, as at a temperature greater than 100°C for 5 to 10



| i ner oxide can be used to prevent such out diffusion and dopant | oss.
However, dopant |oss occurs 30 during high tenperature activation
appeal i ngwoas/0si92a t enperature greater than 100C for 5 toPC@/USE3NBS9
03/083929 PCT/ US03/ 07559 seconds. Such diffusion |loss fromthe
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the presHPAdvANAZRNElY Gpsultsing daspasdenchon et (Xoathigh isdngongjsien avid; thg continuous

sem condyie wHENIGRur}aNdng transistors with inproved performance. 10
Addi tional advantages and other features of the present invention will be

set forth in the description which follows and in part will becone

appar ent PEGLORYERE QRUHERIVEENTHAy skill in the art upon exanination of the
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The advantages of the present invention nmay be realized and obtai ned as

parti cul SSPIGPNeRsIoR devdpediaring ansisss ‘&‘é‘b’@fmﬁdéq@r'ﬁ%"“w According to an aspect

the present i Q¥BIUnkOMvakthlRs Rl 6661 RBAD AL HehREseRAURRLADRAI BE &t fa@Ninaved in
part by a method of nmanufacturing a sem conductor device, the nethod
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surface onaxsHRaion & @heMoliBwing PRy veil@dRatfFdnt tHedWKicd BEME RRis¥vR iliention.
i on-i npl antlng a dopant into the substrate, using the gate electrode as a

mask; t ol FeINinéasss ‘?fdw RGPy AR Mk Re EAlzed fed tT‘%iFfiﬁ ﬁﬁg’a'é‘ﬁ‘ﬂér)bi RRINtEG RN o
t he si dem@hgpfg@dégglams the 20 gate el ectrode and upper surface of the
substrate; and ion-inplanting the dopant into the oxide |iner, Enbodinents

of the presenCPRIASET Hh 21p5E shamsew inyRpfigtht e, dorpeaipe pireh ofhRR adYARA@ZSS WSt r at e

to formcaRdd @Wal Wy £ M@ LN nRNEERSin2NS sehAdonigttcr cfelnf:@ tthd FBMBA ty¥mprising:
concentration, depositi ng’ a conf or mal oxi de liner tfjhe ugﬁgfwlt urface and
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substr at &eledtﬁmraydmleaébtedwwl BorRimpRntng DtiépahtiBtoQkd Bsthatd) @fin@ihe L€ electrode as
substanti al | Y, Sae ITEUI’I tlee 25 concentration as in the source/lgr ain

ext ensi gh@askgtoform shigloy squrae/drayp GXEpsIAPFFQIMIBE 30 PHIDIingr SREFSHS surifebefdPti ng a

spacey | ayadlectrdbtind afpes Isdrfa@@ﬁf thd Subbteh€; Brid iSn-rhl&tin® My Mopdnt BEd thedddetinehi ng t o
form si dewal | _ spacers. Bsgortlon of the silicon Qxi eFlln on t he upper
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surface of t r@n@gtnéen@ cg éteerQS ntr’.ﬁ\ﬂf:nil(ﬂ]éﬁclb(g: ion-implanting B or into the substrate to

form shallow source/drain extensions having a first impurity concentration, depositing a conformal
oxide liner on the upper surface and side surfaces of the gate electrode and on the upper surface of
the substrate, ion-implanting B or BF, into the oxide liner at the substantially same impurity
25  concentration as in the source/drain extensions, e.g., about 1 x 10% to about 6 x 10% atoms/cm’,
depositing a spacer layer, such as silicon nitride or silicon oxynitride, and etching to form sidewall
spacers. The portion of the silicon oxide liner on the upper surface of the gate electrode may then be
removed. Ion-implantation is conducted to form the deep moderate or heavy doped source/drain
regions, either before or subsequent to removing the portion of the oxide liner from the upper
30  surface of the gate electrode. Activation annealing may then be conducted.

Additional advantages and aspects of the present invention will become readily apparent to
those skilled in the art from the following detailed description, wherein only the preferred
embodiment of the present invention is shown and described, simply by way of illustration of the
best mode contemplated for carrying out the present invention. As will be realized, the present

35  invention is capable of other and different embodiments, and its several details are capable of

2



removed. lon-inplantation is conducted to formthe deep noderate or heavy
doped source/drain regions, either before or subsequent to renoving the
portion oWotobesiwze de |iner fromthe upper 30 surface of wPrhe/uyat/ers59

el ectrode. Activation annealing may then be conducted. Additional

advant ages and aspects of the present invention will becone readily.
appar ent medificatipm g WKipRy OBvipys faseecr @llf Wighaut Keparing &t ghed eessnt dgyention.

descri pt AQR dife i &a@ﬂgy aﬁch@esmdﬁgﬁ rafqu be Qé@&ﬁﬁhm@nﬁusf?&w‘éhﬁ nR0@S &1 not as
invention Is stiown and descri be simply by way of illustration of the

best nodestEgiEenpl ated for carrying out the present invention. As will be
realized, the present 35 invention is capable of other and different

enbodi negﬁmpwgyd;mpﬁ(ﬁ\e@pmg sieAwinigs ar e capabl e of 2 WO 03/083929
PCT/ US03/ 07559 nodification in various obvious resPect s, all wthout

departing fr ot heshppatically ilfupassidopmnt outApiteyan afgndant woa cqpvERiiongstrapsigror

descri pt t.9fcaabedidass. regarded as illustrative in nature, and not as
restrictive. BRI EF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 schematically
i |lustrates dopartthegh 4drhemausalin ilksranseamntialgns ebnipethed H'na&FOT’t"%“é?n%’ftE #Br

fabri Catérﬁ};bdﬁl%gmt%%enﬂ:h%ﬁorz t hough 4 schematically illustrate
sequenti al steps of net hod in accordance with an_ enbodi nent of the

present inventiEovA thrPJF&j‘ss schemagipallyghusgrate sqqupnsiel Rhases of anofhgeinyelttize Bffkent i al

phasgs of anofhggs ammeﬁghuvean@ﬁpﬁgg 5 thiBugts, Firfifar fehudrdlr @ Wiheflss atEnbtBd by 9S. 5
through 8, simlar features or elenments are denoted by simlar reference

char act ev@ilarESEResIUENEISE THE | NVENTI ON The present invention addresses
the continuing demand for high density, mniaturized highly reliable

sem condugtCHIPERN OFSTHEIMNVENHEO®Nt | nventi on provi des sem conduct or devi ces
with 15 enhanced transi stor#)jerfor mance, .and enaplin

0 b
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shal | ow gy eHablE 8émic L@ BSIeNTass. lmeq,rersm ifghus ﬂrm@ers semichcton®@ices Wfth t he
presg i nvention_achi eve this oﬂjﬁectlve b% i on Iant t he | urltles
tbe hy %F
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Enbodi et sox@fe il PITAS gitksehtn uRBAtioaN teaide,] prvides mdiighdalogptehil acdidode over
a significantly reduces out- diffusion of impurities, such as P-type impurities, e.g., B and BF,, while

20  maintaining a shallow junction depth (X;) of about 200 A to about 300 A,

Embodiments of the present invention comprise forming a gate electrode over a
semiconductor substrate with a gate dielectric layer therebetween and ion implanting a dopant
impurity, such as BF,, into the substrate, using the gate electrode as a mask, to form shallow
source/drain regions. Such ion implantation can be conducted in a conventional manner, as by ion-

25  implanting BF, at an implantation dosage of about 5 x 10" to about 2 x 10" ions/cm® and an
implantation energy of about 1 to about 3 KeV, typically resulting in an impurity concentration of
about 1 x 10% to about 6 x 10% atoms/cm’.

A silicon oxide liner is then deposited, as at a thickness of about 50 A to about 200 A, on the
upper surface and side surfaces of the gate electrode and the upper surface of the substrate. Ion

30  implantation is then conducted to implant BF, impurities into the oxide liner, substantially under the
same conditions as employed in forming the shallow source/drain extensions, e.g., at an
implantation energy of about 5 x 10" to about 2 x 10" ions/cm’” and implgntation energy of about |

to about 3 KeV, thereby forming an impurity concentration in the oxide liner of about 1 x 10% to

about 6 x 10%° atoms/cm®,



sem conductor substrate wth a gate dielectric |ayer therebetween and ion
i nplanting a dopant inpurity, such as BF2, into the substrate, using the
gate el ecwpodes®s9 a mask, to form shall ow source/drain regrarss3/oBSach i on
i npl antation can be conducted in a conventional manner, as by ion 25

i npl anti ng BF2 at an inplantation dosage of about 5 x 1014 to ahoyt 2 x
1015 i ons/ cnPA &Pigerdpyenish %ﬁtsdtCP’bﬂ“r&’?é’F@?‘hﬁ?“ AyBitHde; may thep Be depgsijedas at
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about 6 x 1020 atons/cnB. A silicon oxide liner is then deposited, as at a
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either before or after ion ] antation'to formthe relatjvely deep
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dopant inpurities into the 'silicon oxide liner to create a diffusion
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from t heys sihardr @ hGIRIvE KUt/ dr 16 IeRBSsidhY 2B N BubdeGeel Y efitil itiaee 36 | F@gs as
during dep05|t|on of the spacer layer 10 and agglvatlon nneal i n
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through dde subbiRs 6f éhtegélé&rb@émein@@ﬂ@ﬁe%p@ér stlg@aelér Qfbs@1e26] emmaarbmloanmhlelar
reference and nunerals. Adverting t a gate el ectrode

typi cal 1SpnersEacasBrsyrated Y arowsnal iy %g f F%*ﬁwlaav%ﬁz ‘§E9tf§‘f4"altn€r 3 SUHS%V%‘M y
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a form sidewall spacers 40, typically at a thickness at the substrate surface of about 600 A to about
1,200 A, as illustrated in Fig. 4. Silicon oxide layer 30 serves as an etch stop layer during etching to
25  form sidewall spacers 40, thereby avoiding damage to substrate 20. Subsequent processing includes
removal of silicon oxide liner 30, as with hydrofluoric acid, from the upper surface of gate electrode
21 and substrate 20. Ion implantation is conducted to form deep moderate or heavy doped
source/drain regions 41, prior or subsequent to removing the portions of silicon of silicon oxide
layer 40 from the upper surface of gate electrode 21 and substrate, resulting in the structure

30  schematically illustrated in Fig. 4.
Another inventive aspect comprises methodology enabling the selective optimization of the
source and drain region thicknesses in dual buried oxide (BOX) silicon-on-insulative (SOI)
structures. Such inventive methodology is schematically illustrated in Figs. 5 through 8, wherein

similar features or elements are denoted by similar reference characters. Adverting to Fig. 5, a dual

35  BOX structure comprises a substrate formed of silicon 50, BOX 51, silicon layer 52, BOX 53 and



silicon oxide liner 30 is deposited, as at a thickness of about 50 A to
about 200 A, on the upper and side surfaces of gate electrode 21 and on

t he upperweuwsfsie of substrate 20. lon inplantation is theaT/usososst ed, as
illustrated by arrows 31 in Fig. 3, to inplant BF2 into oxide |liner 31,

substantlaIIY at 20 the sanme concentration as iqgéanted into shal |l ow
sour ce/ diiliom laygt Wnsh 68 elegtrodepa b faymed @t g glual BOX spbsaate tithgy gategdiglpqids on of

BF2 at ongy 5QMechahlauRiQieG e fasdsRart %em&&%m&%@gﬁgm&e&&h&deﬁ | ayer of
spacer naterlal i s deposited and ani sotropic etching is conducted to. form

si dewal | spackpBotargsisttngask £@ iy fergforrged; WFE!E'ﬁé%‘ng‘a%‘det dhe sipetiretsdlletiped éb of
about 6Q8 A5 tcHMROW then %O%Qteé\to r%ﬁlo{/el thé‘ﬁ)tprsﬂfcgﬁll ;yé} 92l fd uffper BOX ROG B%toAe

| ayer. 30 serves as an etch stop layer durin chlng to 25 form sidewal |
12

spacer s thodreimudee By shovti i g Hafubeauents dpdfustitted soFiesipilicondh piptebssi ng
i ncl udesyrow @5V fbmQhe Rkt GRBNANAS2. | InNRE waD, a @SpeMdtdin RN BHALAR bE formbdl,
fromthe upper surface of gate el ectrode "1 and substrate 20. |on

i pl ant dpdependerilycd thnreveeiregionftP m deep noderate or heavy doped

sour ce/ drai n FiRGLRAR iftdntidAlehMiese AIRABSHEREmIcONuEIIPYLvitSs &ﬁ%nﬂ%f itnpRR& of
silicon of silicon oxide |layer 40 fromthe upper surface.o ate eI ctrode

21 and dpssterapaionanse|and shalioy jupdios deptbs (K e300k eouhaq éa1°| %OM s at ed

in Hog. rhpuAiRt Hethel M%ngybé/ean@sa@%w&ﬁaw 'tl§:e§an@E&Q€'ﬂfa@gnY a@niabihe N@alide
sel ective optimzation o source and drain re i cknesses i n dual

buri ed JRMEgR/dEBCRIENsIONS @Enitantedsigioathe \sidedapr. & ?rﬁgeupm’/@ﬁmg S cHbiFialkY i ve
met hodol r@&%m‘g%uts@lﬂﬁm el lanu'ntnl:sU@(;rﬁ e QFalloW LGS dram dxXNGUE WEh adIRAGInD
simlar features or elenents are denoted by sim|ar reference characters.
Adver t i rifPEyergng inssougcedlipin ENEENK resisiaies (1R BYWGANs dBPIRVENHS iR AfaBSIFISF ned
of sili ?éﬁoégmceB%séﬂent Witt the Sdhtih @Y€ irivedor BEtAnRBadnd 4 WO 03/ 083929
PCT/USO 07559 silicon layer 54. A gate electrode 55 is fornmed over the
dualldBOX subsktheapreseq fryenfiofagndoysinfuseial ptlity| igyapricang ey &b etaiieen yPen gt
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Only the preferred embodiment of the invention and but a few examples of its versatility are
shown and described in the present disclosure. It is to be understood that the present invention is
25  capable of use in various other combinations and environments, and is capable of changes or

modifications within the scope of the inventive concept as expressed herein.



source/drain extensions are inplanted into the oxide liner, thereby
preventing or substantially reducing out-diffusion of the inpurities from
t he shal Iwarosogave®e/ drai n extensions with an attendant i nMBPCOUSIBOMSSS N
source/drain extension resistance and significant inprovenment in transistor
performance, consistent with the continuous drive for mniaturization. 15
The present invention enjoys industrial utility in fabricating any of

vari ous YiPdISHANMER I€onduct or devi ces. The present invention enjoys
particular industrial in fabricating high density sem conductor devices
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Only the pref erred enbodi nent of the jinvention and but a few exa

its versatilifeyniag an oxifeliper4AY Wede sidparfaces ofibe gpte skeqirodsi €4) %@drq‘}e)upﬂef O. s

to be urgqgg&togqgsﬁgmgte(m apesent invention is 25 capable of use in
vari ous ot her. combi nati ons and environnments, and is capabl e of changes or

modi fi cati onsioWmRinng (3d) adepsat ipp thapxidelpern{Bfve concept as expressed
herein. 5 WO 03/083929 PCT/ US03/07559 WHAT IS CLAIMED IS: 1. A nethod of

manubact uri ng.a Selﬁeeﬁbﬂ%u@&d@fdlwicmn 11 faghdrebhpdingonpri sing: formng a
gate el ectrode (21 havi ng si de s ces r_an upper surface of a
substrate (203Postl ﬁl%?/eb%ftsgaca’f‘@i‘t%% eIOéS?'B “f(rﬁ‘f)l t her ebet ween; 5
i on-i npl ant i ngchhgde PptsidewilDspabis @Ub@itﬁ@bﬂde luset (39) t he gate el ectrode (21)
as a mask, ta for shaéﬁuﬁw source/ drai n ext nS| ‘%2%223{ or.m n]% xi de
li ner (30) orfO‘EH’éP%“B% PRABL AN iNG FDSEE & ?rg‘c ‘?“*Bd § o5 gy %ﬁ‘g
surf ace iablahide4isudpgt rate (20); and ion-inplanting (31) a dopant into the
oxi liner (3Q). 10 2. The method according to claim1, further

rrg i sing: HWGET EYi"g | ayer of spacer nmaterial on the oxide liner (30):

etching to formsidewall spacers (40) on the oxide liner (30);
ion-inplantirg theTdopst atdotding belattibsdormptieing:o f or m deep noderate or

heavily dopedforming the oxide liner (30) comprising silicon oxide; and

forming the spacer layer (40) comprising silicon nitride or silicon oxynitride.

4. The method according to claim 3, comprising ion-implanting (31) a P-type impurity

20  as the dopant.

5. The method according to claim 4, comprising (31) ion-implanting boron (B) or

boron difluoride (BF,) as the dopant.

6. The method according to claim 2, comprising:

ion-implanting the dopant into the substrate to form the shallow source/drain extensions (23)
25  atafirst impurity concentration; and

ion-implanting the dopant into the oxide liner (30) at an impurity concentration substantially

equal to the first impurity concentration.

7. The method according to claim 6, comprising ion-implanting the dopant into the
substrate and to form the shallow source/drain extensions (23) and into the oxide liner (30) at a

30  concentration of about 1 x 10% to about 2 x 10%° atoms/cm’.



inplants (41); and 15 activation annealing. 3. The nethod according to
claim2, conprising: formng the oxide liner (30) conprising silicon

oxi de; amaofoensdsry t he spacer |ayer (40) conprising silic®aTnisos/ime or
silicon oxynitride. 4. The nethod according to claim3, conprising
ion-implanting (31) a P-type inpurity 20 as the dopant. 5. The nethod
according to claim4, conprising (31). ian-inplanting boragn r . boron

di fluoride (BF2) adetmgh ﬁ%?fd.mge.go ‘f%%é“ r?eﬁﬁ@&ﬂ%\%bqndﬁwgmw iﬁéﬁﬁ‘? gopant
conpri siiR@arity Milo iheRkiad lihdd @30) BechdRip @R tdopdnt Eontétratietis tieaix@lelliderd (Q0)T dtoat 1

shal | ow source/drain extensions (23) 25 at a first inpurity concentration;
and i on-3YF B#f$"hg t he dopant into the oxide liner (30) at an inpurity
concentration substantially equal to the first inpurity concentration. 7.
Tﬂe met Bod aagor dijm rﬁe?h(@ a%i:cﬂ‘ﬂiﬁg rt]&lalan&r s,sdoﬂgriisi%idnnmpaﬂmgwg_u BB, i(ila;pﬁrtz : he ijnt )
the _substrate and to formthe shallow source/drain extensions, an

i nt 02t hePXiieilper ﬁ?’p)r@ra“(‘g@{a"'é‘f‘mhdos% %foa\ﬁle'&m gi (5‘?1’%9?lt L’)‘oﬁ)t ipn C"l(f‘?é 4 " about
2 X 1020mplafiatécdtBage 6f WauOBIoQBaR2KMCT/ USO3/ 07559 8. The net hod accordi ng
to claim?2, conprising ion-inplanting (31) the dopant inpurity into the

oxi de liner (30) ch t t he. dopant concentration.in the oxide.,.liner (30)
s Gbout 1 o cHapHBR g ing B ThiprbdoRREURI TG e PR B CORATT o ng
i on- i npl thiokdegof @Bk 5BR20 2@ At he 5 oxide liner (30) at an inplantation
dosage of about 5 x 1014 to about 2 x 1015 ions/cnR and at an inplantation
dosage of about 1 to about 3 KeV. 10. The nethod according to claim1,

conprising formng the oxide liner (30) at a thickness of about 50 Ato
about 200 A 7



