INTEGRATED CIRCUIT SYSTEM EMPLOYING STRESS MEMORIZATION
TRANSFER CROSS-REFERENCE TO RELATED APPLICATION(S) [0001]
The present application contains subject matter related to co-pending U.S.
Patent Application No. 11/164,114, assigned to IBM and Chartered
Semiconductor Manufacturing Ltd. TECHNICAL FIELD [0002] The present
INYSTHERAPED GEREAN SYSTEMAMIPLIOCVINGSTRESS MAMOIRIAADION
integrated circuit system employing stress memorization transfer.
BACKGROUND ART [0003] IntedrReeNSIil¢RBits find application in many of
today's consumer electronics, such as cell phones, video cameras, portable
music players, computers, etc. Integrated circuits may include a combination
of active devi j [ Ir tions [0004] A
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includes a semiconductor substrate, having a source, a drain, and a channel
Appligirp el el ddursdentta i Anddiboskeret comipeubigier Nlanufacturing

Lebnductive 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 gateTBothNicchpmel and n-channel MOSFET
technologies are available and can be combined on a single substrate in one
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transistor is we&fyelpl)lrggl rtional to the Mo l’llﬁ%yl ‘of carriers within the channel

region. Thus, the higher the mobility of the carriers in the transistor channel,

the more current that can flovié {%&L@{HWS\Q@ and the faster it can
he mobility o

operate. One way to increase f carriers in the channel of a
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1 upon the type of stressed channel (e.g. - tensile ‘or compressive), significant
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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.

[0005] 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
the device and the faster it can operate. One way to increase the mobility of carriers in the

channel of a transistor is to manufacture the transistor with a stressed channel. Depending



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. [0007] Thus, a need still remains for a

reliable integrated circuit system and method of fabrication, wherein the
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prior developments have not taught or suggested any solutions and, thus,
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escription when taken with referénce to accompanying drawings.
taBEIER DESCRIRNIONI @eriF HEIDRUWANGSFO®] tehd @robligne have long eluded
HrRsssestional yiew of an integrated circuit system in an initial stage of
manufacture in accordance with an embodiment of the present invention; 2
[0012] FIG. 2 is the structure of FIG. 1 after deposition of a stress

memorization layer; [0B13I-FH3 R is dhersiiUstrenefiole- 2 after removal of

the stress memorization layer and after formation of a low resistance
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system in an initial stage of manufacture in accordance with another

g%ﬂﬁhﬁﬁ@ﬁ@éﬁﬂﬁ@ﬂé’ggﬁﬁ%ﬁﬂ% performing an implant that amorphizes the gate

and a source/drain region defined by the spacer; removing the spacer; depositing a stress
memorization layer over the integrated circuit system; and transferring a stress from the stress
memorization layer to the gate and the source/drain region.

[0010] 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

[0011] FIG. 1 is a cross-sectional view of an integrated circuit system in an initial stage of

manufacture in accordance with an embodiment of the present invention;



[0015] FIG. 5 is the structure of FIG. 4 after deposition of the stress
memorization layer; [0016] FIG. 6 is the structure of FIG. 5 after selective
removal of the stress memorization layer and after formation of the low
resistance contact; [0017] FIG. 7 is a flow chart of an integrated circuit
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0018] The following embodiments are described in sufficient detail to enable
abieh EFTaRIRILRP 1AW TSR Y IR EAY use the invention. It is to be understood
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and, particularly, some of the dimeRsions are Tor the clarity of presentation

and are shown exaggerated in the drawing FIGs. Additionally, where multiple
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ence nume 0021] The term "horizontal™ as used herein is defined as
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W|?erpendicular to the horizontal as just defined. Terms, such as "on", "above",
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used herein includes a structure or element that has its physical properties
cted by a close proximity stress memorization layer. The term "close

[ 20§imiilty \else Shdnmanigatioswiayesmbodiments 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.

[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
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direction perpendicular to the horizontal as just defined. Terms, such as “on”, “above”,
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“below”, “bottom”, “top”,
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side” (as in “sidewall”), “higher”, “lower”, “upper”, “over”, and
“under”, are defined with respect to the horizontal plane. The term “processing” as used

herein includes deposition of material or photoresist, patterning, exposure, development,
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is defined to mean a stress memorization layer formed over a gate structure

after a gate sidewall spacer has been removed. [0022] Generally, the

present invention is directed to the enhancement of transistor carrier mobility

by a close proximity stress memorization technique. Typically, stress
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inherent stress within the stress inducing material to the transistor gate, the
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current flowing between two specified electrodes is controlled or modulate
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triiGlude @fenntharnelligldeffashdransistahéNirdsd ménfrehaionahdiald Bfaetming
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Snntiar ‘gate transistor, FurinermBre, itis to’be understood that one or more "
clofig, ke gfizted aiesuit! dysterss 0Onstulchbédprepared andriketimeigmzpbility of

tﬂpggﬁgmoy\ga}pgeq%gp&i‘separated into individual or multiple integrated
circuit assemblies at a later stage of fabrication. [0024] Referring now to FIG.

[002H 7K id SHSRAS LR LR s S SEABIRE WD BOMET RIS SRRt ERERsATs flow
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substraté or a silicon-on-insulator substrate; however, these examples are
elspiregdpeitofrittigtiadastinmafiygaielab¥ortantdtdgrnapplied 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.

[0024] Referring now to FIG. 1, therein is shown a cross-sectional view of the integrated
circuit system 100 in an initial stage of manufacture in accordance with an embodiment of the
present invention. The integrated circuit system 100 can be formed from conventional

deposition, patterning, photolithography, and etching steps.



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, silicon based composites, plastics, or laminates of various
types (organic or inorganic). The gate 102 may be formed of conventional
[0k A ieriated eretdlswteseHiBonduding avaciidlsomutdheaygr alsebitaigde)4.
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implantation. [0026] Below the gate 102 is a gate dielectric 106, and below
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include any material that permits induction of a charge in the channel 108
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[@3BHOSH %‘érg"tﬁ%i‘?d’or or l%feré%%Eaf 'é‘gaﬁh%”lgvhvat Qe'a%ff SR 06 is a

sourceldrain extension ifogmay also include aqwaTo imp arft 1172 wherein
CINREET YBvidas wag of picatiylantiplgate diwithiac pldppeayaie ivdplahtendxiRiEEsilicon

ogﬁl\ﬂﬁga R iﬁﬁlﬂde!rﬁ%lﬁ‘i@%do‘ﬁ{i&@ A0e g hale erLaHfgﬂ_qp g’i@é%tﬁp etk rial
114 is formed L;ofléacent the gate 102. By way of example, the spacer 114
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the spacer 114. Typically, a dielectric , such.a oxide, forms qver the .
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by an implantation step, such as a deep source/drain implantation step. The
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R R Ly A W T RS T R
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implantation techniques can be employed by the present
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
performing the implantation step after the spacer 114 is formed, the source/drain region 118
is strategically engineered to be offset from the channel 108, thereby helping to prevent

potential adverse short channel effects.



invention, however, the chosen implantation technique must possess a
sufficient energy and/or a sufficient dose to amorphize at least a portion of
the substrate 104 and/or at least a portion of the gate 102. An implant with a
sufficient energy and/or a sufficient dose to amorphize at least a portion of

[@PR8s Ubstramelanouigmaray Ae Idenst hijpueliothoflitlecyind 1O oralpdnpyer the substrate
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recess 120 can be formed to a depth of about 30 to about 60 nanometers.
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removed. The spacer 114 can be removed by various suitable etching
nanometers, . . . .
ecﬁlnlques, such as an isotropic etch, for example. Unlike conventional
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stress memorization layer 200 can be placed closer to the gate 102 and the
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140BMitypetithe siresrIOTRMOBZAIRNTAYERIRAOrtactRe TREE thO2uBREhth@04 and the
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[GUSEFRENGMIQNZRHD 1945, 0974 INAGFAIIAnEe T} 18 SFARE: AbHaGition of a
present invention, the stress memorization Iayer
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
proximity to the channel 108, the stress memorization layer 200 may also be referred to as a

close proximity stress memorization layer.



200 may include any material that transfers its inherent stress to the gate

102, the channel 108, and/or the source/drain region 118 during the stress

memorization anneal. For example, the stress memorization layer 200 may

include a compressively stressed layer or a tensile stressed layer.
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annealing the integrated circuit system 100 with a temperature sufﬁmenctl][y
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source/drain regua{rg 118. TheI\ stress.frog?lgtp streﬁs mfg Oti{zatlon layer 200 .
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amorphous regions located within the gate 102 and/or the source/drain
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memgyization layer 200 is believed to cause the atoms of the gate 102
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source/drain region 118 improves the carrier mobility of the integrated circui
15§ siepnehobe rpeskalideionapife) of the integrated circuit system 100 is

[003B1OVEASGALE$E BB-infited 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.

[0036] 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.

The carrier mobility of the integrated circuit system 100 is improved because the



recrystallized stressed regions of the gate 102 and/or the source/drain region
118 induce stress within the channel 108, thereby improving carrier mobility.
[0037] It is to be understood that the anneal of the present invention may
include any thermal process that causes the amorphous regions of the gate
reratatidadr thesswliregieiraiof rdigicatd 192tenderydrlireriientieeisire s58ofduce

sind \R@ﬁﬁi{‘tﬁé%@ﬁ%ﬁl@&%@r%%%p%@fﬁ?é%ﬁﬁpﬂl&ﬁ%zoo- Furthermore, the
anneal of the present invention may also include any thermal process that

(0378 s s ia b ikadreigodiiBa BrecRRnerd i ARe REERSBLICYERaPIMyYHBC s aRYhenal
paiepohitiGuies As exerpplakyrdiitaisations ghine 1@0naalonay soakdeldraifiapigon 118
thermal anneal, a spike anneal,a flash lamp a al, and/or a laser. anneal.

GO e BRNE S0C de BheAIR AN AR B Bl RaFRER AACE 200
Fretrovairof theeansealsef hemusdeattiondayer 200 asel aftedéornyationnef arfass that
ABSISNGRSPUACLRQRo NN anth e FHESS NRMOI AR laYE &P Qe pTF iS5, 1.

2, has been removed. The stress memarization layer 200 can be removed
AR dUrsiREete g iaeHReEc e 4&PithTsomaliansiing pike anneal, a
flestarpieanhiar semovakadrthestress memorization layer 200, a low
dESi7RDES sontact bigeking,fim can e, daposited patiamechand stehed o e

aniso roplcaﬁy,% orm a Iow resistance contact spacer 300 a jacenlflﬂ'ne
stgraten10201f0089] INctablp, thé dtov fesistamtefcolaectgpacer @@@ﬁeﬁﬂs D debly,
GRS AN RS SRAC Iy LL 4000 L 196 1o 1o RNeWe AL IRE e eRISteRERorization

contact 302 is only formed over the source/drain region 118. By forming the
lqy FRQistaReereBATaL RS obiiabliet thing (hehapieersieh atn fepfropic etch,
féesisiapee comineispatear IR0 pravantmiiindavn resistanceacontactis@ncbebntact
onsuming the source/drain extension 110 during formation of the Jow .
AR B A 800 theA ARV HORG CREUBAP AR G Sy e
cohegonncerdffindextansiorgdie 000040] The appropriate size of the low
[(EFTFROCSIS M PRI QSR LHASPIRYEHDYs %%%l{%égtﬂaﬁ W pacer 114,

resistance contact blocking film with a sufficient thickness that when

obRISbtofcatyretdReds RN RN 6w Pears il CBhtdetraghers 3bp sorErdrain
reiaNer ByabHien Jane IRSISanea 60 pbatk-8 i @eesNRE&NBMME: thRicer 114, the

source/drain extension 1 urin formaltion. In accordance |£h the .
10W res;(stanc?hcoiltact spacer TCV, l’lt% bl’rg &W refsistance CO-Iltaft fI‘OI’Il c?nsur}nng
Invention, thé low resista ontac cking film may  include any materia

tuhaolbhm&@imemb@qm&dtmmgaﬁupaﬁbmef 6w tesistancacoriaercG68@2, thereby
pl0Q4Lh IB%%&%HTP@AHQ%%H‘&&%L&%%'ﬁi@@&&&%@ff@%ﬂ%ﬁ3198.’ the

integrated circuit system 100 may undergo a cleaning step to remove
(00445 db aPRERRTHEN (475 9EHES| A fiRIBENGPgEATIESt APRF BxPOs b xidtisged by

depithe gatedOZandnthecsaticeidaimsegionlild Allaidbe: alaarnisg si&Pwaen

Jfhicide or salcs pipcess,py,be employed 1o form g ow epistance .\ e

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.

[0041] 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

over the gate 102 and/or the source/drain region 118. It is to be understood that the low



over the gate 102 and/or the source/drain region 118. It is to be understood
that the low 8 resistance contact 302 may include any conducting compound
that forms an interface between itself and the substrate 104 that is thermally
stable and provides uniform electrical properties with low resistance. For
rq5isiprise sotditstvationy theclade rarysieandactnataonBORNdn dpintdute mateiislice
bRPRsRTIAG A Rtale 1094R1dtisHaReyndaistand Shati@ PRIRA Aectrical

modifications, additions, and/or omissions_may be made to the process of
ProRSECY Y RitABUEHEBArfind RoPHTS S BEAHIO BrEelo iFpevaRsis. qepfact 302
naxanepleés thadgprocess mayeialce Mo, fewer, or other steps. [0043]
[dﬁﬁi‘fﬁ”}? fope .E&’nFe'r%Soé'tﬁatFAG%ré\ﬁG %?rh‘?éé&}’c&’te(%gt 1 glose DIoXIMILY. ons

stress memonzaﬁon echnique app ied t0'a jacen mufti-electrode devices:
nj@oha nRIE S0 4he pisics 19 WS of examipstet alsdananboirdimitegiornparpf the present

ir@%ﬁﬁ%ﬂ!aﬁﬁﬁ%ﬁﬁﬁ,ﬂﬁ%&%@%ﬁ?rﬁaﬁ@@_r&(ﬁ@ﬂf&w&g @t&ﬁe?%%kt. system 400,
and the¥ are not to be construed as_limiting. It is to be appreciated that the

(YR e sare Redf ot Be Ififitea S #rECTANGISREY HifcEitSyRESHMBOSIress
nidepiataddatdcHoiQud ap pkeicorslinghnt thelrasenidaventen includes any

i- trode.device formed adjacent another.multi-electrode device, in
S o B SN etfss fow
faotrdhedagpnned dul anegtaie tharvoitaystapplidd atdatbon ol edetorbdeofseact as

119%\{}1%‘?- FX@MBlay Jfreliatans M inelide aSoTRIEMEMaRY: be limited to the

~metal-oxide-semiconductor (CMOS) configuration or a CMOS configuration
infrgr i SiE gt igMsdeniftrb AN S St i€ fo pRoHaE Yo doF tRERSERHlBention

in¥lasesehihsuiniegeated Cistie ysienn AQQ Goulthiverprapased wddenr viv¥ emontach

medium, which could be separated intp individual gr multiple integrated cjrcuit
S L AR G AL A OO P g PO FETP I o
midrieindisbshdwn alergs sugdotibnal viemodlthreiritedy até deachrcditveyesste ix¢@@lary

inffpRdoial stage HICTHS‘QUf@“‘&?g‘;%le%&%?f”%e%%&&'@@ﬁﬁc%%%ﬂlf”e Mbs)

the present invention. The integrated circuit system 400 can be formed from
CRUIRIEHIRINGT deNYiern RPN th HETsIRAGE S dIReihd TRtERF A A5 frih QrPe
ulNEEhAPHEEAQLARdR SthETisteyierRdOdcaanItaieddoy apuigohatinspaiedcitiite
t.405. The NA:,ET device 40%%nd the FEET dev'.ced4014 ma 19£Frat? toqe%her, .
"erbf BrmiY & EMES ConfighiPation. (8048 e higPRtet Girdlieey e
aZbedbhctud edazar Nige didabechdi6rformed over the substrate 104. The
(GRS HRIEARS MAY dneise ahull SemicanFUCtor SUBSHAIA QfR, SHGRD Aikarated

insulator substrate; however, these examples are not to be construed as
CHiRNH ﬁbs_te;ﬁl 400 in an initial stage of manufacture in 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.

[0046] 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,

silicon based composites, plastics, or laminates of various types (organic or inorganic). The



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, silicon based composites, plastics, or
laminates of various types (organic or inorganic). The 9 NFET gate 406 may
NbE Togate d0of manvedtoned pla@iaiionabmasiplstalicbasamidend setgpnducting

ARl $ubyhpar QISR de A RREH tiﬁgtéﬁafe&alc%lﬁl@m%ﬁiﬂﬁﬂ HaBbmes
becomes amorphous upon implantation. [0047] Below the NFET gate 406 is

agQrReEsTUgSRd BRMBIIIIN408, and below the NFET gate dielectric 408 is an
[00FH Belanne! MEOT Bywwéyoaf exanmple gtie Mfktigats dietebiticy4B8 NABY gate

include silicon oxi ilicon itride, silican nitride, a sili . :
o o R N PG AR PR s e s
ngielwectridecohiseanexidiueigireatoxyhindsilidbhepoxidayicHawdigen, iigletmivade/oxide
stndsrstand thatibayrerbmaterial ghasemior HaNRE T gl JigiRdriG @08 an

is not limited to the above examples; for example, the NFET gate dielectric
STHEE S ShCIliRCH Ry Friaterhe TR A HE B BRSP bra ehd gAY faeFET
caBamipr4k040BeiR avtappiedriataholibge isapplied ithaMpil gatedda. gate

NEET. source/drain extension 412 can be farmed adjacent the NFET
TS EruERoe” vARAG TR ah? T ARads B /S 1 T NFET
clooumtetdetimae s hortaphermieleffelitge ThepPHET ta o il digaxtédsiod IRFET

sSHRY /ISR 1IBEUS AN NFET hgledmplpatiald, ettt ine R 488 \igeA%nold
is implanted with a p-type halo implant. f0048] An NFET spacer 416 is formed

vVolthae N HERIE PHBNES 406/ By WeLPUteRaHIsI ik cRippet sfseier 4Tk NFET
sqietesablydnehidesisiticaqy niidackilican NFEE pila conbinatioivikeseohe NFET
dwher%%the c?m{a%siti%n (:f_}tc>serl1l cﬂepenldstupon the desired etch selectivity of
the T SREEF NS 'ﬁfplggﬁy,a hethéftetric 116, such as an oxide, forms
(W48l the SEBStsptect B46aindomvat ahecki BT Hdtie 1066k rd jorvmatiDexafitie the

N@E’EI&Q&?@%“&@&WJ%&Q@ SHRTW gﬁﬁ@? sﬁfc%eo%ﬁggr%oggﬁﬁsiﬂ;@om%@eof,

preferably includes siliCon nitride. After the NFET spacer 416 is formed, an

WRETET S5urearBPsitcreghosca1E R RENb P aisisstskion ettt ththes HRET
spEE T ideep prunseldeairvoplantationcstapanthe I Hehspaceihd bavdefire®aand

bound the T source/drain regi 8 during the implantation. . .
KGR 5) ABARY T TRALER L ataF the AFEF Shudly o tangion
of shmSHETepNEES SouncafdrizintiggivhiddSsibcstrattegicalljtentinyerkistadee 416
1s°1g>§1%fe&%‘ ﬂﬂﬁrﬁl Eﬁﬁc%ﬂ%ﬁeﬁe 1309’ 45‘@&?%&%@%&9 1%&1%%&%1(91%%?%& as an

adverse short channel effects. [0049] The implantation may be done through
Nl ietectrie €16 Foy HpBEPthdcBuidie AEET spacer 416 defines a 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.

[0049] 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

and/or a sufficient dose to amorphize at least a portion of the NFET gate 406 and/or at least a
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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
potigre NFEE sHEREE/draiisvdeion RS M hpiavwith substtiorant epmsedystep to

wBRdionR suHicient Aese ithamerphizR-aldeastR PAIINTFET G NE R IGiAPE 18

and/or at least a 10 portion of the NFET source/drain region 418 allows a
dyimsEgtait Uetionl step to transfer/memorize a stress to the NFET gate 406
[e3d]orihenNEEiEdsatrae Asaim remianad T8riskiring uectystalizatiaacdQ0B0] (Fiavn
. integrated circuijt.system 400 ma éu ther include tI]}e hallow r s 120
o et e L T Sl formed
dvsipgg DrOrcaehisd foerMed Tdeming dhtovés étclyiderth&NIFBET dpalosngiGras the

sisIRVORRLS Q%thﬁtgé?qw&@ﬁ{@B}omi@w&w&e&§§§s&§gﬁﬂ§ﬂa@§osited stress

enhances the proximity effect of a subsequently deposited stress
MeBANERYABR T Ele Ru P i ibin g it R Bel it iE docis Bt thRARRe 0. By way
othamnnpled 1tk Byawdy rofexampleathie: shathew fecegspli? @ fcapohe Jormesbiatasco
nde(Pntlgtgrgabout 30 to about 60 nanometers. [0051] It has been discovered by

the present inventors that if a shallow recess 120 is formed, then preferably
[0 Xidkenfilpreshibsdol be dibp dwitend srithity thersihdlofvar slod kv ii2Cete S¥parkned,

HOP U EMOKigatam 1axsli P00 uof &lEd RifMHb enliRiG Al 0] IHRKES R e

the substrate 104. By de ositlng:an oxide film between the shallow recess
theree e Bangan 12 20 M Strasdrve the MGt kb rpbes up the substrate
10el@Biasiinnied the siiessmamadaatioshlaysy 20 carohs s evestiad.1[R0Mme] the
Additionally, the integrated circuit system 400 includes a PFET gate
S{BrnBH IVrth SHEb JOAFRL PR 1 Both A0 WY BTN LR oD con b
poeorvedtional materials, such as metals or semiconducting materials, but may

(52 RGMHASARY, ﬁ?é‘ﬁ%‘gﬁi@tgd%ﬁk%ﬂa%{erﬁ%lpﬁ%iﬂﬁ& BERPCAMES0 formed over
amorphous upon |m§Iantat|on. [0053] Below the PFET gate 420 is a PFET

thgatebefisctic: 43be AAE ety 1HE PRE Peglia b ety apional gpiepyts, such as
nianng! ddicByvey ofexananle tihendliyEdisgatactigleahic daduntays inGledsl or

silicon .oxiclﬁiailicon OX nitrf'lde, silicon nitride, a silicon oxide/nitride/oxide
CLRRIEP S a|g R %‘Feﬁ%‘c%t‘r’. matehal (l‘.néj. E-m(%tleolrln‘aving a dielectric constant

[ﬂlﬁﬂeﬁgﬂeatehgﬂ?iﬁ%i@am%ikiﬂea).PHEngw,dilblsctdqoéMnd.mislmw t.tiat RRET gate
dIMRER! AR ERPIEMIR Hﬁ.PﬁHa%%pegﬁ?grﬂﬁe%*ﬁ Zga% UG 13D nay

“above examples; for example, the' PFET gate dielectric 422° '
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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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

[ He PEHECRACThE 3P REfPrsmdredieherintesddrsiozris26 th aljy oystioplatiyample, the

pifiglugs @ PRE herleiyRlRNl A28 vhe eindh&iRER b davice AQsiHmRIAmER of,
with_an n-type halo implant. 11 [0054] A PFET spacer 430 is formed

whasaiodhe frEprstirycesabaensydr ap orBxamisie, 4B spsETigdhr HEBT spacer

4poeferpilylinciuedaiisdteon nirideh sitiaaroxidg@ma camnbiaatibartiien®afand over
w in the sitjon chosen de upon desjred etch selectivity
B TSR ORH) TR SHREAT ST S TRE e
PEliér thrsaubiiraterd Oretomeb by ancltidesPHEDNgaitai dr20 Afordddrhidtiopaefti4e0 is
fSRiET SPREET A3ReANdi eS80 RRRILe 'Bﬂﬂhﬁlp%'ﬁﬁﬁoﬁpé‘&%rsﬁ?@ﬂ@“ﬁ:ET

preferably includes silicon nitride. After the PFET spacer 430 is formed, a
desppquigs, dPRHPEGIYRSIER? is formed by an implantation step, such as a
(0058 TTidepBatHicaldrain tenphastaiionpsteR. JR0SDlid hesifypheriaien thtayubrate
| nei%ou e dielg%ricg,lG formed O\tzert e SLibstrate 104 and the lfll:(ET

an € ate . . varipus nvention 1 antation t nigues w ]h nown
gate _Variou§ conventlonaﬂmpﬂ%nta ion ec%ﬁlques well'’known' within
witiararthcaar b eaaniplosmoléne théypridseptespnentiventicor ext@mpglenhk.chigsehosen

iﬂg@lﬁlﬁﬁéﬂ QLGRS ﬁ"&éﬁk&oﬁﬁﬁci%ﬁ@ﬁ@gg&&ﬂ&V QARG A SUHUCIBRLrphize

se to amorphize at least a portion of the PFET gate 420 and/or at leasta
aslsashA BPTRN L SEHESHFAMOraicr aslsasbasriearafrthg Aot teories/dsain

rdgiereiBds shown the structure of FIG. 4 after deposition of the stress

rization layer otably, the NFET spacer 416 IG. 4, formed.
T B o S o, L S ron of
thep sicess 48OnofiFl®n 4a¥orraed adjarbht the PHET gateet 20l may dijtioralifptyecd
2RINQY Rk ﬁﬁﬁ*fegatl%d\iﬁbﬁlﬁeéﬁaeﬁﬁ{)vé‘&G @&H&B‘&ﬁfﬁ@ PRRGEL,23D 430 BPFIG.

removed by various suitable etching techniques, such as an isotropic etch,

4edrraeamprecUihcEdohvatstitVanar-erdonidinbrizemoys feahigllieSheHEFET spacer

4 presanhdrEntiophcat B0 BAKTHETbNEeasS i N ki tispaedi ke RRIQIEs, such as
I|§)Iacement of thte stress 1me Eiﬁation Ia1¥er 290 so that the stress
a or n

AL 145 S0 SN b Hia B SRERT S RS NELFBahs e e e e
pidfeRTichantioel 400. itinasibeeentdiscovier ddHbil thapredémtbéfventbxsiieat thifethe
sAOSEIRISPITIE, RIS S S SHAGMOLZRUAR \AYE 0P 10 dhSob EmThg ?Igcél(?@loser

and the NFET channel 410 improves the effectiveness’of the stress transfer
tqdhe K gate 406 and the NFET channel 410. It has been discovered 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.

[0057] 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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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. [0057] Although the present

embodiment depicts the stress memorization layer 200 formed over the
oRFHEE HEViEaa0z {04 @ e prdersioodiaibeshansmesgaramayiz 0 vaped over

tRQ9-peed Reube J%’E@Qﬁ%@éd'ﬂ; g{ﬁgn'lé,device 404. For example, a masking
layer can be formed over the PFET device 404, thereby blocking the

(48’1 dfctrordarRes et thieirris 24idh PG oBY 1908y et e PRGEGRLon layer
2@1@41@1%@_11@@ i@ MmokdHeal sh@esmm&mafizﬁt_iemﬂayeészaﬁ fosINed D gete thm and/or
e NTETSYICE 404 can be 5‘@@"81‘{ ed tﬁgeest =00 %aé%%%%tiﬁnag&n%%ﬁ‘ a(;fzc? wih e ;e
scope of the present vention, the stress memorization layer 2 (?may
stigstutienzmizarianclizé R0 taaysferkids dribrsidnststpesst lythe FURETepate 4@6to be
w0 dhBNE Bl IBRKICSINAIBLRGIOM AR ARG & SERSSMESOHAA Fessure,

anneal. For example, the stress memorization layer 200 may include a
(BRSStrd s Y Yavereactith SIS iR Pk Eita 8t 8B ddiited Mumrdatpiihe

steeposition prrameiehssochaseaeiapddlowaaiase piapkuyeillismpenatky &tress
RF d[%ower lieacta% materiajs and.fhickn S %cga':l}p 2& adg}%g&qg to odulat%the

RS VRRiR T Re Shesa memoriZation Tayer 200 Rs SR ekemplary ustation ¢

chhmistlesponmbmuorikatipndesger 200 may include a silicon nitride layer
[603PPSIIRY By 8sRlgsTERNhARs et cheRlica Y aRYIEROSHIR RIGPRSS:HB8ARA ©

After deposition of the stress memorization layer 200, an anneal Sil\tb%%lls
Ry the dUssapRreYithie dhfeserbmeaieririne &res<ifdnipribandrtihywte 406
a0r ikONIFe Nt gatan@ioand fr ATe Nl BRuUice/dsa meegianadds 148e200,

annealin stress memaqrization layer 200, each qf NFET gate 406
TN T it 14D IRTBhe WL L0 bt Vel i 415l Bgon 415
calebedbedilzs! exlitiithigngh e hbracterisiic O bstre ssemernaatization {itbeir thoivical

! i i e
P*%%%ﬁ%‘o“}%’ffﬁgé%ﬁ%“ﬁ” S B e o D /B e

2NFEYO sHr OFTkaf #aRbA W el tBXAE D suiesidratresssirn iHfirayopdayit

tehkhi@ presesatinvention achieves stress memorization transfer by annealing
ni@ggg%agrated circuit system 400 with a temperature SUffICI(%nﬂ)Eg}’llgdpm%Ql%lil hthe

98 PERI ety atisn ot RIRGTHHSGE rdBiOIE R'S"- JARS i
inregtaedationude sgsibed 400F| @it algeatpatamithinufie KR T lggle 06 gnddorcause
e
located within the NFET gate 406 and/or the NFET source/drain region 418. The stress from
the stress memorization layer 200 can be retained within the NFET gate 406 and/or the NFET
source/drain region 418 through the recrystallization anneal.

[0061] 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.

[0062] 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 through the recrystallization anneal. [0061] 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
cisfuitrexseindtibd e thatitransbienb ibaticngairsk o0 myystfioldF strigagroved
piageedhby the sigssdnarQeationlayer 280 'N#thegé%j I GanMReAheRIQmET

of the NFET gate 406 and/or the NFET source/drain reglon 418 to align or

SQRRS{AIZL iy TR s Wirettey Hithie. fsoB s hehaid st dntieivRy Wpirying

cﬁﬁﬁesmabﬂmrlzatlon layer 200 into the NFET gate 406 and/or the NFET

Ej /draig r J%B 4%(§thmtpt£%v§1% the |er mOPiII|1I ty of fthe |nte ES“' 1 ggermal
C|rc

sysiem e carrier mo% |ty 0 e integra eCPCII’CL},t sysiem
pingpseVdat @emsélqh@mem@@lallmé@@reﬁs@d RGBhsgatet N REF qgatee 4DEET

s@pelprheNER 118 rfé%é%?a'l“ii@ﬂl%rﬁtﬂ@ dpducy. %Iﬁﬁ%t%“flh@ thesNAEdhe stress
channel 410, thereby improving carrier mobility. [00% It is to be understood

nﬁi&?%ﬁé“&ﬂrlé&r%e%%%m%é‘?ﬁl?}?ﬁﬁb?ﬂﬂlﬂ&a@ YAHEARMgYoRlse dnclude
aﬁbaheﬁn@epr@b@amwmhm segiensl aicthaedvh bf grtadfiotanttodibalNinfdg the
lejur] éat{dﬁam regqﬁé@ to rec%/stallze der the s esfm%a noel1 rel'glaC &
ress o(f tFle stress memorization a?’er 56 ff)urfhermore 18 anneal of t
tl}greyénnmnwlemsmkmayeals@ ﬂkadddmpamyememdémmmsesmt causes
[tﬁi@&fﬁ@éﬁﬁ&vag@wfﬁt@ donptdNtreabeachduting tie IMpIRNELAN.SIER-afve

FIG. 4. As exemplary illustrations, the anneal may include a rapid thermal
regpi@hlOf WHiRE AR HBHNLF 1M ARREAIY aHifoFoumasen s qpoea]stance

chefarsoy novatoyike. Sictheneindsahenvnathestustiie of s baeaftemoved. The
selectlve remov?l of %8 streg‘s memo(l'lgatl n IasyertZ,g)lO atngl aftter formatlon

B T T L e e T e T A A S S P

anfifl®ps, ¢els lﬁeecmambvedft&'menswgksﬁmmanmnmtaw@m@mnwé a low

réﬁm%@%wa%?'ﬂﬁ}éﬁlﬁg'ﬁm CSHChINg [echniay Qt%erﬁé‘&%&ﬁe@ﬂe'&%{ﬂ[%ﬁ)ﬁ%y to

for example. After removal of the stress memorlzatlon Eﬁfr 200, a low

foaaiapEE Thntderiptnacingnit: wisen&Ueisbiseal Bk eeris @ tchdditionally,

itapigoboRkRIN oA fRMhanNhETsiaws esitiansRaaniathsRasde Chariagenh a
FET gate 406. Addltlonall |t| .10 be ood t

P s e SO R R R e 8 P Yo resistance

coesistanges cctamadt(spadgr M@meﬂdtﬁw@ﬁﬁ‘ﬂ@jhte\mmghﬂw kimywn, the low

réﬁﬁhﬁ{%‘&&t&&%ﬁ%ﬁg% i desirad- Qv i ibe R SRS Rlerain 16U 438 posses

Although not shown, the low resistance contact blocking film can remain
tﬂﬁiﬁ&’t‘@%’é@ﬁ%@ﬂ%& R4t are not meant to posses

[0065] Notably, the NFET low resistance contact spacer 602 needs to be larger than the

rapld

NFET spacer 416, of FIG. 4, to ensure 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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the low resistance contact 302. [0065] Notably, the NFET low resistance
contact spacer 602 needs to be larger than the NFET spacer 416, of FIG. 4,
to ensure that the low resistance contact 302 is only formed over the NFET
source/drain region 418. By forming the NFET low resistance contact spacer
mg] [BrgeppremithesNE PTtkp AEETADE], thosNFE T ctepitene® cantbeachieved

RREEG G2 QYRS e O Mo RRIBIANIELOMACH P2 TamCanayBRINgstht when

T source/drain extension 412 during formation of the low resistance
a‘&‘éﬁ?&&f%@ ctrad By pray AN B A R0 sEREY 6B SRBT A G Ot eR f Erfnner
ttﬁeuﬁee{ﬂ\raa’slaxteemnaé&mj heeP it TdawresistaNEETCosuac dpacet&idbn 412

also peed tob a C%r an the PFET. spacer 49(95%%@ 4 to Shsure that

]f]ﬁm%OV(\)/rlr’IéaSIlg ance COI’\?&C%I 365 %PB %}r%r SlZC? over SOUI’CE I’e&llﬁontaCt

siregsio A432N1 0k [AGBE]cT H alsppoitiiatéhsikevofeisanEEPIowt rdsidtmgcBim with a
SHPRIBCL BRAGEL G GRBDEAGHNLYEH Y RYHEPRSIING the PR RRISIANGEEORIARL

blocklng film with a sufficient thlckness that when anisotropically etched it
SHereh S RNEE e IBRPRSS LIRS lodnteritiapssceninsd TR HRgs Aok inuperie kRET
sdawdesifiancavoniactdoaddeesamnconsume the NFET source/drain

ion 412 during,fo matlon Additionall thea ro of th
[@g‘é;ﬁs 9 verition {? nl%vy resista JE)) (f c% %lzockl F 1 may

1}OW reS|sl}ance con ac spacér 4 can pe ac |eve ep05|
depeamm@elddmabtobl@dkmlﬁﬂmwﬂmmrefrth@Hmkme%Satm cwhent 302

[ARSCHRRIGRIMAIGHEA thiOKPE NS P Gl AN rESIRIANGR GO HGL LRPAREPEO 1ow

in such a manner that the low resistance contact 302 does not consume the
resisaneenaey dhaThr Sbribfotntagiatad Aie b e A forsy PidRe sy akARBE step

tonighhée ém»fe&tie&uﬁnﬂd@lereai.fﬂtagl@erﬁemtaetgdﬂekimgifﬂmde@aﬁairaxli@tée 3 the
rlal t b

Ic subse ent formation of th resistance conta
N R At SF T s B R P et SR it e e
smebtth@@EEgT%W%es@Wc@e@ﬁaungpﬂqm ®06dicide imteghiaidd wieceit may be

PRGN 49(}6Hﬂyth€“i'&!&99e§s%‘ﬁ@@'@&ﬁ@p36§ ISUOUR SNFRE %&”%@'Qﬂ@twm

such as particles, o gfﬁnlcs and oxides that existed over the NFET gate 406

SQHENFRET 'SBINEA)r P@&B@%&é@ﬁéﬂ#@ﬁhﬁ5&@482@%?@%@1@432 Itis to
beeuaee/tdrﬁlﬂlaegi@nbéa&ameﬂwett@lﬁeagmmg@yaﬁela@ hﬁydeoﬁﬂlﬁad@@erﬂﬁe@ﬁsmat

be emplo ed to form he o istanc tact O er tl')D T
f%ﬂg rll—} §6V1VJ a|n reglon ?1 ﬁgFtE rslt ﬁﬁgl‘é‘i?es

us@umnembramnaeglmpeﬂrﬁes IWlﬂltchO\befQSMOon@uth%bsvwfeﬂmm the low
rSRUAG A% ayncly e A fandusing;cameaYad inat darms an interface

between itself and the substrate 104 that is thermally stable and provides

[Q94Rb iinifechacindsreiseside tuithl i be SfstapiB crtinpuipdisessofNH{gt ambitions
nﬂi}eﬂ@%ade to the process of FIGS. 4-6 without departing from the scope of the present

invention. For example, the process 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.

[0070] 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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resistance contact 302 may include materials such as, refractory metals.
[0069] It is to be understood that a plurality of modifications, additions, and/or
omissions may be made to the process of FIGS. 4-6 without departing from
the scope of the present invention. For example, the process may include
tranoteTiftdmaitress Hipiaithaepsssankiitiviralion lsxepsoriigeiie pustfberpratiogdipy region
ishiaRleatder without departing from the scope of the present invention.
‘%?0701] Referring now to FIG. 7, therein is shown a flow chart of an integrated
Fhliftshsdren7dier oL it BraiaseRCU SR 0B h HERBRYAERSWith One
suth espbadm@mttlmsf mameﬁﬁehtmvwﬂmﬂah@tategwtedspwm|bs&ﬁéediﬁp7>@ﬁng a
siRgludes providing, a gate.and a.sn V%?e[ﬁ med gvera %“b%tﬁ?et%é%a D10k nsfer
Uﬁ)s performing an |h1p antthat amorphizes the d’a?e ARA A Sourcerarain
amegibw thefishedniol chetspaserin a block 704; removing the spacer in a block

[00A8] ﬁ&ﬁﬁé‘tﬂﬂeé‘t %&rﬁﬁﬁrm%f&%@#'%ﬂﬁ}@%ﬁﬁﬁ the integeatgd GiteNibor due to
system in a block 708; and 15 transferring a stress from the stress

e\ elors iz aish et iHW@ﬁ&%@“&ﬁ%@% HERIRAITTEGTRRSH 2Bk 710.
(1031 1Y ¢t baaikeenhiseovaieditbaithprprasemtdnvantiondhiss fasnusuppous and
&y c%gt?lh lstér“&q aﬁ@ﬁt Jf hatthe presentinvention remaves aﬁ’é’ fcreasin
sidewall spacer before depositing a stress mémorization i anﬁiere g
pemipmowiag. the efficiency of a stress memorization transfer anneal to the

(ALYl aaRRLSIOLIAGd 2L ARRIETASBREER IMRIRMRCALIRIMRPHINer the

within the channel of a transistor due to the close proximity of a stress
stie RSPz ssabrelage futlpry Ehstsss i hster anneal. [0073] Yet another
[ormsprtaﬂi asmqs&hthlecpve&anhuﬁmﬂ@égtstéh@trwawabm SUPPPits@dchvention

ervices the hlstorl tre ofr ucin co ts S|m stems a
furnls €S .1mporta W Now ava1 10ns p f ities, and
Increasing per ormance 4 ese an erva uab e aspec

fiymetsent wperttidnrconsegquentiyrfarthobihe m&tm 0h¢h@1woh1ngfogyrwsmt¢easfhe
retﬁfftfﬁgxbﬁsye%he&oQZcﬂcIﬁ‘ngﬂ&tH% Q?eeQt&@‘ﬁ%ﬁkﬁ%th@c}sl'%?fé'&lﬁ%raﬁ‘ﬁgoﬁlﬁféﬁted

system of the present invention furnishes Important and heretofore unknown

h@%ﬁhf UiREpHIRMNE sBRstigRsSEaPratRlieseaise ARG patisctolesitmealdgrre

tiRArFaaimaRiligy witkimdhashamnel Rbasansiston INeriieSHEng IRERE G ckage
and conflguratlons are straightforward, cost-effective, uncomplicated, highly

Ver&Stile and effective, can be implemented by adapting known technologies,
[MTd]avéhithtie ieactiljosuite dbdeor efficibadynanajecarnonwodlly spraififaeturinge, it is

t(jrgggﬁ%grgtgg(?lﬂliltapﬁ%?fgﬁtematives, 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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devices. [0076] While the invention has been described in conjunction with a
specific best mode, itis 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
Wt hs glsrestives, modifications, and variations, which fall within the scope of
the included claims. All matters hithertofore set forth herein or shown in the
accompanyMgthdrawimgsudaerdoripeniniiesgretetcircain djiststnativeperidg:
non-ipiling,asnag. 1RIIALLS FIAIMEAVS: duMeihed of manufacturing an

integrated cifcult system comprising: providing a gate and a spacer formed
over acsigpatnganjayibyinihef amompiact fragderinphizasagidrgatecging gefined by
source/draimeginRdefined by the spacer; removing the spacer; depositing a
stress memorization layer over the integrated circuit system; and transferring
a strdEOFYRS the s memorization layer to the gate and the source/drain
regiodebsithg meikodnas clairied lhyalaiver thevhesgimedrainsiarsingtheasiress
from cgpa%sgrg@%s rgersnc(%giszaftlgc())lyl Ieﬁyers@egge gate an the, sour eiﬁlrain re
d

. g MOrizZ IOJI'l 1a¥ﬁr (o) € %teglaon . the
includes anneadling the integrated circuit system. 3. The method as Tlaimed in

claim 1 whejeireefeamsfeaging the stress from the stress memorization layer to
the gate and the source/drain region includes recrystallizing the gate and the
source/drait e has i Red g LMhAEHin claim 1 wherein: removing
the spaagkallovethetsive Ssomemerizatio miayeritatina uagestrainiwithimeaand the

channel of tsho%rigg}aagrated circui sC\(sétem. Th[gerpn%hro egs.cla{pgegeirrrll claim 1

aln region 1mmciu annealin C1Ic . .
further comprising: TemMoVIng the stress memofizaton layer while maintaing

the styess ingGaehyviiningicRanneliy ihemstgss memorization layer. 6.

Method of manufacturing an integrated circuit system comprising: providin

a subSHstEith 95 NEST Selicdandrsspriemeidctign layer to the gate and the

source/drain region includes recrystallizing the gate and the source/drain

region.

4. The method as claimed in claim 1 wherein:
removing the spacer allows the stress memorization layer to induce strain within a

channel of the integrated circuit system.

5. The method as claimed in claim 1 further comprising:
removing the stress memorization layer while maintaing the stress induced within a

channel by the stress memorization layer.

6. Method of manufacturing an integrated circuit system comprising:

providing a substrate with an NFET device and a PFET device;

forming an NFET spacer adjacent an NFET gate of the NFET device;

performing an implant that amorphizes the NFET gate and an NFET source/drain
region adjacent the NFET spacer;

removing the NFET spacer;

depositing a stress memorization layer over the integrated circuit system; and

transferring a stress from the stress memorization layer to the NFET gate and the

NFET source/drain region.
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forming an NFET spacer adjacent an NFET gate of the NFET device;
performing an implant that amorphizes the NFET gate and an NFET
source/drain region adjacent the NFET spacer; removing the NFET spacer;
depositing a stress memorization layer over the integrated circuit system; and
transferring Ehetreteoftomtenvasteleed envdrizabiomdzgrer to the NFET gate and
the NEFligRuIRE/drall #RAIBR- A Tor 1428 METhR BvIem LS CAMedR HRIMes
6 wherein: depositing the stress memorization layer over the integrated circuit

system inclJ8RS iRD SRRl Ateiiedd*¥Fessed layer. 8. The method as
claimgd in c}%ién GGd% ;{seicrl]éid% (lngicég&tge slress memorization layer over the
integrated cwcuﬁlsys em includes eposi‘ﬁ{ng the stress memorization layer
over thePHET Hewicesantremaviog livbefore thansfegrites thiecsiressted aldes
method as gaifgd Nuclaim 8 WRGHRIRRRRAsHing dhe SPRES METROTAAUCRoving

layer occurs after removal of the NFET spacer. 10. The method as claimed
in claim 6 fuftRPEIHPHEHBE BFifsg an NFET source/drain extension and
an NISET hafg#%géﬁl&} bet eerbtlhe NFET source/drain region and an NFET

. ag claime claim 6 wherein:
channel; and torming a low resistance con &ct over the NFET gate and the

NFE HemuyreegdhaistiesgivamatBation layer occurs after removal of the NFET spacer.

10. The method as claimed in claim 6 further comprising:
forming an NFET source/drain extension and an NFET halo implant between the
NFET source/drain region and an NFET channel; and

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