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drain 14 and channel 16 regions are formed of a monolithic silicon body that is patterned from a silicon layer

provided on a dielectric substrate 18. After patterning the silicon body, a gate oxide is grown or deposited
over the silicon body, and then a conductive gate 20 as shown in Figure 1b is patterned so as to surround the
30  channel region 16, The gate 20 is patterned from a conductive material such as polysilicon. Figure 2 shows a
view of a cross-section of the gate and channel region of the FinFET of Figure 1b taken at line A-A’. As seen
in Figure 2, the gate 20 and channel region 16 are separated by the gate oxide 22, and the gate 20 surrounds the
channel region 16 on both of its sidewalls, thus serving as a double gate that imparts gate voltage to both sides
of the channel region 16. The channel width of a FinFET is therefore approximately double the height of the -
35  channel region fin, enabling a high driving current compared to semiconductor substrate MOSFETSs of
comparable size.
While the conventional FinFET provides the aforementioned advantages over MOSFETs formed on
semiconductor substrates due to its SOI construction, some fundamental characteristics of the FinFET such as
carrier mobility are the same as those of other MOSFETs- because the FinFET source, drain and channel

40  regions are typically made from conventional MOSFET semiconductor materials such as silicon.
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DESCRIPTION OF THE DRAWINGS
Embodiments of the invention are described in conjunction with thé appended drawings, in which;
Figure 1a shows a body portion of a conventional FinFET;
35 Figure 1b shows a gate portion formed over the body portion of the conventional FinFET of Figure

1a;

Figure 2 shows a cross section of a conventional FinFET gate and channel taken along line A-A’ of
Figure 1a;
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DESCRIPTION OF PREFERRED EMBODIMENTS
A cross section of a gate and a channel region of a FinFET formed in accordance with an embodiment

of the present invention is shown in Figure 3. As seen in Figure 3, the structure comprises a silicon germanium
channel region 32 on which is grown an epitaxial layer of strained silicon 34. The silicon germanium lattice of

25  the silicon germanium channel region 32 is generally more widely spaced than an intrinsic silicon lattice as a
result of the presence of the larger germanium atoms in the lattice. Because the atoms of the silicon lattice
align with the more widely spread silicon germanium lattice, a tensile strain is created in the silicon layer. The
silicon atoms are essentially pulled apart from one another. The amount of tensile strain applied to the silicon
lattice increases with the proportion of germanium in the silicon germanium lattice. As a result, the epitaxial

30  silicon layer 34 grown on the silicon germanium channel region 32 is subjected to a tensile strain, The
application of tensile strain to the silicon lattice causes four of its six silicon valence bands to increase in
energy and two of its valence bands to decrease in energy. As a result of quantum effects, electrons
effectively weigh 30 percent less when passing through the lower energy bands of strained silicon. Thus the
lower energy bands offer less resistance to electron flow. In addition, electrons encounter less vibrational

35  energy from the nucleus of the silicon atom, which causes them to scatter at a rate of 500 to 1000 times less
than in relaxed silicon. As a result, carrier mobility is dramatically increased in strained silicon as compared to
relaxeFl silicon, offering a potential increase in mobility of 80% or more for electrons and 20% or more for

holes. The increase in mobility has been found to persist for current fields of up to 1.5 megavolts/centimeter.
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strained silicon layer. The final thickness of the strained silicon layer is preferably approximately 80 - 200 A.
30 Therefore, the amount of strained silicon that is initially grown will be determined in part based on whether

some of the strained silicon will be consumed during oxide growth.

After formation of the gate insulating layer, a gate 48 is formed, yielding the structure illustrated in

Figure 4c. The gate is preferably formed by deposition of a conformal layer of polysilicon over the substrate

including the silicon germanium FinFET body 46, followed by planarization of the polysilicon layer and then
35  patterning using an etch mask to define a gate 48 as shown in Figure 4c.

Following patterning of the gate 48, further processing may be performed such as formation of

insulating spacers on sidewalls of the gate, implantation of dopant in the source and drain regions, formation of

source, drain and gate silicides, and formation of a protective layer around the FinFET.
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on whet hethe pagioiw agplicatibre Psafqrmlyrmombﬂ of @0 Kilisdh kérmineinOI6yRSHH BRde il thrgig X de

growt h.  Afi{reir bbbl @R a Afiso mgmg@sgdrg insulating |ayer, a gate 48 is forned,
yielding the structure illustra Figure 4c. The gate is preferably

formed by depdSittaai %&““asa&ﬁﬂl{ﬁ?nrﬁ’rmal’%y abstige Sis ingplntefl witnoxpapr F2 4t bresngsgibst r at e
i ncl udll ngouffibient 8 fbrinc:e bxyge e b B4kt sadhk Gepd0id Yea @ reqhittd kiguiadds 2¥iiddh R@duiugat i on

of the polysil r.and then 35 patterning using an etch mask to
define a gateez?%@&agegﬁgm in Figure 4c. Follow ng patterning of the gate

48, further pridEEsspheys hagruere pldiigusiSretir soelngasthé sioagaomuofubstasOiat i ng

spacers O taalith shlnadiifo GRer S WAIRBL @100 AhedlAPERichpbiegur e and
drainre IO sourc rain and %ate si Tl ES

fo
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Fi gures 4Rdies AQatG8MET RSedifg B&@Mg‘m@ Be QbwBneMrghEor Figure 5b after patterning a
silicon germanium FinFET body 58 (shown in cross section at the channel region) from the silicon germanium

layer that overlies the oxide layer 56.

J.

Figures 6a - 6d shows structures formed in accordance with a second method for forming a silicon

30  germanium SOI substrate. Figure 6a shows a planarized silicon germanium substrate 60. The substrate 60 is
implanted with hydrogen 62 to form a hydrogen rich region 64 within the silicon germanium material. The
hydrogen 62 is implanted with an energy such that the amount of silicon germanium remaining above the
hydrogen rich region exceeds the thickness of the silicon germanium layer to be formed on the SOI substrate.
It may be preferred to implant the hydrogen into a strained region of the silicon germanium

35 Figure 6b shows the silicon germanium substrate of Figure 6a after being cleaned, stripped of oxide in
a diluted HF solution, rinsed in deionized water to form an active native oxide on its surface, and then inverted
and bonded to a planarized oxide layer 72 formed on a semiconductor layer 74 of second substrate 70.
Bonding may be performed at room temperature, and requires precise planarization of both substrates to

provide maximum surface contact for optimal bonding.



Fi nFET, it should be understood that a variety of alternative structures
may be inplenented using simlar processing. For exanple, inZbmhar 2007

al t er nat i weoioqalogzmeéit ati on, a pair of FinFETs that are ¢depge2008b23660
respective conplenentary dopants may have gates that are electrically
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substrate6 ;Rlbstr blanted with to forma
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of th | icon germani um | ayer t substrate’™ It may

be prgq er*‘f"’E’EPmP‘Baﬁﬂi’FﬁP’g?ﬁ‘iOfIaH%"S%S?EﬁaH@BFﬁl‘?nnt 0 a strained region of the silicon

ger mani um In further alternatives, the strain in a semiconductor layer may be enhanced by implanting germanium
into the supporting oxide layer to expand the oxide layer. In other alternatives, a high k material having a

lattice spacing to that of silicon germanium may be used as the gate insulating layer to provide additional

support for the strain in the strained silicon layer.

35 It will be apparent to those having ordinary skill in the art that the tasks described in the above
processes are not necessarily exclusive of other tasks, but rather that further tasks may be incorporated into the
above processes in accordance with the particular structures to be formed. For example, intermediate
processing tasks such as formation and removal of passivation layers or protective layers between processing

tasks, formation and removal of photoresist masks and other masking layers, doping and counter-doping,
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35 Figure 6b shows the silicon germani um substrate of Figure 6§ga%&er belng
cl eaned, stripped of oxide in a diluted BF solution, rinsed

water to fyahBedls2ed 1 ve native oxide on its surface, angctb&dod i @&ted and
bonded to a planarized oxide |ayer 72 fornmed on a sem conduct or ayer 74 of

second sudksdingapl@ar?Ation, 436 Btlér rmgksrmay bb@rfﬂlﬁfecﬁ aﬁﬂmath ak taﬂ@ spealﬁcaryme&;aiem fiRve. and

reqw res S (] N r}me es 0 nmaxi.mum
Curt ace CHRE R SrL AR ot fekiind on B0 0B S s S Sl
PCTI US200B7iopgoelertinglt @wse%'emf thgsubstrﬁe %cmm@& teghbidnzbtedlusgatel inthinbavresehd f or

exanpl e adescabel W@-ﬁrbﬁéﬁly@fefeﬁ&plt degd @e&ﬁd&%ﬁo@fhat t@%@&ﬁmﬁ@& ﬁ'la Mf_f&eﬁ@ﬁﬁamur S.
As sho .annea ﬁm&bﬁ Causg%lt e silicon ger mani um substrate to

fractute eéf‘??ﬁd%’h@ © FVERHERR RO fonitef] to 2cpgiippr gmbodipgpgsbuf “éﬁ’\‘)“lS PgeripuiRRAHTeaioes: r at e
conpri si neymbinatipds agdperg@stivesthatifil vshiethe scape obibdkemedtiGremitns aud teke edubyietts. 72, and
having a residual hydrogen rich region 64 at its upper surface. 5 The new
substrate is subsequently planarized and cl eaned, |eaving a silicon
germani um SO substrate as shown in Figure 6d, fromwhich a silicon
germani um Fi nFET body may be patterned as described previously. Figure 7
illustrates a process flow enconpassing the preferred enbodi nent, the

af orenentioned alternatives and various other alternatives for formng a
SO MOSFET device. Initially a SO substrate is 10 provided (80). The SO
substrate conprises a sem conductor |ayer that overlies a dielectric |ayer.
The sem conductor layer is preferably silicon germanium and the dielectric
| ayer is preferably silicon germanium oxide or silicon oxide. The

sem conductor |layer is then patterned to forma Fi nFET body conpri sing
source and drain regions having a channel region extendi ng therebetween
(82). A layer of strained siliconis then forned on surfaces of at |east
the channel region (84), although the |ayer of strained silicon may
additionally 15 be formed over the surfaces of the entire FinFET body. A
gate insulating layer is formed over at least the strained silicon grown
on the channel region of the FinFET body to cover the strained silicon
grown on the channel region (86). The gate insulating |ayer may be an

oxi de grown fromthe strained silicon or maybe deposited over the strained
silicon. A conductive gate is then forned (88). The gate surrounds
sidewalls and a top portion of the channel region and is separated from
the channel region by the gate insulating |layer and the 20 strained silicon
| ayer. As mentioned above, a variety of structural inplenmentations may be
formed using this process flow, including the single device shown in
Figures 4a - 4c, as well as CMOS devices, devices having nultiple channel
regi ons, and devices enploying varying material conpositions and materi al

| ayer structures. In addition, FinFET structures incorporating strained
silicon as described herein may also be forned by alternative nethods,
such as gromh of a silicon germanium |l ayer on a sem conductor Fi nFET body,
or 25 inplantation of germaniuminto a silicon FinFET body, followed by
grow h of strained silicon on the silicon




germanium | attice at the surface of the Fi nFET body. Further, the strained
silicon may be fornmed by inplantation of carbon into the surface of a
silicon FinFET body. Therefore, strained silicon FinFETs in accordance
with the invention nmay be generally characterized as conpris%gg%@E¢@yer of
strained silicon forned on at |east the channel region of a body.
Typically the FinFET body conprises a |l ayer of silicon 30 gernmanium at the
surface of aéggzgﬁésits channel region. In further alternatives, the strain
in a sem con ayer may be enhanced by inplanting germanium into the

suppor ting oxj e | Aficoh @n GIARAS MOSHRS BRideMRlbrishid. Ot her alternatives, a

high k material having a lattice spacing to t “silicon gernmani um may
be used as the gataasubstsai!wbmpgsxhgyehelbﬂnpﬂwd@)addltional support for the

train in the strained silicon | 35, It t. to th
having ordi nary. st fieangsrranim FORBT oy (ableameban flasbelertic T LD the
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further tasks may I ncofporated”into the ove- process s i n accor
with the partamﬂmgthenewmems to be formed. For exarrpl e, internediate

processing tasks su as .form n_an 55|v tion | ayers or
protective layers b y\%gﬁ %F’(S’S‘éssgfcﬁ’é’ gﬁifgngf SR FH ﬁ" | chgpnel
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ot her tasks, chagnebgegiem,f or ned al ong with the tasks specifically described
above. urther t.h erfornmed.on, an nt|re substrate
Suoh 2 enti te TErEIRERTE PSR ForedVer AIFRF e dEted Reaitt g beyar e
sections of tstrained bilicon(34) fdtmesl, onvirfated Hfthe bhamelTegion; afd ust r at ed in the
figures and described above are yresently referred, it should be

under st ood t hat t ReSendERHYRIBAENAS ﬂ@ySldﬂY/dl famsl tompprtionoefl the The

invention is HQ:’in 0 t rious
nodi ficati onsc d h%%‘gg?%g%ﬁ 1£’§é all'%tr%rru 9 ?%enéh reg}%?i b)&nﬁhg:ﬁét%ééla §pe
of the clai nwerambtitelstmmedlmcbhmyereqw vaI ents. 7 2 9 MAR 2007 CLAI M 1.

A sili (‘1 n on insul ator MOSFET device conprising: a substrate conprising a
di el ectric layer (40); a silicon gerrrani um Fi nFET body (46) forned on the

di el ect | F,
ielectric |ayer (’ﬂl@)devl&eclmr’heﬁ' o) ézmb gn{e@ mgg*nﬂadﬁw)%.@@ﬂew @i N

regi ons having a channel 3|on exten in
strained sil ﬁcﬁrfmmbbdbr 1B “dnrmtlfeatﬁymed’ﬁrtwmmaust he channel regi on of

gg.e dFl NFET body, saageconsd”' s1{19&negser}n%ﬁiulﬁ9 knuﬁ?EglL gg }‘ rmed on%e dxe?gcheg rlEl)'/e?'nth%f

second FinFET body comprising second source and drain regions having a second
20 channel! region extending therebetween
a layer of strained siiicon formed on surfaces of the second channel region,
said surfaces including sidewalls and a top position of said channel region;
a gate insulating layer formed over at least the second channel region to cover
the étrained silicon formed on surfaces of the second channel region; and
25 a second conductive gate that surrounds sidewalls and a top portion of the
second channel region and that is separated from the second channel region by the
gate insulating layer and the strained silicon layer, and that is electrically connected to
the conductive gate surrounding the channel region of the first FinFET body,
the source and drain of the first FinFET body being doped with a first dopant,
30 and the source and drain of the second FinFET body being doped with a second
dopant complementary to the first dopant.
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channel region; 10 a gate insulating |layer (36) fornmed over at |east the
channel region to cover the strained silicon (34) forned on surfaces of

t he channel region; and a conductive gate (48) that surrounds _the sidewalls
and-top portion of the channel region and that is separated £8dHRtIHE
channel region by the gate insulating |ayer and the strained silicon

| ayer. 15 2. The device clainmed in claim1l, wherein the Fi nFET body (46)

conprises a kirst ki nEET bq nd erein_the device, fu ther cqnprises: a
second silicon’ ger #E'ﬁi Eﬁ?ﬁ ﬁ%ﬁ‘%o’&y%b‘?n&eﬁ ﬁﬂﬂ‘efh‘é’"éﬂrﬁp’@cﬁrﬁpé?eﬂ d PRe
second Fi nFETsia!@dmllgemeicghwﬁggg@d source and drain regions having a

second 20 channel region extending therebetween a | ayer of strained
silicon formed on surfaces of the second channel region, said surfaces

i | udi id [ 1 iti. f i i on; .gat

it oo el Rbfhod PR §hCorm in e NPSERTIC e Fomprigngyer

the straisned sili ceorovidingadilono ihafl8fr Shbsthif: @@f&fl lﬂprfslcir?g ﬁ'tﬁiic&?g&ﬂﬁm' iR d
ewal I's and a top p

25 a second conductive glate t hat surrounds sid rtiron of
the second cHRERsendycerlayer42) averlyings dielesiristlaxerf r om t he second channel

[ by th te.d | at.i th ined Sili I .
Lo TS Y et o) Patdifinetht 3l B8 axki\GaF 1 Brce slicon Boanis Findf
channel r egi ohod (44)ecotuprising-BorEg ahd dtain'fegions Nadifg el gl EREndihg o'

n

Fi nFET body bﬁ_\ign doped with a first dopant, 30 and the source and dra
Febetvieep

of the second ody being doped with a second dopant conpl enentary

to the fiprst dopan M@@E&-gﬁzgﬁgq . 7 h Vi claimed in
claiml, further cgonrgﬁgsi%ng a spacer (g)lrl%%ﬂ%%n)zggi e p?%ﬁe?sﬁgh&gwi ve
gate. 4. A netegom, faid sirfaces imchadisg bidewalloand Dl foirfion dMaafdchadfeliré€ion;
conprising: 5 prov}.di ng a sili.con on jnsul ator substrate (40) conprising a
silicon germani um oég’r‘f’?%ﬂn%?:t'ﬁqula}tﬁlﬁe Yen £36) oner | 3 lgast sheistrained silicon(3d) ;

patterning ! Ngrowera aRWIBHAN rbdivfito 6% he st 3iiEha bFfiPh B2 TANhE MHELATET

body (46) conprijsing source and drain reglions having region
ext endi ng region; and
15 forming a conductive gate that surrounds the sidewalls and top portion of the

‘channel region and is separated from the channel region by the gate insulating layer
(36) and the strained silicon (34). '

5. The method claimed in claim 4, wherein the FinFET body (46) comprises a

20 first FinFET body, and wherein the method further comprises:

patterning the semiconductor layer to form a second silicon germanium
FinFET body comprising second source and drain regions having a second channel
region extending therebetween, concurrently with patterning of said first FinFET
body;

25 forming a layer of strained silicon on surfaces of at least the second channel
region of the second FinFET body, concurrently with growing a layer of strained
silicon on said first FinFET body, said surfaces including sidewalls and a top portion
of said channel region;

forming a gate insulating layer over at least the strained silicon grown on the

30 second channel region of said second FinFET body to cover the strained silicon
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t herebetween; 10 forming a |ayer of strained silicon (34) on surfaces of at™ -

| east the channel region, said surfaces including sidewalls and a top
portion of said channel region; formng a gate insulating |ayer (36) over
at l'east the strained silicon (34) grown on the channel region {bpMpy@Ey the
strained silicon grown (34) on the. channel region; and 15 form ng a
conductive gate that surrounds the sidewalls and top portion of the

channel region and 4owstBA' dke&chhd cf@ﬂgel | by .. h

i nsul ating |ayer (%%) and the straiane s!i I°CO f()@%&@y *Hiel %Fﬁ%% % 18815 d
in claimd4, wissuditmg lagerfiver&id GiostFirfFIE] bodyyandses a 20 first Fi nFET body,
and wherein the nmethod. further conpri.ses: patterning the_ semn conductor

layer to forma secQHHINgd secpnd V¢, 83te that surrownda yhe-sidgyvallsiang tep portipn

source and dr aiffihé S&oRDThihel Rich & | '

t her ebet ween, concurrently w f%l%%ﬁ%%%ﬁ%&%@“@égéﬁf%{ﬂ Elli‘a%:ﬁgﬂlle@&ndgy, %

fornming & | ay@atepnsyating layer anid the strained siliconceacuréntht witk &ainitd) thessondictive

channel regiaqgn,of the secaond Ei.nEET body, concurrently with growing a

| ayer of st_raigﬁgeaove§pﬁ@5ﬁ9_‘8%£§£°5y’fi rst FinFET body, said surfaces

i ncl udi ng si deval | SyiR#éinahé bndwetivé Bite dFithé Al FIAMGay £I1RE colicHvBBaft.
ng

gate insul ati ngf:| | ayer over at l|least the strained silic rown on the
second channelof thegesandFinEETdre eleotri¢ally neiecteddy t o cover the strained
silicon 9 AVMENDED SHEET 2 9 VAR 2007 grown on the second channel region,
concurrently with formng a gate insulating |ayer over said first FinFET

body; ari® for i ng dheanerthod eliified in JsindAl Whérki!the BinFEI Kby (WO has Senald fisand

top portion of the second channel region and is separated fromthe second
channel regi oARd§ecoRd c fegionssurtendingpeteioesn the seurcérandsdraigi ragionsi | i con,
concurently wth form ng the conductive gate over the first Fi nFET body,
wherein the conductive gate of the first Fi nFET body and the conductive

gate of the §Fecondheiméthdd elaimed inadlaiic4y dvhereiﬂgi)wﬁﬂﬁg-a SO fbstiite coRipiRthg

clainmed in claim4 erei' n the Fi nFEJ’. ody (46)has at |east first
a semiconductor layer overlying a dielectric layer comprises:

15 providing a substrate comprising a silicon germanium layer;
implanting oxygen into the silicon germanium layer; and
annealing the substrate to form a buried silicon germanium oxide layer in the

silicon germanium layer.

20 8. The method claimed in claim 4, wherein providing a SOI substrate comprising
a semiconductor layer overlying a dielectric layer comprises:
proViding a first substrate comprising a silicon germanium layer;
implanting hydrogen into the silicon germanium layer to form a hydrogen rich
region in the silicon germanium layer;
25 bonding the first substrate to an oxide layer of a second semiconductor
substrate;
annealing the bonded first and second substrates to fracture the first substrate
in the hydrogen rich region; and
removing the first substrate to yield the second substrate having a silicon g

30 silicon on insulator ermanium layer bonded to said oxide layer.
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and second channel regions extendi ng between the source and drain regions.
7. The nethod clainmed in claim4, wherein providing a SO substrate
conprising a sem conductor |ayer overlying a dielectric |ayer conprises:
15 providing a substrate conprising a silicon germanium | ayer?d MAfrillAnt i ng
oxygen into the silicon germanium | ayer, and annealing the substrate to

oxygen into the si ani um | d anneal ing i
Layer - 20%. TR R oA R OB MEREER G ichRabefoind: oviding & 01

substrate conprisabsigite Cors@isigOadietdchic lagoter overlying a dielectric |ayer
conprises: providing a first substrate conprising a silicon gernani um

| ayer; inplant ian%mﬁglirb?&@rfom%ov e dielactrislayers thenFinhET Bady qomprising a

hydr ogen r i i S 5@{1' Vel . ndi ng the first
substrateS?%Qg%&ggkggwkg§%?§gﬁhgC@%@§%§{seﬁ?@%ﬁg%%ﬁéfbégﬁ Strate; annealing
t he bonded fir stlagerdfstainad sdicbs foratedson surfacasadfiat deabtthe ichargiel sghmtofate in

t he hydrogen_ri region; and renoving the first substrate to yield the
second suglé‘?nﬁ‘&kzg?fb&g?ng a silicon g 30 silicon on insulator ermanium | ayer

bonded to-sal d oyelfpshBRE 1o ANENGFR AHERT e SubBB 230 (o%onds #id [ con on

insulator (SA) FET device conprising: a substrate conprising a
di el ect ri ctrhiagésijicen farmed dnisorfyces of thedchanndl nggicti; @hdctric | ayer, the Fi nFET

body conprisin squr.ce and drain regi qQns ving a channel .region extendi ng
t her ebet ween; %‘?nﬁﬁ‘f}é"rﬁ %afr%e §}_ﬂqta?f1ﬁ8ﬂn‘%i ‘f‘?l‘?:"tﬁaﬁﬁfaé‘a_r?eﬁ’powrgﬁ? Pgéﬁéd?ﬂm | east
the channgtgibRah@thalls séphftdd M6 thd @HMinePredfinthy he Yat! inSflatiy BYerf #dmed over
at |l east the channel region to cover the sStrained silicon foried on

surfaces dhe stranedisilineallayesgi on; and a conductive gate that surrounds

id |1 d ' f 1h I ' d.,th ' d
From the channdior S Brbody BatRET Rlensd fri PHoeal o stdaiba ' ©

silicon | axendinghetviden thd\souréddridldrbiadygiepdIpr i ses at least first and second
channel regions

15 10.  The device claimed in claim 9, wherein the FinFET body has silicon

germanium at at least a surface of the channel region.

11.  The device claimed in claim 10, wherein the silicon germanium FinFET body

has a composition Si;.. Ge; where x is in the range of 0.1 to 0.3.

20
12.  The device claimed in claim 11, wherein x is approximately 0.2.
13.  The device claimed in claim 9, wherein the FinFET body is silicon
germanium.

25

14.  The device claimed in claim 9, wherein the FInFET body comprises a first
FinFET body, and wherein the device further comprises:
a second FinFET body formed on the dielectric layer, the second FinFET body
comprising second source and drain regions having a second channel region
30 extending therebetween;
a layer of strained silicon formed on surfaces of the second channel region;

a gate insulating layer formed over at least the second channel region to cover

9



ext endi ng between the source and drain regions. 15 10. The device cl ai ned
inclaim9, wherein the Fi nFET body has silicon germaniumat at |east a
surface of the channel region. 11. The device clainmed in claim 10, wherein
the silicon germani um Fi nFET body has a conposition Sil_x GexZ WheR &0k is
in the range of 0.1 to 0.3. 20 12. The device clainmed in claim1l, wherein
X is appr cal claim9,. wherein the

Fi nFET bogig s?%ingéd?éﬂgog fO&géP r?érrlggrhfrgng S5eC @&M‘Tl&gl(&? aﬁnﬂed in claim9,

wher ei n the Fi aFﬁroﬂmbndaeum ggtesha s‘mroahds Ridewdils fdy topportivhestedhe t he
devi ce further(?ﬁorrprl ses: a_ second Fi nFET body formed on the dielectric

| ayer, thé&ecoRd shantel xegon B’éﬂﬁhat é%ﬁ?ﬂ@%?%&o%%rﬁﬁcwl@én@rmg@ﬁé]mthﬁegl ons
having a r

ctvained BFRRCLARRIARY ob8 e Minindd LR YR Inl UEL RVITEMY Sudli0® e

i nsul as i nthd @pducthvergarcsumvendiag tHearkahnd] hegiseodrthd fiedh FMRHT beiy, on to cover

9b 2 9 MAR 200 t he straj ned_sil n, su es_ of .t he second
channel regi onf easr‘?HmSaé‘lelé ggf‘?d{% P\f‘i;%a‘al?‘@yt é{’tgiq!??‘&&ﬁ% firs} Lls and a
top portignd Qlfle kh\Gce SRS ARdn QJfatﬂ@esEccfrﬁgF@PEqﬂ th@émé %10 &P Witht £4eddn@m t he
second channel region by the gate insulatin ayer an t he stral ned
silicon Idymtcamdletﬁmtarymthbﬁmmdnpaiﬂ y connect ed to 5 the conductive gate
surroundi ng the channel region of the first FinFET body, the source and
drain of the first FinFET body being doped with a first dopant, and the
sour cgo angsdr aimhe Aevich @laHRe® il clkind EE%hE&ﬂyﬂ{eegfwm@ﬁl Wybcdngriesad

dopant conplementary to the first doipant The device clainmed in
claim9, vilepepridegeowmiremithe sirainedhgilicenleyerconpri ses a silicon oxide grown
fromthe strained silicon layer. 16. The device clained in claim9, wherein
the strained silicon |layer covers the source and drain regions of the

Fi nFET bodg. 13ht devitbeld@ed 6 cRiirdi 9YBshdréin Gh@kimifed siUEs D Riyef BoWEd Bleng @

spacer forned on
source and drain regions of the FinFET body.

15

17.  The device claimed in claim 9, further comprising a spacer formed on

-sidewalls of the conductive gate.

18.  The device claimed in claim 9, wherein the dielectric layer comprises a silicon

20  germanium oxide.

19.  Asilicon on insulator (SOI) MOSFET device comprising:
a substrate comprising a dielectric layer;
a FinFET body formed on the dielectric layer, the FinFET body comprising
25  source and drain regions having a channel region extending therebetween;
a layer of strained silicon formed on surfaces of at least the channel region of
the FinFET body;
a gate insulating layer formed over at least the channel region to cover the
strained silicon formed on surfaces of the channel region;
30 a conductive gate that surrounds sidewalls and a top portion of the channel
region and that is separated from the channel region by the gate insulating layer and

the strained silicon layer; and

9¢



sidewal I s of the conductive gate. 18. The device clainmed in claim9,
wherein the dielectric layer conprises a silicon 20 germanium oxide. 19. A
silicon on insulator (SO) MOSFET device conprising: a substrate
conprising a dielectric layer: a FinFET body forned on the di&l ¥&% #00

| ayer, the FinFET body conprising 25 source and drain regions having a
channel region ] t her - a l.ayer of strained silicon forned
on surfaces of agsfsﬁfegg@{ﬁ%t @%ﬁﬁat}]l\éﬁ?ﬂbegﬁogﬁu%yfve e Fi nFET body; a gate
insulating |ayer fornmed over at |east the channel region to cover the
strained silic formed on surfaces of the channel r%%jon; 30 a_conductive

gate t hat Dur r disadedegiclaimed ipnelaim 11§ yhereinotheoFinFkd dpdndaes siliewyi on and
that is separai: i the gate insulating |layer and
t he strai egﬁ%ﬁ&%%ﬂ%{;gﬁﬁgﬁ&iﬁf&eg g %ﬁﬁ&%ﬁm a spacer fornmed on

si dewalsl s of the conductive gate. 20. The device clainmed in claim19,
wherein t Fi nEET, body_has .siljico germani um at at | east _a surface of the
channel rgg'r onﬁF}@ dsyiceplpimgd i glaip 591' Wgﬁfel‘hthﬁ stican gormagpun EFEILRod; | i con
ger mani umygk REEhpBQHdn S1)3%5e2 WherROR ih e Famtd of O¢ (gWwhere x is in the range
of 0.1 to O.3. 2}2). Thne evi ce clai rré lﬁnaf:%a?fm %%@%\hﬂd n xis
approximately 0.2. 10 23. The device clained in claim 19, wherein the

Fi nFET bo comprises at .least . first .and second channel .regi ons extendi ng
bet ween t soﬁﬁ’@éﬁeé{‘r‘fﬁc p “’r‘é@'i‘rbémg."v}ﬁ‘?m?‘ﬁwﬂg%lg@t Yéizmsd in claim 19,
whereig the Fi nFET body is silicon 15 germanium 25. The device clained in
claim 19, wherein the FinFET body conprises a first FinFET body, and

wher ei n t #3- devihedevigetdlgimed dnplain d9; whewin thedFirFRFBPdp compfisesmbdeasn t he

di el ectri CﬁrL nd.Fi nEET risi second source and

b 20
G o o0t oo secdo eraGES Rl b i AR e S PR RS S

24.  The device claimed in claim 19, wherein the FinFET body is silicon

15 germanium.

25.  The device claimed in claim 19, wherein the FinFET body comprises a first
FinFET body, and wherein the device further comprises:
a second FinFET body formed on the dielectric layer, the second FinFET body
20  comprising second source and drain regions having a second channel region
extending therebetween;
a layer of strained silicon formed on surfaces of the second channel region;
a gate insulating layer formed over at least the second channel region to cover
the strained silicon formed on surfaces of the second channel region; and
25 a second conductive gate that surrounds sidewalls and a top portion of the
second channel region and that is separated from the second channel region by the
gate insulating layer and the strained silicon layer, and that is electrically connected to
the conductive gate surrounding the channel region of the first FinFET body,
the source and drain of the first FInFET body being doped with a first dopant,
30 and the source and drain of the second FinFET body being doped with a second
dopant complementary to the first dopant.

9d



a layer of strained silicon formed on surfaces of the second channel

region; a gate insulating |ayer fornmed over at |east the second channel
region to cover the strained silicon formed on surfaces of the second
channel region; and 25 a second conductive gate that surrounds?$iMdedl| s
and a top portion of the second channel region and that is separated from
t he secongechammpglietidd cRIM&Yid t\Shd ' . ai ned
silicon layer, and that i séwéllneégfﬁm g%’lﬁérgggiﬁ‘é%dttggm%%ﬁﬁ% h%@ggén‘ﬁﬁ%%g \E}e gate
sur r oundi sdiconexida groven fromghe straified $ibicdri lagér. Fi nFET body, the source and
drain of the first Fi nFET body being doped with a first dopant, 30 and the
source and drain of the second Fi nFET body being doped with a second

dopant conpl emamedkeyict elaifed fr &iatm d9PFAtreirthe 2uAnMh 810 Tayel fovelhedeVi ce
clainmed in claim 19, wherein the gate insulating | ayer CO%”pI‘I ses a silicon
oxi de §r oWP?emﬁ@nq@@gwamﬁﬁneﬁmﬁg%hod)ayer. 27. The device clained in
claim19, wherein the strained silicon |ayer covers the 5 source and drain
regions of the FinFET body. 28. The device clainmed in claim19, wherein the
di el ectri @8l ay@hecdevizei dsigned inStlairt 019, OflicrEn| tHEdRNeABe 1dFr Zdmphised i con on

i nsul at or {1,80) MOSFET devi ce conprising: a substrate conprising a

di el ect ri 1cay germagiym gride. hody formed on the dielectric |ayer, the Fi nFET
body conprising source and drain regions having a channel region extending
t herebetween; a |layer of strained silicon forned on surfaces of at |east

t he ch&nnép. r edi silicaxf on ihSulttoe (SOY) NEDSBET\devide gahprisingul ating | ayer formed
over at |east the channel region to cover the strained silicon forned on
surfaces of th&SERYAfgompsing 2 diglegtrie layfduct i ve gate that surrounds

e chan o & HAPEP Yol 36y b HRRORLe 1af GO HRAPET AR Jofe 3SR 21 o

fromthe channel region by the gate Insulati ayer an rai ned
silicon | aywee anchdmaii mgiohehaiieg e charinel tegiomrexeadingithasbawséd;i con ger mani um
11 con ger et &f sttt beot et A SRR G o kafiigs CRPGRLIERD!
15  the FinFET body;
a gate insulating layer formed over at least the channel region to cover the
strained silicon formed on surfaces of the channel region; and
a conductive gate that surrounds sidewalls and a top portion of the channel
region and that is separated from the channel region by the gate insulating layer and
20  the strained silicon layer,

wherein the dielectric layer comprises a silicon germanium oxide.

30.  The device claimed in claim 29, wherein the FinFET body has silicon

germanium at at least a surface of the channel region.

25
31.  The device claimed in claim 30, wherein the silicon germanium FinFET body
has a composition Si;., Ge, where x is in the range of 0.1 to 0.3.
32.  The device claimed in claim 31, wherein x is approximately 0.2.

30

33.  The device claimed in claim 29, wherein the FinFET body comprises at least

first and second channel regions extending between the source and drain regions.

9e



31. The device clainmed in claim30, wherein the silicon gernmani um Fi nFET
body has a conposition Sil x Gex where x is in the range of 0.1 to 0. 3.
32. The device clained in claim31, wherein x is approximately 0.2. 30 33.
The device claimed in claim?29, wherein the FinFET body conpri ¢84148t007east
first and second channel regions extending between the source and drain
regions. 9e 2 9 PEAR 2007 34. The device clainmed in claim?29, wherein the
Fi nFET body is silicon germanium 5 35. The device claimed in claim 29,
wherei n t 3. Fi ABETdbocky ctompd | meslaimf 29,5 twhefdimfhd BiaHET body Mbesiion t he
device further .conprises: a second Fi nFET body fornmed on the dielectric

| ayer, t hE“HREHY Fi nFET body conprising second source and drain regions
havi ng a second channel region extending therebetween; 10 a | ayer of
strained silicon formed on surfaces of the second channel region; a gate

i nsul afi n@d>I aydhefdsvicedlaimed imicldima2d, wheeeis elcoRthFERalboty! congmisesa tiiestcover

the strai icon fornmed on surfaces of the second channel region; and a
second com]ﬁ\t/%&gg?iw ﬁrﬂn@ﬁrd%lﬁﬁ T 6URRIS®S and a top portion of the
second channel arse@ndFiaFET bbay forfhed dRIRSLBR chicAY ek NBe ST 'ﬂ#?ﬁ“&ﬂg regi on
by the 15 gate insulating Igier and the strafng% %i?icon éyer, and t hat
i s el ect r iCOBPHI§ING oypserRd expuras andedraion degionsy dayjag ea ssecomdi rbamg! t fegionhannel

regi on of £ 1 i T body, the source and drain of the first FinFET
body bei ngeg(%g%lfggrd\?ﬁtr?@t‘gg rrst dopant, and the source and drain of the

secondoFi nFET ladaler b€ktrgnetbgiRebrvfiot e oS Q& ies oﬂﬂ@@é&nﬁ@ﬁm&ﬂﬁ?foﬁf y to the
first dopant. 20 36. The device clainmed in claim?29, wherein the gate

i nsul ati ng | ayé&ateonpntingslager formed oyer sk legst the sseand channehtegamrtaicoeet sil i con
| ayer. 3786 ; i i i rein . the strained silicon
I azer covgrlesgltedhﬂeéa\égE%rslgh‘?%éée%n%]?fgg‘%ﬁ;ﬁ%%cgl\é@a@fmaFfsglﬁflmf’éT body. 38. The

devi ce cl ai med ai secaidacond2Btivd gatehthat a@rqubds sidgwallss BRE artop PofRsh 6Nthe

sidewal | s of the conductive gate. O9f
secon‘cli c annerl-I region and %hateis separated from the second channel region by the

15 gate insulating layer and the strained silicon layer, and that is electrically connected to
the conductive gate surrounding the channel region of the first FinFET body,
the source and drain of the first FInFET body being doped with a first dopant,
and the source and drain of the second FinFET body being doped with a second
dopant complementary to the first dopant.
20
36.  The device claimed in claim 29, wherein the gate insulating layer comprises a

silicon oxide grown from the strained silicon layer.

37.  The device claimed in claim 29, wherein the strained silicon layer covers the

25 source and drain regions of the FinFET body.

38.  The device claimed in claim 29, further comprising a spacer formed on

sidewalls of the conductive gate.

of



