INTEGRATED CIRCUIT SYSTEM EMPLOYING STRESS MEMORIZATION
TRANSFER CROSS-REFERENCE TO RELATED APPLICATION(S) [0001]
This application is a Divisional of co-pending U.S. Application serial number
11/689,030 filed March 21, 2007. [0002] The present application contains
subject matter related to co-pending U.S. Patent Application No. 11/164,114,
aINIECRATEY anR@narsysd BenuEdoPDOM DN ¢1STRBSBINIOMIORIZA TION
TECHNICAL FIELD [0003] The present invention relates generally to
integrated circuits, and more partiEBISN$k&Ran integrated circuit system
employing stress memorization transfer. BACKGROUND ART [0004]
Integrated circuits find application in many of today's consumer electronics,

such as ceII § ' Er%%ﬁ m &mputers etc.
Integrated cwcwts may |nclu € a combination o actlve V|ces passive
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|nte rated circuit is the metal-oxide- semiconductor field-effect transistor
BjedMacsBEEFYEnerally includes a semiconductor substrate,
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Laperation, an inversion layer forms a conducting bridge or "channel”

between the source and drain when a voltage is applied to the gate. Both

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

combined on a single substratEEEIORE telchibbldyy, called

complementary-metal-oxide- semiconductor or CMOS. [0006] Generally, the

[ PuHteatresane nivitiatoflawlateh gsughlibidcchéagrieb daarimgistomiye dirdtarly to

aP{RREren R Qe feRRIlN6fisa R Wihinithe shannrelregion. Thus, the

higher the mobility of the carriers in the transistor channel, the more current
that can flow through 1 the device and the faster it can operate. One way to

increase the mobility of carriggs, (AR RMILRET a transistor is to
manufacture the transistor with a stressed channel. Depending upon the
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[0005] A common active device within an integrated circuit is the metal-oxide-
semiconductor field-effect transistor (MOSFET). A MOSFET generally includes a
semiconductor substrate, having a source, a drain, and a channel located between the source
and drain. A gate stack composed of a conductive material (i.e. - a gate) and an oxide layer
(i.e. - a gate oxide) is typically located above the channel. During operation, an inversion
layer forms a conducting bridge or “channel” between the source and drain when a voltage is
applied 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.

[0006] Generally, the amount of current that flows through the channel of a transistor is
directly proportional to the mobility of carriers within the channel region. Thus, the higher

the mobility of the carriers in the transistor channel, the more current that can flow through



MOSFET includes depositing a stress-inducing layer. Unfortunately,

conventional stress- inducing layer deposition processes employ techniques

that displace the stress-inducing layer too far from the channel region,

thereby reducing its efficacy for promoting carrier mobility. [0008] Thus, a
theedaryiseilhpe i fits foribaasliapteaiptegnatedchrcuiersystdhs ambitistpioehafers in the
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improved carrier mobility due to the application of a close proximity stress
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that answers und to these problems. [0009] Solutions to these problems
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recrystallized region within the gate and the source/drain region; and a o
dipininhiise RRRSTERGY Rt (FaPsatinritt PrdsteddiRiertainin he dor s elaceail s
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system in an initial stage of manufacture in accordance with an embodiment
ta&ﬂiﬁ@b?éé&ﬁﬁﬁ\?@ﬁtifﬁ%‘ﬂ%ﬁﬂﬂ“ﬁl@?‘.“2 OlHioRtriR-threcarRs M Aftes long eluded
tHIRpasitianOfiR stress memorization layer; [0014] FIG. 3 is the structure of

FIG. 2 after removal of the stress memorization layer and after formation of a

low resistance contact; [0015] FIG. 4 is a cross-sectional view of the

integrated circuit systep1sopoSikal staggoinvangfasture in accordance with
another embodiment of the present invention; [0016] FIG. 5 is the structure of

[(0I®] Flafteredapdsiiional frevidesssmmampedizatidnrdayerstem including: a substrate
including a source/drain region defined by a spacer; a gate over the substrate; a gate dielectric
between the gate and the substrate; a recrystallized region within the gate and the
source/drain region; and a channel exhibiting the characteristics of stress memorization.

[0011] 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.



[0017] FIG. 6 is the structure of FIG. 5 after selective removal of the stress
memorization layer and after formation of the low resistance contact; [0018]
FIG. 7 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 CARRBRNGE DESCRIFEIN/SNTHINRONINtRe following
embodiments are described in sufficient detail to enable those skilled in the
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without these specific details. In order to avoid obscuring the present
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or clarity and ease of illustration, description, and comprehension thereof,
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ifefereneRWMEIRSn 8RN bederprsbarizestabnas 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 3 direction

perpendicular g $heviopEanil es just detinedT igiman swsrasNon”, "above”,

"below", "bottom", "top", "side" (as in "sidewall"), "higher", "lower", "upper",
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used herein includes a structure or element that has its physical properties
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some well-known circuits, system configurations, and process steps are not disclosed in
detail.

[0021] Likewise, the drawings showing embodiments of 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 drawing FIGs. Additionally, where multiple embodiments
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.

[0022] 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



[0023] Generally, the present invention is directed to the enhancement of

transistor carrier mobility by a close proximity stress memorization

technique. Typically, stress memorization techniques employ a stress

inducing material formed over a transistor with sidewall spacers, which is
dusehoanpreptadicolaraiostbe thasipontalent stsesisiiedin frrenstreyshrucong “above”,
“heRierialjq e raspsisicligales the Hansiator spuee/didifeane iR transistorand
.Channel. Uniquely, the present invention removes the sidewall spacers
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improved. [0024] FIGs. 1-3 depict by way of example and not by limitation, an
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electrode. Exemplary illustrations may include an n-channel field effect
terhpigrabFIRTeR fystEYs- Erking e feenahnss b irapsiiter Witkidgarghtgacers,
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cross-sectional view of the integrated circuit system 100 in an initial stage of

tranahinrasiisand e dorariecim A Wing dbirtiertt Slameriprace APRSYenBiyhorming
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depositjon, patterning, qiotolitho raphy, and etching steps. [0026]. The _ . .
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thk0ansTher sabbtrated@ddmay include a bulk semiconductor substrate or a
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construed as limiting.” In accordance with the scope of the present’invention,
fenéednipusribAioTHBIRIBSH AECEBAYHEN inBludehHiPYniERd1PaltthBt Iseedird as
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include any multi-electrode device 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 single-gate transistor, a multi-gate transistor and an annular
gate transistor. Furthermore, it is to be understood that one or more of the integrated circuit
system 100 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.



be formed of conventional materials, such as metals or semiconducting
materials, but may also include any conducting material or composition that
becomes amorphous upon implantation. [0027] Below the gate 102 is a gate
dielectric 106, and below the gate dielectric 106 is a channel 108. By way of
[QRamReéerting gwre Hididetrib 1oaemaly ietvide sifisorsaskional silkvom! dhynitideeted
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(i.e. - one having a dielectric constant valuee?reater than silicon oxide).
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channel effects. The source/drain extension 110 may also include a halo
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an oxide, forms over the substrate 104 and the gate 102 before formatlon
”{’rﬁ’éagﬁéleéf 114, and thus, the composition of the spacer 114 more preferably
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strategically englneered to be offset from the channel 108, thereby heiping to
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sufficient energy and/or a sufficient dose to "amorphize at least a portion of
erademsttataanalsmireiuds o4l ipurash dfehwhgste PJET devices are typically

implanted with a p-type halo implant and PFET devices are typically implanted with an n-
type halo implant.

[0028] A spacer 114 is formed adjacent the gate 102. By way of example, the spacer 114
preferably includes silicon nitride, silicon oxide or a combination thereof, wherein the
composition chosen depends upon the desired etch selectivity of the spacer 114. Typically, a
dielectric 116, such as an oxide, forms over the substrate 104 and the gate 102 before
formation of the spacer 114, and thus, the composition of the spacer 114 more preferably
includes silicon nitride. After the spacer 114 is formed, a source/drain region 118 is formed
by an implantation step, such as a deep source/drain implantation step. The spacer 114

defines a boundary of the source/drain region 118 during the implantation. Notably, by



allows a subsequent anneal step to transfer/memorize a stress to the gate

102 and/or the source/drain region 118 during recrystallization. [0030] The

integrated circuit system 100 may further include a shallow recess 120

(shown in phantom outline) formed within the substrate 104. The shallow
pedfosning 20 daplbetfopmeidr alinthaspesasridtcks dPheds ecenuickddiag jggion 118
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conventional stress memorization techniques, the present invention removes
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stress memorization layer 200 may also be referred to as a close proximity
ngpERdiemorization layer. [0033] In accordance with the scope of the

[(vESanhiRVRBHABCHIR S 8§SHNBraRIiZaliRRtRY eatd0Q MAINGHIER My is formed,

material that transfers its inherent stress to the gate 102, the chan 108,
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theotrexsampterithéostiess AUOMdriZdiich fayertROMananainbivicekes up the substrate
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be understood that a multitude of deposition parameters, such as reactant
SR Tessriprees s teiipetaltipnai mpRinbe, Yeesstartoafatians 1age 200 can be

prevented.

[0032] Referring now to FIG. 2, therein is shown the structure of FIG. 1 after deposition of a
stress memorization layer 200. Notably, the spacer 114, of FIG. 1, formed adjacent the gate
102 has been removed. The spacer 114 can be removed by various suitable etching
techniques, such as an isotropic etch, for example. Unlike conventional stress memorization
techniques, the present invention removes the spacer 114 before placement of the stress
memorization layer 200, so that the stress memorization layer 200 can be placed closer to the
gate 102 and the channel 108. It has been discovered by the present inventors that the closer
proximity of the stress memorization layer 200 to the gate 102 and the channel 108 improves

the effectiveness of the stress transfer during a subsequent anneal step. Pursuant to its



thickness, can be adjusted to modulate the stress within the stress

memorization layer 200. As an exemplary illustration the stress

memorization layer 200 may include a silicon nitride layer deposited by a

plasma enhanced chemical vapor deposition process. [0034] After deposition
peskinbtstiedl whanstiz@8omdayss200nevernting nisy e oheirelsie byystisned@oas a

RBaNERISISRAS RRHREIMSsiodtapsfer the stress from within the stress
memorization layer 200 into the gate 102 and/or the source/drain region 118.
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[0035] The present invention achieves stress memorization transfer by
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particular theory, the present inventors believe that during annealing, the
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transferred by the stress memorization layer 200 into the'gate 102 and/or the
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rdAGSERLMEN OB RIS AYCtRErMAL By ARESS A eRHSEIHEed in FIG. 1)

amorphous regions of the gate 102 and/or the source/drain region 118 to
lqeaiegstamhie hn datcth@2streder dheanurratdin tHesiore d4%f, The Ytrasdrom the stress

nfREARHZAI L 42 yB0 200 . bE Witheem ahghith@ @aneal 12f 1he R eReURVRIMIRN e gion
1 TR 815R IREiede any, Mermal prpeess that

[0036] Not wishing to be limited to any particular theory, the present inventors believe that
during annealing, the amorphous regions located within the gate 102 and/or the source/drain
region 118 are recrystallized under a field of stress induced by the stress memorization layer
200. The field of stress induced by the stress memorization layer 200 is believed to cause the
atoms of the gate 102 and/or the source/drain region 118 to align or crystallize with a
compressively stressed lattice or a tensile stressed lattice.

[0037] The stress transferred by the stress memorization layer 200 into the gate 102 and/or

the source/drain region 118 improves the carrier mobility of the integrated circuit system 100.



causes electrical activation of the dopants introduced during the implantation
step of FIG. 1. As exemplary illustrations, the anneal may include a rapid
thermal anneal, a spike anneal, a flash lamp anneal, and/or a laser anneal.
[0039] Referring now to FIG. 3, therein is shown the structure of FIG. 2 after
Themuweatoftiebilgiress themoiigenioh Riyert20psend df@r formativrdftedawe the
rdGSisianca centact NahlY, Jhe stresadpemnrrigaiandayenalth afikIRduce

2, has been removed. The stress memorization layer 200 can be removed
St Bl Rertasre bR AR e e G el aP iBtropic etch, for
[®3siniple .tAbietnesmoval ofthresiness niehagiizatiomlayes 2@y antowde any thermal
resistance contact blocking film. can deposited, patterned and etched.
P o D TR P B Bon 115
teeteys02i40 0adir Nstaldys tHeaslvaiegishertesontdlt speicen0yineauslageha0o.
Flaentiandle shacer dprabit %v&atl@neﬁléy rﬁs@‘%aﬁﬁl@e‘%\(gr%ﬁﬁﬂﬁﬁomss that

contact 302 is only formed over the source/drain region 118. By forming the
I YL @ LoAtion YpReslostis et trhding S dpalaniatiea siggof FIG. 1.
Aresistapiasy Gondact spaces a0 pravenisitiae owpigsistanaecaniaats3e inieal, a
ﬂg&nlsumig}%egrlleag%ﬁr(c):a;/éjr?ig\neéhension 110 during formation of the low

resiStahée contact 3 : fﬁere%y preventing junction leakage and shorting of
[@p39E BafcaldgainvesadiiSion Tke:ij004hThéehappropriatd Elte dhflve townoval of the

SEESISIRNRR CANREHIPIB6TAI AU TRRAUDICALY (HERARIINGHIE 0¥, Notably,

resistance contact blocki%ilm with a sufficient thickness that when o
theniEstiopfaanyzatitrethiefalis thEow rdesRerBaapmistt discriesbfnetigpion

l3dnaomesthat HigolenvbesisianceuaantacicBig deasinaisconsumeartisotropic etch,
source/ rai&&xtension 1 durin?% formation. In fjlcco%%nc with the

for example. r removal _of the stress memorizati ayer W resistance contact
mvenIHBn, the Tow re5|s%ance con acflbl%lcﬁlng ?ﬂm ay Iﬁcﬁuae any materia

bibtigddks diebsulspes)teenpéormadondoftthed ovisnesiptantiye todntaict BORresistance
C(Lg%glp%@@tﬂf%ﬁigﬂt%é edopyyesistance contact spacer 300, the

mtezrated circuit system I00 may undergo a cleaning step to remove

(0405 S eB Rttt S Sl e PR SRS C A MRS 4R dokiges thiatsiaegr 114,
oPVEG thetgaiguld hangldhevs auraeideaioniedion2lit nffieiiha cleaniegostepdain

silici r salicide prqcess may be employed to fo he low resistance
T B e e e R AR Tl he
ldye griderstoochthatsivedo A0 gsestanc ére dotactsdddhemaypitrciud@ dingm consuming

HRORANSHRGHOmRAYRE hatdarmsBRINiSH e LRIWEE isRL @&ﬁa@?soz, thereby

substrate 104 that is thermally stable and provides uniform electrica
PISNSPEPgUnRitPNIRkAES i dRdrnbartingop thp sassehtminstrsnointhlow resistance
[ovaniarh SAgp oM i Glud MAaterbl s &iahns, Jaftactopyceresals c§a0d3hdhisvial by

A A e A 2 O s At O ANV RTUSSIONS when
anisotropically etched it forms the low resistance contact spacer 300 in such a manner that the
low resistance contact 302 does not consume the source/drain extension 110 during
formation. In accordance with the invention, the low resistance contact blocking film may
include any material that blocks the subsequent formation of the low resistance contact 302.

[0042] After formation of the low resistance contact spacer 300, the integrated circuit system
100 may undergo a cleaning step to remove surface contaminants, such as particles, organics

and oxides that existed over the gate 102 and the source/drain region 118. After the cleaning

step, a silicide or salicide process may be employed to form the low resistance contact 302



may be made to the process of FIGS. 1-3 without departing from the scope of
the present invention. For example, the process may include more, fewer, or
other steps. [0044] Referring now to FIGS. 4-6. FIGS. 4-6 generally depict
the close proximity stress memorization technique applied to adjacent

ovaulthekaterdte duliecbe [o0us)/ drmsregiondblsict byswaybefuadarsiphe dbat Hist low

ré%_}éﬂéﬂyéa%?ﬁ}a&”ﬁ?ﬁem ndrecess flawadetitbectan Qf‘tRI;afbe{?%@tﬁf?erface
circuit system 400, and they are not to be construed as limiting. Itis to be

b%f&ﬁ?@dﬁfé%%%@ib%@%@i%é%éﬁ FRCHBEY it amh s tdethen fRiBy Fhagg el

peipetit s ysitmod0R depictedHoy plfpGsed & illcaparding e thevprssentcnvention302
include an¥1 mufti-el%ctrod dc%vice fqr[‘ned adjacent another multi-electrode

m 1nclude materjals such as, reiractory metals. e
&Yzwce, In' which the curfen ?f:ow?]ng betiveen two specified electrodes of

(043 Wevitets codarsiied dutraoduidieddbymbdifiesitage agpiiedsaradéonomissions

ﬁ?%@%@ﬁ@ﬂ@ﬂ@é@&epﬁﬁﬁﬁap!ﬁ@/\dﬂHcﬁH@&%ﬁi Yréﬂ?lﬂﬁges&;pe of the present

_complementary metal-oxide-semiconductor (CMOS) configuration or a

IRAESS: cEAGHRRE NGRS MBRAY HStEde gt s B GRE HHFS 5PSs to be

[00ade Einedihabene IeNeef thstteg aladailguitsystBnAfe pasdinie stress

JRishared alone. fime,on. & medium, which, ould g eparated o individual
or multiple In egr%qteap Uit as]sem‘b ies at a later s?age of fabrication. [0046]

[(RéFe driee bty depRIy 4y ah ef eixpispih awimet broksussttionaleviawpof tpeocess flow

fdPUEE RIRh RIFCHIt 2Y SIRRAOP @R iyliehsiaee AdMAHIRCHEE I REEHUARG s

with another embodiment of the present invention. The integrated circuit

ligjlipgm dods dantsedriisrédiedorre dhf dtisRa i psRidRe b AR Rfinjymited to the
inshetedithagiaplystandietchipitedfesnFerINERT deyiealifdR aime rdsdnt Tnvention
. devjce 404 s ated. by an isplation structure 405. The NFET deyice 402 . .

R PR A a0 e DL AT o ULRAT AL TR R Cc i
theonfigematitewiiR0dzividee itwegratedicirctlitcsystenvAG@dnclisdies an MEEJled or

n%ﬁllga%% 69r@ﬂ§dv8}{§£éh§?r;§féﬁs%aﬁe_ é&a‘%roﬂb%%{}&l?ér%tﬁ &4 'Hé\)fcjr?d'”@feﬁplary

_bulk semiconductor substrate or a silicon-on- insulator substrate; however,
itpEdienamps aeHEE to be COMBIFISARY i MHdaceBigRmrs Rlith ¢hRIOS)

cSORREOLIEr PreseosiByemtian: sheeararrsiieof gsubsHateekA4reNayis to be
include material that hecomes amorphous u ant?(}i%n, such as

un eI'StOOC? H}Ell one or, c O %e 1t rategrgr uit s IEtgn I%BIC u € .pr ed at one
ceramics, ST R RS To%els baseoe%ompo& &5, prastics, of tAminate s
tiverious typésiforgaivic onildopganpeyalfienFiiivihtd 40@nmaylbenfegmied ofrcuit

a&g&\@ggig{@a@gp@g&@l& slich.gs metals or semiconducting materials, but may

also include any conducting material or composition that becomes '
[MMIrBRESEENS PRIt Fltetiohe 00 48] BeYGwAREON FSECT e VIRE 6 His Nitterated
calr dialestion4Rdnanghetas tradiEl©aieén accordance with another embodiment

of the present invention. The integrated circuit system 400 can be formed from conventional
deposition, patterning, photolithography, and etching to form an NFET device 402 and a
PFET device 404 separated by an isolation structure 405. The NFET device 402 and the
PFET device 404 may operate together, thereby forming a CMOS configuration.

[0047] The integrated circuit system 400 includes an NFET gate 406 formed over the
substrate 104. The substrate 104 may include a bulk semiconductor substrate or a silicon-on-
insulator substrate; however, these examples are not to be construed as limiting. In
accordance with the scope of the present invention, the composition of the substrate 104 may

include any material that becomes amorphous upon implantation, such as ceramics, silicon,



dielectric 408 is an NFET channel 410. By way of example, the NFET gate

dielectric 408 may include silicon oxide, silicon oxynitride, silicon nitride, a

silicon oxide/nitride/oxide stack or a high-k dielectric material (i.e. - one

having a dielectric constant value greater than silicon oxide). However, it is
siles pye hineibestopebithatthstisp erdhmataiaticriosen faethenmETogamganic). The

NGEeEHHC AR%is, 0t fnites dPhR ahRye SxaATNIES: [ SXAIRIE otheNERducting

gate dielectric 408 may include any material that permits induction of a

RIS iRthe RIEE!C AR 2700 WREH dreapiBititiate GOIRGE S MPfte At ™mes
atin@pNeE TigateplmtAiodNFET source/drain extension 412 can be formed

i t the N han 410 f shol olta djustment pur
R R 00k 1 G R Rl RORR 3 TR, PRRASEP e
diskeerisigAMi 2y ETschimokl e Gin ByPEAY ndloimplanthe PR epsirdiglectric 408

P Eb 1 RR VISR 402 1M BIRAIR & Wik 2P MRS RalR R Iank HQRA L i) N befoxide
spacer 416 is formed adjacent the NFET gate 406. By way of example, the

SIRFEERT S Pisbey AR PRSEIABHA NEfud SR SIRRBRE AL CEifCoiT tXRG Sadcaereater than
siiosnhiRRkONHbakeef, inherenihecampasition shestnmdepandsoipaiatiie NFET
esired etch selectivity of the NFET spacer 416. Typically, the dielecri 6
o R TRt s T TR Sy R ol o
digkfdre fédhationioflte NPEMapadeth4 porand thdsctihe cbmpbsitionn ¢h¢hSFET

MRkl §R@%ﬁieﬂ1z§1”a%§?oﬁfﬁf§r@9%g@qwq lGeMItNG e AUGE tWENFET NFET

spacer 416 is formed, an NFET source/drain region 418 is formed by an
SHHIpTAtEAt S ERsionstibh s s fepeer ddisesbheeltrih shqsmal 468 idpreshold
vdihgdN ks spaceiuddi dedings: ahiovndasiaiihanbi- Hasaureeidiain TEiINFET

418 during the implantation. Notably, b ming.the impjantation st
S B e T R e B e
dstretdfit aliynphyginé endld 1p-heoffdetimphmthe NFET channel 410, thereby

[dang?'%tﬂﬁ?\éﬁg&pﬁg%'?Arﬁgﬁqﬁgégf)ﬂ{ecﬁﬁﬂﬁ‘ a?Jf%éSﬂQ%‘}]ﬂf Qﬁample, the
N&i

| @%antatlon may be done through the dielectric 116 formed over the
sthatsT 109 BiSEF TN PRI gtBianbnVidio sitispprifa st feEmingties tsrrof.
wierempheyeshydiion RNRSLAt dBpERIiOoR, JIOWE ViEssithe abRSRREMpIANating NFET
technjgue must possess a sufficient energy and/or .a sufficient dose to
T i AL OGRS (e NEET oS SRior St e Bllds e
oudrtthe NFET sou406/okrire fegionehl & (AnNhplasiandth osuifficierst drexgypddion

o/ Rf‘iréﬁ's'ﬁﬁ%?ﬂtl@%J?@M@Eﬁ@l@&é?ﬁﬁ%@nﬂﬁm&’& %ﬁ@?tﬁé'ﬁfﬂé@%{ﬁé@@l6

and/or at least a portion of the NFET source/drain region 418 allows a

iss{saeduahNiiHeutsfsligintragisfe i dmsipe hstds plape ier EtP Ry At pp an
N@RdY Qedpe ik lirepursp/diiaiibregipn FASNGUIMG /86Ty StIZAEOR boundary of the

NFET source/drain region 418 during the implantation. Notably, by performing the
implantation step after the NFET spacer 416 is formed, the NFET source/drain region 418 is
strategically engineered to be offset from the NFET channel 410, thereby helping to prevent
potential adverse short channel effects.

[0050] The implantation may be done through the dielectric 116 formed over the substrate
104 and the NFET gate 406. Various implantation techniques can be employed by the
present invention, however, the chosen implantation technique must possess a sufficient
energy and/or a sufficient dose to amorphize at least a portion of the NFET gate 406 and/or at

least a portion of the NFET source/drain region 418. An implant with a sufficient energy
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[0051] The integrated circuit system 400 may further include the shallow
recess 120 (shown in phantom outline) formed within the substrate 104. The
shallow recess 120 can be formed during an over-etch of the NFET spacer
416. As is evident from the disclosure herein, the shallow recess 120 further

arHprameeisiehraptene trigmefidirofitd cssbs eetiontly thepwsiidaeréss and/or at least a
pORGROUZAHRN KIaLETighubde AR INGdite Begormad closemiedhgiNEREal step to

channel 410. By way of exa ]ple the shallow recess 120 can be formed to a
R B BB 305 R oGY  AnHtetlrsaaios 31 HEE hurcaidEiyaraghy |8
difie presenhlmxeioiors that if a shallow recess 120 is formed, then preferably

(A S sfiovisibe dopasitar witin e Shallow [ee6ea 20 0 soppyatE

ess m morlzatlon yer 2 rom erla at ma
intiphanybsteatbnd)gerBsd degositheg s toxid Ofiml| beﬂhémmwdlmaﬂebe@rmed

&%Qg%“aeé%R%Iréft%l%@ﬁdsﬂa&ﬁﬁ%ssﬁgﬁ}m%@éﬂ%lﬁxﬁé 8Q8%osure herein, the

delamination of the stress memorization layer 200 can be prevented. [0053]

shetlarisrraty, e tber stbancr the QMU coRsERiR s eretlyHepqsitsd stress
nf&ﬂﬂile&wemdi&ﬁefw@’sﬁlaie/lﬁ@‘k tbhe Rinkdd gaie4dArnaybe fasmed«ad. By way
onventi ﬁ\l n}latl(frlals suchl?@ mef)aelsf(())rgns%mlcon&iu%hl 0% n1)ater|§;\6st Eougl%o
algs e u e any cond uc?ng material or comp05| tharbecom
ngmo”gdteous upon implantation. [0054] Below the PFET gate 420 is a PFET

[(ﬂ%ﬁ ﬂ'ﬁ!ﬁ%@&l%{)@&gmq}% SE)IF %’I’%?S éﬂlﬁ'ﬁqféﬁaﬁ%% '1%&43 HE(LS formed,
channel 424. By way of example, the PFET gate dielectric 422 mai/ include

theh R SRRIE 28iREiHT Sxmitiiudd Eﬂ.éﬁwwﬁfﬂd\@l%.ﬂ&%meﬁﬁﬁﬁa rOxipgeparate
ttﬁ;taﬁks@rma;ﬂiuglaa&die@@frunm@tewm (Fefro@nadaviegan iglecltis apnbtanibstrate

1Y, gecter, e slcon oxide). Hawewer, 8 0 beyndaistagd hatie, .

ype eriat chosen for t gate WhelectH I’IC 2'is no
stabovecaxamples; lfgeelbt pl@amaﬁﬁEngatesmmmnmmtlmiamcla@lé @mybe
ltp\aetgtg&il that permits induction of a charge in the PFET channel 424 when an

app riate voltage is applied to the PFET gate 420. A PFET source/drain
litiengl e dhedBigaTH ST Helficenethd PRECTudRa A REEA 2o i Hhrkemsttover

tneomgaaaajmmqn& MAPPSese and/pkjobcesiieragting shoibehanneliaffeqish as
The PFET source/draln exte |on 426 may, optloreally mclude a PFET halo i
MR Aiptant 428, W QrEingng d8ticB %04 infptarted witi? naﬁcﬁnﬁlpeaﬁer 8
cwnpmntodﬂh{@%}dks&ﬁ‘é@maomﬁnp@ﬁmﬁwd adjacent the PFET gate

(634 Buy@yel sample. 196 PR BRePackr 430aefesabhnincludesiliSas gate

n|tr|de silicon oxide or a combination thereof, wherein the composition

dislséindapendE Bpshans didirdiy aran ebrsemaly SrtREIHRRT disledric 422 may

include silicon oxide, silicon oxynitride, silicon nitride, a silicon oxide/nitride/oxide stack or
a high-k dielectric material (i.e. — one having a dielectric constant value greater than silicon
oxide). However, it is to be understood that the type of material chosen for the PFET gate
dielectric 422 is not limited to the above examples; for example, the PFET gate dielectric 422
may include any material that permits induction of a charge in the PFET channel 424 when
an appropriate voltage is applied to the PFET gate 420. A PFET source/drain extension 426
can be formed adjacent the PFET channel 424 for threshold voltage adjustment purposes
and/or for counteracting short channel effects. The PFET source/drain extension 426 may
optionally include a PFET halo implant 428, wherein the PFET device 404 is implanted with

an n-type halo implant.
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430. Typically, the dielectric 116, such as an oxide, forms over the substrate
104 and over the PFET gate 420 before formation of the PFET spacer 430,
and thus, the composition of the PFET spacer 430 more preferably includes
silicon nitride. After the PFET spacer 430 is formed, a PFET source/drain

[QRRfibA £3E IssienerictPBysalerimmel adiedton theePBlidatag 0P BE Wateefpexample, the

PﬁE‘l”gﬁiE’é@iBWPé?é?%ﬂpﬁlétﬁﬁs [Q024] dibsaimplraiatond iz ReAnS it augbor,
the dielectric 116 formed over the substrate 104 and the PFET gate 420.

wherRBULCEHTRATEA hsIRERls teeniig e R R RhSHrcith el the ErECaRacer
4b@ engpiayiad iy thelqarasanbinvehtiornFad@xasapleo the thh eskyiratn planiationer

te ue c 0ssess a sufficient ep and/ sufficient dose to . .
G L A
PHE PPETrsbifr cedtr airefeeapon adgdqo obirpRefeiding Abwr the-REES, whrsrsinig is
fRARWN PRSI UGIHE RfiF [Coidraiter deprsition oh E%lﬁ%ﬁ%x{@%@%@@@% PFET
layer 200. Notably, the_NFET spacer 416, of FIG. 4, formed adjacent the
degRESRgHErUBATHIBEGA TEMoved. Additionally, the PFET spacer 430, of
[00K8] Phefaniprdtashacant theddiEihrgaid 40dmvRrytaptiapalbynhel reraomRcudstrate
ell. Th spacer 416 and the PFET spacer,430.can be removed b
L B T coh e o aR R R R v
wishitkéhconnerrtioral stresy edemotizativestattinigoés the presemplavémtiohosen
i BN BN GO QUR %&E‘é’eéé' EEdrSReres AL REMRSE PIRRRTRGD H@ethﬁaxggﬁﬁze

memorization I%/er 200, so that the stress memaorization layer 200 can be _
ablepstd Prrsiep f the RiEE 12ef5t82408'YRE thisNFE PoctiahAb e BF R Thsursélsain
rédisgomred by the present inventors that the closer proximity of the stress
rization layer ta. the NFET gate 406 and the T channel 410.
e aRbc ey S S e PRk Eitr £l eggtion of
thusireysaseinsegaiEmt h#yneéDQtegV R@ivlsuaht tOVFE prapwirmityt 16, thé NIBET, formed
2§AMREhe N TG SURRSHITRESQS %%&%A@Wieﬁ@&@ytﬁg PREEFEAIQ 383 of FIG.

close proximity Stress_memorization layer. [0058] Although the %resent

4 demrsdindiascabrctd tesstretd) mantitieanbn bayerooul fateld dvere! spacer
4 RERT geviee B oOshclirigdo ha bodensieatdhihatihie siteskmemerizatigiqlayeuch as
200 need nqt bte formed]ove{]g‘fﬁPFET dtevic ét104. For exarrgple, af;nasking[h
“Ta 81" GBI 58 Yori et SVBI® thd BRE AR AN ther 5y ISEkIR trgmaves the
pfmnatimemfahe_tstzresmmmmormm I@ydﬁm sp2covéi thiecfoFETladenios of the
s ¢4, 1D8 RREHAR, Of 508, S e5S MEMRLZANAR BYEE LRI SOPMEL LYE LIS closer

PFET device 404 can be removed by etching. [0059] In accordance with the

tosghspb e thealsrd8e mnth Ve DB Tirrd atpek ¢ e otz diRsi [diyegvered by the present

inventors that the closer proximity of the stress memorization layer 200 to the NFET gate 406

and the NFET channel 410 improves the effectiveness of the stress transfer to the NFET
device 402 during a subsequent anneal step. Pursuant to its proximity to the NFET channel
410, the stress memorization layer 200 may be referred to as a close proximity stress
memorization layer.

[0058] Although the present embodiment depicts the stress memorization layer 200 formed
over the PFET device 404, it is to be understood that the stress memorization layer 200 need
not be formed over the PFET device 404. For example, a masking layer can be formed over

the PFET device 404, thereby blocking the formation of the stress memorization layer 200
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200 may include any material that transfers its inherent stress to the NFET
gate 406 and/or the NFET source/drain region 418 during the stress
memorization anneal. For example, the stress memorization layer 200 may
include a tensile stressed layer. Furthermore, it is to be understood that a

ovaukituBEDt depesitivh patenpettes, ¢ludla sisere aetarnritatipndiasr gidskuresd over

Hepneratuse. Riz ng\@rrerﬁ@%gryyrga;gﬁgls and thickness, can be adjusted to
modulate the stress within the stress memorization Ia%er 200. As an

[ arg s g e stRpECHsPETsALBN TAJeR- 300 Yiel) Melefiaion layer
zeﬂjlﬁmy it Iaggehdamsmm bynafplasmialenianeess chexnSEETYagos 406 and/or
ion ess. [0060] Aft rde Slt on of the stress memori tlonl
5 PED SLRIGERR L L A EnRe O SRR e, PO e
straematizertiontioayiay 20 intes the dUEE T @aﬁémg@smmmhemﬂ@mnore it is to be

uRQUES/ETRIn ﬁeﬂlﬁﬁtﬁ‘é@of@ QHH&@EM%&E@% mepierizatien layer 20Qsure,
each of the NFET gate 406, the NFET channel 410 and/or the NFET

(CLRRFFBIETr T rBGIGTY &i%’t%ﬁlﬁéﬁﬂ%lécﬁ%g’%‘}?ﬁﬁlBﬁﬂwb%ﬁ@%ﬁ%‘?é&é‘ﬁ&?&@%f‘le

stséﬁesslmammz&tzjaﬂrﬁemormﬁuslpw@mabqorogeritesieaqﬂdaﬁemuaﬁfaﬁted}bystress
the stress tion la er 200 .For e%%l Ie t e N g%te 406, th

Hﬁ]ﬁ&qzctﬁanngh and/or th s%ll}}ce ran regh OSltﬁ{Q TSR %anced

chemsiid s@;@ssiegoamerc[wsu The present invention achieves stress
(OO AZRURPNRBRTEF ¥ aRnealngihis dHagaiedEiraulh sy &e) 4509e¥i’6§l}n@d to

temperature sufficiently high enough to cause recrystallization of amorphous
rpagfigndigesess dirmaviHin i ateatdReastEAtien e 0% jnis el With#thd00
aliFdr Thg AEEI0G @elaing: M Edl $Olétlﬁ‘é}/§iﬁﬁdaﬁli’ﬁgtﬂé1 S hbastrassieysr 200,

e str orization Ia can be retajne he N ate 406
e R R T e A R B S i s
canb%@%@b&?]immsmm theobedimiisd-tobsyepanicutaizttieory.cthetipre gbysical

pIBYERIRIE.DEUEVE Hial duindAReaing, Jhe AMQLDROHY Fe g IaGAethe NFET
Wlthln the NFET gate 406 and/or the NFET source/draln region 4138 are

g?@o%ﬁhﬁ@@&ﬁd@}aﬁlﬁé|618f9§t¢é§stkﬁd1t£€@a BoviNe GitesEeginBmbRizatiopxhibit a

RS 806 d Rerdi@ld of stress induced by the stress memorization layer 200 is
[(R)%I Tvﬁ?d to gcause. the atoms f the NFET ate 406tand/tort e NFET "
Q0BG r R TR RV E o S Br Hatalisd Rt Uole HEIS Stres it iSRligs. the
iEEBE]dT e gtite sgstam sfefred iy mem&mrﬁemﬁﬁzimﬂm |aygr 200uigho tthecause
dOEGIgAKAQP a%w{)%&@qe@ﬁﬁsTiégurca{Qrm{g AEEINREVER NG FIG. o

carrier mobility of the integrated 13circuit system 400. The carrier mobility of

lagnserhteidriardie SiFdilt s tEin aulristmpFdve cowetdirie sdorethy sthhf-depss from
thtkassemhéRLIoNs Gf RN6E fagdterdabandidithe.NFFET gate 406 and/or the NFET

source/drain region 418 through the recrystallization anneal.

[0062] Not wishing to be limited to any particular theory, the present inventors believe that
during annealing, the amorphous regions located within the NFET gate 406 and/or the NFET
source/drain region 418 are recrystallized under a field of stress induced by the stress
memorization layer 200. The field of stress induced by the stress memorization layer 200 is
believed to cause the atoms of the NFET gate 406 and/or the NFET source/drain region 418
to align or crystallize with a tensile stressed lattice.

[0063] The stress transferred by the stress memorization layer 200 into the NFET gate 406

and/or the NFET source/drain region 418 improves the carrier mobility of the integrated
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source/drain region 418 induce stress within the NFET channel 410, thereby
improving carrier mobility. [0064] It is to be understood that the anneal of the
present invention may include any thermal process that causes the
amorphous regions of the NFET gate 406 and/or the NFET source/drain
ciigyiopy8e8 tefecriktativeeuntidilihecsttbe sndd Sentrdl reitaint thixststreddlofs thwroved

b&LEGSS ﬂ@%@f%?ﬂﬁi&!ﬁ)ﬁ%%@@- }égféhermome tﬂ@?ﬁ*ﬁngﬁkoﬁ&e MHOSENhe NFET
invention may also include any thermal ﬁ%ocess that causes electrical

SEER/4ERIA G998 doPARtLshtdEsTed By (NEEMphanestion GidhrtsPie &npgoving

chseexesbpiary illustrations, the anneal may include a rapid thermal anneal, a

ike anneal, a flash | neal, and/or a laser anneal. [0065] Referrin
S R i e S

pregerovaiaf thiesstrélas ameeridizatiositaye pR Qicahd &t egaforitiondpthtidoWFET
sEERIStANCEERAtacE 302 NtARh: (hgstigssmemonzatian A%e 20 &f FlGtress

5, has been removed. The stress memorization layer 200 can be removed
MSPOHABINS dtiEa et EHIHY TREFiB e netich 4k BIFTetiBat R M3y Rlso include
agXaepial Afteedemovainbihastiess memasizalfondaygh@0nad@wed during the
. resistance cont cking film can be osited, patterned and etched .
RS, G I ot N e s ace FLGS R o sapi
thtrenN RER g ate pibGamdditiotiedhylatitisnochk anddarsiesd thatahe low

[d@@?tﬁ%ﬁﬁgnﬁ@g QJOP@QST ”t'ffél%?tp Qes%%e%éostﬁféﬂlé Eﬂ:ﬁa.lofy\’after selective

resistance contact spacer 604 adjacent the PFET gate 420, if the low
reRsisYaAbEh CHEAE tBOPIE/AHEI VSV thans T skuimasieRafth FRgilshy 4rssistance

cHthasob. NEbERON hetheekandiasistanael spntaol, OBk G fikay Gaghremaid. The
intact over. sttr.ucttéres %Bgt are not meant to osses.tth Iot resistance conta}(l:t
S50 MoUEEF NSRBI the oSS QA EE By LR I SEM B GG, dych as
albéasmgéc theln the eMﬁE)_‘lésp@aﬁ:er #hdyvef ﬁ@e@tE@ensmaﬂwipth_éiYQWZ_OO, a low
JESRANCESRIBCLRNR IBANNIFMES QYR e RGP WeR/ATAINSRGIRMY.

418. By forming the NFET low resistance contact spacer 602 Iaé%er than the
e

foureT NEESdPH TS T FEtachiRss i<t ah cdieesmidbe JFdcbeno Eipnally,
itlond esistaneg wantact kOB aaicanss sangctna bRl rRalites/BaiR IREENSIPM a

uring . formation of the low resistance co 302, therehy preventin
Pl SO AR RO B AN 0 DEETaraTt St it ance
cRRET3IEN T dsistahceccortRETIpacerbddinlsgianetids talbeighgen them thée low

ré:s’i'iﬁffcé%%%tﬁ@cl&’ﬁ{ﬂﬁn SfQENEHER DAL IBEI AN BRI HANGE LPRIBEH30PdSses
only formed over the PFET source/drain region 432. 14 [0067] The

thedprofsigtanss2oBrehéREET low resistance contact spacer 602 can be
[ovesiENSEhLBY dRPRSitNdhe iawtasistaneRCoRtRetdIDGRG ibWitir than the

N%Lg I%ipear(]:te;[ iF g,no%ﬁéh %? %’(\)/ re]:gsnulre that the low resistance contact 302 is only formed over
the NFET source/drain region 418. By forming the NFET low resistance contact spacer 602
larger than the NFET spacer 416, the NFET low resistance contact spacer 602 prevents the
low resistance contact 302 from consuming the NFET source/drain extension 412 during
formation of the low resistance contact 302, thereby preventing junction leakage and shorting
of the NFET source/drain extension 412. The PFET low resistance contact spacer 604 also
needs to be larger than the PFET spacer 430, of FIG. 4, to ensure that the low resistance

contact 302 is only formed over the PFET source/drain region 432.
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anisotropically etched it forms the NFET low resistance contact spacer 602 in
such a manner that the low resistance contact 302 does not consume the
NFET source/drain extension 412 during formation. Additionally, the
appropriate size of the PFET low resistance contact spacer 604 can be
[(W&TieVeel dpprdepesiting ohehoWIFESibeantesitartacoblatkipry dilieDdvitinge achieved
byuifjanhhickngssdatiben aniseireRica MR e L iaiRS R EKRET OW when

resistance contact spacer 604 in such a manner that the low resistance
aispitaricas ok HooEBn e thi 1o Eori sl Feenisin Bsae R o4 N g e
tHarmation.{oRe3 it acacrdancrayithithensiventieNHET lovukesisianeasesitaat 2
blocking film may .include any material.that blocks th sequent formatio
A e S R e
spessiste{fceandmachisyad dy 6B eith thihP P TrésIAtanesisearise tlonkats Shacerth a

Gifdictherrisaeiast GIEHILAYSIRMAND MY AASIIO B PRRMNGSIER ERce contact

remove surface contaminants, such as particles, organics and oxides that

SRECRIER oVe et Rigiegr e vtriesiverer cotiteiikiitTebr At gnenile PFET
siretigatedaiandahadikEforsauoae/drain region 432. After the cleaning

, @ silicide or salicide process may be employed to form the low .
U e Y SR e e e a0 e o e fim ey
indgiornay]1 Bt REE Plgelte U ubsediont ierPEOT golhecierd rais agiorra@2t 107
[006SIEAHRAGEHIARA NG Hhe NP FEBIRIANER RO AL AP NRY BIBIUGE MYPFET low

conducting compound that forms an interface between itself and the
res{Fa P10t RAESE HArhan SHAlRe Shiehsroviars Uhimenylergrialeaning step
tPr@peies YD toniasishacaciEar putRasesrehilitisiration dthehawxiasistantee
act 30 [ materials such as, refract etals. [QQ70] Jtis t
e R e s SR S o e s e
sonay/deimacado #38.prodesslof FiB8ngd-8apithoutiddpantingifidm phessopeyobe

empag@%swtfometﬂgwgsmw&nma ROCER MY Nﬁﬁ*ﬁ%ﬂ%"%fe%rN%T
other steps. Additionally, steps ma b%e‘1 erformed in any suitable order
‘gigtﬁ

spfgFotir s it froks thid-dcenie S Al enier{ d[e0 78§ REefSrinty s to
bOAHIER oA HTat IRENIBIN iSsBRMMNCBHIRW a0l g alerl GHiaMItcaYSIemd that
700 for the nte%r?ted CJrC#ﬁa%s em OSP in zi\§§0£danct% with an e boddment

ISP ANO LS PRIGREL S haTHBE PRt ST YOt T RS PORIgiHEes
ugifgate endricspaceefoemedthoiey acsisbsirate fiva pigekcs0&, gerforming tha low

ré'SEPs‘PAﬁEE _EGR&@J@(?(EQH%%&QQ&%%&E&Q s%cﬁ%k‘f?eeff%?d'{%; [fGiqn defined by the

acer in a block 704; removing the spacer in a block 706; depositing a

[QQ7RL 4! et SR ZtlsFs agre b ér RHEahte gfaldliEiratiRnsy Stk ansa BIEEKk 7ogsions
Al daansfalsipehesressitngmitiessthess dBpmpizaiontRyebiR traigaifesent
in%grcllti%]ne. %?rgxea/r(?li) g]t %g[igorzzess may include more, fewer, or other steps. Additionally,
steps may be performed in any suitable order without departing from the scope of the present
invention.

[0071] Referring now to FIG. 7, therein is shown a flow chart of an integrated circuit system
700 for the integrated circuit system 100 in accordance with an embodiment of the present
invention. The integrated circuit system 700 includes providing a gate and a spacer formed
over a substrate in a block 702; performing an implant that amorphizes the gate and a

source/drain region defined by the spacer in a block 704; removing the spacer in a block 706;

depositing a stress memorization layer over the integrated circuit system in a block 708; and
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in a block 710. [0072] It has been discovered that the present invention thus
has numerous aspects. One such aspect is that the present invention
removes a gate sidewall spacer before depositing a stress memorization
film, thereby improving the efficiency of a stress memorization transfer
trameraingbigcshEnpeho b eyams Bz 00TRY Ao the gaispadiths ioyrs(digin region
icagissimepility within the channel of a transistor due to the close proximity of
a stress memorization layer during a stress transfer anneal. [0074] Yet
(U BIHE M BS?fhﬁtSa%ﬁéﬁiY OthEp RIS iHVSRHEM 18U th AR5t VANGEBEY SBEForts e
sahchspetvicahath@dpstesiaahtraidofomduaingeaastslesimplifyiag sysiemsanihg a

siREIeasing, performange. [0070] Thessand.oher Vaf%as B
preésent invention consequently further the' state vf the technology o at least

anheahiexthressiniol016] Tngistat-has been discovered that the integrated circuit
[@ﬁ?ﬁh@ﬁq@}%ﬂi&%%‘{%Y&@@&Jmﬁwﬁ{ﬁm@&ﬁﬂ%ﬁpﬁoﬁ%éﬁwg to
u

and unavailable solutions, capabilities, and functional aspects for enhancing
thefles PROBMEY Withit ere RHANEtorday shidising aFiess Baiti g Pdtesses
[auTd]coafigistationsparaustiaighbifonmarpiecastefteciives uncamplicaigtufpgidyand

versatile a ffective, can he implemented by. adapting known technologies
e TR o R S L e R e
pénferpraned circuit package devices. [0077] While the invention has been

[RESFARES: IR ORIMICHAN LN & SRE T ¢ RERERMG dnifod X DR UILRASI PR ahe

many alternatives, modifications, and variations will be apparent to those
stafq iRl dhntenBoates iRyMtletstiBedorel§sthg description. Accordingly, it is

[oovendedstar RMbracdiadbseich aliematiesattodificatigienastivap@bienisnvention
Whi%h fall within the Sﬁolpe f the includeddclaims. Allll maﬁt[ers hithert%f re set
€ n la

fl*rmﬂq%s 1m'%0rtan and %0 ore unknown .an available solutipns %?él?a 1[ities, and
orth herem or shown in the accompanying drawings are to be interpreted’in

fiantitnstratpeetarior rohaimitingpsenseobBity hathis dlaimisthis] 0f Antimtegkatedhe
réSURHIE YR RNSOMBrRIRG %ﬁaﬁ%%”eﬁ%e INEUAIBAAFO WL/ E %ﬂgoﬁﬁﬂﬁﬁféd,

i% a spacer; a gate over the substrate; 5 a gate dielectric between the gate
highty trrasatibsstrsksTaciberySimine danegiHeditpiad phte Aty Brersdesice/drdinre
tHiegiens gndidcaraliexibitingdhr eharpciersticsof prasgmemarizatioikage

devices.

[0077] 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.
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What is claimed is:

1. An integrated circuit system comprising:

a substrate;

a gate dielectric directly on the substrate;

a gate directly on the gate dielectric;

a source/drain region in the substrate defining a channel, the source/drain region
having a boundary characteristic of a spacer;

a stress region characteristic of a stress transferred from a stress memorization layer to
the gate and the source/drain region; and

a contact spacer adjacent the gate, the contact spacer completely on the stress region

characteristic of the stress memorization layer removed.

2. The system as claimed in claim 1 wherein:
the substrate includes a bulk semiconductor substrate or a silicon-on-insulator

substrate.

3. The system as claimed in claim 1 wherein:

the channel includes a compressively stressed channel.

4. The system as claimed in claim 1 wherein:

the channel includes a tensile stressed channel.

5. The system as claimed in claim 1 further comprising:

a low resistance contact formed over the gate and the source/drain region.

6. The system as claimed in claim 1 wherein:
the channel includes an NFET channel formed within a CMOS device.

7. The system as claimed in claim 1 wherein:
the stress region within the gate and the source/drain region induces stress within the

channel.

8. The system as claimed in claim 1 wherein:

the substrate includes a shallow recess.

9. The system as claimed in claim 1 wherein:
the channel exhibits the characteristics of stress memorization due to a close

proximity stress memorization layer.

17



10.  The system as claimed in claim 1 further comprising:

a source/drain extension and a halo implant in the substrate.
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