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substrate is stressed. [002] Various nethods exist for
fabricating SO substrates. In one particul ar exanple
BACK&ORIDUY D OFtTHEE PRVENTION, illustrated in FIG I, an
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('BP8I")16 becones flowable. This then causes the BOX
| ayer 16 to soften and "flow'. As a result, the stress
in the SiGe |ayer 14 rel axes, and in consequence, a
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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 stressor layer 14 continues to underlie 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 to be formed thereon, as the underlying SiGe
layer 14 can contribute to junction capacitance, reducing the performance benefit to be
gained from the SOI structure. In addition, the permanent presence of the SiGe layer 14
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gained fromthe SO structure. In addition, the

per manent presence of the SiGe |ayer 1l4can lead to
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BRIEF DESCRIPTION OF THE DRAWINGS

[006] FIG. 1 is a sectional view illustrating a structure and method of fabricating a

SOI substrate in accordance with the prior art.

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

with one embodiment of the invention.



in a stressed SO substrate in accordance with an

enbodi nent of the invention. [009] FIG 4 is a
wae@sitontal view illustrating a variation of theCT/US2008/053152

enmbodi nent illustrated in FIG 3 in which stressed
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5-10. [012] FIG 12 is a sectional viewillustrating a
stressed SO substrate in accordance with one
EMSd di e Sof0 erecetippehvicys lllystreBhe slages i3 proceps of fabricating a
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enbodi nent of the invention. [014] FIGS. 14-17 are
sectional views |IIustrat|ng stages in a process of
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5¢ic st enbodi nent of the invention is |IIustrated |n

FIG 2. As illustrated therein, the SO substrate

i ncludes a bul k sem conductor region 102, over which a

Ipii) edFI@('l‘iels Ql"s%@%n)al bﬁ%ﬂlu@t@ﬂlﬂgsa E’cfé%yédjﬁgl Wis&hte in accordance
i ncludes a fl owab dielectric material, for exanple,
WathdmpmbgdimMDéﬂ@Iantlon other flowable dielectric

mat erial. Doped silicate glasses typically are doped

with one or both of boron or phosphorous. Borosilicate
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phosphosilicate glass ("PSG') refers to such gl ass
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("BPSG') refers to such glass doped with both boron

and phosphorus. The bul k sem conductor regi on 102

COIAgi SEIS}SESSGmdrahéCjtloﬁﬂ vienoithytsitalgl stapes i & paressfafrfabricating a
exa In a particul ar enbodi nent, the BOX | ayer
S‘F?ﬁé?‘ﬁ%@% subsiraf 4p accorianes Pith oas sehedimenyofthe ByEnEen.t he
flowabl e dielectric material. [016] As further shown

in FIG 2, an SO |ayer of the substrate includes a

Dl Ad EDOBESCREB @IS si ve stressed nonocrystalline

silicon overlying the BOX | ayer 104. The

[015] An SOI substrate 100 according to a first embodiment of the invention is
illustrated in FIG. 2. As illustrated therein, the SOI 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 dielectric 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



conpressive stressed region 106 provides a first
active sem conductor region of the substrate. The SO
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peri pheral edge 118 of the active sem conductor region

1% stchBeforybel OsQRRAS! the strB&ed Klizbn Pe‘grldnﬂhﬁ%allo%% 109a and

edge 114 of that active sem conductor region 111. Th

109 ftanertbé budo Isamcondtrcetgl el 102, Alencdi spl@seld region 110b is

| at er nt .t.o e ssj.ve stressed act.i

dsfhodinnedol BREarahRyETeE TR F AT it FRACEy PEILY o6 and o
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havi n ref er abl h magnitude is maintained in

rqghen ég‘@b olscisispily & aclys eemicoeducgirpregigns 06t hid from each
t

R N O S —

eddel1 Beofrntie otV seddcoridnetos tagigs 04, emhr @lgaXil 6 Geing dplpesne the first
stressed silicon region 111, such that tensile stre

PRARASHY 2gsr Ber WIS Grnchaigairtiomscsien P diwessd b adjacent to
ah&ierd g&g}u (Ie:ﬁtl %Héee $984f RO h&[‘rels% iBndbfi6r BV 11, such ¢ Tgige being

sem c tor Tegion 111 018] A subsequent st’age o
oppxmta ¢lat fishpersphictd]l wdge ht4edf that FdtiGe s@rmcafldilmtoﬁmglbhdrll The two

ri.c tlon steps farmed to f PFET 120 .
ukE ipaomniten i om0k s8SRes iRy cifetins da o gopressive
sf#ésawacrt%Is@[ﬁlclagéuc%&egl%ﬁdowsmb o hlla@e&ﬁérpﬁ@s@ $ﬂoYI?relax1ng therein,

stressed active sem conductor region 106. A

sednthat conpresaek stogss thasinpREPraferablydugh arlagatt@de]_ g4ma1nta1ned in the

active semiconductor region 106. Similarly, the two trench isolation regions 110b, 110c
disposed laterally adjacent to the active semiconductor region 111 serve to hinder the
stress from relaxing in the stressed silicon region 111, such that tensile stress having a
preferably high magnitude is maintained in the tensile stressed region 108 of the active

semiconductor region 111.

[018] 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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i ncl udi ng sem conductive and/or conductive material,

which is separated fromthe channel region 122 by a
w@ai08/100781 ectric 126. A | owresistance | ayer 1POI/US2008/053152
including a netal, a netal conpound or both, such as a
conducti ve suicide conta t he source and drain :
SRWET Bigon ,anﬂfsgfuarre%% 182 dEPREANIEYT tiecpmpEsssive strpsoed active
sSRRERIR 1ok 28 loXPIoRal WY o RE @oRIRYdrdREEKOSr ficamviRt hikei@fcs tahgate 124
‘gate 124, particularly when the | owresistance |ayer
inkpgling spmowindedive] @iddr For@ducBvd umatérenl, mhiadistiy atpmatath from the

FET, 130 hayi a _chapnel, .region, 132 di.sposed w thin .
oty Bt 44 B9 oo R A%bogh dR 16uSRRRE R, etuding o
neetd 04 nfefal B HIpBndl 88b@Adsidh s @l dbnie&ivsilcd&e BbHRAS R source and

within the two conpressive stressed silicon regions

dieyo scgiampoly3, des peicenhaa¢ad conductediypridiskicre sapasday typically are

CLiron redi ons b . 1 L '
Pl LI BT Pt ul RS BHSE T ' BBl 129 0
pic3@dadl so has a gate conductor stack 134, as well as a

| ow-resi stance | ayer 131 and dielectric spacers 138
contacting edges 139 of the gate conductor stack 134.
FOEIe, SRR Plostiart MAID T RRINTE TR hon, 193 disposed
vathin the teesiic condad sdicon eggian ] 0&-HoWey NFETtHas asdges rd@dn dB3 and a

the gate nductor stack 134 may not. be aligned with
e e S5 o Rt s Bl CobrEorse Sugrdgiisnn reions 109
1062 Qds pbBiviBS thSddnh RNtk S kA on re%‘ftgllstl@bl_ﬁ 1%){9‘@1 gﬁﬁﬁg edges 136

substrates,” the direction of current ow in
it pemmeh vofh the tEBTie tstrasssd stligen iregiom 1§he The NEGT E¥0yals@has a gate

orjentation., In such substrates, the performnce of a

PR B4 P Opot MR oG B SHERRER R sfdoers 138
cbﬁa@fﬂécéd@les $39 6bthei ditcd@Pldu&dr Stack N4 CNRO Bt cbedlictst seick 134 of
the FET in the direction of current flowin the

then el ¥ weapgisteesds oithc shariensde astresscphacgien f Hi¥mamcide active

s@t{licgn@dcttémggig .TH%(VeVg)IJ,: Bt eid?gp?%f (t)fstﬁg E%ﬁ%ﬁ& c\f\é}es?ack 134 may not

comnmpressi ve~stress i S’applred to the®c annet region’in

bt ABgitbdrveic therrdgds 1B chy doamiredsivewtrbgkvesyiort. he sour ce

and drain. The performance of an n-type FET or "NFET"

benefits the nobst when tensile stress is applied to

w% ch@anngd: sfie h-%ﬂ-ihghlét&eargl' t&fﬁ%i‘h@&t Afbsteiigs, 4 §8Qtion of current
ow bet ween the source an rarn. [ 021] OMmng to the

floayin the whiaote] ttfeinsk B smesistac is wethseni I0onaystbloorianggioansin such

i.n the SO substrat re fabricated,, ~channel .
sy B edurpesobs BrE BRI RSt ¢ Ea BRI hen a beneficia

stress is applied to the channel 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
SOI 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.c., the surface
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near an exposed major surface (typically a top

surface) of the SO |ayer, i.e., the surfaceof the SO

wo ay8n0078i ch is contacted by the gate diel ect rPCT/LB08/053152
The nagnitude of the stress preferably peaks near that
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surface. The stress at the bottom surface may even be

foyfexpmples fessior W0gnesrarnjore keprertah iedrotterissusfiece plethe SOI layer than
o HRORG %H%e S %% s 5 {he 338% ‘seurfacg ern%; eséchsb ?e opposite
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PO MR, WOF GPBNRk: LA A0y ALY Bhflfy AL boro
suiifztoectlh addoibncthe mmgmitﬁdlmui the tswesnwithie tbmchamaelrregiion preferably is

d the drain on. ac e. chann e n of
B PRGN R G RE B L s P aRieci g2 ey AEY between
tH@s%Hc)é rlégibﬁ QﬁMﬂJﬁrﬁﬂﬂ%e§16ﬁ '&éﬁb@i 88 HhhRe ¥ég@6h SfkhE eEtr Qfcferably,
of the wdth of the channel region), the stress

thmgagmmde of theistradsl iy alsalnastiy uaiforopipa trensvessa shireetim (direction of

ed e cha nel gj;,an 022] In. the.f
OB e bR B SOl et et il i a opposite
tﬁhiv%ﬁs‘é%dg@ﬁﬁftﬁ@ﬂ@hhﬁr§g16ﬁssed active sem conduct or

regions. PFETs are provided which have channel regions
dlsposed in the conpressive stressed regions. NFETs

] B1PAY% ? ?&g%@{éé I§>é ﬁg,ga%gﬁ(gfﬁhgt&\ég 'él?crlll‘?(lieg ibéﬁlocc‘o%qprie&ive stressed

t ensi
ﬂdl ttﬁfsﬂatﬂtr‘éﬁe& rdeaidé remiconbadtér Nghobs. aPIEIEPEEﬂES prggdbdn@hich have
be present n the sape substrate. Sone ty of

CRANEGFAEQRNS EPASEH 118 thE joPMPECSNFETEegzed Begpgs. NFETS are provided
WX Hse ﬁla}{nel':t;égloﬁg(ﬂ *3%)(/1 A @y namie sﬁéﬁgg%gﬁﬁsesﬁowever In an

menory typic utilizes NFETs extlusively
ah&‘nami\reaymboarrﬁnsﬂmﬁls N]EIEPSB]andl rPEEIGI téednpotbbt Iprésgmesn ghe same

d _not i d
TR S RE aries ag athe el fri el ML ks meusively. For
Qeﬁﬂl%l @ @lndn¥iPeraffioft 5QSS midmtty @DRULSLY 3} ficdiBN uRBzes NFETs

fabricated to contain active seniconductor’ regi ons
exdligielay erray transistors.

[023] 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 fabricated to contain active semiconductor regions which have
compressive stress but without active semiconductor regions that have tensile stress. In
such case, 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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conpressive stress but w thout active sem conduct or
regions that have tensile stress. In such case, PFETs
w@awsheo7pr ovi ded whi ch have channel regi ons di BEDESI08/053152
the conpressive stressed regi ons. Sone NFETs may al so

d whi.ch have channel regi.ons
rﬁﬁﬁ%? gicaie d8sBt My BiHS ¥ tth Qe%ra%iopa?ﬁperfomnce Such
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i ons e . neutr stress, in which case,
Mita Eﬂ%‘%?gg?ggéaWﬁ%ﬁ@ﬁ?ral stress regions
mnthout i ncurring performance degradation to the sane
degree. [024] Alternatively, a substrate can be
1@ cAltesativels ohsdistratgcednylee §@mcet§=ddgc<t0@talm @gilgnh semiconductor
%enshvvﬁ% atvg qg’ﬂsﬂg s%IeE eﬁ QEJIOIW clﬁgytserﬂ?coh&?ct r regions that have
mcon u or reg S npressive St e§s. I'n
compiessias strespr dh e;lualb |cysel\|5i:_e'faa'allya\1 E]EDSI hidegrowided RvhievBave channel
channel regions in the tensile stress regions. Neutra
regionsda ﬂiwetjpehrsstﬁ%yres@nﬁr Nertlcptrgpsiseions Sgbequpededpleo in such

s%ﬁafe":g& IJF%TQ 05 Vﬂrgsﬂe& iﬂf‘e‘}&hn Al’%rhﬁwéy \ﬁﬁl Y 0 Etﬁessed regions
tensife stressed Tegions can be provi é§ ot
cMFE%sprawdedDFeEﬂisbmhnNEEHJ faod | R swéancbe Ipmhedecdharhwhl have channel
e |o S d&gﬁ»ﬁed i.n the ten3|le stressed regions.
s R gk R TR par { addi ] onal  str ess
to the channel region of the FET. Anong these ways are
enbeddi ng a sem conductor alloy in regions of the
W?cﬁﬂsi Bhave aedinace mtays @o ithpart hédihenal strgisan. th@ohannel region of the
edded re con _ger man
FEov B TIRehe Sl Ee Rt e S ORS R T dfic FgBs of the
tragst6n aaya@ént t@gh® ahehﬁlelapesghoh CPBPRSBPNE cAbERRE fe@iohf@f silicon
channel ion. Alternatively, enbedded regions of
SeIMANEHER C@ar proyided e the seiige dindrdraineregings cdjagaet @r tierchannel

] r nto

0L R 2 SRR UG 6 T Eharh O 0 ARIkivgjy, embedded
rédidnssdfsilices carbohlvan bagyovidediiitbhs@nel dridodvaln sgioas sdjeemt to the
be inparted to the, channel i ons of FETs.

chgiwel Teglog)tp gpplteysile strgss § L&Ehﬁgge@eire\gm ation of the

enbodi nent descri bed above with reference to FIG 3,
wherein stressed dielectric liners 140 and 142 are

PO} i delds. dvillndtyatasganbther sy iic whavhchdditminal stegs cmsbeainptatted to the

FET, 120 ang 5e 1 ef er abl ressive .

chiELEEPTA L Edor METHRAD TA5: OOLATFES *CHEPRER Pagmbodiment
d84éEiBed BRI Witk VdfaenéeOtoemtﬁaB ce«h&lae SRERIIGHS LM c $MERSIO0 and 142

applied to the channel reglon 122 of the PFET.
are provided overlying the source and drain regions of the PFET 120 and the NFET 130.
Preferably, a compressive stressed dielectric liner 140 overlies the PFET 120, such liner
serving to enhance the compressive stress applied to the channel region 122 of the PFET.
Similarly, a tensile stressed dielectric liner 142 preferably overlies the NFET 130, such
liner serving to enhance the tensile stress applied to the channel region 132 of the NFET.
Generally, as illustrated in FIG. 4, the stressed dielectric liners 140, 142 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



Simlarly, a tensile stressed dielectric liner 142
preferably overlies the NFET 130, such |liner serving

wo o008ntEace the tensile stress applied to the PCEDA®NS/053152
region 132 of the NFET. Generally, as illustrated in
FIG 4, the tres diieleciric liners 14 142
stEFssed disdecdiie S e b 1A RS A T P%}Bgf r g of the
sﬁ’é@@dd&k&ﬁﬁ%ﬁl@m‘ds{éﬁﬁ sifidoieere the two stressed liners
overlie the trench |soI ation region HOb.
Alternatively, the edges of thestressed dielectric

rSp, O 14 be s ed;;a par uch, t hat i.t her
Worrefiaing PaCag. dmred sl PRnhs 35 0rd By AftitelRE e o1
s@shate. 111&1&2&&(1 Refrpra. ng:IGosﬁllﬁétra'éas & pretnklfshyWitdde sTObAGation in
described for fabricating the SO substrate

whighyan SQ& sabstiaterR QY isopror|dex] whigh hagssa patiedsdiglectric layer 204 which

IIPCIiIE(iG% f{be ra@fg&?%g‘%l?glﬁe? QQE V\%&l&}ﬁ Hﬁie%trmiﬁﬁ%}i ng%r st essentially of
dopel eititite lasay &r AAptdi ¢hudtiacl elglefayar fzt)@wablbped with boron and
dielectric _|ayer 206. Such dielectric |ayer

PEM@P@*@’ é‘é‘éleHIaF al consistts geysdalli pf @f@%ﬁl&@s?,lhc%rglass ("BPSG").

5@:'6? hetlellﬂ Usg rlﬁtth% edr%wm&é"}f@r §9§G' Ry QPQI%d fdllgd bRr Pstrative
phos orus, such that consi sts essen ially of

ekmnpiph as pthes suitabkt feovgbisdiclet tBle St yrial Rednelsearsc é $orttkis @urpose.

and in the drawings to a BPSG | ayer are provided as

illustrative exanples, as other suitable flowable

F@ﬁgeofﬁé EOﬁalta?&* ﬁi45m"éﬁﬁts Qteodl'l% %%mfcgﬁddcmrsre@élﬁ BO2 8f the substrate,

02 The BOX Tayer 204 overlies a bul k sem conduct or
an@gwdwo@-@a -ipfulatore("SOb9tlayer of mendcrgstalline silicon 210 overlies the BOX

Sili | at.or ocr stallin
gt 1 R8N ST B REesadeRGlorS ool MeREH SREphesBorus are
stiffieicdapanih 16 Pt BPSIPRSerof remlwg 18wt EIHRS pigicuiuR! @lowever,
sufficiently high to give the BPS éyer arelatively

theodpnest conegnirdippepa neteso Mehebarthe BRS(yanvould begin to flow at
tev\oﬂlh?%ﬂ{)e aotfl 31t QP@ V(\i/gg{eef ® Qf % 'ilhe?gllltcpg anbﬁg§? fgﬁ%@b (FIG. 6) is

to f errpera ures o
sd@gqmslyﬁepdsmum ch a silicon nitride film212 (FIG 6)
i s subsequently deposited. [029] As illustrated in
FIG 5, preferably, a |ayer 208 of undoped silicon

g)‘qigfe AS ifispRRESH Het \@ez)%f&laﬁly B3GR o 28%10 %@&J sfifd6n oxide is

| ayer 210. Such layer 208 acts to dimnis
dosposdrtictwitdanoths Bi?S(b(ha'y@n 266 cng hios fOOdaysr 2m0.t Fearch layer 208 acts to

nmono stalline.SAO Jayer 210, t hat result f
ARPRRTR o IRISS ofdfis and PhosPhre ibdts FEpRrywHlATSON layer
2um19dt hﬁ?ht%ﬁﬁfifr}zﬁt ArLdi0. of k& ABpdndY 86m2RO B@gc RYer 206 into the
| ater s ages of fabrication. Herei nafter r ef erences

napoB®Xallmyesiliogy layeou? ering detest bamts aef fafrsetigmg Hercinafter,

}egces t§ %(Bﬁ}iayer %89 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 to 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



and the optional undoped oxide |ayer 208 when provi ded
in the substrate. [030] Typically, the SO substrate
wWQQo®siteo7pr ovi ded by depositing a | ayer of BPS@CDUS2008/053152
overlie a bulk silicon region of a first wafer,
usually referred to a "handle wafer", and .
bPRLRE AT lieLaslval@ﬁ i®ign 37) %%2@9 %W&Mﬁh%ﬁ%’ysa% fife SPA{aver of the
bbRd Q&K lid §eﬂaﬁ§ecﬂ° &@ th@Y@sE of Iﬁéeodﬁﬁr\%f@r wed Brocks WHIBR can include
bonded w th the undoped oxide | ayer facing a
ononoroyskEiwn teehs eudssoeld &lEC'th@ ﬂ(nowgu"smatmf:uféi tedoond, wwafleng in the

e Ru iy Shhin B " AR 728 bk b8 round and

pORdHRE et alleIUaaes@éJ!;udhauﬁrongf tht i€in 80N dayeat@haih$
separated fromthe rest of the bond wafer in a process

whi ch can |nclude one or nore known techni ques such as

IR BRI S b T oL AL FIGTS, o g 212
ilbitingnad @tergally biecsgédnattriani dm@bim&hed ofvedid thin € Ob a@s}er 210. The

side such that only the thin SO ¥er remai ns.
lapse cenfclde, for ﬁtXﬁ@p& égléY?ffOffSélb“rqncIH Tidsn whpqhugvt%fiemtﬁi under

ﬁ%@g IQ[B &mdﬁ ?15 ?élcaz,lné Nl HELRa ?tpesk %&f’e&)})yltﬁﬁ r eﬁ?’% example

rral 1s posited to overlie the ayer
iTisealedye FIG. 86] ai lamalr ade of fenslleestmﬂmdesmcmmlmtyme miformedl tocawerlie the

rid whi ¢h e e os ted u appr
S(E)&i EJ)QBAS ,dglfog}tﬁ@ they eﬂlﬁl €e§11;?§ }C@ggll gﬁ? 8Fe erably has a stress of
agﬁgqschgar]kgmphe exanple illustrated in FIG 6, a
| ayer 212 o% tensile stressed silicon nitride is

forned to overlie the SO layer 210. As deposited t he

L d, sil trid f
PR SRt R R S B PR POSLEER Mo By aper 212 o
tdln@ﬂé Iﬂﬁrléé @sg?at&i*nefdaE gl .08t pmolhthbgtepmaélgdpatfmﬁhgza p—!hotd ffageable

%er 212 of tensile nitride is patterned, e.

fayer susbgsaintosesit ;fmib reng, pmjnwpﬂé}ta@d@rége&tﬂ fénsﬂe -stressed
t
lag;%tz lﬁé% 3%( %i%cﬁag&e a\%lﬂ? A {t?e%ﬁ rn%ﬂg (l]ay%[ m’Iﬂg é)%gﬁ rﬂﬁp 9P the tensile-

I'n The resse ayer

saeset daridelayeit dant trefopatd ey rsekéctnr&sé;tclhlﬁg,eﬁor cXdreplopePhichigsbly, the
in the tensilestressed nitri er can be forned b%
ORI £l § &S ’é‘laé‘h §1Hf&01ef1 A vgéQedﬁlffﬂ t a feals fptnpee b¢fween each internal

e geeﬁm ﬂ?lé‘g Vé@ﬂ@arﬁﬂhé bﬁée%fgdll cafloHof ﬁ{éca!?lﬁc@ﬁt(néa{fgsrtfedge 139

a space en eac erna ge 226 of
(Fiph 13i) 0§ th&lsﬁlbsmpiemtlpefoempé g’aEcbohdnmIadm 4. dh animceaxpjaagc embodiment,

R S Ak L o3k Sy L P con

cdistamee ﬂbeeg%%ne@&& mt & Mut %dqeana&@te%@nﬁﬁem thls wa, it is
expected | ocation of the adjacent edge 139

dewrbilectorchiger assufvoent BoOcesanomdoer sichnihpt thenemttrr: slength of the

con&{lctlon 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

FI1G. 7.

[033] Thereafter, as illustrated in FIG. 8, a photoimageable layer (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



desirable to achieve a sufficient process w ndow such
that the entire length of the conduction channel in

wo b@sfioersshed FET 130 will be within the conprPCEUSE®08/053152
stressed region 108 despite m salignnent that can

d sub gat.e proc Then
uB&egr g’fgég g)g{ Freto ¢ |ag'§;étract1§e ?%9%‘51th ég\g}P]ﬁéO? h@vmg peripheral
eééé'sulclt2url €6 @8d kb s'eé’(ﬁfdr eﬁsitl%g sbrﬁw%h&ﬁctc?r reél%ﬁe’l]l lTﬁh%ﬁ%aﬁetrﬁ)'heral edges

as illustrated in 8, a photoi nageabl e | ayer (not

ls‘lhomd) 11& phibt meqhhmg?rZQphdJe@dnlt ytopthiet permbidral oediges mfacach active
%ﬁx énot shown) and the pattern defined by the

Sﬂﬁ%&“ ngelgntransferred to the sacrificial tensile

stressed | ayer 212 and theunderlying SO |ayer to

define a first active sem conductor region 106 havin

[#514] p s aminedged Gt 22 theraaficaniie avbsissntchiinase stressed layer 212
tl*?’e‘ta‘%g g%?e%%e to aecgﬁlgﬂ‘agu}% 5{;\9}{ (SH hd ﬁ{)&/?@g trdaéelecg eéry I%%.ﬁ%lgag IWithin the

h™ tren adj acen

BEg &8/ c02 0L arfttnacSushecmpiaand dewls @6 be Bgloam tepdpddhlure which would
Referring to FIG 9, thereafter, the substrate
dirpgthuerusg thehmatoripb giaparticapétho sivesserb laysin 21 % te Pléapsfsed When the

s'Erst@d g?p khr &s Yl% | %I{sg? s%sgwglﬂ 1%01&i hﬁh% ,Cﬁé fernperature can

mat er | |n t tens
bt amppter atout éOO@ eldgreeso Cbmtbmltowuang ehperantriat @rogertads of the tensile

|rect Cause the nmaterial properties of the
S@??%ﬂ@ﬂﬁ“Vﬁ? %ﬁ%t?8©8ﬁ%ﬁ6%ﬁﬂ9%%% the stressed | ayer
consists essentially of tensile stressed silicon

nitride, the tenperature can be up to about 1000 '
& eeds hariflomabte d@L@trn:g ntapesiahetf ethp BOXKr byer soléensofit becomes

oGt AR Rl G GoBE Rt RO PURERT S e bR R Hescd tyer

2mBhed tlachlc bdieicBiMcloryeriomofdeensl td obeelop®@ o Rhhifibliem. Asa
The pliability of the material permits the stresses in

restl, Hodensyie st wiskisdhe Iy specifon B ads (nerclax, causing the
uﬁ&éﬂy‘fl&’% gé{fﬁ;eosreﬂ;goqldﬁ&%r ﬂ’x%)g%t% 14d 1§ RLRNE aCclo }%ssfv? stressed silicon

equr’l he tensile str

rédien.t ensil e stressed [ayer 212 tends to rel ax, causing
t he underlying active sem conductor region 106 to
beconme a conpressive stressed silicon region. [036]

?‘)3@ ]| a&hﬂlaﬂ%ﬁ%&pg&r’bhé 8 ﬁleoa Frﬁ%&%dﬁ%to??g%ifitgﬁ@}*%h%h directly

egion 111 ectly un e the ten
usderbs sedchalgestreired daper bmqmee@snpresssterms%d sgidon cogions 109a and

1B RS Tt Selirorsask PhimEerod hiEofdue o e reeion
111 which does not directly underlie the tensile stressed layer 212. Here, arca 108
becomes tensile stressed when the BOX layer 204 softens due to heating the substrate.
Arca 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. Illustratively, the trench isolation
regions are formed by depositing a layer of oxide, e¢.g., by a high density plasma
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111 which does not directly underlie the tensile

stressed |l ayer 212. Here, area 108 becones tensile
wa@tesaedl when t he BOX | ayer 204 softens due tBCTE810081053152

the substrate. Area 108 becones tensile stressed as a

result of its relatjqnship.and, Mty to the : .
dpRAy&19ne & oy @etatrileélgfﬁ rhoedlicale; (TERE Pifies ﬂﬁnﬁqla?% (Sig. spin-on-

gIa@@ r o@ne? Khieste fktHddDarfd @et & cxeess &Hae ﬁfat&faﬁ%?dh overlies
be achieved in the active conducti on channel

th%EfEnﬁ@astr@Sfrﬂa}ayﬁr SU2.f ek a5fbyt he ctdhbacie praces @tnCMP The trench

1 | f the, EET, S )
SRR Sl e SRAGHEN G TP sGheb POl CRFT Shosions. such sTI
r%x&é&%@&l%d ektBndth&Gto 4@e dpthrfﬁﬁﬁ Ihd S0joRkin@itel FGhOBOI HFRr which is
110c are forne | ustratively, the trench

abey| the | somer agh ohiskaess olotheedObylayss Fhene ithgy BOX dgwer. é}urmg the
ot Bl s PPl A ARARL M PLGBRRISREBLL IR, P cominue 1

r&hdiaRecds&l béc,auﬁeahél stasgddlager 200 rombias isplatablcelyingtthad,
and then renoving excess oxide material which overlies
the tensile stressed layer 212, such as by an etchback

2(5 €Sk rtlg}/%hﬂx-»l;PQntffI@q Cl'@ oﬁ@lt EI‘P '?soﬁeﬁﬂ)qu’%gloﬁaﬂ% occupies an

r|be l'ow trenth iso atlon
opagn®hstwesn@h c8F¢ 112 gif tiescamypiessatd stressckleavdive gerthmonaductor region

th fromthe jaor, surface of .the SO, | ayer whic
1B i acanedi % aliths RSB Hea AqXG s GsIOr region
104 %%uio%(?frenc@ufsbl@goﬁ RS 6Rr RJal @NOOhrct Jl§p0§3-d at other peripheral

reglons the active senlconductor reglons
edgﬁsthlﬁmdtldé%r(érthﬁ ﬁtr@isqbctewe@ %enmmdectbh@gmnsel@éeblll ary@lectwely

| ace. over th fur I .
VERB ST RomhcOBor St ot i Pkt A% ol Fepr BRinigh B e active
s&ﬁfé@ﬂd@%r&@g@ﬁ@ oG andet y\@ﬁaluaﬁlgadﬁﬁn Lieh aidivieal reglon 108, 109a
ggre53|ve stressed active sem conduct or reglon

?h)eﬂr%l@ﬁsa%t@fhlw "Méféd mi'41.of cysprtiadlyrfpicds dihgstressed é@/@a 212 then
1&%&10\{7?(1 %rSPH OCV%P %E&%i%ﬂm%%? ?ecﬁléof%dll ()t6I ?g? g %ugf%'lhe substrate

Ion region S Sposed
1pershpterial FIE@lg%s 1M atneksddl Sayef Zlhecaﬁlt b@ﬁrSIﬁdVak;tbeexample by
sem conduct or %yons 106, 111, respectively. Wt
PRGN 1 SHURE | Aof BETEH Rregqs\%ﬁ@s%&wth A 5 ARainey W@lectwely to the

uﬁ&érfﬁ'ﬁge&h%ﬂ Ria rﬁﬁ JLIQ trEﬁ@d @&Mc\éﬁ%lfc%p &%@Hy Q"1 lé LA Preferably,

regi'ons 106 an ncluding wthin ea I ndi’Vi
theegimonallfi8eesd @nﬁhlcem‘dhe 1oih) ofithe teemsle ol agiloh yredibwe KK, 1 10b 110c,

a fixed. The stressed | aye
stdhaat tohs o ER TGN Sl FEds etk SR bR UURED pifaces of the
ol @0} @BerodbLiohd 10634 n the substrate 100 shown
in FIG 2. The Stressed |ayer 212 can be renpved, for

exanpl e, by perform ng etching or cleaning processes

?639? tlbre%erab?y,no%gg ! ree(éltoln\s/ aeulrey ﬁﬁlg fgrrr]ned and the stressed layer 212 is

removed, subsequent processing does not cause the stress levels in the active
semiconductor regions to decrease much. Preferably, the thermal budget of subsequent
processing used to complete the fabrication of a chip 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 subsequent
processing may be high enough to cause the BOX layer to relax, the STI regions exert
stabilizing forces which limit expansion or contraction of the active semiconductor
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underlying silicon material in the stressed
sem conduct or regions 106, 111. Preferably, the

w0 esmsual7spr ocess reduces the height of the trePChUS2008/053152
i solation regions 110a, 110b, 110c, such that tops of

the trench isolation r S are a out even Wth :

r%&%sfé)@ 1+ T sdchopay b §3 Y%O%@efeﬁ Bt e &fjerigvels in the

aét%' sdmtitond &3] rebBloRk efdih! é(ecr&@,ﬁl% e (S Tk 1k &0 Gﬁru? &ubsequent
ly fornmed and the stressed layer 212 is renove

psubsmquent processi ng does not cause the stress |levels

in the active sem conductor regions to decrease nuch.

Preferably, the thermal budget of subsequent

Po4RG eSInl 3@ Vasiglort 6f HRMBLES BmbbEmcAR i CalkHARaPlendlCoicRsed layer
I ncl udi ng FETs, interconnects thereto, etc., is

282 7 1gh 6 ncludes a laysnet tensileestressgd ilichacarbpe im@Rd o4 pein addition to

aq%%§ oPQt 1C§ ellnﬁ%(deagl%lerf e}%ﬁr tof %{h&?hca%d’t}eﬁrgﬁegab e}?ys 0%& %pltasiqally from

af w&pmd@utfaper oﬁ ﬂ&smagomstalhﬁe I‘S(};Ihlaﬁﬁou@h t A lepsecludiag tensile
BOX | ayer to.relax, the STl regions exert stab|I|2|n%
stressechailiGan pifride may b%séfmg%w Q}‘rerléf‘o‘ili? et ph#iliggn ¢ason. The BOX

1@% b%é?er&ﬁg‘ Sﬁﬂﬁy%&%ﬁﬁ sﬂﬂc&ésgsléﬁ@ lf‘%”)"i@%e#h‘&ﬁ BPSG.

pto pr e stre in
P&cit hasea h@h}er:mfhhmtempera&gneowmm o dedeblee@spanmpitdthe 14yer of silicon

cY Pl A PORONF RSB Ol BIOHENRE 10 B G ArEpaptRe. Loter i

tﬁeeﬁﬁhéﬁloﬁtﬂrgeﬁ§ F1GaYehe P8GR & is @ﬂdv&b‘&l e, qec@mﬁetlaﬁﬁ‘@ Such as, for
tensile stressed silicon carbon instead

emir!plm femperagurk sypgingofetwpdn abont 10 zmdcb@.outﬂw deggﬁ@s Cof
silicon carbon preferably is grown epitaxially from an
exposed surface of the nonocrystalline SO [ayer 210.

f041 yellh d patibelhnGarla@iB s iof €hS 4B S S@kbodirhdrt QRIAN 111, 'ﬂﬁetﬂﬁﬁé tensile
osited to overlie the |layer of silicon carbo

str%ée XeT %Velns netterned autisllye onkyi the @oé@@eq{tth%temyﬂeoﬁrtressed layer 212
w%h&sc%ﬂ% thecé‘r%g Tl?% V%v%gmgvgfﬁér b ﬁ%&@q&*@%ﬁé’é@t eﬁé%ts 220 (FIG,

has gher ure

Spéitaitic S0 ldyayeln sxfchswdty, cnpoaeR T dchimethgrtsmhss 2290t the SOI
causm the PSG | ayer, to reflow at that tenperatu %
layst @iEincdass of Abs featls SHeysebdass 21 riaspossy by Hhe es with the

eh%)éelrlg'eﬁéf @If ﬂh@%@gllégtr@ss&?ﬁg@{ s%% it ?1%1%] igro mﬁsﬁ)%%stratlgn between

a tenperature rangl ng between about
tlwbﬁmilgbs 800 tdmgilessesd 1pvet Bhd the $OJplaydri cul ar vari ati on
of the above enbodi ment (FIG 11), when the tensile
stressed layer 212 is patterned initially, only the

POt 08n FOIt NBsitRO20D Ac&riRe I8 h LRYKd e&%gdmlng Bf the invention is
overlies the area 108 is renoved prior to the step of

1létstrh1iedgnﬂ£@ 12.enbhyesniz@lgn¢ir|oEthe invention varies from the SOI 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 211. 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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8) into the SO layer. In such way, the process of
etching the trenches 220 in the SO |ayer aligns edges
wotoosher7sensi | e stressed | ayer 212 exposed by PEBUS2008/053152

trenches with the edges 112, 114 of the tensile

T SRS DB, 15 P b i e
SO %u&qaté @()Oefo intR42h c'ﬁﬁ]nn%@reg%‘rpﬁf aisposed Qn ﬂfecwn%r@sﬁnleostressed

a second enbodi nent of the inventionis illustrated in
IR @glon'ﬂm% of e adivesamicohdedier iegiverliloM vaurce sefioropd3 of the

SO, substrate ordi to the enbodi nent th
PR b5 PR ges oa JSTT ot n BrblE Bl s Tts205 phZoob of the
abthal schii@nd@toS KR’ Alde &R ﬂeF« ©h 298 %a@bé bfevidcdGh lo¥e of the tensile
sem conductor region 206 including a region of tensile

sisgssed seglonfoAer 9rs,t299b st dhay &@nﬁ@\t/@mpyu Ay NRET BaR can also be
plroq;f%’d v%lgéh hﬂlg 8%%?? e%?o%r fcﬁlglé I?%ﬂoﬁ ;ﬁi& Q%Eénn%l fseg?ot%nﬂseposed in the

i ve sem con second

teslem seaded botiver @@h&fhdﬁctbﬂ. régich ades @rionallgrémer dielectric liner 260
onpressi ve stressed npnocrystalline silicon region
hmsg arignefagial stess sk E@erﬁeﬂ@émw roninygidg jhpyingdensile stress can

b? g&b@iﬁéd %Qgﬁyméoa%bN ?29 HERRhih Sttcg ?ﬁﬁﬁeﬁ Rkteh&Othe tensile stress

Ions have e in co e conpressive
applrefelstsetﬂe shzinnebregtcegoﬁasucﬁOﬁED4:thlbnalar; aesceonl éjlegectric liner 262

enbodlnent FIG, 13), PFET, 250 can be ri

ETIRE SIOTSUESIEAE B o Pl G E B REL | Bg Ut arease the
c&h@fé@ﬁ@@st&e@s LhRicAW NS riseSEREN PFE?V ISAEh bEYbLORore tensile
208 of the active sem conductor region 11. A source

strr@gq':cb ar 2@®pmrssw¢1 StreysEd d@:eémtm 11p¢r@vqadéa¢ uwdanfqomna@we with an

tr 209a, or. 209b ,of
R G5 BERT o5 Baliet SIaR il SERsEh i TR Pl FomRa R Sogppination
Wit PPEVT Beahbe@BE] Bf cohttendtion SVithearSNFES s@teaded i@ A&lition thereto.
209a or 209b other than the first one. An NFET 240 can

AaF%PI@&SiYﬂ Hiaserslalingsinerd nakba usesuedy in sgimbinatian ayithi ¢n NFET but
c&fﬁé 8§%d3£‘ @b&@f’i‘&{‘% th A HHE LS 5&8&8%@@8&\& 8”3' le

resse I've sem conduct or region ronally,
one dielectric liner 260 having a beneficial stress,
a liner including silicon nitride having tens

L5 o st 86 P UbvR YAy sapilarethatod ﬁ%&%ﬂ}bétrate 100
dE:%rlfbé’& LOGRIC, Wi R %ch@ﬁsn e $ild &cﬁh&ﬁf r&BRI 12§ 31 9 (6. 14) has

annel region o tionally, a secon
cainptesgite istredsi n eAs 26 positedi N@lea the nprelchl srebede i;glen éﬂ]Z consists
i ncrease

ed over in further
QS B N St et Tt CRETERARR OGN B bfeenitude of
bSthen Pt 3% cahd 0N @Pa.MBinkildr @S tﬂeeal§d\fe3ﬁ§§§1t&lr embodiment, the
conpressive stressed dielectric |liners can be used in
comnisisyiae poessed tayemml2 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 example, 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
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NFET or a PFET or both. A tensile stressed |Iiner need

not be used only in conbination with a PFET but can be
wa@e@d/10075conbi nati on with an NFET i nstead or iPCT/US2008/053152
addi tion thereto A conpressive stressed |liner need

BBt H e omorvieti h. oy n 205ebe Mol fuls rofireeh cStact with the
s@dfictdl Qedshe TSP 311 %@éﬂmé: ARFdaGA glyot@n%?fe R8s the stress in those

substrate 200°is simlar to tha he SO substrate '
poO®ns gsdsi wr%gvéohsmngheqmldarem evpth dle compresfiwe stress applied

sa |f| |aI 2 F 14), has .

@il Ser i S08 e RS gl ah ingieringBRSie popjag 208 of the
SEI NS %s %dhaﬁ( @bt Hldirdeo B&it@dtsmﬁﬁ@@ Rhdrefdial s@Esssd 15888 is affected
silicon nitride, it has a conpressive stress having a

bm@mtwd@ ssesshthaisen engutin Poicns209a5 20¢ of srwyq sgmicenductor

o ?PPV ﬁ&er %ﬁétﬂ gcgnetﬁltlo &ltlgg ?{b? ’J_Jlto@‘ ac%@;{:gg § §1§1lf\é§nt compressive

ssed ayer erne
s@@ssoe ggmca)mprédgua smskhdnayga raaglitugd oadoutalf. tseGPwhd Q0 GPa or
trenches 320 (FIG. 16) are_etched which extend through
2F9REeT gy qnefyﬂe?sefién%%fews‘@s@ phipeportion 208at way, the walls
of the trenches 320 define the peripheral edges 302,
314, 316 and 318 of active sem conductor regions 206,
2040]. InGotis]vatihesreaf therabovihembadimest, et saati Bcirlscangat®d e stressed

to ufficient to cause the BPSG | a
15 31 CRF (3N HefiseS @ it comgrat BABErel o bRHBAm instcad
o@ Qp irfl 5‘(911@@1?‘[00@ [h%/bﬂ5ﬁ§’(ﬁnp1%§k¢vesﬁfe%§eﬂeﬂlc%|ﬁ§g—tﬂd%y thezl rgobf silicon

| ows the stresSs in portions 206, 8, 209a, and
g@lﬁnatnhen S@reftrable'r i ogtﬂmng@lfdmllm ﬁtohe ot r egoes! afppfap@dof the

t her et Opﬁg c#q@elf%%c 1'9{)'9% ?alé( %f’gﬁl%o\ﬁ%srsev}f/si?esﬁe Sicon nitride

nﬂl'yrEé?tdep‘&ﬁbdiQ& oMetllt tHelagacbf @ih@b@caﬂfohe%@ BORYRFeBpferably
becone |ncrea5|ngly tensile stressed as the stress in
conibse eﬁﬁ@lﬂ'tl@lb’hgf PapPRosiBoe ddase I RHGstithey thauiBPShr | BHG has a
r I
htepr #1%& t% a?uéfg é)&)eﬁ? 1ts d%sc’ rc'ai;TéZ)t% ﬂ&%ﬁ tﬁgee %1 % 119105 ge{rﬁamurn to
becgrrbwm wig{dBit QﬁusﬁﬂgetlﬁCl’S(]} aywr tohicflbwi & that tempeﬂllttrre.CtLater in the

contact with the sacrifici stressed | ayer 312 is
fabyricatere arasgsst (FeOt &is thlﬁ‘&%@éxeg i ﬁ%ﬁ OVKRsWA ek .hﬁig I fgmperature, ¢.g.,
7@@%&9 ig%%% ﬂ?-ag%gat%i wifdh ({EBPSHI 15N MCHBvf €91 ON 2

Unde ch conditions, portion 208 now acqui res
S|gn|f|cant conpressive stress, e.g., a conpressive

R R AN AR O N
2@@5 tah@mé’&@;le[ Q4610 like RRGNMAGI tAE bRIXeQf ddsBELRALMERe (FIG 10), the
nbodi nent, the sacrificial conpressive stressed | ayer

sazm”w(at |0®np11ﬁ‘4§w¢ piedssieloyer ib agragvedftogathgyvadsipper gortiess etthe STI
reglonsqto pro%%cgﬁln | SOT sugsst}ra?e 900 illustrated in FIG. 12.

[048] 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 below to cover all such modifications and

enhancements.
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of or in addition to a | ayer of conpressive stressed

silicon nitride. The layer of silicon germani um
w@e@BaoEbl y is grown epitaxially from an exposPdI/US2008/053152

surface of the nonocrystalline SO |ayer 310. A | ayer

' ' co ' tressed silicon nitride may be

@géigﬁ#gglf%gﬁQgﬁféquié | ayer of silicon carbon. The

BOX | ayer preferably consists essentially of

phosphosi licate glass ("PSG') rather than BPSG PSG
heddTa Hieghpresanef rowntienpéndst umdusthilc happycabelstyr ahl éhe ofield of

ermt the |ayer  of si.licon .germaniumto _be grown .
“\%nl‘ﬁ% Mgads ?‘? n?%éorpé‘éegré‘??éir 8 Pt it év s %&W“laﬂy’ in - the
FARIRES RS Ut RsscH B stiubtut 3 al B tézat hAM chhPreesse (¢Piéns to improve

16), the PSG |l ayer is reflowed at a higher
thegisatosmenes;, e.g., 750 to 900 degrees C, than that at
whi ch the BPSG | ayer is reflowed. [047] After filling
the trenches with a dielectric material to form STI
regions 210a, 210b and 210c (FIG 17) in |like manner
to the process described above (FIG 10), the
sacrificial conpressive stressed |layer is renoved
toget her with upper portions of the STI regions to
produce the SO substrate 200 illustrated in FIG 12.
[048] In view of the foregoing variations of

enbodi nents of the invention shown and descri bed
herein, it will be understood that nmany nodifications
and enhancenents can be made wi thout departing from
the true scope and spirit of the present invention. It
is intended by the clainms appended bel ow to cover al
such nodi fications and enhancenents. | NDUSTRI AL
APPLI CABI LI TY [049] The present invention finds

i ndustrial applicability in the field of manufacturing
sem conductor integrated devices, and nore
particularly, in the fabrication of stressed SO
structures having tensile and conpressive regions to
i nprove their performance. CLAIMS: What is clained is:
1. A nethod of fabricating a field effect transistor
("FET") having a channel region (122) in a

sem conductor-on-insulator ("SO") substrate (100)
including (i) an SO |ayer of nonocrystalline silicon
(106) separated from (ii) a bul k sem conductor |ayer
(102) by (iii) a buried oxide dielectric |layer (104)
including a flowable dielectric material (206), the
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met hod conprising: a) formng a sacrificial stressed
| ayer overlying a first portion of an active
wa@esmsaartduct or regi on (109a), the stressed | ayP€T/n81008/053152
overlying a second portion of the active sem conductor
ngakﬁg (109b) having a common boundary with the first
n; b) formng trenches (220) extendi ng through
the stressed | ayer into the SO |ayer, the walls of
the trenches defining peripheral edges ( 112) of the
Whet iiselimedisconduct or region; c¢) heating the SO
substrate with the stressed | ayer (108) thereon
sufficiently to cause the stressed |ayer to rel ax,

1.t Rer@hyd sRMBHOGInkhefi3d bAsE efndidBe(" FET " PR @cﬁdnhéltreglon (122)
~stress to the first portion (109a) and to a

inse sgrpigorduyciyon-igstlpier E¥@h Y splptiaiconl 001 @%1}(111?& e arnl PO layer of
mérﬁd;c szalﬁlge% %gcogg@ 0(6;1 seﬁﬁﬁ’?edl fRor? I(11) aoﬁﬁfq Saml c\éﬁducﬁilqafe?ﬁﬂ%j by (iii)

ensi | Fessive ot

a binged bxidé didle@ss layd) (HEpasilhding aaﬂ&tJﬂile@tdeomcrrﬁta&rﬂaal(zo6), the
in the trenches to formisolation regions (HOD)
lﬂ@@ﬂﬁﬁ%mpﬂﬁnghe peripheral edges of the stressed active

sem Oﬂ)‘yﬁﬁ{ ) §a% E91'é11 s#r@s%ﬁélsi At 6\%?1&1{rgglao t I’t?d?ldbfqglg active

fron1a maj Of sur ace 0 resse r towar
setmca)nBG)Xof ac;@asn (1034),; the stressad dayeg rohevetlyieg saesbcbmj/ @ortion of the

ose. flrst a econd ortlon of . t he ctl
oG R SRtk e OB R s £ pdshinph Bo Rty ih gid ¢ portion:
trang f%hﬁﬁlﬁ (treﬁ%é)@ﬁ@ éx%'dH%echl(dukh FhSAHEER 15_\5%‘&'11% the SOl layer,
(123) in't first portion, (i drain region (125)

thg rwallyeoff the srenghest defming pdrlléhelral)edges: Kb alf thegioye semiconductor
the second portion (122). 2. The nethod as clained in
"B1°8i m 1, wherein the flowable dielectric material

I ncl yaeatige 6RPSI Siblsire@ ity k@sﬁre@sedﬁbﬁerr(?OMeﬁﬁn sufficiently to
claimed in claim1, wherein the doped silicate glass

cappr: thg ersssed daish i s itharel euuging dhe stuesserhlay ereto Hpalyas first stress
toccilgk“ggg %gh{béle 1695} ahd t%%@@'r esécggd ?ﬁés@stg ?Ige ée%%(ﬁ([e pba%toln \%O%), the

Ing a sse ayer over
fiISestae roelmgto@e of @gisile o nempesIIVe, e secpad biress befngt die of tensile or
stressed layer in _registration with the second
CORYF IS, otherthan the first Stress.

d) depositing a dielectric material in the trenches to form isolation regions (110b)
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
(104);

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

f) forming a field effect transistor (“FET”) to include (i) a source region (123) in
the first portion, (ii) a drain region (125) in the first portion, and (iii) a channel region in

the second portion (122).

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

doped silicate glass.
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5. The method as clainmed in claim11, wherein the FET

has a p-type conduction channel, the first stress
wa@ppBitedsto the first portion by the step (b) PET/US2008/053152

heating includes tensile stress and the second stress

applied to the second portion the step (b). of .
3 nakt irﬁgfh?ﬁﬂcasual@gn ﬁ%r@%@} Ve widraing theg 05k Shistiroglass includes
btboiBibsiiRaf! @b 5, wherein the stressed |ayer

i ncludes silicon germanium 7. The nethod as cl ai ned

in claim5, wherein the stressed | ayer includes

npressjve .stressed.silicon.njtrjde. 8. The nethod,as ..
4. CETRVERS HoGIFToie i R SbPRo Pyant Goe oy Posiing o
stic@@d iy ek Svér the h&vedeii bR S@HH 1eLiBHUEH R¥md el ®Podidd of iR stressed
sacrificial stressed layer is fornmed to overlie a

layerdp mrpigietipy &viddhe sespadipedonr egi on, the step (b) of
heating the SO substrate with the stressed | ayer
t hereon causes the stressed |layer to apply the first
5.STheaasthdd at bleisecondaiact i wikersiaiithe BRTULCE arp-tyggicofduc@iog channel,
the step of renoving the sacrificial stressed |ayer

the figststress ek fonige drie roxian by Bieaferdby abhegng agedydes tensile stress
Ver | yi [ € 0 [ he -
o SR Ay TFRRAo 60 S Pod HOHERDEM Bt P eaki includes
copifdedsive)stthasvi ng a source region, a drain region and
channel region in the second active seni conduct or
regi on, the second active sen conductor region having
6.2NTANLRARA af @Sk iRLAEES 5, Wheldlf tHBLRRELcASIaGRINRMes silicon
in claiml, wherein the FET has an n-type conduction
geemampel., the first stress applied to the first portion
by the step (b) of heating includes conpressive stress
and the second stress applied to the second portion by
7.t MEheSineol By cRfimb@at tlRfm ISNGIhdetas tHeem@kded 18¥dre88uddd. compressive
The nethod as clained in claim9, wherein the stresse
stieasgdpilicag nifiiés si | i con carbide. 11. The nethod as
claimed in claim9, wherein the stressed |ayer
includes tensile stressed silicon nitride. 12. The
8.nhé métlgﬁi @l cdimed in 0lairh 3, Ni:ch_greimkl&ra&:tiﬂe tsdftﬁic_aﬁdlic(tj/c& region is a first
sem conductor region is a first active sem conductor ,
actixgiseMicoRduEiple reg ppgd éh%wacgtff%aés%@swéyléwen B fumggdoteyerlic a

YRR3R 6, SETLCRTEPSE B8 501 By PRI
stiessedrlaydretheenn causs ght heestd égzedo lapykyr the dfirap pirgss ttiehe second
acf[iivé Sstern%orn 151’63[01} ?egtigrg a?n%c S[:Ilrédstep of removing the sacrificial stressed layer
includes removing the sacrificial stressed layer overlying the second active semiconductor
region, the method further 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 (b) of heating includes compressive
stress and the second stress applied to the second portion by the step (b) of heating

includes tensile stress.
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active sem conductor region, and the step of renoving

the sacrificial stressed |layer includes renoving the
w@awsilbi76i al stressed | ayer overlying the secoPdI/as100/a53152

seniconductor region, the method further conprising

fo pe FET "PFET") . h V|n urce regi.on,
ﬁwam%h%gq i Hémr?ew FiEg B sir S?%@ygreleslﬁeesaseleqwarblde
sen1conductor region, the second active sem conduct or
regi on having an internal conpressive stress. 13. The
1 lrreTltmdetbﬁd fndningalt inetpiar, Ritreasthelstaicssed layar wichides tEpsile stressed
rther conprising depositing a stressed dielectric
“?%ﬁ%? i8 overlie the FET, the stressed dielectric
l'iner increasing a magnitude of stress applied to the
channel region of the FET. 14. The nethod of
1% abd wathra gs aleimgringdaig) Ji whaiein Ahe petivinsgmicopdydsesyregion is a first
c I
acgl\glg% fn?éo{ﬂ %E.?é’sglc?% rélg% tqpé Sécgrgﬁ gaq ﬁq}eg{ rﬁl léagr T. 1s forllgl d t8 overlie a
sedent easicngmicomdgetot tudeornfths btepss) apptitied the SU'Iesubstrate with the
channel region of the FET. 15. A nethod of fabricating
stirepse laggrf f@e&emtl reanss ¢he sesediaps? o Rapiynde itk siesnito the’ scoond
ac&%‘ A Ylhﬁé{OII §n Ml‘letlf I}ﬁv eﬂ%vﬁ%aﬁ{éegachﬁgfap REressed layer
i Sposed ocr stalline |con on-i nsul at or
in@l‘h&ﬁ I’él)nolvmgethe m‘cnﬁmaBﬁess&dtiajZe'ra)Nel;lymg ¢heSEtorslHzsive a¢reiconductor

i ncl ydin the SO .epar at ed i), bul k
rogBfs B kg GPBy IO PYAC B hed o et Pt source
rebfdf! 4diang re%léﬂ Maﬁng'r@ﬁlﬁﬁ ik e JEBERS ddive sERROABIAQDegion, the

conprising:” a) formng a sacrificial stressed |ayer
scourst dofiive geraichndustor pegion baviagan mterhilrodmpogsivostress. an

active sem conductor region, the stressed |ayer not

overlying a second portion of the active sem conductor

13. egreNmetHdd € EMHEaR tah OFE DAy f1gindedC HMERMM DD UAGEY comprising
with the first portion;b) form ng trenches extendlng

dephsisng e siressest disdesair lliagieko orerdict the 1B, ﬂhawéﬁesseﬂh@electrlc liner
mX‘@LAﬂ? % E}hg{?ﬁu({e O%ﬁrgs%sapgﬁ&wyt cl?a re%& ﬁﬁﬁi‘ ve

senm ¢ regi on; strate
with the stressed | ayer thereon suff|C|entIy to cause
the stressed I?yer to relax. thereby cau

1%t rEssaythodyel f3tsicaing b BT rast clapmeedon @Eﬁ@g ,eﬁgihﬁwgmpﬂsmg
e?ﬁmﬁ??pag SPRSME d tléc?r?cs 11]59r {1 vt Sthe H@f’f | 4B, stltegseﬁpdﬂ@éctrlc liner

rst one o tensile stress or conpressive stress
decreating atmgndudoof stess gpticd @ hpphynnal semond tisd FEESs t o
t he second portion, the second stress being one or
tensile or conpressive other than the first stress. d)

151@pﬁ>§thbu RY trdh@ALELIH IcCrobBt R isRrs ("PETES HalBP WS chtQonductivity
formisol ation regions

types, the FETs having channel regions disposed in a monocrystalline silicon-on-insulator
("SOI") layer of an SOI substrate, the SOI substrate including (i) 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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contacting the edges of the stressed active
sem conduct or region, the isolation regions extendi ng

wo e@siien7anj or surface of the stressed SO | ayePCT/O8EN08653152
the BOX [ ayer; e) renmoving the stressed |ayer to

expose.the first, second and third portions.of th
act i clomaiRe tEHG e aleqtglbg gﬁ?u%n@efs}r%ssa ANEG 1fost q:?{)l layer, the
wélls%ﬁh@fré&%@s %lé'fgﬁ@g&f(glgjﬁ of thEBIfiVe RAfcAdISSPREIJRET, the

irst FET includin a source region disposed in
t he @)ilrestinghet $Q@hsubgirate veithd thei siressedi layerdherpars edTicientido cause
first rtion,. a i) a channel i on disposed in .
e heSsef B BareRdfictbhitushedhE ared RO RpS R T8 apr ensie
stROUEE M RGN HicSPRSBE firkt fdi€ort, b a@pRaht fidfl.ond oF.&RNE stress or
drain region disposed in the third portion and a

cosaremitycoaselthe Bgidawrdenspssiedpply 4 sreondhpiress i sgpend portion,
(g Rl b2 otE of LATIESH e BV Tghier SRR IRy H0p

gl asd). ddpbsitihlpea nttibatic asatetial wedhd nreatlaismol formMi@iion regions

the stressed layer is fornmed by depositing a stressed ]
coniasting &R pdgen o dbe isessed Rrien eRIdIEYdUCtof Tegiomnie isolation regions

R e (A o T
as cd)acmeding thasteissadlidyerwh exmasn thdrst,isesdndFiRd thiad partions of the
-type. copductian chagnnel and the second FET has an

fwﬁy? C’%ﬁﬁﬁgﬁﬁ%ﬂméﬁ’nnel, the first stress applied to

the ff)if{)lﬁltéing‘arﬁtjspﬁela@fe&p@aﬂsmtclfrct“pgf’t)i A PYecbh® FETChhe first FET

(c) of ating includes tensile stress and the second

ingludimgdiappiuiredregont disposed imthefust patiom(ii) halrgin egeipe disposed in

of. heating includes c ressive stress. 19. The t hod
Pl gt el SR e o 6P BT er i nalfifuEi Haond FET
indlu@inges se&dndiseliRetregion | digfRked & eneemiddepaition, easécoad&rdh region
the tirst and second FETs, the stressed

digpasp@ it the glifdpartiometdensicard eharaglirgigadisppsostin drpthird portion.
applied to the channel region of the at |east one FET.
20. The nethod of fabricating an FET as clained in
16| Bhamdthod by claherd ia@igim &, Rdetbep s flovwidladiskeeis sederial includes
dielectric liner to overlie at | east one of the first
dﬁﬁgsiﬁ@ﬁﬁémﬁETs, the stressed dielectric |iner
decreasi ng a magni tude of stress applied to the
channel region of the at |east one FET. 21. An n-type
1c oRduaidtiond ehatmmled finetldinef 5e cwhdreiangies stomssdd’ NFET'1) formed by

havi.ng a _condyction . . . . .
deposnlng a stresseg lIlayelr 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
channel and the second FET has an n-type conduction channel, the first stress applied to
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 FETsS, the stressed dielectric
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channel disposed in a nonocrystalline
silicon-on-insulator ("SO") |ayer of an SO
wadestioEse, the SO substrate including (i) theCB0k2008/053152
Iayer separated fron1(ii) a bul k sem conductor |ayer
I a buried dielectric.layer inclu g a
hrf% B"}Sé“gd‘? é"lla&?’ct\l‘iiecoﬁétfeéﬁ aplicd; loethrpsenng gﬁiﬁfli’% Phe gt least one
FiBpurce region and a drain region disposed in a
conpressive stressed portion of the SO |ayer; and a
channel region disposed in a tensile stressed portion

f e S y the ch hayi.n n ..
2 o oS e Bt i batiieas SFPRETdR SR 5 RSP omprising
depB&iting B ktrasseg ldadldmal 1iRerCloaiviiRlat 1E44f bRebf SRkt Sid@cond FETs,
trench isol ation regions contactlg% peri pheral edges

the stressed @iglepitisdgioy degegsiseragytude o stress apiies tRtkerclpgnel region
im21, further conprising a tensile
mab?éﬁ%%%oﬁaﬁ#gctrlc |'iner overlying the NFET, the
tensile stressed dlelectrlc l'iner increasing a tensile
stress in the channel q of the NFET. 24. The NFET
2l A PaYIPPe%OI}dHCté‘PnaPhﬁnQil fig éreﬁ?efr transnint SNEG TR having a conduction
faYuscly t c d
o A AR SOIEP HhRE of an sOI
suhs!wteaﬂienﬁOh subsisitd endodieg s(l)| thet BOI Clhm‘mmparamjﬂl dronof(ii) a bulk

t he NF 25. A ucture |n | udi t he . .
SCRIGTNBEIO] ot diTish & Al i TesHtin et e e o fgwable diclectric
Inggﬁgugkq@mgpgﬁﬁﬁﬁgnéleId effect transistor ("PFET")

having a source region, a drain region and a channe

r egi @souiéspgswdanidne thaen tgpr disisee s b cegwedsipostressed pértion of
thtgﬁ f N %a er.26. A p-type conduction channel field

&PPALYF28Hsi st or ("PFET") having a conduction channe

di spo$RshreD &M @igpdtcd I Betelilel GRRs@NpoiivH| Gt Bk SOI layer, the

("SO ") layer of an SO substrate, the SO substrate
chaped] setlipmhqving ¢ pemmon bouydary séhdhaeasapressorn sticksed oHiNK

sem conductor layer by (iii) a buried dielectric |ayer

including a flowable dielectric material, the PFET
2 Ohipy INFBTYas aldmgd cia ¢leigh 1, dodha comapribinge @icdch isolation regions
di sposed . in a tensi|l e stressed portion of the SO
C%@?EP% pefirhesp! cAggtnd th erfé)@ms?ﬁsafeaﬁsese@ PPHIO8- conpr essi ve

stressed portion of the SO |ayer, the channel region
havi ng a conmon boundary with the tensile stressed
2%oiThe NEET as claimed in claim 21, further comprising a tensile stressed dielectric

liner overlying the NFET, the tensile stressed dielectric liner increasing a tensile stress in

the channel region of the NFET.

24. The NFET as claimed in claim 21, further comprising a compressive stressed
dielectric liner overlying the NFET, the compressive stressed dielectric liner decreasing a

tensile stress in the channel region of the NFET.
25. A structure including the NFET as claimed in claim 21, further comprising a p-type
conduction channel field effect transistor ("PFET") having a source region, a drain region

and a channel region disposed in the compressive stressed portion of the SOI layer.
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27. The PFET as clainmed in claim 26, further

conprising trench isolation regions contacting
weerspmgsal edges of the tensile stressed portPCHUSR88/053152

The PFET as clainmed in claim 26, further conprising a

ensile stressed dieleckric liner over|ving,the. PFET, :
2% PEHRS ff‘%ldgﬁ%g@&n -é?lecqffe%trw%w Qé@ﬁga)sf?%ngaa conduction
CHERRAT RAONE il hSehRliliR_GRONSh.ihRuloN MOk NAufEFESF an sOI

The PFET as clai'ned in claim 26, N
substrate.i thien§Oh substpte seilvdingt(DedwedOdi leyacsapprtdd from (i) a bulk

sl @it PP A e s BR L E RS s FRREE oo diclecri
mﬁ@ﬁmg&@mmﬂT@d¥¥ﬁyhgﬁ the PFET. 30. A structure
including the PFET as clainmed in claim26, further

conpi $asirergreaien gng psisaip aeglert disprsce am frasile steqsepdaiorisen of the SOI
b&&a&&istor ("NFET") having a source region, a drain
egion and a channel region disposed in the tensile

st r essletinplakgioanligbsdédi@ dStdmpragsive stressed portion of the SOI layer, the

channel region having a common boundary with the tensile stressed portion.

27. The PFET as claimed in claim 26, further comprising trench isolation regions

contacting peripheral edges of the tensile stressed portion.

28. The PFET as claimed in claim 26, further comprising a tensile stressed dielectric
liner overlying the PFET, the tensile stressed dielectric liner decreasing a compressive

stress in the channel region of the PFET.

29. The PFET as claimed in claim 26, further comprising a compressive stressed
dielectric liner overlying the PFET, the compressive stressed dielectric liner increasing a

compressive stress in the channel region of the PFET.
30. A structure including the PFET as claimed in claim 26, further comprising an n-type

conduction channel field effect transistor ("NFET") having a source region, a drain region

and a channel region disposed in the tensile stressed portion of the SOI layer.
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