2 5 JAN 2005 A METHOD OF | NTEGRATING L - SHAPED SPACERS IN A HI GH :
PERFORMANCE CMOS PROCESS VIA USE OF AN OXIDE - NI TRIDE - DOPED OXI DE
SPACER BACKGROUND OF THE I NVENTION (1) Field of the Invention Theépgejgﬂt
itnvention rélates to nethods used to fabricate sem conductor devi Ces, (QBUS
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 to fabricate CMOS devi ces conprised of both N channel (NMOS), and P
channei 4 MBIOD QEMNEEGR ARING b -SEHPRIR SPACERSINGA HIGHPERFORIMARCT har ed
process steps and sequences in order to mnimze process conplexity as
wel | as SM&g%%%@ﬁgsﬁéngysmogmmﬂDE -NITBEDE - DOREMOXIDESP AcERat i on of

i nsul ator spacers on the sides of gate structures, can sonetines 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 fic devi ce par aneBACKGROUNBSOF Mim INVENTI®N | es resi stance for NMOS
devices, as well as reduced risk of short channel effects for PMOS
devices, | 25 JAN 2005 innovations to a global conposite insulator spacer
process have to be achieved. This invention will describe a process
sequenc@) Fiztd éftheritventionof a conposite i nsul at or

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

]sjhaﬂrled resulting in identical insulator, or composite insulator spacers, residing on the sides of
0

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

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

PMOS devices,



spacer on the sides of CMOS gate structures, in which PMOS short channel
effects are mnimzed via source/drain inplantation using a conposite

i nsubat or spacer as a nmask, while series resistance for the Nl\/DSszVMﬁ 2@
mi nimzed via source/drain inplantation using a thinned conposite - 3
i nsul ator spacer as a mask. This invention will also feature reductions in
the lrevel of isolation field renoved.during this unique process sequence
used to form CMOS spacers. Prior art, .such as Pradeep et al, in US. Pat.
No. 6,277,683B1, describe a process for form ng conposite spacers on the

si des offbeXationg taq glekal chmpesiteinsutatar spadenproaest heleas baathifwdt ur e t he uni que
process sequence described in this present invention in which an initial
conposi t e i Abisliaxestionwilbdascrile ayrecksaseqaence foribAaMtioRREK coposite TRVRDr

sour ce/ eRagerprfthe pides of CMOBighte stractiiendh wiinlRMEOE chorbShinadlQffestPae! | S used
an i npl eximizedk during NMOS source/drain formation. SUMWARY OF THE

I NVENTION It is an object of this invention to integrate the fabrication of

CMOS  deviasewrce/duimpimpianthtioh usﬁg/%ompdsiﬂédl‘iﬁﬁlﬁ&wﬁﬁ&ﬁ as PMadl) 18 W&ies
sem convhgstanee chip. It is another object of this invention to use a

conposite insulator spacer to define an inplanted source/drain region for
the PMOBrdeiM©S deviceds miiimized viadblicakitan Biifstionlusmg SNARAN ¢ site

i nsul ator spacer to define an inplanted source/drain-region for the NMOS

devi ce. inbtlatos sgmbér ds aanak NThis Mjeftén 9l 416 LathRMEMiBR }hond £OR L B1HoRed
oxi de cfigdonent of an initial conposite insulator spacer, conprised of an

underlying silicon oxide shape, a silicon nitride 2 2 5 JAN 2005 shape, and

;t 2 :‘ . F\éfﬂ(’)etrwiv&gdﬂﬁfgﬁﬁis Wfigde prRBRABRRMse tsed fPhih [dMoS sﬁrll@l@.e s ) gﬂ,o.ﬁlicﬂ §s
Pradeep et al, in U.S. Pat. No. 6,277,683B1, describe a process for forming composite spacers on
the sides of CMOS devices, however that prior art does not feature the unique process sequence
described in this present inventiqn in which an initial composite insulator spacer is used as an

implant mask during PMOS source/drain formation, while a final composite insulator spacer is

used an implant mask during NMOS source/drain formation.

SUMMARY OF THE INVENTION

It is an object of this invention to integrate the fabrication of CMOS devices, comprised of

PMOS and NMOS devices, on the same semiconductor chip.

It is another object of this invention to use a composite insulator spacer to define an
| implanted source/drain region for the PMOS device, while using a partially etched, L - shaped

composite insulator spacer to define an implanted source/drain region for the NMOS device.

It is still another object of this invention to remove a doped oxide component of an inifial

- composite insulator spacer, comprised of an underlying silicon oxide shape, a silicon nitride



spacer used for definition of the NMOS source/drain region. In accordance
with the present invention a process for integrating the fabrication of
NMOS+ and PMOS devices, featuring a conposite insul ator spacer usezdst?A 2005
define an inplanted PMOS source/drain region, and featuring a partia |U
etched, L - shaped conposite insulator spacer used to define an inplanted
NMOS source/drain region, i-s described. After formation of insul ator
filled, shallow trench isolation (STlI), regions, an Nwell region is forned
in a portion of a P type sem conductor substrate to be used for PMOS

devi ces Shapsi aud thereverlyingidoperdhonpder caimponertt, tofarnPthe ¥ bap@leipositlfédior
substrate, is reserved for accommobdati on of the subsequent NMOS devi ces.
After ftpicatised forglefinitivw obthe DMOSB esyrcgdramregipgler | yi ng gate insul ator |ayer,
N type lightly doped source/drain (LDD), regions, or sourceldrain extension
(SDE) regions, are fornmed in areas of the P type sem conductor substrate
not cover ed libgcegainpcesvithutht preasnt invehfien Fprioy@e fd:BRegratiB e FRLHAh ofANOEOTr Med
in areas of the N well region not covered by gate structures. A conposite

i nsul at end PM&fadevices) figtirigth @inpasiteiRsleitbydpater Sidd tS‘AQﬁﬁB@n%g;l:ﬁY&rPM@SS! licon’

nitride layer, and an overlying phosphosilicate glass (PSG, layer, is
next depmsed/drdin rdgibs ahd GRhEIng ARHIUS cichS, 81 CRhRNG cﬁﬁh@ite iﬂgﬁﬁ&gsﬂaﬁu?ehe then
enpl oyed to define conposite insulator spacers, each conprised of an

under | ytondpfist b doplased NMGH aREce/@aibirtdic s Msbhildde AHRPREmAANL A EEG,Shape,
on the sides of all gate structures.” The conposite | nsul at o spacer is

then us#itled, ehalldef tratich (soTioh _(mﬂeeg{&ﬂsya:dﬂw%x%%ihﬁé Eﬁoﬁﬁ%;ﬁgfaﬁﬁéﬁi gt i%/’g’r od

via inplantation of P type ions in a area o I'on not

by a gednfcGiducior SULBIAE tdBe UshE f PIVRSS iBeds n‘i’éfﬁ'le%QEen?a?tﬁﬁg@cgg@P gP%tK?{tg&f st

shape protected NMOS regions fromthis i antation pr _

) s has s kAt eSS el BRI Ao

space ; ?%m%fggﬁfaﬁﬁ?gﬁ%gq}snhﬁggﬂ&yﬁé Yt Easﬁfg{cir TR, RGBS ANRPRENd an
source/drain (LDD), regions, or source/drain extension (SDE) regions, are formed in areas of the
P type semiconductor ‘substrate not covered by gate structures, while P type LDD or SDE regions
are formed in areas of the N well region not covered by gate structures. A composite insulator
layer, comprised of an underlying silicon oxide layer, a silicon nitride layer, and an overlying
phosphosilicate glass (PSG), layer, is next deposited. Anisotropic reactive ion etching (RIE)
procedures are then employed to define composite insulator spacers, each comprised of an
underlying silicon oxide shape, a silicon nitride shape, and a PSG shape, on the sides of all gate
structures. The composite insulator spacer is then used for definition of a heavily doped P type
:ource/drain region, via implantation of P type ions in a area of the N well region not covered by
gate structure or by the composite insulator spacer. A photoresist shape protected NMOS regions

from this implantation procedure. After removal of the photoresist shape the PSG components of

the compos%te insulator spacers are removed resulting in L - shaped composite insulator spacers,
each comprised of an underlying silicon oxide shape and an overlying silicon nitride shape.



2 5 JAN 2005 Anot her photoresist shape is next used to protect PMOS regions
fromanother ion inplantation procedure, used to forma deep, heavily

doped N type source/drain region in an area of the P type sem corzdgc ;
substrate not covered by the gate structure, or by the L - shaped™ n%@&%
i nsul ator spacer, while the sane inplantation procedure allows a shall ower,
heavily doped N type.source/drain region.to be forned in an area of the P
type sem conductor substrate not covered by the gate structure or by the
vertical feature of the conposite insul ator spacer. An anneal procedure -is
next usédother plotdresist shdpeds nexp hsedite grodap BMIOS refiohs AvRGNBY%eS i0h MRbLARGG] 2
self aligned netal silicide (salicide), layer, on the top surface of the

gate st prcednrgsisaitowernl a depphcaktie deed s 8ge s&@éé/élrﬁiﬁﬁe% n RO BESVRd VY g%@ped
source/drain regions. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect d

ot her asknainomiyeter afbstrite R0 doversll by etz aasturd8ssy thbed shgbeBQg?lggﬁeer red
e:

enbodi nents with reference to the attached drawi ngs that” inc Figs. 1 -

8, whi cinssletoe smcér evhlly theisim 9slentaRe prottalre A IBWS o sHABWek B2 HEY es of
fabricatypen used to form CMOS devi cel?s, featuri ngsa cor?ﬁos?%%qoﬁésu at or
spacer used to define an inplanted PMOS source/drain region, and featuring

a part i sdukge/dhinheton fo b%mdqﬁap&%hbﬁm%%@ée%c&gﬁ%@ §8E%{%%%8%?%e an

i npl anted NMOS source/drain region. 4 2 5°JAN 200
PREFERRIER gtlyBER tMENT By THs efllah e of it ﬁ}&{@% LGe Afeaturing a
& © defclgﬂr?@ g.%el np gﬁ%’\é%&Pm%a&

conposite insulator spacer used to rce/drain
r egi on, progdduBdNe e YisE Do B RO hroBntel L EIoVER, cSRUEGELA allibed on.
defi nedpusi ng a partially etcheg[,ﬂﬁlL - gﬁga%{ebafo@gnpos oermiahcs’rb?%fs wiélﬁ%%er as
a 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 regions.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are best described in the preferred

embodiments with reference to the attached drawings that include:

Figs. 1 - 8, which schematically, in cross-sectional style, describe key stages of fabrication
used to form CMOS devices, featuring a composite insulator spacer used to define an implanted
PMOS source/drain region, and featuring a partially etched, L shape composite insulator spacer

used to define an implanted NMOS source/drain region.



mask, will now be described in detail. Sem. conductor substrate 3, conprised
of P type, single crystalline silicon, featuring a <100> crystall ographic
orientation, is used and schematically shown _ in Fig. 1. Regi 02 ﬂ. @@ .
sem conductor substrate 3, will be used for the CMOS, N channel, Or '! 2005
NMOS el enment of the CMOS device, while region 2, will be used to

accomodate the P channel, or PMOS device. Insulator filled, shallow _
trench isolation (STlI) region 4, is forned in a top portion of

- seni conductor substrate 3, via initially defining a shallow trench shape in
a top PUISCGRERTIIN OF WD RREEERREDUBMBODIMENTYi a phot ol i t hogr aphi ¢ and
reactive ion etching (RIE) procedures. The shallow trench shape, at a
dept h bet ween about 2000 to 5000 Angstrons in seni conductor substrate 3,

is then fil Taeimgthod ofifosminigeofMOS disridedyamiringiopipasite MbdatoP¥Wabr@Ssiioe

chem cal vapor deposition (LPCVD), via plasm enhanced chem cal vapor

deposi t define(apEOpBRted PMOS shurasdrainregibn f&ﬁ@%d@g@iﬁaﬁoalo@aﬁrﬁmﬁmé’a NMOS
procedures, using tetraethylorthosilicate (TEQCS) as source. Portions of

the si| sauore/dmindegion yefinddasingianartiytehhed a0 shﬁwdlfc.%ﬁﬁmme iﬁﬁﬂltSP%%EQE

~substrate 3, are selectively renoved via chemcal nechani cal poli1shing

(OVP) pmagedil asy be dsetibédig defill Somdhinfidrsabsiiife HEhmpRUAR phypd B!
region 30, used to accommpdate PMOS devices, is next Porma I region
2, via énypthlding silic@1) feifurig $6000> fystalBGSRIOb MRt AN R usMF esi st
shape (slmtvnshown in the gr awi ngsi)cy, to protect NMOS ‘?‘"Lea;"%“g%"% F@%ﬁ{thi S-
i npl antation procedure. The result of these procedures is schematically

shown iimFig.d. Hegidn K oBselibbnd@Br Mbk@ste 5 SHRMA qsgci {&I&f‘e é’fb[e)tsoﬁe%fn%l,%gape used

to block out NMOS region fromthe N well inplantation proceau

sui t abl e MO @lefrietit SANECMOIE @R, Whilé Fegﬂmcﬂ Qi g% ufa4§ a&{%@%&@é yer S,

is thermally grown, in an oxygen - stedm afbi en to a et ween
about  1¢hahsel,ld PMOS device. Insulator filled, shallow trench isolation (STI) region 4, is formed in a

top portion of semiconductor substrate 3, via initially defining a shallow trench shape in a top
portion of semiconductor substrate 3, via photolithographic and reactive ion etching (RIE)
procedures. The shallow trench shape, at a depth between about 2000 to 5000 Angstroms in
semiconductor substrate 3, is then filled with a silicon oxide layér, obtained via low pressure
chemical vapor deposition (LPCVD), via plasma enhanced chemical vapor deposition
(PECVD), procedures, or via high density plasma (HDP), procedures, using
tetraethylorthosilicate (TEOS) as source. Portions of the silicon oxide layer residing on the top
surface of semiconductor substrate 3, are selectively removed via chemical mechanical polishing
(CMP) procedures, resulting in the definition of STI region 4. N well region 30, used to
accommodate PMOS devices, is next formed in PMOS region 2, via implantation of arsenic or
phosphorous jons, using a photoresist shape (not shown in the drawings), to protect NMOS

region 1, from this implantation procedure. The result of these procedures is schematically
shown in Fig. 1.



Angstrons. A polysilicon layer is next deposited via LPCVD procedures at a

t hi ckness between about 1200 to 2000 Angstrons. The polysilicon | ayer can
be deposited intrinsically, then if specific threshold voltages %HEEJAN 2005
desired portions of the intrinsic polysilicon layer residing in 3
region 1, can be doped N type, while portions of the intrinsic polysilicon

| ayer residing in PMOS region 2, can be doped P type. These doping
procedures would be performed via ion inplantation procedures, using

phot oresi st bl ock shapes as inplant nmasks. |f desired subsequent gate -

st r uct urfsiterreggnovgbofthaibinBoresist BifESisdd W ack ot NMOS repdorfors €l Miviell a specific
‘type dopant, thus allow ng the polysilicon layer to be in situ doped

duri ng udepeyitiongmocedinz, & hetablbdli¢learic kferansh Mesikvon dﬂim?‘ai:dlﬁsulétgr Byéisl ane
anbient. In addition if lower word line resistance is desired subsequent
gate st theonallyegownyin ke okygene dtefmaimbicnnab Y ¢iclercés RtdenShbitads 15 Pol ysilicon
), layer. This would require deposition of an underlying, thin polysilicon
| ayer, Aagdtawsd Aoyolyditcotdprs Eiﬂeﬁﬂdepbﬁtddmcwgﬁ&iéﬁﬁﬁ%t QhicResO¥ e NY
metal silicide |layer, such as a tungsten silicide layer. After deposition

of the gmiuy$200it0Q00®ANGUYGI (e babpﬁluicoralamwb@aép%ﬁi;eﬁhﬁ@ﬁsi%l@& ﬂ%ﬁ‘?ﬁ’m in the
ceaur e,

drawings), is used as a nask to allow an anisotropic R E pr usi ng

A, or gibifieshrashoki CiaRts 40 dEatl PEHSRAT 6 ths iRl WRRIR igah! y shown
in Fig.NMO®Renoval of the gate dgfining photore§#§§ sﬁ%%ﬁgﬁgghg%génplished
via pl asma oxygen ashing and careful wet cleans. The wet clean portion of

th hends b4t bd @By . .3. : f ' HF) |
or ea Si | ut eqﬁgdr%il uor?qlctype% %ﬁ%@%@;}gﬁm\kﬁ%ﬁ%}% ﬂ&ﬂ%@%ﬂ%&dﬁ%ﬁ%?&é? )

si | i conregioa’gl, 6 tAddPed PP TR h@ﬁ’lﬁé pl%cedlﬁ)és &&Y@ngex?&ﬁne@@%aeiloﬁs tructures 6.

implantation
procedures, using photoresist block shapes as implant masks. If desired subsequent gate

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

ﬁc)luire deposition of an underlying, thin polysilicon layer, followed by the deposition via
CVD

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, whi;:h removes the portions of silicon dioxide gate insulator layer 5, not covered by

gate structures 6.



6 2 5 JAN 205 A photoresist shape (not shown in the drawings), is used to
protect or block out PMOS region 2, fromarsenic or phosphorous ions,

i nplanted at an energy between about 1 to 5 KeV, at a dose betme?rsﬁlp t o5
5E 14 to 2E 15 atons/cnR. This procedure resultss in the creation of g@ﬂ@'5
lightly doped source/drain (LDD), or N type source/drain extension (SDE)
region 7. After fenoval of the PMOS photoresist block out shape, via

pl asma oxygen ashi ng procedures, another photoresist shape (not shown in
the drawi ngs), is used to protect NMOS region 1, frominplantation of boron
ions inplanted at an energy between about 0.4 to 1 KeV for boron, or from
BF2 i ons i mpt Rhetasepisishaps (w0t ehayyn inshevdemwimgsp istustd topra@etie VdcRiouBFAOSHOt h

i mpl anted using a dose between about 1E14 to 1.5E15 atons/cn®, resulting

in P typrelanshirosy anenioqrehdlioroagions, ifiplahitidt ks crehchmitenaibbyt ISRV it Fi 0.

2. Renoval of the NMOS photoresist block out shape is again acconplished

vi a pl agdesedeimgeen abaktiSEG4 pr2RISdamms/cnaThiFpebcedure SRASin et ARH o Nabpe
deposition of a conposite insulator layer. Silicon oxide layer is first
deposi t Behtli doped@uBrediraiREND) i DEE el s@fce/drhin xRk (RIS 1 %bw.empout 50 to
150 Angstrons, using TECS as a source. This is followed by deposition of

si | i conremicval aféhd BMOS phomresist bivck B\Rapd, vRBARaIpsA06ERS pr(ja[ecgﬁeslt, Qﬁdﬂlﬁé}?s S
e

bet ween about 150 to 350 Angstrons. Finally doped silicon oxi ayer | a,

such asplotehdsphasihoteaben ¢ @8 dr s WM & ro{e%tﬁmfe?ﬁﬂl ﬁioq;h PECVD
procedures at a thickness between about 450 %o 750 Angst’rons. e

conposi ipimiarfan ofborokiensi@BlaBR a0n HRASARALQHSLLR G 1 RYET r'bo@& t fo

between about 3 to 5 weight percent., and will deternine the eteh T%Pe of

the PSCBFaipes implaedsatla @fkig betebn Moulifo KN FABE, ieh HyfRted $8ng a dose
between about 1E14 to 1.5E15 atoms/cm?, resulting in P type DD, or P type SDE region 8.

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

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

is first deposite.:d 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 (PSQG), 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 to0 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: ;'SG component to be removed without significantly thinning the slower etching silicon
oxide



rate ratio of PSG to silicon oxide, such as the silicon oxide residing in
STl region 30, will allow the PSG conponent to be renoved w t hout
significantly thinning the slower etching silicon oxide 7 2 5 JAI‘E ?0?@ 05
«conponent. If desired prior to deposition of the conposite insul ator ezﬁ
an oxidation procedure can be enployed resulting in a thin, protective
silicon oxide |layer forned on the sides- of gate structures 6, as well as
on the surface of the SDE regions. The definition of conposite insulator
spacers i s next dressed and schematically illustrated in Fig. 4. An

ani sot r GPRODAE Ig SERHPHY tp deposition péthe compesite imsulator(iEs anoxaatiat chant to
define PSG shapes | I b. The anisotropic R E procedure is continued using
a, or Piegedise oan beeaplayed resulting i 4 thim protedtivel silicersenidd lageri formmbefonnhd didss of
silicon pitride shapes | Ob. The silicon nitride dry etch procedure is

t er mi na®eERtoHrugRERsO, 95 Yie)l a4 9ni o murbice dbthe P& reGians.af t er renovi ng bet ween
about 10 to 40 Angstrons of silicon oxide |ayer 9a, either conpletely, or
partially defining silicon oxide shape 9b. Photoresist shape 40, is next
formed and Wbedefmstion ofesipesite prsotatr tspadefSSs nexy nddresked didehernaich@nt at i on of
bor on odlugtrred ons, into a portion of sem conductor substrate 1, in PMOS
region 2, not covered by gate structure 6, or by the conposite insulator
spacer . inHig 4 suirtisotdopiclRIE proaepibra it atployedpfite el eHFE@r dnQtdrBek Blde@E ener gy
bet ween about 3 to 6 Kev, at a dose between about 2E 15 to 5E 15

at ons/ G shapes hib. flrermaisowopio RID prvceduye BepethuBd bithe Cs W CFeAAdthahe@F On 12.
The benefit of using the entire conposite insulator spacer as a nmask to
def i ne sikaminityidelogseltinPin defipdtiomaiftitieoalhitdfide sheyis Q0b.12he dificdiBiifidaldR) §&, ©Or not
conprom sing P type SDE region 8. If PSG shape 1 |b, were renoved prior to
this i npbeedbetis ermbratdeduhéerl gy QlcdnxideTBYer DA\WBePRARBY @ heeen about 10 to

40 Angstroms of silicon oxide layer 9a, either completely, or partially defining silicon oxide
shape 9b.

_ Photoresist shapé 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 [, inPMOS

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 SE15 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 nitride 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



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 regi on, or deepening the junction of the P type source/drai2n5 .!]%N 2805
‘ext ensi on (SDE), region. Thus the presence of PSG shape 11b, during t
heavily 8 2 5 JAN 2005 doped P type source/drain procedure all owed deep
heavily doped P type source/drain regions to be formed wthout 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 | dened P typeesquees(girain pfocedhire alrwalattep keavily dopedribtype sdurge/drhinwegions t6i 9. 5.
Renoval of photoresist shape 40, is next acconplished via plasma oxygen
ashi ng befoaedwitbeyt thegiiskafsborbghaneeteffatts whicRS6uldlbapadf the hénvilyidapadse of a
BHF or DHF acid solution. The high etch rate ratio of PSGto silicon oxide,
bet weenirgpanjationpreedire penettkfedttive Horizahdl desure bé L Bhiped bitipasnitiic@agectby ed

w thout thinning the slower etching silicon oxide conponent in STl region
4. The Thenewdt ofithisPBBedwrs id schemativaligsiivmiin@Fid. 5 shaped conposite insul ator
spacers, now conprised of the L - shaped, silicon nitride conponents 10b,
and underlying L - shaped, silicon oxide conponents 9b. The wet etch

procedur e uBeslotad of pimotesiRSkap PR Dekt ddBomplishbd tapPastiaaldchshibpe
definition of silicon oxide shapes 9b, if the silicon oxide shapes had not

been coprotaiuedsyfolidwtd bethnibval STPSC@apdsnab, ik agesy AiHES! hARtdcRNoRkiosi | | con
nitride shapes | . This is schematically shown in Fig. 6. Photoresist

shape S5Dhe high biek katé tioRE PEG 16 6lESCoxifdyoree8 bt 20 td17 QM4 9, RIRLAYUr e used
to forma heavily doped N type source/drain region in NMOS region 1. This

I s achi PY@Ehapedito BeTBMBdALiIMY HinfiSBBsBwePAshing bilifth GG SRt NEESTRPOUT
35 to 65 KeV, at a dose between about
region 4. The removal of PSG resulted in remaining L - shaped composite insulator spacers, now
comprised of the L. - shaped, silicon nitride components 10b, and underlying L - shaped, silicon
oxide components 9b. The wet efch 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 u.sed

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 ions
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



2E15 to 6E15 atons/cnR. Arsenic ions, inplanted directly into portions of
sem conduct or substrate 1, not covered by gate structure 6, or by the L -
shaped conposite insulator spacers, result in the creation of deqp5 {A 5
‘heavi ly doped N type source/drain region 14b, while arsenic ions 'inp a.t@m
t hrough the horizontal feature of L - shaped, silicon nitride conponents
10b, result in a shallower, heavily doped, N type source/drain region l1l4a.
This is schematically shown in Fig. 7. The effect of shallower, heavily
doped N type source/drain region 14a, is the increase in the 2 5 JAN 2005
doping |l evel of N type SDE region 7, resulting in a |owering of SDE

resi st afeming lelelofNiypo §DRgegiond, pailtingrimaiaeeridg dfiSOENRG a6y the impbiia

renoval of photoresi st shape 50, via plasma oxygen ashing, an annea

pr oceduthe pesopeantepfitbe NMOR deviveat Afidrirendvapbeptioastedit RBapefs0pak Plga vifgendoped
source/drain regions. It should be noted that although the arsenic ions are
al | onedashingpamanmesitprocetive isparfoeined torastivate theiiinpRard ifBtof BemtheaslyMphd of a
danger to N channel transistor short channel perfornmance as boron ions
woul dt gourdeédraingégionselit shoald besioted Shat diteoukB tHe WesehRViBhs b hlldtoddvb p¥ndifate
arsenic, conpared to boron, during the source/grain anneal procCedure. Al so

t he usethefspatepsnictugd ag6esamnp&RIN frfach B4 daigkr BN LRGN HHSsOPsHoMEHRktef | de
spacer is renoved thus preventing NMOS channel length variations arising

from noperfominbreras bp@ntioml wotdRMBE P QharhBRr%istes, QML e el B sV bFde
spacer. The anneal procedure is perforned at a tenperature between about

1000 t ocarséifildQorapartd tdiebréM, ey ﬁl@@bﬁcé/&%%heﬁ?f&@&ure.oﬁlsfﬁ%&%toif g&géld furnace

procedures. Metal silicide |ayers 15, are next formed on expose licon

[ egi onsglasial casurfat AI0f HRXHOEECh he Ritdal PAGE i Hern B EinL pRGLILESnfogas vel |
as on tﬂmm@vﬁaﬁm@ﬁgmgfﬁom&ﬂfoﬁﬂggﬂﬁﬁ rg}x&& f@g&ﬁ%ﬁ%ﬁiﬁf t% I on

14b, and of heavily doped P type source/drain region

acconpl igluRdpiicn Thepaal h8Bedife 8 pElraledlaf RingSHile g%&%g@y fogtekel . or

cobalt, via plasnma vapor® deposition proce rapid

t her mal 1030N€aksiny QGBOUPRY thiMiafihndhl] &%ﬂ@@lﬁgﬁﬁlif&@la&fprocedures.

_ eI\(;Ietal silicide layers 15, are next formed on exposed silicon regions, such as on the
expos

top surface of gate structures 6, as well as on the exposed surfaces of heavily doped N type
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
T a

metal silicide layer such as titanium silicide, nickel silicide, or cobalt silicide, to occur on regions
in which the metal layer overlaid a silicon region. Regions in which the metal layer overlaid
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



a netal silicide layer such as titaniumsilicide, nickel silicide, or
cobalt silicide, to occur on regions in which the netal |ayer overlaid a
silircon region. Regions in which the netal |ayer overlaid insula JAN 2005
«regi ons, such as STI region 4, or L - shaped conposite insulator spacers
remain unreacted. Selective renoval of unreacted netal is then

acconpl i-shed via wet etch procedures. The result of selective netal
silicide formation is schematically shown in Fig. 8 10 2 5 JAN 2005 Wile
this invention has been particularly shown and described with reference to,
the preferred enbodinents thereof, it will be understood by those skilled
in the art Wisle thiainvention teh begramriiculdriyrshoen dndiddsedibeal witty refegenvaets; tii t hout
departing fromthe spirit and scope of this invention. 11 2 5 JAN 2005
What i spiefesiedhetbpdiments therendt inwall bé udderstioddbyahese sRilledbitha b ta@ kv akouexi de

sem conductor (CMOS), device on a sem conductor substrate, conprising the
st eps ofhangesguifetimandalefails stay haterds twithohtdeparting fomUns§itivdnaGcaRtd digsul at or

| ayer, located in a first region of said sem conductor substrate to be
used f omventioN. channel netal oxide 5 semi conductor (NMOS), el enment of said
CMOS device, and providing a second gate structure on said underlying gate
i nsul ator |ayer, located in a second region of said sem conductor
substrate to be used for a P channel netal oxide sem conductor (PMXS),

el ement of said CMOS device; formng an N type, source/drain extension
(SDE), regi-on in a portion of said first

11



10 region of said sem conductor substrate not covered by said first gate
structure; formng a P type, source/drain extension (SDE), region in a
portion of said second region of said sem conductor substrate not ?({?Vmﬁdwﬂﬁ
- by said second gate structure; |layer, depositing a conposite insula

| ayer conprised of an underlying silicon oxide a silicon nitride |layer, and
an overlying doped oxide |ayer; 15 perform ng an anisotropic dry etch
procedure to forma first conposite insulator spacer conprised of an
overlying doped oxide conmponent, an L --shaped silicon nitride conponent,
and an underlying L - shaped silicon oxide conponent, on the sides of said
first gWhetisclamedise, and to forma second conposite insul ator shape
conprised of an overlying doped oxi de conponent, an L -shaped silicon
nitride conmponent, and an 20 underlying L - shaped silicon oxide conponent,
on the sides of said second gate structure; 12 2 5 JAN 2005 formng a
heavi |y doped!.RA mefedof formidgls ainiplinegtaonmetl axigosdnioshdaétos@MOSE Gerite
region of said sem conductor substrate not covered by said second gate
structure, oronbyensiadriiuster subdiraePapitiag kstdpaber space; renoving said
doped oxi de conponents resulting in a first L - shaped conposite insulator
spacer | ocated providhg sfidegutoftrusaicdod ad&ideﬂﬁh% gk indGlattr Sayef Mebatdd§S H ikdt NG 1 N
a second L-shaped conposite insulator spacer Tocated on the sides of said

second gate Siepionlofkald séribOMdIGtoR siftist&b [ BAWel YordAREchabhdI ¥REa1 SRMCE/ dr ai n

- region in a portion of said first region of said sem conductor substrate

not covered byenfednduétbr @IMOBY, Rlepdeht S sHIRTMDS 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 o-f 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



by said first L-shaped conposite spacer, and form ng a second heavily doped
N type source/drain region in a portion of said first region of said

sem conductor substrate, directly underlying horizontal feature (?f STAH .
L-shaped silicon nitride conponent of said first L-shaped conposi t% 2005
i nsul ator spacer; and formng netal 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 type
source/drain region, and on the top surface of said heavily doped P type
source/drain region. 2. The nethod of claim1, wherein said gate insulator
layer is a sil fasings bsavile dopsdel typesburae/dedn vdgiont inerpoetiorood sdak seoond

procedur e i cknes et ween about 12 to 2 Angstrons. 3. The net hod
of claim %g%n%rsé{ans(é%‘écﬂ&a‘é%%su P POy e’&ﬁi’y%%fg??q%&?ﬁ YHCBISOF yct ur es,
defined fbprids@ohysompenie ihayesr spatgh in turn is obtained via LPCVD

procedures at thickness between about 1200 to 2000 Angstrons, either

deposi t ed i nt r F5Qvéng yajd daped pxiflgqopposerivisseting ite firsiiLt-yghepeddr P type, via
ion inpla Wala ) [ g d ri.n 5. deposition via the
addi ti on g‘%ﬁ%drsg? #%‘*9‘30?‘%%%2 }3%9%‘8 ,OHtt%é %{Hesﬁ ?qggg fg'#cﬁaé%%“.“‘%'r’e’c?f‘%. The net hod

of cl ai m fesulingirea second fl-sNapedreniiokite Rgulanr ssackPlooREd vh the siRsaAEFHI ONn
arsenic or gh&)s%horous ions at an energy between about | to 5 KeV, at a
dose bet WEBR 8BBETUHES14 to 2E 15 atoms/cnR. 5. The nethod of claimi,

wherein sai d Prdrnpfy st A&9H9 Qop&tt NS uideAirdTREANM Ald Plion of said
{irst region of said semiconductor substrate not covered by said first 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 first region of said semiconductor substrate,
directly underlying herizontal 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 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 which in turn is obtained via LPCVD procedures at

thickness between about 1200 to 2000 Angstroms, either deposited intrinsically

13



10 boron ions at an energy between about 0.4 to 1 KeV, at a dose between
about 1E14 to 1.5E15 atons/cnR2. 6. The method of claim1l1, wherein said
underlying silicon oxide | ayer of said conposite insulator |ayer, 2i§ ] 5
‘obt ai ned via LPCVD or PECVD procedures, at a thickness between -about % Ztﬁg
150 Angstronms. 15 7. The nethod of claim1, wherein said silicon nitride

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

met hod of claim 1, wherein said doped oxide |ayer of said conposite

i nsul ator | afeped sitherN pipospitfobe,ivizive igplastatiGRSGedutscir.in ibf dipee duid
PECVD procedures at a thickness between about 450 to 700 Angstrons, and
conpri séd wi t Heposifien gk thp eddtént of anfing boplpdsphine o helamgambagut 3 to 5. 5 9.
The nethod of claim 1, wherein said anisotropic dry etch procedure used to
define the conposite insulator spacers, is an anisotropic reactive ion

etch (R E), p#ctheduetbod dikldmS], dvhibkeR0OE N@ﬁdﬁﬂ:@@bgibsﬂi@ﬁ)rﬁléﬁia%pﬁamﬁ&,& hant
for sai®f doped oxide |ayer and for said underlying silicon oxide [ayer,
and using Cl2 or CF4 as an etchant for said silicon nitride |ayer. 10. The

met hod of c| aamseric onphestiorousdbrt dievidryy KiPREs BobtVPE SR G4 db@i N region is
10 forned via inplantation of boron ions at an energy between about 3 to 6

KeV, at a dosbetrednwbent shidub 2BES dons@nBE 15 atoms/cnR. 11. The met hod of
claim1l1, wherein said doped oxi de conponents of the conposite insulator
spacers, are renoved using buffered hydrofluoric (BHF) acid, or a dilute

hydrof | uori ¢ §.CHEJmekddbf i, ¥hehhid Biype sSHHE Rgidh iR ARG IrRxLAS:
conponest to
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 1, 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 phiosphorous 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



15 silicon oxide, between about 10 to I, to 15 to 1. 12. The nethod of
claim1l, wherein said first heavily doped N type source/drain region is
formed via inplantation of arsenic at an energy between about 35 QOSGﬁAKﬁMQS
-at a dose between about 2E 15 to 6E 15 atns/cn2. 13. The nmet hod of cla

1, wherein said second heavily doped N type source/drain region is forned
via identical inplantation procedure used to formsaid first heavily doped-
N type source/drain region, via inplantation of arsenic at an energy

- between about 35 to 65 KeV, at a dose between about 2E 15 to 6E 15
atons/cn2, however 5 fornmed only in a portion of said first region of said
seniconductorp@ﬁbsmdaﬁag[Eﬁhaedladkmeﬁkhaddqﬁﬂkkyhﬂgwﬁamﬂ&heﬁﬂaﬂﬁmﬁb
feature of said L - shaped, silicon nitride conponent. 14. The net og of

claim 1, wher silinosaiide lapdraindsisingaiider CHe bn eiSha® i shidedicoh nRHddBYer, ti t ani um
silicide, nickel silicide, or cobalt silicide. 15 2 5 JAN-2005 15. A nethod

of formng a t@nflieimatindaofilaimtiaivhereindaidsRaiBORBYE PeypeSMeBlrAe Mot is ON a
sem conductor substrate, featuring a conposite insulator spacer used as a

mask t 010 def i formad viaripbhantation &f tenivoat atleabrgd beties BHUE 2R H KV, ol FIND) -
source/drain region, followed by the use of a partially etched, L shape

conposi te i nshétatar abPETRENS taSERS AlAk/cn®, t 0 define an inplanted N channel
nmet al oxi de sem conductor (NMOS), source/drain region; conprising the
steps of: providing a first region of said sem conductor substrate to be

used as an NVDS The @it of 3R A AKEENGidAHop&ESIEE écﬁ%&o' A0n:Qbr §8 i -
sem conduct or substrate to be used as a ENCS regi on; Campomm

insulator spacers, are removed using buffered hydrofluoric (BHF) acid, or a dilute

hydroftuoric (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, ata dose between about 2E15 to 6E15 atoms/cn’, however

5 formed only in a portion of said first 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.

15



10 formng a shallow trench isolation (STl), region, in a portion of said
sem conductor | ocated between said NMOS region and said PMOS region, wth
sai‘d STl region filled wth a first silicon oxide |ayer; form ng 2am Pg 2605
*region in said PMOS region; growing a silicon dioxide gate insul ator vg
on portions of said sem conductor 15 substrate not occupied by said STI
region; formng a-first polysilicon gate structure on a first portion of
said underlying silicon dioxide gate insulator layer, located in said NMOS
region, and formng a second polysilicon gate structure on a second
portion of said underlying silicon dioxide gate insulator |ayer, |ocated
in said PMOS tagh owthogef faomirigrgcomplintestary metal oxilasindtdrmdnctpr (@MOBY,gevice f or m
an N type, source/drain extension (SDE), region in a portion of said NMOS

regi on not coves ewnibyndnatod sitistrate, fegraisa timsRit@mbalant Epacéifsed adLmbaitBi Ng a
second ion inplantation procedure to forma P type, source/drain 16 2 5 JAN

2005 5 ext ensddime@Bbiplanted §ichanrichmatapoxitié Siedndaetotl(PRIDS), s@BtHdmOt covered
by sai dreg®eopond pol ysilicon gate structure; depositing a conposite
i nsul ator |ayer conprised of an underlying, second silicon oxide |ayer, a

sil'icon nitri fidlolwayby theand obdpaudly sttied, UORE cothsiie iRMRkor S?Edéf&rarm& an
ani sotropic reactive ion etching (RIE) procedure to forma first 10

conposiie i nswldztioe aspadaitedN chitebhe@boade 2alicbnliliéist NMOYS isbitOagat €
structure, with said fast conposite insulator spacer conprised of an

overlying dopegioaxtderEHgrEaasisofan L - shaped silicon nitride conponent,
and an underlying L - shaped silicon oxide
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 trench 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 asecond portion of said underlying silicon dioxide gate
insulator layer, located in said PMOS region;
perforrhing 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 jon implantation procedure to form a P type, source/drain
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conponent, and to forma second conposite insulator shape on the sides of
said second polysilicon gate structure, with said second conposite

i nsul at or spacer 15 conprised of an overlying doped oxide conponen tq f@,l,%us
» -shaped silicon nitride conponent, and an underlying L - shaped siliC

oxi de conponent; performng a third ion inplantation procedure to forma
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
conposite insul ator spacer, performng a wet etch procedure to renove said

doped oxi de centpmivar(SBE), regiol iniartidnofaakiiMEOS kegiobita REGréDPPREd e8ond
i nsul at or spacer |ocated on the sides of said first polysilicon gate

structure, anpblysisashigategtiittuge; second L - shaped conposite insul ator spacer
| ocated on the sides of said second polysilicon gate structure; 5

performng a fodepolitih®a compdstis irdtiatin 1430 6d I)panftﬁlrdei‘lﬁné isbsdndRARYA | Y
doped N type said source/drain region in a portion of said NMOS regi on not

covered by S%ﬁdélﬁ?@}as@ﬂiu&’rﬁﬂd@@@rgﬁ&%ﬁeﬁ'liﬁ%lﬁoﬁe&émgyla setd first L -
shaped conposite spacer, and formng a second heavily dopéd N type

source/ dr ain 1 egridfming oA aRRbidNreAl i ablletMER EY pARedulid BEh k¥ der | ying
horizontal feature of said L -shaped silicon nitride conponent of 17 2 5

JAN 200 fi r séondpositeinetateriiaesiohthd sﬁ'@éélo?ﬁﬁﬁ fiv ?8135111&3}1 %zﬂe SilcfhrS SGE! &qld

heavi |y doped N type source/drain region [oca ower I nsal

ser conduct of fistaigodtinkl1y Sk cbinpled JPER YW YiORS Ml BEnaGEE g @l 1

region; and formng netal silicide p-surtace o

pol ysi | i con 9eL ¢n %ﬁlﬂ%%l&deg&nﬁ&f‘en{ 9B I RS SBhSESREARD fHR! ysi i con

gate structure, on
component, and fo form a second composite insulator shape on the sides of said

second polysilicon gate sfructure, 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, resuiting
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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surface of said first heavily doped N type source/drain region, and on the
top surface of said heavily doped P type source/drain region. 16. The

nmet hod of claim 15, wherein said first silicon oxide |ayer, Iocatgﬁ%imﬂggwﬁs
STl region, is an undoped silicon oxide |ayer, obtained via LPCVD or
procedures wusing tetraethylorthosilicate (TECS), as a source. 17. The
method of claim 15, wherein said silicon dioxide gate insulator |ayer is
obtai ned via thermal oxidation procedures at a thickness between about 12

to 25 Angstrons. 18. The nethod of claim15, wherein said first

polysilicon gate structure and said second polysilicon gate structure, are
defi ned fFhla Pepshksampasiie ingylatorwpaceh with saidt secosd habtlpidnpe Nitgpel PCVD

pr ocedur e ick t n. about.,1200 t 000, Angstrons,. either
deposi t ed%“ﬁ%?‘?r%@i f%é?ﬁiéca%éé‘éﬁimé? S F?}Blé?“‘ﬁrc%% Sphiate thin s3id frst

i mpl ant at heanilp dopeidd tas, soafcediegadeditn; Shliu during deposition via the
addition of arsine, or phaosphine, to a silane anbient. 19. The nethod of

clai m 15, wher ¥rRingganefak siigde jayprsioagheiepsuriaee rsetskamlysdlicongstt to  form sai d

N type S L QP it - US| I.c or phosphorqus,ions at an
ene)rlgy 1?&%{0%9%%% t% % bef%%&é%@ﬁ%h@%ﬁ#}iﬁ@&@ te %’fucﬁg%ié?gg%?tpmen about
5E14 to 2&Etficavbmid frRhedily dbhed Nayposbuade/drhiniropidh, anaharkd dpsaifieesecond ion

i npl antati,on. procedyre, used to formsaid P type SDE region, is perforned
usi ng bor%ﬁ‘a}c@?ﬁ‘@}fH%R?dﬁté@@?mﬁ%‘?@@éhreg%out 0.4 to 1 KeV, at a dose

bet ween about 1E14 to 1.5E15 atons/ cn2_ 21. The nethod of claim 15,
wherein said underlying, second silicon oxide layer is
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 layer is

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 via LPCVD procedures, at thickness between about 1200 to 2000
Angstroms, either deposited intrinsically 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 said N type SDE region, is performed using arsenic or phosphorous ions at an

energy
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obtai ned via LPCVD or PECVD procedures, ara thickness between about 50 to
150 Angstrons. 22. The nethod of claim 15, wherein said silicon nitride

| ayer is obtained via LPCVD or PECVD procedures, at a thickness Qq} 05
about 150 to 350 Angstrons. 23. The nethod of claim 15, wherein saidwgggé@
oxi de layer is a phosphosilicate glass (PSG |ayer, obtained via PECVD
procedures at a thickness between about 450 to 700 Angstrons, and
conprised with a weight percent of phosphorous between about 3 to 5. 24.
The net hod of claim 15, wherein said anisotropic R E procedure used to
define said first conposite insul ator spacer and said secoqp conposite

i nsul at or befpgereabout § to pKefVo phedosg dicheeatdbautaid: 14rio @Ed hatemsfamn”™. sai d doped

oxi de layer and for said underlying, second silicon |ayer, while using Cl12
or CF4 as an etchant for said silicon nitride layer. 25. The nethod of

cl ai m 15, 20ieehathehoftliib 13 whereih Bali scdoad i @indy ageely Jﬁo&&i@ﬁk, tsed thor m sai d
heavily dgped P tépe source/drain region, is performed using boron ions at
an 19 2 stomnanllytype Sélpreinas isdsHoaBeLEsINE beyop iggs\at apenesgybefwept ween about

2EL5 Lo SR BYWWESE o oscibudBHARH A1 6 S ilSu bepein said vet et ch

procedure, used to rernove sai ox1 de conponents of the conposite
i nsul at or spacers, is perforned using a buffered hydrofluoric (BHF) acid,

or adilu drofluoric (DHF) acid.solutjon, with an etch rate ratio of

sai d dope@f&ﬁﬁ%@é@t@ S 1 heizieaid paderlytns, soonditigen PEifedayer Bcated in

sai d STl pBGinedvia OB dr PROND pRckfurds, al-PthldkreS Petween 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.

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 layer, while using Cl, or CF, as an etchant for said silicon

nitride 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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27. The nethod of claim 15, wherein said fourth ion inplantation.procedure,
used to formsaid first heavily doped N type source/drain region, and to
formsaid second heavily doped N type source/drain region, is perzfgrgﬁﬂ 2005
" using arsenic ions at an energy between about 35 to 65 KeV, at a dbs _
bet ween about 2E15 to 6E15 atoms/cn2. 5 28. The nethod of claim 15, wherein
said netal silicide layer is conprised of either titaniumsilicide, nickel
silicide, or cobalt silicide. 20

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
15 doped 6xide components of the composite insulator spacers; is performed using a
buffered hydrofluoric (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 somée/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 6E15 atoms/cm®.

5 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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