INTEGRATED CIRCUIT SYSTEM FOR SUPPRESSING SHORT
CHANNEL EFFECTS TECHNICAL FIELD [0001] The present invention
relates generally to integrated circuits, and more particularly to an
integrated circuit system for suppressing short channel effects.
BACKGROUND ART [0002] Integrated circuits find application in many of

today's c ' ' S,
portable music pla%iefﬁrsi,spﬁn e?i@mﬁﬁlsjﬁé\,}f E%Sﬁ r?f%i?ggggcgingalts may
include a combination W&e )&imﬂaﬁﬁj%zﬁﬁigices and their

ypica

interconnections. [0003] Active devices are y comprised by

metal-oxide-semiconductor field-effect transistor (MOSFET) devices,

which generally include a semiconductor substrate, having a source, a

drain, and a channel located between the source and drain. A gate stack

composed of a conductive %&%ﬁl‘ﬁ“%@%&) and an oxide layer (i.e., a

ate oxide) are typically located directly above the channel. During )

m"“ﬁpéﬂ‘ﬁiBFﬁSSWiH\Yé’fEWH PR SorET Al oGRS Hhiise 5 aRd e particularly
to an PefYARA e seyiseaNb iaipreiaipahaitapairppplied. to the gate. Both

p-channel and n-channel MOSFET technologies are available and can be

combined on a single substrate in one technology, called

complementary-metal-oxidg-8eRigRIURIS" A TCMOS. [0004] Scaling of
the MOSFET, whether by itself or in a CMOS configuration, has become

[0002? | r&!&ﬁ'@%é%ﬂﬁ%@%&?ﬂﬁ%ﬂd&%%6@’21}547;%15%91&{81!%8%%@, such as

integral parts of a MOSFET has lead to improvements in device operation
cell pgeed adrpakisgideRStpbUMBE MaRioR RS its iUy ekampdegrated

circui®S SEAINchefine 'X'Oc%'r:rlﬁnﬁ%ﬁh%fftha%é%r@”&i@&%se,rﬁﬁa%?%t RANE! and  their

_ effects have become a major design problem due to the reduction in size
InterciRpEiQgrte length. Unfortunately, design solutions for ameliorating the
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the halo implant outside of the source and drain junction, thereb

transiseréMKRY fuh e ni exp adhiah ceereial jiabrltetikagcon foots) S‘Pgﬁﬁéltﬁ’ having a
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fabrication, wherein the integrated circuit system includes a highly-doped

of a conduabinfpomatsirtlelttaint Eiehsitsh ah@ddHdRRFESHFinddEatTptifRIge typically
locatetE@iRR @esignedie svrprgsshalt shaanehefieatSeinyiemyef Hems a conducting
bridge o1 -channel” betwoen the source And drain whon 8 voliage 1o appled to the gate. Both
p-channel and n-channel MOSFET technologies are available and can be combined on a
single substrate in one technology, called complementary-metal-oxide-semiconductor or
CMOS.

[0004] Scaling of the MOSFET, whether by itself or in a CMOS configuration, has become
a major challenge for the semiconductor industry. Size reduction of the integral parts of a
MOSFET has lead to improvements in device operation speed and packing density, but size
reduction has its limits. For example, as scaling of the MOSFET reaches the submicron era,
short channel effects have become a major design problem due to the reduction in size of the
gate length. Unfortunately, design solutions for ameliorating the short channel effect, such as

the halo implant, commonly form the tail of the halo implant outside of the source and drain

junction, thereby increasing junction capacitance and junction leakage.



consumer expectations, and diminishing opportunities for meaningful
product differentiation in the marketplace, it is increasingly critical that
answers be found to these problems. Moreover, the ever-increasing need
to save costs, improve efficiencies, and meet such competitive pressures

[0005RddB@VeN HEARTIHIgRNEYsIOhe chligsknaeessidathatansyeksPanioudhod of
to these problems. [0006] Solutions to these praoblems have been long

fabricgipmyh Y pflof e VRIBHIENS HEE Nt BugRtBASUJoddeblyadgped and abrupt

sourc§aldtipegandothifd solbaRSithRagBroflems havedangiehded tapskss short
skilled in the art. DISCLOSURE OF THE INVENTION [0007] The present

channg 7 {fgebh JPoVAER AN GrARSEET OGS R HTABIRGH BronERPYy s, increasing

consufip SR dacduding AoiacHvade\ippoMitniagale andhAate pislecigifferentiation
forming a first liner, a first spacer, a second liner, and a second spacer

in the; adkiiphifs g ltdS MRS RN atElica it GUEVERE Reelprd ditbgle problems.

MoreS¥ste e fekmingcrhareniRedoesvasn thestatarpblayermanenthesfirshd meet such
spacer by removin? a portion of the material layer, the second spacer, and
S

compeHE o PETIUIRR Y e kPUL SHRSUHSTALY; Wnt fofiigalSEeieyoith answers be

found@¥t@Rséopreilenas halo region through the opening. [0008] Certain
embadiments of the inventiog have other aspecis in addition to or in place

(00064 IRBYERdRHGRNIPABTE THE SEFELI il Bl ZBIPAdnEgRAEEE have not
taughskileddsetial ar yreondioicaghag vhit)e dnllawingdatatepclasaripHMNE WHSN eluded
téi(é n with reference to the accompanying drawings. BRIEF
those i"é#ﬂ &N OF THE DRAWINGS [0009] FIG. 1 is a partial cross
sectional view of an integrated circuit system in an initial stage of
manufacture in accordance with an embodiment of the present invention;

[0010] FIG. 2 is the BiRfchfAS BREIQFTAF R MHNT Kodtessing; [0011]

FIG. 3 is the structure of FIG. 2 after depositing a material layer; [0012]
[0007F 13 he irenensivinsniiebPRIG IS dfteinéteriing gisate iattRayenciubogaproviding a

substrgﬁg’ingliﬁlmg ﬁ@%d@fx/@g’wﬁ@g%raw r&ngrapé%eéi%il@gérwpﬁo‘%ﬁﬁg 2Gil8t liner, a

~ the structure of FIG. 5 after formation of a source/drain extension and/or a
first spagerregiepeId0IBI Fiad 7 peerBdkaRroeirebrert taegese:fbpranermdnaterial layer

over tHd ﬁﬁt§§ﬁ@@d;ciig9i]t%gt&l; Fomine SEUPUIR O HENFech BIEERIRERUNEL AR and the first

electrical contact; an _ _
spacer by removing a portion of the material layer, the second spacer, and the second liner to

expose the substrate; and forming a source/drain extension and a halo region through the
opening.

[0008] Certain embodiments of the invention have other aspects in addition to or in place of
those mentioned above. The aspects will become apparent to those skilled in the art from a
reading of the following detailed description when taken with reference to the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with an embodiment of the present invention;

[0010] FIG. 2 is the structure of FIG. 1 after further processing;

[0011] FIG. 3 is the structure of FIG. 2 after depositing a material layer;

[0012] FIG. 4 is the structure of FIG. 3 after etching a material layer;



[0017] FIG. 9 is a flow chart of an integrated circuit system for an
integrated circuit system, in accordance with an embodiment of the
present invention. BEST MODE FOR CARRYING OUT THE INVENTION
[0018] The following embodiments are described in sufficient detail to

[00138NgNE BRSBSKHRMNIE heRyT Joafmakarand prrdbgdgvention. Itis to be

understood that other embodiments would be evident based on the
[0014h, ddhiQyis cRsstirc it hET Brocdidsr SPrmeERamEal Chsfes ih &y prsion and/or a
halo r8asig without departing from the scope of the present invention. [0019] In

the following description, numerous stpecific details are given to provide a

[0015], Jifdgh Ak e bR g oF IHe Gt dormatinn&ler thitditPBeSSpparent that

[0016iherRyENtionRayicResastliced wiiadtihaseserReiitsetafltctn piger to
avoid obscuring the present invention, some well-known circuits, system

[0017¢ 0 ki ratioh8 O3hEhroeEes WSS LGS SR HiSURSRd oh 20 dBARLTRIsE G routt system,
in accbildendsevitheus savodisnshoviing prebadimesis &f the system are
semi-diagrammatic and not to scale and, particularly, some of the
dimensions are for the clarity of presentation and are shown exaggerated

in the drawifiesirliaeACAYRNANR IMPRIE; BEI§PIG MR/ are

disclosed and described having some features in common, for clarity and
o18f2580FoHRHAleRaRALALAR. And.ARmPreGanriRA erapl. STHAC BRe illed
_ ike features one to another will ordinarily be described with like reference
in the qefrteraike[@0P veTthe tarantionridoftae kesundets teerkihaisotedimaabadisnents would
be evilaRSRARIS (R LAMURRNNAL PlARG L HasE 0f EAURRYPBanges may be
regardless of its orientation. The term "vertical” refers to a direction
made patheiridlepsiing thathbszeans %fsﬂj@_étrdéfmﬁe@\!%ms, such as "on’,
[0019jatmvﬁ'1'e "hﬁlBW'i'nébQMting'ﬁJ Q%'{lga %15@%1%“5)1 é'lté'g &En to provide a
lower", "upper”, "over", and "under”, are defined with respectto the _
thoroygdy izt pldne 90 Ozinypetieimtiprasasssinyilhbaaeritsatdlitbeuaagntion may
be pradfAPOFHAR RN MRELPLLIFRNAIAIRSISH RAKEIDING:YBOSHIG IRy HIRRMEMvention,
etching, cleaning, and/or removal of the material or photoresistas '
some reglita i eiraIHE o HesEn reaisgetires. (002 rrpestesiAPoArtsigsehsclosed in
1herein to mean there is direct contact among elements. 3 [0024] The
terms "example" or "exemplary" are used herein to mean serving as an

[0020jnstakewissr astranaresahy wigeenbp dimsbi Rfche daskibarr epeird igrammatic

and nofXQTUAR" A 2Par GXAMRIALYNS BPHREERSSRIBAILREIEPARITEBHGSof presentation
preferred or advantageous over other aspects or designs.
and are shown exaggerated in the drawing FIGS. Additionally, where multiple embodiments

detai

are disclosed and described having some features in common, for clarity and ease of
illustration, description, and comprehension thereof, similar and like features one to another
will ordinarily be described with like reference numerals.

[0021] The term “horizontal” as used herein is defined as a plane parallel to the
conventional plane or surface of the substrate, regardless of its orientation. The term
“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as

13 2 (X3 2 13 2 13

on”, “above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”,

“upper”, “over”, and “under”, are defined with respect to the horizontal plane.

[0022] The term “processing” as used herein includes deposition of material or photoresist,
patterning, exposure, development, etching, cleaning, and/or removal of the material or
photoresist as required in forming a described structure.

[0023] The term “on” is used herein to mean there is direct contact among elements.
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[0025] The terms "first", "second”, and "third" as used herein are for
purposes of differentiation between elements only and are not to be
construed as limiting the scope of the present invention. [0026] The term
"system" as used herein means and refers to the method and to the

[00247PRAie R heuR[gsent MYeRTNA-IT arRcate@nerwitd thearariext dWhiGRstance
the term is used. [0027] Generally, the following embodiments relate to
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extension and halo region that reduces junction capacitance and junction

aSpeC‘i%ﬁ’kQ‘@%gWhile suppressing the adverse short channel effects common to

[0025NaMPsaalask derices (FReofl@VicasiempiRYingsa widdcHedbmeasionodf fdrposes of
... nanometers and less). E0028] FIGS. 1-8, which follow, depict by way of

differeniationebS Y AR EIRMRiTRAN 28 X BRIPARY SPEsLYs %/ 1dithg the scope of the

preserformatigenof an integrated circuit system and they are not to be construed
as limiting. It is to be understood that a plurality of conventional processes
10026, 51 g r&ehhRI RNYWA withilsatk et e epihdneiinthin d)hadetpd to the

appar@ufdfonepfesent iBveMRie avekc drittiedRithdrRrstaad thatwmidRythe term is used.
modificati?ns a%dition.s, ar%jéor omissions may be_ made to the helow
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systerglaiGh@dngUbigelomatiaedror axacpledihebelawttieseitiedsptoeassiPaygineered
include more, fewer, or other steps. Additionally, steps may be performe
soureq ) S AR G IRREHE BTN T EL SO SR PIAERIon (akage
while iB¥gpidesin OO0 hMereowhbrit iddonee afgrsciaigehtintdheninisgrddedievices (i.e.,
. _circuit system of the present disclgsure may include any number of
devieq B S I L L8 B e GHEL 55 e i tha
[0028¢uFeB S flawdnovbediveredwo sgacifieg elagtisfiesamplentimdlethory limitation, an
odulated by the. voltage applied at a control electrode. Exemplar
exem S s Mol o e R Rl T L MG B TR B ey are not to
be copehannelificithgffacidnansisiaddRidod xhatcophpigiinestaiyhventional processes that
etal-oxide-silicop (CMOS) configuration, a single-gate transistor, a
are Wil Konh VARIAE, 6 ACKESE TSP e P g ST . follow FIGS. 1-8
Moredweithieisnores bingddstoedimdersingdibdificngcds nadetiohstheiide giatedons may be
circuit system coyld be prepared at one time on a medium, which.could be .
made 3B N e R S aions Tre e o sk A me ek tigfaimed
subjecstag_ﬁe:rf l%cbrmahiqﬂeAt{QO&%\Rdfgnﬂﬂgmpmcte_sﬂgfay]inmweim'ts_csrfewa_rgor other
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scope of the present invention.

[0029] Moreover, it is to be appreciated that the integrated circuit system of the present
disclosure may include any number of multi-electrode devices (e.g., active device structures)
in which the current flowing between two specified electrodes is controlled or modulated by
the voltage applied at a control electrode. Exemplary illustrations may include an n-channel
field effect transistor (NFET), a p-channel field effect transistor (PFET), a complementary
metal-oxide-silicon (CMOS) configuration, a single-gate transistor, a multi-gate transistor, a
fin-FET, or an annular gate transistor. Furthermore, it is to be understood that one or more of
the integrated circuit system could be prepared at one time on a medium, which could be
separated into individual or multiple integrated circuit assemblies at a later stage of

fabrication.



embodiment of the present invention. In some embodiments, the

integrated circuit system 100 may include an active device 102. In such

cases, the active device 102 may more particularly include NFET

devices, PFET devices and/or a combination thereof (i.e., CMOS
[00309le¥iers)for Rxanipe1tlovenREeihisda RN depataar ERalstRE-AGHYE view of an

device 102 is not limited to the preceding examples and may include any .

integrpithis&icBi niicaleHo 08 divitauh SHfeIr the etk foWing beivaen With an
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at a control electrode. Accordingly, although the embodiments described
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any number of gate structures. [0031] Maoreover, it is to be understood that

devicghls ffelF AR TirddRVEy e 160 M uRdstsiead Bhahthe ABbEHeres 102 is not

limited@6GHOPEBETRIP Ehiptessad WMHDIM SIRRESSENHCAMRATERIEHNORMARNe devices in
components, logic components, digital components, analog components

which eIt HoMRATSIEREE, BuBr etheliereicrabicomsgliehey trodyilatcd by the

voltageOnppaBents { &gatiBF ddvidde Cirgdiis)daigliial Sioadproeess®odiments described
. components, micro-electromechanical components, optical sensor
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an be formed over, on and/or within a substrate 104 by conventigna
w"“ie%‘é‘iﬁ%ﬁpﬁdé#ﬂihﬁ, 8%%%%8}% ,lﬁﬁéréfﬁﬂiﬁ‘(f;c‘lbycﬂ’ﬁfaﬁ‘els,&ﬁ%&ﬂ’ﬂfﬁcmred
by théhenfiemisenduatecpheaassig icdskyukedthatmanitaelite ebagidients, memory
devices, By way of example, the substrate 104 may include an ) .
Comp%‘é‘?ﬂ%’orla%‘c?tir?&/‘?%%%ﬂ&ﬁ’ SligHals e RgeenG AN ﬂ%ié@?@?&%&d@}xed“g”al
compépeAss, IpdseinRonibeichtdy endib/ireqiepounR Bernawmapoueiors(ag. wllFasCMOS

s$ic ,n:oﬂE-insuIEtor configurations. Additjonally, the substrate 104 m%sd optical

clreuile 1R FEEH DR S f B U hriB U ARG S Ot e 1S 4RA
sensoCoofiguiaiios)Sarancbofvethy inarenesyaialcorifiptatiooss(and ashd@emsdit G, may be
nd/or <111> orientations), which may be strategically employed to

ptimize carrier mobility within NFET and/or PFET devices. [0033] In

[003230immesemb ediboditisietbehstiadaldddeay pasdeSoanthickressnangiogwithin a

from aboyt one hundred (1 (apnanometers to about seyeral hundred .
substg R S PR o TS o R MUY ndnd ctching
technigubstkaievhOsh ate nehidelcaonstpuect &sn g itingiantbthéreanapositiomeodf active

. the substrate 104 may include an terial, configuration, or. 5 thickness = .
v hyIEaNy S Bl IEARy SRABIAC H Roiah B ARGy e matria.

such pasSs$i\&C, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other ITII/V or II/VI compound

neede

semiconductors, as well as silicon-on-insulator configurations. Additionally, the substrate
104 may also include doped and undoped configurations, epitaxial layers, strained
configurations, and one or more crystal orientations (e.g., <100>, <110>, and/or <111>
orientations), which may be strategically employed to optimize carrier mobility within NFET
and/or PFET devices.

[0033] In some embodiments, the substrate 104 may possess a thickness ranging from about
one hundred (100) nanometers to about several hundred microns, for example.

[0034] However, the examples provided for the substrate 104 are not to be construed as

limiting and the composition of the substrate 104 may include any material, configuration, or



device structures. [0035] In general, the active device 102 includes a gate
106, a gate dielectric 108, a channel 110, a first liner 112, and a first
spacer 114. [0036] In some embodiments, the gate 106 may be formed
from conventional materials including doped and undoped

thickr38NiEAN PHGERAINatRH ks (SHEN IS cHAbRX NP | CorRelSh FMRIPROURERN Fassive
SiGe), a metal, a metallic alloy, a silicide, or a combination thereof, for

device3EHPIESThe gate dielectric 108 may be made from materials including,

[0035PutnetHispile ehtoacaiicapvadd@silieRiaaxy BERAR GilicaReitERR (e SIIBOR channel
oxide/nitride/oxide stack, a high-k dielectric material (i.e., one having a

110, afiepb linrr ddAstrd AidesBrestidr than silicon oxide), or a combination

[0036{nene@bhiowiawediidad) e ungersigogidhaidnetyRe efomateriabaies@nNmaterials
for the gate dielectric 108 is not limited to the above examples; for

includige ABRE Y B UBRICHFE ISR NP trCRATETARY (HAtRr that SaAmRde. PolySi,

amorpheuCBoNRf SIGhArgenaiherchanmed hiigywhenpdarprania®ivatisgatsreof, for
applied to the gate 106. Accordingly, other materials, whjch ma

exampigowi fctio S Keilda %A Pror gdtd Sy 8%6?@&%’%918@8%34‘1?‘5&%‘ fopited to,

silicothex gRiEs 1 206 Hhieri gatei HiReelie k08, {3 4] SxanghathidclboRithickngss high-k
. . of the gate 106 is between about 300 angstroms and about 3000 )
dielectric, maliHal dher 1B AERRE U T ARt e 8 e bR HQp gy de)- or a

combikatI0SERNS Hod aReuit50 @ngstinmpstddavwemahdaygeophsmailechosen for the
knes of the gate 106 and the gate dielectric 108 may
1%

thic be . )
gate dé?JB?HbCri aSeB‘éh]dfﬂlée ﬁ‘fﬁﬁed%lﬁ%jﬁ See ESHISRS TR iR 82 Shighectric 108
may ihORAEOQARS]nkherfistiinepeidicandoetroads fofhLlielaatigeneatanalsigucvhen an

as an oxide, a nitride,, or 3 combination theregf, but preferably.includes
DD G Bl HERISCTAL 15 0H 1 TR by S Bt Fg W hich may be
knowieohhispeaskilied it ihg abuton @hlitiedilee chanyiailo/bp asddiefopsHiogute 106 and the
pﬁﬁ%/ﬁsical \é por deposition and thermal oxidation. [0039] In some
gate dé g&ﬁr}w its, the first liner 112 can be formed by oxidation of the gate

[003710GamatghaliHe insiatt by ok the gatol doei okide deantene BbE Ssigeaisate and about
104, thereby forming the first liner 112. However, it is, to be understood
5000 R P S 24 o100 O BSLHC TS PTG s gsroms
and atimarsUlzhigmoinkm kvt ¢hed abeoveraxatiptakiaktt spaydhtudateahys and the gate
diel mat?é‘ié?d and method that ermitgs the formation ofag esidew?ll structure
1€ ecfﬁlgt

Uy R ANE B B B A0T (ARSI tHE ] ey device
102. may include a thickness ranging from about 20 angstroms to about 50
(00387 47N 1912 Pr9WAR BIOGESS ADHARAULRR ANFSHAMSIR 3PARASR., a nitride,
or a combination thereof, but preferably includes silicon dioxide. The first liner 112 can be
formed by a variety of techniques, including, but not limited to, chemical vapor deposition,
physical vapor deposition and thermal oxidation.
[0039] In some embodiments, the first liner 112 can be formed by oxidation of the gate 106
material, followed by removal of the oxide from over the substrate 104, thereby forming the
first liner 112. However, it is to be understood that the type of materials and method chosen
for the formation of the first liner 112 is not limited to the above examples and may include
any material and method that permits the formation of a gate sidewall structure that
electrically isolates the gate 106.
[0040] Generally, the first liner 112 may include a thickness ranging from about 20

angstroms to about 50 angstroms for a growth process and about 50 angstroms to about 150



6 angstroms for a deposition process. However, it is to be understood that
the thickness of the first liner 112 may vary with the design specifications
of the active device 102. For example, the thickness of the first liner 112
may vary with the desired placement of a halo region 602 and/or a

angstSAW ¢61 4 alp &5tRNS|RB L0, PRINIEE Ife bl Be4hliTRe titstRR e intdidess of the

may also be formed from conventlonal dielectric materials such as an

first 118§¥d]e1 i Yor Wheti SRt PRcEietiot OhHasareibg Arciisad kg example,

the thidkiides & (eenesalitbe firsthepacarlifrskyricatydrrethafmatfiikegion 602
that can be selectively etched with respect to the material of the first liner

and/on 3 sourRE/drain G390 RBR 96FHdd%y a variety of techniques,
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deposmon [0042] In some embodlments the first spacer 114 can be

as an el StisrrorR e heyerlobu welgely s visthfprpnitride. In

generdilheanesaghacent poiiappiedithasuhairaie kderialleneddy selectively etched
anisotropic etch to form the first spacer 114 adﬁalécent the fII‘St liner 112 and

with rigspechie 1o6 MaGRALE!, R9stE bEIThddrstobRF A tiR e bt Fidifatgrmed by a

varietangd roehrpahasendias thafasnatiarofthedist snacgiol s nebh M@ hysical
5o Fggthe .above examples and may include any material and method that
vapor

Riti9Re formation of a gate sidewall structure that exhibits a high etch
[0042%elBCtvity Wit saEnenk [ehe Seeogmhdiner 120eobd e d094&ipognenadya nitride

the first spacer 114 include s ranging from about 5
layer éi’H&"stﬁ&‘?n%E‘ES a@étuttg%glﬁsd nﬁsmH&Rg\f’é?a&"’n‘%ttB%&‘tiﬁdgs%%c?‘ER%?ate 104,
followbe byicknasscafdpie dicht epasar likAfmaypas With lafeasigie first liner 112 and
ons of the, actiye devi e 102. For example, the thickne 5SS of th
the e ol P EN P Vi G 1S G R T G R e chosen
for th@ﬂﬂmad@rdh&smscepdbamlemm 1i626d [00Adabv sem@mplboaiaenig.include
a shallow trench.i

an IS Iat n stru e 116, such olati on structure,
oy G 10 PR B B b A R Wb hibits a
high eséms&wc&ﬁmifwmwapseswfalHus@rﬁtlnneﬁneosof&tlm structure 116 may be
e fro ctrlc materj such as on d (004 d "Si02! 045]
10043, TR T TGRS BTy FARE sy about 50
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|t is to b under toad t%tothe thickness of each of the second
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[0044] In some embodiments, an isolation structure 116, such as a shallow trench isolation
structure, can electrically isolate and/or separate the active device 102 from other structures.
For purposes of illustration, the isolation structure 116 may be made from a dielectric
material such as silicon dioxide (“SiO,”).

[0045] Referring now to FIG. 2, therein is shown the structure of FIG. 1 after further
processing. In some embodiments, the second liner 200 and a second spacer 202 can be
formed adjacent the gate 106 and may act as dummy sidewall spacers that will be removed by
a subsequent etch step that exposes a portion of the substrate 104 for further processing.
Accordingly, it is to be understood that the thickness of each of the second liner 200 and the

second spacer 202 depends upon the desired size of the exposed portion of the substrate 104.



second spacer 202 depends upon the desired size of the exposed portion
of the substrate 104. 7 [0046] In general, the second liner 200 is typically
formed of a material that can be selectively etched with respect to the

material of the first spacer 114. By way of example, the second liner 200

[0046F2MbedREME S AkOR: S HIEIRREICONRLRS IR pRUSH AP @Rcaxistea aniiiHHEL MR can be
combination thereof, but preferably includes silicon dioxide. The second

selectiyfby SO RN HeraRRvrbl 1heaniriet) YrhecHiigRaseinditidiRy, i Aogxample, the

second Mg 100 ChamicabMARP FERPasiioRctRE YRG! YRRAEKQPASItBARNE nitride, or a
thermal oxidation. [0047].In some embodiments, the second liner 200 ma

combipathofeETER tEHHpRIETHEIS U ffth (g1 dhBkitfe dTéEo%ﬁ‘fé%%Wéé@tﬁ’rﬁ’gcan be

formegilB{NQ WileejtOet QRYBQIbSN ek deutoi taarddiexigiemical vapor deposition,
temperatures below about 800 C in a plasma) conformally deposited over

physigplvapes depesition and fhrsmah oxidiliabst spacer 114, and adjacent

[0047pormioasnf Bagbsuhabiate Hdseddawenry, H0S iRReirtdessioed thahpefiture oxide
type of materials and deposition method chosen for the second liner 200

film (fs8rnitiHen t5RAYSH OV EAAMPIRE BN A HibG Tt Sy MispanaPdfy or carbon

dioxidéenasitiperametiatibatapeimisoselceaty plremovad biae B¢ cepdsiirarc2@Pthe gate
and exposure of th@ substrate 104 durin%ea%ubsequen_t pro%s ing ste
U e

p.
106, okttt id to-nB USSR RIS RHGEY WRILATS s esubstrate 104.

HoweSegane linese20iieanobe prifaimnspetheaipsioninnd supssgaoanhithdbehosen for
formation of the second spacey 202. [0048] In some embodiments, the
the segap 39&% & bgo“r%ai‘ﬂﬁ‘&@&é ‘Erﬂéﬁ% %séajga&ﬁg%%aya%m%oany material and
deposangsthethsd ehabpetinZi@0sanrgairomgmdvanwavae, itisitd haddnoershaas fadtire of the
b the tﬁ?{cgness of the second liner 200 may}\\//ggr!y with the deii%%(n hat th
substratse Lk AHORE BPHRSCHEEDE RIQURSE M0 R0 MEMSTe 1S th XKk HRLE Hppgthat the
etch s&gCAhitlirfermOthmeacaiepaner 2oortils kbildyftenaat aghanpelehtstopsisy@uent to
duriné; th{a ﬁemoval of the sgé)nd spacer 202, the desired size of the area
_&'d '

the fog% etﬁgcgﬂggﬁg‘fgr and/or the desired placement of the halo

[0048iedivRGHR anbdiriiatsatiece/dsailaxenodmoPindatie of thiknes§Q@dging from

b ts%tgb%gguent to de%)osi%i éhe dielectric ngfa\terial that forms the sgcotndd that th

about L SETORS QNS pRLe SO By bEFOITIEH By RelSbSrifaraio0d that the

thickretshifitha dietadttiaenateriahguchyasiantaxideica sjicdacaicacombination device
ereof, tq form the secon acer 2?% . In eral, the second.spacer

102, g Hlee AR ST 6 o S G o b gy o ct o

an etclespgciajertierinatéralenidhal sfabaddvvad 2pAcdi@3edondespadaiz202f the area

exposEdmL Friormed 0 ?o‘ﬁarhe&%ﬂgée &E‘%%’%ﬁé@%&@'@? (BB ROt IIEKH and/or the

chemical vapor deposition and pnysical'vapor “deposition.

source/drain extension 600, both of FIG. 6.

[0049] Subsequent to depositing the dielectric material that forms the second liner 200, the

second spacer 202 may be formed by depositing and etching a dielectric material such as an

oxide, a nitride, or a combination thereof, to form the second spacer 202. In general, the

second spacer 202 is typically formed of a material that can be selectively etched with respect

to the material of the second liner 200. The second spacer 202 can be formed by a variety of

techniques, including, but not limited to, chemical vapor deposition and physical vapor

deposition.

[0050] In some embodiments, the second spacer 202 may include a nitride layer deposited

over the second liner 200 by a low pressure chemical vapor deposition (LPCVD) or plasma

enhanced chemical vapor deposition (PECVD) technique. In other embodiments, the second



[0050] In some embodiments, the second spacer 202 may include a
nitride layer deposited over the second liner 200 by a low pressure
chemical vapor deposition (LPCVD) or plasma enhanced chemical vapor
deposition (PECVD) technique. In other embodiments, the second 8

spaceSPBLER A0 X B FaRIaHIETRIRIY insluiR ARitride avriddaresiied Qitiger 200

second liner 200 via a rapid thermal chemical vapor deposition (RTCVD)

via a gidoherpedismical thepar (saesiiend bt R wpeistdnaldompysy it is to be

under§iepa@siiRmeipodichasenfanie:56600d SRAET Rsels foptianitedd {hscer 202
above examples and may include any material and deposition method

is notylimifsdinte ARRYG & TARRIGRIB IR JBEhY S pa¥eP s alitnd dlgpectiign method

that pti@iseceIREHIREARN 1RO BX¥RREUAE 9HABE SBCORHHIREIPEO0 6l WiNg8ond liner 200
subsequent processing steﬁ.%[OOSl] In some embodiments, the second
i

and expasuEs 9P ssIRL it JUNIARHBR S FARESAYRbRICSBSIEZBPangstroms to

[0051RbOY SR anBSRmRAE! iR iNiesfRICeHUIEn toe seeoRIaera2BRkitewey@ing from
it is to be understood that the thickness of the second spacer 202 mﬁd, 200
fger 200.

about, 200 AReSHAMYLQigRUP e ANHLG Y AbilRigibRe Bl o rese
Howethe, fiicknassgidticisecand (spaaekzi2 siayedepentsppest e desiresty with the

size of the_areafx osed on({he substrate 104, the desired placement of a

design, specligraRMo G4, BT e a¥stet pladdth&rtBiife Raidelfist etfothe second
space@DOFOMmteRPuheelgaintiextRIEN HR00 QA5 Ak AsRptRdRbe \Be thdatalt 104, the

. step which forms the secon §ner 200 can be performed eit%er riof to or
desm&ﬁ%‘éﬁﬂ%‘?&‘{ e ﬂB’h% P 866’?1%‘%55%8;%%“%8 H a@%{g, fgion 602
and/oeted Joigceskdinaideiristleeecond liner 200 and the second spacer 202

a incl%%e single step etch process or a multiple Ae eg:(&proc SS.
(00524 A3 TRl BRSNS P NEPAL SCBHET B 3667 A 156 SALGHR Bpdssformed
either rtiae osQURE(EkaIN 18A#Cstinatioine dheitboviie sudestotiz 104skoh cases, the

«ch some(% b dimerﬁs the saglurcer/glé(;lin 0t4 can be aliglned the secang ol
eteh prBeess IR O AR rPr TS Wb et Ath BoACHAAS T SET Mk With B ude a single
step eithppasiadios: ansngypheiwpencapootdkeV and about 70 keV and a 15 dose

[Oossgegv%en abouttlx 014 ions/cm2 to Sx?(fUt 1él®ion /cm2. However, larg > th

r SAfEFBhefyicd TP db¥es HaY be tided defBiiding uiseN theRatrity = °
source/8ednartd4headebigiospedificationshef tidactiveldayicdnl @3mi¢ isritbbéiments the

derstaod that the.impuyrities used to form the soprce/drain 204 ma .
soureyl B GUSBiy h THe BT Bt o ey i sgpreirain 204
may benfuititeel vathammNMRS devic e @dypbampe dm puoitie s KoV aarMBGudavide)V and a
dose between about 1x10' ions/cm? to about 1x10"° ions/cm?. However, larger or smaller
energies and doses may be used depending upon the impurity used and the design
specifications of the active device 102. It is to be understood that the impurities used to form
the source/drain 204 may be n-type or p-type, depending on the device being formed (e.g., n-
type impurities for an NMOS device and p-type impurities for a PMOS device).

[0054] Subsequent to forming the source/drain 204, an anneal step can be performed to
electrically activate the dopants within the active device 102 (e.g., the source/drain 204). It is
to be understood that the anneal step may include any thermal process that electrically
activates the dopants within the active device 102, such as a rapid thermal anneal, a spike

anneal and/or a laser anneal.



[0054] Subsequent to forming the source/drain 204, an anneal step can be
performed to electrically activate the dopants within the active device 102
(e.g., the source/drain 204). It is to be understood that the anneal step
may include any thermal process that electrically activates the dopants

[0055YVithiadife Retvadeised dadstebbasmi apidhapmalanngabsdcsRikehe first liner
anneal and/or a laser anneal. 9 [0055] Additionally, it is to be understood

112, thekitHesReibiné ticiaceaddingt 419 madierscrond sRashspdRay fggrmine, at
least iiNBafEERNRDHNRILOOha M IR SRETD SRk RO MY/ deiSreriRasiah Beast

in part, the location of the halo region 602 and/or the source/drain

[00564 RASBH B A9 Y658 RefdhHg bW 16 ichs sichair 4 ShGwh dgr depositing a

materBlfUgiee 96d-1G 17 afialedeppailingeatsnaterialdayrl 380edN3®0M@ay include any
embodiments, the material layer 300 may include any nonconforma

I .
noncogfogmal Pyifier Ihbehhedimeniairidiaayial B6may) e qilyde a sacrificial
high &ashifioidshigagorsiy plagmasieposiieg exiseliicyel, ateanepadipant®0 may

the material Jayer 300 may .include any type of grown or deposited oxide

include gay YR RHRCEETE LUmSHETOEN Ao M e g1 B aupigte 104 and/or the

gate 199REEHENIHIEQGESSHIECSIShE {05 7] By way of example, portions of the
material Ia%/lﬁr 300 formed. over the source/drain 204 gréd the gate 106

[0057 b 5 e h HIERHE B LBt S0 Sy Sitbhs 18 HBBlitdsdsT the source/drain

204 aaagstEopaseandopaitipnafcthia nathaldayrem3andiarBed aveltibamsacoitsbut 500
liner 200 and the second spacer 202 a% ran%e in thickness from abo

' t
angsUpEty ARGRACHI T ABBUIEYT 4 b@f%n?@.’ Pietelerst 8t Ber 200 and the

secondlRperstaod thay fagsalin veiderskibeshabietialy) metiecdss aubout 200 angstroms.

hicknesses used to form the material layer 300 are not essential, what is
10038} TSR thit 0 HRARAI A b LatrYS SEnstuss Suiguale Srapds. and

thickreesesnebapacesraOhe panegtaningr\ 3ibaw mxresingdhevgates iffpamnshthie that the
source/drain 204. [0059] Referring now to FIG. 4, therein is shown the )
mater g St O PR SREFURG AT G SO0 Bo0T RU2 G Ciching, withou
expos&iB badientss thel thateriattdyin00ican be removed from over the
econd spacer 202 by employing etch methods selective e .
10039 o KSR EN G WG e Soth ol Bar SR e b it A e sdine the
materGinaper stohe dnyo aenembodivesas, dhe slabrolidnyiatides. ddowevemdyigitrom over
to t the type of etch chemi ed.to etch, the material

e SoRDRT SBOCES Lo NI LR R GHIRL e AT B B By of (he
materisl Igrao¥en flameawarpilectbe coneripaosr 30D afiebetabiied. HOO60Imon wet or dry
the mit2iahngythe3gates 106, dherely, what is important is that the material layer 300 is
removed from over the second spacer 202 after etching.

[0060] Notably, after etching, the material layer 300 remains intact over the source/drain
204, the second liner 200, the first spacer 114, the first liner 112, and the gate 106, thereby
helping to protect these structures from damage that may occur during the removal of the
second spacer 202 and the second liner 200 and subsequent implantation steps.

[0061] Referring now to FIG. 5, therein is shown the structure of FIG. 4 after further
processing. In general, the second spacer 202 and the second liner 200, both of FIG. 4, can
be removed from over the substrate 104, thereby forming an opening 500 between the first

spacer 114 and the material layer 300 on either side of the gate 106. In some embodiments,

the etch process that removes the second spacer 202 and the second liner 200 can be

10



helping to protect these structures from damage that may occur during the
removal of the second spacer 202 and the second liner 200 and
subsequent implantation steps. [0061] Referring now to FIG. 5, therein is
shown the structure of FIG. 4 after further processing. In general, the

perford®&PBY SRALBIZO AN e sacQnes!ineNwfag beth Qftititdd €8 H8gle step etch

removed from over the substrate 104, thereby formin%gn opening 500

procegsedfa SMHRIArLEPHSR Y a%EAanth (HETh SRR 36 &7 XithaPageie2dg can be

remoV&® BtQ 10R. paspmsiembpisantsadthieich Ri@oess: thabremowes tifoved by
second spacer 202 and the second liner 200 can be 10 performed by a

convepgaa, Yrbthily tedhaaistigeithehgredtiehbt RfeEY (o od ngaeesjiion of the
secon&léhef¥ogess or a multiple step etch process. In other embodiments, the
second spacer 202 can be removed by a hot phosphoric acid etch and

[0062, Howeyed: ihdt Sobr i Htrodh R dhsy YesRieraBmapsrst Stlarird dghremove the

secon@hpnustrizthatiafe: Nigkdy selgetivedoithestunnedtiomaf thengreamnd lineat the
200. [0062] However, it is to be understood_that the type of etch process
selected |8k PSR EVRMES LBEOTHYIatRISH2%nd e BE A IhshF Y- thereby

exposii Géicasiatigdmpariaatdsitant tbecineleelesheted HOCRSM IeraN@s implant
the second spacer 202 and the second liner 200, thereby exposing the

and halqEaptats o4 o' d R aREGRImy EhitiHieéd Shiltcarsh SR adhgigtpstrate 104

can bénanblradtyalaimpiaie ltHikkade dndeistond shahéhs:cizl abilterarea and the
@mszﬁ)q?n the substrate 104 can be controlled by varying the thickness
SeCongii&hsions of the second spacer 202 and the second liner 200. [0063] In

[0063%0Mme wimbagiibediisctie expasediedriponiohths swbsubia04 03aynay undergo a

.undergo a cleaning step to remove surface contaminants, such as )
cleanifg HEPLLC ROBTIEINE o AEIMMARIL. o LA 5an D Blie spgparminancs,

organftl hir) recessiags, [0604d Neledpraftesirgmoving the second spacer 202
nd.the second liner 200, the material layer 300 remains intact aver the )
100640 YR SR FIZ L AP RS TP 3B i dhe material
layer A0BrdRQAGEH] iRatesing mewderdd@ratn dterati ifishopuocihel dirihettiret ¢fnetG 12, and
5 f(r) r formation of the source/drain extension 600 and/or the halo region
the gejiy G

h general, the source/drain extension 600 may be formed to a
[00653h & Fardlepiiowith BIGWocdngeiiatibowh ithputitiesréadf G 16 tifeer formation of

o S N SRR SRR A TR
extendbo DX hiSHerfeioned. tdavetyBowadgpthowsinalléswasesdsnaytiom ugetinpurities
relativ%eg)eﬁl%ins ot g rtaqg %Ru ril{)fol%ges%e%?tqc%qg/, the source/drain extension 600 can be
formed from a dopant implant dose between about 1x10'* ions/cm? to about 1x10"* jons/cm”.
However, larger or smaller doses may be used depending upon the impurity used and the
design specifications of the active device 102. Moreover, it is to be understood that the above
parameters are not limiting and those skilled in the art will appreciate that additional
parameters may also be employed/manipulated to effectuate the purpose of implanting a
highly-doped and abrupt form of the source/drain extension 600.

[0066] The impurities used to form the source/drain extension 600 may include n-type or p-
type, depending on the active device 102 being formed (e.g., n-type impurities for an NMOS
device and p-type impurities for a PMOS device). Typically, the impurities used to form the

source/drain extension 600 are of the same conductivity type as the impurities used to form
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design specifications of the active device 102. Moreover, it is to be
understood that the above parameters are not limiting and those skilled in
the art will appreciate that additional parameters may also be
employed/manipulated to effectuate the purpose of implanting a

the soligblyrsianed and Slrypt iR Ring soRCsidrainiexteasianRiBAGIOSEbe formed

. The.impurities used to form the source/drain extension 600 may include
via anipgled 6 perprdiclae iy SRR A iR euge el 1he WG o hed reignt:

[0067D-tyRadmpeitias fRe af, NMOSiHpMseanhAp YD A0IBAEIES ToR @IPMES channel
device). Typically, the impurities used to form the source/drain extension

110, whishy 8%t e SABASSALYCHUIR) BPE-AREREHSRIRISS F8&etb fgFhshpit channel

effectihenspibea(apainido4nl isethaddodeisidechtiat taeve@unee/draingeneral, the halo
extension 600 can be formed via an angled or perpendicular, with respect

region SR hg fyr @Fﬂu%@ﬂi%‘ﬁ%@%&?ﬂ%?ﬁﬁh%@%ﬁ%@@ﬂ%@% pfliprethe gate
106. amhajméeplabicamheipdmarcreasa Hie lengte abthr channg)lahtdewhiChubstrate

may be advantageous for minimjzing punchthrou%h current and short

104 L HABY TS @5 PRIy SSRGS IR T of B HERS & Bl fogform the

sourcé/@itmoanai@kihediale/deaioexedriearbe. farsed mipeplamiegource/drain 204
impurities through the opening 500 adjacent the gate 106. In som )
and the YOUERFUAE, TRERARS Yo B2 RaH BATo LY ARy thihe halo region

602 csvbsti@ined Qdwiphyppuitigst:ek opposite conductivity type to that of the
m ritigs used to form the source/drain 204 and the source/drain

[00681=xt Si ﬁl%o%?H‘EBP é%tﬁﬂﬂ]e}ﬁf BB CIBRRES 0% AN strtaf Ay dopant
mater@X€mnsherhpliaed (oraeact wvithha-fiesinguiritiels thefikheihala regianteOzite 106.

can be formed with p-type impurities. [0063] The halo dopant material is
o 2okl A PO ED hAARHE oA LN e oty degree
relativienplanteghtfaclesianthsthefist spacep 1 béikedinsblingiftts anabhe gatenty-five

106. In general, the angle of the impl tion is typically substantially less
desregyIIHINERS s U LR I e B R, e bstate 104
can bbetweaeh abguidifieandaahd thakevepidive ddagpeds ratlize halthénplantation to

. surface of the substr 104, In some diments, the substrate 104
provid Y PR A B S G AR e AR e halo
dopaninipisiatatiogy tbe prpligedpampeidical {ornsottintadadd tiegiabsG@i: 104.

owever, in other e eb%d'iments the halo c@oant iin%la t ma

[0069 ither case, ,{ o, implants  m 1 e{ { %Ibbe T between
mp?ancie perﬁ%ndlcular%o tHE'BM 6P the s e 091.[ 6@]6‘"%}7
approgithgeas &eWenhlppmpliansmapbadwpiahtedoat dotepengbbetwesdl ions/cm?

o G P e e AR e o
largerregiona@62 ehtoyievanditdssts beayrdenstédachthfibietged degmaiter @neigiaspurity
implafa] 93535 M3%RS U5 AN iaRNSAEd deRendRd N 107 MM er, it is to be
understood that the above parameters are not limiting and those skilled in the art will
appreciate that additional parameters may also be employed/manipulated to effectuate the
purpose of implanting a highly confined form of the halo region 602.

[0070] Subsequent to forming the source/drain extension 600 and the halo region 602, an
anneal can be performed to activate the dopants within the source/drain extension 600 and the
halo region 602. The present inventors have discovered that by optimizing the anneal of the
source/drain extension 600 and the halo region 602 that a highly-doped and abrupt form of

the source/drain extension 600, as well as, a highly confined/abrupt form of the halo region

602 can be formed. For example, the methods of the present embodiments enables the
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implanted and the design specifications of the active device 102.
Moreover, it is to be understood that the above parameters are not
limiting and those skilled in the art will appreciate that additional
parameters may also be employed/manipulated to effectuate the purpose

formaBbiaissLe-bighiv cRafirashfoom sidhe-nalR redien 602 WA XA abruptness that

Subsequent to formi%%the source/drain extension 600 and the halo region

exhibigty 5n AHASnk BIALTHE SErFOTHET b HERIARR! EheP BERIEQRitHinlgRants 1n several

nanon$SQLFE A3 @¥IePFIRAHRL @NEShe:shaley ee@iQRRPh ahinel RIES& It ommon to sub-
inventars have discovered that by optimizing the anneal of the

4Snmdgehpalepyinuledadiors 6db isria RrevndrssiegibheiohsansahitirR Mpdrslude any
therma@NstGRIPbIR TR H1¢ RRUIGE! A spikedansiPorQQi1aswslagnaadnighly

confined/abrupt form of the halo region 602 can be formed. For example,

(0071}, By, ¥A¥ 9L oF e srdeshEriBR: MSeehibe il PrOcRsmatonolife? spike

anneaBPEIRR{AEDI Bt @XIENHIPMECQARd thewrlp 18gionIB02 @ith@isbalr UPIIESS. In other
that exhibits an order of magnitude of change in the atomic concentration

embOGMERGS A iNSEVAL ARG ate U8 & MALRERS HetBiE 1o St iredd lash lamp

anncaBEvarEsshpikehansdl elgeiseamnmonipaalrd2amndechnetanbsede200 °C and
devices. It is to be understood that the anneal step may include an

about i at procUd G IE M FRItG 85 iRE Bﬁﬁ@&%?%dﬁﬁll@e%(ﬁlﬁfcﬁusmnless

proce@nNAgabHP AR alyeatieXBMplesi e G ame e sthadimenisdiie temmahalo region
602 process may include a spike anneal performed at a temperature range
" between about 1000 C and about 1100 T. In other embodiments, the

[00721heNBabpyogess¢nait incliderahaviisecondramaeakisuchas gidlasbldnbpicated by
anneal or. a laser spike an eacli erformed at a temperature ran
the mgtharbe Aia TS AIS IO E AR OB a0E T oM esder (heStfide Ly of the
sourcéldngal 2n e .optiized gmbedasdiffusioniassoproapimitheialyiblhanting to be
d the hi%&% Conﬁf%ﬁd nature of the ha]éﬁﬁrofile forétCe halaﬁlregion Q02. .
underspoeb TG gEIGe LEh VRS SR RISV AP EPENSE tRRPRARD SRR3R ance-
Accor@dz:fabsicade grbyethenbethodaohthadysclosad;emtionicapnti seci)crs tbed for a
ed for raded form of the source/drain 204 (i.e., a lower graded .
aradeq g S D o SSBIBS, TRt be Nitensiee e i aisgd to any
particilaplarisarenty pieadiyt énvployaddditedubeatjtrctiamadpacifathechalo region 602 by
Accordingly, as the present embodiments already reduce junctign .
the D SR DBy B S B UB oL b Gt i 24 thereby
helpineducegdpiot wishiobaimbledifaisdlie anyiffasiculaf thpanys thenpréseniurce/drain
.inventors belieye.that the formation gf the halq region 6 the present .
204 i R R el ot SRy 2 ¥ el i B gunction
capacitarebye dretpitionte supprassishioct dimaned ditepisdue ¢mblifdiisiantsoéliminate the
formagggagft Safrl(l)ell’flotkt]aellsge%ri%%/dar ]Iancent the source/drain 204, thereby improving device
performance.
[0073] Moreover, the present inventors have also discovered that by implanting the halo
region 602 through the opening 500 that the tail of the halo implant is formed within the
source/drain 204, thereby resulting in a lower junction capacitance and lower junction
leakage. Not wishing to be limited to any particular theory, the present inventors believe that
the formation of the material layer 300 over the source/drain 204 protects the source/drain
204 from the halo implant, thereby preventing the formation of the halo implant tail region

adjacent the source/drain 204 within the substrate 104.
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204 into the source/drain extension 600 and/or into the channel 110. As
such, junction capacitance degradation can be minimized because the
present embodiments eliminate the formation of a halo tail region

adjacent the source/drain 204, thereby improving device performance.

[0074100i¢ 3] MajeamaerdhR PiaseiN BYEHH SHhaME tlsQodiserMare dRALRY 600 and the
implanting the halo region 602 through the opening 500 that the tail of the

halo Rgyanfafcid FoRTEVARIAtHE saUtveltiramn FHU ey e SufiTgsiR g ameters
(e.g., |NERANEEGE PARRAITRERANEI QWAL HNEIDBx ieRkag B0 ahwiglkingltorB&on 602

limited to any particular theory, the present inventors believe that the

be regylatfatian BRI Mt Aer IR CRBY VRN ROGRE AIFSIH S 4 PrBteictistics within

each SPUIKE/dbaideZR4idranxdhshinlenpiant teerpiny peguantsie theformatiaiple, the
of the halo implant tail region adjacent the source/drain 204 within the

source/ptrgieerewm e heibaty BesiREPS SR tHRARE SEBF vt it dose

such tHUIGEAEAINIIENSIANBA anthipe e enegifnsti2presiesmadiindaty type.
critical, what is important is that the process parameters (e.g., dose and

(00758 &vy Py irdetPRY Solht (RS LisrORFAh R arRfsh o ardehgldhe grsgnd liner
200 afi@2hdbeceadlaipddoundss treriesinedheasnuekiviiyityne it elegttig@kubstrate

charact(%istics within each of the source/drajn extension 6Q0 and the halo .

104 aiggshiels. £F etimplEtHRreSeRBIGRIM e RIS siRCRYE sthdPtieiiatirategically
contrdBi@i@mhe QRiorayseaghehehfornmedfat alseficiENtHo sassHsdréhati thehvajeiind liner

concentration of impurjties in each is of opposite conductivity type. [0075 .
200, 0 5o KSR PR op i B ORI SR At SRR IOV dpgnedureerdrain
exten$S66@00 lineéhigll avalfthelstcoporspacer e eHe Kb K02 4ather€bymed.

Xposing a portion of the substrate 104 adjacent the 06. The .
10076f T MESS didbeahe YA by BB EIS ol fRgmation of &
third Wpsderesomf eanh afdkeifirdhlise3sdd2 cha fTst spaaer Bl 4eilieys€coh over the

liner. 200, and the second spacer 202 that hjghly-doped and upt forms
sourceen b B At BECShh 40 B TG o Aot fo Rl the
etch pratesedionefdeantkhe fonaed. [BRY GloB efairbigpeetvriadd| Gy 4, thaeeynds etching
shown t truciure of FIG, 6 after fo.ﬂi}r:gﬁtion of a. third spacer 700Iél./'léli}:eﬁ]iep etch
a

technigiiigf ﬁy&gs HE BPEIETECEh Be PEHTOVSR fiisth BVSFThET Solfk
proceR04Intkerfiesérapadencht4, ttenfifsiriuidnlck23@nchthbegatach@a. U ganetalonal wet

the . etch process that removes the material layer 300.can erform
or Ay e e o e e TRl e T T g dever 300.

Howestepieichopbeaeskradnibitiiple: sige efCiichrocesss belsome temrdanoe erisnaterial
material lay er 30 ¢an be removed hy conve ion?f wet or dry etch
layer 1s_not C{H c[a . wiha 1|s mportant 1s that c s¢ ef,te e]ui roc%/ss.rf:moves the
cnemistries that are |gh y Setective to the composition O materia

remaitayer @@€ons of the material layer 300, thereby exposing the substrate 104 to a
subsequent low resistance contact formation process.

[0077] Subsequent to removing the material layer 300, the third spacer 700 can be formed
by depositing and etching a dielectric material such as an oxide, a nitride, or a combination
thereof. In general, the third spacer 700 is typically formed of a material that can block the
subsequent deposition of an electrical contact 800, of FIG. 8.

[0078] The third spacer 700 can be formed by a variety of techniques, including, but not
limited to, chemical vapor deposition and physical vapor deposition. In some embodiments,
the third spacer 700 may include a nitride layer deposited by PECVD methods. In other
embodiments, the third spacer 700 may include a nitride layer deposited by PECVD methods

at a temperature of around 400 °C, thereby helping to reduce dopant deactivation effects.
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However, it is to be understood that the type of etch process selected to
remove the material layer 300 is not critical, what is important is that the
selected etch process removes the remaining portions of the material
layer 300, thereby exposing the substrate 104 to a subsequent low

Howek@$IStaRae trNiagEIQUYE RS Mea9ss-dOda i hsaouskiadememiog Hh8sen for
material I%er 300, the third spacer 700 can be formed by depositing and

the thisghppages A1t MOMURisdI OUbs AR0NR B3aaWISs MRddaay e kiskn Biamgierial and
deposthereabihid ganenthe rdsrrgRIcEPP08 tyRikRIY R saeskghehmriRsiation of the

that can block the subsequent deposition of an electrical contact 800, of

electrigfds canish 7H{0rh &8 Shadlets 700baHSE RS RS 1B B, Ahigdy sppcer 700 can be

formetEBNRIGHESIREIdIEg RedhnRfubilitedu@inehinisalvr sl enasHioBrandg.
hysical vapor deposition, In some embodiments, the third spacer 700 .
m"”fni?ih@i%é%%?&@qﬁyé]?edgﬁ%iieﬁcﬁy By methdue. fHdigss ranging from

about 0T NMRIMS, tteb Bt d APasef ks may gl awiilh de: layeidepnsitetdiowever,
y PECVD methods at a temperature of around 400 C, thereby helping to
e

itis t$ BucRdsHant deakifatdiriarstel he Higdaparch iOtoBeurtigrdtBdhe design

specifib@idhe sypaeohdnatetialiand oiepositierampiboghelipisRAR! oth@dhtittd spacer 700
spacer 700 are naot limited to the above examples and may include any

may AP A IS BFOHBS QA Parite AR PR ARLP DO BibR
[0080YhersubBaguasidepasition mbibekaleatiicahcontarhGR. etaeetolititB00 can

be understood that the thjrd spacer 70 be.  formed hy a varjety of
affe“éﬁ?h‘i‘i‘.ﬂ”i&%R?q‘i?ég?ﬂ“ﬁ&&@M%?%@ﬁ?pff&%%%&%@&ﬁ}ﬁ%. E§07§T‘ir‘?xample’
in sons®BIEbHOMIhRAI)eNiRe klectical spacst 800 plasedlustedokkicknesshan@ngl0, the
from about 200 angstroms tQ abqut 700 angstroms at its interface with
clectrif] QoA At0LG HONRVRA ALES B DTSSR (eI B Bmnel 110,
Accortigdhirdispaocetie’ Okt @ withet higi clesigno s pectications af the Betiiedulated
evice 102. For.example, the thickness of the third spacer 700 ma
(-2 B BB IR 5D e MG SO sy g effect that
the el@idofielohidxt $008ah Ihavid heapiseaiatelthwilitsalskdirddsl thpoart that
he_electrical contact. 800 can affect the mability of carriers, within the )
10081} KR TEnSE Rt Rl T2 o I e Sp eI 7 A forming the
electrieaikodinee 8X). ifShisselgetrical fooniagttBOthisdoipead o) ceselsottival contact 800,
chapnel 110, the electrical contact.800.can detrimentally affect the
such i B SRS i S KO FISF FE ROL o IR baver the gate 106
and adjudenstdad dfiad thyeateicki0osegf thev¢hird ppaicer oantee smadeldigid 004.and the
increasing or reasing the thickness) to.reduce or negate t )
souree i SR aR AT TR S e, MRl S g may include
any comaiidityngvitoimphenchannefddd. [R08IcRridrringfimw toeBl€enS itfedfeindsanother

materlséli]owgttqg %léljr%gfl%/ Ogtgll)?e' Zm%ft%rr(f)(\)/{ eisr] quiForm electrical properties with low
resistance. In other embodiments, the electrical contact 800 may include refractory metal
materials such as, tantalum (Ta), cobalt (Co), titanium (Ti), tungsten (W), platinum (Pt), or
molybdenum (Mo). In yet other embodiments, the electrical contact 800 formed over a
portion of the source/drain 204 and the source/drain extension 600 can be aligned to the third
spacer 700 via a salicide process.

[0082] It is to be understood that the integrated circuit system 100 may undergo a cleaning
step to remove surface contaminants, such as particles, mobile ionic contaminants, organics

and native oxides, before formation of the electrical contact 800. Moreover, it will be
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electrical contact 800. Subsequent to forming the third spacer 700, the
electrical contact 800, such as a low resistance silicide or salicide
electrical contact, can be formed over the gate 106 and adjacent the third
spacer 700 (e.g., over a portion of the source/drain 204 and the

appreSAEBAIRRECKaNsian R0k heoine mbRdinentfic threglarticaeoniagem 100
800 may include any conducting compound that forms an electrical

can thepdg.complaivb by fdRreatianahbrmsisATRAar QS RSN StEble and

[0083PravidasiHpitRsm elerttcad prRperties WiHbWaw resistange.dn Mthfegrated circuit
embodiments, the electrical contact 800 may include refractory metal

systermn 00 f0¥ (6 R8T ASHSIEH(PE!ER BN (BoI-SREFR PYidh ahgaiReimant of the

preseRIatiRUELIPONIRY imeeidiele o1Buit\ kel Yo ahbrIceMRedimaats stbstrate including
electrical contact 800 formed over a portion of the source/drain 204 and

an actig deyiRSeytiFaih SRR B0 LSl HE Ry AdIAek A8 3n RIMUBS el bR 2 first

space Salicidedoraresant0asAliia pha vndpieinoththahthennegoliedCrciiirming a
system 100 may undergo a cleaning step to remove surface
mater@i g

PR SIA SR Th FARGRY RSB foh R Qe i LN & Al RERIng et ween

the miative 1ayidesdaatorestaimadionyabihevaleciitaticaningic-3atdMareger ik second
will be éS appreciat %/those skilled in the art that the remainder of the

edb .
spacer, And{BY SHCORCsy e M 0B RASR tHiSh BRYBTo ke ﬂ?{%hn%ﬁ%i@ﬂ&l orming a
sourcdl@nsistatcanidobfM A8 Progessisians {RO8pReian nplaavIOFIG. 9,
herein is shown a flow chart of an integrated circuit system 900 for the
008} ol &) S7EFh (0! EESBFAARER it B oA GHRRREFgcts. One
such pRsen ihmeihtigiesEhe ilntegiateth@icitesysteoAQApaciades Mo Visiagha leakage
substrate including an active devjce wjth.a gate and a gate dielectric in.a .
by Fori SR S B o et Lo b qpreldain. By
not fosetonthspaiter anjaeeaotithpl gateunriddiaakO0sirterdiiig, gumoaterialpayi@ince and

. .over the integrated circuit system in a block 906; forming an opening
JuncuB%iWé%ﬁet‘f?ég eaf%?ﬁﬂquer and the first spacer by removing a portion of

[00851heAnadiesiaddpyarishtasahondespadarcatdihaseappedingida exposa dfeects by
.substrate in a block 9Q8; and forming.a source/drain extension and a halo
formi G UGPE eI 1A G S0 OURAT ILr AL D BB CALgE D hlo
regiorthatBye foiesient wnvieigtibn dopsihashumernusaspgdtairOpeteasicn aspeci highly

. is that the present invention minimizes. junctign capacitance and junctio
confing R R s el RGO R AT e YR e cfrcts
therebyithifpeosaiy cétdrairuBynnotianhing thel tait of dheoffalauich plamihouthidedobarrier

the so rce/drai?v)g%gc}ion capacitance and junction leakage can be

10Wenrn W&%&I} ['adb%% no'?h(éef'aspect Is that the present invention can suppress
[00863harhotiennepeaftastshhy the present invention can suppress short channel effects by

reducing the need for a graded source/drain. By reducing the need for a graded source/drain,
the present embodiments help to suppress short channel effects, thereby improving drive
current, threshold voltage roll-off, and drain-induced barrier lowering within an active device.
[0087] Another aspect is that the present invention can accurately control the placement of a
source/drain extension and a halo region by strategically altering the thickness of each of a
first liner, a first spacer, a second liner, and/or a second spacer.

[0088] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing

performance.
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forming a highly-doped and abrupt source/drain extension and a highly
confined/abrupt halo region. By forming a highly-doped and abrupt
source/drain extension and a highly confined/abrupt halo region, the
present embodiments help to suppress short channel effects, thereby

[0089IMANRME Gl iveheHKIARRLIRrasheld ¥oltRg@ralhfinapstidrbmibeneetly further the
barrier lowering within an active device. [0086] Another aspect is that the

state f HhedRERROMMOT CalF et ppreeS S8/ channel effects by reducing the
[0090nequder & diadedapuiceidain Baredecingthaneesdarasgtadrdof the present

) source/drain, the Present embodiments help to suppress short channel .

invenidem BEnihssdBIPRABRL GG REF O IS HOKP AN RS NG R LYo in grpabilities,

and fAfRIoMAUGSSLbRITRE IQwieting Withihep RedvecdevicesyleQR 71 ANRR! structures
aspect is that the present invention can accurately control the placement

strategipal 1 bt e XHARERSH SR ARABYE G RIAEL strdihi Caik) Uk rhigiises and

confidhigkoesso¢ each @fttorlirsidinessadirst spacena@spreaddinaigand/eegatile and
second spacer, [0088] Yet another important aspect of the present

effectiiGerfibRSs THAERSARTEBY, AliBHERSANY "SErNRAO B MBb At tntetly suited

for effiefHAEINARDEESN ST PATY MEaSMSACiSn ANEtdREIRAINTURPHE N3 e LS.
0089] These and other v%luable %ects of the present invention

m"”ioﬁ’g@dﬁé BYRFRHEP RS Best A5 tROIE A RORYY TEo% YELR AfiRCREG Resbmode. it
is to HOQVAEKRusl thhambeenldisconereehthatitac ontearated ittt Sysles® glparent to

the present invention furpishes.important and heretofore upknown and
those ﬁ%@&ilﬂb&h%ﬁ%ﬂb%&&ﬁé it BQH e Fﬁfﬁ&?%nasé&?fg OYE8rriinkty 'gfprded to
embracdegraieh gitauibysianviifikidiog siiurCiuiesi stsategicaliyidesignebetocope of the
. ppress short channel effects, The resulting processes and, .
inctud R o PU LE N HGHOLRE, Sl EHLBHOE N SRSt i mPanying
drawiigssa¢ie aadneffectideincanihestrplenagoteshynadaptisgsknown

technologies, and are thus readily suited for efficiently and economically

manufacturing integrated circuit package devices. [0091] While the

invention has been described in conjunction with a specific best mode, it

is to be understood that many alternatives, modifications, and variations

will be apparent to those skilled in the art in light of the aforegoing

description. Accordingly, it is intended to embrace all such alternatives,

modifications, and variations, which fall within the scope of the included

claims. All matters hithertofore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and

non-limiting sense. 17
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What is claimed is: 1. An integrated circuit system comprising: providing a
substrate including an active device with a gate and a gate dielectric;
forming a first liner, a first spacer, a second liner, and a second spacer
adjacent the 5 gate; forming a material layer over the integrated circuit

What $ysigmedolgning an opening between the material layer and the first

spacer by removing a portion of the material layer, the second spacer,

and the geconeblined rexjpesstethe supsiate; and 10 forming a

source/drain extensian and a halo region through the openjng. 2. The .
RS BTG T BN NG ARSUTeng b b e G Rg e
thieadiiigeadBicéinecludéspspriding aechikkEMhdeuick aafbhd pavicesdjicant the
CMOS device. 3. The system as claimed in claim 1 wherein: 15 forming

the first I%ﬁ%er’ and the second liner includes forming an oxide and forming
thierfirislspacesrandaike seaahd spagetcihcludessiptming a nitride. 4. The

s¥stem as claimed in clfa herein: forming th layer includes
1)

fOQLIINE. an opening be v!/rgel %qsmlaﬁenﬁ e and %aet %@tl SgRcer gy removing a
orming-a nonconitormal oxide. o. e Sysi€m as claimed in€laim

further cponpoisioQth2Creoafigucneg the tucknespaoteacl dfetkectinst linerto expose
the first acl%gttrg%seg?nd liner, and the second spacer to determine the
location of the sourcé/dfrain extension and the halo region. 6. An

infexgnaigch sireuit/dysie ox eoripuisinha patvidigigratbugiiate instudipg an

active device with a gate and a gate dielectric; 25 forming a first liner, a

fiest spaddrs syseoons dinencdnn dascbmdispacer adjacent the gate;

‘;?16?8(518& mateablavel ?F\](&EH?E | fegr&%\‘?'ecii&%e%ﬁ%‘? és‘z&g@%(?i%e an NFET
aterial gyer to expose the sectnd spacer; removing the second spacer

and the deesndaiREETadey BO.formnyI@Soareeddrain extension and a halo
region through an opening formed by the removal of the second spacer

afdd the ddesndiimess ¢@imed in claim 1 wherein:

forming the first liner and the second liner includes forming an oxide and forming the

first spacer and the second spacer includes forming a nitride.

4, The system as claimed in claim 1 wherein:

forming the material layer includes forming a nonconformal oxide.

5. The system as claimed in claim 1 further comprising:
configuring the thickness of each of the first liner, the first spacer, the second liner,
and the second spacer to determine the location of the source/drain extension

and the halo region.

6. An integrated circuit system comprising:

providing a substrate including an active device with a gate and a gate dielectric;

forming a first liner, a first spacer, a second liner, and a second spacer adjacent the
gate;

forming a material layer over the integrated circuit system;

etching the material layer to expose the second spacer;

removing the second spacer and the second liner; and

forming a source/drain extension and a halo region through an opening formed by the

removal of the second spacer and the second liner.
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7. The system as claimed in claim 6 wherein: etching the material layer to

expose the second spacer includes leaving portions of the material layer

remaining over the source/drain and the gate. 8. The system as claimed in
claim 6 wherein: 5 removing the second spacer and the second liner

exposesEhPytiRmalstbriswsthatRind 6 WiR&Ystem as claimed in claim 6
wherein: forming the source/drain extension and the halo region includes

aRtapigrthipadital 16yerie SRtsmeseraretancE nrdsultaeing portions of the
comprisip@idarMing SrsauIER/E Rigy BRiQum fasming Rl seubee/drain

extension and the halo region. 10 11. An integrated circuit system

ce@mprisimpe pyordsiing dsueatiatadnalgdimgramactive device with a gate

and ag.atetﬂielectrig; forminﬁ a first Iine&, a first spacer, a second liner

ahd"P U0 500 RATSEARY tH SEERRd PRI REPR AT Ay & Bsar fsiate.

inte rateﬂ circujt system: 15 etchin e material layer to expose the
r@. 9 € sg/s_temy as cigimﬁq M C an% wherein: y p S
sécond spacer; removing the second spacer and the second liner;

faliwnimig gtbe wooetdidin extensiom and thdaiboregion thebwdh anagénringplant.

formed by the removal of the second spacer and the second liner;

fokhning dlihisgsspacerckdiaeem tharfirstfsphcecoandig@gorming an

electrical contact adj the third cer an er the gate. Tr}j% .
e &9 urcelglgy%cﬁé}tor Torrﬁgléﬂ% scgu"%cgdlcﬁgl ex%@sut_)% a g tllﬁ mla region.

system as claimed In claim w In: providing the substrate inc

thg activgrgﬁ]\fg%j{éqlégrgﬁipg%lgg;pgo%pfﬁggt device, a PFET device, or a

CMOS device. 13. The system as claimed in claim 11 wherein: 25 forming
therdividingar ahsttiie Hstehadinertioiedesi¢onvithy fatoxielb agricfdiphatiic:

e fESLSPRcer ﬂlﬁg,tg%i§&°%bge?9§%%rc8?ﬁ YARS, TR NG RIMY 'Rt adfi€ent the

system as claimed in claim 11 wherein: forming the material layer includes
forming §a%®nconformal oxide. 15. The system as claimed in claim 11

wheisif 36lehingde RRIHRliRVELIGRIRAse R Apcond spacer

includes leaving portions of the material layer remaining over the

sEtrEag et itddaygtdo pgpose the second spacer;

removing the second spacer and the second liner;

forming a source/drain extension and a halo region through an opening formed by the
removal of the second spacer and the second liner;

forming a third spacer adjacent the first spacer; and

forming an electrical contact adjacent the third spacer and over the gate.

12. The system as claimed in claim 11 wherein:
providing the substrate including the active device includes providing an NFET

device, a PFET device, or a CMOS device.

13. The system as claimed in claim 11 wherein:
forming the first liner and the second liner includes forming an oxide and forming the

first spacer and the second spacer includes forming a nitride.

14. The system as claimed in claim 11 wherein:

forming the material layer includes forming a nonconformal oxide.

15. The system as claimed in claim 11 wherein:
etching the material layer to expose the second spacer includes leaving portions of the

material layer remaining over the source/drain and the gate.
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16. The system as claimed in claim 11 wherein: removing the second
spacer and the second liner exposes a portion of the substrate. 17. The
system as claimed in claim 11 wherein: forming the source/drain
extension and the halo region includes an angled implant. 5 18. The

sygtem amelaisiad iR claimediidigiaing iH¥iag:the third spacer alters the
proximity affect of the electrical contact upon a channel. 19. The system

! y
aSeOMRRsathy SrsPR PRGAINEILEIN BTRIRG TEShAYRIGY HROTHRIKARLE spbstrate.

each of the first liner, the first spacer, the secand liner, 10 and the second

spdcer td HetdPHAEHTEIBSHS G thd SBFCERrain extension and the

haten@giahe 20urtbdnysientasdiaindeddhaaipibh futinae comprissagmplant.
forming a source/drain before forming the source/drain extension and the
hak regibine si5&f as claimed in claim 11 wherein:

forming the third spacer alters the proximity affect of the electrical contact upon a

channel.

19. The system as claimed in claim 11 further comprising:
configuring the thickness of each of the first liner, the first spacer, the second liner,
and the second spacer to determine the location of the source/drain extension

and the halo region.

20. The system as claimed in claim 11 further comprising:

forming a source/drain before forming the source/drain extension and the halo region.
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