WO 03/ 081640 PCT/ US03/ 08480 STRAINED FI N FETS STRUCTURE AND METHCD
Technical Field [0001].. The present invention generally relates to the
field of wemsmerdact or manufacturing and, nore speci fi calpcr/usosrossoret hod
for form ng double-gated field effect 5 transistors. Background Art [0002]
The need to remain cost and performance conpetitive in the production of
sem conduct or devi ces has caused continually increasing device density in
integrated circuits. To facilitate the increase in device density, new
technol ogies are constantly needed 10 to allow the feature size of these
semi conduct or devSIERAYNED FENFETS $THCCTURE AND METHOD Ncr easi ng
device densities 1s particularly strong 1n conplenentary netal oxide

sem conductor (CMOS) technol ogi es, such as the in the design and
fabrication of field effect transistors (FETs). FETs are used in al nost
all types of integrated circuit design (i.e., mcroprocessors, nenory,
etc.). 15 Defloricak¥agldl y, i ncreased device density in CMOS FETs often
results in degradation of performance and/or reliability. [0004] One type
of FET that has been proposed to facilitate increased device density is a
doubl e gated field effect transistor. Double gated FETs use two 1 WO

ggg P?ﬁgélg f P%&ﬁ%ﬁﬁgﬁ? g%essgx\ﬂ\;jﬁfe’ntifm cn%?alﬁ/q'gﬂteéitgﬁleg{e&g?ﬁe%g%dhgtoxf acilitate

e | alnli ng acce e pertornmance. In

particular, the use of the double gate i
manufacturing and, more specifically, to a method for forming double-gated field effect

5 transistors.
Background Art

[0002] The need to remain cost and performance competitive in the production of
semiconductor devices has caused continually increasing device density in integrated
circuits. To facilitate the increase in device density, new technologies are constantly needed

10 to allow the feature size of these semiconductor devices to be reduced.

[0003] The push for ever-increasing device densities is particularly strong
in complementary metal oxide semiconductor (CMOS) technologies, such as the in
the design and fabrication of field effect transistors (FETs). FETs are used in

- almost all types of integrated circuit design (i.e., microprocessors, memory, etc.).
15 Unfortunate_ly, increased device density in CMOS FETs often results in degradation
of performance and/or reliability.

[0004] One type of FET that has been proposed to facilitate increased

device density is a double gated field effect transistor. Double gated FETs use two



i ncreases the gate area, which allows the transistor to have better current
control wthout increasing the gate |ength of the device. As such, the
doubl e gawed3lkib4es 5 able to have the current control ofecasusas/gsso

transi stor without requiring the device space of the |arger transistor.

[ 0005] Unfortunately, several difficulties arise in the design and
fabrication of double gated CMOS transistors. First, the relative

di rensi ons of a double gated transistor are such that it is difficult to
reliably fabricate one that has reliable 10 performance and m ni num feature
Si ze. Secagatks, diecort dack side loflthedlotdyn gefaoflitate dauling of ChyMDL dithemsivmis swhdle i s hi ghly
dependent upon the material used for the two gates. In particular, current

fabri cati QRaih8shnE SeeptabR\perfegnacal Invpdrestirt 86 usdofthd aBlbie gaat ed
transistor that has either too high a threshold voltage or too |ow a

t hreshol d .vol t age. or_.exampl I f [e th pol arity
as the soulp%g‘%seg ﬁlg %aEa'raergzhol 2&1@0\?}3 It{]%ggnsi?\sﬁrﬁg glg]e‘ﬁeetr’egli%f)(g'g%eé“ g%@quger 0.
Conversely, if the gates are doged t he opposite polarity of the source,

then the t'Withewgicraygethrgaicgiengthnd thedavise: fisury, thgdoubds gated Rl ther resul t

is desirable in nost CMOS applications. [0006] Thus, there is a need for
i nprioved débld todase thecuueesoatmol ofetlhgds trarfsistdrapithovateqomingftheldeMidee gat ed CMOS
devi ces that provide inproved threshold voltage 20 of the resulting double

gat ed CMOGpuée dTaRE 123 brhisidticr easi ng fabrication conplexity. 2 VWO
03/ 081640 PCT/ US03/08480 Disclosure of Invention [0008] The asymetric

strained Fin Fighek)1 856G inatdi VAU rtARied Arild AHhEERIgndM fabrication

of double gated CMOS transistors. First, the relative dimensions of a double gated
transistor are such that it is difficult to reliably fabricate one that has reliable
10 performance and minimum feature size. Second, the threshold voltage of a double
gated transistor is highly dependent upon the material used for the two gates. In
particular, current fabrication techniques have generally resulted in a double gated
transistor that has either too high a threshold voltage or too low a threshold voltage.
For example, if the gates are doped the same polarity as the source, the threshold
15 voltage will generally be near zero. Conversely, if the gates are doped the opposite
polarity of the source, then the threshold voltage will be approximately one volt.
Neither result is desirable in most CMOS applications.
~ [0006] Thus, there is a need for improved device structures and methods of
fabrication of double gated CMOS devices that provide improved threshold voltage
20 of the resulting double gated CMOS without overly increasing fabrication

complexity.



a sem conductor structure on the insulator. The structure includes a
central portion and first and second ends extending fromthe central
portion. Wofu3nsic4gate is positioned 5 on a first side of tPoa/wsesOs4ab
portion of the structure, a strain-producing |ayer between the first gate
and the first side of the central portion of the structure, and a second
gate on a second side of the central portion of the structure. The
insulator is a buried oxide |ayer and the central portion of the structure
is silicon. The strain-producing |ayer has a sufficient concentration of
ger mani um Piclosw@dwfelnsentiomn Wi thin the central portion to 10 enhance
carrier nobility w thout producing sufficient dislocations to reduce
overall performance of the transistor. The first and second ends are
source and drain regions, respectively. The concentration of germaniumis

adj uet VT The GAPHEAS el s 8 PRI Pyt & b b sR AR b o 11

strained Fin field effect transistor has an insulator and a sem conduct or
st ruct ur e oyemisRNAuplOyptaicHire onie ipsylater.y e starckireingludes o cenital pertigncent r al
portion having silicon and silicon germani um and end portions conpri sing

si li con. Andffirstsandgetondieadpogerndinnframahe eertial partien.dA fabt gateeis pesitiomdd porti on
of the silicon structure and a second gate is on a second side of the

centsal poyfd ARt Qlle bhe btk pBftRN of iR Jt}ul'cﬁire,g%t@i@%oaﬁtdng heeraRepRs gate may
again be doped simlarly or differently (as wwth tthe asymetric strained

Transi st or't Aoy gg8any ERHH Side oo gkntif fihuoh ARG G B PRl kR T 2°

first portion of the silicon |ayer tq create a first opening,.
P on a second side 01! the central p?)/rtlon o? the structure. The 1nsu1atgr 18 ab%rled oxide

layer and the central portion of the structure is silicon. The strain-producing layer has
a sufficient concentration of germanium to produce strain within the central portion to

10 enhance carrier mobility without producing sufficient dislocations to reduce overall
performance of the transistor. The first and second ends are source and drain regions,
respectively. The concentration of germanium is between 10% and 40%. The
different gates may be doped differently to adjust VT. The gates may also be doped
similarly.

15 [0009] The symmetric strained Fin field effect transistor has an insulator and a
semiconductor structure on the insulator. The structure is a Fin body having a central
portion having silicon and silicon germanium and end portions comprising silicon. A
first gate is positioned on a first side of the central portion of the silicon structure and a
second gate is on a second side of the central portion of the structure. The first gate

20 and the second gate may again be doped similarly or differently (as with the

asymmetric strained situation).



depositing a first gate in the first opening and etching a second portion
of the silicon layer to create a second opening opposite the first

openi ng. wbtosnstéh@e et ching of the 5 second portion, the siPcraso3bhsger has a
silicon structure on the insulator having a central portion and Fins
extending fromends of the central portion. The invention fornms a

strai n-produci ng | ayer upon a portion of the silicon structure facing the
second opening which forns a second gate in the second opening, and
removes the first gate and the second gate fromall portions of the

silicon struct ype1eXaRRIheth6®6T fohfingittdndistdp didlades forkfing A6iliédn Ber diet hod of
formng an asymmetric strained Fin field effect transistor includes

forming a ik LAQN A¥Rlz FrsABbrliBPl AL UiicoR LRI Arhed b 53 oL ON OF the
e ittt fess P By

silicon |layer to Crea openi ng, siting a te in the

first opening,. . etching a second portion of.the siljcon layer to create a
second opéiﬁpaﬂu%ﬁgéﬁttggtetlﬁ {jne ffr?tr “Wﬁé’ﬁa ﬁffgm,&fat %For{drRé’r%?’bﬂ%ﬁﬁ S’ﬁJ‘FO‘i he second
portion, the silicon layer has a silicon_15 structure on the insulator

havi ng a deyartarrepisratseerndapaning eppesitcdhaifinsgopaning. efies the etchiag ottt r al
portion. The invention fornms a silicon germanium | ayer upon a portion of
the 5sili oot pargdn)tiee fikainrgydr hes $ sitiotdstapeaire og thef iasumophSaoanckngatl e doped
differently or "simlarly to the first gate in the second openi ng and

removes t e fidd Sid Ba &tam%g R6m eA8E lemeg@ﬁtﬁal %gfghahﬁw Wehﬁ&pﬁ)rﬁ’ig at he

silicon structure except the central portion. [0012] The nethod of
formng strained Fi.n field effect transistors includes ,form g a.silicon
struct ur e SYATRORS L Erdbop sumptiey eitPEaTog it i the Seand Spghinhe
silicon structure, having a central portion and Fins extending fromends of
t he cent r avhich fonms@zeougaty ipthy @5913? oG, aprhremoyps thg disggateiang the £ r st
gate and a second gate on sides of the silicon structure, and

second gate from all portions of the silicon structure except from the central portion.

10 [0011] The method of forming an asymmetric strained Fin field effect
transistor includes forming a silicon layer on an insulator, etching a first portion of the
silicon layer to create a first opening, depositing a first gate in the first opening,
etching a second portion of the silicon layer to create a second opening opposite the
first opening. After the etching of the second portion, the silicon layer has a silicon

15 structure on the insulator having a central portion and Fins extending from ends of the
central portion. The invention forms a silicon germanium layer upon a portion of the
silicon structure facing the second opening, forms a second gate doped differently or
similarly to the first gate in the second opening and removes the first gate and the
second gate from all portions of the silicon structure except the central portion.

20 [0012] The method of forming strained Fin field effect transistors includes
forming a silicon structure on an insulator, forming stress on one or both sides of the

silicon structure, having a central portion and Fins extending from ends of the central



removing the first gate and the second gate fromall portions of the
silicon structure except the central portion. [0013] Physical strain on

t he chanrwb osmsmno al in FETs can inprove carrier 5 nobil ipCy/usBs/osBn

i nduced on planar p-type netal oxide sem conductor field effect transistor
(MOSFET) devices has been shown to increase hole nobility in excess of

30% This invention provides these advantages to thin sem conductor bodies
that are wvertically arranged on a substrate; and, as such, the invention
conbi nes greater channel control with greater carrier nobility. 10 BRI EF

DESCRI PTI Opbrébn, lddbodRi NES gh@Qibd b sddtdigateasideg ofittit lidvarsuabuashed aspects
and advantages will be better wunderstood fromthe follow ng detailed

and advant ages | from the fol I owi ng detall
o the ar anr kge LSRR ISR kol G UTY Jfetuthare S enee

cross-sectional ,views.of a first enbodinent of a FET structure produced
utilizing SXGRYAOEUELBIHORY to a first enbodi ment of the invention:
[0016] Figures 21, 23, and 26-28 are perspective views of the first

embodi ment  of BOT3kPhysicalsteripenthechanngl materiahig Kk qsadmpepvacamieti ng to t he
first enbodiment of 20 the invention; 5 WO 03/081640 PCT/ US03/ 08480
[ 0013] Fi gthobsity 9Stadin afduced 615 plaf&q-iypa aletal orie serhidohéusardisidieffedoodi ment  of
a FET structure produced utilizing a method in accordance with a second
enmbodi Ment yangistor (MOSFET) devices has been shown to increase hole mobility in excess of

30%. This invention provides these advantages to thin semiconductor bodies that are

vertically arranged on a substrate; and, as such, the invention combines greater channel

control with greater carrier mobility.

10

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and other objects, aspects and advantages will be better
understood from the following detailed description of a preferred embodiment(s) of
the invention with reference to the drawings, in which:

15 ) [0015] Figures 1-20, 22, 24 and 25 are cross-sectional views of a first
embodiment of a FET structure produced utilizing a method according to a first
embodiment of the invention;

[0016] Figures 21, 23, and 26-28 are perspective views of the first embodiment
of FET structure produced utilizing the method according to the first embodiment of

20 the invention;



of the invention; [0018] Figure 32 is a flowhart illustrating a sequence
of steps in accordance 5 with the first enbodi nent of the invention; and
[0019] Fiworeeo8@40 s a flowchart illustrating a sequence oPCIIEBPF0§480
accordance wth the second enbodi nent of the invention. Best Mde for
Carrying Qut the Invention [0020] This invention relates to enhanced Fin
FET devices and builds strain 10 into such devices. The present invention
is inplenmented using a "Fin" type FET double gated structure. In a Fin FET
type structure, the double gates are fornmed on each side of the body, with
t he body bei ng di08ptisldguiao9-3dateadrbss-deetiavab mietvi of gatsesond ehfbedimergof aon
produces a Fin FET that has a channel body that is strained through the
operation OfERsHhdnhe ProdiBERNIANR 4 AXfHod ilhERERLOWithS ssécHdleptboafinéntaf er
that is built, 15 potentially through wafer bonding, to include a silicon
bul k waf er ttom a relatively thick bottom oxide | ayer and a

rel axed Si &%P%{&gFﬁgoﬁ’top. Athin Finis then etched out of the SiGe,
stopping on the BOX |ayer. Athin |ayer of epitaxial silicon can then be
grown onto the APRI8IHigure 32ihe flgvehast itlqsieating assauencs ot Hensiipaceosdance
constant 6 WO 03/081640 PCT/ US03/08480 of Silicon and Si Ge, the epitaxial
| ayerSwi | | witlothedrsleamiztdimént ed theandkintioopasd The i nvention can be i ncl uded
in synmetrical or -asymetrical gate workfunction Fin FET devices. [0021]
Wi | e the i nventjpgr9]mgste38id » BewaheviBlulidtihgQsfRGke bOstR iAAYdHIBINCEC S
strained Fin FET, it is equally applicable to a symretric strained Fin FET.

Mor e with the second embodiment of the invention.

Best Mode for Carrying Out the Invention

[0020] This invention relates to enhanced Fin FET devices and builds strain
10 into such devices. The present invention is implemented using a "Fin" type FET
double gated structure. In a Fin FET type structure, the double gates are formed on
each side of the body, with the body being disposed horizontally between the gates.
The invention produces a Fin FET that has a channel body that is strained through the
operation of a silicon germanium layer. Processing is started on a wafer that is built,
15 potentially through wafer bonding, to include a silicon bulk wafer on the bottom, a
relatively thick bottom oxidé layer and a relaxed SiGe layer on top. A thin Fin is then
etched out of the SiGe, stopping on the BOX layer. A thin layer of epitaxial silicon

can then be grown onto the Fin. Due to the difference in the crystalline lattice constant



specifically, as shown in Figures 29-3 1, the processing necessary to
create a strained symetric strained Fin FET in accordance with a second
enbodi nerwoaB/ogtsa0 i nvention starts with a SO structure PaTiUsg3/e848h Ge

| ayer 300 above and insulator 10 (this is shown in Figure 29). The Si Ge

| ayer 300 is selectively patterned, as shown in Figure 10 30. Then, a
silicon layer 315 is grown on the SiGe layer 300 to create a strained
structure. A thermal oxide 320 is then grown on the .silicon |ayer 315.
Next, the gate conductors (e.g., polysilicon) 3 10 are deposited,

pl anar i zedof silidopaid SiGeethe tepitdxialmuydnevill gaive sndan strainedicongitidne. Mhely structure
155. In one enbodi nent, the gate conductors 3 10 have the sane doping
concentrat i&@nﬁ&ﬂca’ﬂ%%dl@dedrmEﬁﬁﬁretrl’cka}’\@rvﬁglmrﬂeﬂic%] Eétfa bengthciba BRRE ment,
the gate electrodes 3 10 can be nade asynhetric with, for exanple, an ion
i npl ant, tﬁ result in an asymmetric gate workfunction Fin FET with strain.
More spec ?vgﬁlly, in the asymmetric gate arrangenent, the gate conductors
3 10 woul d have different doping concentrations or utilize different
dopants. ProcesE03&] Pihde shedavensiondgpdgscabesd ahoxe thresnsetdo SR ARANMAITIE gur es

18- 28, as discussed above. 20 [0022] An inportant feature of the invention
is that it stpaimad Fa$FETL itds equally bpplicableny a dyrhfretriendtraired Mn BETFMor&ETs. One of
the strained Firn FET enbodi ments shown in Figures 1-28 utilizes an SO

ar r angementnd fichey, 58 ‘é'h(ﬁvrﬂnrﬁgﬁlﬁg 2630, thEprdcBRingRestadi aRE1%d hed

PCT/ US03/ 08480 e€lther symrefric or asymetric gate conductors.

Al ternativel as ex. i i t r.espec. Fi RSN e ide 150 is
o ttoa, aomyRaiE TR EERG A ool RS b ecbhUBodifienl of b BpSiq
enmbodi nrent shown i ures 29-31 utilizes silicaon germani um

over insul 8Bt yih ﬁnsﬁﬁlé ctyfe hay @‘gﬁ‘%tl?ﬁég’g‘?ébs‘i%"%e@hg %‘i'sﬁfaﬁ?rgwr(ggs B

shown in Figure 29). The SiGe layer 300 is selectively patterned, as shown in Figure

10 30. Then, a silicon layer 315 is grown on the SiGe layer 300 to create a strained
structure. A thermal oxide 320 is then grown on the silicon layer 315. Next, the gate
conductors (e.g., polysilicon) 310 are deposited, planarized, and patterned to form the
gates surrounding the body structure 155. In one embodiment, the gate conductors 310
have the same doping concentration and material makeup. However, in a different

15 embodiment, the gate electrodes 310 can be made asymmetric with, for example, an
ion implant, to result in an asymmetric gate workfunction Fin FET with strain. More
specifically, in the asymmetric gate arrangement, the gate conductors 310 would have
different doping concentrations or utilize different dopants. Processing proceeds to
complete the structure shown in Figures 18-28, as discussed above.

20 [0022] An important feature of the invention is that it provides strain within
many different forms of Fin FETs. One of the strained Fin FET embodiments shown

in Figures 1-28 utilizes an SOI arrangement to formed a strained Fin FET that has



5 28. In a simlar manner, the SiGe-O structure can be fornmed as an
asymmetric gate or symmetric gate structure dependi ng upon the dopi ng of

t he gat e worndostear s. The forgoi ng enbodi nents are mer el ypcirhusss/osso ve of
the invention and the invention is not limted to these specific

enbodi nents. Instead, the enbodi nents shown above are nerely exanples and
one ordinarily skilled in the art would understand that many 10 different
types of Fin FETs woul d achi eve beneficial results by including the
inventive strain structure. [0023] The formation of a Fin FET according to
a first endigdi spmbedit of BGmrévie Fale@dndiscteBONMNeati el g s @8plhmé8 wilfr ocessi ng
begi ns as shown Figure | where a S|I|con over an insulator (SO) structure

| ncludes .l daplabRe 130 Mdkiae) S RYHgel (su ﬁﬁmﬁhﬂem&l: e AN Over'y' ng

silicon | ay pl acehol der ayer as a n|tr| is

dep05|ted ver the silicon |ayer S ctur rned usi ng
el s knowdrBshy BN SRAHE Bt gto HEUE Brolatl %?Sr@%g{i? giged, &
renove a portlon 20 of the placeholder |ayer 12. A subsequent etchlng step
renoves anfpilison eerspoivan aver ipsatpd an BRcoef thy §OF sirpctens shaye in Figprep dt

protected by the placeholder 12, as shown in 20 Figure 3. [0024] In Figure

4, af oxi dz8.ilan sphidaranshngf, mmslmegal sruenirel earl yformédasdn dsh@metiid gatosr 11.
Next, polysilicon 50 is-deposited over the structure, as shown Figure 5. 8

VIO 03/ 081 rhderié Qym%epgﬁlﬁn ohthd I&9Re é@mh RicofiiRidoramd type
B

(e.qg., oped polysilicon, etc. I'n Figure 6 structure is
planarlzed usi. m.ca

process to f%?ﬂ§%W%%@Pmﬁ 5@”“%6®‘§F§HW§C9f?$ﬁﬁgﬁhgfé% huﬁﬁ?ﬁgiﬁgw process
' limited to these specific embodiments. Instead, the embodiments shown above are
merely examples and one ordinarily skilled in the art would understand that many
10 different types of Fin FETs would achieve beneficial results by including the inventive
strain structure.
[0023] The formation of a Fin FET according to a first embodiment of the
invention is shown in Figures 1-28. Processing begins as shown Figure 1 where a
silicon over an insulator (SOI) structure includes an insulator 10 such as a buried oxide
15 layer with an overlying silicon layer 11. A placeholder layer 12 (such as a nitride, etc.)
is deposited over the silicon layer 11. This structure is then patterned using well-
known conventional patterning processes, as shown in Figure 2, to remove a portion
20 of the placeholder layer 12. A subsequent etching step removes any corresponding
portion 30 of the silicon layer 11 not protected by the placeholder 12, as shown in
20 Figure 3.

[0024] In Figure 4, an oxidation process grows a gate oxide layer 40 on the

silicon 11. Next, polysilicon 50 is deposited over the structure, as shown Figure 5.



whi ch the doped polysilicon 50 oxidizes at a faster rate than the

pl acehol der material 5 12. Therefore, the oxide |ayer 70 over the

pol ysi | i com 08081630 t hi cker than the oxide [|ayer 71 over tpeTaiSas/edasd der

| ayer 12. [0025] The oxide layers 70, 71 are etched at a controlled rate,
as shown in Figure 8. Once the placeholder layer 12 is exposed, the
etching process is stopped. This renoves all the oxide fromthe upper
surface of the placehol der layer 12, while 10 |eaving sonme oxide 70 above
the polysilicon layer 50. Next, in Figure 9, the placeholder |ayer 12 is

removed usy sHIRloB G0ESl ol e tiopantRYBC@SS, N+ aepsdivlyshRonppe). Infagikon 90 of
the sili conﬂkﬁm?y exposed. [002&?}D I y ig?e 10,6pegqﬁ)a)$d mask 100 (éuch as

n
TECS, etc.p .S | i : v ar.sq:of: L he
structur e.é’ eesrtlﬁg{a?’lgé)%ﬁ%&\ﬁﬁxlzen EI 853 Irf%ree%i&%ger i%ﬁkﬁ}u@@?ﬁ %Cghgl?éﬁ;%lhg%{l opic etch
is used to ve the hard, mask 100 from al.], hori zont . surfaces | 10, yet
LT 1 o e he T Hricses Boban SPat el Qb dienhd eitBles 2R okfraR blocag T pe '

polysilicon 50 and the oxide 70. In Figure 12, the silicon | | is patterned
to renove wiieh theslopedpolysiticonf) gxidizes arfestenratsdhanthp plagehdldgranatersst 100
remains after the patterning process. 20 [0027] Figure 13 illustrates the

grovg h of RelRetdfore, the ORid 3er VOV & thi felysikiconseid thickdr fham thxaxigee, t he
invention is not limted to such material conposition. Any substance which

Wil pres I i ] ¢Resh the silicon will produce stress 9 WO
03/081640q%%$76§8§?8%§g%h§§%% suld be useful with the invention. More

PROC LAY DA el MELGE 4t QORISR B s o causes

Figure 8. Once the placeholder layer 12 is exposed, the etching process is stopped.
This removes all the oxide from the upper surface of the placeholder layer 12, while

10 leaving some oxide 70 above the polysilicon layer 50. Next, in Figure 9, the
placeholder layer 12 is removed using a selected etching process, leaving the upper
portion 90 of the silicon 11 exposed.

[0026] In Figure 10, a hard mask 100 (such as TEOS, etc.) is conformally

deposited over the upper layers of the structure. Thén, as shown in Figure 11, a

15 directional anisotropic etch is used to remove the hard mask 100 from all horizontal
surfaces 110, yet allow the hard mask 100 to remain upon the vertical surfaces of the
polysilicon 50 and the oxide 70. In Figure 12, the silicon 11 is patterned to remove the
portion 120. Only the portion beneath the hard mask 100 remains after the patterning
process.

20 [0027] Figure 13 illustrates the growth of selective SiGe 130. While SiGe is
used in this example, the invention is not limited to such material composition. Any

substance which will present a lattice mismatch with the silicon will produce stress



builds strain into the already-forned silicon channel 11. The resulting S

| ayer is strained due to the lattice m smatch between the Si Ge and the
smal | er |woti3oelseonst ant 5 silicon |ayer. Physical strainpam/tsigosib@nne
material in an FET can inprove carrier nobility. Strain induced on planar
p-type netal oxide sem conductor field effect transistor (MOSFET) devices
has been shown to increase hole nobility in excess of 30% This is because
the strain splits the conduction and val ence bands and rai ses the energy
of the low nobility ellipsoids, depopulating them of holes. 10 [0028] At

t he sane t ambwoddbess¢fubwithitheningerofongMaraspagifically .l thestodiare inheafddtin a

di slocations that will degrade device performance. The inventors have found

the opti ”Bémﬁl@ﬂﬂ@v@% GehwhicarRh@RE tHe®BiGe 13006 frowiBih 8y TRcUnUN, THO29] Strain
i s induced on conventional planar devices by use of Shallow Trench

| sotati on (SFIhAIR AL EReacl Do iR EradIRYEY T KRR R P10 0" 0cess 15

analogous as t Isulator ayer provi des the

devi ce isol ati on i nvent,i on overco robl e using Silicon
Ger mani um fS‘i"éﬁé‘)duﬁﬁﬁlnﬁlP‘it‘&%H‘ISIE?tEféR%WFe‘Tn% ?6“ @ﬁéﬁllgﬂ]g%ﬂwgcgrgsfagf n on the
Fin FET channel. [0030] In Figure 14, the oxide 70 is renoved fromthe
uppeb surf siieorLlayeroPhysieal sppainyosithe ehannelonataridl én an EET carlimprove basieiei ght 142

of the hard nask 100 and fornms a 20 step 140 in the insulator 10. Another

ther mal oxindBflitRrStadie hduded®n planag-gpe hiethl oxide serhizondictss fleddefsest f ace, as
shown in Figure 15. Alternatively, the formation of the oxide 150 could be

o s A PRy ok RO OB SO0
Fin FET) t ?(?%S tIjinsllsn gecause thg stralgls-phts the conduction and valence bands and raises the
energy of the low mobility ellipsoids, depopulating them of holes.

10 [0028] At the same time, excessive amounts of germanium will produce misfit
dislocations that will degrade device performance. The inventors have found the
optimal range of the content to be 10% to 40% germanium.

[0029] Strain is induced on conventional planar devices by use of Shallow
Trench Isolation (STI) techniques. In a Fin FET, however, there is no process

15 analogous to STI, as the buried insulator layer 10 (BOX) provides the device isolation.
The invention overcomes this problem by using Silicon Germanium (SiGe) and silicon
sidewall films to generate this strain on the Fin FET channel.

[0030] In Figure 14, the oxide 70 is removed from the upper surface 141 of the
polysilicon 50. This also reduces the height 142 of the hgrd mask 100 and forms a

20 step 140 in the insulator 10. Another thermal oxidation step forms an oxide 150 over

the SiGe 130 surface, as shown in Figufe 15. Alternatively, the formation of the oxide

150 could be omitted to form a dynamic threshold Fin FET. In the embodiment

10



CMOS devices are fornmed with body tied to gate. This structure, including
the silicon 11, gate oxide 40, hard mask 100, oxide 150, and Si Ge 130, is
referred wo ldessiumafter as the "body" and is identified iPaTIUS®3/08480 NgsS as
item 155 in order to sinplify the 5 description and illustration. [0031]
Next, in Figure 16, a second polysilicon 160, that may be doped

differently or simlarly to the first polysilicon 50, is deposited over the
entire structure. The structure is again planarized, form ng a planar
upper surface 170, as shown in Figure 17. Since the first polysilicon 50
was an N+ vieedtReaxydd 150qer, dyhiaicshmehald IDTpBIinfET)ithostralG@ Fis FETEDEr abl y a
P+ polysilicon. However, the first and second polysilicon could be the

sane for { ddviced @f'eqfoﬂﬁ'éﬂ WRE body ed 9 atey PSS é?ituctd?@hﬁ{c%(ﬁlhgﬂfé seiRignd be

substituted for one another or for other types of doping now known or

devel oped ji.n the fut The ort hat on

regi ons S]d 8% é&il I addgﬁs%ﬁg@é)ﬂfr&sso ncpéld 32% J%Q%%@C}lae%eéhé (fged
differently for 15 asymetric structures. 'I_'he |l ysili COHB}P? 60 coul d be
Ger nmani umad dlge dogy s idsntiEied Bidhel deapdngs asdtem 5n‘§ ofder B Y e oped

pol ysilicon on opposite sides of the silicon channel structure | | creates
an asymetdes@ipg@hendiilluskhilon.[ 0032] Various el ectrically conducting

mat eri al s have associated with thema built-in electrical potential, often

referred to as [go3QgMNExe,if ¥ilure Y4)iaGBeorl foMgilidoh N 68 Ahhay thad fp)édapm i ed
vol tage, determnes the reI ative affini ty of the conductor el ectrons

hol l S | whi |
e semBan BFAL Kne 8ol i 52 ﬂos”?c*e@veeff %géééﬁsﬂﬁtuﬁfdﬁt ed to

val ues between the WO 03/ 081640 PCT/ Uso03 08480 Ilél d and conducti on
band by i nkhectyetrols agtinipianarized; famig 2 HaBPPGT LRIRes PR

Figure 17. Since the first polysilicon 50 was an N+ doped polysilicon, the second

10 polysilicon 160 is preferably a P+ polysilicon. However, the first and second
polysilicon could be the same for symmetric gate devices. The two types of
polysilicon could be substituted for one another, or for other types of doping now
known or developed in the future. The important point is that the polysilicon regions
50, 160 existing on opposite sides of the body 155 are doped differently for

15 asymmetric structures. The polysilicon 50, 160 could be Germanium doped or any
other conductor. Utilizing differently-doped polysilicon on opposite sides of the
silicon channel structure 11 creates an asymmetric gate Fin FET.

[0032] Various electrically conducting materials have associated with them a

built-in electrical potential, often referred to as a fermi level, which, along with

20 externally applied voltage, determines the relative affinity of the conductor for
electrons (or holes). In a metal, the fermi level is intrinsic to the material while in a

semiconductor, such as silicon, this fermi level can be adjusted to values between the

11



hol es or electrons. In the asymmetric double gated Fin FET, the two gate
el ectrodes 50, 160 are doped with opposite polarity, with one gate being
doped N-twpesasd4d he other gate bei ng doped P-type. Thuspcrhmsosvgasgat e
el ectrodes 50, 160 have different 5 ferm |evels and, hence, one gate

el ectrode (the strong gate, the n-gate for nFETs) has a greater affinity
for the inversion carriers while the other electrode (the weak gate, the
p-gate for nFETs) has a lesser affinity for the inversion carriers. As a

result, the inversion channel will formin the sem conductor body at a
| ocati on nedére bulkandsdandagion tgad by inkrudsctidoefimpatigesev bich sepdgexwsst r i but e
to the inversion potential, leading to a 10 relatively I ow threshold

vol tage (epdes ofdcHBRS 1 (ROSyRhmetMOibsble ghtO@BRIFET thdev i@ lectistles bei ng

illustrated and di scussed, the structure is an asymmetric Fin FET devi ce,

the silicop,l is.onky.etched o 2 3 er 12
above the ?%r}'gbﬁ encifpgﬁﬁ I%iltgé)ﬁ’ p&lfe H%égr{agf‘%lﬂ?ﬁnep& g%gé'?ﬁgr éu(g%firw%ﬂ)t%?gg Idg:r ows
selective single-crystal SiGe 130 on the exposed half the Ein structure
(on the si @Féerlﬁtf‘ol?ﬁ‘ﬁ%ﬁi?l@dtﬂﬁ%@@apéusoQ\edlé’)?.ga ofes %Omégg) H@\é‘"‘rﬂ‘&%‘ﬁ“f s al so
applicable to symmetric Fin FETs, as shown later. [0034] Processing
procseds, fsmileoeinand) hEiguoee g:8¢ elactrddet(Hhe strepp site. tban@ate fgr oiEFs)dbs an
intrinsic silicon |ayer 180. Then, in Figure 19, another insulator hard

mask 190 ( susbr AFintfFESR theinGensionTadRROWhile the@iRd elcb@odentiid wedkagasd, kiecon 18
and patterned 20 using conventional patterning techniques to renove

portions 200 I I . 3 - Uct i i
Per spect i vE RS AR it fes @ iffnic bor R ST Sliefe, Mo LUERRIS, B

intrinsic silicon 180 '

gate. Thus, both gate electrodes contribute to the inversion potential, leading to a
10 relatively low threshold voltage (e.g., between 0 and 0.5 volts).

[0033] In the embodiment being illustrated and discussed, the structure is an
asymmetric Fin FET device, the silicon 11 is only etched on one side 30, and the
placeholder 12 above the remaining silicon 11 is left in place. The invention grows
selective single-crystal SiGe 130 on the exposed half of the Fin structure (on the side

15 opposite the gate oxide). However, the invention is also applicable to symmetric Fin
FETs, as shown later.

[0034] Processing proceeds, as shown in Figure 18, with the deposition or
growth of an intrinsic silicon layer 180. Then, in Figure 19, another insulator hard
mask 190 (such as TEOS, etc.) is depoéited over the intrinsic silicon 18 and patterned

20 using conventional patterning techniques to remove portions 200, as shown in Figure
20. The same structure is shown in perspective view in Figure 21. The polysilicon

electrodes 50, 160 and intrinsic silicon 180 are patterned using the hard mask 190, as

12



shown in Figure 22 (and in perspective viewin Figure 23). The hard mask
190 is then renobved fromarea 220, as shown in Figure 24. The patterning
of the gawe3he4d60 preferably removes all the gate pol ysirhisosos4down to
the buried oxide layer 10 and is done using a directional etch that is
selective to the nitride or oxide. Thus, the 5 patterning does not renove
the portions of the body 155 that are protected by the previously-forned
hard mask 100. The patterning | eaves a portion of polysilicon 50 and

pol ysilicon 160, which defines the two gates of the double gated

transi st orghofn iR Bigues 22 (it i€ pespectie vizwparHigrees). Tiel Haedweeslbyo0ss tifgr mal
reoxi dati on designed to grow oxide on all the exposed silicon surfaces.

reoxi dat i row oxi de- . i es
good | nt er FARK R el aondon RO T S R e B e Then

perfornms wel | -known, co ntional source [ ai .gnd. hal o inaplants in the
transi st orPrerlﬂa(?Pye‘iegiﬂvﬁs, Wﬁ@sgé“ei H?&Sz’rﬁ% d&?ﬂé‘qﬂ@begbﬂrﬁ%xé{gﬁa%wg“‘gisr ections

of the exposed portions (Fins 250) of the body 155 to ensure that a uniform
i mpl ant i sdomaasing atdirepiinrtal gich int i selerdvariodhe mitrdgerraxiday Bius. thet h t he source
and drain 15 inplants are nmade from both sides of the Fins 250 of the body
155. 5 Then, paategiinpedoes nopleanive itlse pratdens ofithdbatiyf fSSrtkattard proteatet] bgitker gi es and
angles, to formthe halo inplants in the body 155 that inprove short

channel effeqbscy-fhimelafi indiN A0t Srlﬁrp%tt&‘ﬁirff%i%ﬁi a patiohi Fipelysitiess spes and at
angl es nor'e acute wth respect to thé Fin 250 in order t0 "assure pl acenent

f the hal o d f gk her. h | , han the 20
cour oer ar il rabpatree T6p ot ORes B YR B AR st Bkl 1T 240

of thickness greater than the height of the conbi ned gate el ectrodes 50,
160 and haudfesesidD glzan ggg%pqrf%mﬁqi‘, ollqwed by a thermal reoxidation designed to

grow oxide on all the exposed silicon surfaces. This preferably forms a thin (50
10 angstrom) film of oxide that provides good interface when the gate meets the body.
[0035] The invention then performs well-known, conventional source, drain,
and halo implants in the transistor. Preferably, these implants are made into all four
directions of the exposed portions (Fins 250) of the body 155 to ensure that a uniform
implant is made into both sides of the body. In particular, both the source and drain
15 implants are made from both sides of the Fins 250 of the body 155. Then, another
implant is made, with different implant energies and angles, to form the halo implants
in the body 155 that improve short channel effects. The halo implants are performed
at higher energies and at angles more acute with respect to the Fin 250 in order to
assure placement of the halo dopant further under the gate electrodes 50, 160 than the
20 source/drain dopants.
[0036] Next, the invention deposits a dielectric 240 of thickness greater than

the height of the combined gate electrodes 50, 160 and hardmask 232, covering the
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WO 03/081640 PCT/US03/08480 entire gate el ectrodes 50, 160 and exposed
Fins 250, as shown in Figure 25. This dielectric is then planarized and
partial | ywoesmessed until a portion of the hardmask 232 amdTgmbgoskect r odes
50, 160, but not any of the source/drain Fin region, is exposed, as shown
in Figure 25. As shown in Figure 26, the dielectric 240 is etched to cover
only 5 the sides of the gates 50, 160 and sidewall spacers 242 are forned
on the edges of the gates above the dielectric 240. This is preferably
done using a conformal deposition of a dielectric material, followed by a

di rect i onaly gt ghte eltBfodes 3OWRAJ arkiRAp6sed Firk2258) & showalfif Fadlry 25 0THEd of a
nitride. The dielectric 240, sidewall spacers 242, and hardmask 232 are

used to magk I i . et - [ 50,
xcept 10 ThieayEAL HEh PRI Y AR PR uhBRRUGHbE G B RS 22D
spacers 242, and the  sidewal | portiO@s 240 cophine to.effectively isolate
the gate 5tnd gagrelestiodes b 168 pwt@ot ayPidhe;sqyres a‘Bgﬁ? Y BBEFPOYE: ©hown in
Figure 27. Preferably, the source and drain contacts 280 conprise a

patt erned shomaiio Fignee At As sladwn Nelkigure26, didiakecitnic F4Qsetched to caveonlyit ri nsi ¢
silicon layer 180 is silicided using conventional, well-known silicide 15

processes, tht 8idet Bths ighte€ 5061 doayaside3all spAes P2 lare forged on &, edged dfake char t
summari zing this first enbodi ment of the invention is shown. First, in

i tem 320, | i apsis kd | | 4i8h o2
Then, i P S3YEHedRectt TR0 Ok 1 SRR fine ssimgdll R Rums a0 of 22,

the invention grows a.first oxide layer 40 on_the. siljcon | r 11. Next,
initem SZ%SIe%trFHEatFIWE{?ﬁPHHé h@ﬁé’éﬁegtéonﬁl gteh- sThegsidevalsnagery %f?rler st
opening. In item 324, the invention etches the silicon |ayer | | to create
a silicon peferalyfasmedsf naiifide Bhecdipleetsic 248 rsidestallspacers24s andhardmagkent i on
fornms a strain-producing layer 130 in item 325. Next, in item
232 are used to mask a directional etch and thereby remove the oxides 40, 150, except
10 in areas adjacent the gates. The hardmask 232, the sidewall spacers 242, and the
sidewall portions 240 combine to effectively isolate the gate 50, 160 from the source
and drain 250 contacts 280, as shown in Figure 27. Preferably, the source and drain
contacts 280 comprise a patterned conductive material. Next, as shown in Figure 28,
the intrinsic silicon layer 180 is silicided using conventional, well-known silicide
15 processes, forming silicide layer 230.
[0037] In Figure 32, a flow chart summarizing this first embodiment of the
invention is shown. First, in item 320, the invention forms a silicon layer 11 on an
insulator 10. Then, in item 321, the invention creates a first opening 30. In item 322,
the invention grows a first oxide layer 40 on the silicon layer 11. Next, in item 323,
20 the invention deposits a first gate 50 in the first opening. In item 324, the invention

etches the silicon layer 11 to create a silicon structure 155 having a central portion and

Fins. The invention forms a strain-producing layer 130 in item 325. Next, in item

14



14 WO 03/081640 PCT/US03/08480 326, the invention grows a second oxide

| ayer 150 on the strain-producing layer 130. In item 327, the invention
forns a swoams@smat e 160 in the second opening 140. Then, PCI/USH®084828, the
invention renoves the first gate and second gate fromall portions of the
silicon structure except the central portion. In item 329, the invention
dopes the 5 Fins 250 such that the Fins 250 conprise source and drain
regions. Lastly, initem 330, the invention forns source and drain
contacts 280 over source and drain regions. [00381 In operation, a voltage

wi t hi n t hesgatiRsnwiitior GRwdRRaesd 618 R9AASOton\thé Mrd?xf-pi’rd@l@ciﬁlg Giyen13y. t he
sem conducting siliconl | that is covered by the gates 50, 160. This

operation gl Aeir TRy hioR SRl APkl £6d 14FRMERRORFEAPRINGRE ! Ne 10

source an I FIns erefore, evi ce can d as an
electrical, swtgch to, performlogical operatjons. [0039 nent i gned
above, oneniligEbiaaHte ‘P‘EH{I‘QPéCIB?"egﬁ@$Tﬁ§/&ﬁ?? CF%“dtéi’ée é?‘gé’ﬁsﬂoétﬁﬁs o230 t hat
remains as a permanent part of the body 155. Myre specifically, such a

f eat ur e buthk ddicen staicture exeept the central poriioph dmitem 329, theknyentéen dapes thien on t he
channel 15 material in an FET can inprove carrier nobility. [00401 Wile

t he §nventFiga25Gsudh st itkeBina RSy eonprish so@soaet drain ragions yIDasdy fih Gtemst r ai ned
Fin FET, it isequally applicable to a symmetric strained Fin FET. More

speci fical 43 125, RAAYR fdithsShOUE GFd @gﬁcqhacts%om&%ﬁeeraad RBEEREAY. 1O

create a strarned symmetric strained Fin FET in accordance wth a second

Cayer 300 abovdOUFIRERrAEY ansteenanpdhe an 190 HiGEFeRos)  The 'S Go.
| ayer 300 is selectively patterned, as shown in Figure
conductivity of the region of the semiconducting silicon 11 that is covered by the gates
50, 160. This operation either makes or breaks an electrical connection between the
10 source and drain Fins 250. Therefore, the device can be used as an electrical switch to
perform logical operations.

[0039] As mentioned above, one important feature of the invention is the SiGe
layer 130 that remains as a permanent part of the body 155. More speciﬁcally, such a
feature builds strain into the silicon channel 11. Physical strain on the channel

15 material in an FET can improve carrier mobility.

[0040] While the invention is described above with respect to an asymmetric
strained Fin FET, it is equally applicable to a symmetric strained Fin FET. More
specifically, as shown in Figures 29-31, the processing necessary to create a strained
symmetric strained Fin FET in accordance with a second embodiment of the invention

20 starts with a SOI structure having a SiGe layer 300 above an insulator 10 (this is

shown in Figure 29). The SiGe layer 300 is selectively patterned, as shown inFigure

30. Then, a silicon layer 315 is grown on the SiGe layer 300 to create a strained

15



30. Then, a silicon layer 315 is grown on the SiGe layer 300 to create a
strained 15 WD 03/081640 PCT/ US03/08480 structure. A thermal oxide 320 is
t hen gr ovwoar/oste@o silicon | ayer 315. Next, the gate condeCtarsss/(&sg. ,
polysilicon) 3 10 are deposited, planarized, and patterned to formthe
gates surroundi ng the body structure 155. In one enbodi nent, the gate
conductors 310 have the sane doping concentration and material makeup.
However, in a different 5 enbodi nent, the gate el ectrodes 3 10 can be nade
asymmetric with, for exanple, an ion inplant to result in an asynmetric

gate wor kEH&ﬁﬁl‘eoﬂ {hkfindt B1id¥heh 1§ﬂ1§1@?fbwd\@f e siipECialerclSl Wext, Bhd Fute

asymmetric gate arrangerrent the gate conductors 3 10 woul d have different

dopi ng con ons ut i i ceeds to
coml ot o EHEREIPL eSS RR 15 ShpBlied p1 AR, A ié‘%&%éé“’ f‘%“"*ové‘é’

[0041] An inportant feature of the nventlon uﬁ t ha pro ?éraln -
wWithin mapigs HTBiB the st LSy ene eodiments thegpieoR i 3

enbodi nents shown in Figures 1-28 utilizes an SO arrangenent to forma
strai ned Rave thESamhédapimgeoneertation ang matarial makeupa Hovaver ika ddfeeent onduct or s.
Alternatively, as explained with respect to Figure 15, if the oxide 150 is

om tt ed, @ AyaREnE thdWaRsdedtbdEd Bl (Eah besnideraspdmetkie witte foﬂfﬁxamplu; p@ry, the
enbodi ment shown in Figures 29-31 utilizes a SiGe-A (silicon gernmani um

over i nsuLat ool REACH Alashlieild odl WHIcRoR PFET WidkistiieMdre28. 11 2

simlar ndth&E F'e Can be for med as an asymetric gate

or symmetric gate structure, endi n n
conduct or spectfiallysig t Sﬁ’&“’@?ﬂfo@ﬂ“ﬁ%‘ﬁ e’g’F ﬁ’fgrgéefop {)lwbgﬁk%%he

invention and the invention is not 20 |limted to these speC|f|c
enbodi nendifferentsiopiag condeatratinme @F Hakizesdifawnhdepanks e Pracgssing proceeds to

complete the structure shown in Figures 18-28, as discussed above.

10 [0041] An important feature of the invention is that it provides strain within
many different forms of Fin FETs. One of the strained Fin FET embodiments shown
in Figures 1-28 utilizes an SOI arrangement to form a strained Fin FET that has either
symmetric or asymmetric gate conductors. Alternatively, as explained with respect to
Figure 15, if the oxide 150 is omitted, a dynamic threshold Fin FET is formed. To the

15 contrary, the embodiment shown in Figures 29-31 utilizes a SiGe-Ol (silicon
germanium over insulator) in place of the SOI structure shown in Figures 1-28. Ina
similar manner, the SiGe-OI structure can be formed as an asymmetric gate or
symmetric gate structure, depending upon the doping of the gate conductors. The
forgoing embodiments are merely illustrative of the invention and the invention is not

20 limited to these specific embodiments. Instead, the embodiments shown above are

merely examples and one ordinarily skilled in the art would understand that many
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nmerely exanples and one ordinarily skilled in the art woul d understand that
many 16 WO 03/081640 PCT/ US03/08480 different types of FinFETs would

achi eve bwoeBiogicad results by including the inventive st P&ITIUSS3/0848¢ ur e.
[0042] In Figure 33, a flow chart for constructing a symetric strained Fin
field effect transistor, in accordance with a second enbodi nent of the
invention, is 5 shown. First, initem33 1, the nethod forns a silicon
germani um | ayer 300 on an insulator 10. Next, in item 332, the nethod
etches a silicon germanium |l ayer to create a silicon structure that has a

central pogtfddht s 6F RRFETY wohll dchRe Barbficidl fesiled Byoidclubin@ube MRefivede | ayer
320 on silicon structure 300. In item 334, the nethod deposiits gates on

si des of the .gi Jr{ia&&% structure. Next, in item 336, the nmethod renoves the
first 10 g&?@ RaS'6cond gate fromall portions of the silicon structure
except the central ortion. In item 337, the .nethod dopes thg Fi ns 250
such that the FIM¥2bhFigpre 33otiflew chag r(ﬁog;;tﬁxcpg%iaéﬂgmegg Tagped £ § t em 338,
the nethod forns source and drain contacts 280 over source and drain

regi ons. [ Gield3]ffedstransistdroinadcabance withreeseSpigbembodiment 36 theunveidiostisai n i nt o
the already 15 forned silicon channel 11. Physical strain on the channel

mat ersi al i ghdviml Kigsh, in i8R 3B Ethe Midth@ forabh kilicyn gévinanium lapetBoeGnan pl anar
p-type netal oxide sem conductor field effect transistor (MOSFET) devices

e oen B0 ST R PR BRI
hannel  coneTEPn ot Fisk ey Rl eartinpend [y 250, 1 e Y, WRSndlhEE o1 0
grows an oxide layer 320 on silicon structure 300. In item 334, the method deposits
gates on sides of the silicon structure. Next, in item 336, the method removes the first
10 gate and second gate from all portions of the silicon structure except the central
portion. In item 337, the method dopes the Fins 250 such that the Fins 250 are source
and drain regions. Lastly, in item 338, the method forms source and drain contacts
280 over source and drain regions.
[0043] As mentioned above, the SiGe layer 130 builds strain into the already-
15 formed silicon channel 11. Physical strain on the channel material in FET can
improve carrier mobility. Strain induced on planar p-type metal oxide semiconductor
field effect transistor (MOSFET) devices has been shown to increase hole mobility up
to 30%. This invention provides these advantages to thin semiconductor bodies that
are vertically arranged on a substrate; and as such, the invention combines greater
20  channel control with greater carrier mobility.

[0044] While the invention has been described in terms of preferred

embodiments, those skilled in the art will recognize that the invention can be practiced
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[0044] While the invention has been described in ternms of preferred

enbodi nents, those skilled in the art will recognize that the invention can
be practiwed3ngitsWO 03/ 081640 PCT/ US03/ 08480 with nodifi eatriwse3/essshi n t he
spirit and scope of the appended cl ainms. For exanple, while the invention
has been taught with reference to a particular nethod of formng vertical
sem conduct or bodi es, other nethods of producing discrete sem conductor
bodi es on a substrate could be used (e.g., silicon islands on a SO
substrate). 5 Moreover, while SiGe is taught as the primary material to

i nduce t hey, e HdididaBor® Withinthé Bpirit &Rl bpofthe aE@nded claitise Forretamplal s coul d
be used. Finally, the invention is applicable to other senm conductors

(e.g., @ Ou{ﬁg/el t&;lﬁ inyehtfor? Ezfg b%gﬁ'g.\ﬂgltntq{'ﬁh ﬁ:gé‘rg?]c%sto 93hiticHat nRidaRE dfining ndust ri al

Appl i cabi Y Aysical strain on t annel” material in FET can inprove

carrier nobility. . Strain induced on planar p-t.ype. netal i
seni conduc¥estic semigopguctar bodies, eélnlﬁﬂ%df Mﬁ’xggwrgé&sﬁ geéng'g%ﬂr shown to
increase hole nobility in excess of 30% This invention provides these
advant agesbddiestomi asubssite oeitdibe bsedegi. silicomislands an o SAISERHTPE)- arranged on a
substrate; as such, the invention conbines greater channel control with 15
greaser CaybicdverTwhilk SiGe isifughCaBé pRABAOMBPETAIUCABI08h8Fequitiki BIN Mhat is
clainmed is: :

the channel region, other materials could be used. Finally, the invention is applicable

to other semiconductors (e.g., Group III - IV semiconductors such as gallium

arsenide).

Industrial Applicability

10 Physical strain on the channel material in FET can improve carrier mobility.
Strain induced on planar p-type metal oxide semiconductor field effect transistor
(MOSFET) devices has been shown to increase hole mobility in excess of 30%. This
invention provides these advantages to thin semiconductor bodies that are vertically

arranged on a substrate; as such, the invention combines greater channel control with

15 greater carrier mobility.
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1. Atransistor conprising: an insulator (10); a sem conductor structure
on said insulator, wherein said structure includes a central portion (155)
and firstwpaB0316amd second ends (250) extendi ng from sai dpcaarsos/ed4sporti on
a first gate (50) positioned on a first side of said central portion (155)
of said structure; a strain-producing |layer (11) between said first gate
(50) and said first side of said central portion (155) of said structure;
and a second gate (160) on a second side of said central portion (155) of
said structure. 2. The transistor in claim1, wherein said insulator (10)
conprises a buried oxide layer. 3. The transistor in claiml, wherein said
central portion (155) of said structure conprises silicon. 19 WO 03/081640
PCT/ US03/ 08480 4. The transistor ipcAgi§) 1. wherein said central portion
(155) conprises silicon and silicon germanium 5. The transistor in claim
1, wherein sai trai fi%fuping | ayer (11) has a sufficient concentration’
of germaniumto Fﬁﬁﬁgﬂn Pain within said central portion (155) to
enhance carrier nobility, w thout producing sufficient dislocations to
reduce overall performance of said transistor. :

1. A transistor comprising:
an insulator (10);
a semiconductor structure on said insulator, wherein said structure includes a
central portion (155) and first (250) and second ends (250) extending from said
central portion;
a first gate (50) positioned on a first side of said central portion (155) of said |
structure;
a strain-producing layer (11) between said first gate (50) and said first side of
said central portion (155) of said structure;

and a second gate (160) on a second side of said central portion (155) of said

structure.

2. The transistor in claim 1, wherein said insulator (10) comprises a buried oxide
layer.

3. The transistor in claim 1, wherein said central portion (155) of said structure

comprises silicon.
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6. The transistor in claim1, wherein said first and second ends (250)
conprise source and drain regions, respectively. 7. The transistor in
claimb, woasesrs4cai d concentrati on of germaniumis bet we@aT/US0So®BE 40%

8. The transistor in claiml, wherein said first gate (50.) and said second
gate (160) are doped differently. 9. The transistor in claim1, wherein
said first gate (50) and said second gate (160) are doped simlarly. 20

4. The transistor in claim 1, wherein said central portion (155) comprises silicon

and silicon germanium.

5. The transistor in claim 1, wherein said strain-inducing layer (11) has a sufficient
concentration of germanium to produce strain within said central portion (155)
to enhance carrier mobility, without producing sufficient dislocations to reduce

overall performance of said transistor.

6. The transistor in claim 1, wherein said first and second ends (250) comprise

source and drain regions, respectively.

7. The transistor in claim 5, wherein said concentration of germanium is between
10% and 40%.

8. The transistor in claim 1, wherein said first gate (50) and said second gate (160)
are doped differently.

9. The transistor in claim 1, wherein said first gate (50) and said second gate (160)

are doped similarly.

20



