;edeu&r """ #DS@A p&OE&T&OY 8A METHOD OR FORM NG A HI GH PERFORVMANCE AND LOW
COST CMOS DEVI CE 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 forma high performance
CMOS device at a |lower fabrication cost as a result of reduced masking
procedures. (2) Description of Prior Art Mcro-mniaturization, or the
ability to fabricate sem conductor devices conprised with sub-m cron
features, has all owed devi ce performnce to be increased. Conplinentary
metal  oxh ¥ AP IR EGRMING éu\b%@ﬁ BEGF @BMAN BRI é@%QQSTbSNiB)S\PENé%a
(NMOS), and P channel (PMOS) el enents have benefited, in terns of increased
performance, as a result of micro mniaturization. The fabrication costs
for CMOS devi ces however have renmmined extensive due to the nunerous
maski ng procedures need®ACKGRGUNDENTHENMNWENTIOBSCr i be a novel fabrication
sequence for a CMOS device in which performance increases are realized
while the fabrication cost can be reduced when conpared to counterpart CMOS
devi ces achi eved without the use of this present invention. The decrease in
CMoS f Pfﬁ%ﬁ%ﬁﬂﬁﬁﬁ&%ﬁoﬁs achieved via a reduction in photolithographic
maski ng ‘st éps. procedures featuring di sposabl e spacers all ow several
phot ol i t hographi ¢ nmasking steps that are used with counterpart CMOS devi ces
fabricated without the use of this invention, to be elimnated. Prior art
such as Prad€&pesett imyentipprelates tompthodggysedgo sabsicaiggemicongystpr deviggs, andy U, S.
Pat. No. 6,319,783 Bl, Pradeep et al, in US. Pat. No. 6,251,764 Bl, Zhou
et al, mare kpeBificRHy to ANoethéd 156,16 88 m alngh yerformands @VOBadevickiet 2 w848, 387 B1,
describe L - shaped spacers as well as lightly doped source/drain regions

f or med hticatighcdst &haead: sRadires matlonepeteduee of the prior art describe the
novel process sequence described in the present invention in which a

conbi nati on of L shape, and di sposabl e spacers are used to reduce the
nunber of photolithographic nmaski ng procedures used to fabricate both the

NMOS aQQ)ﬁ@&?%ﬁ&Fﬂﬁﬂ&Eﬁﬁg a CMOS devi ce.

Micro-miniaturization, or the ability to fabricate semiconductor devices comprised with
sub-micron features, has allowed device performance to be increased. Complimentary
metal oxide semiconductor {(CMOS) devices, comprised with both N channel (NMOS), and P

channel (PMOS) elements have benefited, in terms of increased performance, as a result of
micro-

miniaturization. The fabrication costs for CMOS devices however have remained extensive due
to the numerous masking procedures needed. This invention will describe a novel fabrication
sequence for a CMOS device in which performance increases are realized while the fabrication
cost can be reduced when compared to counterpart CMOS devices achieved without the use of
this present invention. The decrease in CMOS fabrication cost is achieved via a reduction in

photolithographic masking steps. Novel procedures featuring disposable spacers allow several



SUMVARY OF THE INVENTION It is an object of this invention to reduce the
processi ng cost of a netal oxide sem conductor field effect (MOSFET)

- device, via a reduction in the nunber of photolithographic nmasking steps
used for fabrication of the device. It is another object of this invention
to apply the cost savings realized via reduction of photolithographic
maski ng procedures, to the fabrication of CMOS devices conprised with both
NMOS and PMOS el enments. It is still another object of this invention to use
a partially renpoved spacer structure, in conbination with ion inplantation
pr ocedwelitheprphis@rrsking sigps Waiare HFdAHteaUBISRIREIMOS deyicas fabupatesd withgut
features of the NMOS and PMOS el enents to be fornmed using a m ni num of

phot ol ithdnogoé ghs mverdoki tedeptioeetasd: dyior hitt swehi ds|Pradeep efrabtiher obj ect of this
invention to allow a process used to restore the partially renoved spacer
st ruct w.s. . Mb.l6Bacacs |1, angdet riacesupe Ne 651 9578B &at Pradbap qeal, trormed in
specific regions of the CMOS el ements. A method of fabricating a CMOS

devi ce,y §e@f ugd, ¥psa. 768 BUCZhQetlal iR UL $S6NVI6996558, 3Rl iveved Vvia the
reduction in photolithogfaphic naskrng procedures I's descri bed. After

f or mat 'I?g Ipat Mo, %4%#3 (ﬁicﬁeuscrr ra %peg%s }(s as seﬁgb{i HMEMCQH

regi ons '0f’ @ seémTco or su & USed for and or the
PMOS el ement s of evi ce, i nsul at or i seq of an
under I yEHERSPITedIAr s gﬁéﬂ?%’;‘}éf’acﬁﬁd eaerefrqnﬁ. ﬁ&egrrop ﬁewlg‘%eog ape is
formed on the sides of the gate structure. Renoval of the silicon nitride
shape rmegaghs ssqiencadescribeson tpareenLing¢ndigadn whisbarcopbmstips etll whapk, andt hi ck
silicon oxide portion in a region underlying a previously renoved silicon
ni tri deligbesgbés spaceds oo nped te eetunt the nanibhi efipdidtaditl ogeaphicpoaskingprarduregised s
exposed to the spacer definition and silicon nitride renoval procedures.
After fiormkhie Bo@fthaNmOT kORUOTB & & SO0 diceMOS el enent, a series of
i npl antation procedures are perfornmed to formthe hal o, Irghtly doped

source/drain (LDD), and heavily doped source/drain regions, for an exposed
CMOS el ement. The halo region is formed using a high angle inplantation,

while a lower angle inpla ts in an LDD region
under |l ying the thick siI|S&ﬁhg%%apbgéﬁﬁ$§§VE§ig5results in a deeper,
heavi |l y doped source/drain region |ocated underlying the thinner silicon
oxi de portion. The sanme procedure, block out mask, and series of

i npl ant at | Jhispnebisdieiabis arentionele redise the precessngivast pf 4 meta @dfar es for the
previ ously bl ocked CMOS el enent. Formation of silicon nitride shapes on L
shaped spacedstorffedt efficnMOSFEChdeviviet vin deecdxtiensi Orswoverdfyi ng hal o, LDD
and heghotofitidgppticsour ce/ drain regions in regions of a specific CMOS
device, allow other non protected regions of the another specific CMOS

devrcetggkgég%@gg&gqb§@bh&#geofg@qE$k9n on exposed source/drain and gate
regi ons RICEF" DESCRI PTI ON OF THE DRAW NGS

It is another object of this invention to apply the cost savings realized via reduction of
photolithographic masking procedures, to the fabrication of CMOS devices comprised with both

NMOS and PMOS elements.

It is still another object of this invention to use a partially removed spacer structure, in
combination with ion implantation procedures performed at various implantation angles, to allow

several features of the NMOS and PMOS elements to be formed using a minimum of



The obj ect and ot her advantages of this invention are best described in the

preferred enbodinents with reference to the attached draw ngs that incl ude:
Figs. I - 10, which schematically, in cross - sectional style, show key
stages used to fabricate a CMOS device featuring a reduction in

phot ol i t hogr aphi ¢ maski ng procedures. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS The net hod of fabricating a CMOS device with reduced process
cost as a result of reducing the nunber of photolithographic nasking
procedures, and featuring a series of inplantation procedures performnmed at
var i ouphbwiliapizphic aneslang pgseduriesough a partially renoved spacer structure,
to formhal o, LDD, and heavily doped source/drain regions, wll now be
described in detail. Sem conductor substrate 1, conprised of single
crystal l'i ng; giif Jo& Sbufdr bjedt oTJleQﬁ\/%ﬁ‘rY&tt@lall@\grag:?&He@s el @fedlbotee parsialised and
schematically shown in F%g. 1. First region 30, of sem conductor substrate

1, will _be used. t . : ' =, while
second POV Spks: StFFe B ERLGerio e bR RUE SR e Bl fMEGRE N GiRic
phot or esi st shap ot shown in the drawings is used to protect NMOS region
30, frdﬁ@PWﬁﬁéﬂ%§P¥gﬁﬂﬁ?mﬁﬁsenic or phosphorous ions, used to form N wel |
region 50, in a top portion of sem conductor substrate |, in PMOS region
40. After a plasma oxygen ashing procedure used to renove the photoresi st
shape used A meprodtof fbritidg a @iddrdel iconfeMuriag & redyetit i processing @ols di oxi de
gat e i nsbjeaddor |layer 2, is thermally grown to a thickness between about 10
to 100 Angstrons. A conductive |ayer such as a doped polysilicon | ayer, or
a pol yGjiglghelr@d@fior AAbicH8dgRbhid nilkiak peddedwib] & deadrifedONfiam ot hlofang

pol ysi lj,gon layer, is next deposited via | ow pressure chem cal vapor
deposition (LPCVD) procedures, to a thickness between about 1000 to 3000
Angstrons., A phot or.esi-s . i i o St ed as
an-ot crrmeed FoaogT ke 2R Emeb B Rk e PR R DB TS T
define gate_structures 3 ing Cl2 or SE6 as.an etchant for the canductive
ayer . Srsennioh wod oy reruiS Ao CHOYE oh st Ba T BEog o o The
phot oresi st shape used to define gate structures 3, is next renoved via a
pl asma Sepgederbyitg silicoprosidsdaesand Frrvediiag shigomnitiidehapgis formed ondhcgides The
wet clean cycle features the use of a buffered hydrofluoric (BHF), step

r esul t i ¢fghd gat¢ arpuat. Refnovhle fplor $ilicnsiiile shdpk cesnltdinoxdilengeide Li sigpédat or

| ayer not covered by gate structures 3. The result of these procedures is
schemat dpaadr loymph@uRvitha thick silkon TRide honizatin @ Feotdn wndbilying a peeviaslytrembvedul at or
spacer on the sides of gate structures 3, is next

silicon nitride shape, and comprised with a thinner silicon portion on regions exposed to the
spacer definition and silicon nitride removal procedures. After formation of a block out mask on
a specific CMOS clement, a series of implantation procedures are performed to form the halo,

lightly doped source/drain (LDD), and heavily doped source/drain regions, for an exposed
CMOS

element. The halo region is formed using a high angle implantation, while a lower angle
implantation procedure results in an LDD region underlying the thick silicon oxide portion, and
results in a deeper, heavily doped source/drain region located underlying the thinner silicon oxide

portion. The same procedure, block out mask, and series of implantation procedures are then
used



addressed and schematically described using Figs. 2 - 3. Silicon oxide

| ayer 4a, is first deposited at a thickness between about 200 to 400
Angstrons via LPCVD or via plasma enhanced chem cal vapor deposition
(PECVD) procedures. Silicon nitride | ayer 5a, shown schematically in Fig.

2, is now deposited via LPCVD or PECVD procedures to a thickness between
about 500 to 800 Angstronms. An anisotropic RIE procedure using Cl2 or CF4
as an etchant for silicon nitride, is enployed to define silicon nitride
shapes 5b,. on underlying silicon oxide |ayer 4a. After definition of
silicon nitride shapes 5b, an over etch cycle of the anisotropic R E

pr oced P dorssiplat fatiey f‘?réh"?)B‘ieW@“%lyP@ﬁkeﬁ&%%ﬁl%emeﬁ?%@%f’f§ﬁ?9"con oxi de

. layer 4a, not covered by silicon nitride shapes 5b, resulting in a thinner,
si | i comiiide deaped o dnshapeddpacennp featitring sillsor kitddsextensiowe avalying hal® W.Dparb0
Angstrons, while the unetched portion of silicon oxide |ayer 4a, now

def i necheasilysddped eruraxdrdi® regiogoin etdionddf akspdtifi NSMOBIdvicg| dilpwsotheran -ni tri de
shapes 5b, at a thickness between about 200 to 400 Angstrons. If desired

t hi nnedyrokted Fa%'fbn%fﬁh@ aRQABAREATC éMO@é&i&quQ%é%leH&?saﬁbia@ $HRIaBGE bipn to the
ani sotropic R E procedure using CHF3 as an etchant for silicon oxide,
initiat Il r i:njtion of silicon nitride shapes 5b. The

resul t %%O%ﬁFg&%%g@gﬁﬁgémg§£%§ﬁ%naticaIIy shown in Fig. 3. Selective
removal of silicon nitride shapes 56, is next acconplished via use of a hot
phosphoric acid solution, resulting in L shaped silicon oxide spacers
conprised of thick silicon oxide conponent 4b, |ocated on the sides of gate
structures 3, as wel IBRAEFEEXAIBEEN HehilbRAWVINGE sem conduct or substrate
previ ously covered by the renoved silicon nitride shapes 5b. The L shapes
silicon oxide spacers are al so conprised of thinner, silicon oxide
conmponent 4the obggi emSothatadpar@ageoubthis in@mnaor arelbgsitdaseribedriovi@e peefdriedon nitri de
shapes. The result of this procedure is schematically shown in Fig. 4.

tht or eezli]b%tdirﬁé]ﬁ@@itﬁrefér@nd&fi?ﬁhefaﬂﬁé}%g deviRMRatrifQb R 40, and used as a bl ock
ou mas 1 0

Figs. 1 - 10, which schematically, in cross - sectional style, show key stages used to

fabricate a CMOS device featuring a reduction in photolithographic masking procedures.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of fabricating a CMOS device with reduced process cost as a result of
reducing the number of photolithographic masking procedures, and featuring a series of
implantation procedures performed at various implantation angles through a partially removed
spacer structure, to form halo, LDD, and heavily doped source/drain regions, will now be
described in detail. Semiconductor substrate 1, comprised of single crystalline silicon with a
<100> crystallographic orientation, is used and schematically shown in Fig. 1. First region 30, of

semiconductor substrate 1, will be used to accommodate the NMOS element of a CMOS device,



al l ow hal o, LDD regions, and heavily doped source/drain regions, to be
formed in specific locations in NMOS region 30. A halo region is enpl oyed
to increase the dopant concentration in an area of the sem conduct or
substrate that will be used to acconmpdate a subsequent source/drain

regi on. The hi gher dopant concentration provided by the hal o region reduces
the extent of the source/drain depletion region and thus reduces the risk
of punch through, or | eakage between depletion regions. Therefore the halo
region has to be forned in a specific portion of the sem conductor
substrate, allowi ng for containment of an entire source or drain region.
Accor diwigleyseeondiregibaumt, atiill @B upgdac ackohenddatete PRIORelenisntngh Hotwoesiashdie= i ons,

at an epesdyviiatmeeiwabe tusddiot@otdé NIEYS radioR30/aRMn BEpIRsInAdTRkEenik oE13 to
| EI5 atons/cn2. To formhalo region 7, with a P type concentration greater

than t e EHYRE iGANGER T Rlh Nweil reafdi 0 HAHGD Bbrd RS ikEndhotor Buterkgg! ON

that w'll acconnngate t he subsequént source%graln region, a large i nplant

angl e, .b n about to 20 has to be used..The l,arge inplant. angle all ows
the B oy SMTSRERP herd rERpd R a8 Al BE ksl Rrohg e BB S i con
oxi de spacer 4b, as well as to_a |location under|ying a portjon of gate

st r uct uhapeisedig rojegt NMQSHseiog SiomyN syed\farmatiop; glicoy diggide gatmmsyptes|adsr Zhape
6, still in place, N type LDD region 8, and heavily doped N type

sour ce/islthgimalivegroen t@a thigkpessdeiveegn pbout 9t HY Sfgsgremis cbnauticdye laydssushat e 1,
not cowsred by gate structure 3, or by the vertical conponent of the L
shaped silicon oxide spacer. This is acconplished via inplantation of

arseni ¢ &fpe@h@lgﬂh&i’rﬂuﬁed AnRodlciRNaRAESBYrife b fiRtaRbidibide la])"éloorﬂ-ﬁl KeMlyiag a
dose between about 1E14 to 1E16 atonms/cnR, and via use of a |ow inplant

angl e e%ogfsi)l%ﬁrlh > IeéEdeép?Fi_?ed VIdBw ;gfpésﬁlrétch@rﬂ ﬁ:ﬁgyagapﬁjegogﬁorq tfg@eysnce in

t hi ckn et weén I con oxi'de conponent 4b, and thinner silicon

oxi de co nent, 4c,. result in r re concentrated heavily doped
Nt ype EBGRRGR e A fE st BBl 38, RGPS FRRoRRES SBFRebh oxt de
component 4c¢, while a shallower and | ess concentrated N type LDD region 8,

i s forrEavndedEvEes it ws\ggﬁﬁ PEEh BRskAe 2B RBIPIARIC rERH S ipyetch
schematically shown in Fig. 6. Thus a single photolithographic masking

pr oceduReEnamcednpt tydeding gate Sonaiees drusog Gh oo aban etchayiferiheconfugtivge LDD
region 8, and heavily doped N type source/drain region 9. After renoval of
phot or elayes! ThROajidkh 6f gate sirphasiy ivheygen absini 0P torldamd uTlesphophradiaskgpest shape
10, is formed on NMOS region 30, to protect this region fromion

i mpl ant @g4 &ﬂde@irn@%gt@ 4ir8&tuies 8ds heki k@hfeiNe Dathon 26 8 OMhGRY Fo@idbres,egi ons for
PMOS 1 egii@Redt0. lo region 11, is first formed via inplantation of arsenic
or phosphorous ions at an energy between about 80 to 150 KeV, at a dose

bet ween_abgut 1FE13 tq 1E14 at [C d i i i ol angl e
pet woorP bt *E0Fa b Slh TR fle P E R £ B4 Al ed MRS PE By,
underlying a portion of e gate sfruycture. The N type dopant concentration
of hal ost?Per@FLBﬁna imgempyal PIL)B‘W Rl At all?ﬂng{wdq\sat?/wéuléfgbgﬁ?lp oS ARERY N i on

t han t hg#€ of N well region 50, to reduce source/drain punch through or

| eakage phenonena whi ch can occur if P type source/drain depletion regions
encr oacstrucTingss3. i Bregehérmd thesapiogedurdsusschametacally slitiven inFig il t h phot or esi st
shape 10, still in place, P type LDD region 12, and heavily doped P type
source/drain region 13, are formed in regions of sem conductor substrate 1,

not cover edTRYfo@ahteonSdflaUREtompdsitedhsuPtod Speeey B tcGdes 60RO BRRkured 3,lis sdxaped
silicon oxide spacer. This is acconplished via inplantation of boron or BF2

I ons at ac@?efg&?nméc %a%ﬁgfnﬁp&}ﬁed gsiagﬁ:%s.lﬁl DB.K%\'{iqoﬂtOfﬁﬁleqlﬂéﬁﬁlz?% HRenpalRdt | E

13 to 1 toms/ cni, Vi a use of a | ow i nplant "angl’'e bet ween about

. i f h . ily d d [ drai
ot R BE 10,2 0 B B AT SRR BRI =



t hi ckness between thick silicon oxide conmponent 4b, and thinner silicon

oxi de conponent 4c, result in a deeper and nore concentrated heavily doped
P type source/drain region 13, established underlying thinner silicon oxide
conmponent 4c, while a shallower and | ess concentrated P type LDD region 12,
is formed underlying thicker silicon oxide conponent 4b. This is
schematically shown in Fig. 7. Therefore again a single photolithographic a
maski ng procedure was enployed to allow a P type halo region, an N type LDD
region, and a heavily doped P type source/drain region, to, be obtalned
After r»én@f\ﬁ&posemorpﬂﬁ’mgﬁr@qed@%&eh% nitgide layeraanehogsosgbamatisnilng Figid icon
nitride |layer 14a, is deposited via LPCVD or PECVD procedures, to a

t hi cknems: depbsied viaallRUYD200ECY B Ocalngs to o HecknEssitstweensbtgd@0i cal | y shown
inFig. 8. [If afirst group of devices require |ower source/drain and gate
resi st a8e0 Ansetomsahh @nistrsyid R glecddsdd dstigh®l) or OF peetletchantSoetitayed, while

a secor}ﬁltrﬂéqy@mﬁfo SE%I Rfife ﬂﬁ&onrrﬁﬁidbrshdbgs EQWMRMunb&S/)isd ARER dxfdeRbRtagt ed from
t he sal de procedure This is acconplished via protection of the second

group o evices via use of a photoresist block out shape, while the first
gr oup Vi C IS s e ted 0_a edure fructure
and t heJeEBﬁ'PEé)? &‘P&?‘hﬂlﬁg& g %agxoﬁg?e?é’ngeret%% sa Slogrlg 5@3?%1‘0(5 (l]ﬁre In this
description as an exanpl e NNCS regi on_. 30, MAF% he first %ro p of
devi cePeHREIGTERGVING R e tiah of reBPL ) Shoan A Ie 46t haet GaFTed o% egi on
40, will be the second group of devices not requiring the resistance

| ower i mytrisialshapesigb, pesubmgun e thikpneilégonoxidslsompendsedh opedt & Hutkness betweenon| y
an exanple for illustration and that the foll owi ng process sequence can
ei t her ol BOtto 260 Apgatoast whilkethe aeschedgmrtionaiftshieon biMISIayer RAVEY deffiedns t o
the salicide procedure. Photoresist shape 15, is used as a bl ock out mask

al | ow ng sﬂi&oﬁBkﬁ%érﬁpézfénﬂbEré?ﬁaQ&QﬂMEﬂym%§;h&91 @&?de@ﬁap@Eéb%a@ncmksdwant to
define silicon nitride shapes 14b, on the sides of, and overlying thick

sili Corb eﬂ%bgﬁ){%ﬁ@@% ﬁpdstrjo I\f% Je&% dBQIIC(%erX?dGIC% %HMB'c%ﬁllb!ey shown

in Fig PET PRVl o8 o Gt or 69 st abe via p asia oxygen ashi ng

t et h BHF t chant . f I d dt
2)(\3/25 eeqq(l:iaéne?dgog S uelf’c(tjeeexétooth 813 rog?cf%lﬁhﬁc‘ee%gx%nusmg%m-s;aslag%t%hg )Stlforesxhclms'n use °

oxide, initiated directly after definition of silicon nitride shapes 5b. The result of this procedure
is

schematically shown in Fig. 3.

Selective removal of silicon nitride shapes 5b, is next accomplished via use of a hot
phosphoric acid solution, resulting in L shaped silicon oxide spacers comprised of thick silicon
oxide component 4b, located on the sides of gate structures 3, as well as on adjacent regions of
the semiconductor substrate previously covered by the removed silicon nitride shapes 5b. The
L shapes silicon oxide spacers are also comprised of thinner, silicon oxide component 4c, regions
not previously covered by the removed silicon nitride shapes. The result of this procedure is

schematically shown in Fig. 4.



and of heavily doped N type source/drain region 9, in NMOS regi on 30.
Silicon nitride layer 14a, protected the gate structure and source/drain
regions in PMOS region 40, fromthe BHF, silicon oxide renoval procedure. A
metal |ayer, chosen froma group that contains titanium tantalum

tungsten, nickel, cobalt, and zirconium is next deposited via chem cal
vapor deposition (CVD), or via plasnma vapor deposition (PVD), procedures,
to a thickness between about 100 to 300 Angstrons. An anneal procedure is
next performed either in a conventional furnace or via rapid thernal anneal
(RTA)  pr ocdd@i®ssist ghapg 6 smsetaekodviiiareian ol and 0eedas aééwkeut PERk g ti me
between about | to 10 min, in an inert anbient, resulting in netal silicide
f or mat i aawdnla, Iﬁ@lhscgmedmé bedvaly dgpasif sogme/drain regsnsyte bg foraned imgmeificy doped N
type source/drain region 9, while unreacted netal renmains on silicon

ni t ri ddocdiapeisn NMIOS ragidn 80, AiHalccegioniid énhsleydday étcrehdsthe idopdibEdncemgition ift0.
Renoval of unreacted netal is selectively acconplished using a solution

conpr i sthr&f offilid semidd@Bector NBKAIR thad i berﬁwdotchEQnMHdﬂ@ﬁ Albsédehci de | ayers
16, conpri sed of ei t her tltanIUH18I|ICIde tantalum silicide, tungsten

silici ds%u Q)dp e % ! 'T%' he oﬁéé 'trgft 0 Hgd Ey{ anfour 31!1 lre'dﬁée%i?he | ocat ed
frogioy: "The Bl dubthfaoleeplati o il &

on gate Struc urce/ ain re ion 9. The

salicide, 10 b|OCkI ocedur e, and the f acer
Conpr i SBETbPF BF TG rﬁﬁﬂ(ﬂ?h@%ﬁ&ﬁ@éﬂiﬂws r C?%F%R ek MR ehes dstkBghont
4b, in NMOS region 30, and of a conposite spacer conprised of silicon
nitri dé)ena%rdem&&on saophi Eherefpreithohnlo xigis hes tpbmhibrmediin a spacipypsticegl on 40,
was acdbempl i shed using only a single photolithographi c masking procedure.
The result of the salicide procedure is schematically shown in Fig. 10.
Whi | e tsemscondiveestsubnrafn slldeiag faabhiapent dfjansncwsoaitd ofl i deped. W t h

reference to, the preferred enbodi nents thereof, it will be understood by
those skidoldiflsli Bn hﬂﬂalﬁéﬁontﬂ?@éedﬂﬁﬁé péffbrﬁ@@nﬂ@gbmn Bme RA4 08t &l may be
made wi t hout departing fromthe spirit and scope of this invention. What
IS clal f ry2

sem con c%%b?%NESSHBkQQda (ngégﬁgi%ﬁ)tg%or suggﬁr ?b% gﬁ%%??@éhg t he
st eps of

region 7, with a P type concentration greater than the P type concentration of semiconductor

substrate 1, in a region that will accommodate the subsequent source/drain region, a large
implant

angle, between about 5 to 20° has to be used. The large implant angle allows the P type halo
region to extend to a location underlying L shaped silicon oxide spacer 4b, as well as to a

location underlying a portion of gate structure 3. This is schematically shown in Fig. 5.

With photoresist shape 6, still in place, N type LDD region 8, and heavily doped N type
source/drain region 9, are formed in regions of semiconductor substrate 1, not covered by gate
structure 3, or by the vertical component of the L shaped silicon oxide spacer. This is
accomplished via implantation of arsenic or phosphorous ions at an energy between about 1 to

10 KeV, at a dose between about 1E14 to 1E16 atoms/cm?, and via use of a low implant angle



providing a first device region of said sem conductor substrate to
accommodate a first conductivity type device, and providing a second device
region of said sem conductor substrate to acconmpdate a.second conductivity
type device; formng gate structures on an underlying gate insulator |ayer
in said first device region, and in said second device region; formng

i nsul ator structures conprised of a thick insulator conponent |ocated on
the sides of said gate structures and on a first portion of the

sem conductor substrate 10 |ocated adj acent to said gate structure, and
conpr i seEVesR agoytita 7)-nEhy igphint ribe didlereneriinghicknessb@weenybickisdigsonf sai d
sem conduct or substrate in turn |ocated adjacent to the thick insulator
conponentdeppemoyém gb said dhifinar silicpw pxide poreporsat 4, seult gondheptrand subet rat e; 12
performng a first series of ion inplantation procedures in said first

devi ce goagintatet bedvalyoped W tide sBakerdiagtiegion Of eabliklicsitundediie thintet ¥likoppe i n
said first portion of said sem conductor substrate, in said second portion
of sai ty§RMGHBALE UL W HRShARGor afd fbsd EorReRRdd 10 B pR LR ich &I CRARMCT O
substr g eﬁ'yrlgf{hliéﬂepgli Q%j&% ondt Qb.g‘?hﬁ fiéstcfl%ﬁt ally (szlﬁgdr}g‘n MFI%I%I ;ﬁ"l?:ifa' rst

. 0 . .
i ghtly doped” source/drain (L region of a secon ucti pe in a

t ti f i d hal ' der | yi i.d thick i | at ] t,
and to VP ReRNc DR ot AR for e of P dredeligeich

-conductivity type.in a top portion_of said halo region |ocated underlying
sai d tWWﬁewé@B&“ % anplsisstly dorsd AN e svssy drrdgesian & second portion of said
sem conduct or substrate; 10 performng a second series of ion inplantation
procedures in said second device region to forma second halo region of a
second condaftérirembyal by pleotomsist shapest, viagildsharoxggensahitlg paitedoed pbdtoresist
substrate, in a second portion of said sem conductor substrate, and in a

por ti onshape RRisKofBEN GONMEHE REio B0 SbRdtect W Rigiohl Mdn A i%%ta@i%%@dcedxﬁest e
structure, and to forma second lightly dopeg source/drain (LDD) region of

afir Stusg@{bdfdlﬁ'h Iﬂ%/éh]%a:(};lq(;ré oY RE/dkdh %g?oﬂp fcR(?{l\Jid)gge&‘?Jn ARl ?clg?onr ﬁgiis%st

under |yl ng sa I nsul at or conponent,

formed via implantation of arsenic or phosphorous ions at an energy between about 80

to 150 KeV, at a dose between about 1E13 to 1E14 atoms/cm?, and again using a large implant
angle between about 10 to 50°, needed to allow the N type halo region to form underlying a
portion of the gate structure. The N type dopant concentration of halo region 11, is formed with a
higher N type dopant concentration than that of N well region 50, to reduce source/drain punch

through or leakage phenomena which can occur if P type source/drain depletion regions
encroach.

This is schematically illustrated in Fig. 7. With photoresist shape 10, still in place, P type LDD
region 12, and heavily doped P type source/drain region 13, are formed in regions of
semiconductor substrate 1, not covered by gate structure 3, or by the vertical component of L
shaped silicon oxide spacer. This is accomplished via implantation of boron or BF; ions at an

energy between about 0.2 to 1.0 KeV, at a dose between about 1E13 to 1E16 atoms/cm?, and via



to forma second heavily doped source/drain region of a first conductivity
type in a top portion of said halo region underlying said thick insul ator
conponent | ocated overlying said second portion of said sem conductor
substrate; 13 form ng insul ator shapes on said insulator structure

| ocated in said first device region resulting in a conposite insulator
spacer on gate structure exposing top surface of said gate structure and
exposing top surface of said second heavily doped source/drain region; and
5 formng netal, silicide on exposed said top surface of sahﬂﬂgate structure

and on usdpl & low impdang angle petween ahouhta ]| yhedivme avas ey tar Hie gidbkeavdy The
nmet hod of claiml, wherein said first device region is an N channel netal
oxi de gkeptdcomdietiran r¢gviss) NMIRY region B), thiEhmphmst fredzysfid cheadiffertncaiher ei n sai d
first device region is a P channel netal oxide 10 sem conductor (PMXS),

devi ce.thidknebhbetvetwhitkaflicoh akide EompdiRheid) asdihthneLGREWh kel ehpoRrgita@s, is an N
channel netal oxide sem conductor (NMOS), device. 5. The nethod of claiml,

wher ei et i a A8GRP T ARYICBnEAHRRM hbavid dBp&NBHPE ol B BhinQdide 15 e sIRRdyCt Or
(PNDS) o BNt gncoﬂig%a“ge{gty)@gno 46T alshawor%hﬁl}%?& égﬁl;a?ed' gyl at or

llayer is a-sificon dioxXi tai ned via thermal oxidation procedures
at at t-]:Ilﬁzll)( rr]gg?osn ,Esvﬁ%qe &n%léltiyiljig thtia(ell 8ﬂc&n&sléer(9onmspong'rﬁ 4b. This is schematically
shown in Fig. 7. Therefore again a single photolithographic a masking procedure was employed

to allow a P type halo region, an N type LDD region, and a heavily doped P type source/drain

region, to be obtained.

After removal of photoresist shape 10, via plasma oxygen ashing, silicon nitride layer 14a,
is deposited via LPCVD or PECVD procedures, to a thickness between about 200

to 800 Angstroms. This is schematically shown in Fig. 8. If a first group of devices require
lower

source/drain and gate resistance a self aligned silicide (salicide), procedure is employed, while a
second group of devices not requiring lower resistance is protected from the salicide procedure.
This is accomplished via protection of the second group of devices via use of a photoresist block
out shape, while the first group of devices is subjected to a procedure allowing the gate structure
and the source/drain regions to experience the salicide procedure. In this description as an
example NMOS region 30, will be the first group of devices requiring low gate and source/drain

resistance while PMOS region 40, will be the second group of devices not requiring the
resistance

lowering salicide procedure. However it should be noted that this is only an example for

illustration and that the following process sequence can either subject, or protect, devices from



7. The nethod of claim1l, wherein said gate structures, at a thickness

bet ween about 1000 to 3000 Angstrons, are conprised of doped polysilicon,
or polycide wherein the polycide is conprised of nmetal silicide on
polysilicon. 8 The nethod of claim1, wherein said insulator structure is
conprised of silicon oxide, 5 featuring a thick insulator conponent at a

t hi ckness between about 200 to 400 Angstrons, and featuring a thin

i nsul at or conponent at a thickness between about 150 to 350 Angstrons. 9.
The nethod of claim 1, wherein said first halo region is a P type halo

regi on, obtained via inplantation of boron or BF2 ions, at an energy

bet weereithésIM OB tPO1@8 rdgddns tathe koliadameeedoest betoresisositapd 15 i48sel@sd E 15
atons/cnR, and at an inplantation angle between about 5 to 20 degrees. 10.
The metdqs oaf maékedlBwing Bh@iiRidpRRIE prédeire WA gr@YbOOF ARdn eehehtfid dsfineheavi |y
doped source/drain region, are N type regions, obtained via inplantation of

ar seni G b RQIPHALQUSILI e sﬂks@mameay@ggﬁwﬁgcme bntBn |4l§9}(, at a

dose between 15 %@gut 1E14 to 1E16 atons and using an inplantation

angl e 2@% %QgggﬁHtTﬁ'Hﬂ%ﬁgréﬁfnggﬁﬁﬁﬁ #g90f claim1l1l, wherein said second
hal I\ . . ii'hed via .i mpl ant at i f [
e o oS ) LU ar e SR BT gl oo ©

bet ween about 1 E 13 to | E14 atons/cnR, and at_ an inplantation angl e
bet weerkstgdiHl agen aichsot e glisesoxids is used to eppasefae pgudncef gristuctiies ei n
sai d second LDD region and said second heavily doped source/drain region,
are P tappef henyilpdepeddibtype netce/imin mpion At iathi MO SotgiboBdNnSibicoBrZidedayer at  an
ener gy laef ween about 0.2 to 1.0 KeV, at a dose between about |E13 to 1E16
atons/cn2, and using an inplantation angle between about 0 to 7.

protected the gate structure and source/drain regions in PMOS region 40, from the BHF, silicon

oxide removal procedure. A metal layer, chosen from a group that contains titanium, tantalum,

tungsten, nickel, cobalt, and zirconium, is next deposited via chemical vapor deposition (CVD),
or

via plasma vapor deposition (PVD), procedures, to a thickness between about 100

to 300 Angstroms. An anneal procedure is next performed either in a conventional furnace or via
rapid thermal anneal (RTA) procedures, at a temperature between about 400 to 600° C, for a time
between about 1 to 10 min, in an inert ambient, resulting in metal silicide formation on the
exposed surfaces of gate structure 3, and heavily doped N type source/drain region 9, while
unreacted metal remains on silicon nitride shapes 14b, and on silicon nitride layer 14a, in PMOS

region 40. Removal of unreacted metal is selectively accomplished using a solution comprised
of

HCI - H,0, - NH40H - H,0, resuiting in metal silicide layers 16, comprised of either titanium
silicide, tantalum silicide, tungsten silicide, nickel silicide, cobalt silicide, and zirconium silicide.

located on gate structure 3, and on heavily doped N type source/drain region 9. The salicide

10



13. The method of claim1l, wherein said insulator shapes are conprised of
silicon nitride, at a thickness between about 200 to 800 Angstrons. 14. The
met hod of claim 1, wherein said netal silicide is chosen froma group that
contains titaniumsilicide, tantalumsilicide, tungsten silicide, nickel
silicide, cobalt silicide, and zirconiumsilicide. 15 A method of
fabricating a CMOS device on a sem conductor substrate, conprising the
steps of: providing a first portion of said sem conductor substrate as an N
channel tal oxide senm conductor. (NMOS) region, to accomodate an NMOS
devi ce Plogkiremressdure pd thedematian 67 £BROSHE SRAFLLOSMNSEDARIGOBMitEdest rate as a
P channel net al oxi de sem conductor (PMOS) region to accommbdate a PMOS
devi ce;shgpeswiingnahick bilicemoxddosamiwnenttdd, indSMOSt region A0.smid o f 8 eomn pesitd spacor
substrate; formng gate structures on said silicon dioxide gate insulator

| ayer; comprisddtafrigican sitfideclayer x4, da thiay eilicorlkidegaspdnemgibainf BMOS rédibn 4@n
nitride |layer; performng a first anisotropic reactive ion etch (R E),

procedyf R at@nighsied usingtonhPa single BH&%hﬂl@gﬂaﬂﬁH hAbiahg PRRE®ES PHE bl Stigles of
said gate structures, cornprised of first silicon nitride shapes on

underl% ?%ﬂb ﬁhgk %ng ég%hipéﬁﬁﬁﬁ Qrerlying first portions of said

senlcon si'licon oxide shapes not covered by

said 15 gat tructures said first co i NS spa ers
formed overtyimtidnresian B%Srfﬁy Vo Rty v derrined Bt edbRbeIb e emovi ng
said first silicon nitride shapes resulting in an L shaped silicon oxide
spacer Reefpised welpdinengihgrephiitekiiidiclundesstoas byl thoshdiléedon the aeidaiofarions d gat e
structure and overlying

changes in form and details may be made without departing from the spirit and scope of this

invention.

11



said first portions of said sem conductor substrate, and with said L shaped

silicon oxide 20 spacer conprised of said thin silicon oxide shapes
overlying said second portions of said sem conductor substrate; formng a
first block out shape in said PMOS region; performng a first series of ion
i npl antation procedures in said NMOS region to forma P type halo region in
said first portion of said sem conductor substrate, in said second portion
of said sem conductor substrate, and in a third portion of said

sem conductor substrate | ocated underlying an edge of said gate structure,
and t o Woatrs elaimgdtiype | i ghtly doped source/drain (LDD) region in a top
portion of said P type halo region underlying said thick silicon oxide
shape, and to forman N type heavily doped source/drain region in a top
portion of sai d Methydef fabliautingdicomplineatgindtaldaideseibondiuddort(TMOS) devizon

oxi de shape; 10 formng a second bl ock out shape in said NMOS region;

per for i ng. & SELORABEGE N Bk ohBRlADIRLIpRopr 0cedur es in sai d PMS

region 17 evice region to forma ype halo region in a first portion
of said sem conduct.or strate, .in.a .second portion I.d_sem_conduct or
Substrat o and T e A sk Faichr aB R CEnf bl gl S RSP

underlyi ng an_edge of said gate structure, and forma P, 15 type LDD
region in a tiyp PEAIGHYRY bipedayige. Rnq PIoNIding Lser g hertn 95 3l sai d t hi ck
silicon oxide shape, and to forma P type heavily doped source/drain region
in a top portsconcopflucter subsiratgtoactnmoodasay snsondecaduetivif d¥neldgvises said thin
silicon oxide shape; depositing a second silicon nitride |ayer; performng
a second ani sotfoaping gitktrpetoee dulbe uidslyingigat insulaordeys hdsakbfipoddvie

i nsul ator spacer in said NMOS region, conprised of said second silicon
nitride shapegsen Haiiflsdidscbndiidvicea8gigx] de shapes of said L shaped silicon
oxi de spacer, and exposing top surface of said N type heavily doped

sour ce/ drain ¥ €@l ffhe HlikG: SALORE SlhiSRILAN thic HRulaft EbmbhchPlodatdp T egl on
remai ns unetched; a ormng neta 111 Cclde on sal top surface o sai d
ate structur d on top surface o . .
g the %ﬂes ofn sa1Id é%.‘[e Structares ané on a first portion of the semiconductor substrate
10 located adjacent to said gate structure, and comprised of a thin insulator component
located on a second portion of said semiconductor substrate in turn located adjacent to

the thick insulator component overlying said first portion of said semiconductor

substrate;

12



said N type heavily doped source/drain region,in said NMOS region. 16. The
met hod of claim 15, wherein said silicon dioxide gate insulator |ayer is
obtai ned via thermal oxidation procedures at a thickness between about 10
10 to 100 Angstroms. 18 17. The method of claim 15, wherein said gate
structures are defined with a thickness between about 1000 to 3000
Angstrons, conprised of doped polysilicon, or polycide, wherein the

pol ycide is conprised of netal silicide on polysilicon. 18. The nethod of
claim 15, wherein said silicon oxide |ayer is obtained at a thickness 15
bet ween about 200 to 400 Angstrons via LPCVD or PECVD procedures. 19. The
met hod of claim 15, wherein said first silicon nitride |layer is obtained at
a t hickness bet peémmatpoufirs6@6ies of i80 Onplagstionoprscedings PGt ddiE\VEEion
procedures. 20. The nethod of claim 15, wherein the thickness of said thin
silicon oxi dao $hapeirsohals adgibnlofsifapednaiciviepiypo ki el SReseiomsBsaliet ween
about 150 to 350 Angstrons, while the thickness of the unetched thick

silicon oxi dgesaRgsdt sGbRRlMEERIAREMd rPfod & sAdQAARIRIEM I Bubstratel andlie
met hod of claim 15, wherein said first block out shape, and said second

bl ock out s haq?pe rtiéH § ﬁgfgioster%'ic%ﬁhgcttorssn %i%ﬁa' un%%rlj(f/l{-]rgg}} %e%??ai? fgat% Is rl_;lcm%rle 5r:ind

wherein said ype o region’is optaine antatron o oron or
o2 0, 3 e B Pl e SR Sy
to 20 degrees.
a top portion of said halo region underlying said thick insulator component, and to form
a first heavily doped source/drain region of a second conductivity type in a top portion
of said halo region located underlying said thin insulator component located overlying
said second portion of said semiconductor substrate;
10 performing a second series of ion implantation procedures in said second device
region to form a second halo region of a second conductivity type in a first portion of
said semiconductor substrate, in a second portion of said semiconductor substrate, and
in a portion of said semiconductor substrate underlying an edge of said gate structure,
and to form a second lightly doped source/drain (LDD) region of a first conductivity
15 type in a top portion of said halo region underlying said thick insulator component, and
to form a second heavily doped source/drain region of a first conductivity type in a top

portion of said halo region underlying said thick insulator component located overlying

said second portion of said semiconductor substrate;

13



23. The nethod of claim 15, wherein said N type LDD region, and said N type

heavi |l y doped source/drain region, are obtained via inplantation of arsenic
or phosphorous ions, at an energy between about 1 to 10 KeV, at a dose

bet ween about 1E14 to 1E16 atons/cnR, and using an inplantation angle

bet ween about 0 to 7. 15 24. The nmethod of claiml 5, wherein said N type
hal o region is obtained via inplantation of arsenic or phosphorous ions, at
an energy between about 80 to 150 KeV, at a dose between about 1E13 to 1E14
atons/cnR, and at an inplantation angle between about 10 to 50 degrees. 25.
The nethod of claim 15, wherein said P type LDD region, and said P type
heavi |y doped deoumiogirgniaion shapgs omsaidingulaier sirynduete Wcated ipsahiiet dewiceof bor on
or BF2 ions, at an energy between about 0.2 to 1.0 KeV, at a dose between
about 1E13 t aediofciBulihgirsd corposas thsulgiongpaaer dnngteanivaturoexpasigl epatfasen
about 0 to 7. 5 26. The nethod of claim15, wherein said second silicon

nitride |ayerofisgid @Rfeatr0&0Gre\dnd ekftisi2 t%sﬁﬁ@&ﬁﬁ&&%&ﬁl%vilf&o;ﬁdt hi ckness
bet ween about 200 to 800 Angstrons. . The nethod of claim15, wherein

said netal siljcLde:i 0 froma group that contains titaniumsilicide,
tant al um siIisgi“%%@ﬁfﬁ%égo[ﬂéﬁﬁgilici de, nickel silicide, cobalt silicide, and

zireonl gJ m 20 'fg‘m’%%g 'm'%ta'l élli'Cl 83 on 'eﬁ\gdsé E;éAi\ to%téu'riécse of said gate structure and on top

surface of said first heavily doped source/drain region.

2. The method of claim I, wherein said first device region is an N channel metal oxide

semiconductor (NMOS), device.

3. The method of claim 1, wherein said first device region is a P channel metal oxide

10 semiconductor (PMOS), device.

4. The method of claim 1, wherein said second device region is an N channel metal

oxide semiconductor (NMOS), device.

5. The method of claim I, wherein said second device region is a P channel metal oxide

semiconductor (PMOS), device.

15 6. 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 10

to 100 Angstroms.

14
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104 & ()- 1099 & ()-1 10% & ()-10% & ()-p910% & () -

1094 & () - 0" 1084&¢ (etHoll| Fgh)m .1, LDERR' said-fir8, Halal@8p iy 9 P O/pe#aRUeHon,) - &L! 1094 &
()-$3"10% & (gbtdid&PG & ()- 10% & ()-h bCv."10% & pP"10% & ()-Lv10% & () -
104 & ()- 1099 & ()-#10% & ()- 10} 10} 10} s )zdEbCv."10%9 & ! 10% & ()-"c

1094 & () - 310%;&: AN ' {6) atiah 1098 &b kohedd Sou
dEt?C\/. '('?LO% &%g‘lr%%}grg&%ﬁid\%b@o k@8, Sorls) atla %Qeéﬁbét}ve@rf Sout 10 to 40 KeV, at

10% & (1)0_ S, 6#3193)& ﬁ‘:at(n)eérg) ;&:{19%% t())l_li%%%t%n%/c(nk f#dl ;R % (g‘rh]glllﬁtgtion angle between

about 5 to 20 degrees.

10. The method of claim I, wherein said first LDD region and said first heavily doped
source/drain region, are N type regions, obtained via implantation of arsenic or
phosphorous ions, at an energy between about 1 to 10 KeV, at a dose between

15 about 1E14 to 1E16 atoms/cm?, and using an implantation angle between about 0 to 7°.

11. The method of claim 1, wherein said second halo region is an N type halo region,
obtained via implantation of arsenic or phosphorous ions, at an energy between about
80 to 150 KeV, at a dose between about 1E13 to [E 14 atoms/cm?, and at an

implantation angle between about 10 to 50 degrees.
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F =v."109% Go#10% } & ()-!8&3"10%} & ()-f-10% & ()- 10} 10}

10} 6*10% & ()-3#10% & () - F=bCv."10% S#10% & ()- 10% & ()- 10} 10}

10} . #10%% & ()-S p#10% & () - p#1l0% Q& ()-=; dELCV."10%8 010% & ()-10% & ()-cC
610% & ()-V10% & ()-30'10% & ()-1'10% & ()-*QdEbCv. "10% 9-m'10% & () -

10% & ()-("10% & ()- NB10% & ()-i!lg 10% & ()-F 10% & () - f #$%&xnmbCv. " 10%
"10% & ()- 10 10 10 57#10% & ()-3#10% & ()-1'10% & ()-y/

10% & () ->XdEnbCv. "10% 3! 10% & ()-#10% & ()-"10% & ()-#10% & ()-!10% & ()-F
"10% & ()-N b

dEmbOv. " 1098 1121896 methpd pheleimd gviiorein sejdpgpopy LDD rgign gnd saidsecppddigavily - 3
10% & ()- "'#1$19%8!1""bCv."10%W p! 10%B & ()-) '10% & ()-| 109 & () - SH10%B & () -
10° 10" 10" 4 doped source/drain region, are P type regions, obtained via implantation of boron or

10% & () - " QH#SNBS&UEEDCy. "1098 "1 1094 & () -<!/10% & ()-!'10% & ()-"10% & () -#10
% & ()-!10% &BK,iekMukedssrsy bitivedn abb0P8.3 a1l .0 Bv&al 9 ddse bddgiatiout JE13109%4 & () -
&10% & ()-#10%}&' ()- "10%& ()-#""((((\()bCv."10% p#10% & () m 10% & () -

10} 10} 1E16 atoms/cm and usn(l&g an 1mplantat10n angle between about 0 to
10} 3$10% & () 1I 109% & () -/ ****=+++dEbCv. " 10% c! 10‘V & ()-#3"10% &

“()-
30;_/06&/ (;: 1? (;_/’@;&Tég thgg %agl p# Q%_{Bl%alé)nwl}%dr sllép-e!s, areEctc)m%rlsedo o BsMichn 1070 & () -

10% & ()-!. 1/ 2/ 3/ 4/ 13b@. " 10% U#10% ° &'6) S#10% & ()- 10" 10
nltrlde at a thickness between about 200 to 800 Angstroms.

14. The method of claim 1, wherein said metal silicide is chosen from a group that
contains titanium silicide, tantalum silicide, tungsten silicide, nickel silicide, cobalt

silicide, and zirconium silicide.

15 A method of fabricating a CMOS device on a semiconductor substrate, comprising
the steps of:
providing a first portion of said semiconductor substrate as an N channel metal oxide
semiconductor (NMOS) region, to accommodate an NMOS device, and providing a
5 second portion of said semiconductor substrate as a P channel metal oxide
semiconductor (PMOS) region to accommodate a PMOS device;
growing a silicon dioxide gate insulator on said semiconductor substrate;
forming gate structures on said silicon dioxide gate insulator layer;
depositing a silicon oxide layer;
10 depositing a first silicon nitride layer;

performing a first anisotropic reactive ion etch (RIE), procedure to form first

16
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10% & ()-010% & ()-v.#10% & () - S,

10% & () - 7>>>P???2?@BYNCv. "10% ! P*10% & ()-!\I!1109%& ()-I! 109 f() -1110% & (
)- & 10% & () compg%e&nqujator@epse@t@gm sagg(%a StrugtloTsg @pris rst
#10% & ()-P\"10%4 & ()-9"10% & ()-"10% & ()-'10%9 & ()-- CCCJDDEoEdEYNC\/. "109%
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10} 1 &910% &' () - G HBHOH: H; HOHHHbCv. "10% ' 1 10% & ()-& 10% & ()-10% & ()- 10}

10} 10} 10% & ik eﬂaﬁh&x&m@r sI}Bs!tﬁMe' ArPWHERGY silidQVBlide s%EE)eé Botlchve¥® Fadid - <
109% & ()-10% & ()-S10% & ()- 110% & () - JJ ?KKKKKKKd

1015530 QA (b S B T AR IR QgL

portions of said semiconductor substrate;
removing said first silicon nitride shapes resulting in an L shaped silicon oxide spacer
comprised of said thick silicon oxide shape on sides of said gate structure and overlying
said first portions of said semiconductor substrate, and with said L shaped silicon oxide
20 spacer comprised of said thin silicon oxide shapes overlying said second portions of said

semiconductor substrate;

forming a first block out shape in said PMOS region;

performing a first series of ion implantation procedures in said NMOS region

to form a P type halo region in said first portion of said semiconductor substrate, in
said

second portion of said semiconductor substrate, and in a third portion of said

5 semiconductor substrate located underlying an edge of said gate structure, and to form
an N type lightly doped source/drain (LDD) region in a top portion of said P type halo
region underlying said thick silicon oxide shape, and to form an N type heavily doped
source/drain region in a top portion of said P type halo region located underlying said
thin silicon oxide shape;

10 forming a second block out shape in said NMOS region;

performing a second series of ion implantation procedures in said PMOS region
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10" NaNNN@DPPdE: / 107, ) #10%D& ()- 109D& ()-m ! 109D& () -<

1090&' () -109D& () - 109D& () - PQRAALQAQBRXMC 100 10% & ()- 10D 10D

10D, 9109D&' () -/ 109D&' () -s-109D&' () - P+109D&' () - 6RRRRKSSSAEMC

1010% & ()-10% & ()-"10% & ()-P10% & ()-,10% & ()-c10% & () - SSOTpTTT=UdEnb
C 10 (,

10% & ()-$110% & ()-""10% & ()-10% & ()-\10% & ()-10% & () - =U UUUVVVVVAYNC
100 10" 10

100,910% & ()-110% & ()-/:10% & ()-s-"10% & ()-0*10% & () - VI VWRWNWMEYNC
100 yCl0% & ()-W10% & ()- 10% & ()-10% & () - ) ) )

d10% & () - 10%8egiceye yroypryNeypacialoregion in a first portion of said semiconductor

$d10% & ()-i!110% & ()-"10% & ()-=#|10% & ()-10% & () -

10% & () - } YYZuB&fayg, GieY NCodpord a0 8b sid Jen]i€nliB&o@&8ubjtrare, and in a third portion of

10% & ()-*#10% & ()-=(v10% & ()-&10% & ()-g[[[[[[[G\bC 10" Cl0% o0& () -
10% o0& () - 10%anfSetnicondctor substrate underlying an edge of said gate structure, and to form a P

15 type LDD region in a top portion of said N type halo region underlying said thick
silicon

oxide shape, and to form a P type heavily doped source/drain region in a top portion of
said N type halo region located underlying said thin silicon oxide shape;

depositing a second silicon nitride layer;

performing a second anisotropic RIE procedure resulting in a second composite
insulator spacer in said NMOS region, comprised of said second silicon nitride shapes
on said thick silicon oxide shapes of said L shaped silicon oxide spacer, and exposing
top surface of said N type heavily doped source/drain region, while second silicon
5 nitride layer in said PMOS region remains unetched; and
forming metal silicide on said top surface of said gate structure and on top surface of
said N type heavily doped source/drain region, in said NMOS region.
16. The method of claim 15, wherein said silicon dioxide gate insulator layer is
obtained
via thermal oxidation procedures at a thickness between about 10

10 to 100 Angstroms.
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wherein the polycide is comprised of metal silicide on polysilicon.

18. The method of claim 15, wherein said silicon oxide layer is obtained at a thickness

15 between about 200 to 400 Angstroms via LPCVD or PECVD procedures.

19. The method of claim 15, wherein said first silicon nitride layer is obtained at a

thickness between about 500 to 800 Angstroms via LPCVD or PECVD procedures.

20. The method of claim 15, wherein the thickness of said thin silicon oxide shapes of
said L shaped silicon oxide spacer are between about 150 to 350 Angstroms, while the
thickness of the unetched thick silicon oxide shapes are between about 200

to 400 Angstroms.

5 21. The method of claim 15, wherein said first block out shape, and said second block

out shape, are photoresist shapes.

22. The method of claim 15, wherein said P type halo region is obtained via
implantation of boron or BF; ions, at an energy between about 10 to 40 KeV, at a
dose between about 1E13 to 1E15 atoms/cm?, and at an implantation angle between

10 about 5 to 20 degrees.
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15 24. The method of claim 15, wherein said N type halo region is obtained via

implantation of arsenic or phosphorous ions, at an energy between about 80
to 150 KeV, at a dose between about 1E13 to 1E14 atoms/cm?, and at an implantation

angle between about 10 to 50 degrees.

25. The method of claim 15, wherein said P type LDD region, and said P type heavily
doped source/drain region, are obtained via implantation of boron or BF; ions,
at an energy between about 0.2 to 1.0 KeV, at a dose between about 1E13

to 1E16 atoms/cm?, and using an implantation angle between about 0 to 7°.

5 26. The method of claim 15, wherein said second silicon nitride tayer is obtained via

LPCVD or PECVD procedures, at a thickness between about 200 to 800 Angstroms,

27. The method of claim 15, wherein said metal silicide is chosen from a group that
contains titanium silicide, tantalum silicide, tungsten silicide, nickel silicide, cobalt

silicide, and zirconium.
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