DOUBLE- GATE TRANSI STOR W TH ENHANCED CARRI ER MOBI LI TY FI ELD [0001] G rcuit
devi ces and the manufacture and structure of circuit devices. BACKGROUND

[ 0002] Increased performance of circuit devices on a substrate (e.g.,
integrated circuit (1C) transistors, resistors, capacitors, etc. on a

sem cond f ~ATE Fhia i I j

consi derg% u‘?ll‘ﬁg;%gsﬁ gﬁAN?&Q@&m@ Eéln %@gét(lh%nﬁo@%%%m ces. For
exanpl e, during design and manufactuee~or formng of, nmetal oxide

sem conductor (MOS) transistor sentrconductor devices, such as those used
in a conplenentary nmetal oxide sem conductor (CMOS), it i5 often desired to
i ncr easel0®¥knent GQfrcefiteddviomssarichthednbypiachios adelViteectaNVBRYirafiannel s and to
increasedrmvenent of positive charged holes in P-type MOS device (PMXS)
channel s“¢7%6893] U.S. Patent Number 6,335,233 discloses a first conductive
inmpurity ion that is inplanted into a sem conductor substrate to forma
well area on which a gate el ecBagdeGrROUNMDEd. A first non-conductive
inpurity is inplanted into the well area on both sides of the gate

el eCtrOd@pé?J control a ubstrate defect therein and to forma first
precipit hrea t B'CEeFseA feripiance & gl K viss AN sustaip (gt y ion is

i mpl ant eghtéAhed AfcuMe i id t so that
a source/ dr%i_ ndad;lea i (SICP g‘?ﬁ%ﬁ@é@%@‘?&@ﬁ%{) }Elg'tégcéi%%gaesr e atB %‘gg%&rshal | ower
t han t hele®i siltcoms pubstraiel isconallyonmeidacior vensidamad dusingslesigm, ant ed i nto

t he sour Faln..a rQl:a.s ra efect;therein and to

orm o doEhrRIMEAAAR opRrftfor O GRR6 ViR SHORLIBhBe, ARETE adsigLShd

di scl osesanufehireardonming déwnetel otidatsemicdndiesoa(MOaf) ttanstbeged drai n (LDD)

structur ransi;stor wherein the f.armation, of defects due,to ion

ol ant SO RE tEhREs AHEh Bk Mo eeth Rl e iRy Bl ¢

suppr es sethicéndwrtde(CMOPeitiobffeh esired td idraiieahb0Bmart of ElRERbAYIL he
nsistor, inpurity ions are

source drain.regions_of th tr
i mpl ant ﬁqﬁg? ﬁ’&g? Hevice: MQ%EJ harpsla ande ingrepse BrOemaY of poshivegat e
el ect r odRarged holes in P-type MOS device (PMOS) channels.

[0003] U.S. Patent Number 6,335,233 discloses a first conductive
impurity ion that is implanted into a semiconductor substrate to form a well
area on which a gate electrode is formed. A first non-conductive impurity is
implanted into the well area on both sides of the gate electrode to control a
substrate defect therein and to form a first precipitate area to a first depth. A
second conductive impurity ion is implanted into the well area on both sides of
the gate electrode, so that a source/drain area is formed to a second depth
being relatively shallower than the first depth. A second non-conductive
impurity is implanted into the source/drain area so as to control a substrate

defect therein and to form a second precipitate area.

[06004] U.S. Patent Number 6,365,472 discloses a semiconductor device
that includes a lightly doped drain (LDD) structure MOS transistor wherein the
formation of defects due to ion implantation at the edge of the side wall of the
gate electrode is suppressed. In order to perform the ion implantation for
forming the source and drain regions of the MOS transistor, impurity ions are
implanted using the first and second side walls provided to the gate electrode

as a mask, and then the heat treatment for impurity activation is performed
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as-a mask, and then the heat treatnent for inpurity activation is perforned
1 after renoving the second side wall near the source and drain regions
doped w th high-concentration inpurity ions. By renoving the second side
wal | prior to the heat treatment, the stress applied to the edges of the

hi gh- concentrati on uri reqi n IS
degreaseaF tey fﬂm@‘]’m@ gps%qrg;fg W{%EPE% @5%0 ﬁaagl € 5}32%@2%?%%225 with
which  agRipR c&idehﬁ@ﬂoﬁﬁ;r@ﬁimynbmomy rendemgsuhreesdcmd sideomalé priguct or
substrate. Then, a lowtenp eratur sollg B % nmet ho d| Ic,?rrployed
to sel ect¢ﬂ@}}€atﬁ?{ﬁﬂmﬁbﬂbﬁéﬁ§sss@ﬂﬁ g B?%?P gpnctoé"cg?tﬁ Oe crystal
silicon %Pamgepeg%%@ag%@ﬁraﬁ helis ke EeAd@oARUCt OF subst rate. [ 0006]

U. S. Paten 364 dis ses a nethod for fabricating a
sem conductor device in which, a collector Iayer of a fi ré‘a gwrl]gucti vity
type is [Gosshed m@&&jﬁbW@ffﬂtaﬁr#ﬁe}%&?ﬂdhé@ BFeSAPLACEST WIS hed by

device L3RI BhRSRsIRoS O LER AcAPENIROsiS b bR RURR Bubitiate, T noul ati ng

| ayer con strate so t he range of the
col | ect oTheapeliwietpeeatard ktdld:phhﬂcgmwthayeﬁhoaind epaployed to helegieNalr e
i solatio

A duc |
ext or nal 13 8TIEPhOGY OB St v o ST coRaflnst by oRiRE 75, 8"

| ocat ed bi??d)éi‘:@ pdieionadf the bemicorriRtdigubsttatee j unction | eak prevention
| ayers of the same conductivity type as the external base are forned in

= et nod M0 { abr | Lherbroat Nareer b cBe i eRros et b her o s
di scl Osegelgf&%%gt& FiEERWhiRM B%bllb@&sﬂay@ﬁ@fafﬁsfmm&mnt itgpeis on a
silicon substrate by I owterrperature processaiﬁiwci@ fects caused by

the m sménrshedin a kegipaof pcemisrrdugipssuRstinge s Ry €86 pi t axi al | ayer
fromt he, sgﬂgt 0nAScBhﬁyo?B?Sﬁfr%Og?Té@ﬂﬁ%ﬁ?rh tihe 1n§iHEf1ﬁg ldywyered fornmed by

the | owt erat’ure proce tent Nunb ? 283 di scl oses
a struct deposamzli ot divr sexniconduier isobistyatersg that ﬂ‘l@ﬁé‘ﬁgﬁ@élﬂé‘?ﬁ%l §4¥ to i nmprove

I at ch-up ig%% chrers &edv%ct% rl%%r and part of the device isolation. A

semiconductor layer of a second conductivity type as an external base is
formed on a portion of the semiconductor substrate located inside the collector
opening, while junction leak prevention layers of the same conductivity type as

the external base are formed in the semiconductor substrate.

[0007] U.S. Patent Number 6,455,871 discloses a method for fabricating a
SiGe device using a metal oxide film. There is disclosed growing a silicon
buffer layer and a SiGe buffer layer on a silicon substrate by low-temperature
process, so that defects caused by the mismatch of the lattice constants being
applied to the epitaxial layer from the silicon substrate are constrained in the

buffer layered formed by the low-temperature process.

[0008] U.S. Patent Number 6,465,283 discloses a structure and
fabrication method using latch-up implantation to improve latch-up immunity

in CMOS circuit.

[0009] U.S. Patent Application Publication Number 2002 /0140031
discloses a strained silicon on insulator (SOI) structure and a method for its

fabrication, in which a strained silicon layer lies directly on an insulator layer,
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[0009] U.S. Patent Application Publication Nunber 2002/ 0140031 discloses a
strained silicon on insulator (SO) structure and a nethod for its
fabrication, in which a strained silicon |ayer lies directly on an
insulator layer, 2 contrary to the prior requirement for strained-Si |ayers
to lie di : ' HI%H : FIRPS ; t hod

gener al | )?6@%%1&?’@9}%%%3%%@135}%' I g%ﬂ&fégggs%%@ae?gﬁ g?%ﬂ%{eﬁ%g??n%ml ayer so as
to form atmin-indwayeg (g, GisTe)layen Themettod genesallpentailidosning 2 ayer has a

different .lattice constant.than silicon th S IS

st r ai ned SH€0R ]?)é%rLﬁr{aB%Ia{rﬁg" e %’é’ eﬁ?% rargg%%orvnv? % #@éﬂegtsr?%&ﬁ@%gtci ng

| ayer. TRghiobkhé byierinstucligs layer hss & défferennielded corstatithin atloaso t hat an
insulating | ayer,_is between the strai nfd s'%l 'hco_n I ager nd@ﬂg substrat e,
and so t kbat thasiliconday@ds sirrineskas ageskltpfiae fathce grematd WHE PRsul at i ng

| ayer. ngaﬁ.}sﬁr‘m&h' Dﬂv:é?.i e Wﬁﬂaﬁ?&%ﬂﬂl@ﬂaéﬁmérﬂi&%% Sutktedtbkace of

the straine Il co ayer and yi‘eld a strained silicon-on-insul ator
st r uct ur éhatieat insulainigdegen isdetwadrs thesteained silicandasr ang thesabshate he

substr at n i SLL . J ; i BRI EF
DEScr Pt i B R Eh0 1O LR cBadis frd RSt lgyeduie. B
advant ageyaim-irld veeiephayents thentraoroved b exppgaa entfate ofthtersérained sihicoy
det ai | ed, descri,pt.ign, appended cl ai os and, acco nyi ng.d h.ngs in which:
[0011] Flaysrend W@%ad §/tir§\%eafsﬁ!§°5‘699"?%€‘r¥l% rétrﬂﬁ%{%?%‘fq aPné%\c/i!ghg portion of
a smal | pubfrital the[iRQUALnElgpir@rdthesubsithwand the pekirednsibforalalyat knmat eri al
and a portion of smal | "material; [0013) Figure 3 shows a small lattice

spaci ng %ﬂﬂsu}?é'rlgﬁﬁﬁﬁr-and a bulk material; [00141 Figure 4 shows a smal |
| attice spacing small- material and a bulk material; [0015] Figure 5 shows
a large lattice spacing small material and a bulk material;

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Various features, aspects, and advantages will become more
thoroughly apparent from the following detailed description, appended claims,

and accompanying drawings in which:

[0011] Figure 1 is a view of a portion of a bulk material and a portion of

a small material;

[0012] Figure 2 is a view of a portion of a bulk material and a portion of

a small material;

[0013} Figure 3 shows a small lattice spacing small material and a bulk
material;
[0014] Figure 4 shows a small lattice spacing small material and a bulk
material;
[0015] Figure 5 shows a large lattice spacing small material and a bulk
material;
[0016] Figure 6 shows a large lattice spacing small material and a bulk

material; and



[0016] Figure 6 shows a large lattice spacing small material and a bul k
material; and 3 [00171 Figure 7 shows a Type 11 doubl e-gate devi ce.

DETAI LED DESCRI PTI ON [ 00181 Figure 1 at "A" shows bulk material 102 having
a large lattice constant, and small material 104 having a snmaller lattice

const ant bul k ..nmaterial 10 Smal | ter.l 4 has first dinension LI
108, secdh : mensiEIRrE 4 ShouS aéﬁ?’d’%ﬁf@&%‘%@ﬁ?%’%&s 110. [00191 In one

enbodi ment, bulk material 102 is silicon germanium (SiGe) with 50%silicon
and 50% germanium and small material 104 is silicon (Si), where bulk
material 102 has a lattice constant 2% greater than the lattice constant

of small material 104. [002 I "I ws bul k material 102, and
small material 105 after i 1 o contact or bonded with
bulk material 102. The snmmll lattice constant of small nmaterial 105 has

been strapmey by tiRghar pef” Al shbivedutinsdtanil 102 kg adhegye lattick02.
D stance L2 106 has %

een straine (I engt heped) to distance L5.,116,
di st ance PBsStENb agsTpele malerial aveng ?éﬂ&\i@é?atﬂée E‘?’@?taﬁ‘hﬁ’éﬂ'b?‘fl on,
di stance nlféte}igﬁdma%rhslﬁ A XSHIRY Aok A9t disEANBA 1141081 Secotdedibferishen

Poi sson's ratl o of snal | material 105. (The appearance of small material
105 has B&e¥6eaad geirdidethenpionrldetiG o show the effects of the strain.)
[ 00211 In one enbodi nent, where bulk nmaterial 102 is SiGe with 50% Si and

50% Ce, mal | N | ' LSt Hdh Esrmidaiakeat er than
di stance([l{tglgi%, agﬁtodlese a?\%(gﬁtééﬁ’l%kirgé%&?g??a%%ﬁ than di st_lan_c_e L3 110.
Assumi ng (3iG)iveisto H0% sikitdroarid b0%rgernamatey pad stodl watdgiad 104dneilicen st ance L4

118 wll_be 0.34%.snall er dji st.an [ smal |

mat eri al @8@“’ g%iﬂ%%é“ﬁ@@&} i%ﬁas’ei gar%‘ F%?O#ﬁaégﬁ% Iﬁl[{&%? g}éaﬁ‘fstf}%tlgﬁf&g hannel

regi on, wR§ent BesrahBehateris]l t@ul d flow in the X 130 direction, or the Y
132 direction, where the electron flow would be inproved in strained snall

material A0%) "N NS e o pdlN St 035k IR HateRial 105
after it has been brought into contact or bonded with bulk material 102. The
small lattice constant of small material 105 has been strained by the larger
Jattice constant of bulk material 102. Distance L2 106 has been strained
(lengthened) to distance L5 116, distance L3 110 has been strained to distance
16 120. In addition, distance L1 108 has been compressed to distance L4 118
due to the Poisson’s ratio of small material 105. (The appearance of small

material 105 has been exaggerated in order to show the effects of the strain.)

[0021] In one embodiment, where bulk material 102 is SiGe with 50% Si
and 50% Ge, and small material 105 is Sj, distance L5 116 is 2% greater than
distance L2 106, and distance 1.6 120 is 2% greater than distance L3 110.
Assuming a Poisson’s ratio for small material 105 of 0.17, then distance L4 118

will be 0.34% smaller than distance 1.1 108.

[0022] Strained small material 105 could be used, for example, in an
NMOS transistor channel region, where the electrons could flow in the X 130
direction, or the Y 132 direction, where the electron flow would be improved in
strained small material 105 in the X 130 and Y 132 directions as compared to
small material 104, which has not been strained. Alternatively, strained small

material 105 could be used, for example, in a PMOS transistor channel region,
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smal | material 104, which has not been strained. Alternatively, strained
small  material 105 could be used, for exanple, in a PMOS transistor
channel region, 4 for inproved hole-flowin the Z direction 134, since the
Z di recti on 134 has been strained fromdistance L1 108 to smaller distance

L4 118. 103’13{%) (ﬁ%{iq{cﬁb %v&‘ﬂ‘("tﬁeozral%l&ﬁn% Algind th'eSZ ghewioPubknhapt eri al 602

havi ng a tice constant an ‘mterial 604 having a |arger
| atti ce beenstrantedt fnam distdncadtleli8ab seodler Spsipmcededt €18.al 604 has first
di nensi on L1 608, second dinension L2 606, and third di nension L3 610.

[ 0024] enbodj nent nal.l &r « PR4. | i 0Si and 50%
ger mani uﬁq&gﬁd bul eﬁf%%wéﬁ’ﬁs s??t c}gn45 g\}\)E)V\ﬁllE;ﬁHb‘?\\éltén};?f}tle%r@?(al 604 has i
a 2% | ar g@wirlgad Exlrﬁﬁ Iﬁﬂlftﬁtc@ﬁstahhaﬁdssfr&il] mmsﬁrhmi 684 h60hg 4 RORE] laRideer ri ng now
to Figure 2 at mat IS S trai ned

mat er i al C%gamsihaé‘l tﬁgg T‘é‘ﬁt&F’ia?ﬁgfe&?‘é r’é@)tgniagg@*}f‘%ﬁ ﬂ@&aémﬁ%%oﬂﬁﬁ?dsrmt eri al
602 has 2.1 dfhedRbh 10%06045d Bilkd HitdensBABaI0ed smal | material 604 (at
"A"). Distance L2 606 is reduced to distance L5 616, distance L3 610 is

reduced to distance L6 620, and di stance L1 608 | |ncreas%%}g IHi,t ance L4
618 (fol00dleri al @Wﬁr@@%mfﬂf@ﬁb%@fﬁa@oﬁdﬁ &e NV

enmbodi negg(ﬂ\lgﬁnéﬁer@’ L‘“égf. k { 672 Rlsi1RAR, Weheﬁﬁ §RalliAyierid] 66Pha and 50%

Ge, and | stance L5 Is 2% smaller than
di st anceal2 &@gerlﬂtitti¢ea¢mwstarﬁt62ﬁsmllzwtf3ﬂfmﬂ6@2 than di stance L3 610, and
for silicon having a Poisson's ratio of 0.17, distance L4 618 is 0.34%

arger ¢ igpefl ot ange 808 |09 Pu0oH BB AR EDiLNGOR R F

used, npl e, "as™a egi on ransi st or, having
i mpr oved sh@iredfdzmlll hintetial 605d |SttmmecbﬂmﬁB®naiamd] §0isrsémineshsigge bulls conpar ed
to unstrained s mat er

04. Al tiv terial
can be uS@eqdl é?‘?z?rﬁﬁérp ﬂ%rg]la SRy e ﬁ?%%lg ?éts%baqﬁ%\??ér%éllqggﬁoved
el ectr ong At ‘QW)I Midadicé £o1H00Rs fAth@d toclsmacelb 66, Lﬂisﬁanae ham@ mal | material
604. [Oore uced grdelstgnlcé ng 656a:;[r16(:f dlbslflallrll(cerﬁtgdg 1g|1nc2rggse to (%s ance mtéi@ al 204.

(for materials with a positive Poisson’s ratio).

[0026} In the embodiment where small strained material 605 is SiGe
having 50% Si and 50% Ge, and bulk material 602 is Si, distance L5 616 is 2%
smaller than distance L2 606, distance L6 620 is 2% smaller than distance L3
610, and for silicon having a Poisson’s ratio of 0.17, distance L4 618 i5 0.34%
larger than distance L1 608.

[0027] Strained small material 605 can be used, for example, as a channel
region in a PMOS transistor, having improved hole-flow in the x-direction 630
and Y-direction 632, as compared to unstrained small material 604. |
Alternatively, strained small material can be used as a channel region in an
NMOS transistor having improved eleciron flow in Z-direction 634 as

compared to unstrained small material 604.

[0028] Figure 3 illustrates bulk material 202 and small material 204.

“xyz” axes are illustrated at the bottom, with x axis 230, y axis 240, and z axis

250. Bulk material 202 has x-lattice spacing d, 208 and z-lattice spacing ds 214,

while small material 204 has x-lattice spacing d, 206, and z-lattice spacing d,

212. As illustrated, bulk material 202 has x-lattice spacing d, 208 and z-lattice
5



"xyz" axes are illustrated at the bottom wth x axis 230, y axis 240, and
z axis 250. Bulk material 202 has x-lattice spacing d2 208 and z-lattice

spacing d5 214, while small material 204 has x-lattice spacing d, 206, and
z-lattice spacing d4 212. As illustrated, bulk material 202 has x-lattice

. _ ] : . _ fiis | Ul
mator ot e and el helPRA e pby B e PR T da
212. [ 0029206Refhé erlatitrerspacing diiZjdre 4, snall naterial 204 has been brought

into contact with bulk material 202, for exanple, by epitaxial growh,

bondi ng, t-treatpent, etc., such that the |atti of smal | terial 204
has mat cwé)gsfl itsel ?(ef%npﬁ&qv&t? F&%urc?fi’ Bl Iﬂ%}e&ﬁs gﬁ)fgaige%nﬁmqg\%t rat ed,

x- | atti cgtsRoAtAREwHth Bk mAasidl @08 foedxsmpld, dptdpilakial ghewslartroratingecr eased
slightly, while x-lattice a}gﬁa%ngﬂdB 2110 g@s bee:n1 [ hcr eased f[jom

x- -1 at ti Beatsipeimentaatoogugis Bt g intacapl sl spterip i@ﬁ*ﬁ%@@?chﬂ attice
spaci ng ﬂ?el?@o‘ltrﬁaattg%r@'mﬂﬂ nSHBSEEIND, 3k M1dshe e ARt 82208 ce
spacing do 216 has been decreased fromz-lattice d4 212" (see Fi gure 3).
(None of haswenhaigedssbatantighziwhe samecaldecreaned aiighiénonhile grlatticel ustrati ve

pur poses_onl i i I : has

remai nedspasr}llj%% Pé%ﬂ?g%% lf'/é?}]fgcg%%aﬁvﬁﬂ I>Jeﬂ;(<t§:('llegsh!}ta?%1 %%i (ﬁege g%g%%'as
increased fromd, 206 in Figure 3 to d3210 in Figure 4. [0032] The strain
in the x[OBOECt i onhptadeabtonldttice bpading ds 814 banrdmamedsubbktangigyrthg be

represented by, the fgllow ng e hon;. Ex ;= d3 - X % 0033] As
i 1T ust r af%80e R 6d?§§e§pﬁﬂ%gﬁﬁgé%ik e g e?rgﬁﬁ?dngam %ﬁ%% b PAT y the sane
i n Fi gur@se Bigne 3. (Wbt ef thefigutatdr deawpaoisogef and aresiowmiter i al 204 has
decreasgiil fromd4 212 in Figure 3 to d6 216 in Figure 4. [0034] The strain
pl aced uﬁFfé“Vﬁﬂ’t‘ﬁrBQS%forg}ﬁgll material 204 in the z- direction may be
represented by the follow ng equation: EZ=d6-"d4X100%

[0031] As illustrated in Figures 3 and 4, d, 208 has remained

substantially the same, while x-lattice spacing d; 206 has increased from d, 206
in Figure 3 to d;210 in Figure 4.

[0032] The strain in the x-direction placed on the lattice of small material
204 may be represented by the following equation:
E, = ds—ds y 109,
1
[0033] As illustrated in Figures 3 and 4, d; 214 has remained

substantially the same in Figures 3 and 4, while the z-lattice spacing for small

material 204 has decreased from d, 212 in Figure 3 to d; 216 in Figure 4.

[0034] The strain placed on the lattice of small material 204 in the z-

direction may be represented by the following equation:

E, = D~ da x 1009

z
4

"EZ

[0035] The Poisson’s ratio for small material 204 equals

x



d4. [ 00351 The Poisson's ratio for small material 204 equals E-, 6 [0036] In
one enbodi nent, the strain in the x- and/or the z-direction is |ess than
about 10% | n another enbodinment, the strain in the x- and/or the z-
direction is |l ess than about 5% |n another enbodinent, the strain in the

Siranal ofodsRE 2 LEShERHOR NS dhRafaAPhe Rlanh) o IR MG BIBRR Tont - Lhe

strain i and -direction’1s Tess n abou 37] In
one enbothsginin alsomndl 10%mirean@ihe? Obioslirmicht, clamstraimdnbhk k- andy er thel z-202 i s a

materi al .having x-lattice s ' d2 208 between about Q.5%. and about 10%
ar ger -t AARCUPT iSRS 1A AR ol SRR FRORATATRY B SpHBIGES. 208 1 s
nor e t hagn@perithelDHireasi @@ls lebothanadbot 2% PRCiritghek erdBOdirhéentisamal |

mat eri al 204 may experience significant dislocations when snmall material

204 is ®reimghtthe st andént B z-dinestion isdepmthan aiowd-as illustrated in
Figure 4. 10038] In another enbodinent, bulk material 202 may be nmade of

silicon igoSy) dopegh Bhi Bnfto@iRenBh%IPhaRHT 20N sigfbi WAd SEkmani UM
d a ead,

arsenic, I1ndium tin, antinony, 't Tum | and/ or bisnmut h. Anpunts of
t he dopenaterialid0R inmeedatetabkavddgusiadics spasirged, 208 dwpenshoat 067 t he

rel ative_si 0 )i 0 d ' s (o] xanmpl e, due
to size %fi‘# ?‘g?]é{]%oe% ,Iéljgépp?aa(r}lgééﬂ érlgulnli 8%% Qﬁﬁb\éﬁﬁgljﬁgﬂﬁ ilg?ﬁaggé%%p{cgﬁ%gbe silicon
conpar ed20&isanyey thansivelut 16¥dargerdhabilstioe bpading dy 866, then actalleve t he sane

| attice spacing,.,[0039] | n anothet. enbodi nent, snall erial .as shown
B garBRGn | 04 R rr e E R T GRSe o Beh S5 FelBAl dout 0. 5
and aboubrdhhit fiio consbt Reilik bRt flat@tiallPAS a8 ill@itﬁ&éd'iﬁiﬁ%@ﬁ gpacing in the x-
and/or z-directions than snall material 204 of about 0.51 to about O0.61

nm [ 0040 eferripng-now to Figure 5 here is illustrated,snall| nmateri al

304 andOBabk mat el anciBesemRedUneRG BT 2eduay pemade g@%ﬂ,lﬂ@ﬁ axi s

340, andgsp d?@@w@@pones@ﬂnbrér@f erﬁimﬁﬂ,ﬁgé}ﬁﬁns ; ,ﬁgérﬁiéﬂiﬁ&,ﬁ%ﬁ@g d1306, and
c

z-lattice spacing d4 312. Bulk material™ 30 as x-lattice spacing d2 308,

and z-| andiew, Spaentiigoas, thelimm Asadpdy arbisngth-eAgiounts gf thee spaci ng
d1306 of 4 5auHh WiBlREehah b3%histed in order to compensate for the relative size of
silicon compared to the various dopants. For example, due to size differences,
a large amount of aluminum is needed to dope silicon compared to a very

small amount of bismuth, in order to achieve the same lattice spacing.

[0039] In another embodiment, small material 204 as shown in Figure 3
has a lattice spacing in the x- and/or z-directions about 0.5 and about 0.6 nm,
and bulk material has a larger lattice spacing in the x- and/or z-directions than
small material 204 of about 0.51 to about 0.61 nm.

[0040] Referring now to Figure 5, there is illustrated small material 304
and bulk material 302. Also shown are xyz axes, x axis 330, y axis 340, and z
axis 350. Small material 304 has x-lattice spacing d, 306, and z-lattice spacing
d,312. Bulk material 302 has x-lattice spacing d, 308, and z-lattice spacing d;
314. Asshown in Figure 5, x-lattice spacing d, 306 of small material 304 is
larger than x-lattice spacing d, 308 of bulk material 302.

[0041] Referring now to Figure 6, small material 304 has been brought
into contact with bulk material 302, so that lattice of small material 304 aligns

with the lattice bulk material 302. X-lattice spacing d, 308 and z-lattice spacing
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| arger than x-lattice spacing d2 308 of bulk material 302. [00411 Referring
now to Figure 6, snmall material 304 has been brought into contact with
bul k material 302, so that lattice of small material 304 aligns wth the

| attice bulk material 302. X-lattice spaci ng d2 308 and z- Iattice spacing 7

d5 314 of bul k eri al ve remnaj n ubst a F| gure 5
to Fi gufe3 ol %@%terar ﬁf‘%%regﬁ%’&e ﬁ‘é?%T‘FQTO@ en
reduced §j, ¢, whalet- la@hé:é %}Hcﬁiéoﬁ é}nﬂﬁ%lé}ehﬂl ﬁws%e@n r@ﬂdc@d fr@hﬁ dee

spacing o rraf mat er 1 al been increased fromd4 312 |n Figure 5
to dé 31:ﬂ)am1ﬁggmétad pUbiroFiguge én@wcéﬁﬁ@mCﬁémcmgr@éﬁma&métqrba 3Bbais Sice

wth Ge Ms%@egﬁg\}?{"éasg‘g% atdtalgggg%g%g %qig Lglgl ead 302 is a materi al

havi ng an™x- orog 7 $s than at of the small
material, e.g., silicon. [0043] In another enbodinent, suitable materials
for bul kioow2leri al Boane embbditeest, sirednmd tasiad 304 tslrﬁlé?teeNﬁh Geofrerdf bor on,

car bon, r Qe nd/.o rou ISCUS bove order to
obtain ar@wgﬂ/ngﬁ?al? @d%&nﬁaﬂﬂ&ma%&aﬁ% Seaﬁnal ne%alllgoron woul d be
needed tdray dthosRieiceupaciay V@R thiitat dfehabinatl raheeial, d £0dAtorn one

enbodi ment, the strain experienced by small material 304 in the

x-direct} onfrom gure 5 to, Fi.gu rep db ol | owi ng
equatio 0043 . D@‘l‘ﬁb% e@boﬁ%ﬁﬂ%ﬁ' SPﬁﬁd’f‘ﬁ@FIa%BE’ ﬁém‘é{erﬂ%?%t rain
exper i eﬁﬁ@ﬂld@@iﬁ&ﬂi{ Ho W}fﬁbﬂ@@ﬂrﬂd}e df Berdn, dafiegt, 'r@ﬂ?oéé@rﬂnla/@ﬂr e S5to
Figure 6 be represented thefollow%‘?e uatlon - d6- d4X100% deé

[ 0046] mhczméomdméimcus&qﬁﬂeab@w e eTqes o phiipr glﬁéniat&F?éBWBE PWrain is
| ess th%ﬁ*}ﬁyﬁera%% 'Iaswah%%améma th%ﬂ?)}?&sﬂhbﬁﬁ}s' cAnslenr the z-

direction strain 1s I’ess than about 5% |n another enbodi fent, the
x- di r ectrietative sizes. :
[0044] In one embodiment, the strain experienced by small material 304
in the x-direction from Figure 5 to Figure 6 may be represented by the
following equation:
£, = =i x 100
d;
[0045] In another embodiment, the strain experienced by small material 304 in

the z-direction from Figure 5 to Figure 6 may be represented by the following

equation:

E, = ds=ds x 1009,
1
[0046] In one embodiment, the x-direction and/or the z-direction strain
is less than about 10%. In another embodiment, the x-direction and/or the z-
direction strain is less than about 5%. In another embodiment, the x-direction
and/or the z-direction strain is less than about 2%. In another embodiment,

the x-direction and/or the z-direction strain is less than about 1%.

[0047] In one embodiment, if the x-direction and/or the z-direction

strain is greater than about 10%, then there may be significant lattice
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and/or the z-direction strain is |ess than about 2% |n another enbodi nent,
the x-direction and/or the z-direction strain is |less than about 1% [0047]
In one enbodinent, if the x-direction and/or the z-direction strain is
greater than about 10% then there may be significant lattice s

di sl ocat descaitidnd @ deei ey When bhsaktahhtd éHrRa&%ftHE&amlﬁQla%Fe&a' ni ng
| ayer 30Q02. [0048] In anothér enbodi nent, device body 3 has lattice

spaci ng 8¢2- between about 0.5 nmand 0.6 nm and straini ng Iayer 302 has a
smaller lattice spacing of between about 0.49 nm and about 0.59 nm [0049]

I n one e[gpagj ment, Iﬁg%ﬁqepgwo%egp@eq&g/ féiﬂﬁh aas]a b%i—’tg?" ’gﬁ{gfs and/or a

mass substantially | ess than mat er 1 al not her
enbodi mebétweasnl dbowh Or muzl arzDR.6 amnl/ avd Mnh'glagret &G)Z:kamaassmaﬂdz‘ lattice nass of

about te r mal | eri 204 and/or 304. [0050] Figure 7
is acro at&lgﬁ%gn&fe \glaew gp r§a ©05|9 ™Bvice. Device 100 includes
straining substrate 150 with doubl e- gate fin transistor 152 extending

t her ef r oi@04%i n t r almsorsd enbd8nemis kuddanPreriabR0svehd /30504, Rag pe wel | 105 is
f or med, h as i nt r oduc ant as boraon and/or indium into
body 154)316 nfe?%é?‘%?fs? 51a5¢ S'igﬁgngﬂﬂfﬁ) §tth%rh‘g¥‘ﬁ%‘§‘ai"3@189488éf0&§g4i s forned
first galhehrdjtleémhbbélrﬁ&& Biilk friakértal 280 @ndl/6E BOPHSs 4 80ckhQQ3Hd /R asecond
surface 236 bod¥ 154 is forned second gate dielectric 220 and second

gate el dERFORHALEN ten HmpsErentss tharesmall gaateriah?Qd and forc4ar e sili con
di oxi de (Si 02) that is grown or deposited. In another enbodl ment, gate

di el ect rjogsp]Mmay bepigufeposi Eﬁﬁsiéba!ibndfv@éﬁlo%ts@hﬁcoﬁ%&t%re vl t| or H Q2.

Gate el ectrodes 130 and 230 may be forned, such on (e.g.,

cheni calDeMgp i 0Qimshidas ssiminiogpppstatetilwithal adile-gate Q@raatnmtm2 Gat e

exanpl o it ¥kt Tk GREHARF 19 RAIAE el IR I iR onellt" o
el ect r 0d€8 isRgmesheudses, dyeingactucstgph aibpen’alsdchmy bbaorsemcétxbzeldldmm hosen
based Onnt' rﬁcﬁ%{ fgd S n' ﬁg%f(?r{) ?&af@g £lﬁ9f Clil? Acs138% H) (ri)rmg& is formed

Representati gate e
first gate dlelecmc 120 and first gate electrode 130.

[0051] On second surface 236 of body 154 is formed second gate
dielectric 220 and second gate electrode 230. In one embodiment, gate
dielectrics are silicon dioxide (Si0,) that is grown or deposited. In another
embodiment, gate dielectrics may be a deposited high -K dielectric, e.g., ZrO,
or HIO,. Gate electrodes 130 and 230 may be formed, such as, by deposition
(e.g., chemical vapor deposition (CVD)) on gate dielectrics 120 and 220. Gate
electrodes 130 and 230 may each be deposited to a thickness of, for example,
about 150 to about 2000 A. Accordingly, the thickness of gate electrodes 130
and 230 are each scalable and may be selected or chosen based on integration
issues related to device performance. Representatively, gate electrode material
may be deposited as a blanket layer, then patterned into respective gate
electrodes, then doped to form N-type or P-type materials. In one
embodiment, gate electrodes 130 and 230 may be N-type.

[0052] Also illustrated are junction regions 203 and 303, for example,
NMOS junctions, that may be formed by a junction implant (e.g., such as

implanting with arsenic, phosphorous, and/or antimony for N-type junction
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may be deposited as a bl anket |ayer, then patterned into respective gate

el ectrodes, then doped to form N-type or P-type materials. In one

enbodi ment, gate el ectrodes 130 and 230 may be N-type. [0052] Al so _
illustrated are junction regions 203 and 303, for exanple, NMOS juncti (r)]ns,
that ma i it L | Sr - ARtd ng Wt
arseni cyﬂg ngg{igﬁg S, Sg)n%;%(r} gﬁ??ﬁoﬂﬁj@%&we@%{éa#‘?ﬁﬁ?m gn#egiéo%, and
possi bl y anecamedigyaitt jusshen yegions a8pandidAg maspke farpadiby doping I n - one

nmbodi :} i j for in ortions
o Pt ypd REPHEghR e PAICRE, e e of Bt oS R R B R 7

f or m NMOSotm IS bressistorsepdoparsistithas ama&*misdni]ﬁamgggamlzgﬂtei nt(7) gate

I d 3 23 d j ti [ 20 303. Fjgure

11 ust r acleeodeS TR 2R 220 Sab SRt ORS00, Fiaten7HRRRRIES. 1n one
enbodi nente chareldHITPNLE 5942ffo§@>?d1ﬁ?1e§l\f}ﬁ®sad}én§8%. 3hSrieNhsaSigtkMy Pl aci ng
channels 494 and 594 in tensile strain. [005§bl n_ anot her enbodi nent,

channel s PgYRTEARCesx dhapnpls 498 aeeDI4prednerspsesd By plicingghannels g

subst r at gnd 394 R Ydided sl | er lattice spacing than body 154. In one
enbodi ment, body 154 is silicon or SiCGe, and suitable materials for

straining substrate include silicon doped with one or nore of boron,
carbon, H%Bbgen, hnhanetheprmbsiddmens.chrfinglsdQd aindd94ubay batpdackBitinhas a

smal | er ' ﬁ.pg)g' e ; e 154 .wi |1 be gonpressively

strai nedh_:l:ﬂrﬁmt3 %gax- %@9‘?5‘3??%12#?%%;1;5’65‘3%52%gﬁ%ﬁﬁr gﬁl%ﬁ %a&l]?%ﬁ}aﬁg _

z- di r ect body d&& Irt on¢ mbPdirssoh bedydisiads silicen lor &i@e, athendtaie, current will
. 494 . a 9

fl th . | d,594.in a.directiqgn of secondary strain,

subst ant TAASRISESRinE YR uds §HFor BoppETutl ae o roRw ol ane. o

e A e A Y s G e S
evi ce, i c ) _

i ncr easetd™d rqgmqeisﬂ?é‘c%gﬂﬁ_@ﬁjé)dé’ aﬂtfrs@ﬂgfq P uihPesermTesieliinel s 494 and

594 may fieaingdlin ie SO $58i@BohE, A1d RINBIIBEssEREH AR 128 A% rBdhar ger

1
I [ cing than body 154. In one enbodi ment, body 154 is nmade of
S?|t |t Icgﬁ, tsogﬁa Ingﬁspgfﬁ rgtio of%ilicon. Therefore, current will flow th¥ough channels

494 and 594 in a direction of secondary strain, substantially orthogonal or

substantially perpendicular to a plane of primary strain.

[0054] In another embodiment, Figure 7 illustrates a PMOS device,
having PMOS channels 494 and 594 whose performance may be increased by
putting channels 494 and 594 in compression. Channels 494 and 594 may be
put in compression if straining substrate 150 has a larger lattice spacing than
body 154. In one embodiment, body 154 is made of silicon, and suitable
materials for straining substrate 150 include silicon doped with one or more of
aluminum, galium, germanium, arsenic, indium, tin, antimony, thalium, lead,
and/or bismuth. In one embodiment, if straining substrate 150 has a lattice
spacing greater than body 154, then body 154 will be tensiley strained in the x-
and y-directions, and compressively strained in the z-direction due to Poisson’s
ratio. Therefore, current will flow through channels 494 and 594 in a direction
of secondary strain, substantially orthogonal or substantially perpendicular to

a plane of primary strain.

[0055] In one embodiment, straining substrate 150 comprises silicon

germanium (5iGe) (for example, about 20% to about 60% germanium) and
10



materials for straining substrate 150 include silicon doped with one or
nore of alum num galium germanium arsenic, indium tin, antinony,
thalium lead, and/or bismuth. In one enbodinent, if straining substrate
150 has a lattice spacing greater than body 154, then body 154 will be

Lensi | ey bdd LSRG pribgsiicorTh inthEPEHbAmeAN G RIRE SO Rb Y56t 1 al ned in

the z-directiaon due to Poisson's ratio herefore rent V\A|
through cIPARPRSEs atonepsd 4iliqerang bedy i ohcomprisexgfideny strain,
substantially orthogonal or substantially perpendicular to a plane of

primary sppgémn. [0QE%dtHeP%}ﬁbGHPR&t”?t?amg%E%ﬂ?1%’? @?%g%}ge Qeconpri ses

silicon germanium ( or exanpl e mani um
and 10 bodgteradhavimgrd fsﬁ I@tltllce epamngmrufnbodhﬁﬁéndm@wsem se&tnidai ni ng

substr at [ S rbon ed silico 154 conpri ses
silicon. E}f%%glg ﬁi? &rfo %Cg 8&%@5&. F}Eﬂ{‘gﬂg’ FHt e?@}SEF?gE%/% %Raéflrl%’gqébﬁ?ﬁri ses a
first mahen iled sd@amdﬂgttﬂ:efspasihgl ahbh@@nﬂﬂﬂﬁtﬂ&tt @QQ1rQPHYﬂc%a@ ’éi Seés a
second erlal V. econ tt|c p |ng, vvhere the'fir | attice
spaci ng i%§ ‘I"S%@'PO&‘LQ% ftf}?i 41’5?{&@@ athcoﬁéace?«gaodu ment, the
first lattice spacing is between about 0.2% and about 2% | arger than the

second | 40057¢e spachaBotHR@riboditheanthehi@AAtHIR 50 &irhat fisybstrate
150 conpri ses ]:hfl rst ~material having a first lattice spgcllg(%%g 1gtér#d body

154 conpridlggabhadngadirskiaties sradngiang kodsetyhepmprisecesepadi ng, where the
first |atrﬁdt§ﬁalst%ﬁh§9 éeéon&mht@%%etm% WRESRENG: L GRcgpAgi no: In one

enbodi nent, the f | attice et ween a and about 2%
smal | er skaHer H@Dsfé\@@ﬁdomfai&fbcesp@ag‘,l hgon¢ enbeditengnbe fiest lendeedi nent

sui tabl e t bqu eri,gl s 202 .and/ or 302,
smal | ]g&tu% E%%‘Je%ﬁ g%?{c’ giéﬁec PROGESTFT éﬁﬂfﬁ? %6‘% I3 154,
and/ or sspémllmgng substrate 150 incl ude one or nore of the follow ng:
silicon (Si), silicon gerrrani um (Si Ge) silicon carbide (Si O,

cabalt  CRPRLT e ( EDe e Bt Babid i S el Mkt he Sl 61 ror o o
boron, bulk materials 202 and/or 302, sma,ll matenals 204 and/or 304, electrodes 130
and/or 230, body 154, and/ or straining substrate 150 include one or more of
the following: silicon (Si), silicon germanium (SiGe), silicon carbide (SiC),
carbon-doped silicon, nickel silicide (NiSi), titanium silicide (TiSi,), cobalt
silicide (CoSi,), and may optionally be doped with one or more of boron,

indium, and/or aluminum.

[0059] In another embodiment, electrodes 130 and/or 230 may be
formed or deposited by selective deposition, CVD deposition, and/or epitaxial
deposition. For example, an epitaxial layer of single crystal semiconductor film
may be formed upon a single crystal substrate, where the epitaxial layer has
the same crystallographic characteristics as the substrate material, but differs in
type or concentration of dopant. In another embodiment, electrodes 130
and/or 230 may be formed by selective CVD deposition, and possibly include
epitaxial deposition of single crystal silicon alloy with the same crystal
structure as that of the material onto which the structure is deposited (e.g., a

similar or the same grade crystal grade, such as, 100, 110, etc.).
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i ndium and/or alum num [O0059] In another enbodi nent, el ectrodes 130
and/ or 230 may be fornmed or deposited by sel ective deposition, CVD
deposition, and/or epitaxial deposition. For exanple, an epitaxial |ayer
of single crystal sem conductor film may be fornmed upon a single crystal

subst r at gpogdler e t IBuigblé Ei%@bsés&%ﬁforﬁﬁﬁ %réﬂﬂﬁ of ¥i%icah hAAARINC
characterl\stlcs as thes strate materlgd but fers in
1

concent r @ioyAngtergbplciu qYPI%ﬁfd?}P?éF—' (¥fE %ﬁﬂi’haé?élelflﬁbﬂé@ll%gha%ﬁld/ or 230
may be fqspe bmk%mqakbﬂ?r&@sﬁgpmfek?& 18k ORI Y mﬂreeéswi*ﬁ tigPi taxial

depOSI tion of single cr con the sa Ccr Sta structure
as that @ﬁaptlw@blmtpéﬂf%p giticon Wdledes: He) ganemnnmg nesctaamthedubmge a

simlar r r rad

[ 0060] s%?‘{ﬂ"’g? ¢ &%ggaggggb 05&%%? “@%“%F&Wﬁ&é o(f]’? gjf‘?rf‘b%kre&ﬁﬁ ’éof]i con
al | oy matthe satfacea leali od@p@fatlphaﬁ% fMkhd rédcidrdppiiages; (YRBActicdr sol id
phase %1 bl%c Ifb i.licon processi g( For exanple, one such CVD
process tpﬁa ufts eaﬁfﬂf 836{%“&3 \W‘E(CS‘? a§\5| m:Hﬁn?RR:‘]t%Fé@%aW@Y)O thansporti ng
react ant segc@lcﬂ}ﬂoa@lasfrba{glemg@ge; (2) reactants absorbed on the _
substrate surface; (3) chemcal reaction on the surface leading to

formatio of a fil g}laag reaction products g reaction roducts
deabsor b&¥06] om t hén adritine suallefeymingaky Femandsiliapayallbyst he  reaction

pr oduct Eéﬁ@rfsegsaeﬁi@ec it Q64 é)dsfh&fi%ltd\élt@on B! grgwtﬁ KOG ﬂggl%faﬁ' licon

and silicon alloys ri ses selective i taxXial®deposition rmation, or
growt h kﬁﬁ)iﬂ/ﬁPEﬂ S@leétlaﬁﬁpltamai'sipmﬁlsel élsnng@yppiltdbpoaitlaiepdxsoma&iny Usi ng

pype 1 d8BRsliibRNo it i ALhO%afBROANE LRNRHL A, RS, 0RRHELO0 only on

bare silicon substrates openi ngs
m ni mal , opéniagy of treowtilediint, hadaxirdmal [i0869] grSur thadil theselidet | ve epi t axi al
formation also includes Type 2 selective epitaxial deposition where

selectiv f dep 'cal deposi tion,
formatio or]O gr owt ﬁ& %ﬂﬂ? 5g! egppgggltg F mbaélcofl“rL@S%%‘Jﬁg?se%gﬁ)? con substrate,
as wel me@Wetd}atmaldﬁpbsiﬁnn whdrd :ha]lectk\ﬁt@rbﬁdu sit}/cﬂ&;s@iomdﬂﬁ@ﬂl tion is
made, anUl nteffac bet } i taxial ilac}/ &9 silicon al Ioal
sing ype deposi ion, formation o growth of the 5111con alloy occurs on

bare silicon substrate, as well as on the oxide film, and thus when this type of

deposition is made, an interface between the epitaxial layer of silicon alloy

formed on the bare silicon substrate and a polysilicon layer of silicon alloy

formed on the oxide film is created. The angle of this interface relative to the

film growth direction depends on the crystallographic orientation of the

substrate.

[0063] In another embodiment, Type 1 selective epitaxial deposition
using a silicon source including one or more of the following: silicon, silicon
germanium (5iGe), silicon carbide (SiC), nickel silicide (NiSi), titanium silicide
(TiSi,), cobalt silicide (CoSi,), halides, SiCl,, SiHCI,, SiHBr,, and SiBr, at suitable
temperatures. Also, SiH,Cl,, SiH, may be used as a silicon source if hydrogen
chloride (HCl), chlorine (Cl,) is present.

[0064] In another embodiment, silicon and /or silicon alloy materials
may be deposited, as described above, and then doped to form junction regions
in accordance with the characteristics of a desired NMOS or PMOS device. For

example, after deposition of a silicon and/or a silicon alloy material, one or
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formed on the bare silicon substrate and a polysilicon |layer of silicon
alloy fornmed on the oxide filmis created. The angle of this interface
relative to the filmgrowh direction depends on the crystall ographic
orientation of the substrate. [0063] In another enbodinent, Type 1

sel ective epitaxial depositiqn ,usi [ N. SOMK ing one or
nore of tﬁchtg ﬁ?%%“ﬁg“%i% ﬂaé’ d Cf%%ﬁ%‘ gbe}%ﬁﬁ ng&{e%ﬂl%lg’l#con car bi de
(SO, rkﬂéskﬁbea labbce datH Mspeqt, totd ¢ tonforind o Be ypé TaBer2yl ofdbbgle si | i ci de
(CoSi 2), h %qﬁ*ﬂ S| HC131 and 4 at suitable

t enper at‘ei? Apgéor dype negtepia Fﬁqbté’pﬁéﬁ%l ‘a silicon source if

hydr ogen chI oride (HCl), chlorine (C2) is present. [0064) In another

enbodi ngQhesIsi | i CBL;ME Blatshidls EONstAdihM sEIsefat@l S0 irydd)eodeposi ted, as
descri bed above, and then doped to formjunction regions_ in accor dance

with t h@wmlacslbmmsﬂ@@ncger@ad@@w dapsfebicen gﬁmanuén gHcorerbIg anpl e,
after depesid (0Boff cafbst ggggggﬁg%%tﬂlankég iRkl eiBht fldrthe One or 12

bot h of oS e ar oped such as opl ng t se materials, as
descri bededhmie vwhlt}m cambpdeposloedjbp Rngpteoatiay mmnlgmrlé cbryrperenaft eVial of

St ot Pttt PP BIAGR, et Fot R RS, i, YO NG e 800

si | i con,sustablecontaRil fEndttiihirgopatnsid 1 SORagelTHoE spacisg lsﬂn@ﬂar tembi de,
silicon carbo carbonégg ped.si | con th | attice spacin ferent from
the el dRatQfddn RARPISHOT W&%‘b ¢ 1R (e T ds sdensiie s a |lﬂ§ BRBESr nore of
CVD, epigaxigaogdeposi tion, and/or selective deposition. Thus, for an NMOS
device, a suitable material for straini ng substrate 150 has a lattice
spacing smaller than. that of fin transjstor 152, and can be used to

provi de [8066dnsi | e (1 the pthenhandnios e Magydeyige, Wltmg@ﬁer@i Phe ot her
hand, fQEehiRMSRbEEN S0 ras%qb&&lal r%ﬁh@is 16Rfer tRhA @188 sﬁb‘@ﬁ?r ate 150

has a | attice“spaci ngzthat is larg n a a I ce spaci ng
t r ansi swodfinlisansisihr ¢b2,cahichsandedised tegagee a coBppresvs sigaistthai n in

channel 3,494 12064 304594,

0067] Various embodiments are described above. It will, however, be
evident that various modifications and changes may be made thereto without
departing from the broader spirit and scope of the claimed subject matter. The
specification and drawings are, accordingly, to be regarded in an illustrative

rather than a restrictive sense.
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[ 0067] Various enbodi nents are descri bed above. It will, however, be

evi dent that various nodifications and changes may be nmade thereto w t hout
departing fromthe broader spirit and scope of the claimed subject natter.
The specification and drawi ngs are, accordingly, to be regarded in an
illustrative rather than a restrictive sense. 13 IN THE CLAI M5 What is

clainmed: 1. An apparatus corrprilz'wﬁg dAsﬁ\&si ning substrate; a device over

the substrate including a chan ; he straining substrate strains
the device in a direction substantially perpendicular to a direction of
current Whatid claithed:channel . 2. The apparatus of claim 1, wherein the
device is under a strain caused by a lattice spacing of the straining
substratle. 3. ,The apparatus of claim1, wherein the device conprises a

mat eri al ™ hav’?‘ﬂ@pgagﬁpgfoﬁ’?ﬂs?r&% spacing that conprises a different lattice
spaci ng than astrsigbonsubsataié;ce spaci ng of the straining substrate. 4. The
apparatus of claim 1, wherein the chapnel is under a conpressive strain
caused by t he? S8Yi5F RV eigth S sbbeiratedngliding ashannek | attice spacing being a

larger | atti GohsRat st AR HREAE s Al ithe a8 siiﬂadaiec%ﬁ channel . 5. The
apparatus_of claim11, wherein the channel 1s under a tensile strain caused

by the stibaianitigly neppendicelan sy pjrextivnraftcurzent flosv sptheidgnbel.ng a smal | er
| atti ce spacing than a second | attice spacing of the channel. 6. The

appar at ys of lq{eadéﬁa}attwrcﬂi& i,hﬁhélteﬁl?'id‘nii H&ﬁé’%%%c%rea fﬁ) [L,365 gy, material
selected fromthe’'group consisting of silicon i), siTicon gernahi um
(Siy_x @dalticesphringoidhe birdimifSisybstrade) , nickel silicide (NiSi), titanium
silicide (TiSi2), and cobalt silicide (CoSi2). 7. The apparatus of claim

1, the devi ceqf : - Si ate electrode and a l.ayver of silicide
mat er i a?' on tefr}fg%?y% ? é@g%gg faé%ggg'\éﬁ%ﬂ%é%ﬁ?eo%%v,lc%(gpgpﬁe% ﬁg‘ate})igl
having a first lattice spacing that comprises a different lattice spacing than a

second lattice spacing of the straining substrate.

4. The apparatus of claim 1, wherein the channel is under a compressive
strain caused by the straining substrate having a first lattice spacing being a

larger lattice spacing than a second lattice spacing of the channel.

5. The apparatus of claim 1, wherein the channel is under a tensile strain
caused by the straining substrate having a first lattice spacing being a smaller

lattice spacing than a second lattice spacing of the channel.

6. The apparatus of claim 1, wherein the straining substrate comprises a
material selected from the group consisting of silicon (S), silicon germanium
(51, Ge,), silicon carbide (Si,., C,), nickel silicide (NiSi), titanium silicide (TiSi,),
and cobalt silicide (CoSi,).

7. The apparatus of claim 1, the device further comprising a gate electrode
and a layer of silicide material on the surface of a gate electrode, wherein the
layer of silicide material comprises one of nickel silicide (NiSi), titanium silicide
(TiSi,}, and cobalt silicide (CoSi,).

8. The apparatus of claim 7, further comprising a layer of conformal etch

stop material on the layer of silicide material, wherein the layer of etch stop
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| ayer of silicide material conprises one of nickel silicide (N Si),

titaniumsilicide (TiSi2), and cobalt silicide (CoSi2). 8. The apparatus
of claim?7, further conprising a |layer of conformal etch stop material on
the layer of silici de mat eri al , wherein the | ayer of etch stop 14 materi al

conpri ses ne of silicon d|0|de 0 h0|I|cae Ia PSG a
Phos phor BRLETHI SR REITES Pne Qf S IS \qze)o@(?g @R@ffi ostiiga ((,éiabl de

(Si O). 9Phddphcapnadapes s@z)pélatm ﬁmﬂ‘dw(sgmr) aﬁamli@nr@rlaldlea(sﬂr) of

di el ectrlc rraterlal on the layer of conformal etch stop material, wherein

t he’ Iaye di el ectric teria rlses one of ¢ doped oxi de
(CDO), bi ¢ B]a?aﬁpaﬁt'ewﬂ@a m%urﬂy? O@Wﬂnsﬂlaﬁer(&%@ﬁc gfﬁosphosmcate
gl ass (Pﬁﬁena&lldﬂ t%@r}aﬂrtdflcéﬁforhﬁu%%sto | HOfeh ARGHerRl Hﬂé”‘l’é?e:%fiss (FSG),

and silicon carbid 10. An apparat us corrprl sin straining
subst rat@ele&ﬁd@maé@n@i\ﬂ@mprm@smﬂfrcaﬂeon Aepedipnigled bcebydmr@de and a

first |

el cot r od i aL FCB NI B AR S G0N, PUBOSRAE BIRE (BRCE LB 1

di f f er en(Gi;Nypdlueoriredted sicsieagl ase(FSEG)} dred shhvwnear‘mﬁe(ﬂaﬂj t he device | s
adapted to have a current flow substantially perpendicular to a surface of

the strajning,substrate. 11 .The apparatus of claim 10, wherein the
straini ﬁép bépragpgraggﬁﬁpwggnég lattice spacing that is larger than the
lattice spaciagrahiddsulsterdtge, adapted to inpart a conpressive strain in
the current flQw direction. 12. The apparatus of clai mciLO wherein the
lattice spacih@eWfe Prer desybsiral m§h’6§88§t8§’t¢ glesradeeand adiEst he | attice

spaci ng jRhctidierélgyh aRd Ldaph&s ﬁcqldrmglicsn é‘d]aE@rﬁsthle %a?é E1gERodd dnfde current

fl ow dlrectlon 13. The apparatus o aimil ein the straining
substrate corfpeisgaming |sub%té¢te§@ﬂfma&aﬁtlﬁaﬁpﬁ@ng ﬂﬂ%ﬁlﬁ idéerephidhiargat hat s

| ar ger tl&%*&e%?&mh totf'tﬁé’ SPRE! Nlerd? tﬁé‘ﬁegll ¥5§§d%}ﬁgéﬁg?\qx&9 it a

conpressive s ral I n t e current flow rect corrpri si ng:
flow substantially perpendicular to a surface of the straining substrate

11.  The apparatus of claim 10, wherein the straining substrate comprises a
lattice spacing that is larger than the lattice spacing of the device, adapted to

impart a compressive strain in the current flow direction.

12. The apparatus of claim 10, wherein the lattice spacing of the straining
substrate is smaller than the lattice spacing of the device, adapted to impart a

tensile strain in the current flow direction.

13.  The apparatus of claim 10, wherein the straining substrate comprises
silicon germanium having a lattice spacing that is larger than the lattice spacing
of the device, adapted to impart a compressive strain in the current flow

direction.

14. A method comprising;:
forming a device on a straining substrate, the device including:
a gate electrode;
a first junction region and a second junction region adjacent the gate

electrode; and
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formng a device on a straining substrate, the device including: a gate
el ectrode; a first junction region and a second junction regi on adj acent
the gate electrode; and 15 wherein the straining substrate causes a
primary strain in the device in a first direction, and a secondary strain

i d dj i ce in a di.cular to the first plane; and
owi nga cur FeRo s SUrp 8k ot il PP s Rrup i s doieedBibng. "
di r ect i ofirst éireciibr, ared heecovidacy sirtinlid a ydrendidirddienfdubstarsiallgi n is tensile

and the secong. itrai i.,S C ressjve. 16. The nethod of claim 14, wherein
t he firsPE'&FR F%‘?%“%@Wﬁ?é e the second strainis tensile. 16

flowing a current in a direction substantially parallel to the second

direction.

15. The method of claim 14, ‘wherein the first strain is tensile and the second

strain is compressive.

16. The rmethod of claim 14, wherein the first strain is compressive and the

second strain is tensile.

16



