INTEGRATED CIRCUIT SYSTEM EMPLOYING GRAIN SIZE ENLARGEMENT ECHNICAL FIELD
[0001] The present invention relates generally to integrated circuits, and more particularly to an
integrated circuit system employing grain size enlargement. BACKGROUND ART [0002] Integrated
circuits find application in many of today's consumer electronics, such as cell phones, video cameras,
portable music players, printers, computers, etc. Integrated circuits may include a combination of
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increasing the charge carrier mobility within the channel region of each device. One efficient
mechanism for increasing the charge carrier mobility within a channel region is through the
modification of the lattice structure in the gianas{esiorfgdstance, by creating tensile or
compressive stress in the vicinity of the channel region so as to produce a corresponding strain in the

channel 1ggipr). Witshresultsifeamrdfied Mmeblivn it siaetions ApdhNe s le SRELNEMARARA] In

some approaches, a substantially amorphized region may be formed adjacent to a gate electrode at
an internf@ A8 REEHECHIGHH G Stage MR M8 teH 25 & 1egS8¢ized in the presence of a stressed
layer formed above the active device area. During the anneal process for re-crystallizing the lattice, the
amorphous or lattice damaged region can recrystallize under the stress created by a strained
overlayer, thereby resulting in a strained BASIENMROSMERARR. After the re-crystallization anneal, the
sacrificial stress layer may be removed, wherein nevertheless a certain amount of strain may be
retained Wil thintegyatadrelettite padtippliThivefieords yeheddly knovsnrer stietomemsirization.
Unfortunately [0 et ql(;i [ n In increasing thi orizatj nsfer
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and methqdl of falrigation, wherein the integrated circuit system exhibits further device performance

[0003] Recent technological advances in integrated circuits have been proposed for
enhancing the channel conductivity of active devices by increasing the charge carrier
mobility within the channel region of each device. One efficient mechanism for increasing
the charge carrier mobility within a channel region is through the modification of the lattice
structure in the channel region, for instance, by creating tensile or compressive stress in the
vicinity of the channel region so as to produce a corresponding strain in the channel region,
which results in a modified mobility for electrons and holes, respectively.

[0004] In some approaches, a substantially amorphized region may be formed adjacent to a
gate electrode at an intermediate manufacturing stage, which may then be re-crystallized in
the presence of a stressed layer formed above the active device area. During the anneal
process for re-crystallizing the lattice, the amorphous or lattice damaged region can re-
crystallize under the stress created by a strained overlayer, thereby resulting in a strained
crystalline orientation. After the re-crystallization anneal, the sacrificial stress layer may be
removed, wherein nevertheless a certain amount of strain may be retained within the re-
grown lattice portion. This effect is generally known as stress memorization. Unfortunately,
previous methodologies for enhancing or increasing this stress memorization transfer effect
have caused unacceptable damage to the active device structure, thereby rendering the device
unreliable and/or inoperable.

[0005] Thus, a need still remains for a reliable integrated circuit system and method of

fabrication, wherein the integrated circuit system exhibits further device performance



improvement via the application of an enhanced stress memorization transfer technique. In view of the
ever-increasing 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

efficiencigapand meetsy eheCRIPRELIIHE AraaiHemadH SR haifatphtbdarsstor theieal nacessity
that answers be found to these problems. [0006] Solutions to these problems have been long sought
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present invention provides an integrated circuit system including: providing a substrate including an
active deMeE R ghie WPeaiHRele alisldptiniomeniny Lousgnihainir bl gsieleranyttkgrain

size of theygatgdRatetiaheteriingve eisleciplayetiesihiesaativaievicr rpshipeilRsiratened
annealing the integrated circuit system tq transfer the stress of the dielectric layer into the active
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the following detailed description when taken with reference to the accompanying drawings. BRIEF
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circuit sygiess iri@ediigdestage of manufacture in accordance with an embodiment of the present
invention; [0010] FIG. 2 is the structure of FIG. 1 after forming a material layer;

DISCLOSURE OF THE INVENTION

[0007] The present invention provides an integrated circuit system including: providing a
substrate including an active device with a gate top surface exposed; implanting a dopant
within the gate to alter the grain size of the gate material; forming a dielectric layer over the
active device and the substrate; and annealing the integrated circuit system to transfer the
stress of the dielectric layer into the active device.

[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 material layer;

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

[0012] FIG. 4 is the structure of FIG. 3 during implantation of a gate;

[0013] FIG. 5 is the structure of FIG. 4 after deposition of a layer and a dielectric layer;
[0014] FIG. 6 is the structure of FIG. 5 during an anneal;

[0015] FIG. 7 is a partial cross sectional view of an integrated circuit system in an initial
stage of manufacture in accordance with another embodiment of the present invention;

[0016] FIG. 8 is the structure of FIG. 7 after forming a material layer;



[0011] FIG. 3 is the structure of FIG. 2 after processing a material layer; [0012] FIG. 4 is the structure
of FIG. 3 during implantation of a gate; [0013] FIG. 5 is the structure of FIG. 4 after deposition of a
layer and a dielectric layer; [0014] FIG. 6 is the structure of FIG. 5 during an anneal; [0015] FIG. 7 is a
partial cross sectional view of an integrated circuit system in an initial stage of manufacture in

accordangewith RGeS akedineabeiie praaep:iteention 1QRLENITIGS is the structure of FIG. 7
after forming a material layer; [0017] FIG. 9 is the structure of FIG. 8 after processing a material layer;

[0018] FI8018)iskie- dftisthesoreidse ofdifihg it iRRIANALPR A B867E0] FIG. 11 is the structure of
FIG. 10 gijeygiepprifian of adiglestiic WyeIG[A0241drIGpdddoihs stauatdaefdyle. 11 during an

anneal; and [0021] FIG. 13 is a flow chart of an integrated circuit system for an integrated circuit

system irt rabHée ith tBh SreHERERIGr the!prvgsn Moepkighd

[0021] FIG. 13 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

[0022] 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.

[0023] 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, system configurations, and process steps are not disclosed in
detail.

[0024] 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.

[0025] 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.
[0026] 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.

[0027] The term “on” is used herein to mean there is direct contact among elements.



BEST MODE FOR CARRYING OUT THE INVENTION [0022] 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

inventionpip$¥13] Thdherfriloving sieserptieempumeraksuspe tific dataiisaraaivan i Rrovidendhorough
understandin? of the invention. However, it will be aEparent that the invention may be practiced
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drawings showing embodiments of the system are semi-diagrammatic and not to scale and,
particuladyPEdie B¢ timensions are for the clarity of presentation and are shown exaggerated in

the drawjetdGsrideitianallycwheieomphiple embogiansnisrie Migcipsgdand desaribedRaving some
features in common, for clarity and ease of illustration, description, and comprehension thereof, similar
and like #84iGone to another will ordinarily be described with like reference numerals. [0025] The

term "horigoseql” Breusgsh herghmisilefihe deasracRianecpasaliglde the:ernvantianalplard aessface of
the substrate, regardless of its orientation. The term "vertical" refers to a direction perpendicular to the
horizontdPSYi5st AefiBE % Rs SEIRAPAsBhhag iy ePPYsisEw LRSS 2ieied- ddfe @ (S55H
"sidewallmerhégizefion Rw@r”, "upper”, "over", and "under", are defined with respect to the horizontal

plane. [0026] The term "processing" as ysed herein includes deposition.of material or photoresist,
patterning&élﬂosﬂ?&tmelﬁﬁmﬁ CUEhinY "SRRG N8R i %Y&H}‘fél?ﬂéﬁ%rﬁ'ldo?%@?g‘?esist as
required iefasening: acaeSeiedeshciuegnjORR2 b he dbren 'asctiscuseapierpifatadiedy thesels direct
contact amogg g}ements., 0928 The terms "example” or "exemplary" are used herein to mean serving
as an instARH By AR W&@pect or embodiment described herein as an "example" or as
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indicated:
[0033] Generally, the following embodiments relate to the formation of an integrated circuit
system including an amorphous region created by a selective implantation process. By
forming the amorphous region via the processes described herein, the grain size of the
implanted region can be increased, thereby improving the stress transfer efficiency of a
subsequently applied stress memorization layer. The system and methods described herein
have been to shown to cause a shift in the I,,/I,¢ curve that increases the drive current without
adversely impacting or increasing the leakage current of the integrated circuit system.
[0034] FIGS. 1-12, 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. 1-12.
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 (e.g., active device structures)

in which the current flowing between two specified electrodes is controlled or modulated by



[0030] The term "exhibiting the characteristics of stress memorization" as used herein includes a
structure or element that has its physical properties affected by a stress memorization layer. [0031]
The term "active device" is used herein to mean a fully functioning and operable device that can
increase the magnitude of a given electrical input parameter by merely establishing electrical contacts.

[0032] Thetetna Sy sHpIE RS UsRhPSTSiBcheansBRGHsiRs tRihe BRIes andiadha annarmius of the

present invention in accordance with the context in which the term is used. [0033] Generally, the
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processes described herein, the grain size of the implanted region can be increased, thereby
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increases the drive current without advers,e@lly Impacting or increasing the leakage current of the
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limitationfzgiexemplary 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
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described process without departing from the scope or s%irit.of the claimed subjc?ct matter. For
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[0035] Moreover, jtis to be recjated that the integrated circuit system of the present disclosure may
include aR%ﬂH?ﬁfé’rIBF?H?ﬁtﬁﬁi%i ?i’écaéw?é:e{:sf(épﬁv.{gﬁétﬂ?éi%é\%88@55@&?8&9%% ﬁ'th‘%“félﬁsent
flowing betwiees), s spagified eleswodas is Bofirodachessiestulataddy thawolageappied aba control
electrode, Exemplary illustrations may include an.n-channel field effect transistor (NFET), a p-channel
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single-gadehicankistomrénmiliti-gatedransistat epbitHdd lcl@uadantwaitgaledi@nsaisiorakdshennore, it is
to be understood that gne or more of the infegrated cjrcuit system could be prepared at one time on a
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an integrated circujt system 100.in an initial stage of manufacture in accordance with an embodiment
ot the praLEIHGBAGERY TFsG B O e RSP B ACH S TAEo4 ALY 8 an
active destieeth2. In such cases, the active device 102 may more particularly include NFET devices,
PFET deyj and/or a combination thereof (i.e., CMOS devices), for. example. However, it is to be
nderstolTaTA: SHSEAIE dobics ToSTRErOERHReE e B E A HE LA B PO HAAGe any
number dfymhéietdodadende disesite dvhichitheaaubee ntdbwinki b gtween dvoospeaited eleaiiodes is

controlled or modulatel bg the voltae%?sapcplied%at a control electrode. Accordingly, altho(g_gh thfa
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embodiments ¢ gélé?ibe(égherg?ﬁn 3 preSen{%léa of P(%rrlﬁ\(l)ﬁan(tzlscipglaarg ione & g&%ecne?it {0 450 Within a

single gatemmproeture, thevnethoapanaytde tadéd fiedoent goRE) regiopsadiacenioto &id wiMibSany

number %fil%%}tes)s,tgfgltt%iesslgnal processor components, micro-electromechanical components, optical
sensor components, and so forth, in numerous configurations and arrangements as may be
needed.
[0038] In some embodiments, the active device 102 can be formed over, on and/or within a
substrate 104 by conventional deposition, patterning, photolithography, and etching
techniques known in the semiconductor processing industry for the manufacture of active
devices. By way of example, the substrate 104 may include any semiconducting material,
such as, Si, SiC, SiGe, Si/SiGe, SiGeC, Ge, GaAs, InAs, InP, other III/V or II/VI compound

semiconductors, as well as silicon-on-insulator configurations. Additionally, the substrate

104 may also include doped and undoped configurations, epitaxial layers, strained



[0037] Moreover, it is to be understood that the integrated circuit system 100 manufactured by the
embodiments described herein can be used within 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-elegrornaahanical P BRONME Mo PHSAL S BEChGABIRONERLS A0S oLorth, inkyBeLQus >
configurations and arrangements as may be needed. [0038] In some embodiments, the active device
102 can BEFBRHERSOVERIThBMuRS: WrkRI G yissaRiey b P UBHee AtdiArBR S S HP BalEfRIng,
photolithggsapiyrendieiching techniques known in the semiconductor processing industry for the
manufacture of active devices. By way of example, the substrate 104 may include any semiconducting
material, 10988 lasingiompenehesime s dhe ssisiiete A BANROTHOSS A HBCIRFRS ARSI, 1A &BHbound

semicondietaindasi WRIDR S Sibeancentinmiatae canfiguratianmiddditienadyathgesubstrate 104 may also
include doped and undoped configurations, epitaxial layers, strained configurations, and one or more

crystal oniliohlopeyer<tisosxannlss. PEAGASIPE 185 R EHEN Y IR CROMIS) e Qpstsd Aty
employedi i @piinnd erearsiabaailits fvitbisubinkit a04/en P Ml devisemalona0ktnsomeiemagdiments,
the substrate 104 may possess a thickness ranging from about one hundred (100) nanometers to
about seV¥fxMth a]Péﬁ PRSALY P xElfipis 260 407 RBtv e O BRA PSP IO WBYE TAHE Eubstrate
104 are npiiechergansicued as limiting and the composition of the substrate 104 may include any
material, @(Qwuraﬂon, or thickness that,phésicall aq%d electrically enables the formation of active

[

and/or pa dSRiBENEAl i SSUNSOUR I (RNt hS B&ve HevicE kodsliitiife Vs ghtB08! a gate
dielectric1108 aaiabanng| daDa apier 112, anduacspaesl d&didndsoureeiiain exireaiennl 16s.and a

source/drajp 118. It wil] be appreciated by those skilled in the art that the active device 102 at this
stage of Péi’zﬁi SHERPFREN LI ﬁ‘it}Bnﬁ g ahd éP&bf‘&taVeevfé%V{ﬁ%t{g;n%é‘i‘ésaéfél%ﬁe"ft
magnitudatef@givie melechiioaldnputipBrameies iy dnenalyopstabiishing @legtiicahsoniaetse[A842] In
some embodiments, the gate 106.may be formed from conventional materials incjuding doped and
Cndlopoc SR o P e o B ShBEL bf EegY.  motal, a
metallic goy2p siticidecoeasaiibéngsjahdheneof Opmexamplrhbe gaie deleetiniSmaayibs made
from matl’l%;g@ind%din , bu notéimitgd to, .silici(l)n axide, silic:Of;ﬁ og% itride,filicon nitﬁsiétj;, awsigicon
oxide/nitr} e SPREK, AR A e e SR THALEUNE. AR E S a %*aa&re Setri¢ CRstaktallie
greater thasgilioas SKide)SiGe,combinatiomttaizohlldpweviicidds $6 henbrisiondibabthédype of
material chosen for_the gate djelectric 108 is pot limited to the abqve examples; for example, the gate
Cloloctic O Aty TG0 S5 TAAer AT s R GBI S A T B A B e an
appropriaiticaltagilés dpipisdigrihedgatalidm. Aaddsdingilicotheddeaiaridlgoxibichuroiayabe Kndwn to
those skil eqaicr} the aEt foﬁ gate strulcl:tures, naag\l also be utsed fOf thgv\gate 06 ar%d the g t(i dielectric
108. [00437 EEREANY TR ickhESE O tha At 16 CAR PAhYR Betath SKOUY 30T $¥dStofi and
about 3006narigstiaimieaeadt thiddtviekaresisiofdive gadedietelcthia 18tgpn siinge:tetwhesrabauhb
angstroms and about ngstroms. However, larger or smaller thicknesses of the gate 10 d the
s oIBR8 T L TSl d R B eIt S AHEA o € HTatioel Bvice
102. [00444y hveclinkr 411y warehiel niade éranitdiatbettionmdtaridiargacin aseachanide, Id Gitvibken ana

appropriate voltage is applied to the gate 106. Accordingly, other materials, which may be

known to those skilled in the art for gate structures, may also be used for the gate 106 and the

gate dielectric 108.

[0043] Generally, the thickness of the gate 106 can range between about 300 angstroms and

about 3000 angstroms and the thickness of the gate dielectric 108 can range between about 5

angstroms and about 50 angstroms. However, larger or smaller thicknesses of the gate 106

and the gate dielectric 108 may be appropriate depending on the design specifications of the

active device 102.

[0044] The liner 112 can be made from dielectric materials such as an oxide, a nitride, or a

combination thereof, but preferably includes silicon dioxide. The liner 112 can be formed by



combination thereof, but preferably includes silicon dioxide. The liner 112 can be formed by a variety
of techniques, including, but not limited to, chemical vapor deposition, physical vapor deposition and
thermal oxidation. [0045] In some embodiments, the liner 112 can be formed by oxidation of the gate
106 material, followed by removal of the oxide from over the substrate 104, thereby forming the liner

112. Howevghellyiota R bigdessiaeridngd, tha tvise pnmatadalsnantcmerhpsk chasenifey, the tasanation of

the liner 112 is not limited to the above example and may include any material and method that
permits th&PRIARRASHIR Ay erplwrifiatioRure that electrically isolates the gate 106. [0046]

Generallygyas)lingf ddAdManuoeiHdara tHeknessIrengingdeorralauby @ aaa6te s de: aheiti o8

angstroms for a growth process and about 120 angstroms to about 160 angstroms for a deposition

process. PiefOH%ed B trmeraleidhnaxide trekuss e trbhfae 14 iy dmmiae dhdarger

and may yary With thewiesigntseesibealinrsseishenetive gpyiee haRrfanr axpmaitodhadhigkngss of the
liner 112 ma%)vary,with the desired Elacement of an optional halo region and/or the source/drain

extensiot 16T Phahspliest 112 RAPLMBHArPnRG FRFYECHHBRAAN! dRadpfludadhals such
as an oxighatei Aithiste ntiRoacmbi patianstiiereatntidonreferably inakidas siticonraithstes1begiengyal, the

spacer 114 is typically formed of a material that can be selectively etched with respect to the material
of the lin&i°la'sS P854 Q% 114 can be formed by a variety of techniques, including, but not limited to,

chemicaljyeper deppsition andpbyicahvapricirRasiHANKI048] dmsarom aphedimerdisrdhe spacer
114 can be formed by deposition of a nitride layer over the gate 106, the liner i@lZ and adjacent

portions 8PAHE L\ HRHHRMDRT A RENEY BIPST SARSAPOBTC L AT PR A0 RRRC Y DS the liner

112 and théegaiaidRpritevevEbvikiefoibe uhdersiaedihal tha Hpetatimaienaimanddmnetnodghosen
for the foymatiop of the spacer 114 is not ljmited o the above example and may jnclude any material
and met*&ém%ﬁeﬂm%?ﬁé%mt% yoi'Vé{%H}% i?&&%éﬁ%‘&ﬂ?é‘%ﬁe Fﬁ%é‘é‘i‘é{%‘i&éﬁ%@gc ty. [0049]
Generallyxthepspatertiitiiaayondudmer thickaessvagowieh fiaendabieet phR@ngsatias pabealt 850
angstro ickness of the spacer 114 may be larger or

g]??aaHow.ever, it is tﬁ%be understood that the
smaller 2RSS YRR Uth B PSRN AP RLIANS 'S the active device 102. For example, the
thicknesq@4ne spracepatid maymaryiitditerdesiradplacameaenboiltierouicatdiaiinBxiansiaon 116

and/or the source/drain 118. [0050] In other embodiments, the spacer 114 may.include.any stressor
teral, 8 o o SRR R IR SR T o rd 6 MG docs to
the gate general, the spacer 114 is typically formed of a material that can be selectively etched with
respect to the material of the liner 112. The spacer 114 can be formed by a variety of
techniques, including, but not limited to, chemical vapor deposition and physical vapor
deposition.
[0048] In some embodiments, the spacer 114 can be formed by deposition of a nitride layer
over the gate 106, the liner 112, and adjacent portions of the substrate 104, followed by an
anisotropic etch to form the spacer 114 adjacent the liner 112 and the gate 106. However, it
is to be understood that the type of materials and method chosen for the formation of the
spacer 114 is not limited to the above example and may include any material and method that
permits the formation of a gate sidewall structure via moderate etch selectivity.
[0049] Generally, the spacer 114 may include a thickness ranging from about 250
angstroms to about 850 angstroms. However, it is to be understood that the thickness of the
spacer 114 may be larger or smaller and may vary with the design specifications of the active
device 102. For example, the thickness of the spacer 114 may vary with the desired
placement of the source/drain extension 116 and/or the source/drain 118.
[0050] In other embodiments, the spacer 114 may include any stressor material, such as a

stress memorization material/layer, that transfers its inherent or intrinsic stress to the gate



106, the channel 110, the source/drain extension 116, and/or the source/drain 118 during an anneal
step. In general, when the spacer 114 includes the characteristics of a stress memorization layer, the
spacer 114 can transfer its intrinsic stress to the active device 102 upon recrystallization of the
amorphous regions within the active device 102. By way of example, the spacer 114 may include a

compressiyelyreti@ssgdilayer Meadansiarairessedsayer 1 adloF iR davice1192amaw algo
include the source/drain extension 116 and the source/drain 118 formed adjacent the gate 106. In

general, BB USRI draih KBS0V el sy PaDmhéd dudsandis FBTANERIUS ot cBntERttation of

impuritiespiglaivateihareuire/shaier LG JhednRuHIRS Wsadste farsthe seuesidraéniextension 116
may include n-type or p-type, depending on the active device 102 being formed % ., -type irfnpurities

VI . . -9
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source/dgimmepitensiorphdér cany baformed y aligripeibe aQuwgeiskaimextensiofedittaribe gnte 106
(i.e., befgre forming the liner 112 and the spacer 114) or subsequent to forming the liner 112 and the

spacer ﬂ%/ﬁy employing an angled implant. [0052] In some embodiments the source/drain 118 can be

aligned tpois1 spater dd#cligaserabthasourae/tiaind 18-mayioe @hticssamasiondychivityiygpe as
the dopants used to form the squrce/drain extension 116 (e.g., n-%pe impurities for an NMOS device

and p-typ@HiptEs 16t LOPRAO SHREESMfnsgtnaPly, the STl SiRoT S INAPHE IR 10% deeper

depth anghwyithe fHgher eonCeRIRNPIGHtiNRItedde. FoHaaibdose ingiicaanedmie inphant)
relative to the squrce/drain extension 116. [9005 ]In Péet other embodiments, the implant energy used

to form tH8WEEITAIArhlA-1 T8 TR PYicused iaitram: BRSAI LR A28 AR 1B P B DR the
substrateyidoandigpatdeasicngasti aReoi dheegalei &0 60of tbm actiMadeidge, HOR:pA mniitiazet ibin

sufficient eneray to amorphize at least a portion of the trate 104 and/or at least a portion of the
gate 106%|§{kqs6a§sfl?‘t¥é‘éeq6‘éi%ﬁ¥88ém‘éﬁt{%st %éftEP/HS? WS b6t etl‘fé‘%é?éoigéh&hgiﬁo the
source/draiirdel & duringersesystabizatiase tbareaybpraneiing btyesarstraiaithexchannel 16QGangd
improving the performance of the active devi 02, [0054] In yet other embodiments, the squrce/drain
118 may o oo Q8B aAE Eo EL SEBrADSE SLTTHRAFIn G dEGB TS strai
upon thelafearnel dhliihEepexampleh yeesipadiesk er sianedfithplsaurce/drain 118 could be formed by
etching s adjacent to the gate 106 and/or the spacer 114, and depositing within that recess a
ot ITEh Ere R e RS A SRR (i 8 S GRS S S ESSh g chiimel
110. [005&hbiatetieiReneaibodhMastsnan tsoditibe sithetosediahstiowps, sudie abpasialiond trench
isolation structure, can electrically isol d/or separate the.active device 102 from other structures.
g el o

For purpd$e8 ot illastrati }‘{heé"ieé\‘/bﬁ%%ii’o cturd Ay B INALE 1M dieret e a3k as

silicon diaxislei(i&i@ar JaclPrd O8ndbei foymid gatidiisl tie: SobsteadeaitD41 0096 bR eeninptoevdéedelG. 2,
therein is sh&lwn H’ue struc ureilof FIG. 1taftter forplin a.rtnaterial Ia%lglr 200. The material I&ayer.ZOO can
be formegegvelﬁ1 e Elh w%ty1 FOnSefedtdd 1|c(J)(r)1rt(i)onl§n f ¥h1ee?nE8'§rat %E}Vé’uﬁ%sfsfé)ﬁ{ Fod" e.%r.?]‘rl}lanket
depositedngpenidatihetsubsyaiecdQdaithexspadet 116, and the gate 106. In general, the material
layer 2.90;1& eformedby é‘rﬁﬁ%}ﬁ}}{e%‘is‘%‘;ﬂr}' Riant 'é}féydy'%%éﬁ’% A ARG
deposition, physicaPVapor deposition. and/Sr' Spin tod m%.

possess sufficient energy to amorphize at least a portion of the substrate 104 and/or at least a

portion of the gate 106 of the active device 102. An implant with sufficient energy to

amorphize at least a portion of the substrate 104 and/or at least a portion of the gate 106

allows a subsequent anneal step to transfer/memorize a stress to the gate 106 and to the

source/drain 118 during recrystallization, thereby promoting stress within the channel 110

and improving the performance of the active device 102.

[0054] In yet other embodiments, the source/drain 118 may also include a strained

semiconductor material that provides a further increase in the strain upon the channel 110.

For example, a strained version of the source/drain 118 could be formed by etching a recess

adjacent to the gate 106 and/or the spacer 114, and depositing within that recess a strained



[0057] Generally, the material layer 200 may include any material that permits exposure of the top
surface of the gate 106 while protecting the substrate 104 from a subsequent implantation step. More
specifically, the material layer 200 can help protect the source/drain 118 from a subsequent gate
amorphizing implant that typically causes sever end-of-range error damage to the source and drain
junctionssiiRQRAldmainen e mbedimenisckm MalsiAblaYRIANAY G iR §lo MateriahHept can be
selectively etched with respect to the gate 106. By forming the material layer 200 from a material that
possess % differential etch characteristic with respect to the gate 106, damage to the gate 106 can

be diminigjsg or prexersad derbgdhscrmnaval Rl theimateciatdamas 200w othrh embodiments, the

material layer 200 may more specifically include an organic compound, such as a polymer solution in

an organftBEERAUBMMHYAY FefctPetl G0 AU 87 6 ABHGYOPERISRLTH AT AR b Es8S 5 RTalErl layer

200 can bgheasitnderasitedbyuepme st SRikeaasnaRIwpres. {Fefldnasnssamie matieral layer
200 may have a thickness ranging from about 100 a&%stroms to about 1000 angstroms. However,

larger or SirisABIIRAHLLS A HEOM I depéidihgndptit he (Redigh Lpltrthaions BRthe
integratedzircuit system 100. [0060] Referring now to FIG. 3, therein is shown the structure of FIG. 2
after processing the material Iager 200. In general, the material layer 200 is processed by etching back

the mateHM8] e Rs6818% 29858 §Gte?tol LG ate 361 bt Put IO 8! Wiite ledUfid YERIEMMg

portions gfdheimaiesiabiyyeTaehiarriarayer Yoo subitaterid. dhe memainieg pardansrbidae
material layer 200 protect the substrate 104 from damage that may qccur during a subsequent implant.
By way P ELSMRE B st R D6 Eah 99 ctdhe D ek d5ROSISLOHTE Yabd 85 SHRFYAE300 by a
multitude] ol preecepses iNRlugiaghbutafot Heitad denomdt etehingriiygiehr® paftesrtechaiehng,
unpatterned etching, and/or chemical mechanjcal planarization processes. In.some embodiments, the
material Pé%{é%@g}g%“é‘ié%sb&l hag baLR %tﬁfﬁ%ﬁéﬁ‘i‘&l?é Yé”tPPérﬁsQféﬁlB%‘cB I35 PBE
understoaepthat dhemypasipia oditiagate top surface 300 could be used as the end-point detector of
the etchﬁﬁg(ﬁro ss.é?OG][} Referring now 8 FIG. 4, therein is show%the structure of FIG. 3 during
implantati the GSTE Do CRAHA ,a?f?éé IBAY SrAHGGi AR RPAHT R4, RESBUR: $RROSHIE ifrease
the grainthizedy thefmatesiatheseditoritie gait: 1pG ey iilizing animptantodepicied byilsveguenid00) that
will amorphize between about five (5).percent and abqut ninety-five (95) percent of the 106
matorial FROBIALERCITR e MBEE HE! BOL Qo Ty SETendb 1 SR BUTG o St aRBERegn
engineeredldapingapsobesfiéhe . g@dapioppracg Seiplahinbteasei e graisesizevof tirl gatadfo) that
the Idsat or current of the active device 102 can be increased upon the application of a stress
memoriz&H8h tFAHEEI esgll.lrlf&agégﬁ?mé}lﬂ?té%?ﬂe embodiments, it has been discovered that the
ldsat of th@0astivérdetheechitbdanches inbeeased byl ajpowlotiensy §d Tppeedatt ovendhat dfaa cantrol
device when performing the processes described in_Natably, this increase in the drive current of
tho actv ST SLOSro UhPEH e o e EAOAE B A RO dE e e b
[0062] Genetally tiihe opantdmplaiiacwllic b gateclidGcmathinslpele anthelgime hd@rompeund that
increases the grain size (e.g., after annealing) of the materigl chosen for the gate 106. B of
bt v e b S e RS e
germanidm inbtudénghodimpeatsndlion plattieal Vieyen2 @) maye raoglegpevititail peimpdndicataongypiantation
process techniques. Inhsuch cases theluq(ermanium im Iantlma include an irrflglagt%yon energy
between ABoER U8 k&l Bid ABSNTS00 REY Ahi USRS A5 SVe SBo TP BN ISHESHS HSWET, larger
or smallesreptengiesisnddosds aaxey, beeusetddpending W pan b e ddsidep désid byspeaificatigris of the
active de(\:/é%(? nlog.lﬁ)%(lsgthor example, the present inventors have discovered that by employing
germanium d6sE4aBOVE about 2x1016 ions/cm?2 that the grain size of the gate 106 can be increased
by about[00%fhe$nagerempated iavthat] ofgegdl@lmplartiedwitthrckioess ofebogtfBxh0dtoionEdOm?2 and
below. This inerease,ingrain alff is,paricularyadyantagsaus for subsrauept sess memorization
transfer tec%nlques, wherein the increase In‘grain size of a material exhibits & positive Corteldfion with
the increaspbiykdsdtpepdimpagrystditiztsiprispacsfres marh drizatigraiahsienanysam 100.

[0060] Referring now to FIG. 3, therein is shown the structure of FIG. 2 after processing the
material layer 200. In general, the material layer 200 is processed by etching back the
material layer 200 to expose a gate top surface 300 of the gate 106, while leaving remaining

portions of the material layer 200 formed over the substrate 104. The remaining portions of



[0064] It will be appreciated by those skilled in the art that the planarization or etchback process of the
present embodiment can provide a smoother global and/or local surface for improved implantation of
the dopant into the gate 106, thereby improving the quality, reproducibility and uniformity of the
implantation process within the gate 106. Additionally, such processing techniques help to eliminate

the disadyRniagieANS RGEHMONCHRRICENAE W KE-ABd1daPABHSCARINR IRt AKS AIPQRItRFesessed
etched implanted structures. Moreover, it has been discovered that the grocesses and structures

describedUhsrhs HerRnta s B ANl gafo iR THEUBIUME ot iREYRbE TsBet¥EhlP SIBRIRg more
stress to e H:APSHRrEaRY acbpagHeniideargsitesk sttagsInpRobZatioN iRyt (9068] sethsequent to

implanting the gate 106 with the grain size enlarging, and/or amorphizing dopant material, the material
1

layer 2007 BRRIDRTERBUENT] Eichike WeXsaret 1R AR RNCE BStRATR! TeeF By by BRI, the

material layRese0 can henierspvedimeadnulitugaefprosesseminellding, utnatdnier 18, wet
etching and/or dry etching, [0066] Referrin%;now to FIG. 5, therein is shown the structure of FIG. 4

after depBStRIFPBICA R TB00 W P thistecthils Ity e stislentieod uatdhe SpPBYSAhBa o 9R entirety

or on selegif@PNbs Al thadedagrate dnellpbih sysiamd L80hncseHpa R dREigIeNts, the layer 500
includes an insulating material such as an oxide grown by wet or dry oxidation techniques and may act

as a bouNMH la R BERFe &9 the Yidi i tric 1asr 8B 218 ntpridle iy GBS e 1S, 1n YtHaR

embodimgikntagdayarthO@maynnclodacpnioxite gepositedindshamisapuapal depesition vechniques.
In yet other embodiments, the Ig er 500 mai\y include a low temperature oxide film deposited by

reacting SHHESGHIT StAG B85/ G NIYGE BRI B dAfbBHalGXids HiHErmsRiPBL BRI atsli 800 t

in a plasmpatrostilaoe) ehhenamaneipienhehe ay@on0d veay)ipeluea any sxide thrtystieposited using
temperatures,q%r%s ures, and reactants to maximize the intrinsic compressive or tensile stress within
e

the layer 50 BretioyHIh mRERer 5ot RRETERIEL YRR R P A e istiRtcsih LAk RY MlsriorR4tion
layer, theclapryybDcarategnsiey BadMEns &ipess peodissa@iéveadypng Hdcunomaehinyistaliy sion of the
amorphous regions within th tive device 102. [0067] By.way of example, the layer 500 may have a
thicknesETAGIAE ol B0 50 AHBAlFolie (O dinoe506 O IEHOME JO0BS] CUbER N ming e
layer 50Qupbe dielegipiccayar 202:cafdie insmedQvmotranstte ayenlb00rdn semepRMbodiorents, the
dielectric layer,502 includes an insulatin terial such as a nitride deposited by low pressur
chermcalS USRS S EVBIOP Bl el S VAT G EhEb R LTS 1 ofher
embodingnihdiectietectic gyecddneayinchide eositcbddvicicevtibn gegosiad: hiiegpitdhemal
chemical vapor deposition (RTCVD). [0069] In yet other embodiments, the. dielectric Jayer 502 may
also I RO CHEELDy NALEN, DS S S a oSNk He RSy 5 il DRI e
inherent asighdinsicistiessctin tihe BatedOeyrkatafahaeatdlddavidéorithe source/drain 118 of the active
device 1 ing.an annpea| step. In general, when the dielectric layer 502 includes the characteristics
gt (1 W5 0 e A e R e
device 1@3mpomtedrysiatizaiisniof theiariocplausafegianacalihy fetlactivadiznicholoR f&ytinay of
example, the dieleciric layer 502 may include a compressively stressed layer or nsile stressed
yer. 0G0 1 1o B 1 4eFLSBAMINGL the St TR LBE bl (e A B e e L T Sy D myer 500
and the dielaatrjgtayembi? can perinaieasaddhydingreasipouiiibiinfriasialstiessevithiméhe dayexi500 and
the dielectriﬁ Ia\éer 50(?1. FPr exa Blet.a multitudef‘ 0 deBgsit'&on § rametert'lsl, such as reactacTt flow
rates, préSstte Ptehiperatiire, REpower, Feactint matdials, and thickiéss, can be adjusted 1o

modulatenthe inttinkicastiegdanithinreachr ©f trewayerabo0t 2dieé dieledtiowt 1296 rke®2 addatideseby
maximize their stre str?gﬁferenlg%gff%fot upon the active de f'ce 102 during,annealin

above about 5x ions wever, larger or smaller energies a oses may be used
depending upon the desired design specifications of the active device 102.

[0063] For example, the present inventors have discovered that by employing germanium
doses above about 2x10'° jons/cm?” that the grain size of the gate 106 can be increased by
about 10 times as compared to that of a gate implanted with a dose of about 2x10" jons/cm’

and below. This increase in grain size is particularly advantageous for subsequent stress

memorization transfer techniques, wherein the increase in grain size of a material exhibits a

10



[0071] In general, the dielectric layer 502 may have a thickness ranging from about 200 angstroms to
about 1200 angstroms. [0072] Referring now to FIG. 6, therein is shown the structure of FIG. 5 during
an anneal. Subsequent to forming the layer 500 and the dielectric layer 502, an anneal step (depicted
by arrows 600) is performed to electrically activate the dopants and recrystallize the amorphous
regions wiiinbeGevasiewag ERZiMEReoUsly @elaads IR odingsiRplanaHonAIREFESSes
used to form the source/drain 118 and the amorphous region within the gate 106 may have created a
high degfERYEIARREamage within these portions of the active device 102. Accordingly, during the

anneal p[goegs. theenrrespsdingdaniaged-andIrRmerrieus | aiceHROplaNS Eatb R Fa-RIMAR
wherein, due to the presence of the layer 500 and the dielectric layer 502 above the active device 102,

the activaiorFshafrinRERoL B EReds@anPralifltian srepifaRinbelaadiy htbiritagseor
source/digiprdi&iandghatgata 13o6E vibaaappeeairteddy thesenskibsdiiahe aid that guehtd, stress
memorization transfer process can induce strain within the channel 110, therehy improving the carrier
mobility SFRRRIHESHA AR ibaiiP ) dert ﬂﬁd.nr@%%ﬁt}%m%%w&aagt&%ﬂﬁséﬁé AHHEHPRRR-of the
present eniogitteiiansiBisging MipN& eEiesadram® avitiinahedaye & aatthe diglatitislayer 502
into the gate 106 and/or the source/drain 118 of the active device 102. After annealing with the layer

500 and ¢ GRIBRHIEALTRSHH FFMETBURR e Srctives fedhed HoplaBkehs B il Gard %) Yie Ehannel

110 and/psghrsodisaideain 8 afdheretive davicauddreaaderieacrinieth asaxhilitingstatial
characteristics of stress memorization (i.e., their physic%l properties have been ag%:}ed by the layer
500 and EMURILINRSEE 8BS FEE MG, AT Pud 1O N B eRa RS 12 S AR SHE B e/drain

118 may @xiitiéntBnedisosirassees natuiitaraicamgeessive stressed nature. [0074] The present
invention achjeves stress memorization transfer by anpealing the integrated circuit system 100 with a
lﬁ@“é@ffiéﬁ 5@1 éslla& 23

temperat JUSh Ehdmplrmiegude réd OB &Aoo RS, ARALY
damagedfagishisi(@. dopateriapreyiohs nnpiantatiem D00 catest withisy tae geatpcke thanghiaktha 4
source/drain 118. Accordingly, the stress from the layer 500 and. the djelectric layer 502 can be
etaimo BT R BRIE S a1 1 St AERn SRERTANE vl Eti GRS Too7s
Not wishingltnki bihpieddaanyqadicglantheonmite presentichaptaig/belieyetthaiguring annealing,
the amorphg d/or Jattice da regions located within the gat nd/or the source/drain 118
reoryota MRl dch LTt F o o) e TP AP Pkt AU B S of
stress induager H0thenthyati&ROrandaiie diechiie layer S0 aie ticliavesdi toveause ¢haratpms@f the
gate 106 and/or. the source/drain 118 to align or crystalli ith a compressively stressed lattice
constant 51 BT G e MR AT 0T L e, e e HER L 65t L er 500
and the dielrclsicdayiasdo@nptmikeiglatachOss amdéaidbesouideydwiainat 18 ynopidvesnthecbaigiers mobility
of the integrated circuit system 100. The carrier mobility of the integrated circuit.system 100 is
proved 8L B e e T B B e T oa T o R LS BT 16
induce strggsswithinother chrabodinicks, therébyeinfio®wing cachiele mokikide [A8pddilédsty te:nictdrstood

that the ann%?IdofE)rgleﬁgae%:rﬁtn In ntlo[rI1l may i clude&nl &lké%gn%?r%%%?%@?}n causes eaa{n‘%rphous

ve

and/or lattite da%?age reglonsqtl)lf:%he gajfgtl% aidIor the Sotircd or crysPa fize (hder the
stress of tanperetain thedsirfiha akibd talyéy 5@aAcaing tidkieleclricitayevsOerAnaramplaiyeillostrations,
the anneal may include a rapid thermal anneal, a spjk neal, a laser anneal, and/or a lo

S 14t 2 gl g s e o
skilled indhbadirtieatssubh &beveSdéseriyendndealngrocéssesanay dephsiecdedicg amspppnass,
unwanted, difucion, of e, dopant speciss;during e anneal. (0078 Moreouer, iuil be, ppragiated by
those skifled ih the ar(% tﬁaﬁ&r‘]e remainder o the irﬁegrafe Cifcuit system 100 aRtHen be completed
by convehtyenal@hanufaciemecpktrategie shavhiglermaQOinoiobide b utharechatititaiieticto ,afe movat Gf the
layer S00,and he dislactle 19ve1.502 Sumatiqn ofjow resistance slecrical contacts &g, lide
electrical contac ss overthe gateaf(% and the sGurce/drain 1 , and the Tormation of an additional

stressed gvarleyeyssilicnasnovielor mongloantactietshwatbin lderstive device 102.
[0067] By way of example, the layer 500 may have a thickness ranging from about 50
angstroms to about 300 angstroms.
[0068] Subsequent to forming the layer 500, the dielectric layer 502 can be formed over or

on the layer 500. In some embodiments, the dielectric layer 502 includes an insulating

11



[0079] Referring now to FIGS. 7-12. FIGS. 7-12 include some of the same reference numbers used to
describe the integrated circuit system 100 in FIGS. 1-6 and the process steps of FIGS. 1-6. It is noted
that the layers, structures, and process steps corresponding to such reference numbers generally
include the same characteristics (e.g., composition, thickness, function, process techniques, etc.) as
those desgesibggl inucafatenafiaddepasitct 8pdothpreions: teinrascHplipas ke dat (ereratptuin detail

for FIGS. 7-12. Rather the descriptions of the layers, structures, and process steps corresponding to

reference [1imibErERcErEEC g RRE SISt STt Dam P reifare rrbelimeins e riglss icrIGss.
7-12. [00BQERsterringynawItad ISsilictieratade Inavapaadialsrospigeational iavnatine iptagrated
circuit system 100 in an initial stage of manufacture in accordance with another embodiment of the
present iHGRAHBAN TRE &Y rated circuit system 100 may include the active region 102, the substrate
104, the pgrie9}0Gnthe gntrdialewiicntas, the ciaeseld ki ethsomalaldsthmepaceinllduéber

source/drain extension 116, and the source/drain 118. It is to be understood.that the substrate 104, the

gate 106 HHEGAISHBIBRHiCUITS M ERANHRI TIHCHY Iver 113 HRasipacs: PIsriRk WoifEaiain

extensionrlekd tanBetigisq0B ald aknddd may inddenanyakthe sharagtefigiicacevelasdpatgial
composition, thickness, and process techniques, described above in regard to FIG. 1. [0081]

Moreovef U REIFBEHSA i Btell By tREse G NdaS  HECKHE R ETmY 2tk e Ve 1B dethilcs e of
fabrication srays inedudeidatidly fuynatianéngieleeiapangbiesdevien thatganilciaassithamagaitide of a
given electrical input parameter by merely establ's[g'iﬁng electrical contacts, [0082] Referring now to
FIG. 8, tH&fHIR ﬂf%‘r‘va&rQ%h‘é’%ﬂJ&ﬁHYét@flﬁ?&‘?“i (1SS A TGP IRVRNBOE HE MEtEIRD layer
800 can heXomyew Qver shengitirey aleprsrIesier Juoriansiatiine nivgiptediciEouieystami&o, e.g.,
blanket deposited over or on the substrate 104, the spacer 114, and the gate 106. In general, the
material %‘5% ec%’?’?%dfci;ﬂﬁ?éd by a variety of techniques, including, but not limited to, chemical
vapor depagsiopn Ipikysibahivaleastsleposititr, saieekandoesmal dxichtioiiR083]i Csamerallhiiaynaterial
layer 800_may include any material_that permits exposuyre .of the gate top surface 300 while protecting
o bSO F LSBT ATT G OGS S A LB A ke e 860 can
help proteglethsosoatigealdl a1 diBiframea SUbsdeptantgaie ameiftitaidng dmipdpotithat pepicadiesauses
sever end-oé—rrange error dﬁmage to the source and drainéurg}gons%%(}om In other embodiments, the
material I%V §E)Or?‘ﬁ%ﬂ9rﬁe OV &8 BY aPRTAEITAl (RAPERHYE selecBU¥RS e 8@%itﬁl%e§baé§:’t t%lﬂwe gate
106. By forielingstheambeerifh fea@ero300duture ahaaietinidhatpossessesch difitecniat sithaaldaracteristic
with respect to the gate 106, d nhagegto th%ﬁte 106. can be diminished or prevented during the
removal STHS Hiat8YE! ra%%d. TeOh AP ETHSRiIMER S HUYSENEY & 500 1RaY fi&dea

n
insulatinglenadenial swemgamrdkide grown by wet or dry oxidation techniques. In yet other

embodi ~the material layer. 800 may incl an oxide depgpsited by chemical vapor depagsition
teonnigul QY sty Bt S R E STRER e LT T4y Sr B0 B RS RO RHorre oxide
film depositet -byseaatiog: Jitkddeamgtireither oxygen, nitrous oxide, or carbon dioxide at temperatures

below ab t@go in a plasma. H ver, jt is to be understood that th ve examples are not
limiting a‘:b(l}l’ seﬁ é&? e% i %tgm1 g’ptpf)lreerg}gtés t%hé)t“él}j(tiﬁosﬁréllcﬁ%ﬁe(ﬁa%%n% ourrB1 SR T iniques

may alsoSudempioyedionanipuiaidayto sffeciuhthetdélratposeyof foningathe ahatgyiéddpiesBB to help

protect the substrate. 104 from subsequent implantation steps. [0085] In general, the material layer 800
ey have SIS PR e A S o BB 0 ST B B08 arger or
smaller tinegkoes sathinayidecanp izyect déj2e ndingrepanthe dedairedpdeifipatieda oi thdantagrated
cireult system 100, (0956] Beferpingnow 1 £1G 3 (167ain s shawn e stuciie o1 £16, 8 affer
processirli)g (e material ?ayePé . In generatt eniaterial ﬁaye 6% ocesseonby eﬁ%lng ack the
material iayertd06 tocetplosdittte dpatedap buriecdBRMEevwhitbite thdstg pemiansing thorsiang aletieematerial
layer 800, foymed over the substrate 104 and the spacer 114. The remainin rtions of the material
ayer 500 DEotes R LR e B ot R et ey Bt P A R TR 6y way
of examplefitiee poiatenialckay die 8@Ogcawihevateteda bk tto exppssdhe: gatalto dauf=e®) 300 e
multitude of processe %}/ﬂiu ing, hut not limjted to t etching, dry etchin erned etching,
unpatterrﬁié%}%tgc)r:ﬁr?a,earn or%ﬁg%?é%lar(%levc g%\ll%:% %Jar’lg?ﬁaaﬁgﬁagfg{c%%serg%}'?staaiézﬁéodlngreor%%ood that
the exposanagaithergatedmedarfstoes 300podudd bethssduasctimentpaint detgatorl 66 thie eithizack

process. appreciated by those skilled in the art that such a stress memorization transfer process can
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[0087] Referring now to FIG. 10, therein is shown the structure of FIG. 9 during implantation of the
gate 106. Generally, the present embodiment employs a dopant that will increase the grain size of the
material used for the gate 106 by utilizing an implant (depicted by arrows 400) that will amorphize
between about five (5) percent and about ninety-five (95) percent of the gate 106 material. The present
inventors;i@axe dinaaveidththRt aselectivenaemiexipe & siraleaically RBiNeetTdIoRRg RIQress
(i.e., a doping process that increases the grain size of the gate 106) that the Idsat or current of the
active dett 65tk Hincreased upon the application of a stress memaorization transfer anneal. For

example [gpE9MaraROgimeatgsibbasHicendisseveiry haiHbeldsat ehibsiasgtine dawres1®e can be

increased by about eleven (1;@1percent over that of a control device when performing the processes

describedHER&in SiotBRM i halym 80 apddhatight by denle Bt gas dee A Bihout an
increase fRcthguleakaarm cursest plethepetiveviteyine 102 Q08B kARl thelsppastinptamed within

the gate 106 may include any element or compound, that increases the grain size (e.g., afte

annealin§) SR Ry RAPcims preihbgatd wore Bsrwls srekahibe ,gﬁ‘iesb%etgﬁ]ﬁ@&i‘?‘&ﬂ:@ the

dopant maylinclidesanftvaminindigngf geemaniMieViacd e aaikive ichbecam pokingdiapipated via
one or more angled and/or perpendicular in;{plantation process techniques. In such cases, the
{

germaniiRRARFASERAS SR HRAFARMRA SN BErgisktt eLPaBisa oy aRSFRAN L L2 dorkey and
a dose ahg)ée stpuihd1kOdid1iRnsiam2: I30WeRS; LEgesiel hingier BBeBieshanttl0sesinry b used
depending upon the desired de i%‘n specifications af the active device 102. [0089] For example, the
present iNVRITEOPEAR A SRR 8 PR L AAE S M th G M A A G R RS LY S 5868 b B55% 1016 ions/cm2
that the quomdgizaé the-gate HI6mam beciieveasaethy akondritisnesrascanpareshtalinat afea gate
implanted with a dose of about 2x1015 ions/cm2 and below. Thﬁlsancreaa}e in grain size is particularly
advantagBBEYSH sGBERY U EPedY th iGriZa G REIALYS: BURSIGREY, WBBrSAME N eS8E5h grain
size of a reatgridliextithitsf fesiiverphsslatianowithtie inaiease obdisat pen weystglliztiensyvia a
stress memarization transfer anneal. [0090] It will be reciated by those skilled in the art that the
Sianariz O HENB AR BFSCADT (e BRSO 5, AUVt & st bba anclor
local surfaesdaf-omptiayegysn slemtatip mefdhecoerantytc thecgatbel it eliyhim pheviag: thesquality,
reproducibiljty and uniformity of the implantation process within the gate 106. Additionally, such
processiﬁaci}egéﬁﬁ?qifégcﬁﬁba% L}#;{H{Q{Ee)@%%éed%&‘&& %&885?13106 rrences of shadowing and dopant
scatteringodzs]ardlcowishiizto rectisseciatchey parfilanie dhstuictitheprdvancoventdrhasleeenhat
discovered that the processes and gtructur S ciescribc?d hergin permiﬁga sugstaggal Expa?si in the
volume of YHBSARETIE StriF Y ARBM A G HISTe QPSE LBt dRgrePrelf B S(IHLE) S%edlzgosited
stress maniisizaitosolayektin91RSehseqilient tadeplaidldgphergatendcewvih the igsainsdiaeuanlarging
and/or amorphizing. dopant_materjal, the material layer 800 can be removed tq expase the spacer 114
2 the B SRTAEY R0 of B T DI AT gl SR s B PRSI 4 Rt e of
processedhakedietced nothmiatdaronet efahingate. gothyaiafiubdcaaickairaibufféredaigaeetch)
and/or dry etching, [0092] Referring now to FIG. 11, therein is shown the structure. of FIG, 10 after
cepositon TV HESADE Fyar 00 AL i R P o DR FoTatr i e SRRl or on
selected poTansAf thehintiegrated aizasitisystemtiOyer SO ereimbodiments; theediglcinio fdger 1100
includes an i ating material such as g nitride deposijted by low pressure chemical or deposition
Py T e e PR B ot T e i
dielectricshpyemn 1100 Fiaycincledmaebdiligad thitride fitacd epasited ymalild ihermalvelddruaase drpor
deposition, (RTCKP [0093L in yet otherambodimants. e diglectic lavar. 10 may,also pclude any
stressor Materal, SUch as a Stress memorization matefia layer, that transters its inherent or mtrinsic
stress to thchgatiee bhéntlek Idatnet iyl Ohand/mgtbeseaurceidigin 118 of the active device 102 during an
anneal s general, when the dielectric layer 1100 ipcludes the characteristics of g siress
remorio T laybr e RS RS, TE0 e Eerir HE ot A SR T mHeTe 102
upon rectistalliz atioreof tha amsephbesinegionsiwithidohé&actvéadedeed k@RoByolvayeofaxabple, the
dielectric layer 1,100 may,inclu ompressjvely stressed layer of a tensile. stressed layer. [0094] It is
0 bo und B T L AT o RIS B Bh T B R S 00 e
be incredsger D ihandabinditheintringio sthassAsithianiptadiclboctiiatiayerthd @Onéad mexampledaamultitude
of deposition.parameters, such as reactant flow rates, pressure, temperature. RF power, reactant
atenale B R R BB e e SR,
1100 andthelelsyr irexihmzdlitshrssd mansierdneel bieopprrontik bcthesdekiledl®2the art that
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[0095] In general, the dielectric layer 1100 may have a thickness ranging from about 200 angstroms to
about 1500 angstroms. [0096] Referring now to FIG. 12, therein is shown the structure of FIG. 11
during an anneal. Subsequent to forming the dielectric layer 1100, an anneal step (depicted by arrows
600) is performed to electrically activate the dopants and recrystallize the amorphous regions within

the activedavies vi0dsAsHRENa hRRIAREh(NBRr a6 edingd HPlap R uRkOSRSaRAfASEEN@form the
source/drain 118 and the amorphous region within the gate 106 may have created a high degree of

lattice daftagePiHRCHESEUSibIfsBRERE active device 102. Accordingly, during the anneal process,

the correpprgyingidasvaged and popphelislaticenpastiangaan Be rgtarmvhc YBRERHlcH We de:the
presence of the dielectric layer 1100 above the active device 102, the activation and recrystallization

process eASFELE: irgWlraineaer S sS8Y Pitioheineraripirberdir Y eatianal iHaagR{actta gt will be

appreciateghioyitRosenskil achin e, that skemacstieseMeINasiaation dramsferRiPGess LN diduce
strain within the channel 110, thereby improving the carrier mobility of the integrated circuit system

100. [008H§ 1Lt I¥eE nderstoTRRR el AN RIS EB R ot BT IS AL St b cm S Sleritie intrinsic

stress frayonwithin dherdirtestic iehdd QRenisutoe @ate 108, andl/ahéheaabiics/drim liBiebihe active
device 102. After annealing with dielectric layer 1100 formed over the active device 102, each of the

gate 1065Hi5SSEA QNRERIT0 HHBAY e YoTLEARAIACL T8 FRRIA¥% e device 102 can be described as
exhibitinggbroghaareristicr af fresssemuprizatimms(i.g-1 thaicplaysicahPropatesmaveheaitaffected
by the dielectric layer 1100). For example, the gate 106, the channel 110 and/or the source/drain 118

may exhB P RH eSS H R AT AL RS ST LR e JB08Y) tPREESE SRV ention
achievesggtrasss mesolizatipiddanafahyagonre aliterthe inieg prirdssiktet SystespoHIhwith aich

temperature sufficiently high enough, to cause recrystallization of amorphous and/or lajtice damaged
regions (éﬁ‘:ér,e&ﬁ% P&"&g@\ﬁoé }g{dfh%ﬂ%)t cHte \%Wﬁ?ﬁﬁrésﬂéie(‘iée SAERSIIHE S N ERIGPSin 118.
Accordinglyictie spiesssi asthitigudicleetiadalyeseldQortaa heregtained withmSthe @aia, kB6réfodéor the
source/drain 118 through the recrystallization anneal. 9] Not wjshing to be limited to any particular
thoory, 1L SERTUNGEN TS Boh s AT AD RGP RIS 2B CE SIS BIER dhlBged
regions logaisd witlkinihe gatepitieandigstberaapieeltiain kil rie cenmtializadiuaderiadiatd of
stress induced by the.dielectric layer 1100. The field of stress | by the dielectric layer 1100 is
petioved 1 EEH T SH BRI A AT PO Pobl it 128 to align or crystalize with a
compres$do8y]stieseadngtiios conslant Dr éeanisils siiessed |ptiital capsiasuctiihibkd0lids sificihethe
stress transferre b%%the dielectrié to the gate 106 and/or the source/draipn 118 improves

| 1100.i
the carriaPBIRE SR oLl df il SUEL S o AT B B G B ARES e, AR Ehount
system 18@bsdinpiaved] theqausanthiavediyatallizedistegased reginins pitthe p3ienlBoiacidy the

source/drain 118 ind stress within P% channel ..fhereby.improvi arrier mobili .?[{0 01] Itis to
e underHOSE Dt 2 TG U A ph ke UGS g s G iy e e BRBEELL il auses
the amorphauslantiekpatiscd Daniaeged kegiona of theigate 150 anarntléosdine gdtuiael dBaimt 19 6 toe
recrystallize nder e siress ol and fefajp e siees of, e dicleetrc Inyer 4100, As. exempjary
illustratioRs; the annea may Include arapid therma anne%, a spike anneadl, a’'laser anneal, and/or a
low tempknatuté Bnthead fatkoweldi byha lsserddsed exdtastobased anheht. Howilldidrapprésiateg by
those Skl||e(i| in the arté:}t%t sglcl:g]r atgov descrihed anneal.processes may tklll?clip( to reduae or suppress

unwanted 8|ﬁﬂ%igﬁyo e aopan %Breléliecg’d%ur?ngat?lemélnfﬁéal.Cfb[TBQilf\%lr’eover,n it will'be gﬁ%creesg’lated by
those skittketinigties, aksthiicthebermaaindeaf tthElGtdgrated circuit system 100 can then be completed
D, R AR D IR B R L s Gl e,
over the gatdilGtagadthialsicréerdrany 1d8pdad tidlfo fnatiamofzamddojktortdt siressedhaverdayer,
such as MGESE %Eergggqﬁlgaee E) asélo erlla Clirical input parameter by merely establishing electrical
contacts.
[0082] Referring now to FIG. 8, therein is shown the structure of FIG. 7 after forming a
material layer 800. The material layer 800 can be formed over the entirety or on selected
portions of the integrated circuit system 100, e.g., blanket deposited over or on the substrate

104, the spacer 114, and the gate 106. In general, the material layer 800 can be formed by a
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[0103] Referring now to FIG. 13, therein is shown a flow chart of an integrated circuit system 1300 for
the integrated circuit system 100 in accordance with an embodiment of the present invention. The
integrated circuit system 1300 includes providing a substrate including an active device with a gate top
surface exposed in a block 1302; implanting a dopant within the gate to alter the grain size of the gate

material ihadoskiddtqlesminguaidielsetielaverayes, iR At SR RRAItE Siastatepva block
1306; and annealing the integrated circuit system to transfer the stress of the dielectric layer into the
active delfReSHI A RKOTBeTHRbAFHH I been discovered that the present invention thus has

NUMerouR)BSBECISefRAISUAI: FsREEhIS4hat 800 Rissantiventiom sRnAlteatheraln s Rt pate
material by utilizing a hi%h dose (e.g., above about 5x10 14 ions/cm 2) germanium implant. Notably,

the preseht &31hda gctf@vetiicsIsgt s AR gURH LM e SHRSeaLns it apiadel} Another

aspect isstapt th Ry epeatikNBNting RLeveMt s smetm the suhsuatentesgurtRisaHrcesanemlrain
regions of the active device) by protecting the substrate with a material layer that helps to block a

subsequéHPIEIARE S RYSRRLEi SRR A DRGNS R g ERh R ARe IR A ARB rporated
into a copyeignatstigssAmamaézaiien transfer process flow, it causes severe end-of-range error
damage tq the squrce/drain junctions after annealing. These defects can lead to significant junction

leakage WiIflar HEHA GBVICSSHTELTE [BA6BI ARSI dspaktts IR b Sutiti et Ban

improve thesprUevRIAREEh el ANtAGHYEEEN GRDY6OMIBNIBY thensaleaiy engi@inlsizealienrgimplant of
the gate Witg{??jtress memorizati(éﬁ transfer process that can increase the g}urrent of an active device

without affé the IRAREEE L FUNTER HaE HERDYBCIERS 8 b1 VeParidth Eis o rRte daBage of the
present iny@iigitds] it dh il ubhiin BUpR @it pRIEnseI\aeis dhadistasiadl drand platedalcing ceets,

simplifyi_n%z) stergs aﬁéd incre;%\}%%er.for{nancg f;OlOB],T ese and other valuagle S ctsé %the
present i n RGBH FHE! RYSTeSaP tHYeld B3Y (8 RS TRk et

oxide grown by wet or dry oxidation techniques. In yet other embodiments, the material
layer 800 may include an oxide deposited by chemical vapor deposition techniques. In still
yet other embodiments, the material layer 800 may include a low temperature oxide film
deposited by reacting silane with either oxygen, nitrous oxide, or carbon dioxide at
temperatures below about 800 °C in a plasma. However, it is to be understood that the above
examples are not limiting and those skilled in the art will appreciate that additional materials
and/or process techniques may also be employed/manipulated to effectuate the purpose of
forming the material layer 800 to help protect the substrate 104 from subsequent implantation
steps.

[0085] In general, the material layer 800 may have a thickness ranging from about 200
angstroms to about 1200 angstroms. However, larger or smaller thicknesses may be
employed depending upon the design specifications of the integrated circuit system 100.
[0086] Referring now to FIG. 9, therein is shown the structure of FIG. 8 after processing the
material layer 800. In general, the material layer 800 is processed by etching back the
material layer 800 to expose the gate top surface 300, while leaving remaining portions of the
material layer 800 formed over the substrate 104 and the spacer 114. The remaining portions
of the material layer 800 protect the substrate 104 from damage that may occur during a
subsequent implant. By way of example, the material layer 800 can be etched back to expose
the gate top surface 300 by a multitude of processes including, but not limited to, wet etching,

dry etching, patterned etching, unpatterned etching, and/or chemical mechanical planarization

15



[0109] 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 active device performance. The resulting processes and configurations are
straightforward, cost-effective, uncomplicated, highly versatile and effective, can be implemented by

adapting jkaevsetechnolRgirsuaigsassdtinig tradityswitedfonetigienilysandecarraigallye used
manufacturing integrated circuit packac};ﬁe devices. [0110] While the invention has been described in

conjunctiBhtiittnd-BpBtifeterier fidhe ciErb sk ftderstood that many alternatives, modifications, and

variation$oyglipe reRaiaRt inthoge skdled i) theRih indighbtefithgaforegaing deserption.deeerdingly,
it is intended to embrace all such alternatives, modifications, and variations, which fall within the scope

of the inciBERPAURROL Abergattet dhithisnrf: dBt RIRIFREFBIRHBRBIFMRA e 24eBARRRfing Hrawings
are to bejiiemReeted dmansitesralyerandiApasimfinehsenge 1 08/Batisisiaines igplhn\dpiegmted
circuit system comprising: providing a substrate including an active device with a gate top surface
exposed P%?ﬁfﬁm%‘bog)dﬁgawlmmﬁh’éegB?éVfBealf’é’P{H 1P S G ARG hRs S S diMng a
dielectricjayenoyetibgactiMs daxiesandrhepsesi e Al annealiBgiiedniegraed iaumesystem to

transfer the stress of the dielectric layer into the active device. . i
employing a strategically engineered doping process (i.e., a doping process that increases the
grain size of the gate 106) that the Id, or I, current of the active device 102 can be increased
upon the application of a stress memorization transfer anneal. For example, in some
embodiments, it has been discovered that the Id,, of the active device 102 can be increased
by about eleven (11) percent over that of a control device when performing the processes
described herein. Notably, this increase in the drive current of the active device 102 occurs
without an increase in the leakage current of the active device 102.
[0088] Generally, the dopant implanted within the gate 106 may include any element or
compound that increases the grain size (e.g., after annealing) of the material chosen for the
gate 106. By way of example, in some embodiments, the dopant may include antimony,
indium, germanium or a germanium including compound implanted via one or more angled
and/or perpendicular implantation process techniques. In such cases, the germanium implant
may include an implantation energy between about 20 keV and about 200 keV and a dose
above about 5x10'* jons/cm®. However, larger or smaller energies and doses may be used
depending upon the desired design specifications of the active device 102.
[0089] For example, the present inventors have discovered that by employing germanium
doses above about 2x10'® ions/cm? that the grain size of the gate 106 can be increased by
about 10 times as compared to that of a gate implanted with a dose of about 2x10" jons/cm’
and below. This increase in grain size is particularly advantageous for subsequent stress
memorization transfer techniques, wherein the increase in grain size of a material exhibits a
positive correlation with the increase of Idg, upon recrystalliztion via a stress memorization
transfer anneal.
[0090] It will be appreciated by those skilled in the art that the planarization or etchback
process of the present embodiment can provide a smoother global and/or local surface for
improved implantation of the dopant into the gate 106, thereby improving the quality,

reproducibility and uniformity of the implantation process within the gate 106. Additionally,
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2. The system as claimed in claim 1 wherein: implanting the dopant includes using a dopant dose
above about 5x1014 ions/cm2. 103. The system as claimed in claim 1 wherein: implanting the dopant
includes implanting germanium, antimony, or indium. 4. The system as claimed in claim 1 wherein:
forming the dielectric layer includes forming a tensile stressed layer or a compressive stressed layer.

155. Thes%)éﬁtﬁfﬂﬁsﬁl@i "t‘é@ﬁinii@&%@iﬁélia Whalgitha0 ﬂﬂﬂif@d@ﬁﬁﬁg@&@t@&ﬁiﬁ%ﬂ@eﬁﬁﬂ%ﬁhms
creating stress within a channel of the active device that alters carrier mobility within the channel. 6.
An integ@%@&%%ﬁi?%@ﬁ‘gébﬁﬁﬁf%ﬁ@mon to recessed etched implanted structures. Moreover, it

has been discovered that the processes and structures described herein permit a substantial
expansion in the volume of the gate 106, thereby allowing more stress to be transferred by a
subsequently deposited stress memorization layer.

[0091] Subsequent to implanting the gate 106 with the grain size enlarging and/or
amorphizing dopant material, the material layer 800 can be removed to expose the spacer 114
and the substrate 104. By way of example, the material layer 800 can be removed by a
multitude of processes including, but not limited to, wet etching (e.g., hydrofluoric acid or a
buffered oxide etch) and/or dry etching,

[0092] Referring now to FIG. 11, therein is shown the structure of FIG. 10 after deposition
of a dielectric layer 1100. The dielectric layer 1100 can be formed over the entirety or on
selected portions of the integrated circuit system 100. In some embodiments, the dielectric
layer 1100 includes an insulating material such as a nitride deposited by low pressure
chemical vapor deposition (LPCVD) or plasma enhanced chemical vapor deposition
(PECVD). In other embodiments, the dielectric layer 1100 may include a silicon nitride film
deposited by rapid thermal chemical vapor deposition (RTCVD).

[0093] In yet other embodiments, the dielectric layer 1100 may also include any stressor
material, such as a stress memorization material/layer, that transfers its inherent or intrinsic
stress to the gate 106, the channel 110, and/or the source/drain 118 of the active device 102
during an anneal step. In general, when the dielectric layer 1100 includes the characteristics
of a stress memorization layer, the dielectric layer 1100 can transfer its intrinsic stress to the
active device 102 upon recrystallization of the amorphous regions within the active device
102. By way of example, the dielectric layer 1100 may include a compressively stressed
layer or a tensile stressed layer.

[0094] 1t is to be understood that the stress induced within the active device 102 by the
dielectric layer 1100 can be increased by increasing the intrinsic stress within the dielectric
layer 1100. 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 dielectric layer 1100 and thereby maximize its stress
transference effect upon the active device 102.

[0095] In general, the dielectric layer 1100 may have a thickness ranging from about 200

angstroms to about 1500 angstroms.
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providing a substrate including an active device; 20forming a material layer over the active device and
the substrate; processing the material layer to expose a gate top surface; implanting a dopant to alter
the grain size of the gate; forming a dielectric layer over the active device and the substrate; and
annealing the integrated circuit system to transfer the stress of the dielectric layer into 25the active

device. Toddw] SYRIRMiAS GMed NGlaim Gnaheneln: dutinenthermatatiabfayrs includeseraing a
resist layer or an oxide layer. 8. The s[ésﬁtem as claimed in claim 6 wherein: forming the material layer

protects fHEEUbSHREIETH (9e HIPIBRIEGHBFGHE doysank! 00, an anneal step (depicted by arrows

600) is performed to electrically activate the dopants and recrystallize the amorphous regions
within the active device 102. As previously explained, the preceding implantation processes
used to form the source/drain 118 and the amorphous region within the gate 106 may have
created a high degree of lattice damage within these portions of the active device 102.
Accordingly, during the anneal process, the corresponding damaged and amorphous lattice
portions can be re-grown, wherein, due to the presence of the dielectric layer 1100 above the
active device 102, the activation and recrystallization process can result in a strained or
stressed portion in the source/drain 118 and the gate 106. It will be appreciated by those
skilled in the art that such a stress memorization transfer process can induce strain within the
channel 110, thereby improving the carrier mobility of the integrated circuit system 100.
[0097] 1t is to be understood that the anneal step of the present embodiment transfers the
intrinsic stress from within the dielectric layer 1100 into the gate 106 and/or the source/drain
118 of the active device 102. After annealing with dielectric layer 1100 formed over the
active device 102, each of the gate 106, the channel 110 and/or the source/drain 118 of the
active device 102 can be described as exhibiting the characteristics of stress memorization
(i.e., their physical properties have been affected by the dielectric layer 1100). For example,
the gate 106, the channel 110 and/or the source/drain 118 may exhibit a tensile stressed
nature or a compressive stressed nature.

[0098] The present invention achieves stress memorization transfer by annealing the
integrated circuit system 100 with a temperature sufficiently high enough to cause
recrystallization of amorphous and/or lattice damaged regions (e.g., due to previous
implantations) located within the gate 106 and/or the source/drain 118. Accordingly, the
stress from the dielectric layer 1100 can be retained within the gate 106 and/or the
source/drain 118 through the recrystallization anneal.

[0099] Not wishing to be limited to any particular theory, the present inventors believe that
during annealing, the amorphous and/or lattice damaged regions located within the gate 106
and/or the source/drain 118 are recrystallized under a field of stress induced by the dielectric
layer 1100. The field of stress induced by the dielectric layer 1100 is believed to cause the
atoms of the gate 106 and/or the source/drain 118 to align or crystallize with a compressively

stressed lattice constant or a tensile stressed lattice constant.
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9. The system as claimed in claim 6 wherein: processing the material layer includes an etchback or
planarization process that utilizes the gate top surface for end point detection. 10. The system as
claimed in claim 6 wherein: 5implanting the dopant includes an implantation process with a sufficient
energy and dose to amorphize and enlarge the grain size of the gate material. 11. An integrated circuit

system Cynguising 'sm\/ﬂ'ﬁ’ér@r@@%ﬁgﬂ%ﬁlﬁw fipgierasiive eviceo iaiging amaterialdayenever the

active device and the substrate; 10processing the material layer to expose a gate top surface;
source/drain 118 improves the carrier mobility of the integrated circuit system 100. The
carrier mobility of the integrated circuit system 100 is improved because the recrystallized
stressed regions of the gate 106 and/or the source/drain 118 induce stress within the channel
110, thereby improving carrier mobility.
[0101] It is to be understood that the anneal of the present invention may include any thermal
process that causes the amorphous and/or lattice damaged regions of the gate 106 and/or the
source/drain 118 to recrystallize under the stress of, and retain the stress of, the dielectric
layer 1100. As exemplary illustrations, the anneal may include a rapid thermal anneal, a
spike anneal, a laser anneal, and/or a low temperature anneal followed by a laser based or
flash based anneal. It will be appreciated by those skilled in the art that such above described
anneal processes may help to reduce or suppress unwanted diffusion of the dopant species
during the anneal.
[0102] Moreover, it will be appreciated by those skilled in the art that the remainder of the
integrated circuit system 100 can then be completed by conventional manufacturing
strategies, which may include, but are not limited to, removal of the dielectric layer 1100,
formation of low resistance electrical contacts (e.g., silicide electrical contacts) over the gate
106 and the source/drain 118, and the formation of an additional stressed overlayer, such as
one or more contact etch stop layers.
[0103] Referring now to FIG. 13, therein is shown a flow chart of an integrated circuit
system 1300 for the integrated circuit system 100 in accordance with an embodiment of the
present invention. The integrated circuit system 1300 includes providing a substrate
including an active device with a gate top surface exposed in a block 1302; implanting a
dopant within the gate to alter the grain size of the gate material in a block 1304; forming a
dielectric layer over the active device and the substrate in a block 1306; and annealing the
integrated circuit system to transfer the stress of the dielectric layer into the active device in a
block 108.
[0104] It has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention can alter the grain size of a gate material by utilizing
a high dose (e.g., above about 5x10'* ions/cm?) germanium implant. Notably, the present
embodiments achieve this by minimizing and simplifying the process steps.
[0105] Another aspect is that the present invention prevents damage to the substrate (e.g., the

source and drain regions of the active device) by protecting the substrate with a material layer
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implanting germanium within the gate to alter the grain size of the gate; forming a dielectric layer over
the active device and the substrate; and annealing the integrated circuit system to transfer the stress
of the dielectric layer into the active device. 1512. The system as claimed in claim 11 wherein:
implanting germanium includes using a germanium dose above about 5x1014 ions/cm2. 13. The

system ag &laianed i e L JWOLKRIRE grain ciMPBAENGOSSMARLIMiNaHdesybsing @ gesmanum dose
above about 2x1016 20ions/cm2. 14. The system as claimed in claim 11 wherein:
germanium implant is incorporated into a conventional stress memorization transfer process
flow, it causes severe end-of-range error damage to the source/drain junctions after annealing.
These defects can lead to significant junction leakage within an active device structure.
[0106] Another aspect is that the present invention can improve the performance of an active
device by combining the selective grain size altering implant of the gate with a stress
memorization transfer process that can increase the I,, current of an active device without
affecting the leakage current of the active device.
[0107] 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.
[0108] These and other valuable aspects of the present invention consequently further the
state of the technology to at least the next level.
[0109] 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 active 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.
[0110] 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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forming the dielectric layer includes forming a tensile stressed layer or a compressive stressed layer.
15. The system as claimed in claim 11 wherein: 25annealing the integrated circuit system includes
creating stress within a channel of the active device that alters carrier mobility within the channel. 16.
The system as claimed in claim 11 wherein: forming the material layer includes forming a resist layer
or an oXigeHavi8claimed id7- The system as claimed in claim 11 wherein: 30forming the material layer
protects the substrate from the implantation of germanium. 18. The system as claimed in claim 11

wherein: processing LA SHEH S BREMshack or planarization process that utilizes the
gate top surfaceforiant:paibdeieGiioiiding an active device with a gate top surface exposed;

implanting a dopant within the gate to alter the grain size of the gate material;
5 forming a dielectric layer over the active device and the substrate; and
annealing the integrated circuit system to transfer the stress of the dielectric layer into

the active device.

2. The system as claimed in claim 1 wherein:

implanting the dopant includes using a dopant dose above about 5x10'* ions/cm?.

10 3. The system as claimed in claim 1 wherein:

implanting the dopant includes implanting germanium, antimony, or indium.

4. The system as claimed in claim 1 wherein:
forming the dielectric layer includes forming a tensile stressed layer or a compressive

stressed layer.

15 5. The system as claimed in claim 1 wherein:
annealing the integrated circuit system includes creating stress within a channel of the

active device that alters carrier mobility within the channel.

6. An integrated circuit system comprising:
providing a substrate including an active device;
20 forming a material layer over the active device and the substrate;
processing the material layer to expose a gate top surface;
implanting a dopant to alter the grain size of the gate;
forming a dielectric layer over the active device and the substrate; and
annealing the integrated circuit system to transfer the stress of the dielectric layer into

25 the active device.

7. The system as claimed in claim 6 wherein:

forming the material layer includes forming a resist layer or an oxide layer.

8. The system as claimed in claim 6 wherein:

forming the material layer protects the substrate from the implantation of the dopant.
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19. The system as claimed in claim 11 wherein: S5implanting germanium includes implanting with a
sufficient energy and dose to amorphize and enlarge the grain size of the gate material. 20. The
system as claimed in claim 11 wherein: providing the active device includes providing an n-channel
field effect transistor. 10

9. The system as claimed in claim 6 wherein:
processing the material layer includes an etchback or planarization process that

utilizes the gate top surface for end point detection.

10. The system as claimed in claim 6 wherein:
5 implanting the dopant includes an implantation process with a sufficient energy and

dose to amorphize and enlarge the grain size of the gate material.

11. An integrated circuit system comprising:
providing a substrate including an active device;
forming a material layer over the active device and the substrate;
10 processing the material layer to expose a gate top surface;
implanting germanium within the gate to alter the grain size of the gate;
forming a dielectric layer over the active device and the substrate; and
annealing the integrated circuit system to transfer the stress of the dielectric layer into

the active device.

15 12. The system as claimed in claim 11 wherein:
implanting germanium includes using a germanium dose above about 5x10'

ions/cm”.

13. The system as claimed in claim 11 wherein:
implanting germanium includes using a germanium dose above about 2x10'

20 ions/cm>.

14. The system as claimed in claim 11 wherein:
forming the dielectric layer includes forming a tensile stressed layer or a compressive

stressed layer.

15. The system as claimed in claim 11 wherein:
25 annealing the integrated circuit system includes creating stress within a channel of the

active device that alters carrier mobility within the channel.

16. The system as claimed in claim 11 wherein:

forming the material layer includes forming a resist layer or an oxide layer.

17. The system as claimed in claim 11 wherein:

30 forming the material layer protects the substrate from the implantation of germanium.
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18. The system as claimed in claim 11 wherein:
processing the material layer includes an etchback or planarization process that

utilizes the gate top surface for end point detection.

19. The system as claimed in claim 11 wherein:
implanting germanium includes implanting with a sufficient energy and dose to

amorphize and enlarge the grain size of the gate material.

20. The system as claimed in claim 11 wherein:

providing the active device includes providing an n-channel field effect transistor.
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