;e3ej | D'6Tj) TY¥A METHOD OF | NTEGRATI NG L - SHAPED SPACERS IN A HI GH
PERFORMANCE CMOS PROCESS VLS USE OF AN OXIDE - NI TRIDE - DOPED OXI DE SPACER
BACKGROUND OF THE I NVENTION (1) Field of the Invention The present
invention relates to nethods used to fabricate sem conductor devices, and
nore specifically to a nethod used to integrate the formation of conposite

i nsul at or spacers on the sides of gate structures of conplinentary netal

oxi de sem conductor (CMOS), devices. (2) Description of Prior Art The

ability t [ vices C rised of both N channel (NMODS), and P
channel ABroRlD GRRTESRASING L SRR HPECRE o & i BERFBRMAN Ehar o
process st nd_ seguences jn.order to mnimze process conmplexity as well
b pr ocdRUPRFRAESS VIS USE O AN X DoRs SrikibienBorED X8 SRALER of

i nsul ator spacer; on the sides of gate structures, can sonetinmes be shared

resulting in identical insulator, or conposite insulator spacers, residing
on the sides of both NMOS and PMOS gate structures. However to optim ze
speci fi ¢ devi cepar anetRASKEREHMNER O FFINYENIEONes resi st ance for NMOS
devices, as well as reduced risk of short channel effects for PMOS devi ces,
i nnovations to a gl obal conposite insulator spacer process have to be
achieved. This invention will describe a process sequence for formation of
a conpdd) Field ofdbg lventioapacer on the sides of CMOS gate structures, in which
PMOS short channel effects are mnimzed via source/drain inplantation
using a conposite insulator spacer as a mask, while series resistance
The present invention relates to methods used to fabricate semiconductor devices, and
more specifically to a method used to integrate the formation of composite insulator spacers on

the sides of gate structures of complimentary metal oxide semiconductor (CMOS), devices.

(2) Description of Prior Art

The ability to fabricate CMOS devices comprised of both N channel (NMOS), and P
channel (PMOS), devices, on the same semiconductor chip, requires shared process steps and

sequences in order to minimize process complexity as well as processing costs. A specific
process

sequence, the formation of insulator spacers on the sides of gate structures, can sometimes be

shared resulting in identical insulator, or composite insulator spacers, residing on the sides of
both

NMOS and PMOS gate structures. However to optimize specific device parameters such as

minimized series resistance for NMOS devices, as well as reduced risk of short channel effects
for

PMOS devices,



for the NMOS device is mnimzed via source/drain inplantation using a

t hi nned conposite insulator spacer as a mask. This invention wll also
feature reductions in the level of isolation field renmoved during this

uni que process sequence used to form CMOS spacers. Prior art, such as
Pradeep et al, in U S Pat. No. 6,277,683B 1, describe a process for

form ng conposite spacers on the sides of CMOS devices, however that prior
art does not feature the unique process sequence described in this present
invention in which_an initial, conposite insulator spacer |is used as an

i npl antRR¥SRORFIP e beiamRosil B lPRFRCHT GFRRsES RSe tals ackiexed i nal conposite

i nsul ator spacer is used an_inplant mask during NMOS source/drain

f or mat i on. raiopyw i descriie/E RIacen seauenee Bp fasmatien ofgf camypositq ingwaes on t o

i nt egr afpacer R theistes @ACMIPS gte eimoRirefe i1 whish PMpFhosichamrel efiftols aiqd NVOS

devi cesNingpizehe sanme seniconductor chip. It is another object of this
invention to use a conposite insulator spacer to define an inplanted

sour ce/\dt spurce/dgin omplepiation ssiFavOS RN te sulater bpacersis agnaskpelild sefiesy et ched, L

- shapeagsigtamgsosi t e i nsul ator spacer to define an inplanted source/drain
region for the NMOS device. It is still another object of this invention to
renove far thepBdO8 dieviee sompomieed viefowee/dnaintiimplantasiop osing e thimsd|campesitepacer ,
conprised of an underlying silicon oxide shape, a silicon nitride shape,
and t hensulaot spacey aslo pesk. okhisimventinponidraiso featurk oeductidns ih theHeypbdf isdatimsi t e

i nsul atfoeld spacer used for definition of the NMOS source/drain region. In
accordance with the present invention a process for integrating the

f abri catmonedduriNlyifiis amdudPpioSesd eaquess, usédatfomm OGS ganmes iPrier amsutladsor space
used to define an inplanted PMOS source/drain region, and featuring a

par ti al Prydeepehagin ULS: Paeqack 1@3PB $, describe aphadesy fos foamitg dospdsiteaspaetd sie an

i npl anted NMOS source/drain region, is described After fornmation of

i nsul attae sitled dfaTvOSHiaYkesvhbwerRe that sridraitti doBs £ Teature HeQinfiue prévassNel@nte 1 €gi on
is formed in a portion of a P type sem conductor substrate to be used for
PMOS dedés@ritfed invhiid fRedeREiny&itioh i WHichah idigdl compbdiR ifdul t@epaRilsGREAGHOr
substrate, is reserved for accommodati on of the subsequent NMOS devi ces.
After fiafpmt inask @fringFMOS sbwed/aBSfonRtiocAwHIMISTihl B padfeenduli®dtisphcer isl ayer,

N type lightly doped source/drain (LDD), regions, or source/draln extension
(SDE) r@ed 8 fmpl@itSndsR difsh NMON fascelfraih infatibype sem conductor substrate

not covered by gate structures, while P type LDD or SDE regions are forned
in areas of the N well region not covered by gate structures. A conposite

i nsul ator |ayer, conprised of an underlying silicon oxide |layer, a silicon
nitride layer, and an oveg{NiMERRNOERRESINVIEGF©N! ass (PSG, layer, is next
deposited. Anisotropic reactive ion etching ERIE) procedures are then

enpl oyed to define conposite insul ator spacers, each conprised of an

under |l yi ng gid anco%'[]:l?lcp&(fitﬁﬁ ARG, to%t%'glla!ﬁﬁﬂ@ ik 4D TRABE Feﬁ&‘!, Sulpriedhare.

on the sides of afl gate structures: conposite 1 nsulator’ spacer s then
used f f i Rt . i source/drain region, via
inplanﬁ?ﬂggﬁ&gkhﬂﬁsf%%3$%ﬁ§ﬂ¥ﬁgée%%ggg%ﬁk%%gﬁ& wel | region not covered by a
gate structure or by the conposite insulator spacer. A photoresist shape

U
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ol onee PO SRR S 1 (i an Sp A e el gt ot MRS Sviie,

heavi |y doped N type source/drain region in an area of the P type
sem conductor s, bstratgﬁnot overed b¥ the gate structure, or by the L -
shaped conplbds Bl anpber ohiest obiisdayentignfq wmonea dapsd oS caMPaRITbAL FY BHigHur e

allows a shallower, heavily doped N type. . . . o
composite insulator spacer, comprised of an uriderlying silicon oxide shape, a silicon nitride




source/drain region to be formed in an area of the P type sem conductor
substrate not covered by the gate structure or by the vertical feature of

t he conposite insulator spacer. An anneal procedure is next used to
activate the inplanted dopants, followed by formation of a self aligned
metal silicide (salicide), layer, on the top surface of the gate structures
as well as on the exposed portions of both heavily doped source/drain

regi ons. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advant ages
of this_invention are best described in the preferred enbodi nents with

r ef er erf®aPe, 804 the oxgrivingdaped pxide prBPQnERE: tq ieEn thed: shpecompositginsyAafor 1
schematically, in cross-sectional style, describe key stages of fabrication
used t oPrGY HyedNPRlciaiion @f therMMOFrsonge/dravoragioni t e i nsul ator spacer used to
define an inplanted PMOS source/drain region, and featuring a partially
etched, L shape conposite insulator spacer used to define an inplanted NMOS
sour ce/ dr ailn aceqgdanpe with BRSORICATINGLIORE 2 PHECARBFERRED ENRGBiENTSMNE Qfet hod
of formng a CMOS device featuring a conposite insul ator spacer used to

def i ne and PIMP$ deniend, fenidéng o oorspysde isnlatos gpaser, uskdtd dafimd abymplantedPMES of an

i npl anted NMOS source/drain region, defined using a partially etched, L -
shaped soorpdsiit egionsulddegnringapaetiabysetehedpls k shaped tommmwitd sdewc spabedised
detail. Sem conductor substrate 3, conprised of P type, single crystalline
si | i conp deBat anriipianted NAOS sonrgeiiedid wgioapiidescoibed nAfitri formatios ofiswdatnd
schematically shown in Fig. 1. Region 1, of sem conductor substrate 3, wll
be usediltedy shiallew Gbhdh isdlatidn(STE| regions, tanaN MelDregtdreigorinedfin & pertiGiV/olSa Beyiece,
while region 2, will be used to accommobdate the P channel, or PMOS devi ce.

| nsul atsemidontitictst subsiakd 10be isifohPMES divices) WhilE e tegintiy phrtidrsoffts Pegei N a
top portion of sem conductor substrate 3, via initially defining a shallow
trench sshapadidioraubsitd) & redepred Ibr &Coth@0ddioa tof theSuubsdyticht BIMOS Mevces. After

phot ol i t hographi ¢ and reactive ion etching (RIE) procedures. The shall ow
trench foha@ln ofibatd sEh@iirts, Rabwasder t206atbP1aHEON tsdBhfl) ABpddn
sem conductor substrate 3, is then filled with a silicon oxid% | ayer,

obt ai ne@uMkArdiRWIPD L spitiR, Ghieiceatai SRHsiongBDE) Fdpfs, (b foviakd invdrdas K M8

ai hanced chem cal vapor deposition (PECVD), procedures, or via high density

pl asma it @QE’Lemiemﬁleﬁ_éy E3tratd gbmv&%a bAShB ¥l RO Sitile Pal e Lﬁﬁ@sn@%egﬁﬁg ce.

Portions of the silicon oxide |ayer résiding on the top surface o

sem co I i i ] : ni cal
ol | ohi heRr A HRELOR U 1 wel el A LWLy SREMRENIS L OGMER nfmeoel 22! |

wel | Q%£,%oﬁ%saf&%nmd§ﬁﬁlg§7m%tﬁf%r,%ﬁ%fi ﬁ%&mﬁé 1496 bnd & SRflying PMOS

region via | nplantati arseni c or sphorous rons, using’ a

] ?%ﬁn"{ ﬁ!ﬁ*;?%hﬁ%??lﬁ? B ST ot Gl 3@@%@&%@%?%%%@?2:” |
Eieﬁ”gfc#fﬁfg%s %%?“%@15%%{‘% %ef?%eoﬁﬁﬁpﬁ%‘feﬁﬁ%;%“‘?‘] SP%%T%E?°§F¥%%9§$%%%Me,apS
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is thernma oW, T ant oxygen - stea I en ness ween
bout 12 to 15 t . | ysil.i | i.s.next ited,yia LPCVD
or oceauraee J0ERraiRue LsReRR SRt BT 3HE" eumBat iRt bt Fisde

pol ysilicon, | ayer.can be depasit i ntrinsicall en. if.specific »

P e SendPt gt Ficharie THabRBA%H 3 veBins JF ke of e N FEY EERRLHMEI M ayer
residi in NMOS regjon I, can he doped N type, .while portiaqns of the

o O B e or o b Porios e BemiSion e istrsis Db ROt BRS¢y pe.
These dopi ng prqcedures uld be perforned via iqn jnplantation procedures,
usi ng S brrlentslicnaRocshse grmﬁlaf#tthmmﬁtﬁh%m%%ég%@%ﬁa@ﬁg gate
structures for_ both NMOS and PMOS devi ces, . can _be conprised with a specific
type doPaFRIPesHE PsBleioppases RFICHOYSisiery dRthin laytapedrogwopite igpylaionmpaesds: dur i ng
deposi t§ahconprised phamgictlyiag sibicompxideghape antarsgyripiag silisomnigtidehapanbi ent .

In addition if lower word |ine resistance is desired subsequent gate
structures can be formed froma polycide (nmetal silicide - polysilicon ),

| ayer. This would require deposition of an underlying, thin polysilicon

| ayer, followed by the deposition via LPCVD procedures, of an overlying
nmetal silicide |ayer, such as a tungsten silicide |ayer. After deposition
of the polysilicon or polycide layer, @ photoresist shape (not shown in the
drawings), is used as a nmask to allow an ani sotropic RI E procedure, using
Clz or SF6 as an etchant to define gate structures 6, schematically shown
in Fig. 1. Renoval of the gate defining photoresist shape is acconplished
via plasma oxygen ashing and careful wet cleans. The wet clean portion of

t he photoresist renoval procedure, enploys a buffered hydrofluoric (BHF),

. o "



A phot oresi st shape (not shown in the drawings), is used to protect or
bl ock out PMOS region 2, fromarsenic or phosphorous ions, inplanted at an
energy between about | to 5 KeV, at a dose between about 5E14 to 2E15
atons/cne. This procedure results in the creation of N type lightly doped
source/drain (LDD), or N type source/drain extension (SDE) region 7. After
renmoval of the PMOS photoresist block out shape, via plasma oxygen aching
procedures, another photoresist shape (not shown in the drawi ngs), is used
to protect NMOS region |, frominplantation of boron ions inplanted at an
ener gy Heathiehotarssist shepaismextusedio mrefectifdIQh reginns fiiognpmiEr iasrimplaniatiant ed at
an energy between about 5 to 20 KeV for BFZ, both inplanted using a dose
bet weerPTatrdute, useg to form@ deeps feailydopedsNdyne, somss/idrain regionrn pn axepef bpB typy P
type SDE region 8. This is schematically shown in Fig. 2. Renoval of the
NMOS phsimaraaduaier ssbaitake raicowivilhy the gae siructure,cubpithesh eshapedeqmsites oxygen
aching procedures. Fig. 3, shows the result of deposition of a conposite

i nsul atiosulstesspacer,Sihiledbe san idwldntayion pBwedirs alfdwsst shdbpes heaslily dapedPCVD or
PECVD p¥peedures, at a thickness between about 50 to 150 Angstrons, using
TECS as a source. This is followed by deposition of silicon nitride |ayer
10a, visuicP@Owin egidaECYDipmed édarass ofdhe B tipkisekivesduche sulsemtealbbedvekd®yt o 350
Angstrons. Finally doped silicon oxide |ayer 1la, such as a phosphosilicate
gl ass (tBSEte stnayee pr bysthd epuisalt feadureiof thiecGMipo pitednethiisrespacet. Antalieakness

bet ween about 450 to 750 Angstrons. The conposition of, or the content

of phospirotedus is nexPBéad tayaivate thaimplant@bdopasts, falowiéd By foomatiokeifgRElf pgeant . |
and will determine the etch rate of the PSG | ayer in a subsequent BHF or
DHF solmétalsilicidd@alivideh, ledes,on'thd ®plsadfice oftheRafs shictatdsiag 0Bl @Xbiiithe expssbd as t he
silicon oxide residing in STl region 30, will allow the PSG conponent to be
I enov e thoridrR @fl both ihgalifyl doped donrdeftiraifrdp@orshe sl ower etching silicon oxide
conponent. |If desired prior to deposition of the conmposite insulator |ayer,
an oxi dation procedure can be enployed resulting in a thin, protective
silicon oxide |layer fornmed on the sides of gate structures 6, as well as on
the surface of the SDeriegDW¥RIFNTONEFTHE DRAWINGONPosi te insul ator
spacers i s next addressed and schematically illustrated in Fig. 4. An

ani sotropic RIE procedure is enployed, first using CHF3 as an etchant to
define PSG plapsst ind d%herEH@an%@e§9fﬁﬁ%ﬁn&rﬁm@%@ﬁ%ﬁé&ﬁged f thOpfapegd using

CZ or CF, as an etchant for silicon nitride resulting I n defnution of
Si |'i conpdalh S S AR80 thENBadeh | itﬁa{tiixgc%xdyy etch procedure is
terninateéhon underﬁ%?ﬁg S?F}COH gxi gﬂw%yer a, after renoving between
about 10 to 40 Angstrons of silicon oxide |lays 9a, either conpletely, or

ol hl P L . Pt
par 211y oL 10 o, Sk 00RS B FHOL USSP NG o0y
boron qfe. B ZeohR8u0s géﬁc% %?&thg cQmparid} %Bﬂ%tﬂ%éa% SR 3L AFE af tmb M
region 2, not covered by bate StiuUCtUre 6, 6r By the conpos:te Tnsulat or

spacer. resul.t .of this inplantati I.QC r.e erfornmed an _ener gy
por woer RSP iE i iogieth St PR FH LA BRIARENS oo Rt Rl ByBlo Bl 1 0
is the fo i-on_of heavi ed P, type source/drain region 12. The benefit
of usi6564ﬁgké%fﬁ?gmﬁﬁﬂﬁ%épﬂ%?ﬁﬁgﬁ*§%§fq§%%cer as a mask to define heavily
doped P type source/drain region 12, is maintaining, or not conpromsing P
type SDE region 8. If PSG shape 11b, were renoved prior to this

i npl antati on procedure, boron ions may have penetrated the horizontal
feature of silicon nitride shape 10b, converting a portion of the lightly

doped P type source/drain region,to an undesired heavily doped region, or
deepeni ng thejunction ofthe P type



source/drain extension (SDE), region. Thus the presence of PSG shape 11b,
during the heavily doped P type source/drain procedure all owed deep
heavi |y doped P type source/drain regions to be fornmed without the risk of
short channel effects which could occur if the heavily doped inplantation
procedure penetrated the horizonal feature of L -shaped silicon nitride
shape 10b. The result of this procedure is schematically shown in Fig. 5.
Renoval of photoresi st shape 40, is next acconplished via plasna oxygen
ashi ng res, foll owed renpval of PSG shapes | |b, via use of a BHF
or DHF ﬁ@%ﬁﬂﬁl@& %%Hﬁﬁﬁ EMBEPIMENIBo of PSG to silicon oxide,

bet ween about 10 tol, to ISto 1, allows the PSG shapes to be renoved

wi t hout thinning the slower etching silicon oxide_ conponent in STl region
4. The remo¥ Mehopaidorraigg p{@AOp deyigefrivrag a compesis prsylagesspesst esed fsul at or
spacers, now conprised of the L - shaped, silicon nitride conponents | Cb,
and unodsting am gnplanted BMOSsousse/draip Feeins, Sblopetrhy fremetiomef antmplanted NYIOS
procedure used to renove PSG shapes 1 |b, will also finalize the definition
of si | i WyreeEkanEgiwagemedysing p paelly picheto b -ckangd cempysits isukitarspachessm
conpletely defined during the final stages of definition of silicon nitride
shapes m@%, withiaw pe desgnleaddn detaill Hemisonducion stisyated, coripised efP Hipesimghe 50, is
next formed to protect PMOS region 2, fromthe procedure used to forma
heavi | yerpggbuoe silicoppfeativing e el 00°a¢nystalbagraphid erichOen,rie giedand schéimatcally achi eved
vi a i npthawnat i on of arsenic ions, at an energy between about 35 to 65 KeV,
at a dose between about 2E15 to 6E15 atons/cnR. Arsenic ions, inplanted

di r ect | ; Higtlo RegionilonEsepficdndtoommtisteato?, willtbs bisat for the AMOS ¥ vehanadl, by gat e
structure 6, or by the L - shaped conposite insulator spacers, result in

t he cr etht NOOB tletherinf the@MOY datapeathild feyior 2swill ieesdd & accoragiodate dt?, whi | e
arsenic ions inplanted through the horizontal feature of L - shaped,

si | i conchaiel,i ct @MOSHerien tiasulddy, filtedsiHatlow reackSibelhticSITT) rbgia 1) iy felarad a N
type source/drain region 14a. This is schematically shown in Fig. 7. The

ef f ect top pshiah bOveticodiaatst supstean8oviNiritylly defining @/sHilvwitied sipe Iftatopi S t he
increase in the doping level of Ntype SDE region 7, resulting in a

| ower i ngoridn SEmicdah&t@abstrateB) §ia pHBfobiticgthphid&nd edab ©FdBA eRhRE (REE) NMOS
device. After renoval of photoresist shape 50, via plasma oxygen aching, an

anneal Rb6&AGRH! Thi shall6whRheEthapd) aBL EdpUabRwtdheaboliH080 k6 S000MSs@bmPat h
heavily doped source/drain regions. It should be noted that although the

ar seni Csehf@thdadtér sabstied il heRNEL W2k & s1i06n SHAE Ry erSEBHatANIE 1h pR&Se NOt pose
as nmuch of a danger to N channel transistor shoit channel perPornance as

bor on i giasmiddPyHHr H@g&iﬂ@n LEED] §la SlaGRSkRLReS ché?lﬁ@altv%ﬁcﬁrangés li’éﬁr diffusivity

of arsenic, conpared to boron, ‘during the source/drai eal procedure.

Al so t o rodlRad : I xide on the nitride
spacerhﬁgu§gﬁb@%d thugggaigﬁﬁgﬁﬁgpﬁ%ﬁ%agﬁgﬁ%gkkfgﬁﬁiEQE riations arising
fromn i ey i 1 he i \Yi i Y
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1000 t Osuhggeockf/gt[ﬁgﬁ:%gl qu!shﬁe%{ater ?B{ie%[s%&wemem%ogfﬁk th cgl%%ﬁ%&aqggﬂs rnace

pr ocedur es. I Ci ayers are next tormed on exposed silicon

raiji)ﬁ:f e P%%%#S&%%&Eﬂ?ﬁ%fee gé@fﬁi*%@%%%“‘ﬁ’fﬂ At Rt egfoﬁ’eghb,
' - aj ' 12. .Thi s . '
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pl asma vapqgr deposition procedyres, followed a rapid ther nea
proced L}%@ Qﬁm"% e (R o S ?Fﬁ‘?#éﬁaﬁ(?f(n%t Sh@‘f“éfn t5¥ fj{aé‘fl?)%5 It‘é?’é’?eCMS
titanium.silicide,. nickel .silicide, or copalt silicide, .to occur on regions
i n whi CREPR ;‘PJS eGP Ter Ol et BRECRES ST Ch ¢ be
metal |BY¥P I8 f-ai d i nsul ator regions, such as STl region 4, or L - shaped
conposite insul ator spacers, renmain unreacted. Selective renoval of
unreacted netal is then acconplished via wet etch procedures. The result of
selective netal silicide formation is schematically shown in Fig. 8 10
VWhile this invention has been particularly shown and described with
reference to, the preferred enbodi nents thereof, it will be understood by
those skilled in the art that various changes in formand details my be
made w t hout departing fromthe spiritsand scope of this
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invention. 11 What is clainmed is: 1. A method of formng a conplinmentary
net al oxi de sem conductor (CMOS), device on a sem conductor substrate,
conprising the steps o providing a first gate structure on an underlying
gate insulator layer, located in a first region of said sem conductor
substrate to be used for an N channel netal oxide 5 sem conductor (NMOS),
el emrent of said CMOS device, and providing a second gate structure on said
underlying gate insulator layer, located in a second region of said

sem congquct or substrate. to. used for.a P el nmetal oxide

s contiey oy hobRle PngiarRi Snabf Siegi o b ARG = P R GE AR ¢y e,
source/.drai n extension (S regjon in a,port.ion.of. said first. 10 region
of s dTBEHAERTEELPoAmUrcleRAlsE Toish afuS e Sheries Buf npubBr Wt dy o
formng,a P type, source/drain extension (SDE), . .region in paortion of said
second%waﬂ?’i EBW’S&} P CEEFLoHitAR PBPe tuf?sﬂttg‘ﬁgggsﬁmm%%&f"é‘ﬂl:g? Pai d second
gate styucture; deposgjti a conposite, insuyl ator layer conprised of an
dnder | yRBETGRE; ARRISHicRR Pa%avé P?xféegqsrt%m% procediyesiat a fiekngss Pyi ng
doped oxi de Ia¥er' 15 perform ng_an. anisotropic dry etch procedure to form
a firstabeink398 e 2000 Angstiems. LheRolysiliconlaves et bsrdeppsited BYMmsGaly.dBeRid oxi de
conponent,, _an L _-shaped silicon nitride conponent, and an underlying L -
shaped @psific Hieshld yeltagsspesirissired nogtiqns of thedaisings palypiticen lager repdivg Bt r uct ur e,

and to M¥O% a second conposite insul ator shape conprised of an overlying
doped oxi de conponent, an L -shaped silicon nitride conponent, and an 20
under | yiegign L, candg seped Nityrecwhilopgrienscad theopinsic pelystiigen kyerassiding éPMOSecond
gate structure; 12 form ng a heavily doped P type source/drain region in
a por t iTegion?, eanibg depwsiol fyperBysedopats mracadures Mogldbwetformed tigfonat e not
cover edmplantgionl second gate structure, or by said second conposite
i nsul at or spacer; renoving said doped oxi de conponents resulting in a first
L - shapeckdewsspeigigiphoiorssist biodk shapescsimplastmnasks.of desicedsirkequent ggfai d fir st
gate structure, and resulting in a second

structures for both NMOS and PMOS devices, can be comprised with a specific type dopant,

thus

allowing the polysilicon layer to be in situ doped during deposition, via the addition of arsine or
phosphine, to a silane ambient. In addition if lower word line resistance is desired subsequent
gate structures can be formed from a polycide (metal silicide - polysilicon ), layer. This would

require deposition of an underlying, thin polysilicon layer, followed by the deposition via
LPCVD

procedures, of an overlying metal silicide layer, such as a tungsten silicide layer. After
deposition

of the polysilicon or polycide layer, a photoresist shape (not shown in the drawings), is used as a
mask to allow an anisotropic RIE procedure, using Cl, or SF, as an etchant to define gate
structures 6, schematically shown in Fig. 1. Removal of the gate defining photoresist shape is
accomplished via plasma oxygen ashing and careful wet cleans. The wet clean portion of the
photoresist removal procedure, employs a buffered hydrofluoric (BHF), or a dilute hydrofluoric

(DHF), step, which removes the portions of silicon dioxide gate insulator layer5, not covered by

gate structures 6.



L - shaped conposite insulator spaca~ |ocated on the sides of said second
gate structure; formng a first heavily doped N type source/drain region in
a portion of said first region of said sem conductor substrate not covered
by said first gate structure or by said fnst L - shaped conposite spacer,
and form ng a second heavily doped N type 10 source/drain region in a
portion of said first region of said sem conductor substrate, directly
under|lying horizontal feature of said L -shaped silicon nitride conponent
of said first L - shaped conposite insulator space; and form ng netal
silicide layers on the top surface of said first gate structure, on the top
surface of %Qflﬂ%eélebﬁkapeg@%s%wm ﬁt?l‘%?W‘Bﬁs 11 8sqddp Peqigot gERlogk ol EMOS i r st
heavily doped N 15 type source/drain region, and on the top surface of said
heavi | 88D &dTom AlFppwC SpBRSBIIPYS 1AnS: dpplaried ot anerereybetisan ahoug [ &9 AREV. dher ei n
said gate insulator layer is a silicon dioxide |ayer, obtained via thernmal
oxi dat | DPSp PeFEsnRhout 2 1440 2Kl & atemsic e t Rhbsaprogasga resuits inthe Sreafiesei N fswe 3.

The nmethod of claiml, wherein said gate structures are polysilicon gate

st r uct Uiy daesd seuge/dram(LP b pyNitypecsonrce/dyain extensian (SRE) tagioni s Afierai ned vi a
LPCVD procedures at thickness between about 1200 to 2000 Angstrons, either
deposi tieaoyd of theM@P photoresist tlgck oul shnpe, i plasma Notepp eshing pricadyrss, anpther i on

i npl antation procedures, or in situ doped during of deposition via the

addi t i aiotsireszt shape (ned shqyroiedhe drewings), & used rpgotaetVMES. region THzomet hod of
claiml, wherein said Ntype SDE region is forned via inplantation arsenic
or phosipipbantation pHpromiona imelartied gt dnenewss hetrvon tbdut 04 16 1 KW, foabormntodem

bet ween about 5E14 to 2E15 atons/cnez. 5. The method of claim 1, wherein

sai d P BEsdensShilantgiaban erergyobatreeenabaut ol 28Kt foo BFgfboth implanted using a dose

between about 1E14 to 1.5E15 atoms/cmy’, resulting in P type LDD, or P type SDE region 8.

This is schematically shown in Fig. 2. Removal of the NMOS photoresist block out shape is
again

accomplished via plasma oxygen ashing procedures.
Fig. 3, shows the result of deposition of a composite insulator layer. Silicon oxide layer
9a,

is first deposited via LPCVD or PECVD procedures, at a thickness between about 50 to 150
Angstroms, using TEOS as a source. This is followed by deposition of silicon nitride layer 10a,

via LPCVD or PECVD procedures, at a thickness between about 150 to 350 Angstroms.

F_inally doped silicon oxide layer 11a, such as a phosphosilicate glass (PSG), layer, is deposited
via

PECVD procedures at a thickness between about 450 to 750 Angstroms. The composition of, or
the content of phosphorous in PSG layer 11a, is between about 3 to 5 weight percent., and will
determine the etch rate of the PSG layer in a subsequent BHF or DHF solution. The high etch
rate ratio of PSG to silicon oxide, such as the silicon oxide residing in STI region 30, will allow

the PSG component to be removed without significantly thinning the slower etching silicon
oxide



10 boron ions at an energy between about 0.4 to 1 KeV, at a dose between
about 1E14 to 1:5E15 atons/cnez. 6. The nethod of claiml, wherein said
underlying silicon oxide |ayer of said conposite insulator |ayer, is

obtai ned via LPCVD or PECVD procedures, at a thickness between about 50 to
150 Angstronms. 15 7. The nethod of claim1, wherein said silicon nitride

| ayer of said conposite insulator |ayer, is obtained via LPCVD or PECVD
procedures, at a thickness betmeen about 150 to 350 Angstrons. 8. The

id id t
s at Sl acs PRI b R8P Rife 8%13%03% B é%to‘r’ky%ﬁans%ﬁ%}’q%ig via PECVD
450 700 t rise
i thea e ecs%rE'e%iﬁ%%%dsrgﬁ@%erao & BB s ; idg 1 ;"”‘Sdgwfﬂs" ”Eod of
I d d re ed to define the
Eoﬁ{)?s??f&“%"%@ﬁ'wﬁf% | SRS LG S PR Eomeact i ve 1 on etdi (RID).

pr ocedur e, 14 per f or med u3|ng CHF3 as an etchant for said doped oxide

| ayer and f I d. under | silicon oxide |a and usi Cl2 or CF4 as
an’ et ch?1 tign of porp lt%?nts\’l?@ésl?aéﬁ%ﬂs m”fba‘}ldﬂf‘??éednaé‘fiﬁ&]%fn@%c%l aim 1,
wher ei n8 eaV|Iy doped P type source/drain region is 10 forned via

I mpl ant a of boron ions at an energy hetween about 3 to 6 KeV, at a dose
bg![o wee r}ngﬁ% gt Agyepesotrgpig RIK pracgdiss isgmployed, first using CHF, as an etchant to define

PSG shapes 11b. The anisotropic RIE procedure is continued using Cl, or CF, as an etchant for
silicon nitride resulting in definition of silicon nitride shapes 10b. The silicon nitride dry etch
procedure is terminated on underlying silicon oxide layer 9a, after removing between about 10 to
40 Angstroms of silicon oxide layer 9a, either completely, or partially defining silicon oxide
shape 9b.

Photoresist shape 40, is next formed and used as a mask to protect NMOS region 1, from
implantation of boron or BF, ions, into a portion of semiconductor substrate 1, in PMOS
region 2, not covered by gate structure 6, or by the composite insulator spacer. The result of this
implantation procedure, performed at an energy between about 3 to 6 Kev, at a dose between
about 2E15 to 5E15 atoms/cny, is the formation of heavily doped P type source/drain region 12.
The benefit of using the entire composite insulator spacer as a mask to define heavily doped P
type source/drain region 12, is maintaining, or not compromising P type SDE region 8. If PSG
shape 11b, were removed prior to this implantation procedure, boron ions may have penetrated

the horizontal feature of silicon nifride shape 10b, converting a portion of the lightly doped P
type

source/drain region, to an undesired heavily doped region, or deepening the junction of the P

type
source/drain extension (SDE), region. Thus the presence of PSG shape 11b, during the heavily



11. The method of claim 1, wherein said doped oxide conponents of the
conposite insul ator spacer;, are renoved using buffered hydrofluoric (BHF)
acid, or a dilute hydrofluoric (DHF) acid, with an etch rate ratio of said
doped oxi de conponent to 15 silicon oxide, between about 10 tol, to 15 to
1. 12. The nethod of claim1l1, wherein said first heavily doped N type
source/drain region is forned via inplantation of arsenic at an energy

bet ween about 35 to 65 KeV, at a dose between about 2E15 to 6E15 at oms~cn®.

13. The,ne of cI id sec avily doped N type

sour ce/‘%ﬂp %IH WHPH%@‘E\H?%W%%%@QW&%@F‘;&%‘?S@W flE?é'éﬁﬁP@SEPsed to
formsaid f|r t hea ed N type_source/drain region, via inplantation
of arse fema? ’ﬁh%‘ﬁéﬁeéé ng g%ﬁf&%”@éh%ﬂ‘i@“\?m%ﬁh%@eéb‘bé doped ween about
2E 15 to ?E 15 atons/cn¥, however forned onlé in ?:fgor'tl on of said fsst

r egi on BPlaAtN PEAcedsR aenefrated iedorirenak fealenelel -thepedsilispnnigide shapad O ai d
hori zontal feature of said L - sha silicon nitride conmponent. 14. The
net hod Bl?eré‘f“éli%ﬂlsl’f\'ﬁﬁ%@é‘?ﬁS@W@%E’eﬁhowmﬁllgd% | ayer is conprised of either
titaniumsilicide, nickel silicide, or cobalt silicide. 15 15. A net hod

of formng a conplinmentary netal oxide sem conductor (CMOS), device on a
sem conductRymevghef phatasesist shaparfrig next compipished Vlmsmra@@ffygslpasimg used as a
mask to define an inplanted P channel netal oxide sem conductor (PMOXS),

sour ce/Ripesdnres.doilawed tyormova ¢f ByGtshapes d &b, ofa wseoén B dnyDRF atiddolutios hape
conposite insul at or spacer as a mask 5 to define an inplanted N channel
met al  oltedbgiseieh tibdtic pHPSE MMEB)on axdrler besiveeredbout BXfodutp 16 ¢orpyalisivathet he st eps
of : providing a first region of said sem conductor substrate to be used as
an NMVOF¥e& gliapes) todr dempoadivdihogt thinemgdhaisloeer etrkirgs sili@inchxslerbmpomkne ino8TT
substrate to be used as a PMOS region; 10 formng a shallow trench
i sol at i regiof 8T [The raneyyaboef, PSGhresuifed it reomimihg Eaishhped nompesite disalatdrepatsndyet ween
said NMOS region and said PMOS region, with said STl region filled with a
first sionmiprised efthelk - kisaped, silicon fitride eompsnewes 10, @gd mderlRingdi -CshEP4dSsitiegi on;

oxide components 9b. The wet etch procedure used to remove PSG shapes 11b, will also finalize

the definition of silicon oxide shapes 9b, if the silicon oxide shapes had not been completely

defined during the final stages of definition of silicon nitride shapes 10b. This is schematically

shown in Fig. 6.

Photoresist shape 50, is next formed to protect PMOS region 2, from the procedure used
to form a heavily doped N type source/drain region in NMOS region 1. This is achieved via
implantation of arsenic ions, at an energy between about 35 to 65 KeV, at a dose between about
2E15 to 6E15 atoms/cm’. Arsenic ions, implanted directly into portions of semiconductor
substrate 1, not covered by gate structure 6, or by the L - shaped composite insulator spacers,
result in the creation of deep, heavily doped N type source/drain region 14b, while arsenic jons
implanted through the horizontal feature of L - shaped, silicon nitride components 10b, result in a
shallower, heavily doped, N type source/drain region 14a. This is schematically shown in Fig. 7.

The effect of shallower, heavily doped N type source/drain region 14a, is the increase in the



growing a silicon dioxide gate insulator |ayer on portions of said

sem conduct or 15 substrate not occupied by said STl region; formng a first
polysilicon gate structure on a first portion of said underlying silicon

di oxi de gate insulator |ayer, located in said NMOS region, and formng a
second polysilicon gate structure on a second portion of said underlying
silicon dioxide gate insulator |ayer, located in said PMOS region;
performng a first ion inplantation procedure to forman N type,
source/drain extension (SDE), region in a portion of said NMOS regi on not

covered,b ai I st si.licon gate shucture;, performng a second ion
i npl ant $PEHC $8£§ ee'ﬁ_i?]%)¥ ’éesl‘?ﬁ‘flﬁb‘é? W&@f%ﬁgirﬁlﬁ@c@ USIRPENEISoN
(SDE), fregiqn in a port] f .sai,d PMOS regi on not covered, by said second
pol ysi | ﬁﬁ’Sg ?j‘&l"’ﬁ%‘%&&f’c@% d os‘&ier FF&’Oé(‘ﬂc‘%rPBB@F@csét $haRe P Qtvén Dlpsmasexygen

conprised of an underlying, second silicon oxide |ayer, a silicon nitride
| ayer, B BY Ipmcﬁé‘“'ﬁ g“pf@ﬂfoﬁ%?dd@ aptixags the gaplagpdiony obbeth Araydy depsde
reactive ion etching $RIE) Brocedure to forma first 10 conposite insul ator
spacer THFCE(EAR fEs o ft saqild be poted thabalthongh the arsgeie donsare Allowied to panewate ai d
first conposite insulator space conprised of an overlying doped oxide
conponefRE SPagsF structursihdeeg nef pase shmueh of adangesrip diehannel ransisier shod ehdmpglng L -
shaped silicon oxide conponent, and to forma second conposite insulator
shape oRfriorBance deBoreR iangivwpulicie dhedP phsinpelittangigarsgduedodhe lowendigpsivitt of sai d
second conposite insulator spacer | S conprised of an overlying doped oxide
c onponedenicy pomparechighepns deringothe pourge/dfein congpbprontdura nslsathemselefdopedg L -
shaped silicon oxide conponent; performng a third ion inplantation

pr oceduglassicen enshrg thattalaf theyoxittspadhenitrideepamsuisgehdye thus eeventing NMOSor t i on
of sai cchevetlangthi variatins atising froth top-wiEiotn pedinh cenpoll/sfi the exide gatlgingtthaict ur e,
or by said second conposite insul ator spacer, performng a wet etch

pr ocedumtide spacendie awsabrdogec: iopértlemed apotemptiature Bstwbdn abgut 100atd i rst L -
shaped conposite insul ator spacer |ocated on the sides of said first

pol ysi | 186hCossine atherrapid tigsrmahahnead sotlcbhvegtiomal furase @hctetiures. shaped conposite
i nsul at or spacer |ocated on the sides of said second polysilicon gate
structure; performng a fourth ion inplantation procedure to forma first
heavi | y dopeldtalsitigifielagesil 6. edrelfigit Forfned b BxpoRedisiPeint re@iong buchals én MMOS 1 egi on
not covexpestdby said first polysilicon gate shucture or by said first L -
shaped conposite spacer, and form ng a second heavily doped N type

sour ce/tdp aurfact 09 sthdtided R fak el a9bn SiclpWMDRFRE] dTheadly’ @pkd X cyider | yi ng
hori zontal feature of said L -shaped silicon nitride conponent of said

source/drain region 14b, and of heavily doped P type source/drain region 12. This is

accomplished via deposition of a metal layer such as titanium, nickel, or cobalt, via plasma vapor

deposition procedures, followed by a rapid thermal anneal procedure, which allows formation of
a

metal silicide layer such as titanium silicide, nickel silicide, or cobalt silicide, to occur on regions
in which the metal layer overlaid asilicon region. Regions in which the metal layer overtaid
insulator regions, such as STI region 4, or L - shaped composite insulator spacers, remain
unreacted. Selective removal of unreacted metal is then accomplished via wet etch procedures.

The result of selective metal silicide formation is schematically shown in Fig. 8.

10



17 10 first L - shaped conposite insulator space, wth said second
heavily doped N type source/drain region | ocated shallower in said
sem conductor substrate than said first heavily doped N type source!drain
region; and formng netal silicide layers on the top surface of said first
polysilicon gate structure, on the top surface of said second polysilicon
gate structure, on the top surface of said 1 S first heavily doped N type
source/drain region, and on the top surface of said heavily doped P type
source/drain region. obtained second 16. The nethod of claim15, wherein
said first 5|l|con oxi de r, located in said STl region, is an undoped
silicon oxi Yhilg gy Ve%ﬁ?éﬁ%“&“@@ﬁcﬂﬂb(/@%’fn o desived étglﬁ?fé@mﬂ%tpﬂée
tetraethylorth05| icate (T EOCS), as a source. 17. The nethod of clai m 15,
wher ei nP&siTed empodigpnty ﬂ@s&oaét ‘g&kl@ yndergioad By thosg aliled ipithe arhibptieriowki dat i on
procedures at a thickness between about 12 to 25 Angstroms. 18. The nethod
of cl ai fhngss ipfeameangd detailymey bemagewithout depsrtingafram terspisit andscapelobthisd

pol ysilicon gate stncture, are defined froma polysilicon |ayer which in
turn i soptighned via LPCVD procedures, at thickness between about 1200 to
2000 Angstrons, either deposited intrinsically and than doped either N
type, or P type, via ion inplantation procedures, or doped in situ during
deposition via the addition of arsine, or phosphine, to a silane anbient.

11



19. The nmethod of claim 15, wherein said first ion inplantation procedure,
used to form 10 said N type SDE region, is perforned using arsenic or
phosphorous ions at an energy 18 bet ween about 1 to 5 KeV, at a dose

bet ween about 5E 14 to 2E 15 atons/cnez. 20. The nethod of claim 15, wherein
said second ion inplantation procedure, used to formsaid P type SDE
region, is performed using boron ions at an energy between about 0.4 to 1
KeV, at a dose between about 1E14 to 1.5E15 atons/cnR. 15 21. The nmet hod of
cl aim15, wherein said underlying, second silicon oxide |ayer is obtained
via LP ar PECVD procedures, at a thickness between about 50 to 150
Angst r ofygat 19glaimedds:net hod of claim1 S, wherein said silicon nitride |ayer

i s obtained via LPCVD or PECVD procedures, at a thickness between about 150
to 350 Angstroms. 23. The nethod of claim 15, wherein said doped oxide

| ayer is a phosphosilicate glass (PSG |ayer, obtained via PECVD procedures
at a t hi cknesk Awethed af Fsing avoplimergy naghoxidassmiconductofPM@SX deviiceh a

wei ght percent of phosphorous between about 3 to 5. 24. The nethod of claim
15, wherei n sui aseantondustonriubstrite compasngithe sigpedf: t 0 define said first
conposite insulator spacer and said second conposite insulator spacer, is
performed usi ngroHERgadirsirgatststetnte dngan wderllyin gaselinewiaide ldyery brcatad th 4 Grst sai d
under | yi ng, second silicon oxide |ayer, while using Cl2 or CFQ as an

et chant for sagidnef $didemicindnétdesubsirdtaipdre, used for an N channel metal oxide

5 semiconductor (NMOS), element of said CMOS device, and providing a second gate
structure on said underlying gate insulator layer, located in a second region of said
semiconductor substrate to be used for a P channel metal oxide semiconductor (PMOS),
element of said CMOS device;

forming an N type, source/drain extension (SDE), region in a portion of said first

10 region of said semiconductor substrate not covered by said first gate structure;
forming a P type, source/drain extension (SDE), region in a portion of said second

region of said semiconductor substrate not covered by said second gate structure;

depositing a composite insulator layer comprised of an underlying silicon oxide
layer,

a silicon nitride layer, and an overlying doped oxide layer;

15 performing an anisotropic dry etch procedure to form a first composite insulator
spacer comprised of an overlying doped oxide component, an L -shaped silicon nitride
component, and an underlying L - shaped silicon oxide component, on the sides of said
first gate structure, and to form a second composite insulator shape comprised of an
overlying doped oxide component, an L -shaped silicon nitride component, and an

20 underlying L - shaped silicon oxide component, on the sides of said second gate

structure,

12



25. The nethod of claiml15, wherein said third ion inplantation procedure,
used to formsaid heavily doped P type source/drain region, is perforned
usi ng boron ions at an 19 energy between about 3 to 6 KeV, at a dose
bet ween about 2E 15 to 5E 15 atons/cnZ. 26. The nethod of claim 15, wherein
said wet etch procedure, used to renove said 15 doped oxi de conmponents of
the conposite insulator spacers, is perforned using a buffered hydrofluoric
(BHF) acid, or a dilute hydrofluoric (DHF) acid solution, with an etch rate
rati o of said doped oxide conponent to said first silicon oxide |ayer,
| ocated in said ST] regiaqnp, between about 10 to 1, to 15 to 1. 27. The
met hod of cl ai nﬁOTB{ng\feﬁ'é?‘é&fl%afiB%&Pwﬁdﬁ@ﬁl TN dnd BeTtien opsaik egore, used to
formsaid first, heavily doped N type source/drain _region, and to formsaid
second heavi | 58198 gEspidaipendueiar %Jéﬁtm*%il?f cperjpd by saidsesend gateretactiss. wybar seni ¢
ions at an energy between about 35 to 65 KeV, at a dose between about 2E 15
to 6E 15 at on¥? ndxgmpeite inplHespatercl ai m 15, wherein said metal silicide
| ayer is conprised of either titaniumsilicide, nickel silicide, or cobalt
silicide. 20 .Acmgvinggaid dapedaxideromponents resulting in a first L - shaped composite
ACAU Ag\ . AL\ AU?. Ag\ . Ay. Al A?. Ay. Ag\ . Ag\. Ag\ An40C3j  {
9} xsni P 7] ca]ieallden waje dicetsf oalhesides o€ sdid Aist gjte afruchrcand adsolingal ea] ca] ca] ca
] ca] ca]€&dnsa] ca] ca] ca] ca] ca] ca] cal 8#g¥%&e( +p+. 022P3335&999>;
>AEGQ |1 =JJJJJIN} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] ca] ca] cal} eshaped emimaite mpwatpr stjacea]lce}edandhe MRarRlshy Feiid Yt iitike XXX=YY
YYQZI ZZ[ - [ K\\ N\ S]] ] YA} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca]iomhingpdujtdalch]doatd N]tymd ©alce/dlantegidnda b Yortidh of said Hrst vbbcccd
Tg3i 9ij | ppppdqq, rrrrrscss}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] ca]regibu af s2d seajicaidocthraibstedte ajtcayaad bpdddiicagaatiarfire oiRyvaOMWWY,
xxxxx3y0z{{{=| Cl | : } n} xsn}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] claptcla} smbeddanmiosad qatepdmidbmahg abeohd ada) dogvd Mtdpe10% & () - " 10
%& ()-GL0% & ()-10% & ()-10% & ()-0 -
c10% & 10) - 0! 1d0%bc&/dtdin falapHi a2dAUN&F €3id Fifst TYEnSofGhid-skrh@Undiclorsubstrate,
"T10% & ()-""10% & ()- 10% & () -

directly underlying horizontal feature of said L -shaped silicon nitride component of

said
first L - shaped composite insulator spacer; and
forming metal silicide layers on the top surface of said first gate structure, on the top
surface of said second gate structure, on the top surface of said first heavily doped N
15 type source/drain region, and on the top surface of said heavily doped P type

source/drain region.

2. The method of claim 1, wherein said gate insulator layer is a silicon dioxide layer,
obtained via thermal oxidation procedures at a thickness between about 12

to 25 Angstroms.

3. The method of claim 1, wherein said gate structures are polysilicon gate structures,

defined from a polysilicon layer whichin turn is obtained via LPCVD procedures at

thickness between about 1200 to 2000 Angstroms, either deposited intrinsically than

13



10% & ()-}~C~_ @210% 3"10% & ()-!110% & ()-10% & ()-!1U 110% & ()-10% & () -
10° 10" 10°3j dE~ @210% #/1"10% & ()--}10% & ()-*F10% & ()- (! 10% & ()- Y%G
10% & ()-p#10% & ()-# { 6789b@210% !U #10% & ()-c(0'10% & ()- 10 10°
10°96!10% & ()-34 10% & ()-)1110% & ()-b@210% !\! 10% & ()- 610% & () -
SH10% & ()- S#10% & ()- 10° 10" 10°

doped either N type, or P type, via ion implantation procedures, or in situ doped during

5 deposition via the addition of arsine, or phosphine, to a silane ambient.

4. The method of claim I, wherein said N type SDE region is formed via implantation
of

arsenic or phosphorous ions at an energy between about [ to 5 KeV, at a dose

between about SE14 to 2E15 atoms/cnt.

5. The method of claim 1, wherein said P type SDE region is formed via implantation
of

10 boron ions at an energy between about 0.4 to 1 KeV, at a dose between about
1E14 to 1.5E15 atoms/cm®.

6. The method of claim 1, wherein said underlying silicon oxide layer of said composite

insulator layer, is obtained via LPCVD or PECVD procedures, at a thickness between

about 50 to 150 Angstroms.

15 7. The method of claim 1, wherein said silicon nitride layer of said composite insulator
layer, is obtained via LPCVD or PECVD procedures, at a thickness between about 150

to 350 Angstroms.

8. The method of claim I, wherein said doped oxide layer of said composite insulator
layer, is a phosphosilicate glass (PSG) layer, obtained via PECVD procedures at a
thickness between about 450 to 700 Angstroms, and comprised with a weight percent

of phosphorous between about 3 to 5.

5 9. The method of claim 1, wherein said anisotropic dry etch procedure used to define

the composite insulator spacers, is an anisotropic reactive ion etch (RIE), procedure,

14
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#10% & ()-c( 5#rSA#10% & () - C#10% & ()-Cl G'10% & ()-110% & ()- 10" 10"
10" "1\ #&SH109% ~ & () - SHEHTH8H#gY &&e( (bCHL( 6#10% , & ()-"10% & () - 6#10% , & () -
6#10% & ()- p#10% & ()- 10" 10 10" (++++p+V. .. bCH1

P#109% 9&' () - #p#10% & () - #p#10% & () -#10% & ()- 10" 10°

10" (6#10% & () -. G/ R0022222uj _@0% & ()- 10} 10} 10}- S#109% & ()-!"10% & () -
1"109% & ()-! N "10% c}c& () - 2P3335689°7] @#10% & ()-c!r6#10% } & ()-cS#10% &
'()-1@0%1& ()-|10% & ()-v "10% & ()- &999999>:

SA =!I N&p#10% & ()- 71\ #10% & ()- "10% & ()- 10}c 10}c 10}c 6#10% c& ()-c

10% 1 & () - EE F +p#10% & () - p#10% & ().-. '\ p#l0% & ().-
Sﬁigo/g :Qg 8 } ¢ PHYE uls%i:%g;rlhJ 3pas an e%c%algt)for s%id dop(:ed 0}((i2:Ie layerpand f019 said 1.$n)der1ying

silicon oxide layer, and using Cl, or CF, as an etchant for said silicon nitride layer.
10. The method of claim 1, wherein said heavily doped P type source/drain region is
10 formed via implantation of boron ions at an energy between about 3 to 6 KeV, at a dose

between about 2E15 to 5E15 atorms/cn.

11. The method of claim 1, wherein said doped oxide components of the composite
insulator spacers, are removed using buffered hydrofluoric (BHF) acid, or a dilute
hydrofluoric (DHF) acid, with an etch rate ratio of said doped oxide component to

15 silicon oxide, between about 10 tol, to 15 to 1.

12. The method of claim 1, wherein said first heavily doped N type source/drain region
is formed via implantation of arsenic at an energy between about 35 to 65 KeV, ata

dose between about 2E15 to 6E15 atoms/cm?.

13, The method of claim 1, wherein said second heavily doped N type source/drain
region is formed via identical implantation procedure used to form said first heavily
doped N type source/drain region, via implantation of arsenic at an energy between
about 35 to 65 KeV, at a dose between about 2E15 to 6E15 atoms/cm?, however

5 formed only in a portion of said frst region of said semiconductor substrate located

directly underlying said horizontal feature of said L - shaped, silicon nitride component.

14, The method of claim 1, wherein said metal silicide layer is comprised of either

titanium silicide, nickel silicide, or cobalt silicide.
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10" :10% & () -JJIJIIDKKM-\ : 1 u #109&' ()-3!'n #109%& ()-3'u #109& ()-310% & () -
10° 10" 10 ; 10% & () - MNNNPPPPWUB+: 10" ;

10% & ()-! n(#109GT& ()-! n(#109%& ()-! n(#10%4& ()-!n #10% & ()- 3!

#10% B B& () - 3PPPQeR RSSAB: 10 ! up#10%&' () -! up#10%& ()-210% & ()-!

10% & ()-! 10% & ()- 10 10 SyTT[ UUcVt \}\ =B:

15. A method of forming a complimentary metal oxide semiconductor (CMOS),device
on a semiconductor substrate, featuring a composite insulator spacer used as a mask to

define an implanted P channel metal oxide semiconductor (PMOS), source/drain
region,

followed by the use of a partially etched, L shape composite insulator spacer as a mask

5 to define an implanted N channel metal oxide semiconductor (NMOS), source/drain

region, comprising the steps of:

providing a first region of said semiconductor substrate to be used as an NMOS
region, and providing a second region of said semiconductor substrate to be used as a
PMOS region;

10 forming a shallow french isolation (STI), region, in a portion of said semiconductor
located between said NMOS region and said PMOS region, with said STI region filled
with a first silicon oxide layer;

forming an N well region in said PMOS region;

growing a silicon dioxide gate insulator layer on portions of said semiconductor

15 substrate not occupied by said STI region;

forming a first polysilicon gate structure on a first portion of said underlying silicon
dioxide gate insulator layer, located in said NMOS region, and forming a second
polysilicon gate structure on a second portion of said underlying silicon dioxide gate
insulator layer, located in said PMOS region;

performing a first ion implantation procedure to form an N type, source/drain
extension (SDE), region in a portion of said NMOS region not covered by said first
polysilicon gate structure;

performing a second ion implantation procedure to form a P type, source/drain
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performing an anisotropic reactive ion etching (RIE) procedure to form a first

10 composite insulator spacer on the sides of said first polysilicon gate structure, with said
first composite insulator spacer comprised of an overlying doped oxide component, an
L - shaped silicon nitride component, and an underlying L - shaped silicon oxide
component, and to form a second composite insulator shape on the sides of said
second polysilicon gate structure, with said second composite insulator spacer

15 comprised of an overlying doped oxide component, an L -shaped silicon nitride
component, and an underlying L - shaped silicon oxide component;

performing a third ion implantation procedure to form a heavily doped P type
source/drain region in a portion of said PMOS region not covered by said second
polysilicon gate structure, or by said second composite insulator spacer;

performing a wet etch procedure to remove said doped oxide components, resulting
in a first L - shaped composite insulator spacer located on the sides of said first
polysilicon gate structure, and resulting in a second L - shaped composite insulator
spacer located on the sides of said second polysilicon gate structure;

5 performing a fourth ion implantation procedure to form a first heavily doped N type
source/drain region in a portion of said NMOS region not covered by said first
polysilicon gate structure or by said first L - shaped composite spacer, and forming a
second heavily doped N type source/drain region in a portion of said NMOS region,

directly underlying horizontal feature of said L -shaped silicon nitride component of
said
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heavily doped N type source/drain region; and
forming metal silicide layers on the top surface of said first polysilicon gate
structure,
on the top surface of said second polysilicon gate structure, on the top surface of said
15 first heavily doped N type source/drain region, and on the top surface of said heavily

doped P type source/drain region.

16. The method of claim 15, wherein said first silicon oxide layer, located in said STI

region, is an undoped silicon oxide layer, obtained via LPCVD or PECVD procedures

using tetraethylorthosilicate (TEOS), as a source.

17. The method of claim 15, wherein said silicon dioxide gate insulator layeris
obtained

via thermal oxidation procedures at a thickness between about 12 to 25 Angstroms.

18. The method of claim 15, wherein said first polysilicon gate structure and said
second

polysilicon gate structure, are defined from a polysilicon layer which in turn is obtained
5 via LPCVD procedures, at thickness between about 1200 to 2000 Angstroms, either

deposited intrinsically and than doped either N type, or P type, via ion implantation

procedures, or doped in situ during deposition via the addition of arsine, or phosphine,

to a silane ambient.
19. The method of claim 15, wherein said first ion implantation procedure, used to form

10 said N type SDE region, is performed using arsenic or phosphorous ions at an
energy
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20. The method of claim 15, wherein said second ion implantation procedure, used to
form said P type SDE region, is performed using boron ions at an energy between about

0.4 to 1 KeV, at a dose between about 1E14 to 1.5E15 atoms/cm’.

15 21. The method of claim 15, wherein said underlying, second silicon oxide layer is
obtained via LPCVD or PECVD procedures, at a thickness between about 50
to 150 Angstroms.
22. The method of claim 15, wherein said silicon nitride layer is obtained via LPCVD
or
PECVD procedures, at a thickness between about 150 to 350 Angstroms.
23. The method of claim 15, wherein said doped oxide layer is a phosphosilicate glass
(PSG) layer, obtained via PECVD procedures at a thickness between about 450
to 700 Angstroms, and comprised with a weight percent of phosphorous between about

3 to 5.

5 24. The method of claim 15, wherein said anisotropic RIE procedure used to define said
first composite insulator spacer and said second composite insulator spacer, is
performed using CHF, as an etchant for said doped oxide layer and for said underlying,
second silicon oxide layer, while using Cl, or CF, as an etchant for said silicon nitride

10 layer.

25. The method of claim 15, wherein said third ion implantation procedure, used to

form said heavily doped P type source/drain region, is performed using boron ions at an
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energy between about 3 to 6 KeV, at a dose between about 2E15 to 5E15 atoms/cm’

26. The method of claim 15, wherein said wet etch procedure, used to remove said
doped oxide components of the composite insulator spacers, is performed using a
buffered hydroftuoric (BHF) acid, or a dilute hydrofluoric (DHF) acid solution, with an
etch rate ratio of said doped oxide component to said first silicon oxide layer, located in
said STI region, between about 10to 1, to 15 to 1.

27. The method of claim 15, wherein said fourth ion implantation procedure, used to
form said first heavily doped N type source/drain region, and to form said second
heavily doped N type source/drain region, is performed using arsenic ions at an energy

between about 35 to 65 KeV, at a dose between about 2E15 to 6515 atoms/cm?.

28. The method of claim 15, wherein said metal silicide layer is comprised of either

titanium silicide, nickel silicide, or cobalt silicide.
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