METHOD OF MAKI NG A MULTI PLE CRYSTAL ORI ENTATI ON

SEM CONDUCTOR DEVI CE BACKGROUND [ 0001] The present
waele@ehowss es rel ate to sem conduct or devi ces, BCMURWNT062793

particularly, to a method of naking a nultiple crystal

orientatio 1.GO t evj ce. 0 trates
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mobility in the (100) and ( 110) crystal orientations,

respectively. In one ing a dual
orientation substrat e@%ﬁ@ﬁ@ﬂ@r equi res etching
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supstrate. The bottom substrate provides the alternate
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t hrough the BOX and stopping on bottom Si substrate
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the channel epi. | OOOSJ)I Accordingly, there is a need

provides theateirimie Siplananettho 801 biyco omeued, Aty ¢tbiung topighnthe BYX and

the art as..discussed.above, BRIEF SCRI-PTI THE
sopp g ytibe R E PR B A PR Lo s olfpubsrae

This dayhag@¥arDhcg@k a¢tp lipaud ehaweticctilvdbi @ttaky piodessahia o rasalmii g
.. figures, in which |like references indicate simlar
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having nmultiple crystal orientations according to an
[0003& b oAlcavedinglgf theteas pmeskfor anlireplogsdimethodrfor ¢v@d@@jing the problems
ot Fi qures 9-%7 illustrate device cross-sections at
in the grfras GIRCuSSFOARAE: st eps in the method of neking a
sem conduct or device structure having nultiple crystal

ori ent at i ONSBRIFKIODEROR [P PINOIFNEHE BT0QWINEY of the
resent disclosure. [0007] The use of the sane
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illustrated for sinplicity and clarity and have not
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of ma %gg%g@%&%ggéars %Ecgfs?ayt@tﬁ?eoﬁalﬁ@{lﬁipiencrgsqgl ofr{e%‘yarﬁglsls arlrcacording to

an embodiment of the present disclosure; and

[0006] Figures 9-17 illustrate device cross-sections at various process steps in the method
of making a semiconductor device structure having multiple crystal orientations according to

another embodiment of the present disclosure.

[0007] The use of the same reference symbols in different drawings indicates similar or
identical items. Skilled artisans will also appreciate that elements in the figures are illustrated
for simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to other

elements to help improve the understanding of the embodiments of the present invention.



el enents to hel p i nprove the understanding of the
enbodi nents of the present invention. DETAI LED

WOEBCRIPTI ON [ 0008] Figures 1-8 illustrate devPCEUS2007/062793
cross-sections at various process steps in the nethod

of making a sem co ' ture having
mul tiple crystal oﬁgiéﬁgépgﬁékiggﬁﬁéﬁﬁg to one
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igure 1, a portion of a sem conductor device
of makimglaydmicondeeiod durrtuetioturomvitgsuhbipby cry g O)rlegtabgm aeerding to

1 avi n_etch sed .bet ween
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applicstiomiHoe dxamplpahe SOI afrmedresonidaoclddet siticomon-nsulaadrotructure, a

structure. 009] Etch_sto 0 s.a l.aye
e R A HO DG GHhe Ol 56 08 BB T gt spmiconductor on
insulaf§lsgatiume etch chem stry or chem stries, with respect

to the BOX | ayer 16 and with respect to the underlying

SO substrate 12. In particular, layer 14 acts as an
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oxide N &Gt tﬁe LAYl i $b1 amseatt d8d ’thrétn@tﬁfd@%eoﬂ BY @ the oxide.
wherein high-K represents any dielectric value greater

Furth¢rirane, shqetellsiop &ayﬁné@caﬂme@mb @ daledtee tayecstack] Q.fel high-K
. 0010] In addi.tion, .an,SQ er
diclect oy i PR ERR o R Sl R RE B il scggp value
greate} ZhannNCré@@smandd thedshalb Msdigdtriovdlgat at i on and the SO
Iayer 18 includes a second crystal orientation.

rate 12 can conprise. any suitable sen1conductor

[001% u bsltnraéthéloflo%n 20hlayainl &is disperrdpvedyingdhg B@X 16. In one
embo&’]ﬂf%.[nl[ Gt B Etraté | i glhcfeggg#ét%&al 0 g&%&&?&fd t‘]lg S@g nareir $&hcludes

con. conpri ses
a secomdictyaid] erlsletml@to sabgtans 12 egredonf@ise angswieble sermconductor substrate
for a given semiconductor device application. In one embodiment, substrate 12 comprises
silicon. In addition, SOI layer 18 comprises any suitable semiconductor layer for a given

semiconductor device application. In one embodiment, SOI layer 18 comprises silicon.

[0011] As illustrated, substrate 12 comprises a semiconductor substrate having a (110)

crystal orientation and SOI layer 18 comprises a semiconductor layer having a (100) crystal



sem conduct or device application. In one enbodi nent,
SO |ayer 18 conprises silicon. [0011] As illustrated,

WG asttasE 12 conprises a senm conductor subst re€EUS2007/062793
having a ( 110) crystal orientation and SO |ayer 18
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21 oS AN oy SR HLE S r RSt M e o
ARC/pbleshARGY lppd:rl?ﬂrnoﬁtpmsed awieide?2 1 conprises a nitride.
[0013] Turnlng now to Flgure 2, an opening 20 is
red.re n.of, (i) nch jsol ation
10013} ) FipinESa e r FERRITEoH BB ISR B B feion of 1) trench
lsolauwﬁ%& (i) firSecrPRENY A 88 SYitAM &kzﬂhowa&eﬁl he bp&ﬁngﬁo extends
| ayers, down"to the buried etcC stop | ayer .
throug;"bér mxes cﬁlam:rsoqlmm tegh burderhetglestae lﬁdnipH sﬂ@tmatm quapamylg 20 can
be acc&m&]ls c% AL szlrsglﬁc fttq?rglj‘-n% In e’?cﬂ t?c%g ques, w \Mhe%eel% the etﬁl
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chemﬁsﬂﬁ/@lﬂ@ﬁlstrfé@ aRRGItRIL it BrcB Uﬁ@uéhﬂt}’l@ AR /polidhestdpidy X 1dehe pad
| ayer 19, the SO |ayer 18, and the BOX 16. In one

oxide é%l% 49.renBO1 {aver Bt @nd dieddP Kt oy Iy eiesmiadimeny) tha stch chemistry
(chemflﬁfl %Q&Wor}g?g ﬁp aé bal) {s%)(ﬁll%g gefqgét&g té;Q?HHQ Xlltl gf%rg%lvgteé%h that is

aggr SS|ve y el Ve

highlysgebqativayethe téh sEq;rlaﬁeraIthFﬁ exhmpieatorantiof oﬁmmnhnmzm@m be
can shed ing a dry. e In ad ition,

b I
acco hq(ﬁgs?%g a& Itcg] (Ijrég\sgf 1jiQn, g qpeglqgagoq}aﬁ sidgpat %\éﬂth a falrly Vertlcal
profilPuef 4 b&idHh gu@acle%ﬁeéa G f@% &Fﬁdrﬁ&%ﬁt}ﬁe %{&h%l%%%ﬁq 14,

portion of the etch stop %r 14. [0014] Turni ng now
to Figure 3 opening 20 is fljled with an oxide 22,
[0014pr efEtrramlgylowatOCFegms Bt epknong Heis ﬁlllnd ond aarmxidii 2% prefembly, a

deposEERERRE I oREp Baf T RRAR WERRR iommeor) E bR FRnsipyplasma

enhand&PEHeedic8 vapsH d’ép&iltloﬂ (FEDPEEVD)) bR[cOMi £18thé2 ciBsTI icH e $hed
pl asma enhanced chem cal vapor deposition (PECVD

deposgged ereide P coraprisps girhesmagnbaichshemiceheapge pengistion (BREYD) oxide.

In yet%ﬁB%g{a@Bcgcg%laﬁté ﬁltlgei{yggs?tlﬁd \6?1%'% {22%%912)?1% %s' ag%le%lwa? %{ %3% ta‘%ﬁ osition

(CVDhbeiddeposi t ed oxide 22, the entire structure is
planarlzed down to the ARC/ polish stop layer 21, using
riz t|on techni For

table pE ] e. Xa .. Lhe.
100157 Sifsrdicniodt se! ppeitias 10 sah s figpotiehady 2 the cfire
structﬁ?%qg]ﬁlﬁhé&?ﬂed down to the ARC/polish stop layer 21, using any suitable planarization
technique. For example, the structure 10 could be planarized using chemical mechanical
polishing. A second anti-reflective coating (ARC) layer 23 is then deposited onto the

planarized surfaces of the ARC/polish stop layer 21 and the deposited oxide 22.

[0016] Turning now to Figure 4, an opening 24 is formed within a desired region of the

first crystal orientation epitaxial growth, wherein the opening extends through the ARC 23



polishing. A second anti-reflective coating (ARC)
| ayer 23 is then deposited onto the planarized
wa eno7acess of the ARC/ polish stop |ayer 2 1 andP@tES2007/062793
deposited oxi de 22. [0016] Turning nom;to Figure 4, an
peni

d f
and theREBO TR i 2o B e R EHREBSPRISGE biormalian o e opening
24 car}j he a&B%'h@lg:d%in%rh(i@ sﬁﬁﬂ@é‘?ﬁteﬁ‘t’ﬁﬁg AR aRnighss, whereln the etch

eposi ted oxide 22; o the buried etch stop |ayer
chemigity/chemisaites ere switablhéo eigk irngeivthe AL bycnztompthe dbpadited oxide

i tabl e. d [ :
2. THRAB AR b SR BT elog IR B0 LFE QRS e oo
aggre§iveletéhiheuig hidhesoMGvE &y Bk cfoh stdilaydie 40BPGHRI dnesbdaxédde
22. The etch chentstrgﬁéchentstrles) used to form

formagipe Af pRENIE 345is Egeampl etiegla dey gelon deditian. dbgyprangia st has
e t {

sidew R Wit LA R A oY Bt Bk PSR 18R xp R portion of
the etelcaopplybishied using a dry etch. In addition, the

openi ng 24 has sidemalls wth a fairly vertica

rofjle and a tontsu ace. defi ned by osed

[0017Eor SHeEnt tﬁé S gtRaton, PR Afigd PP@@.‘M? the el Yor Kwer 14
exposE@b§ 'El% Jp%ﬁ'i%tzkt%‘ sREwWPREML G 24 théd BRGYEPLY RhsthA&l B ure 5,

stop layer I4 exposed by the opening 24 as shown in
thus fﬁmgug epehing2§.emave hoivbd camsid pwton at etghistopHaygu é cémprises the

r.m ng, O 6 t.he exposed :

use of gy S EPIE R R BS Rl S B e SR FRESTES 23 prd highty
selectBAditd atl &d@ﬁﬁhg@(ﬁ%ﬁﬁbtﬂa&aﬁ The BicBth¥mBay eetdntgritd akdiglected so

deposited oxide 22 and highly selective to the

that thg:mtpthfrsgrfg@ ofsthe §OI anbstrate, [2Trposeddty remewslstf the exposed portion
of the(e (!hre Cpel 1s %r %16%[3‘1{' ﬁeét- é@ Sgl)l('faég ga %gr{et Fvg?r% ];eirnovlal of the

expost:dn poresp o$ e eﬂ)ﬂfitd)tﬂfayélf 14 Beaticd la)usttsintg hrayteti tlihﬂnmﬁnﬁtzes or
substantlally defect-free surface. In other wor

climinaggsdleriskod! damagingdbe sytass of tltﬁrﬁ%subﬁ@tet% Hn9pg ﬁmba%tent
t
remoraffol e €84 Roftish of Mt Elofhaer | RactiIhER sl o wgtgrch.
substrate 12. In one enbodlnent renoval of the
[0018&x posexdrgioglyi Biguefs tlstratcin csneo'plgl 2\tbat id forired subsequent to

acc i she tch 018 ccordin
remoif 0 chPore pation e gl topariial 56 tpdutiond i iiatiction of the
etch sﬁ?h&ﬁéﬂ ugnin th@rergﬁﬁ‘ifb'fahe Qén&lh%l@tiﬁh%ﬁﬂat%rénu(}ﬁst@rys@él“oﬁhentatlon
op Iayer 14. "As understood, the introduction of the
cpitaxgal @how,ttlo@ilrnmy@s theqiskiof demeging gltemxpoﬁedt Sqemtqnén@:thr surface. In
formation.and flrs&IF orle tio

contraé |p%rlglr Jtegﬁmatrteg WE:Sﬁllte% fda dama dging uc or. su%ac%ehthat

occur@th@@ﬁgﬂhdiss e dpneltie frforsuhf ae Gpedulig th@cb’ligh&ﬁé BODI la@ér without the
techni ques resulted in damagi ng the exp

presencs oif @b HyerEregiate efeh slop lwabetav@era the B(RX@HQ ﬁhwtéietiyma sypsjrate.
etch for form ng an opening through the BOX | ayer

[0019?""at heut rrfn\l%gteoﬁ\ft?ifg@g%@gn %ﬂ%ahm ﬁfa y| s gg%&} oﬁttﬁboexposed

yer bet X" an e un strate.
surface @D 18] scRedcmdnetogsubstratt 4 2 Fiighum epeﬁn,tnglﬁ @pgurat). dpitaxial material 28
material. 28 is grown on.the. expos
is grown to a desired amount. For example, epitaxi lrnaterlal 28 can be grown to overflow
the opening 26, wherein a portion of the epitaxial material overflows the opening 26 in the
shape of a mushroom. As a result of the defect free surface at an interface 30 between the
underlying substrate 12 and the epitaxial material 28, the epitaxial material 28 will be of high

quality and have minimal defects. The interface 30 is illustrated as a dashed line in Figure 6



surface of the sem conductor substrate 12 within
opening 26 (Figure 5). Epitaxial material 28 is grown

WO 2008/1083 r ed anmount. For exanple, epitaxial nBCBEUR207/062793
28 can be grown to overflow the opening 26, wherein a

. portion of the I taxi al material erflows th .
and inEigalify BP9t PR T SRAPATRF | ﬁﬁﬁw@%eﬁffce@vamree Ty epiggial
materfaD 88 A6l 8&b cBﬁlgﬁsegeUgafn%:&yﬁﬁl GHentafibB b BaoSMe BOTWERKal®. In
underlying substrate 12" and the epitaxial material 28,
one emhedieeit, ghei SPT swbsteate A2 caBprikas|a sPwoofsulbritigre i & ¢ 1 8nerystal
. have mininmal defects he interface .30 is i]lustrated .
orient @ orih B, Bt o™ A ub ARG RET pitipk 1 1Dy PhF offEntation.
readi ly discernable in the actual device structure.
[0020The Qpiséqichedo thagstaxall gebvtiMof naddriaD2 &, ARPEthRuraisSEi@irized as
crystal orientation as that of the SO substrate 12.
shown) i gerednBBe PrER sirugte isplanaiiged iofe@oyoa peitignio ept 28 and to
e < o ; i
romor® A o AR Pl iE oDy 41 b el DXL RyoP TS AL B SO
layer &8,(usthtQny suigaplandrizetidmtachmqud. (o2 6fanfribsbestanturt d0 theld be
epitaxial gromh of materi al , the structure.i
planarps%%mgféa%é@wgﬁ%wgﬁpw&mge ﬁ? Dl ISP ECCSE nsktrddby
referch&e RIAGRI 3ZiaGig e 7 emove a portion of epi 28 and to
renmove ARC | ayer 23, ARC/ polish stop |layer 21, and pad
oxi de layer 19, down to the SO |ayer 18, using any
[0021$ ui tBgfbming|nematoi Figure Snsanaedriugioe derers haadoere fdrmed using any
.ostructure 10 coul d he planard zed usi.ng . chem.cal
suitabft sl op pieEyeg St Seh o OB YIES o tnd 36 arc formed
in first A6t GRb@DrcBIONE Bl IRIreiAcR: fitstRAIn d2relpbnts 834 Rgion dfARZPIhnarized

 Referri na now to Figure 8, sem conductor devices 34
epitaxiy gnatgriad 28 hpyingdhp first erystalgricatation sne theessrandriggien gprresponds to

eSS 5O P SRR 1 051 B2, PR
gate didléstic B Bgaaclcmrode Spadidisydlispacdre§9,amnd ddurtctydram sagammis 26dnd 41.

. ..epitaxial material 28 having the first crystal ,
Slmﬂ%af - SRYISE %HICLW&S,af%e@a@ZM geiiglActEg ﬁ‘?e&%?ﬂa%trqd& 43pgidewall

space3 4, hﬂyﬁﬁréegdrgﬁ\fbélgﬁ Dearpspnd crystal orientation.
Device 34 i1ncludes, for exanple, a gate dielectric 37,

gate el ectrode 38, sidewal|l spacers 39, and '
[0022§ o ur Seetidersduator dgviosss3 Umdaddcban TomBiisd 4rgrdujtabld eghisend@tor

. includes, for exanpl ate di.electric 42 te.
doviedy Gegigo 3 BTl o BT SOl Boiife atBibfrop ana e
corresgsgdﬁﬁ@ snaftBfadfiding Grode Q0 BRbnS@AbSHAHAEHC §edicSlRMEGe Sevdde 3nd

6 can conprise any suitable sem conductor devices

comprges @rittiying device pred seajeondasondevies SGeanpess seM-yondedeodn
...devi ' j orr. i na. facturin
addidif $hE ol BB o R oo B O SR SR LR b, or
examslofatw Sasdedide-3Uy ie/ichedd 4 pRdblsathe adadided @ot dowinge 36
conprises an N-type device. In addition, the renainder
orti.ons qf deposited.oxide 22 form suitable isolation
10023f g5 dRYes P lﬁﬁ%wm VSRR LTS DiRSGHLEeTsgh Yigmethod
of maRR S sRhYcoRt&Er AEYdGERcfuROhavOMMkiple crystal orientations according to

another embodiment of the present disclosure. Turning now to Figure 9, a portion of a
semiconductor device 50 includes a semiconductor-on-insulator (SOI) substrate 52 having an
etch stop layer 54 disposed between a buried oxide (BOX) layer 56 and substrate 52 of the
SOI structure. In one embodiment, the etch stop layer 54 comprises an etch stop layer added

to the SOI structure as part of a layer transfer or wafer bonding process during the



[0023] Figures 9-17 illustrate device cross-sections

at various process steps in the nethod of nmaking a
w@eergotsiict or devi ce structure having nmul ti pl BCOYRDE062793

orientations according to anot her enbodi nent of the

man e e ST oL Bl Lo Pt Gk s i SoRRE RS
1nsula§cﬁrr§lrﬁ@tﬁ%k&rdlr%nto'tﬁ@ﬁﬁrﬁ&ﬁﬂr e @ omSdstty @l & é%na@h\ﬂ'u%r device

an etch stop | ayer 54 di sposed between a buried oxid
applicaBOX)For ayanplsgha )] subsuicapeldipclode @ Biécmn gsulator @trecture a

In one.e di nent . the ch stop. la 54 co
sermagguah of § G Ay ira b O Doy Gt poit e PR iehieufletor on
insula®orlsgyedird r ansf er or wafer bondi ng process during

t hemanuf acture of the SO wafer. SO structure

npri ses any suitabl e sem conduct or - oni nsul at or
[0024l;t r u%tt:ka PP ABEH P H cogPEiEs pHRY g aplested Inagonfugtion BB vaifable
j

highlPhelef5 o8 R ThARRRY BF Bhrfi it M APRU &Fld B0 Bty BE ARl i
respe tte t]mtumder,lylag gen Bﬁﬂ;itnam 5nln pestitdsotayst S4iadtuissesn @ch stop for a

ot her suit stral n r no rai ed s duct or
subseqyenf pigr sﬁcg RaReeL0d50 ?dm?@ Bt aé(%?f gomprises, for
exame) r@ﬁl'trﬁ%s h@fnhﬁy 6%idS JIr@al 8thet LLieORY (Hél@&th@ Br WshiBtRFurthermore,
aval | abl @ highly selective etch chem'stry or
in anathe cimdodinem}, thé ¢thh stop et 54 comhescB@Xy batedle didlcamid layier ktack.

One e%%r?lglieg)gl eléc{‘glggl g@s&all%cl{l% ig agﬁoliliz L te 1 izdicoYlchgein the oxide is
overlﬁh‘?ﬁ@%ﬁ&‘l 9% SOR s@setc\int fhd MERRGS oh %p&@%hé QM% Pgl@thermore the
he etch stop layer 54 conprises, for exa

ctch smptlﬁyezﬁé4 chaPempiteoxdiglsctrisrayen ytaok ps highik dtﬁ;lle@trlc layer with an
ctiri ¢ or insulator. Furthernore, in another

OXIdeqrérgllf Gl et? the etch stop |ayer 54 conprises any

suitable dielectric |ayer stack. One exanple of a
[00251:“ eI Iacatidnmnj ays0l kyaci8 is dspotdovanyiaxitdeBaXd 6@ In one

crboeient o uPaESe SRS ATEY GBS SEHE B O O GACHES fctudes

&1 BRbRatid !
a secﬁ:delr%bct r%?(E: atéél e§u§§tg{kf< ?291 éﬁlg{]se Eﬂ}é ?Lgfbg%éoﬁgygtror substrate
for a giv¢rhscancaxiudter demier dpptieaticay br ond GURBYment, sudbdirate 6B comprises

sl o At O L RS EOPECS 55 PTG SR i fupaiven
semlc@ﬁdd%mri\i‘ébi‘ég applitatibie 196he bayedineft, SO LRSS dompaRRdilicon.

crystal orientation. Substrate 52 can conprise any
sui tabl e sem conduct or substrate for a given

[0026% e i ApHWsEted. subwaé@?a@pmresa@ r opmicpadustns sebsisen having a (110)
crysta@ gﬁéﬁtgt%n an%PS quggerr 53 ec%gﬁ)h O&mlé gll;hearvﬁgo L &lgﬁf&ystal

e€s an em con uc?tor

orient@fiote mtﬁambﬁxbnmuoﬁmf aﬂ@talmleamﬁbh&ab iposkiblé,fooeeample, substrate 52

enbodi mrent, SO er Sg ri SOSS Si I i con. .[002 %PAYS
can cqQIPH{RSASEREPn E‘E}B’éf’t alrac Bavipg msw systal eupRtalinIAG ! layer 58

r on and SO
can Ci @er %%ﬁlé%{r@gre% ér %ggn])gco %@t &gSth dér%g{raﬁhgw ng a
(100) crystal

[0027] Further with reference to Figure 9, a suitable pad oxide 59 and a first anti-

reflective coating (ARC)/polish stop layer 61 are disposed overlying the SOI layer 58, as
discussed further herein. Pad oxide 59 provides a buffer between the ARC/polish stop layer
61 and the SOI layer 58. In one embodiment, pad oxide 59 comprises a thermal oxide and the

ARC/polish stop layer 61 comprises a nitride.



orientation. Other conbinations of crystal

orientations are possible, for exanple, substrate 52
W@207804983 | Se a sem conduct or substrate havi ngP@r/380)/062793

crystal orientation and SO |ayer 58 can conprise a

onduct or_ | avi a (11 ryst
100285 TFERMER gRSST 1B Hep e GO Fmaraba devidergop af O
trenchoisol@tiSithd ?irﬁ %{dys% bﬂ@nt@@orﬁé}ﬁltaﬁlaf %Ir h Wérélﬁftﬁee&ﬂeh}f% 60
coating (ARC)/polish stop |ayer 6 are di sposed
extengpvtbrdugh n@em%‘eofmers dyen ¢ gic taicd ictebstnpddydrdrt Fenmation of

.h i Pad 50. d ff
openiEbF bl b o R AR aRY SRR Cratltbaif pRf P ERndififos, wporein
the et@&ReHifBMEhenRt cOX deitdhde Mﬂfﬂhﬁcﬁﬁgh&hé AR isRXlopeaydn@ 1, the

the ARC/ polish stop |ayer ri se
pad Oﬁd@ h'ya@%f Olo28P!1 fﬁmrrﬁ&qgnc‘nﬂw B%Xﬁﬁgﬁx@emlbﬁﬁn@ﬁethﬁ aghe0

chermst?’%h?\ H?sq?«l—:sﬁ ?ecfgt‘raf}é ﬂp%nﬁlig%@(?hs&grgﬁ] Egleét cﬁ{(&ﬁg?%a W%#ﬁqgsswe

etch thhéy leighlytsbiectivactoithgetol sty i 8rel S4 tHur @M@hpla ﬁﬁhatﬁﬁl &ffopening 60
| ayers,. down to the burled etch stop |

can %qcmil gredasinggetiv stshebn addifiome the apeipe .6§ lhéﬂSld%\ivﬂbﬂ it a fairly
I
sricH RSN  A AN BHEDh SEL S WA yr 5
t hrough the ARC/ polish stop |ayer 61, the pad oxide
[0029] ay eFurbing ntonetomurb é)]reuhe B&thoairidcmﬂ@ BOXing61deivall spasers 62.

Sidew%ﬂ%ﬁ?cig%ﬁé# 2 opge({l@r e)pog %tdiegecff‘ By St({ﬁ}%&ég ﬁﬁe(fi elec(:)tlc back to

form G ATdRFEI1 ¥facBEsC tbrteﬁéfhpl'esuﬂlgm §0itabR S a8 ph&r bt a8bE echnique.
stop | ayer 54. For exanple formati on of opening 60

The diglgetrieinglydemmpon cxhelousn nga agri{ridst erpny|atheguitablodicloctits. In
Q
one eI B3 83T EERGR MO Sty ¥ Bl Biipepesma
enhanped ¢licaticadfvapdielcpbgitiors(HIPPE@YEY) oR#le. nAMhder Ibodin@nt) e
to Figure 11, the nmethod includes form ng.sidewal
dlelecgrfsfa%fe%ewil SPafed Sd&PTPE prcdH asTenbiancade F@F%Hap@}? deposition
I
(PEC??'??%frd%f: @%e@aﬁy ﬁér%lﬁfbrogﬁ%e?lg (rdel@ Eh‘féﬂt'c{}& Jf@ﬂeq)aﬁ E&Iek 62 Qgrﬁbrlses a
chemisali \ta@bﬂ depebitiongCVDy pmder SlﬂZISB([IRht t(»rfotr&aihml o ueiew'ﬁ_h apacers 62, a

.dielectric i cIu for exanple, an oxide, a nitride,
P°m°8r°?§}ﬁﬁ gt siep asY ] g‘gﬁ“@“}:ﬁ &pe ng‘m Pﬂelﬁ%g@n‘oodi ment ,
the dielectric of sidewall spacer 62 conprises a high

[0030f€NSSihkcqicABITENE RRAG S CHEN BRdpa¥@POL, [RPASH bf BB ctch stop
HDPECVD) oxi de. | n anot her enbodlnent the dielectric

layer o exqiod thegpperiag 682s shorypr indégura 1[1:”%@@3 regmdied e dllustrated in

Figure %es?floe gga&ﬁ%l%g 2! I%éen({ogxlzae Eﬁﬁ\[/ Eglz(goos)é% %&tlan of ’\é{%h stog laéxer 54

cornpﬁ%s clenpeios @fy SuitiBRIGREL cich Rt 15(11@@5)157! sble@tﬁlve(tﬁ\l@ s@é@béﬁlﬁ‘spacers 62
Subsequent to formation of sidewall|l spacers

and highpt bt torthe uedeshying S m@@te 53, T nghcaipdehemistrics) arc
select%q g@;hgte t\%g ?Pﬂf&g o@gurfzgc%g)?f%e gﬁ'ﬁ@?2 teﬁpegslgg b& %IH@Jal 8Pthe

expostdpeattiobbf &m;ggéf&fayem 9 m@nbn@?fgﬂgdsfeshﬁwwrfaca lgwtteer words,
removjé?'o% t?le teggonsecri %ggl%%%f 6116 eltéll &glt) a?rtef §I4 18 camed out using an etch that
minimizes or eliminates the risk of damaging the surface of the SOI substrate 52. In one
embodiment, removal of the exposed portion of the etch stop layer 54 is accomplished using

a wet etch.



Figure 12, thus form ng opening 64. Renoval of the
exposes portion of etch stop |layer 54 conprises the

W@ e®701498hy suitable gentle etch that is highlBCT/US2007/062793
selective to the sidemall spacers 62 and highly

el ectiv e under |ng SO substrate.52. The etch
[0031] e rkesor n%lgh%ﬁvget b Z‘ rnggeaBda & it Taied pebreduent o
remo P61 {h@ réxﬁ’(fse§ #Blftf@)ﬁeof Q{chtstb% 19§dr SAURS Lh@lrQoSd t%ﬁ%@@ctféﬁ of the
r enoval e exposed portion of the etch stop |ayer
etch sgw la:eeré4smtth¢ mgtqnaaﬂtlye defabasolitranefognatfamcand first apysdta orientation

d f h
epitanf P SRRy ealph G RERRE BLORPRY hnigoMipfibfly ke n
contra@tapﬁlof EeRafes redifted htﬁifar@zfgn% @k pehell RemRUAGRES sBffadd@hich

substrate 52. In one enbodi nent, renoval of the
occurgsshenghdisp oF ¢ doretelf farfermapg An gpepng tyeehsiac BOX layer without the

preselﬁzl%gogrgp lnhglhfeﬁllatﬂg‘ {9 tst%g@ g&g\%lel{l] %%gé(])%( ??ﬁedﬁr?igh%%lg substrate.

subsequent to reanaI of the exposed portion of etch
[0032%t O rRéfmy'mrg o4 toASgurnd8dy st qpodxiat meteriat 6o wedwoon dfe dxpesed

et stop layer 54, in the re i on
Surfa‘ie§g %eghc@gl"ﬁﬁ’f ?‘éﬁ“i‘}ﬁ éE 1 1Phé‘% é4 EFE%"F% hg)agﬂ}&hxwl material
66 is EBWhaY b AksidMdhnt. Fok @kaﬁﬁ‘ﬁlg Sepitgﬁaf Hn§tériff 6 AIBYI R Boverflow
exposed sem conduct or surface. |In contrast, prl or
the opeamigtitqubsremespirtien of the dartagilngatetd oerm;ﬂ@g&@dhe opening 64 in the

shepeg§ PERBAT LAY I B EeT g AFLIGR AU BGE Teigagn he

underWﬂé']Qi%EtritB 82Rhé& ﬂ%"h‘gﬁaﬁﬁl Iﬁﬁtehﬁlt%r f@@?ﬁﬁﬁal@h@t@rlﬁt%pmll be of high
"'ayer between the BOX and the underlying substrate

quality god ]gave}:(gmemal, dedectiowhe enterifapg 08 19 Blustpicéps @ daghad line in Figure 13
h
o (Y B P P05, AR SRR i

rnaterihZ)Sé wﬁﬂ)alsa)éb@brlmﬁ ﬁrmeatryﬁﬁl drien@itionas that af ﬁﬂe SOl edbstrate 52.In
pount . For _exanp epi taxi al materi al can

one e@b@%ﬁl@ﬂb thePk queewr%tﬁ a2 é@emlﬁrg a@k!lcomel?%ﬁaw lﬁlvmgr% Gléﬂ) gystal
|
ot Bl g P B ek By ARE P R0t ghfation.
surface at an interface 68 between the underlying
[0033§ ubsSubat@icbtodhaleptitasiad giavahiomateaitab66,dhe SBictirti & planarized as

i t.axi al terial, 6 AN
showih il e TR CtrS Hrgey e o amprY £ Rorile BfChdRahd
removd38REDolikN&op Myt GUAR] Fadl gk laPer BAHOWY tdTRY STAaRE 58, using
readi |y discernable in the actual devi ce struct ure.

any SWWbleeﬂmaabzatmn treltnaquca Foisexamipld, the smctiond? redd e planerized using
[y.st qri ent t.hat , of the S strate 52
chermlc nl el aIél | op&hﬁ@m% Oﬂ}eI%a ed dsurk ath 1§10 (Ci)lgitseg I%Pﬁge CIenee nurneral 70
in Figgid 14con substrate having a ( 110) crystal orlentatlon
and the epitaxial nmaterial 66 conprises silicon having

110) . crystal_.orientat 0033] .Subsequent to the
l0034bp. tBsdpginggioguierisire fat Séual Y t@ech tSﬂ@Ugl@ E&E@? QpRings 72 and 74 are

forrneie! P STIZ@%Z 2‘%5 SO 7k BrFoBHE Backdss a ?mgé;r& 'b%%v 2h dl‘rjef%@f Ryer 58

ana to renove a portion o
(and B@Ktﬁ\ée atRGlpedll ghcet@p Widyesp®t tb mndidpadsdxticebdtayara

he S . %er 58,

subsequently ?orrne ype an pe devite, lflﬁc’el sqgewall spacers 62 alone may provide

sufficient isolation. However, STI regions are required between similar type devices.

[0035] Turning now to Figure 16, the STI openings 72 and 74 are filled with suitable

shallow trench isolation (STI) material, indicated by reference numerals 76 and 78,



any suitable planarization technique. For exanple, the
structure 50 could be planarized using chem ca

wore@haniosal pol i shing. The planarized surface PGI/US2007/062793
i ndi cated by reference nuneral 70 in Figure 14. [0034]

Referrjn ow to, Figure 15, _shallow trench |salatipn .
respef(tg?ﬁ) &bﬁgﬁfwggeﬂ?bma gomniiss: rspmal: o dpoSse Y Gf?agwed
nitridd, dr afothér @@k TTREhta% SibséyRALUbdaliY, BRiINE %5eﬁiﬁ§s, & entire

l'ayer” 58 (and BOX 56) and sidewal| spacer 62. Wth
structyrggpagain plonprzgdiudinggny seitabid pandsepieeicchnigubh Jbgpematized

formed P-type.and an N e device, the sidewall
surfucg 34 Bt YRR AP mB M L PR et ol avi on.

However, STI regions are required between simlar type
[0036§leVi RefBrringQd3bt FlairsilNgschidsridactbt deiiecsBO,ant 8¢ aleMormed using

gpenings 72 and 74 are filled wth suitabl e shallow
any syijahleciiyicodagtplopropesTing terdniupa Semirdegipedeviges 80 and 82 are

formeﬁ% Gl& Qﬁ@ sPUHEL Gchsz@h&?ﬁil tﬁ§ fit & §%¢&{ %o\{‘gg%ondyﬂc? §e '(I)n doef the

materi a may CcoO rise, or exanple, osite
planadzedespastibledatatidlrGodeyingrthafyst otylsent oseritstatnl and$Hd second region
corresgg{ufs{tlg %lg;q $§tj §$ elgatvgt@gtih% Is%ﬂlolga glfylts h ar?ér}lggtg%f ﬁqgl%g '80ti1§]c?udes, for
exarnﬁl@,i d Q&Ré BicRlcaRal4, gak Qb ELEN) isﬂfé@alllﬁ@ceﬁl @nahd ffce/drain regions

surface is indicated by reference nuneral 70 in Figure
90 and 82. §10WB8Y. RefeerBRiimgudmwior ex#Fnglaregdd dickstricBhdatetetactrode 96,

., devices 80 and 82 are farned USi any suitable
sidew g DGR PR or BT RS BT o T 22 Lo conduct or
devi ces 80 and 82 are forned in first and second

[0037] €9i Sunsiconderor dBvib&e’of dndH2 daf Gb@PriSOiryeRabld SchRodductor
region of the planarized epitaxial material 66 having

devicgsrasceridingtto gharstiaireraitbef aglv ohsamgondystos dedprianndigrionm and a
correfBbAiE ARAARC R ocey 1 BHELy RN QohibdfERE ditlcc s0

compascgatRetype dkect andscddicorglater dbvcd Dcem@tes an Hewat device. In

..spacers 88, and source/drain regions 90 and 92.
additi p’rﬂl? rgmaindeggitions @ 15??&4%@@%@}8 8% ndihs il gegigngyhy and 78 form

suitab® RHBESA tGictd; fof @ia@ngﬁ&,%w}&q%egge 381 fleyaldo HRFo8iBly Wher
and sourcé€/drain redions 100 and 102. [0037]

devic@dnbicshndogt or devi ces 80 and 82 can conpri se any
sui tabl e sem conduct or devi ces according to the

equjrements of a .given seni conductor device .
(0038}, 0 Accordins To.ohte htbsipet S isIHog Ohamb g SiTiepdyrigr dedee
structhrd cORPriSEiREViaRRta scEREINEOOEHETRMatd a1t CENBOnRRIP KiERteA

P-type device and sem conductor device 82 conprises an

includipg y pest servicerductas laya hevies a firHeuifesedPheretah oFicnighian gffirst

dielec%ﬁcdﬁﬁ%l Avets 3 %ﬁ%t%eglgcoﬁﬁgctsﬂgy T1 oG8 8{%%60?1‘@0 lfaxg% oZzgr Jhg Tt
Sui I'e 1 solation regions,”tor exanple, be en

diclecthiwiager, 8 a skewhd eenBioradudtop 088t ber tind dvesnddivicctei® 1§yedtwherein

h .. 10038] A di t i
the segqn%rvﬁg%g}iqéldgctgllewgrg%é @Icstggﬂndggo p%e(%?tc)r(;g‘gageo?itehta?loge "lt“hheorgethod

further comprises performing a patterned etch through the second semiconductor layer and
the second dielectric layer to form an opening in the second semiconductor layer and the
second dielectric layer, wherein the patterned etch is stopped on the first dielectric layer and
the patterned etch comprises a first etch type. The method further includes etching through
the first dielectric layer to the first semiconductor layer using a second etch type whereby the
first semiconductor layer has an exposed portion at the opening, epitaxially growing a

semiconductor region of the first surface (or crystal) orientation from the exposed portion



structure conprises providing a sem conduct or
substrate, the sem conductor substrate including a
WO p0ogt11498311 conduct or | ayer having a first surfBCBEUS2907/062793
crystal) orientation, a first dielectric | ayer over
en1conductor I er cond. di el ectri.c

flrsémﬂ
into theaapgpmgv i FHPSOr @ d1oaiiot RS e somisApustel deig and
formlﬁimrﬁﬁmﬁélﬁéﬂﬁe bRUVRY typ¥ &R tHehBcsRGeRsbodugdechidc | ayer,
erein the second sem conductor |ayer has a second
surface (or crystal) orientation. The nethod further

[0039¢ o nplini one smbed iamngxithgyfiest gigtactiorlavier ding b firsi tloclgtess, iee second
dlelec?rgcii @?&thgag ggcno]rlllgﬁﬁ%%{eeﬁ%,%éﬁ itlhea%égoet{{]t;ﬁ%%ﬁ%%gg%q%ast gvé {1&%5 greater

than th@§iBk thidkahcidn sReNdmbbeintst, thefitsayRlectritlgf@icBmipkies a high-K
patterned etch is stopped on the first dielectric

dlelecrray & angiberembogipenérthe trcane Rick SrRsraogwsises ¢ hotgzas dhag pontains
oSy IBBRE O BER! i iR PLELOR DRI
and wherpér tha sé:dmgd atchegjonid fetleh chypecnterasbyplying the hett gas ata

sem condyuc Ia er S, expose ortion at .th
tempegaigi o gt f'eé Qe ersﬁ/gghs Hgygf ag%fﬁlﬁ@ PGt rhé@%%ld&ftch type
ctched A€ fifrdt rd%leéﬁtt'é fa?&eat (a%'[%] ¢t hRH R g}ea% 2R HRh RNt YMibORIuctor
exposed portioninto the opening, formng a transistor
layer, dlic schend dicktiricyiesr. andtthesesend ssomderstuotor taygi.on, and
forning a transistor of the second type in the second

uctor 3 e enbodi ment
[0040 i r g yg Cetrrelrnc %iI)lleenr ﬁ%nﬂethoﬁ £ rt er chgE%egS%rlor tP] hhe step of

ctching@BE@gh eHeerirecdileirik 4 RF, th@ﬁ)uaws@écmpi fihingknesseniraNgith an

the second thickness is at |east five tines greater
insulafing ﬁla@qx@lofamfiwt@rﬁue@m@s@rough ﬂ%f‘rﬂ@ﬁlﬁé‘f#ngeﬁﬁb@ﬁﬁlﬁé hgave grpertion of

the 1n%dr%£t§{r$orﬁ tgéﬁe d§ CF' I%;cgi’ﬁ?gter on engl%bf &)}Eéfsg%rﬁr%}rl Béstgv‘een the

first tangiatbr gaktht katond cahdstos chlorlne, wherein the second
etch type is further characterized as being

ydr.ochl or.j cid, .and wherein.t second etch type is
10041, 1Rt s naBics cinpedimedt g %Wﬁhﬁg%#éer ﬁB?lpﬂ%Féqﬁ‘i’Xlgg an

antlreH@ém% 8Lt rgﬁos%fr tlind@afly mAG4 a@%l‘r?’étb'lﬁn% tRoYdH the
anot her enbodi nent, the€ secon etc pe etches the
lnsulatlng matemaélle stil lauoth%tytémboahmaltshhg melthqda%tthgr @ngaisey forming a
C uct or S nd
sdeniif St it | ByaPECL R HE She bR dSha0RTEE faggh the fins
dielech@OAGEr, temareig anelshefirse heidh HE fHe, sid el INPhED andUbERIAE an
conpri ses, prlor to the step of etching through the
isolatipp region|aFisdhe fiest perjien of theesideyiallspess was epBoverl | | i ng
the opening with an insulating material; and pattern
[004ZEt c hﬁl%%eteP{bgﬁl%’bnE W fifp SRk Bﬁeﬁ@f@t{ L thprdRs gﬁ@y Qh&second
ion o e i Hsul ating mater 4) met er
surfao@forltehmtlolp esrnpigsek 000D thy ifickit mgpei of mﬂaaﬂlstoncdmpme R chhltmel the
rst transi stor and cond, tr.ansi st or 0041£
secong gfpe fitiapsISiRL EHRPTISS &a% pan the ﬁﬁsé§%1&01p(mc£q{ &pgion 1s of a
differGR TSR SohBbMiADRER (ROl SirhieGlduéRrERati ng over the
Insulating material prior to pattern €tching through

t he
[0043] According to a still further embodiment, a method of forming a semiconductor

device structure, comprises providing a semiconductor substrate, wherein the semiconductor
substrate includes: a first semiconductor layer having a first crystal orientation; a first
dielectric layer over the first semiconductor layer; a second dielectric layer over the first

dielectric layer; and a second semiconductor layer over the second dielectric layer, wherein

10



insulating material. In still another enbodi nent, the

nmet hod further conprises formng a sidewall spacer
wWab@ngi4asperi neter of the opening prior to thePGI/ER001/062793

etching through the first dielectric layer, renoving

at | east first portion of the sidewall spacer, .and
the sepidichyC ustep e it oroGnds prigit ogicpon  FRETaifid iy
cornpﬁ&‘@ e%hﬁ%v‘tﬁ{dutgﬁ RRCREoMBS nfi &SHRVIERr la&@péh%] thd BecBR@diclectric layer
enbodi nent, the first surface oriéntation conprises (

whereby @he finshdicketiorlalycs bas arcexposédeprrtion, stehignibraugb shq fiB0Yiclectric
the first.type.of transistor conprises P channel,.the .

tayer bRy IRy e i g hEPE R @5 af R rB LT Rnr Rrep tatiahy frowine o

semichhdifttorg€Tb & BBAUGE 0kpdsed péitioh Bf Bfe fstichfi@manttonmyer i al
conposition fromthe first sem conductor |ayer. [0043]
According to a still further enbodi nent, a nethod of

[0044} oy ninge gmberimshdbeetehing dypeen be seond deglectivasy pisognprises
ooy BESAAAS B SR COR UL AL o8 DL E th Bl Whelerric layr
compseniapplychgct diotimyantdiavg ggs & témpahtues yistt ddast 500 degrees Celsius.
ori entatijon; first dielectric |ayer over the firs
In an%%%e&r_@ﬁ&%%rtﬁ? gieod Fyraes COmaTiER P BEE ¢ ITplATSIsty & the
semichAictdriSdiofhfd REhidCa dRYR traribrdn BRGQBCh SLMiCRHAHE! R cr,
| ayer over the second dielectric |ayer, whereinthe
wheresre thosdecagdtiansintdu ot s rdiffferyetrty paom thetiohtrayistert &i yet another

rientation,. The. nethod further .c rises. etc
embofihgf PRbSEEBisme foRBitbA e Rayer ERSen DB ap g fiv
times €HiGlkc@ €l the LRYRI dNRErRMydrhehd fifsbbryStaPbiRGkdtion it @¥@face
has an exposed portion, etching through the first

orientgfiied} @il # 9)andghesccomberapipl errntationds a sehice oh ariertation efy(dpo).
has an exposed portion, and epitaxially growi ng a
em | r . por
10045f 7 JARGHEL S ARl AThoq P O S e Bofthe itBueh he
secontl deel@tradiangr dndrpoisgto dtbieng doouh tile Gk dididctrid yer, the following
conpri ses applying a fluorine-containing gas, and the
steps: glepgiigte Bt iRk e RrSTgh a%_zatﬁem gehige diredelt \he insa{fne material to
the filsCiiBlebeie ﬁaﬁPEH %h@a@oﬁhin%rthﬁg' £ LM HASrHAor the exposed
tenperature of at |east 500 %grees Celsius. In
portioad theefirsemvdaltimelaysr. tihe shi finder Eobotierent oviprdis 8 step of etching
formn first transistor in th m conduct or region.
througf T dal semisBUUEATIR T 4RE eoro N RRIG Ll aves a5 bpiing, the
methodEUHBETHDREs: fNBhg a WABKEIl BpdcBealSRE P PetirhétdNSt the Bperisy prior to
as different type fromthe first transistor. In yet
the stepeftdtdyingiibeigh first gigkectricrlayerdicalogongrat (l,eals‘rafyﬁrst portion of the

. C ri.ses hi. gh_ K q% lectric 1a rd;h t j.s at. | east
sicens i R BB Pl s oG e ekl B pk Bt sacer
was rebh@vedi rst crystal orientation is a surface orientation

of ( 110) and the second crystal orientation is a

[0046iﬁ£2§$ ¥ {15’; ?qr %;(&#g? gd'Of ,%gﬁ%ﬂ%) o Og&g%gefv?cg?s{t}g};tﬁg comprises a

first s@rhfcgh _t(‘irrlﬁ %QVihE% ?[Cc?%qal q)'rl ht% '$I{,ia%_eh1 il ﬁgldre foin%&tendin
to et@%l ng )%Er oug tfﬁe I rst gl eﬁectrl ca%aylér, tEe 8
vertichilty fromi the fisst epsicontbpasildyienghaseniinsnduator nggiorabaingthe first crystal
. and pattern Stching t hr qugh t he insula}in terial &o

orientation, and a second semiconiductor layer over and parallel to the first semiconductor
layer, wherein the second semiconductor layer has a different crystal orientation from the first
crystal orientation. The semiconductor device structure also includes a first insulating layer
over the first semiconductor layer and around the semiconductor region, wherein the first

insulating layer has different etch characteristics from the first semiconductor layer and a

11



the first dielectric layer to | eave an opening through
the insulating material for the exposed portion of the
wo poogt114983ul ating layer. In a still further enkbCOUM®AT062793
mherein the step of etching through the second
em ctor layer and the second dielectrjc laye

secon éthsy ygbgyﬁr%%e ﬁ]ish]éls%ftl% V8L, PRYE rthec%ﬁ‘btﬁ %eggcglnductor layer,
and atfoﬁﬁdIr{Hé%eﬁ‘llc%'nQ@M@{' ﬂeﬁﬁ,aa\%ﬁaeal RO LB ﬁfshaﬁhg rayaf hatsr&ﬁ‘fferent ctch

op enln%pprlor to the step of etching through the first
charagiemties fnoincthk &iyss nnsuiaémedfamg Tare scmaondectéii ¢ayicepmetugniugher

i _
includifig s @h{IFEP! 4 BREGEE op SR s e oR Rl L Rl S fig P socond
type dn@A®YREnd QR4 dudes Mydi. NG chbRlidN@t e thee BRBEUIARAL thed

seni conduct or device structure conprises a first
semlcg@iﬁcgqmi@m@g dirtheayempiigpy jap dsodationregio pgistegn the semiconductor

reglon dftﬂ %c{oﬂglserﬂgllﬁ?r?(gﬂec?q?rl I S?t\glgerlﬁélggl'rl] 3 (r:xﬁ %Iﬂgﬂopgegla%and the second

semlcsﬁincmﬂ@f,wﬁ have tbp gudiceh ehat m@ shbaarftialﬂ?tcoplﬁye&taah the second
orientation, a second sem conduct or Iayer over and

insulagigg fyepls 3 %?aftrféVeft}fP%Stth’éé?ﬁ tayhig drH ANy WAFEE [aXker ei n t he
second sem conductor |layer has a different crystal

[00479" | ERURL FREL ik PIPetiMRatidd, Hle ESNSUA hRENHALHPE wikh Seference to
sem conductor device structure also includes a first

the varipsy bmbmdlglehtayﬂowgwﬁerouehxf ofdingy skeéinindonattieproecibtaythat various

t he ion,. wh in t first
modifiy oL A TRaely 55 R Gor 1P P EEER ofhis s L afelint
embodifitstR el fofth tin ﬂfémlaﬁfﬂ@ BIBHOIA cb SRzl sk @)‘é@l‘f@ﬂ%n and figures are

insul ating |ayer over the first insul atin ayer,

to be pgarded trhan dlastoniycsethicbatly estctivayerse, wad %mu@lm medifisations are
men G SO DU F BB o LB DE P BB SHLBR. e

emboﬁlhfeiits dfmisdipratdnn distlay@t endhe tisebricarion 6f Bigh dewlitg 8ubstrates with
ucture further includes a transistor of a first

dual WB@U% (PP@) BeHisesng actidectiie fyenbaeactathe BLRS a%d Bie sybstigte, as
ciscuEFEin; YRENRR chy TRRT AR ElL SYIAL A0k BB dofoctfree op
procesbeon dxéink acm\leelreasoatmwmg fordngh guiliay erdnncegilanropenddelr mobility
. e L. conduct o i on and the second, sem conduct or
in UObﬂ@»@f (1 Thherersiive eﬁgﬁlmr@aﬁed deeBcopdysionfieyieg hapasg i
multif8 BhsaN QH&{tatons %x@ InchA¥@nt BPmdW $BLEMsIsRRL 2 8b8e, an optical
substantial Iy coplanar and the second insulating | ayer
devic¢,s leght emugg fiode, driadesr.tAn wkegrateheaincuithan faisodte formed using one

at i | ayer .. 047] In.the fore
or mogDih ielfbcts Acint i G el M Ruu bR S B amper avpilg iy and
secondl @g@faﬂﬁgﬁph@ ofrﬂéﬁta’d@ﬁsi Q8 bes@dti '@d@lﬁf@rmﬁ'@y\@é&ﬁg diffnént Bfom one
nary skill in the art appreciates that various

anothmam griogr ehedizieat, Elraligbandogronskcrirgaléo gpgnhioepicntations could be
the Sagl%%%?tdor;]%t Mv%r{%tdn? .scope of the present enbodi nents as
set fort

e clains below Accordingly, the
specification and figures are to be regarded in an
[00481 | | uB¢rreditd, vther advaetagtdand solutdatsito ptdb‘]l@nSl&WSéﬁelﬁleﬂ;Cﬁ]bdd herein

such nodj fi catjons, ar.e |nt nded t ded W t hj
aboverith wgaiddo gped %erﬁlaaieaﬁms WY ?E Y@élntﬁﬂe% sofuigns to

problems, and any element(s) that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical, required, or essential feature or
2% <<

clement of any or all the claims. As used herein, the term “comprises,” “comprising,” or any

other variation thereof, are intended to cover a non-exclusive inclusion, such that a process,
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enbodi nents of the present disclosure enable the
fabrication of high quality substrates with dua

w@eioeni4sd on (DSO) by inserting a dielectric |BgEDS2007/062793
bet ween the BOX and the substrate, as di scussed

ere| The uality DSO s trates are .f
meth B&@%&?Sék?t CPPESet g0 8%&% Oa%??tﬁlééia@ ?% those

elerneﬁfs%% ma |1ﬁ&ﬁﬂé&hér%ﬂerﬂéxﬁ§‘n&‘é§bﬂe§él ﬁﬁ‘t@@ﬁf’ﬁlﬁel‘%hﬁﬁtsﬁ%‘pﬁ‘)@%s
hole nobility in (100) and 110 respectively.

HwﬂmﬁummhbanmEWN@wsen1conductor devi ce havi ng dual or
multiple crystal orientations can include one or nore
of a transistor, a diode, an optical device, a |ight
emtting diode, or a laser. An integrated circuit can
al so be formed using one or nore of the nethods
according to the enbodi nents herein. Still further,
while first and second crystall ographic orientations
have been described herein as being different from one
anot her, in another enbodi nent, the first and second
crystall ographic orientations could be the sanme and do
not have to differ. [0048] Benefits, other advantages,
and solutions to problens have been described herein
above with regard to specific enbodi nents. However,
the benefits, advantages, solutions to problens, and
any el enent(s) that may cause any benefit, advantage,
or solution to occur or becone nore pronounced are not
to be construed as a critical, required, or essentia
feature or elenent of any or all the clains. As used
herein, the term "conprises,” "conprising," or any
ot her variation thereof, are intended to cover a
non- excl usi ve inclusion, such that a process, nethod,
article, or apparatus that conprises a list of
el enents does not include only those el enents but my
i nclude other elenments not expressly listed or
i nherent to such process, nethod, article, or
apparatus. CLAIMS What is clainmed is: 1. A nethod of
maki ng a sem conductor device structure, conprising:
provi ding a sem conductor substrate conprising: a
first sem conductor |ayer having a first surface
orientation; a first dielectric |ayer over the first
sem conductor | ayer; a second dielectric |ayer over
the first dielectric layer; and a second seni conduct or
| ayer over the second dielectric |ayer, wherein the
second sem conductor |ayer has a second surface
orientation; performng a patterned etch through the
second sem conductor |ayer and the second

13



dielectric layer to forman opening in the second

sem conduct or | ayer and the second dielectric |ayer,
wWob@rei4983 t he patterned etch is stopped on theP€T/081007/062793

dielectric layer; and the patterned etch conprises a

first etch type; etchi ngM@h the first dielectric
|l ayer to the first semc r layer using a second

What & hindcMRe wWhereby the first sem conductor |ayer has an
exposed portion at the opening; epitaxially grow ng a

1. A@%ﬁﬂo&%ﬁ%ﬂn fa Jeﬁ%o%ﬁy&‘ér §R8cd df3hur %In?ﬁ?l_ngf lentation
rom the exposed portion into the dpentng;~formng a
t peovadisg @ keraicohdetdrisubdtratey@enprizirtdie sem conduct or
region; formng a transistor of the second type in the
second seni eé’ﬁ%&emtﬁonﬂw@rlayez. aYiRg a bt aeT Oreqnigtipny
wherein: th L4l I [ ' )
t hi ckness; tg r%éts(%éc}%ﬁgglc??g{ 6e\i:e? }I}engﬁsyeg? é%ngg&g“ssd génd
t hi ckness; anccandaidedonthythowek tedssi delattric éast; ahidve
times greater than the first thickness. 3. The nethod :
of ol alm 1, SARRPEPATIRBANGPIaYSHOGFaE Foenl gilgetric layer, wherein
conprises a hi ghut¢ digleehiiédhdudor Ehe BLRGERfsufth@ M
1, wherein the second etch type conprises a hot gas

t hat cont ai ns chboeitaeers. The net hod of cl ai m 4,

wher.ein the seco et.ch type is further. characterized
RS Tnt RFARSERT SeF I SudniRE stcdnl SaFRaGRBAGE B 8 Second
wher ei gididtaicReand feitin bpuehd is thalidebRl scehldsrRBERF 128€and the
as applyi ng the hot gas at a tenperature of at | east

500 deg§feed dedgeiqlgycry whingi: net hod of claim 1, wherein

th d : fi ' LG
e e, SRR B ASL Shy Ll Laver
sem conduct die paayekd ctcheospeissch fiisettelctypec | ayer, and

the second sem conductor |layer. 8. The nethod of claim
1 Stehingrthiopel H}?ﬁ%ﬁ‘s‘ﬁﬁ@?mﬁ 136F o §e %ﬁ% SEPERNHCIIIRYAr HEng @
throug Q?cltolﬂﬁ _efc'hrtf;%e \Qhé%l%?lth% 'fﬁstls%ﬂﬁ?crondﬁé?@ﬁ A QWD Bxposed portion

st eps: i ng e operiing with an 1nsulating
mat er i al theapehip@t t ern et chi ng through the insulating

mat er i. to lLeave a portion of t Lnsul ati ng materjal
APBI P DR HEOB BT o FpHea PG aon from the
i sol at LQkhsb@h¥veieR iktBehe opening;

forming a transistor of the first type in the semiconductor region;

forming a transistor of the second type in the second semiconductor layer.
2. The method of claim 1, wherein:

the first dielectric layer has a first thickness;

the second dielectric layer has a second thickness; and

the second thickness is at least five times greater than the first thickness.

3. The method of claim 1, wherein the first dielectric layer comprises a high K dielectric.

4. The method of claim 1, wherein the second etch type comprises a hot gas that contains

chlorine.
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first transistor and the second transistor. 9. The
met hod of claim 1, further conprising formng an
waeiornefBecti ve coating over the insulating nmaR&r/U82007/062793
prior to pattern etching through the insulating
mat eri al 0. The nethod of, claim1l, further : .
5. Thg g}pﬁlilngqfrﬁ:éaflinlréb engE theseepndateh @B%iéeﬁ,lrtg?r(fﬂéraatenzed as being
hydroPbii6BEigr of the opening prior to the step of etching
through the first dielectric layer; renoving at | east
a first portion of the sidewall spacer; and form ng an

i.sol ati rregd on where the first portipn of the .
6. Thgufd R P RAET P ool AR o R BBt s ootyine
the hok %aé/\é‘[%rt@ﬂnpethﬁ@e bf 4t38asB 500 @pLcRUciisat i on conprises (
110), the second surface orientation conprises (100),
the first type of transistor conprises P channel, the
7. Th§ %?e?lgb‘%i SEPRmOT WHeRARS LR o aUTR q‘yﬁgétah%s%ﬁé‘ RN ldiel%ﬂgc ltap& ata
iTst sem conductor regiron is of a different materia
signifvanipgichicoratd thamtidfrsf dehstonslacivt ey dieake cdmtydiclectii? laylr, and
nmet hod .of form ng a sem conductor device structure,
the seefiyePusguctsr B¥¢di ng a seni conductor substrate
conprising:a first sem conductor |ayer having a first
crystal orientation; a first dielectric |ayer over the
8. The inreshiodseefivil admnid fiotlor compesing.groe cothd sthpalf etthirigthtoagk the first
: ver the first. dielectric layer; and a second
mdﬁé&%@%ﬂhgﬁé%@?mpgﬁgp&over the second dielectric |ayer
WEEERI e bp&GiSEFRAYn ST LQP IEL R, dndyer has a second
crystal orientation; etchring through the second
s eattsn atbhogchrougly ére iaswdatingemateddrid [adive b pottioneftlgyimsulating

wher eb he.first di.electrjc |ayer .has an. ex ed
por t ot ohd ¢ ek of 1 opfYgE iy BB RIRE dpetvcon the
wher ebyirdt B@ndistosindstaescond uahgstot. ayer has an exposed
portion; and epitaxially growi ng a sem conductor
region fromthe exposed portion of the first
] Ory | . . et ' -
0. THE ARERNA TN 1, AR colig L ForRas B aflrffecRPhdfing over the
insulatiay eftataiprioste paa@plcydhig: tardugh alid inedetiginaicrigl. gas; and

10. The method of claim 1, further comprising:
forming a sidewall spacer along a perimeter of the opening prior to the step of etching
through the first dielectric layer;
removing at least a first portion of the sidewall spacer; and
forming an isolation region where the first portion of the sidewall spacer was

removed.

11. The method of claim 1, wherein the first surface orientation comprises (110), the second
surface orientation comprises (100), the first type of transistor comprises P channel, the
second type of transistor comprises N channel, and the first semiconductor region is of a

different material composition from the first semiconductor layer.

12. A method of forming a semiconductor device structure, comprising:

providing a semiconductor substrate comprising:
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the step of etching through the first dielectric |ayer
conpri ses applying a chlorinecontaining gas at
W@ eoopatasiire of at | east 500 degrees Cel sius. BAT/UT1967/062793
met hod of claim 12, further conprising form' ng a first
transi stor r}the sem conduct or re%fo formn a
i U

second t r an&it¥ttoFmigndpdorlaxghgving éVwP gy,
wherein the a%ﬁﬁ%&eé‘tﬁ@&?bﬁ&\% tHeSfu@t ééhfl&ﬁ{dﬁé‘tbr Ia%@te from
the first transistor he net hod of claim

wher ei n t heafs¢qont dikiledtae tawmcoweayl@rﬁrefahplﬁctgeéayar kingh K
dielectric | aye thi.c

than the sedotindiarisoitdon aarvor bt SepTaRi e wherein

claim12, wherei thetde€orfd sfeﬁﬁcdh"dﬁ@tbﬁlazé&fha@fats@édn@fbrys‘ﬁala
surface orientation of ( 110) and the second crystal

orientation is aoSertp@@e of orientation of (100) 17.

Tgﬁﬁﬁ%ttnﬁﬂgﬁthecsle?c}qe s%ﬁnco gﬁ%gre{ag&o tflefséerclgnd @1 fg@%irci la(%er

etcC secon ctric layer an
t o et c Iwhe@bp hllie:)ﬁllghdlbl&etrfcl 1&3&& ha &i eqbsed:pdramr t he
| owm ng steps. depos an insulating materi al ;

aﬁ@bgngt@OHgléff@rﬁrﬁfgdlﬁlﬁ?taa é«wef W&CHeRY Lheaﬁrﬁhsgnﬁ%&néwar laygy has an

t he f'%ﬁ$m9& b®oh!dg | ayer to I eave an opening through
the ins at| g material for the exposed portion of the

f iepistxidllysgrowtrigrgschagerductdBregikinefrore ttvock pofedopaaiion d2the first
wherein the st of etching through the second
senicoﬁﬂﬁ@?%iw&EJ@Frand the second dielectric |ayer
| eaves an opening, further conprising: formng a
si dewal | spacer along a perineter of the opening prior
13.Tb@nmﬁeﬂsﬁ@bn@ﬂ2ewhﬁhng through t he first dielectric
1 ego gthe n(?gle il 1 elrcgort 3 |[ u
Sehife %‘kgél 39749 Bicls ﬁ“gc AT S BPLPFSRP P %ﬂ BT e
the fle@nmmgggy@nmﬁﬁ the sidewal | spacer was renbved.
19. sem conduct or devi ce structure conprising: a

f thesttenseftcuraithcaush thadiest distegirisgayericpmprisesrapgiyang a chlorine-
ver 1 oot §inehes FRLARRAR B ol B8 A0 PSR M.

seniconductor regi on having the first crystal

r|e on; second sem conductor | ayer over and
14. TE%F§F fﬁgﬂpﬁ@ §1 t CURPHY¥hduct or | ayer, wherein the

S @GR §ﬁ§§t GARGYUEE Arthd SHBEoftRR R rfgl&{ ghgnt crystal

orientation fromthe first crystal orientation;
forming a second transistor in the second semiconductor layer, wherein the second

transistor is a different type from the first transistor.

15. The method of claim 12 wherein the first dielectric layer comprises a high K dielectric

layer that is at least five times thicker than the second dielectric layer.

16. The method of claim 12, wherein the first crystal orientation is a surface orientation of

(110) and the second crystal orientation is a surface of orientation of (100).
17. The method of claim 12, further comprising, after etching through the second dielectric

layer and prior to etching through the first dielectric layer, the following steps:

depositing an insulating material; and
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a first insulating | ayer over the first sem conductor
| ayer and around the sem conductor region, wherein the

wo poogt114983ul ati ng | ayer has different etch PCT/US2007/062793
characteristics fromthe first sem conductor |ayer; a
second jnsul ating |ayer over the first insulatin
| BT el %rtﬁmgg &@dﬁﬂaa%rﬁ%ﬁ%de ffzfrftlrffaé}slﬁctﬂa i to leave an
ar ound ob ffins B EANAL s Blatih & Haliial R LI xPoldASHoPEGPhe first
insulating Tayer has different etch characteristics

f rom t irsufatinglayensul ating | ayer; a transistor of a
first type on the sem conductor region; and a
transi stor of a second type on the second

18. THERicORABICIDN 1RayaErcin’Be stEPOf SRAINgAMNUENH e sdedsemdonductor
claim19, further conprising an isolation region

layer gt the seronf dicteshiic@rerietvsp an epsrome. dwdhar sempesivad

S AL LS Rt DSy R RTS8, i
t hat arteosghht @indtiddityricpt@anar; and the second
insulatinquayer is at least five tines thicker than

t FEMeVing #t Tegsk A figgt ipﬁ@lqnagfélpe_ sidewall spacer; and

forming an isolation region where the first portion of the sidewall spacer was

removed.

19. A semiconductor device structure comprising:

a first semiconductor layer having a first crystal orientation;

a semiconductor region extending vertically from the first semiconductor layer, the
semiconductor region having the first crystal orientation;

a second semiconductor layer over and parallel to the first semiconductor layer,
wherein the second semiconductor layer has a different crystal orientation
from the first crystal orientation;

a first insulating layer over the first semiconductor layer and around the
semiconductor region, wherein the first insulating layer has different etch
characteristics from the first semiconductor layer;

a second insulating layer over the first insulating layer, under the second
semiconductor layer, and around the semiconductor region, wherein the
second insulating layer has different etch characteristics from the first
insulating layer;

a transistor of a first type on the semiconductor region; and

a transistor of a second type on the second semiconductor layer.

20. The semiconductor device of claim 19, further comprising an isolation region between
the semiconductor region and the second semiconductor layer, wherein:
the semiconductor region and the second semiconductor layer have top surfaces that
are substantially coplanar; and

the second insulating layer is at least five times thicker than the first insulating layer.
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