DOUBLE- GATE TRANSI STOR W TH ENHANCED CARRI ER MOBI LI TY FIELD [0001] Circuit
devi ces and the manufacture and structure of circuit devices. BACKGROUND
[0002] Increased performance of circuit devices on a substrate (e.g.,

i nt egr at ed circui t%(GAé" transi stors, resistors l{)am tors, etc. on a

seni conduct dPOYRL B TRANSISHQRWIEH ENHANAELY CARRIER MQBRATY

- consi dered during design, manufacture, and operation of those devices. For
exanpl e, during design and nanuf act ur BIELDS or i ng of, netal oxide
sem conductor (MOS) transistor sem conductor devices, such as those used

|0 3 conpl LAY MeEdouidiSesssl AANHELALL L) strd&?%fcﬁﬁadeg red

to i ncrease novenent trons In evice nnel s and
t o i ncreasedevivestent of positive charged holes in P-type MOS device (PMOXS)
channel s. [0003] U S. Patent Nunber 6, 335,233 discloses a first conductive

inmpurity ion that is inplanted intmémctor Substrate to forma
well area on which a gate electro i = A first non-conductive
inmpurity is inplanted into the well area on both sides of the gate
el ectrode t@062ht rol hmreaﬁ@sltp@fcﬁmtefce@f cirhﬁfteiem@@dmtaosdbsltmt@(efg,rst

recipitate. rea A second conductive inpur] |on i's
P ot e | ntesatad it IR R T ieR GPAa e i o BaeotdudB ¢ hat

a sour ce/ dr @ig, sli@m)isabb@aRB s huAlyLERMS feRkRonfiderdt aﬁhﬁ?ldégilag)ﬁ shal | ower
than the first depth. A_second non- conductlve inmpurity is ted into

the sour ce/ HPRRGVEE, 288 operatipr ghthask dgviagbs Ferexample during Bhd to
forma sec%nma?c%lgs &AEnRREBs, Ikgﬁgékdé s'épb ges | PNW) t naftor 472

di scl oses sem conduct or | ce I'nc opedo drain (LDD)
structure m\moadsctgt dlevme,rsenCh asttbosd usavhini a)mmplamémtar)srmbm wadé on

|rrplantat|o .t he tee

suppr essed. n 8t gSCt%g géper Or m %?ﬁ a(;e\,alrefirg? élﬁ‘frg?? OF 8?“9“? 8\E 'e‘ﬁtgm]?‘of'ﬂ@l

source and Nrigipe Me dndcoNMES)MBEnheBnsidtooincrdagp idtemerang pasiive
charged 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.

[0004] 'U.S. Patent Number 6,365,472 discloses a semiconductor device
that includes a lightly doped drain (1.DD) 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

1



i npl anted using the first and second side walls provided to the gate

el ectrode as a nmask, and then the heat treatnent for inpurity activation
is perforned 1 after renoving the second side wall near the source and
drain regions doped wth high-concentration inpurity ions. By renpving the
second si deftemtdmevingrihetsecdrivbsitie atalt nesatthe soyurdersadsdradns segippd deed o t he

edges of the.hjgh-concentr.ati.on _inpurit . I egi | Ne vHIPS us
state is dgvdpbhfa%@agor[c&agrg Ofy IIEPYBLY éﬁ?g‘ hﬁu}?gée}gggl%e%e §§§Od(§:|{] %@Poses lgggrocess
wi th whi chio grakehorsiteieht, abe seessupplid toahas edgesepideitiigh-concantration

sem conductor substrate. Then, a | owtenperature sol hd phase growth met hod
i s enpl oyedMPET4ECEPERFEEIPNS i1b At ARMIPHRTE STALT 15 LUHEE Y pol ysi | i con i nto
single crystal silicon on only an exposed portion of the sem conductor

substrate. (dfd8p6] U. §7.5Padient Niwithers,$54638, Bbdosisschrrgess witheithied for

fabricating a sem conductor device in whjch, a col, S}g&or | ayer of a first
conduct i vi esncrppeus silicoporaelysiliepr sglepRsised angesamispdieetar SShbeale at e
sandwi ched thy, deyiegen L 0fid P SHAMEREN B %nt ol iPekitdivaugh a
first i nsuFg'#hqu‘gﬁg?{p%g%tg%?@é%éo%%%Ig) se_nl%ncondulct o_rp_iggbst rate so 't hat.
the range éérmh henarphbee sdiconapgilyajlicuviets singde enistad silinon|ay@yaid part of
the device isolation. A..sem cond of a second conductivity type
as an exteleﬁﬁ?segifa\%%mlogl Off%Fﬁ%Iau%Or#@}Cg%rr ul%\éﬁrrag%' t he sem conduct or substrate
| ocated inside the collector opening, while junction |eak prevention

| ayers of f{do®edane cahfiPitent Nyntlygre,455,364hsdrsasramiettvad ordakri¢adinga in

t he sem conduct or, substrate. 007 S., Patent .Nunber 6, 4 7 i scl oses
a met hod f 8FTFSBIAUCERY ‘5@”8‘9 1@%&%%\?3@8“85 ‘W&ré?f ﬁgfrﬁﬁ Comuéggg%tﬁlt#g!ﬁere i's
di scl osed gs@Mbdeh ar§$bh@a5eMEémudtaymbme sarflvRhdffyedediayer on a

silicon substrate by Towtenperature process, sQ that defects caused by
the m smat éplaion-hd qollectios SPeBANE indPEnsithipu ﬁF%@“ﬁ%a?%faé’ﬁft axial |ayer

fromthe s id'e'ESQifPe& BR$hE 88 ARAUERRS bS ARG that e rabubloethd @ikiced formed by
the | owtenperature process. [0008] U S. Patent Nunmber 6,465,283 discloses
a struct ur epanihg covers the collector layer 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 layérs'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.

[6009] 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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fabrication nmethod using latch-up inplantation to inprove latch-up immunity
in CMOS circuit. [0009] U S. Patent Application Publication Nunber

2002/ 0140031 discloses a strained silicon on insulator (SO) structure and
a method for its fabrication, in which a strained silicon |ayer lies
directly onomar}nmjﬂhatpﬂonI@g@rrerr@mtmnmyedél {ayerspio It diregily @l@ﬁrent for

strai ned- Si tr

ayer | The HeRFEiusti e S Ebah, MstheR e ElaR (g

strai n-i ndeiticog lkp@tem a;stram -iralufcrgndagersd hs tafoem smldﬁlayleestrunturahnch t he
strain-indu | aye adlfferent tice onstan ansllcon SO

That the sPEaMS SoaroneuEkdren e o et e GR dohaans M S6eSaa: oh wic
the strai phinHeeilRgnlldyéris sthedtstd teavBlofhe Uatied MidhaichepitheRded to a
substrate so _that an j'nsul ating Iayer i s between the strained silicon

| ayer and BHaIsEKLIGnG @yer ahde soltiler shackireds Hem kandegon a gipsiralg s@ct | y
contacts t i enoved
Lo expose. dral ot L fih beR0Een Bid dtdined RSy UG (hE shBEBaler 0]
silicon- onand§althabﬂ1€§tmm¢dmhcwmﬁyecdmctlywntaws thelbsulating laytdre The

i nsul ating e ned s t he

i nsul ati ng 1 %‘é"‘%ﬁf@%@ﬁ%&hﬁf%@%& tﬁmgép%%é%ﬂ{&ce[ ‘éﬁ&hﬁ%{}@arl o{}hg&
features, bspeehd, yielt sidviant ajesnved-indidaioretrntiee thditarom;gﬁdeﬁ thppar ent
fromthe foI I det ai.l ed description, append cl ains acconpanyi ng
(i o ngs. | RUGTHREGOS S Re BeE on th Sabo Rl Gra She aPeinen SUROR 15Ten

mat eri al aﬂ@@sgmﬂﬂgqa ef a small material; [0012] Figure 2 is a view of a
portion of a bulk materlal and a portion of a small material; [0013]
Figure 3 shows a snall Tattice spacing small material and a bulk nmaterial;
[ 00141 Figure 4 shows a small lattice spacing small material and a bul k

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 1is 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



material; [00151 Figure 5 shows a large lattice spacing small material and
a bulk material; [00161 Figure 6 shows a large lattice spacing smal
material and a bulk material; and 3 [0017] Figure 7 shows a Type |

doubl e-gate device. DETAILED DESCRIPTICNt&3518] Figure 1 at "A" shows bulk
materi al 1000A3ki ng aFigawegd shamsiacbypeBrdnubbe-gaterdevieral | material 104
having a smaller lattice constant than bulk naterial 102. Snall materi al
104 has first dinension Li 108, second dinension L2 106, and third

di rension L3 110. [0019] In one enbodi nent, bulk material 102 is silicon
germanium (SiGe) with 50% silicon and 50% germanium and small materia

104 is silicon (Si), where bPETAALED BESCRIPAIOM | attice constant 2%

greater than the lattice constant of small material 104. [0020] Figure 1
at "B" sho kK matgsi 2, »and: n@i H?ﬁ [ f i.t.: has been
br ought in?@og%lllnt act g’rgug%%égdlz\w%vﬁu ﬁ<mat efilagfdzl%%ﬁn%%eltﬁ errlgftféél attice
constant of casidrit, ared emiallimdi@hiaha84 beeingst sraalterdatticetchastaat gem bllat ti ce
(I engt henedTALg D aReeTiBaera! 10 BAS e S ensa il Bosrr ot SFfsian

di stance LB2 106 .andnhadddinaiordi.gtlapce L1 108 has been conpressed to

di stance L4 118 due to the Poisson's ratio of small material 105. (The

appear ance of smal | terial] 105 has heen ex rated in order to show the
effects of ﬁ’ﬂﬁlstrai rﬁ‘)ﬂone[% 9 ”T‘?P%EB B?ﬂaigﬂ?,ls EPREHUI' R Mt eri al 102

I's SiGe wtiGBUvih 509061ip0Yu8 5090 dersARtiLinBIngr dnfdl] AdPerisl 194 s dilibANCE LS

116 is 2% greater than distance L2°106, and di stance L6 .120 is 2% greater

t han di st an®d. vhera bulk matarial 442 hapeiladisaconstant %fgreatemthan thalafticsl 105 of
0.17, then gist.81%8 shdil8terith hhabe 0.34% smal |l er than distance L1 108.

[0020] Figure 1 at “B” shows bulk material 102, and small material 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
lattice constant of bulk material 102, Distance L2 106 has been strained
(lengthened) to distance L5 116, distance L3 110 has been strained to distance
L6 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 Si, distance L5 116 is 2% greater than
distance L2 106, and distance L6 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 L1 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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[0022] Strained small material 105 could be used, for exanple, in an NMOS
transi stor channel region, where the electrons could flowin the X 130
direction, or the Y 132 direction, where the electron fl ow woul d be
inproved in strained small material 105 in the X 130 and_ Y 132 dlrections

as conpar edot §mpserdd holatiiaw an thed, divgstion 184ssiner theek Airgeticn _
Al ternativelas, sﬁaﬁﬁ%dqﬁ‘E!anEItAnceW ﬁfft? sn@ﬁr‘&%’chg Eﬁe’f Tlﬁ for exa”p' e, 1n
stor channe or ole-flo

a PMOS transi region, I nprove win the Z
direction 134, since the Z direction 134 has been strained from di stance
Li 108 to dA6l3ler di Refaving Aowi® Fipooo3ht Rbf és sliavegn holk meterigdfe 2 at " A"

is showmn b |1

mat eri al gﬁ?&ﬁ%%ﬁﬂ@ gt(i%‘ I?}%ge{r{%%gg S%inh}at‘%gl 6@3 hggﬂ'fé?ﬂ&gerl a d%02

Snrgl I hrméI egao@btaﬁ@ﬁndiabuléd ﬂh&terg?g HOns Bmllhﬁaﬁ@nﬁl 606 heofirkt dlur:m:enson ﬂLlL@PGgg,

and thir i mensi.on ne e sma materi a 4 1is
Si Ge havi ng*®5¢8 éﬂmslﬂﬂoné[%%%e%‘g#mandoﬁﬁasﬁﬂﬁ é@perl al 602 is silicon,
where small material 604 has a 2%/l arger lattice constant than small

mat eri al- 6q@p24]0025] IRer@rémBgd@Mht; Smbll ewiteridl 604 {5 BiGe BavingBOERS] &ld 602 is
shown with _strained snmall material 605. Strained small materlﬂ 605 is
strained sidfCessimaniumyaad ylkgpoterial 602 ismaliqory Where seallanpisriahf04 han

unstrai ned ;symlk R Afik&koRR4nt {Bh sl makdrShizRge L2 606 is reduced to
di stance L5 616, distance L3 610 is reduced to distance L6 620, and

di stance L1 608 is increased to distance L4 618 (for materials with a

posi tive PdPeEdn' s r dtafejring nowep Higurdvdabiodiuke matopier@24naowBWidh ned
mat eri al % Wi : [ 21is

S i ot ancirpeEyEa YaRee kiRt oo B RlaiffRl BCERZ005 1
2% smal | er maeniallb8t haca sir@lleﬁ]mncamatmt thah upetrairevl smgplbnRbérsd @@4s ratio
of 0.17, distapce L4 618 34‘V raer. than.di.stance L1 0027]

St r ai ned sn(ﬁ{ ‘Qr’r)atlglrS 61(;;6(% ﬁrﬁ ucaa l%C{l?tgpc%%gr@%’ec,ﬂsglgc%ll‘g%%ngél regi on
in a PMOS trednsedstcodistdraeiLitgplOnpnd\déstahal et 608w ihorebbel ¥ disteect Ldr61630

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

[0026] In the embodiment where small strained material 605 is S5iGe
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 is 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 electron 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 d; 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



and Y-direction 632, as conpared to unstrained small material 604.
Alternatively, strained small material can be used as a channel region in
an NMOS transistor having inproved electron flowin Z-direction 634 as
conpared to unstrained small material 604. [0028] Figure 3 illustrates bulk
mat eri al 26pacing ds R thatds darigar thzgusmall syateriahddd vahishihas oslattigespagingt he

bottom w th axi,s 2309 | S , and z axis 250. Bulk material 202 has
x-lattice 9&3@? ﬁﬁd(ﬁlagb@ %ﬁgﬁzg-(fl‘éﬁ%ce spacing d5 214, while small

material 204 has x-lattice spacing d, 206, and z-lattice spacing d4 212.
As illustrgeoed] bul k Re¢reirigpho@@a Figsrexd, lsatdll wetesih Db hasiReoigroagiit

z-lattice .5 spacing .d5,214 that .i | arger than snm|l .materi.al ich
o o | ot e Dpiadtay T Bilop il 22 B EeutnlS by AT S st
Referring mew-ireafth&iy, 8t susHEhdt thetgticabf 204]1hastebiabPOoRaughtchednt o

contact with bulk material 202, for_exanple, by epitaxial growh,, honding,
heat - t r eat AiSal fo @%Q:].aff’fl%ﬂﬁﬁ'b‘#l%df‘aﬁeﬁ’él PaR-t f8 dleyradechir a&ﬁ'fee%ﬂa&}ngz@:@‘ﬁas

mat ched i ' 2l sAQRuy ARk kusttdat ed,
x-lattice g%g%%rﬁé&ﬁ%g%ﬁgag@rt@%é?ﬁ{eéc})%cg%dasﬁ?|SagI yyt he sgrre_ or decreased
slightly, whadingxi;230tiasbees parpargddBompelattice spasing dc?MuseeFigwmdy-1 at ti ce
spacing d, 206 (see Figure 3). [0030] In contrast, z-lattice spacing d5

214 has re d sub ' : j P ' ' 16 has
been decre seBQTfrom 3}1I%Qﬁrlggé%aﬁgffﬁg@geﬂg%Elra gré@%h‘}eﬁgsr%g ga?llﬁta%gqfﬁiggur es
are drawn samscaihile zaludtics spahog, 216rhasi denstacatased fypun pdstesh(22) [ 0031]
As illustrated,.in Fi s 3 d.4, d2 208 has, rengi ne jally the
sane, whi | &S%HaPTS @gu(iﬁg%ﬂ ?@R&ﬁ%%s We?s&ﬁaﬁ"& {éoasscgge’ PP%%’%%@‘%@I}&% n Figure 3
to d3210 iﬁﬂ]ﬂtgiﬂ@ﬁurﬂdé@@aﬂ The strain in the x-direction placed on the

| attice.of small material 28’4 may be represented by the foll ow ng

1 . = - 0 - - -
g%za‘;};gn.r eﬁq:’ﬂég?’ d’Ainl u%(t)ra{(’)cédoi%al?i]guﬁgs f-) !’:11'1 %E El?&(%jhésnre?ﬁ H(rggs 3 and 4, d5
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, = &= dix 100%

x
1

10033] 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 placéd on the lattice of small material 204 in the z-

_direction may be represented by the following equation:

£ = ds=dax 1009
d

z
4

-E
[0035] - The Poisson’s ratio for small material 204 equals —E—z
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substantially the sane in Figures 3 and 4, while the z-lattice spacing for
small  material 204 has decreased fromd4 212 in Figure 3 to d6 216 in
Figure 4. [0034] The strain placed on the lattice of snmall material 204 in

the z- direction may be represented by the follow ng equation: E==d"4 X
100% 4 [088836l The PInsywEmbedimentsibie sipam In theve@ngl/ opthe eirgriors £ 6

[0036] In g tﬁHﬁggb{IFm%. ﬁﬂ%néFHe?ieﬁn(ﬁdr?é%{t%ﬁt,i‘tﬁe NGO thB&- Eﬂﬂi/éﬁﬁ{é AN s

| ess than about 10% [n anot her enbo , e strain In the x- and/or the
z- directi clirdciiohds st flaan alhowit5%69dn anotweo tidbodenboilitiesttaintihéhakrain i n

the x- and/lar -dj.rection,i | ess, t apbout 2% | not her, enbodi nent ,
the X5t oot R /o] Bnd2 U EERR AN deS R Ruddl s AP g fet edalRSHe T O 20!

| n one enbettairenrt thestraind /vattlke zaliret®iéniis sk khaosbowdnds.bul k. material 202 is
a material having x-lattice spacing d2 208 between about 0.5% and about

10% | ar ger silicon. In one enmbodi nent, if x-lattice spacipng d2 208 is
more than é@@%@ 10% ﬁﬂlroé‘@req‘lﬁ. n?eé‘.t’tslnagﬁ%‘éﬁl?}g’zb&,m Ony | | .

mat erial 204 teHy! 20BN A ia3 hafird %&ic@éﬁé&ﬁ?ﬁ%%bé’%&n%’%hk@ﬁ% erial

- 204 is brought into contact with bul k material 202 as illustrated in -

Figure 4. POE3BUtdVaigremsithanistironedn onperrbarinent.dl xJuicpapaees fade of
silicon (8pid0fped mMit B Ae 0% lﬁggﬁh% léit#@‘sgbl&hﬁgﬁ'zb&',%eﬂ‘é il um
d ead, and/or

arsenic, indium tin, antinony, thalium bi smuth.” Amount s of
the dopanteataiipl 2M{eeaytexpprend] signdanhdistatetions wiemzena hiratdrdal 204 ds

relative si Skl .n ri.aus dopants. For exanple, due
to size di #) ? @&tc@gé, C&%gft;‘sregg‘a%uﬁglﬁ@e}g? F%q?aarﬁ Iﬁﬁﬁvfl%%ﬁgelﬁ%ﬁret% dope silicon
conpared to a very small anount of bisnuth, in order to achieve the sane
lattice spéi3dy. [ 0038 bnbtheareottetirembddilkendteriah20d maptberhade 80gliasn shown

in Figure gs%aas g lattice spacingin.the X3 and/or z-directions about 0.5
and about B6ARRE um, galium, germanitim, arsenic,
indium, tin, antimony, thalium, lead, and/or bismuth. Amounts of the
dopants will need to be adjusted 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 hasx-lattice spacing d, 306, and z-lattice spacing
- d,312. Bulk material 302 has x-Jattice 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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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

[ 00401 Referring nowto Figure 5, there is illustrated small material 304
and bul k material 302. Also shown are xyz axes, x axis 330, y axis 340, and
z axis 35@15 3$I§”E)|f|buﬁﬁtrmltér$d] 1804 reamined subistadidlyabe sgmed, fr@dEiganel5 te | atti ce
spaci ng d4 ul k..material 302 h s Xxs at ci,ng d2 308, .and

P ratt i ce d3gte eI TIAb Aspennadt sma Bates B 0L AR A E B AR 206
of smal | rrmeﬁnazh 84 05d, 316858 Figidead) aﬁdlzaitam&espaeﬁ(gld’f%n@bal B2%er@dl Jo4l k

mat eri al S%aé 0041 Ref er rIBU? now tQ Fi gure small material 304 has been
br ought b@@ﬂﬂ%ﬁa%‘jtﬂﬁo 4k31|¥d9@8‘d¥e Btspds %]& inddgureti ce of small
material 304 aligns wth the lattice bulk material 302. X-lattice spacing
d2 308 and [gadnttice Iﬁ%%'éﬁ%ocﬁn@t%al@ha@é&llﬂ H@t1§5f@é wtﬂ@\"@e hefRI ned
substantially the sarrefromFlgure I gure 6, X-lattice spacing
of small mabert 30%3o4bputoWecrnd buu'z:mt¢rnair§%a lsamemaﬂ Iravgnugena to d3310 in

Fi gure 6, h i ncreased
rom aa- 313 0 BEr g Rk ARl sE R el ol BeEh fhoiHial 28 % RB0 et
smal | materi al 304 is SiG wth G from about 10% to about 60% and bulk
mat eri al 3000433 a nntlmahathdnmb[giimem suableamateriald firthudle quarihh@pﬂ ess

h h . ..1004
emmodi ment TIbHE SAREN AR psordpie bt P03 WhogPaGBRU con doped
wi th one ouphmapbomusboxmscmeb@bgva; ihrordento etidirog givehdapherspasingAsr

di scussed i e obt ai n ive ttice spacing for _bulk
e o aUBi pase o lert APEP T nLEEaCEHash RSB GERLS VRN el

rel ative sir@ggvek?@44] - | n one enbodinent, the strain experienced by snall
material 304 in the x-direction fromFi gure 5to Fi gure 6 may be
represented by the follow ng equation: d, X 100% [ 0045] _I n anot her

enbodi nent | 0% ot  aith o2 FEHEHE e e SHalA oTReFiAned bEOT4lfmatorial 34
~ in the x-direction from Figure 5 to Figure 6 may be represented by the

following equation:

E, = di=ds y 1009,

I
[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, = -d-‘?_—d" X 100%
dd

[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



the z-direction fromFigure 5 to Figure 6 may be represented by the
follow ng equation: E~=d6- d4X100% 6 [0046] In one enbodi nent, the
x-direction and/or the z-direction strain is less than about 10% In

anot her enb th n .and/ or the z- direction strain is |ess
t han about @glongﬁo%%‘tﬁ%vﬂcg%‘iﬂ?h@mhmt gughfinte eentant withdtiginingdayer
z-directio@®train is | ess than about 2% In another enbodi nent, the
x-direction and/ or the z direction strain is |less than about 1% [0047] In

one enbodi gﬁ&iﬁd if t irectjon and/or the z-direction strainis
greater th out 1 %a“to aTRRe@iman, $rvies bedy Bedhas & Ftticesp®ing of

di sl t t
ayer 302 004SL o Anet her bl anasHetiod FRrSArhagh it R T o0

spaci ng of SPBefged b eé‘H@@mabowGlﬂﬁandamabmeO%ﬂrrstral ning | ayer 302 has a
smaller lattice spacing of between about 0.49 nm and about 0.59 nm [0049]

mss subst a1y 1 oneneRanogs et S AtGial Yn andy ofaad Bk anot ner

mass substantially | ess tha teri al
enbodi nent ,thigknrssreatdyor @l magosdmstiraial3a assrmnebuﬁmhﬁf@mlszc&mﬂdror@owasS -of

about ten f L .1 han ,s a [or 304. [0050] Figure 7
is a cross- fslg](’:ai |I‘%n§?rﬁ dithegy bﬂ@éﬂ?@%}ﬁ%%ﬁ@%@@ as acbbmk@eswm}qm udes
strai ni ng smdzsstafabeufl&& ﬂm&@gﬁl@lﬂ@ tﬁaﬁ%h%llfmmetrfa@Qﬁi §¥18/011§(?4 ext endi ng

therefrom Fin tranS| stor i ncludes P-type wel P-type well 105 is
f or med, ci ng a dopant, such as boron and/or indium into

ntro
body 154 ofd‘l}fﬁi tran RS hera O%S%“F’g? [ ggr fcesemisondugionyleysa. i s f or med
first gateDividecl@Orihclutidd seBthihg éﬁbstﬁﬁfe%@kﬁﬁ{ 8991911 %Qe ﬁhocgagézllstg'lﬁcond
di e

surface 236 of bod%8154 IS for ned second gate and Second

gate el ect Fo§aITtherelreme Fanitdisinton 152gaclades P-type well 105. P-type well

105 is formed, such as, by introducing a dopant, such as boron and/or indium
into body 154 of fin transistor 152. On first surface 136 of body 154 is formed
first gate dielectric 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 (SiQ,) that is grown or deposited. In another
embodiment, gate dielectrics may be a deposited high -K dielectric, e.g., ZrO,
or HfO,. 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
o 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‘for_med by ajunction implant (e.g., such as

- implanting with arsenic, phosphorous, and /or antimony for N-type junction

9



[ [ il I oxi [ [ deposited. In
dielectrics are silicon dioxide (Si Q) that is grown or

ahother enbodi nent, gate dielectrics my be a deposited high -K f 4
dielectric, e.g., Zra2 or HO®2. Gate el ectrodes 130 and 230 may be forned,

i L] .2, 0. i d iti (CVD)) on gate
i ol ot 11 oo 0 S Dot Blytioe Gl Buedit orresniprating e Spgnpbcpusi o
to a thi cknessenfhodimengjangon regaha0s R 303 ﬁag%rg afé,ﬂﬁg%gp, acﬁq%glq% aly,

i d may be
t hi ckness_ of el ect s 130 and 230 are e e an
Select ed or PRRROSTIHELERE RITHS by form Biose jondinn regjorse Remesevatoely, to

per for manosforReRNOSN el dBft SLAELL A6 TR S1 Al [ be, deposi ted as

, .then patterned into respective g .
Sog'eﬁnf gt f L&)égt&P@%QQ;HCPi’@Q/md Jratcsionakgions 208 aad 308D BiureM illugahRs

t . so illustrated are junction
Feai ons. 203 i I0S° Parr i TR KR TN Fofithels R onrgmbedtortied by a
junction i rpgraprmimcey.of chamelndo4 angdBa b cabd & %ﬁé‘éiﬁggﬁ&%&?@é@“s’

[Fyeory e junction 9 regions), and poss y-include _
Zggi/?iroﬁgf : y c%grir&%%%‘?%éa ype tip inplants. In one enbodi nent, juncti-on

i doping portions of P-type well 105 to
regions 203 and 303 nay be formed by _ t 0
m i giranker 478 | istors,

form those [P05@t i on rlegiranker dRaPs@BEEHAEHABleYs 4.%?&&% @Jr (;1: ?neg%dﬁléﬁegf% 0 ang

[ .dnplanted into gate ' '
uhoti on'r a5 OV B8 Mol bglinte ThOveng pavedler bttioe et st and
594, for el 54 MMmChABSahteny! Bodneaethati ety e pr] afgmnces of
channel s 494 and, 594 are increased by placing channel’s o
tensile st F’é?ﬁ%?lafﬁo%?,éra}mnaﬁbbﬁ@teemiode picon dopednelth oh84rancroS4 may be

. . : g . Ll
Patti ce spacrog Cron Bdat R MR BE St Thelrainienbesats Wik son or

[ cin a : | , _ St |
Is?tefa' anngﬁaﬂgbﬂa@ticm@mgﬂwﬁmdjswgitmmaoaynsa kAl Bel Bk 4 §sivbll f?n doped
W th one ot ipIe e BOLAR- SALESN NigTonsn, and/or phosphorous” 1t
straining substrate 720 hae A eSS ehd tetpilek e Spe ing o ,
body 154 wi¢ thepRoisgorgs estso ukdilicon. 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.

[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
putin 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 (SiGe) (for example, about 20% to about 60% germanium) and
_ 10 _



strained in the x- and y-directions, and tensiley strained in the
z-direction due to the Poisson's ratio of silicon. Therefore, current wll
fl ow t hrough channels 494 and 594 in a direction of secondary strain,

subst anti al r nal_or.,. substantjally perpendicular to a plane of
prinmary st rg%g%? I[E’gggﬁ-]prfsﬁs 5“169%?“ ahpdEr ﬁérhf{duﬁeahﬁtrammg|sub$tr@tﬁé§0a PMOS
device, havomgrEbGibbanhels! ABdoreadd D34yWBesEnhelEoLTRALE My be

i ncreased by putting channels 494 and SQX in Cg%rsgés’éﬁrﬁgﬁﬁ. Channel s 494 and

594 may be @E in co res?li on if straining substrate 150 has a | arger

|l attice spaCi é]than gayhes gmbodingsat, sHBBYUN genbsrate PO tempirisesradizsof
silicon, anghasetidlativeng BEief i@ LAk i | | nel ude
silicon doped wth onegor rm)r"ae ofswgllr%thléﬁ%%]ba &Igggﬁlﬁ{pgésr%ﬁé%gﬁ &arseni c,
i ndi um ti nnaserialieng eisarandhattiessspaciren tviere ibihes fixstt b ttibe spaeng idladiarent

i f straining,subs tice ing greater than body 154,
t hen body 154 Wi | }SE eﬁc% l’éaggf%%%cg}é'gjﬁln%n& ?IHB&%%Q% g}?oﬁﬁt Iﬁt'fl%ec%ﬁa&ﬁé% 18and
conpr essi vebgiwsenaibowd 0i24 thd abodt 2%dhigen tHate tH0seROhE SO S s 56&‘15%.0-
Therefore, current will flow through channels 494 and 594 i% a direction

of secondar rain, gsu ntially.orthogonal or substantially .

per pendi culpaéggtlo a pﬁla%z&g?} %)IP}JHéWe%tt P’g?]ﬁ‘?n$ pesyate Ao remprisen Msslt |

strai ni ng subsrizdhavirgda fiestisitivespatihcand b 'TB@E&EEG%E@S%&}R{ exanpl e,
about 20%tg %ﬁ%ﬁ‘ 60%£errra iutrRﬂeand . 10 body 154 conprises silicon. In
anot her enbod AVINE 4 55F0RG letiiserpatins: where Hiedlitst ledtiessprsinglisped sil i con
and body 15#nalbyinhis €Se Sédon@aRttick ! I en: r ai ni ng
substrate 150 conprises. a first %gtégbgapn%g\g}e@ogﬁ??ﬁg’tt[{?gﬁti%épcgpaci ng,
and body 15R2€8@0FPsE¥een Syt %omadeaticalt 2Rasinahenttaadhadetaid Jattices paci ng,
where the fsbé@fhg'. attice spacing is larger than the second |l attice spacing.
I n-one enbodi nment, the first lattice spacing is between about 0.2% and

about 2%l arger than the second lattice spacing. [0057] In another
embodi ment [0&8 aj ni nénﬂ@élﬂﬁrf&%qummﬁtaéésmtéﬁia{lsthatrmhﬁbbaﬂseﬂami ng a

First Tatt kg pRAcHIN 20230 )30%02 W APHRELSES 284 359908304, 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 (CoS4,), 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.).

11



material having a second lattice spacing, where the first lattice spacing
is smaller than the second |attice spacing. In one enbodinent, the first
| attice spacing is between about 0.2% and about 2% snaller than the second

lattice s i/3g. [0 Ln_anot her, epbodi nent, suitapl.e material s that may
be used foﬁaﬁidt]l k rratesg'}% %agl%p%fssa?ﬁé% OTEYBE OF HEPV1 ?fgsrlﬁ%tc?%a%ﬁﬁiéﬂﬂl or 304,
el ect r odes al®y matetials ireBide sty pibde (‘&B_H?,qutﬁaﬁ E)g'ag'é 1PBHUSSIdIRL Shdse0

i

i con ),. sil'l con germani um

i ncl ud _the follawi ng:
(Sice) . <1 EEBNPReFs Phitieal eyocestitenir gurmaic pre sbih IO pepcetn Fiafiie

(Nisi), ti ta%\ijﬂliéﬁbl%itbi\ﬁi’l@'@f £Tiesh %iolu&@é@a(thaﬁ%#dﬁﬁggeéggr'iés%é,thé‘ JBYe
optionally be doped with one or nore of boron, 1Adium and/or alumnum
[0059] | n &H&@ser(2bmastAanieabsorbed onrtbe eubstate andaoe; (2Bthamiyalbeactior ord or
deposi t ed [ MA; [ : i.tion . and/or epitaxial

deposi ti on?M%gﬁ}fggélr%ﬁé%%gﬁg%{l ?l Q{é iogl\é Qﬂgﬁg’?& 5‘%acgﬁoﬁd?rggBF§§s&§Ireas%W‘conduct or
film may eofoctsetbabporbed feimghe surfysd; andgBpshngiiatiies@ay beepi t axi al

| ayer has . t al L,ogr aphi c characteristics as the substrate
mat eri al 6%{%&?}%@{%%011%%%&8 aoncentration of dopant. In another
enbodi nent, electrodes 130 and/or 230 may be formed by selective CVD

deposi t i on[0G1d possilhlayiditied, sdetablforakiabf dBeashhd aiceh 3opgl e crystal
.strycture as that of the naterial onto

silicon all o]hﬁ)vvi th the.sane cr.ézé al |

whi ch the SPFWEISEP EIESH tepitaidfiqrosifion, dorraatian. & gspwith &nguimeinghadet
crystal gragypeuchiasive WiakiAepslifioh. Ukind 90501 SbLahestaensge for
formng or grow ng of sjilicon and silicon mat erial’s” 1 nclude vapor
phase ( VPESEPPHHON v pWsske peopEsing oinly onbargsilisen sylspmtediviitios td si | i con
processi ng T . je.vip that-.is ,applicable to VPE of
silicon i ngyﬁﬁgg@ﬁ??ﬁ?& te)r(lgr%gggﬂdﬁgg regﬁ’gﬁgéﬁ’t%gmlé OgJ}B‘StO?(éc!llee surface; (2)
‘reactants absorbed on the substrate surface; (3) chem cal reaction on the
surface | eH6Ry to f Snitablesalestiva epithxiabfmmaict dleminmlodescEyge 24) react i on

product s dgabaprd&st el ARG I FRSR: s iR of JERAN AL ANAuay of the
Using Type 2 deposition, formation or growth of the silicon 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 (SiGe), silicon carbide (SiC), nickel silicide (NiSi), titanium silicide

~ (T154,), cobalt silicide (CoSi,), halides, SiCl,, SiHCl,, SiHBr;, and SiBf4 at suitable
temperatures. Also, SiH;Cl,, SiH, may be used as a silicon source if hydrogen

- chloride (HCI), 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 NMQS or PMOS device. For

example, after deposition of a silicon and/or a silicon alloy material, one or
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reaction product fromthe surface. [0061] In addition, suitable form ng of
silicon and silicon alloys conprises selective epitaxial deposition,
formation, or growh known in the art as Type 1 selective epitaxial
deposition. Using Type 1 deposition, silicon alloy deposition would be
occurring bathyofothobameteiidls oy lseitispeditech aé bhdopidgethospemitenjalspds t he oxi de

film and mnipal, £ an: rowt.h on.th xi de. 062 ui.tabl.e.sel ective
pi thxial PERHERCaHoye R rpES SGhbalo Fish Bus FURPE AR HAEE L on
wher e sel eotelVitSyaref/ od @peBl-tyipemateriad of N-tyipecabl] 118Jsi ng Type 2 deposi tion,
formation or growmh of the silicon alloy occurs on bare silicon substrate,

as well as he oxjLde film, a t hus when this t .0 deposition is
made, an Jﬂ%?# ace bg'tﬁ%@ﬁ l’f‘?fﬁnglgiff’éﬁqr%lmnll%ﬁéb“’éﬁte i&??rkfﬁ)‘hd%&g’by formed on
the bare sikdaple, siiRsH ! Ak& n@arﬁﬁwl gbig]g@ﬁdo@y@rm%%@int 'siﬁeelsn%hllm&e, forned

on the oxide filmis created. The angl e this interface relative to the
film growt fligen serhosn carbpatepedriliton withdaticesyraipgidifferans fraamitem of t he

3ub5t rate. o .00834 WRiANGh IR dERAd) ! n (zﬁé{ﬂﬁmjt u§ﬁ'!rge&{é &%@P&E h?éiv%l‘), o
eposition using a silicon source including one OfF noré o e fol'l ow ng:
silicon, sepitodal depmsitiori, amd( St Sdctiei depamiticar Bhds foSaiCNMAIcd@ticsial i ci de

(NiSi), tifani si.Li.cide T1.Si 2 cqb silihcide (CoSi2 hal,i des,
Sicia s ey eIE T A R e s P AD B HDEHE b St NE S o 2,
Si H4 may bthatséfinasarésistot 15 andeunde useditpProgriz a ©hkde begin(in@hhnneR! ori ne
(C12) is pr?eégeélé 5%{OOM] I n anot her enbodi nent, silicon and/or silicon

al l oy mat etiat y be deposited, as described above, and then doped to
formjunction regions in accordance with the characteristics of a desired

NMOS or PM0B66leVi ce. Onthe ofxang, f&f 4 BMOSHRSick] £5uiefbla ndtkiigofdrand/ or a
silicon alloy material, one or 12 both of those materials may be doped such

as by dopi ﬁﬁalpﬁkfs%lm ] kas ylattiereapacing had bolpss s thAnedapietspesingopi ng to
form the Poﬁi_@[n?gra?@-fs%ﬂ 0, Phidtr LaPSe u¥kl fo diRe ALY rebdife MihifPm material of

N-type well .
channels 494 and 594.

[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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[0065] Suitable materials for straining substrate 150 include, for

exanple, silicon, silicon germanium doped silicon germanium silicon
carbide, silicon carbon, carbon doped silicon with lattice spacing
different fromthe electrode, which can be deposited by an operation using
one or nore of CVD, epitaxial deposition, and/or selective deposition.
Thus, for an NMOS device, a suitable material for straining substrate 150
has a lattice spacing smaller th T1mn transi stor 152, and can be
used to provide a tensile strain 2 494 and 594. [0066] On the

ot her hand, for a PMOS device, a suitable material for straining substrate
150 has a_lattice spacing that is larger than a lattice spacing of fin
transi st of- 152ADGRPHAUE eMPESIIEed to cause a conpressive strain in

channel s 494 a rious enbodinents are descri bed above. It
wll, homver,gg%aqglggisél%%?@ agét%g\?as}ll Sotﬂage% fi cati ons and changes may be
made thereto watbaed oveteeaubitag fuifack tldRidiigpd@ngpi rit and scope of the
claimed subject matter. The specification and draw ngs are, accordingly,
to be regar dedWVherewyPre|of g Spmptessige SfFBélﬁh@ateﬁ%l}?%raﬂb@ttg@ fopiyac tehse. 13 1N
THE CLAl '\@rec%i]pn Er_aﬂBR@'ﬁ?&ts'ﬁ%in' Elﬁét@gurgﬂeﬁréiﬁé e vi%g%thr %ttrgmhog)\f)logi a .
substrate surface: a device over the substrate surtace incrudingra channel :
wher ei n othe ogé ofia canpesdsi siirsindai tondledtraintie aslireetiontpagille] iorthé hebsgatbst r at e
ina direction parallel to. the, ]té,rai ning substrate surface strains the
devi ce wi THa5e Sy l’ifﬁB‘BHllbétamﬂﬁi RSFRETGECU &%W%lgnvécmnaﬁﬁwaﬁ@%
tensile SiHaahd). in a direction parallel to the substrate surface and in a
direction substantially perpendicular to a direction of current flowin the
channel . 2. The apparatus of claim1, wherein the device is under a strain

caused by2.a | afﬁe' aﬁ)%ara RAF At ?f ngr%insthé gclev%eni% uﬁ e?:satsq:r%%nedaused by a lattice

spacing of the straining substrate.

3. The apparatus of claim 1, wherein the device comprises a material 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 (Si), silicon germanium (Siy., Gey), silicon
carbide (Siy.x C;), nickel silicide (NiSi), titanium silicide (TiSi,), and cobalt silicide
(CoSi). . ' A
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3. The apparatus of claim1, wherein the device conprises a material having
a first lattice spacing that conprises a different lattice spacing than a
second lattice spacing of the straining substrate. 4. The apparatus of
claim1l1, wherein the channel is under a conpressive 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

claiml1, erei he channel. is .under tensile.strain caused by, the
Strai mi ng Subst aeR REOTITHim b AT S e B Spmbrint Beme AR S PR 11 ce
spaci ng t basiliside aRe@iton BletsiffceiIaGiatde] 8dtrolibavifhan AR laye of Jifigide Riddra] us of
claim1, wherein the straining substrate conprises a material selected

fromthe §PBDPscE oA pERirke) sibicidgi(NiSib ditgnsumy silisidei(Eidie) gadwabaltsili¢idey x Gex),
silicon g%d@l de (Siy-x ), nickel silicide (NiSi), titaniumsilicide
(TiSi2), an ?bbalt silicide (CoSi2). 14 7. The apparatus of claim1l, the
device further conprising a gate electrode and a |ayer of silicide

mat eri al gn thf'[, surface of . a gc;lat el ectrode, wherein the |ayer of silicide
material Sconpl @AY Frelamdi sherg theistrainorpesite the enefjareimprossive de

(Ti Si2), &Pﬂnﬁﬂpﬂ&siﬁa‘hétfaﬁi &ﬁjr&@esbl‘gj}mel With 4 B5iRBRRAAI e Bhe <§1} Al m1, wherein

the strain opposite the one of a conpressive strain and a tensile strain

st rai ns t banplessivesitrain and agessile atraingn aidiractidneubdimtiatie padallel to acligectbmsefy e
strain and _a EgnsLlﬁ}%%%%#g in a direction substantially parallel to a
di recti on“GF EOPRH in the channel. 9. The apparatus of claim1
wherein the one of a conpressive strain and a tensile strain in the
substrate strains the device with a simlar strain to the one of a
conpressi $e  sThwanpamtis of clagmdi wherstir thie oné of acaipressiviestraipemgertdistial ar to

th bst 1.3t e. f . sybstantially. | 1el t di ti f t
Flow 1 CHEERHE 8 BEspE s B Bl SR i i W et PR oA of o
conpr essi steisindad @ndlkdtraint it ASideStionSididndidufar fo HORMBERI MEa&d 4 N, the

simlar ty%e of strain is a conpressive strain, and a height of the device
i s reducetbaigedyinglichopalizostion of marenbflow in the channel.

10,  The apparatus of claim 9, wherein the one of a compressive strain and a tensile
strain is a compressive strain, the similar type of strain is a compressive strain, and a

height of the device is reduced according to Poisson's Ratio.

11.  The apparatus of claim 9, wherein the one of a compressive strain and a tensile
strain is a tensile strain, the similar type of strain is a tensile strain, and a height of the

device is increased according to Poisson's Ratio.

12. An apparatus comprising:
~ astraining substrate;
a device over the substrate including a gate electrode, and a first junction region
and a second junction region adjacent the gate electrode; and
the straining substrate having a lattice spacing that is different than a lattice
spacing of the device, wherein the device is adapted to have a current flow substantially

perpendicular to a surface of the straining substrate.
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11. The apparatus of claim9, wherein the one of a conpressive strain and a
tensile strainis a tensile strain, the simlar type of strainis a
tensile strain, and a height of the device is increased according to

Poi sson's Ratio. 12. An apparatus conprising: a straining substrate; a
device over the substrate including a gate electrode, and a first junction
region and a second junction region adjacent the gate el ectrode; and the

strai ni ng,substr at e havi a lattice.spacing,.that is different fhan a
lattice Spaci ﬁée gPap %ﬂ‘@e@’ W:l]‘gﬁﬁg} e?ﬁ%‘g’&‘g\ﬂl afeLonprsesatfattiehave a
current fk hatigntded tHan thdRfRE PGS H'thé BeviceS HdpRQ80 Fhpdrhg St T ai ning
subst rate.lmfiS@th& Theg ap{,)ar at us ofﬁ"%:dli\{;él m 12, wherein tﬂe rs’t rai ning

subst r at eCeBRSEIEEsrai indhe ureent Spadlineetiathat is | arger than the lattice
spacing of the device, adapted to inpart a conpressive strain in the
current flow direction. 14. The apparatus of claim 12, wherein the lattice

spaci ng of4.t heThé spartitidrothatIRawvBeres the Wide@padiR@br thbetrdidink isGesusRaAsI ng of
t he device, &d%%ed to inpart a tensile strain in the current flow
di r ect i onSiallr thandhe;laliice spagingd! the devigel pdansaskip dinpart péensile stram inghe ubst r at e

conpri Sescﬁjrénitﬁ{?{i}di&&?d@”i um having a lattice spacing that is |larger than
the lattice spacing of the device, -adapted to inpart a conpressive strain

in the current flow direction. 16. The apparatus of claim 12, wherein the
straining, substrate causes . a strajn jn a direction of the current flow
that is sl afngapraradysofickim ]2 waergindhe stepining subgiratecempriens sigerl 1 el to

the surf ag@mahivhig, L H,%sﬁ, &%ﬁ b8LAG:formng a
device on a strai nivﬁiggra?hfgiscterg%%e suétﬁggag%&'z%aéﬁgg%%%nc %tﬁgagvl%é’gate

el ect r odeadapteflite snparimemipessivegirom intlt @ursaciiow directiohi on r egi on adj acent
the gate electrode; and wherein a strain of the straining substrate in a
direction parallel to the

16.  The apparatus of claim 12, wherein the straining substrate causes a strain in a
direction of the current flow that is similar to a strain in the substrate in a direction parallel

to the surface of the straining substrate.

17. A method comprising:

forming a device on a straining substrate surface, the device including:

a gate electrode;

a first junction region and a second junction region adjacent the gate
electrode; and

wherein a strain of the straining substrate in a direction parallel to the
substrate surface causes an opposite and primary strain in the device in a first
direction parallel to the substrate surface, and a similar and secondary strain in a
second direction substantially perpendicular to the substrate surface; and

flowing a current in a direction substantially parallel to the second

direction.

18.  The method of claim 17, wherein the primary strain is tensile and the secondary

© strain is compressive.
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substrate surface causes an opposite and prinmary strain in the device in a
first direction parallel to the substrate surface, and a simlar and
secondary strain in a second direction substantially perpendicular to the
substrate surface; and flowng a current in a direction substantially
parallel to the second direction. 18. The nethod of claim 17, wherein the
primary strain is tensile and the secondary strain is conpressive. 16 19.

The et hod,of aim,17, erei,n the primary strain i s conpressjve and the
secondarngtraﬁhepghF@ﬁgfagPﬁBOWﬁ?ﬁ%Hﬁ%Pﬂ oYirafy 18 CoRREpSst fi the
secondar y sébhdirh se@dse&ndldnei ght of the device to be changed according to
Poi sson's Rati o.

20.  The method of claim 17, wherein the secondary strain causes a height of the device

to be changed according to Poisson's Ratio.
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