| NTEGRATED CI RCUI T SYSTEM W TH A FLQOATI NG DI ELECTRI C REG ON AND METHOD OF
MANUFACTURE THERECF TECHNI CAL HELD [NM The present invention rel ates
generally to an integrated circuit system and nore particularly to an
integrated circuit systemw th a floating dielectric region. BACKGROUND ART
[0002] Integrated circuits find application in many of today's consuner

el ectronics, such as : M phones, video caneras, portable nusic players,
printers, conputers, etc. Integrated circuits may include a conbination of
active devices, passive devices and their interconnections. [0003] Active
devices are typically conprised by netal - oxi de-sem conductor field-effect
transi stor (MOSFET) devices, which generally include a sem conductor
substrate, haNnTPERATEDWIREUTRSYSEENM WIEARIA &L.Ohame DIk ocer e kecuxen t he
source and drain. A gate stack conposed of a conductive material (i.e., a
gate) and an oxi de | avesANIf MESHOROHMAENCRACEBYRETEERFSIFcal | y | ocat ed
directly above the channel. During operation, an inversion |ayer forns a
conducting bridge or "channel" between the source and drain when a voltage
is applied to the gate. Both p-cgggﬁﬁfcl,@}qm;ﬁchannel ftvl OSFET t echnol ogi es
are avail abl e and can be conbi ned on a single substrate in one technol ogy,
cal l ed conpl n - 0X| r.ni QVES, 1 Lng of
CMOS confi g&(rﬁgﬁ [ gﬁ£¥ﬁg%gké%h€%éﬁﬁaﬁg}ggﬂgﬂgﬁ g{t]eg%%fdor t hgyigéﬁrggﬁ%tct or

i ndustry. ToaspHaly i Zﬁlii'@?ﬂ%@r@é‘ﬂh%(ﬁ%W%ﬂﬂ%ﬁ%‘i‘lgfcgﬁtm%‘ﬁbr ation of these coos
structures, a formof vertical device isolation has been devel oped to help
control iatchup and parasitic capacitance problens, which are common for
these structures. This form of VAEKERPUNBYRAe i solation is commonly
referred to as silicon-oninsulator (S01). S01 technology is based on an

i nsul at or | 80831 @tsasriedairyits SAd BppliepEyn PERRY feday s SoPsHER FEETRICH KT 24 si | i con
substrate, thepehy, efitecinere] yor@bletlukic Galyty, praetsatomgteanycdemicgesd f or med on
t he upper silicon sur.fgﬁe. I—|oﬁ%.vetrh § Lyp devi ces .ane. not '{hgout their
own probl emET8s PHey"df'e tormhty" p? agffe‘% v el FhSati ng and ext er nal
series resi $tamoesciorebl ens t hat can degrade the performance of these

devi ces. [0003] Active devices are typically comprised by metal-oxide-semiconductor field-effect

transistor (MOSFET) devices, which generally include a semiconductor substrate, having a
source, a drain, and a channel located between the source and drain. A gate stack composed
of a conductive material (i.e., a gate) and an oxide layer (i.e., a gate oxide) are typically
located directly above the channel. During operation, an inversion layer forms a conducting
bridge or “channel” between the source and drain when a voltage is applied to the gate. Both
p-channel and n-channel MOSFET technologies are available and can be combined on a
single substrate in one technology, called complementary-metal-oxide-semiconductor or
CMOS.

[0004] Scaling of CMOS configurations has become a major challenge for the
semiconductor industry. To obtain high performance and consistent operation of these
CMOS structures, a form of vertical device isolation has been developed to help control
latchup and parasitic capacitance problems, which are common for these structures. This
form of vertical device isolation is commonly referred to as silicon-on-insulator (SOI). SOI
technology is based on an insulator layer (typically an oxide) that has been buried within a
silicon substrate, thereby effectively electrically isolating any devices formed on the upper
silicon surface. However, SOI type devices are not without their own problems, as they are
commonly plagued by self-heating and external series resistance problems that can degrade

the performance of these devices.



[ 0005] Thus, a need still remains or a reliable integrated circuit system
and net hod of fabrication; wherein the integrated circuit systemexhibits a
reduction in self-heating, a | ower external series resistance, inproved
short channel effect control, andlor a reduction in sidewall junction
capaci tance under a gate. In view of the ever-increasing comerci al
conpetitive pressures, increasing consuner expectations, and di m ni shing
opportunities for meani ngful product differentiation in the nmarketplace, it
is increasingly critical that answers be found to these probl ens. Moreover,
t he ever-increasing need to save costs, inprove efficiencies, and neet such
conpetiti vel(9p8sShrses nadfdssillavmsingioe atrdiable ijevisd ciwuit Fetear 4ngd jneediod gécessi ty
that answver $,,0&ibQWRbeih hetiftES8ed¥i @Rl &5Bm 18 leaRAol td LMSedife, biRE Probl ens
have been | ong sought but prior developnments have not taught or suggested

t
any sol uti oSSBT HEESANED | BPIOSHs Y PieeecFFomngis 24V e’ IR R I"Muded t hose
skilled in kb@vaarjtnctibl SEePIREnGr alHie. DO B 1cEGN EROG¢HeasTHaecopiesent
i nvention providFs a met hod of nanufacturgfof agdte%ﬁgted clrgui{ system
i ncludi ng: PYORIEICHY a" SeCord " Fayer between & T1rst T ayerrand a third
| ayer; for mmegnimfnl aotioy diffdentiagen ovier markegplachiit i incgpgergly frigcatitagansties t hi r d
layer to foRm@Ry kS 1haRdfiGis0 MHRARE, MR- hiEsRE ki deW &, figfll ng the
second layer to forma floating second |ayer with an undercut beneath the

i sl and regi 6WCCHifE HE P58 PFhePIEPetEvE BFETF 298 YLy BEAT YAREYi S 4 rfelisgi on and
t he fIoathngaﬁﬁﬁpmﬁah&&gmeﬁh&DQ&kxﬁﬂ@mﬁﬁesent i nvention provides an

i ntegrate jrcuit systemincluding: a substrate includin first layer; a
f1 oati ng segdé)h RV A tg]?fe QWLIGWHQ%E B?C“E‘%}‘érs © ﬁtebuf o5 evle%)}f/rgerng Balr 105 an)(;

regi on over tdifge of kugadsiedgng edwivds drdyéns, sdwicacto wee gebicae hewedengtdheled sl and

regi on; andggﬁLQME;Qg%qﬁer around the island region and the floating second
| ayer. WN rtain enpbodi nents of the invention have other steps or

el enents in addition or in place of those nmentioned above. The steps or

el ement will beconme apparent;dQ dsPRe Sk Ib%Nirfbrﬁ he art froma readi ng of

the follow ng detail ed description when taken wwth reference to the

acconpanyi n %Oﬂ‘f] av,n gl%senBBLglﬁorpE%G@s%Tﬁl%oq;f e BRAWENGShtegrated circuit

system including: providing a second layer between a first layer and a third layer; forming an

active device over the third layer; forming the third layer to form an island region underneath
the active device; forming the second layer to form a floating second layer with an undercut
beneath the island region; and depositing a fourth layer around the island region and the
floating second layer.

[0008] The present invention provides an integrated circuit system including: a substrate
including a first layer; a floating second layer with an undercut over the first layer; an island
region over the floating second layer; an active device over the island region; and a fourth
layer around the island region and the floating second layer.

[0009] Certain embodiments of the invention have other steps or elements in addition to or
in place of those mentioned above. The steps or element 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

[0010] 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 is a partial cross sectional view of an integrated circuit
systemin an mt stage of manufacture in accordance with an enbodi nent of
the present invention. [0011]] FIG 2 is the structure of FIG 1 after
processing a third layer. [0012] FIG 3 is the structure of FIG 2 after
processing a second layer to forman undercut, 1110131 FIG 4 is the
structure of FIG 3 after further processing of a second |layer to forma
floating second layer. [OM4] HO 5 is the structure of HG 4 after formng
a fourth layer around an i stand region and a floating second | ayer. [0015]
FIG 6 is the structure of FIG 5 after renoval of a second spacer and a
gal e cap, [O0W181 FG.Gis the pyictutpe! EIG Letupecofing @rd Byaf t er subsequent

processing s$jPs rid QQdifl sd%lc&e BFICS 2 afedr 9%&&1@;{4 se@nd Buyéres hadatfasmapuf act ure

of an |ntegrated circuit systemin an enbodi nent of the Eresent i nvention.

BEST MODE F w @Aﬁﬁ\‘yﬁm-tqe qmurerﬁlfIG |3N\/tg\f-|j]1@§|processmg of a second layer to form a

floating second layer.

[0014] FIG. 5 is the structure of FIG. 4 after forming a fourth layer around an island region
and a floating second layer.

[0015] FIG. 6 is the structure of FIG. 5 after removal of a second spacer and a gate cap.
[0016] FIG. 7 is the structure of FIG. 6 after subsequent processing steps.

[0017] FIG. 8 is a flow chart of a method of manufacture of an integrated circuit system in

an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0018] 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 system, process, or mechanical changes
may be made without departing from the scope of the present invention.

[0019] 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.
[0020] 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. Similarly, although the views in the drawings for
ease of description generally show similar orientations, this depiction in the FIGs. is arbitrary
for the most part. Generally, the invention can be operated in any orientation.

[0021] 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 similar reference numerals.
[0022] For expository purposes, the term “horizontal” as used herein is defined as a plane
parallel to the 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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“above”, “below”, “bottom”, “top”, “side” (as in “sidewall”), “higher”, “lower”, “upper”,

“over”, and “under”, are defined with respect to the horizontal plane, as shown in the figures.
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i 00181 The foll ow ng enbodi nents are described in sufficient detail to
enabl e those skilled in the art to nmake and use the invention, It is to be
under stood t hat other enbodi ments woul d be evident based on the present
di scl osure, and that system process, or nechani cal changes nay be nade
wi t hout departing fromthe scope of the present invention. [0019] In the
foll ow ng description, nunmerous specific details ate given to provide a
t hor ough under standi ng of the invention. However, it will be apparent that
the invention may be practiced wi thout these specific details. in order to
avoi d obscuring the present invention, sone well-known circuits, system
confi gur ati 68831 Fheltepr trressssingt @péeddﬁeelwmlwﬁ depbgtaa pf th%PBPHOtOFG[S@‘OZO] The
drawi ngs shgweRihge BhRdidTRRtSopREnt BEhiSY HieeihAr8d/seRinodh 3ganmRati€ .and not to
scale and. particularly, sone of the dimensions are for the cl arity of
present at i oﬁh“é‘ﬁﬁ“”é%‘éeqélﬁﬁﬂ/\ﬁ faping g4t g s ¥he drawing FiGs. Sinmilarly,
al t hough t hepodjeWse icfin tdaeisdkaweidigSo ineh tl&&SSdl&fSt dese nm@{glemmelgener ally show
simlar ori t this de £tion i,n th bitrary for the
roost part. ﬁ&ﬂ b‘g‘f fegms te’hampﬁn\elreﬁfemc?n i can LBed hereénrtgtméﬁr’ i r?f/ano%?ten? ation.
i 0021 \Wher eomllutstrapbre ezﬁbodspn@mrsen@txocbﬂdnts@dw@e@ hgmid diestCNXblenle haviahg sone
features in.go v id Rt n%l‘e@srahlryyto RNdohasa Qf rEI{ellréJls(grrz@K/AnQa@coug%s&rdt}{al;' on, and
conprehension thefeof, simlar and like fe It)ur es one to another wll
ordinarily H@“&“e%é‘?ﬁ‘%éd W th SI mlar reference nunerals, [0022] For
e;(pOSI tor yI mnaosﬁ&ﬁnﬁsmrs& ergdto hrorma)’narﬂl“fouas 1504 HbemakdYoi Islqd)gefsioned ?s a
pl ane para t rate, ar ss of its
orientation’ ‘%‘i"ﬁ%tlafl%? bR e\%?lf”in?f’éﬁ anyragggr? nOttt%Eeaco Sﬁrruee(g SHGH éhrepsgo |}ctuT ar to the
hori zont al assgnuistendief i ned. Terns, such as 'above'', "below', "bott on1',
HI op”, " Si dﬁ)O {]a%hé rmS‘laga‘W%llJo" assesmoglhtﬁg smgulelr%vl\@lihe’plur&l%ﬁgs other9¥<:er and
"under", ate define respect to the horizontal plane, as shown |n t he
figur es. [ 0023}d-The term "processing" as used herein includes deposition
of materi al jgaegiphat enesisite dRatt @ru@édrl@renﬁﬁénﬁb‘ihl%Qullydﬁﬂcﬁbﬂwtopelﬁﬁlélhl ng,
cl eaning, and/or_ renoval of the rra% or hot 8re3| st as requi rled in
formng a d 8P| B F2% LR UPe MDY al'ﬁé’e'{ 8 HPUG RATTEEY O eéei% to mean
there i s di pedtishognrtcacital asmpng. el errents [0025] The terns "exanple" or
"exenpl ary’ el stration.
ny aspoct WP RGBTRELTlol S, (RARRRLIARGTE AR AS BRREL AL (bR Tl ary:
is not necessEm ihgludieg, hel f@bh@tt‘?dufedaﬂa@tlm Eise plaey svﬂiw&m MEEU@E@ver ot her

aspects or desi-@nsos [iQ%G}mﬁrQ@trJte%{cgﬁy ngnEe%d burleé; SLANE" regiod bt Kips @nd
"fourth" as used herein are for purposes of differentiation between

el enents onFSUagAradng, Sriepy spes ESNERF(BYT demel FHeEP g HE LYol 8t t he
present i nveiphdi@ite under a gate.

[0030] FIGS. 1-8, 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. 1-8.
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 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.

[0031] 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



/00271 The term "l ave enconpasses both the singular and the plural unless
otherwi se indicated. [028] The term'"'active device" is used herein to nean
a folly functioning and operabl e device that can increase the magnitude of
a given electrical input paranmeter by nerely establishing electrical
contacts. [00291 Cenerally, the follow ng enbodinents relate to the
formation of an integrated circuit systemincluding, but not limted to, an
active device structure, such as an NFET, and/or CMOS device, with a
strategically engineered buried insulator region Mat helps to control

sel |l -heating, external series resistance, short channel effects, and/or

si dewal | | unietvoltaze epppecittaanael deatede. Exgaplay ilfusiétiof 1GS. includg an whipaokel f ol | ow,

depi ct by w@lxld%ffe&&mk& RAGNOE D¥nd Bk &L d: A RALS TRIERS Yo Jaﬁﬁaﬁﬁ‘l%ﬁarl}' ow for
the formation of an integrated circuit systemand they are not to

construed agwehi-piidesigon (GMPY copfiggetiong deipsle-guel rimiton & HItgg Franystes 0
convent i onalip pEPCRSS S5u te AR &opel | known within the art and not repeated
0. be under st ood
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fewer, or other s eps st eps nmay be per any suitable
order wit howhmaﬁhqwgmm@mngﬁ@e@@@s@eé?st eliyenpleedEst i nvention. [ 0031]

Mor eover, ifoos8 tFarRem@BRS i€ RLaedQatnat HR oknlb@gﬁaieeﬂeg@dtéd%au syshem of the
present d| scl osure may i ncl ude any elgun’oer of ti-el ec trod lé(%u\{ ces (e.qg.

active devi C&'$Ps Bré?atﬁ‘?deaé)on? HMGRR @Hneehg- &hiep éﬁ"c Té‘i}i’frﬁt@
speci fi ed ehatipleattigsattdscirc@ndssealbliad: Ontenmdebiailedatioy.

[0034] It should be understood that the definitions and nomenclature used herein are given
by way of example only and that one skilled in the art would readily understand that other
definitions and nomenclature may be used to illustrate the techniques, systems, devices, and
methods described herein.

[0035] Referring now to FIG. 1, therein is shown a partial cross sectional view of an
integrated circuit system 100 in an initial stage of manufacture in accordance with an
embodiment of the present invention. In some embodiments, the integrated circuit system
100 may include an active device 102. In such cases, the active device 102 may more
particularly include NFET devices, PFET devices and/or a combination thereof (i.e., CMOS
devices), for example. However, it is to be understood that the active device 102 is not
limited to the preceding examples and may include any number of multi-electrode devices in
which the current flowing between two specified electrodes is controlled or modulated by the
voltage applied at a control electrode. Accordingly, although the embodiments described
herein are presented as for forming a single active device structure, the methods may be used
to form multiple active device structures.

[0036] For example, it will be appreciated by those skilled in the art that although the
present embodiments are generally depicted with respect to a single device structure, it is to
be understood that the system and methods described herein are applicable to one or more
NFET active device structures, one or more PFET active device structures, and/or one or
more of a combination of NFET active device structures and PFET active device structures

that may be cooperatively connected together to function as one or more CMOS structures.



the voltage applied at a control electrode. Exenplary illustrations may

i nclude an n-channel field effect transistor (NEET), a p-channei field
effect transistor (PEET), a conplenentary netal-oxide-iticon (CMOS)
configuration, a single-gate transistor, a nulti-gate transistor, a
fin-FEJ, or an annul ar gate transistor. 100321 Moreover, it wll be
appreci ated by those skilled in the art that the techni ques of the present
enbodi ments can be used to fabricate an integrated circuit system for
exanpl e, an active device, using existing conventional NEEL PEEP. and CMOS
conpati bl e process technol ogy, thereby m nim zing or reducing the cost of
nanufacturlﬂ@3ﬂ[mmgamemwﬂhéqdeEDMHbmﬂylmq¥ﬁ@hUﬁd@W§@@é%)mﬁ@ﬁw%mé or nore
of the int eQ%%%b@Hlﬁl@H& HesSyiRk @1@%19(2:'3111 de heaRyid a{r@&!ss@it cdpEnchisNBeridyy @ medi um
whi ch coul d be separated into individual or le integrated circuit
assenbl i es 8@“%WP§%é?g%ﬁﬁ@@“%W“f$5F¥dﬁWP%ﬁm*[g@@ﬂ]“??“?ﬂ&uFﬂwﬁ§gﬁ%derstood
that the detémiochér@npovan Ebtﬁ}ﬁﬁﬁﬂﬁpﬂadib-lﬁ’é@eh@QHF)hﬁﬁlﬁbrianta(e% @m@mzwrc\my of
exanpl e onIX one skill under st and t hat
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t echni ques, ceymhensanddefirtbes punganals n@lﬁbureltmndesi@rrmmerdenlts@ﬁ @ianbe e@BR5]
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an integrated circuit system100 in an initial %?e of manufacture in
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nunber of rru tr-c evices in I e current flow ng between two
speci fi ed el&¥tor §AEsoinpoupdirmicndueidrso AdfipensllathedingjayerHas ?/‘tﬁ‘lt‘f.“‘éb‘éd layspl i ed at a

control el egid qdlg, ad GRIAE N@hst oAl tlh@ipeh bheuetbrdieprRES 14esChided herein
are presented as for form ng a single actjve dewll?}&str cture, t he met hods
e

may be used tBEFBIR i tTHI%k "RET F A PE S (S fnct <1347 £dP~ exanpl e,
it will be apprgcisatwatthlnay bhosegisiiylelpbhyddno b;lstmua:rwmbhacnbﬂay whbnmyﬁET he
pr esent errbo d/(;r%quﬁdare generally depicted with respect to a single device

structure, 56 “under st ood that the system and net hods descri bed

herein are ﬂ}?é?]l dab least eneembodmenypheseNEE Tayge t(8\an delpmew wtthGbUpEs, one or

more PEET aghd éﬁ@tt@%id%‘yeﬁilb%%ﬂérf&ﬁxedérﬂqé Qbor@MEeaps.MOr e of a conbination of
NFET active device structures and PFE3T active deV| ce structures that may
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Struct ures. possess a thickness of about one hundred (100) nanometers or less, for example. Accordingly,
the substrate 104 may possess a thickness ranging from about several hundred nanometers to
about several hundred microns, for example.

[0041] Generally, the second layer 108 may include an insulating material and can be
referred to as a buried layer because it is positioned between the first layer 106, which can be
referred to as a bulk layer, and the third layer, which can be referred to as a thin layer. By
way of example, the second layer 108 may include an oxide, such as silicon dioxide.
However, it is to be understood that other insulating materials commonly known within the
art, and not repeated herein, can be used.

[0042] As an exemplary illustration, in at least one embodiment, the substrate 104 can be
formed by a SIMOX (Separation by IMplanted OXygen) process or by a SmartCut process.
Moreover, it will be appreciated by those skilled in the art that the substrate 104 may also

include a fully depleted SOI type structure.



[ 0037] Moreover, it is to he understood that the integrated circuit system
700 manufactured by the enbodi nents descri bed herein can he used within
processor conponents, nenory conponents, |ogic conponents, digital
conponent s, anal og conponents, m xed-signal conmponents, power conponents,
radi o-frequency (R p conponents RE: CMOS circuits), digital signal
processor conponents, m croel ectronechani cal conponents, optical sensor
conponents, and so forth, in numerous configurations and arrangenents as
may be needed. 100381 In sone enbodi nents, the active device 102 can be
formed over, on andlor within a substrate 104 by conventional deposition,
pat t er ni ng, (943t dlomvetroghaplappleaprdvieddchar g sthsedinil Qfuas niriowh conyireh @s

sem conduct Anidhb 9&?@5&&&)0&1{[{&[@ Eh'é)(ul;s@afte fdﬁ@namﬂlﬁ@-ﬁfyhﬂaﬁmﬁlf codfdukaign, deVi ces.
General ly, the Substrate 104 nmay include a first layer 106, a second | ayer

108, and a figkpess 0y @pysiEqly. a']‘*rF'@HEH'YC%[@@? the H%m‘F‘i“?’“s?f CH\FetNIPHEINY t he
third | ayt edevlctQirimayesi NCcl ude any sem conducti ng mat erial, such as, Sl Si C,
SiGe, Si/SiCe, SiGeC, GaAs, .1nAs, or

seni conduct g@é‘.‘] A’blé?“?’iagﬁlﬁel 4EGVe qepEe ﬁlﬁrrg%y IP%{‘f/‘%ra gfffGl 1g’ndgattehdlel i n}(} I ayer 110
may al so i nchange 1 fopédt spadr UAdopedd e il Yurratizensap 18pi t axad I ayers,
strained COfHohﬂurlégwenanbo&%nmﬁe Olte ﬁrpfﬁaft;yﬁ)rrlﬂéd Rbih €5t AlibRM$aleGarf- , <100>,

<HO>, antllor <1 | > orientations), whic Iy estrateglcally errployedto
optim ze caf¥luéing rﬁﬁbeidl ?‘ldyur\ﬂPHeﬁlsﬁmlchﬂEfpnéﬁ’éPﬁ“é‘ta PEET Jgelfr c84PIT 08391 I n at

| east one enheghd®BL or $ibE), §ﬁletendnie@mem1&y98ma@ beletanﬁtﬁwaamat hedefdrst |ayer
106 and the t d on

ird lgyer 110 can be for he second | 08, [OM The
third | ayer® Q‘ﬁ‘ I}ag"t%%e‘fr@rCe?ﬂ‘lb?atémtﬂ?ﬁreﬁgI gegfly & e&‘ amipley lptg?’r%ate lu#en s, may
possess a t hecknes seaf nabonnludemapﬂwrtdmwdn(allﬂﬂ)lurmaahommreraﬂomrpalllaé@m, for
exanpl e. A%%%nﬁ%t mmél?&glsyd%aﬁ o Rorf e ARV RRSRER Sy Ryl m SkhgS St hangi ng

from about severa nanoneters to about several hundred m crons, for
exanpl e. [ 00#4]!1Galvedeal Wetaltsﬁ‘éld%é’@f’o‘ﬁ%iallsdyélﬁ mpY grckpd§ CoPRY| sigedRNES RS Ul at i ng

materi al andijcad) Mgninsf @i[l&@éj pﬁﬂhdﬁlﬁl Alidoasr kl@dluhlas)ﬂwideb@ﬁt@lﬂﬁaeslllc'idel siclposi ti oned
bet ween the first | ayer

can be refer| bul ayer, and
the third | &Jgfe CW?itéH‘C{‘,‘&rFﬂH‘é“ Plfids B mf)‘éfb%gm& lﬁ‘g‘h ﬁ‘a%?‘é"r“ﬁm‘ﬁ '@a\b
exanpl e, th@coseGtundpdeﬁymnbﬂzd)&errmybthemitude anicloxiydie, knswc v thse sklllldd(non

di oxi de. HO\M% ag drtgﬁte stirutc?"];es nt%? afégg g&f%?tﬂe})at a1t120t her insul ati ng mat erials

comonl y known not repeated herein, can be used, [0042]
As an exenpl®dgl iGehargltyr dtei gntr, 112n0292l bq Emsed by ehastitsbdrrvedenositione (QXIDst r at e 104

can he Connggl Ry ‘ﬁ%r oo YIRS &ﬁﬁpﬁs @ﬁltleghom@a&h@hmr%@m@quemoﬂrmm or by a

Sma6Cut process. eover, it Il be appreciated by those skilled in the
art that thés@hstiiamsy #6a ‘Fﬁ:—ﬁ'&ﬂeaﬂ E‘Blt‘laﬁ?flsdﬂ‘é“r& apdin) %/d'éFéﬁV‘Ef“é‘ij ngifing ype
structure. dJfRR43]JateHiRINRY €&dr PFEN endERFHADd @B esp ikl digdrefitaniatdrine f@NFElTraad € 104 are
not to be cgpﬁ(rlued as limting and the conposition of the substrate 104
may i ncl ude any mWaterial, configuration, or thickness that physically and
el ectri cal | yo0dHaihesgatt Hiele o it inonbeohada doimvieataialy/iestudipasmic vet Leied e

structures. (J:0044] deI dicYe Q)g)fnﬁlllde Lihen %ﬁltldevg mg&)\{'ogiﬁe/g-lggle/ﬁﬁ&e ﬂteﬁﬁlzi-‘lqgl @ gate
112, a gate dielectric , a channel 1186, first st%acer 18, a second

spacer 120, dg}qgruam@té{ué (1@aﬁne112121ng a dielectric constant value greater than silicon ox1de) ora
combination thereof. However, it is to be understood that the type of material chosen for the

gate dielectric 114 is not limited to the preceding examples; for example, the gate dielectric
114 may include any material that permits induction of a charge in the channel 116 when an
appropriate voltage is applied to the gate 112. In accordance with the scope of the present
embodiments, other materials, which may be known to those skilled in the art for gate
structures, may also be used for the gate dielectric 114.

[0048] The gate dielectric 114 can be formed by thermal oxide, ALD, CVD, or PVD. The

gate dielectric 114 may also include a multilayer structure and/or different materials for
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1100451 I n sone enbodi nents, the gate 112 nmay be formed from conventi onal
mat eri al s including doped arid undoped sem conducting materials (such as,
for exanple, polySi, anorphous Si, or SiGe), a netal, a netallic alloy, a
suicide, a netal nitride, a nmetal oxide, a carbon nanotube, or a

conbi nati on thereof. By way of exanple, ii the gate 112 includes a netal,
the netal may include copper, tungsten, alum num alum num all oy,

pall adium titanium tantalum nickel, cobalt, and nol ybdenum Furthernore,
by way of exanmple, if the gate 112 inleudes a netal silicide, the netal
silicide may include copper suicide, tungsten al um num sui ci de,

pal | adi um siINFEE iaaePFHT] deaindsuin & ildaptoneenbotimsntathe mats flipleeiicd 4 nwiy gkbide 8 | i ci de,
cobal t sui ci,gg; 1265 RRMSHECAAGirst BDY PR KRAGRHBeSnk la?ér‘éﬁa hlkmk Age@idance with
the scope of the present enbodinents, other materia which ma be known

to those skil9Mdd 1 wipparpaepted By hepgrkiedp (e e haighe tisknesyod e ge L9 f or t he
gate 112, [ @R46L denecald <ym VE@Q/lt@aﬁeQieglngspeﬁfbah@s haydrect dayet emokgl vapor

deposition (CND Si 05| t| PVD), silicidation, plating,
and/ or at on&&oc?sg%ig % 4glérf"t3¥ efcﬂ\ hea‘ftﬁv ‘I(e \dg)lz may al so incl ude a

mul til ayer $605QictThe érsaspeldeotISanmluracludstllplmtrtlun@enahcshqhds agoxdiief § wirgator gat e

hei ghts for FRET @mlelfélﬁﬁfmdp@ef&&bqf mcﬁ@eqlsﬁ{copml@er effe ﬂ&tssg&,al 8 d:R%e NEFF and

PET-1T devi ces. dielectric may de frommaterials
i ncl udi ng, Hemeh a I"‘ifﬁfyt‘éd“ raquesmh@@ﬁ ‘b&P%}é‘ml@ﬁl % eleyﬁwﬂyﬁw AfrgEtions | i con
nitride, a ShdniGOMpOdeptRLtibh iddibehD¥kidRios trakked B dﬁlag;k}oﬂﬁadlaells@@ple kch.mat eri al

(i.e,, one i.ng a die|ectri stant: val ue greater n.sil.icon oxide),
or a conbi ngﬁ)ﬁ% f&5°8 ?pa‘iglf)\}\g({/ q’ef rmed adi ¥%Cef)teth%ﬁr P4t Qza?%af'pl‘ﬂta >é type of
mat eri al Ch(l‘lﬁtﬁlﬂesfaonatetrllab(elgahleomﬂeed mmtde ioca ddhebinagombdredt) that tachetsdedtingdy pr ecedi ng
exanpl es; " f.or. d%t%@s &t to?ﬁlqn %El%fﬁl'eﬂs?&%e'r ‘Phsl%r pll%”ﬁhé-’tﬂ?t BRY: (gt eri al

that permits I nduct| arge in the channe when an appropri ate
voltage is aﬁpfpfﬂileédlsmg)ﬂtlm diggtde. the) econdpaseiciBp dathbseloyped isiph alige apedeof t he

present enbegi GRALS spRlNBheBlBhbAlSn, WHELiIHRY ah@odspl@vuacht Ebcib@;oﬁrﬁh skill ed
in the art for gate slim al so .be used | ectric

or at
114. [ 00483 ™pAwatgyigh grixte iy e el koo ‘“f“@f’r"%‘i‘e(fL §7°‘E 5 13%8??‘ g, ALE),
CVD, or | NDforhbebgav@iedi & l@bitifuec ufmeg;aty]t adtimited ol vdeical mpdrtdepaifien

structure and di fferent .mat FET Hl ! . dev n at
| east one en%({ % y?%‘éal%tv ap0{§ Osmon f%dovgﬁd ¢tr |a%p r!igiﬁte am@qu(C:Ietﬁ e%aétrqr%ﬁt I !-:I ayer
structure, subdlipst e $q0¢®tSP40%ryé‘P mayf inglpde@xiligen fatnélﬂ matg@bond | ayer of a high-k

material . [%91] Iﬁ E)th&‘d élﬂbo@ﬁneﬁpg{e%kQE}a@g’ ltig aﬁ(b&scﬁ‘e @kdn'dlsﬁ'ager' 170 tnﬁ? aR6t that
the thickness of the gate 112 and the gate dielectric 114 can var with the

desi gn speci®iUattydns Oéﬁ{ﬁ?sdf‘d“f‘ﬂ%mé‘ﬁ’i‘arl gﬁ't tranglEh HOIBGS! PrivERss st e. g. |
45rim  32i nRate 1% the dhdMnell N6, Acduic¥ Andl@Win GRtedsbA. region, and/or a source and drain

region. In such cases, the stress-inducing material may include a compressive/tensile stressed
memorization material, a compressive stressed material, and/or a tensile stressed material.
By way of example, when the first spacer 118 and/or the second spacer 120 include the
characteristics of a stress memorization layer, the first spacer 118 and/or the second spacer
120 can transfer their intrinsic stress to the active device 102 upon recrystallization of
amorphous regions within the active device 102 and/or areas around the active device 102.
Generally, such techniques permit the first spacer 118 and/or the second spacer 120 to impart
a compressive stress or a tensile stress upon the channel 116, thereby enhancing the amount
of current that can flow through the device.

[0053] However, it is to be understood that the type of materials chosen for the first spacer
118 and the second spacer 120 are not limited to the above examples and may include any

material that permits a moderately high etch selectivity between the first spacer 118 and the



[ 6050] The first spacer 118 may include dielectric materials such as an
oxide, a nitride, or a conbination thereof, but preferably includes silicon
di oxi de. The first spacer 118 can be | oaned by a variety of techniques,

i ncluding, but not limted to, physical vapor deposition, chem cal vapor
deposition and them at oxidation, followed by an appropriate. anisotropic
etch. [6051] The second spacer 120 can be forned adjacent the first spacer
118 and typically includes a material (e.g., an oxide, a nitride, or a
conbi nati on thereof) that can be selectively etched with respect to the
material of the first spacer 118. For exanple, if the :first sr,. ,ar 118
is formed usémgl pidei BOneletiroxliigéntion pishseeolid ssipaive prehizofdlersubsyate igh med usi ng
silicon nitride, 5oL .SHGD B SRRAGEN 1 1BBLEH BimaG O RAT4idrhiABpanPprBhitiGakih t Y Of

ani sotropic etch recipes with noderately high etch selectivity are well
known wi t hi fhetppeerigradiacerhibe darshid®spacer 120 can be formed by a variety of

t echni ques, [#034] lMldrager Bt o BOUndeisibd @eh thohiceheninaal waapdradepasifidon and

physi cal vapor de tion, riate sptr.o etch In
at | eas ones%“ﬁffo'd r?B tthetsﬁ‘é’néé‘?%‘ﬁ\é\ﬁgﬁ’é%eq%gﬂlggﬁgp PR ﬁggﬁeaggﬁuf)l Coh nitride
mat eri al, [ Gdk&REntly fontehepurenbddirsemtzon, thhdodalions of & pac @ristdkg cipidfadr t he
second spac %I;méc?Qhena%ﬁr@loﬁé)oﬂ Jhcllslyﬂ@reg&y 26 RE FRY. Sthedfeh AV RAITAL o7 i al

that transfers 1'ts | nherent Intrinsic stress'to the gate 112, the
channel 116 secandslaysr 6@ (aﬁHGd‘l‘)a‘I‘fﬁ/oéSb? BT of é@%b?f’l‘luenﬁhéﬂ%ﬁ*te‘é“@ésﬁ"r e¥rand drain

region. In sygh gases16. t o8l Stﬁe ihRgued BQ/orataar d,f&Jachrmyhel fngtlspuzla 1as
conpressive/tensile tresslg(g | CE3 gatltzl ZEitilln ressive

stressed matBf 515ecoRhHPET 140 8N e 48 I tlrl?%tp%rf’?u 8Ir de /X CIfoc 8t "exanpl e,
when the fi dstrespacemntetibdainagiteysctthi®osecond spacer 120 |ncI ude the

characteri Si[b()%?] c&e&%&lﬁlt {hgﬁgt %‘?&?Hszaﬁ‘ /!)rqgc e?&ﬁggpacérh% liléyrlﬁéludggﬁﬁ%esg'l8 and/ or

the second spacer er their intrinsic stress _active
devi ce 102 upens fiewrhut é‘P Pﬁgztmswat@flt RRDrEHoTS: F@@F‘@hs“wotbﬁlul*ﬁefsﬁ@d active

device 102 andhQrndhed%s o dpiher 18Ghd/Mend evbepd0R120GRAeNa| wih such

techniques permt the first spacer 118 an r the second s to
i npart a cofpr@seiafisaiops gdee gyicy Iioéﬁ’?i‘qu g? &‘&5’%“%?%1??frﬂépaﬁﬁgﬁgéqd%im

t her eby enhamckdagd tfaer armuant vagf withe Mﬂredtshafan(ﬁ(&mltﬁdnﬂwmstohﬂie ispind tegen devi ce,
[0953] Howeust v dSndBnD AR 4ot iRk kiR BT allBA! dlidy chosen

for the first Spacer secon Sp acer not |mteél to the
above exanple&sctavmn rreries irgsoslanateredus onmraltost ¢ha1met Pt papreli ansl/op refelenaf el y hi gh

etch sel ect |S}ék‘péﬁjgglg}ﬁg&c;tgﬁgeJnhgrsﬂgegg{aqq@r 118 and the second spacer 120,
electrical isolation o el ective etchin agPOf the substrate

104, intr odlﬁQQSﬁbrFughieﬂgorg»tﬂr‘@ng %HBreF‘H‘éd B’btﬁ%mﬁlgpedﬂ%’e LN GrOEBPRERFON of a
l'ateral dopagndcups @fdbﬂl@ed\/ﬂsfahbrﬂblﬁdﬁen Hﬁh@ﬁl&t&baoaﬂ] iaaenthe tdaendahannied, idid6, 100541
]lc\/ib :: g? ver, | t Be un‘éierstoo% thatt eegpseige(r)structure can lgel}ermeglb)(r: lén%%?rsng‘r@géa%grg. if each of the

[0057] The active device 102 may also include the gate cap 122, such as a nitride or an

oxynitride cap that can be formed over the gate 112, thereby helping to protect the gate 112

during subsequent processing steps.

[0058] It will be appreciated by those skilled in the art that an isolation structure (not

shown), which may include a shallow trench isolation structure, a local oxidation of silicon

structure, and/or other suitable isolation features, can be formed adjacent the active device

102 to electrically isolate and/or separate the active device 102 from other devices. In some

embodiments, the isolation structure can be made from a dielectric material such as silicon

oxide, silicon nitride, or silicon oxynitride. In other embodiments, the isolation structure may

also include a multi-layer structure of one or more dielectric materials.



spacer 118 and the second spacer 120 may determne, at least in part, the

| ocation of a subsequently formed source and drain region, the | ocation of
a low resistance electrical contact, the dinensions of an island region 202
(of FIG 2), the dinensions of a floating second | ayer 400 (of FIG 4),
and/or the proximty of a subsequently deposited stressor |ayer to the
channel 116. Accordingly, the thickness and/or wi dth of each of the first
spacer 118 and the second spacer 120 can he nodul ated to neet the

particul ar design specifications desired for the integrated circuit system
100, 100551 Cenerally, the flrst spacer 118 and/or the second spacer 120
may int:| ucé00§9]t Wetkingssw ralfigi hhefemomhabo the sR@varg $1G. d rfierrocabowthe 2000
angst rons. 1rllr§|)I L I*Ié 1:OGQ@raHFQEertﬁﬁ@ﬁgertlIf@&antbla@erﬁﬂhcpﬁm% rt%flong he first
spacer 118 an r the second spacer 120 may vary with the design

speci ficati @ﬁsce@fthq fseond erdcerd 20, Fommena iired 1 et SPHTPER MR £§108£200 HET™PY r st

spacer 118 apgkiag atﬂibﬁloﬁaﬁQH@ s&&apﬁyerlm ﬂasayooé@aybyvm tacttvbeledeeswzemm ze

and/ or di nmensi ons of the island ion 202 ﬂ]/ @ oat second | ayer
400 under nedtHCXHE PORHEHMe! " 1196, Casﬁﬁ tHYE{oP °F§§ ‘ﬁ r Pfreé‘b(ivg R"Seri es
resi st ance nledeobd Byer 1684an be digexaneihe efcdreicbaceaido, rthrlreby&av:lﬁgyrporteadtgﬁiﬂw on of

o dovar |1 uBGLiI0: ERNAGLIANGR, WSl kDR D3E dhay g&@@%lhet rdipgrmore, it

wi |l be appreci ose s ed inthe art ths hou t he spacer
structure idlQeplcoredd tf&sacavmwrﬂéﬁu%m bgfcalfef dhef jspagd regipacdr- 1 18“%11‘?6 t he
second spacegpprdeiidd blytthokésktnad Remd e ehshoREnd Rabn 212€:a8 RAGREK aSthE UGkl € Can be
formed by one or rs. [00571 The active device 102 roar also

i ncl ude the lb%‘fféhe(?&tb"efﬁ‘g tich as a nitride or an oxynitride cap that can
be forned oveeolt engatyethd iz ant/hediebyiohedf gieigant] e=gjon 002xt subhantiglgtequal 12 duri ng
subsequent cessin I se
skilled in {?(ht‘ﬁe size ang/% cf ﬁlgnlg%nsséofﬁ%t%?%vg dgytlcrem(:)% uSrtggd ﬁgﬂgr%'ymﬁlee&up%g‘%%?ncl ude a
shal low tr erﬁ@hslmsl(rbmr! B cen puddiinedeby the foowant dxledativeotsvies 103 adjagedhthet r uct ur e,

and/ or ot herysuidARb&. 15 A 18ki AP HRAIMAES sid&a 2BeorfiRriied radihaceah vt he active
device 102 to electrically isolate ari d/ or separate the active gaew ce 102
from ot her d&vinily C?H*Pnéro}%h BrivaYi restep of &tehgécqng SPas¢t 18R aditreacPuisE ean he
made from argislmeet l[-]oﬁ/e\féﬁtllelﬁ it@be sideRtoas that thé @onanakt dignensink bCoe istind r i de, or
IS:’II(:: 382 gxm%gﬁo% Zﬂgcaél be la%rger 0 %Jtr}aeerggangﬁeesng an&/(t)]redlrh%so I aél gt Iagtlve ld%\;u%rlﬁf may al so
FO059] Ref ereiendingpan the dFig.spificutiver efi the inserghdvirruit histest 100 c Furcsangfe, FIG 1
after pr OCG%I s a dcb‘(ﬁ dgrh'énglgnsl oAV slé]nQIQGgldﬁfZOEkzﬁ' be]mang@l@@ﬁ &) doYer sbih& ahipi rd layer

110 can be renoved fromthe regions adjacent the second spacer 12(1
commonl y r efl@r@ipntiey ragony a%%ﬂﬂ&'é%&l?"é‘i‘ﬁd?eélgld@??dﬁ%ce PherBEEBRIEEPhg a
portion of magln§@seaﬁdethaséassrasﬁb&nmft@awaee@bldayoz he active device 102 for

subsequent e In su ases. 1.h of the third |ayer 110
removed fr oﬁog}c/] it ‘f"ﬂg’ © BRRESHG F’éﬁ/gsre ; IB%dt%g‘ﬁ éhaatiylr} gReg - {II GePhe e‘g(g’c@%d spacer
120, ther ebyer bawiethgdseang oytdnpndiofosddhierdi whet dubsperentyl Omddetrbd edit dait he active
devi ce 102. neat h the
acti ve devi Guriipy Eua: Bt rARHER R ol R Wylel 2SR choel IR Fene?

appr eci at ed hpping Frog@ice kripy I@ast@qqe)tan@ suppaquann forpefiedeprdy daped FuEF A ‘?@‘2 can
function as {has ehan@hnedid® (0f blilb&yactiy @edeyilger 1B of hOOGRCaneasal |y, the
si ze and/or dinensions of the island region 202 are substantially equal to
the size and/®8f? 816%%%‘1“8 4ot he active device 102. Stated anot her way,

t he boundar i[@s2]0fIn gdrerai, seanidl legil thcaR 02 ctcland ubeg dpbiesedathysetehieeftode pri nt  of
the active devic t th I I one
enbodi nment ?acogl %e]fqﬁ? glloaj%%%} on%]el%?dsdﬁjn &gq}eég]gioﬁ%éég?%agnbg eghesdul%s? Iz:ialrl]tl ally
copl anar wi thisquieic bepsss. peshtal tsactive iop ishigeCdRk odpracies ishpiregia] #eekt*it he i sl and

region 202. pkioyevEled b tholeSkiiOd Aehc ARk &I.:@@Idarﬁéaaépmt Je&m'glpzo@esawd{ iR1p t6li mensi ons
of the island region 202 can be |arger or e .and/ or

ma
di mensi ons émw?ﬁémgﬁPFW%oﬁﬁWﬂ%@df@%’d@ﬂéﬁﬁ%ﬁ Oﬁbgﬁsﬁﬁ%ﬂ%ggﬂ@ﬁ‘@“wﬂ
speci fi cat i @Astfibn thads subttaginiat @ebetdicultl id thsiyigbresmide Of thd-@roneXaemploe, Itt he si ze
and/ or di nmensions of the island region 202 can be mani pul ated to cover
source and drain extension regions ang/or at |east part of deeply doped
source and drain regions, thereby helping to reduce the series resistance
of the active device 102.




[0061] it wll be appreciated by those skilled in the art that by formng
the active device 102 per the nethods and systens disclosed herein that
subsequent|ly fornmed source and drai n extension regions can he nmade thicker
than the island region 202 or the channel 116 (thereby hel ping to reduce
series resistance) and subsequently fornmed deeply doped source and drain
regi ons can be connected to a bulk layer (e.g., the first |ayer 106) of the
substrate 104 to create a thermal conduction path. [0062] In general, the
third |l ayer 110 can be etched using a process that is selective |lo the
second |l ayer 108. In at |east one enbodinent, the third |layer 110 can be
etched usi nyilamsabd oterigpl & prockdsl inguecht Gy by datisvee fibwakehivitga (RLE), to
formthe isl, ﬁ'ﬂgal 589105 BR%: suﬁs&anﬁ\ﬂllgrlperpgtdﬁﬁgxrtg% ﬁgs@ﬁﬁcetéﬁ%(asec%!fd lhjegd in the
art that such an anisotropic etching process wl to prevent

under cut t i ndO%# stbravens isgirngicreishing Al harernt et ddysan P%P%‘Ft%@@r«%ew | 204 in a
vertical origesjatHodBve:hat tolbs usdtRslod tHai taé étamgept@esa dinfldjedlio fofm thB@ldn®j Or

surface of the ond. | ayer 108. It reciated b hose

SKi 1 hed in tHGnIDE onEp oy GF R RGeS SEVEAD DOF R g e

ori ent at i on of thathiril Brygu & wviaktnisihiangpey @mmhntamtdnngteffetttmom;: @ntlvsd,ﬁvfcace of the
second | ayer : u fon second | ayer 108
Soronn bl iy S PPy bEBLEBEES e St

be understood that the
et chi ng prot®8d &sisropadv toFlfo} Meteids ?@W&H’G Stf‘t@@‘red’rﬁl:ﬁbﬁ WHHPIHEPIER any
et chi ng progess bR 908 to\Wen Mrundlirdn) 3dohak g&t@famtfe%eo%ﬁd agetrnmelsrpmyealto of the

third layer 110 while n|m2|n det ri nment ts. upon the
active d)e/w dgm feppandgrg (b*tfléfﬁ?i‘tli 8{‘%’ '(’.fB‘Sla'b?rfag"?f]raﬂog g%t" E‘g lflr%g?jl m%tl‘o t he

i sl and regi ama2fd, poitdOES)thdRet@rndyagl 08 dwnkd ofer eheJirst tdyer Won i & lskown t he
structure o amg(fd%eng tt?efutn?errcup ?](9)ch1§ §é cr{bpdaas g%l’%ggrcllea%%gm]ag& (ng/oIdQ 4 an

under cut 30 éner a e second | ayer rocessed ormthe
under cut 300orad] 'a@erntaﬂdh‘ﬂml@@ regiort We witsinglrcbeoad)lagm | Znet*ielt?ﬁtbﬁh%’?%s whi | e

| eavi ng 1 emii.NinAQ: P ot daQBS dQrivkgs (ﬁﬁt@é?@ﬁlclé 8¥%85urdl8 of AidTBMcOMLUirthe f I rst
| ayer 106. In at |east one enbodi nent, the undercut 300 c cribed as

e
quarter ci r EPBCEdHF Pt BEPBA DY gropag el {151 HEs “ti‘f?&%lrhr‘?gvé’f‘hlﬂf hsga sl and
regi on 202 wigidai2oe idaeheseeand 3doayae1ierzilt@8the lrderoit BT ocenrbadigments surfhdverf under cut
300 can he r.circle f t. of t hat
directly coﬂt 8“t°né)f¥|éq|§83%ié Eﬁ,e i or reﬁ’(?ﬁ%? h%%ﬁeq ltlgggobe un&%f&lﬁ}gﬁg’gl ating
mat eri al bethwenf th@hl&ldttrsdté@(danﬂ/egihgﬁlréz@maﬁdf thhendemtéPthh %@lan@‘?@@t‘ ally, the

under cut  30Q,PEGHr éseﬂéa@ %agtbﬁnﬂogﬁlt sUfd 8€ enRfcut 718 rSECORE slﬁ&)f Qhdefdfn adj acent
the island region 202. However, it is to he understood that the shape of

t he under cuthe3BdassndP? g ps @i Wb AFetausE MR AdEH Al BSEEHFL h t he

i sland regi ®Fbp 21@35 df&leﬁaive&&ﬁ;eﬂmﬂ al , what is i npor t ant is that the under cut
300 forma under n and, r.e n.202.that Filled
with a subsi(g)ﬁg] 8%03? etnﬁadtlmen;q J[ercu %q(t)egrél%gcf r?nie%tg emtpo %??es of the
active devi d¢etrdidetchl:@QB&stss|timt mohaaa@tamm netrtboletpm‘tlldthtdrreen@nméfr gun 300 can

be formed b | 0 SR NGLREAGESS L@tk SRBY #S:.AN amount
not to exceég&gﬂg%gmeﬁgﬂlﬁg%éﬁ@?jg% \%rq?egﬁﬁt ur%de?néath the1 |slland re (iaon 202.

Per the predentinahyolls pasibined prdh off ter FrsidPirehsiSaAd I exAnd@adet0ieteas t he

conmbi ned Wi gfifr0f wih@e fsiaﬁ&tegl&pmensylaihg oﬁd}dmplaeheaﬁtt@aM(mp;a@&rfoﬁa% bat their
interface vmththelslandr % t?f‘ﬁ n\q % ¢b e, tlge ugr(ggnrtcut 300
can be for nﬁﬂ‘pBW%ﬁ‘b’ls‘(’}W’r‘ié’tC & PG BT ETRte W{&ouﬁ 5¢E egré PR PV es an
anount bet we®h) aldoavbutl hivey fier pendnt (B bk abidutinghsiet V. f ive ppdreent (9. 5%

of the widt h gé)({'t%&?Ithnun\A\ércdt@P@cﬁrrng&re aﬁqm&m??tﬂktgiﬁﬁﬁy e(t:hlgleﬁjtr{gﬂ{e%&th'goo can

renove an arnbunt substant! al y equivalent to the wd di mension W 100661
| n anot her diygelpm¥nt, the undetent 300 can be fornmed by enpl oying an

i sotropic [0066] In another embodiment, the undercut 300 can be formed by employing an isotropic
etching process that removes a predetermined amount of material (e.g., in a thickness and

width direction) that will not affect the ability of the second layer 108 to be strategically
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etching process that renoves a predeterm ned anount of material (e.g., in a
t hi ckness and width direction) that will not affect the ability of the
second | ayer 108 to be strategically designed to optim ze, control and/or
alter the series resistance, the short channel effects, and/of the sidewall
junction capacitance under the gate 112 of the active device 102, 100671
However, it is to be understood that the anount of material renoved from
underneath the island region 202 is not essential, what is inportant is
that the undercut 300 renove enough material fromunderneath the island
region 202 to iforra a void space that can be subsequently filled wth a

di fferent netsamedto ¢pnatzemidniroladnt/er altch ¢heeskisstreditrabe, threopert chassel gffedthe active

devi ce 102. i PR bacl s RV digcoyeried.dibat by forning
t he under cutaL‘g%gr@vﬂdgﬂ@r{%ch%ﬁsEe’%g%g&lmgvetr g%08 %ha{t t he ex(t: elr nal series

resi stance &M06Thdlogeravi igdvitserrtosoedafabéier deyeledl materigh 1eMmovE Ehr eci at ed
by those skizhde@ath thetiddfid@giont0ats dep&kenfidl) Whan@ ifnp@tabine @rCclié udBQuisiod h an
appropriate material that a subse e%tly %ornegjfo rce and draM ext ension
regi on and/ 67°4° SWHFCEULRG YR 4F m?%biﬁﬁaB 1288 2470 A8 2P RKE M déeper t han
a source ande eibaignendx tibaiswiom ditfgiomagnidltor wil seuthe eleand! phopdries PEQE on can be
f or med mﬁthg&hﬁhgﬁﬁg&percut 300, thereby reducing series resistance. Stated

anot her way, e undercut 300 permits the source and drain extension region
and/ or the $¥EBlc &hapsedyiayamtorsdyliotiscorrdehs &y fEding fhegnfar BYhvigin Phe

[S(L)'gg tgi aEe lgiél:oxtid]ﬁ}er l(tﬁ I‘tlltialﬂihg Fﬁérﬁsﬁl @&@@%siﬁzfi@@?ﬂ-tl\éSlEti\Ielﬂgvi&eﬁO@-EHiile egiuen 1(2102.

y enlargin e vol ume avail abl e for a_subsequent or sour ce
and dran1exW@hQ?@ﬁ%?@§F3ﬁtﬁﬁﬁﬂ8‘ﬂdngﬁﬁg%ﬁﬁéﬁ?TQﬁ?éfﬁgﬁﬁggﬁ%gi“gnandrain
region (e. gapprigyiat emmyibingat pBtBEqualtlyffoomi thecesed ono dxayem 208 ind/oFor m t he
under cut 3093‘50652'%6?*‘3‘? L LANGE RO TorhlIERRSHENE! HLLS GAR B8 &80lGGHy, W hout

t he under cut vi 6us source an rai extension regions and/or source
and drain regicorsd/eer eourorihd e egion fre beHpraka agigous fhet yader¢us B dheredlyi on 202,

whi ch due t QediudiSe dlidsh@istahien sRFQhAJIRF tvhY, Bk NRSE Ut J0DIpER e RR&S@SSAEn a hi gher
resistance relative to a thicker |ayer, LOO?O Furt hernore thergresent

i nventors alC&EsBareisyand/sdhe sopes B BICEEoRe6°e taReHR P BoE it Bt he
formati on ofioamhstephietdragpdraye fust thaislagatgionowpease the junction capacitance
and the si d??ﬁﬁb]i ]iyutgl?;}rgiinognthgav%ﬁ‘l(r:nieta%agﬁgle L%Qrdae rsubtsebq%e ?tfgrm%& 2st:)urce and drain
extension region and/or a subsequently formed source and drain region (e.g., by removing
material from the second layer 108 to form the undercut 300), the resistance of these
structures can be reduced. Without the undercut 300, previous source and drain extension
regions and/or source and drain regions were confined to the thickness of the island region
202, which due to its ultra thin profile/thickness typically possessed a higher resistance
relative to a thicker layer.
[0070] Furthermore, the present inventors also believe that the undercut 300 can help to
disrupt the formation of a depletion layer that can increase the junction capacitance and the
sidewall junction capacitance under the gate 112.
[0071] It will be appreciated by those skilled in the art that the undercut 300 can be formed
by an isotropic etching process that is selective to the material of the third layer 110.
However, it is to be understood that the type of etch process employed to form the undercut
300 within the second layer 108 is not critical. What is important is that the selected etch
process provides a method for forming a void space underneath the active device 102 that can
be subsequently filled with a different material that can alter the capacitance and electrical

resistance of the active device 102.
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100711 It wll be appreciated by those skilled in the art that the undercut
300 can be forned by an isotropic etching process that is selective to the
material of the third | ayer 110. However, it is to be understood that the
type of etch process enployed to formthe undercut 300 within the second

| ayer 108 is not critical. What is inportant is that the selected etch
process provides a nethod for formng a void space underneath the active
device 102 that can be subsequently filled with a different nmaterial that
can alter the capacitance and el ectrical resistance of the active device
102. 010721 Referring now to Ha 4, therein is shown the structure of FIG
3 after furtt§@d BebueggiongodiGt hehgae dnehovayler stpe@re GfFIE| Gaftg futthst f or m t he

f1oating Se?BE@slﬁgaX@fhe%Q(de EBei@l Iy rid.he o lraat ihhdoseeoBthnk axer 46500 may now
include a floating first region 402 and a floating second region 404. The

floating se@é‘i‘f’&‘“b’a‘%ﬂ"%@s‘ic@dd@ﬁ ‘f‘ﬂé’d“ﬁs""&’ inglegtd ﬂ?@t”lgafifgr‘egb@ aep g |
portions of flbeﬁhﬂg s&eﬁmﬂglbﬁyer ’iﬂﬁﬂ@hﬂg seesHaviedr loom dered st helohingShyet ayer 106
except for t| on at i ng s 400 nderneat h t he
active devi % p‘[%??‘?éfthgﬁ’c%{’fi laly% ga%ﬁ F‘Fg& ﬂ%eﬁﬁ'\é%fshlélyerr)e(r)%xﬁcﬁ’[er of the
second | ayefor ll@&omarn(elge the lrming skcbrddmet H8) lrregn@ﬂsthfa@}lmieme Re second spacer
120, Commn'moyi]efn?gtﬁ@agt dn@ e,%odﬁmt %e%ﬁﬁﬁagwtﬁb 3681 8Rer208 40 rerEAv@ 2),

t her eby exposing a portion first layer 106 not covered the active
devi ce 102 &nd tle%régwrfsweefqnh@e geewaqeay?@r C%@nfwfeg%fb@éaﬁeﬁ?urﬁf ssing. In

such cases, rdshag 2000k FrN 20finckdde eﬁeg@gwl p&racwacrf tﬂeolﬂstrl%DMEdlotf d’o@é’fkd)M&he the first

| ayer 106 can. b ed tq the se mngth

f1 oati ng se&%‘l‘i‘dger"%ll(gzr?ngﬁ’ﬁ%(g?tm?ﬁeeo’? 9195t ‘?“ﬁg"fs%b%%a" tlprocessm%l}(/]bsuc d8Fheat h t he
active devi de pdfizn ofl the wicdrld ldyer HBpereoidired oy thetfaseaysklmlcedbq aignekdeo art t hat
the Tl oat! ng,SEENJaL AR o0l f&gﬁng}gé Roafifl 1-GA€8ich BN oo R @B | ©

capaci tance, unwan tricc anter effects within the
active devi keertORundemeniy 8 actisndevise (192 Hél bsj eppreciries) tyrthass prElid inois 2ibf t he

floating segpinge fiQghORcHA%byal 480 sddshanicinakt la‘t’ch@lﬂ WahsitlcQagabieingl @fvaaed/ or
di mensi ons of the active devi e 10 and/ or g@l and region 202. In at

| east one eﬁ‘B‘&‘&‘iﬁ’Fé‘Hﬁ“&"@P‘B‘é Fts a“flﬁee ef”l“&) ing second region 404 can
be subst ant i@bdly Geogpdignate wstet bndtdnelibasenspof tlicofloadfig mécentsmgmndmspea@er 120 at
the base of th tive devic 0 it is
to he under slf anlaﬁ eq(uelt g S1z6 andﬁ“g{sgrﬁsrréefg% a%ll’ll‘g: &aﬁF/Sgl?%}éﬁiecond
regi on 404 eaion 2fe Ih atrlg?efronepmeqmelﬂw sifi¢yee 4Phef thq fi‘etl%ﬁ‘eﬁ’oe(i regipaftcst OnS of

the active G@ydb%u;ﬂ%oge%whnﬁk w&gbrmeofdxesgemd SREGi1bo ¢ahd ORS oOhe t he
integrated circuit s em 10 In general, the floating second

region 404 &4 S%VIqeolP%ead/wh%fleerwangOf h@"%’%‘@bdﬂ‘slt%;'?‘er““dff%)o 3" & §focess t hat
i s sel ectivend® dmhasisalt teffldaftg Eions Tregloayl&l cabO@. lark@t o@kmileadihn OB Gize

enbodi nment, t oating.secon i can he forne g the
second | ayef J%ﬁgm\l/elnséonﬁr? TR %8‘"?60 09’& es$ 'k onprﬁ dgden QCIfECXt Oﬁ%gpﬁhgn et ch
(RTE) pr ocestegralet cinuiitlsystren BPpr eci at ed by those ski I I ed in the art that such

an amscitr OR’O?S]etIrpQ‘:lnglgl e ﬁga%ﬁése%ddlreg}k}ﬁl4@4 ta b@'f&r‘ﬁ&fﬁy etc'iﬂlfn%hx%rschm ccutting of
thefloatln?flrst regi on 40 formthe sitiewall 406 in a

vertical oril&htiatd Bfﬁcqshglat iSssel§&tB’§tt8r1’t‘zlt%‘la]| 9f perfpEnacedPat It 6 H¢ °Raj or
surface of thsodinhdns thelf@ytefg sdd364 reglememecran bé torBed diRohg st se@dd tagmuos he

et ching process e to fo mt secon i ncl ude
any et chi ng“ﬁra?)%l}ésgg eprfjcess arreﬁci“fe 13“ e?théF%ﬂ PRt gt V§lﬂzll¥’e ol e\flé‘te(r1 val of
the second layewkilt08 it enamunh i mmgomcmietmcmemﬂéiheletcmmwg fefitfeect s upon
the active gr?dége?t??% (I}%ge fil(%lngg ﬁcujst I élTIJ zﬁ%%a &ng)ﬁtfgﬁ% théél&%’ll ﬁ(%Qh QQerg&? t he.

under cut 300, af ) e side 406 of l oating second region 404.
Fur t her nor e origngatiprs thaigis absipr el Sierefiqisato thhdnagr sdase of R fufdarceiPosed on

the first | meéveﬂ-%s 6 8uersfbobd thiee ewamg bfbtzés@@lnﬂlk)&e&l@rfmga fidagngtshioskness
di nensi ons ? (e first spacer. 118 and the s Qd spacer. 1 120.
ayer 40 may include any etching process (e.g., wet or ry) that permits selective rémoval of

the second layer 108 while minimizing any detrimental etching effects upon the active device
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100761 The present inventors have discovered that by formng the floating
second | ayer 400 that short channel effects (SCE) conmmobn to current
processi ng technol ogy nodes can be controlled and/or reduced. Not w shing
to be limted to any particular theory, the present inventors believe that
the floating second |ayer 400 helps to reduce the & eethe fields within the
active device 102 that can increase the likelihood of hot carrier effects.
Mor eover, the nmethods, structures, and systens disclosed herein can help to
el im nate deeply doped sourceldrain punch throug, h issues (e.g., due to the
floating second | ayer 400), while providing enhanced control of extension
junction pr o, kedirhyaytoln thgistahdereging 892 the uBGEcut BY, sdfve the nidodilli®@htos, t he SCE
control of t re
control of }hﬁ%ogﬁgg@%;aﬁ% rolbf UEH Ui gr@qu%x&i;eemer@l!d&i%@gggggfﬁ% R A
present |nveﬁpﬁﬂ§nH&ﬁéﬂ&W§doéF§@@¢E@@H“@H@FdByV¥HP&Wﬁ§m$H§SWF%%FPhg second

| ayer 400 tbﬁheﬁmgxctmonsama&gesﬁagﬁcmween the gate 112. and ot her
structures can be red uce For exa r‘%) e under

h 0, the
si dewal | | uRY§lorfhe BpSRT PEARE MaYdF Vteﬁgthééfyeforﬂrﬁ g tﬁuaﬂlég Sle‘foﬁflf aag (gcause t he
t hi ckness ofthat ftertd@atinclesfichia @) coamobe wery [goradsing (iehglogy abdrdtcat éns of

nanomet er s ggntrol?ﬁ%sa)nd/gll: }édl}CQ(? r ﬁgt sl‘bliig't% tJeLlll t%(li R)nan9 §%§J&Jar‘%?};8§/ 91@ (:i:@e%t active

devi ce 102 can I nt ro ucl ng
sour ce/ dr ai mvenegs balisve t@tafﬁdhwwg seropeldys G0t kedirsde siyre Ffégieétﬁg ﬁ@!ﬁﬁ BIEsi bl e

because thegfl a%ldegcéﬁﬁqmcmx&éasél&Qhle&lh&ﬁi JrQo€lahidi fALE $OWLGL/®F ai n punch
t hrough i ssues. Moreover, resent inventors also believe that. the

floating sef6Had é%?“reﬁoﬁndhéﬂsﬁ?s tdéfdﬂ?egrll?fﬁn EWN IR FhETTIBHE 8PP &t et i on

| ayer that ecafcidrer pase thhbesh Wned i(©f, capaciht aratngaedindrilatehalO®i deial |
junction ca amtaneude te 11 8 o FIG 5,
therein is Shown dmg e e's rcﬂné Ou(rr)}gexg SI(EIJ&]C%T é{? ?%Sr ll}? orm lﬁé{hk H&erggt\r,\é[()ﬁ llz;yer 500
around and/ @omemmbph@ents ttg b Ercegjiobel tORetzadel strpgurds| @éﬂsh‘@s disdopdihaesyer 400.

General Iy, tReufQMaiDsind¥%es mRQPrGRRREadeP@sIted or epitaxially grown
(e.g., via a selective epitaxial ?rowth process) on or,  over exposed

portions of [ORE flhs BEsepEpEpondpYe A distoverahiget by ABMEEHEdPHEBE o' HEF our t h
llayer 500 mayo hitGlndele oaﬁh)tltdili&t mwcah tht: @t 1 Pemiother strhkﬁl‘rfﬁ&hn somduet ifon andi or

el ectrical condyuc pan d od| ts, the
fourth I ayeang@% %’h{}rq’lﬂ eéfﬁt ﬂ&’a# e T4 %.‘“f‘ﬁ"“ . aCIF ‘fecuéldeééﬁéfl ant” val ue

t hat exceedsartthéinlitad bicore th@ ﬁmkami ofvigel dgeicofhatriakcapt ery arall ¢f-2-tahentfang st | ayer
106, t her eby; fagémt&s blngsssi ﬁ%@fﬁﬁre' fd uﬁlbm c%af;ﬁsaze drQnOL G e hE2 B Lot he

channel 16, exa the Tourth layer 500 canf r om a

deposi t ed skkq émunng@?%}mnﬁ?ﬁuey eés‘uallagiwd SPurEiradhieeians P PPty WAL Si Ge

layer if t heoue&Idtavrereg@Md &€ p&s@i&e'b‘éca@seRhér ﬁoa@leg/k&shd 1hydr s@mﬂm;@a&eﬁmmae ger mani um
form(e.qg., urth | ay ermamum

cont ent rané‘?“ﬁcﬁldfar‘”oﬁlf‘eélbﬂ{ﬁ?ugg‘ ‘i?‘éesp Tt {hg%res?ng mvﬁ‘bor%l af(% gehﬁ “ per cent
(100% . it Wibdting beomippreedioatipeobsriphtis rsiioh beddapltitnteyeathat carhlatreesfe ress
| mpant ed by oA cao%% g;SaQIhkéeya%oﬁﬂé)ga&%ﬁyuw%n ChAnORE uad%ﬁg/ga& fie strategically

nodul at ed by e concentration or germani um F way of anot her
exanpl e, th@W@urﬂeﬁrﬂ%y@W g G- Caficlsa iralpen flrcorieire &p lcaﬁlaéEFr feinifecdn or an

epi taxi al sidukg Q?ercﬂ)f)t&hﬁiﬁd én%rog)m ik ihihe raésdni 20e a@lﬁﬂﬁb 66tk @ 2echi®l 1@ fidol 11. 1T
device. By way o

E rmof the f agwthla(%/‘r 500 may include a
carbon cont &Rt ¥ngr ﬁ‘@‘rqﬂ rlﬁﬁ”t = t%lh RETBLPCRHT 092 TS GBolf “CHFEES per cent
(3% . [01118difaxiklt growth Iprobes)ampjr @i ateskdipyribhos ehesficstlldyed 06N It hrdeagtront hat

bypl oyi ng anmg(%lmtleaﬁ Ithe fourth layer 500 may include any material that permits thermal conduction

and/or electrical conduction by itself or upon doping. In other embodiments, the fourth layer
500 may include any material with a lattice constant value that exceeds the lattice constant
value of the material of the first layer 106, thereby permitting a stress inducing effect to occur

upon the channel 116.
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process for depositing the fourth layer 500, the fourth | ayer 500 may
obtain a crystalline structure that is substantially identical to the
crystalline orientation of the first layer 106 (e.g., a <3 OD>, <11 a>, or
<ill> orientation). [OK] It will be appreciated by those skilled in the art
that a CMOS configuration of the active device 102 may include both

enbodi nents (e.g., epitaxial SiCe and Si) of the fourth layer 500 to
optim ze the individual performance of each NI FET and 111212T devi ce.

[ 0083] Moreover, it will be appreciated by those skilled in the art that
the fourth layer 500 can he optionally doped in-situ during deposition or
epi taxi al gf@Xi®lh Bui wdy &ictdmanie, ahepfotrypleyed dp@nin feopada fRFET daevicd eiligm- an n-t ype
dopant for - i - reicd e : hat the
fourth | aye%g}g%\lg“ﬁg%gbg%r %39% _ml%_l@\éé%t\(@ Sé%é_ltd}begfftﬂi;e%ﬁtlpgrd %??{3? @?r?t erial or
concent r at i @gvice| An gecd spgaREET PR foreesr asBht lEtbeidhhErts [y RO Meurt h | ayer
5|00 may ilnclméﬂlge @%ymﬁﬁitlﬁrciorg}mtQ&]@{n?rfroﬁl%ﬁﬁsﬁvkip@ﬂ’dedﬁ/i(i%)ltbhﬁéd?}’%he-lﬁﬁﬂhd&lgt anﬁe,
el ectrical conductance or a lattice constant val ue that ceeds the
lattice condfst (%Pl dt B’f%qiﬁr?gprf‘i‘arter‘?\abﬁégf’é? Skll% Ryt tosr‘fé‘ﬁsl“g}?artf’?ﬁé' %%urt h

| ayer 500 megurtal1sy@r i50@ pehethorv@anngl hioraen |baysensgivwily maivhié rbg ntaryirgt the ce
constant. va . S0 | . the conbined lattice co stant value of W one
or nore Iavéérmlségnzl%%eoéé%%éﬁ'of the first layer 106. 100851 Furthernore, it
is to be und®Belt dodvayhdtanghenskanniude fotrthdesssPt rarreprmdamenenseritaifth as

reactant fl QWdnd: Qs epiflkiQSSibiLearti@BRY BlbY Riivd 6L 8ntis MBkET &hve. BN
t hi ckness, can he adp stress within the fourth | ayer

usted to m)d}élrgi[je ”}6
500. Mor eovefy of £xaRpies 2 HE TggheldR BPEyanG Phees mskiq # €PN OVHE “HFEE t hat t he
above par angbgrasoudbe paént [ 1i%yitd dbag daechetchat3%addi t i onal paraneters nmay al so
be enpl oyed r ni pul a t fIe r . of f i.ng the
fourth | ayé@g% ¥ Wqﬁf %%rsegt‘é%?#’ { g’c(i)gei %kt%ge? Elgltth%s%rygastg& t ﬁ%tsf&*n%laln cﬁ;{t]%}agase t he
per f or mance potest e daptsitive thd dvirddaye0 200 yheenirinieyen §0Q ey elirip iaeyysibie | i ty

wi thin the chapneha %@bst%gﬁﬁf;&ent%n@ 'ﬂﬁ!c}yytallihg"&iefltgﬁﬂntoh the ﬂ%@fay&@@i €an be

deposited, grown, or fornmed to the original height of the substrate 104, of
Fla 1, ther 8sy?%&urrGurbrd> e¥fé@ttannel 116 with a stress inducing effect.
However, it [00821t a: @ Hangetstaad thhatkilledriger adrhas FEME conhipiekinessés of t he

fourth layer 500 may be used.dependi ng upon the desirted stress.inducing
ef fects andfat® gﬁvécealgg "gh m§l€)’de%t|’ i ca Oﬁl%ﬁrsltggefg"teﬁgaxilag? ledé’rag% %51 oﬁ?“r: (fzoﬁlﬁ system
100. By way layfr 568 amplimize thhadivhiud prréswangf oftcher NidiTranh PYERdsric600 deposi ted or

epitaxially [amw&@o\cg{en%lpgeeap@;aaﬁa&mﬁtg&@§1anédhmheraﬁrum IS rRhe &l & e

conductivity w't hout trimental breakdown during operation of the active

devi ce 102. cNbbeetnierally dppegiit-pinprhiring fpatiiodt B FPifrial YR Wi ¢hgd PAPE he art
that the foupgab: bay@ETI0Q MY £XbenPakey andrthevipt.ane established by the
top surface further anci ng the

stress i ndué‘ﬁ)ﬁﬂt g‘?"fwgge?’sl{fég%&i% g%%ogg%éﬁlle %Luétl’ Ty Y00 S btifia £1UAS
particular type of material or concentration. In accordance with the present embodiments, the
fourth layer 500 may include any material and/or composition with thermal conductance,
electrical conductance, and/or a lattice constant value that exceeds the lattice constant value
of the first layer 106. Additionally, the fourth layer 500 may also include one or more layers
with different lattice constant values, so long as the combined lattice constant value of the
one or more layers exceeds that of the first layer 106.
[0085] Furthermore, it is to be understood that a multitude of deposition parameters, such as
reactant flow rates, pressure, temperature, reactant materials, and thickness, can be adjusted
to modulate the stress within the fourth layer 500. Moreover, it will be appreciated by those
skilled in the art that the above parameters are not limiting and that additional parameters

may also be employed and/or manipulated to effectuate the purpose of forming the fourth
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[0987.1 Additionally, if is to be understood that the selective epitaxy
process of the present enbodi nents provides flexibility for the device
designer to optim ze perfornmance of the integrated circuit system | QU by
controlling epilayer doping, thickness, concentration, and profile, thereby
optim zing the stress inducing effect upon the channel 116 by the fourth

| ayer 500. [09881 The present inventors have di scovered that by form ng the
fourth layer 500 to SU TOU ati the exposed portions of the island region
2.02 and the floating second | ayer 400 that a conduction path for

sel f-heating can be provided that was previously btocked by unetched buried
oxi de (BOX) layeydP sviththeralnyd inetnpl; strgssttat elill pricreateethes pdrfornppacet ¢fribe patisbl em
comon to pplakL I%y qua\ﬁhﬁ?l%e calntlermol)lllty%thﬁlnwc@&dn@lthg by those skilled in the
art that an unetched ayer can inpede the nmobility of carriers (e.g

thermal |y aHW8®| &eprill¥alns %}‘)“”'E EYEhE? 5 e ppyitd groan (trﬁ%rf“é%ﬁf’ hheressi ng t he
them al res h@gmr@ﬁ&leaﬁbshﬁte 184 of VES. demeféey 302undMyi B cieaiel | eagith @ stress

sel f - beatln /00 11 orm.n secon d the
fourth Iaye %%?t Jg%fevetro“ *h bﬁrucre‘deésﬁ(i(’% eﬁ% ‘e fmallerg%lé%nﬁﬁg ?t?t\ge path can
be created fdmah laper S0P mey bourstl yepphdbgkuedn by dedred sesondicingyiéects08or thd MG 1.

As such, thses¥gn§5e@ﬁll¢at{oﬁédf%ﬁeqﬁl9§atﬁaamp Tyagﬁlllw@ BeVIL8 L021CAR thgadsover ed,

t hereby effectively mnimzin e sel f-heating effect cormmon to prior 501

st ruct ur es. °fftht Sutthlayerafo (%%crmfmr FRIfxiplat oy emey mclv%m PiknesHBMALMN 16 to the
fourth | ayege&@ &Jﬂﬂbcﬁh@ﬂwﬁl@uttdé@lrrfehtﬁlsﬂreakdiwﬁirduﬂ;ﬁ)gﬁapefaﬁén J)TQ]&; aceS&hipat i on can

be further hanced by form ng.a he tom surface
502 of the ?&r 3{1°rfoé{§fe¥ wﬂﬁ@.appr?ﬁlqteﬁg’éf%’of kaﬁf" g arttEarS\FIw urt aa“'f%% t'Hose shi ned
in the art thatl teyonfloharplagf @ublished By er &OQyfatchel mypnbstadte tHi of w Il ayer of
prior 501 dﬁl }eﬁfﬁrtﬁ‘e%nhg o] s nllﬁﬁc?r% effei u qﬁgchma iRg.esent enbodi ment s
elimnate the 1'ncrease ectrica si stance that is conmon to these thin
SO | ayer s. [088Yordilirgyiayly: l‘tlh@ he| vagaryiqod drat he Spletiherd o fPIeche cABE PreEntevi ce 102

can al so be.depeasgsoiRks fﬂ@,rlml@qoﬁ he dmw ddyi h@y@bptﬁlqgk S&Bﬂﬁhﬁ& d)ftthepr ovides a
| arger conductive area or v erring therein

Re
i s shown th&eEEedEEHE Y™ IJ—:&I'%‘ contrglling f‘déllayetr élf’rlfi('/gal ?H‘“f W@“@@@SWH ag‘bacer 120,
of FIG 5, pﬂ@dleithﬁet@&bﬁm@ﬁpth&&&,ss iofuchk &fecbupoh thewhdnhel h @piprfewihdtyed by t hose
skilled in e art that the renoval of the second spacer 120 and the gate
cap 122 exposes portions of the gate 112, the island region 202, and the
fourth | ayef008810 Tho presub Swepienhavgrdvcessidniat Byfougiye ok fewtnye 508 e r enoval

of the secoqg gRAEIpILOpdENs BERshn AR iRSI2NEd BF ﬂwtﬁg%%&dll@%ﬂm%s for
fOfilifig a subsequent source and drain extension inplant. [0092] In some

embodi ment s 2 ceHectian phh Y sdiseatingiept b rigvided hab ey e i ely ?E’Elﬁﬁﬁ‘y §Eﬁ¥5’8 120 and
the gate Capurf.ba %xﬁamB(hje) pﬁaﬁ @erved héying td/armlﬁwseﬁfhezemg hiobgmt @akioh ques,

i ncl udi ng, bUtr Srr%l)? dev1ces }t will %c h emategrb [ode § lfe:: 1rPt Oc?ﬁ‘lat a%tu%htcﬁe% | ques,
singl e step”&'ch processes, “and/6r il tipi e rocesses. However,

it is to belayadensnood thﬁambltlheoft gap@rsofe gettbﬁmpiiyomés@ecg@hlé@tt@dwt ol enpve t he
second spacgfyg 40 uBREy L s@akR 1RRRa1&Hnh& d?% e tdb Gl 102 WAL da 1ehdTPOr t ant

is that the sel ected etch process renoves the second spacer 120 and the
gate cap 122 s D768 appr eci abl e darmage occurring to the gate 112, the

i sl and regi @usH0By faftlgQhe fikkend QUdrkiNayleAYIBranB@3.fourth layer 500 pursuant to the

present embodiments, a conductive path can be created that was previously blocked by the

second layer 108, of FIG. 1. As such, the thermal resistance of the active device 102 can be
lowered, thereby effectively minimizing the self-heating effect common to prior SOI
structures. This thermal conduction path (e.g., from the channel 116 to the fourth layer 500
and then to the first layer 106) for heat dissipation can be further enhanced by forming a heat

sink (not shown) on a bottom surface 502 of the first layer 106.
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[0093] Referring nowto FIG 7, therein is shown the structure of FIG 6
after subsequent processing steps. In general, a source/drain eMeDS3011 700
may he formed to a shallow depth with a | ow concentration of inpurities
relative to a source/drain 702. In at |east one enbodi ment, the
source/drain extension 700 can he Ranted within the fourth |layer 500 and
wit.hin the island region 202. It will be appreciated by those skilled in
the an that the source/drain extension 700 nmay help to reduce detrinent al
electric field strengths and their concomtant effects upon hot
carriers/electrons, and gate threshold voltages. [0094] Generally, the
sour ce/ dr ai 00e8it énsgill bmappBiacdhy thesefsoiflered therapthaaby&pamie thaiohdnkycdd¥e bet ween
about " xi ;!h% g&%ﬁ gl }Q:r @P@-\{,& 81 §M§L£%érﬁéﬂmm\ﬁ’e%§rsuchl ﬁi'ég)?ersen?)r smal | er
epen

doses may be u Ing upon the inpurity used and the e3|8
speci fi cat i enBodgRentsipdimyeie|ieengenyidcdecT 02 resiresoa s commopdo theselyin dRller st ood

that the abqygs. pﬁ&%m{ggﬂ' the @Ié&nd?li@%esﬂsthr{& bf g acﬁqﬂ@ldévﬁ@S@Z &Kialsh 8€ddcRadkde art
will appreci ate that a d 38% ararret ers na al sqg be e Io ed/manl pul at ed

to effectuat® yHas f‘b‘&g Ynt Prﬁ?j‘ A 2Rt PP EE et ah d BT upt f or m of

t he sour ce/ drailn Rektreg b0 FIOX, thekB09Sbwi the struaprerdf FiGe § alus exdhovd of e m t he
sour ce/ dr ai n..extens t r on the
active device Tf)sﬁacﬁllefﬁﬁ (% W@?ﬂ%“gét%@% %/ &f@f‘G gu}tlpivtﬂ? béég%f)rggﬁgﬁd}%@é% devi ce
and p-type lfgrip theeast Ifl@irtheafeln ojdg jseeend SP’WD 4"Idyhe Ffec2p ApupiPPICes used to

form the soyrgeldraidg£xi £N8leq0and00giat €020fnd e f&ﬁtﬂﬁa}@pﬂﬂﬂﬁ)ﬁ 'sﬁbhéqfdent ype as
the inpurities used to formthe sourc rain e under st ood

/
that the solFEEH Vet EHEPEN Y EEMARA rﬁ‘ésef‘(’)"rdr?ﬁaﬁerv&%m%peé‘ﬂ‘éF‘é%?SIE}%
per pendi cul mlbrmalssamttudey\not ﬂdrrﬁl&@ipﬁlbieqlﬁe@t dotvee sudidfarcateadfiontihgaftour t h | ayer 500.
| : 00961 The ive devi 0.J | ant As
is known i n[@%} \z;r to7q Oqlmen S|’r{[;rig Xtcfp A2 'ﬁﬁ%eug%rgl?‘?vﬁgl%esg%géé ﬁ%ﬁg fatllalat;?l ve
| engt h of t ke mkaapal2 dahee pHviehd ay Vbeethdf/etmlm'é@mguqsomdh‘il?ﬁ riiziohg

puncl i t hr oughyehbrRbr (ﬁ"}mgc Qels e&h@é@ﬂﬁéfue@fsﬁggﬁt@p etcthhﬁ‘dc@é@éé dnHBMIMhlElQ t he
performance of the active device n general, a halo reg |on can be

formed by i AP it Prﬁﬁsﬁefrrdﬂﬂ“iet"’tre‘élsé‘d?ealﬁ‘éﬁftoctdﬁgaté‘lﬁ@fpﬁéf ‘H‘fhéir?Fe%f‘f gi'dn 700 and
t he channel réhlfe the @e@ma@ﬂmnmtgaue chhe22haha@ cﬁﬁgl Matdﬁi’lhpbmnf srimed by
i nplanting t and the isla urities
of opposite h(?osr?% 4"{}1 etss |5€m°VeS tth?iaff‘corcl)q’ Hhe ”1% npur |hte|gae Cag\q%i WlthrHcg)r m t he
sour ce/ dr ai lappi'ﬁzabmddmaga@ccslcmgc@mdgac leeﬂEeﬂlmldmw?l@m amier teextavrgl leyer i f t he
source/ dramg ?}@2 and the source/drain extension 700 are fO Med w t h n-type
inpurities then the optional halo region can be formed with p-ry
i mpuri ti es. [008¥o RefegimggerueRIC: ot HgWe He sseirc ey dPal hft"é)?‘{bé‘iﬁlg‘f“én 700 and
]E he opti Onalprob@ln@g été’ﬂ@l ﬁﬂ'greneré:l J%h&@dr&lﬂ@ﬁ&fsmﬁ@@ ﬁ@rbeb&mﬁa)forﬁ&dalladjdaiﬁﬁnt t he

i rst spacer

I All ypl z; Pcluc“ez%materlal
(e.g., an oXi! ea ¥ ﬁ‘i“f"infrﬁ}ém : ‘g’f"f‘%‘&re %‘Hﬁgl JOTEY € of *a €ondi nati on

t her eof) thamb@ﬁmenbehmhxeﬂdramektyns@hdh@ehnvhetfbrnmésrphactthetfwrthheenﬁl()emd al of the
first spacer 1té1418the E%d FARAPLE, RS Qeeagp&ercﬁ%d AR ¢ skl ih Shef 9 FRCimLIST NY

silicon dIOXI spacer can ornmed using silicon nitride.
For such a sparséaimpsensipml00cenpisyi Pirstice detimeahgleci fstd supugg rPBpiET et ch
reci pes W t Rofipdemadiely ufn@bh c@ﬁ‘@x@/eﬁ&ldﬂﬁtahd/gate)fhrwﬂ@ld%lakesknOW within the art.

The third spacer 704 can be for t echni i.ncl udi ng,
but not | i mit%Y (Ererghelt E‘che/\%ﬂloef“e&% &’ﬁtf%/{ﬁﬁ‘I 5 & PR 1 ‘2?51(5? =
deposi tion, bét@zlednomadlbw“aasnsmmbmpnut aﬁ:elo'-“u@srbm?op{o&/eearddrrgerlonsnalﬂledcbast one
enbodi ment the third cer B ri aI
[{10981 Subse SEH - degeg rmn Oméehl%x%t QlcfJ d;mgggrd&}%’ @Qﬁﬁéeael(}snghfrj@eﬁirvgl n

can be for neeviwi ORI Noteheerfibg ﬁqlP? Yngdsrepodsrg thelaho"s';@hfém@?ﬁ?)éfd|nﬁ‘ém1%ngt3ﬁé

sour ce/ dr ai 02 Gan 1peth@| hrgn@lﬂ raﬁbrécbl% ttlﬂll I R SPRAC Slaraf@drs iy g8REMLAl , the
source/drain 702 may an n‘gl antation e er%}/ edtc\?/ﬁaen about
ok GhErtmr

1. keV and aﬁﬁ‘ﬂpyeﬁﬁn%wafﬁﬁ&’ ‘éffed%té “E?e‘f‘*\%’é tig 3 pigabyd "R o about
3x1015 | onsfi&hihf thelomeséain dxangar7oor smal | er ener gi es and doses may be used
dependi ng upon the inmpurity used and the design specifications of the
active device 102. It is to he underﬁ tood that the inpurities used to

| cutn the SQUTeekfraill 702 may be n-t'ype or p-type, depending on the
device being forned (e.g., n-type inpurities for an NFU device and p-type
inmpurities for a PITEL" device). Mreover, since the floating second | ayer
400 hel ps to etim nne source/draw punch through issues, the source/drain
702 junction profile can he optimzed to m nim ze Junction capacitance.



[0099] It wll be appreciated by those skilled in the art that the inplant:
energy used to formthe source/drain extension 700, the optional halo
region, and/or the source/drain 702 may possess sufficient energy to

anor phi ze at |least a portion of the gate 112, the island region 202, and/or
the fourth layer 500. An inplant with sufficient energy to amerphize at

| east a portion of the gate 112, the island region 202, and/or the fourth

| ayer 500 allows a subsequent anneal step to transfer/nmenorize a stress to
the gate 112, the island region 202, and to the fourth | ayer 500 during
recrystailizabon froma stress nenorization transfer |ayer, thereby

pronoti ng s[ﬂoes]smwﬁumietshadmdmab scbid6/deuncExiengdmoidP mgy inbledeqretypeorrwance of
theintegrae i Ll Ve dcircuit
system 100 0y GioEt bn By SASCUARD 1od AR ML ol b R SN

resi stance leqglad‘ép@rpe geruridgs der adiFEd tdeviecal Torensthache, lmf"ﬁ’rtlﬁ*ia‘tfe‘b\?é?mﬂﬁ% gate 112

and the soutGReArAl HiehQd 700NSATR: s@ﬂp@&ﬂﬁﬁﬁﬂﬁ}stypé ffé@he&h@@ﬁtfek gl cont act 706

may i nclude any conducting conpoun el ectrical interface
bet ween i t s&1EFOUGTHAHBENESS Y EﬂdFrétP"‘{ H ¢he; S%““Er?ijé"r‘?r‘ﬂ‘ltqnﬁ)‘”‘s{ogBi‘nebee(?fﬂ'e%r ovi des

uni f or m el eefahh egdedpr pqqeﬁdmﬁﬁ; 1mplstnh vlitb vespeesb gt antaes of it fatrthéayecst®Podi nent s,
the electri cqnt act 70 u efr r nat ek, such as,
tant al um (Tg@bﬂco aflctw éo anl uonﬁq%'l'({e . o ungls%leon %@\b 1a r}onurﬁ1 (Pt), or
nol ybdenum (teBit. a hafp wﬂel?nt@%rﬁetlp te ivbioehe ﬁ@ﬁf@twq 1h1%£tfeqfé*@tch4n€féll @AY 706

fornmed over f Q@Vaﬁgééf)&eflog nﬁiuﬂlll?lg%u%ﬂlrdagh @illrfegtnﬁfa sthéh Lh@ndi I‘éffédds SRacEr 704 via
a sahci de process. [010 preci at é% those skilled in the

art that thémEpessths Ef‘éfPrmaB??t%E‘F a?UB d‘E:"éFﬁ 13% fléé’fnefah AR EEOr €31 fforglﬁﬁl riers
(e.g., due bg 1Iﬁ§1£xﬁs§e@utlmaﬁja&dt Dy sdm/daiueedrernmramocannttla;odharmeml6W|Im hin the
channel 116 of t evice 102.. For, exa , t he
active devi IR Ifts s hdlarfigf':’ﬁ‘fan evf?r(r:ngd bflfmp{gﬁ Y efg%rglﬁégf dggﬁ{ Bt 706 is
pl aced t oo dllasegtoo 20heiticivmnrtehs ofldpositt hendedtigitst tb’PectaIthat:@rilEea@Pum@SUS@%\n

detrinmental It(y @ f EC Lot RRAPBY LY in@Foe@ldidi® bsenMol PoH tHRe eﬁﬂ@[&n@ﬂ thd16. As
such, it is to be understood that the thickness of the first sgacer 118 and

the third spaesfdarpi2agnh thssorsHinineedsior /Y, are B’V“‘idﬁ’t‘,‘?‘éh@?eﬂ&‘f’t‘rﬁl? %% ckness)
to reduce 0Eherbﬁgﬂlhl&atoh@dﬂ%rrbeﬁaﬂkabvuef) i@etm;mhaets the electrical contact 706
can have on carrie 1 ctiye device
102, 10 102&0"%’ k egf‘ﬁfé‘ﬂﬁe(‘}é? §P“}“/‘E’% de f%‘r“c?f?ﬁaé%e’“‘“’?)*‘f““ﬁ?o i d?tPes?P“é’“ag}é%r “and the
third spacen thifispean’@l @o bhérmatadiatre the(fast gpacerby 8.ddby dad |Swgert7ﬁé mehi ckness)

t o enhance l ec I t mI@N8, 8hacagier
mobi ity hegﬂ%a% ?% Elh@d&ehr%ahaec i %eg !é%/?dcrélﬁfag nggéesiglﬁugégnYET devi ?:e

Accor di ngl y comitieatiphhetepfe st esh be [eleofiv gy piched A6 @ respers toghigy mete! e dir$ pacer 704

can he nmodukgi&d 150 FENRARNE iPlhe Hed lsﬁsaeertlhls? isebinee tusmg kladon Tdhﬁ1d9| ®Ethirt cal
contact 706 could have on the stress ive deV|ce 102.

[0103] Furt KR Foia 21 §e ff”é“efid‘s‘%s‘ ??Bé?t’s}&og'ld’r t“f?h SP?% m‘l’ﬁ?regr WY "y P cui t
system 100 mayaliyncemgordicieantipg sithepodeotalye high ek yeléceieyy semelrinmant s, such
as partlcle I leonk i i glgs, before
formation of Pme?ﬁ)ee ecth?lﬁlgg g%tr%t&g%ap%%%m (ft( q%lé@ pétﬂlmgﬁéesﬂ 1%{‘3?%{% Il he
appr eci at ed nbylimitedse. Skinichledpirepdysionped plyairal gepe deropitiens JolHgT Reefed | ayers
can be depo%bﬁr@;ﬁ’m@‘é%’éotfoﬂ@ clcRt B0 8h&dnLdnftolinbntSHshiRMpdR07d4akay prtiEeses of
exerting additional stresses upon each of the channel 116. In such eases,
the additi ofdForstfigsBai@iili neered | ayers can be strategical ly designed and
deposi ted tqowxprstub@qwm nestmnr@ aadfidrspicen®di4| e sturesses /0depdrdpmgd Upon t he
type of devi C@ n the urth la & §d0 % sfoPnI;: 1'1\1F %Tme%&qhe 881%&&? i I7(Y2602J1 Bl al{gﬁd-D) the[ 01051
For exanpl e,"'tHe engi neer ed ayers ude a ectric |ayer
708. The di elheicstpaqec 704ayé1r ge?l@@l @arFOWee/@@pGQ? tﬂéﬂ beermed Wéh&étlmvlémﬁ@vl ce 102

and may he %,ﬂﬁe%e%f#aﬁogt REONRE Sofk ﬁ%vraﬁ@mé@baws%qsout emml&ls/wtal n within
t he channel

he active device 102. way , of npl e, gaelectrlc
| ayer 708 rr&?"“it r?’él%dé’“%(c%l | HE¥RVeR f5eTaer F'%ﬂ}lé’i' e‘&éﬁ?ﬁsﬂ‘“ﬁéﬁseﬁ)}“"é’ i 5
enhanced chegjeadhg WPk iiRPOSIstd Q8 the Has@SecifcAlioddit heaasedevidetl02.9t k0 be
understood that a nultitude of deposition parameters, such as reactant flow
rates, pressure, tenperature, |IRS power and frequency, reactant material s,
and thickness. can be adjusted to modil ate the conpressive and/or tensile
stress within the dielectric |ayer 708. Mreover, it will be appreciated by
those skilled in the art that the above paraneters are not limting and
that additional paraneters nmay al so he enpl oyed and/ or mani pul ated to
ef fectuate the purpose of formng the dielectric layer 708 with a specified
infernal stress that will increase the performance of the active device 102
by enhancing the carrier nobility within the channel




In other enbodi nents, the dielectric |ayer 708 may al so include a stress
menori zation |layer that transfers its stress to the active device 102 upon
annealing. [0106] In any case, the dielectric layer 708 can augnent and/or
enhance he conpressive and/or tensile strain effects of the fourth | ayer
500, the first spacer 118, and/or the third spacer 704 upon the channel 116
of the active device 102. [NV] It is to be understood that the specified
internal stress within the dielectric layer 708 may he selected so as to
efficiently produce a desired stress level within the channel 116 of the
active device 102 in accordance with design and perfornmance requirenents of
t he i nt egr ateltdt wisrgondt tha ystimpurili@Quse®Bip fotnr ths soveqrdirane €2 1Ry tehielyrti @lpect ri ¢

| ayer 708 a igd | leftdgul&ame channel
16 a1 the SR L B ey P U e

per f or mance PéfpetinRrifietfeigy BFE g iy cMpieosy singshe eting iﬁ&‘@é aywp% RO it will
be appreci atgginhy s&u'?&ﬁiﬁhuﬁlﬁlnbﬂ Qﬁ’oulglm ikilre @ boutdd@taid M2 jShczien aneleashn vt dt h of
the first spacer 118 an ird spacer 704 can affect the performance of
the active a%tW‘éegt‘fL'@’?mﬂfFéurFBO“[‘}r'ﬁ‘Balcl'ta“é ility to offset the dielectric |ayer
708 from t heooediannell bd Gnpredeed bylihnglsyijledineeprigisemt ingndnodtiense nted iplermmi t t he
design engi lalgesl(f)urge?drglg [;%t%rghg{l %O(S h?e éﬂtl'f)lgal %Qg/r%ﬁon%rgyop t&fsoﬁrb@drglh@0§9ﬁ er /18
and the third spacer timze e conpressive or tensile stress of a
subsequent | yossspiyéicicatingrey @%@@hlzﬁﬁdﬁ‘ﬁtﬁg’o@%ﬁf B Bfs 1 ayhsrislyd 1 me8% i nduci ng
stress nem'éﬁd?(ﬁttﬁeQBhrﬁhW 500, p@ﬁ]nﬁﬂﬂﬁt ﬁllﬂadﬂffﬁ:lentlela@fgy &Qﬂsﬁﬁ)}nz@ﬁb@@@%ﬂhﬁ)n t O

form ng the source/ In extens 7 i on

sour ce/ dr ai ﬁfs the gpse 11 gnﬁ? lpm rﬁ%"’ﬂ%og 8{‘)’?5}‘?}(1“3@%?“?%{1{%?12‘ %'ﬁf'le@"é éea;l) can he
performed t eceleehiftoanoizactticwabehd e Bpant Slandgioechyshald the &utihe

amor phous 1 gagl Ioﬁc?ot ‘éﬁr}n chﬁ,{gﬁhz@&i ¥iGmdg W d&? xi’u%nlzmon Wl feﬁﬁigéplﬁ{ef‘eﬁy ated by

t hose skill precedi ng I nplantation processes may have
created a hipyhotegyies vofhirl de Plilaéeﬂldz%m@elnwotvﬁg rihet prforengevd tefeipicatated 02,
Accor di ngl y ci;:@Ukspeh fobe anneal process, the correspondi ng danmaged and

anor phous lattice portions can be re own resulti rai

stressed pottPYfepralivnie frigric °1r%1§}é¥8te%0’(5)0é‘l‘i‘éi al?%‘n’flﬁ‘ifgaf‘ §\g%fﬂ‘iff?o&iftg§9202 | t

wi || be appkeaiah etk xlas{stztnhosm&l@rlshleme keRcttite caratt, fdratd swuche gatstiless

menori zation tran ocess can i.nduc SLLaLn w t 116,

t hereby i n’pg’ovﬁoﬁr&e {r e 7§%r ?I erina Odlfm%{ Eihef f%lcal ConFaar’g)P r%?cﬁgr}%l tg' system
J00. [0110] cérdudtigg p@nmenmm@iévrms@@dlecth@ﬂ intefaceaigivesalt m@ff apdhenopeemeptal i nventi on

i nay i ncl udg, aR¥nd A8l ®BblcPhOGRIRed M%mp@lg&@&l b 06 rBEiR AW SesBRARK O, | AL LI Ce
damaged regi ons of the active device 102 to recrystallize under the stress

of, and r et & hedigeist &g eigfiricaf ppatag 78p gy frrludq ra%wrw%al meErEg St rar y

i|lustr a' [ 0Eh‘ﬁtalumﬂ'a)aéﬁbﬂa{ComyaniuﬂﬂhDd&ng@teﬂi ap), dlatidver @ or aRB&dhym avspi ke
anneal , ser ature neal (fjol I78yveag Loy a laser

or. a
based or fI Sis Btg%réﬂlg%dﬁ'ﬁenésf € flﬁ(ficff O,B\S?Ct%gf?rmedtovﬁr © PashiEdoVered by the
present i nveldned ® titchidtd sbiver Tfiviegrsaddpofascui t system 100 of the present

I nvention fﬁﬁbhl hes: Jppl%aatg&w ROl 0N i:0he RO MEEEcm@ BEET@hannel
stress, thereby | nprovi ng the ‘current carrying capability of the integrated
circuit sy Sp@qﬁ gpggnoblhty of carrlers (e.g., due to stresses imparted by the electncal contact 706)

within the channel 116 of the active device 102. For example, in cases where the active
device 102 includes a PFET device, if the electrical contact 706 is placed too close to the
channel 116, the electrical contact 706 can detrimentally affect the mobility of carriers within
the channel 116. As such, it is to be understood that the thickness of the first spacer 118 and
the third spacer 704 can be modulated (e.g., by increasing the thickness) to reduce or negate
the detrimental effect that the electrical contact 706 can have on carrier mobility within the

channel 116 of the active device 102.

19



[0112] Referring nowto FIG 8, therein is shown a flow chart of a nethod
800 of manufacture of the integrated circuit 100 in an enbodi nent of the
present invention. The nmethod 800 includes: providing a second |ayer
between a first layer and a third layer in a block 802; formng an active
device over the third layer in a block 804; formng the third |ayer to form
an |sland region underneath the active device in a block 806; formng the
second |ayer to forma floating second layer with an undercut beneath the
island region in a block 808; and depositing a fourth layer around the
island region and the floating second layer in a block 81 0. [0113] The
resul ti ng mialaRidAltcpraoehs the thagspar afttusiistdpagerdéd angrtiesdbiot spamad]08 cansplsetbem i s

strai ghtforyg, 3&1@3 3t bgﬁéc?e%ﬁ Ve th&m&e@m L RE the emcgmwhe/aéc%m'maa accurate,
sensitive, fte d can I'mpl ement ed by adapling known

conponent s ﬁ@ﬁaméﬁﬁymcémﬂﬂﬁﬁ@ﬁxW“@ﬁﬂ“é@@ﬁ%ﬁi%%ﬂwﬁﬁﬁ&ﬂ%@?dp?HQ“NEBBI|cat|on

?Rd UL' i zatgbwa. AR&kdiddly,lihe m@ﬁndgﬁmhdﬁﬁC@V@f erd dnbade tblftﬁspﬁd’eES(Qm&an ibavent i on
us has nunerous aspects e ent vention
hel ps to redifddaEhe & @@P%er‘f’ié‘fdu%ee‘f’? %th“tts é@ g‘f’ Skgrécag‘fon?ﬁthﬁg |u€°2haﬁeef’/lll {(};’e by

el i m nati ng saest lidh wathih theaytiee devive 103/ forn1ng an undercut or necking

structure ikl 0241 £ BAGLALE AL IRYNBISLRCAL bDRLPELLYE dovi ce

[ 0115] Anotﬁer aspec e present vention hel ps to control short
channel eff @@tesnlwqp\ﬁ@re@e‘(ﬂ S&éa%ymﬁ%‘?lmnﬁgsué’ S aliFlpg MBI [P OPEUREEY neat h t he

active devi Geanitdhd BlivéANGd e@%foaﬁ&%hoﬂ&tﬂeke@&m&am&mfaetezs@nt invention helps to
elimnate sitiewal |l junction capacitan gndeLﬂﬁg th the gate mnthln an

active devi dBOBAGGIoRENG Vil RSatAPGieE yI Jer’ B Bedf h &LV e devi ce.
[0117] Anothm@maﬁ@e@asmslmhmboﬁm@opwﬂsem¢gmayeananheupgbmmnmk%nfnate

sel f - heat. ng, R (? g&nalcs?resses Ap Oea !)lel;e C%Ql’&leldlqg 5§ chl%Xse; g{e%(ﬂﬁ)ngl dikpating BOX
S hat

| ayer surrou permts thermal conduction.
engineered layers can be strateglcally de51gned and deposited to exert compressive and/or

tensile stresses, depending upon the type of device (e.g., tensile for NFET and compressive
for PFET).

[0105] For example, the stress engineered layers may include a dielectric layer 708. The
dielectric layer 708 can be deposited over the active device 102 and may be engineered to
promote a compressive and/or tensile strain within the channel 116 of the active device 102.
By way of example, the dielectric layer 708 may include a silicon nitride layer deposited by a
plasma enhanced chemical vapor deposition process. In such cases, it is to be understood that
a multitude of deposition parameters, such as reactant flow rates, pressure, temperature, RF
power and frequency, reactant materials, and thickness, can be adjusted to modulate the
compressive and/or tensile stress within the dielectric layer 708. Moreover, it will be
appreciated by those skilled in the art that the above parameters are not limiting and that
additional parameters may also be employed and/or manipulated to effectuate the purpose of
forming the dielectric layer 708 with a specified internal stress that will increase the
performance of the active device 102 by enhancing the carrier mobility within the channel
116. In other embodiments, the dielectric layer 708 may also include a stress memorization
layer that transfers its stress to the active device 102 upon annealing.

[0106] In any case, the dielectric layer 708 can augment and/or enhance the compressive
and/or tensile strain effects of the fourth layer 500, the first spacer 118, and/or the third

spacer 704 upon the channel 116 of the active device 102.
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[0118] Another aspect is that the present invention helps to prevent and/or
i nprove lamng); parasitic capacitance, unwanted increases in electric
fields, and hot carrier/electron effects. [0119] Another aspect is that the
present invention proposes a process flow that inproves the

manul acturability of an integrated circuit systemenploying a floating BOX
| ayer by utilizing existing CMOS conpati bl e equi pnent. [0120] Yet anot her

i nportant aspect of the present invention is that it valuably supports and
services the historical trend of reducing costs, sinplifying systens, and

i ncreasing performance, [01217 These and ot her val uabl e aspects of the
presen i nvedlDUrt s onegdertoddthitdretsherfict freersd sitees within e dekehinbhod)® h) at

| east the n%; b% ?eYe%Eed S(;]'g]tgg‘ﬂfICI%tHl‘pr(;dh& d &Nredrﬂrésgie’vatwnhmq}% beeR deseribeil in

utatinilltitti E . hst node, it is to be understood that
many al t er ndei 8%, demymlp dlataF‘@F%mea‘ﬁ‘H‘ desien 209 GRETRIP HEHREEr €t to those

skilled in {hRgraat cidchic |sj/sg’Jﬁ{ 101, B@est@isoanggeunﬂg tldze&elédtjﬁli la@d& 708cemt @i ngly, it
is intended to enbrace al

ernative J.ons d t
that fal | WABHIHE HESSCaHE Bh PR E] e e dars KPamP her tof or o
set forth heseidd oreredhomwmoving theherfaoeorpahy infgradd awungsteari€0.t o he
i nt er pr et ed [dlﬁ%]q\qorkall‘]ﬁtmrﬂilgé é/ ?re@l@tgd Q}Q{ﬂoée smléd 199(16,3&%Q§a$ the s}‘%@ﬁd/dr %Vl(ﬁlll ai med

i s: egrated circul syst emcorrprlsmg
of the f1rst spacer 118 and the third spacer 704 can affect the performance of the active device

102 due to their ability to offset the dielectric layer 708 from the channel 116. Accordingly,
the present embodiments permit the design engineer to configure the size and/or width of the
first spacer 118 and the third spacer 704 to optimize the compressive or tensile stress of a
subsequently deposited stressed inducing etch stop layer or stress inducing stress
memorization layer upon the channel 116.

[0109] Subsequent to forming the source/drain extension 700, the optional halo region, the
source/drain 702, and/or the dielectric layer 708, an anneal step can be performed to
electrically activate the dopants and recrystallize the amorphous regions within the active
device 102. It will be appreciated by those skilled in the art that the preceding implantation
processes may have created a high degree of lattice damage within the active device 102.
Accordingly, during the anneal process, the corresponding damaged and amorphous lattice
portions can be re-grown resulting in a strained or stressed portion in the fourth layer 500 and
in the island region 202. It will be appreciated by those skilled in the art that such a stress
memorization transfer process can induce strain within the channel 116, thereby improving
the carrier mobility of the integrated circuit system 100.

[0110] 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 active device 102 to
recrystallize under the stress of, and retain the stress of, the dielectric layer 708. 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.
[0111] As such, it has been discovered by the present inventors that the integrated circuit
system 100 of the present invention facilitates the incorporation of both NFET and PFET
channel stress, thereby improving the current carrying capability of the integrated circuit

system 100.
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a substrate including a first layer; a floating second | ayer wwth an
undercut over the first layer; ail island region over the floating second

| ayer; an active device over the island region; and a fourth |ayer around
the island region and the floating second |layer. 2. The system as clai ned
Mclaiml wherein: the first |layer and the island region include a

sem conducting material. 3. The systemas clained in claiml wherein: the
first layer and the island region include a silicon naterial. 4. The
systemas clainmed in claim | wherein: the island region is on the floating
second layer. 5. The systemas clained in claiml| wherein: the fourth

| ayer incl ugas2)Refeefrigt @i al Fiat&rthadip is shown a flow chart of a method 800 of

manufacture of the integrated circuit system 100 in an embodiment of the present invention.
The method 800 includes: providing a second layer between a first layer and a third layer in a
block 802; forming an active device over the third layer in a block 804; forming the third
layer to form an island region underneath the active device in a block 806; forming the
second layer to form a floating second layer with an undercut beneath the island region in a
block 808; and depositing a fourth layer around the island region and the floating second
layer in a block 810.

[0113] The resulting method, process, apparatus, device, product, and/or system is
straightforward, cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready, efficient, and
economical manufacturing, application, and utilization.

[0114] Tt has been discovered that the present invention thus has numerous aspects. One
such aspect is that the present invention helps to reduce the external series resistance of an
active device by eliminating a thin SOI layer and by forming an undercut or necking structure
within a floating BOX layer formed underneath the active device.

[0115] Another aspect is that the present invention helps to control short channel effects
within an active device by forming a floating BOX layer underneath the active device.

[0116] Another aspect is that the present invention helps to eliminate sidewall junction
capacitance underneath the gate within an active device by forming a floating BOX layer
underneath the active device.

[0117] Another aspect is that the present invention helps to eliminate self-heating problems
common to prior SOI devices by forming a floating BOX layer surrounded by a region that
permits thermal conduction.

[0118] Another aspect is that the present invention helps to prevent and/or improve latchup,
parasitic capacitance, unwanted increases in electric fields, and hot carrier/electron effects.
[0119] Another aspect is that the present invention proposes a process flow that improves the
manufacturability of an integrated circuit system employing a floating BOX layer by utilizing
existing CMOS compatible equipment.

[0120] 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.
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6, The systemas clained in claim1 wherein: the floating second |ayer
includes an insulating material. The systemas claimed in claim1l wherein:
the active device includes an NFET device, a PFET device, or a CMOS device.
8. The systemas clained in claiml wherein: the fourth layer includes
silicon-germaniumor silicon. 9. The systemas claimed in claiml wherein:
the floating second layer is on the first layer: 10. The systemas clai med
inclaiml wherein: the floating second |aver alters self-heating of the
active devic

[0121] These and other valuable aspects of the present invention consequently further the

state of the technology to at least the next level.

[0122] 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 that 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:

I An integrated circuit system comprising:

a substrate including a first layer;

a floating second layer with an undercut over the first layer;
an island region over the floating second layer;

an active device over the island region; and

a fourth layer around the island region and the floating second layer.

2 The system as claimed in claim 1 wherein:

the first layer and the island region include a semiconducting material.

3. The system as claimed in claim 1 wherein:

the first layer and the island region include a silicon material.

4, The system as claimed in claim 1 wherein:

the island region is on the floating second layer.

5. The system as claimed in claim 1 wherein:

the fourth layer includes an epitaxial material.

6. The system as claimed in claim 1 wherein:

the floating second layer includes an insulating material.

T The system as claimed in claim 1 wherein:

the active device includes an NFET device, a PFET device, or a CMOS device.

8. The system as claimed in claim 1 wherein:

the fourth layer includes silicon-germanium or silicon.

9. The system as claimed in claim 1 wherein:

the floating second layer is on the first layer.

10.  The system as claimed in claim 1 wherein:

the floating second layer alters self-heating of the active device.
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