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[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.,
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‘gpgﬁ‘g]&ﬁ%gi ons at various process steps in the %%9&7/062793

ing a sem conductor device structure hav
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acts as an etch stop for a subsequent oxide etch with
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i ncl udes an oxide and a nitride, wherein thé oxide is

exargilerd iftidg, hadium aeide.\oragy stbier suitsblerdielectaingr irisulatirt Furthgrmore,
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sem conduct or substrate for a given sem conduct or
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conprises silicon. In addition, ayer 18 _
embeimgni, thessubsiyate U2 invhides 8 dimsteoysthl oriontatiary and the SO lagiev é8 includes

- asecond crystal orientation. Substrate 12 can comprise any suitable semiconductor 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 otientation and SOI layer 18 comprises a semiconductor layer having a (100) crystal



sem conduct or device application. In one enbodi nent,
SOL Iayer 18 conprises silicon. {0011] As

wb!H6H d, substrate 12 conprises a senicond
subs rate having a (110) crystal orientation gﬁgfl@%ﬂomsmm

| ayer 18 conprises a sem conductor |ayer having a
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further herein. oxi de 19 provides a buffer between
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[0013] Turning now to Figure 2, an opening 20 is
[001[3(])r rre’dunnmgmcﬁ\em Figoker2e an operdig ]E(B Is formediih a deS@écﬁbgmﬁ of (i) trench
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enbodi nent, thé etch chem st ry (chemstries) used
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accoﬁﬁjlhsbﬁi us&lﬁg?@&i@l dt&h@ﬂa&tﬁhdﬂg e @eﬁlr@ﬂThas Istdedli WitR R fairly vertical
the opening 20 has sidewalls with a fairly verti cal

profilg gd 3 Eom strfassdeBnedhiy abewosed parEen piithg stclssfsmdayer 14.
portion of the etch stop |layer 14. [0014] Turni ng now
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Inyep En@bmm@egmantcthe wiepesited apisie 2depowiis¢sonchefribyapmriddposition

, (CV%)gglgé Subsequent to the filling of opening 20 with

‘posited oxide 22, the entire

[0015] Subsequent to the filling of opening 20 with the deposited oxide 22, the entire
structure is planarized 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.

[6016] 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



structure is planarized down to the ARC/ polish stop
| ayer 21, using any suitable planarization technique.
wolofiase, the structure 10 coul d be planari gegusa007062793
usi ng chem cal nmechanical polishing. A second
anti-reflective coating (ARC) layer 23 is then

and dlepdepiosical wanded2, dewn pd thednirizé dich stopdayes 16f Fdrhmtion of the opening

A olish.stop.layer 21 and the deposjted oxide 22.
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.. patterning and etch techni ques, wherein the etch )
sidepaprindthradriclysierticel piodilegnd agmttoabwfatc@ defingd byrancuxgpsedipertion of

éEig: and the deposited oxide 22. The etch
thec e?rdlog%[ fr?‘ghem’ stries) used to formopening 24 is
(are) selected to provide an aggressive etch that is

[001Yi] ghl Srulsetnent tovthe foontatien of ofensitgdhl, b pyationlof thd ¢tclostep layer 14

e dirent, . formatjon of _openjing, 24 is acconplished _.
expREH 0 (U SREping A ShAA UL UG TSRON MUt n Figure 5
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that ER/p¢E6h Ssuttataisttha SO shBbtriatedly &pased HytemotAlloTitexposed portion
peni ng 26. Renoval of the exposed Portl on of etch
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- elimisastthatisk dfZlambigigahe burtive wif siter SO substratS 12.118 Dhe afmBodiment,

sel ected so . that the portion of surface of the SO
remayghe {hﬁteép%zd eszralegeg theyetstottpr lyehd wrecammpisbedjuying & wshetch.

of the etch stop layer 14 is a substantially

[0018FT €CAcdokBRIS UELRES illhrALNE! optRld D6 th&'lIgY&hleefsuﬁéag%em to

exposed portion of the etch stop [fayer I's carried
remayat of e sypasad portion o atchstopi layerdd. As unddritnod sleeintrothection of the

e 385 AL BB B BBl B lon OBk i ictation
epitaki® giveih, ﬁhﬂﬁat%éim%rrisﬂe%fﬂﬁmﬁ%ﬁgm éxgbyéa semiddact¥iurface. In

etch., [0018] Accordingly, Figure 5 illustrates an
contiggle pripgecgiques resulied by génghihe guased samicprdnsiaiisudice that

t f._et.ch | r . .
L TN S ——
preséiée off Bn i@ niedBiicodicloftop et betnebn tiRBEX iaad tHeamdBEL /@R substrate.

and first crystal orientation epitaxial growth,

|imnates the risk of damagi ng the exposed
l001§le i cfiﬁ}%m@g 8P4 Figiueo, %epl@esw? pgtgrial %#’ ISEOWR B Hicfrpgsed

surfacE B {HeQEmidndRIBLB e €2 SARAS SR I @ AHHE 5P Epiikib PlaSterial 28
is grown to a desired amount. For example, epitaxial material 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 mterface 30 is illustrated as a dashed line in Figure 6



occurs through use of a dry etch for form ng an
openi ng through the BOX | ayer without the presence of
wd 20071184058 di ate etch stop | ayer between the BQ¥cpiighoor/062793
the underlying substrate. [0019) Referring now to
Figure 6, an epitaxial material 28 is grown on the
and gxyeakitydnaysnnt bacaddy diseerngblmiic theadotibdevsesmttuctte Th2 epitaxial

within. ning 26 (Figure 5)..Epi.taxial erj al
manigl i1 88 oMl ¢ brumioricatiion ¢ fat P g S sy 12.1n
one BRb&didht, 4 FFsuBSra1E PMBohPrieY AlsillOW substR ORI MUY 126) crystal
_Wherein a portion of the epitaxial material overflows ]
oricnthgoropwithe griteaidl material 28 sempprisss sdican shyiog (1 b caystal orientation.
result of the defect free surface at an interface 30

; . . N ol
100285, ot SPLRIR oA F Boferh P W fURpEE I Ablaized a
shovapuial Figyrean Thé amtére Rirodtor! is ghadicd, toth@ovdih poitasf 3pi 18sand to
illustrated. as dashed [1ne_in Figure 6 4 WO
rem%e“#@i@@g 3 (m%e*eﬁp_géwg%h aae 4o Rxidgdaviet §2rfigymrg the SOI
s [ .
Lyl P8, URE o s AR B LN T2 il 16 SHIHEL Y0 Rould be
plananizedtumingmhemivhhiechmnas] pélshingt Thhplat®ized sbhifbceas endicted by
£ In onergl%odibmant the SO substrate 12 conprises a
TCICIERGS TUghP IWeHaving a (110) crystal orientation
and the epitaxial nmaterial 28 conprises silicon having

(0023 ( 1 1fereing abd to @ﬁ%nﬁas,aieinﬁébnduﬁma&hce‘ém%@mwm foPmbd Bsing any

) e[)itaxi al growth of material 28, the structure is
suitab|egEN¢ondHCtaEProsessig teahnitugs Sentcominetordgviges 3¢tand 36 greformed

R . o : . .
in flsErRl 20 B, A ATREO SR SstPondblo, 5pRIb e plgprized
epitagial d@ktﬁraj( EiS hdfHng deviirst @ysthﬁ)rﬁﬂatioh a&@fhelsScoﬂld&bgigﬁ aoyesponds to
suita pl anari zation techni que. For, exanmple, the
the @ledgéamgéhﬁﬁe&orygcwﬁﬁwaz@& Deyigg 3¢ Hichides, for example, a
hasi 9l hli | . h _
gatei ndi cat %73 g%f}%llérce telg g%’csg&ﬁvl? ﬂe g@%%@%ﬁ& E‘.S‘gur era%&eﬁ](%% ﬁ) and 41.
SimiRelye devicay3 fimeluties, Forguxamps:;, a getei dicledric 42y gatkeslecasic 33, sidewall
and 36 are formed using any  suitable sem conductor
Spac?ftsgée‘ggiiSﬁﬁrcf’giéﬂﬁir%%‘?.‘%saé’ﬁi@onduct or devices 34 and 36
are formed in first and second regions, wherein the

[0022] I StSehR@INANCEPHSESRBAGHA 36 cBn E&APAR Ay sulighlpkanRbhdERthr
epitaxial material 28 having the first crystal

devigssiagenr ding énthgmequitemestscd Rasiyaseancangietes gpomersanpbicatiogeand a

™~

oGBS BB SR Sy AL

compiises @ Btigpeleits adsciBeonduciorddvicesItaemiisddan NRgipe device. In
.source/drain rcg_gi ons_ 40 and 41, _Simlarly,. device 36
additioqe thedemaindgr pastiapssticiepesiigd 0&idgi 22 farn spigabloisolgterregions, for
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36 can conprise any suitable sem conductor devices
[00234c c oFigures 9-07 ilhstreglzivice verss-seaions agvarens pewessaigps én the method
evi ce aggl&cati on. and a . . . . .
of making a semiconductor device structure having multiple 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



correspondi ng manuf acturing process. In one
enbodi nent, sem conductor device 34 conprises a
Vﬁ:)%%gﬁl gyi ce and seni conductor device 36 corrp%'tﬁ%ﬁo 062793
ype device. In addition, the remai nder portions o
deposi ted oxide 22 form suitable isolation regions,
maniifictur€ ¥ Bihp ISOI wadérEOD steestire eofriscday eitable ssmaiconductor-on-

. 0SSi blq)l/] ot her__devi ces ré_not shown). [0023] Figures .
insugdar sturuiRsiceaidingfehe prtrdaequramaasota sty sepyconductor device
applgfaﬂﬁﬁ%r %Rﬁ@;tﬁe,' e Ebﬁ SRR G o RiinTRYd D6i1iRord ST ERRN SrRture, 2

evice structure having nmultiple crystal orientations
gernandaon on mggutator samotube or etboslitabletstreincd ben@r-stsamntd semiconductor on
. Eaig?ﬁ:' osure. Turning nowto Figure 9, a portion of a
mSuBLoLSEYREIRt or devi ce 50 includes a

sem conduct or-on-insulator (SO) substrate 52 havi ng
{omg et ©h s®p Met 3 BpmpscdiaIPRS eele 16 WERA ICHYA el a4k Eifuble
OX) | ayer 56 and substrate 52 of the SO structure.

highﬁ)hset)f)mive aisb ¢heraistry or Rcraisieies,sviprepragtio tha BEYRiayies anghwith
t t .
o8RBT SN 2. Rl MOUEhg, B ypal il v

subs¥ea0 0xid4d A SathReFpSRMTK A5 98. Thvrdic si6p Wyer §F carysrises, for
SO wafer. SO structure conprises any suitable

exangiplfs oBiise bafplughoxifpgn Ry ethesiuitableiedoatie oF msigtor Furthgrmore,

- | ) ) -

n a5 04, RO TR 8GN0, SEPLERBILBLREci st

Oneerarhpleiofie ldirdectidc kiyei stank includessmloxiderangtarnitrider wherain the oxide is

er mani u n i | ator structure, .or other, suitahle
overSRHE R A0 MBNOL e 76 i RIS PR FORGHT 5 R dpighermore,the
etch 3,{3?%3;& 58 cath OQRMisetd EBleSitRRayR¥BEK éﬁai rgﬂgﬁn{ HEkSuft laft¥ith an

~selected in conjunction wth an avai l'e highly
oxids étexfadelayeet ch chemistry or chenmistries, with respect
to the BOX | ayer 56 and with respect to the

002195 4utoRh SHORLEE ool B BN BN RYBHoRY,

_ embbESRAE thd bENe FayRIuded a filhiergiat brisitofon ayethe SO layer 58 includes

conprises, for exanple, a nitride, hafnium oxide, or
a secgiy CHiSHE Prientpiioms Subsiats 2% ¢4n; conpYise Aay suitagle semiconductor substrate

~ for alF %&éﬁ%@ﬁ%ﬁucmf A ﬁEatﬁlﬁp%dd;ﬂ%qodhﬁ&t,e Qt;agtt;: 9P comprises

onprises any suita ectritc la
silicat. &c kdditiGnSCiaya 158 cofpasai anly suifatile sdnaiyendustaaddyer for a given

i ncludes an oxide.and a nityide, in e oxi.de Is
semigQRH{E A ien Pt Jr e aepodiiat SO Bvar ¥ EnBorise stigen
is on top of the oxide. Furthernore, the etch stop

[0026RY ErA SluGitile Qafes Bodthytlsefs Sdrfich@iRlor $hBGatcHtavihg a (110)
hi gh-K di el ectric Ia%er wi'th an oxide interface

crystahgreentatjoneed SOl dayed 8 comnriscs ssicangyespr Bgen kavitigspd §@kcrystal

. qverl y.ng the. BOX 5 | n,one nbodi nent.., the
orieriiffin, PR obBSingiP ety P Ep BB PEffute, {PEevamply, gypstrate 52
can doghriseh skaiBhd@®or subbttd€Bavidg & VN Erystay 6tiédtation and SOI layer 58
orientation. Substrate 52 can conprise any suitable

can eOErise gaemicopduatiordayegthaving a (110) crystal orientation.

[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.



for a given sem conductor device application. In one

enbodi nent, substrate 52 conprises silicon. In

W ohiARessSO | ayer 58 conprises any suitable pepmsrngrns2res

sem conductor |ayer for a given sem conductor device

application. In one enbodinent, SO |ayer 58 conprises
[0028] | c@arning BOR 6 Fidard 10, us bpealimgs0 Bubahedine dedired region of (i)

C rises sem conduct or substrate having a (110) .
tren&lg?@ﬂ%m@ﬂﬁ &Rkt gistalprieniafion gpigaxial @rewpheisn the opening 60
extéﬂguﬁeﬁgw& tles beé?érs,%th the brb M et é&é;% P%yer 54. Formation of

Ion. Ohe yst a

orientation. conbi nat1ons of crys
opepingaéftcan ibe nscoampishabssing @y shiigble patgrhing asd bshrethaighs, wherein

can ¢o [ a. sem con tor suhstrat Vi ng.. 10
the 820 cFRRyRBrfiskie aigero pal dnouh e ARCERH L@ Ber o1, the
pad DRIALRF SO B SOAYBSer BR\UNA I ABOKILY. T bYSér@bodiment, the etch
orientation. [00271 Further with reference to Figure

chemistry (shemigtsics) ysad toformepsoing 08 in(afd)sstected té provide an aggressive -

l.ectibye coat | ) lish,stop |layer .61 are .
ot fiab SRR Rorot Rl 84 B oxa @R g gt opening 60
can b atdveiplRBE®iding £af) . headBtich, #vd 6lRMirR AUk IdchAIVWRAR a fairly
t he AR(ngHSh stop_layer 61 and the SO layer 58. In
vertigEpioMR I bRiloT BET6% Heltncd & cermsppssdosiaeirth pich Momdayer 54.
and the ARC/ polish stop |ayer 61 conprises a nitride.
00 Sarttedv R gl L R e Fp e Rl S Gat .
Sidevendii spacar§ 62 icdn be foemehby depoaitingra deldctficiahd tichii the fisleatic back to

T N TR T

TheRlidléctié ARIMRY, Sbr hmph) aifBkideN: fiirid 0 BEM Y Gh&GuGiae Aftlectric. In
acconpl i shed using any sui tabl e pafterning and etch

one te@bhd:immnééllzle dialsetsicrof Sldhwaiésmetﬁ%mrspnigcls @Hné&h @nsitzieplasma
it A i .
enh 8 EH B b OrgbSfaf (IBEECVII DA W Syl sEvoBimet e

- diel&@@xc bOsiddwal iR c@HdNFERESs 2 flAgneémncsh@iFhiédl Yapor deposition

chem stries) used to formopening 60 is

(PEé‘éﬂDé oKl Ioygh pentheremhedingrntabe digtectrig @ﬁﬁidévgﬂegpmﬂ@ [§ppprises a

i . o) 4 t L EXAN b
chofBLERH Sk EHACORS bR b b RIATIA g 2.
portabnyofeliccdtch stop dddi 54 mmaindwexpospenivitgn 6Petiag 681 dewal | s
with a fairly vertical profile and a bottom surface

il A R U T

layet 56 EXARSd by i dfjgréfﬁF 0URkhowPRAS Efre8d: is theh 3EMBdd as illustrated in

spacers 62 can ormed by depositing a dielectric

Figuze i2,dheshiongingrpeuing 164 cR érgotsd ok theexpbses pottion afiethévetdp layer 54

com BT TS s ek A eorl sl B bR i pPRG ipacers 62

and BXANcR:CiA Ok dﬁder@irfgosm SMdstrk 52NMyhOéte bheﬁiﬁkﬁylyh@nﬁsmes) are
dielectric. In one enbodinent, the dielectric o

scleajpdigaidipt ths padtion of sudene itlyeSObsubisypic Jewapespd byasmaval of the
expc&gﬁ%? eir%H gn‘g%(rﬁt&rrltae Ar%?él ﬁ?g{e 54d P %Bs%rﬂﬂdl&r'ﬁ'@ﬁe%gé@ m?rﬁcg:.e In oltf?er words,
removal of the exposed portion of the etch stop layer 54 is carried 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.
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L

dielectric of sidewall spacer 62 conprises a plasm

enhanced chem cal vapor deposition (PECVD) oxide. In

wWoleeha! g;hgr enbodi nent, the dielectric of sidepallicinnr62793

spacer 62 conprises a chem cal vapor deposition (

oxi de. Subsequent to formation of sidewall spacers 62,
[0031] po rAtcbm’dingly, Fignrel 2 filustratps myiemifplod thatis fisrmesdpobaduent to

remgyetllgf %Blse%g)‘gp o 'rgtgfgﬁgio o;?@??re% ié]tcun%i%éttoggct%g ixgt?p:g&lgt?on of the
etchl ﬁéﬁ? layeds £ XPAS $CLiSY of A8 ARG st &P fcﬁ‘ﬁmﬁ&?é{ﬁh fildt Eﬂy&%if &xentatlon

is then removed as illustrated in Figure 12,
epltﬁloﬂmmg'ﬂo phwuna@eSGHe I‘lﬂetvﬁﬂamagoig thé expewerbsansicoroiuttoo Bu:rdieice In
suita

confitohrip: Seon LSl iedfR PRociEe e p g RtufRpS which
occil #eBLsh £ of&f@% Bﬂcﬁ %Moﬁﬁﬂngeh onsemhg tHrb@atiRe SO 1438 Without the

substrate 52 e etch chemstry (Chemstries) are
presgaeef asdniggmedigte cichstapdpydr datvesen she B@&eangfthe hedeg@ing substrate.
substrate 52 exposed by renoval of the exposed '
rti t;gp t
onS27 L RO 6y 0113 | HEEghi EHBh  Yose

surfeoepufyhel sqnmbtbndnntoo ﬁulistreteéachﬂﬁﬁ opeﬂxﬂg 64 (EiguneSl 2¢.dpifagidl material

out usi n tch that mninzes, or elimnates the
66 iy BROPTP aie HEOYH, %&F?‘%‘@ Gtaisbmatorialgfhean b 0w to overflow

the 6ﬂénﬁfg%4 QRRRGH gﬁ&ttl(m bf fﬂe\é@itaﬁfil &F@nﬁl@gﬁ%ﬁﬁé Bb&ﬂné’ 64 in the

he etch stop |ayer I's acconpl i using a
sha};@tqﬂa myshAOnR. 0079 mmlgeethee&%usemﬁeem m{fﬂ@@ﬂﬂiS between the

Accor di.ngl e 12 1 ust.r an.o
undfafiRE Suredspand el maptib e, B e RelBeual 66 Wil be of high
qual@9lahl BBveOhihald T8 @9 TheYRErfRe 68AS 1%@&@&&%@9@&81&3 $ine in Figure 13
introduction of the etch stop layer 54, in the region
and gt rephy mexenntibeirensiladissarnnble imthepstuahdevice eltuce\rg élihalepitamal

mat%ga!rlrggitwﬁgl aﬁ;ﬁe iblgegé%ﬁig e%&@}é‘f g-len a(t)frowseg@} 28 %dl strate 52.In

one embbdiaght, tiy S(OI subeigdte 52 desprias il dil@ﬁ)nlsﬁbﬂﬁwm 4 18.0) crystal
ex osed em conduct or surface which occurs through

oriegiaion,indthg epitasial material 06 compyseasilispa hpvige i Hgrysta @rientation.
BOX | ayer without the presence of an internedi ate
ch V&' i I :
10033} ot Ty B RRL ¥ B PPl B0 dnd SAERIN | flanariced oo
shovepint Bigiizz| 14rrﬁhecntab Sﬁﬁctlns igplowarized, tohremexpopedion of epifiteand to

remle ARF T} SORVELST art byt v i Sl 8, usng
any §t8@bleflaiRain teEiRh &XF&Nxﬁmp%J kiePthRturd'80 Bsuldbe BntAed using
grown to overflow the opéning 64, wherein a

be
cher@lealtmmhaolfcaftmélsletpgt'ﬂm rdenamgedsurfice dviadichisddytrpfsrence numeral 70
inF nng 64 in the shape of a nushroom As a result of
€ défect free surface at an interface 68 between the
underlyi ng substrate 52 and the epitaxial naterial 66,
{00321]1 e dhifemingalownmdtRigurall S Shallow kreheh Bblabibg (ST Vptditys Fehd 74 arc
ve m.nimal defects. The interface 68 is illustrated
formgg TheyaElenenings d2 and 74 @@rfgrqgi across a boundary between the SOI layer 58

(and BOX 56) and sidewall spacer 62. With respect to providing isolation between a

subsequently formed P-type and an N-type device, the sidewall 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,



and in reality may not be readily discernable in the

actual device structure. The epitaxial nmaterial 66

wWolzbo7A1$4a3conpri se a sane crystal orientation @W

of the SO substrate 52. In one enbodi nent, tﬁéT 71062793

substrate 52 conprises a silicon substrate having a
respe¢ti@ly. dihe ST imataral ey abinprise fisk dxampleph tepdsited amitlerd ddposited

N T e ———
stru€tivs Bggh E[ﬁhﬁiéd@isin@$ny sheabid plafdribagon &cﬁhgﬁ@.‘ Fing §thndfized

shown I n Figure 14. "The entire structure |
surfpgedif ifrdicaged, byt isfarensp wumerap 3 in Bigursf 1epi 66 and to
renmove ARC/ polish stop layer 61 and pad oxi de | ayer

, d | ayer 5 i NqQ__.any.sui,t,abl e .
00381 SRRk doioRhurk B e Fond P devi o 3l 5B B formeg using
any switdbit demigdndaetor Freckssing AechniesiSedlicomashiandSades 80 and 82 are

pol.i shing. The planarized surface i s indicated by
fornjegyin figtt @B fereBd BIEIoRS, Wherein the Fest 10gior gumapords fep Fegien of the

T

correspdndsttoaheSOblayeds 8dmypsha sdvond dasial Okdmetion. DieeicS8D includes, for
spacer. 62. Wth

| ayer 58 .. (and BOX 56) an j dewal . .
examp el igloERis Aapoig SeeBP S p e otiot 1w BbepmesRyin rogions
90 ah@9PES mAaily RRvARS2 b 1es Ve ¢ BIE Sy gatd G cREGR WA kate electrode 96,
_ spacers 62 alone may provide suffitcient 1solafFon.
sidewmplhepasers 98Tand sogicofdsain regiomsuii0rand 162t ween sinilar type

devi ces. [0035] Turning now to Figure 16, the STI

eni & fildolhed with.suitabl shal | o
10037F 6 n e RuBRE AP it s FompriSt e iy ScoRlror
devieafaer@ding to teatadifemtatsuTd, ofBen @n€dnda8tét ddvi@Baibplication and a

PCT/ JS2007/ 062793 respectively. The STl materi al %
COTTeSRARSING Bmanpiaetugng pocess. i enssaiodimgers gemiconduetep desie

: i i, Qe t : i . STk i 3 .
com S ARY LB AULCGOAR S IRl gps g
additgam, tiet remminidsr pydoms flsideavallzpabansbéhandathy ST tdeddlse76 and 78 form
. anari.zation technique, The planarjzed surface is
S‘“taBL?d?@st&%e%vnﬁsé%wﬁgﬁe, herveeneviee B, devigh B2 ang possifly gfher
devid®f(gst’shé@nyiow to Figure 17, sem conductor devices 80
an

82 are forned using any suitable sem conductor

g{ocessi ng techni ques. Sem conductor devices 80 and 82
[0038) ¢ PFC‘@PK%EB forenpicmbedigrent. sauethad pEyrking 2 semanosiwctohdevice

' [ onds.to a Lon of the -y

R A R R e
includingsi fidst @niedtidattopyarthvidpes SREQRthcE g@ P¥htaly ORERSRAE First

., to the SO |ayer 58 having the second crystal
diclegfricdmyes overihe sy seaicomluctor lags s sepend dielgeinpilayer averdhefirst

- fedi-el I : i Ll 5. S 8 .
iele 155 o o SR B M SRRE PG
the s@&@nil sehicdedyctdrdayee kanpseeondsgéice (6h @yasl) orientdon. TAk encthod

el ectr pde 9?, .sidewal | spacers 98, and source/drain
ﬁ;rth?rec@ng}@eslm; otpdngpatterned 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 layér 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



[ 0037] Sem conductor devices 80 and 82 can conprise
any suitable sem conductor devices according to the
wBGh7AMRet s of a given seniconductor device pors2007/062793
application and a correspondi ng nmanufacturing
process. In one enbodi ment, sem conductor device 80
intoctherppénsiegs famiag y rensidor af&hraﬁﬂ;t @pmmrhademicondwtﬁm regioi 2and
conpr.i ses _an.N-type devi.ce. d|t|
formigga tragsiopsf the SHONGAVRS B digeondeusasdgstonizer ne s
regions 76 and 78 form suitable isolation regions,
[oosgqr eXAGR! nbodahHR Sl ﬁes«t 'di%‘fec%% iaG @ B4 tRIORnROSAE Madnd

other devices (not shown) 3 According to one
dielegitio dHysehns 2 sgoonsk thiskiness, amdlthm@can thidkoessds @ft lcast g itioaes greater

thardfyf ¢ Gl Sl i bR GiRer R ORI e BT U RRENT T pompriges a high-K

d1e1é¢tﬁs tIn aatheCsabiitent] ¥ 8Econd ¢ichdy donfpiiseSy hdtae® th@lcontains
crystal) orientation, a first dielectric |ayer over

chkmé Wh‘?rgliﬂ theshcerth @F&bm is fyther charagterizadiaybeing Bydroghloric acid,
end R %L 5 R SEML 2 G pp RO, e S
tempdretued of at tdagt mmes Eolstign du gttamothay anbddisment, ﬂ&aoseﬁdld etch type

sur,fgce r Gr al ) orlent tion. The net further
etche%Wﬁqfrgféég ¢ bt 1 g significantly gegtesretn ﬂtaﬁrtgfagﬁt gefaiconductor
laye? SROSEoRE MeRRRIUGTR! anldAHE becBRY serkilén 'i%eﬂ' el ectric

I'ayer to form an opening i n the second sem conduct or

| ayer and the second dielectric |ayer, wherein the
100494t t et armather enbodinampettic mtholdé’mfthar@om@neetsepm«rm to the step of

tterned ri se rst etch
ctebyR B ACGBRMEIRGR (f EoRI RS et St P e
insufdtig tmaaér@ll.eedPaternayding @rdupf tihd ﬁlﬁﬁlaﬁ%ﬂlﬁt@ﬂﬁllt@tléﬁve a portion of
layer using a second etch type whereby the first

the igsipténgeetivhalongaperiesieraf tsprrang fpbpw&ﬁn&tsomﬁen between the
ﬁrStqﬁﬁ@hﬁggn@ﬁ%E%h?Ha}{s %prm ng a sem conductor region
0 e firs

surface (or crystal) orientation fromthe
exposed portion 9 WO 2007/114983 PCT/ US2007/ 062793
[0041ht 0 Inhet stibariatigsr efmmdmmglt ahd¢ mathed Sordier cﬁmpﬁsesffnrmMg an
n the sem.canduyctor region, and .ng_a

antitefEte oRES Ve HE TGRS "By S HIOF Repegiorighing thtough the
msuﬁx@iﬂh SURGHAC TR Gtill BXGher éhm%eﬂt Nthe ﬁ%ﬂﬁﬂmﬁhmhlpr,sésefomng a
first dielectric layer has a first thickness, the
sidewali spager apeg epetihetet efitbe operdngpEedo rthjs 61 efateling thaenagh the first

econd thlc s.at |ea
dielqeife AR He SRR Bt PR 3P rerdealsBienine Toffoe an
isoldtioh $égioh Fheretthd first PorEbn PRI i@l 3phicd RalkreibRidect ri c.
I n anot her enbodi nent, the second etch type conprises

a hot_gas that contains chlorine, wherein the second

[0042] chh Itﬂy)@é epbogigpank dpe Brshsgtace pn&@atl%cqmrwgs (110), the second

el 1y L0 R SOE G R R

~ sccohé mypercd transdstof cahpriseaslt clﬁﬁﬁbl,ch?grtbeﬁrs(:&rmiconsductdr rygbnisof a

anot her . enbodi nent, the second et
different materla? composition from the ? st semicon uctor ){ayer

[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



etches the first dielectric layer at a significantly
greater rate than the first sem conductor |ayer, the

werithdogl ectric layer, and the second sem cog@ 9
| ayer. [00401 In yet another enbodinment, the net Eﬁ}g 07/062793

further conprises, prior to the step of etching
the s¢nond gemicheductar dayed hed ;escond crystylosrientation f Thd methng further

confHrBRF psfint SILHF sERELseieftios Ggh b et dislorgrc layer
whe¥elethic @rst 1 B3y Ryé Ha9kh E%bosf@& Portti'aﬁ, dihing %?Mg& the first dielectric

mat eri al al ong a perineter he opening for

layggrveiarelyribe fisss bemicontluptor lavenhastia exposed pottromnasidseptaxiatist growing a
. : bstor. [00411 | t sti.ll t
soni AR GERB AR Bl b I B ShbodngBRRh

antireflective coating over the insulating nateri al
[0044]i or It enepattiodlimert] thb erBirghthough tHehecondnisib@tic Myer comprises
teriial, I'n still another enbodi nent, the nmethod

ZpPRERE hBRosHopfaue gey ARchEcterf tshing thegyak he fisodiglegtric layer
conffﬁ%éé&ﬂé%ﬁfm@ﬁ ?ﬁlbﬁn@&g{ﬁgﬁgxggalb g{tle%lggrrajfﬂﬁe §F SRe Rt S%q &%ﬁé%kg,tCelsius,

thro the first renovi ng
In agother enbgslimentothe ofettdddughdewalprisspiaoming aafdt arsisiorgn dr

L sol,at.i on regi$? where the first portion of the
semiGogdietpy rogign and IQpRUng 2.5r59Rd rapstior n the segond sererndvetor laver,

whekdi8 tild JeBbndStrnbRER iO4si BfTER_h 9P ABARKS BRS trhdQdr. %ﬁ 9@_ another
second surface orientation conprises (100), the tirst

embogieenbithe figsh dickectsic layanseinpuisesr lipaKrbi¢lectrih dayes dabisdt least five
. 1 f.transi st er. conpr, ses hannel, and .the first
timdg R RSP iR S AP ER G o » snfhoe
orietlatipef (lil0yaddrhesdcbed Eiysal onamitiansy §ch|0@$ﬁénwg&9§§d100).

According to a still further enbodinent, a nmethod o
ductQr device structure, conprises

rmnpng a_semco ]
I““‘{?E ovi B angttar shocit thegretierh Sirihgt eompipes-cifter etsbing through the
Se oy Bren 0P ] @lfine OB, i Wl tiic layor,th following
stepgirdepoditing amipsidating material] eddpdtieicetbliye thrower tht hesufating tmaterial to

the ﬁrﬁﬁéi%‘%?%%ﬁy%% qu @%Yee: ;nco%egﬁéﬁﬂr%gg}g ﬁ!g%&%}i%&gln? tgrrial%gf trhe exposed

rtRABf RNECTO ati V18T erO i i - .
PO i Y 8for O YR £l Rur2F Rl BhE el dip AR of ctching

throughtiba gecvadisenisanditctnr 1ayey end eseepndaliderdric tayst kehves an opening, the

[ tl . Th t hod furt her onpri ses etchin . .
metfid AR coffbrisd! For LA HEbsr AGHE bRl & b Besine prior t
the stipedfagdhingCthtcigBithe fiedieRyric@ydr] tembvRliz @k RGLH Grst ?diﬁbn of the

., has an exposed portion, etching through the first _
sideyplé pracer: prd formingranipelptionyregion Wherethe st rovietuefitbe sidewall spacer
was Fé@Y&leghas an exposed portion, and epitaxially grow ng
- a sem conductor region fromthe exposed portion of
the first sem conductor |ayer. [0044] In one
{0046 b odherenting tohmothicr binbgdittent ugbmidoadwteaiedicdisehie0td doenprises a

firs SCOHGIRLI Uy o6 R h 1 OO U IEARE. f PPBICOBTSLSGEiob extending
vertib@¥Sfrom the first semiconductor layer, the semiconductor region having the first crystal
orientation, and 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. 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



conprises applying a chlorine-containing gas at
tenperature of at |east 500 degrees Celsius. 1In
Weridggisegspodi ment, the method further conpri s@grwsi007/062793
formng a first transistor in the sem conductor
reE_i on and formng a second transistor in the second
se nguatnglayer dvaythe firstiisataging l4sive, undemahel s¢cond s¢rsicondiicsor layer,
as different t fromthe first transistor. In. yet.
end 3RS ot Rl roeie, e Mereit I e e i S Gitfrent tch
chafRtaistiseHord tid Bt Ml Llaydrl Thd fvEtoridislor HSvidd sthRA&t further
. five tinmes thicker than the second dielectric |ayer.
inchpges 3 fransisterrof atipt tipg wnthas¢misondictorsegipmanwd a transistor of a second
I ant.af i f. nd khe second crystal ..
typbh Bt Rbdrfbefbioohddin UG AP RER] hoflsh EPogtimsy. the
sendfiéidbitor devdceofubtér cofippidés@ibolafidtErefihetlvdet ihd§miconductor
conpr.i ses, after. etching through the second .
regign apd dhie seeondssprriconductor leper, whersindhe pemicondigtis regian and the second
rfidondhotd} BY&LaV ; '
serni(chRbctol R G fop ken bl Sl Su I ooBlefifoond he socong
insuldtmyugyeriiha leass fivatimagthivkeethian khet first inkhdatingriayer.
dielectric |layer to | eave an opening through the

100717 <1 B 8 SolEE0il sFgyshlion e SEPRRE has e Aot P eterence o

the WSS iefhbbBRnchtse PloReva@! 684 6¥brdinkfyQUtflNintthE a® 8MEiates that various
sem conductor | ayer and the second dielectric |ayer

modifieations and efpaaesagn bemeade ithevtiddpartingdtore theproppesf the present
em SRR ARl ARG 8 B AEIShP b s e

to bé regatdediie be dhusirativeaydier thae ARsstidive sehse agild =l duich $hodifications are
si dewal | acer, and_form ng

) p&rg{ti?)n,of the . s fh%p an
intepded) tg dp dicludegivgimtieseonard the prgsens smbpdmests. Ferexample, the

il St s SRS OOHSU 5PN By v

dualomirptation $DEO) by imertmg i dieladtic layer baween thaBOIg aad ther ssibstrate, as

. Cr al .orl entatiop, em conduct or _regi on, extendi n .
disofsshq sin b isih RS G SPasBRfe B OTRGELPY & et e pi
proce SO L QTR GLRTe 488 ﬁ’ﬂbvﬁﬁ% Iglhigh @%{llicti% &haﬁ&?(ﬁél@éﬁon and hole dmobility

- orientation, and a second sem conductor |ayer over an
n (198) and €I10), sesphetivielyr Eurtharmiorsn ndamicondudtarydenicelagingidual or

. d m d I h diff |
5B e RS2 chEUE bRt Ak B

deviB& il 100 Matifr ey, o 18def. UsH Iidrab® BirduliCdaH A8S R hih&d using one
insulating |layer over the first sem conductor |ayer

or mgriofdhe methady aceosding imida embedimsgisorereinn¥ilbfunthen evifilerfist and

St sem conduct or ayer

anotBAQH dabd28 3mBedimdne SRTHI6RA%3 cortleapaal ldgheii Bdriciaticay @buld be
over the first insulating |ayer, under the second

| 8300.*1? %&sﬁl@%bﬁ%ﬁenﬁﬁéns%&@g %E&P@esgﬁﬁeﬁah%geqrré gﬁ&&%:@)ﬁ}ﬁéf’gﬂt from one

the samgisad da get bavetagefer. and around the seni conduct or

region, wherein the second insulating | ayer has

[0048] T f es&RELLGBr a&)ﬁﬁrﬁg&g gﬁnd], %%%tgﬁngu‘} pfaglé?& HavE BEen described herein

i nsul ating layer. to evi ce structure
abovewritthesgardi tn spacdfisembddimests slowe at, the bemesits, by pmtappes, tsohtions to
f,erri co(pduct or regqgi.on and a transi s& or, of a second
problems, and any element?sg that may cause any benefit, advantage, or solufion to occur or
become more pronounced are not to be construed as a critical, required, or essential feature or
element of any or all the claims. As used herein, the term “comprises,” “comprising,” or any

other variation thercof, are intended to cover a non-exclusive inclusion, such that a process,

€
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{1

type on the second sem conductor |ayer. According to
anot her enbodi nent, the sem conductor device further
W& sR%3 an i sol ation regi on between the PCT/US2007/062793
sem conductor region and the second sem conductor
| ayer, wherein the sem conductor region and the second
metlselradioid océmpardtes/that dompeistopligiof Ekaratstdoas natrieclude only those
substanti al .y, copl anar and the secand_ insul ating
clenjelisdpu may Jheljidesathereelsraenty Rgtexprepaly Lftcd ABhetsa! i Sigh process,
methd®S bhRld, Blapakels. [00471 In the foregoing _ _
specification, the disclosure has been described wth
reference to the various enbodi nents. However, one of
ordinary skill in the art appreciates that various
nodi fi cati ons and changes can be nade w t hout
departing fromthe scope of the present enbodinents
as set forth in the clains below Accordingly, the
specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and al
such nodifications are intended to be included within
the scope of the present enbodi ments. For exanple, the
enbodi nents of the present disclosure enable the
fabrication of high quality substrates with dua
‘orientation (DSO) by inserting a dielectric |ayer
bet ween the BOX and the substrate, as discussed
herein. The high quality DSO substrates are further
formed by a defect-free epi process on define active
areas, allowing for high quality enhanced el ectron and
hole nobility in (100) and (110), respectively.
Furt hernore, a sem conductor device having dual or
mul tiple crystal orientations can include one or nore
of a transistor, a diode, an optical device, a light
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 crystallographic orientations
have been described herein as being different from one
anot her, in another enbodi ment, the first and second
crystal |l ographic orientations could be the sane and
do not have to differ. [0048] Benefits, other
advant ages, and solutions to probl ens have been:
descri bed herein above wth regard to specific
enbodi nents. However, the benefits, .advantages,
solutions to problens, and any elenent(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 essential feature or elenent
of any or all the clains. As used herein, the term
“conprises,” "conprising," or any other variation
t hereof, are intended to cover a non-exclusive
i nclusion, such that a process, 12 WD 2007/114983
PCT/ US2007/ 062793 nethod, article, or apparatus that
conprises a |list of elenents does not include only
t hose '
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el ements but may include other elenents not expressly
listed or inherent to such process, nethod, article,
or apparatus. 13 14 What ig clained is: 1. A nethod
of nmeking a seniconductor device structure,

C Ng: providing a sem conductor substrate
What is &%iﬁﬁd:'u hg: a first sem conductor |ayer having a first

Gﬁég orlentatlon a first dielectric |ayer over
1. A maijpo aldng B rRAMICBNYGIDE [devigh SliustyrRe qanvRiising: providing a

semlcom@t@@ﬁpb@tr@tgy@qmgaﬁﬁm gefirsh semjeonduniten yerihgving a first surface
orientatigse ghdireli dielastiic dayeayeverother firdtesdmicondudtbellaggr ivtherein the first
dielectricalayer camprisesea onighsiénilietantiis;t arsdeandr dielestri¢ hayer over the first
dielectrisetayed dhel @cdadondl eywiconduairelayet vesapendecond dielectric layer,
whereirsid seuthdCéarhicoPd8Etoh 3yt ISRCARGCOHA fspRIce drRMaidr berforming a

patterndt® Efchr thil hathep@doﬁ'd %bﬁ&uétBF p ahEQhé %%Eﬁfd dielectric layer to
form arf%ﬂeﬁﬂ'{%d F?é e%.‘éﬂﬂ E)?OIB e 1515 %ﬁelé&nc layer,
wherein; é@)ﬁ te lé top Gélds f’v%ﬁ i&ﬂ ﬁ%f @8 erned etch
comprlsg cﬁ gﬁstes p%’n pugh e 58‘% rt ffp the first
semico qt%rr ﬁ¥ﬁr el H a BB § té(pplwl%qre Vé'ﬂetf ese”é'PE RYiefor layer has

an expasgARYHOR jk the P@@mageeekt@ma@ grNing taosqrﬁ@omw@tor region of the first
surface gfientdinduicedrthep@osadi najtien dedhe apesing: fpemingea taysistor of the
first typehie the semicaridtictatursgion;| fymindhastrapsistarpafstie: pecondriype in the
second aemti¢onduetarilager. epi t axi al |y growi ng a seni conduct or

region of the first surface orientation fromthe

exposed portion into the opening; forrri ng a transistor

2. The %ethb@ off &bk 1, y\ﬂﬁeterhtﬂfe fRT SoReH I‘?ﬂisoﬁ first thickness: the
second RI8&RE %érrl‘?éﬁ?é%te%n th ge%gt o of nes§ 98¢ least five
times gq}%{ﬂr‘iﬂé‘ Stt Iﬂéﬂ?{ec? él ectric |ayer has a f| r’st

thlckness the second dielectric |ayer has a second

t hi ckness;, and the. second thickness is at |least five
3. The raeied oficiaiivet, wheikin the seqosd etah vrrseamprsesradiotgan daat contains
chiorinegf claim 1, wherein the second etch type conprises a

hot gas that contains chlorine. 4. The nethod of

claim 3, wherein the second etch type is further
4. The mbthodcsfetiained, adiehsihnbe seydhd ebdiptyipe ig8dudheScharhterized as being
hydrochiBtd@sidof claim4, wherein the second etch type is

further character| zed as applying the hot gas at a

tenperature of at | east 500 degrees CeIS| us. 6. The

5. The JRUASH & ciflf! he¥$i % b8 CH‘ é‘ .¥ Sarized as

di el ectric Iayer

6. The method of claim 1, wherein the second etch type etches the first dielectric layer at
a significantly greater rate than the first semiconductor layer, the second dielectric layer,
and the second semiconductor layer.

7. The method of claim 1, further comprising, prior to the step of etching through the first

dielectric layer, the following steps: filling the opening with an insulating material; and

pattern etching through the insulating material to leave a portion of the insulating material
along a perimeter of the opening for providing isolation between the first transistor and the
second transistor.

8. The method of claim 1, further comprising forming an antireflective coating over the

insulating material prior to pattern etching through the insulating material.



and the second sem conductor layer. 7. The nethod of
claiml1, further conprising, prior to the step of
etching through the first dielectric layer, the
fol I owi ng steps fiIIing t he opening with an

9. The M8 £ El{rL r r] atftFrn &4 Side L Ilt hr%%PthnBea perimeter
of the 't#ﬁjrqaa{) ‘ﬂg & Step g}og&r & \pghg rBEng] ol jrst i ﬁqﬁgrtgﬂ)@fﬁrngemovmg at
least a ?{LF pidgyal |9@ﬁc%taﬁé’efﬁrmﬁt9 an isqlatiorrrgian where the first
portion g etfft‘éeW§|é§6%@PTtW%$@r§@tﬁd 8. The method of claim1,

further conprising formng an antireflective coating

over the insulating material prior to pattern etching
10. The imethgdi dfhelainsy! whéeren the dirsburfade dienfdtrebpdses (110), the
second Csafavel oribHIBAr cOMPABES (MOD),f HaTHiRY §psi fo‘tﬁelrtasﬁ@ta%hpnses P
channeﬁ'tﬁ@@eé‘orﬁtfhh!@bﬁfran@i&tdr%ﬂf{o}%@sw dMahfEl tdhd e fsFBeficonductor
region i€ b BidieerbRf ﬁ‘#é?:%hél [dds?to netﬁlarﬂr% e :Eénducﬁgpl\éygp

'east a t portion of ¢ he acer
formng an isolation region where the first portion
ved. 10. The net hod of

idewal | spacer S
11. A Betfigi of %ﬁﬁ A SREIFqNALtar JPVIEs SfFICiHiea GEAPTSING: providing a
Se_m'CO I §Wks qtﬁwompﬂ%'“gs@cﬂtﬁﬁ Ssﬁﬂ?*ﬁﬁﬂ@u‘aﬂf daxait paying a first crystal
-orientatigp; fl@é@"eglwm; layereoverr e firgh senficandustirsiayer; a second dielectric
layer oves elfyéfsdﬁleﬁhfarmar wiheseinetbenfirst yimdectfic tlagerscamprises a high K
dielectricdayer thas idNat heastdive tmestthizker tisdn deerisecontdi cli@ectric layer; and a
second r eghicondsctof laydi fdwerette reicondl allietatne slayegnwhessht i second
semicorductdr Cﬁé@'%@t%cdr@b’%‘rysté!lonéntmbho‘jet@ ingOXiFoEh athe second
semicorftRiBt¢ag ét"?di tl‘i’@‘ébé@néﬁié!éét% Sayei OPRE D rtﬁe fﬁ’étod‘ BB layer has
an ex 6se§e gJE e tHeO TitSt Sdll@%ct%c lal&t whereby the first
Ni

semlcorﬁ‘ﬁﬂcfr gy h% @?fé 2 grgwgwq a.ggmiconductor
: 9@9 ﬂae L 8ﬁ@1%raaug%; g o

reglonf cst 8’ "l ayer over

the f| rst dielectric |ayer, wherein the first
' dielectric |ayer conprises a high K dielectric |ayer
12. The; mathed oftclaiahdil, mhereir: iibe etahipgethrougth the ssesepdndielectric layer
comprisgs glpplying @ fluagene-canthining sgas) rahds the stepd of tedechihgytbrough the first
dielectrioJayert tranpessn dppivirige at chlorihe@gentainihgrgasnat bempeatuné of at least

500 degsess Celflct or | ayer has a second crystal orientation;
etchi ng through the second sem conductor |ayer and

t he second dlelectrlc | ayer mhereby the first

. Theli BbERI | f £k g
somicor RSt fﬁ i g%&ggg r@f@% %8%3“ SBmiconductor
laer, W'i?fevaﬁteater gt aﬁ%ﬂoalss% re%t ﬁt i

exposed portion of the first sem conductor | ayer.

The method of claim 11, wherein: the etching through
14. The methed ©f sigin B, exhencin tt@]f@.st cystad oricatatipmpisya sigiface orientation of
(110) and thersenend ocntstalrientatios isensuidee st enerdatien oh{10).

through the first dielectric |ayer conprises applying

a chlorine-containing gas at tenperature of at | east
15. The method of claim 11, 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 pattern etching through the insulating material to
the first dielectric layer to leave an opening through the insulating material for the
exposed portion of the first insulating layer.

16. A method of forming a semiconductor device structure, comprising: providing a
semiconductor substrate comprising: a first semiconductor layer having a first crystal
orientation; a first dielectric layer over the first semiconductor layer; a second dielectric



500 degrees Cel sius. 13. The nmethod of claim11,

further conprising formng a first transistor in the

sem conductor region; and f@rmng a second transistor

in the second sen1conductor | ayer, wherein the second
layer o¥erratﬁ§|fir rdlelﬁtgtncﬁiﬂ{éérerem t %Efpr Q%ltj;gﬁd&ﬁlz;gpiqwrtqygr the second
dielectric IRYG, Whaesin the SesARa searcondustan JayeicBas piserpRA cayPtakorientation;
etching tarppiphdhe sasens sesmaordycienlaysr paditheissaond dieleelric dayer whereby
the firstodielsicirinteyer dasoan exposed portiorh etehing dbrasighcihei first dielectric layer
whereby dine fiest ssomiponductgr layer dvaseatrc Bkpasadc portigin; aind epitaaiady growing a
semicomtedtectagion fraye thergppsad pottionedfcthienfiyst semi@ndub®er layer, wherein
the step iofsdtchiing! gedudie thesetond Rrniebh@vdtod IBlefRfid the second dielectric
layer le8eRP8H tdpeaird)) FURREE 8dPAasiABL AIrihg aasﬂée\l?éﬂ %Sé@ereé@ﬁg ROperimeter
of the d I'IE)P 'tﬁ@‘é't b %td'ﬁm ﬁr@h oche M% ayer; removing at
least a fitst p%?t dr 6f h%yﬁﬂeﬁr s %EJEE‘.? cﬁl ish O;lﬁctm where the first

poﬂmn#ﬁﬁﬁa %@%ﬂgﬁéﬁa' EAGS OT%E Afﬁg?ﬁod g?rforn1ng a

sem conduct or device structure, conprising: providing
a seniconductor substrate conprising: a first

sem conductor |ayer having a first crystal
orientation; a first dielectric |ayer over the first
sem conduct or | ayer; a second dielectric 16 |ayer
over the first dielectric layer; and a second

sem conductor | ayer over the second dielectric |ayer,
wherei n the second sem conductor |ayer has a second
crystal orientation; etching through the second

sem conductor | ayer and the second dielectric |ayer
whereby the first dielectric |ayer has an exposed
portion; etching through the first dielectric |ayer
whereby the first sem conductor |ayer has an exposed
portion; and epitaxially growing a sem conductor
region fromthe exposed portion of the first

sem conductor |ayer, wherein the step of etching
through the second sem conductor |ayer and the second
dielectric |ayer |eaves an opening, further
conprising: formng a sidewall spacer along a
perimeter of the opening prior to the step of etching
through the first dielectric |ayer; renoving at |east
a first portion of the sidewall spacer; and form ng an
i solation region where the first portion of the

si dewal | spacer was renoved.



