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SUMMARY OF THE INVENTION
30 '

The present invention satisfies the foregoing need by providing a semiconductor device having a strained
channel region and a method for manufacturing the semiconductor device. In accordance with one aspect, the
present invention includes forming a mesa structure from a semiconductor substrate, whercin the mesa
Structure has a first surface and first and second sidewalls. A gate structure having a gate surface and first and
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second sides is formed over the mesa structure, wherein first and second portions of the gate structure are
disposed on the first and second sidewalls, respectively. Portions of the semiconductor substrate adjacent the
first and second sides of the gate structure are doped.

In accordance with another aspect, the present invention includes a method for manufacturing a

strained semiconductor device suitable for use in an integrated circuit. A semiconductor-on-insulator mesa
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strai ned sem conductor device suitable for use in an integrated circuit. A
sem conductor-on-insul ator nmesa 40 WO 2005/ 001908 PCT/ US2004/ 017727
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FIG. 1 is a perspective view of a portion of a semiconductor device at a beginning stage of
30  manufacture in accordance with an embodiment of the present invention;

FIG. 2 is a cross-sectional side view of the device of FIG. 1 taken along section line 2-2;

FIG. 3 is a cross-sectional side view of the semiconductor device of FIG. 2 further alon gin

processing;

FIG. 4 is a cross-sectional side view of the semiconductor device of FIG. 3 further aldng in
35  processing;

FIG. § is a cross-sectional side view of the semiconductor device of FIG. 4 taken along section line 5-
5;

FIG. 6 is a cross-sectional side view of the semiconductor device of FIGS. 4 and 5 further along in
processmg,



FIG 4 is a cross-sectional side view of the sem conductor device of FIG 3
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t he sem conductor device of FIG 4 taken along section line 5- 5; FIG 6 is

a Cross- se‘%tl on_al si de view of the sem conductor device of FIGS. 4 and 5

further al' SR Pocessing; 2 WO 2005/ 001908 PCT/ US2004PCTBERP4OFTIE 7 s
a cross-secti %R?é side view of the sem conductor device of FIG 6 further

along in processi iy FiE sl 54 vigw e serdepticigndavics pifaC A iatherstong He

sem condpotestinglevi ce of FIG 7 further along in processing; 5 FIG 9is a

Cross- SeCtI On@iG §lisci§:ro\§§ ge\éﬁo(?x E(g%}_e%l (S:)Crl!l{ljclil)(l:l {oréj@/\éé&o f7M§d gf Urther

along in processing; ilcf I's a cross Sectional & 'Vi'ew of Cthe

seni condB¢tetedevi ce of FIG 9 further along in proce55| ng; and FIG 11 is

a Cradss-sect i BIAb issicetSs-36b@Naifde VRS B BELERIHYELPIvHEMFEE. sk fang 10 t aken
‘along section line 10 11-11. DETAI LED DESCRI PTI ON General ly, ﬁe pr esent

i nventi oﬂm%lg%n\gi des an integrated circuit that includes a strai ned

sem conduct or FIG1 ¥ id e viossese@iondl sid&16ie s bittiessemteandactoreltHicechf FIOT. 9 fmhatfalasg inr i ng t he
strai ned,seigonguct or device. The sem conductor device is strained to

- increase the nDblllty of the electrons and holes in its channel region. In

accor dance wi PR lLghatassedionsd pide viewef teeserpicondugtesdevige ofFie $Qialkes alorg sogsian line

strudtureg-and a silicided gate structure increases the hole nobility by

causing the channel region to be under a conpressive stress. |In accordance

wi th anot her enbodi ment, the conbination of underetching the buried oxide

of the mesa structure and w appDE¥FAEEpRESCRIPHION] ectric and a gate nateri al

around the underetched nesa structure increases the el ectron and hol e

nmobilities g aﬁjs g t he. channel region to be under_ tensile stresg

these enbodi neATa, PRECEHrnfien rrevidss Tyipteerppd Fiigyitthel frcludesya S‘E‘i“lfg Semitpa “§F’F ess

canlbe fdaviteve Fausm@rsees‘smetbgd fanmeafattmipgtiieatrsihddisanidedator devie! Ehegteidonductor

t enper atgg¥i& is s‘traiﬁ&f to %ﬁggaltl%’mobm@ofﬁlﬁréﬁztto% %rhgl%ssm(ﬂF clfg nrm 1%5@11 IR 5Jcbrﬁéng§wﬂiat €

i S appr oxi $ aPascal’s when annea enper at ure of
360 C arff® ?ra%“a ‘B‘s‘%’f‘ﬁm Cé’rlg?mit%)f Gm@S&Ff&‘?E%"I sguqtyzpand a\ﬁﬂléﬁeda&%ﬁésvw iggreages the hole
t enper atmobiitydfy c48@g @e chabel kdgloamrud&ae GonWirdskive)s@tss. alm@tdoniance Wb aofient , t he
channel eﬁn@&fu&{ﬂt 'Lh% &giﬁﬂﬂ\?lgl:l &qlqdei!ﬂg& g th Qgéd.l o%idg & ! { tEesxgtgg ytruc{mgfl%\ggﬁp%gl arkgtet he

gat to have a W ess t pr oxi ma
per<Pecdielperic ey e mater la{oPWh‘b‘fﬂdﬁe‘Q@ﬁfﬂé@ﬁa%tf@md@% theeelepongpnd Mgmoblhues

manuf ac bytdsingthe AGERISABER bihilddr BRISHEAIITBAS eriodinfdfts, MeRBRIAL isipRYRIly kel
What is siﬁggé{w}htla sgreslzslc% be]furtl§er %cr%a%ga lgzyoarr]ugelélﬁxggotﬁé sgﬂ?:;de at an elevated temperature. - For example,

the tensile stress of a nickel silicide gate is approximately 800 MegaPascals (MPa) when annealed at a

temperature of 360 °C and approximately 1.25 GigaPascals (GPa) when annealed at a temperature of 400 °C.
25 In accordance with yet another embodiment, the channel region is maintained under tensile stress by
manufacturing the gate to have a width of less than approximately 250 nm.

FIG. 1 is a perspective view of a portion of a semiconductor device 10 during manufacture in
accordance with an embodiment of the present invention. What is shown in FIG. 1 is a Semiconductor-On-
Insulator (SOD) substrate 12 patterned to include a mesa isolation structure 14 having a substrate surface 20

30  and sidewalls 16'and 18. SOI substrate 12 comprises a layer of semiconductor material 22 disposed on a layer
of dielectric material 24 which is disposed on a body of semiconductor material 26. Preferably, layer of
semiconductor material 22 is undoped silicon having a thickness ranging from that of a monolayer of silicon to
approximately 25 nanometers (nm) and dielectric layer 24 has a thickness ranging between approximately 50 v
nanometers and approximately 500 nm. More preferably, silicon layer 22 has a thickness of less than 10 nm

35 and dielectric layer 24 has a thickness of about 200 nm. Substrate surface 22 is also referred to as a top
surface of the substrate or an active surface. Techniques for forming mesa isolation structures are known to
those skilled in the art.

Referring now to FIG. 2, patterned SOI substrate 12 taken along section line 2-2 of FIG. 1 is shown.
More particularly, FIG. 2 is a cross-sectional side view showing substrate surface 20, silicon layer 22, silicon

40  dioxide layer 24, and silicon layer 26.
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30  silicon dioxide layer 24 may be etched during the cleaning steps performed in preparation for forming
polysilicon layer 34. This etching, also referred to as undgrgtching, can be conirolled sucﬁ thata
predetermined amount of silicon dioxide layer 24 is underetched. Preferably, the amount of silicon dioxide
layer 24 that is etched from each side, i.e., from sidewalls 16 and 18, ranges between approximately 10 nm
and approximately 30 nm. Bven more preferably, the amount of silicon dioxide layer 24 that is etched from

35  eachside is approximately 20 nm. Because of the underetching, gate dielectric material 32 wraps around
opposing sides 48 and 49 of silicon layer 22. Likewise, polysilicon layer 34 wraps around the portions of gate
dielectric 40 that are adjacent opposing sides 48 and 49.

Referring now to FIG. 6, a layer of silicon dioxide 50 having a thickness ranging between
. approximately 2.5 nm and approximately 10 nm is formed on gate 38 and on silicon nitride layer 30. A layer

40  ofsilicon nitride 52 having a thickness ranging between approximately 5 nm and approximately 50 nm is
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and gate dielectric material are well known to those skilled in the art.
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30 source/drain implant may also dope gate structure 42. A suitable set of parameters for the source/drain

implant includes implanting an N type impurity material such as, for example, arsenic at a dose ranging
between approximately 1x10" jons/cm? and approximately 1x10' ions/cm? and using an implant energy
ranging between approximately 20 keV and approximately 50 keV. The doped semiconductor material is
annealed by heating to a temperature between approximately 800 degrees Celsius (°C) and 1,100 °C.

35 A layer of refractory metal 76 is conformally deposited on silicon surface 60 and portion 56 of silicon
nitride layer 52. By way of example, the metal of refractory metal layer 76 is nickel having a thickness
ranging between approximately 50 A and approximately 150 A. The refractory metal is heated to a
temperature ranging between 350 °C and 500 °C.

Referring now to FIG. 8, the heat treatment causes the nickel to react with the silicon to form nickel

40 silicide (NiSi) in all regions in which the nickel is in contact with silicon. Thus, a nickel silicide region 82 is
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germani um or germanium An inpurity material of N type conductivity such
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Sl bO cide (Ti ﬁ'ie)ﬂy referring to FIG. 11, a cross-sectional side view of semiconductor device 10 along section line
11-11 of FIG. 10 is illustrated. What is shown in FIG. 11 is silicon layer 22 disposed on dielectric layer 24,

amcal

which is disposed on body of semiconductor material 26. Gate dielectric 40, which is comprised of silicon

dioxide layer 28 and silicon nitride layer 30, wraps around opposing sides 48 and 49 of silicon layer 22.

Likewise, nickel silicide region 92 of gate 38 wraps around the portions of gate dielectric 40 that are adjacent
35  opposing sides 48 and 49.

By now it should be appreciated that a strained semiconductor device suitable for use in an integrated
circuit has been provided. An advantage of the present invention is that the semiconductor device can be
manufactured to be under compressive or tensile stress by adjusting the width of the gate, selecting the
annealing temperature, and underetching the mesa structure. The semiconductor device can include one of

40  these techniques or a combination of more than one of these techniques to provide stress. Thus, either the
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5 platinumsilicide (PtSi), cobalt silicide (CoSi2), and the like. As those
skilled in the art are aware, silicon is consuned during the formation of
silicide and the anmobunt of silicon consuned is a function of the type of
silicide being formed. A layer dielectric material 86 having a thickness
rangi ng be?“bgﬁﬁQEﬁbeinately 250 Angstroms (A) and appr 8KTESRMMPITIZD A is
formed on silicide regions 82 and 84 and on portion 56 of silicon nitride

| ayer 52¢lectrqpymobility therholgmopilify) o the piobiligrf both the clgronsatd Bgholes £49ibe RpfEUedy Theyi ng
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anpl e, a

ayer 88 is planarized using, for exal , 1em cal Mechanjcal 15

Pol i shi rffY{ERPs heldR s R IRRprRRgesdhe firyh cumntaf the davics while e aupaizpiopgHectsih s |

t he pl anach aaliiaoiin ShERHdHOIr-GRihe11ats? devidd ihopsaek itdrhreshoki valebQ Hgrebieiinplovia@the S
confornqkﬁ¥cggﬁpsited on silicon surface 44, TECS | ayer 88, the exposed
portions o icon oxynitride |ayer 86 and the exposed portions of silicon
di oxi de | ayerAlSgughseriaii nréferend embedinaits and mytheds 5&/e by disglgsedlierain i ¥l ke apparmt

et 40 offronfrhd Bk iRNR toliRYEKiIIPin!tRe A e PhriatlRY ki GhodifitdhbsloRSBB ertiodiments

approximately 700 A, The refractory netal .is, heat fo at er at yr.e

rangi ng aﬂefnﬁ\%"é}ﬁ m&’b@r%@?‘ﬁ ﬁ‘ﬁ{‘%‘f {prytes %m PR (116 Rsiv e (?? 'g?“\’éfeé‘P?"i‘ Etd ‘Httgf}\‘/}e# Rsac

10, t he ilvestion siral &t limitdd oglx tsbsextdnereqiired by tht apperdeatdlaims 4nH thie lndessind primoiples & f or m
ni ckel sidiviie (NSi) in all regions in which the nickel is in contact
with silicon. Thus, a nickel silicide region 92 is forned fromgate 38.
The portions of the nickel disposed on non-silicon regions, i.e., TECS

| ayer 88, the exposed portions of SiON |ayer 86, and exposed portions of
silicon dioxide layer 54 and silicon nitride |ayer 25 56 remain unreacted.
After formation of nickel silicide region 92, any unreacted nickel silicide
.1s renoved. 1t should be understood that the type of silicide is not a
limtation of the present invention. For exanple, other suitable silicides
include titaniumsilicide (TiSi), platinumsilicide (PtSi), cobalt silicide
(CoSi2), and the like. As those skilled in the art are aware, silicon is
consuned during the formation of silicide and the amobunt of silicon
consuned i's a function of the type of silicide being forned. 30 Briefly
referring to FIG 11, a cross-sectional side view of sem conductor device
10 along section line 11-11 of FIG 10 is illustrated. What is shown in
FIG 11 is silicon |ayer 22 disposed on dielectric |ayer 24, whichis

di sposed on body of sem conductor nmaterial 26. Gate dielectric 40, which is
conprised of silicon dioxide |ayer 28 and silicon nitride |layer 30, waps
around opposi ng sides 48 and 49 of silicon layer 22. Likew se, nickel
silicide region 92 of gate 38 waps around the portions of gate dielectric
40 that are adjacent 35 opposing sides 48 and 49. By now it should be
appreci ated that a strai ned sem conductor device suitable for use in an
integrated circuit has been provided. An advantage of the present
invention is that the sem conductor device can be manufactured to be under
conpressive or tensile stress by adjusting the width of the gate, selecting
t he ’




anneal i ng tenperature, and underetching the nmesa structure. The

sem conduct or device can include one of 40 these techniques or a

conbi nati on of nore than one of these techniques to provide stress. Thus,
either the 6 WD 2005/001908 PCT/ US2004/017727 electron nobility, the hole
mobility or the nobility of both the electrons and the holes can be

opti mi zed CLAMMS; ncreased mobility results in increased device performance.
For exanple, NMOS and PMOS transistors manufactured in accordance with an
enbodi nent of the present invention have CV/1 delays as small as 0.2

pi coseconds (p$)m8ﬂhdd%r%@mfadtﬁ&?ﬁén‘ﬁ%ﬂducﬁ?%\h@é (1@2’,‘6@&%&9&{;9‘: the present
invention is that the strain is defined at the l|last higher tenperature
processi ng st eprarfdiesa sanisenguctarsubsteabeldyuent rel axati on. Yet anot her

advantage is t . I @Qil' increases the drive current of the
devi ce, while the 1%§ﬁ{éik>aggh on® g‘bﬁ%@% erFemé‘i?é‘hu‘g?F %‘#’ftfaé‘? ﬁr%)nwﬁerem the

seni conduntesd stnenira§14) abod fiee windscel (R0Y ARSMSt (16paddieesfiql1 8) sMadwage. thereby
inmproving the offset current. Al though certain preferred enbodi nents and

met hods have bERF$T gichngssrationplkthg semiconsinqtorynatenigd 42 Drwherdio sidewnlls he
f or egoi n i 5G| i) in the art that variations and
PP Cod 80 R Brd6 PRI OB

nodi fi cations’o nmet hods may be nade w t hout

departing fronfarméngspgate stramete (4DNBep thethisaistu@idei(O4), wherdiBthepa@nded t hat
the invention @II be limted only to the extent required by the appended
clai ms an “lcﬁ’gei das a gefe sprfacs; (4 bandofirst ¢hehdsepond (4Zhsides, andwierein 1. A

met hod f ofirsP RS | ] r ' ) rising. (providing
a sem conduct or sﬁ%dsjltsdrrgtgrga?ﬁltg%&? gfr}{rin&hfgé (ggfnelgllsag%g u&%e@ﬁ?@@ﬁ? se%r%%crln t he

seni condu@psidevdssttaradispgsed on thdfirse (16) tahé second @l 8 sidewhlly, @espdéiveliaand first
surface (20) and.fi r%ﬁﬁ’f&%@ and .sec&nd (182 si dewal | s; _under etching a
portion of the"¥&taR qtdhe srppigpndycior substigedl ) adiacenitha s (4¢)awd1 8)

extend ungesnd (3g) giqes(sfqhégﬁgs{rg&)me(agy_m ng a gate structure (42) over the
mesa structure (14), wherein the gate structure (42) has a gate surface

(44) and first (46) and second (47) sides, and wherein first and second

portions of t tructure {42, a ound first 8) .and second (49)
si des and”ar eh@?eg%%@(e) Olf) e "F](‘?TS{“ t‘@”%?lgg'ﬁ%gag%g%&ue i‘i%A) lé‘flﬂ%l |'s,
respectively; fondingomindlap dfideNécté nah@iab@F) 6AIIMCHR SHRRKE §1t4§ 4nbi2)

adj acent the first (46) and second (47) sides of the gate stru ture (42).
2. The met hod fgrminga; ssvond laxesof dielecriermaterieh@Oyaes thet finstlayerof{didlctiine| udes:
form ng gﬂ;t'glriaﬁt zgr;?ayer of dielectric material (28) over the mesa structure
(14); an Forr% g a second layer of dielectric material (30) over the
first layer of dielectric

3. The method of claim 1, wherein forming the gate structure includes:

forming portions of a first layer of dielectric material (28) over the first (16) and
second (18) sidewalls, and wherein a portion of the first layer of dielectric material (28)
serves as the first portion of the gate structure (42) and another portion of the first layer
of dielectric material (28) serves as the second portion of the gate structure (42); and

oxidizing the first (16) and second (18) sidewalls.

4. The method of claim 1, further including:
forming a first layer of dielectric material (50) over the gate structure 42);
forming a second layer of dielectric material (52) on the first layer of dielectric
material (50), wherein the first (50) and second (52) layers of dielectric material

comprise different materials;

anisotropically etching the first (50) and second (52) layers of dielectric material,
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material (28). 3. The nethod of claim1l1l, wherein formng the gate structure
i ncludes: formng portions of a first layer of dielectric material (28)
over the first (16) and second (18) sidewalls, and wherein a portion of
the first layer of dielectric material (28) serves as the first portion of
the gate structure (42) and another portion of the first [ayer of

di el ect ri Wheigites peftiop p8thesemicopndugetor substrate ¢hd) ipexoseh and t he gate structure

(42); and oxi digzj.r i (1 and sec 18). si dewal | s. .. The

met hod of cl ai ir%&]f‘% %Wﬁlferfrﬁ%%‘é‘%ot?gilﬁt& ml’%f’r?? &g) év ithestenpicndnctgr S‘ﬁﬁ@f‘%ct ric
material (12)hdjaven thetfrsg@bPait sod6idi(47) 6iHié} of th @hisictare B PHsdIR&Yi9&ly Of
dielectric material (52) on the first |ayer of dielectric rmaterial” (50),
wher ei n t OWing the lasso pf somicenduisian nserjal(38)er s of diel ectric material
conprise different nmaterials; anisotropically etching the first (50) and
second (52) layers of dielectric material, 8 wherein a portion of the

seni conduft or Théoskthatef clhah 4, s/herepossettivalrbwinglindudes!saléeivedf growing
sem conduct or, maj eri al (55?) over the sem conductor substrate (12) adjacent

the first?femprondngtas aabeipl pelogted frgasthe roupeof gamiconduatertmaterigla ponsisfing

sel ecti veg,ﬁ/sﬂi&{nomig(\%}]%&ﬁm{ﬁ&e@m@ enSiganductor material (58). 5. The

met hod of clal m 4, rein sélectrvely grow ng includes selectively grow ng
a sem conductor nmaterial selected fromthe group of sem conductor materials
consi stin of .silicon, .silicon, germaniu and, germanium 6. The_ nethod of
claim1, Sheref eﬂSﬁ‘PﬁﬁfPth ewgﬁﬁ%lﬁﬁn%@Gﬁ@t@&@‘é’t@éﬁbﬁf%ee@mpﬂ%I anting
a dopant into ffifadtAY dRhnSANY B MIRE bOLnTBIRLL b ¢St and
second si des o?ﬁl?heﬁgat edi)st ruct ur[e&‘j’ﬁs{%)nge an ngir{%g‘l%{egﬁf&n%f%ﬁ%%ehgﬁgfﬁf%pl anting
addi t i onaanddepentd sidestod thergatd stpupture using mh aogldd ahplantrandr i al adj acent t he
first and second.sides ,of. the gate structure.usi.ng.a zero degrege inplant.
7. The net hod lgfpl%qt%ﬁdglfmfl rdt(’%g‘?t IPWébﬁfﬁyﬁboﬁ%m udipy mafegta ﬂﬂ%fﬁmt he layer
of seni cthodiuetand sEBhEKidad of Be gIﬁé%tlﬁBﬁlF@ﬁjshQ%a £drgldBgre irhpahdIer i ncluding
formng silicide fromthe gate structure. . The nethod of claim 8,
wherein formng silicide fromthe gate structure includes formng nickel

silicide.5 10. | aim. 1. erei n proyvidj t he sem conduct or
substrate nc@%&é‘gﬁ%@gg?@{%g’ %n?gﬁhﬁié’vﬁ@wl?‘gﬁﬁﬁc}#f&?%gﬁ laysfiot onduct or
subst r at eemidondéctoeinbredal or manuf acturing a strained sem conductor device
(10), conprising:

8. The method of claim 4, further including forming silicide from the gate structure.

9. The mgthod of claim 8, wherein forming silicide from the gate structure includes

forming nickel silicide.

10. The method of claim 1, wherein providing the semiconductor substrate includes

providing a semiconductor-on-insulator semiconductor substrate.

11. A method for manufacturing a strained semiconductor device (10), comprising:
providing a semiconductor-on-insulator mesa isolation structure (14), the
semiconductor-on-insulator mesa isolation structure (14) having a top surface (20) and
first (16) and second (18) sidewalls;
under etching the semiconductor-on-insulator mesa isolation structure (14)
wherein the first (16) and second (18) sidewalls extend under the top surface (20);
forming a gate dielectric material (32) on the top surface (20) and the first (16)
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provi ding a sem conductor-on-insulator nesa isolation structure (14), the
sem conduct or-on-insul ator nesa isolation structure (14) having a top
surface (20) and first (16) and second (18) sidewalls; under etching the
sem conductor-on-insul ator nesa isolation structure (14) wherein the first
(16) and second (18) sidewalls extend under the top surface (20); formng
a gate di eépdsecepg ( tSeieMalls(32) on the top surface (20) and the first (16)

9 and second ( rm ng ate n e dielectric

material (32), %‘d‘%\‘qﬁg %ﬂtg‘ %)dlglﬁ )dtV r%‘(‘}tt{“?%atﬁﬁgéﬁt“bl (32)
cooper at ethecgat@mmeaxr@aﬁﬁeﬁtlr(gg)t SopefafPh RN h%ﬁte%trh@tﬂre Ef hAGS: 4 ? and gate
sidewal s (46 and 47); formng a sem conductor material (34) on portions of

the top s&¥Haed2 Q)ﬂl}ig@fe fidpwallsdd@and 67at i on structure (14) adj acent to the

fi 16 d | -
HENC ISR e, S e

(34) wr apnmsoisnbiiposticns (04) etd‘tﬁ:eﬁﬁﬁo&h@ ﬁ@L@md) %ﬁd mn&@w) sfdetvalwaf @k!licide
(92) fromthe, sem conduct or rraterla (34) and fromthe gate (38) wherein

the sili cli§s? salsiion stswstungd Ve Mihetsin theraste dieleetric alatqripd 32 add tiee gate (38)

strains S&dic e m 11, wherein
provi di nggé’t}ﬁg semﬁ)gg[g%tgfga?(g%‘ﬂgﬁ nsu‘ﬁbl PIWQEB‘ |g>rg§ &fscf%g?t‘(i 'ure i ncl udes
forning porti ofismidg silieidé (92tfrommcheseannshdastoemaletial (32) el fr&ﬁ'tl@é/\gét@BSR

mesa_ i sol ation structure

surface of .the sem.co t i nsul at or

et hod of "BPEITHDE BICHRASE) Fomghafaicemicipaeteriab | Yoend hoaueonrramcl udes
oxi di Zi ngtHeRBMRYOEHARSdRAcel (1 IllﬂSt and second sidewal s bel ow the top surface
of the sem conductor-on-insulator structure. 14. The method of claim 11,
wherein the formng the silicide fromthe gate includes formng nickel

silicide. ;5. e nethod of c¢laim1ll, wherein formng the sem conductor

mat eri al })zrk poﬁ}? 161%51098? c%ﬁgﬁtlo H]?i?tq%ﬁ%ld&?g e gerpisendyctastoncingHater masa ur e
i ncl udes iselatibmgrgctie @ﬁ&@dés‘f@mﬁﬁ% E)Ed’tﬁ)lns oPHRFirbtiad 98dcnd ReleRhfls IoorEem ng the
sem conductor material. 16. A ne for straining a sem conductor device

(10), conplowithryiop spriessi ofithgsemisenductomeueinaratoutssa ialeti¢rl Bucaepr i sing a
first layer of sem conductor material (22) disposed over a |ayer of
dielectric material (24), the sem conductor substrate (12) having a top

surface (B0) afiet mehad iof oladh i1 0/whérdRVlthihg thelSatd Bikelectric material includes

oxidizing the portions of first and second sidewalls below the top surface of the

semiconductor-on-insulator structure.

14, The method of claim 11, wherein the forming the silicide from the gate includes

forming nickel silicide.

15. The method of claim 11, wherein forming the semiconductor material on portions
of the top surface of the mesa isolation structure includes forming a protective material

over the gate before forming the semiconductor material.

16. A method for straining a semiconductor device (10), comprising:

providing a semiconductor substrate (12) comprising a first layer of
semiconductor material (22) disposed over a layer of dielectric material (24), the
semiconductor substrate (12) having a top surface (20) and mesa isolation sidewalls
(16,18);

under etching a portion of the semiconductor material (22) wherein sidewalls
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under etching a portion of the sem conductor material (22) wherein
sidewalls 10 (16,18) extend under the top surface (20); formng a gate
structure (42) on the sem conductor substrate (12), the gate structure
(42) having a gate surface (44), first (46) and second (47) opposing gate
sidewal s, and first 8 and second (49) opposing gate sides, wherein

f or m ng th]é]ggéteétenéﬂlﬂ top(pface @Oudes: forning a second | ayer of

di el ectri c. it ol { gﬁeg%cta@ PG 0 RLn S L HSNRL L) (40ud) | and

formng a secon senic ortion of the

second | aytaxcnﬁ'é (@B)&iaeﬁigra gatératrﬂce@M)( f8t 8) and/\éb%bﬂd ?179 gpssagonde | ayer of
dielectric rial g and the second | ayer of sem conductor materi al

(34) wr apSlé%@Hﬁda%ErS 648()§pd serond 449 @e@%ﬂ@gqm@}ie@mm@r@m@@@a@s and

formng s omthe gate surface (44) and the second |ayer of
sem condu%:t%dc??drggde?%él}l% wherein the silicide (92) strains the sem conductor

material of  t feemdegna ssvodd tdyer ofdibletiriatneatérial (28,30). onlhgortivh bblle efdewhidd m 16,
further i n%ﬁgl ng, form ng the second | ayer of sem conductor nateri al
(28, 30) ofl tions of the first |ayer of sem conductor material (22)

adj acent the ferﬁﬁn% 2?1 %co@tzgg%ﬂ*} &ﬁn&ﬂ‘x%hctﬁpﬂﬁﬁeirigggﬁ%%rsiﬂb on Gifle P Ot €Cting

the gate structure ornmn e second fayer ‘of seni conduct or
material $c@did laydBof d‘l‘blecttﬁetrﬂmbehaif(Z&;B@a)g whés@in the s¢doad layrecbﬂdielegtrlcf ormng a

third | ayer, of teri on the ons of t first

| ayer of y%ﬁ@b@g‘?@g SS?‘? 35(522? %Fé]cﬁé‘@’r?fort%e‘pﬁt(g "(’r&B)amé‘ﬁge%"econd
(49) oppogfsn@g)gﬁageoghg %ggélﬁgggtggld@plahg | ayer of sem conductor materi al
(58); formng Silicid ?@2 fromthe third | ayer of sem conductor

mat erial (58); foaming &ph@de(:%)rfg)mﬂ‘@ gaid sucﬁad@(%BZmBﬂa)e st@mddayek obm t he third

the gate SOMFRBCRE er™ e ant RitioBPHokn? BE Ghicesfudty whlsh® d1c i ng

i ncr easi nghetsbrBicohd@GSr substdat€ ) mg_nel region by annealing the silicide (92)
at a tenperature of at |east 360 C. 20. The nethod of claim 11 or 16,

further including maintaining a channel regi on 11 under tensile stress by

TRNUT act Uf§.NG. 4L A8 dr AR, Authef ol lng (55Sink RLSABRE RYLAG! € Y 250 nm

semiconductor material (28,30) on the portions of the first layer of semiconductor
material (22) adjacent the first (48) and second (49) opposing gate sides, and protecting

the gate structure (42) before forming the second layer of semiconductor material (34).

18.  The method of claim 16, further including:

forming a third layer of semiconductor material (58) on the portions of the first
layer of semiconductor material (22) adjacent the first (48) and second (49) opposing
gate sides; .

doping the third layer of semiconductor material (58);

forming silicide (82,84) from the third layer of semiconductor material (58); and

protecting the silicide (82,84) formed from the third layer of semiconductor

material (58) before forming the silicide (92) from the gate surface (44).

19.  The method of claim 11 or 16, further including increasing the stress in a channel

region by annealing the silicide (92) at a temperature of at least 360 °C.

20.  The method of claim 11 or 16, further including maintaining a channel region

11




21. A strained sem conductor device (10) suitable for use in an integrated
circuit, conprising: a sem conductor-on-insulator substrate (12) in a nesa
i solation configuration; a gate structure (42) disposed on the

sem conduct or-on-insul ator substrate (12), the gate structure (42) having
a gate surface (44), first (46) and second (47) opposing sidewalls, and

first (48)unsetitensibotingsy Unanpfaosiving tisd @86 to Kavk twilidr lgggqhﬁeaﬁgggdn(la@gl)y doped
regions a S%Crﬁxgt the first (48) and second (49) opposing sides,
respectively, of the gate structure (42), wherein the gate structure (42)
conprises: a second |ayer of dielectric material (32) disposed on a portion
of the isolation sidewalls; a second | ayer of sem conductor material (34)

di sposed Qler A perinedsenutonduetor slecion dl 0) auidblOfor SsClealii %,.aﬁgath,rchﬁl (32),
wherein th:gn@?igﬁnd | ayer of dielectric material (32) angt e second | ayer
of sem condu St eri al (34) wap around the first and second opposing

gate sides; finsemiddaiuabd L {5k de_reqgi o on the first (72)
and second (74)a dltl)lped e ?gﬁ@w%éﬁé%ﬁ% 112§;1n%m§s lsgﬁflaﬂg?qf{]geraa@nx 92) on

the gate structuRE mgture (9 disposddum thatemibhduetdton(Rla®h Sibishse ( %jge
rai ned_sem conduct or device (10) of

seni condugjo ' hiavied s ohE S
clai m 21, m%a}ég?etﬁic %%éth@"g’gra&f’ttm ace i), shid6) srbsagond (45) opiosinget 1 ¢
meterial  §@@alli, apdhiad (48) adsesmadas 'Nd terial (28) and a
semi conduct or naterj al ?34) di spoge%)| c?gﬁ%h%'sl Fgrzgt dielectric material (30),
é 'hel f .t rst die 1&%{?%)@11%9%@(174)(@@')34 begior a_%ljdcémﬂ% ﬂ'{s}t] (48)@nd Eé%@g@@??”d
ielectrig r . Jei silicon oxide and the seniconductor
raterial (%‘gﬂr%eéii%’ I% ytslivg?’c% _he gafe structure (22), wherein the gate structure (42)
comprises:
a second layer of dielectric material (32) disposed on a portion of the isolation
sidewalls;
a second layer of semiconductor material (34) disposed over a portion of the
second layer of dielectric material (32), wherein the second layer of dielectric material
(32) and the second layer of semiconductor material (34) wrap around the first and
second opposing gate sides;

first (82) and second (84) silicide regions on the first (72) and second (74) doped
regions, respectively; and

a gate silicide (92) on the gate structure (42), wherein the gate silicide (92) strains
the semiconductor device (10).

22.  The strained semiconductor device (10) of claim 21, wherein the gate structure
(42) comprises a first dielectric material (30) disposed on a second dielectric material
(28) and a semiconductor material (34) disposed on the first dielectric material (30), the
first dielectric material (3 0) being silicon nitride, the second dielectric material (28)

being silicon oxide, and the semiconductor material (34) being polysilicon.
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