0.U AU G 200% A PROCESS TO CONTROL THE LATERAL DOPI NG PROFI LE OF AN :

| MPLANTED CHANNEL REG ON BACKGROUND OF THE I NVENTION (1) Field of the

I nvention The present invention relates to nmethods used to fabricat{ef AUG 2004
sem conductor devices, and nore specifically to a process used to control
t he doping profile of the channel region, in a lateral direction, forned
via ion inplantation procedures, in the channel region of a netal oxide
sem conductor field effect transistor, (MOSFET), device. (2) Description of
Prior Art The continuing objective of increasing device density, and

i ncreasing device performance, via mcro-mniaturization, or via the use
of sub-mcron features for MOSFET devices, has |ed the sem conductor
devices has directed the senm conductor industry to the fabrication of

MOSFET devi ceABROTESBarmebNTREI TRRUK Al t hough the use
of MOSFET devices, featuring nar?%%ﬁ%hanneq&?€§%$ﬁ%8Fﬁg%%Fé%ﬁisfied t he
density and performance oRpgciN 6ﬁ,ﬁgﬁ .conductor industry,
formati on of specific regions opg?he Su -%1cr ﬁI\/CSFET devi ces, such

lightly doped source/drain, (LDD), regions, as well as an anti-punchthrough
region, located in the channel region of the MOSFET device, have becone

nore difficult to achiev 0 6. AU G 2004 For exanple the ion
AR aROBA o 1

i npl antation, used to form I9Nn ext ensions, can result
in encroaching, sphere-like profiles, sonetines decreasing the designed
channel |ength, or effective

(1) Field of the Invention

The present invention refates to methods used to fabricate semiconductor devices, and
more specifically to a process used to control the doping profile of the channel region, in a lateral
direction, formed via ion implantation procedures, in the channel region of a metal oxide

semiconductor field effect transistor, (MOSFET), device.

(2) Description of Prior Art

The continuing objective of incfeasing device density, and increasing device performance,
via micro-miniaturization, or via the use of sub-micron features for MOSFET devices, has led the
semiconductor devices has directed the semiconductor industry to the fabrication of MOSFET
device with channel lengths as narrow as 0.18 um. Although the use of MOSFET devices,
featuring narrow channel lengths, have satisfied the density and performance objectives of the
semiconductor industry, formation of specific regions of the sub-micron MOSFET devices, such
lightly doped source/drain, (LDD), regions, as well as an anti-punchthrough region, located in the

channel region of the MOSFET device, have become more difficult to achieve and control




channel length, (Leff), to an undesirable length of less than 0.18 um In-
addi tion, subsequent high tenperature processing steps, can reSU|FBéBH552m4
| ateral diffusion of the LDD regions, again resulting in an undesi _
shortening of the channel length. For these reasons a lateral delta doping
region, or an anti-punchthrough region, is placed in the channel region,
between LDD regions to insure the integrity of the dinmension of the
channel length, as well as to mninmze jointing, or touching of thﬁ

depl etion regions created at the junction of the LDD regions, and t ? _
sem conductor substrate. This invention will describe a process for formng
a lateral -delta doping region, which has the added advantage of serving as
an anti-puncht hrough regi on, between LDD regi ons. However this invention

i i - h e} wi | | nsune | ess | ateral
Space i n t e RRaTR PR AR o LR Per T a%r?e?"gﬂﬂ_é’lﬁlf"ﬁf"agﬁﬁ? regiens
' ' | this invention, thus sti reduci ng t he
Jointing Shaohig toherb S RE . shtings (PG on Seidspa e lengdnr e th
o regions. The smaller. area, or truncated,
ant - panchrRe S YRGS e RAEE of et By Br pivo e s&icumimanent high
featur?ng nmat i on o% spacers,. . on the sides of a trench shape, which
will subséq %ﬁlhqépi%esalg%ge?so %@ﬁﬁ%&&f’{% diffugien githe LBBrregianseagain newdtingrie,
fol |l oned Hpe tj -puncht.hrough ion inplantation procedure, plac[ng_the
| at er al d%?Pée“H@EFhaﬁwggp eFW”QﬁI@Eﬁhquﬂﬁ#é®§ﬂb%%huemﬁdmhhpmg?qmng|on,
reduced in |lateral dinmension by the presence of the spacers. Prior art,
such as L&k 2 pntispunchiproughyegion, is plged is (igshanpelFesiah betveen EbDiregiisne hisire ough
region fornmed in é trench, with the trench next filled with a polysilicon
gate 2 0 BeNUREOe4hedimgesianaf the ghanrisblength, iao wethnd todisimi oihtii, 6 tobdteml ofgat

insulator layer, as well as the critical sidewall
the depletion regions created at the junction of the LDD regions, and the semiconductor

substrate.

This invention will describe a process for forming a lateral delta doping region, which has
the added advantage of serving as an anti-punchthrough region, between LDD regions., However
this invention will feature an anti-punchthrough region that will consume less lateral space in the
channel region, than counterpart anti-punchthrough regions, fabricating without the use of this
invention, thus still reducing the LDD jointing phenomena, however also reducing the capacitance
generated with larger area, anti-punchthrough regions. The smaller area, or truncated, anti-
punichthrough region, is formed via a novel process sequence, featuring the formation of spacers,
on the sides of a trench shape, which will subsequently be used to accommodate a polysilicon gate
structure, followed by the anti-punchthrough ion implantation procedure, placing the lateral deita
doping region in an area of the subsequent channel region, reduced in lateral dimension by the

presence of the spacers. Prior art, such as Lee et al, in U.S. Pat. No. 5,856,225, shows a anti-
punchthrough region formed in a trench, with the trench next filled with 2. polysilicon gate
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spacers, are subjected to the renoval of the dummy gate structure, and thus
used as part of the final gate structure. In contrast this inventigon does :
not feature the use of a dumry gate structure, and therefore the ng@eAUG 2004
i nsul ator layer, and sidewall spacers, are not formed prior to the anti-
puncht hrough regi on, and therefore are not subjected to the processes used
to formand to renove, the insulator shape, which in turn is used to
provi de the trench needed for definition of the MOSFET polysilicon gate
structure. SUVWARY OF THE INVENTION It is an object of this invention to
forma lateral delta doping profile, or a narrow, anti- punchthrough
region, in a portion of the channel region, of the MOSFET device. It is
anot her object of this invention to forma first opening in an insul ator
| ayer, overlying e sub uent chanpnel region, in a sem conductor
substrat e?{r? &R ¥nc#'%‘np§'ﬁ‘éﬁfg5‘g”?¥ﬁ’ the, griticpl pete ippilagogdayer, jag well exthe eritigal slealh
i nsul atorsl ayer t .crgat'g a narrower, second opening in the insul ator
| ayer. It Ra“5dye %\‘ﬁﬁ’t’tﬁ fo Bpjamovelpt therdugny aaterstrneiret andfthsmsechas part of the
anti -puncgtagrough region, in a portion of the sem conductor substrate,
usi ng t he 'SR 8YAATIER HgFontiast Hés investionedoss notdyatere thesisaofadilnmy gate smsthirk,|  yet
anot her object of this invention to forma polysilicon gate structure in
the first20djpepiory thegatetiesulatos aver and sideyell spakbers accmn tanee prbd b thdw@tpr esent
invention a process for formng a narrow, anti 3 0 6 AUG 2004 puncht hrough
regi on, mwﬁtamugh fegivat and thenefolvaremen tubjecaid tatippbsegucitd 6 @RAARKd {20 on of a
MOSFET device, via an ion inplantation procedure perfornmed through an
openi ng i femeKe, ithrsindulitarshireyehich inwlitinGhusbd® 3o PREOMe BRMFAYRLL Yl ProH §&infioniopSi de
spacers, |located on the sides of an opening in the

the MOSFET polysilicon gate structure.

SUMMARY OF THE INVENTION

It is an object of this invention to form a lateral delta doping profile, or a narrow, anti-

punchthrough region, in a portion of the channel region, of the MOSFET device.

It is another object of this invention to form a first opening in an insulator layer, overlying
the subsequent channel region, in a semiconductor substrate, then form spacers on the sides of the

first opening in the insulator layer, to create a narrower, second opening in the insulator layer.

It is yet another object of this invention to form the anti-punchthrough region, in a portion

of the semiconductor substrate, using the second opening in the insulator layer, as a mask.

It is stifl yet another object of this invention to form a polysilicon gate structure in the first

opening in the insulator layer.

In accordance with the present invention a process for forming a narrow, anti-
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insulator layer, is described. A first opening is made in a silicon nitride

- silicon oxide, conposite insulator |ayer, exposing the portion cq
sem conductor substrate to be used for a MOSFET channel region. Af %%UG 2004
formati on of a threshold voltage adjust, ion inplantation procedure, in a
regi on of the sem conductor substrate, not covered by the conposite

i nsul ator layer, or into the region of the sem conductor substrate exposed

in the first opening in the conposite insulator |ayer, polysilicon, or
polysilicon -silicon oxide, first spacers, are fornmed on the sides of the
first opening, creating a second opening, reduced in width by the addition
of the first spacers on the sides of the first opening in the conposite
insul ator layer. A lateral delta doping, or an anti- punchthrough region,
is then formalg vig an iqgn inplantati on procedure, in a region of the

seni conductBf tgrﬁBgl egieR Iaeellylgeatedsia thaycenterofoonpregientchanslifegionrof h MJ@SEETr by
the first acers. . After selective renoval of the first spacers, a gate

i nsul at or ‘fe BrVi4 20 1g9 Gplniston precedursi renforhiedithrougts embpmingic dinsudaibisibyeat €
exposed in the first opening. A polysilicon layer is next deposited, than
subj ect ed Whichhas hesginempwersGhuseiof misidp spacekilogted ron tiedkites of 8 §Rhing th the
polysilicaon gate structure, in the first opening, in the conposite

i nsul at or Pk laypg, isadesasibecs cA Finseopeningsihadefin & iRcdRGREOSI dilRon bRg | Bkgbsiteayer ,
i ghtly doped source/drain regions are forned in a region of the

seni condudesylator daybss expmbieg the@briion ve# dnibyhdbdier BIME thibE QE:dTEt L Ure.
This is followed by the formation of second spacers, on the sides of the

pol ysi | i cehamyeltregied. r AftdroremationsF ot thsiold vo¥abORAE iDER iahtxti%{)l%}%!edure in
source/drain regions, in a region of the sem conductor substrate,” Aot

oL DD skttt SNBSS e e
region of the semiconductor substrate exposed in the first opening in the composite insulator
layer, polysilicon, or polysilicon -silicon oxide, first spacers, are formed on the sides of the first
opening, creating a second opening, reduced in width by the addition of the first spacers on the
sides of the first opening in the composite insulator layer. A lateral delta doping, or an anti-
punchthrough region, is then formed via an ion implantation procedure, in a region of the
semiconductor substrate not covered by the composite insulator layer, or by the first spacers.
After selective removal of the first spacers, a gate insulator layer is grown on the region of the
semiconductor substrate exposed in the first opening. A polysilicon layer is next deposited, than
subjected to a chemical'mechanical polishing procedure, creating a polysilicon gate structure, in
the first opening, in the composite insulator layer. Afier selective removal of the composite
insulator layer, lightly doped source/drain regions are formed in a region of the semiconductor
substrate, not covered by the polysilicon gate structure. This is followed by the formation of

second spacers, on the sides of the polysilicon gate structure, and the formation of heavily doped

source/drain regions, in a region of the semiconductor substrate, not covered by the polysilicon




The obj ect and other advantages of this invention are best described in the
preferred enbodinment with reference to the attached draw ngs that ﬁb %ﬁﬂ
Figs. I - 7, which schematically, in cross-sectional style, describ¢€

stages of fabrication wused to fabricate a narrow, anti-punchthrough
region, for a MOSFET device, via an ion inplantation procedure, performed
in a center portion of the MOSFET channel regi on. DESCRI PTION OF THE
PREFERRED EMBODI MENTS The nethod of forming a |ateral delta doping region,
and al so a narrow anti-punchthrough region, in a center portion of a
channel region, of a MOSFET device, featuring an ion inplantation
procedure perforned to a region of a sem conductor substrate, exposed in an
opening in a disposable insulator shape, and with the opening narrowed via
t he use of dlsposable spacers on the sides of the opening in the

di sposabl &1 f{&ituss, 6F bsWaprsondipaternow be described in detail. This
invention wll be described for conplinmentary MOSFET devices, or CMOS
devices, conprised with both N channel, (NFET), devices, as well as with P
channel devices, (PFET). However this invention can be applied to either
only NFET, or only PFEBREENDESSRIPAIONIQPTHE FAWDOGSIUCt or substrate 1,
conprised of single crystalline silicon, with a <100> crystall ographic
orientation is used and schematically shown in Fig. 1, Isolation regions 2,

shown schenatTheaibjegt dnd ofheDadvashblss 3PME indehGon ake b&ATesB el TRE gl%%ﬁireﬁf
thermally grown, field oxide, (FOX), regions, at a thicknes tween about

3000 to Saddodidveatsiittorderentd toltﬁ@étﬁhhéamrivﬁﬂgsc’cﬂé n%iud‘éan be conprised wth
insulator filled shallow trenches, wth the depth of the shallow trench,

in the sem conductor substrate, belng bet ween about 3000 to 4000

Angstrons. Caent 70Rmth RRGARkAY A RRB SRR i s REIMLES of fabrication
used to fabricate a narrow, anti-punchthrough region, for a MOSFET device, via an ion

implantation procedure, performed in a center portion of the MOSFET channel region.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The method of forming a lateral delta doping region, and also a narrow anti-punchthrough
region, in a center portion of a channel region, of a MOSFET device, featuring an ién
implantation procedure performed to a region of a semiconductor substrate, exposed in an
opening in a disposable insulator shape, and with the opening narrowed via the use of disposable
spacers on the sides of the openi_ng in the disposable insulator shape, will now be described in
detail. This invention will be described for complimentary MOSFET devices, or CMOS devices,
comprised with both N channel, (NFET), devices, as well as with P channel devices, (PFET).
However this invention can be applied to either only NFET, or only PFET devices. A P type,
semiconductor substrate 1, comprised of single crystalline silicon, with a <100> crystallographic
orientation is used and schematically shown in F ig. 1. Isolation regions 2, shown schematically in
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are then used to protect the PFET region 60, froman ion inplantation
procedure used to create P well region 3, in NFET region 50. The ioaa AUG 2084
i npl antation procedure is performed using boron, or BF2 ions, at an

energy, for the boron ions, between about 150 to KeV, at dose between about
| E13 to 2E13 atons/cnR, creating P well region 3, with the P well region
featuring a higher P type dopant concentration than the P type, dopant
concentration of sem conductor substrate 1. After renoval of the

phot oresi st mask, used to protect PFET region 60, fromthe P well ion

i npl antati on procedure, another photoresist shape is fornmed, protecting
NFET region 50, froman ion inplantation procedure used to create N well
region 4, in PFET region 60. This is acconplished via inplantation of

ei ther arsenic, or phosphorous ions, at an energy, for phosphorous ions,
bet ween &B®Ut cHE CBPES oRéhermally grown eldysides@0 XA regibns] B3 hicknedFHedween

at 6ns/ cn2. The photoresi st shape used to protect NFET region 50, fromthe N
wel |, i orﬁboﬂtﬁﬁpgm 0P e gramse aisaationgegiay exn-beicamprlisad wéth insyl@enfilkghi ng and
careful wet cleans. The result of these procedures is schematically shown
in Fig. shallowignchgsenithiye demiedf the sigliowbsmayinnhe @haRR@lctdr egse@mns, befngr  bot h
NFET and PFET regions, is next addressed and schematically described in
Fig. 2. Actyoxpelsiut 8000rte ybat Angstrem.i CétvehtnABhoRNthb@phid Rskig ﬁx@&%uf%g

sem conductor substrate 1. A thin, underlying silicon oxi.de layer 5, is

first foraneien ised &o prboiechktREPBED RlWRa0, AHAYL iola%%lﬁxﬁatm o RRGS LLANE crelle® USE

of either: a |ow pressure chemcal 6 0 6 AUG 2004 vapor deposition

(LPCVD) , vpdloggishis, e NREDkasoies oo ke R Ehp e b CibcdaR e pegﬁﬂf?e%itfs{gg@fn%qlocedur e

(PECVD); or via a thernal oxidation procedure. Silicon nitri ayﬁ? 6, is

next dep®H, it Wi énerdyPoY Pe®ordRESMDL RHOMSHNGS0 d © ke{/hit%lé&%ﬁvé%%ta sk
about 1000 to 4000 Angstrons, overfylng -
1E13 to 2ZE13 atoms/cm?, creating P well region 3, with the P well region featuring a higher P
type dopant concentration than the P type, dopant concentration of semiconductor substrate 1.
After removal of the photoresist mask, used to protect PFET region 60, from the P well ion
implantation procedure, another photoresist shape is formed, protecting NFET region 50, ﬁo.m an
ion implantation procedure used to create N well region 4, in PFET region 60. This is
accomplished via implantation of either arsenic, or phosphorous ions, at an energy, for
phosphorous ions, between about 400 to 500 KeV, at a dose between about 1E13
to 2E13 atoms/cm’. The photoresist shape used to protect NFET region 50, from the N well, ion

implantation procedure, is removed. via plasma oxygen ashing and careful wet cleans. The result

of these procedures is schematically shown in Fig. 1.

First openings, defining subsequent channel regions, for both NFET and PFET regions, is
next addressed and schematically described in Fig. 2. A composite insulator is first formed on the
top surface of semiconductor substrate 1. A thin, underlying silicon oxide layer 5, is first formed
to a thickness between about 100 to 1000 Angstroms, via use of either: a low pressure chemical
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silicon oxide layer 5. Conventional photolithographic and ani sotropic,
reactive ion etching,.(RE), procedures, using photoresist shape 7,0 @xu& 2004
mask, and using Cl2, as an etchant, are used to form first openings 8, in
silicon nitride layer 6. First openings 8, are defined using the reverse
mask, that is normally used for conventional definition of a polysilicon
gate structure. The dinension, or wdth of first openings 8, between about
0.10 to 1.0 um w il determ ne the channel |ength of the subsequent MOSFET
devices. lon inplantation procedures are next used to create threshold

adj ust region 9a, in NFET region 50, and threshold adjust region 9b, in
PFET region 60. If different inplant species and conditions are needed for
each MOSFET type, nultiple photoresist nasking procedures are enployed to

bl ock eit .NFE PEET region during the creation of the threshold
adj ust r egﬁ)’ﬁ?%% sc')’lr}lmf’l]g]; %Y]E)e P =+ Plagiye enimged chesnieat vapepti¢pobition procedure,

threshold(P st Begi,on 9a,..in NFET region 50, via inplantation of either
boron, or VBra At ORYiE RHEF oidsuoppsocedusn sSiliconniteide lavso 6t is AextdepBedsed, at a
dose betgﬁé?vébogﬁ 12 tq 5E12 atons/cnz, while phosphorous ions, are
i npl ant e 9 EREY R praetviss to aHurkness betmeerBhokeNI00 &t 4090dometrdiad, wealyingabout
2E1 2 to 4El12 atons/cnR, to formthreshold adjust region 9b, in PFET region
60. Aft er SHEREVES layere- finsvetienal photelbqueephicsed aistiopic readiive Spetihfigs (RIE),
threshold voltage region for either the NFET or PFET regions, first
spacer s 1Rocedpiss fugingrebiotorsistishapei7das sk dnd Sbin® OB tsag StcBant, albWised S form
schematically shown in Fig. 3. First spacers 10, can be conprised of
pol ysi | i clispt,operingsi%; stsilicopaitrisleday0s. BBNORRAINGORNEASIIRERMBASIevGHREHSed Of
an overlying polysilicon shape, and an 7 06 A U G 2004 underlying silicon
oxi de shzpa 1s mininallyi usedfor barventionhl defnitleseaippBATidsIgae BkMre! T ARLYSI LEON
shape for first spacers 10, however if the conposite spacers are used, the
under | yi rijdeiof ficso npemicigsl 8, between about 0.10 to 1.0 um, will determine the channel length of the

subsequent MOSFET devices. Ion implantation procedures are next used to create threshold

adjust region 9a, in NFET region 50, and threshold adjust region 9b, in PFET region 60. If

different implant species and conditions are needed for each MOSEET type, multiple photoresist

masking procedures are employed to block either the NFET or PFET region during the creation

of the threshold adjust region, for the other MOSFET type. This is accomplished for threshold

ad_ms_t region 9a, in NFET region 50, via implantation of either boron, or BF, at an energy for BF,

ions between about 40 to 60 KeV, at a dose between about 3E12 to 5E12 atoms/cm?, while

phosphorous ions, are implanted at an energy between about 40 to 60 KeV, at a dose between

about 2E12 to 4E12 atoms/cm?, to form threshold adjust region 9b, in PFET region 60.

After removal the photoresist shapes used to form the specific threshold voltage region for
either the NFET or PFET regions, first spacers 10, are formed on the sides of first openings 8.
This is schematically shown in Fig. 3. First spacers 10, can be comprised of polysilicon, or first
spacers 10, can be composite spacers, comprised of an overlying polysilicon shape, and an
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conponent woul d be between about 100 to 1000 Angstrons, in thickness. This

is acconplished via deposition of an intrinsic polysilicon |ayer, V%ﬁgﬁﬂ‘ :
LPCVD procedure, at a thickness between about 500 to 2000 Angstrons. G 2004
sel ective, anisotropic R E procedure, using HBr/Cl2/02 as an etchant, is

next enployed to create first spacers 10, on the sides of first opening 8,
resulting in second openings 11, with a dinmension, or with a wdth,

bet ween about 0 to 0.10 um for short channel |ength devices. For |ong
channel | ength devices, opening 11, approxi mates the channel | ength.

Second openings 11, will serve as a mask, to allow ion inplantation
procedures to create the lateral delta doping regions, and al so the

anti - puncht hrough regions, placed only in center portion of the channel
region. To create anti-punchthrough region 12a, in NFET region 50, a

phot or esi ‘E'Pef&*ra%p*éw% ofidethape ThisdeerntionPill berdespribed g ofilyolm podpiliant dapeon of
boron or BF2 ions, perforned at an energy, using boron ions, between about

20 to 60 fRENst spacezs W beweyet iftherrombasite spfEi Arct1ned? BikAmadriying/sitigdn oxide

Anti - puncht hrough region 12a, with a P type dopant concentration greater

t han. t he PMpgReat H@lrdégt: begeraeahvutaild om 100 Ahgegbhs, ireglicRidss3, THM ik hecoSigihed
jointing, or depletion region encroachnent, at the interface of a
subsequerwa depBiteombfse hitdoiRgobtiticon 1ies MASCLPC VIOWRYR urk, Ne 2 AliKnbd %et&x%en
restrictaLhe area of the lateral doping region, ( the anti-punchthrough
region), aboutSAv yo 2006 Avgstais. POseldcve, AisdudBic ki i horgsplt in
| ess capacitance than counterparts fabriga?ﬂ%@ﬂf%ﬁﬁ§%%@ggﬁﬁg%%%%%igh
regi ons letchattgsnat enployddre chRiteifr® shRAGQN i on. .er. renoval
of the photoresist sha%e, used to %ask gﬁ%¥h?ggﬁgﬁ%%%§&¥?§§fFﬁ%5§§ﬂ 6 AUG

2004 . prawedspaiisl 1 ,ovith AikiGhsRAL drAHNCRIIR, BUSBerd £ ko b2 und 39! S

phot oresi st shape is forned to
channel length devices. For long channel length devices, opening 11, approximates the channel

length.

Second openings 11, will serve as a mask, to allow jon implantation procedures to create
the lateral delta doping regions, and also the anti-punchthrough regions, placed only in center
portion of the channel region. To create anti-punchthrough region 12a, in NFET region 50, a
photoresist shape is used to protect PFET region 60, from implantation of boron or BF, ions,
performed at an energy, using boron jons, between about 20 to 60 KeV, at a dose between about
SE12 to 2E13 atoms/cm®. Anti-punchthrough region 12a, with a P type dopaﬁt concentration
greater than the P type dopant concentration of P well region 3, will reduce jointing, or depletion
region encroachment, at the interface of a subsequent LDD and semiconductor interface.
However the ability to restrict the area of the lateral doping region, ( the anti-punchthrough
region), to only the center portion of the channel region, will result in less capacitance than
counterparts fabricated with anti-punchthrough regions located across the entire length of
channel region. After removal of the photoresist shape, used to mask PFET region 60, from the
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protect NFET region 50, fromthe ion inplantation procedure used to create
anti-puncht hrough region 12b, in PFET region 60. This is acconpli shedaViag
i npl antation of arsenic, or phosphorous 1ions, at an energy, using
phosphor ous ions, between about 40 to 150 KeV, and at a dose between about
S5E | 2 to 2E] 3 atons/cn2. Again as was the case for anti-punchthrough
region' 12a, the N type dopant concentration of anti-punchthrough region
12b, is greater than the N type dopant concentration of N well region 4,
thus restricting subsequent depletion region encroachnment. The result of
t hese procedures, used for creation of the anti-punchthrough regions, is
schematically shown in Fig. 4. After renoval of the photoresist shape,
used to protect NFET region 50, fromthe ion inplantation procedure used
to create L [ h region 12pb, in PFET region 60, first spacers
10, -are r%ﬁo%%ﬁﬁggfﬁéﬂ%?’#%éuﬁmﬁg&w CR1OB ! &% dBRIPE PhotgFesiss shapeds Eumpdo dry
etching p T ving the polysilicon, or polysilicon - silicon
oxi de spa%rgﬁgt%}?ﬁwﬁoﬂgagffod’ég’e&" ’W@%“@b@ﬁ?%“&se‘f tpivscat aptiquottithrgugipt i on
is acconpl i.shc?gti us];él%ﬁ, CHF3 as_an etchant for either polysilicon, or the
pol ysi | i GHO? "< 11 185 80-c Dipris apqomplishied via implentationus edbedit, for pheph@bus
etchant aqption, for first spacer renoval. The region of silicon oxide
| ayer 5, ‘858 En¢TRY.UpiRg phasphondusdor8, bitsvesredtoot 400l 1¥0 Ke®mide 2 dbg Heseenf a
buffered hydrofl uoric acid solution, exposing the top surface of the
channel  3PBi%613 (o?E BrtomaaBF ERedie s westhe Aate e antlpuaohtidaidhaBaisd pGegur e,
performed_i n._an oxygen - steam anbient, at a tenperature between about 850
to 950 CN e Aenant epseantrationpfonsi-pichthorugtlirepiondia, ig gictet Mattiabofpt @k 13, at
a thickness between about 30 to 90 Angstronms, on the exposed top surfaces
of the clfapasairationgf Birvell ragien 4, dpeesaiting sutsephedt@epltQun FEibO BrcilacEhdr: CPRe
dioxide 9 0 6 AU G 2004

result of these procedures, used for creation of the anti-punchthrough regions, is schematically

shown in Fig. 4.

After removal of the photoresist shape, used to protect NFET region 50, from the ion
implantation procedure used to create anti-punchthrough region 12b, in PFET region 60, first
spacers 10, are removed using either wet etch procedures, or via selective dry etching procedures,
removing‘the polysilicon, or polysilicon - silicon oxide spacers, from the sides of first opening 8.
The dry etching option is accomplished using CHF, as an etchant for either polysilicon; or the
polysilicon - silicon oxide composite, while KOH is used fir the wet etchant option, for first

- spacer removal. The region of silicon oxide layer S, exposed in first opening 8, is sclectively
removed via use of a buffered hydr‘oﬂuoric acid solution, exposing the top surface of the channel
regions of the MOSFET devices. A thermal oxidation procedure, performed in an oxygen - steam
ambient, at a temperature between about 850 to 950° C, is next used to grow silicon dioxide,
gate insulator layer 13, at a thickness between about 30 to 90 Angstroms, on the exposed

top surfaces of the channel regions. The temperature used for formation of silicon dioxide
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| ayer 13, results in activation of the previously inplanted ions, creating
threshold regions 9a, and 9b, in NFET region 50, and PFET regi on 60, UG
respectfully, as well as creating anti- puncht hrough regi on 12a, andﬂgﬁé, a0k
again in NFET region 50, and in PFET region 60, respectfully. The narrow,
anti - puncht hrough regions, narrower in width than first opening 8, are
conprised wth a wedge shape, that is wder at the bottom and narrower at
the top. The shape of the narrow, anti-punchthrough regions is a result of
the inplantation procedure, where the inplanted ions will endure a greater
nunber of collisions as it goes deeper into the substrate. Therefore the

doping profile will disperse in a |large scope at the bottomof the |atera
doping profile, resulting in the wedge shape profile, schematically shown
Fig. 5. N 9{ silfcon | ayer is next deposited, via LPCVD procedures, to a
t hi ckness bet WEEH S4B 8HHvaianRidhe rredowty implgated ims crestimgthessiellqrekiohs 9a)g i r st

openi ng 8. ,The silicaon | ayer can be doped in situ, during deposition,
via the &8% gtf "’bﬁ%@( region; NeanddiFEdhyegion bhaespeafiutly, s welhes @edingaiti- or t he

pol ysilicon can be deposited intrinsically than doped via inplantation of
arseni c 8 ﬁﬁ%‘% GPERIs122; a3 d 2b,Ranio iNFBT repiui ONanddh PFIE re@@in¥®i fekiifullyay er |
fromthe _top surface of silicon nitride layer 6, is acconplished via
cheni cal The s, eati-punshibadvigh eems omdowesin widh tah R opeink REare c8AphiRA Of

pol ysilicon gate structure 14, in first opening 8. Polysilicon gate

st r uct ur ¥tk 4 wedghshape, ktwaisivider shtheboitém Fing narBowdr St gietdpnadle tiapk bf@L openi ng
8, which in turn was used to define the subsequent channel "regions, for

t he MOSFEATQtswiiépenchihfout? sigiced isuvemint &ahd i8giataorroRALY Sihd-C AR i Of
removed fromthe top surface of silicon nitride layer 6, via a selective,
RIE proc@guwel endet agraatdr umies oficolkicii adit godsQebpeBinfiHi 4@%ate, Therefore the

doping profile will disperse in a large scope at the bottom of the lateral doping profile, resulting

in the wedge shape profile, schematically shown Fig. 5.

,A polysilicon layer is next deposited, via LPCVD procedures, to a thickness between about
2000 to 3000 Angstroms, completely filling first opening 8. The polysilicon layer can be doped in
situ, during deposition, via the addition of arsine, or phosphine, to a silane ambient, or the
polysilicon can be deposited intrinsically than doped via implantation of arsenic or phosphorous
ions. Removal of regions of the polysilicon layer, from the top surface of silicon nitride layer 6, is
accomplished via chemical mechanical polishing procedures, resulting in the creation of
polysilicon gate structure 14, in first opening 8, i’olysilicon gate structure 14, schematically
shown in Fig. S, is defined by first opening 8, which in turn was used to define the subsequent
channel regions, for the MOSFET devices. If desired unwanted regions of polysilicon can be

removed from the top surface of silicon nitride layer 6, via a selective, RIE procedure, using CHF,

as an etchant,
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Renmoval of silicon nitride |layer 6, and of silicon oxide |layer 5, the '
| ayers used to define first opening 8, is next addressed. Silicon n¥6rAlife 2004
| ayer 6, is renoved via use of a hot phosphoric acid solution, resulting
in polysilicon gate structures 14, on silicon dioxide, gate insulator |ayer
13, Lightly doped source/drain, (LDD), regions, are next formed in regions
of sem conductor substrate, not covered by polysilicon gate structures 14,
via ion inplantation procedures. A photoresist shape is first used to
protect PFET region 60, froman ion inplantation procedure, wused to create
N type, LDD regions 15a, in NFET region 50. This is acconplished via
i npl antation of arsenic, or phosphorous ions, at an energy, using arsenic
i ons, between about 10 to 30 KeV, at a dose between about 2E13 to 2E14
at ons/ cn®. Afher r(?rTP\(aI of the masking photoresist shape, another
phot or esi st shaP&YY & Yicgn nitgdedayst 6.nd on eido hy&G, therayersaned @nlefine first
i mpl antation. procedure, used to formP type, LDD region 15b, in PFET region
60. This P%‘-‘mngéctﬁﬂﬁﬁiaé#@@edn Biligompiteidk layer 6nis odmdyed oia ugs of3Ft pRSBhorRtacAN
ener gy between about 10 to 30KeV, at a dose between about 1E13 to 1El14
at ons/ cneSoluiqe. sesbtingrie polysiliooh gte strursieres 140 o silidoaioxddedate Q@O Iap 13f rom t he
P type, LDD inplantation procedure, is then renoved via plasma oxygen
aski ng ankightlrdoped sapete/drdinhBD), Fagionsard s fetfnel HASE R FSEHLERB otk S
schematically shown in Fig. 6. Renoval of silicon oxide |ayer 5, is next
addr essedustete, get wiverad bypdiwsiliedn Batel safchil@ 14Cvia nGmpsthiidd PBeedhids | gued by
the formati on of second spacers 16, on the sides o? pol ysilicon gate
st r uct ur edhiotatesisTiage isdirslosdTp bi BEEHFRT Poglod G0 IREH 5h fon MApIAftadh drgubAL OF
| ayer, such as silicon oxide, via LPCVD or PECVD procedures, at a
t hi cknes Sisptoveente Hitypet LDDGEi6m 1550 NARYSESNED, ThisQh ch%\{ﬁﬁighgd gh ani sotropic
RIE procedure, using CHF3 as an etchant. If desired seco I nsul at or
spacers daplatietiqoofiarsesie,tbr @hosphdroGibng) b dnieHlé gy, 39 BrsLB BRY DeBednPENR 100"
PECVD procedures, 11 7

to 30 KeV, at a dose between about 2E13 to 2E14 atoms/cm®. After removal of the masking

photoresist shape, another photoresist shape is used to protect NFET region 50, from an ion
implantation procedure, used to form P type, LDD region 15b, in PFET region 60. This is
accomplished via implantation of boron or BF, ions, at an energy between about 10 to 30KeV, at
a dose between about 1E13 to 1E14 atoms/cm®. The photoresist shape, used to protect NFET
region 50, from the P type, LDD implantation procedure, is then removed via plasma oxygen

ashing and careful wet cleans. The resuls of these procedures, is schematically shown in Fig. 6.

Removal of silicon oxide layer 5, is next addressed via use ofa buf_fered hydrofluoric acid
solution, followed by the formation of second spacers 16, on the sides of polysilicon gate
structures 14. This is accomplished via the deposition of an insulator layer, such as silicon oxide,
via LPCVD or PECVD procedures, at a thickness between about 1000 to 1500 Angstroms,
followed by an anisotropic RIE procedure, using CHF, as an etchant. If desired second insulator

spacers can be comprised of silicon nitride, again formed via LPCVD, or PECVD procedures
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06 AUG 2004 followed by blanket RIE processing. Heavily doped source/drain
regions, are then fornmed in regions of the sem conductor substrateQreoRUG 2004 -
covered by polysilicon gate structures 14, or by second spacers 16. Again
phot oresi st masking is used to protect PFET region 60, from inplantation
of arsenic, or phosphorous ions, at an energy, using arsenic ions, between
about 30 to 50 KeV, at a dose between about 2E] 5 to 5E15 atons/cn®,
creating heavily doped, N type source/drain region 17a, in NFET region 50.
After renoval of the photoresist shape, used to protect PFET region 60,
during formati on of heavily doped, N type source/drain region 17a, another
phot oresi st shape is used to protect NFET region 50, fromthe ion
i npl antati-on procedure, used to create heavily doped, P type source/drain
region 17 in, PEET region 60. This is acconplished via inplantation of
boron, or Pogﬁgeﬁi @’nlga“ket;@ﬁé’ﬁocﬁﬁﬁérfggﬁeaﬂbi dogedrpraern regionsyeertherafoondd i80 to 50
KeV, at a dose%tlsjt t ween about 2E15 to 5E15 atons/cnR. After renoval of the
maski ng plfEto8t g%fe“g%’éﬁ‘é’,tm\ﬁll@tfmea@mvcwﬂ@ﬁpol&sjlidongatamﬁlucﬁmewIor pet cl eans,
the inplanted ions, in both the LDD and the heavily doped source/drain
regi ons, ¥FYdERGeTRkGe dhaninphotoessist maskingrinesad to proRtfRFBTRGibR6RIHRLT a
conventional furnace, or in a rapid thermal anneal, (RTA), furnace, at a
t enper at ufPlaBEtigRefarsehioLer pHOPhoEUL DA aCan dHegry] BHFRICADIRE biGeReBYil 4
doped, source/drain regions is schematically shown in Fig. 7. The ability
to creat &°R0KEV: aun dast betakencibbi2 RGP 881 RGIER’, BeatihgMBEAID Woped, N type
anti-punchthrough region, in the channel region, reduces the risk of LDD
j oi nti ng, Soufce/esn rggion A, DIFENTHRNLSAL ABRr renfbal 38113 phéioHkikt éﬁaped%p gyion
regi on encroachnment. In addition the ability to limt the area of the
narrow, eetectREGTTEAio060 Kuringfomation of RevilyERbe N §pb youird@/(frﬁﬁge%%hﬁﬁ of the
the”

channel region, limts the additional capacitancCe create

anti - pun @h@ﬂhﬁrmhgtoresisg_khape is e t6 pRAGE NFBTGHS . ab&Ah&ion mﬁantation
procedure, used to create heavily doped, P type source/drain region 17b, in PFET region 60. This
is accomplished via implantation of boron, or BF, jons , at an energy, using BF, ions, between
about 30 to 50 KeV, at a dose between about 2E15 to SE15 atoms/cm®, After removal of the
masking photoresist shape, via plasma oxygen ashing and careful wet cleans, the implanted ions,
in both the LDD and the heavily doped source/drain regions, are activated via use of an anneal,
performed in either a conventional furnace, or in a rapid thermal anneal, (RTA), furnace, at a
temperature between about 900 to 1000° C. The formation of the héavily doped, source/drain

regions is schematically shown in Fig, 7.

The ability to create a narrow lateral delta doping region, or a narrow anti-punchthrough
region, in the channel region, reduces the risk of LDD jointing, either during LDD implantation,
or as a result of depletion region encroachment. In addition the ability to limit the area of the
narrow, anti-punchthrough region, to be located only in the center of the channel region, limits the
additional capacitance created by the anti-punchthrough region. The capacitance genera?ed at the
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12 0 6 AUG 20 4 junction of the source/drain to substrate, is reduced by
about 50% While this invention has been particularly shown and desg:giﬁg@dzn .
with reference to the preferred enbodinents thereof, it will be understoo
by those skilled in the art that various changes in formand details may
"be made without departing fromthe spirit or scope of the invention. 13 0O
6 AUG 2004 CLAIMS 1. A nethod of fabricating a netal oxi de sem conduct or
field effect, (MOSFET), device, on a sem conductor substrate, conprising
the steps of: formng a well region, in said sem conductor substrate;
formng a first opening, with a width between about 0.10 to 1.0 m in a
conposite insulator |ayer, exposing a portion of said well region to be
used for; Gren = i r, sai.d FET device: formng a threshold
vol t age jggfﬁt}ls?lt reggiog%&?irﬁgg’t?%‘%sggFtlF&%%?aEl%Ya? “Eﬁ‘g%ﬂnel region; formng
first spacers on the sides of said first opening, in said conposite
i nsul ator |ayer, resulting in a second opening, with a width between about
0to 0.10 p.m . wherein said first spacers, on the sides of said first
openi ng, ar ee@élﬁxﬁb@wvaﬁmthasb@ntp@mcmmg showgs tndbdescribed tWithokefeeare tE thepr i sed
of either polysilicon, at a thickness between

preferred embodiments thereof, it will be understood by those skilled in the art that various

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

invention.
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about 500 to 2000 Angstrons,

silicon
form ng
channel

or conprised of a conposite polysilicon
oxide layer, at a thickness between about 600 to 3000 Angst

OShAVG 2004

a narrow |l ateral delta doping region in a bottom portion of said

regi on, exposed in said second opening, with said narrow,

anti - puncht hrough region, deeper in said channel region, than said
d vol tage adjust region; renaIMg said first spacers fromthe sides
first opening; growing a gate insulator |ayer on the top surface

t hr eshol
of said
of said
pol ysi |

openi ng;

chanmethod ef fabricatinganaselbide Sicnlidié ficdPeiic) gMOSFET) NibviRe,

con gat.e struc&g%e, on said gﬁte i nsul ator layer, in said first

PSPPSR G SOmPising

eM®e oFayer: forming a lightly doped

sour ce/ drain regi RRmidgh il RERR, BlsaRAkLAiSSMEANMMGLYE  Substrate, not
by said polysilicon gate structure; . form ng second spacers on the

sai d pol {psmingeofirstenening: witl 2 wtidh beimderl dbcdt 6.1At GOPEV 4 ormi ng a

SO, N ion, i.n_an area,of .sajd sem conduct o
SRR TONSAROE U P Lot 6 S e lsche PR £2P SHighEL,
second spagienshor gid TMOSRET dedcaf claim 1, wherein said MOSFET device is an

covered
si des of
heavi |y
substrat

N channel device, .for.nmed

channel
substr at

P.well region, |located in saig sem conduct or

i .
_substrate. 5 3. TﬁWﬁWSB?I%CWOQFgﬁafJ“ S108i1H 2 L0 RPTRASHESHIFRE s a P

depbge, formed in an N well region, located in said sem conductor

e.
forming first spacers on the sides of said first opening, in said composite

insulator layer, resulting in a second opening, with a width between about 0 to 0.10 um,
wherein said first spacers, on the sides of said first opening, are between about 500 to
2000 Angstroms in thickness, comprised of either polysilicon, at a thickness between
about 500 to 2000 Angstroms, or comprised of a composite polysilicon - silicon oxide
layer, at a thickness between about 600 to 3000 Angstroms;

forming a narrow lateral delta doping region in a bottom portion of said
channel region, exposed in said second opening, with said narrow, anti-punchthrough
region, deeper in said channel region, than said threshold voltage adjust region;

removing said first spacers from the sides of said first opening;

growing a gate insulator layer on the top surface of said channel region,
exposed in said first opening;

forming a polysilicon gate structure, on said gate insulator layer, in said first
opening;

removing said composite insulator layer;

forming a lightly doped source/drain region, in an area of said semiconductor
substrate, not covered by said polysilicon gate structure;

forming second spacers on the sides of said polysilicon gate structure; and
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4. . The-nmethod of claim1l, wherein said well region, in said sem conductor
substrate, is either a P well region, to be used for N channel, MOSHEd AUG 2004
devices, or an N well region, to be used for P channel, MOSFET devices. 10
5. The method of claim1l, wherein said conposite insulator layer is
conprised of an underlying silicon oxide |layer, obtained via LPCVD, PECVD,
or thermal oxidation procedures, at a thickness between about 100 to 1000
Angstrons, and conprised with an overlying silicon nitride |ayer, obtained
via LPCVD or ‘PPCVD procedures, at a thickness between about 1000 to 4000
Angstrons. 15 15 0 6 AUG 2004 6. The nethod of claim 1, wherein said narrow
| ateral delta doping region, for an N channel, MOSFET device is fornmed via
ion inplantation of boron, or BF2 ions, at an energy, using boron ions,

bet ween abouforntng h@RilKddpedabureedaterdgRin\REm ARBHsaid Elicondhcdq 2E13
atonms/cnR. 7. The nethod of claiml, wherein said narrow | ateral delta

region, for subbtrat€ e b&tered\byNafalhdkRMicES ok LiRd Ml At o0, ol ant ati on of
phosphorous, or arsenic ions, a%digg’ncengrtgf{rgum h%’y%ﬂsgls 1767 P& ween
about 40 to 150 KeV, at a dose between about 5E12 to 2E13 atons/cnz. | S

8. Th th ' . L n. sai i hsul at I ' il
i oxi ge 1 ayer Mapr Rt ICh R RiRuMARERT %0 § soov sbwpatdeniss, fotmed ned

vi a thermal :0xidat,j on. ocedures, in an oxygen - steam anbi ent.
if? é'Pdweli reglon,p {ocate(ij #x sai?i sem?conductorys%bstrate.

5 3. The method of claim 1, wherein said MOSFET device is a P channel device, formed

in an N well region, located in said semiconductor substrate.

4. The method of claim 1, wherein said well region, in said semiconductor substrate, is
either a P well region, to be used for N channel, MOSFET devices, or an N well region,

to be used for P channel, MOSFET devices.

10 3. The method of claim 1, wherein said composite insulator layer is comprised éf an
underlying silicon oxide layer, obtained via LPCVD, PECVD, or thermal oxidation
procedures, at a thickness between about 100 to 1000 Angstroms, arid_comprised with
an overlying silicon nitride layer, obtained via LPCVD or PECVD procedures, at a

thickness between about 1000 to 4000 Angstroms.

15
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9. The nethod of claim11l, wherein said polysilicon gate structure is
obt ai ned via deposition of a polysilicon |layer, via LPCVD procedurﬁg,l@g %
t hi ckness between about 2000.to 3000 Angstrons, then defined via c rhrtCa 00
mechani cal polishing procedures, formng said polysilicon gate structure,
in said first opening. 16 0 6 AUG 2004 10. A nethod of form ng a MOSFET
device, on a sem conductor substrate, featuring a narrow delta doping
region, forned in the center of the channel region, in said MOSFET device,

conpri si ng ¢ hahenestisoddf cldifm i on. [N sai.d sen conduct or
substrate;.éorm’ ng a cor?posilggnigrr?g)u%%aﬁq aﬁ%?‘ﬂgﬂt% p&f‘%"éﬁ’i"@oﬁ%&ﬂ%ﬂ\br

substrate, W i ite insul.ator, | ayer conprised of an overlying
silicon ni t%g%ef’gggrgyﬁgﬁgﬁgénls 3‘1‘%%@%@%%%@% or BFefonsfatrani ng a
first opening.wth.a E/idth bet ween about 0.10 to 1.0 p,m in said

conposi te i nsuPat'Bi8 38R 1onsy Belavesn abous 30tto 60 Ke, atweddsebesvychabsutfE9ai d
wel | I gion, with said 2fi rst opening defining the dinension for said
channe regitB ; lﬁéFQWﬂgﬂa threshol d adjust region in a top portion of said
channel region, exposed in said first opening; formng first spacers on
the sides of_said first opening in said conposite insulator |ayer, at- a

t hi ckness bef\iBenmethodibf @48 T, Qvlﬁ%ﬁ@saﬁ!‘ﬂﬁév?fﬁﬁrﬂ della ?%%oq,a‘}(%rr S% y spacers
n

conprised with said underlying silicon oxide layer," ckness between
about 100 etand@0MOSTET! dees is RRfled 9ARGA ATl of 3 Ryerl Vi ng polysilicon

| ayer, at a Orous, or arsenic
10ns, at an energy, using phosphorous between about 40 to 150 KeV, at a dose between

about 5E12 to 2EI13 atoms/cm®

15 8. The method of qlaim 1, wherein said gate insulator layer is a siticon dioxide layer, at

a thickness between about 30 to 90 Angstroms, obtained via thermal oxidation

-procedures, in an oxygen - steam ambient.

9. The method of claim 1, wherein said polysilicon gate structure is obtained via
deposition of a polysilicon layer, via LPCVD procedures, to a thickness between about
© 2000 to 3000 Angstroms, then defined via chemical mechanical polishing procedures,

forming said polysilicon gate structure, in said first opening.
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t hi ckness between about 500 to 2000 Angstrons, creating said second
opening, with a wdth between about 0 to 0.10 pm form ng said narg@Wyg om0 -
delta doping region, in a |lower portion of said channel region, using sal
second opening as a mask; renoving said second spacers from sides of said
conposite insulator |ayer, re-establishing said first opening; 17 OB AUG
2004 grOwm nga silicon dioxide gate insulator |ayer on the top surface said
channel region, exposed in said first opening, depositing an in sit doped,
polysilicon |layer; renoving regions of said in sit doped, polysilicon

| ayer, fr the. t urfac id, 5 conposite insulator |ayer, creating
a pol ysil c&@ﬂhﬁ?‘ﬁ&%ﬁﬁ%&ﬁé‘%‘éﬁ%éa@s §PlaiSE’6W°ﬂﬁl‘t9§8fg§%bS“§@t faturggRat or
| ayer, i mas@ivelth H?in@&%%nﬁ‘ﬂfmea_ SIRY b B SR &QM?&;?@#J&%&H&%@@E@YH ;

formng a lightly doped source/drain region, In an
seni cond Ve, cogipsising shestenstoficover ed by said polysilicon gate structure.

10 form ng secondfog@%ggrv§eﬂo1@%%§|§}1ﬂig%g 1%];)11 u%'{ogﬁ&osgt%i | icon gate structure;

form ng a heavily sour arn Hgglon, an area of said
sem conduct or  sufoshingtaeompbsitedneilack 1byer 9aisaid ahi¢onducte Bulgabe, withuct ure, or
by said Ssg{ﬁocrc])(rjnp%ggeclgsruié'toralg)gcr cl)m Sgefdoorf r;]n gger?yri]ngasrhri]&?ll niteirdg ag%g ragc'l an
underlying silicon oxide layer;

forming a first opening ,with a width between about 0.10 to 1.0 um, in said
composite insulator layer, exposing a portion of the top surface of said well region, with
said first opening defining the dimension for said channel region;

forming a threshold adjust region in a top portion of said channel region,
exposed in said first opening;

forming first spacers on the sides of said first opening in said composite
insulator layer, at a thickness between about 600 to 3000 Angstroms with said first
spacers comprised with said underlying silicon oxide layer, at a thickness between about
100 to 1000 Angstroms, and comprised with said overlying polysilicon layer, at a
thickness between about 500 to 2000 Angstroms, créating said second opening, with a
width between about 0 to 0.10 pm;

forming said narrow delta doping region, in a lower portion of said channel
region, using said second opening as a mask;

removing said second spacers from sides of said composite insulator layer,

re-establishing said first opening;
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11.. The nmethod of claim 10, wherein said MOSFET device is an N channel
device, 1is formed in a P well region, located in said sem conductor <
substrate. 12. The nethod of claim|l Op wherein said MOSFET devi ce Qi ARG R004
channel device, fOIMed in an N well region, |located in said sem conduct or
substrate. 13. The nethod of claim10., wherein said well region, in said
sem conduct or substrate, is either a-P well region, to be used for N
channel , MOSFET devices, or an N well 20 region, to be used for P channel,
MOSFET devices. 18 0 6 AUG 2004 14 The nethod of claim 10, wherein said
underlying silicon oxide |ayer, of said conposite insulator |layer, is
obt ai ned via LPCVD, PECVD, or thernmal oxidation procedures, at a thickness
bet ween about 100 to 1000 Angstrons, and wherein said overlying silicon

L S S o i 5 17

PEC VD procedures, at a thickne etween 0

.~ The et hod eRbosel & iR ein said narrow delta doping region, for an
N channel, FET dev%@rgt?w'{% med via ion inplantation of boron, or BF2

ions, at an en .- USI N ron,ions, between about 20 to 60 KeV, at a dose
bet ween about - g%““%oanégsggoﬁ?%ﬂﬁﬁﬁ‘?’@nIEIPT,The met hod of clai miOwherein
said narrow delta doping region, for a P channel, MOSFET device is forned
via ion inpl anf%{{’?‘ﬁﬁé)ff’ﬁ‘oﬁﬁ&g%‘éﬂbﬂsqomﬂ, rlsdicor layerofism taé (R bueAes Ssaid!Si N9
phosphorous ions, _between about 40 to 150 KeV, at a dose between about
5E12 to 2E13°UPRAMF dplator layer, creating a polysilicon gate structure, on said silicon dioxide

gate insulator layer, in said first opening;
removing said composite insulator layer:
forming a lightly doped source/drain region, in an area of said semiconductor

substrate not covered by said polysilicon gate structure;

10 forming second spacers on the sides of said polysilicon gate structure;

forming a heavily doped source/drain region, in an area of said semiconductor

substrate not covered by said polysilicon gate structure, or by said second spacers; and

performing an anneal procedure.

11, The method of claim 10, wherein said MOSFET device is an N channel device

15 formed in a P well region, located in said semiconductor substrate.

12, The method of claim10, wherein said MOSFET device is a P channel device

formed in an N well region, located in said semiconductor substrate.

- The method of claim 1¢ , wherein said well region, in said semiconductor substrate
is either a P well region, to be used for N channel, MOSFET devices, or an N well
20 region, to be used for P channel, MOSFET devices.
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17 The nethod of claim1l O wherein said silicon dioxide gate insulator
| ayer is formed 10 to a thickness between about 30 to 90 Angstrons, g\ AU@ 2004

thermal oxidation .procedure, in an oxygen - steamanbient, at a _
t enperature between about 850 to 950 C. 18 The nethod of claim 10, wherein
said anneal, is perfornmed using conventional furnace procedures, or
performed using rapid thermal anneal, (RTA), procedures, at a 15
t enper at ur el % &hsaenhabefulaifao, wherkf0fidundé@ying silicon oxide layer, of said

composite insulator layer, is obtained via LPCVD, PECVD, or thermal oxidation

procedures, at a thickness between about 100 to 1000 Angstroms, and wherein said

overlying silicon nitride layer, of said composite insulator layer, is obtained via LPCVD

or PECVD procedures, at a thickness between about 1000 to 4000 Angstroms,

15  The method of claim 10, wherein said narrow delta doping region, for an N
channel, MOSFET device is formed via ion implantation of boron, or BF, ions, at an

“+

energy, using boron ions, between about 20 to 60 KeV, at a dose between about 5E12

to 2E13 atoms/cm?

5 | 16 The method of claim 1¢ ’wherein said narrow delta doping region, for a P
channel, MOSFET device is formed via ion implantation of phosphorous, or arsenic

ions, at an energy, using phosphorous ions, between about 40 to 150 KeV, at a dose

between about 5E12 to 2E13 atoms/cm>

17 The method of claim 10,wherein said silicon dioxide gate insulator fayer is formed

10 to a thickness between about 30 to 90 Angstroms, via a thermal oxidation

procedure, in an oxygen - steam ambient, at a'temperature between about 850

to 950° C. )

18 The method of claim 10, wherein said anneal, is performed using conventional

furnace procedures, or performed using rapid thermal anneal, (RTA), procedures, at a

15 temperature between about 900 to 1000° C.
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