INTEGRATED CIRCUIT SYSTEM EMPLOYING SACRIFICIAL SPACERS
TECHNICAL FIELD [0001] The present invention relates generally to
integrated circuits, and more particularly to an integrated circuit system
employing sacrificial spacers. BACKGROUND ART [0002] Integrated
circuits find application in many of today's consumer electronics, such as

R R R G A G s

passive devices and their interconnections. [0003] Active devices, such
as a metal-oxide-semiconductor field-effect transistor (MOSFET),

generally include a semiconplucCigNsuRstraier maving a source, a drain,
and a channel located between the source and drain. A gate stack

[0001]30m@@ﬁé’s&fﬁmﬁ%ﬁﬂﬂé@a@aﬁ@ﬁi@aﬂ?@ todgiabedeadiaunxidadayerdifumRularly
gate oxide) are typically located directly. above the channel. During

o an PreraRthCiasHih VEHSIBY Pk O aca Ebi SR4ffGoridge 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 subdirateio RO EENMBIBgy, called
complementary-metal-oxide-semiconductor or CMOS. [0004] Scaling of
[00024h M@ BFRE T vwhigt Herdoapipbe Htomiman@MOS odafiguratiom¢rad dsewonse, such as

cell pﬁdﬂ@éf’rv?&‘e%'%Qgg%%gg&&%’ﬂ%ﬁﬂ?ﬂ%C{a?&;)&%?ﬁ%ﬁté%%ec&gggt@% QldNernieorated

Integral parts o FET has leadto improvements in device operation
circuispewdyandPadking denshipabon sigb astvetidianessitspsites Fdeageimpled  their
intercSRASING Retween adjacent gate structures has been rapidly shrinking with

transistor scaling and conventional spacer integration schemes.
[0003Unfortiveatdiyiche phydicaispaciniglefoaits somgentoeial spedéreffect transistor

(MOSPEY ,tig&&%ﬁy%%%%&%&ﬁe&%ts%é%r_ﬁ[‘é}iﬁ%ﬁ%iﬁ 85022l tQakin, and a

challenges arise for pre-metal dielectric gap-fill, strain induced layer _
channgl hesisitign betve e ritiec s pnzgskinrdadidiatchih gaBo litidh s eonprsdsefdre conductive

materREAICNEARIOPIENS DRG0 INAR the sk Qf Seispasabin RRAGTAMld directly
unfortunately removal of the disposable spacer causes damageé to

aboveyige amgailicbivang siheiaieomyen duéer@i%da}f@rdfef@ﬁ p@‘_o@@@@é@iﬂg bridge or

“chanfr@P SRAWELIMhRQWREtIRGSMUBLAR AEVEIARGE 1R MApNRINENG LERECtEsoth p-
device performance enhancement from one generation of devices to the

channgksadinfolyoslct MQSEIRE derbtifll pginaitis foradaeliabie fatebeateniredipn a single

substrSHRThed-MsiBeY, ehifabisalipin G cindne SagramiLolaHL SYSIeos.
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allows removal of material between adjacent gate structures without

[0004}aSratie g0l HMART L erdehiar by il oTeifer-FRd@8ssagfiguration, has become

a major challenge for the semiconductor industry. Size reduction of the integral parts of a
MOSFET has lead to improvements in device operation speed and packing density, but size
reduction has its limits. For example, spacing between adjacent gate structures has been
rapidly shrinking with transistor scaling and conventional spacer integration schemes.
Unfortunately, the physical spacing left after conventional spacer formation between current-
era adjacent gate structures is so small that challenges arise for pre-metal dielectric gap-fill,
strain induced layer deposition, and contact masking and etching. Solutions to the before-
mentioned problems have included the use of a disposable spacer, but unfortunately removal
of the disposable spacer causes damage to underlying silicon and silicide layer due to
required etch processes. Consequently, new methods must be developed to maintain the

expected device performance enhancement from one generation of devices to the next.



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

[0005EffiEiRRCIESHRACMEE SHalk FOMRalivBlPrRRSH RS RIFSRV S @i8348H method of
urgency to the critical necessity that answers be found to these problems.

fabricpéigne] BitiBnL fo tHESE SO haX¥eBe et ity SB0gHR bt phgierial between

adjacéi\alepmentrlavani JaHmiRt ab suaeesieg RPYSOIHIORSAUTAheir-increasing
solutions to these problems have long eluded those skilled in the art.

commgyeie) ERMPREINE PGB YRV E NFTRINTB06] SHREhreX R rtigd diminishing

opporRIRviele Sornmidteanater sioeuitisysiRrinatlging: HOViding @1ebstraleincreasingly
including a first device and a second device; configuring the first device

critical RpHAISEED R Qe EReIRERP e frst SRIERY ok HhSalsEi HEds R Ree © save

costs, firgbidietegtitadayies, and BeaesRAd SRPEaTiRasesHias arR@iaiatanaceigency to
material; forming a second dijelectric layer over the integrated circuit

the criiral HRCTSHR M LR Fa Mt LouBE O si R R B Second device

[0006F0WsRitkRIN@diasepidhRIES ¢ARE BRACRInanGdiRHeBER phies@s@Nebments have not
dielectric layer; remgving the second spacer without damaging

he
taughis O, SHERESSHAN SR YR i SagelE9as ﬁ?ethﬁi%@fa@afeﬁime long eluded

those SkBtemibgiotetannealing; and forming a fourth dielectric layer over the
integrated circuit system that promotes stress within the channel of the
first device, the second device, or a combination thereof. [0008] Certain

embodiments of thepipyeni iaye peRsPeER 1 @ddition to or in place

of those mentioned above. The aspects will become apparent to those

[000723:”1%9 ndbeeihiama peading %thﬁég&%Q%&ﬁ@k%%%g@%iﬁﬁﬁ&%mdmg a

ken with reference to the accompanying drawings. BR . .
substrpiE SCRPTIGNIOF deMEeDRA W IS 0BT konfigyranpdhgafierbggvice and the

secon&%@g@{(}/ iﬁ"n\é’hﬂ{eag fﬂ@%‘iﬁa@q, qrﬁyg[ %&efﬂaﬁ‘b %&ﬂi%aﬁé@gaégtric layer, and a

manufacture in accordance with an embodiment of the present invention;
seconfoegpr@de fromen saerifigial oPrtes. masgrad rdpmmpeaathietcié idielgetrig byer over

the ikl Euid ISy I SIHGIMERORLF s 2 RERIfUSNIRG @ siactfigial SRaskd device
material; [0012] FIG. 4 is the structure of FIG. 3 after forming a second
sourcegepiBrdhgeatitat ferandiopacs] md Iy o8 ghdhsrseaneé Gelergiclyesy removing the

seconfPEPURG AaRrANddiRIREHIC dayLHARE] Edgﬁniﬁ%sathtﬁi%“{ﬁ%@tﬁé AiGerPover the

during formation of a first device source/drain; [0015] FIG. 7 is the

integrafed ceifiaIBf RIS BRitHy 1RSI ohd &ueong delpuaksliptestiaileyer over the

integrated circuit system that promotes stress within the channel of the first device, the
second device, or a combination thereof.

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

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0010] FIG. 2 is the structure of FIG. 1 after forming a first dielectric layer;



[0016] FIG. 8 is the structure of FIG. 7 after removal of a second mask
layer; [0017] FIG. 9 is the structure of FIG. 8 after removing the second
dielectric layer; [0018] FIG. 10 is the structure of FIG. 9 after removing
the second spacer; [0019] FIG. 11 is the structure of FIG. 10 after forming

[00117 tirird. diglagkialavare 0Q20] BS#et Zomihe ateustire afsbhcerhaadtan;
forming an electrical contact; %0021] FIG. 13 is the structure of FIG. 12

[0012} ¢+ E G, i s SEUS QGO GBS2 P s fornaingrm e < eRAcsh Ry Frd diner:

[0013$ir¢u SyStant iaf R BIE OIS dIGIFRH FoRYIPHER {BRRAQTRARERVIEAN
embaodiment of the present invention. BEST MODE FOR CARRYING

(00145 JHGres g ERFIIR §66%3) THRBAIAAMG RIS dittshtl Wre uasilain:

[0015N mfﬁcﬁm@e&iﬁmaﬁq@mﬁ&q&ﬂm@ artdQanakedanit dIseuteE/ drain:;
invention. It is to be understood that other embodiments would be evident

[0016}, ELH- SR TELEHF YRS rb A SR B Sldstetril Skl ehanges

[0017ayIGE9MaHe Witk SePACIrafiendhe waerBofchim pasrRBtibIeioN.
0024] In the following descri%tion, numerous specific details are given to

10018 6t T0 B RIS OB g ORI Sl

[0019gpPacENt thaththarimvardioNITEY 1 hefRiaciaa sy ihadt dhesasPREISE
etails. In order to avoid ohscuring '[Fg%(fresent invggtio.n, some

[0020} 6 filkhoverS R SHECBYSG8RT Eonfi GFHRET Ao OEELL el SPBUEFE not
[00213lisElgEad i Betailde2b] Ekewbefthadirwipgsaigwing embodiments

f the system are semj-diagrammatic and not to scale and, particularly, . . .
[Oozzioh&of]{?{ués’dﬁn ﬂ%o‘f‘?ﬁrgffdﬁfltﬁlét%? of BT entiith fngnana@tgﬂa&sﬂ cireutt

syster@xagoesaiattévihg siawibednies: Adbiipraly: whateonultiple
embodiments are disclosed and described having some features in
common, for clarity and ease of illustration, description, and

comprehensiapythpregt, iRlRnangyikedeaiurep AR e ARtSK Wil

ordinarily be described with like reference numerals. [0026] The term

[0023] hOﬂ?&fEﬁB’v@ﬁ%éﬁfﬂ)&ﬁfﬁéﬂt‘ééi‘@%é@&i@écﬁif?'é\%a@ﬁ@'&%ﬁﬁ tB&nable those skilled

' conventional plane or surface of the substrate, regardless of its
in the gidatatidss. andalsethe egrdan: réreysorauaitesiontsbrpetgicembadigents would

be evidRHZBRAEN B IHRE PRIPRAI TEERRSYURA ﬂﬁt?f@é‘gss"@pﬂY&'hefllﬁ@L@Wﬂanges may be

"bottom”, "top", "side" (as in "sidewall"), "higher", "lower", "upper", "over",
made yighoyhdenartae defhel wieRGespeePtesens MuedeRal plane. [0027] The

[0024{€TH "@fé’%ﬁ%@ﬂi'gaﬁ&%%ﬁlﬁ{?iﬂu%%%%ssg@&ﬁ%i_t@la?lfsT%Ee%ﬁléhr to provide a
photoresist, patterning, exposure, development, implanting, etching,

thoroyghaidrysandiae risvaNentieos. rhiansesophidtbreaprErntdbalitae vention may
be prdQIBRNY AHIGE AR SIFHEI W ails. In order to avoid obscuring the present invention,

some well-known circuits, system configurations, and process steps are not disclosed in
detail.

[0025] 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.

[0026] The term “horizontal” as used herein is defined as a plane parallel to the
conventional plane or surface of the substrate, regardless of its orientation. The term

“vertical” refers to a direction perpendicular to the horizontal as just defined. Terms, such as
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[0028] The terms "example" or "exemplary" are used herein to mean

serving as an instance or illustration. Any aspect or embodiment

described herein as an "example" or as "exemplary" is not necessarily to

be construed as preferred or advantageous over other aspects,
“on”, eMRAEMeNs o degeismO02bThe dRumsafirsh’, “saeead”). thifidher”, “lower”,
. 'fourth”, and "fifth" ag used herein are for purposes of differentiation

UPPehet¥Eh etBthette g artrinehbtto B edristiiehosL aRtHiRg MYe scope

[00279f theeREeserrouaitien. dORRQ Hdisiteiipluans iepsaddieseimiRMER photoresist,

there is direct contact among_ elements. [0031] The term "system" as used

Patterpg P HRESHS - aHEY FAPBFAHY tHE RBTHBE aFial ne iipgaiidirgmoval of the

materIGSSHIRYEATION R QaeaT dansenivthatheseaptaxdiacndich the term is used.
[0028ﬁ032] The term "stress inducing layer" as used herein includes one or

n

ofEmiHBafs BN ALy erS tRETAREEYS tHE BiTYSREAF BripBIRIS QR4S an instance

or illGaeEe6MObiiky akperadjacenbstiedre Riceliesaenbréd033] The @iple” or as
"sacrificial spacer material" as used herein includes one or more materials

“exemplany o S (gt SACHRMHLN B RS WRASTRhaSimyieTdg e iddiaiagsy over other
aspecl@yenbdeigheils, aE¥sigiRgion silicon loss). [0034] FIGS. 1-13, which
follow, depict by way of example and not by limitatjon,. exempla .
100299 PR, R8T FdFHhe foRFRRbN o4 intFltBcr LIt L) Btes ARtAAEycipeare for
purpokt 40 dieeomaindpchasvbattilgmbiis ienbenadersioothtbatcanitialitysaimiting the
conventional processes that are well known within the art and not
scope A5 RSB AR precede o follow FIGS. 1-13. Moreover, it is to be

[0030yndBestend that mamdmediicatiapss ddaddiznirandiotonissingsmayhe

e to the helow described, process without departing from the scope or
10031 e B CRIEE oot AeT P e I D BB L to the
apparfiiBGEIh dprysiitienmonenfeserd aicetheth giepsnidditionkidy, btepsmiayised.

e performed in any suitable order without departing from the scope of .
10032 R B P DS bV BHER e bAna oAb i dnaterals o
layersiftieghdiedsaitie wh gyiste propdheenrasdnis diselostebitiay, chudrlaoynt structure or
number of multi-electrode devices in which the current flowing between
“Rho specified electrodes is controlled or modulated by the voltage applied
[00335t 8hd aenirdlaeleitiotepdcxemptatyllllustisdibhsranayniclatideran or-ohavnghterials

1 fielqheffecttEansistor NF.gh'Q,ta -channel field effe ttiansisltor gPFET),a .
or 1ayeBi B 8h sy TS o TR iE AR e AR SARALIARARE AN HGIE g0 active
regiortrdlisisidosg.multi-gate transistor, a fin-FET, or an annular gate transistor.

0034 AR {ENally, Ui fo peupdersiood that the Inteqrated Cireult Y88 limitation, an

exemplary process flow for the formation of an integrated circuit system and they are not to

elem

be construed as limiting. It is to be understood that a plurality of conventional processes that
are well known within the art and not repeated herein, may precede or follow FIGS. 1-13.
Moreover, it is to be understood that many modifications, additions, and/or omissions may be
made to the below described process without departing from the scope or spirit of the claimed
subject matter. For example, the below described 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.

[0035] Moreover, it is to be appreciated that the integrated circuit system of the present
disclosure may include any number of multi-electrode devices in which the current flowing

between two specified electrodes is controlled or modulated by the voltage applied at a



of the present disclosure may also include any number of resistance
devices with varying resistance values formed by strategically altering the
process techniques. Furthermore, it is to be understood that one or more
of the integrated circuit system could be prepared at one time on a

contrdN8RIUFAdWhIR GApIS-PeIRSRATRIRA P iREivIRU O FRbHiIRIEABIE HARE transistor

circuit assemblies at a later stage of fabrication. [0036] Generally, the

(NFEYg) swinghanmsbdiftéritbfseiatansitios Sitdiort siosppistaenien Brtlipxide-silicon

(CMOYsiesnfipehading, Hutnatlimiteddasiadaciveuliewar SRS Withfin-FET, or an
strategically engineered sacrificial spacers whose removal does not, .

annulgp-gatefansigigiyinygliieralindst @eﬁ%ﬂﬁﬁ’ﬁrﬁmﬂtéhﬁiéﬁ%ﬁ%ﬁfli§mu“ system

of theSPRHA A LiRLeEosH pestion/viRLal atidivagsatedisiedlt a¥siess el ivarying
an initial stage of manufacture in accordance with an_ embodiment of the

resistqReesEHIVERTEN D LE& EtH GiTHEsI N TRECEYRAUH BrSuit BibRsmore. itis to

be und&rboaninchieon dit dgviceidRdrand airreonddayieribOdb Plepdedt at one time
cases, the first device 102 and the second device 104 may more

on a Jucuiipiy HelLouISr RkaishitEtet iitoqsiioedual oh gullister igisgrued circuit
assemBfi&s hdemites@apedrfaeaination thereof (e.g., a CMOS device
tructure). In ﬁﬁéh r cases, the f%st devicg 102 and the second device 104

10036}, ysneid e iiad OBRY B8 BRI datidedhe Rrmad pRGS AN regipd circuit

syster@tiRNERSEShin@ di singiesice , 14 Riddhke vRecant deyicetd Q4 majcinblug@ineered
a.combination of active rl}?d(?gassive devices actingggi[{;qconcert or

sacrifieial SPacRERHY OB FRBOR! 958 W ARs AL HAR ¥ st device 102
[0037an@ Eherseeansy devicks1 04 akgaiotiintied to theapieceeing sxaives/and of an

) may include any number of active devices, passive devices, or an )
e e 190780t Doa AdEIeh o UG LA B nce with an
embodigsaiibetiheigiareipresanied ok sgbdidshand, sheonc adi@deditcuit system
devices, it is to be understood that the methods may also be used to form. .
100 R D SV T RSSOV e oh B I BRSO AT gl device
102 aititepealasbair claivisystom ) masuiacivnedlbinthedentbpdimemls, active devices,

descrihed herein e, used within a multitude of electropic syste )
s R b Ja VA e KAty BB T Bl Aol device
structalighfallc@nhpooess, tinfleg doreportenisadnisedsigdalesitagodents; also include

ower components, radio-frequency ( Fg components (e.q., RE CM
o o B A e E o B oS aa S M diteh fetiegagand the

secondainponetdsmaptioalisiensoombinpone nfyicaind sadfpalijva denitersoasing in concert
o R R A RS B AT AR e on
devicdodede ave i mitaha ehavitteice disgl b stnaid s Qm d ynagrivehidenalydeypabitiost, active
devicé)s?ggsrsqi\pegdevices, or any combination thereof.

[0038] Additionally, although the embodiments described herein are presented for forming
first and second adjacent devices, it is to be understood that the methods may also be used to
form a single discrete device.

[0039] Moreover, it is to be understood that the integrated circuit system 100 manufactured
by the embodiments described herein can be used within a multitude of electronic systems,
such as processor components, memory components, logic components, digital components,
analog components, mixed-signal components, power components, radio-frequency (RF)

components (e.g., RF CMOS circuits), digital signal processor components, micro-



photolithography, and etching techniques known in the semiconductor
processing industry for the manufacture of active devices. By way of
example, the substrate 106 may include any semiconducting material,
such as, Si, SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other 11I/V

electr@hHANA GO PAURFOBAICOHBIGEPT Se RS WEHASORHERN-ANdINGHIABh, in numerous
configurations. Additionally, the substrate 106 may also include doped

configirafigy 8pe aESHITRFR SN apRaBST IRl ers, strained configurations, and
[0040PNenYoMe By Salatic patinsds e T3P tHel @eorRNEKeIcE 193 an be formed

orientations), which may be strategllcally employed to optimize carrier )
over, Sl Rkthity NEE T antyBr BEETI08viAs. §9RY Stibdtrite HEBBSHIRY-al 93 terning.

photolREBIGEHARY iMateiialibakDacQmexMMerRhaHs st dnnlaiaiesciflIndustry
In some embodiments, the substrate 106 may possess a thickness

for the ApaHERFBH Aty HHAEVHisHarRY VO FaABHE RS e biisestk L00apay include any

semicbheiesbmiarans, Wickxanilei(0®izldHovsrs, SheeexarepesAyoaediier, other
the substrate 106 are not to be construed as limiting and the composition

I/V- o AL SRR 06 STHRY AR R S g s e @S nitHE O e iR L RS igrations.
Additibigkiie ssethaisphysingdlynandielericicabviepables theltpenatban afragtve epitaxial

and/aqr passive device structures. [0043] In general, the first device 102

layers, SHAE L &OBHGHRURS 181 bR N GE a1 G5 TR (8¢ a iy <110>,
and/ogliglecsrigrichzataianmet i hthyasbirgtapgicar bhpcsedreeipaiil Rdensdomobility
... 118, and a halg region 120. [0044] It is to be understqQod that each of the .

Wlthn}/\/@%@%&% r?rbgl?ﬁﬁng‘a’%ﬁﬁin hg §T}E§§W5ete?%%%¥i3 % BFUEsERLaKggal that
beconibe dowmaiian opdndgptenddidmand the gate dielectric 112, depending

pon, for example, the desired dopant concentration within the chann
10041} A RS (8o 1 G e WP aPeABE from about
one h@pesite0oy nducthstyrtypeibsucemparadddrédedapant sousedipiorm the

oyrce/drain extension 118, i.e,, p-type, impyrities f FET devices and
10042] S e TP PIBOS T 5o BB IS St s btsgtrucd o
limitigiopaidt concemtiaiidiomnd energybsaact td dermilye iwgldOdarsaepandmaterial,

. upon the dopant used and the design specifications of the first device 102 .

configfiil Sa BIISNiAR B YoM SDia B B BHLRS  S AR tive
and/onpaysbe ttyvirecsfrocruesnventional materials including doped and undoped

emiconduciti naterials (such as, for example, polySi,, amorphous Si, or
0043 T S5, A e Py b bR ey el 108.
gate ldxampleldielt@riembhdinvhaisicthel date flik0 spayealsoinclune@rdrain extension
113, S9ndy tin mat%igl or composition that becomes amorphous upon

|mp11ar21l 8t{o%1.0ﬂega'rdless of the composition of the gate 110, the gate 110
[0044inaly inclube andidticabdithansioh,dfetheawetistosSectiohalfodinlidy ofiddn the substrate

106 prior to or subsequent to the formation of the gate 110 and the gate dielectric 112,
depending upon, for example, the desired dopant concentration within the channel 114.
Generally, the dopants used to form each of the well 108 are of opposite conductivity type as
compared to the dopants used to form the source/drain extension 118, i.e., p-type impurities
for NFET devices and n-type impurities for PFET devices. It is to be understood that the
depth, dopant concentration, and energy used to form the well 108 can depend upon the
dopant used and the design specifications of the first device 102 and the second device 104.

[0045] In some embodiments, the gate 110 may be formed from conventional materials
including doped and undoped semiconducting materials (such as, for example, polySi,

amorphous Si, or SiGe), a metal, a metallic alloy, a silicide, or a combination thereof, for



nanometers or less. The gate dielectric 112 may be made from materials
including, but not limited to, silicon oxide, silicon oxynitride, silicon nitride,
a silicon oxide/nitride/oxide stack, a high-k dielectric material (i.e. - one
having a dielectric constant value greater than silicon oxide), or a

examPleMpiNatep shareamElRywene g dids 1o keayndessiosithat yheo iR material or

material chosen for therg%e dielectric 112 is not limited to the above o
compesitiaipibat RSFRRSHHROTI Yo draritptat it mBgsadisae Aniherepampgsition of
the gatBatipermRitsatnduotianyohal chatositicthichanns, 134 WheR-B-ABREPRAME of 45

voltage is applied to the gate 110. Accordingly, other materials, which

nanomGLErsr Uit 15 tRYSHUARESH 1R fof gHe diompalsrialaynakipg. but not

limitel$80sfatdhegrke dilidonnd fhrrartatiedactieidd 2 {Q46] SzrRrRAMAMYCIBRIde stack,
thickness of the gate 110 is between abgut 500 angstroms and about

a highslysbieliigatr S Al e THRERABSANS: #E YeRBIgIENICHR 11D s Pepiedhan silicon

oxide RRAUL IGhaNGsHOMBeAM. aPRWSLRANIRLIBNDS. IldweNRd dEgenotypalfemhaterial
thicknesses of the gate 110 and the gate dielectric 112 ma

i | G y be
chosen for the;gate RIEAMIRJ bh ithRC SaRT S e B ARy S S SRS r PR S RIRP Fg e gate
dielecitd the pa¢and @rvies hiMdelA0hak Ganaraliydtbadi sirspacesd dbthadhbenel 114

formed from the deposition and anisotropic. etching of conventional

when Gn IRRIPHRLSYIIRSSUSHBRISH BXide, sithidl, OF SCESRBMAIBR tUFEBts which

may biisewe enbedinents, itheérst spagae LitcarHentoraes seametheor the gate 110

deposition and anisotropic etching of silicon oxide. However, it is to be
and thﬁl%ﬂ‘éeréﬁg‘&tfﬁ 1‘7@ type of materials chosen for the first spacer 116 are

[0046noTenied yo thetrRuesexdmpelearand Mdybialuele oyt FEierakthahs and about
ermits electrical isolation of the gate 110 and formation of the
3000 BREREATIL Rt TBA T el Bl G IHE AT Lhad TE By 4p ansstroms
and al@Xarsplendheokiist spavevctlhgrn hesiolieethitkayvayely b eebnigueasd the gate
. . Including, but not limited to, physjcal vapor deposition,. chemical of. .
dictecf L e e R Tl SR R e Rt devie
102 amiahe [2048] Geneasadliy. the thickness and/or width of the first spacer 116 at
its interface with the substrate 106 can vary hetween about 50 angstroms )
10047] e e S e % et ML LCAY TR CRRSAA A sotropic
etchinhiokneas aiidial vidlboofithaitksiSpaoeh likGaat dsidetesfadeidyjtbrithecombination
ubstrate 106 can vary between about ngstroms and about. 20 ..
therecl R RIS RGO ot e P o L U T ripgion and

anisotsgaicetchlbeasfisitaynwitidth eHdesign, Spaaii bationswidhe thesthlewpe dORaterials
Ela}%cp&;[ &Ot limited to,, critic

chose RN oTTRE ARG AL oSl LTI bCRSATR 100 AR dpetade amy
materplatdempatnoithdcoaioalegidatitia0o Mbeegaer | it(saial e umndenstod chthabdhe/drain
exteng(])ig lﬂ%szﬁi%{lg’(]leto the first spacer 116. By way of example, the first spacer 116 can be
formed by a variety of techniques, including, but not limited to, physical vapor deposition,
chemical vapor deposition and thermal oxidation, followed by an appropriate anisotropic
etch.

[0048] Generally, the thickness and/or width of the first spacer 116 at its interface with the
substrate 106 can vary between about 50 angstroms and about 500 angstroms. In a preferred
aspect of the embodiment, the thickness and/or width of the first spacer 116 at its interface
with the substrate 106 can vary between about 80 angstroms and about 200 angstroms.

However, it is to be understood that the thickness of the first spacer 116 can vary with the

design specifications of the first device 102 and the second device 104, such as, but not



first spacer 116 may include without limitation any thickness that is
optimized to strategically affect the formation of subsequently formed
source and drain regions, source and drain contact formations, and/or the
proximity of a subsequently deposited stress inducing layer (i.e., a layer

limiteth @S, CacRRhanaecashiacaabilipavithththsr chaneatéeaamod aBmdfiva 18 and/or
device). [0049] The first device 102 and the second device 104 may also

placemnit, gk Hrehalruregiataln Ve xtdosR e 18 foltrd wdaiskind iy te hidkagsg of the
first spRESNABNAIGNRILR hariet BRACEIA Oy Ihiganetahd e spureeidrdntrategically

extension 118 may be formed to a shallow depth with a low concentration

affect Jhin [RIAHE Pe Rt Ve RS A SR E HREIPRHT TR gIBh. (HBB 0T EI Imistitiegnd drain

contadiSRANAKTORA thil/epUHe{HRImeXMSION B3 noalyntpeaBdtypeQriRducing layer
) type, depending on the first device 102 and/or the second device 104 )
(e, as{éﬁf‘fj fothean tahgngs- Wismmbitieihigdhaisanakbingion sl grilye device).

[0049IMuHtiesfaleiEMOS gevier) sdagigaliyiche 0mpuities dsedidefarmnshi@ce/drain
source/drain extension 118 are of the same conductivitf{)type as the

extensiap |t Ret G 16T Desnice Hhirdrantivagibn e o' ddaribersrser 116- In

generdNatib e osatyiceitiadx ©xtensionsl hth gabe b faienet via dalaRgladm@h with a low
erpendi&;qlgr, with respect to the conven{%onal surface of the substrate

p
concensalion SIAMRHENES FFBE Wighe SV RPN EF8the first spacer 116.
[0050j00BHd Anpalaivn plaat e helpdasecerast thadasgihiabthechannet 19pe or p-

which may be advantageous for minimizing punchthrou urrent and
e, SER R T e Te) EIIRG 16 PTG R b AR LoEPgge(c € -
type ififstidexicRAOR MMOBalseicona devigeeliddbuntgsferal, RiveOBaleviegjorypically,
. 120.can begforrrrt]ed by implanting impurities a?]jbcent (tybee ate 110 and/qr,
the imgurigjes usgd 8978 5 § ?ﬁ%e’g‘%b% RS0 thEP o Ve o R 0 Qa1 UsE vity type
as thefanpacl s implandirfgrifea subsisaiadl Ataimitk giopuritie’ abappasterstood that the
cqnductivity t that of the impurities used to form the source/drain
soureq A o ok TR PAJEROF5 PETABIE I i fespect to the
conveaduree/dndinextensionbidBanddhempoaicehancharsiraiRgian@renéognted 10 or the
. with M pe impurities then the halo region 120 can be formed with p-type
TSt SPAStnti&s. [0052] The halo dopant material is typically implanted at an

[0051anglehalvthapting dapadrlpniaidsiatcanine lknplanie chandannehthl hevgatk may be
110 and.the first spacer 116. In general, the angle qf the jmplantation js )

advan(geein ol AT RuE W R e SR e s B g oine

to imguKriade: gieifiersubstrafalikot;se dpyibetioeemd dauiditied n¢oiabo0d. In general, the
seventy-five ge rees J%Iative to the surfac

el I B TR R e St BTk L g e i
spaceimplantatioonte probidénsyneicical dorepiof the balobd fegied bY0nydarniong the
substr];?er:rq %Iiﬁllngm%%% 1etlc,a(|) i(;B (l)asﬂ% rce&iggcsﬁ\ll-{%vgggrfoir%h%%hoeij' the impurities used to
form the source/drain extension 118 and a source and drain region. For example, if the
source/drain extension 118 and the source and drain region are formed with n-type impurities
then the halo region 120 can be formed with p-type impurities.

[0052] The halo dopant material is typically implanted at an angle so that the dopant
material can be implanted underneath the gate 110 and the first spacer 116. In general, the
angle of the implantation is typically substantially less than ninety degrees relative to the
conventional surface of the substrate 106, e.g., between about fifteen to about seventy-five

degrees relative to the surface of the substrate 106. In some embodiments, the substrate 106

can be rotated during the angled halo implantation to provide symmetrical forms of the halo



embodiments, the halo dopant implant may be implanted perpendicular to

the conventional surface of the substrate 106. [0053] In some

embodiments, an isolation structure 122, such as a shallow trench

isolation structure, can electrically isolate and/or separate the first device
regionL 02t secendsigyichiandnathflatruatrampom eagtbaiher H®ever, in other

urposes of illustration, the isolation structure 122 may be made froma

emboghRRRc A Henlit gAY Radaplasist peperdirratdnitlly ronvptional
surfack 163 tBe Haskainds gpown the structure of FIG. 1 after forming a first

dielectric layer 200. The first dielectric layer 200 can be formed over the

[0053fipeigrr GrbSdigRt: o RIS RINGrAfed TFELAS Sy ShaHp Yoserely isolation

structil@nkel SePeRILEY QVRLter8a/tiascpuhstate 18R, dbadyStspasekdebhdadice and
the gate 110, each of the first device 102 and the second device 104. In

other grpelpres Homrereatictichiayaraesssal BRHANY HF dsoliay gructure 122 may

be matRchvifuesiciseltdingdal sa¢Himiterdon ehrmicatsiapoy. deposition and
hysical vapor depasition. [0055] In some embodiments, the first

[0054Ei By BO Ay ridTaH 4 PR PSR Ak A& tenifppming a first

dielec€@pOsita 2oy |oWHar easL tReSh@MCRl ¥ARO0 AePOBHIBH (lddCVEY) Bl BIAFAIR or on
enhanced chemical vapor deposition (PECVYD). In other embodiments, the
selecteg POFARL Gy B85t &y A & S B8nCritriBe R JEpauffsh BT or on the

substri@@idobefali hemical Mapamdepesiiaen (R GYR) omtgemesaldéheeéirsd2 and the
ielectric layer 200 may have, a thickness ranging from abqut 50 .
Secongr%&%n]@a‘{o BE %E%nffée.l%wﬁeve%ﬁ@%m E&g‘nfé?ed by a variety of
technitieknasgesgimayboe ssofioyied depandingaponptie dpsignispaatigatiensl vapor
J of the first device 102 and the second device 104. [0056] In yet other
POsEfiBodiments, the first dielectric layer 200 may include any material, such
[00553s k sttess indbodigdayer dibafitsanditaestiis iMeiendor idkinsicletess tonsulating
the gate 110,.the channel 114, and/or the squrce and drain of the fir
materigC5HED 503 A1 HROSUEEY BV o BYFAAG ot Bk SR BTGP C VD) or
plasmdiglgieincethydic 2O maypuiclige arrampessimly diiessred Eybodonants, the first

. . tensile stressed layer. [0057] ]t is to.be erstood that the stress induced .
dietec S Te L oS 0% RIS DI ASTBDA b HD TPl chemical
vapor diepesiticdafer QUD ranmgeinate agedfvyt aliekogithyeir2@icnaiyess withinckness

) theffirst diFeIetctéi(g Ia}}/er 200. for(gxarrlﬁig, a mgltitude 1O—f deé)ositilon 1
ranging, RLRPQU SO HE S EAR M oW Yates, BPESUORE temiB&fattive, gRger OF smaller
thicknesseennigabtasinplaiedadspandinthinpme sbe ckroipe gajcisieditmsnefdithatérst device
102 artlg Hbjin the first dielectric layer 200 and thereby

iinsic sess
Maximize its STess transference effect upon the first device 102 and/or
[00563heln9yet other embodiments, the first dielectric layer 200 may include any material,

V1C
S Stres

such as a stress inducing layer, that transfers its inherent or intrinsic stress to the gate 110, the
channel 114, and/or the source and drain of the first device 102 and/or the second device 104.
By way of example, the first dielectric layer 200 may include a compressively stressed layer
or a tensile stressed layer.

[0057] It is to be understood that the stress induced within the first device 102 and/or the
second device 104 by the first dielectric layer 200 can be increased by altering the intrinsic
stress within the first dielectric layer 200. For example, a multitude of deposition parameters,
such as reactant flow rates, pressure, temperature, RF power, reactant materials, and
thickness, can be adjusted to modulate the intrinsic stress within the first dielectric layer 200

and thereby maximize its stress transference effect upon the first device 102 and/or the



second device 104. In an embodiment, the first dielectric layer 200 may
include a silicon nitride layer deposited by a plasma enhanced chemical
vapor deposition process. [0058] In yet other embodiments, the first
dielectric layer 200 may be formed of a material that can be selectively

secon@tgbadenithyrespest tmbsasidiciahspacemprieral 1308 206 eay3iBlide a silicon
formina the first dielectric layer 200 from a material that possesses a

nitridey| e AtRERieh PR HR KA SHRNAFC eRTBIGY o AR IRfEianPIRcEss-
[00s8Matierat 303 daipadientaihersatesl 4R REthe 15yst doyiaa 82 fnehtiacof a material

second device 104 can be diminished or prevented during the removal of

that cgpde SEIFREMTYFAERThEBTSPRRS6 Lob 5 RsTal SRR AoWAS TG 08 (iekih 3- By

formihg StheWir{heipiikGHy a8k S0 alier tormingithehsagifisiakepacifferential etch
material 300. The sacrificial e,?rr;%)acer material 300 can be formed over or on
I

charagieaigiivet)) BoBER- Ll HtoNS it shingieiati e dregstem hega § 10 of the

first d¥iekel oEp@Titat quesHr asvibe fitst digleptidilayakiZl0 owhieh &abdb@uring the
over.or on the substrate 106, the first spacer 116, and the gate 110, each

removy{ (b sperilirial skt dei¥hd device 104. In general, the
[00593a®iffeiainspaceRr tonaleridd, 306-sian Pshiprmeast Ryracuadely Pidechiigk€siming the

_Including, but nat Jimited to, chemical vapor deposition and spin-on
sacrifici {Rg $JiIBWEG By BhkiHes 166 T%&W%F@%M‘p?’&otﬁé“sg%ﬁ?&ﬂd over or on

the er$ipagesialesiall M@y dTane mibigkrass iangigeiionabedt, 208hket deposited
angstronis to about 800 an%st odr%% However, larger or sma

ller .
over QhiM e e MElsPEcebydd FEpER Gy UWpBHethY §8siBh %‘E’é&ﬁﬁ&a{%%sthe first
space©fl lite fingt dhevieee 10D absef seeaiick drvice 104.{006Hd Groatllyvikfe 104. In

acrificial spacer material 300, include any mat ri)al that preven .
generl e S A te RERRI Sy eRR G (0BT e Suis AR 08 techniques
includilbiineutenoo\rahdédhe, sacilickll spaaedepatai@l 390. Jpis@meoating followed by

embodiments, the sacrificial spacer material 300 may include organic

balkirlgnaterials, such as amorphous carbon, for example. In some cases the
[0060mBYPhaY s CahaplcathdeacefiositepabyrchartiaaBvapaiyrpasitidiickness ranging

technigues, such as plasma enhanced chemical vapor deposition, By w
from gl sRCR bR AbORECAER RSBESuTERdEh 5 S cRnesses
may halkengsyaddagikydes aippvotharddhikee spadficncbainst die Sirstegiciallyl02 and the
ggter.miq%q temperatures, pressures, flow rates, energies, and/or dopant
SCCONY 58K S0 as to form the sacrificial spacer material 300 such that it can be

[0061ierieviechithbessatuSoig gameageterificsiiegigtedlodeuin gysiesridl @Rat prevents
o R R e S A g o o
sacrifi@Zbghiog. heterial 300. In some embodiments, the sacrificial spacer material 300 may
include organic materials, such as amorphous carbon, for example. In some cases the
amorphous carbon can be deposited by chemical vapor deposition techniques, such as plasma
enhanced chemical vapor deposition. By way of example, the amorphous carbon can be
deposited utilizing alkanes, alkenes, and alkynes of two and three carbon chains, at
strategically determined temperatures, pressures, flow rates, energies, and/or dopant doses, so
as to form the sacrificial spacer material 300 such that it can be removed without causing
damage to the integrated circuit system 100 (e.g., the substrate 106). In other embodiments,

the sacrificial spacer material 300 may also include any organic material that is removable by

O, ashing.
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[0062] However, it is to be understood that the above parameters and
materials are not limiting and those skilled in the art will appreciate that
additional parameters and materials may also be employed/manipulated
to effectuate the purpose of preventing damage to the integrated circuit

[00623YHRWABP duiingremavatatdbe sagrifieialrRacpiiaéesial #0materials are not
Generally, spacers including amorphous carbon are easier to integrate

limiting, g fhave thitksdcBnhentional oxmecait dh il et y yreists ang gnaterials

may 560N GAPISIRIhENHNAANS ftbit e igth RigfbseleciyityelRiftieRihage to the
oxide, silicon nitride and poly-silicon with eaSﬁasartrippabilin when

integraith itk tashRTbrodes SHE B OB MY ePbiHér eastisiHertRaCtHe material 300.

Generd@§lifigialspaserinateialcighonayinsbadera dhaemadlyislesampasablénove than
material, for example. In some cases the thermally decomposable

conveptigadlrtidn Bl gL FHEIHEBYF SpIRSSALE AR GFARSWS BiP Bigiagpounds exhibit a

high dagnesRiuvihe thenastyodaeosmpasableimalatadenAViinehdE@ casy strippability
combination of organic and inorganic materials, moieties, and/or species,

when gploying AsBINE BRPSRISS and carbonaceous materials, that can be

[0063TempVvRd VsilirgutaRidsiigedamage tadhtdniegpated Giigelti syeon Q9 include a
(e.g., the substrate 106). In such cases, the thermally decomposab
thermiiy i i

| e
BT R A oholoh EH G e BBty AR BT i panposable
mater{e:silB¥anp ROEIDBy0fhepolmeidTalindads palisioxaraciith,alke thermally

oligopolyolefin, oligopolycyc|olefin, oljgopolyarylolefin, .or . . .
decong0R ST A1 e Gon LAY o BGF e S R el
moietiek hadolyspesimayuaisadndivde qalydialin apolyeyelaietious materials, that can be

oligopolyarylolefin, ar oligopolycarbonate, or combinations (Bereof, V‘flith
remo RO R Ao BadBle GG ity DI M. (he substat
106). mataohlcanay heltdemianyodsticnpalyber sratcdligeneihcdudhisslrocarbon-siloxane

silsesqujoxanes, hydrosilsesguioxanes, and carboranes. [0064] However.
NS A S b & S O S
with gkilledgdopbieastivjll dppresiaiedioddfaddiionalonatetialgimayralsido@olycarbonate
employed/manipulated to effectuate the purpose of preventing damage to
sratt, o T Sltend SOOIV ERIB0aTF R oD 0 nelude
polyok€ieonMposakie kRtaierieligopoliheysalefiiiciabis paaaypaigtanad3H€). p06bInbinations
th efe{ ing Nnow tolFIG. 4, therein is slrlmwn the iitru%ture <¥1f FIG. 3 afterbl terial
T ing s SLEORE SPRCEFAbo aRP A ir<fiNer 402 THA Hrst QP RYY Xgnmateria
may ibhdifdermedadjagenyihediosivispaaers] ichiaboilbaijiliexfiisisdryiressqiidxanes,
the second device 104 and the second spacer 400 can be formed

and “4 f’art(a:%%st' the first liner 402 of both of the first device 102 and the second

[0064ieHosvd 0%, inigandralnidist@beé thaderstdad ¢hatainplseaendmfaaaindOfhd those
it B T S S R At
to effsgleatethppriipnscobfipecirsitdigldetniagtayeniz0htogfatél Sircuit system 100 during
removal of the thermally decomposable material, i.e., the sacrificial spacer material 300.

[0065] Referring now to FIG. 4, therein is shown the structure of FIG. 3 after forming a
second spacer 400 and a first liner 402. The first liner 402 can be formed adjacent the first
spacer 116 of both of the first device 102 and the second device 104 and the second spacer
400 can be formed adjacent the first liner 402 of both of the first device 102 and the second
device 104. In general, it is to be understood that the second spacer 400 can be formed by

removing selected portions of the sacrificial spacer material 300, of FIG.3, and the first liner

402 can be formed by removing selected portions of the first dielectric layer 200, of FIG. 3.
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11 [0066] In some embodiments, the second spacer 400 can be formed
by an appropriate anisotropic etch process that removes material of the
sacrificial spacer material 300 from over horizontal portions of the
substrate 106 and the top of the first device 102 and the second device
[00661 04n thetRDY BEGGSIRAPOTHONS Qe fist digloctis IpyabAAOfaad apBfopriate
. the_ substrate 106 and the top of the first device 102 and the second
anisoRRICEDArqeRss Hahrem S b et rreEhSEA SBICAT Atk ddRdrasn over

horizdRHDN $bRiSRE VTKPIENt 4RO 1 MK BN @hehfREPCRSTENAOTANd the second
selectively etch the material of the sacrificial spacer. material 300 with

devicgebiibetiharehy aretaRoP RS OinKcABB! HUGRRIEE fiapcfo 9 formed over the

substreiRABIS taRCRabper secand spacen 40 rhmbetoimer ayearyappropriate
spacer etch process that does not substantially damz?%e the underlying

(0067} iy 056 68] 288 A1 RRe MBI RIS AR STt St Hint iR dhSetisiogd Spacer 400

may iSPRGer AHI0:mRYpHacHgemnt hiskRessitRNGKEH A RReHhDOfARgSIEEATRIA spacer
about 500 angstroms at jts base adjacent the substrate 106. However, it

materialy§b WiGeFstBEt tHarhie THIGKIE & o thd B4 cHAE spcer HOW SRty 1t 1s to be
underéf6ddd@ v ithosddbmitapareanyithickpeserinal Isyoptmippebivi sisaie@ieadich process

affect the formation of sugﬂequently_formed source and drain regions

that dogs gt SRSHRBHANY SREIASEHAEM SIS LS ™accordingly, the thickness

[0068Ihesseapnsspphey 400scande altereddaimpeaidhe cdasighspesizaionsnclude a
g., sub 45 nanometer technolo e cr(;g@ dimensions). of the

.. (e. no )
thicknte SIRRRECFE BAERD 156 EBR0] SUBRLIEh IS Liehih g s Bawpadacent the

substrafaces 40 vwkedirst ines 402:16aa-1edonmedhintsonesembadimeisl tpacer 400
fir a?n ropriate.anésotro ic etc
i

t liner 402 can also be formed b h
may g Y B OR AN A AT T ORI A5 B GUTHIS R AU affect the
formalionzsindabofiien abrihedsilistiatmd (aandethero praf dhe JirsledadcgrdidZontact
and the, second device 104, there exposing the e 11Q of the first
formafiiheo RGP RIIe Lo DHE TGRS G5 TR T s AP NS (g@eet the
desigisppeeifiettiomr qegss used Imtgismthe fieshlingsgdORomay rincildinagmsieiad) of the
rocess that can ig)l(?ctively etch the material of the first dielectric layer

integraigy G FEEHER 13%he material of the substrate 106, the gate 110, and/or
[00691heSsksan et spaceicHY. tidosvenad, spasdo 400 uhddiisiotidedhad2nhenfirst lioaned. In

e S A e S BRhgro i
proceslubtitaianatienatching; drefbaséicttheclitstcin®04ehadjacdotithetal portions of
o B R B P B BB R0, v
exposiectrct:seackr d0bedigt, dhact B and)gicanstel dboick 30@.angstroms, at
[00705tS Bla(s)ﬁlgrdé%lct?&}imgn slft%ﬁg%i[)%c%cr)%tch process used to form the first liner 402 may
include any etch process that can selectively etch the material of the first dielectric layer 200
with respect to the material of the substrate 106, the gate 110, and/or the second spacer 400.
However, it is to be understood that the first liner 402 can be formed by any appropriate
spacer etch process that does not substantially damage the underlying layers.

[0071] As an exemplary illustration, after etching, the base of the first liner 402 adjacent the
substrate 106 may extend outward from a vertical portion of the first spacer 116 by an
amount substantially equal to the dimension of the second spacer 400, e.g., about 50

angstroms to about 500 angstroms, at its base adjacent the substrate 106.
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12 [0072] It is to be understood that the combined thicknesses of the first
spacer 116, the first liner 402, and the second spacer 400 may
determine, at least in part, the formation of subsequently formed source
and drain regions, source and drain contact formations, and/or the

[0072PraxiRiy B arRidpSBayeRitye BOSIbRELSIRRRABSHLSIOE Ry 8- SpaelaY RS, the first

that can enhance carrier maobility within the channel region of an active

liner 4Qicud 67 SpeafbrinigHot?to Ries. IS SHBIRN & dRdritneALrikeufgratation of
subseqUényy ABBHEQTBINGLaSE A digReliGlayes 2R9.dIhe ceReRH [IeIREiS, and/or

layer 500 can be formed over the entirety or on selected portions of the

the prgipitel LreRiP eyt dreesEeg SEIShIRGEIROKER G Ferdol¥er i can enhance
carrieSHpTIRE HRRinthe: sa6aRE FRAGELAAR adfitktievaale 110, each of the first

device 102 and the second device 104. In general, the second dielectric .
10073}, B sEngan s o/t %yﬂée%lﬂéfySl&?‘f’éb%?ﬁqﬁﬁ%}‘?ﬁ"cl%ﬂ&-bﬂaﬁ&f forming a

seconlimiteettac chamvgd vaperdepesdienand RI¥sise) \@RGe depAsitioner the entirety
[0074] For example, in some embodiments, the second dielectric layer

or on sl PIRERICE HouPterrpEratlr bR Me SsitRd B rdsegmifd over or on

the subllaae: Wb, eitbeeDephdaitie: axidtheosagarbonadiaxisedad first device 102 and
temperatures below about 400 C in a plasma, when the seconf spag%r .
ortped by a variety

the seqoms! fifisae % the SHAIR o RO RpUsatie shite YR ks
of teclgiiRtpesaicesddeiyveennapihidds; anchahoui4oP Gephgtrecand physical vapor

dielectric layer 500 can be deposited without causing decomposition of
deposiiaiye cond spacer 400. In yet other embodiments, the second dielectric
[0074layB658hmiply inglvslaceysddadha! thdenosidedi¢isitgdempestiviigsy include a
) pressures, ag% OéTac ants.th %minimize?ﬁ%am?ﬁe to IH-% second s[g]acer d
OW TARRS G S oSt ‘?FKBE}%? N SEHEPEAEI ARSI HSE Loes dieRatfxide: or
carbotay@ix kl¥0amamn paveaifeiickivesssangod’ driam pheutb O ang sicosasoial spacer 400

bout 100 zii atroms. H%;gever, larger or smallgj thicknesses of the
t

incm(%écaoﬁbe% AR EBO I B p BB TR RIS p & i B disdyem about
200 °Cpecifitatinn®)0f° dhehlrstceraticl@2ranth{be 3Erond bleviga il ithout causing

example, in some embodime the second dielectric layer 500 ma . .
deconp SRS o RIS HRROALRs 1B SELONS SBAUB TG e “Ceohd diclectric
layer Sld9sequienhgickess ptepiiesubin as resmwRtdppiigeanchpetatiead)ingessures, and

5007}16 Referrin g]ow to FIGh6, ther%in is shg n the structure of FIG. 5
reacta ffrltng ormation 6f R squle\e}ié%ng reefdtal 6ﬁl%fﬁir%lfor§1lg§f<l'layer 602
[0075is Thrrweneambdbariategnateskcinadididysteml a0, Mochiashbeequkitiyiess ranging
trom B 2% S0 A RR R Sen e st e 102 6 s of

SX00nd GBGREE T4 YéRAThe Totdee y the firs masekgayer :
the settowtelielsdtris 1ty dreS 00 dedstbodpipaipitia dideporaiske ayeth6 QR g lpatsicheons of

T TR G
second dielectric layer 500 may possess a thickness that protects the second spacer 400 from
subsequent process steps, such as resist stripping and wet cleaning.

[0076] Referring now to FIG. 6, therein is shown the structure of FIG. 5 during formation of
a first device source/drain 600. A first mask layer 602 is formed over the integrated circuit
system 100, and is subsequently patterned to form at least an opening over the first device
102 (i.e., the second device 104 remains covered by the first mask layer 602). However, it is
to be understood that the first mask layer 602 could also be formed over the first device 102

and be patterned to form an opening over the second device 104. The material composition
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13 of the first mask layer 602 and the patterning techniques used to form
an opening within the first mask layer 602 are well known within the art
and not repeated herein. [0077] In some embodiments, the first device
source/drain 600 can be aligned to the second spacer 400 of the first

of thed@vicRARAalRSHON £RPER PIAYRIRDICARIFAREAREAE RETRQANPEIAAe Willhin the
respect to the conventional surface of the substrate 106, implant. In other

first maskday e RGara e kdRoNaL VB St AREROMARSRHIRT Rergiil. n
[00779enek¥mbenibstiiamice 8RUies/deRiREQArRAIE 660hes8maicardusiivityecond

ty‘qu as the dopants used to form the source/drain extension 118 of the
spacet;pj0yal,he 1163 de Y enlBipe nBliiers o AHRNFET GavitPEsptypeerpendicular,

with 66 shdfoa R slevieRkel Bany eldkieste NBOdpRG. the ditstrdaviee arrows
source/drain 600 may .include p-type implanted impurities. [0078] .
604 can #s@ JeRiEIB ARG RISt B%WEB-sghﬁ?é‘RfFéir‘ih&f&SW&‘fﬁ%et HRykge/drain 600

may HaWERROZafRchRlieMeMed g ek arderp SienuseaydoRaripenadde/denoyeension

remaining surface contaminants, By way of example, in some . .
118 OEﬁ'?BJbﬁ%hQﬁYé?"tHé’%r@t%ndéﬁ%?é%ﬁ%%ﬁrfﬁe%ﬁﬁ%@gadﬁylﬁe ComBmoEpurities

for a HFROreRISCEINip Processiciotowathbyimsnet ¢lea:si083tReferdndmawaeo0 may
IG. 7, therein is shown the structure of FIG. 6 during formation of a

includgayRe FOPRESH (PRIEHS 700. A second mask layer 702 is formed over

[00781heSibegiadadciiguiisy gieMriOi: andsisustdrsaanently thattesnathdR foyen 602 can
at legst an opening over the second d&vice 104 (i.e., the first dfevice 102
drett iy

tl .
be remoyeedgy PR LLOSRETLEE {RFerBYC THE YR AfTace contaminants.
By wepmpesiiop Qfithecsecenthodaskiayahd Gisanaatrel paitesomngaietniemesed by a

useaﬂio form an o?&?ni%% With:*g) e s%%c?),nd mask layer 702 are well
conveplaiit RAMMSHE S RREPRSS rebested Refeit! (368D] In some

[0079¢ MRedimen it whe SeCondiblavies Schowe/ diaiirdOleast beGlidethio dithation of

secqnd spacer 400 Of% second device g%ln h cases arrows 604

a secoi) EFE ST MR Bl Moot SR B SO AN RRTIE A S ednigerated
circuitRgssetastoRieaddbs sitplaqnichn pihekeraades, farnowsl &34 gaopaisagepestaikecond
devi an he imphan{_és, aawell. m?eneral,the seccPc};d evice s§ur%%d£in 7%02) Th

e“c‘?n]a% b the UEhEUERdULV R RRE K8 the' dBpalts e8¢ 8 e 'Y4)- 1he
materB0Weefshdiiexdénkoset dddomihgk degandideyice thOpiedgmningtypehniques used to

impurities for.an I\éEET device oy p-t impurities fqr a PFET device). In
form g B AT G oSBT R e aneD B e ot
repeateetyyeecimplanted impurities. [0081] Referring now to FIG. 8, therein is
hown the strycture of FIG. 7 after removal of the, second mask layer 702,

100307 BSOS, (05 T e U B L L L R G o the
secondeganer Maskdfiyke 8 adnibeicenmodedlandiehctases siapwsaglidecan represent a
perpel?(‘ialrcfl?lgrrj%vdit&lorespect to the conventional surface of the substrate 106, implant. In other
cases, arrows 604 can also represent angled implants, as well. In general, the second device
source/drain 700 may be of the same conductivity type as the dopants used to form the
source/drain extension 118 of the second device 104 (e.g., n-type impurities for an NFET
device or p-type impurities for a PFET device). In a preferred embodiment, the second
device source/drain 700 may include n-type implanted impurities.
[0081] Referring now to FIG. 8, therein is shown the structure of FIG. 7 after removal of the
second mask layer 702, of FIG. 7. Subsequent to forming the second device source/drain
700, the second mask layer 702 can be removed and a clean step may be performed to

remove remaining surface contaminants. By way of example, in some embodiments, the
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remove remaining surface contaminants. By way of example, in some
embodiments, the 14 second mask layer 702 can be removed by a
conventional photoresist strip process, followed by a wet clean. [0082]
Referring now to FIG. 9, therein is shown the structure of FIG. 8 after

secondeiMRYINg the 0secansHARRIEE 1YL EoPR i RotiraRNRIAD PiBcess, followed

second dielectric layer 500 can be etched by common wet or dry etch
by a we{&lsfttries. By way of example, in some embodiments, the second

[0082¢lieregtif havRive @9 It anhéRMAINKHD RXIARSeRROR IeMared Ritanaxideng the
wet etch, such as a buffered oxide etch or a buffered hydrofluoric acid

secongyfliel gGHAHIRY By Ybntloliity throllyBBilirthe, WaRMgE e tidcslimstraf) can be

etched 86 EaRABIRINGIZEH: Elevauehiltiss IOMe winderdead shatihefdembodiments,
etch chemistry used to etch the second dielectric layer 500 is not

the segard HeleHHaI R ThmidHaAR RO ATTHENLRE SHBTCTABIAE RSP an oxide wet

etch, KaEMOVvEfrpMfrear dkiddntad asech cieritraystsadiibibeselly &¥ROSINgtably, by
the second spacer. 400. [0083] Referring now to FIG. 10, therein js shown

contrqffngARTOHFR FF 1S dfErFE iR e dORF Y RESPRIB IS FIEOYeYRT 1U1s

to be sIBREMIPEMINRNEFHfShergeepadisRacaEd @)dRElUsteseash @MEgRAO Ryer 500 is
carhon, the second spacer 400 can be removed by an ashing process

not esseftyiNBRAn HRBRUFBY ieiHitte b2 R4 s/t isHo hdemoved from over
the inkeReieEgtoRcuinayatinen elc g Pyesessaf Mayebenamloyestmn remove the

econd spacer 400, these etching.processes only being_ limjt déjy their .
woz;:’ib%%%?e%ﬁttafr]r[%g?egtéhﬁ‘fglﬁgtgf%’y DRSS f(@%ﬁ Uridtdpgying the
secon@fsphecsubotrater1Q6 9anl/abthe dndiadial ol dher gatesdcindNptably4dy includes an

mploying such etchi rocesses, there is mipjmal damage to silicon . .
amorp i A el eI G LM GY IR 208 HHE] By employing an
in-sitimaintaikoCheliniegritHokibeadtive tegionmadiheotirshaevice Hchandprocesses

the second . device 104. 008411 In other embadi ents,é%e second space )
may b GBI K o UBAE, AT SPACEae Uhralnesh SIER, B Stu Ly being
limitethbyetialrafbieysecaaespaaaradd Qo Withautdimitafior, firkhlinesgoe! thetheterial of
h atetriaid)% thed;irst liner 402, th . aterial ?bthﬁsutﬁtr?e 106, and/or the tchi
© substEalsal G it fteds 18NN SY BFSAApI: itIRE Rk r¥a"'§ﬁ?&8é¥“§oﬁ‘c ctehing
proceshgludesa ithaimalyl decnapasabiieonaletialnthgndpitbaesmlephoegssed circuit
may.include heating the integrated circujt system 100 to a femperature
systerp 0 et RSB B TG IBE Iy e eI e ISR b RIS b rajce 102 and
the sebigleteoicdoW®ty. temperatures may be appropriate depending on the
roos1 e 1l 81N spcond shacer 400 otably by, crploying syeh hermal | ocess
tching processes, there is minimal'damage to silicon containing regions
that cand¥elecsilicigeccantainingegibos didhedntegrpiedcit00it sysiemn LifGtation, with
respectp (taoret?lg rrrr]leai{grt% I(g}gtflrc]:efirst liner 402, the material of the substrate 106, and/or the
material of the gate 110. By way of example, if the second spacer 400 includes a thermally
decomposable material, then the thermal process may include heating the integrated circuit
system 100 to a temperature not to exceed about 500 °C.
[0085] However, it is to be understood that higher or lower temperatures may be
appropriate depending on the material of the second spacer 400. Notably, by employing such
thermal etching processes, there is minimal damage to silicon containing regions and/or

silicide containing regions of the integrated circuit system 100, thereby maintaining the

integrity of the active regions of the first device 102 and the second device 104.
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integrity of the active regions of the first device 102 and the second device
104. 15 [0086] Additionally, it is to be noted that the etching processes
employed to remove the second spacer 400 do not substantially harm the
first liner 402, thereby allowing such structure to define in part the

[0086POURISS AT 2i8UDSe BeRbEaNAaitioR il FRISIARCEMBIBSHICA) remove the
contact, such as a silicide or salicide contact, to the first device

second giprestrif 6150 "ahd thE R ENA e cl e oirele itetin P80 tgtrby) allowing such
structM@1RO¥Efinkt imiQhe MRtedihaithe wmovabRbthasassniRPAcerAl resistance

helps to decrease the stress on the underlying material of the substrate
electriggscpitaelnyeiading e dfkaimisidsr SnGak Hoilg Brivleries poysey drain 600

and thR efeunagisave tevriée/dkdintherein is shown the structure of FIG. 10 after
forming a third dielectric layer 1100. The third dielectric layer 1100 can be

(0087} MOtFBVER df 6h threRtifety bt stiedenpahishd st ettt Eitelps ©

decreY¥stan stQs &4 ilankrRieRosiadravest ahoORIbsaUDIUBIaHDEh e dilising the
liner 402, and the gate 110, each of the first device 102 and the second

likelihgpadiol siHgidgRIRRERIOWEMird dielectric layer 1100 can be formed by a

[0088Yameierah feabwigs ESGINCIVdiiagsi Ut BRE WM e sion SORMYEMTANOr after forming a
. . deposition and physical vapor. deposition. [0089] For example, in some

third %‘r‘??ﬁ%‘&’iﬁqk”&éfﬁi %HQﬁhirEL&i F@Eiiriﬂl?é?féfli BFmAIPh GG fested over or on the

entiret@ PRk paidefiivrdepasiethiy waciing sikane ovith. eitheirsydeposited over
itrous oxide, o rhon dioxi ratures around 400 C.in

a at tempe ou
Or On G5 .“i?\t%ﬁﬁ)ée‘?‘& &t %ngﬁn@?dgﬁﬁw%afﬁiﬁ%@f’é i %95%‘1‘3‘6% 02 and
the settelddR asy mdddihanis deprsite Wsbler tRMPRatUEE o eestdiesedbd a variety
eactants that prevents or inirréizest e out-diffusing of dopants fr%m th

of tecutandnthe iR gt LR Jor s SRR RGBS I Lo PRysIcal vapor

deposgfohodiments, the third dielectric layer 1100 may have a thickness ranging
rom about 40 angstroms to ahout 100 angstroms. However, | ror .
10089 e el SR BT CRRAIR el L B i . Lo include o
low tedh@penairgor ikl desigoshpadifiaationssafilihe fiish datigeotDZeangiftoms oxide, or
second device 104. [0091] In some embodi ts, subsequent to formin
iele 100, al may Jtistt
carbory e R 166 H, SRy b GIRBLE 1t (e, Yot other
embodingtensiabd thiad thielacmiealayaylinucay farchxdmiple oxdy therisadeposited using
rocess that causes, electrical activation of the dopants within Ci{hf? first

tempefaes: WG e A AT S SRR PR R e Rl of dopants
from thxeniplaneill 06tnatitorshtheasnhenlfoneyainplede a rapid thermal anneal, a
e L T ST
from about 40 angstroms to about 100 angstroms. However, larger or smaller thicknesses of
the third dielectric layer 1100 may be appropriate depending on the design specifications of
the first device 102 and the second device 104.

[0091] In some embodiments, subsequent to forming the third dielectric layer 1100, an
anneal may be performed. It is to be understood that the anneal may include, for example,
any thermal process that causes electrical activation of the dopants within the first device
102, the second device 104 and/or the substrate 106. As exemplary illustrations, the anneal
may include a rapid thermal anneal, a spike anneal, a millisecond anneal, a flash anneal,
and/or a laser anneal. In some embodiments, the third dielectric layer 1100 may help to

prevent or minimize the out-diffusing of dopants from the substrate 106 and/or the gate 110

during the above anneal.
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prevent or minimize the out-diffusing of dopants from the substrate 106
and/or the gate 110 during the above anneal. 16 [0092] Referring now to
FIG. 12, therein is shown the structure of FIG. 11 after forming an
electrical contact 1200. Prior to forming the electrical contact 1200, it is to

[0092pe RearsoaewtiaFaEoYeRtienal sihoda blecknaurask agen (nater forming an
shown) can be formed over selected portions of the integrated circuit

electriggl eantagiol 20&reBY Pr&R dATRG 8 b sifer et aantist el doltdR bedpslerstood

that alRSGRIEHRAIESIRAI HIbSadYanhiR TayernadhensiisiiehlaKinRgnRaskver selected
layer, the_ third dielectric layer 1100, of FIG. 11, can be selectivel

portiopsrbyRE BYFRBIY tHSHH WEBY {0 Q%EFFEHé’i‘i?i%‘?ﬂ@ggaﬂﬁpﬂ?éﬁﬁﬂe%rQi&c?lecmcal

contadCWO SH @B t2Q0318) 2 S blREeEAOE FIRAMBIIRIENitadd BIOENR SWitdkEayer, the
contaminants, such as particles, mobile ionic contaminants, organics and

third diglectrig s 10 AR folthakior B bre drsbrrlyreBinsd hpsanfspaepatget or dry

etch chlaaibierRlcaniagt 7RG raugRsuR [OYWHERSISUANER Pkl lesalicidgeaning step to
electrical contact, can be formed over the gate 110 and adjacent the first,

remoNf, SPIARE (EFIABVBI U SHSE a2 BHIGH S tHE RSt LN WhiHBAN &irPBREICSs and

nativeas¥ddéie seroantbalayitm sPuree/deait 1Q@dhalicthe dirst device 102 and the
econd device 104. In some embodiments, the electrical

contact 1,200 )

[0093} 2 i lsaisa o8 ) cSHP Stirfty e Foriensh Eﬂéﬂﬁ?cgfiﬁ%tﬁé‘:ﬁeelecmcal

contadlebwees fiseibankanathertsmaenad thghistherenatly Giableoand. proyidest least a
. uniform electrjcal properties with low resistance. |n other embodjments

PomofHQfZﬁE%ﬁ\E%l tECY &%xﬁ?ﬁt?&‘ge PO AEESRP RSP MAUEFRAAR AP0) of the

first desiddickel @MY, tantaltond tayicohakt.(Qa) stitad iemboHimtnag sten dMétrical contact

latinum (Pt), or molybdenum (Mo)..In yet other embodiments, the )

1200 B S LI H ) Rl OB A e e between itslf

and aseheaidiainbOandibmaegondbie viee sowideddraiforiOolearidag pligeatks with
to.the first Jiner 402 via a salicide process, [Q094] It wil appreciated b

tow rERSEERaldh PR ST 1R o i s KSRl 430 L A refractory

metal imatutigl Of earier sigke. (Nbe tmsilieasas)mpadekddy) thieaalaair(@@),aonidein (W),
. 120Q) .within hann 4 of either the first gevice 102 or the second

plating 1B 1o SRR M o S T AP B R et 1200

formeB bkdr dgpatmfdhehel@siridatlicontactd/AR0nH00laaddHocectagsdevibe source/drain

700 chsnnfel 114 of i#‘h%ifirtsf.devjl%)e% 102, the electrical contact 1200 can
“Ye ﬁrﬁé%l%gﬂﬁoa sct the o6 yvtl)? gamisIs St e channel 114. As

[00943uchwiflihe figiraémiat thOhisa RFEd tetieayrittimtateecivntersteodttieatl 200 can

t edlréwl%eh?glonts of the first liner 402 can be modulc?tl?dt%r duce ar

afect e RSl RALHES et HaRAS SR ARARESH Rt Do o e somtast 1200

withircdreiehanodilityavdthiintibetiob ginstel <k didtherfitst skeviné dO2cAlRtnditnetyample,
in cas15, lmeeions of e 755181 402 AP RS IOPYRIE R NS 1200 i
placed too close to the channel 114 of the first device 102, the electrical contact 1200 can
detrimentally affect the mobility of carriers within the channel 114. As such, if the first
device 102 is a PFET device, it is to be understood that the dimensions of the first liner 402
can be modulated to reduce or negate the detrimental effect that the electrical contact 1200
can have on carrier mobility within the channel 114 of the first device 102. Alternatively, the
dimensions of the first liner 402 can also be modulated to enhance the effect that the
electrical contact 1200 can have on carrier mobility within the channel 114 of the second
device 104, if the second device 104 is an NFET device. Accordingly, the dimensions of the

first liner 402 can be modulated to enhance or reduce the effects that the electrical contact
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electrical contact 1200 can have on carrier mobility within the channel 114
of the second device 104, if the second device 104 is an NFET device.
Accordingly, the dimensions of the first liner 402 can be modulated to
enhance or reduce the effects that the electrical contact 17 1200 could

1200 bema amvihestressiavabvatRindie diestide \dsei dOZanthhestess IRvel within the
within the second device 104. [0095] Referring now to FIG. 13, therein is

second{is¥iReii@%tructure of FIG. 12 after further processing. Subsequent to
[0095forménatng elestisatepniactd<eth & fontthdirlesticdaveslBR8. i after further

deposited over the entirety or on selected portions of the inte%[ated circuit

Processiaga my YRS I, L HRI S Hisositeticlerdiash A% MIETR distscirs layer 1300
is depBlgeUicabcantastiklP0r hiesirstdagoAleans dnththm@atedd Gire@eRy’idhel 00, e.g.,

first device 102 and the second device 104. In general, the fourth

blankef;dengritehgerndonndan BRTHANCD By BevElret et taakitg e ifaidiner 402,

and tHUEaet 1limitegioechentical ¥ages dopasitionarstphyiedcsa®. In general, the
deposition. [0096] In some embodiments, the fourth dielectric layer 1300

fourth (HelGhbRIa 4R ihddlatitiy DindeemashEr a8 Thtrfife EiPBatEt Hiflofing, but not

limite@r@SSHERRE RGB! Uapsyi tlePasitiony (dACMpoaleflasiva enhanced

]cjhemical vapor deposition (P CVD@ I@other embodiments, the fourth .
[00964); 1B AP FaGRPSBRE ATy TR e SRS it lm depaXitdg By r4pidnsulating
materiflediicnl she iiigile iaposiaapsilban (RIGMRhdnigeNeipbrtbepiaitibh (LPCVD) or

dielectric layer 1300 may have a thickness ranging from about 100
Plasm&rfd@%?ﬁgaﬂﬁﬁ% 868%n PSFHQPAB?VSSVQ?'|aJ&e?t8F“sﬁ’rBﬁ8ﬁlmems’ the fourth
dielecthicknrsSERON aa peneuploysidepanding filpoddpeslesion specificatinnshemical

of the first i 02 and the second deyice 104. [009 et qther .
Vapor b G PHo Tt L Sl ch e AL Aghickness
rangingykonmayoinclLiie apymoaierial tbatitraosfangitsoinker it wevotlingigesti@Ssmaller
hick to the charbnel 114 of tlz}e first device 102 and/or the s§.cond dev%'c 19.4. devi
thickngss e Q%S YTk S?ﬁﬂ#“b%e‘fé’é?ﬂiéﬁ% EPEROP I ATDyE athe trst device
102 asdmpressiveliesicessed layer, a tensile stressed layer, or a combination

hereof (e.g., tensile for NFET and compressive for T). It will be . .
10097) S i RN TR TR s o R b e s pducing
layer, tddheénchatenely negienadfian activiedetscehbyeat siressiiniticirgslayaievwdlannel 114

enhance the obil ithin, the cha ion, ther i ovi

of 5o B Tb0KY B b A or o Tar e ShaSe TR el four®
dielecwithinythd 306t deyitelld2 andhopridseivebromekstellagel 0dtbysiteestoagstial layer, or a
comn R 100 R B SRE LS TS 1w o
appredefedstiomhgarakiktersn stichaastheactanipiovpriately; pppdisdraeiress to the channel
regionteorp T aetive ’d@ﬁc%%%%’srt?eaé(sftfanrgiturcqgéeﬂ%lesr’ will enhance the carrier mobility within
the channel region, thereby improving device performance.

[0098] It is to be understood that the stress induced within the first device 102 and/or the
second device 104 by the fourth dielectric layer 1300 can be increased by altering the
intrinsic stress within the fourth dielectric layer 1300. For example, a multitude of deposition
parameters, such as reactant flow rates, pressure, temperature, RF power, reactant materials,
and thickness, can be adjusted to modulate the intrinsic stress within the fourth dielectric
layer 1300 and thereby maximize its stress transference effect upon the first device 102

and/or the second device 104. In an embodiment, the fourth dielectric layer 1300 may
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and thickness, can be adjusted to modulate the intrinsic stress within the
fourth dielectric layer 1300 and thereby maximize its stress transference
effect upon the first device 102 and/or the second device 104. In an
embodiment, the fourth dielectric layer 1300 may 18 include a tensile

includettegsedsitierneitisie lpyrfdeResitad it s NI AMMABERsheheBhGalcal vapor

vapor deposition process. [0099] Notably, by removing the second spacer
deposiis JPEFES: 9, the fourth dielectric layer 1300 can be placed in closer

[0099PraXURIRYy(E6g- riRXIMAB Ok RS aPECER Hup chppne! dlmeftheditablectric layer
device 102 and the second device 104, thereby enhancin

! g (e.g., by
1300 camhPsviis ChIR&IOSRDBIR Y %CPH%’%HB@@%%%SN%H{J(E@&BW?& 114 of the
first doHEh rheleatienayetdPde 0D Additiepalbhihhziiezb@.BotBy therieng carrier

removal of the second s%acer 400 helps to increase the dense area

mobiligx) e ileshldhenBegate el arsrd hrhadonce fodlestiicdry webiih

[01007iaaidR4sherabydneravied thethaicehsien eoverngeehdhepirurttoo helps to
dielectric layer 1300, which will help to boost up and/or increase _the strain

increagfrdl fEmCtAE ot BiRe REETFRE Taller 24%0bl (b9 e dnkifle v JJ8qABiNgifrsecond

deviced@()&,eméfitﬁz iQﬂa%d\]’iwg)mﬁ%{tdw&&b(?@WE%@i@M@Ydh%@ﬁMﬁ%' k:mast& 1300,
. art that the remainder of the_ integrated circuit system 100 can then be .

whichcyilhelad by shentisHar ﬂﬂ%ﬁﬁ%ﬁ?oﬁlﬁrfﬂ‘i@ﬂ“éfsﬁ?ﬁéf%%&%% @i&%sﬁ@lﬁ?ﬁm layer

1300 @sg butagilkinsitesiéa Soumativnef adih dielectric 1302 followed by

asking and etching of the fifth dielectric 2 to form a contact 1304
(01013, Mgise eéa&h%‘%#& aﬂ?@?&’é\tﬁgeg @%&/8@%‘%&%&&%@%@%@%\%@ of the

integraRdreelaialy st aod eameial-Be ugisiewias) Goatshauwa).(fad82dbr and/or CMOS
Referring now to FIG. 14, therein is.shown a flow rt.of an jnt t
proce S aH Syt LA 5T S RLLt Gt T 2y L 08 o B d i Elovwed by
maskivdtArahegthiiedoneiat Gfttheicprasent Jogeotfonm heoitey reBod bé®wEn each of the
! stem 1400 includes providing a substrate including a first ice and a
first QO BT D DAt B GRH O M VB B g (g metal-1
intercopeadndeviesmo) include a first spacer, a first liner made from a first
ielectric layer, an second spacer made from a sacrificial spacer .
10102) REETe MG LhGa forMAiae  Go BT ol Tl Dy, igerated circui
systenintei@ated ticcuiegystentiit ok 48 formsogdaditsidevieeembodiment of the

preserﬁoyﬁggrllgllz%m a% a 1S egorrgl(tje er'CCe i%ogrce/dr iﬂOﬁdjia C?né tsh < Sev_(i 1r}1d a. substrate
Spacer throtgh Heerdistond mleéﬁ}glpayer in AB16Ek>1 208" FéModing'
including adbendespacandvitbaivhdaiaagini thélckbstRedoné hioeal 141 0ist device and
seconihtpgrateshadir dudisysterrifieihprpmeiemsteeas inithibltek dHadnédbohiine a second
dielec{irri%t a?g}CgVépethsee%%Qgrgthi%%’cuit system in a block 1406; forming a first device
source/drain and a second device source/drain adjacent the second spacer and through the
second dielectric layer in a block 1408; removing the second spacer without damaging the
substrate in a block 1410; forming a third dielectric layer over the integrated circuit system
before annealing in a block 1412; and forming a fourth dielectric layer over the integrated
circuit system that promotes stress within the channel of the first device, the second device,
or a combination thereof in a block 1414.

[0103] It has been discovered that the present embodiments thus has numerous aspects. One
such aspect is that the present embodiments permit the removal of a spacer without damaging

the active silicon or silicide regions on a substrate.
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or a combination thereof in a block 1414. [0103] It has been discovered
that the present embodiments thus has numerous aspects. One such
aspect is that the present embodiments permit the removal of a spacer
without damaging the active silicon or silicide regions on a substrate. 19

[0104]0AR4ihAnathet @sPerhdsthab bR Rresebd Bmbadimenisinergagentdearca spacing
dense area spacing between poly lines of adjacent gate structures. [0105]

betwean, B ligehatpdiefsatprissHuSHsSdiments is that they improve step
[0105Fuesaae efpattess indyeieniayaisoanddis-metallizationnaiglreties coverage of

formed between the poly lines of adjacent gate structures. [0106] Another
stress FBARENST R PETBYAIHAHIdiRkE Hes i deRRfGLBs iRsghilifeRoly lines of

adjacolitbife Withéaguge the variation in thickness of stress inducing layers
eposijted in dense and in isolated areas, thereb};hhelping to reduce the

d areas, t .
[0106], AMeBFF iR Rs1F18fr e rREFRTAN ER BRARENS isditbtha dechRiesstryehirgre within

will rfQLEd thnetheridsprcuattheseresankampadimentsyishaippSteast dense and in
inducing layer can be, deposited in closer proximity to an active device

isolatedh arens dOEEBYNRTRIGVA SrSedBRAY LAY, The Rl i BrElHYangH&F tween
isolatén@pdigeasdsdavigaperformance. [0108] Another aspect of the present

embodiments is that the techniques taught here within provide an easy
[0107} brigsickich WErPaeB?atp?H@@éfmarw Bfofnidioh BYA-LaE HERy can be

deposfpaaar c[6dL 9 r¥ eindinp e inpaiaat appediaiht edpeeas mdméansian if a second
t it valuably sugport,s and_ services the historical trend of reducing

th
spacer, aerehy HRRFIHG S Rt NNy i PSS IF S RSFSMRARCS: . [0110] These
[0108hchothar Asphcalie taspretsmidhd Riesant inveatidnaedsaquenthufmtihere within

.the state of the technoloi%to ailtlec;abst the next leve). h%llgl]a'ghus, itQ/Eas ficial
Proviq§eah HEE USRS P S A R Pl EEACET SRR P 8 fPEBRHEOBAREArificia
spacefurnishes important and heretofore unknown and unavailable solutions,

abilities, and functional aspects for enhancing NFET and PFET device

010953 et pelh i

AREE PR FULLHIRG SYolERES IR e S ARG 5efBR g uably supports and

servicstraigbtfbiswaidalcaséreffadtiieduciagmediaate sinyliffyn yersatii@anand increasing
. effective, can be implemented by adapting known technologies, and are
PerONf S eadily suited for efficiently and economically manufacturing
[0110inMegrataddcisdwt pabkage adesicest [(ht1leWhilénthe tiove obiseqasitbedarther the
(%e crib%d ili] conjunction with a s eci{ic best mode, it is

state of the technology to at least the next level.
[0111] Thus, it has been discovered that the integrated circuit system of the present invention
furnishes important and heretofore unknown and unavailable solutions, capabilities, and
functional aspects for enhancing NFET and PFET device performance. The resulting
processes and configurations are straightforward, cost-effective, uncomplicated, highly
versatile and effective, can be implemented by adapting known technologies, and are thus
readily suited for efficiently and economically manufacturing integrated circuit package
devices.
[0112] 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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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

What {aimsailignatters hithertofore set forth herein or shown in the

accompanying drawings are to be interpreted in an illustrative and
ndn- Im%tﬁ%éﬁgem%%ﬂ;{éﬁ? CRAMREENS: 1. An integrated circuit system

CompitEinga providing e RS aterindeviRgadiisedenicesand;a second
device; confla1ﬁ the first dev ceandt éﬁ second d vice tQ include a first

SRR B I S R A QP AT A S SRBRGT 2 frst liner

spacer madk fiom a fiagrificiatuspaort atesistctarmipgearsee@ntom a sacrificial
dielectric layer over the integrated circuit system; forming a first device
source/dRIRCAR 48 ond device source/drain adjacent the second

smaﬁﬁrngmisélamughdlaetﬁecm dielﬁaiélmtag@rnemlﬁemoyy@@ﬁhe second
spacer withqut dg ?% the{sgjbstrata formin ﬁﬂa third dielectr

oURTHEIAIGTAEE RO SO Toheent the

dielectricdayed wemmmmelﬁeu@ﬂy&mmﬁlﬂalmmotes stress

within the c annel of the first. d?ewc , the second eV|ce or a combination
15°THRYEE ‘sffhcén% SRR TR W%%ﬁ W %Fgﬁ configuring the
fifsirahevice diictdekeadndagevicectaleciudgihedsecoind spaaar tafide annealing;
from a sacrificial spacer material includes the second spacer made from
amorpho gcarbon or a thermally decomposable material. 20 3. The

systatinga ﬁdmhrthediélwiﬁimagzen/beeeme iaogiird tirsecpsdisphagsromotes stress
without da a | e sugr trfaﬁ Iutd S an a%hlnS% etch rocessora .. ..
thermal etc procegs Arive systelr as Y&l i e alm Whiergin? compation
forming therseitond dielectric layer protects the second spacer. 25 5. The
system as claimed in claim 1 wherein: forming the fourth dielectric layer
intludés fosmingadensid or dampleskiveistress inducing layer.

configuring the first device and the second device to include the second spacer made
from a sacrificial spacer material includes the second spacer made from

amorphous carbon or a thermally decomposable material.

3. The system as claimed in claim 1 wherein:
removing the second spacer without damaging the substrate includes an ashing etch

process or a thermal etch process.

4. The system as claimed in claim 1 wherein:

forming the second dielectric layer protects the second spacer.

5. The system as claimed in claim 1 wherein:
forming the fourth dielectric layer includes forming a tensile or compressive stress

inducing layer.

6. An integrated circuit system comprising:

providing a substrate including a first device;

configuring the first device to include a first spacer, a first liner and a second spacer
made from a thermally decomposable material;

forming a first device source/drain;
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6. An integrated circuit system comprising: providing a substrate including
a first device; 30 configuring the first device to include a first spacer, a first
liner and a second spacer made from a thermally decomposable material,
forming a first device source/drain; 21 removing the second spacer; and

foniog A0 BlecEiaal spiactadiacent the first liner. 7. The system as
claimed in claim 6 wherein: providin%)the first device includes providing a

PEETIg FREI6FERA R aterliace BefHS didem as claimed in claim 6
wherein;_removing the second spacer includes removing the second
spacer b} PNEKALISEHMSDULELE GRELSWem as claimed in claim 6
Wherdiin pefitoriigdie caaondisppesidirgve RIEET wddR pipiag NPRITthevice.
electrical contact. 10 10. The system as claimed in claim 6 wherein:
rédinovingee gecond shaced allelsna Givdsseinducing layer to be placed

adéacenta ﬁhanneI(Pf the first ile ice.11. Ani rated circuit syste
T a

te
moving the secon Sé)aC% l{lC udcs CHIOVlIlag -&l% Ccon %}r)]a&er rmal etch
comprising. providing a supstrate Inciuding first device da Secon

device; Jbocesdiguring the first device and the second device to include a
first spacer, a first liner and a second spacer made from a thermally
d8compddabiystoatesialaifonting hifingh dédeicensource/drain and a second

d ?gﬁ?(?V?l‘?%{ﬁg/s%E%ir%% g"gea%‘e?ﬁ%%éﬁ% §ﬁlcc%‘§ Bl ﬁlgoépé'é?ﬁ%:gpcontacé.

electricalTTontact a ent irst liner o t device and the secon

ZQ@eViQ?hégysTQﬁ §§/§I§m@c§iﬁ!9fﬁﬁ%i%&%€ﬂ;ﬂ wherein: configuring the

first device and the second device to include the second spacer made
frevmerventh & atisodd coagso salsie frmtsresb indudes the gettond spedradjacent a

made from.a ysregaghqrysitegane polymer hyrbrid. 25 13. The system
as claimed in claim 11 wherein: removing the second spacer includes

rqm.ovingmé%%e@ SRAGELIR A thsiprRksich process that does not
damage the substrate. _ _ _ .
providing a substrate including a first device and a second device;

configuring the first device and the second device to include a first spacer, a first liner
and a second spacer made from a thermally decomposable material;

forming a first device source/drain and a second device source/drain;

removing the second spacer; and

forming an electrical contact adjacent the first liner of the first device and the second

device.

12. The system as claimed in claim 11 wherein:
configuring the first device and the second device to include the second spacer made
from the thermally decomposable material includes the second spacer made

from a hydrocarbon-siloxane polymer hyrbrid.

13. The system as claimed in claim 11 wherein:
removing the second spacer includes removing the second spacer via a thermal etch

process that does not damage the substrate.

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

forming a second dielectric layer to protect the second spacer.
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14. The system as claimed in claim 11 further comprising: forming a
second dielectric layer to protect the second spacer. 22 15. The system
as claimed in claim 11 further comprising: forming a stress inducing layer
over the integrated circuit system that promotes stress within the channel

ofi e firshdayicemthe agcraLliHRYieH, Or fueRenbitapatinthereof. 5 16. The
system as claimed in claim 11 wherein; removing the second spacer

prevaing aifitiehs PIRHS& I the eletiiddegaHesctiret ke dahpragnotes stress

claimed {fi@ainthd lcMdnaeeior RRVITHIGIRECH! sthdeydesnincewies, Ripvidi@iBination
PFET device and providing the second device includes providing an
NFET débfeeofi0 18. The system as claimed in claim 11 wherein:

removing.the second sFacer alloys alstre s inducing layer to be placed
rE\cent e HAITRL R F I AT eteL HnERSE0nd device, or a

cosmbinatiomdhecent] 4R ciheroysianins digitpa itclaime tlfuithetontact.
comprising: forming a third dielectric layer over the integrated circuit
syStem tohereyeanautehhdiffiisidaiof Dopantsiduring annealing. 20. The

system.as claimed jn claim 11 further .comprising.. forming a.source/drajn
T RS e R SR PR RS RO secona
device. 2Bvice includes providing an NFET device.

18. The system as claimed in claim 11 wherein:
removing the second spacer allows a stress inducing layer to be placed adjacent a

channel of the first device, the second device, or a combination thereof.

19. The system as claimed in claim 11 further comprising:
forming a third dielectric layer over the integrated circuit system to prevent out-

diffusion of dopants during annealing.

20. The system as claimed in claim 11 further comprising:
forming a source/drain extension and a halo region for each of the first device and the

second device.
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