9 DEC 2005 METHOD OR FORM NG A HI GH PERFORMANCE AND LOW COST CMOS DEVI CE
BACKGROUND OF THE I NVENTION (1) Field of the Invention The present
invention relates to nethod's used to fabricate senicondﬁﬁﬁp Q§ﬁ£fes and
nore specifically to a nethod used to forma high perfor g Gﬁ§V|ce
at a lower fabrication cost as a result of reduced maski ng procedures. (2)
Description of Prior Art Mcro-mniaturization, or the ability to fabricate
sem conduct or devices conprised with sub-mcron features, has all owed

devi ce peifiorimnce! MBI ActiCabidiR FCRIVINGE RthélD y. O tE&ADS DMIeS BéMiCtnduct or
(CMOS) devices, conprised with both N channel (NMOS), and P channel (PMOS)
el enents have benefited, in terns of increased performance, as a result of
mcro mniaturization. The fabrication costs for CMOS devi ces however have

remai ned extensive duqlqégckﬁﬁﬂgﬁqﬁf@Hg1ﬂ@§ﬁ¢ﬂ@hprocedures needed. This

invention will describe a nove abrication sequence for a CMOS device in
whi ch performance increases are realized while the fabrication cost can be
reduced when conpared to counterpart CMOS devi ces achi eved w thout the use
of this present invention. 't'he decrease in CMOS fabrication cost is
achle&@d‘Vﬂﬁfﬁmﬁ@Hﬂb??on in photolithographic nasking steps. Novel
procedures featuring di sposable spacers allow several 1 9 DEC 2006

phot ol i t hographi ¢ nmasking steps that are used with counterpart CMOS devi ces
f abri cat ed’hwiptdautinvention relates to methods used to fabricate semiconductor devices, and

more specifically to a method used to form a high performance CMOS device at a lower

fabrication cost as a result of reduced masking procedures.

. (2) Description of Prior Art

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 CMQOS 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




the use of this invention, to be elimnated. Prior art such as Pradeep ct
at, in US. Pat. No. 6,346,468 131, Ang et at, in U S Pat. No. 6,319, 783
Bl, Pradeep et al, in U S. Pat. No. 6,251,764 131, Thou gt _a in U S
Pat. No. 6,156,598, and Yu, in US Pat. No. 6,348,387 1:@,9&&&@9}’? L -
shaped spacers as well as lightly doped source/drain regions forned

t hrough L shaped spacers. However none of the prior art describe the novel
process sequence described in the present invention in which a conbination
of L SF@&@%}Or%ﬁﬁag%é@%&%%b%hi&%& e v%(hecogﬁﬁ g’i‘tf 1{31@%%@1&:%%%%%&&9&&

phot of’ rocedures use abricate MOS and

PMOS el enents of a CMOS deyice. S RY OF THE | NVENTI.ON It is an object of
this ﬁﬁvgﬁﬁﬁﬂﬁsWﬁmFEHu@§mﬁ%8“%?%£b%g$ﬁ6S %&SE%?L%PﬁﬁidP oxi de seni conduct or

field effect (MOSFET) device, via a reduction in the nunber of

phot o8 Hgriap i A ords 18 Indng eepsindd 8 dP d oo foabPi i8att loRradeen Hal.device. It is
anot her object of this invention to apply the cost savings realized via

r eductti. ®npPaaf No.ghtitiglcd tHo ghapttiat, imhkkitag Nor. 6d€6d6P8sipdtYay, trhe f abri cati on of
CMOS devices conprised with both NMOS and PMOS el enents. It is stil

anot hey sopj eqb. @348l33733 1, A¥RALE PN dhapddsPaderParbdipds! [Mhile MRG0 61R8TRIN
structure, in conbination with ion inplantation procedures perforned at

. il . L& | eve scripe d
varl O%t%%b;@#oﬂﬂ&?ﬂ}tée%ﬁp NGy gﬁ&ré”.‘ Q¥ ?ﬁ(yrf%rc?ﬂthzef ;%fbg 'A%Ei% gi%oréﬂﬁ%o%‘w an

PMOS el'enents to ormed using a mninumo
phot ol ;;rgcréggge%ggr!c% dgs%%%clzé] & P Sx%seeq}ltj [nSRation in which a combination of L shape, and

disposable spacers are used to reduce the number of photolithographic masking procedures used

to fabricate both the NMOS and PMOS elements of a CMOS device.

SUMMARY OF THE INVENTION

It is an object of this invention to reduce the processing cost of a metal oxide

semiconductor field effect (MOSFET) device, via a reduction in the number of
photolithographic

masking steps used for fabrication of the device.

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 clements to be formed using a minimum of




It still yet another object of this invention to allow a process used to
restore the partially renoved spacer structure to allow a salicide
procedure to be selectively perforned in specific regioar if t he

el ements. A nmethod of fabricating a CMOS device, featuri % Qﬂ@ fonin
processing costs achieved via the reduction in photolithographic masking
procedures, is described. After formation of a gate structure on an
underlying gate insulator layer in regions of a sem conductor substrate to
be usephotlghcgiye: NS iangofoliirdshe PMOS el enents of a CMOS device, a first

i nsul ator spacer conprised of an underlying silicon oxide |layer and an
overlying silicon nitride shape is forned on the sides of the gate

structure. (RamV@alnofer bt)&: k| lil§ﬁﬂet{?1§)}12i9ﬁmfQ?R)%egs% ttosre&{}eqh S artllaﬁg/n oxi de

L shaped spacér conprised wt on oxi de portion TR region

under | yelrrﬂ)%eg }%rcgrvsltx% kyto aﬁgg\éesg%ci%%étjogggg%estgketsgl%%tﬁvg%})[geyg?rggd CO”F(H!' sed wth

a thinner Ficon portion on regi '¥i on and
silicon n|tr procedures After formation of a block out mask on
a specl%{®s @kgﬁ(@ﬁégéﬁW‘ series of inplantation procedures are performnmed
to formthe hal o, Ilghtly doped source/drain (LDD), and heavily doped
source/drain regions, for an exposed CMOS elenent. The halo region is

f ormed usi Agnethid ghiabngitieg a KM @B taticgricatwhigl .aredudtionér prabgk@g coapl ant at i on
pr ocedarhéevieésul ts in an LDD regi on underlying the thick silicon oxide
portion, and results in a deeper, heavily doped source/drain region |ocated

under | yiange ﬁeh@ct%h'a@ﬁﬁétoiﬁh&gﬁﬂﬂc %G8 p rB@é&uk&nrq dIQ‘f’?b@@rm{e? FRGRENE 6 a P! OCK
out nag&e and series of inplantation proce ures are use

structure on an underlying gate insulator layer in regions of a semiconductor substrate to be used
for the NMOS and for the PMOS elements of a CMOS device, a first insulator spacer comprised
of an underlying silicon oxide layer and an overlying silicon nitride shape is formed on the sides
of the gate structure. Removal of the silicon nitride shape results in a sificon oxide L shaped
spacer comprised with a thick silicon oxide portion in a region underlying a previously removed
siticon 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 element, 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




3 F 9-DEC 2006 to fora simlar features for the previously bl ocked CMOS

el enment. Formation of silicon nitride shapes on L shaped spacers, featuring
silicon nitride extensions overlying halo, LDD and heavigy, doped
source/drain regions in regions of a specific CMOS devi céf %Iﬂé}/\lzgﬂﬁwr non
- protected regions of the another specific CMOS device to experience
salicide formati on on exposed source/drain and gate regions. BRI EF
DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her advantages of this
invention are best described in the preferred enbodi nents with reference to
the at tcafohedirdila\iangss ot pracdisdeslodtic@EMbS vickRnt WirGRiSEhemLLcal Iy, in
cross - sectional style, show key stages used to fabricate a CMOS devi ce

feat urj L eduGt i i of.it I : | G..nAaski res. CRI,PTI ON
CE e BRI SRR LA FRSKLIG, e age ERCMCT

reduce o ) st,as_a result of educi.ng..t nunber, of

bhot of PSR SORE BT Bl dhlraPhs of SRS ESPR TS lpResghspon -

i mpl ant ati on procedures performed at various inplantation angles through a
par t i aPYYETeEH6Yaes %%5%@}0“?{ PREC I @MOSHlev s i prepesencepricidm@rmainniany doped
source/drain regions, will now be described in detail. Sem conductor

subst r axesed sceorephriisadd gite séangise crystalline silicon with a <100>

crystall ographic orientation, is used and schematically shown in Fig. 1.
First region 30, of sem conductor substrate 1, will be used to accommopdate
the NMOS el enent of a CMOS device, 4 | DEC 2006

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 - 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 crystalfine silicon with a
<100> crystallographic orientation, is used and schematically shown in Fig. 1. First region 30, of

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




whil e second region 40, will be used to accomodate the PMOS el enent. A
phot oresi st shape, not shown in the drawings is used to protect NMOS
region 30, frominplantation of arsenic or phosphorous iqggs, used to formN
wel | region 50, in a top portion of seniconductor substrggeq DEC i26gPMos
region 40. After a plasm oxygen ashing procedure used to renove the

phot oresi st shape used to protect NMOS region fromN well formation,
silicon dioxide gate insulator layer 2, is thermally growmn to a thickness
bet ween about 10 to 100 Angstrons. A conductive |layer such as a doped

pol ysi Whitosech@yegional, &ilpd yied deack ayBodAOMRITINOY cRinedt. MR Habiofds]sl @1219@, | ayer
on an wideshy imnge dRRIYSIib L Lo &/@Y&E NMES R MeRes!ik@thnkidn Lo Aliessur e
chem cal vapor deposition (LPCVD) procedures, to a thickness between about
1000 t resi e, n shown i.n_.the,drawngs, is
then uDaPaRoA1OE: BRMhe Pl AR ERbE 0 I ARG pltne PRRT Rl PR )
procedugﬁébg defin gﬁte %tructuressg, using 2 or SF6 as an etchant for

t he cofl fngmFg§e HeTHRAYR PR 20T (G TSP QP ErHTR'S remoysthp aioleAsabout
0.05 to 10 um The photoresist shape used to define gate structures 3, is
next r&1BYEEdP Arofech NAEAR rexapgleem ﬁgwﬂh@rfmra@@ea\htﬁ@sshoxwde lzhigwestt dbyr lavek 2nal

wet clean cycle. The wet clean cycle features the use of a buffered

hydr of Istberinglly B, to stteipkneesbrdttvbangabiont e alAn@firdnite Ap@ntii@ivg lokr sichi con

di oxi des gate insulator |ayer not covered by gate structures 3. The result
of these procedures is schematically shown in Fig. 1. The formation of a

first Joh&illc risd 1.5 next
irs @@g@gﬁiou}%m B8 WyBt OF a fRFGEL 1298 ohBrisddas: Iﬁétazgsg&?de;wéé;af]%%ﬁdé’%nggz

addr esse nd schematically described using Figs. icon o
| ayer 45, filr st 05 {8 t hi.ckness bhet ween about o 400
Angst r éﬂgsxl\;?og ’E%%\)E)qg’?%%‘%ﬁg‘? ggr]r%\ggﬁeﬁ%]ﬁ%%cf et S A AR LV

procedures, 1o a thickness between about 1000 to 3000 Angstroms. A photoresist shape, not
shown in the drawings, is then used as an etch mask to allow an anisotropic reactive ion etch
{(RIE), procedure to define gate structures 3, using Cl; or SF¢ as an etchant for the conductive
layer. The width of gate structures 3, is between about 0.05 to 10 um. The photoresist shape

used to define gate structures 3, is next removed via a plasma oxygen ashing procedures,
followed

by a final wet clean cycle. The wet clean cycle features the use of a buffered hydrofluoric (BHF),

step resulting in removal of the portions of silicon dioxide gate insulator layer not covered by
gate

structures 3. The result of these procedures is schematically shown in Fig. I.

The formation of a first composite insulator spacer on the sides of gate structures 3, is next

addressed and schematically described using Figs. 2 - 3. Silicon oxide layer 4a, is first deposited

at a thickness between about 200 to 400 Angstroms via LPCVD or via plasma enhanced
chemical




chemcal 5 2 9 DEC 2005 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 SQ%Séo 800
Angstroms. An anisotropic RIE procedure using Cl2 or CF4 5H1bQ nt for
silicon nitride, is enployed to define silicon nitride shapes 5b
underlying silicon oxide |ayer 4a. After definition of silicon n|tr|de
shapes 5b, an over etch cycle of the anisotropic RIE procedure is

per f or ngtr dgroiion gPRCYDPppoEdur@nS Oitol Sgid2NsycdFa Shhive etheaxticlglyl iayer 24a, not
covered by silicon nitride shapes 5b, resulting in a thinner, silicon

oxi de GATRORRNL] 46 0o &PER VD kBERE: BElHRRRLs: BARKLY 4201 b 250 Angst rons,
whil e the unetched portion of SI I con oxi de ayer 4a, now defined as

sili cop %msgssﬁmommgo% i %dyr gg' B G b SORBT R dGiRaPes P
nitride,

oo g R St g la%es B S R oS Tk Foet h

ani sot r*'0Pi ¢ RIE procedure using CHF3 as an etchant for silicon oxide,
|n|t|ated directly after definition of silicon nitride shapes 5b. The

resul t definitioq af siden adtifestiagessbhanetdr ewhlcycls hbia anwotFipc REE pisetdaet isve

renmoval of silicon nitride shapes 5b, is next acconplished via use of a hot
phosphpmﬁaw&dkﬂns@hg&kmmmnhmsﬁk@ﬁmgcﬂ@ﬂmomhmﬁedwaﬁhimﬂmoombdbysnamers
conprised of thick silicon oxide conponent 4b, |ocated on the sides of

gat e shithgd $haps 5B, redSltinelnl a @RS siREHPSEM cIBUNCASIOfow hNELERAEEPRAUEH Or

substrate preV|oust covered by the renoved silicon nitride shapes 5b. The
about 150 to 250 Angstroms, while the unetched portion of silicon oxide layer 4a, now defined
as silicon oxide component 4b, remains underlying silicon nitride shapes 5b, at a thickness
between about 200 to 400 Angstroms. If desired thinned, silicon oxide component 4¢, can be

obtained via subjection to the anisotropic RIE procedure using CHF; as an etchant for silicon

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 comp—rised of thinner, silicon oxide component 4¢, regions
not previously covered by the removéd silicon nitride shapes. The result of this procedure is

schematically shown in ng. 4,




L shapes silicon oxide spacers are also conprised of thinner, silicon oxide
conmponent 4c, regions not previously covered by the renoved silicon nitride
shapes. The result of this procedure is schematically sh in Fig. 4. 6 12
9 DEC 2005 Photoresi st shape 6, is next fornmed on PMOS r@%&LBEEozmﬁnd used
as a block ow mask to allow halo, LDD regions, and heavily doped
source/drain regions, to be formed in specific locations in NMOS region
30. A halo region is enployed to increase the dopant concentration in an
area of t H¥hoseniigohdedt ormesufsinedioeP i regich M0 pedusetiadt obladcanmdate a
subsequent source/drain region. The higher dopant concentration provided
by t hellbelimld, egiipregieduneheing dogXd entceffraih R iSRUOAR/ BfaddNndeRiME | on region
and thus reduces the risk of punch through, or |eakage between depletion

r egi ongzatibhenelons henhal o ﬁf@(g}c‘éﬂ)nh@élnf)Bygﬁtofh%rég%gﬂ!e%oﬁaxﬁ%ﬁ%eﬁdrﬁi&qg Lon
of the sem conductor substrate, "allow ng for contal nment of an entire
source, 0. draj n. reqi ar.di.ngl n_inppl ant ati procedure is perforned
usi ng né%%ﬁﬁg?yﬁfggkﬁﬂg?réﬁg%%egﬁgﬁé§ C%%a&k%ﬁogﬁgﬁgﬁféu5%q%ﬁ?KeV, at a
dose betman.about LE 1%@t? 1 E 15 atons/cnR, To formhalo region 7, with
a Pt yPECECRIBR &AL i 101 hgrsaterant ¢parertREoppioy pled by thediva igioaredyices the

sem conductor substrate 1, in a region that will acconmpdate the subsequent
sour cexsnarhthe sgiterdrag deplagien rezigl andithemgluses hetrivk ehpalvbilirodght, or ROkdras t o
be used. The large inplant angle allows the P type halo region to extend
to a |mtatdnaiepletiderdgyinag Thersfvapd hsliolriegomhaxh de (R &f a §lcifRpomid ofas to a

| ocatith® underlying a portion of gate structure 3. This is schematically
shown in Fig. 5.

semiconductor substrate, allowing for containment of an entire source or drain region.
Accordingly an implantation procedure is performed using boron or BF; ions, at an energy
between about 10 to 40 KeV, at a dose between about 1513 tolE15 atoms/cm®. To form halo

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

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

angle, between about 5 1o 207 has to be used. The large implant angle allows the P type halo
region to extend to a focation 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 [, 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




Wth photoresist shape 6, still in place, N type LDD region 8, and heavily
doped N type source/drain region 9, are forned in regions of sem conductor
substrate 1, not covered by gate structure 3, or by the’%e ti cal conponent
of the L shaped silicon oxide spacer. -17his 'IS acconpl ifé dhG éﬁﬂ?‘

i npl antation of arsenic or phosphorous ions at an energy between about | to
10 KeV, at a dose between about 1E14 to 1E16 atons/cnR, and via use of a

|l ow i nplant angle 7 1 9 DEC 2005 between about O to 7. The inplant energy
and t hecidhietd grognt e 7h Thhilokinessehgtwe an diffirehkeesh Hiidonss lexiae corponant 4b,
and thinner silicon oxide conponent 4c, result in a deeper and nore
concenbkidt edinparui 45 aHORacheNsiliyREo SQUWHRRHERIR, £&M 8D RepcPal@Rlotshed
underlying thinner silicon oxide conponent 4c, while a shallower and | ess
concen regl i.s:.for rlyi icker silicon

oxi do. omsBralt ARy LR OB RS s Kb Y SRL Shesbtole
phot ol i t hogr aphi ¢, maski.n rocedur g was enpl o fo ormation of P type
hal o rgxﬁgﬁgygor}aﬁlﬁw '!E%Q%ri@é‘iebﬁmgiessacﬁa“%@%#ﬁ&ﬂi‘b{)@b rﬁﬁ}?gﬁe‘s gtide/ drai n
regi onug‘?er/Xf“zgéPlc o \PFQP opile GrBPYcasTtst Iunsseheatiglly showsialix§gekhuaghi ng
procedures, photoresist shape 10, is formed on NMOS region 30, to protect
this regesmhpioghogmphicrpishine aticodurpmoe ednlopsd fouSetation $10F tpt helohegion and

. source/drain regions for PMOS region 40. Halo region 11, is first forned
via i npl @apt BbDongiofi 8assidridlyofoppl disphodoatts/dran seceddn BN ener gy bet ween about
80 to 150 KeV, at a dose between about 1E13 to 1 E14 atons/cn2, and again
using a large inplant angle between about 10 to 50, needed to allow the N

type hal o ragk An i 5%@1&&%@&1@5&Ia,gvia_piaef%%&%n%Pgrr@@gggm@fﬁ,sQ&Hﬁﬁew- The N

type dopant concentration of halo region 1 S T i'gher N
tsggscg d;%gitl R?%Eﬁ%ﬁ%ro%tﬁﬁﬁﬂtrg&gn %(51,6{5 ploofteclt\llh\{\ée t!elgiolt:a %%Imoij?)n?xgbia%gnigr? gl%%eedures
used to form the halo and source/drain regions for PMOS region 40. Halo region 11, is first
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 1s 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 1£13 to 1E16 atoms/cm?, and via




t hrough or | eakage phenonena which can occur if P type source/drain

depl etion regions encroach. This is schematically illustrated in Fig. 7.
Wth photoresist shape 10, still in place, P type LDD rﬁgi n.12, and
heavi |y doped P type source/drain region 13, are formed i 3 dfiloiddfiof

sem conductor substrate 1, not covered by gate structure 3, or by the
vertical conponent of L shaped silicon oxide spacer. This is acconplished
via inplantation of boron or BF2 ions at an, energy between about 0.2 to

1.0 Kede ofits law laplantaspiseeivababidut D (E713A¢0n ds Taslfc 3iem&/teORDDaRd Hehdy8 12 9
DEC 2005 use of a low inplant angle between about 0 to 7. Again as was the

case fa}rpea@gurwa}am@giaﬁsamiwosq@g%g36,%{5 l&%[tﬁhﬁ% %{/%&i QPR3 rde AP regi on 30,

the inplant energy and the difference i ess between thick silicon

oxi de %Q%QQ%QEWC%Q ’thiapg%’i% h!l:aogcm erco%; |0{1gn§gg,gz§dgﬁpgeqm%§ﬁ Btétg?g?rgpcﬁgﬁg%é ina

deeper more concen eavi'ly ype's #on 13,

established wunderlying thinner silicon oxide conponent 4c, while a
shal | o(ﬁé‘xt‘]‘ Wﬁ?@?@“ﬁaﬁ%‘é &é

t hi cketndsilyingsnpstisticon orige aerpongpt AcThibge p shallohesnend lessicoycenywed® e Fig. 7.
Therefore again a single photolithographic a maski ng procedure was enpl oyed
t o al | blaDaefon ypais hained medirtymg thivkdt siljyoe okdD coegien| 4anthiaistebanmdticaidpped P
type source/drain region, to be obtained. After renoval of photoresist

shape dwnMih &igl7asTeeresbedeRinaGiidkgphodé! th@:@ap ki 4 Mbdend ByeddudAas dnspigieposi t ed
via LPCVD or PECVD procedures, to a thickness between about 200 to 800

Angstr %low-ri"i’ %ﬂe?xg&ir?ﬁﬁﬁtainq@{yw Lﬁﬂﬂ@@ioin ,naIEli a%eagi'ly (!!Jp&@ Pftgzﬂe%touxg:'éfapat?n of

devi ces require

region, to be obtained.

Adfter 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

FROERIEE I pYinelopedB YReGioBHT o i571n feg ol | ying




source/drain and gate resistance a self aligned silicide (salicide),
procedure is enployed, while a second group of devices not requiring | ower
resistance is protected fromthe salicide procedure. Thig |Ss..acconplished
via protection of the second group of devices via use of Fé é)mﬁﬁoﬂ st

bl ock 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 exanpl e NMOS
region 30, will be the first group of devices requiring |ow gate and

sour C%it%%tafhﬂidse&! [%@@(}@%.E}é\ﬂj tl) %QP%C{E ggxicgdhré%ho\f\érk%istgﬁa : h% %%99'119, group of

devi ces not requiring t resi stanc owering sallcide pf ocedure. However

it shauyld be not that this is an exanpl e for..illustratjon and that
the” T Pk roh oibiR bn e oS o Rl B Gl s rotfitbiil S0EdPEes Fr om
9 9 DEC.2005 either NMOS or PMOS regions to the _salicide procedure.

Phot or 8§08t ilgiHg plapes 14h, gn theestrley Ofatﬁngew&mg gk kiligpn svikp §orEPONSHT Yottt opic RIE
procedure, using Cl2 or CF4 as an etchant to define silicon nitride shapes
14b, oRMMHeregioded. dihys iandemveedllyishgvi hilok. %i | i con oxi de conponent 4b, in
NMOS r egi oAft&Gemdhalf pbotsichiensibpe B, via [@ivovroxiyperFsfing Q. welletclrprécedmeal  of

phot oresi st shape 15, via plasma oxygen ashing a wet etch procedure, using

BHF asysafy BHERRRE cbRint $drlsIROA 0 QML A8 usddSo USRA: IR 1OXARKE: bheud QRicBIE face of
gate structure 3, and of heavily doped N type source/drain region 9, in

NMOS ' il AN T ted ot . t
NS, 501 @y S RO RXER o MM BLEGLRY SIRB 9B Rhgyct e
reanaPE%rocedure. A netal |ayer, chosen froma group that contains

titanium tantalu
prrg)lccteg the gaterrétructure 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), procedutes, 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, - NH4OH - H;0, resulting 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




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 anqﬁgédﬂiocedure is
next performed either in a conventional furnace or via r

anneal (RTA) procedures, at a tenperature between about 400 to 600 C, for a
time between about | to 10 mn, in an inert anbi-ent, resulting in netal
silicide formation on the exposed surfaces of gate structure 3, and

heavi | hlockdpegodddinepmadsiaubasdttbhail A coRGbOR sPacenbiich@isetinf daciradynet al remai ns
on silicon nitride shapes 14b, and on silicon nitride |layer 1l4a, in PMOS

regi onpdQes 18@rmav{ﬁlckqfucgnBﬁa@mﬁ%ﬁwb H@N@ﬁis%%lombya@mmalﬁpén&dg W&irng a
sol ution conprlse - H20 resu tlng in netal silicide

| ayer s o%fg)'ns% : CI 1c%?‘igul9f ¢ hﬁ (gn &IQQISH]’QO? 0x1dg eﬁ{uba u%§ e 09%0

tungsten Si el de ST zircon

silicide. |oc d,on gate str 3, apd on heaV|I oped Nty
sourcéWﬂVﬁFW“S%%F%H“@gmﬁﬁéS@&r¥%P@ ﬂfémf‘CQ“BE@gfﬁﬁgmﬁFo@E?ﬁﬁ“%ngédure and
the formation of a conposite spacer conprised of silicon nitride shapes
14b, onlief procedurg sorhodtigelhedaponehite- Eﬁ in NMOS region 30, and of a
conposite spacer conprised of silicon nitride |ayer 14a, on thick silicon
oxi de conp®fignthidmventiooPMOBeanggrianiadly) showasnddsaiiptivdthed{ausicag, ol y a
singl e photolithographic nmasking procedure. The result of the salicide

pr ocedyeRricd cm®hERhisCRI, i MANBe iftieRkdhd bl AhosWBkiliBd thhs 2kt R REERR has been
particularly shown and described with reference to, the preferred

enbodi &Bﬂ{zé i REFER delabis Wl be RRIUDHRERIRPHRY abRARETH dli&loebrlil art that

variou

invention.
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changes in formand details my be nmade w thout departing fromthe spirit
and scope of this invention. 11 9 DEC 20gS Wit is clained is: 1. A nethod
of fabricating a conplinentary nmetal oxide serriconductordﬁ?n B% device on a
sem conduct or substrate, conprising the steps of: provi E &immf devi ce
regi on of said sem conductor substrate to accommobdate a first conductivity
type device, and providing a second device region of said sem conductor
substrate to accompdate a second conductivity type device; form ng gate
structures on an underlying gate insulator layer in said first device
region, and in said second device region; formng insulator 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 |ocated
adj acemthat @ ckameld gat e structure, and conprised of a thin insulator
conponent | ocated on a second portion of said sem conductor substrate in
turn | ocat ed Rdiearany tiicatidpe dotiptikachagpnatapsxig@nponent overlying said
first portion of said sem conductor substrate; 12 12 DEC 20U. performng a
first series_ Qf;.i i I I IS fd : i ion
wherein a fi?§§m%ﬁ%?%ﬁ?g??%ﬁhgﬁg%&g?&gg%gﬂﬁg?g?ﬁgg%%é?ﬁgﬁsﬁgﬂkﬁﬁﬁ%ggtation

rocedures is - . . . .
P providing a first device region of said semiconductor substrate to accommodate a

first conductivity type device, and providing a second device region of said
semiconductor substrate to accommodate a second conductivity fype device;
forming gate structures on an underlying gate insulator layer in said first device
region, and in said second device region;
forming insulator structures comprised of a thick insulator component located on
the sides of said gate structures and on a first portion of the semiconductor substrate
located adjacent to said gate structure, and comprised of a thin insulator component
located on a second portion of said semiconductor substrate in turn Jocated adjacent to
the thick insulator component overlying said first portion of said semiconductor

substrate;

12




performed using a first inplantation angle, used to forma first halo
region of a first conductivity type in said first portion of said
sem conductor substrate, in said second portion of said ge conductor
substrate, and in a portion of said sem conductor substrJ@e §§ ng an
edge of said gate structure, and wherein a second |nplantat|on step of said
first series of ion inplantation procedures |s perforned using a second

i npl antation angle, used to form.both a first tl ed source/drain
(LD gt on ofa e e G ENSSRAGL Py oty et Y Ut DRGHEGr TSEPD nal o
regi on underlying said thick insulator conponent, and to forma fjirst
heavi | y dopedheouraiasdmplantatiogistan obsaid fiss sorry of smdoplaniAtioy ProgpRitERiSa t op
portion of said halo region |ocated underlying said thin insulator
conponent | opafesledueng y finy impladtaiecangk, peadt tb dornod fisahado semncdndust or
substrate; performng a second series of ion inplantation procedures in

sai d second gg\uesity A iQRaiWMIREQoRich Jfi |sﬁ1§tselhfmh(ﬁi&t(ﬂfsu&ﬂat%t iBRaidfsesamdd second
series of ion |nplantat|on procedures is perforned using a first

i npl antati o | s%t'lﬁ%gt c%n%l&'ttgpsabs?ﬁ?eoggd fad rtl(gl’F&iSQQ DhicdndReand

conductivit yp 1S portion &6f said sem conductor substrate, in a
second portlo of said sem canducto ate and in tion of said
sem conduct o?u SHE P?‘%ﬁf@l%ﬁ&eegg?i)‘rc@lé%%%g u(ger apd whergiy aeseg&} cture, and
wherein a second i npl ant atjon step of said second serles of ion

i npl ant at i onimaReRrep afsaiddustiserierenf iU IR liBGBATIRDISATHATISHSHIA e,
used to formboth a second lightly doped source/drain (LDD) region of a
first conducsdcund ymplypaidnmenglet vged pofarmdwtiod fissalighthyaloped syrasidraindePDyi ng
said thick insulator conponent, and to forma second heavily doped

sour ce/ dr ai nrdpRE@idTA sefond chbhdiktiviePRPE ot 4 b tovrttone said halotre@fopaidetigingefidsai d

hal o regi on

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;

performing a second series of ion implantation procedures in said second device

region wherein a first implantation step of said second series of 1on implantation
procedures is performed using a first implantation angle used 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 wherein a
second implantation step of said second series of ion implantation procedures is
performed using a second implantation angle, used to form both a second lightly doped
source/drain (LDD) region of a first conductivity 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

13




13 2 9 DEC 2005 underlying said thin insulator conponent |ocated overlying
sai d second portion of said sem conductor substrate; formng insulator
shapes on said insulator structure |located in said firstuﬁﬁgice regi on
resulting in a conposite insulator spacer on gate struct u dﬂﬂbém top
surface of said gate structure and exposing top surface of said second
heavily doped source/drain region; and formng netal silicide on exposed
said top surface of said gate structure and on top surface of said first
heavi |y doped source/drain region. 2. The nethod of claim11, wherein said
first device region is an N channel netal oxide sem conductor (NMXS),

devi ce. 3. Thedepingsaidothincipalaton compneedilpratedioyerlyipg paid &FoBE PPEISNSH is a P
channel netal oxide sem conductor (PMOS), device. 4. The nmethod of claim1,
wher ei n sai dsa¢emndodiaviocsubsegfeon i s an N channel netal oxi de sem conduct or
(NMOS), device. 5. The nethod of claim1, wherein said second device region

is a P channel fiifimd inQuitestapss choariugiubito saER)e loctes meaidirstiiteicaet hod of
claim1l1, wherein said gate insulator layer is a silicon dioxide |ayer

obtai ned vi g, fin2fl AR RGP AR RHM RS Bh pRielRUGKRES &lrraiout 10
to 100 Angs?ergg&nlg{e%in&p ¢ poSitd¥ pacer Sh gite Eo@ﬁééﬁlﬁ
of said gate structure and exposing top surface of said second heavily doped

source/drain region; and

forming metal silicide on exposed said top surface of said gate structure and on top

surface of said first heavily doped source/drain region.

2. The method of claim 1, 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 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 1, wherein said second device region is a P channel

metal oxide semiconductor (PMOS), device.

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.
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29 DEC 2005, 7. The nethod of claim 1, wherein said gate structures, at a
t hi ckness between about 1000 to 3000 Angstrons, are conprised of doped

pol ysilicon, or polycide wherein the polycide is conprisgd gﬁ nmet al
silicide on polysilicon. 8 The nethod of claim1l, whereih g ECiﬂm@Iator

structure i.p T%%{Piﬁe}iﬂg?eoq ci%frgﬁi Lh&eR sggi'ﬁ?ez%%x@ﬁ%%f %%ghigkﬁééé Gliwkgsul ator

conponent at' ‘a ckness between a ngstrons, and featuring

thin insul at t a thick bet t 150 to 350
Angst roms. oot kS ROPRGE St CORRBRAIh RGO EAPEOE i on i s a P

type halo region, obtained via said first inplantation step of said first
series of i owhereghapelsidols cpmpredur aactal gdicitly wadisilspnBF2 i ons, at an
energy between about 10 to 40 KeV, at a dose between about 1 E 13 to | E
15 atons/cnR, and at said first inplantation angle between about 5 to 20
degrees. 1. Theenameidnddlabh Ictvatminlsaidiharlgonstsaiutk fKicospritdddfr egi on and sai d
first heavily doped source/drain region, are N type regions, both obtained

via said segpsh &0, antdthbanhiek @Rulfor $8infoddnt &la BRKAGS b&lvebPiboufloant at i on
procedures, using arsenic or phosphorous ions, at an energy between about

cai d socond ITaNENTERF s A SRERR AU dhe Fudhobfloby Tyt BURIAER el en 00 151 10

nmet hod of claim rein said second halo region is an N type halo
regi on, obtagﬁﬁﬁ}g?ggg&ﬁTQWQ@% i npl antation step of second series of ion

i npl antati on procedures, using arsenic or phosphorous ions, at an energy
bet ween 9. The method of claim 1, wherein said first halo region is a P type

halo region, obtained via said first implantation step of said first series of ion
implantation procedures, using 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 said first

implantation 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, both obtained via said
second implantation step of said first series of ion implantation procedures, using
arsenic or phosphorous ions, at an energy between about 1 to 10 KeV, at a dose
between about 1E14 to 1E16 atoms/cm’, and using said second implantation angle

between about 0 to 7 degrees.

11. The method of claim 1, wherein said second halo region is an N
type halo region, obtained via said first implantation step of second series of ion
implantation procedures, using 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 said

first implantation angle between about 10 to 50 degrees.
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about 80 to 150 KeV, at a dose between about | E 13 to | E14 atons/cn®, and
at said first inplantation angle between about 10 to 50 degrees. 15 12
9DEC2 S 12. The nethod of claim 1, wherein said second LEELée é@n and said
second heavily doped source/drain region, are P type regi‘@ns, tﬁM@btained
via said second inplantation step of said second series of ion

i npl antation procedures, using boron or BF2 ions at an energy between
about 0.2 to 1.0 KeV, at a dose between about 1 E 13 to 1 E 16 atons/cn®,
and using said second inplantation angle between about 0 to 7 degrees. 13.
The nethod of claim1, wherein said insulator shapes are conprised of

si licon ni tl2i G mgthod of plpik hetlerga s4id 8eroan SAD welenEBd 800 Angstrons. 14. The
met hod of claim 1, wherein said netal silicide is chosen froma group that
cont ai ns ti tsaii seoorsi Hdagilyddgpet! amrad/dminsictioni adeP typgnegiersnbeth lobtsingd viani ckel
silicide, cobalt silicide, and zirconiumsilicide. 16 T 9 DEC 2005 15. A
met hod of f alald adidichplantvoR sap\if 6€d eetodd seits odRd inplantatisn peedires,
conprising the steps of: providing a first portion of said sem conduct or

substrat e asuﬁﬂgﬂ%ﬁ%ﬂﬁﬂwg iORLRbn OXdrEiebetWEIH HBMAVELLOL.0 kIWOR)a dgBI ON, to

b
accommodat e an device, and providing a second portion of said
sem conduct o [)et%v%gg g.go%rt fef? &4 El & g%?n%%inzt"g&dadsin%xéa(% second implantation angle

between about 0 to 7 degrees.

13. The method of claim I, wherein said insulator shapes are comprised of

silicon nitride, 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.
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sem conductor (PMOS) region to accormpdate a PMOS device; growing a silicon
di oxi de gate insulator on said sem conductor substrate; formng gate

structures on said silicon dioxide gate insulator |ayer; @Fﬁp Eitin a
silicon oxide |ayer; depositing a first silicon nitride |'&y rﬁ 5eﬂﬁérning a

omonsr o L R e b AT AR RN AL S Don PLARGMIGL! 0 10T 11 1St

conposite insulator spacers sal e structures, conprised
of first silicon nitride spages %n underlying thick silicon oxide shapes,
over|lying fi FPEBSURG YRS MEdRe TSP seni conduct or substrate, and with thin
silicon oxide shapes, not covered by said gate structures or by said first
conposi t e i nsuprvating pHee pertion of saikiScavieqndpPtagsubstgnas aplchamssmepl ediy

sem conductor substrate; renoving said first silicon nitride shapes

resul ting i nsanichndktpVEI)iregion, oxaademnepdacen NdOPrdesied anfl psaiiding di ck
silicon oxide shape on sides of said gate structure and overlying said

first porti osoRf perBbitloSQl eRR@HEl@s: sablisitd AteR clanfelwhdidl osRied L shaped
silicon oxide spacer conprised of said thin silicon oxide shapes overlying

sal d second  <BRfLARRR: AhERY F egm@a&%ﬁ@& SHORIY @R, formng a first

bl ock out shape In sal ion, performng a first series of ion
i npl antation procedures.in s N i.npl antati on

step of said fifSY"&&T cémgfoax:i%rggpéﬁﬁ?1%%8%@}”%&’%%@%%@3&8&él}ibgtﬁ-at%er formed at a
fgi E)Etc izggl ant atf(i)r?nr;ng Qﬂé Strt?c];:urgsecgnmg%nsii?c%%u(fiox?dé é)atez 813191%%5 Fa?eszr; to forma P 17 12
depositing a silicon oxide layer;
depositing a first silicon nitride layer;
performing a first anisotropic reactive ion etch (RIE), procedure to form first
composite insulator spacers on the sides of said gate structures, comprised of first
silicon nitride shapes on underlying thick silicon oxide shapes, overlying first portions
of said semiconductor substrate, and with thin silicon oxide shapes, not covered by said
gate structures or by said first composite insulator spacers, formed overlying second
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 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

wherein a first implantation step of said first series of ion implantation procedures is

performed at a first implantation angle of between about 5 to 20 degrees to form a P
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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 underlyi edge of said
gate structure, and wherein a second inplantation step d@gggﬂﬂff 5t
series of ion inplantation procedures is perforned at a second

i npl antation a e of between about t.o 7 degrees to formbqth an N type
| 1ht Ty dopdtbeiii EERararHIe rvpytPsr she pem SRS I PItR BPraara ™ ¢ ype
hal o regi on underlying said thick silicon oxide shape, and to forman N
type heavil yp@'@m@@/sa reegndpelphsubsiipte mnd ip g thigpopinnf §3d semiegndpcry ype
hal o region | ocated underlying said thin silicon oxide shape; formng a
second bl ockubsitateshegdeat amicgging ahlMBES of sgidaate speetior midighacisesenddser i es of
ion inmplantation procedures in said PMOS region wherein a first

i npl ant at i onjgiaRath & of ssidTRRGeSE dfesn iplardaticnTpbadiras isoperfataeddit es i s
performed at a first inplantation angle between about 5 to 20 degrees to

forman Nt y&%ondﬂ'ﬁlcpg%r{%ﬁwnodﬂgferbf @$tfwie@1§ EbRRD D PReQbesB RGN SPRAYSL OF

substrate, in a se portron of said sem conductor substrate, and in a

third portian of . said sen co Qr .subst.r under | yi e of said
gat e struct TR 4Rt Sndra BT GhaSH Gt GRS BT HLh e M on
series of ion inplantation procedyres is perforned at secqnd i npl antati on
angle of bet”i’/()@élﬁmgﬁﬁatthlek ?‘3"‘?"% 7 HEEe, aagf%goﬁwat tYge %at"ﬁbgo %D region in

a top portion of said N type halo region underlying said thick silicon
oxi de shape, sam/drainfregion m top ppsionadviifl y tiesdudd seiondesatsdaindertyseg svd i n a
top portion of said N type halo region |ocated underlying said thin
silicon oxi dehisséidpa oxiepdapd;i ng a second silicon nitride |ayer;
forming a second block out shape in said NMOS region;
performing a second series of ion implantation procedures in said PMOS region
wherein a first implantation step of said second series of ion implantation procedures is
performed at a first implantation angle between about 5 to 20 degrees to form an N type
halo region in a first portion of said semiconductor substrate, in a second portion of said
semiconductor substrate, and in a third portion of said semiconductor substrate
underlying an edge of said gate structure, and wherein a second implantation step of said
second series of ion implantation procedures is performed at a second implantation angle
of between about 0 to 7 degrees to form both a P type LDID 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
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perform ng a second anisotropic R E procedure resulting in a second
conposite insulator spacer in said NMOS region, conprised of said second
silicon nitride shapes is 29 DEC 2006 on said thick silic @ (ﬁde shapes of
said L shaped silicon oxide spacer, and exposing top surf c% _ N type
heavi |y doped source/drain region, while second silicon nitride Iayer in
said PMOS region renmai ns unetched; and formng netal 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 nethod of claim 15,
wherein said silicon dioxide gate insulator |layer is obtained via thernmnal
oxi dat i@rsafay thivkdilices oaide ahdphi ckaebis stopedua Bronabodit spaler d BPosbmyst rons. 17.
The net hod of claim 15, wherein said gate structures are defined with a

thi ckness beio\ff%ﬁffa&mu&dls@%e hé’avﬁ?@t@% %ﬁﬁké@fﬁﬁn regRPvhaeskcohd dnasd

polysilicon, or polycide, Wwherein e polycide i's conprised of netal

silicide on RQIII Si%%r%%dl‘“d% S;I'%g Eﬁéeiggg%mem%@l 15, wherein said silicon

oxi de layer Is Obt &l ne et ween about 200 to 400 Angstroms
via LPCVD or P CVD rocedur.es.

first silicon ROREHIOS an B P BT S Rre BBt ol S8R50 o
800 Angstroms Vi a LPCVD or PECVD procedures. 19 12 9 DEC 200 20. The net hod
of clai m 15, saifh&rtgphhaaridy @‘Pﬂeél%ﬁ‘éré%/d'@fn wsaipp 0 KA NYIPSdeHonxi de

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

to 100 Angstroms.

17. The method of claim 15, wherein said gate structures are defined with a
thickness between about 1000 to 3000 Angstroms, comprised of doped polysilicon, or

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

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

a thickness between about 500 to 800 Angstroms via LPCVD or PECVD procedures.
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shapes of said L shaped silicon oxide spacer are between about 150 to 350
Angstrons, while the thickness of the unetched thick silicon oxide shapes
are between about 200 to 400 Angstrons. 21. The nethod a%oﬁl im 15,
wherein said first block out shape, and said second bl ock: ﬁé%éﬁﬁ§ are
phot oresi st shapes. 22. The nethod of claim 15, wherein said P type halo
region is obtained via said first inplantation step of said first series of
ion inplantation procedures, perforned using boron or BF2 ions, at an
energy bet Vs Fhaetiod vbclainp 1 5 0viceain therthigketss of st thiseslicspowidel E 13 to 1 E
15 atons/cn? 23. The nethod of claim 15, wherein said N type LDD region,
and sai d N tajapeshdayid lyshdiggaledlicva ok o/ sgic iretbegicen abar é b ot I0ckigirnes vi a
said second inplantation step of said first series of ion inplantation

procedures, pefif AEMIS T9he @{é&l@a €hi siRORASHIRY DbiSesiaRetw i aBBuISORYY
bet ween about 1 to 10 KeV, at a dose between about 1 E 14 to 1 E 16

at ons/ cnk 24 R_ ﬂ%ﬁ@od of claim15, wherein said Ntype halo region is
obt ai ned vi a saj%ﬁ rst inplantation step of said second series of ion

i npl antation procedure, perforned u5|ng arseni ¢ or phosphorous ions, at an
energy between about 80 to 150 KeV, g&se bet ween ab ut 1 E13 to |l E
14 at ons/ crid. QGHT“QdBE@a@@ﬂ%‘@S”QWHQdﬁﬁﬁﬁ k@Pt§? ,ﬁ?ﬁﬁﬂ Wietdin said P

type LDD region, and said P type heavily doped source/drain region, are
bot h obt ai neblovk autshapt, sre pbetdresist shapes.

22. The method of claim 15, wherein said P type halo region is
obtained via said first implantation step of said first series of ion implantation
procedures, performed using boron or BF; ions, at an energy between about 10
to 40 KeV, at a dose between about 1E13 to 1ELS atoms/cm?® .

23. The method of claim 15, wherein said N type LDD region, and
said N type heavily doped source/drain region, are both obtained via said second
implantation step of said first series of ion implantation procedures, performed using
arsenic or phosphorous ions, at an energy between about 1 to 10 KeV, at a dose between

about 1E14 to 1E16 atoms/cm” .

24. The method of claim 15, wherein said N type halo region is
obtained via said first implantation step of said second series of ion implantation
procedure, performed using arsenic or phosphorous ions, at an energy between about

80 to 150 KeV, at a dose between about 1E13 to 1E14 atoms/cm’,
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i npl antation step of said second series of ion inplantation procedures,
performed using boron or BF2 ions, at an energy between about 0.2 to 1.0
KeV, at a dose between about 1 E 13 to 1 E 16 atons/cn® .bng;ﬂue nmet hod of
claim 15, wherein said second silicon nitride layer is ob#a @5 LPCvD
or PECVD procedures, at a thickness between about 200 to 800 Angstroms. 27.
The method of claim 15, wherein said netal silicide is chosen froma group
that contains titaniumsilicide, tantalumsilicide, tungsten silicide,

ni ckel si | i26i Hee mebidof claig I §.ovhecin sad PAyned M eglonp and

said P type heavily doped source/drain region, are both obtained via said second
implantation step of said second series of ion implantation procedures, performed using
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” .

26. The method of claim 15, wherein said second silicon nitride layer 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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