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wo edoanedgeneral |y to field effect transistors PEEUS2004/023183
di sposed on a sem conductor wafer or chip, in
particular, to a |l ayered structure as a channel that
connects a source and a drain of a FET, wherein one of
the layers is characterized by a strained lattice
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A FET is a transistor consisting of a source, a gate,

7and a drain. The action of the FET depends on the flow

of majority carriers along a channel between the
SoUBACTGROIND OFtTIIE INVENTIOd: t he gate. Current

t hrough the channel, which is between the source and
drain, is controlled by the transverse electric field
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ef fect.ively control .th hannel . The. l.ength.of .the .
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sane as the | englt h of the channe gl .e., the distance
bet ddevernoressigleanddawersogh Ayesentteghuology is pfor gprrogphing atomic-
| englBiscAing of Q8@ nﬁ@ro?d%ﬁi_c@sr s?ﬁ{e s giOORMPEBRNGp&ifrs, etc. Circuit

moving toward 10 nmw thin i _
chips with hundreds of millions of such devices are not uncommon. Further size

reductions appear to be approaching the physical limit of trace lines and micro-devices
20 that are embedded upon and within their semiconductor substrates. The present
invention is directed to such micro-sized FET devices. A FET is a transistor consisting
of a source, a gate, and a drain. The action of the FET depends on the flow of majority
carriers along a channel between the source and drain that runs past the gate. Current
through the channel, which is between the source and drain, is controlled by the
25  transverse electric field under the gate. More than one gate may be used to more
effectively control the channel. The length of the gate determines how fast the FET
switches and how fast the circuit can operate, and is generally about the same as the
length of the channel (i.e., the distance between the source and drain). State of the art
gate lengths are today on the order of 50 nm, and are moving toward 10 nm within the

30  nextdecade. Such size reductions should enable upwards of a billion devices on a single
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next decade. Such size reductions should enabl e
upwards of a billion devices on a singlechip. However,
waeobk/ostyad | scal i ng necessitates greater contrBCT/OSE04/023183
performance i ssues such as short channel effects,
punch-through, and MOS | eakage current. Recently, the
size of FETs has been successfully reduced through the
use of one or nore f| .Shaped, channel s, knomn as fins.
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were substantially planar along the surface of the
sem conduct or substrate,the exception being the FET
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Fins break fromthat paradi gm by using a vertical
st r fotsbaped ichanveldeknone. avelitismi EE s smployéng fnseare ghowmes FinFETs.
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to controlling short-channel effects. Often, one of

t head/BFEL.of "2 nul ti-1ayered pl anarized FET fin is
gstrained silicon. It has been previously discovered

that biaxially stretchlng the crystalline lattice

st r Qo¢ umeshagf tosdnhanse fincpasiospanse iy fefapriealp Gns &1 lByerp of glisparate

t hr gg:'ﬁa@ tdr@%&l’?‘&%npla hﬁé\ﬁ&yasﬁg%%'tﬂ@as@%ﬁée%ﬂ%ﬁqgvemlon 1S

and decreasi ng power consu
nat desatibesrio éhS;}Patvht Mo (ﬁﬁ§2i2ﬁ4 Bay @ananfeddiiligen Fit Bevice”, which is

ndﬁ%érc dstotcgntl% lin%@h%&ﬁ}lg&%ﬁ@c@ ther by stretching

m snatched | attice structures
2al ong a planar |nterface of the m smatch. Varylng the
knes chem

DB of eSS B P B iR e B B o B aliO G, s
andbé‘diafmé\@@ﬁlyaﬁscb%rﬁi thixeyianiglyestre@hing A% caystatlikmties structure of
!:I g lsjlﬁlgon cand %‘geeg tlsle flow of electrons through a transistor, thereby enhancing
performance and decreasing power consumption. There is a natural tendency of atoms in
25 layers of disparate materials to align with one another by stretching and/or compressing
their mismatched lattice structures along a planar interface of the mismatch. Varying the
respective thickness and chemical composition of the materials aids in controlling the
extent of extension and compression in either material. Asan example, Figure 2a depicts
a silicon lattice structure and a germanium lattice structure, not to scale, in their natural
30  (unstretched) states. When silicon is disposed (or grown) on a thicker layer of
germanium, as in the SiGe compound of Figure 2b, the lattice of silicon stretches while

the lattice of germanium remains substantially unchanged, resulting in strained silicon.
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a silicon lattice structure and a germanium /| attice
structure, not to scale, in their natural

w@ ewsrwsched) states. Wien silicon is di SposeprCT/U82004/023183
grown) on a thicker |ayer of germanium as in the SiGe
conmpound of Figure 2b, the lattice of silicon
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TheqBay.e several nethods used to form strained

| ayers, including chem cal vapor deposition (CVD) and
nol ecul ar beam epitaxy (MBE). Strained silicon

@i spasiath hQRAiPol aAg ?ﬁn@ﬁ%‘beéﬁ@s@d i priE b 'FlrfFEtl“ s. However
Fi nFETs. However, current |eakage continues to be
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off (?urrregng Peakag\éhlgay {)e cfiSsified into two types: MOS off current, wherein an
unintended current passes through the channel despite the gate attempting to shut off

25  current completely; and gate tunneling leakage current, wherein unintended current
follows a parasitic pathway flowing into the channel, diffusions, or silicon body. AsFET
channel lengths continue to decrease, it is expected that gate tunneling leakage current
will become a predominant concern for designers. The fin structure enhances gate
control over the channel, but gate control over current is not absolute, even in prior art

30  FinFETs. Compounding the current leakage problem, miniaturization enables ever-lower
power levels that require more absolute gate control. Current leakage that escapes the

gate’s control is less distinguishable from intentional current, particularly at low current
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uni nt ended current passes through the channel despite

the gate attenpting to shut off current conpletely;
war@sgaoes t unnel i ng | eakage current, wherei n uPCTUSIVd€ 023183

current follows a parasitic pathway flowing into the

channel , diffusions,or silicon body. As FET channe
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intentional current, particularly at |ow current
YOR- 2003- 0073USL 3l evel s. What is needed is a FET that

allows small scaling with enhanced performance for
bot SUNMEAB Y20 THEERREFERBES BMIBOD BT shoul d
|nprove gate control in a fin structure that exhibits

enh d carri t
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accordance with t referred embod
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drain of a fiel ect_tr tor FET C n

car HBad gt asrago T pene. RS RE I CHEE R et suchas
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is coupled to a_substrate such_as a SINCM

et BRLehi he shAnash S delies rioR BB BLB YRR L fa 0 Sbstrate, and

OXy ed¥ideRAMEIRE AR Qleen the %&M@%lth&@ﬁ &irfd6d. ITRE Shafinel core is
top surface that Is spaced fromthe substrate, and

opptseed fow estisersigpridyetermpierialetininme fistigtice sfustuin d
the top surface. The channel core is fornmed froma
first sem conductor material defining a first Iattice
structure. The channel envelope is_ in contact with t

oppbhechamnedienyglope is iy opiaeiavitiilr apgosed ﬂdwlﬁ%@ewdff}?éop Surface
29ha9f]§& chnét: coIJ] eTRNARRR R AP Rorindd Frof B coido@hconductor
second sem conduct or
material defining a second lattice structure that differs from the first lattice structure.
This difference in lattice structure provides enhanced electrical conductivity due to
stretching or compressing of the lattice structure. Preferably, the two materials are

silicon and a silicon-germanium compound.
25

In another aspect of the present invention, the channel core defines a top and an adjoining
side surface. In a preferred embodiment, the top surface is the horizontal top and the side
surface is one of two upstanding sidewalls of the channel core, although two upstanding
surfaces extending from the substrate and meeting at a peak, or two sidewalls joined by a

30 third lateral surface may be used. The channel core comprises a first semiconductor
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material defining a second lattice structure that

differs fromthe first lattice structure. This
waledobermmece in |lattice structure provi des enhaPCBUS2004/023183

el ectrical conductivity due to stretching or

conpressing of the lattice structure. Preferably, the

two materials are silicon and a silicon-germni um
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exenpl ary material.s,noted.above
o o R a e Sia Pt isP o8 Ripre R 1Rk et g meppg further
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%r Eg‘,—ll;g@égsa ?{EHS Qﬁ%ﬁ%@pﬁ@m%@t&%&@, Eq?tédgwall and the second

se msﬁ@WQPCE%ﬁﬁﬁtc@ﬁd@hwtﬁlnfohglﬁﬂw ‘l‘d%frtﬁ@écoﬁ@ E&mb@nductor material,
defined fraomthe over]ying | ayer, such

and "icBrs digEiehs fa%thefﬁ% ‘e R by e gomect ?vafé §heaphﬁra1sl core. The

sur ﬁ@@ﬁﬁ%ﬁ@ﬁﬂlé&%&&%ﬁéﬂﬁ%5%6@16196@%@@9%@1911 Elép'bﬁﬁon or may
and second sid I s between t'he substrate and the top

sur bagewnphe CW@Fh‘@@fel‘f amﬁlﬁmratqdﬁhﬂf@fﬂ@stwp@p@éher@p@pn@ty airfaces
f gp&ggﬁiﬁaqbﬁpnductor material to contact at

easttwo of the surfaces (that is, at |east two of the
top surface, the first sidewall and the second

Si d%\ﬁ%!hex) meﬁloﬁ%fr gocr%ltm Caﬁg%}lgakhe\fl 1ji1¥1 \A#Qr r%gllamgh$ fﬂirgtyﬁ#/er of a

of Second sem con

fro mmlhmdhctbsmatemai oeerhanizsgdte b Yhis trethod htchles dufiningtatbench in the

c hag\r/]e%{ayer And the overlayer is then divided into a first section and a second section by

25  the trench. The trench may be filled with a buffer material such as TEOS (also known as
tetraethoxysilane, tetracthylorthosilicate, tetraethelorthosilicate, and tetrethoxysilicide).
A portion of the second section is then removed to leave a remaining layer of first
semiconductor material that has a thickness less than a depth of the trench. This exposes
a portion of the trench. The method then includes disposing a layer of a second

30  semiconductor material over the remaining layer and adjacent to the trench. Exemplary
semiconductor materials are discussed above. Preferably, the remaining layer is less than

about 15 nm. Where the second semiconductor material is SiyGeix, the relative
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| ayer of second sem conductor material may be
deposited via vacuum deposition, or may be grown on a
wae aosioev4naf er and separated therefromto contBCT/UBT04/023183
appropriate surfaces of the channel core. Another
met hod of form ng the channel includes providing a
first layer of a sem conductor material over a

substrate. This method i ncludes definin french.in
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tetrethoxysilicide). A portion of the second section
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Se I: . o of
S SRR TR fllelr DESBUl DOFAGRS el ot
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a seco sem dugt . [ Wl
oy AP SRy G WP Rl s
s ensidovadisatfares bettveen thé botamesudfasccand sledopbufaee, wherein the channel

Pr ef ly, .th Y | LS t .
T P AT
X, ¢Hagndl ehrldpé &n MR 20MBat MATIUSHI the paerficeathe bottonf surface and

ger mani um e chosen to pronote thermal.stahility

o R Chral S 5P PO RE RS graodnrieghs Sifphd! Snvelope
bet ¥RERisePitoR ARG @R inatbddh coaipélsiiP 8 btrdmil 1gtieddticture that
bet ween about 10% and about 20% .and

) a EQW enpey at ure
c hestiffersifrophe firsatbiss uryre the sanad eielope beng e% oppledtoa
11(5:l ay e OffecRfIE O DeLrS AR 15O BRHARLIA fdFREE bT & elaxtl rS:ih}%rlattice, and the

i sClosed herein is a channel for electrically
conevelopaiy fermed of @ straiprd SAlaticsi n of a field effect
transi stor (FET) conprising: a channel core conprising
a bottom surface coupled to a substrate and defining a.
t opAseréraplerysyiauic SRAM pireuifcusingJEnliEL i ageerdensp agldhe teachings
Si dﬁ%l I.Sagcrlgsg es between the bottom surface and the
top durface, ierein the channel core is forned froma
2birst sem conductor material defining a first lattice
structure: | in contact with at
I eagglb*lij@iﬁﬁglﬁgﬁiwm%ot tom surface and
one of the sidewall surfaces (or conbinations
t hereof), wherein the channel envel ope
The foregoing and other aspects of these teachings are made more evident in the

following Detailed Description of the Preferred Embodiments, when read in conjunction

25  with the attached Drawing Figures, wherein:
Figure 1 is a TEM micrograph of a prior art FET with six fins;

Figures 2a and 2b, collectively referred to as Figure 2, are prior art diagrams showing
how the lattice structure of silicon is strained when disposed adjacent to germanium

(Figure 2b) as opposed to its natural state (Figure 2a);

30 Figure 3 is a block diagram depicting a FInFET in which the present invention may be
disposed;
YOR-2003-0073US1 6



conpri ses a second sem conductor material conprising a
strained lattice structure that differs fromthe first

wo adgosioo®4st ruct ure, the channel envel opebei ng PCT/US2004/023183
el ectricallycoupled to a gate el ectrode. Preferably,
the channel is fornmed of a relaxed Si-Ge lattice, and
the envelope is fornmed of a strained Si lattice. An

| . Ci i t. SRAM ci [ [ Ei nEET, |
e O B AR SR G oL Tarth I Ll osea

BRI EF DE I.PT]. ONOF THE W he f ' d .
ot naIE TSR EoUF e St i Hgge Ar B HREURBPS sEYPat piews
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Enbodi nent s 1en read. I n conjunction with the

at t &g ppdsiy tordERsFiS& ShARE BV IOPE IR o €0rg TEM

m cr.ogr ap f rior art FET with six fins; Figures .
Ja iﬁ%@f -Boplettivearirriper Fl@aretﬁoaragnlﬁfgﬁi Frossstotigngl views
pri ‘a_égi_aﬁﬂg i aBGh AR nSdliId o ehalidWat 164t bt dhhuiR] SdipUfdakiie® wafer
of silicon is strained when di sposed adjacent to

ger #ah? hdleryades e 2b) as opposed to its natural state
(Fi%ure 2a); Figure 3 is a block diagramdepicting a .

Fi nEEBHssavifhicolectingy fiertsd e a5 Figwnt; BheHagehaowisegsoad yiews
YOR4ZO R0 aRB VR h U thak e @ cBRALITONAPFIV @0 shallow

Fi gure 3 al ong section |ines 5‘-4‘; Fi gures 5a-5f,

®ol et vel y referred to as Figure 5, are enl arged

cross sectional views de?ict[ng one nethod of making a
chaigare &ack epligciivpht isTormad tans dégir 8, iarpRerppeive vigyp afjvarious

nas%hg&ﬁ@@gsgfpﬁp@gd&@mggﬁgsit a channel envel ope onto

a channel core; Figures 6a-6h, collectively referred
t0 @%ufd PuRrSa SRAST GILRARAS nEhAShes B UsARRbual SN,
dep?%??ng gh 5?tern£??¢e netﬁod géenaﬁéﬁg %%l éastnone
channel using a carrier wafer and a handl e wafer;
Figures 7a-7f, collectively referred to as Figure 7,

are enl arged cross sectional views depicting an

Al t EBiILYD PESCRIPPION®H TWE PRETHHIGID FMBODIENTS

usi ng a shal | ow

Figures 1 and 2a-2b are described above and serve as context for understanding the
present invention. Figure 3 depicts in block diagram a FET 10. As known in the art, a
source 12 and drain 14 are connected electrically via a channel 16, which is crossed by a
20  gate 18. One or more channels 16 and gates 18 may be present in a single FET 10. As
used herein, the length of the channel 16 is the distance from the source 12 to the drain

14 as depicted in Figure 3.

A sectional view of the channel 16 at section line 4°-4” is depicted at Figure 4. The FET
25 10 is disposed on a substrate 20 such as silicon 21 overlain with a layer of buried oxide
22. A channel core 24 is made from a first semiconductor material disposed over the
substrate 20. The substrate 20 is preferably silicon based, such as a SIMOX wafer, a
bonded wafer, or CZ silicon (silicon wafer from the Czochralski process) as known in the

art. Preferably, the channel core 24 is formed atop the buried oxide layer 22 that forms
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trench; Figure 8a-f, collectively referred to as

Figure 8, are perspective views of various enbodi nents
W@RBIONBET devi ces; and Figure 9 depicts a SRARTUSINO/023183

and is useful when discussing quantization. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Fi gures 1 and

2a-2b are descri bed above and serve as context for

B grAnY” ERCHitel AUE Oh dafiosf tEHER ghyiceq Crov as

S OUjtfaBhelido fh8 Gubidfrat D0)1 4 topserfscens elsab&dfr@h ﬁhétsﬁbsfratb ba aﬁd ddposed
a channel 16,which is crossed by a gate 18.

mor BdetRR A8 20 digpoasicbeuten Shersybrae a“fﬁ‘rtg%@ﬁtsmif?‘?ea% The first
si nghfcdafrlctdiOnatédil HRAVHGT 8 EhanﬁéT Bore®AGd Radf detih& a first natural

channel 16 is the distance fromthe source 12 to the
dlr agthistallinglattigesitustuesd Ashsadibgigingumess apegidictllyaigr ofprape g natural

t hela&*@@ﬁfﬂ@#%ré q%ET 1 &fldr%gbtérlaﬂ gelél’nenff or béinyfRRd) %Fc?s t"étthe lattice

ure I SpO onasubstrate
su chruaslrescpﬂﬂnmmczmr weteridldn quewlctnhn Hs nagyrelrstag, thatisi Vélthout having

OXi Qeenéé tc ed &ﬁi&%@éed 2% g'ue%sé ﬁgcg@rréx{tagﬁgl ﬁm[)fg[ﬂﬁﬁon su%}bas was

sem con spose e substrate
Th epxeubssﬂy desen&ﬁl fos st;nmmefdemlad@hy A icbinpamd pakibiting suchxed lattice

r | C
19/\/af g{,uc%grr Or})]\/l}eﬁéén %ke gﬁpaa} og s F()i}l% 8%131 annéc’akm% of r3th(ei$ #ocgsgfﬁg that
ar t purptssefully adrhoues tehele oheonnyebssive facéd hat s/ofid roﬂledwsd lmpypresent, is

the hurie i de | YOR- 2003- 0073US1
7palqt cggst Cfﬁeéh? %g‘g@%’r‘h %’l%tﬁ%egsﬁrélf"t%me 24 defi nes

a bottom surface 27 (shown as attached to the

substrate 20) p surface 26 space rom

subdtchangl %@elgﬁ?ﬁéﬁg t%%t@%iaﬂlg coMgT t%%fmogfogﬁggls&hannel core

1pet yegh: & st @ léllﬁéét leaktfet Hthandsubfititd APwhdAth@eRinrd 16 Tshﬁewed in
first sem conductor material from which the chann

cor erossse¢tion v kastgthe prstongofhechpnngblopropsedhyjha ggte 1|8n greferably,
:ng: {élg Gge%nﬁélreﬁﬁgl 82 idupe e tﬁﬁﬁ]{?édi‘facm a‘%ﬁ%otﬁ%ﬁ?&s@d S@als 28,

erw s a natural lattice structure

par 30 ofiltkgr clheanelr Gosg 24.e| Eeeshanenl covsiprsuivd)s fasmed §r0Enoa second
t he E&ndﬁ&o 1%15@1%1 ‘W d?ﬁne% g%e&ﬁ[l tnlaﬁ&!l @fysﬁﬁﬁlﬁ fide@de sltl{lcture that

S nat t hat out havi ng
zh) e ednfﬁatsrfamclhe (irst laarc:p stes.csmd Tfardlf&rhé nawgélatttcc strustdestpy the first

extg rdn econHaemfgon utctlolQ nqatgrliI cis catise ewfﬁg'r tensile or compressive stresses at least
at the boundary of the channel core 24 and the channel envelope 32. This mismatch of
natural lattices, herein termed a “heterojunction,” facilitates carrier transport where the

gate dielectric contacts the heterojunction stack. However, carrier transport is not

25  necessarily maximized at the heterojunction; the main channel for carrier transport may
alternately form within one or the other disparate materials, as known in the art,
depending upon several factors. The channel core 24 defines a core width w. and a core
height 4. Similarly, the channel envelope 32 defines an envelope width w, and an
envelope height /.. Any, or all, of these dimensions may be selected to optimize or

30  otherwise control the combined surface area of the opposed sidewalls 28, 30 and the top
surface 26. Where the channel core 24 and/or envelope 32 are not rectangular shaped (as

primarily illustrated herein), such as when the channel core 24 is triangular and the
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previously described for strained silicon. A conmpound
exhibiting a relaxed lattice structure, wherein the

WO edoanadiuon i s due only to annealing or other PCT/US2004/023183
processi ng that purposefully renoves tensile or
conpressive forces that woul d otherw se be present, is
not considered herein to be the natural state lattice

structure. el ope i s di pos t )

sub&RaRRe; e&wlﬂ}p 2%\}% ﬁlsrefr%s o5 Bys sﬁescﬁf th ?4 s width and

24 hhight akSddRMed torbthkférﬁgeTs f(S‘rQlﬁH d@?ﬁcul’éfr bchnlsdaents qrb&&md w188 of a
when t he channel Cross section,

| ea$ET0 using ﬂg?olpvqn&ﬁe %han@q% é6 Apsgribed hergin E%%‘%%‘“@@%? b@Sﬁ% on the
gat Eariigulalp Thetd il saitbither SR HTRRTR afdW84rAREM Béndustor materials, the
coupled to the top surface 26 and both opposed
$i dewatnee obadopay i png gidhecaibanmethecasra24oand emyedope A3 divegnsions.
envel ope 32 is forned froma second seni conduct or
material that defines a second natural crystalline
| at Prederalgly fne PHEE, thhfutst sinfdoadustdr noeriphtbatfcbmptisel the chapael core
str ral . | ' t

E% sl’i[llt%()n Zlgtfthg Lefc&g{ sglﬁﬁogcﬂ}cg) @tatgklglttr%{t goﬁrllpz{sgssqge acﬁé@%l e(ﬁ(/elope
e | t B2is atcempound canpmmgme:ss andpeshandss,eschab Sih géxsi. Fat a WHET, the

o B fetniGonob el AR e B the Bt O 24 R BbfErabieq sgpigound

t er eefprisinglicon ajdpeftidniiin thaffiggrotdsted t@skhibtrarrélgxed lattice structure,
transport where the gate dielectric contacts e .
het é‘i“gf}{?nsé‘ﬁci’“&nseg‘t‘%’& ICtqupeicral that gpmpises tﬂi‘e‘aﬂﬁﬁﬁﬁgtm@ope 32 1s
not pREGAIP Alitdny maxi m zed at the heterojunction; the

mai n channel for carrier transport nmay alternately

formw thin one or the other disparate naterials, as

1‘§ NOWHe %e[ﬂe id) evhﬁﬂnay derenel dﬁbol&’%@ﬁeﬁ?&%ﬁ@f mftt@ﬁél Q¢ l&owﬁhﬁthe art,
channel core fines a core wdth wc and a core

hei éhdisgpsed csfemhemhp@nel iheo éh@rﬁvetaceﬁhv ehappel @yelars 3 thsough a
an 9{%}@@4&3?&5‘@1"1\4 1% ﬁéﬁneﬁ@%m@ Qlefe'afffé f{ﬁl 1gleIEffann@lr‘l:}{\velope 32.
or all, of "t ecte

e di nensions
opt i Thezbelentriotayer 3% way whldc @h Otdde @tynmme dr sue atheoxide (e.g.,

are f the.op d s 0
sur ﬁ%fglumzcgade&hgﬁeec nell é ?2 %%Fsg’bgsfﬂ %g %s at}) Lﬁ?evérﬁ%u stant1al and
282 greferatdy cmqﬂéta,rcgn!harbemealpﬁd ghtad 8 pd thachanyel core 24.
illustrated herein), such as when the channel core 24

is triangular and the YOR- 2003-0073US1 8channe

envglgapes dlisirdest pofesred nethed fonvmalingle FEDT10tih acwhdneetith the

core 24, the dt h hei dee
e eTeaguahgiy KB S AV PR BTHOOERE WP QOGP ET channel 34
vol b@BENBET 8hannel 36 are disposed on a single substrate 20.

25

In Figure 5a, a substrate 20 including a buried oxide layer (BOX) 22 is provided and
overlain with a layer of a first semiconductor material 38, such as silicon. The
combination of substrate layer 20, BOX layer 22, and layer of first semiconductor
material 38 may be provided by a SIMOX wafer, may be a bonded wafer, or may be
30  provided by a Czochralski process as known in the art. In Figure 5b, a first channel core
40 and a second channel core 42 are defined from the layer of first semiconductor

material 38 by masking and etching, or by other means known in the art. The length
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FET 10 using the inventive channel 16 described herein

can be sel ected based on the particular nmaterials of
werakmer09es both of the first and second sem coPdYUBI04/023183

materials, the presence of a dopant in one or the

ot her, or the core 24 and envel ope 32 di nensi ons.

Preferably for a PFET, the first sem conduct or

mat er cha cor.e i S

o 1 Ry R EhaR b0 BERANET 6Py BltrdsRoqnigpame cor
con@e] Bigsiclse q?jkamehskgm e apsks3Bowd o@er@lﬁﬁ'ﬁﬁ%ﬁﬂlﬂ dlélennel core 42 and
conpr i sil'icqn.and gerpani u uch as_Sio For

o PRI ag ot T e G Y O BISF dpntehsars Ay Ryeiagas other

t h e kabanpBbessed iy Bduded tdrE@brItRdhask A4 HORBEHMREwith opposed sidewall
r|S|n%FS|I|con and germaniumthat i s processed to

éxh PBiTICe 30T RSB gkcpredl. e preYent the maskd4ifioe eyeronigeting such

S eMsCRRAC tTRE fRRERIhA ok h@tm@ BEB e HRSPHET halR !
envel ope 32 is preferabl y silicon. The gate 18, which
may be fornmed of poly or ‘netal or other material as

Knowi ik dsd B %ego ann Qfe?@f ?e\égﬁd e ¢ %M%atérgl 38 over the

as to contact envel ope 3 rough a

di elentgre mater, l%tyﬁrab@sthe hyerof seeomr@dmmogrhlc@r matetlé 6 ISIaGQmPOUIld of

ﬂ' S@?%§§ ép Qi fshge SQ%H n\% Zt%/-ﬁ ggpxgac -ﬂhnencgl %%po tc{elp(c):sition
ayer may 1n

ear KlﬁHlVﬁle}, but. qher dfl'afnlmal.l ﬂemltldﬁ)mocims ai'eaz[isre Icompatlble Most

envel ed 3983 I reve ubst

and PiTERLY A B U ATER BkRRs ki dafirats 1P RS yifthe Gipknessof
and tltel’ieyeg han Ul&ﬂth erm?fe& b¥ ﬂl; doh@putr&tion dflgbrifhiuai £8l oalterlon related to

referr t ho r ing a FET 10 i.n anc

P IS oL e i 0T TR Shithe e rabecatioh. o B ieure 5d i
BMOALARARY . inWhighiR e RO trBmavePiad pehRANE thd4ering I%IeNFcETsecond
channel 36 are disposed on a single substrate 20. In .

Fi g§sreiconductyr wagdal A4 that ovsrlies dheaask ¢4 a Thaiemaidesaf e mask 44 is

| ay &tmdvBPIFidde 55 lﬁ{llﬁ%’ idegra @H’an?lé’l%ﬁlaﬁ‘él the ‘éﬁljﬁ&nﬁ\l F@V Eannel 36.
of a first sem conduc materi al 38, such as silicon.

The Masersicaby @ﬁelepedsnm%qu slerosit Hjfag sei@tlvﬁom sifiger. Ysing such a
and técgﬁ[ gﬂi b9f810€ré faver 48 %5@ ﬁ@ﬁ%ﬁg{/e%%éﬁggl il .'111(1:i g}%agaysﬂ%n channel

provi
2y core @rwh @na'drebsluaé rapoisH rad gkqhelplc@lc@tsls Aéhekqdhenlayaer of first

the lu&of &Wlaeh? 111"élorr :inr 1 ?clond: o c?ucﬁ)?%a rial 46 is
5 86 I ne e layer o

seco anne core are rom
firsi Gele,cnﬂle ciradnied exovelope 32 formed by the Si,Ge;., compound is under compressive

stress due to the smaller natural lattice structure of the underlying Si layer 38.

25  Analternative method is depicted in Figure 6. In Figure 6a, a handle wafer 48 includes a
buried oxide layer 22 as previously described, and an overlying layer of first
semiconductor material 38, such as silicon. Figure 6b depicts use of masking and etching
to define to define one or more trenches 47 adjacent to a remaining portion 38a of the
layer of first semiconductor material 38. Considering the entire expanse of the handle

30  wafer 48, the trenches 47 and/or the remaining portions 38a of the layer of first
semiconductor material 38 may or may not be contiguous. Parallel to, or at a separate

time from, the processing depicted in Figures 6a-6b, a separate carrier wafer 50 is
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material 38 by masking and etching, or by other neans

known in the art. The | ength YOR-2003-0073US1 9and/ or
won@bsiiois t he first channel core 40 may dif f er PET/UR2004/023183

that of the second channel core 42. Figure 5c depicts

amask44 (two masks shown) over the second channel core

42 and over al | areas except the imedi ate vi Ci nity of

thefl chan ore 40., Etchin . her

pr o O¥E. wH,E§ ?égca)nfi aeqngm%tonf Iﬁ%terﬁaégb LS4ch as stralned or relaxed

fr oG tiaFigitd bu. Umbocfaﬂdar swa@@\mlvblthsweﬂafee 86 6§ theMeubjdkedtto ion

channe] core 40, or prevent the mask 44 from ever

contBBRIAEONsHEws é@wém Tsowirtie tres 3 mEAAWRD i ic@s 4@ such as
W | hy@iesara thha IE&%Toﬁbﬁle raeérla% 46fth & hiheldd SRNepdrdted from the

dep03|t|on of a | ayer second sem conductor nateri

al
46 Godier vafer Xt p Fe@ir\mfw genpgiafly [opsihan abouti00 PGy meilegiso prowdmg
sec o Q&I & Wﬁ%&%ﬁ@i&l@&dﬂ@h# Q\Iéaﬁy Eorfy LR Wﬁb‘%)%ﬁraé'rel@ih@kon of

Ge that 1s deposited via ultra-high vacuum chem ca
vapdlhe dep bt§¢1t4|6®nn {legrbe@vibypvedplihe ahomprocﬂassmmally known in the art

S5 B ERTE EHTERTER Bhfl fo o

ran @E@EROBAND Hong MRt ITYHR2NHANCENENT 16 STRAINHDS AL 8Y 8VAFE R BOSDING,

det ed t he .conce trat| on
i Rk DRl l EPRAD o 0, & o5 BRI PRY g1
ger hrrininscgnaehby eferaie. A’tff&gurmﬁd maslafig dﬁd@u:ﬂlmgaﬁb used to define

pl anari zed i m)v t hat n. e

bt PRoTEys T i 3° stetnd BHR e b thaRalrinaf sl HE shapes
oV eloff the $sldnde49ensKe rier Water b @mbm;ﬁémﬁﬁary flﬁhé@%ﬁfes%ﬂtﬁb &enches
rempved in Figure 5f; | eav FET channel

t he 444 Hedardlpase %é’mfaﬁbll thm%@e FeteY i Q}snfé?ﬂecrvsbaé geast the

et hadsls de pPitilit® 38r B&daG!t WRINnM8 walel 48.00nck!iieNdands 49 are
such a technique, a SiGe l'ayer 46 can _be selectively

depdameddudher BiOCRssin® BaY basaceording todwmayim Brfeguqcessing teghgiques, such

any ot 65l didble! ST Sn¥dedrafistenem cal etch. Vhere the

| ayer of first sem conductor material 38 is silicon

and the | ayer of second sem conductornmaterial 46 is Si

(36| . P .
o ARSI SONEL 808 850 QU 0 Nl

mat lﬁba;[n Higitre 662; wheeinwlet aarreer phfet fikis inveieed operte Bindleaxader 48. The

%89 &sri"?agldggé aenigr‘gn??t 4'}T2Frt hr%gma%alggﬁl (;lv(s:/%h:gnelaﬂ tﬁcla

| ay erith2id). Z26misroay.i ﬂmahyeadﬁmoass txackibed alcbva Iﬁormh/aatﬂaw-dilgtechnique is

| ay elrnpﬁ)yeJ %orrgrtnove the islands 49 from the carrier wafer 50. The islands 49 then lie

ur In
rafeega)%ly daé:curate to

within the trenches 47, and are bonded to the handle wafer 48 by the thin oxide layer 51.
25 The carrier wafer 50 is removed, preferably for later reuse as a handle wafer after a high
temperature anneal and polishing. In some embodiments, vertical etches through the
overlayer 46 and selective ion implantation bounded by those vertical etches is used to
combine more than one layer (more than one type of semiconductor material) into an
island 49. Such an island 49 may be disposed to match a recessed trench 47 on the
30 handle wafer 48 as previously described, or it may be deposited on an elevated surface of
silicon or other semiconductor material on the handle wafer 48. These embodiments

result in a heterojunction of more than two layers, as described more fully below.
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sem conductor material 38, such as silicon. Figure 6b

depi cts use of masking and etching to define to define
wor@so1mpor e trenches 47 adjacent to a remai ni PQI/US2004/023183

portion 38a of the layer of first sem conductor

material 38. Considering the entire expanse of the

handl e wafer 48, the trenches 47 and/or the remaining

portions 38a of the |ayer of first sem conductor

material 38 may or may not be contiguous. Parallel to,

or aligide §f%ﬂ&iz§>dnﬁ)othul‘®fﬁfe@@os&f@r@ée@6ﬂ§§islﬁﬂdsd9 RhdIre rdniaining
Fi gures 6a-6b, a separate carrier waf

VORPOTIDIS 6077 N0 thise WIS HE APRORIIGIp émqle wfeg 4% oPigoothing and

se m;ﬁ)ﬁ i Qled T8 h@Hidvah stianBH§inBsmShdigitned or rel axed
Si Ge, igure 6¢c. The carrier wafer 50 with

dwerlayer 46 is then subjected to ion inplantation at

Fi gsl# u%jcﬁ %d cérg{l] &%whé}e élggﬂ'lelé i'slahd-rﬁ’ﬁ% %[Httﬁé }e 1n\£ﬂ=:1t ﬁﬁa af Rasked

or boron 1o0ns e overl ayer
4 6 taod bshad ne@h@u'lsa mebcssph mcﬂ@"me onoonmdre PERT phaelnel\mfe@ 53 and

\?\,ho l%téefgrﬁélg RS E)gé J(B}I rord ﬁi}gﬁ%h Fl c%?e? gg h%}glgﬁ%ﬁrefgg&e% fabricate

prov
di sltickitEToand NHBﬂ“a:hhmelsempﬂteﬂaeu{l?aQﬁ%nbsd heaein, the present invention

| t f the Si | 46
e WboUB BrGBUES A TGERaY el ShanPI Al Rpt « mgonductor
"s W&ﬂidtcri’alll tiffekede ROAHE first Bhibéhdogsempafidliic podhl of disposed on the

d eS %‘?E‘?{H@J iL§ ';%E E ?l% H%%E%g@’ El, ECTRqr\llgel\)ls@mqu%sﬂngEE other

Tran§§nggﬁson El ectron Devices., vol. 49, no. 9,
Sept enber 2002, pp 1566- 1571, herein incorporated by
reference. At Figure 6d, masking and etching are used

10 AL herRNSF IRy ch%'i{eﬁeﬂv@lb é‘% fsfr&lH&dt c!?%ns%%ﬁﬁ&‘ %ebéﬁﬁﬁlﬁg upon
of sem conductor material 46. The shapes of

i s| dbrotesingl paepetties oithe repwentshinael K0 N&ipiénmhmce ﬁréwamyty occurs
t t)
5. BReTEAETy el RREEaTHES P Sa PO SRR 6 03 g poom

at Isedmethmsgtfmdéoﬁﬂletcbarmalmotaz%lte | ater bonding to
the handl e wafer 48. Once the islands 49 are forned,
further processing nmay be according to known fnfet

;mr 0 Pecferablg, the PABT qhemael 34we INFET, chhor] Sxaaph®eactaizeead width of

- gapedf i Ehnd RgT o b DO AL TBr Rt o Gp change vio

Fi g@e#ingbPrefdtatly, ghes strafned lawhee iselisposedalongbothelic siihalls 26) 30 and
S L b8 S QY et DA o NEBE Shantar 36 "

25  One particular application in which the carrier pathway along the strained sidewall can be
exploited is in a FET 10 in a static random access memory (SRAM). SRAM is a type of
memory that does not need to be refreshed like dynamic RAM (DRAM), so SRAM is
generally much faster (typically about 10 ns for SRAM versus about 60 ns for DRAM)
and more reliable. In addition, the cycle time (a measurement of how quickly two back-

30  to-back accesses of a memory chip can be made) of SRAM is much shorter than that of
DRAM because it does not need to pause between accesses. The design of SRAMSs

generally assumes FETs in several fixed sizes (quantized). However, the width of the
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i sl ands 49 and trenches 47 are precision aligned with

one anot her, preferably accurate to within 0.25
wor@son®44 The anneal process descri bed above fPRPCT/URE04/023183

smart-cut technique is enployed to renove the islands

49 fromthe carrier wafer 50. The islands 49 then lie

Wit hin the trenches 47, and are bonded to the handl e

mafe y the thi de 1. The carri fer .
oo, Chartelfetteanitsmoity § SRaR Rhd Biiepl (peSda b og i iien size
waf ehd @tﬁslmy Rathéxﬁﬁhntsa%@[l?ﬂﬂ"u\ﬁtﬂ aQ0NRREd @Bﬁ‘lel)@idt}ﬁ:ﬁat Ay be larger
I n sone enbodi nents, vertical etches thro

over® Mifeky g {thelane afiKj@irs h thepysiesirables a?ﬁ%Tb%ﬁa@aweg a fin

t hosgco¢@ht ioQﬁé pr@steﬁhﬁ\?enh& M§}e§e 18 SRR tﬂéoﬁe‘?%htt Bﬁtﬂe %ﬁnel to
| ayer (nore than one t% sem conduct or materi al

iSnt 1 aémaﬂm B 10sthe stdheusgneaﬁBAA@ stﬁlay%@m@pﬂgbrwtwn the
to bt sﬁlcaﬁ@saé sgattléa%hlgﬁlzs @B H%t &gﬁﬁ{esf\qﬂéaéctﬁgﬁmkmg

as previously descri bed eposi ted on
eI e\aad e@hmg rof gotaito flevides ivgthin @pelbtaﬁens fslelmgh@ telehieye the desired

sﬁﬂll hgq’rgf@ﬁgfxt% W@\fv%{ PZ}sSUSea— Ebeﬁﬁurg GH%%H@ %13 ﬁne control

r es u tero I1on o
des mvel’d'exhe@t eAcfduiolnyllybeﬂfmwe MERie OOE: @O B3 h@ﬂstdﬁﬂlﬁl ugmg multlple

6f thing of th d surf f th
T SRS ot BB paREHIRG por i1 one. 35a,  wher o

these surfaces are opposite the handle wafer 48.

Sno h|n and sed to achj eve .
SubSIER T s PSR A B b o B g S BPriB freing aPRET, Figure
whe WQlefﬂlci@ Qishullofarehet idd1stichSHI) that i @nfoestieRmRh a3i8ﬂ séhlileonductor
masked a tched, ar %LHErMAse processed, to define

one et} F‘@%Pit@ﬁec%éﬁﬁ smeonductormatasiabpuchapPly AdF iggre 7a, 2

Bne st ne shi¥pbils £FhARA6LIAS I&Sf %) 22’%&14& ié $V6H§1n with a layer of a
preferable to fabricate t PFET andNFET channel s

si miirgt awmﬂb}ctcasma@%lr %ew«:h esesibicont hdhprsabugte/BOX/overlayer
| nv%%bﬁgtjﬁl%ﬁré o Mr(ﬁ@%fe? 2 WORACARAE, 4% ('J_Z %er?asﬁg}ewously

an epitaxia a sem conductor nateri

di f fdescaihed zfndcknwmm th¢ ars t AsEgire dh.duiesnolx 58mtf@meé land §lled with an
gr O‘Mhd?r r %{h%f’ %%ﬁgtog glchrh‘i IPI%:C%T a$ ri‘sa %Jn 18 ‘Eﬂ ez?rr 5% fs %ofeﬁ 9t the
channel "ervel opes ,creating a

ot héendhétgeand-fllBnygerepreSdneedrigt Iegural7b G)Sf pdrfmemmhmrm@ral steps and the

d. di .
b staRR s et PheraticGiarRE b @LE e S BRbiRBR 62 and
16. PFBEXiregion b4at AlteatilieBC diattientti 5§ mag beleshed, but not filled, without

departing from the advantages of the present invention. At Figure 7c, a mask layer 44 is

selectively disposed over the trench 58 and the first region 62 of the first semiconductor
25  material. In Figure 7d, the PFET region 64 is then etched back to a thin layer 60,
preferably to a thickness on the order of 10 nm. In Figure 7e, either before or after the
mask 44 is removed, a layer of second semiconductor material 46 is disposed over the
thin layer 60. As shown in Figure 7e, the thin layer 60 includes a horizontal surface 67,
and a substantially vertical surface 68.
30
Preferably, the second semiconductor material 46 is SiGe of a moderate concentration.

For thermally stable fins, 10%-20% Ge concentration is preferable when the thickness of

YOR-2003-0073US]1 13



along the lines defined by either of the opposed
sidewal | surfaces 28, 30 and the bottom surface 27 /

wo opssudiace 26 of the channel core 24. Pref erpdi/ys20041623183
PFET channel 34 or NFET channel 36 are characterized
by a width of about 100-150A and a hei ght of about
500-600 A. These di mensions may change with scali ng
Pr ef r abl he strained lattice is disposed. alon

bot HG REerdp isaiepaabast 10519 na dt o beopdng ghag hick rdayofef of SiGe,

chanmglor Bigh@com¥ehfatShATTRY, wilboe ¥t EstddbR dnkl Gribly @Equire further thermal
application in which the carrier pathway alongthe

st r dIerseping thevh not amealing. Anperabadirent of thy prgsenimvertion preferably
st atlh&udeg&géﬁveﬁﬁﬁgga?etrﬁgﬁﬁ YieleSRAM ate‘ifm 'Af»chgnﬁey PRac@brding to

menory that does n need to be re reshed nam c
RAM theamegopt ineeptigRngy hegar efrelFinfF Y 1 Gracin Figaee 3o pand the FmFET 10 may

(ty ’F\y’f&‘@a{) ?QH bf %{)ﬁa@ afed erOV gt Q:‘l%at ﬁgqﬁtmﬁ@%aﬁdefaod'hannel

ere tion
(a rerdtimthastsulgstantialy mystami&ﬁg;&de\mllb%c k@, atoptsaxﬂme 26, and a bottom

SR P B SRS S RGBT
anSebsilI&ﬁmH:seVBramd: aﬂéleesl 68Tdsein d?@l!reg‘zeé OAs 82?:»?& g?’ﬁﬁh&b,l $iown in
Roud B TEHE: SRR BrmihEnare 265 O SoeL 14 SeharFy fom the

16 Isﬁbsnﬁtet220a&id jbiarat ok akitd b souhded FAWWY1 s ds fohﬁfﬂib)é substantlally
npaoses tradeof f %)et ween Si e andﬁit ability

t hat@sp BesroSapson7 3 f° Sprgirdie fis matemlders S o e erin,

MBY shéh dsAhRbssiseetibh 6 the iPlapdd S0 ( Ith@aﬂ@llcﬁﬁt%d PHat aFé}ﬁHﬁe@ d§ﬁmng a
than desirable, a FET 10 enpl ayin fin accord

t he npR-eEBegoNglsiRshicrtinn Wawd tt?@pugle?ag ﬂ%ﬂ&%@%@b@l@é othetq top and in
fei QBﬁta&fwﬁ}hﬁle%%A e. t"fhe%%e?eﬂ/eﬁg@ f3§ ‘:r‘ﬁayl:c%;qtaétoarfyq% of the

still ensures M st abi | Durin abrrcati on,
st arstifargs 261 3% 38 Ioof te t@éarmf:l tasa 2, crsalihiugh surgaceh s, 28 30 not

2' g%@ﬁtgctﬁ‘l%'i %ﬂs%gtefm nInhaﬁg lﬂgﬁ('é:dn?lx%tt A 'tﬂgo%gldsuﬁfg Iq%‘pm% strained

f certal eV| ces wt e I [ors
ac hilaties strhagurdethntroatty SR (steettyink pithplesPis bétter erpoyed taths lcatev18 as

overopPartR Pk RIS, SRAME Rl 20 QR THERah o icien

oan cbleermdpmbled by using multiple fins, preferably in

a side-by-side relation. Figure 7 is a series of block

di agranms showi ng process steps in formng a PFET.

Fi gWigre 8 represents various additional embodiments of FinFET structures in accordance

with the teachings herein. In the embodiments shown in Figure 8, the structures include
arelaxed Si-Ge layer with an overlying strained Si layer. This combination provides for

25  improved electron-hole mobility.

The channel 16 shown in Figures 8A-B, is formed of a channel core 24 and is overlain
with the channel envelope 32, as is shown in Figure 4. As shown in Figure 8, the
substrate 20 includes the buried oxide layer 22, and the Si layer 21. Each structure
30  depicted in Figure 8 includes the source 12, a drain 14, the gate 18, and the channel 16.
Also shown is a dielectric layer 33 disposed between the channel 16 and the various

gates. As the channel 16 is internal to the structures shown in Figures 8C-E, and is

YOR-2003-0073US1 14



7 depicts a shallow trench isolation (STlI) that is

i nposed between a first sem conductor material, such
wW@200Si0G®44 and a second sem conductor materi al , PET/UR2084023183

Si. At Figure 7a, a substrate 20 supports a buried

oxi de |l ayer (BOX) 22, which is overlain wth a |ayer

of a first sem conductor materi al 38 such as si I [ con

The ub trate/ B over r. conmbi nati.on, 70 ay
Sl e ot 455 &@dclwa%i 165 o0 bt o Bgires 8 and ¥

pr eVRepales, gﬁ:ﬁ@fﬂhbaﬂbmﬂerhs’kﬁ\ﬁgukdé SALEF dstincliie thd QR core 24
7b, a trench 58 is formed and filled with an oxi de or

ot hetnd chanpelsnyglons j2ps gieviprdsdesgdbeds known in the art.
It is noted that the trenching and filling represented

by Fi %ure 7b is perforned in several steps, and the
t5r edo Aigee #hid dege gateFnEFEO0 if shpvnsin thisrAmbodithest dre channel 16

P
T Sl SR 0 WSSO T 07 R R o
not teiwder the qlmamrtwbm amepsingle gge ©6.0 mguwlhwpmsﬂmgedo@ﬂe gate 91

|t geseg{ @I{%V ‘}fﬁg@gg%e g@f(t)l\c/)g #oqge:]s?ng(Ye ate nE Wi m%‘Yg[uF]e ff%' a second
f | 1 Paterd6 s esetiad. dh tidrentodingt, deseaod gmm@ is baeigdewitlaih a trench in

R T S o T R R
or d%ﬁte@ﬁ id @ried ovelr ﬂlel'_th@wx&le]@;er 83, tWwhadh ib ﬂifsplfsed Over @fetdBnnel 16

h O
;esn(gg’h"&d‘& F@iﬂ%ﬁéfg gﬁgvﬁagur&%ﬁ 1epr g%%%&ﬁégﬁ?w@gat? KaFEhph whereina

| ay @fuadifiple Hite 9P fbtivdly Rirfh&s tﬁ@ehah&@ 16. hhm% ¥ 8D, §Qomon of the
i ncl udes a horizontal surface 6 a subst ant i

ver tquadpple gate 8t is semergsddy dp amle;d O'Xtdﬁ éay@re?@o I igure SE, AFRFET 94
feMaORAH S lte O %ﬁév@ﬂ ’ﬂfé Pl %at§'9§;€xt91§ds %&FRQ%H,()/ 1 at le&% partially
B 2

concentration. For thermally stable fins
condetathediriphoxide lyawf2er abl e whent het hi ckness of

YOR- 2003-0073US1 13the | ayer 46 is between about

10-30nm It has been found that thicker |ayers 46 of

Si GFiguam8l is endtlieg brebodiroert ef doablie @ats FinFEG87, dafihihg dfirst gate 88 and

B e T S e
tonv eid FioFE PofHigratl yntil (515 pude)a ofithe &fpl@éaﬁiﬂMFig&pﬁQ]’C thét overlies
02 Sy oheT U oo S i S8 B B SECP iy, e
as Icﬁatﬁbﬁﬂcﬂ@de@ straivd sihb@n gerfinthim 1Ond @y ardiRfietha bty albeﬁlgement of
Pn cl Lﬁ}lée nxé Imré%]%g‘; ggtee 88 %I9 gn%? Ibg 1ngigp%hde-£‘ﬁ}? cgnlgr%ﬂgdeslo tl:ll'a?, ng e);iample,
the first gate 88 is a typical FinFET gate and the second gate 89 may apply variable
25  voltage. In this manner, the second gate 89 is a back gate to control a depletion region,
when current between the source 12 and drain 14 is switched between on and off. Sucha
second gate 89 better controls leakages and performance of the first gate 88 by use of the
variable voltage; so that only the minimum voltage necessary to control leakage current
is applied.
30

Depositing the strained Si layer on the quadruple gate FinFET 93 and the Pi gate FinFET
94, wherein the FinFET 93, 94 are PFET (and not NFET), improves mobility within the

YOR-2003-0073US1 15



core 24 that has substantially upstanding sidewalls
28, 30, a top surface 26, and a bottom surface 27, as

WO pooFiogname 4, or may be fabricated to defi ne oPtTUS2004/023183
hori zontal surface 67 and substantially vertica
surfaces 68 as in Figure 7e. As a further alternative,
shown in Figure 7f, the channel 16 may have two
sidewal | surfaces 74 that extend fromthe substrate 22
andPFih: iwhile prgserepgbeneiizial agngria elfhe/REfT angd thedNERT . Fyrther itis noted
def ihQ@deﬁoéﬁi&ﬁs‘t@ﬂE& 8 hyerd il (OB B t6E psg) BREHSPAso imprds the
opposed to the rectangul ar cross sections illustrated
her wibilitys (din [HI] dinstion sgba 4 engloftp be cryslallingpres) ayer
60. It is anticipated that a channel defining a
non- or t hogonal cross section would be optim zed using
st r Bigmed dspitts omrenthodintest tfegixdravsistor SRV acit cali For SRAM FinFET

ate oxide. The ch I ) e .
o TR ol f L ST auGRLARE A TR R Ml i sic
24, trasistr borvastionsI B8R AM ¢sg. 26FEPhass Sde TP growdipali-up REET fie (PL)

bst .2Q. | di ment. above,. a b :
SR E i’ Dea GO SR RGP eyt s o
chakiget{r|pasigaRMINFBITanh phies) PHET ih®iche juaatameithnt targdd FET 78

ate 18 as conpared tqQ prio rt FjnF

g ¢ ] Ts, enablin .

Br e%ﬁcélfn“b%’ﬁfl}ebIAlE?WaPM"éY’g‘éfnéﬁ% i hgig wﬁgﬁ éﬂfemp?qysmn%ulﬂples of
cur Nept ahd BIESIRN fces STt oSinlcRidh6W £ M eté 9408 Snay be used. This
addi ti onal enbodi nents of Fi nFET structures in

ac caratratien wilt help teanake agehusipand sgbleicall 1 n t he

enbodi nents shown in Figure 8, the structures include

a relaxed Si-Ge layer with an overlying strained Si )

| ayhile Téseriked i b iconteysr 6f i essnityo rorefpmsedo parpodiments, various
| 8ot 1.0 e . .

) CERARRARLS ALt T AR A B SRY fitnomal

ov esHilhinrthenrt, And dlisudhaodiftatiomeal elt@atBRs reamin witldimthamcope of this

Figure 4. shown in. Fiqgure 8. the substrat 0 .

| noyauen apEnd AR Ba B £ By nf o AN KRG Syt and
21. ndtaginustivewt theneachiags «fttigslinventiohgur e 8 i ncl udes t he
source 12, a drain 14, the gate 18, and the channe

16. Also shown is a dielectric |ayer 33 di sposed

bet ween the channel 16 and the various gates. As the
channel 16 is internal to the structures shown in

Figures 8C-E, and is YOR 2003-0073US1 14t herefore not

vi sible, the channel 16 is only depicted in Figures

8A- B and 8F.

16



Regar dl ess, each of the enbodi nents of Figures

8A- 8Fmay i nclude the channel core 24 and channel
wepwsloopes 32 as previously described. | n Fi gureCBBES2084/023183

single gate FinFET 90 is shown. In this enbodi nment,

the channel 16 includes a relaxed Si-Ge |ayer, and a

strained Si layer. A thin oxide |ayer 33 is disposed

bet ween the channel 16 and a single gate 95. Figure 8B

represents a double gate 91 enbodi nent of a FinFET. In

addition to the single gate 95 shown in Figure 8A a

second gate 96 is presented. In this enbodi nent, the

sec@thigabe 96, is buried within a trench in the

buri ed oxide |layer 22. Figure 8C represents a triple

gat éVikat isFdaimS®is: wherein a triple gate 97 is forned

over the thin oxide layer 33, which is disposed over

the channel 16 (shown in Figures 8A-B). Figure 8D

represents a quadruple gate Fi nFET 93, wherein a

quadr upl & daheel 9& dédidmtly vetnectingr 4 sauncsartdne dahaonglfield effect

In F ort.ion of the quadruple gate 98
|s subnehg'?lf?qrzl%p@%ﬁ??l% oxi de layer 22. In Figure
8E, a Fi nFET Péhahatthig cauphid tgatsebsBite iafid SFMM.a tdp Surfice spaced
gate 99 gxte ds. downward, and at | east gartl ally

the buri sty ogg)seq:flngag sgiitaces betweanihe sublstra.tte and the

embodi Mefp s@ffacd, W& theGBhheldodd ompBides Laki s@ﬂnﬁﬁn&hctor material
first gate 88 and a second gate 89. The Fi nFET of

Fi gur e sfefipig afirstlaffipedirucius exanpl e, by pol i shing the

Fi nFET of Fi %hﬁnt%%d&@lhgé mtc&ﬁad?%th kRS &Q@evfa‘il's@xlf&es and the
gate 97 of Figure 8C t overlies thg ﬁanne

r enoved, topesarfaaggwherein ttheochgaited snv@Bpe gemprises gepoad SFiconductor
Prefer ablnXte h@ef‘ g&grﬁnfelcoﬂdnﬁjmtdg Fs\t?uc%!%rg %ﬁa@ %ﬁfe‘?é krof%lotﬂe 1;ﬁrst lattice
ger nani um tage i'n the gate arrang

Fi gure 8ﬁrucmr¢ land each gate 88 89 may be

i ndependent |y cont r.

1rst gate oe POERNRR RGP ptalRh yuise o IR Pefe! bBione that i
gate 89 ws@ahéghamerlb@’el e voltage. In this manner,

the second gate 89 is a back gate to control a

depl etion region, when current between the source 12

and 2dr ai Thelchahrfel SMldiG N E6tHRLEINGRRING A g @O emq)ﬁa‘d throbéBe gate oxide
second gate 89 better contrals | eakages and

per f or maitcleast twp@nrfaresdelipggby thchgyneligrvelgpe.t he
vari abl e voltage; so that only the m ni num vol t age

necessar¥ to control | eakage current
3. he channel of claim 1 wherein at least one of the sidewall surfaces defines a

height 4, and the top surface defines a width w,, and wherein 4. > 3w..

4, The channel of claim 1 wherein the channel is a component of an FET and the
FET is a component of a SRAM, and at least one of the sidewall surfaces defines

a height /. that is selected to increase stability of the SRAM.

5. The channel of claim 1 wherein the top surface defines a width w that is selected
to maximize one of stretching and of compressing the lattice structure of one of

the first and the second semiconductor material.
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is applied. Depositing the strained Si |ayer on the

guadrupl e gate Fi nFET 93 and the Pi gate Fi nFET 94,
wob@seir44 he Fi nFET 93, 94 are PFET (and not NEETYS2004/023183

i nproves nobility within the YOR 2003-0073US1 15PFET,

whi | e preserving beneficial aspects of the PFET and

theNFET. Further it is noted that depositing strained

Si layers in the PFET in the [110] direction al so

i mproves the nobility. The [110] direction is at a 45

angle to the crystalline axes. Figure 9 depicts one

enb@di mehe eHaniel 6f ofaifn13F ket 18 scobfi\emohdiefr hnateFQl's ubstantlally

SRAMFi nFET quanti zation, preferably, PFET quanti zation

i s carri EQVeBhe BYp sidewall %F@@s’@d @WPI?:@rfapﬁ a

S|xtran3|stor conventional SRAM (e.g., NFET pass gate

§Pg) and pull-up PFET 76 (PL) is smaller in size).

Th ug; fi hhhehaghel ofedpimi L whérein @amibhe fisss end ssvond semiconductor

i ndi vi dugl, ss gate NFET and

pul I up %F§$%¥E&§ﬁ3ﬁ§§%%§%5§§$§@%- “and | arger NFET 78

(Cc) into another. Alternatively, a smaller fin

hei Vi nmu | es of NFET and.

PFE dev?‘\@{e@g‘é e?fogg@ eefébgfg“r%%ﬂ?mb “PPFOE%%‘ upAing:

may be used. althasndwamtdefining @ﬂlemﬂal top@hd at Radi@Ke adjoining side
robust and.stable cell. Wile described in the context

of preseﬁ’lnlcay 6? ferred enbodi nents, various

nmodi fi cati onsa chbnr@nghvélbpedih adrt0with ﬂ’ne Hf)%uxffé% 8Eh&W least one side
enbodi nents can, be nmade with normal skill in the art,

and al | F\eﬁ’%llflcatlons and alterations remain

within the scope &ﬁdéd?ép%se‘drbﬁ%me'aﬁ@w@&%fa%&e(g‘%ﬁbséﬂaﬂ%l envelope,

clai ms. Exanpl es herein are considere
illustr a%aiwr 8958 ofthe chaseh ervelopebaing qrirese éxtbhiopge fast and the at

this i nvepk bavidddd Wat is clainmed is: 1. A channel
for electrically connecting a source and a drain of a

field effect Wheminsthe channgl FEFyonamwisgmaifisst s@nlccmdndn«a‘erlal and the
core Co"@llaﬁ“x%l %@e@gi&?ﬁn‘ﬁ%&tﬁe 9 se%eéoglgucg% & %F arsf at east one of

spaced fromt e an oppo
sur f acesthd tsheghsetdre ssmizshduatoe natetials ehibopore Wi hagetched and a

wherein the ¢ ore conprises a first
sem condUCPEF Seﬁg%g?e Sg{lucwre

9. A method for making a FET channel comprising:

providing a substrate and a first semiconductor material overlying the
substrate;

defining a first channel core from the first semiconductor material,
wherein the channel core defines a top surface spaced from the substrate and
opposed first and second sidewalls between the substrate and the top surface;

disposing a layer of second semiconductor material to contact at least two
of the top surface, the first sidewall and the second sidewall; and

disposing a gate oxide on at least two exterior surfaces of the channel
envelope that are opposed to the at least tow of the top surface, the first sidewall,

and the second sidewall.
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defining a first lattice structure; a channel envel ope
in contact with the opposed sidewall surfaces and the

wo opssudiace, wherein the channel envel ope conpCT/E8X04H023183
second sem conductor material defining a second
| attice structure that differs fromthe first lattice
structure; and a gate oxi de di sposed about a surface
of the channel envelope that is opposite the channel
core. 2. The channel of claim1 further conprising a
gat €10c ouThephethbd SfLiim HRMetta tBe B¢l LfiidoBdRor ln%%%l cbiffkises one of
surfaces defjned by the channel envel ope. 3. e
channel &t orcti&iem and fiigspend seaicandueior nagteriabgomphnises the other of Sior
sidewal | gpaef aces defines a height hc and the top
surface defines a wdth wec, and wherein hc 3wc. 4. The
channel of claim1 wherein the channel is a conponent
of FE EET i : nent qf a SRAM .and. at
I eagtrj ' onghgﬂg %}{?Eeosf i°§1“&a9|sWﬂ%f§1?@ 8%11%318?}'@5??5‘3%? §fpicotuctor
that is swiceeloothpticesimaskiegnsmel esdharlpi | ity of the SRAM 5.
The channel of claimlwherein the top surface defines
awdth wthat is selected to naxim ze one of

st r échi e meitloddf clabmpl wherbin defitify d ftichafeRofetoinpfises Abfining
one of tlﬁ i rst ang t he second ‘i’ﬁm conduct or

mat er i al 2 B5E9R5econe ghanprd sore spaced {em epeanqther, and disngring a layer

Iwher ei nof feorfieRMNBnGROr GIRHAC ERHipri¥Bd @k Ring said layer on the first
subst anti.al Iéi?grg¥ers the two sidewall surfaces and the

top sur fSasn Kot ths serend effanpgl 8916 1 wher ei n one of
the first and second sem conductor materials conprises
on and germanium 8. In a channel for a field

sili ! ) a €na

ef f ég’[ t Fhgnathed of clain @ whessio dispesing & daypr pBseaaond semiconductor
channel gokg.1d88hRisog .east .a.1o0 at | east one
adj oi ning si de sﬁ?acg?b%gﬁ@ag ¢ éér{nefl%gﬁy}e gbee PR o “second
cont act seimidendypgormgferielovertbefimndhatrvbcond, sdpeatitio 20 ivast & peteion of

said layer from said carrier wafer, and removing said carrier wafer.

14. A method of forming a PFET channel comprising:

providing a substrate and a layer of first semiconductor material overlying
the substrate;

defining a trench in said first semiconductor layer that divides said layer
into a first section and a second section;

removing a portion of the second section so that a remaining layer of first
semiconductor material has a thickness less than a depth of the trench, and a
portion of the trench is exposed;

disposing a layer of second semiconductor material over the remaining

layer and adjacent to the trench.

15. The method of claim 14 wherein the trench is filled prior to removing a portion of

the second section.
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surface, and a gate oxi de disposed on at |east two

surfaces of the channel envel ope, said surfaces of the
wae basngio4envel ope bei ng opposed to the top surPeresSznd023183

the at | east one side surface, wherein the channe

core conprises a first sem conductormaterial and the

channel envel ope conprises a second sem conduct or

mat ey al d.at. l.east one of the fjrst and second

se m'elc6 ondad ? (E)hrethr?'gtog ?@’é‘? éggﬁ?ﬂ“ﬁiﬂ{‘esm@ﬁ’é‘“@fla@r gi‘sr %&‘E’ﬁ’é‘ifs less than

and a coapsuwedSent. | attice structure. 9. A nethod for

maki ng a FET channel conprising: providing a substrate

and a first sem conductor material overlying the

subsit7r at @he @eihod oN@aith f4 Wigdreif RBERLd SMiCorldh QB thitErial comprises
first se &Qnductor material, wherein the channel core
defi nes 6 surface spaced fromthe substrate and
opposed first and second sidewalls between the

substrate and the top surface; disposing a |ayer of

secdfid sdh¢ BsHhadef Jrimbt wherein thegemainingdayenbas| acthiskeapless than
of the topysysface, the first sidewall and the second
sidewal | ; and di sposing a gate oxide on at |east two
exterior surfaces of the channel envel ope that are
oppqgsed . W the . top surface, the

Frrar s Adintpoel i5RRkr USRI oL By SorRE:

YOR- 2003- 0073Usircé810. The nmethod of claim9 wherein

the first squ&p%ductor mat eri al conprises one of S

or SicGei .x and the second seniconductor nateria

conpri ses t hea firt dodfiectihg the sddfce T th&eiain Md ddiiningBakiRl & and a
of claim.,9 Wgeﬁgén di sposing a | ayer of second

seni condRPH SWEI%E; al  conprises masking and et ching.

12. The net hatha@fcotplad tRrobdhesaiBleHRE Ik REst fwd dukfales of the fin,
channel core conprises definlng
wherein the channel core defines at least two surfaces extending from the

Ix

substrate and comprises a first semiconductor material, and the channel envelope
is in contact with the at least two surfaces and comprises a second semiconductor
material, and wherein at least one of the first or second semiconductor material

exhibits one of a stretched and a compressed lattice structure.

20.  An integrated circuit comprising at least one field effect transistor according to

claim 19,
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a first and a second channel core spaced from one
anot her, and di sposing a | ayer of second sem conduct or
woraosoi@i4 conpri ses di sposing said | ayer on t heCT/USRD4/023183
channel core but not the second channel core. 13. The
nmet hod of claim9 wherein disposing a | ayer .of second
sem conductor material conprises disposing a carrier
wafer with the | ayer of second sem conductor nateri al
over the first channel core, separatingat |east a
ort4;on qf i er f said.carrier wafer, and
Permj\}l' ng%s%‘?i%etg%#?%{nglrsm\’fvg%ﬂ).cmfﬂr}“%: nmet hod of formng a
PFET chaanelrc adpmii, aichamelps gatt elecigda aad b ghte dleRemind a
| ayer of first, sem ceoHduc ornateriﬁl over |l yi

i.ng the
substrate: dePAFA{eLhpgloomprises 2 ghapng} °r°§et‘%éﬁm%g a bottom surface

sem conduatd toplsayaet spaoed fréth edgorm dindhck BY Beral} dppdsed sidewall
first secti.on nd secon section; renovi ng a tportl on
a

of the s&UGHE CHOFITEESN ihehotigm surface Andte repyriagss Wherein the

first seghdnailbiefd QmpiBdse] fiat sdhdSordudh GBS UehRRS ataNattice
a depth of the trench, and a portion of the trench Is

exposed: SEHEpEdhehannel fyiber ompeising A ghasaekcavsiensde gentact with at

mat eri al j@yefe thh\Rrh&BRRICRG r ' .
trench. 15. 'I?I’feﬂ]ﬁltret hod ofc clngli%)r‘ﬁﬁﬁﬁé\}\lﬂg?}g{cﬁ&? ﬁtgn%e?(gtﬁgﬁnpmes

is filledsyendseniepndegionmaieyiahdgfiming acan latties stwctoredhat differs
section, frxmig&gﬁaﬁggémre].916. The method of claim 14
ay

wherein the renalning ef has a thickness | ess than
about 15 nm WhereifThee ofshéiudt anfl sedoail tatticé staineures s ohdref stretched

second sem or. qraterial conprises SixGei-x. 18.
The net h%gac%%g#%ﬁiénﬁ wherein the remai ning | ayer has

a thickness |wlsseit lergattedactrodebis woapled through the gate dielectric to the
channel envelope only at a top surface of the channel envelope that is opposed to

the top surface of the channel core.

22. The FET of claim 21, wherein the first lattice structure is relaxed relative to the

second lattice structure.
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19. A Field Effect Transistor disposed on a substrate

conprising: a source; a drain; a fin connecting the
waouwsoetp the drain and defining a channel coPET/aRIOH023183

channel envel ope; a gate coupled through a gate

dielectric to at |least two surfaces of the fin,

wherein the channel core defines at |east two surfaces

extending fromthe substrate and conprises a first

sem conductor material, and the channel envelope is in

contact W wo_surfaces and conprises a

secé%d sg%ﬁﬁ%% uéﬁd?hﬁgﬁﬁﬁbgP@p%%ﬁymherein atnFeast

one of t heotres, atlradm, askmnelda gaetleandechon gafeiRIdAc;

exhi bits one oL a stretched and a ﬁonpressed lattice

structure. 20" %ﬂniﬁfﬁcgﬁrplﬁfcé’alp&‘ﬁs@& qunglfiop dediping a hpttom surface

| east onend i ®hdurkick esdoed frah HeHoBbm IGERE @% !b{eerﬁlﬁy cfdptaéemsidewau
ransi st or

19. Y(I%ZO?S-Qﬁ73H§H§2021. Afield effec )
(FET) ¢ OW'H acey §pos Bme;e Eh’e bgttgna éprﬁa’ce gngl:‘flpg iepeyurfage, yherein the
el ect r odehanaélttorr @MRiséh LHARE bdnliSondWIS BhtBrid] hﬁﬁﬁiﬁ%@rfﬁgt Jattice
conprises a channel core defining a bottom surface an

a top suftfgBiedipacannc feheqErHeie o Ahasneleaedonsyin contact with at
| at er al | k@ BRAGESrBEdRWR Chanf b chRCE Serdhy ﬁﬁg;?]egxgg:%%e;ﬁﬁ)g Qomprises

the bottom surface and the top surface, W
channel & &centsmicandesiorandigriat defining acoemid datiive strattereithdt differs
def i ni NGgdiihd it hdbd itBuALENEL UTe; the channel

further conprising a channél énvel ope in contact with

at | east the wheeis thefgatseslesfrodenie coupdadribtouglothe gatetiileiriv to the

mat et a1 BT ook S g AR RS ARG G R SRR ea o e

mat eri al I ni n
di ff ers fopend bdttonf surfates ofitht ickamndltcorect ur e, wherei n one
of the first and second lattice structures is one of
stretched and conpressed; and,
24. The FET of claim 23, wherein the first lattice structure is relaxed relative to the

second lattice structure.
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wherein the gate electrode is coupled through the gate
dielectric to the channel envel ope only at a top

wagrosac®4of the channel envel ope that is opposkdI/US2004623183

top surface of the channel core. 22. The FET of claim

21, wherein the first lattice structure is rel axed

relative to the second lattice structure.

YOR- 2003-0073US1 2123. A field effect transistor (FET)

conprising: a source, a drain, a channel, a gate

el eclsr odeg, t [ ctric;, wherein the channel

conpri ses %ggﬁg%ﬁg%wgg?Qﬁgng%P%%ﬂ% bott om surface and

a top suebawues, spaigd channeh 4 fae bledtiodenagd b ka6 aiel¥tric;

| ateral |y opposed sidewal] surfaces di sposed between

the bottom s uvrvg %{%lgﬁ’ﬁﬁgallnﬁ ComppSS &Fﬁ%ﬂ?&{ COW?@%@P& a ppfgom surface

channel et ®top emfice Sgsedfrdh Iﬁl&tboﬁ@ms@&kﬁ,@ ue Iha%ralﬂﬁip%éea ksidewall
t he channe

defining a.first lattjice structure; )
furt her - EBFSFS TFRREFIPeliam Ris|boHoR) shisise anchihe dnm iefocanpberein the
at | east clidnfeltcdfe comipriossen Bist dnBcdnianBShateMi _Qieﬁﬂm%[cleﬁr& lattice
t he channel envel gpe ngﬁ

. rises a second sem conduct or .
mat er i al STEHSFIGithrrhannel Bisther qomprisiaga shannel enyedopetimeontact with at

differs fea@mhd 108 shifics tand detsideRal tsﬁr‘f‘é%&éﬁ heref e cmﬁéleén(}elope
the gate electrode is coupled throu the gate

di el ect r PENRIECY hiscerbismidondypias mmirsiaberfipingta seomiddattee sifucture
the chanmg) digy ebRRfe ikl 8 RAROSEAL O the top and
bottom surfaces of the channel core. "24. The FET of

cl ai m 23, whevherqin theezateielestrodedis coupdedshrouglt the gatie slielectric to the

rel axed ' I ce structyre.

YOR- 2003{5}%16@&13 lﬁjﬁé%b%g%rg? %ﬁ%%tﬂéﬁ%ﬁ’é@eﬁ’tw dhibiaR Oppeq to the
conpr i si ey andsidovallcerfacas offthe changel ctrannel , a gate

el ectrode, and a gate dielectric; wherein the channe
conprises a channel core defining a bottom surface and

a tog surface spaced fromthe bottom surface by

| at 8¢-al | Thedpgidodfethins R8lewisidin the fif bittice dinsmos sdelbeidweletive to the

t he botggg&aq&ﬁ&%ﬁuaﬂg_the top surface, wherein the
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channel core conprises a first sem conductor nateri al
defining a first lattice structure; the channe

wo mosloew4conpri sing a channel envel ope i n cont BCT/US20041023183
at | east the top surface and the sidewall surfaces,
wherei n the channel envel ope conprises a second
sem conductor material defining a second lattice
structure that differs fromthe first lattice
structure; and, wherein the gate electrode is coupl ed

t hrough t diele nneI envel ope
on 3¢ Al S e IR Garhhet B SRR RS
opposed dsouicba drai@, aachaniel, d@uﬁlelecmﬂef eaniasgata:fdletldwlc
channel core.

in th
Firer 1t ti canepmA teel chuPesfert aff GG Atgom surfuce
second |aall hitsiEsushdeliphdet Gom YRRy RRMFubREHYHtedBP dppofed sidewall

field effect transi st or attached to a su
conpri sisH aceg §wp%§etwgen&ﬁe§p(¥{tomas m| the tgp élg?age wahelem the

el ect r 0oQ@anRNEbré coiRpiscs b Tr@Ghmicenduohe hfdidial ainglza st lattice
conprises a channel core defining a bottom surface and

a top suitpebe: b shwgelfpdier AP oS fIEloPg it contact with at
| at er al |1y,ppRO®RA sﬁfa@@v‘@ﬁérelﬁ Whé %ﬁ&‘r&eﬂ RRAPE dco@ﬁﬁ"@@e@ second

the bottom surface and t op surface, wherein t
channel sewicendisiny imatssisl c&flmng@tse@éﬁqlaétem%th ﬂr?aafhéferSafrom the
deflnlnqhgl&h&ﬁ%u&ﬁ; structure; the channe

further conprising a’ c annel envel ope in contact with

at | east thevm@pusmcgacehdmhbn%wmmbﬁ@H@h&ﬁh@gﬁ@ﬁwbmwp@fme
conpri se d se 1€

second 1B PrEESERPe SR RN Gl o 66 Wb Rlde R rfhces and
| at ti ce ttiomcttiace of thadhambleosi N t he gate el ectrode |s
coupl ed through the gate dielectric to the channe

envel ope at surfaces opposed to the top surface,

sidewal | surfaces and bottom surface of the channe

cor28. 28rhe Hid dfERim27,0tteran BT firshhatice structireisfrelaxed relative to the

|attice SHPﬁZ %pnhanéelaxed relative to the second
lattice Y U
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YOR- 2003-0073US1 2429. A field effect transistor (FET)
attached to a substrate conprising: a source, a drain,

wa2okanmeel , a gate el ectrode, and a gate di el eRCT/82004/023183

wherei n the channel conprises a channel core defining
a bottom surface and a top surface spaced fromthe
bottom surface by laterally opposed sidewall surfaces
di sposed between the bottom surface and the top
surface, wherein the channel core conprises a first

sem,£ond r ri.al i nj first lattice

St or bR en Ot e FEEIMaMRaT £ b8t A

envel ope sonrce,andrdin,ta abhiirel, atgate eRstrodehandtagiatesiivlécaie,

wherei n the channe nvel ope conprises a ond

sem conduct of'PRE ‘?%1*‘“ é?(?“i’ﬁrﬁﬁin%’h@‘é[@g?fﬁe ﬁgl%l‘}g@é’omm surface
st ruct ursad bhst suﬁkh;,\ilefsﬁﬁc.%d fioerthé Bdtobhd Justhed b@%l&tblféﬂy opposeld s(ijdewall
structure;_ and, in the gate el ectrode is goupled,

t hr ough SP#%C@@Q{S%OS&? Eﬁ%&%ﬂr’fﬁ%m&mw acerfind e toR Sy Bee JEexgin the
sur f aceshitinel Efte CHAPHGS 2 I ALARBNIUOR} nRAfBaPRIRSRh it lattice
the top, sidewall, and bottom surfaces of the channel

core. 30irugtig; theshagpel dprgierronaprisigar dippnet epwelppg gycontact with at

lattice 1gdst el Wpesirfice, ShiX&A thelchldn¥e edRIdpB &oRBERda second
|attice structure. 31.” A static random access nory

( SRAM) ngmfypp@qcﬁpg mgteripladgfining wiseqone lagtice strectyre that differs from the

transi stQrS. kR SdueMlgr ei N each FET conprises a
source, a drain, a gate, a channel defining a height

and a wi dt h; whirsinethe gateelactofde ishevupled Heeugh thengatd@Flectric to the

channel s f] e ' h FET

channel SCh%gjfeil ér%lgelg&cﬁt ?‘?%?ees\r%“tfﬁ% EP%ﬁ%eﬁ%ﬁ_e%a%g gb‘gfg%éf ’F_he fop,

2532. ThéleShalANNG bottinasuntadbwii tieehannthvercchannel of each

FET further conprises: a channel core coupled to a

substrate and defining a top surface and spaced from

the substrate and opposed sidewal|l surfaces between

t he3Gs ubslihe &EE ofinldint 2% wheieinsthe fiatletticevtarctirds tdiexed hdative lto the
i rst sem conductor material defining

;o; ierg? s gé’itnﬁ?aifé"%g{r?%f"ur e; and

31. A static random access memory (SRAM) comprising at least two field effect
transistors (FETs), wherein each FET comprises a source, a drain, a gate, a

channel defining a height and a width;

wherein each of the at least two FET channels define the same width and
each of the two FET channels define a different height.
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a channel envelope in contact with at |east one of the
opposed sidewall surfaces and the top surface, wherein
wo b@soamhel envel ope conprises a second sem cROTIUS1004/023183

material defining a second lattice structure that
differs fromthe first lattice structure. 33. The SRAM
of claim 31lwherein, for at |east one FET, a ratio of a
wi dth of the top surface between the opposed sidewal|ls
to a height of one of the opposed sidewalls pronotes

?}: 2 icorrprl S n&f ia@ggd Vgh@rel h%?%“ﬂel%gga&ﬁiﬁﬁéﬁ :é?‘%‘ﬁlir’rﬁﬁs

at | east tmo S aces defini.n re | anes,

first gate ih fé%rq W utp’ﬁe d tﬁg sgig % "‘E\ltdepglggta tPBvB“rface and
sur f acespachd ﬁuxghhessugatae: a.ﬁud@bmsbd sidewalintlrfaces B&t0Beh Wakdstrate
in contac e . at | east, tg&_surf

t hr ough 230 e st S0P i aney foug QPHsEy %ﬁﬁrp@and?mor

across a‘tatdrlabtﬁ'mmgaﬁﬁtldm strb¢ttie; i second gates is
vari abl e. 35. The FET of claim 34 wherei n the channel

defines a chachuhel eaveopeidcantehannel R0y cg‘@l&- oppbi 8idewall
conduct or

t he chann cor ses . a fi

mat er i af™! g%%? ﬁ‘af 9P ‘fffaﬁ? Whaeqn EC‘?PP%W@%H@W%Wsecond
channel s@ﬁl\l@{dﬁ&@r BaeRdlidsRsin@a %gmdm@@ e OREHRet @ffers from the
mat eri al SF%FF; ni n a second lattice structure that

di f f er s Tif CFﬁ%‘F‘ﬂrFst lattice structure, the first
and second gate in contact with the channel envel ope.

Y(P 2003 0073US1 26
The SRAM of claim 31wherein, for at least one FET, a ratio of a width of the top

surface between the opposed sidewalls to a height of one of the opposed
sidewalls promotes stability of the SRAM.

34. A field effect transistor (FET) comprising a source, a drain, a channel defining at
least two surfaces defining different planes, a first gate in contact with one of the
at least two surfaces through a gate dielectric, and a second gate in contact with
the other of the at least two surfaces through a gate dielectric, wherein a voltage

applied across at least one of the first or second gates is variable.

35.  The FET of claim 34 wherein the channel defines a channel core and a channel
envelope, wherein the channel core comprises a first semiconductor material
defining a first latticé structure and the channel envelope comprises a second
semiconductor material defining a second lattice structure that differs from the
first lattice structure, the first and second gate in contact with the channel

envelope.
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