STRESSED SO! FET HAVING TENSILE AND COMPRESSIVE DEVICE

REGIONS BACKGROUND OF THE INVENTION [1] The present

invention relates to semiconductor devices and their fabrication. More
V@@%&ﬁ Ilaﬁf}%lthe invention relates to preparation of a silicon-on-insulator

( é;"su sStrate in which at least a portion of the SOL substiatd fg!!8/053152
stressed. [2] Various methods exist for fabricating SOT substrates.In one
partiEGfariexah PIETdd Aortitey KB MYeL IO NAHCTNYERRESS IH - 183V ]@h BEXIONS
substrate 10 is fabricated to contain a region of strained silicon 12 having
tensile stress in which a transistor, for example, an n-type field effect

%ﬁ%&%ﬁj@ﬁ@@ﬁmﬁ BEEPMEANThe tensile stressed silicon region 12

overlies a region 14 containing silicon germanium (SiGe) having relaxed

S , and the SiGe region, in turn, overlies a bulk silicon region 18, as
L Ry B G By ReEA i Forcaton
brepivosphiodifictite iglassidt "o {8pinfabricateihepharadtisoy ("SOI™M
suhaliale, 10, asiprtne SOk sybsaIe s RIRYded hich ipcludes a
compressive top SiGe layer which overlies the bu silicon layer 18,
separated therefrom by a BOX layer including BPSG. Thereafter, a layer

Of(ﬁjﬂ?qn‘ﬂe@i&gr}%\éﬁﬂo%ﬁi@&.@"‘foﬁmﬁbm@t%g fagg of the-RiGe lﬁyecfnéb‘f}g%&icular
patterning the silicon layer 12 and SiGe layer 14, e.g., by etchin '

in
BEEBPYAPEE BT 2 phoMBIRRBgABHEAIR defifdd rnsklaydrimet shaunricated
thedemperatyieaffthe: QM Bithstiatadsistervated taaprintiatwhichiheor, for
BPSG BOX layer omes flowahle. This then causes the BOX lgyer
L S o R PRt e b ML s o sressed
selaxegcaind ih’comsdgnencegianeisileshiessdaliclopgdmthewsii¢SiGaydaving
2. 200veche:RIGR 8R! Lion[4h QRS 0fdhe drayhasks 9&&%? RIS At pidhied
substrate 10 is that after the active silicon region 12 is 3ef|n 3 the Si
dirededr IRyet PaesharisestBURde iRy thd e dirs haeyiorsnmsitigmscalass
thepsansistor is to be formed. This fact hinders some of the flexibility of the
design of the transistor to be formed thereon, as the underlying SiGe layer
14 can contribute to junction capacitance, reducing the performance
bEWsfit td'bébamediframidcherSTT sthsotusel Inaatdifigns Giespenmenieprovided

Qfﬁé?%u%feghaec%}%%c@%%r 1.:!}% SiGe layer which overlies the bulk silicon layer 18,
separated therefrom by a BOX layer including BPSG. Thereafter, a layer of silicon 12 is
grown epitaxially from the surface of the SiGe layer. After patterning the silicon layer
12 and SiGe layer 14, e.g., by etching in accordance with a photolithographically defined
mask layer (not shown), the temperature of the SOI substrate is elevated to a point at
which the BPSG BOX layer 16 becomes flowable. This then causes the BOX layer 16 to
soften and "flow". As a result, the stress in the SiGe layer 14 relaxes, and in

consequence, a tensile stress develops in the silicon layer 12 above the SiGe layer 14.

{004] One of the drawbacks of the prior art SOI substrate 10 is that after the active
silicon region 12 is defined, the SiGe siressor layer 14 continues to underlic the active
silicon region 12 in which the transistor is to be formed. This fact hinders some of the
flexibility of the design of the transistor o be formed thereon, as the underlying SiGe
layer 14 can contribute to junction capacitance, reducing the performance benefit to be
gamed from the SOI structure. In addition, the permanent presence of the SiGe layer 14
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can lead to undesirable diffusion of germanium and arsenic into portions

of the transistor to be formed in the active silicon region 12. Another
drawbhack is thatdueading defefts:cambecundviriehicamoleadi tassttaftsiahsistor
thecggtefdlgle%clt{ Iﬁlesaytg\\/flc!:vls 1F§Yn (I%Elg)q_l FZ ano ‘NG;J-CQI IJ'Q S]S'Aif:(fto ‘£r1%:1I Icngm H]L?ccts
first aspect of the mventlon theretis provided a method 0 fab‘rlcatln a
fielcheffestrtrdndistor (CRE} Y iravindgha ghanissdoegion in a
semiconductoron-insulator ("501") substrate including (i) an SOI layer of
monggrysialline silicon separated from (i) a bulk semiconductor layer by

(i) a buried oxide dielectric layer including a flowable dielectric material,

the method comprising: a) forming a sacrificial stressed layer overlying a

first P¥0ron o8t Hetive Re M Gtk o iébegﬁ%w%)é%sfé?@gs‘éﬂavé%atmefmd of
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defieringtpé e (&l edgdls ﬁfimh@lm deviidonductobyeeion:idy Hedange layer

the RQL substiaiastindhe stressed layeriheman spigiently do.caUse B icial
stressed Iayer to relax, thereby causing the stressed layer to apply a first

StrEEeTE0HE Fir St OIS i Py A et DHA SHFUEL'HHS Seigghghe stressed
portian, the fivstigiiess being gnetohtensile accampressivecthe sgeondaving a
Stress peing or §°f tensileon ¢ {’ess' oﬁﬂﬁﬁcﬁ'}?‘eﬁ‘lé & f'er%%%éﬂﬁs%m?uuh the
depdsiting a die Btric materialin the trenches toform isolation re

contaetingahe peeiprerall dedgasthf méfstcr’éésetﬂea@imxedsﬁmgmdmbml Ldées of
regf%naéth\?e@(glrﬂgcgw %l’oﬂ,’% 8?1(1%@0]!@&15@m@gﬁﬁl%%{@%tﬂfmesncssed layer

stressed 501 Iayer towards the BOX layer; e) removing the stressed layer

to é%@ﬁ)‘?}ébsfﬁ@‘ﬁ?gf anfd %Bﬁﬂepﬁ%ﬁ% i ‘El‘léch&"ﬂ@“é Saatsico Aty the stressed

regigps M§E§Qrm gtﬁéc!:&[dt@cﬁﬁﬁlt waﬂﬁﬂﬁwfd(@ﬁm ) EOsd06HA0R € @SAkIEeEond

re iorrtl. in tthe rstt orti ) a dr I ion in the filrst g)rtlgn n%ng (SI

channel’ reéﬁoﬁsln eéssee(]:] portlcefhS BbggTBfg?:so‘rlainget% & 'secon

aspésiefithe toventioivethibee tsapribvided aeethobvffatricaiiies fisldnaterial in

effft iAot b RETS ) DA AITRIRAL AANGCHYB BURCS e il Sstrcsscd

having channel regions disposed in a monocrystalline silicon-on-insulator

("SOTY 1858 iPS OE Wlhtriada e SO PSR tes NERIdiIRRAIT thefse pf the

laygresepareta bomiitiabe ksemicanduciaciayenby i e expose the

d|e ectrlcﬁ}a er includin £owable dlelectrlc aterlaflI the me ‘thd
&G S I AR S AR SradLEg 4y AP olEIRING ™S fifstopBit®A field
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nof overhying & Secand Partion: ot the.Activg:srmispndugien.cegiqn. the

second portion having a common boundary with the first portlon b)

forming trenches extending through the stressed layer into the 501 layer,

the walls of the trenches defining edges of the active semiconductor

region; c) heating the SQL substrate with the stressed layer thereon

sufficiently to cause the stressed layer to relax, thereby causing the

stressed layer to apply a -first one of tensile stress or compressive stress

to the first portion, to apply the first one of tensile stress or compressive

stress to the third portion and to apply a second stress to the second

portion, the second stress being one or tensile or compressive other than

the first stress, d) depositing a dielectric material in the trenches to form

isolation regions contacting the edges of the stressed active

semiconductor region, the isolation regions extending from a major

surface of the stressed SQL layer towards the BOX layer; e) removing the

stressed layer to expose the first, second and third portions of the active

semiconductor region; and f) forming a first .field effect transistor ("FET")

and a second PET, the first VET including (i) a source region disposed in

the first portion, (ii) a drain region disposed in the first portion, and (iii) a

channel region disposed in the second portion, the second FET including

a second source region disposed in theghird portion, a second drain

region disposed in the third portion and a second channel region disposed

in the third portion.
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BRIEF DESCRIPTION OF THE DRAWINGS [6] FIG. | is a sectional view
illustrating a structure and method of fabricating a SOI substrate in
accordance with the prior art. [7] FIG. 2 is a sectional view illustrating a
stressed 501 substrate in accordance with one embodiment of the

'”Ve”él%] /@]:(F B@}g%d%h% §e%8“8g§[}e\01eg¥ # '8%%%(‘&“&'& g%%&@&ﬂ% ReRod of

("FETs") prowded in a stressed 501 su strate in accordance with an
embBEtRHERt 6FthEiRventigasors (“FETS™) having different conductivity types, the

FETs having channel regions disposed in a monocrystalline silicon-on-insulator (“SO1™)
fayer of an SOI substrate, the SOI substrate including (i) the SOI layer separated from
(i1} a bulk semiconductor layer by (it} a buried dielectric layer including a flowabie
dielectric material, the method comprising: a} forming a sacrificial stressed layer
overlying a first portion and a third portion of an active semiconductor region, the
stressed layer not overlying a second portion of the active semiconductor region, the
second portion having a common boundary with the first portion; b) forming trenches
extending through the stressed layer into the SOI layer, the walls of the trenches
defining edges of the active semiconductor region; ¢} heating the SO substrate with the
stressed layer thereon sufficiently to cause the stressed layer to relax, thereby causing
the stressed layer to apply a first one of tensile stress or compressive stress to the first
portion, o apply the first one of tensile stress or compressive stress to the third portion
and to apply a second stress to the second portion, the second stress being one or tensile
or compressive other than the first stress, d) depositing a dielectric material in the
trenches to form isolation regions contacting the edges of the stressed active
semiconductor region, the isolation regions extending from a major surface of the
stressed SOI layer towards the BOX layer; e) removing the stressed layer to expose the
first, second and third portions of the active semiconductor region; and f) forming a first
field effect transistor (“FET”) and a second FET, the first FET including (i) a source
region disposed in the first portion, (ii) a drain region disposed in the first portion, and
(111} a channel region dispesed in the second portion, the second FET including a second
source region disposed in the third portion, a second drain region disposed in the third

portion and a second channel region disposed in the third portion,

BRIEF DESCRIPTION OF THE DRAWINGS

[006] FIG. | is a sectional view iHustrating a structure and method of fabricating a

SOI substrate in accordance with the prior art.

[607]  FIG. 2 is a sectional view illustrating a stressed SOI substrate in accordance

with one embodiment of the invention.
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[9] FIG. 4 is a sectional view illustrating a variation of the embodiment

illustrated in FIG. 3 in which stressed dielectric liners overlie the FETSs.

[10] FIGS. 5-10 are sectional views illustrating stages in a process of

abrlcatln(g a stressed SOI substratc in accordance with one embodiment
Yor e nVERtion. [OH] FIG. Il is a sectional view illustrating & STAGR 8453152

process of fabricating a stressed SOT substrate in accordance with a

vafigttion Idihé iembodimnehtisholmsirnEIG B¢ 18-alcct [t 2] siGrs IFBTR") provided

sectianalvigwilystiating asiressed SR T éuﬂ%%aﬁ%éﬂt%??ﬁé %%othh

one embodiment of the invention. [13] FIG. 13 is a sectional v

iNRPANG RETS privbenth s s tbsdedsol wisseate |Wfa@@@miaﬁ@@tw thitrated

anrembomimeRhofheinvention 1iEbAl TGS (d-irare sectional views
illustrating stages in a process of fabricating a stressed 501 substrate in

accordance with one embodiment of the invention. DETAILED
DESQRIPTION-10 are sectional views illustrating stages in a process of fabricating a

stressed SO substrate in accordance with one embodiment of the invention.

[011] FIG. 11 is a sectional view illustrating a stage in a process of fabricating a
stressed SO substrate in accordance with a variation of the embodiment shown in FIGS.

5-10.

[012] FIG. 12 is a sectional view illustrating a stressed SOI substrate in accordance

with one embodiment of the invention.

[013] FIG. 13 is a sectiopal view illustrating FETs provided in a stressed SOI

substrate in accordance with an embodiment of the invention.

[014] FIGS. 14-17 are sectional views illustrating stages in a process of fabricating a

stressed SO substrate 1n accordance with one embodiment of the invention.
DETAILED DESCRIPTION

f015] An SOI substrate 100 according to a first embodiment of the invention is
illustrated in FIG. 2. As illustrated therein, the SOT substrate includes a bulk
semiconductor region 102, over which a buried oxide ("BOX") layer 104 is provided
which includes a flowable dielectric material, for example, a doped silicate glass or other
flowable diclectric material. Doped silicate glasses typically are doped with one or both
of boron or phosphorous. Borosilicate glass ("BSG") refers to such glass doped with
boron, phosphosilicate glass ("PSG") refers to such glass doped with phosphorus and
borophosphosilicate glass ("BPSG™) refers to such glass doped with both boron and

phosphorus. The bulk semiconductor region 102 consists essentially of monocrystalline



[15] An SOT substrate 100 according to a first embodiment of the
invention is illustrated in FIG. 2. As illustrated therein, the SOT substrate
includes a bulk semiconductor region 102, over which a buried oxide
W(Q',_')BZS)(?é;;)ﬂ}’a}yFr 104 is provided which includes a flowable dielecTt‘ri%:wrQate_r;iaL,
for example, a doped silicate glass or other flowable dielecthit WEEHEP 152
Doped silicate glasses typically are doped with one or both of boron or
pHeephBrogsaBYIfosillBate RiFSY B TOtaters thsUrBlyaysdopbalosith layer
haraniphasphegilicate alpssikARGab relps taisush glass doped with
phosphorus and borophosphosilicate glass ("BPSG") refers to such glass
doped with both boron and phosphorus. The bulk semiconductor region
1024jonsigisteasentiallynof inopoatystdlliner sificensfosexamplgidacegion 106

rticular embodiment, the BOX layer includes g layer consisti
D St S IRE OGO el hateoth "R dtod. The
gh@WﬁSMVFI@E@B@@nT&@MaV& ofthdsubdiraternicludesiamelionr10§iofi of the
SamRResTHesbiaasacpanPRYSIAN e BlEon OUPINOR R BOPHBN yatiine

104. The compressive stressed region 106 provides a first active
HHMRONEIBE rélsioR OF ey Ut ate TR dOage reaitner ifauaed 4090 of
(66iRRAA8 of-teasile\shiassadimenocsystadinm SIHCORQUETYINGthe BO % ressed
ﬁyer 104. TVYQ a%ditionﬂtlﬁrgg_ions 109a and 109b of compressive stressed,
HERBery SElE SifclA Aol regioh 16O isierdtresiea difesa, reeions
Tgetlish, inentensiterstresset:nagiarL88 antbthel cempressive:siressed
regions 109a, 109b form a second active semiconductor region 111 of the
substrate. [17] The BOX layer 104 separates the stressed silicon regions
1098 71 08! 'e08 8 By 0 b rsimitkies Shikssemidoriicwtor gagion 060208 10%a and

tiemchdsolation froiomLahisdisresed Retweena firstpariptieral.edoe 1 gp i
112 of active semiconductor region 106 and a first peripheral edge 114 of

LERRRS SRR St ReGRIIFTREh Td8nbt 2SO RUFPRAYFSP 1aipn 106 and a
flecicaliyidotaies the active semianndueion raghRns 1106, ithfromacRkolation

other. ther trench isglation region 110a is disposed adjacent t ,
B S D e S eear Togion A0 ot
dlge 126dkingroppositetihe fiwoperlfhesalispgedldiacdnothenttbacheripheral

éaf@éafimﬁam@gc&}é)gcﬁﬁm%q ﬁe%ieﬁ%k,t%@ﬂoetﬁgé Pﬁé@é}s@ %%9@ I8 st
of the active semiconductor region 1ll, such edge being oppo |tgt e ?II’St
RsétBRElaf &gd P14 SPfbEabEleh Bt ERdIRER rddfsnie Fispprrdnadiacent to
drench iselphianlregiens 4 and Lohdispased datesallyadiacentd@ ihgige being
gom re%sivfe stress dra}rctive ﬁmiﬁggrdtuctor region 106 serve to hinder the
PO el B A 1S e hCAAY CEHAPR SN SIHE R Feilghd - The wo
tp?mfb ra‘iolly!tidg'hi‘t.ng'a:gm ithdenis ]ﬁ\@jntﬁipeﬂ:dn Iﬂﬁﬁ‘z&k;ti\é&ljsemicaﬂdhmtommpressive
seaion JaRSIRate W HENG (N IEF A ALh A 0 ine thorein,

disposed laterally adjacent t6 the active semiconductor region
terhitgercterstreas opsrrdagriniarsitedvel sieoitudsyiomaidaizedhn the
dhatdensilesthass:-haying mpreferably highmagnilydgJsmaintanedinihe 1o

tensile stressed region 108 of the active semiconductor reﬁlon 111.[18] A

S AT gL B O R Lot R SSHA G YR B S0 kbt fgHfSefo hinder the
stabdatian Steps drethe siosmaat it detmeadiFE T, ldebhéuingndithaiehaving a

prl%gel(r)a%l]yzhzigﬁ‘ magnitude is maintained in the tensile stressed region 108 of the active

semiconductor region 111,

[0I8] A subsequent stage of fabrication is illustrated in FIG. 3, after further
fabrication steps are performed to form a PFET 120 having a channel region 122, a
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4 source region 123 and a drain region 125 disposed within the
compressive stressed active semiconductor region 106. A gate conductor
stack of the PFET includes a gate 124 including semiconductive and/or

lye material, which is separated from the channel region 122 by a
“é(g g %%%%t{r?c 126. A low-resistance layer 129 including a ng{IUScf%gé@/ 152
compound or both, such as a conductive silicide contacts the source and
giraiee reglons Amdpdrisy saivantdlsonsistrivityn Dieleotriocspacerssi@Bactive
wﬁ@%m&@r%g%f&e%%n sidewalls ofhs-aaieil o yRasistharlwhen,hig. 124

Low-resistance layer 129 is provided. = [19] FIG. 3 further illustrates an

NP B E36HUARG 4 B ta ARG Fe SRIT LAY it withirh the tepriésd from the
siressedegiligorzregjon 1408. dhechcEThas.aisaLge regionld3ianda uding a
drain region, 135 disposed within the two compressive. stressed silicon

SRS R e S
d.l@'g_armb having edyesii86:dd comimaniwithithictensiiestressed silicaily are
sRAIRRA0R TReNF R 30pls0 Fas, A aale sonyaier stackddd, el o i

as a low-resistance layer 131 and dielectric’spacers 138 contacting €dges
Ar39id¢¢he gate conductor stack 134. The gate conductor stack 134 of the
NFET 130 is registered with the tensile stressed region 108 in the active

semiconductor region, However, the edges 134 of the gate conductor |
s@& 13&1%1503/% e it \Rr'i’tmrre%sé)egaﬁ@ S tHePBeipHEEshig disposcd
siressid regidnsird@0} Inlvastgiinonosn-irsulatorrand bubasiicepion 133 and a
strates, irection of current flow in the channel of an.FET transistqr,
S R B B U R e Baniamenof o0
Hfle (ﬁeémﬂian‘éismpﬁﬂsﬁ\’)? E?ﬂ@ﬁtbSWh@m _ragbmsemﬂal Eﬁ%sis_elisi@mﬂged 136
10 dheahannel regionof t@"l‘l%ﬁ&iﬂlﬂ%]@t@%@ﬁt'm OFGHrEeRE AW 8 45 4 gate
channel between the source and drain. The ?erformance of a p-type FET
Brdspipratieln bits #heilbat wHeN ciprsssluecstddsenrd fiplrstitostieers 138
ehaumiabregion irthe Wireatioralltbe cuwent flowihetweesdna seLeR RN of
rain. The performance of an n-type FET or "NFET" benefits the most .
t\gv%e&ﬁéisipﬁtﬁésgc S Eed 18 th S it R iﬁ‘iﬁ@rbinjé%tidﬁ Shinactive
E@mMﬂQWrbaWBe rHﬂ_rmesau Ifi?e atwdadrdinot Ma_@vmgitmtﬂ’te@m{ﬂtyﬂm may not
BDigth NG, SHHaRSEE.ACYE SPIGANANCIQLIGAIONS . e, SOT substrate are

fabricated, the channel region of each FET preferably has a large stress
near an exposed major surface (typically a top surface) of the SOT layer,

I[@20he sURAeEsiticon-on-insulator and bulk silicon substrates, the direction of current
flow in the channel of an FET transistor is in the <110> crystal oricntation. In such
substrates, the performance of a field effect transistor ("FET") benefits when a beneficial
stress 1s applied to the channe! region of the FET in the direction of current flow in the
channel between the source and drain. The performance of a p-type FET or "PFET"
benefits the most when compressive stress is applied to the channel region in the
direction of the current flow between the source and drain. The performance of an n-type
FET or "NFET" benefits the most when tensile stress is applied to the channel region in

the direction of the current flow between the source and drain.

[021] Owing to the way in which the stressed active semiconductor regions in the
SOI1 substrate are fabricated, the channel region of each FET preferably has a large stress
near an exposed major surface (typically a top surface) of the SOI layer, i.e., the surface
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of the SOI layer which is contacted by the gate dielectric 126. The
magnitude of the stress preferably peaks near that exposed major surface
of the 501 layer. Moreover, the magnitude of the stress typically falls
ithi channel region in a direction (typically downwardly direction
%@rﬂ%@%’a}jor surface of the SOI layer towards a bottom s TEACETBHY
SOl layer adjacent to the BOX layer. The stress magnitude may be much
Vi, OV dscrn pleicthie 6o 300! thydseogamatislcowierld6 thd sottemmitude of the

suctacealihe, Sllayer thanahhieimairk sHHace,The sHessat tlﬂ?oreover, the

bottom surface may even be of the pEposite polarity than the stress at the

EREBURleRGBF SirfaderEyPelalinpih:

%53152

ihEe BN AT db i PresER (Rearally
thevexpaiedinajon suHace andjtensie aeadrthes DotoR: sskfaee aothen surface

Stress be tepsile near t osed major surface and compressiv

Bk Liraes AT O She PHaG e B S e e
&T@n@pﬂgmmwﬁh@mbsou mifomioinca dotigitudionl difection b $1eI RET; than
KA resHan ol ayreplow REINGER Ie,SAICE [eAlo0. A0 Joedrain, .

regqn across the channel region of the FET. Preferably, the magnitude
& dtredeisthtst ato SfyhGniraionch mecr andoersddirestion (difectisasoimay be

thenwidthvefihe shanpslsesions thersttess magnitude wpicalyfallirg@t or the

QE(gqsite téansve.rse edgFes of the channel region. [22] In the foregoing
ERAMPIE, BRSO SISt TR L BBt Ut RS RAESHRsEREdIgHfhe bottom
terisile streskidhacthensemicdnducter segionsthPHET sharereyidadwhiehly is

ions disposed in th mpressive stressed regions. _
B R e S B
dgeeser regionsndHbwever rigian attemativelemisbdigient ot NFETs ferably,
andRERLaNgesknathe pigsent on NeiSAMG a&bﬂﬁa%-s%%a&%ﬁaig&mn of

integrated circuits utilize NFETs or PFETs exclusively. For example,
Gonaiflie i denfhressd sretori e DrEMVmRERN et tifhs RiTgsat opposite
exolusivelyas array dhansistepsen. [23] In addition, both types of transistors
need not be provided in stressed semiconductor regions having the
corresponding most beneficial type of stress. Thus, a substrate can be
fabtidatdd thecontammgctwersemicditiuntostregimebidiibhthaverpressive stressed
SRMPREHSVE SULSTRYE WO AGING $6 ﬁgn%ﬁﬂsf%%%%%é%& AR have

h
tensile stress. In such case, PFETs can be provided which have channel
FraliBrs BRps AR 8ot susRTesstYe SbeesFEgTsre S ome NIFETS imayided
wischbespearigedWhishihans,ehannelie iarRs:iRiBe LPRPISSSIVASIESSeH an
regions of the substrate. However, it is recognized that NFETs fabricated
R R R o g P ST SO le b BieHiatd ity e
salstrine|uferactivie semicegducioriregisnsilivei i idveonUtralsstresisinly. For
aEhcagealEmS M e MO SRAe ipkalGes ISHISIR R nror,
in%t%r(i% pe fo?mignce degra&gtlon toe J(t%)eysaime denget.y ’gt%ﬂy L} 1zes NFETs
Eibrigtivalyaasipdatersan be fabricated to contain active
semiconductor regions which have tensile stress but without active
semiconductor regions that have compressive stress. In such case,
preteranty REETS A RO BoViersd HhicH NAYS charhdlYediprndided téhgifesssed
sstressiiagions:gNeutialisiress cogiopsniay bepravidedalsednsyes. Thus, a
Substrate, ang PEE TS be provided therein. Alternatively, only tensile, .
bggrsétgdstgdc?engigﬁs%%ﬁcﬁ%%pr%)via(ér&? and %S’Fh RFETS aun%% I’—réluént?arvlV %%h have
qoropidisel whiichsHavevthanneltregionscdishosed dpithe tendite strasdedtress. In
ARYONRe, PFETs can be provided which have channel regions disposed in the
compressive stressed regions. Some NFETs may also be provided which have channel
regions in the compressive stressed regions of the substrate. However, it is recognized
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[25] There are many ways to impart additional stress to the channel region
of the FET. Among these ways are embedding a semiconductor alloy in
regions of the transistor adjacent to the channel region. For example,
d%zq%%g regions of silicon germanium can be provided in_the source
drain re regions adjacent to the channel region to apply c&’r%&lé%g@éﬂmsz
stress to the channel region. Alternatively, embedded regions of silicon

@afbd R iEhn Berprswded thishesonree i drailsaagivins adjassiorothe  Such
ahanael regionstoapph: tensile stgssiRdhe ?WWI@%OH&VC[%Q;F Mssté'css in

illustrates another way in which additional stress can be imparted to the
Bhifin&FTegioht bt BtYs S pueNidafly sl iipate S BRRANGiP Y theuring
pinbadimentgestribedoabovewitizgaference to FIG. 3, wherein stressed
dielectric liners 140 and 142 are provided overlying the source and drain
regions of the PFET 120 and the NFET 130, Preferably, a compressive
siféd$ed/dietedtrielliner sitOratedissitth dapieated 20, asmcﬁriiraeni\semg:mwctor
cahance sempiessive itesn Arplisd 9 die.chanoeldegin 1%§n8f 0 have
ET. Similarly, a tensile stressed dielectric liner 142 pre erab over les
TRBINEETTeLS0558ucH HHEk Sevimictorebiianct therensiiddsitesbielpplisel thannel
thasRanmel region 432 ofthe Nkl Generalysas:lustatedn f£lGud heuch

essed di Iectrlc liners 140, 142 are provided such that one stressed

T St 40 BWerbhs 1 BIREHETSASsH indf TR S the i Strbssesy regions

<tmet$ qammecmemcemokhlmmmgmm%mmum Wheedges Qhannct

§tr§§sed lel%ct{ c Ilperts 140, 142 can be spaced apart such that
eb:r one of the stressed é?é?“‘ét‘n@ fihérs overlaps the other. [27]

Referrlng to FIG 5, a method will now be described for fabricating the SOI
stipstrate ilustated i Bl 20 fiiGaR ﬂ%&@ﬁ&&&%b“%ﬂ@éﬁaﬁﬁ@‘%@iom of the

fabrication in which an 501 substrate 200 is provided which has a buried
Fdiecti@piifelts6a WhtEhAtcRIBREdMS HatiB rIdesHE 1a)ey Joaesiaen of the

tcheleaticatiyemmay monsistessepiially pbdepeshsilicatealass flons of silicon

exam le. lllustratively, layer 206 is doped with.boron and phosphorus,
e D L B T D S R T P P i) chane

Referencep yeteinpagidiin tsh@sisrawmgsct@rma RE&Golayersdtepnoxitle kabdedded
dlbistatlyeiRXAMRISS, %én%'éiﬁéﬂﬁé‘@ % tl%wsm&ddgéef%{% %tﬂiﬂg%!éjgcaem% the

used for this purpose. OX layer 204 overlies a
depigbraisetét ?@Eﬂib??%lﬁ ﬁff‘ih‘e@ﬁtﬁ—‘s@h&f@chm@f*slhcon -on-insulator
("SOI") layer of monocrystalline silicon 210 overlies the BOX layer 204.

P rahl ?I ant con entrations % ron and phosphorus are

s@r@en )(F’hqghlta {7 tetkse &6 4 aPihaddiaRrl o Rgnge mparted to the
diempe refyire s HOWEVer, Shecdopint Eohceritigtians arengisodiigh thabdhenent
BR Rl g Lo RS e R ALY By 42
at which a silicon nltrl fim 2 IG Be) is'sub sequen deposrfed 3]
s hRistededsime s Wﬁ@r@kﬁ)ﬂfalmwm@ﬁjﬁgﬁ@@ﬁebﬁﬁlhcémh@;)m@?’s130
reisersed bebveeadne BRIGIaxer 206 and 1he SQhayel PHESH Lﬁmnm

208 acts to diminish the concentrations of boron and phosp orus in the

SHESHECR BTANTITS SOIIRPLFLIE tist righere s Brk Rt dRidghe PFET.
Sopariis ﬁrmmmeﬁ&&@ inylett206iiio1HepRanesKy staling silcaniayeto, such

210 dUI’II‘I Iate sta ffa rication, r fter, refe enc;es
15’54 sch i%%e un?:leerS asC rsé &trin l_l Kgoq lf’l?@f’ay%%"i%é%f %@é%h
(opror it Lavddpedioxide Hﬁerﬂa@&ewhemm ohddiadhin thersuBstrate. are provided

such that one stressed liner 140 overlaps the other stressed liner 142 where the two

stressed liners overlie the trench isolation region 110b. Alternatively, the edges of the



[30] Typically, the SOI substrate 200 is provided by depositing a layer of

BPSG to overlie a bulk silicon region of a first wafer, usually referred to as

a "handle wafer", and thereafter depositing the optional undoped oxide

layer to oyerlie the BPSG layer. The handle wafer is then bonded with the
%??ﬁyz gééﬁ\é:)’(‘irde layer facing a monocrystalline semiconductdr r&giot 6’53152

second wafer which is referred to as a "bond wafer." After bonding, a

PERBOR Y iRstTE. dingD A td FOGambenickyedonmerystellita Sl tayerrsf of the

thebandiwalerisrepalatedsfemthe rest of the bond wafer in a process

which can include one or more known technigues such as the known

"smart cut” technique, resulting in the wafer structure as shown in FIG. 5.

Altermativelyrihe hordovafer eambe grount.and pelisheddromthe.backne so1

side such that only the thin SQl.layer remains. [31] Thereafter, inthe =~
S R il e S 0 Tt rreeaign
_wdn'eﬁsetd &ﬁéteuiaitﬁstdéﬁaék@dommm}é@hﬁ@Ib!aryaf aﬁzﬂzc]'rhel&wemoanvh_ich
Incksle. for- @xBRle: &2V e, of sticon.aia. whidh when depasiied ude, o
appropriate conditions, retains an internal stress a &r d%lp}ésmon. n the
Rath pid GRiss ks 1oy romele |depta iy dF tdasiie Hreisddrsificoibnitide and

imbepmadstoauerinthe &RlilayerRiQ.As %B@&l%%@s;n&iﬁ&%geﬁég@ £BsGm).
%I::fcon nltrlg_e preferably has a stress of about 1. GF}’a or greater. [32]

Eeuitar i Re 8thde BFrdpHEaROHINSTAE Wy RIEerPiRg dagets 2l rtive
tensikenitideis patteindthvelsc diylphatotithagraphically patiermingmarpose.
photo-imageable mask layer such as photoresist and forming openings
214 and 216 in the tensile-stressed layer 212 in accordance with the
pEEinedmaskidyrer Tokopdningdikthertansilecsiresged Atidé layenbstrate,
Sanhey if&mt@gﬁqm%@%ﬂy@ﬁ}qm@faom&f&%&a&nﬁ’éﬂﬁ&s@y;6%%8%%%&99 BOX

216 is made sufficiently wide such that there is a space between eac
e Edg & B0t the p R 2 FBS R IO B pc I IBcatBnIdPtRBOrUS are
adiacenty(nearesiedge BB(FiGer3) efdne subseauentyiarmead.eateiowever,
gonductar 134, Iga%n exremglarg/ eiéml%o%émeﬁt, t%g ggista_nce between each
interal edge BB AR AL SXHERBE LAt SMC o the WAL SUJeHBEPHOw at
trepgatarcondudtont 184 isadaust S:nariochetesdi(ompitindthiglway) At iBIG. 6) is
ﬁ%%fﬁ}elfﬂlg)d%ﬁ@ﬁg& a sufficient process window such that the entire
length of the conduction channel in the finished FET 130 will be within the
compressive stressed region 108, despite misalignment that can occur
duting subseauentOMEHNRCESHIngrabEN 1BePhaoimadeahle mask lavek i
CE removed, leaving thg §tructure as illustrated in FIG. 7. [33] Thereafter,
PHFERREETH FIGEE S phistoragBashs RY&rHEt SHbwiyge laver 208 acts to
phratdlithbg raphicadyipatiel bectoafal phaspiaskslay elid Aeirsepwn) 1aRAIDe layer

ARG ARG BN MG MAR BN RSO RSB RL 20 no he
stresse yer and the
monocrystalline silicon layer 210 during later stages of fabrication. Hereinafter,

references to BOX layer 204 should be understood as referring to both BPSG layer 206

and the optional undoped oxide layer 208 when provided in the substrate.

[030] Typically, the SOI substrate 200 is provided by depositing a layer of BPSG to
overlie a bulk silicon region of a first wafer, usually referred to as a "handle wafer”, and
thereafter depositing the optional undoped oxide layer fo overlie the BPSG layer. The
handle wafer is then bonded with the undoped oxide layer facing a monocrystalline
semiconductor region of a second wafer which is referred to as a "bond wafer." After

8



9 underlying SOI layer to define a first active semiconductor region 106
having peripheral edges 112, 116 and a second active semiconductor
region 111 having peripheral edges 114 and 118, with trenches 220
| Q.the peripheral edges of each active semicondu i s
v%dz%?‘%?e%lr}?i}qg to FIG. 9, thereafter, the substrate including ?ﬁ%&sfﬁ%é)g%o 1%
layer 212 thereon is elevated to a temperature at which the flowable
bparkingie FRatErar Withis the’BOX tay8P soutBiske Avrstionitdmpsfatlgeer of the

ReRdsdRDR belowraitamperate whichiyeulddisestly cadse thedmateriaklude
properties of the stressed layer 212 to change. When the stressed layer

YT B SN OR S Qs e d D n i tHE B RS e Sth T Rg i the
befapstaahoutd O0O-degréss. G witleticausinghtheombterial piopertiesiofi and
the tensile stressed silicon nitride layer tg w n significantly. [35] As the
S L S R S I R s b

The pliability of the material permits the stresses in the overlying stressed

layer212:and e agtive.Semiconduainr Iegions 1084 1t tﬁ@%cead%%{» 212

to equilibrium. As a result, the tensile stress within the tensile stressed

8fEfing 2Rt etk Cdusie Hdsutraemdg astiveicdbsictidigpe 10 The
FEGIoRA OfcIodoeeamepRMPIessivE stiesaed silisonREIOMen [38osited under
Similar.g/,_ first R.o.rtiqns c%]‘ the active se icgrjduggr re%}gn.lll Wh(jCh ﬁirectly I
UGB T VEHERE s tFEEBY T8y B BBRoME Koo SERRYilssed diiicsrample
egionsdl09d@nd 4 08br Bliciveversié diffesentigsultrobtding forardad 08:0fc the

{n petive semiconduictor regian 4l Lwiich dees, not-dir ?E%&Q@%Qg%vh%ﬁs of

tensile stressed layer 212. Here, area 108 t%ecomes tensile stresse

theuBOX(J8yer 20418bftens due to heating the substrate. Area 108

becomes tensile stressed as a result of its relationship and proximity to

the tensile stressed layer 212. It is_not uncommon for a tensile stress of
pstige b

0.8’ Ipa Bl 1S 5t 368 AUHEYEE it & adifes laver 212 of
teasituctiodecchamnelofthe B naatcb tmajapsitficeatdmnghaphebragigable
D L T AT
lrergionk2 1in0zeco1Bb csnd i O aradtfonpdethathubtrativecthectregehrsblationile-
RIS A lopad Ry derasiting A Javes &f OxXidRy Srdk ¥ NINKIERSINY, the
(?plgr?i?;lgalj_() is made sufficiently wide such that there is a space between each internal
edge 226 of the opeming 216 and the expected location of the adjacent (nearest) edge 139
(FIG. 3) of the subsequently formed gate conductor 134, In an cxemplary embodiment,
the distance between cach internal edge 226 and the expected location of the adjacent
edge 139 of the gate conductor 134 is about 50 nanometers (nm). In this way, it is
desirable to achieve a sufficient process window such that the entire length of the
conduction channel in the finished FET 130 will be within the compressive stressed
region 108, despite misalignment that can occur during subsequent gate processing.
Then, the photoimageable mask layer is removed, leaving the structure as illustrated in

FIG. 7.

{033] Thereafter, as illustrated in FIG. 8, a photoimageable fayer (not shown) is
photolithographically patterned to form a mask layer (not shown) and the pattern defined
by the mask layer is transferred to the sacrificial tensile stressed layer 212 and the

9



10 deposition, or from a tetraethylorthosilicate ("TEOS") precursor, silane
(Si4), spin-onglass, or other suitable method, and then removing excess
oxide material which overlies the tensile stressed layer 212, such as by an

QAQ 1c{é_p’r,;ocess or CMP. The trench isolation regions can be described
as "shallow trench isolation" ("STI") regions, such ST1 regi§§§{§§?8%§f9°3}'°2
extending to a depth from the major surface of the SOI layer which is
wbUyRe SAhlavas i Btk edE By SOTikydvabovesie BORXldyencripheral

RuEng the irmation b Hie.a &%ﬁi%ﬁdﬁ@%@%@ﬁ@é‘?mi%%&?lﬁcﬁz‘é’ilfigﬁ&jﬂ% ges

106, Ill continue to remain stressed because the stressed layer ]
retARS iH HakE HVERTIS thétn 88T A uifisePSHBIFIn I9RSS 10, Bitd active
trerichnisalatios:f@gion 1 Mb occupies an opening between an edge 112 of
the compressive stressed active semiconductor region 106 and the

adjacent edge 114 of the compressive stressed active semiconductor

régidh 189&riddinoial tierbbristiatior: redgionsclt0hdiiDtharereispbssdr 212
ﬁle%%lﬂs&%{%ﬂ%%qgﬁ?s&%@r@%‘? \%ﬁt%iﬁpfh@?l&vwﬁéﬁe cﬁ%@(g material within the

semiconductor regions 106, 111, respectively. these trench isolation
Baytolie s airiropieite, MHehdaassusuittiple dehobley acomrestmieordeeopuld
degiansc196 and-Addncugingwitimeaahdndividualregion 408.1098men the
?Ud,lgiﬁb) are_e\ssentially.;}fck@ in": i.e., essentially fixed. The stressed
THyeP2 1 theRne e mboate s m! dvey i Setik dsicafittioie rsgarture can
1%06p 14 bitouwesMinithesubstritelO:skiowmhin FriGri2l Thepstirrssatiayensile
FH2. R0 R [SmaNed, [ examele, by perigrming etching or cleaning
processes or both in a' manner seTe%:tlveTy §'the underlying silicon

material in the stressed semiconductor regions 106, Ill. Preferably, the

remoyal pyagesageducesitne heighiefithe trenchiselation regions 1198 omes

110b, 110c, such that tops of the trench isolation regions are about even
Rifithlexpos eyt thdeschvs aumh iBertigtteT Felip AectobzLtessqadgyer
Reefataily:ancesthe Siduegiangiase foly formedandthe:sisesseshlauer As a
212 is,removed, subseguent processing does not se the stress levels

Bl e S T AT ey, o he
whéariyahbadget efrssbsdeauientqyioteld¥ing bsechto sampletssthe fakricatidiicon
REAchip including FETS, interconnects thereto, etc., is designed, i.e.,
constrained such that the BOX layer does not relax again after the

stressed layer 212 is removed. In cases where the thermal budget of

subsequenlprRcERsINGMa be Mighcanouahite,causs e BAXIaYEEirectly
the STI regions e@ert S abilizin? forces which limjt expansion or

relax, =)
ungctlic & Sﬁ:cgflt[ﬁ té%ﬁ% ZYerRecome Fampressive stressed silicon regions 109a and

109b. However, a different result obtains in area 108 of the active semiconductor region
111 which does not directly underlie the tensile stressed layer 212. Here, area 108
becomes tensile stressed when the BOX layer 204 softens due fo heating the substrate.
Area 108 becomes tensile stressed as a result of its relationship and proximity to the
tensile stressed layer 212, It is not uncommon for a tensile stress of 0.5 GPa to about 1.5
GPa or greater to be achieved in the active conduction channel of the FET near a major

surface of the channel region in contact with a gate dielectric of the FET.

[037] Thereafter, in a subsequent stage of fabrication illustrated in FIG. 10, trench
isolation regions 110a, 110b and 110c¢ are formed. Ilustratively, the trench isolation
regions are formed by depositing a layer of oxide, e.g., by a high density plasma

10



regions 106, 1 Il. In such way, the STI regions help to prevent the stress
levels in the active semiconductor regions from decreasing due to
relaxation during subsequent processing. [40] In one variation of the

W%o N /ﬁmbi)dlment, the_ sacrificial ter_1fslle stressed_ layer 21%9*:1*!!%233 053152
includes a'layer of tensile stressed silicon carbon instead of or in addition
to a layer of silicon nitride. The layer of silicon carbon preferably is grown
eptastiany sofipaincelepesdastiatbafel ehocrystalline SO |4er 2p01-on-
Adayer nslvdinatensilerstressed slican pillids MayRrIdepesiaddach overtics
overlie the layer of silicon carbon. The BOX layer preferably consists
Bty B HHOSPrOstlCatd glads PP MAmEr it PSEMPS Gl hadgneh
higherreflovntempes atirei hedieh ishadésirable ko pemoit thes tayergi silicarh $71
carbon to be grown without causing the, PSG.layer to ref t N
B R L B o e BB RO B gergoticn
wbflowiéd atactempethitiecsuch ds; fol example)arterinpér@iireiyangihging the

Rehwiash abaut §§@ aRchabaut %ng%e%ﬁ%%&uc&%g%ﬁspﬁégw'ﬂf continuc 1o

variation of the above embodiment (FIG. 11), when the tensile stressed
sparFirsE paresdinitican byt poricH bitrE (e ssre e 58 layer
212 which overlies the area 108 is removed prior to the step of etching the
trenches, 22 IG. 8) into the SOT layer, In such way, the process of
TRihg the TAHERSE5 h G- SB TH drB Rt s oF s L copies an
strasse ddayen 202:expadedbhthectrenches withdhe edgescli2oddidtof region
' r hat there is. no misreqistration between the.
B e L 9 SRR on
Kfsstradd 2004 destdingtetivsaesidse MBodinientist divedmskatiothis peripheral
Wgstratedyim AHS- J2nd Rig.gmbadinentptdheinventiopvaries fiamth&ctively.
SOl substrate according to the embodiment of the invention described )
A ERRATRSH SAEII ELPIN Y tRP'SES Sibsiieire 206 IHERIgR S b HFstetive
aetiversemnicapgioator regian 1206 incluinosaragieniofientilaistserse s, 109
m stalline silicon,pverlying the BOX layer 104. The SO1 layer further
T R B e v B 18 SRR R hon
isepmicund ﬁ@!@ﬂ‘@gl@ﬁ A vircodesduvintenitrcolfipréssive smissdti substrate
nenaeiystalingcilicon region, 208 and tensile stressed mongciystaling i, vy

silicon regions_ 209a, 209b. The tensilé stressed silicon regions have

ABBEE6 ST B oS A h & (UK TEFE SYivBOSlrdis@d BESh religi dogio the

lmgéfll@iﬁ@ QK&?}“ p‘rsaigyrmm;aqcim&%éﬂ @B@I%naﬁt%E%ggaﬁscﬂ%,b%é? Preferably,
abricated in the SO! substrate. include a channel region

R CE T Co TGS UL EHEP SR BGEE B nb Do 9. 110c.

senitendpetoithegion R 1blAisowrgeregiontidd8wtthei RkkJogaisdaces of the

&l@g}@g’glgi%&ﬁg%&@&@%t@g&q@i]e stressed regions 209a or 209b of the
active semiconductor region and a drain region 235 can be provided in

one of the tensile stressed regions 209a or 209b other than the first one.

ADNFEP2ARERN &S0 e srovideshwhichNasamonice RIeRsaialR: 212 is

region and a channel region disposed in the tensile stressed active ]
SBIESNIEHS i o 206 BpticHalyone tig I bR iRYY 286 Ralinghg active
hetieficiat siresgoesgo adinesineludin@sifieab nittidehbavingiensiler siressuent
can be provided overlyi n NEET, for example, to further increase the
e S Ty B B LS TS s
ectnddiclecteicdindr R62dvavirgnadcowiptedsive BOEsE vanibe povided again
Medying-aRF R Jotther inpreass, heLompreaRIVE S ess.APRISA 18 ent

channel region of such PFET. Such one or more tensile stressed or
BRIpTEEsRY dtFdugh FRERetAC TS & e be lBEedmreginbhsatibhrautpnarsxert
MWBEEiRE adikel Tvarchotiif (epsilassiressedlinebnesd notRawsed M dicor
combination with a PFET but can be used in combination with an NFET
instead or in addition thereto. A comptessive stressed liner need not be

used only in combination with an NFET but can be used in combination

with a PFET instead or in addition thereto. [44] Fabrication of the SOT
substrate 200 is similar to that of the SOT substrate 100 described above,
with the exception that the sacrificial stressed layer 312 (FIG. 14) has

compressive stress.As deposited, when the sacrificial stressed layer 312
rOoncicte



essentially of stressed silicon nitride, it has a compressive stress having a
magnitude of between about 3.0 and 3.5 GPa. Similar to the
above-illustrated embodiment, the compressive stressed layer 312 is
Vgatterned (FIG. 15) in accordance with a mask layer (not shown), after
WhithtH&Hehes 320 (FIG. 16) are etched which extend throdght tHExaesss152
layer to the BOX layer. In that way, the walls of the trenches 320 define
theiperipherhl edgesu8d2y31 4336 landi3t8hofattivessamibentuctdevels in the
reqio [45]: Thereafter, wher ubstrate js.heated.toa .
ot B e e R o B P B R Bubscuen
el plB to a temperature of about 600 degrees centigrade, the softened
BPSG layer 204 allows the stress in portions 206, 208, 209a, and 209b of
t T layer to change_due to the stresses applied thereto by the
siﬁc‘#ﬁ-ciaf%?ﬁﬁ@é%% ‘i%"@t?é’%@&%%?’%ﬁ%F‘%‘Pt?ﬁﬁ%f%,t%ﬁﬁ?@%fbfayef
fhe 8aG | ayendhdiseck:gontdctwith dhe sacsificial stnesspddayarr3dizh addition to
COME- NG ingly tensile stressed as the stress in those portions tends
R B e LA B 1 Srom
filersredsy thelaichfichal sweseadtidher 302 |OnrtAélother and ithkigogtionsile

%@&Qﬁ@ﬁc@glﬂ{@b@rﬁ{\%@g Eﬁ:df@tltl(gh dyy %Géﬁf%ﬂ%?ccfa%ﬂbn% 1%@%%@%‘311 The BOX
stressed layer 312 is affected by the tensile stress that now exists in
b‘a?ﬁdﬁ%%é%(, BHYH OEHERTE Serhibbritetbirasgriase { P WhderBeicten BPSG.
EBOdIHIONS h ROUIGOIRAB teeaaaHIr G sIgRITicANL FRMPIRSIMEIBIIeSSr @Dsilicon
gm%%mpor%%si\r/gw%tr“ggg htavéng, a ry]a%{géjge of aboﬁ&jé; 1.5 QPa to 2.0 GPa or
greater nsar an exposed ivajor stirface SYthE gorisn o8 B BHe Later in
Varfationeobthe aloey € EnSadim gt Gthey saisrififlial ed mpressjveassire sael as, for

avehRle (BiGeddld @&A%ﬂ&sb%éééfé?{ a%foﬁf’%@r%%cf NS SlERRRRd Sllicen

germanium instead of or in addition to a layer of compressive stressed
silicon nitride. The layer of silicon germanium preferably is grown

epitaxially trontaniaxpesashawfase afldhe-menasrystatins $O! lavs! BdQensile
A Iagﬁeé{ incllgjgg compressijve stressed silicon nitride may be deposited to

WU T P EIHBR CA BN RO S YRy B eheaBY osigd Laver 212
ebsentiaiticftiphasphosilicataglas (i GG rether hanBReGPS6 has@iG.

igher ref erature,which is desirable to permit the layer ilicon .
e e B SR SR B BRGS0 so
keivipeliansredgcatef imeherfilrisationdplocest TRigot6), thieRSGayer vsith the

seflanad atia BIgRerdMP el 18,0 s PR NN IRAIE SR e AR DAL AL cen
which the BPSG layer is reflowed. E;%After filling the trenches with a

GreteioMbtdsis o tomice Taghe2 164 [avenb and 210e (FIG. 17) in

like manner to the process described above (FIG. 10), the sacrificial
SR AR et sl L0,
iltustrated in FIG. 12. This embodiment of the invention varies from the SOT substrate
according to the embodiment of the invention described above with respect to FIG. 2 in
that the SOI substrate 200 includes a first active semiconductor region 206 including a
region of tensile stressed monocrystalline silicon overlying the BOX layer 104. The SOI
layer further includes a second active semiconductor region 21F. The second active
semiconductor region 211 includes an interior compressive stressed monocrystalline
silicon region 208 and tensile stressed monocrystalline silicon regions 209a, 209b. The
tensile stressed silicon regions have edges 236 in common with the compressive stressed
silicon region 208.
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[48] In view of the foregoing variations of embodiments of the invention
shown and described herein, it will be understood that many modifications
and enhancements can be made without departing from the true scope

and spirit of the present invention. It is intended by the claims appended
%%r%ﬁ\{/'\g[tlgﬂgg%/er all such modifications and enhancements. Iﬁﬁf&ﬁ?%’ﬂmz
APPLICABILITY [049] The present invention finds industrial applicability
in@elfield of rermmufbiciusinbpdensivoffdGctbhinteljibted devicds, fubdaaoden the

@@ﬁi&%@%i@d@@ofﬁ!e_mtigeh%§éﬁ%%§g %ﬁ%ﬁ&gﬂ%grﬁstﬂ;@z(&}\%}s%gil§stmsscd
and compressive regions to improve their performance. CLAIMS: ‘hat IS

BlfHfEgggion 208 of the active semiconductor region 211, A source region 233 of the
PEET can be provided in a first one of the tensile stressed regions 209a or 205b of the
active semiconductor region and a drain region 235 can be provided in one of the tensile
stressed regions 209a or 209b other than the first one. An NFET 240 can also be
provided which has a source region, a drain region and a channel region disposed in the
tensile stressed active semiconductor region 206. Optionally, one dielectric liner 260
having a beneficial stress, e.g., a liner including silicon nitride having tensile stress can
be provided overlying an NFET, for example, to further increase the tensile stress
applied to the channel region of such NFET. Optionally, a second dielectric liner 262
having a compressive stress can be provided overlying a PFET to further increase the
compressive stress applied to the channel region of such PFET. Such one or more tensile
stressed or compressive stressed dielectric liners can be used in combination with an
NFET or a PFET or both. A tensile stressed liner need not be used only in combination
with & PFET but can be used in combination with an NFET instead or in addition thereto.
A compressive stressed liner need not be used only in combination with an NFET but

can be used in combination with a PFET instead or in addition thereto.

[044] Fabrication of the SOI substrate 200 is similar to that of the SOI substrate 100
described above, with the exception that the sacrificial stressed layer 312 (FIG. 14) has
compressive stress.  As deposited, when the sacrificial stressed layer 312 consists
essentially of stressed silicon nitride, it has a compressive stress having a magnitude of
between about 3.0 and 3.5 GPa. Similar to the above-illustrated embodiment, the
compressive stressed layer 312 is patterned (FIG. 15) in accordance with a mask layer
(not shown}, after which trenches 320 (FIG. 16} are etched which extend through the
SOI layer to the BOX layer. In that way, the walls of the trenches 320 define the

peripheral edges 302, 314, 316 and 318 of active semiconductor regions 206, 211.

[045] Thereafter, when the substrate is heated to a temperature sufficient to cause the
BPSG layer 204 to soften, for exampie, to a temperature of about 600 degrees centigrade,
the softened BPSG layer 204 allows the stress in portions 206, 208, 209a, and 209b of
the SOI layer to change due to the stresses applied thereto by the sacrificial compressive

13



1, A method of fabricating a field effect transistor ("FET") having a channel
region in a semiconductor-on-insulator ("SOI") substrate including (i) an
501 layer of monocrystalline silicon separated from (ii) a bulk

W%gwa %@&urj:tor layer by (iii) a buried oxide dielectric layer 'nfg'iq{%go%sm-ﬁhz

dielectric material, the method comprising: ) forming a
sacrificial stressed layer overlyin %a first portion of an active

LEIRb Rt regioitithe Mredded H7Eishovelyig disderidbrabryidr the
lﬁlﬁlﬁﬁﬁ\f’%‘tﬁ@ﬂw(}wq@! ERIRN:NAMInG B LOMIMAB bauneary Withtaesfitsthose

TS e A a7 1 B ERUS G pApTiGPEr ages U therid
thetive semiconduttod regond layerc) Heatingtthe GO llsubstrateantiiithes of the
tﬁeﬁ@ e Javer IDareon sullic ﬁﬂ{z@é Sﬁ‘ﬁ?e %Qe AU F%?&Jé‘é’ﬁ%%% 561 o frected

) causmg the stresse ayer tO app II‘St stress ot rst pOI’tIOﬂ
ahdheo lapply asesdh swesssithe sesbpes p%ﬂ% nzdhe fistastre s peipgructor

x%@%:@fzfﬁnS'|@ﬁc€@%ﬁf.€éﬁiﬁ%n¢%§f@i%ﬁ%§tﬁ%s RBING o0 RfLeRSIE W ressive
compressive other than the first stress; epositing a dielectric

Theterffint e HEAEES %%%rh@‘f%dh&ﬁ%’é\@ﬁs@ about 1. 5 GPa to 2.0 GPa or

greater near an exposed major surface of the portion 208,

[046] In one vanation of the above embodiment, the sacrificial compressive stressed
layer 312 (FIG. 14) includes a layer of compressive stressed silicon germanium instead
of or in addition to a layer of compressive stressed silicon nitride. The layer of silicon
germanium preferably is grown epitaxially from an exposed surface of the
monocrystailine SOI layer 310. A layer including compressive stressed silicon nitride
may be deposited to overlie the layer of silicon carbon. The BOX layer preferably
consists cssentially of phosphosilicate glass ("PSG™) rather than BPSG. PSG has a
higher reflow temperature which is desirable to permit the layer of silicon germanium to
be grown without causing the PSG layer to reflow at that temperature. Later in the
fabrication process (FIG. 16), the PSG layer is reflowed at a higher temperature, e.g.,
750 to 900 degrees C, than that at which the BPSG layer is reflowed.

[047] After filling the trenches with a dielectric matertal to form STT regions 210a,
210b and 210c (FIG. 17) in like manner to the process described above (FIG, 10), the
sacrificial compressive stressed layer 1s removed together with upper portions of the STI

regions to produce the SOI substrate 200 illustrated in FIG. 12.

[048] In view of the foregoing variations of embodiments of the invention shown and
described herein, it wili be understood that many modifications and enhancements can be
made without departing from the true scope and spirit of the present invention. It is
mtended by the claims appended below to cover all such modifications and

enhancements.
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contacting the peripheral edges of the stressed active semiconductor

region, the isolation regions extending from a major surface of the

stressed SOI layer towards the BOX layer; e) removing the stressed

ose the first and second portions of the active semiconductor

“,r%é?(é%&éﬁrﬁ f) forming a field effect transistor ("FET") to'in&luae i 5 %2

source region in the first portion, (ii) a drain region in the first portion, and

(il ehaRkelrégion i Rd-5E€ond portion. 2. The method as claimed in

claim 1, wherein the flowable dielectric material includes a doped silicate

94 s, 3. The method as claimed in claim 1, wherein the doped silicate )

A0 inch e BoRB PSS PBR N cAR flagdustial  applicability in the field of

manufacturing semiconductor integrated devices, and more particularly, in the
fabrication of stressed SOI structures having tensile and compressive regions to improve

their performance.
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4. The method as claimed in claim 1, wherein the stressed layer is formed
by depositing a stressed layer over the active semiconductor region and
removing a portion of the stressed layer in registration with the second
portion. 5. The method as claimed in claim 1, wherein the FET has a
Cipﬁmgonduction channel, the first stress applied to the first portion by
the step (c) of heating includes tensile stress and the second stress
applied to the second portion by the step (c) of heating includes
WEAMPLESSive stress. 6. The method as claimed in claim 5, Wherein the .
stressed layer includes silicon germani urn. 7. The method as claimed in
claim 5, wherein the stressed layer includes compressive stressed silicon

1. Wi RIS MEIRAE PRARITES NAAM, o RFERNE TR el region
semiconductor region’is a first active semiconductor region and the
in g5epfiepalisres sud ikgpdutier fOIFHBY) toibvertieiacdedingdiaetivieO] layer of
i LICtor-regi ) ing the, SOT substrate. with
i sl i I e e
a bggied 9 1ddthei gleebird axtiviadudivon ductoblredidas aivchthe st phof
mdRRPMRghgsacrificial stressed layer includes removing the sacrificial
stressed layer overlying the second active semiconductor region, the

metﬁdé@@ﬁﬁérﬁd@mﬁ@m@m@mﬁ@m e FET {NPET!)halmgpetive
seriRUIRRILRGION 8 drainegian ?Jg%ﬁ'@&%%hé‘%%‘% 10 dhe;second active

semiconductor region, the second active s ml%onguctor region having an
actipferpral tendielatissondaFing metnotashsriey nitidhm firwipersionthe

FETyasa0dy o gondustion. ghanangl, the Ji&égs%%%@e?%%%%é% st

portion by the step (c) of heating includes compressive stress and the
thes‘é%’éﬁG@%@E@&“ﬁﬁﬁé’eﬁ@%l@émb@ﬂ@ﬁ withhediep {opafondating
jregiilg(_;;,lﬁudes tensile stress.

¢} heating the SOI substrate with the stressed layer thereon sufficiently to
cause the stressed layer to relax, thereby causing the stressed layer to apply a first stress
to the first portion and to apply a second stress to the second portion, the
first stress being one of tensile or compressive, the second stress being one of tensile or
compressive other than the first stress;

d) depositing a dielectric material in the frenches to form isolation regions
contacting the peripheral edges of the stressed active semiconductor region, the isolation
regions extending from a major surface of the stressed SOT layer towards the ROX layer;

¢} removing the stressed layer to expose the first and second portions of the active
semiconductor region; and

f) forming a ficld effect transistor (“FET™) to include (i) a source region in
the first portion, (ii) a drain region in the first portion, and (i) a channel region in

the second portion.

2. The method as claimed in claim 1, wherein the flowable dielectric material includes a

doped silicate glass.
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10. The method as claimed in claim 9, wherein the stressed layer includes
silicon carbide. 11. The method as claimed in claim 9, wherein the
stressed layer includes tensile stressed silicon nitride. 12. The method as
claimed in claim 9, wherein the active semiconductor region is a first

3. BHIMESRRIGORNNSION IRgianANdIhe sacHficiahsiressart lava isdrimeed to
overlie a second active semiconductor region, by the step (c) of heating

boxpphasphetibstfatahith the stressed layer thereon causes the stressed
layer to apply the first stress to the second active semiconductor region,
and the step of removing the sacrificial stressed layer includes removing

4. theednetindiap strdasddi/aipleif ihd e sEERE QLN teiviedductpositing a
strd@giomihe,methed fHithercomptising foeming-a RYP& FETORBE ke stressed

having a source region, a drain region and channel region in the second

laygetiver SEiESRAtIt oM ettt S8¢bnd active semiconductor region
having an internal compressive stress. 13. The method of fabricating an
FET as claimed in claim 1, further comprising depositing a stressed

5. diefasgibasher tisvetia shirE TS BB bidte AR TRRFIREHSESHgGmmel,
thepRanitude pEaUEsS apntiederthe channelseaion afdhenbliulids ThGile stress

method of fabricating an FET as claimed.in claim 1, further comprising
andigisoSHRTY! 4'Etre SRed i dRetifiearnar eIt Fem (thelsiragggdncludes

cofljglaglie dinak decreasing a magnitude of stress applied to the channel
region of the EET. 15. A method of fabricating field effect transistors
("FETS") having different conductivity types, the FETs having channel

6. TEgionsKlignasesing menasrystaline:silicoressiasulaomncio@l dilayer of
an SOI substrate, the SOI substrate including (i) the 501 layer separated

ECTHER H}-a bulk semiconductor layer by (iii) a buried dielectric layer
including a flowable dielectric material, the method comprising: a)
forming a sacrificial stressed layer overlying a first portion and a third

7. S SRiBIBP ARSI CaHB P FEY bR tHEeSHe SN A/ r it SRR ©
stré&RcaneLpait#aR:0f the active semiconductor region, the second portion
having a common boundary with the first portion;
8. The method as claimed in claim 5, wherein the active semiconductor region is a first
active semiconductor region and the sacrificial stressed layer is formed to overlie a
second active semiconductor region, by the step (¢} of heating the SOI substrate with the
stressed layer thereon causes the stressed layer to apply the first stress to the second
active semiconductor region, and the step of removing the sacrificial stressed layer
includes removing the sacrificial stressed layer overlying the second active semiconductor
region, the method farther comprising forming an n-type FET (“NFET”) having a source
region, a drain region and channel region in the second active semiconductor region, the

second active semiconductor region having an internal tensile stress.

9. The method as claimed in claim 1, wherein the FET has an n-type conduction channel,
the first stress applied to the first portion by the step (c¢) of heating includes compressive
stress and the second stress applied to the second portion by the step (c) of heating

includes tensile stress.
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b) forming trenches extending through the stressed layer into the SO1
layer, the walls of the trenches defining edges of the active semiconductor
region; c) heating the SOI substrate with the stressed layer thereon
sufficiently to cause the stressed layer to relax, thereby causing the

10.5%gssediayek [9ARRlY:a firshonepldensig SRS s RIasaMe e Scarbide.
to the first portion, to apply the first one of tensile stress or compressive

stress to the third portion and to apply a second stress to the second

11.PPHionHesRMRL B eSS RRING, NG RN 1eRSIE QL compLe sy IRiher i@t ressed
the first stress. d) depositing a dielectric material in the trenches to

siligg¥nitig#lstion regions contacting the edges of the stressed active
semiconductor region, the isolation regions extending from a major
surface of the stressed SOI |ayer towards the BOX layer; e) removing

12 thehg resbed 3aydrtoreipGouthe. MTEE el ehies it jsovtieierarien 1s a first

actAREsemisRRsucionregians @Bt rificif) torning @ fistfielcheifestoverlic a
transistor ("PET") and a second PET, the first PET _includicg:% i) a source

sechadiaAltiis seRiep I BRIOTiFsEsBrBNIG Far Il r oG &b oYdtSHPRYS Hratith the

strdQEHARy AN A Ghannekragion-disResed iR eIReEARGRAE NN R cond
second PET including a second source region disposed.in the third

actiySrigH! 4 MBKONT IR ril Shedi PO PR ISR OIS TEPE S b1
incfRRANELSAIQRispesedin thedhind RRktion: e The Mmehoddas claimednductor
in claim 15, wherein the fiowable dielectric material includes doped silicate
reggqgsgk_le method further comprising forming a p-type FET (“PFET”) having a source
region, a drain region and channel region in the second active semiconductor region, the

second active semiconductor region having an internal compressive siress.

13. The method of fabricating an FET as claimed in claim 1, further comprising
depositing a stressed dielectric liner to overlie the FET, the stressed dielectric liner

increasing a magnitude of stress applied to the channel region of the FET.

14. The method of fabricating an FET as claimed in claim 1, further comprising
depositing a stressed dielectric iner to overlie the FET, the stressed dielectric liner

decreasing a magnitude of stress applied to the channel region of the FET.

15. A method of fabricaiing field effect transistors (“FETs™) having different conductivity
types, the FETs having channel regions disposed in a monocrystalline silicon-on-insulator
(“SOI™) layer of an SOI substrate, the SOI substrate including (1) the SOI layer separated
from (ii) a bulk semiconductor layer by (iii) a buried dielectric layer including a flowable
dielectric material, the method comprising:
a) forming a sacrificial stressed layer overlying a first portion and a third portion

of an active semiconductor region, the stressed layer not overlying a second portion of the
active semiconductor region, the second portion having a common boundary with the first

portion;
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17. The method as claimed in claim 15, wherein the stressed layer is

formed by depositing a stressed layer over the active semiconductor

region and removing a portion of the stressed layer in registration with the
“;ecor%g{{%g_[‘%ion. 18. The method as claimed in claim 15, Where}n tp% first o

PETRAS a p-type conduction channel and the second FET RG/4 ?1-%@[3%13

conduction channel, the first stress applied to the first portion and the third
portioh)bipthE gtspn@icofhsating ifclugbshensitessthdsenidalibestodnger, the

wiress apnliedtesthes (E#é&qme% Qémlesafxﬁeoﬁﬁu@{q@% |Bg: includes

compressive stress. 19. The method as claimed in claim I5, further
compfisitg dp Bttty S iEaset thehsctiesiner teo et ntidhistaHs b cause
thaefitsicancyseaonik Elscihe alrassed dielpcliak? (hngpinereasnia af wasile
e O s R e o e e han L e Bl et N P B or
compressive siress to the third portion and to apply & second stress to the second portion,
the second stress being one or tensile or compressive other than the first stress.
dy depositing a dielectric material in the trenches to form isolation regions
contacting the edges of the stressed active semiconductor region, the isolation regions
extending from a major surface of the stressed SOT layer towards the BOX layer;
) removing the stressed layer to expose the first, second and third portions of the
active semiconductor region; and
f) forming a first field effect transistor (“FET”) and a second FET, the first FET
mcluding (i) a source region disposed in the first portion, (ii) a drain region disposed in
the first portion, and (ii1) a channel region disposed in the second portion, the second FET
including a second source region disposed in the third portion, a second drain region

disposed in the third portion and a second channel region disposed in the third portion.

16. The method as claimed m claim 15, wherein the flowable dielectric material includes

doped silicate glass.

i7. The method as claimed in claim 15, wherein the stressed layer is formed by
depositing a stressed layer over the active semiconductor region and removing a portion

of the stressed layer in registration with the second portion.

18. The method as claimed in claim 15, wherein the first FET has a p-type conduction
chamnel and the second FET has an n-type conduction channel, the first stress applied fo
the first portion and the third portion by the step {c) of heating includes tensile stress and
the second stress applied to the second portion by the step (¢) of heating includes

compressive stress.

19. The method as claimed in claim 15, further comprising depositing a stressed
dielectric liner to overlie at least one of the first and second FETs, the stressed diclectric
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20. The method of fabricating an FET as claimed in claim 15, further
comprising depositing a stressed dielectric liner to overlie at least one of
the first and second FETSs, the stressed dielectric liner decreasing a
magnitude of stress applied to the channel region of the at least one FET.

liner increasing a magnitude of stress applied to the channel region of the at least one

FET.

20. The method of fabricating an FET as claimed in claim 15, further comprising
depositing a stressed dielectric liner to overlie at least one of the first and second FETs,
the stressed dielectric liner decreasing a magnitude of stress applied to the channel region

of the at least one FET.
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