INTEGRATED CIRCUIT SYSTEM EMPLOYING A CONDENSATION
PROCESS TECHNICAL FIELD [0001] The present invention relates
generally to integrated circuits, and more particularly to an integrated circuit
system employing a condensation process. BACKGROUND ART [0002]
Integrated circuits find application in many of today's consumer electronics,
INTIEGRAGHPD ACRC VIHE S YSTENEE MPL BN NG USIC O MDPEISS AMIE@ESPROCESS
computers, etc. Integrated circuits may include a combination of active
devices, passive devices and their interconnections. [0003] A common active
device within an integrated circuit is the metal-oxidesemiconductor field-effect
transistor (MOSPLT), which iSTEeiHMEMY.igfieliad to as a field-effect
transistor (PET). A MOSTET generally includes a semiconductor substrate,
[0 gThspigreat deratian apkdtes deapily b atsdpedvatithesdupeee aadicularly
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layer (i.e. - a gate oxide) are typically located above the channel. During
operation, an inversion layer forms a conducting bridge or "channel" between
the source and drain when am apiMERUEAIR MONRGE is applied to the gate. Both
p-channel and n-channel MOSFET technologies are available and can be
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cibaybndniheiechrdea fewdabiorsahabivikinteeaeithe gpassofthdsack OSINE Their
Hsvises e such factor is the introduction of strain to the channel of a
MOSTET device by forming a strained material adjacent the channel region.
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remains for a reliable integrated circuit system and method of fabrication,
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cqncentration levels. In vie e ever-increasing commercial competitiv
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Nidigal that answers be found to these problems. Moreover, the

ever-increasing need to save costs, improve efficiencies, and meet such
[ etitivee pravsonrducsIdBBvER HrystdPpgdnty tengractsitatlerfecesdagienand
baRmwetisRefeund woriorse dreNaM 40 @l Soltiong,de:thassHprPllemss. One

have been long sought but prior. developments have n t Qr suggested
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stekiitkat! imatbyéabiridjacent the channel region. In conventional processes, the strained
material is formed by an epitaxial process within source/drain extensions and source/drain
regions and typically contains a uniform concentration profile (e.g. — for germanium).
Unfortunately, these conventional processes fail to maximize the strain inducing effect that
different concentration levels for the source/drain extensions and the source/drain regions can

have on the channel.



DISCLOSURE OF THE INVENTION [0007] The present invention provides
an integrated circuit system including: providing a 131-LT device including a
131-LT gate and a 131-LT gate dielectric; forming a source/drain extension

from a first epitaxial layer aligned to a first PIET gate sidewall spacer; and
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other aspects in addition to or in place of those mentioned above. The,
foratne fOUHRHED HLeApaTART R tFRsElaRilksdons (HUhiROFRAt S FREaITY OF thels-
Iifollewing detaieerdeseiipiiorcovinaertakketomviittitate rpRcaites thecaestry pasiyinger

eShaings. BRIEE DESGRIDHONQE THE RRAWING %L%QP_%]F%%&JF@ in the
0SS sec‘u_ona_l VIeW'O a‘% |_rﬁ_)Pegrate circuit syst In an Initial stage OP
mariptectuitas incaetorgarTesi itharmenvipo dierdem ot ssresdiamvitiesyer, the

BRI &G %é@(flf@s%(r@%ws? 19{[’%&% &igfieriormal %Qfsﬁcﬁilr%wmﬂrpssures
layer; [OOng.] FIG. 3 is the structure of FIG. 2 after selective etching of a first
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those skilled in the art.

DISCLOSURE OF THE INVENTION

[0007] The present invention provides an integrated circuit system including: providing a
PFET device including a PFET gate and a PFET gate dielectric; forming a source/drain
extension from a first epitaxial layer aligned to a first PFET gate sidewall spacer; and
forming a source/drain from a second epitaxial layer aligned to a second PFET gate sidewall
spacer.

[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 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 formation of a first insulation layer;

[0011] FIG. 3 is the structure of FIG. 2 after selective etching of a first insulation layer;
[0012] FIG. 4 is the structure of FIG. 3 after the selective formation of a first epitaxial layer
over a first active region;

[0013] FIG. 5 is the structure of FIG. 4 after forming a source/drain extension;

[0014] FIG. 6 is the structure of FIG. 5 after further processing;



[0015] FIG. 7 is the structure of FIG. 6 after forming a recess within a
substrate; [0016] FIG. 8 is the structure of FIG. 7 after the selective formation
of a second epitaxial layer within a recess; [0017] FIG. 9 is the structure of
FIG. 8 after further processing; [0018] FIG. 10 is the structure of FIG. 9 after
(O A atidR of & thevsresistant Eléleeritalleontaet: [OOIOY @, asubsterfe; structure
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Iayer 0020] FIG. 12 is a cross sectional view of an integrated circuit system
I3HPE WA 'S655% of manufacture, in accordance with another embodiment of
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[(Wib].n PIEEGASR; the structure of FIG. 10 after deposition of a first dielectric layer and a
second dielectric layer;

[0020] FIG. 12 is a cross sectional view of an integrated circuit system in an initial stage of
manufacture, in accordance with another embodiment of the present invention;

[0021] FIG. 13 is the structure of FIG. 12 after formation and selective etching of a first
insulation layer;

[0022] FIG. 14 is the structure of FIG. 13 after forming a recess within a substrate;

[0023] FIG. 15 is the structure of FIG. 14 after the selective formation of a first epitaxial
layer within a recess;

[0024] FIG. 16 is the structure of FIG. 15 after further processing;

[0025] FIG. 17 is the structure of FIG. 16 after the selective formation of a second epitaxial
layer over a second active region;

[0026] FIG. 18 is the structure of FIG. 17 after forming a source/drain extension;

[0027] FIG. 19 is the structure of FIG. 18 after removal of an oxide layer;

[0028] FIG. 20 is the structure of FIG. 19 after further processing;

[0029] FIG. 21 is the structure of FIG. 20 after formation of a low resistance electrical
contact;

[0030] FIG. 22 is the structure of FIG. 21 after deposition of a first dielectric layer and a
second dielectric layer;

[0031] FIG. 23 is a flow chart of an integrated circuit system for an integrated circuit

system in accordance with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] The following embodiments are described in sufficient detail to enable those skilled
in the art to make and use the invention. It is to be understood that other embodiments would
be evident based on the present disclosure, and that process or mechanical changes may be

made without departing from the scope of the present invention.
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[0024] FIG. 16 is the structure of FIG. 15 after further processing; [0025] FIG.

17 is the structure of FIG. 16 after the selective formation of a second

epitaxial layer over a second active region; [0026] FIG. 18 is the structure of

FIG. 17 after forming a source/drain extension; [0027] FIG. 19 is the structure
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after formation of a low resistance electrical contact; [0030] FIG. 22 is the
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d@ r.an integrated circuit system in accordance with an embodiment of the
present invention. BEST MODE FOR CARRYING OUT THE INVENTION
[q0¥82] rkenfoticihvird erriso dhments arbwesentyed thestyffieie atcdweai dingiaaiatic
afAGRR fkiled e AR ie.MaKe ANFrURE tRYENIAR Ui th o PRiNNSIEsRIQDEhtion

that other embodiments would be evident based on the present disclosure,
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afeodisthecrcape atibheébpiesevihinyemdoreatures 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.

[0035] 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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on”, “above”, “below”, “bottom”, “top”, “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, etching, cleaning, and/or removal of the material or photoresist as
required in forming a described structure.

[0036] 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 or designs.

[0037] The term “system” as used herein means and refers to the method and to the
apparatus of the present invention in accordance with the context in which the term is used.
[0038] FIGs. 1-11, which follow, depict by way of example and not by limitation, an
exemplary process flow for the formation of an integrated circuit system and they are not to
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. 1-11.
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 process may include more, fewer, or other steps.



[0033] In the following description, numerous specific details are given to
provide a thorough understanding of the invention. However, it will be
apparent that the invention may be practiced without these specific details. In
order to avoid obscuring the present invention, some well-known circuits,
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claimed subject matter. For example, the process may include more, fewer,
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accordance with an embodiment of the present invention. The integrate
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photolithography, and etching to form an n-channel field-effect-transistor,

such as an STIET device 102, and a PPET device 104. The STIET device

102 and the PFET device 104 may operate together, thereby forming a

complementary metal-oxidesemiconductor (CMOS) configuration. [0041] The

NFET device 102 and the PPLT device 104 are formed on and/or within a

substrate 106. In an aspect of the present invention, the substrate 106 may



[0043] In alternative aspects of the embodiment, the substrate 106 may also
include doped, undoped, or doped and undoped regions therein. The
substrate 106 may also include one or more crystal orientations. [0044]
However, the examples provided for the substrate 106 are not to be
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metallic alloy, a silicide, or a combination thereof. [0046] The STPLT gate
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high-k dielectric material (i.e. - ane having a dielectric tant val egter
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semiconducting materials (such as, for example, poly-silicon, amorphous
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is not limited to the above examples; for example, the PPET gate dielectric
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made from a dielectric material such as silicon dioxide (“SiO;”).

[0050] Referring now to FIG. 2, therein is shown the structure of FIG. 1 after formation of a

first insulation layer 200. The first insulation layer 200 can be deposited over the NFET

device 102, the PFET device 104, and the substrate 106 with a thickness of about 2

nanometers to about 20 nanometers. However, it is to be understood that the thickness of the

first insulation layer 200 is not to be limited by the above exemplary range. In accordance



[0050] Referring now to FIG. 2, therein is shown the structure of FIG. 1 after

formation of a first insulation layer 200. The first insulation layer 200 can be

deposited over the STIET device 102, the PPET device 104, and the

substrate 106 with a thickness of about 2 nanometers to about 20
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accordance with the scope of the present invention, the first insulation layer
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width dimension 302 is inversely correlated with the size of the first active region 304
exposed. For example, as the first width dimension 302 of the first PFET gate sidewall

spacer 300 decreases, the size of the first active region 304 increases. The exposed portions



[0057] By way of example, the etch process used to selectively etch the first
insulation layer 200 may include a dry etch process, such as reactive ion
etching. However, it is to be understood that the etch process of the present
embodiment is not to be limited to reactive ion etching and the etch method
ofrfly imcluaidishyeaieh procesy tidtosalbetietyere meleasiparifemdofame firsurface

cingiationayer 200, R8BSR NG RAWISFUE. 4, therein is shown the
structure of FIG. 3 after the selective formation of a first epitaxial layer 400

[Q07aN ey vy SLavRMBIGIOR SR PRIt UasNB s YRk BrdPsityBtauatiap laver
2@pitaxgaindyes 400joethie pRkds,gateh LkSrant its ieffegtitngsulbieguently is to be

farmed sgurce and drain extensions can be controlled/determin the first
e B R G e S TR R R o
eighiarard dhicthightmstberb araof itlséuflestreypitelkiprioespe thro Oclrs HY eher PEEs gagrdions
oA GRRRG Mg osadjusted to effectuate a particular result by altering

the first width dimension 302. For example, the offset of the first epitaxial
[995R) ARrfaring Bosy BB g e8! ds B MBI MB Bl Lt f ivh Pciclective
farpaddhefuakinidyietiactdhatacvbseteently darveedsstraioed Satnce3andotably,
drain extension.m ave upon the 131-L T cha 22.[00R9] The firs
R Ty T 45D Fk Ee Rl o 0 cfedleel STl ohow el
sfbsprgalsddrapsidasdaice gid i ab eutcrs sub stratectopryued/detOmiGe e iy first

whdeh Sk ERIR0IBY RLA0Q: rﬁﬁﬁi}cfdtédﬁd%{?vﬁlmta%gﬂk HUIMPRY 1 SHAIGo hat
PFET channel 122 of the PPET device 104. It will be appreciated by those
thaciEgtinlihe Srhrita baytopMalanPdppREd Seain e drdnedif FdgioAdrid
tdr&lﬂsisigé d@éﬁ&lﬂ!ﬁl}f@ﬁl’ﬁaﬂ(}ﬂtﬂﬁiﬁgﬂ‘ﬂ@ﬂm Qtidufrcﬁn;eﬂsairpamgflqvmﬂlamum, the
Jﬁ%%‘ﬁﬁ%e 9000145 20 ExpmRIaLy tk','é*ﬂf&i:f%e“lﬁ Jiest GRIaXIAAYEr d0%ie (o
may Inclide semicondUtting materials, suchas silicon and germanium. fn an
iggsé ctioitlikeepnbotiiventfcth etiirs repitasiak e Ft 00 dndipingslugiage and drain
enlicomemanimdaye! siafineshiyeihe jollowing formula: Si"Get x, wherein X

may range from about 0.05 to about 0.99. In a preferred aspect of the

[ odifrettstRRi frdd dprextaP s Pads dnifnBya seistbenepibsiial min fagsthod

thaitPoengernamniepiaganaepisaiiabodt abaitsidie agosirkRatomicpateant., the first
oreover, the first epitaxial layer 400 optionally be eithe oped ar

o e A0 o e S e R P et ST RE B 22 o

thedBTE bflBlewmédits, Iprefé tabiyp iyerored 00 619 skibed m iths 40 Batumdanepttely

PRt dNGdirstoaRiKiahlaveridR3s AAhRBeINEEthi) AN RATRUAHMRS Clurrent

material, germanium concentration, or dopant. In accordance with the
that<aB Aloaniyoneh st denicsirst epitaxial layer 400 may include any material,
[@s0Nanmicoaganpiationiasteepant that rstraiggically iengineeoechand include
designed to provide gain inducing strajn within the PPET channel 122 of the
e e B S s e TR B trodifent
theeipositeith withlayth iﬁkhglgg ofchbbut 5lvanaeretersito lammeﬁhbwm@_fetbzwing
réRREXASIRIE, Homaver it joheundaraioac st s Hiekness f shefist aspect

epitaxial layer 400 deposited is not limited to the above exemplary range and
ofyfly FRiadEspy tricdkibsaithEr bt ARP intales ardisamigsinmepPRyer With a

géamneh t3heentration of about 1 to about 50 atomic percent. Moreover, the first epitaxial
layer 400 can optionally be either undoped or doped with a p-type dopant that is selected
from Group IIIA of the Periodic Table of Elements, preferably boron.

[0061] However, it is to be understood that the first epitaxial layer 400 is not to be limited

to any particular type of material, germanium concentration, or dopant. In accordance with



[0063] Referring now to FIG. 5, therein is shown the structure of FIG. 4 after
forming a source/drain extension 500. The source/drain extension 500 may
include any material that imparts strain to the 131-LT channel 122 and may
have a depth ranging from about 5 nanometers to about 50 nanometers, for
thexaisplie crbasBwentitths tirecpititerstarsd 498t THe dwbidcofthanssuirdefdraimium
cEENRIemMOQ igpakdimiedstathe abane SxsRpIaTY RN ABAREIRY PRAMAE gain
any. depth that optlmalg%lnduces strain within the PPET channel 122 (e.g

inguprE CHATD SRR R ETCh58a b LAn IR RIEGEY ot sysiERy ! BPexample
[abe2} o tice/firaire gxiensity G000 ayidn chdd dep@ilicd nwgdrmatidkndsy et about 5
nfRrmed via, 2 gemanim, candensation process, Mare SPEEHOaN-Bod trat he
germanium Condensation ¢ process may include a cfry oxidation process
thyeesprid dbatfake patedisb nyse i depqeted isalobUaIsDIChabavRcHiR o eatze
aﬁh%@%@ﬁﬂ&@ A [BxenAQh RTLBIa Ty RaRsed dvaniRMiden gaRHAN22.

which forms an oxide layer 502 and the source/drain extension 500. It will be
%Ble&?&f&’&ilﬁ%/ PRYsE dlifed-ithiiEmit (hera SRR ebhlandtitsy forming a
sqneeksi Carthawe the0effBat edulc/thgigexmaditinidoonmihaditskepijaxiatiayehat
400 into the suhstr 04, the enabling the accurat ormatlo of a
e B I 2 AR B TR abou 5
n@té@@@kt%@@mréﬁbﬁﬂmfg@mﬁafﬂu pxafopie5] Hiomaseaned nsdisbovadadsinpdndat the

d%@%&@&%ﬁé@f&éﬁ?&;@eﬁ%ﬁ@%ﬁ@&?ﬂﬁ@[&ﬁ%Qﬁk%‘iﬂ%%’%eﬁﬁ)ﬁﬁ@ﬁ%é%@%ay
first epltaX|aI la Itﬁer 400, enables the formation of the source/drain extension

inghy 4gEr étrﬁBHﬁnéHﬁé’é‘H{?%%ﬁﬁ”cS‘f‘éi‘é‘b‘ib%ﬂ?@@%“&?]ab%&(ﬁnaf’é&h can
v Gvatomic percelthR0EG] MNatably, the present invention not only enables
[651@410r ation of the source/drain extension SQQ with a desired germanium,. -
concentration levef, | Smlplt also perml% fﬁe selective pOSItIOﬂI%g of the
geouerdriyeexXtemsibivis 00 sarslavaproxidenyateotheredsst TNjate dpk8ifipad]pr the
LRk cchantgiod B?oPJ?sSI%% VRO Bi&&ﬁ%ﬁﬁo@@é@%ﬁ%&%@%%%@ed

the source/drain extension 500 from the PPET gate 118 a distance

(CLUSERAHERIT 2 qRVAIEAPE fhe TASETHA aivrshsiBA BHboat i kisen MO Y 4C-
4sidexyriiapacar 300adbisrtadien wdﬁeﬁtmﬁlstbﬁbth@epﬁgxtrﬂﬁy sitecie(eogrcetin@in
a|n |nd rai f the source/d ain exten ion nb urate .
CSP\ rol 06%1 tﬁle ?’?gt%)vmﬁ?pdlr%ensm Q of ?E(ﬁ f}ss &ETag?a?'e sﬁe‘%/el)ﬁmmum
@moezrtm@rmesrebgmhmpommgf@nhaﬁd;mgrmeesh@mmhémmeﬂpeﬁmrmmeal layer
46 aactREistics Qf-thed “Eﬁ&éﬁ%&&!ﬁ%%ﬁ)!%&t@%&@@gﬂ Moreansh- geﬁﬁ%num

been discovered bé/{the present inventors that by employing the method

lyestmed ReramiciiatnL High gentilniith € Hed RO reRYGIsT . gemieum-

[m3Icaldrainxieasian&ed)wambeiasmethviihottae digloeativm condensation
effects/formati ommon toe X|aI orm ermaniu :
PR AT T e OGRAT KRg d TETC AL A Lo

exturstur §Wf wid. ﬂémmmmhemmm@wmgf TPhizakistelioH depiptscakienately 100

aiGmoyalefthe oxide layer 502, of FIG. 5, the first insulation layer 200, of FIG.
8, and the first PPET gate sidewall spacer 300, of FIG. 5. By way of example,

[%@bxﬂﬂ%@g%rt?s?)?reﬁ?étfﬁ%‘fma‘%rﬂﬁijé@'@)‘és Drafmmstier pEe é%HéJe/ drain

esiclswalbepager 306 caneiainayeenbynaHiog R elepue e peassiha selective

multiple step etch process tordr etch proce s selectiv
PSRRI EHEGLI T SLaY T B AP Sl REnh e Hob Ry
tHayBFIZD0¢landelhe fliist Rﬁ_%gatez@dewaﬂspmserﬂﬁs)ook[ﬁ@ﬁ@f] Afyeoftsatiangl the

s&fr&'@ﬁl%{de%éh\éﬁfn% g iRt g %El%”l IRye ﬁ%@ﬁc@@@oE%tﬁt{% 'é’(f’ulr:vﬁl%t% the

sidewall spacer 300, a second insulation layer 600 can be formed over the
flrﬁ&éaﬁé@eﬁlewg@té\m%ﬁwREFs%éaﬁo%%mHtﬁRﬁ%ry’é}%d@ i8 4 preunderstood
deposited over the NTET device 102, the PPET device 104, and the
substrate 106 with a thickness of aboug 30 to about 60 nanometers. However,
it is to be understood that the thickness of the second insulation layer 600 is
not to be limited by the above exemplary range. In accordance with the scope
of the present invention, the second insulation layer 600 may include any
thickness and is only to be limited by the desired width of a subsequently



[0071] However, it is to be understood that the present invention is not to be

limited to the exemplary range provided above for the second width

dimension 604. In accordance with the invention, the second width dimension

604 may include any thickness that optimizes the gain inducing strain effect
thiiathe BigsHRtVEHYtdegositld svnrtslemerdizimhrdyivavass/ dvarPaEsion 500
cADB0R&l 142 OO IR hihir-ambodimenniis Geeendrwidh-dimens oGt wall

can be defined as the thickness of the second PPLT gate sidewall spacer
SRS AP RSPt hen Byl £BRT 72! IpSE e lRRG SEg AL the
infegrsedanduitisihiccimension 604 of the second PPET gate sidewall spacer

helps to determine an offset (e.g, - a distance substantially equivalent to
e A R

nRhpd dgacabeddieBynsdiaiclivedy) germoving sortonsbeeserctng inbalsippe/drain

AMRIRO8dhE cakYrRtaRiRG the REGANhINHIAIAN JRY e QL0 R Ihthe 3&E8R 0
PPET gate sidewall spacer 602) the second active region 606 has been

QLRI Sorares Blsbers TP HIHnEISFILRLEIME SiPRS to be understood that the
[0m8P N &k sYedlitin €l ino@n sIORIG04 | SlibredisIylearre late shvvitnrthefsiA6 of thfter further
second active region.606 exposed. For le, as the s d.wi .
P T G A S AR A I SR NG 5 g
insijetionthe selidh dfddivedregibme 06sindrEdssase Tidevwakpiseer goRtiohs6i the By

wageaNd Arpie t@%‘kﬂi@%ép 9y0 %@H@!Mdéﬁﬁﬁ&ol%&' Q0] NASIRR fRIPPLYS ate
surface contaminants, such as particles, organics and native oxides. [0074]

SIBNRHyRSCE AH0pfaN the TEfBAVEFoRL &sSifsdt TSR SIERIRIERT 1R HRWHRENeP etch
pio&siation layerdd o maytinchucie’)dntatcielptaeess thtiah@s deaciive ioneach of
etching., However,. it is to be understood,that the etch pr s of the, present
e e e T T AR S er
3Ray include any etch process that selectively removes portions of the second

[006912UQREE R o [ORL FRETRITINBHOWHO fide irfou ISR IR SHOYVRHIGhe first

structure of FIG. 6 after forming a recess 700 within the substrate 106. Durin
PHid g eddestalh, e dles 7 ORI or e dAvatchOBrsaR e thamechiyisy the
itelestyeiiodhsynaieriabchobe Retamthesonics/tiain axteasion &Hdwad Uver the
NEEHRIE P BY Je%%(caer'f{)ieaﬁﬂ‘?hetﬁhﬁ OceRR May Inglude a dryeieh

process, suchn as reactive ion e chlng, whnicn selectively removes
algilicdr:genoragiemn aldymvsilidbns KHobeevedeistigotb that theldhstioasdstivdt thivesecond

iR IERBROGESS R0 NEnBI &S HRUFARAIMER LIS, RO IR PRINIGE L0 fﬁ%&i&%d{?&lb with

etching and the etch method may include any etch process that selectively

thererfeel %%%%FW%BETE@&?&%‘EM@FBH ey 8RO THY Sabdeapy1biskness
aldGy 6)1Genes sillyirdheydapie af dneiREess ifisnontds axaeddiresdenth apiba.
ce/drain extension 500 and may, more s ifically, range from abou
el Skt iyttt Rt ot S e
rapmeiengtoddcthdtpbrt e oé tikdnsesntid nnis hop tolbeetiflite dormedeadjespnp ldiey PFET

4kfgq provided ahaye tar el e ©eas51 90 ReCHAANGEW IR
invention, the depth of the recess 700 may include any depth that
width dimension 604 (e.g. — a thickness) of about 30 nanometers to about 60 nanometers at

its interface with the substrate 106.
[0071] However, it is to be understood that the present invention is not to be limited to the
exemplary range provided above for the second width dimension 604. In accordance with the

invention, the second width dimension 604 may include any thickness that optimizes the gain

10



optimizes the gain inducing strain effect that a subsequently deposited

source and drain may have on the PPLT channel 122. [0077] Notably, the

formation of the recess 700 can be aligned to the second PPET gate sidewall

spacer 602, thereby helping to position a subsequently deposited source and
indrgimepiigirielfpehtbrial thhtcaapndtdopasiteistivaily wiliie ganhiadueindge PFET
SRl eaused by the formation of the source/drain extension 500. [0078]

Referring now to FIG. 8, therein is shown the structure of FIG. 7 after the
(W28 it 0P M Yo dBR P EREX Gy S B Mt et e Le s, 8y the
thrdkneds dftier depasRICET tae serond epitaxidayas BRGfeamstia heunberdrairne.

of the PPLT device 104, [0079] Notably, the proximity of the sec

LR i SRCONRI e A T P
sidffeell opatise EBUreRdiaiieleXTBrsINOEBE taa be dotirsiicahitreiahinean bl to
Recebshwidin dimanriare4 el ReoagcertRERh Q@GQI%HQMP%@%% q9g. iy

is to be understood that the offset of the second epitaxial layer 800 from the
S%E‘ie]@’aff‘énﬂ%“%Bﬂr‘b‘é‘lﬁfgdmeﬁwgd?ﬁ%ﬂolagﬁééma@eea‘&é’rﬁ%‘t‘&ﬁ fBg §feond
iyl ali@ring dhe(econgnvitdthseioieNBIUT e Fasexanpater b pifsetcabhldeactive

sour ain 802 from the PPET can be modified.o justed to
e b L BB o ha
thgptgaaie WPt Tdohensisl 902 1§0080pdhewedaind wphatkialsiayof 800scapnpective

BB rm R saleFiye enitaxialgrRWIRE thath Al dRGIS RRIGHAL AR FET
within the recess 700. Generally, the second epitaxial layer 800 may include

SRy iAFRH; SPARS TRApdrtEcatrsinio Whe PPRrEHaAsi 12 ana 6l raises The
eStasa ipirachucedihy shesbuie/deaioresdensinnpiehto fhexRiRo Ta eanigl step to
k5L Re sppreciated by Inose sidled in the, af, hal.an gepropriately
applie sfrain to the channel fedion of a ransistor device may enhance the
[(MWHHuB o fveureé rxanatcahcfleahthresegh usrd tevidesti[GOB tlcAsharsesadplsmation

149&36@%%tﬁ&%ﬁé‘&gH@%@é@ﬁl@k@é{%&@%%Xti%%ﬁ%éﬁﬁ%@oﬁ%mit is to be

materials, such as silicon and germanium. In an aspect of the embodiment,

updErEed PR &IGR PEGET SO CNFREG SHYIEBCSIMENGs Nl s IR ¢ SiERRtYfolen
ethiefigohdnha pigfeisadaspscinofidicaaméoiliprasets hatseroendegpitaxiatiay@tions

ofg%g em I@/ﬁss 8.4 ilic%an- egSBgnium layer with a germanium concentration of
t10%'ab

abou dut 26 %tomic percent. Moreover, the second epitaxial layer

[(®O6]caRetptionatybe Eified uhdwied ohdepahwithcaurs tyhBlfogasftthatising a
reelecigsfiam G diaaloherRenigdiss Tableot Elements. Rraje Rl RAI89-an

[0082] However it is to be understood that the second epitaxial layer 800 is
etﬁBtPFBOSéSIFhﬁ‘ftéij%hé}ﬁfre&%ﬁ’mf%ﬁé“ﬁf%ﬁPé?ﬁ%H,f@{ePi‘ﬁéﬂﬂﬁ?ﬁ/ LAY 00
afd dhepaniirifcacsorgance witbxthaepeseriemhrdingat, theudecons epiaxiakss,

Ial){er 800 n ay.inclg e any m terifal g,e{manium cancentration, or do;a}antt at
Suc flS {eac IVﬁ 10n_etc 1n§% hic (Sjﬁ edt e& {CmOVCSdSI 1con—gieranan.1um nda/or siicon.
IS strategically engineered and designed to provide gaininducing strain within

HiheePPHETIghahnehddtofdtieintegiatepi airstivfsipsterpsdi@@mbodiment is not to be
limited to reactive ion etching and the etch method may include any etch process that
selectively removes portions of the source/drain extension 500 and the substrate 106.

[0076] Generally, the depth of the recess 700 should exceed the depth of the source/drain
extension 500 and may, more specifically, range from about 50 nanometers to about 100
nanometers, for example. However, it is to be understood that the present invention is not to
be limited to the exemplary range provided above for the depth of the recess 700. In

accordance with the invention, the depth of the recess 700 may include any depth that

11



[0083] The second epitaxial layer 800 may be deposited with a thickness of

about 50 nanometers to about 100 nanometers, for example. However, it is to

be understood that the thickness of the second epitaxial layer 800 deposited

is not limited to the above exemplary range and may include any thickness
optat ppstihvaiyiinddensstrain ahfefihtiabaPPEToghribhé¢oete§008uE Rededriy may
hhRW e IEESs Ehsgin isshown the structure of FIG. 8 after further
[(FéoceSSirE%ﬂA mask layer 900, such as silicon oxide or silicon nitride, is

ted 8 e P PERHEVeE b Ao5t ¢ §éBd1‘fdaH‘p’v§19%ﬁ%ﬁhFa§%‘i"Béd’,F5fT gate
sidt@alb sthaadremaihsrobie htheny T podevica 10Rdq zalbciivphyitaimoved hydadrain

etch rocess m%t forms an NTET a1i sid W%" spacer.902. By way of
epitaxi Ima ria %t can ac SK{'ICI‘ 1stgfa§y W1 1 e(ﬁ%ln mducmg sirain aused .b the
xample, the etch process may’include a dry etch process,such as reactive

fognagrehih ghasowes/drain pxenpienuierstood that the etch process of the
[URSCREERRdIBRND IFTEoRIARElIMIGRL I 8RAUMR (08 sGhtng7and thg 8Lk ive

method may include any etch process that selectively removes the remaining
fosBaIissob £ hrs Wb T i EbRAA e Eb e e8] Aer oMy thieniggegsition,
tlgate sideplalk spager SWP{canmadiimd@ifigsabsetispiat aaay operformed
r FET source/drain 904, Notably,.the NF ource/drain 904 ca
o R L R B S e R R 0o
tcohtrofifigltheaprokimitynef the RIFET sourbe/drelirrg0min réeNEET gfte cnQ be

canfincdhedifREchameldd il hsanpiee@iesd by esq sitadndimactn
that after for_mln%%he NFET source/drain 904 an optional NFET source and

SRt Crteisiv R iRTprartaa R B o AEP N PEPhatcRAsRi e Be sl dre
PBRTtha® TET deweanbddid@08alijiis dadbeftadarstopdrikatdhe smasy layeng the
900 protects the PFET device 104 from the NTET source/drai impja
T RS R I e A L s S o i e
SNT L T8gee SidewdifisgagerdoeJ0QST)dRefurtivg saowinduciae $@aitheftsier igf the
sV IE SEHGUH SoPf fplf7 % PiEeTToRmAtiory of a low resistance electrical

contact 1000. Before forming the low resistance electrical contact 1000, the
(MR IBYRredofitsiad, iy vl can Bm Bk rIPEETGEVcEPi B hgrowth
niN¥thEd thapfde8, efilkal tegans optitinally hedgnovedskasmoyehtheNidEdpitaxial

ate 110, and the.,PFET cap. f.FIG. 1, can optipn emo ro
B PSS g BT ol i G PR TR R 100 Sor
aggaettie PR Thoagutdd bththesovow/draim 80disthe MDD dat8FEID daantid 22. It
wilPbd c:l-éltgdchp heexnoesad forfurthespy %%emr[%%ﬁhﬂi@iém RIQYE to the

contact formation with the electrically conductive areas of the integrated
charagh SEeaneh A0r e B s ikl ETPRIEE b g PHptiSh N B dhabIspediow
tH@igrthéRyaw. resistance electrical contact 1000. By way of example, the low
[ '?taggze elec)t(reical1 (:rontlil%tS t}él)é)o(l)1 c b% efor e% ?velraﬁh NTL Oi)ource/dgl%'ﬁg de
, the NYET gél%g *Ho, e sourte/drain : aﬂéa e T gate 8. 1S
stmigendnderstoadrinkt shehlonsresistantgaiautical dortmetpb00 thaeinziddeent,
t&%&ﬁ'&%ﬁ%&l‘?ﬁ pgyﬁl%%B@ﬁﬁé%ﬂ@l@@,r@@@@%}"’eﬁ@&ﬂﬁﬁajﬁgﬁ-ﬁereoﬂ Ina
source/drain 904, the NFET gate 110, the source/drain 802, and the PPLT
P’Ej’éﬁtgefwsﬂ?ﬁf i%ftﬁ‘?rrﬁ%‘h‘?%‘faﬂé b Wﬂé@%ﬂrﬁ?%@@fb%@ﬁ%rﬁéhcon‘
gWithil Qv IRSiStantea bempuipesesmeditidsbiatbenptie 1oworasisiaPeateligictieaent.
ontact 1000 may include mateyials such. as, refractory metals, (e.q. - cobalt,
N T AT LN ARG SERC ARl Cope M p
tymiciklebplatimuns, ssicayl type Girsilicide (@089 ]Htrisde Hahlndéistoochthatrtfigrably
blQuy, resistance electrical contact 1000 can be formed before or after the
removal of the NFET gate sidewall spacer 902, of FIG. 9, and the second
PPET gate sidewall spacer 602, of FIG. 8. Furthermore, it is to be understood
that additional processing steps, such as an optional PPLT source and drain
extension implant and an optional PPL3 halo implant can be performed on
the PPLT device 104 before removal of the second PFET gate sidewall
spacer 602.



[0090] Referring now to FIG. 11, therein is shown the structure of FIG. 10

after deposition of a first dielectric layer 1102 and a second dielectric layer

1104. The first dielectric layer 1102 is deposited over the NFET device 102

and may be engineered to promote a tensile strain within the NFET channel
[0082] BHewsy s eisderiisiandaes st diidetrretagdanta:02! s Hlideoatsitiedimited
witrid gl epraied Sy PlRsMABRhake A eReMICALYARR! EeRASIHARACe with

process. The tensile strain within the first dielectric layer 1102 can be _
e Bescrated By YBPYsHIB ACh AR FRitRYE! LYEh8RY, Pad ARSI SRy rRrEeT B ssETRaIm
chrFepowvien, ete. fopLit] ihhe sesendotlieligctigiayesd 1od idedepasitedppyedthegain
. PPET device 104 an e engineered to promate a compressiye strain
e L g S R G A TE S ayer
(00834 by isetndecaisikicdraviridelayey depdaiistady withlasihislashantedout 50

n&NEMICA! ¥ARRLHERPRIHIRMARECESS <IN FOMPERISIVE Sl BVithif e REEANthe
dielectric layer 1104 can be modulated by deposition parameters, such as,
0,

trckpeshehibin Teted praasittdaysE FoviePostiedNb b R nabaNs fiRplary
rdaye addl 0d carladgmgnhikekter @ahapaadineicomeressivevaliginhe fads ehiheel
1-?l%urce/drain extension 500 and the source/drain 802 upon the PPLT channel
2. [0092] FIGs. 12-22, which follow, depict by way of example and not by
[0BktiBafcamexemplarylsrole skeflow foshhe ol ativntecary ikiégréteticsifouiper

pRYSigm.and _‘iﬁ&‘ék CIGRALCSY BRicAosiked asidmitingidtisniaie li’é“ﬂ%‘{{%é@%er the
that a plurality of conventional processes that are well known within the art

PERY fotivepeatey Hersinomay prsadaver Pt ElEsS- 1habsmigiediaing NFET
déoibe 102dBrstoad ibat macyemodificationpraaditions famey aih ONTEII QrseMmay wall
s ba%erp%:f g he Delow aespribed prpcess without departing from e SEORS 9
%pll‘lt of the tlaime su%j ctmatter, For examp e,nt%e process m nciude
raanbres; fenvelchorsotHdevweteps {0093 bAdditinsialy, thas thy istelappreciatddhbatresent
AR ARSENE dirclosy !ﬁ&@&%&@&&ﬁé'mﬂ%@ﬁ%%meﬁ@umqgéaﬁs@rﬁyfm&ude any

Sﬁstem depicted by FIG. 12. Accordingly, the present invention may include
claRyP PR aE I SEH SIS RIS dUTE MR R BURE RCHSRAG Betkden layer
6000 specified electrodes is controlled or modulated by the voltage applied at

ntrpol electrode. Fo e, the p:channe] multi-electrode device ma
T TR R P € S R AR L S A8 Bt
gz bsi grofo e iyare an NSt oouactirlRE POdr Aviahlyulhe HETERramsistdrain 904
Maseqyghelt 19 thbapngesstoadithationaRr Breriae tegraigd cicHiling the

system could be prepared at one time on a medium, which could then be

peaparateb D Fidivielisr Srnatpbie ihedrkbadsriitandbertia S Tat shies! 114
Iislageijpltiaaiiosy (RQ4kRedariing nowdfitcStolaith e NHE Bhovitt aar9s4
al?%c%{(‘?“ﬁ'%\Yﬁ‘E‘i‘. of the inteqrated cireult sysfem, 109,10 an, INLS1a08 Of lant can
IANUFACIUFe, IR ACcordance With Another emBodiment of the present
bérpestationgd Phehindddidtdel wieddi2.system 100 can be formed from conventional

[@BPSW?&&@JE{&E%MBQ%MQP@ePM I_ﬂ%'&!&@ de ToEmrthe NEFl from the
device 102 and the PPET device 104. The NFET device 102 and the PPET

NE&Viceured iy YerapiagerHerakisaigisiprotiingla tepiientar i etch process
tingtaiexigens@nicaaddetansPt@S)ogonfiguration. [0095] The STIET device

and the. PPET deyj 4 are formed on and/or within.the substrate 106.
R S L R0 et RS A by e GFgeon of
a $ewnicorductiaigomiaé e tfor l@ﬂﬁmblﬁp@if@i@nﬂ@dp@it@i@gn@ie;ec@,ic@eqontact
1608 %e RAS, 1R 2sWelt #Rpbear UMlq\{o%d 'f}éhFBC@P%%EqnaliR%@ W40 NFET

Moreover, the 'substrate 106 may also include silicon-on-insulator
cHhGUEEERs! [oto8piAN réfeit B wspEendr e snhBddh et tRecsdube BIET
106 is a silicon-containing substrate. The term "silicon-containing substrate"
is used herein to denote a semicondugtpr material that includes at least
silicon. Examples of a silicon-containing substrate include, but are not limited
to: Si, SiGe, SiC, and/or SiGeC. [0097] In alternative aspects of the
embodiment, the substrate 106 may also include doped, undoped, or doped
and undoped regions therein. The substrate 106 may also include one or



[0098] However, the examples provided for the substrate 106 are not to be
construed as limiting and the composition of the substrate 106 may include
any material that physically and electrically enables the formation of an active
or passive device structure. [0099] The NTLT device 102 includes the NTLT
camploosf tHe NTEm gateonally, ket dd| By averdid ddtHE 2aR. Tife R Emoving
tlféa&ésﬂad§eﬁ0%tﬁq}féVﬁFﬁle NFEdgoate t0pang RIptacks e Nitl/aals 349 the

from subsequent processing steps and may include a dielectric material,

NEEdhaate il apdrifriGEEDpuR A Ashian fhesratet i sy Siormed from

[088Y e Midngirovateriedstifetuatiog dﬁpeld: amdttlmit;p@ﬁlmme@mw atinige 1ntegrated
materials (s as for example, p SI amorp hou or Si

S S A R o TRt PTG 0 o

rqgiéq@@melq@cm@yrnecm&@@ frieymvwarereianntdutio g el kg ttsabtiouact

108 SHCRRRY BItidge SUiSON KR RiS U682 mw&dﬁémtg%/ PXiIdeStaGk Qfain

hlgh -k dielectric material i}e one having a dielectric constant value greater

SRanrdifRoRTBdd e Hbvelids, |t RetonBerinibrub ey RN e B Blenitrlrqntact
10<b@$ﬁayfﬁfclhee MEEE@atetmgleatﬁq@oﬂlﬂ.& {Bandblimited indhecabevesexampsET
sJ0L 8 NG N ‘? deieehic At V'El%' #‘de f”l{l LBpferial hat e that is

permlts |n uc’tlon ofac rge in'the NFET channef 1 en an proprla
theoeale i ipplid diey ties NIET G iecti@l mp)q]lqm@lrhﬂ'w igeiyieecd.QHor purposes

oiNglgesidie RE A CaRiidRodRe iRt edied Liboansiihe Rk AaiGidielariics,
120. The PFET cap 116 is formed over the PFET gate 118 and protects the

rebBgery Ated $5fom SUBYe Rl BrodEaLAY SRHECANHHLY Inhthaglybdenum),
nﬂl&ieaiﬂkemﬁmﬁain Suchas pdietiiliitiede, for example The PFET gate 118
b¢; formed B%OJ“S oo@’ I “alo%‘varteesE's Aﬁc'é‘cluol iP‘?a dandindoped, eq
emiconducting materials %suc as, for example, poy silicon, amorphous
bsfmrm@r gresieicmavitef tae NEtalligasd oylcwallligiaker 902 ediribinAtionl thereepnd

piO2ld bR [p9ateqdiel6E e 12 OpnayRE.Rae; 1B RlGHBk MGlUtiitlonal

but not limited to, S|I|con oxide, silicon oxynitride, silicon nitride, a silicon
PWRféWﬁtﬁ%fé’ﬁa%‘éls‘té&?o?Pél‘Pﬂgh HE B surre rﬁ%eﬁ’?&l‘h elengie Hapiagt pnd an
opb@lﬁﬁ%@ﬂﬁtﬂﬂhpﬂ&iﬁ@@@ﬁﬁﬁh&ﬁ&d@% PXEE ddvioweye belbois t@rhe/al of the
Secongﬁ;‘ﬁg d tltﬁat ewa pe ofrr%xﬁerlal chosen for the PPLT gate dielectric 120

IS not limi e%teol[ be examples for example, the PPET gate dielectric
[0090] ni?a@,fqrmiad@\aw Fﬁ@telrlaﬂthatrpe rehétgriribiel stioetwé @fchiérgE0inftéredpifokition

oFQ%HEle&&%%tMH‘ﬁQe?Q APPIRRYAIE YRltaRei5-RARYIEM (D INCTRP kT 088 ddR: 1ayer
0103] The substrate 106 may also include the isolation structure 124, such

%Za‘%ﬂ%ﬂméw&ﬁ RORIEN SFUCtut iRt vaReragineaT) iSopsgaaicdensile

stegipavatentiie NFET aﬁmree e mdmed? Ehpleyvige AQddkRepIPYSLSI0D may

e I e e 0, 8 el PG Rl Rl
such as silicon IOXI y(:rS@Efo 4]aF? eferring now fe ereinis

psivowwn thbestanstlgretofif IGiHiR dftefiforndlitrianidselddtiRecetchingnofithaed by

dégé&t fion.laxet, 240 The firRtipgulato %ﬂ@s%ﬁfezﬁﬂ fFeRhefeposited over
e NFET device 102, the PFET device 104, and the substrate 106 with a

[P9%kndds sroame dicker tacdpesit 48 has RSSO Hb e AT Tt f8 tispi04 and may be
enifleisoas frahtie thicknessiattReJdiistingulatioPiayeicRAMdés ot toBe way of
limit the a 8 exem Iary e. In rdance with t SCope of th
L S 1S et Heb i Y oS08 e Sr e Rl s
plssanlybapectinvitentibyl thepdie Sined wiidtpotessubBegoentliicfonmet gatwithin the
se%gﬁi’v(‘ﬁglé&ﬁgqgryer 1104 can be modulated by deposition parameters, such as, reactant

flow rates, pressure, RF power, etc. Notably, the second dielectric layer 1104 can augment
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[0105] It is to be understood that by strategically controlling and modulating
the thickness of the first insulation layer 200 that the width of subsequently
formed gate sidewall spacers at the interface with the substrate 106 can be
carefully controlled. [0106] By way of example, the first insulation layer 200
apdéy ierdlake disleomprassiterisiiisudicels afsilicospelienitiabesiiespnnitidand the

sdiRwrYsEh dhisthendriersigaditigbthe present invention is not to be limited
to thlsé%é;rtlcular example, In accordance with the invention, the first insulation

(9992} J36ndy el MBS e RRITh Y nERYs o BIYER %@ée‘}%é?ﬁ fagion, an
estihslagugiotiay €igvs ichtas farsilidon gesmanigmdayacuios gxamaple.tfoy@rd not to
Thefrst %?sullan?n Ia;lz T B el% neéerseo Q&qf rm hrefrst tPPL'I'e ate dewaSeS that

spacer 506" by removing selecte portions o?ﬁw ? t Insu atlonc]ay r 200

arfe g ckaelaceithih ¢hP R Tndenit ecpeuedNigspiatchingpreisedtirat RIHBY GHpes. 12-22.

Mriglewall 1§R%Q{e:’t&géﬁ@HMﬁh@ﬁ%ﬁyfﬁ&ngého%nﬁaﬁﬁ%H@%@ 8miRions may be

thickness) of about 30 nanometers to about 60 nanometers at its interface
Mgk eHAeR Rl Sescrihed 2687 MRS PR G 8TeRE S8 thisit fdhe claimed
sﬂfﬁ@ﬁlﬁhﬂl&veﬁﬁﬂékl&m{& ibdhgduritanhioi bR Exenipldsy ¢ang etpasmmiﬁd above
[Jﬂﬁdﬂ; dz{ﬁé}d’(‘)’hd‘ﬁ‘y efsion 302 'E‘e&‘ﬁm (%(an(r:eeséNt 1sces,'£‘n‘éen%“ Nob18 first 4 1o

Wi Imension’3 may [ de any |m|zes the galn
tlmdu@ﬁg@@ﬂ@éﬁeeuwa@mm%hﬂf%d@snédc‘aehreémm gresieniiayention

nRRING PRE FRANREE 172 {RLQR ReniRineMRe dReRLAOS FES LI two

dimension 302 can be defined as the thickness of the first PPET gate

SREFERA AR soeratrietariaed itd Mehqbinseapelcddt fOioﬂthItBI%fémde
Foindessiplod thapthediist wigth déanedsiainaa? Iﬁﬁj‘zhﬁufl[ﬁllepdz’bﬂgatelsfdﬂweﬂfect

Ips odeterm e an offset (e ist nee su stantjall
RNt e et kAR o A0 SRR SRR R SO o
anhelPRAF fareites. Mp@emxlxﬁewtpebnowﬂjsmdldm ofiche firerecinsthatioregrated
c1|§-)ﬂ?crs§§19n('c%urdh3é ote é?&iﬁl%ﬁ@%ﬁﬁ@%ﬁ'%tfﬁ&l%%% IR AUtk Tnto

gate sidewall spacer 300) the first active region 304 has been defined and
I@kﬁég%lﬂawmﬁifanﬁﬁs&eéaﬁaﬂhaféﬁte‘ﬂewaé?%atagfhaﬁ REieREPidth
[(Idlmensqeﬂaraag inwnveraely ioneleiedswibwihe sizes ctttienfilstiaetbategierated
304 Eose For exa Ie as the fir dth dimensi ion BO%hof th first PPET
circyit S 0 in an 1 %t % Ol manula ure 1n ?C%OI‘ ano ere odiment
ga & Sidewal spacer ecreases, the size o St active reg|on
Ofrtbceaswt Thengioposéd puetions] ofntvet fiysteacti0l ey lonf@ordiayoptivmatiynal

dYRARIGD BHERINDDRIRRIIA] E%deaﬁﬁ@&ﬁn QRN ARINISHERASLATEIGR: the
FCJ)_:%anlcs and native oxides. [0111 example, the etch process used

el K e vag)e%?@wawaua@ AaKBEERe together,

tmfeeesanﬁugh asnipasitvenio MmetahingicHomieuaind s (ONIO SINGarsioaddhat
t r f the sente ent is nqt to e limited to reacti
R RS R TRAELSE S 4 o
seele@avw? rehmmssmﬁloﬁ@ofnreeeﬁntsmmmguothday@stm@ 04 p2jyRefdrdngny
s e T8 hereinis fespirugigre Qidia; di%efeGomIRg N]s, 1np

recess 700 Wlthln the substrate 106 During this process step, the recess 700
aMelirie HﬂEﬁ? Mtﬁhly%k%gﬁﬁaﬁ§%‘?ﬂ feestivp6eeE rﬁ%?eﬁ*?ﬁfté‘%é@ﬁ may
alf@flﬁwlaelmwaﬁa)mﬁsu&ydwagﬁﬁgammpje the etch process may include a dry

tg process, uch as reac \ﬁe ion et h|n VYI selecti %Iy remaves silicon.
[ ever i P]%fers ¢ substrate 1S a Sl 1con containing

00d 6fhnat 22teh process of the present

s@nm@l [ r’ﬂ@ntelsm tmlnome:hmmemg@uémtve ippsedchingnateddinete teyamatbroliictor

YA IR I SICRRIARSH NALSGIRSIHEIX I RTIRVER RO %Oéﬁ%s%fa%?nclude but
substrate 106. §0113 ] Generally, the depth of the recess 700 should exceed

af B0 LA ShNEEUNATRNSEFeGurce and drain extension and may,
more specifically, range from about 50 nanometers to about 100 nanometers,
for example. However, it is to be undefstood that the present invention is not
to be limited to the exemplary range provided above for the depth of the
recess 700. In accordance with the invention, the depth of the recess 700
may include any depth that optimizes the gain inducing strain effect that a
subsequently deposited source and drain may have on the PPET channel



[0114] Notably, the formation of the recess 700 can be aligned to the first
131-LT gate sidewall spacer 300, thereby helping to position a subsequently
deposited source and drain epitaxial material that can act synergistically with
the gain inducing strain caused by the formation of a subsequently formed
(097 c dmpldetiatiriecacrastion Ui ErBoRatentinee nobstiate 160 18ythkpeireigde doped,
uRipan BeuspiciureafifiG ddiaftanthasatsctivestematomef e fikstude one or
epitaxial layer 400 within the recess 700, of FIG. 14. After deposition, the first
MO AVEPEHE orms the source/drain 802 of the PPET device 104.
[(1098]6] ineiaddy, tieqammpiaityol el fikst @pitasialday8VA0 (ie. o the construed as
.source/drajn 802) to.the 131-LT gate 1 nd its effect on subse tly .
SRR BOmRs B e LR SRR eSS 0 SRR iy
andidterdipabnsihisnhofameatipst P RETCGraesideivallspaeerB8owelt is to be
[ovderstpodiiat the etfsehoftheafitshentaxiallay eh 0 TRp:tNe FPHD I8 the

118 can be modified or adjusted to effectuate a particular result by alterin

NHeT geisytiee e hsion BS2NEBT estniPit [tHE Gtrdet vl S3bF e Ai&id Bband
piostrdhiec PNHET gade MDSfaan dudsapeifigaoot adjpsteps tanthelagensitiads witkivctric
the PPET channel 122 and/or augment t ininducin rain effect of
R R I RO et Ml SRR rom
capen{@nalzinTisedirnelpitme dokederdom deire h semindedirgmganssteielivésuch as, for
eﬁﬂﬂﬁéia Qf}%{tfhﬁ@mﬁ%ﬂlﬁ? for m}t%iﬂefﬁgi‘a“ﬁlwﬁh@ Eﬁl_%}[e%e§§ic7iQQ- or a
Generally, the first epitaxial layer 400 may include any material that imparts
cERBIPAtORBFRET channel 122 and/or augment strain introduced by a
[(w03equeNBEDENediskurce Bncharaie extersion iathalPhEldhgmnnehd2znited
will.be appreciated by those skilled in the art that an appropriately applied
B o N ot SRR BN SRR oo
highrlédktb@tiea_nafmwltﬁmughnhé@éwced[@tg@ﬂcmm@xwhplmdméh@ti@ﬁpon
oﬁﬁ_‘ei‘ﬁﬁ&%@!@l l@X@%@%d&@%H&MQ&%Q%@MQH& rRteHals. GRS gate

silicon and germanium. In an aspect of the embodiment, the first epitaxial
diglsetriadd miagrirleritrd S tsiehey siesuerior SEeHABIRIELSH Hrespin delectric 112
nfakefesniel aspeciaitheempbadimanicihe trdd epifaxial tiey IFEI0cRMMOY$42when
asilicog-%g{emv%ﬂgjmila elii\é\gt% ﬁﬂgﬁr igmﬁ%ncentration of about 10 to about

H0PRtomic perce‘%ﬁ. eover, the Tirs éptlef\axia'l layer 400 can optionally be
[(HitAdr Uha BPEd devdopEdt withndep thypFidrant tHatths SEEEEtefldh Grohp PEET

Qb RIESHOdi T alle mifienenis, Rreiaiadly, Bornpia AL EOWEYSY fiRdQs the

be understood that the first epitaxial layer 400 is not to be limited to any
PEERigtral tfJeont thtetian gerrsatingmicRsritdtaist wledopaletq material, such
aacasianaa withothex prpre nt@anipodiment; this firslyepitaxialdayesd Qdmeaytional

include any material (per aniAJm goncentr tiop or d?é:)ant at is strategicall
materials mclpdin éogé and , un 06)6 semiconduc uiﬁ mz% rials (such,as, S‘B amgle,
engineered and designed to provide gain inducifig strain within the

pehyaniiein 2@k phevintadratedocirBidiesystenst@B0a metallic alloy, a silicide, or a
combination thereof.

[0102] The PFET gate dielectric 120 may be made from materials including, but not limited
to, 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 120 is not limited to the above examples; for example, the PFET gate dielectric 120
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[0120] The first epitaxial layer 400 may be deposited with a thickness of

about 50 nanometers to about 100 nanometers, for example. However, it is to

be understood that the thickness of the first epitaxial layer 400 deposited is

not limited to the above exemplary range and may include any thickness that
majstinedile inrhuaudesaaibpiuiin thendegon oh ardhel 22, o1 PHE Relfanrielgl Adwhen
aﬁ%]?ﬂféltarlfﬁe therginils.spemndhe siregtureafikIG. 15 after further processing.

This illustration depicts the removal of the first insulation layer 200, of FIG.
(0493}, n v SURLEaEsPLOP gt dfelialitdp el dlaBon FiEvE s By W&@; @y  shallow
rexamgpirsithesfitstins wation iayee 20608y o dhecfinst/ AREphigatensiNEWall spac 02

2PASPEEE [RMQVeabYa sindls step-efh process %&a&‘?&ﬁﬂ%ﬁc 18P SR oy be
process eg - a'wet or'cﬁy et p_I’QCGSS t_at IS se ective to the material
makedennfa distrstriofmiatefirb sk abatiberiadiexigo0 ane the first PPET gate

[H0gvalkaRaae 3R [ 2 Alickdemovrief the firstdnsWrirn layefdd8aidon

the first PPLT gate sidewall spacer 300, the second_ insulation layer 600 can

T ) %B%%fiﬂl%&r&é&s%?@ﬂﬂ B}’§fe?r90105herﬂ§tsié‘é'blﬁﬂoi’i’1 %N%i%%olél?ﬂé#’e
dgficanober depoditen aerdned)\ R TPHETIcR AO2 1 the MR Efe davitatd 0dpawilh a
the substrate 10 ith a thickness of about 2 to about.2Q nanometers.
e S A e L o B BB LR ARt A BEMRIET o ot he
thipleess 00 ibenfotstanseldimitdal by AP iabol e drdimpiktpydhgeborcareorlanceange.

IM&%&H%&OR&IPREQ %&{&S%_PRE@VI%EQR dHQz@n%r%ﬁP'ﬂ% iﬁ?é%'%k%‘i‘alﬁm\ﬁefa%()z@i@hay
_include any thickness and is only to be limited by the desired width of a

inglisleadhte terhied gausiodnamiphesthfode srhvsdhseitigaieriosesd
gharmigethal speand PPET gate sidewall spacer 602 by removing selected
YIRS o
f

R S R e TR R PR e

e secon imension e.g.-Its ess
oftike dasomel PR Ryste ditbaialiespalte pEOR siavent o Aol gRersaleomibtorseo at

1REAIRO. NANPMEtEFS AtdtintarBce it thesubat@te 106. [0124] However,

it is to be understood that the present invention is not to be limited to the
W08 dhiry P e 1BV bt o eHe s sk dORienty disASiBis gpe Ipaterials

sadcey dang@nvitiothi invaentiannihiesetond widihidimepsinmaasbmay: inel pasent
. any thickness that optimizes the gain inducing strain effect th : .

R R T A S AR B et e
fighannedtiaplayel 26) Pey tidetnbodimeatialhidasdedirdtovidtisid thredeiont@@4of a

saRBReHefRed Ra 1RE tickResmRhibe @%%P ng:Remp@ate sidewall spacer
602 at its interface with the substrate 106. [0126] It is to be understood that

[ e dBR MRt 800 iretnked de SRR PE Y dtErsioirat dpputbpacer
3608yhelpsvia deleeminganaffseihtetigs - elisian e Ul antadty QeHdbleRtFBET
the second width dimensian 6 f the second active ion 606 from.the .
BTG o B SR el oML B LoRH SR AR i
diayesie0G(Rec-ghy etchicigebe sécbnet iFgulationelaero6d®wd 60rmitheaesondts

iRk d.9at6 sidewall.spager 602) the second active region 606 can be defined
and exposed for further processing. It is to be understood that the second

[Qfith o 60 REHYETEE) L BIrEIRtRIGHRY Thedion brirele Bediealiodhe
eXedifn-pOmMm expaseds -poexaspie, fastthedge annehvivdtBodimensiest &@deol fhethe
.sectond IchP T é[gatghﬁigewall.s ans 602.dqccrleasesmth€ sizqhog th%\. secoqg :
"activeregion 608 ncreasés. The exposed portions of the second actve - &
indgiog 806maeEycophivnalpieqderdp &ptedsingwtepud femmoveshefacen the PFET
tamypants, such as particles, organics and native oxides. [0127] By way of
example, the etch process used to selectively etch the second insulation
layer 600 may include a dry etch process, such as reactive ion etching.
However, it is to be understood that the etch process of the present
embodiment is not to be limited to reagtive ion etching and the etch method
may include any etch process that selectively removes portions of the second
insulation layer 600. [0128] Referring now to FIG. 17, therein is shown the
structure of FIG. 16 after the selective formation of the second epitaxial layer
800 over the second active region 606, of FIG. 16. Notably, the proximity of

C



[0129] The second epitaxial layer 800 can be made from a selective epitaxial
growth method that forms raised epitaxial regions above the substrate top
surface 402. Generally, the second epitaxial layer 800 may include any
material that imparts strain to the PPET channel 122 of the PPET device 104.
(01991 Jerahpreeibedimeptiibs&rskivedihithensiet3AE aan ol pridtatythepbidaess
oBIFRINAR BRETBARRRIKLSHIQP LL Ast@AsiRtRIeNC S Mmak-anbange the amount of
current that can flow through the device. [0130] As an exemplary illustration,

[ L Lode Ritakidierairar bt ihay iRt s dmepiion cingemie fiss, Hifich gate
sidsvailicgrnandogerenaniudediinaie aspeieofdhe-embagimeanbsthsigigendivalent to
epitaxial r 800.may,incl silicap-germaniym layer defi by th
e S G R T S P e e s,
s@eovaly aqpretreeposspcobiithdisbodirHentlagss 38ednd ephaxitdiagehgodrst
irﬁmﬁlgﬂsla@e?i|i@)@ﬂ'cﬂﬁﬁ%3tﬂglﬂ}étayﬁﬁwgﬁ't@Q@JM@H&B&QO@?ﬂiéaffi@f‘a‘éfi@@?égion
1 to about 50 atomic percent. Mareover, the second epitaxial layer 800 can _
3pEhasibern Adidisddrat GaoseviAtH W BeR e st thist R Reevadestiard s tiufrst
widé afitiedReriodic i¥ ablersflizlemeniisd préfierablyiborenthi 1i3dt] Adawevaridhis04
to be understood that the second epitaxial laye 0ds.not t imited to an
St e e RS el
spceb AdarHserontbsites presehtherfibb dirente g S8done @pitaxididayer8dPerians

ommsawtm@&%dg@m gRIMANUB RS ITANAR, OrHRARL that is Stategicalce

engineered and designed to provide gain inducing strain within the PPET
CHARHENIS? U6k ﬁsfé”ffﬁé]ﬁﬁafg%a&?é&ﬁ%ﬁ}%tﬂgﬁ%@ﬁ?[0132] The second epitaxial
[Oayer S00waayhs dapesitedwithracthickrass ef aboely= A faneiels ithaboLilyer
zﬁQ “%‘”%QEE,}S“& TRLexample. Howeyer, it 13 10, be understood AL INe ;i is 1o be
ickimess of the seton pltaX|aISiayer 300" eposﬁleg is not limited 16 the
updsovieaskbn glasiataprgecand tha plierchidenhpginivickisess tthbx bpiiasbidy éadliseion
eRUAD MR e ﬁ’fe’éﬂ;&ﬁﬂ? NRlkdL aﬁ?%@éﬂ BSJ:@& 'Hﬁt%%%&?vﬁkﬁe%%vé@ Psitibns

is shown the structure of FIG. 17 after forming the source/drain extension
okt firHdnsblata@birghtension 500 may include any material that imparts
[Et1ain RetheiRPlolveba@noel 4,2Ra16l indy havie ataepif TGO fromeabating the
nan ters to aboyt 50 n ters. However, it is tg be undeystood that the
0 T e e SO LB R RS Toe SN e e
eldngreasdtimais inghldecdavideptiththai optihvalbyeimdoucds sthaireigitiin thg way of

ekl ARRRRG! P8 [OhAH BN NAY P EXATRIRIGs 6 SO W CEIEEAN IR which

500 may include a silicon-germanium layer formed via a germanium
sdetitiehs BAYpr otk Mdreepecifidally, bR daruitrtdiaeiRBarraress of the
pREeaesmbadyiagludac arnpexigatandrestss peffounad aiel@vaied method may

nSTIperatues (6,0, ahove, 190/}, Durina tis pracess the seoppd epiaxial
ayer , O . , IS eXposed 1o an oxiaation reaction, wnicn torms the
(O3l leyerBOR2 drddinthsoutedeain éXiethsidd 80 il dvpthpprecietedpntly
rdhpse skiled ndhe:at DalAgarMaNIE CARFeNsRIRRAIPCRERCALIABIRE 50
effect of driving germanium from the second epitaxial

nanometers to about 100 nanometers, for example. However, it is to be understood that the
present invention is not to be limited to the exemplary range provided above for the depth of
the recess 700. In accordance with the invention, the depth of the recess 700 may include any
depth that optimizes the gain inducing strain effect that a subsequently deposited source and

drain may have on the PFET channel 122.
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layer 800 into the substrate 106, thereby enabling the accurate formation of a
silicon-germanium layer (i.e. - the source/drain extension 500) with the
desired concentration of germanium. [0135] It has been discovered by the
present inventors that a germanium condensation process, as applied to the

[HdddndNejphbixisdidaipemadm ehdbtesebts ffhativhohtitasbirdédfai PFET gate
siRXeMs BR800 th @B R CRREEMH AUOR QN RRAPILFLIA QDM A0S drain

atomic percent. However, it is to be understood that the source/drain
RHAKALIDASHD L9 FRnAtE SIS IHEUSAIN & Y8 hsusRif ROHBAT BN AN Ty, the
fonahtide afnysybseqamumfeconcbniisattomdhahiauvgraents.the strain introduced to
PLT channel 122 hesource/drain, 802 and/qr may ingl a
G O Tt o e oI BF A6 Y e he
sdpeihviseionnatiqo 8 ahNGrsiolyi tahilgieese dPthvethiib he otcspry @hal EEGhéd.  After

afgunationefithe SAULea/ rRINes RIS QR MR R F8SH SEgermaP M ce 104.
concentration level, but it also permits the selective daositioning of the

[WdG)csiahlye e RSy HEI 6Ly prigraldrs R prET GarPyEe/ daip 802) to
tHerEBEMtdmeelnBomaokieifes thiswbigatneypaitseitingdhedsdurceideasions can be
extension 500.from the PFET.qgate.118 a distance substantiall uivalent to
o O T S o B B B BRI Reer
3@ 21t isisorbdyenderdionstdend theaofifset pickintityt effisetife lgyer tHe) deim ihd Jdikd gate
1 straip) of Ph‘é‘dﬁféldr%?/éﬁﬁkﬁ‘e@%‘é?@ﬁi&%%oa‘iﬁ%@ﬁleﬁ%ﬁﬁt% g@?ﬁﬁg“@@ B%tR&dih

second width dimension 604 of the second PFET gate sidewall spacer 602
dt’??é?é’é‘? ﬁﬂ%r&iﬂﬁ@?éﬁ‘ﬁ%é‘?ﬁg’?ﬁétéﬁélﬂ? éﬂ‘&ﬁﬂgﬁi%%[%?rﬁélﬁb@%ﬁg t’é‘rtf'sﬂiég can
bohibeifltegraigidseitctitisyste muh 00wt fhdVRFED W@ nhdiabaed/ disceveiadhe
ggﬁ]‘iﬁﬁlﬁ{ﬁs%l}m‘é‘?ﬁl%‘%r?)fthast Béfeeﬁg&'lé’fy#“%&{e method, %?‘iﬁ{b& herein Mot

a high germanium concentration egion ()e.g. - the solircerdrain extensio
PEBD cbamblel 78rmed without the dislocation effects/formations common to

[ARHFXHY FRIMEHRIEMGRIMBOILN FORERRITANIAT LAARR PA3GNRAIGHINGethod

now to FIG. 19, therein is shown the structure of FIG. 18 after removal of the
thakitnemayate! sreEqes, WEhPHECOMR Y8 SERREY b TSR BYargy 8tchO
nfakoeeEsIéaty matkRl eadiyhpick progasshieriT saleckved th@dailighiahoftrain

ﬁ!%&%’%‘é%{% AV R0 10e BXR0sEd PO r&‘&’{zﬁé’ﬂh%‘x Seeand t%%tiﬁi?{aﬁe&i%‘neﬁloﬁz. It
may op |o¥1alfy un%ﬁerg a cieaning sfiep O remove surface contaminants,
will die appestictdsborihasicskdled mative oxithes 20 1BPoREf N mppicw torEMGo the

R mE SRRSO WG R ST EE R hahRefiRr SRR BFQGERIINGhal REn flow
mask layer 900, such as silicon oxide or silicon nitride, is formed over the

thepeh e diedd.04, and the second insulation layer 600, of FIG. 16, that
[CEI8RINSsOVEr tBgemplary illustration, the first epitaxial layer 400 may include

semiconducting materials, such as silicon and germanium. In an aspect of the embodiment,
the first epitaxial layer 400 may include Si, SiGe, SiGeC, or a combination thereof. In a
preferred aspect of the embodiment, the first epitaxial layer 400 employs a silicon-
germanium layer with a germanium concentration of about 10 to about 20 atomic percent.
Moreover, the first epitaxial layer 400 can optionally be either undoped or doped with a p-
type dopant that is selected from Group IIIA of the Periodic Table of Elements, preferably
boron.

[0119] However it is to be understood that the first epitaxial layer 400 is not to be limited to

any particular type of material, germanium concentration, or dopant. In accordance with the
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NTLT device 102 is selectively removed by an etch process that forms the
NTLT gate sidewall spacer 902. By way of example, the etch process may
include a dry etch process, such as reactive ion etching. However, it is to be
understood that the etch process of the present embodiment is not to be
Pistine dreppdinevie 1bp Btehivigtand thecstdAlnatyotehidy inutietei).egehmanium
cHasessithatselpplive iiemovesdheAgMaiping Rartans REHR $a60PRvide gain
_insulation layer 600. [0140] After forming the NFET gate sidewall spacer 902,
indyriagitiAito b Hdd Bt dy el P {BITREF e the -
[e0icelteaifirQ0&pit oiablyy dh el 00F miys bar defdrainl 904hcan b laligned tabthe 50
NFET gate side spacer 902, whose thickness can be optimized for
P R e e P B R oA g e
thigkEepsgthe fiot rpitdikipelasp réSidepdsyditore BRiiled tintheebpvdieacaftary range
a @rfﬁ‘al?%UI'@E\@}@Th?&%%?495@%@Hﬁl?ﬁ&ﬁy&r@aﬁﬂﬁﬁ%ﬁ%&@ﬁﬁ@@@iﬁ{a 122.

extension implant and an optional NTET halo implant can bﬁ}performed on
[N TRefGaUCROILD [AT4 11 T B MABRIBE A THE TR MESK 1hyaftgolyrther
pRi@iRaig. tiP Fiudemce:piod therreihe N bEhshtiwdasdrain®Rdeinplant FIG. 13,

optional ion and halg.implants,.and.t tch process that forms th ,
o B B o B P O BT, firt
irshiafentheest?0Otand deHRict PitEdrmtdordeandnpictic (0waebistamercd by tisklgle

€pniRet H9AQ;s Beiprruiapring shadowresistance elegtical Goniagt A80Qs fhkat |
i n?ask Ial;’}er 980, of FIG.HZ%, isﬁrer%o\gred frotnt%%cver the PFE('il%'Qdevic(Ia\;Ir 104,8)'the e

SNPPEYE (R BB IR ORI Btionally BETerndohanHRYR V- arb (Rerirt PEET
cgatedtdallapsténe0PPET cap 116, of FIG. 1, can optionally be removed from

the PPET gate . By remoying the m layer 90Q, t T cap 108
kN R AL N R e el S AR S
spheeNOR Tthyatecddingvdptiva RPE DY hten iSfoancd e expbs eticypted¢iequit system

1060EGRSIBG NP Bl O PLOYECANBE LERTNRUAR Wit Reeteglicald, the PFET

conductive areas of the integrated circuit system 100, a silicide or salicide
dpriseekdt iy dBtioam e Eiptdfed {BiFERETHHY IBR0edidtanberbIdR hvagmeters.
Hoortae! it 000, Bynwryseloaxample thelow sesistasrcadciagiritah coRia@OLBGD! to
L$an be 7% rrmt%d oyer the NTIlET source/drain 90%,‘2}he N.'[Eél;l gate 11(()) 'i

e
Sourcefdrain ex éﬁ%?oﬁxg{?@, ‘the'Sottirce/drain 802, anc PETga eqelg?eﬁem

ingeipe thederstolodsthatichélonofésistaned wsieetidhickontaetd 30 Imtybe limited

bingde ARy aapducling commayRdthat Jareramintgrface between the NFET
source/drain 904, the NTLT gate 110, the source/drain extension 500, the

(U3 et rahissontapighmsossst FoyyRte ha sarendid tHengalny dignrllatgeer 602 by
rephoviflesdiferpeirekicaltpsopestieswiilatlow E8siSEINCR el pUjReSEShefPFET
illustration, the low resistance electrical contact 10 ay include material
oo o S R ST TR Wi TRB ) o e
s¢ertd IRinE, Tagrderndbripdesnang), G2 kkbbutd dikcedplattih nano orearsytyghe w28 ividaneters

AAL44L LIS 19 hetindeLgigod bhat the low resistance electrical contact 1000
f

can be formed before or after the removal of the NFET gate sidewall spacer
[M33] obeNsy: drid hBesedshiopb it &%ﬁé’@ﬁ?@%ﬂ%ﬁ&éf goi2odedimitel to the
eddditionalhsebis iRikeavaderstaecibatdhadovdiiasisianeeselacidcaldancdagih the
. 100tO col Id be fo m.%%jgst over t source/?r in 80t .b%{ refot rqin t.the firg}t1 .
EBIIPTAE SERAVAN SPACB B! BF ey 1% HNE ARy P ASd Fating pOteRar e
indterfgrence Jétvween thatowueosistdepsisiéstrical enhthenlO0snu iy RAEDN
aehaarelldaeFshermore, it is to be understood that additional processing

steps, such as an optional PFET source and drain extension implant and an

optional PPET halo implant can be performed on the PPET device 104

before removal of the second PFET gate sidewall spacer 602, of FIGs. 18

and 20. [0145] Referring now to FIG. 23, therein is shown the structure of

FIG. 21 after deposition of the first dielectric layer 1102 and the second

dielectric layer 1104. The first dielectric layer 1102 is deposited over the

NTET device 102 and may be engineered to promote a tensile strain within

the NTET channel 114. By way of example, the first dielectric layer 1102 may



[0147] Referring now to FIG. 23, therein is shown a flow chart of an

integrated circuit system 2300 for the integrated circuit system 100, in

accordance with an embodiment of the present invention. The integrated

circuit system 2300 includes providing a PFET device including a PFET gate
[(HRdla PeEdigsatidiaentc theasptoat 230t fbmaiipa §84reerdpairelaehsiorthe

il tishepixiablayesalioned o slicst RPET Qe Sidewath SRAGRKIAR 106.

block 2304; and forming a source/drain from a second epitaxial layer aligned
(93241 i Sl prerfessirodibaiin sardmidt BiBERs 300101 A sedned BEQEE gate
sidiscavepadtioar thepo nesemntnniention it schas nulinereds aspacid] yuqei saleht to
SRS s that ¢ I%Qﬁsel%e;ébﬁ}]"%”t'%”se%%% Ieg,the Jormatign.of squreeddrain. 115

extensions and source/drai regions wit ifferent germanium concentration
BrevelectBylforening taeetionsesd rdim sreadsivrid il boer &ORitain regiosishiighthe

QRIS ARITIANENE GO RS eRAtRNIRYRIS PHEr IS QRN B AR CBMMAXIRIERd
the strain inducing effect (e.g. - gain) that each area has upon the channel

A ¥R g ratelr thelindystameqd e birkrb e st pect bt hsraadstgtood
thmvaatierois] thakit gnadses 604 iRtegraiel cuceliitey stamihe tiza soecetdiainctive
SX5nen formed by, dermanium condensation Brocess- Y frRIn e, prr
ource/drain extension with & germanium condensation process,ht e
ggferisamidhsesat €At dtionagdshthethizs ofifee Adraird extbisiegiovafDpenatsaseatefpe
efﬁﬁ%%ﬁﬂﬁ’éé@ﬂh@@@é@ﬂ ﬁ%%goihﬁdarﬁﬁ?fﬁﬂmﬁﬂﬂp%&ﬁg@ﬁ'El%&lﬁ?é%ep to
the formation of a source/drain extension without etching a recess within the
TS A IS VB AR oM BT AT ASARES SPtebYe 88l vention is that
[0t rajuablywayppastanasle, sk \deaspibeshistarical feasd el yedihcing £ositd, insulation
SIRHYIRG systems, andincreasing pefformance. I0122) Thesg And Othe, , v
Valuable & pec?s of the present invention consequentﬁ/ Urtfier the staté o
undersessiaribio gie wichtesss tleé thertdsane kifbe8aicnhissnat teaks hearediiogoveretion
cfliah g iR A G EY Y SiRM f a%? é?éﬁ%%&éwﬁ@{'gﬁie@é{\?y@hl%ﬁlw&%@%ns
and heretofore unknown and unavailable solutions, capabilities, and
ofipfetiseal aapdeiendyentihcing device performance. The resulting

[(I28]eSsesrang configuEimns/ar@stiaightiaowarthCcostr@ifRCUyerIG. 16 after the

sDGRMRICRIEd, hkgh}:é’ yersqtile and effective, can hempiemented rbe\gion 606, of
technor 1h ted for ‘e

adapting kKnown nologies, anda are tnus readi Yy Sul Icientty an
FE¢oHomosihhmidn wiastoringintegreted! cipdaitigdekadd el evibe SHET 341eWhilend
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is to be understood that many alternatives, modifications, and variations will
bbé"aﬁ%‘@nﬂéﬂﬁf&%@kﬂ{’e@l %@%?F‘?HIHW%? #?éeéfSFéVdgi ﬁ%aﬁeés(gﬁptﬂéﬁ to be
uhReasdhelys ihésdfitenciethdaotarapkaalhsugbralternatives Preifieations,cante

nyatiains, which (all yithn he scope, of the incluged claime, Allmaiers, o0
ithertofore’set forth herein or Shown in the a companying drawings are 1o be
6i4te Horeteuiplcathifl o et v ehanecoahelitriting lsparg®O from the PFET gate 118 can be
modified or adjusted to impact upon the proximity effect (e.g. — the gain inducing strain) that
a subsequently formed source and drain extension may have upon the PFET channel 122.
[0129] The second epitaxial layer 800 can be made from a selective epitaxial growth
method that forms raised epitaxial regions above the substrate top surface 402. Generally, the

second epitaxial layer 800 may include any material that imparts strain to the PFET channel

122 of the PFET device 104. It will be appreciated by those skilled in the art that an
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What is claimed is: 1. An integrated circuit system comprising: providing a
PPET device including a PPET gate and a PFET gate dielectric; forming a
source/drain extension having a higher germanium concentration than a
Ssource/drain from a first epitaxial layer aligned to a first PPLT gate sidewall
apapericn difpvasirig the tsoihecelidnaim fegrmnacietdindsepirasealdayarakghagache
aRGEEONELEEL ThaatensideIvalbspaar dZdhe system as claimed in claim 1
[6/\113(?]@'2:5 an exemplary illustration, the second epitaxial layer 800 may include
semiconducting materials, such as silicon and germanium. In an aspect of the embodiment,
the second epitaxial layer 800 may include a silicon-germanium layer defined by the
following formula: SixGe;y, wherein X may range from about 0.05 to about 0.99. In a
preferred aspect of the embodiment, the second epitaxial layer 800 employs a silicon-
germanium layer with a germanium concentration of about 1 to about 50 atomic percent.
Moreover, the second epitaxial layer 800 can be either undoped or doped with a p-type
dopant that is selected from Group IIIA of the Periodic Table of Elements, preferably boron.
[0131] However it is to be understood that the second epitaxial layer 800 is not to be limited
to any particular type of material, germanium concentration, or dopant. In accordance with
the present embodiment, the second epitaxial layer 800 may include any material, germanium
concentration, or dopant that is strategically engineered and designed to provide gain
inducing strain within the PFET channel 122 of the integrated circuit system 100.
[0132] The second epitaxial layer 800 may be deposited with a thickness of about 5
nanometers to about 50 nanometers, for example. However, it is to be understood that the
thickness of the second epitaxial layer 800 deposited is not limited to the above exemplary
range and may include any thickness that optimally induces strain within the PFET channel
122.
[0133] Referring now to FIG. 18, therein is shown the structure of FIG. 17 after forming the
source/drain extension 500. The source/drain extension 500 may include any material that
imparts strain to the PFET channel 122 and may have a depth ranging from about 5
nanometers to about 50 nanometers. However, it is to be understood that the depth of the
source/drain extension 500 is not limited to the above exemplary range and may include any
depth that optimally induces strain within the PFET channel 122.
[0134] By way of example, the source/drain extension 500 may include a silicon-
germanium layer formed via a germanium condensation process. More specifically, the
germanium condensation process may include a dry oxidation process performed at elevated
temperatures (e.g. - above 750 °C). During this process the second epitaxial layer 800, of
FIG. 17, is exposed to an oxidation reaction, which forms the oxide layer 502 and the
source/drain extension 500. It will be appreciated by those skilled in the art that a germanium

condensation process can have the effect of driving germanium from the second epitaxial
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10forming the source/drain extension from the first epitaxial layer includes a
germanium condensation process. 3. The system as claimed in claim 1
wherein: forming the source/drain from the second epitaxial layer includes
forming the second epitaxial layer in a recess. 154.The system as claimed in
lagfetinS0P funihdhorbstisiog:Oorthigbthe fEiRPhT aeteraiid éovalttepnedr aviihieon-
oenshivigthigisension dhatdsremalier thandaeawydwidiRdimersgienmettistion of

second PPLT gate sidewall spacer. 5. An integrated circuit system
EESMPHEIng: 20providing a PPLT device including a PPLT gate and a PFET
(38 dielaatrie:dormning &cbuycele rpieséronn ecfirsts epiiaxialdayatiaigoeddasation
p}ci)rcsetsEFellst ﬁ)%ileeg i s V\{ﬁlelzl JRESH eef)quial layer 800, enables the formation of the
source/drain extension 500 with a germanium concentration of about 10 to about 100 atomic
percent. However, it is to be understood that the source/drain extension 500 is not limited to
the above germanium concentration and may include any germanium concentration that
augments the strain introduced to the PFET channel 122 by the source/drain 802 and/or may
include any germanium concentration that induces gain inducing strain within the PFET
channel 122.
[0136] Notably, the present invention not only enables the formation of the source/drain
extension 500 with a desired germanium concentration level, but it also permits the selective
positioning of the source/drain extension 500 in close proximity to the PFET gate 118. The
present invention achieves this objective by offsetting the source/drain extension 500 from
the PFET gate 118 a distance substantially equivalent to the second width dimension 604 of
the second PFET gate sidewall spacer 602. It is to be understood that the proximity effect
(e.g. — the gain inducing strain) of the source/drain extension 500 can be accurately controlled
by the second width dimension 604 of the second PFET gate sidewall spacer 602, thereby
improving/enhancing the short channel performance characteristics of the integrated circuit
system 100.
[0137] Moreover, it has been discovered by the present inventors that by employing the
method described herein, that a high germanium concentration region (e.g. - the source/drain
extension 500) can be formed without the dislocation effects/formations common to
epitaxially formed high germanium concentration regions.
[0138] Referring now to FIG. 19, therein is shown the structure of FIG. 18 after removal of
the oxide layer 502, of FIG. 18. The oxide layer 502 may be removed by any etch process
(e.g. —a wet or dry etch process) that is selective to the material of the oxide layer 502. The
exposed portions of the second active region 606 may optionally undergo a cleaning step to
remove surface contaminants, such as particles, organics and native oxides.
[0139] Referring now to FIG. 20, therein is shown the structure of FIG. 19 after further
processing. The mask layer 900, such as silicon oxide or silicon nitride, is formed over the

PFET device 104, and the second insulation layer 600, of FIG. 16, that remains over the
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forming a source/drain extension having a higher germanium concentration
than the source/drain from a second epitaxial layer aligned to a second PPLT
gate 25sidewall spacer. 6. The system as claimed in claim 5 wherein: forming
the source/drain extension from the second epitaxial layer includes a

NgEimdenion tohdendatiorehroeagsed 7byhan ssiste magsseldiicdimc g ET gate
s1w@1ﬁ'§pamm the &@W&Eé%%ﬁl@@ﬂéd&&fgf&a’ég g seutee/s@in dthysocess,

germanium concentration of less than 20 atomic percent but greater than 10
S%ﬁﬁéﬁ?&?&édf’“s%‘c‘l"% sySRAvEE ddiiedsraishyioodiardls: sty theor the
paQeiceftlsaiingdiension io dudm@rmm@lﬂneesmﬂee{hi@ nekiéasieh withad may
; n%f:rmanlumtctg)ncentratgﬁ)eg lgc?l ter than 20 omlc percent, 9. An Mﬁgrated

K. rlil:dl.?lt ny_ et pr rrci‘esrsSI cly removes remaining  portions o second
insulation layer 600.
[0140] After forming the NFET gate sidewall spacer 902, a medium to high dose implant
may be performed to form the NFET source/drain 904. Notably, the NFET source/drain 904
can be aligned to the NFET gate sidewall spacer 902, whose thickness can be optimized for
accurately controlling the proximity of the NFET source/drain 904 to the NFET gate 110. It
will be appreciated by those skilled in the art that after forming the NFET source/drain 904 an
optional NFET source and drain extension implant and an optional NFET halo implant can be
performed on the NFET device 102.
[0141] Tt is to be understood that the mask layer 900 protects the PFET device 104 from the
NFET source/drain 904 implant, optional extension and halo implants, and the etch process
that forms the NFET gate sidewall spacer 902.
[0142] Referring now to FIG. 21, therein is shown the structure of FIG. 20 after formation
of the low resistance electrical contact 1000. Before forming the low resistance electrical
contact 1000, the mask layer 900, of FIG. 20, is removed from over the PFET device 104, the
NFET cap 108, of FIG. 1, can optionally be removed from over the NFET gate 110, and the
PFET cap 116, of FIG. 1, can optionally be removed from over the PFET gate 118. By
removing the mask layer 900, the NFET cap 108 and the PFET cap 116, the source/drain
extension 500, the source/drain 802, the NFET gate 110 and the PFET gate 118 can be
exposed for further processing.
[0143] To improve contact formation with the electrically conductive areas of the integrated
circuit system 100, a silicide or salicide process may optionally be employed to form the low
resistance electrical contact 1000. By way of example, the low resistance electrical contact
1000 can be formed over the NFET source/drain 904, the NFET gate 110, the source/drain
extension 500, the source/drain 802, and the PFET gate 118. It is to be understood that the
low resistance electrical contact 1000 may include any conducting compound that forms an
interface between the NFET source/drain 904, the NFET gate 110, the source/drain extension
500, the source/drain 802, and the PFET gate 118 that is thermally stable and provides

uniform electrical properties with low resistance. For purposes of illustration, the low
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a PPLT device including a PPLT gate and a PPLT gate dielectric; 10a
source/drain extension with a first germanium concentration; and a
source/drain with a second germanium concentration that is less than the first
germanium concentration. 10. The system as claimed in claim 9 wherein:
refiglanea relefdian eontansibivds miig neduds arfistiplP sTCyare sitfacieny speieksr @red —

&b&1]l pRRMICR/ diaiiuig, aligned [aRespRd Rl vaaiesjdeivall, sRacep1ddnubn&r
system as claimed in claim 9 wherein: the source/drain is aligned to a first

appyRe ghstlisidewall spacer and the source/drain extension is aligned to a
[idd N i AHE beg atecsittedal s piac &rw hidsi Jthecs ystemcalscolatrerDio claimeYormed

béé‘é‘;%%%rri]?{f%?mee HRLIF PR WHEPRERNHRNON 59162065 BAMIEY M e second
PFET gate sidewall spacer 602, of FIG. 9. Additionally, it is to be understood that the low
resistance electrical contact 1000 could be formed just over the source/drain 802 by
reforming the first PFET gate sidewall spacer 300, of FIG. 13, thereby, ameliorating potential
interference between the low resistance electrical contact 1000 and the PFET channel 122.
Furthermore, it is to be understood that additional processing steps, such as an optional PFET
source and drain extension implant and an optional PFET halo implant can be performed on
the PFET device 104 before removal of the second PFET gate sidewall spacer 602, of FIGs.
18 and 20.

[0145] Referring now to FIG. 22, therein is shown the structure of FIG. 21 after deposition
of the first dielectric layer 1102 and the second dielectric layer 1104. The first dielectric
layer 1102 is deposited over the NFET device 102 and may be engineered to promote a
tensile strain within the NFET channel 114. By way of example, the first dielectric layer
1102 may include a silicon nitride layer deposited by a plasma enhanced chemical vapor
deposition process. The tensile strain within the first dielectric layer 1102 can be modulated
by deposition parameters, such as, reactant flow rates, pressure, RF power, etc.

[0146] The second dielectric layer 1104 is deposited over the PFET device 104 and may be
engineered to promote a compressive strain within the PFET channel 122. By way of
example, the second dielectric layer 1104 may include a silicon nitride layer deposited by a
plasma enhanced chemical vapor deposition process. The compressive strain within the
second dielectric layer 1104 can be modulated by deposition parameters, such as, reactant
flow rates, pressure, RF power, etc. Notably, the second dielectric layer 1104 can augment
and/or enhance the compressive strain effects of the source/drain extension 500 and the
source/drain 802 upon the PFET channel 122.

[0147] Referring now to FIG. 23, therein is shown a flow chart of an integrated circuit
system 2300 for the integrated circuit system 100, in accordance with an embodiment of the
present invention. The integrated circuit system 2300 includes providing a PFET device
including a PFET gate and a PFET gate dielectric in a block 2302; forming a source/drain

extension from a first epitaxial layer aligned to a first PFET gate sidewall spacer in a block
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13. The system as claimed in claim 9 wherein: the second germanium
concentration is less than 20 atomic percent but greater than 10 atomic
percent. 14. The system as claimed in claim 9 wherein: 25the source/drain

extension includes a germanium condensed silicon-germanium layer. 15.
23tHe anydtomnats claipiesd/framineg whereid: apieseliferydrdigniscladesceond PFET

oSUCRRWIBI AR Jayssk T he system as claimed in claim 9 wherein: the
source/drain extension induces strain within a PPET channel. 17. The

(AR it D PaieRetish Yatihter b rimsett dras P Ha s dUCEE s &PSifthirOne
secliPiREekchannehe 8 sdnensystiemeasbtiaimetbimaiainoOswdhierdiaiikedisions and

source?c?re{lsn p?egl(o)rflsa %MO? fi eorglg g%@?&grrlllum concentration levels. By forming the
source/drain extensions and source/drain regions with different germanium concentration
levels, the present invention can maximize the strain inducing effect (e.g. — gain) that each
area has upon the channel region of an integrated circuit system.

[0149] Another aspect of the present invention is that it provides an integrated circuit
system with a source/drain extension formed by a germanium condensation process. By
forming the source/drain extension with a germanium condensation process, the germanium
concentration within the source/drain extension can be accurately controlled.

[0150] Another aspect of the present invention is that it enables the formation of a
source/drain extension without etching a recess within the substrate.

[0151] Yet another important aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, simplifying systems, and increasing
performance.

[0152] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.

[0153] 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 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.

[0154] While the invention has been described in conjunction with a specific best mode, it
is to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations, which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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What is claimed is:

1. An integrated circuit system comprising:

providing a PFET device including a PFET gate and a PFET gate dielectric;

forming a source/drain extension having a higher germanium concentration than a
source/drain from a first epitaxial layer aligned to a first PFET gate sidewall
spacer; and

forming the source/drain from a second epitaxial layer aligned to a second PFET gate

sidewall spacer.

2. The system as claimed in claim 1 wherein:
forming the source/drain extension from the first epitaxial layer includes a germanium

condensation process.

3. The system as claimed in claim 1 wherein:
forming the source/drain from the second epitaxial layer includes forming the second

epitaxial layer in a recess.

4. The system as claimed in claim 1 further comprising:
forming the first PFET gate sidewall spacer with a first width dimension that is
smaller than a second width dimension of the second PFET gate sidewall

spacer.

5. An integrated circuit system comprising:

providing a PFET device including a PFET gate and a PFET gate dielectric;

forming a source/drain from a first epitaxial layer aligned to a first PFET gate
sidewall spacer; and

forming a source/drain extension having a higher germanium concentration than the
source/drain from a second epitaxial layer aligned to a second PFET gate

sidewall spacer.

6. The system as claimed in claim 5 wherein:
forming the source/drain extension from the second epitaxial layer includes a

germanium condensation process.
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7. The system as claimed in claim 5 wherein:
forming the source/drain includes forming the source/drain with a germanium
concentration of less than 20 atomic percent but greater than 10 atomic

percent.

8. The system as claimed in claim 5 wherein:
forming the source/drain extension includes forming the source/drain extension with a

germanium concentration of greater than 20 atomic percent.

9. An integrated circuit system comprising:

a PFET device including a PFET gate and a PFET gate dielectric;

a source/drain extension with a first germanium concentration; and

a source/drain with a second germanium concentration that is less than the first

germanium concentration.

10. The system as claimed in claim 9 wherein:
the source/drain extension is aligned to a first PFET gate sidewall spacer and the

source/drain is aligned to a second PFET gate sidewall spacer.

11. The system as claimed in claim 9 wherein:
the source/drain is aligned to a first PFET gate sidewall spacer and the source/drain

extension is aligned to a second PFET gate sidewall spacer.

12. The system as claimed in claim 9 wherein:

the first germanium concentration is greater than 20 atomic percent.

13. The system as claimed in claim 9 wherein:
the second germanium concentration is less than 20 atomic percent but greater than 10

atomic percent.

14. The system as claimed in claim 9 wherein:

the source/drain extension includes a germanium condensed silicon-germanium layer.

15. The system as claimed in claim 9 wherein:

the source/drain includes a silicon-germanium layer.

16. The system as claimed in claim 9 wherein:

the source/drain extension induces strain within a PFET channel.
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17. The system as claimed in claim 9 wherein:

the source/drain induces strain within a PFET channel.

18. The system as claimed in claim 9 wherein:

the PFET device is part of a CMOS configuration.
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