WD 2004/ 068585 PCT/ US2004/ 000967 STRAI NED CHANNEL FI NFET TECHNI CAL FI ELD
The present invention relates generally to transistors and, nore

parti cul aVVP20048I%n fiel d effect transistors (Fi nFETs)PC’IHJSBDWWZJND ART
Scal i ng of device dinensions has been a primary factor driving inprovenents
in integrated circuit perforsBEISERCHANBHBUGINEGT i N i ntegrated circuit
cost. Due to limtations associated with existing gate-oxide thicknesses
and source/drain (Sm junction depths, scaling of existing bul k MOSFET

devi cesTBEIMNWALIEEIR 1  gm process generation may be difficult, if not

i npossi bl e.  NeypAaN nG&iSH feldfed Eh&R1yANCanBRYYs BRI Bk Hirtfouladly] tShin RiRed0 | i kely
to be needed ?o@hggrove FET performance. Doubl e- gate MOSFETs represent new
devi ces &P ndi dates for succeedi ng existing planar MOSFETs. In
doubl e-gat e MOSFETs, the use of two gates to control the channel

Si g@flﬁg@k&;ﬂogﬁgmsses short-channel effects. A FinFET is a recent

doubl e-gate structure that includes a channel formed in a vertical fin.
The Fi nFET i Scelipgffrgice dpepsiqns hashepngpemary fviosititns fpprovapentsio ifrgraed priitat i on.
The Fi npdibrmahG&anietuctichas inkerhfd e&ngaasofouetbamﬁteioné RghBs witkMdmLarraiae bi | ity

and | ar sit 0 dto sir ur,.e
DI saos%&ﬁ%%g—ﬁl’a%’“ R4 an b el V\%? it “%9““?%@3 ‘?ervm‘&%snfg""w the%’al Fi nFET
t ransi skoproress genaystiod ady berdfificulis i got smpoesitile. d\&wvldyV1¢e@trm@s amt newinrtedlals s aesl

| aygy t il tbge@gdegfoqinglg%q%ﬁpgrf&m%cgl n channel. The strained channel |ayer
may include a ‘&??gaw alline material that is |attice caonstant m smatched

with the cr yQP %f%“ } feRrpsepmey Aeyicey thet g cqngidates;fopspepeeding pdstipg planap o
const a nMOSFEI’saI:odwbmghmesmm,shd Be Sfttwagares Wi coftiontht thanmst sigaifiostly @fpanmal | ayer
that i NGLE: @lﬁ\ﬁt?el GFLEL. I KFinrBP Q la lréfcgrx F}oub@%gtg%ﬁjctqg t&apigcl&cﬁg d Ah rhlelrf'gxme!l in a%em!:a'i‘ turn,

i ncr eases drive current rovi ng

Fi nFET %fer?hs Pﬁﬁ‘ﬁ%’é similardp %’ﬁlsawlanardvaﬁ@ge@mﬁed &bﬂ@POI’f é"a? Efr@T %510 Pfcyides a

| NVENt | @figeWr ¢HandeHerfyths, (MO dbmipatibRity dnd lafke phRing @S6ityl cPinpa@dd to atfer dhubipak ol | ows
and, ingpart, wll beconme apparent to those having ordinary skill in the
art upon exam nation of the followi ng, or may be | earned fromthe practice
of the invention. The advantages and features of the invention nay be

real i zegs@guebioFmardngsNprN | cul arly pointed out in the appended cl ai ns.

Consistent with the present invention, a FinFET fransistor is provided that uses a vertically formed

strained channel layer that is self-aligned to the fin channel. The strained channel layer may include a
20  crystalline material that is lattice constant mismatched with the crystalline material of the fin of the FinFET.
The lattice constant mismatch induces tensile strain within the strained channel layer that increases carrier
mobility. Increasing the carrier mobility, in turn, increases the drive current of the FinFET transistor, thus,
improving FinFET performance.
Additional advantages and other features of the invention will be set forth in part in the description
25  which follows and, in part, will become apparent to those having ordinary skill in the art upon examination of
the following, or may be learned from the practice of the invention. The advantages and features of the
invention may be realized and obtained as particularly pointed out in the appended claims.
According to the present invention, the foregoing and other advantages are achieved in part by a
semiconductor structure that includes a fin. The fin includes a first crystalline material and a plurality of
30  surfaces. The structure further includes a layer formed on at least a portion of the plurality of surfaces, the
layer including a second crystalline material. The first crystalline material has a different lattice constant than
the second crystalline material to induce tensile sirain within the layer.
According to another aspect of the invention, a transistor is provided. The transistor includes a fin
that further includes a first crystalline material and first and second end portions. The first crystalline material
35  hasafirst lattice constant. The transistor further includes source and drain regions formed adjacent the first
and second end portions of the fin. The transistor also includes a first layer of second crystalline material

formed on at least a portion of the fin. The second crystalline material has a second laitice constant, wherein
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According to the present invention, the foregoing and other advantages are
achieved in part by a sem conductor structure that includes a fin. The fin
i ncl udes WOf2004Q68385yst al | i ne material and a plurality ofPCIZUS2uvGoadds. The
structure further includes a layer fornmed on at |east a portion of the

pl ural i the figf lagicer doastmsis giteliter tmaaytersecbmma&icagtaat s&&@aﬁgst&ramﬁoaiﬂyimaﬁd&at erial.

The fir Sele&id) ﬁ)feg%ol‘ﬂlé&%n gpl&a%{ a p%rtlon ?}iﬁheaﬁr&?a er an gaéet ?tg(%;(;ﬁlg &ﬁﬁgﬁgﬁt tﬁ nt than the

second crystalline materral ‘to | nduce tens alpa?‘@?
Accor di RYt YeI%A5{#HET aspect of the invention, a transistor is provided. The

transi stor i Bedordi@So afukthdd asptecf@ 8t thd Vbl a h&ﬁdd'-bg Bomifle 4 defuRbnabdidf AL Alelid Ne

mat eci al__a r st on d portions, The first crystalline material
35 hgs gro ]?%s ];‘rl]el ¢ é“e‘ﬂ“@%%%?‘éﬂ%ta% T‘ﬁ%‘n‘fhr‘dﬁﬁ%f@tcgﬁmlﬂl&"r@%’rﬂ dppligleeracssr ce and

drain r &bimeied fusherderludel fawdupta firdt aydrion aitleagindbosieceiich neiliplepartatdsONse fft 1aty&e fin.
The trapghéke Eec@ﬂd%ﬁrsﬂaﬁlﬁé HA&S, @hérénﬁﬁx& P}s?&fﬁfﬁ%ﬂg mateta? % L Xo?ngt.%nlk r?mgtche % I al

f or ned | eas ortion of econ

has a sg’(?f)er‘iﬁ‘dlcﬁ'f‘f’ R RLIP didpice tapsile sigaimwithin thgfirsayer. 068585 PCT/ US2004/ 000967
the first | aDthecevacnsthaifeatinss e dletht m%aﬂibntvhl%&&ﬁ&%ﬂ} @b&:krﬁ%tﬁd@@sﬁ&l@ﬁlt The

t 18 1 € CIL1 on e 1men V) t
o0 oluhis @ hORALY e SRR B, ThenBEditesth i ISR S e B0

portio n O | ayer

por t i on®f ybeg medesopmelated for ¢aagﬂeg out the wymdpm Jhe Gventibnis tapeie o spdification it he

i nvent i eatiousdbii®ats h@ﬂec@f allfv@ih8dt BpaBn SRR GORMAGED ALY AES tte §ra§m?sr Avbged. The
i

met hod that .includes a first crystalline material
and nul l{e?a?+egqgﬁl?s gt(lzvgén 'gt"ﬁehandﬁ%ttaﬁf?ﬁm‘fuﬁ’?t her includes forming a first |ayer

on at- Ieast a portion of the multiple surfaces. The first layer includes a
second Bmmbtmmbﬁm@mw@gl nthe first crystalline material is

| at{4 ce consgant m the second crystalline material to induce
tenisf}f le st ra%ra{er\?\ﬁ‘c? ﬁl'%l% g‘e’fa t"?\%"t‘i dfaéW’éF whespin glemei havipsfeeme e mPEs of t he

pr esent designagon hayrepagspit likeeadaemts thevaghohty apparent to those skilled 10 in this
art fromt heFpri il]@é’élaﬁgexgﬁ{alﬁly Ila?gs &%%GHS&Q{) Q% Ig\%ecﬁfgpfggrhn%eaq nsofe? AT and

descri bed .provi d | ustrati on de cont or ‘carrying
out t he®PSIBhY it ep“lsﬁ‘l-ff"i"ﬁ’%}’@ﬁtl on is capabl e of nmodifications in various
obvi ous r espEGt 34 illadtlatewirt erempllar pifpahdistengwitt tBeinteRgont NVeNnt i on. Accordi ngly,

t hepr awl NOSERY £ HiBstRBs a & ilLlustrative | tur d not as
restrictive. BRI EF Sms%ﬁlr%%?é&%%%f@ﬁélh&mﬁﬁé%’fg%eg FBRE P Bade 1o the
at t achefveg#%ni ngs, wher ei n el ements having the sanme reference nunber

desi gnat i on Fay. 2048 5 @ibtrateicknpRbySBEd Sd HAMQsEHAOttmed adjacent the fin of FIGS. 2A

and 2B consistent with the invention;

—

FIG. 3A illustrates a cross-sectional view of a strained layer formed on a fin consistent with the
25  invention;

FIG. 3B illustrates a top view of the strained layer of FIG. 3A formed upon a fin and source and drain
regions consistent with the invention;

FIG. 4A illustrates a cross-sectional view of a gate dielectric and gate electrode formed upon a fin

consistent with the invention;

30 FIG. 4B illustrates a top view of the gate dielectric and gate electrode of FIG. 4A formed upon a fin
consistent with the invention;

FIG. 5 illustrates a strained insulator underneath the fin of FIGS. 2A and 2B consistent with another

embodiment of the present invention; and

FIG. 6 illustrates damescene source/drain regrowth consistent with another embodiment of the

present invention,

35 BEST MODE FOR CARRYING OUT THE INVENTION

The following detailed description of the invention refers to the accompanying drawings. The same

reference numbers in different drawings may identify the same or similar elements. Also, the following
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FIG 1 illustrates exenplary |layers of a substrate that may be used for
formng a fin of a FinFET consistent with the present invention; FIG 2A

i |1 ustratW9 2®38ipl ary fin consistent with the inventiRGT/USA0400096728
illustrates a cross-sectional view of the exenplary fin of FIG 2A

consi st @etiledtidsériptitifioed doVIRhit th®MientibriGTstedd thd BsdpeldDire i viiiioh RluSinBx S ary source
and draiagpeﬁ(ggjﬂ%% formed adjacent the fin of FIGS. 2A and 2B consi stent
with theinventron; FIG 3Aillustrates a cross-sectional view of a

strai ned | ayé&ensisispimath tegrpresent inmengiona s igtressed mobility chiveel FRBET ispemidedory FI G 3B

|11 ust 1 3&B&IPfotRA stvdiRUcKAhnet Ber ThisRleNGHh R YREentihve Rk (R is _aﬁigrre%q?etmon afin

and source - al regions consistent wwth the invention; FIG 4A
il uét rﬁlfaége?‘ré}q@?&?srg@tsg?}ﬁe&IChﬁPP%%Y‘ana&m@Iﬁ‘feé cisiatlieomaterial thatds lygtitee el ect r ode
fornmed wiontchedfvith the crystalliget vpundrialdf thia fih bfthd FinFEtsuoh at 3RdiléduGin idiiucdd witginiiat es a
top vi ew kg lfme0dg dielectric and gate el ectrode of FIG 4A fornmed upon a

fin consistent wth the invention, FIG 5 illustrates a strained insulator
under nedPHindurd tgsifs sisin jpreses comierpbilEpL dg iadined elispnehayen tamsdnoresing dsibodi ment
of the puresenthe FAFENti on; and FIG 6 illustrates damescene source/drain

regiew h consist.ent W th angther_ e i t of the present inyention. 35
BEST MODE FQ?I %&Qﬂ%ma&?ﬁ %“Pﬁﬁ#%b@%?{&e‘$‘8ﬁf°8(ﬂfﬁawa‘wﬁw escription
of the FHRadmepiphthe psenignyeptionh Bubsitatcoip aenpistent with gheipregst infehgonsmayde a siifosoence

number s jrisWath (E PSR re HaBNIRESa madn@legu fo¥ thh u?élnﬁr Hample, Hoh@dd oSlaEHAFRL S

Al so, t ol.l owi.ng 2 2004/ 068585 PCT/ US20047 000967 - det ai | ed
Goaori no o Btics e e 1106 O gk & Sticag ven R chexg: Topbickiesist b hapmgidayer
i nvent i & mhay rabed, fon exkmply, frdweabowt 3P elbucdoatArmd tHEdNShet effviriadiokide kayee 118 esent

| NVeNt i 9By R, ol hfAS Gm ARRE 100bA 1oChARSRbAFI NFET is provided. A vertically
formed strai Eed channel Iaye,rll consistent with the present invention, is
sel f-ali gne d lln((jhamxfzélamrﬁOS may include a crystalline material with a lattice constant larger than the lattice

constant of a crystalline material selected for a strained channel layer (described with respect to FIGS. 3A and
3B below). If, for example, silicon is selected for the strained channel layer, fin channel layer 105 may
include a crystalline material with a lattice constant large than the lattice constant of silicon. Fin channel layer
20 105 may include, for example, Si,Ge(. ) With x approximately equal to 0.7. Other values of x may be
appropriately selected. One skilled in the art will recognize that crystalline materials other than SixGe(;.x may
be used such that the material’s lattice constant is larger than the lattice constant of the crystalline material
selected for the strained channel layer. In some embodiments, substrate 100 may be formed by wafer bonding
epitaxial Si,Ge.y) to an oxide/Si substrate wafer. One skilled in the art will recognize, however, that other
25  existing techniques may be used for forming substrate 100.
As shown in FIGS. 2A and 2B, after forming substrate 100, a vertical fin 205 may be formed from fin
channel layer 105. Fin 205 may be formed, for example, with a width (w) in a range of 10-15 nm. Fin 205
may be formed from fin channel layer 105 using any existing process, including, but not limited to, existing
photolithographic and etching processes.
30 Subsequent to formation of fin 205, source 210 and drain 215 regions may be formed adjacent the
respective ends of fin 205, as shown in FIGS. 2C and 2D. Source 210 and drain 215 regions may be formed
by, for example, deposition of a layer of crystalline material over fin 205. The source 210 and drain 215
regions may be formed from the layer of crystalline material using, for example, existing photolithographic
and etching processes. One skilled in the art will recognize, however, that other existing techniques may be
35  used for forming source 210 and drain 215 regions. Source 210 and drain 215 regions may include a
crystalline material such as, for example, Si,Ge.y), with x approximately equal to 0.7.
After formation of source 210 and drain 215 regions, a strained layer 305 may be formed on fin 205,
source 210 and drain 215, as shown in FIGS. 3A and 3B. Strained layer 305 may be formed on fin 203,
source 210 and drain 215 using any appropriate existing process. In some exemplary embodiments, for

40  example, strained layer 305 may be formed on fin 205, source 210 and drain 215 using a selective epitaxial
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5 channel of the FinFET. The strained channel |ayer may include a
crystalline material that is lattice msnmatched with the crystalline

mat eri al WP 2004068387 of the Fi nFET such that tensile str@aT/U004000052d
within the strained channel l[ayer. The induced tensile strain increases

carrier déﬁ@.@tloh b;o}t.(esQfSuIa.ilﬂ&i 1§}Ief ﬁerﬁﬁg 1n91ta@erhrl%]stajh§é’1§£tenai Me, lah&céel?s@aﬁﬂ 19&1&1@&&%@
current oIftthe Fi nF | ustrates. a cross-section of a substrate

100 f or FBGHCHeRER 63@“4}6?‘% RatgR! 70y Wb BHirseisRaterbetrer I3y 203 andt
I nvent i grainedays305adnsilelGain 1s@mdsdesmemimedn1atyh 30hesupinesiayet 305mae bd foard, foray be a

silico ne;&fﬁ le '\?tﬁultlﬁék%ss ft%gap%u)ﬁd%t%}y 15 10 dl'?’ja(ff tﬂe 3G leSd\? gth%v flﬂopexgtpﬁp glthl%kﬁ%?r 105

for med upo exa oxXl Buri e ayer 110
y e Fefsimingd Bwrao%mey he §mm} §v@mede%t30%%vmude PHids pat fimitadda silign. Ppaskidedinnel

Iayer hQfe aFtaIl feeufiigs thit Other X BEMhEmatdrial MitA ROWE coROAM 1859 thaDaeiéryslR0 Aaaindl t he

t hi ckness . of b 0 15 may range, for exanple, from about
1000A t%se%ogo L%'r&ang\ay, fl—lgmaé‘f%n??euf ]al ayer 105 may include a crystalline

mat eri al wi t After formption obstaiperblayen30s| agagdiclettiatStadgatezlerirale 41000 b¢ formedoh a
crystal jpb p&udm B8 i(ﬁlno%lfe’?&ltb§g0\1t‘c‘3@1@an§ Ehraﬁ'zﬂ‘?@s sﬁMlHﬁGs‘ @ws;rd 4BdeRChicbed with
respect to licon is_selected

{ or T neditibarin TS meC A RaI BYR PO ie BT s g0 S0 SR FEbs 78 o
cryst al ALOsHR%O6) Ve, Mgl dr othed cwdctne mateﬁmls tcatetelebtaﬁgelotnha he folneed lupintghte e
const an&1elgrftncs4|0.l5 luﬁi%y 1rF Tule, ?oli] e a 1A% S p&?sﬂgcgrp d%’dléle@& c u?geand LaQJ elé%é@dmu(?

Si,, Ge(] X roxi mately edua her val ues be
appr opr ‘F‘%Pt tzsﬁvmg%?nefelt using Ry ?‘P@F‘I‘& RERFeTSTH- %lﬂlaas,af?rtexmlq, e%dﬂé'e%@ﬁvsz@n t“ﬁlat
cryst al pduegingpio@sseq | Fornitibest ghth diklecticodCe fdd gX elbayde 410 uptadid 263) G, pdodicestahe

mat gy I a*:E'lsmc!e@JLﬂ \lzeﬁﬁalc&f))éﬁﬁél %xq{ 1{1&11%16% aatinggran;[eg E?'er %&e é{)&lﬁ]\tiert?’c Et?e@?s L #Ri ?(Bf the

crystalline ai ne n sonme
enmbodi neFingd laxey Q%Stnr%@s m@vmnwcfbé%%uwhm@etm Bbwrlmjram@m‘r@lasé lagter
Si,, Ge( 305 ,c)uséc!by&ﬂ& 143t5de Gidmaich S¢0&h EeiRd }A@Jr 8ds. alexﬁZ(ﬁk irhik &6kier Mobilte etﬁxgﬂcelﬂént |
recogni ze v | st ues may be use
for m ng s °‘e?s\é@t &‘?66“3“545 tPh’%T %““ﬁ‘séi S ed gsAnge‘Fe ?“%ﬁﬁt?rér °ﬁ‘6"r3§r‘?%“g‘“ Subst rat e
100, a ¢emdi4Bal fin 205 may be formed fromfin channel layer 105. Fin 205
mayo@pe formed, for exanple, with a width (w) in a range of 10-15 nm Fin

205 nmay be formed fromfip_g¢ | 1 usi any existing process,
i ncluding, but not lim tedgzcg,p[g]g‘%&ﬁ%&%mg?‘gﬁ%%graphi c and etching
processes. 30GSugsegwemtexénpldrpstained igwolapf 50Sithat BH5consigent gish &dGerambodimeant n 215

regi ons, re@&t Jn%nﬁ@ndbeatgﬁnéﬁ ﬁéﬁtzaﬂ&%of%@ﬁp@? Tsﬁcﬂ@s ﬁfﬁé@ le)fwnfirl ﬁ(}‘ggﬁian@@B sl*?npvm in
FI GS. ZC and Source 21 drain I ons éfﬂ% or ned ’6% for

exanpl €? 5&@;58%%0%“?68 HP‘%B‘fthed“SP'é%ﬁ“aE?f‘alef %tﬂaq ‘Pﬁ“l"i T pfgtsaght ¢reytalline paispidy of The

soulxce @ilID5 amictraineliimduldthb505 are lattice mismatched. A lattice mismatch between fin 205 and strained

insulator 505 produces tensile strain in fin 205 that, in turn, improves carrier mobility of the FinFET. One

skilled in the art will recognize that any appropriate insulating material, with a lattice constant that is

mismatched with the crystalline material of fin 205, may be used as strained insulator 505.

EXEMPLARY SOURCE/DRAIN REGROWTH PROCESS

30 FIG. 6 illustrates exemplary damascene source/drain regrowth consistent with another embodiment of
the present invention. After forming an active area 600 and fin 605 upon a substrate, tetraethylorthosilicate
(TEOS) may be deposited upon fin 605 and active area 600 and then polished. A mask (mask 1) 610 may then
be used to open a gate area 615. Fin 605 may be thinned down and a gate 620 may be formed by depositing
and polishing polysilicon in gate area 615. A second mask (mask 2) 625 may be used to open a source and

35  drain area 630. A nitride layer of active area 600, within the opened source and drain area 630, may be etched
to expose a region of the source and drain area 630. From the exposed region, silicon can be selectively re-
grown to produce a source 635 and a drain 640,

In the previous descriptions, numerous specific details are set forth, such as specific materials,

structures, chemicals, processes, etc., in order to provide a thorough understanding of the present invention.
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regions may be forned fromthe |ayer of crystalline material using, for
exanpl e, existing photolithographic and etching processes. One skilled in
the art WPI20MWEWAi ze, however, that other existing ted{iVea/0§8867be 35
used for form ng source 210 and drain 215 regions. Source 210 and drain 215
r egi ons Hemgvei, the prgskat iaventonyest i@l phactived willioat resatting toaie dBGils sf)&rﬁcﬁpyaé’fmrﬁﬁ herein.

Si XGe( | I of source
210 andl‘a‘?‘?ff ﬁ%gf% égﬁﬁgﬁgﬁﬂo&@sﬁn rsgl?cneg%%ve%& bgei?(ﬁlgs crebelél lrlbde 6'} ?{ée é(;{l’tl fin 205,
sour ce FAMCeSHTY qpsgith tho gust of sheprrsmppinyention) racsmgash@b@slt in@¢ntign, paagentionabr 305

may be phaehedgeshic dnd ey techGigus B8y REpRRA, A8 Bdnbe, hi Rets bNGcARYNGRPEAPE At €

exi skin I exenpl ary enbodi nents, for 40 exanple, strained
Iaye% Sggﬁsgﬁﬁ%ﬁa?ggﬁggﬁgn fin 205, source 210 and drain 215 using a

sel ective ep ioﬂﬂé(ﬂl@lfefer@d VOB OBB58EnRETI TR0 eRDBIFEF vergglppat ttosmand
Pr oCess desSibedin AR GrdsédY QECIO%Q@ HEYO efdeHthBd RalGheeMoh | 'ISQ‘E a%%ﬁfs%]ﬁlvarmp&ﬁelr line

lattice cqonstant is .small t the |attice const a e crysta

mat eri af*{ &é‘&‘%ﬁ““? B Y TonBERS a“WP?Pa‘éle ?féle%iiﬁeaéw{*ﬁ veithinthersogpe plibeiAventive cogept and

st r ai neéxpreaspeéher@)5 tensile strain is produced in strained | ayer 305.
Stragpyned | ayer 305 may be fornmed, for exanple, with a thickness t that is
approximately 1/2 to 1/3 of the fin 205 width w. For exanple, the thickness
5t of strained.layer 305 may be 5 nm Strained | ayer 305 may include, but
is not limted to, silicon. One skilled in the art will recognize that
other crystalline materials with lattice constants | ess than the
crystalline material wused to formfin 205 may, alternatively, be used.
After formation of strained |ayer 305, a gate dielectric 405 and gate

el ectrode 410 nay be fornmed on the portion of fin 205 not covered by
source 210 and drain 215, as shown in FIGS. 4A and 4B. The gate 10
dielectric 405 may include a thin layer of dielectric material, such as
SIO S, SIN SiON HFO2, Zr@2, A1203, HFSIi Q(x) 2ZnS, MF2, or other
dielectric materials. Gate el ectrode 410 maybe. formed upon gate
dielectric 405 and may include, for exanple, a layer of polysilicon. Gate
dielectric 405 and gate electrode 410 may be formed on fin 205 using any
exi sting processes, such as, for exanple, existing deposition and
patterning processes. Formation of gate dielectric 405 and gate el ectrode
410 upon fin 205, thus, produces a 15 FET sidewal |l vertical channel that
includes a thin strained | ayer 305 at both vertical surfaces of fin 205.
Strai ned | ayer 305 provides inproved carrier nobility through the induction
of tensile strain in strained |ayer 305 caused by the lattice m smatch

bet ween strained |layer 305 and fin 205. This carrier nobility enhancenent
can increase the drive current of a FinFET transistor created using the
sem conductor structure shown in FIGS.



4A and 4B. 20 EXEMPLARY STRAI NED | NSULATOR FIG 5 illustrates an exenplary
strained insulator 505 that nmay, consistent w th anot her enbodi nent of the
present invention, be forned beneath a fin of a FinFET, such as fin 205
shown in FIGS. 2A and 2B. Fin 205 may be fornmed upon the insulating
material of strained insulator 505 such that the crystalline material of 25
fin 205 and strained insulator 505 are lattice msmatched. A lattice

m smat ch between fin 205 and strained insulator 505 produces tensile
strain in fin 205 that, in turn, inproves carrier nobility of the FinFET.
One skilCRAIMS the art will recognize that any appropriate insulating
material, with a lattice constant that is msmtched with the crystalline
material of fin 205, may be used as strained insulator 505. EXEMPLARY
SOURCE/ DRAI N REsialdbhiveRodesite Aontpirising i | | ustrates exenpl ary damascene

source/drain regrow h gonsi_stent t h anat her e ﬁ ggnt f tﬂe pr.esent
i nvention. Aft nFQJPH’ilﬂﬁg a first crystalling wateg tio Wit 5‘“&%&% FEIGHS PP at e,
tetragt hyd s Al pPa?%ﬁﬁﬁ ot SFproRiadls l@ﬁﬁ%'ltb'ﬁﬂ B Whekdi 108N b i ve

{
area 00 an ed. A mask (nadsk 1) 610 may then be used to open a
gat e ar ea dhibfinel Foncabids tatraved fiohi afist entbofithe fig ta agetondead ofithe fing andr med by

2) 625 my be LABUIYE BGAE 41 Solsrira o e B A Ayl it SR BEY Gyer
of act i Ve RRInG0R se¥ridNérsthllifie ORSBARI, SPHHr&GR ROTirsh lyStaBingam&@Hal hayabe
etched to expose a region of the source and drain area 630. From t he

ex pos ed rdaﬁ‘m@nt latti¢d constant thane theesesond \caysjaltine mptesigh te dndiesdigatile sEainr ce
635 gng Erg In t he previous descriptions, numerous specific
deta s an 5 Pﬁ "such as specific materials, structures, chemnicals,
processes, etc., in order to provide a thorough understanding of the
present invention. 4 WO 2004/068585 PCTI US2004/ 000967 Fbmever t he
present idventThensesmigonshicior slevice e Qi butvhereiy thei fiy bas aeetapgitian ¢rgss-
specific S r si ng
structurE%L(gb%&%%ﬁ&%ggﬁgdgng?%gg |%n%&FhQ?hﬁﬁ%%ordﬁgk%%%qﬁﬁgﬁﬁdg%ggsar|Iy
obscur e tlhgict bonstdnt tirgdrikarpd RsteRtcohstusinifitisecom grystaliine materiahe present

i nvention, conventional photolithographic and etching techni ques nay be
enmpl dyed, and hence, the details of such techniques have not 5 been set

forth hergin iy dgh@icbnductor device of claim 1, wherein the second crystalline material

comprises silicon and wherein the first crystalline material comprises a crystalline

material with a lattice constant larger than silicon.

20 4. The semiconductor device of claim 3, wherein the first crystalline material

comprises SixGe(1.x) and wherein x equals approximately 0.7.

5. The semiconductor device of claim 1, further comprising:
a second layer formed on at least a portion of the first layer, the second layer
25  comprising a dielectric; and
a gaté electrode formed on at least a portion of the second layer, the gate electrode

comprising polysilicon.

6. A transistor, comprising:



Only the preferred enbodi nents of the invention and a few exanples of its
versatility are shown and described in the present disclosure. It is to be
understood that the invention is capable of use in various other

conbi nati ons and environnents and is capable of nodifications within the
scope of the inventive concept as expressed herein. 10 5 CCAIMS 1. A

sem conduct or device, conprising: a fin conprising a first crystalline
material and a plurality of surfaces, wherein the 5 fin has a width

rangi ng from ' % : L)t i lges a
channel for cgé)?iﬁg?g@gﬁ ?éaiii/rg r%%n%%?%@%ﬂ%%ﬁ%? f{}ﬁel 1Fnc€rgfa§xﬁgé%§1ﬁd end
of the fifurthemepnaprisingsfirst andesecond emtipations aldeawidtla witiéinalie fifst tiystallingr al i ty
of surfacest, dhe firstd.l G%/er onpri.si ng‘éé second crystalline nmaterial,
wher ei n tRaeFil Ompises Pixtp-pan LK chuals approximatelefe/s | atti ce const ant

t han t he secongufde\amti draih ?Eci ' | | | 1. hthin
the first layer. 2. The sggn%lgﬁlgtﬂéltegﬁ H%g{:/riﬁglékcg]f-si %%J%SEEE%E(?}QP%Q? e%fi n
has adr edlitarijesrein the dinscomprises enchandelwfoe reairiers tretrvel Hetweensthalsbimee andt er i al
conprisegh%ngg.gﬁglline material with a lattice constant |arger than a

| attice constant of the second crystalline material. 15 3. The

sem conduct or #lftist Lyepbf Sdeandredystallify MhRriblNBrBES Mgt hitst rkibh 6f TRLEL1 al
conprises silicon and wherein the first crystalline material conprises a
cryst al | ithe seqond srystalling matesial baving @ seeonst latiice (canggant, wheminstheifurstnlattze 4.

Th i t i i . wherein the first. crystalline materi al
T or oo R B el hin R ScBhT ot UEIET IhGei e iRrSe Gompgt s o
sem dOnduhicknessethatcs afpredimatelyl,1/F 6 tIVEof GRETIN GAdIB, al SBeRMS thé¥&ond or med

on at |least g.portion of the first |layer, the second |ayer 25 conprising a
di el ectric&’mi]d mafsEabcoRIises silieomor med on at | east a portion of the second

layer, the gatgirl&tid RHer formed on at least a portion of the first layer; and a gate

electrode formed on at least a portion of the dielectric layer, wherein the gate electrode

comprises a third crystalline material and wherein the third crystalline material comprises

15  polysilicon,
wherein the first lattice constant is greater than the second lattice constant to
induce tensile strain in the first layer and wherein the tensile strain increases carrier

mobility in the first layer.

20 7. A method of forming a semiconductor device, comprising:
forming a fin comprising a first crystalline material, a plurality of surfaces, and a
width, wherein the fin comprises a channel for carriers to travel from a first end of the fin
to a second end of the fin; and
forming a first layer on at least a portion of the plurality of surfaces, the first layer
25  comprising a second crystalline material, wherein the first crystalline material is lattice
constant mismatched with the second crystalline material to induce tensile strain within
the first layer and wherein the first layer comprises a thickness that is approximately 1/2
to 1/3 of the fin width.



conprising polysilicon. 6. A transistor, conprising: 6 a fin conprising a
first crystalline material that has a first lattice constant, the fin

further conprising first and second end portions and a wi dth, wherein the
first crystalline material conprises Si.Ge(i_X) and wherein x equals

approximately 0.7; source and drain regions forned adjacent the first and
second end portions of the 5 fin, wherein the fin conprises a channel for
carriers to travel between the source and drain regions; a first |ayer of

second crystal 4y i.ak 1 d on at .least a portion of the fin, the
second cr%stal #%%eﬁngpégfafmﬂg%rﬁmg@%%% | atti ce constant, wherein the

first lattice seteting it fifss cosRilire maloasl JuoR t5@ € Erst alykialfeGAMEtiaHas a
wherein the first |layer conprises a 10 thickness that is approximtely 1/2

to 1/3 oflaftice cpnsiant;gkrater thanp laficeconstantof thecsseend wysialling matesiakat er i al
conprises silicon; a dielectric layer forned on at |east a portion of the
first layer; and a gate electrode forned on at |east a portion of the

di el ectri2 | ayEhg methed ef nlairh@, fiather edmprisimgle conprises a third crystalline

material and wherein the third crystalljine material conprises 15
pol ysi l i con, \Aﬁ‘?gchpgl S‘ﬁ‘ﬁ%nf‘? theseporiq eryeialliag smatarial far fgraingethe fikd dayereandecond

lattice congetiadihd frst bAdAmel AASHACuSh t t.'qxé Ardt S{&Hﬁ&t mhfé?ﬁl{ he%rhdla‘ﬁ'gz rein
the tensile strain increases carrier nobility i e firs ayer. 7. A
met hod ofconstant laxgenthaasiliconduct or devi ce, conprising: forming a fin
conprising a first crystalline material, a plurality of surfaces, and a

w dth, wherein the fin conprises a channel for carriers to travel froma
firstigend gof tm&gmodbm,afuﬁﬁ%ﬁﬁqlg@f the fin; and formng a first |ayer
on at least a portion of the plurality of surfaces, the first layer 25
conpri sing a s®leshag 8k(snaprs thedirstearestalling matesiakbfon foreng thedfin;cryst al | i ne
material is | [ onstant m.smatched wth the second crystalline
material to i f]stgtegfégg é%@??péoéﬂaé‘?lﬁ e%’aﬁﬁ‘? ﬂ'7’

forming a second layer on the first layer, the second layer comprising a dielectric;

and

15 forming a gate electrode on the second layer, the gate electrode comprising
polysilicon.
I1. A semiconductor device, comprising:

a fin comprising a first crystalline material and a plurality of surfaces, wherein the

20  fin comprises a width ranging from approximately 10 nm to 15 nm; and
a first layer formed on at least a portion of the plurality of surfaces, the first layer
comprising a second crystalline material, wherein the first crystalline material has a
different lattice constant than the second crystalline material to induce tensile strain
within the first layer wherein the first crystalline material comprises a crystalline material

25  with a lattice constant larger than a lattice constant of the second crystalline material.

12. The semiconductor device of claim 11, wherein the fin has a rectangular cross-

section.



the first layer and wherein the first |ayer conprises a thickness that is
approximately 1/2 to 1 /3 of the fin width. 7 8 The nethod of claim?7,
further conprising: selecting the first crystalline material such that the
first crystalline material has a lattice constant greater than a lattice
constant of the second crystalline material. 5 9. The nethod of claim7,
further conprising: selecting silicon as the second crystalline materi al
for formng the first layer; and selecting the first crystalline materi al

such thatighe fhe §ém&5ﬂc§.§c@dr AL g(?tf @Eﬂn?ll 1 h@ﬁiel%n{ ﬁ'fet ée%gnd gngnf%.ilgxgmlﬁtarrlgler

than silicon; 10 10. The net urt her “conprising

Si. Ge(l )@(alspr!sft&Sﬂm@Ist crystalline material for for mng the fin; selecting
X as approximately equal to 0.7; formng a second | ayer on the first | ayer,
the second | ayer conprising a dielectric and 15 formng a gate el ectrode

on the setpnd Th 8émicoAGucdier ﬁeﬁl:@%tfr&ﬂﬁl G 8RR She @?éty 5thfHB - m%t%nalA

sem conduct or devi ce, conprising: fin conmprising a crysta

mat er ial epRRprisepp fo}’éiaﬂtqﬁ matemlrwmwtuw@mm lattger thaA sflicon.conpri ses a wi dth
rangi ng fromapproximately 10 nmto 15 nm and a first |layer formed on at

| east a portion of the plurality of. surfaces, the first |ayer conprising a

second crisst al TheeemiRbadictdr, daies OF rLldie 11 whbresd Yisd ﬁ'rét' stAT ?frhé}lemhas a
different lattice constant than the second crystalline erial to 1 nduce

tensile stOfries WbBrin- the first |ayer wherein the first crystal li ne
material conprises a crystalline material 25 wth a lattice constant |arger
than a lattice constant of the second crystalline material. 12. The

seni dondulkt or Hevsendcaniductondenidelof oMiat B3, whebén kieudl@Gpprokiaftepoyl ar cross-

section. 8
17. The semiconductor device of claim 11, further comprising: a second layer formed

on at least a portion of the first layer, the second layer comprising a dielectric.

15 18.  The semiconductor device of claim 17, further comprising: a gate electrode

formed on at least a portion of the second layer, the gate electrode comprising

polysilicon.

19. A transistor, comprising:
20 a fin comprising a first crystalline material that has a first lattice constant, the fin
further comprising first and second end portions and a width;
source and drain regions formed adjacent the first and second end portions of the
fin;
a first layer of second crystalline material formed on at least a portion of the fin,
25  the second crystalline material having a second lattice constant, wherein the first lattice
constant is greater than the second lattice constant and wherein the first layer comprises a
thickness that is approximately 1/2 to 1/3 of the fin width;
a dielectric layer formed on at least a portion of the first layer; and

a gate electrode formed on at least a portion of the dielectric layer.

9



13. The sem conductor device of claim11l, wherein the second crystalline
material conprises silicon. 14. The sem conductor device of claim13,
wherein the first crystalline material 5 conprises a crystalline materi al
with a lattice constant |arger than silicon. 15. The sem conductor device
of claim 14, wherein the first crystalline material conprises Si.Ge(l_, ).
10 16. The sem conductor device of claim1l5, wherein x equals approxinmtely
0.7. 17. The sem conductor device of claim 11, further conprising: a second
| ayer forned on at |east a portion of the first layer, the second |ayer
conprising a dielectric. 15 18. The sem conductor device of claim17,
further cg(?rpr i Ehegansistayaifeladineld, mberein fhergarcelairodt compsisesa thied tiye@ll t he
second | a Sl the gate el ectrode conprising polysilicon. 19. A transistor,
conprisiﬂé? B "a fin conprising a first crystalline material that has a
first lattice constant, the fin further conprising first and second end
portions and a width; source and drain regions fornmed adjacent the first
and sécomdl-endllsoirangsier off elaian 20, nhexeifi thet thirdyenystalline emareiak bympasdsi ne
mat eri al &ﬁ&ﬁﬁ non at | east a portion of the fin, 25 the second
crystalline’ material having a second lattice constant, wherein the first
lattice constant is greater than the second |attice constant and wherein
the first_layer conprises a_ thickness that is approximately 1 /2 to 1 /3
of the fi4t-wi dthe trapsigiasiofelaimd 9) wheneirt the fiest coystaliine reatstialacopmpriséscSi,@é .t he
first layer; and a gate electrode fornmed on at |east a portion of the
dielectrfﬁ | ayer. 9 20. The transistor of claim19, wherein the gate

el ectlfode conprises a third crystalline nmaterial. 5 21. The transi stor of

cl ai m 20, wher,ﬁ{ n the third crystalline material conprises polysilicon.
23. e transistor of claim”22, wherein the second crystalline material comprises

silicon.

24.  The transistor of claim 22, wherein x equals approximately 0.7.
15
25.  The transistor of claim 19, wherein the first lattice constant is greater than the

second lattice constant to induce tensile strain in the first layer.

26.  The transistor of claim 25, wherein the tensile strain increases carrier mobility in

20  the first layer.

27. A method of forming a semiconductor device, comprising:
forming a fin comprising a first crystalline material, a plurality of surfaces, and a
width; and
25 forming a first layer on at least a portion of the plurality of surfaces, the first layer
comprising a second crystalline material, wherein the first crystalline material is lattice
constant mismatched with the second crystalline material to induce tensile strain within

the first layer and wherein the first layer comprises a thickness that is approximately 1/2
to 1/3 of the fin width.

10



22. The transistor of claim19, wherein the first crystalline materi al
conprises Si XGe(l _ X). 10 23. The transistor of claim?22, wherein the
second crystalline material conprises silicon. 24. The transistor of claim
22, wherein x equals approximately 0.7. 15 25. The transistor of claim 19,
wherein the first lattice constant is greater than the second lattice
constant to induce tensile strain in the first layer. 26. The transistor of
claim 25, wherein the tensile strain increases carrier mobility in 20 the
first layer. 27. A nethod of form ng a sem conductor device, conprising:
formng a fin conprising a first crystalline material, a plurality of
sur f aces,2&nd ‘Bhe methiod of glaiin 23, fuother comprising: st | ayer on at | east a portion
of the pluralit f surfaces he first | r copprising.a second
crystalline na%e]e/ercﬁgg %he\/\ﬁreq'f 8§yﬁtailﬂ’§ Tpateal S(‘:‘%?’Eaélthq t pryseling material ag ace
constant Iaitiegebtat priatdh thiten RARRENAN S Bicl LB B Ghlift nhfrdanduce tensile
ir

strain wwthin the first |ayer and wherein the ayer conprises a

t hi ckess that is approximately 1/2 to 1 /3 of the fin width. 10 28. The

met hod of, gl ai fur [ rising: selecting the first crystalline

mat eri al 2'ssfjch mﬁ%e?‘R}éOf?‘?é‘?%?%%ﬁﬁoﬁP@ﬂ% erial has a lattice constant
greater than aseleatihg siticooasthaRéconll chytelSROAMGSI 165 Fotind e TRl ARl . 5 29.
The net hod of claim 27, further conprising: selecting silicon as the second

crystalline material for formng the first layer. 30. The nethod of claim

29, furthgy comrﬁlgﬁlggPfgigiﬁg%g@?th%g@%gmggst crystalline material such

that the Tirst crystalline nma a
10 selecting the first crystalline material such that the first crystalline material has a

lattice constant larger than silicon.

'31.  The method of 30, further comprising:

selecting SixGe(1.x) as the first crystalline material for forming the elongated fin.

15
32. The method of claim 31, further comprising: selecting x as approximately equal to
0.7.
33.  The method of claim of claim 27, further comprising: forming a second layer on

20  the first layer, the second layer comprising a dielectric.

34.  The method of claim 33, further comprising: forming a gate electrode on the

second layer, the gate electrode comprising polysilicon.

25 35. The semiconductor device of claim 11, wherein the first layer comprises a

thickness that is approximately 1/2 to 1/3 of the fin width.

36.  The semiconductor device of claim 11, wherein the first layer comprises a
thickness of 15 nm.

11



| attice constant larger than silicon. .31. The nethod of 30, further
conprising: selecting Si.Ge(l_,) as the first crystalline material for
formng the elongated fin. 15 32. The nethod of claim 31, further
conprising: selecting x as approximately equal to 0.7. 33. The method of
claimof claim?27, further conprising: formng a second | ayer on 20 the
first layer, the second | ayer conprising a dielectric. 34. The nethod of
claim 33, further conprising: formng a gate el ectrode on the second

| ayer, the gate el ectrode conprising polysilicon. 25 35. The sem conduct or
device of claim1ll, wherein the first |ayer conprises a thickness that is
appr oxi medBl y Thetransistordfelaithid, faiharei thietwidhGangdl drohe B oxisised 0 ggvoce of
claim11, erein the first layer conprises a thickness of 15 nm 11 37.
The trans}sPBr of claim 19, wherein the width ranges from approxi mately 10
nmto 15 nm 5 38. The transistor of claim19, wherein the first |ayer
conprises a thickness of 5 nm 39. The nethod of claim 27, wherein the

wi dt h  antfes fFlamtransistandfetaiml 1Y, whemein the firdJayer cdfipds a Thiekwsss bpsinef ¢l ai m
27, wherein the first layer conprises a thickness of 5 nm 41. A

sem conductor device, conprising: a fin conprising a first sem conducting
mat eri al ;3@nd Phed meod loBBAmI D, W { td i
wherein the first 15 sem conducti négpﬂngtvgirdigglﬁ&lgﬁsdﬁ%sdp?@r@?%@gﬂg@ﬁom thin
t he first“i%?er and wherein a thickness of the first |layer ranges from
approximately 3.3 nmto 7.5 nm 42. The device of claim4l, wherein a

t hi ckness of the fin ranges from about 500 A to about 2000 A

10 40.  The method of claim 27, wherein the first layer comprises a thickness of 5 nm.

41. A semiconductor device, comprising:
a fin comprising a first semiconducting material; and
a first layer formed on at least a portion of the fin, wherein the first
15 semiconducting material induces tensile strain within the first layer and wherein a

thickness of the first layer ranges from approximately 3.3 nm to 7.5 nm.

42.  The device of claim 41, wherein a thickness of the fin ranges from about 500 A to
about 2000 A.

20
43.  The device of claim 41, wherein the fin has a width ranging from approximately

10 nm to 15 nm.

44.  The semiconductor device of claim 41, wherein the first layer comprises a second
25  semiconducting material and wherein the second semiconducting material comprises

silicon.

45.  The semiconductor device of claim 44, wherein the first semiconducting material

comprises SixGe(1.x).

12



20 43. The device of claim4l, wherein the fin has a wdth ranging from
approximately 10 nmto 15 nu. 44. The sem conduct or device of claim4l,
wherein the first layer conprises a second 25 sem conducting material and
wherein the second sem conducting material conprises silicon. 45. The

sem conduct or device of claim44, wherein the first sem conducting materi al
conprises Si XGe(i_X). 12 46. The sem conduct or device of claim45, wherein
x equal s approximately 0.7. 47. The sem conductor device of claim4l,
further conprising: a second |ayer forned 5 on at |least a portion of the
first layer, the second |layer conprising a dielectric. 48. The

seni condut@.or o saeicondustaidevie? of Elainy HEy whereinni ejualy:approgihatelgleTt r ode
formed on at |east a portion of the second | ayer, the gate el ectrode
conprising polysilicon. 10 49. A transistor, conprising: a fin conprising

a first s4m comBeisenibendiRidRdeice bR elairAas, Airfhif &;mﬁlz%lﬁﬁ-’: %esegd?fgslgfég.tformédhe fin

further conprising first and second end portions; ce an i nregions
for med adphetdeast g partionrafithe:first ke the sspehddleyericonprisingtandieledtficf i n; a first

| ayer of second sem conducting nmaterial fornmed on at |east a portion of the
fin, the second sem conducting material having a second |l attice constant,

wherein t48 fiThd setitohiw®orc dBELAYS ¢l&inD 4T EIhdrN@prins of @Al LiREtddee
constant and erein the first layer has a thickness rangi ng from about

3.3 nm t ol°FBEYtONy 2t lgast @ oxtien @ifether sesondiyleyerf dheregtte relestrofle asmpaisingr t i on
of the figsgtsh@yer: and a gate electrode fornmed on at |least a portion of
the dielectric layer. 50. The transistor of claim49, wherein the fin has a
wi dt Hl0r angi ng from

49. A transistor, comprising:

a fin comprising a first semiconducting material that has a first lattice constant,
the fin further comprising first and second end portions;

source and drain regions formed adjacent the first and second end portions of the

15 fin;

a first layer of second semiconducting material formed on at least a portion of the
fin, the second semiconducting material having a second lattice constant, wherein the first
lattice constant is greater than the second lattice constant and wherein the first layer has a
thickness ranging from about 3.3 nm to about 7.5 nm;

20 a dielectric layer formed on at least a portion of the first layer; and

a gate electrode formed on at least a portion of the dielectric layer.

50.  The transistor of claim 49, wherein the fin has a width ranging from
approximately 10 nm to 15 nm.
25

51.  The transistor of claim 49, wherein the first layer has a thickness ranging from 1/2
to 1/3 of the fin width.

52.  The transistor of claim 49, wherein a thickness of the fin ranges from about 500 A

13



approximately 10 nmto 15 nm 25 51. The transistor of claim49, wherein
the first layer has a thickness ranging from1/2 to 1 /3 of the fin wdth.
52. The transistor of claim49, wherein a thickness of the fin ranges from
about 500 A 13 to about 2000 A 53. The transistor of claim49, wherein
the gate electrode conprises a third sem conducting material. 5 54. The
transistor of claim53, wherein the third sem conducting material conprises
pol ysilicon. 55. The transistor of claim49, wherein the first

sem condugtdbagt 2ovioeki al conprises 10 Si XCGe(l_X). 56. The transistor of

cl aim 55, wherein the second sem conducting material conprises silicon. 15
57. The transistor of claim56, wherein x equals approximtely 0.7. 58. The

transi st og, of aim49, wherei.n the first | ayer conprises a strained | ayer
and whergez?'n t@r‘%itfaéls foF af’ﬁ c’%Hmt ﬁ§= VhergiRethel gyter elepizqdes Smprisgsy p ethird

mobi ity demitditublin maRrial. The device of claim4l, wherein the first layer
conpri ses a second sem conducting material and wherein the first
seni conduct | ng material has a larger lattice constant than the second

sem cond in Je induce the. tensile strai wmWthin the first
| ayer. Zg§ 4%30 ggﬁg:{égnﬁggl:sgé\rd%tg?%lfn gg’\/\”@gflnctgﬁ%ﬂnf‘gﬁwo‘é‘mcpﬂg &f‘ﬁﬁﬂaﬁ SPRGTIEEST i r st
sem condumdlysikicammt eri al and a plurality of surfaces, wherein the fin

conprises a width ranging fromapproxinmately 10 Mh to 15 nm and a first
| ayer fornmed on at |east a portion of the plurality of surfaces, the first

| aver cogmri Srrnm;%rg?s§s§ﬁaomcﬁﬁm49,°&ﬂ&%m 8 A8 §hi8lrduiBSy Slalbrial Sombrises
10 SixGe(l.x).

56.  The transistor of claim 55, wherein the second semiconducting material comprises

silicon.
15 57.  The transistor of claim 56, wherein x equals approximately 0.7.

58.  The transistor of claim 49, wherein the first layer comprises a strained layer and

wherein tensile strain in the strained layer increases carrier mobility in the fin.

20 59. The device of claim 41, wherein the first layer comprises a second
semiconducting material and wherein the first semiconducting material has a larger
lattice constant than the second semiconducting material to induce the tensile strain

within the first layer.

25 60. A semiconductor device, comprising:
a fin comprising a first semiconducting material and a plurality of surfaces,
wherein the fin comprises a width ranging from approximately 10 nm to 15 nm; and
a first layer formed on at least a portion of the plurality of surfaces, the first layer
comprising a second semiconducting material, wherein the first semiconducting material

14



14 has a different lattice constant than the second sem conducting nateri al
to induce tensile strain within the first |ayer and wherein the first

| ayer conprises a thickness that is approximately 1 /2 to 1 /3 of the fin
width. 5 61. The sem conductor device of claim®60, wherein the first

sem conducting material conprises a sem conducting material with a lattice
constant larger than a lattice constant of the second sem conducting
material. 62. A transistor, conprising: 10 a fin conprising a first

sem condugdgl i ditan i W t ant the fin.further
conpri si ngésf??g&égﬁgd@éeec%nd eﬁ%ﬁ%gﬁ %egﬁéd gﬁ%{cg&a\?\nmgﬁg ?na%’gltﬂ i tSPsa‘jen

regi ons fgrawedvithdp dbe firstt lagerf ands whareih slec finst leyet @oprisena tafckhése thhtms a
first lay of. seco serg -conduct.inpg material formed on at |east a portion
of the 1%{pfr?xﬁfnafe%'e?§et8gﬁdoétgﬂ%@dﬂﬂﬁ’cti ng material having a second lattice
constant, wherein the first lattice constant is greater than the second

| attice constant and wherein the first |ayer conprises a thickness that is
appr 0¥l meflel y Thosamjcandictor deviee of plaith G0hwhereiti the dirstrsemidoagastinganaredalon at

| east a p ' f first |ayer; .and ate el ectrode forped on at

| east a p‘g); I%I%ES gfs e%ﬁgng'ilcéﬁngc}??%f\’/r&all"g@b? .latg copstantriarger thanag laftise cgpstantaj m
62, wher eofitht kogdkemiebedictiagenat@pri ses a third sem conducting material.
64. The transistor of claim®62, wherein the first lattice constant is
greater than the 25 second lattice constant to induce tensile strain in

the firstg] ayex. istor of claim62, wherein the width ranges
from approxi mat ga@éit(gznmﬁ)qn?éi@ﬁ% nm 15 66. A nethod of formng a

seni cénduct or aléini comprisingpa fisst Bemicoadwsting atbial BRIsI SHRY 1Add Ecistant,

sem condugt i.n terial, a plurality of surfaces,
t?xe ﬁnq”ulrtrﬁer comprising first an seco)rlld end portions and a width;

source and drain regions formed adjacent the first and second end portions of the
fin;

a first layer of second semi-conducting material formed on at least a portion of the

15 fin, the second semiconducting material having a second lattice constant, wherein the first

lattice constant is greater than the second lattice constant and wherein the first layer
comprises a thickness that is approximately 1/2 to 1/3 of the fin width;

a dielectric layer formed on at least a portion of the first layer; and

a gate electrode formed on at least a portion of the dielectric layer.

20

63.  The transistor of claim 62, wherein the gate electrode comprises a third

semiconducting material.

64.  The transistor of claim 62, wherein the first lattice constant is greater than the

25 second lattice constant to induce tensile strain in the first layer.

65.  The transistor of claim 62, wherein the width ranges from approximately 10 nm to

15 nm.

15



and a width; and formng a first layer on at |east a portion of the
plurality of surfaces, the first layer 5 conprising a second .

sem conducting material, wherein the first semi conducting material is

| attice constant m snmatched with the second sem conducting material to
induce tensile strain within the first layer and wherein the first layer
conprises a thickness that is approxinmately 1/2 to 1/3 of the fin wdth.
10 67. The nethod of claim66, further conprising: selecting the first

sem condugd.i NOARREd 8f foifly 4&%{1051{?1%0{& Gstice g%ﬁggﬂgc ting material has a

lattice constant greater than a lattice const f The second _
seni conduct i ngforminges fialconmpsisg. a fitse sereichoductihg whaiérinl 66 plurdiity ef Burifives,wi dt h

of the fiéhdraaxgﬂﬁ}?; afn[iom approximately 10 nmto 15 nm 16
forming a first layer on at least a portion of the plurality of surfaces, the first layer
5  comprising a second semiconducting material, wherein the first semiconducting material
is lattice constant mismatched with the second semiconducting material to induce tensile
strain within the first layer and wherein the first layer comprises a thickness that is

approximately 1/2 to 1/3 of the fin width.

10 67.  The method of claim 66, further comprising:
selecting the first semiconducting material such that the first semiconducting
material has a lattice constant greater than a lattice constant of the second semiconducting

material.

15 68.  The method of claim 66, wherein the width of the fin ranges from approximately

10 nm to 15 nm.
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