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BRIEF SUMMARY

[0004] - A CMOS integrated circuit is provided that takes advantage of the characteristics of bulk hybrid
oriented (HOT) transistors in combination with silicon on insulator transistors. The integrated circuit takes

30  advantage of the increased mobility of holes in bulk silicon of <110> crystalline orientation and electrons in
bulk silicon of <100> orientation. The integrated circuit comprises a bulk silicon substrate having a first
region of <100> crystalline orientation and a second region of <110> crystalline orientation. A layer of
silicon on insulator overlies a portion of the bulk silicon substrate. At least one field effect transistor is
formed in the layer of silicon on insulator, at least one P-channel field effect transistor is formed in the second

35  region of <110> crystalline orientation, and at Ieast one N-channel field effect transistor is formed in the first
region of <100> crystalline orientation,




formed in the layer of silicon on insulator, at |east one P-channel field
effect transistor is fornmed in the second 35 region of <1 10> crystalline
orientation, and at | east one N-channel field effect transistor is forned
in the first region of <100> crystalline orientation. WO 2006/ 096380
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The present invention will %Rﬁ-‘ﬁﬁﬁﬁ{! in conjunction wth the
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vari ous enbodi ments of the invention. In these illustrative enbodi nents
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KNnowy Pr AG&sis: dieleRlidsSiptidn00111 As illustrated in FIG 1, the method in
accordance wth one enbodl ment of the invention begins wth a silicon
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25  conventional steps will only be mentioned briefly herein or will be omitted entirely without providing the well

known process details.

[0011]  As illustrated in FIG. 1, the method in accordance with one embodiment of the invention begins
with a silicon layer 22 bonded fo a silicon carrier substrate 24. As used herein, the terms "silicon layer" and
"silicon substrate" will be used to encompass the relatively pure silicon materials typically used in the
30  semiconductor industry as well as silicon admixed with other elements such as germanium, carbon, and the
like to form crystalline semiconductor material. Silicon layer 22 and silicon carrier substrate 24 will be used
in the formation of bulk hybrid orientation (HOT) transistors. Silicon layer 22 is bonded to silicon carrier
substrate 24 by well known wafer bonding techniques, and the silicon layer is thinped, for example, by
chemical mechanical planarization (CMP) techniques to a thickness of about 300 nanometers (nm). The
35  silicon layer and the silicon carrier substrate have different crystalline orientations. One of the silicon layer or
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like to formcrystalline sem conductor material. Silicon |ayer 22 and
silicon carrier substrate 24 will be used in the formation of bul k hybrid
orientation (HOT) transistors. Silicon layer 22 is bonded to silicon
carrier substrate 24 by well known wafer bonding techni ques, and the
silicon | Y@P006/896889 nned, for exanple, by chem cal neBEEWS46/006936
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[0014]  As illustrated in FIG. 5, the SOI substrate, whether formed by a SIMOX process or by a wafer
bonding process, is oxidized to form a thin pad oxide 36 having a thickness of about 5-20 nm on the surface

of silicon on insulator layer 26. A layer 38 of silicon nitride having a thickness of about 50-200 nm is then
35  deposited on top of pad oxide 36. The pad oxide can be grown by heating the SOI substrate in an oxygen
ambient, The silicon nitride can be deposited, for example, by low pressure chemical vapor deposition
(LPCVD) or plasma enhanced chemical vapor deposition (PECVD) from the reaction of dichlorosilane and
ammonia. The silicon nitride layer will subsequently be used as a CMP polish stop as explained below.

-3-




accordance wth this enbodi nent of the invention thin silicon |ayer 26 does
not have to have the sane crystalline orientation as silicon |ayer 22.
Additionally, silicon layer 22 can be thinner in this enbodi mrent 30 because
silicon on insulator layer 26 is fornmed by bonding to silicon |ayer 22 and
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Tayer is®*PMER WY s, a hard mask to mask the etching of a trench through
oxi de layer 36, SO layer 26, insulator |layer 30 and into the upper

portion of silicon layer 22. In this exenplary trench 42 20 extending into
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30  surface of silicon layer 22 at the bottom of trench 46. The epitaxial silicon layers can be grown by the
reduction of silane (SiH,) or dichlorosilane (SiH,Cl,) in the presence of HCL. The presence of the chlorine
source promotes the selective nature of the growth, that is, the growth of the epitaxial silicon preferentially on
the exposed silicon surfaces as opposed to on the insulator (silicon oxide or nitride) surfaces. The epitaxial
silicon layers grow with crystalline orientation that mimics the crystalline orientation of the silicon material
35  upon which they are grown. In the preferred embodiment, epitaxial silicon layer 49 is grown with the same
<110> crystalliné orientation as silicon carrier substrate 24 and epitaxial silicon layer 50 is grown with the
same <100> crystalline orientation as silicon layer 22. Sidewall spacers 48 retard nucleation of the depositing
silicon on edges of trench 46 and especially on the edges of trench 42. In the absence of the sidewall spacers,
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formation of the two trenches can be reversed and trench 46 can be forned

first. [00171 After renoving photoresist |ayer 44, a |ayer of silicon oxide
or silicon nitride is deposited over the surface of the structure
including into trenches 42 and 44. The layer of oxide or nitride is
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orientation of the silicon naterial 35 upon which they are grown. In the

pr ef er r e POWlrb o Fherpelertive apjtixiabsilicon that perarayn the dpyel pf tHedtop of sifjson pitridpdaysn 38 s arels ane
<110> cr YsoRdr)stalie ScoRsY isdenbVed BECNP dsiilGOtted AIHG. 0. Skbshitiad Byer kM aepi t axi al
silicon | ayer go(é)thieéMgr own with the sanme <100> crystalline orientation as

silicon fx’ayerp . Sldewal | spacers 48 retard nucl eation of the depositing

silicon on edges of trench 46 and es.g%ai ally on the edges of trench 42. In
the absel¥] of Fellqwing ithecrjaprization oF dye epitaxialjsiips Lynsy Aepgsm BkF PR 3B 08/ 006936
YY$' 1Hi ~Eppsdédhn tristructufe, 'Addyet 561of gilotordsisids appljpd Sestlicen ditridedsyerct4 abdiepagetgdss of t he

tr enches yRgmWbh FIR$1.0fhaleRES ald QnloQiMafif trehdhSs I8TaRIGRESby 2L loh BBhidghsibBS T han
i deal epit axi I S. This is especially true of the epitaxial

sil.icon | ayer
silicon Pﬁffé‘i‘i?ﬁ?’Sm%%s'ftFe%gﬁhﬂ?kbecause the growi ng layer might nucleate
on <100> crystalline oriented silicon layer 22 exposed at the edges of the
trench alfo%k| | A rempving sopsers 18 andformiingctrepghpsely dagjer 56| of phtprssistciy reaorsd 2adibst r at e
24 exposeéhcidl 58 e fillat with"d @posttdieoxide endtier nS0MIR 50,61 kM, By QPCYED bil FETIVDITRY
OCCU&O abBé’ %sitgch glsulﬁl%og\gglﬁllg tren%l@g 5%,%& é %‘I ?T%gsxtgj onci Mm&? Eg'gé tla%éﬂr%g. l’Iﬁélg{cesg 8, and
sonme’silicon 1n _the formof po ycr%/sta. Ine silicon may deposit on
si licon #raaqr eresilicgn witrideigyer P palished bagk psing CME|te pamplstedhs fopmatiop plsallow Benely se t he
epi t axi alsolgioBIT) 60 py ileas NEIG. MDISillzen fedd IRt $4yis tsed Baipblisk stopldutngshd NN
deposi L ego, G, ot S3R eft bbb BNk b ens QY B ded s EbECT L han

nonocrysta ecause e siltcon nitri es not provide a crystalline

st ruct ur Bed todprp §T} or other fores alefeptricalisaltipn befyperydyposyaiine up [ty At fEVE A% ct i ve
epi t 2Xi ahkccadibglys tosetkhautn pposessay rphBaterikiendednwe be difcussdddereio) Tiof strariukd ilwimatediin r i de

| ayer 38pRsSiMRlddes ATicRUnEHNGRidaish S1dhd buBARicGredichs BAHRYE IneldY wiilihads
in EIG .10, Silico used .as h stop

For "the CHE SPEMBe pregioTit s TRLoLTIIPT 5 5005 ROBvE B SR B | con
| ayers, formetitreof theishalleyowmeneti isqlatioke efitanja pilicn 49 and 50 & bullls prgions 64 dndAg, resmestivelys uct ur e.
A layer gfvolpplhalglifSirildoped iR fne, For Shaknble 1Y idhlidiplintiBor. Y Réordadke Kl 1 S
patt ?6 nege grgferred embodiment of the invention, bulk region 64 bas <110> crystalline orientation and is impurity

doped with N-type impurities and bulk region 66 bas <100> crystalline orientation and is impurity doped with

P-type impurities. Regardless of whether silicon carrier substrate 24 is <110> crystalline orientation and
silicon layer 22 is <100> crystalline orientation, or whether silicon carrier substrate 24 is <100> crystalline
orientation and silicon layer 22 is <110> crystalline orientation, the <100> crystalline orientation region is
35  impurity doped with P-type impurities and the <110> crystalline orjentation region is impurity doped with N-
type impurities. SOI region 62 can also be appropriately impurity doped in the same manner. If SOI region
62 is to be used for the fabrication of CMOS devices, portions 70 of region 62 may be doped with P-type
impurities to form P-type wells for the formation of N-channel FETs and other portions 72 of region 62 may

be doped with N-type impurities to form N-type wells for the formation of P-channel FETs. Impurity doping
-5-




illustrated in FIG 11. Spacers 48 are renoved and trenches 58 are forned
by reactive ion etching using the patterned |ayer of photoresist as an

etch mask. [0021] After renoving spacers 48 and form ng trenches 58, |ayer
56 of photoresist is renoved and trenches 58 are filled with a deposited
oxi de or SYhUP6HHIM at or 59, for exanple, by LPCVD or PECUSR006/80§9%eposi t ed
i nsul at oFtidafidl Pl o Hbduios But ipwel knemmerdexpomplarédpegm dossj dnil emrzieni t i de

| ayer 54 getebRe Ql%iﬁ:e'oﬁ&éﬂc&t@f)e fbticstkd. |1919ﬁntmoﬁ bff $EiBetdd pRhs caff bé SrcR@bde$ied back
usi ng CWP hal l ow trench isolation (STl) 60

0 C et
as illusta %&‘Qer;r%“ﬁ’lfe exaf’fle ‘gfhlmati Q‘?h°i°?ef1ﬁe layer 54 is used as a polish
stop during the CMP process. Those of skill in the art will recognize that
many knoWngbr o A8¥ sEping the emgderaf daxprs 3 dh nidai4sthewbstapi@lly eoplagpr pufeebefdOET| or
ot her5 f olaps 260 bndadf eh lof tha bulk SifidoA kdghis $3CiniVEE Bre Gdiet ARl thbdtudhge 19 Peatiyfdr the
| ntegr at ggh Gk GHAETs nddlGhry B %&E&E tﬁkgfﬁgfredrxhg c'{}aﬂmcm th%ﬁﬁauoﬁgﬁ'

materi al s need not be di‘'scusse structure 1llustrate FIl G

12 i ncl udEeusgedqen QMOS dxicss fspartionh 70 qud 47 8HSYzeeion 42 exfcPu I T Rfemeland Negi ons
64 an_d 6 GhanreNEETO fin 1afions 164 lads66a can b O@Piediiy/ sing |cbrivargional CMIOS$ afobessingasbhidubse ot her
of whi chyhfgs ﬁwﬁs&l@ﬂ’ov& rf&%&bﬂéahﬁg'@\d@i &e@ﬂés%fe' v!%ﬂ indeilid BWE Bl 3Eme {rOLARL4 ON Of

t he (Igallo ChISO| i on xi al lL1con 49 and 50 in bul k. regions
64 ai et P?i%‘]”y, °388F| ‘B‘gma ?)F‘Bb?ﬂ ‘E“é‘l‘?ﬁ VAR rrCsing B ‘13PF“?<ﬂ’bvm
manner , f’mmetmawp lasethe fpipinjugrgepmppriea bring templpyed,| the rawe ovpglies ewilabletfér pB@eriphibe

prefer r eft, ﬁ:@?@@kdﬁ@@ﬁee&faﬂeﬂ@d df'ﬁié%tah&dﬂe uﬂaUhkgafdﬁ&Iome %ce&aéfﬁ& Q%oyea pstal line

orlentatlc p‘m h reglon
.66 has <I( ff’%“f Ik n‘éijt%e?/lf:é%%t A %ﬂcg v\mé%?rfﬂh Hﬁmu " ype
Jnpuriti @ékNﬂ@ga’rféqﬂé%%T Witabiipted pebplk gili¢on gegion é@bamnefmm%@emomsw& 10>

crysial | paen! HENFE $2Qubricked in &mlsm&ﬂmegtoayeﬁavﬁng Gstiline Gresiion|ahd CMOS

orientatjog trilsordy. %ﬁg@%ﬁfbé Aexl‘rci?'zl&&&'i éblff%%‘ %ﬁonk 70 an%‘??oféb& Yegih ' ' I ne

orientation IK I ne orirentati on,
<100> crSstesmertiveie thoushmaiifusiptedeygpe forp of elpgr aifrmlfrqo% spoliesshdiovfrenph 'Folwpe
i mpur i t i esldanpleinented biBzenFEYsioahd 98108 albiriatvelygjiuictdhs 1@Gbdibd thttdd qgether tvih doped

S with N slycgﬁallﬁmﬁu‘nll;eﬁngﬁmw§gby rtﬁgz'atgx@ o@&e Sﬂigm(‘ﬂ;é OIntE\e lﬂ&%t& n#b@tﬁ:ﬁén%sﬂkc@ urity
dope&y n the ?ama rranner used

f abr fhat PO H ek hioop g o AU el Wi 89 P BORBEESE i ¢
P-type forpdrit tegies 64 oAk@inmacqerdancp avithviik lilistfagel etabxginfeayy siidon dajer @2 ald liadahel - FETS
and ot hegid3Pbd irOBS<10% RentktBH kfdN-GannBBIOT B ééqpﬁ,dnewl& Jagl% &6Y Pie seipeﬁwo% ies t 0

form Nt wel for the formation of P-ch

WO 2006/ SAEEE "“L"Eﬁ? BEF § %@?@’e’i‘%‘“ﬁ‘ﬁm‘@s%ﬁﬂﬁ S%%Pq“plj%“ﬁf# JB in
wel | knowkl inthe arbwill apgreciate fhatshenstalliyogéngtion of silies cardensibsmte ﬁganéshcodhm??m ned by
t he 23 pecadbe iker¥iatR8 witRuldepaft@Piénc @l Rbe aldiiUnesFeRidveiRoRf Sel ected regi ons can
be carried out by masking other areas, for exanple, with patterned

phot or es 0§£3 g? aslral’g(‘f ﬁeﬁG 515 I‘é pof’ﬂak P%gglz"msan?8£ an%fei QE"E?S696 ag 98 and 54,

t he subs copl anar’ sur aces 0 each of the
bul k si Iﬁn@?ﬁiaﬁé‘@ﬁfﬁ%‘i g0 oisyings e éls'éetcrsd%?ewha@ﬂlacet%drg@ F%’Eﬂ%l"?sé“’%%y for
the fabeabicedeiothe pie clebifoge. ITEhe eSdticyodés@lin tielfply@yFaling sﬁl@oﬂ, etald sikcide @l the Hitee gr at ed

circuit hug&& mgaﬁtorsmﬁbe smwnldmha gfbopéxymﬁ amgﬁa H%r&c M%m% eyl ces in

port reqj o annel and N ‘channel
FETs n F‘gﬁ% %%’“:SH%PE%‘“ %’ﬁ B“é"gd’a‘?‘?"?eétad O SoYESP PR IRBYTeRIE §oB Fogpist

processi wglet impinityi dppesisregion or a plurality of aligned impurity doped regions. Although not illustrated,
conductive contacts and conductive traces can be coupled to appropriate gate electrodes and source drain

regions to interconnect the various transistors of the integrated circuit.

[0024]  In the illustrative example, especially as illustrated in FIGS. 6-10, the <100> and <110> crystalline
35  orientation epitaxial regions 49 and 50 are grown in the same step and the surfaces thereof are planarized in
the same step. In accordance with a further embodiment of the invention the two epitaxial regions can be
grown separately as illustrated in FIGS. 14-18. The method according to this embodiment of the invention is
similar to the previous method up to the steps illustrated in FIG, 6. Instead of etching a second trench as

illustrated in FIG. 7, however, a layer of silicon oxide or silicon nitride is deposited on the surface of nitride
-6-




Various processing flows for fabricating CMOS devices are well known to
those of skill in the art and need 10 not be described herein. Those of
skill in the art know that the various processing fl ows depend on

par amet er ch as_the m ni num geonetries bei ng enpl oyed the ower

suppl i es 3’?’/‘2?‘?03/8?638‘* or ri;ig the 1C the procesmg%wcgg Ufect ed of
the |C, Jer Pradbigel ﬁé@‘é’%&?ﬁé@%ﬂ Byer tSHe’cﬁb‘Fd@éécé‘tdﬁgﬁ’M Fegry &3P ke

conpl et i rdget bfareiichb? ss@mtttaphin®iG.t1d1e | C, 1 C 20 in accordance with one

enbodi ment of the invention includes a bulk N-channel HOT FET 90

fabri cat qghsn hytt@oxaanta mrtmt Sikto@ithe Or A8 YivEHgiorS l@tﬁt?suﬁédy,ﬁ FR. h4, SecVelsiifdnat i on,

a bul k 15 bri ated in silico n 6 avi ng
21205 or e IR 1 ERPLE ot “Licr or® PP SRR oS e 06

and PSchzrwé of BeyritsTis gglegteton the aertieh of siliqen pdriien SHbstiA® 24 exgosDat Bf baBER of tesgghon 62,
respect i vghid.grobk infiughe cBethlline oithSkibds Bk of BRI EAr M of el ectrical isolation
such as shallow trench isolation could be inplenented between FETs 96 and

o et 1 OB Al ARSI b Ui M ph DR B ol e

eIectrlca | 'sol ation

the i |1 uSflisen epieta burdeht b§ FW?"(S’BPP@EFS‘E‘&? Plt°¥9lith‘§ffﬁ§ta}1ma§eﬂz~‘4 “%P‘ta&m aI
silicon 48h ansk foftheelhilof ag nddiibml kenttel 58 tHabdrteds imdisiltiliafer 22ha igdated W FIGET 92

i's fior magl Trghd;gglcme@tghed@aq&g Hee@ccordance with the illustrated
enbodi nent, si |con | ayer 22 and epitaxial silicon 50 are of <100>

ori ent at| an nre The sel ecti on
o o hofitnd e hing o e ehotofit el S P o st e o
dllustr aetléeorémcw%m deresltealr%trttheeﬁwace ofiwitgide laer 38sduil khie sirfacet of ilicon Eepitakial|

-appr eci all#gert 15&t Thdd@pdited Idyal dfisilieon Qkid€ Bt sMhch®Mitrfal isSbaohive QR cEcBddlth %mstdasanr ate 24
oope. andPibte BESE updus SR TS0S tbllBREIGAT oo NBid whiH B! dodih QB 10

of bifk MGy agiliskmed. exopaiied B weds@mrg&vga@eeda%or%t la:reﬁettedea%edgat e

el ect r odevet O sudfaiof epitaxiyl ayeOist © thanthellaget B hot kadvedifiof epixiilt:gerasyd dr ai n regi ons
104 positioned on each side of the gate electrode. The gate el ectrodes can

be prl %/c ooz 2l Int %or&htel i this GBbdhent 5 dlé fabedfon, erxut{sh%‘eg ld ¥8: 13, ;ebeﬁtavg @lhamt

i nsul ators C 1 Con | con vnitriae, a | ielectric

const ant e‘h%’f‘%?arygelﬁgrgmtwﬁen Tef‘%ésgg’é ??b“t"e&‘lﬁ”f‘%&'%p“tcffe“ﬁ?f"? gbose Bercui t

f unct i onstewthng lawmﬁ"elﬁe'ttbe@ onTeorsionief silicaariayei2zkppsad apthoiwyons ofifreaehrist sd of a

singbe i @aalwf il thfe ﬁ&pegstm@ |oﬁfhta@d’n & Rt wsmcbxt %ﬁ yepho. atf'tl?rlﬁﬁsdeméﬂ whdd 6 Q{Qﬁd

reglons o on UcC IV con .0Nnau ve
sfate 10 A i ol RIS onRAEHE G B B0 s R

traces c pri
regi ons ¥ séte@tw@éétayer -vari ous tran5|stors of the i ntegrated ci rcuit.
100241 In the illustrative exanple, especially as illustrated in FIGS.

6- 10, t h#029] 00Anpaadlessdpitiial dicgsgradn dnrtftrideiyeasi caiBiedémovdd b@p]MP&itﬁeﬁin asigieons 49

and 50 aeﬁm%pmoa,.al&bso@m&pm epwobgt%' HAGES: tgﬁéeete l2R@ri zed
e sane st n accordan wth urt er e 0 O t he |nvent|on
the {Zgo E""BT’?‘&%‘T Lgi

e CMP StRR ok Hsps Faaelse be vsed P Femiods F4 F9RinmE F) GS.
14-18. Thatiqueif Iﬁ@dems;ed)latzhr mggd tqfomrhspgcee 5% dFaltewihg thé CMBeenonal @fiéicem epitgxial ST mi | ar

to the pEﬁdéh,Qh@shﬁ&&r@%QhéJﬁm& & mfmuataeaan rﬂd uét TR §6beds 3 Fabifeatin® -an ,ﬂ&ta?ead of
et chi ng atmsecon ted jn

silicon OXi r eg?nl e(‘f‘bn???iedw* tl(ﬁil'sds %@Fﬁ“@tﬁdlﬁ qshg léuquﬁ'ﬁ]e&?)?r %‘i’“flyl de -6
WO 2006/ %%W@@P@Sﬂ@@@ﬁtdmm%he ttﬂayexchesa@stmedmdlsuhseqbtntlx filkd Iwiith eitgrtial '

- d40g0 t egllidoryaabe fefereEvifibit Uarti Trofli thl3ee brnefivtdiosi dewal | spacers 152 on the

[0030]  While at Jeast one exemplary embodiment has been presented in the foregoing detailed description,
it should be appreciated that a vast mumber of variations exist. It should also be appreciated that the exemplary -
embodiment or exemplary embodiments are only examples, and are not intended to limit the scope,
applicability, or configuration of the invention in any way. Rather, the foregoing detailed description will
35  provide those skilled in the art with a convenient road map for implementing the exemplary embodiment or

exemplary embodiments. It should be understood that various changes can be made in the function and
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edges of trench 42 as illustrated in FIG 14. [0025] In accordance with
this enbodi nent of the invention, as illustrated in FIG 15, selective
silicon epitaxial layer 154 is grown in trench 42 by a sel ective epitaxial
growt h prqﬁﬁ ﬁm %B escri bed above. The 5 growth of layer 154 is nucl eated
on the pogh%n é@ > IC‘%{&}?@%Mr supstrate 24 exposed BHTYRUBOmM of
trench 47 RHER AR eRsms witpicdenishe from Gp spops of the Byantigressel forth inthe appraded ghaims
subst r at e agihe lgg@@Plalepimtberbafr | ayer 156 of photoresist is applied covering
the surface of nitride layer 38 and the surface of silicon epitaxial |ayer
154. The | ayer of photoresist is photolithographically patterned and is
used as an etch mask for the etching of an additional trench 158 that
extends into silicon layer 22 as illustrated in FIG 10 16. Trench 158 can
be etched by a RIE process. [0027] Follow ng the etching of trench 158,
photoresi st |ayer 156 is renoved and another |ayer of silicon oxide or
silicon nitride is deposited over the surface of nitride |ayer 38 and the

surface of silicon epitaxial |ayer 154. The deposited |ayer of silicon
oxide or silicon nitride is reactive ion etched to formsidewall spacers
162 on the walls of trench 158 as illustrated in FIG 17. In'accordance
with a further enbodi nent of 15 the invention, as illustrated, the

deposited |l ayer is etched through a patterned photoresist layer that is
retained over the surface of epitaxial |ayer 154 so that the |ayer is not
removed fromepitaxial |ayer 154. [0028] In accordance with this enbodi nent
of the invention, as illustrated in FIG 18, selective silicon epitaxial
l.Layer 164 is grown in trench 158 by a selective epitaxial growh process as
descri bed above. The growth of layer 164 is nucleated on the portion of
silicon | ayer 22 exposed at the bottom of trench 158 and 20 grows in the
sane crystalline orientation as that of silicon layer 22. If the deposited
| ayer used to form spacers 162 is retained over epitaxial |ayer 154, that

| ayer prevents further growth of epitaxial silicon on |ayer 154 during the
grow h of |ayer 164. [0029] Any excess epitaxial silicon grown on nitride

| ayer 38 can be renpoved by CWMP either in a single CWM step follow ng the
grow h of epitaxial layer 164 or in two separate steps, one after each of
the of the 25 separate epitaxial silicon growmh steps. The CWVP step or
steps can al so be used to renove any remai ning portion of the deposited

| ayer used to form spacers 162. Followi ng the CVMP renoval of excess
epitaxial silicon, the structure is the sane as that illustrated in FIG
10. The process of fabricating an integrated structure can be can be
conpleted by followng the steps illustrated in FIGS. 11-13. As with the
previously described enbodinent, the order in which the two trenches are
etched and subsequently filled with epitaxial 30 silicon can be reversed
wi t hout departing fromthe scope of the invention. [0030] While at |east
one exenpl ary enbodi nrent has been presented in the foregoing detailed
description, it should be appreciated that a vast nunber of variations
exist. It should also be appreciated that the exenplary enbodinment or
exenpl ary enbodi nents are only exanples, and are not intended to limt the
scope, applicability, or configuration of the invention in any way.

Rat her, the foregoing detail ed description will 35 provide those skilled in
the art with a convenient road map for inplenenting the exenplary

enbodi nent or
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exenpl ary enbodi nents. It should be understood that various changes can be
made in.the function and -7 WO 2006/ 096380 PCT/ US2006/ 006936

~*ang~m'nl ~i'"'"wW'thbtt"pg fromthe scope of the invention as set forth in
t he appended clains and the |egal equivalents thereof. -8 CLAIMS 1. An
integrated circuit [20] conprising: a bulk silicon substrate [24]
conprising a first epitaxial region [64, 66] having 5 <100> orientation,
and a second epitaxial region [66,64) having <110> orientation; a |ayer
[62] of silicon on insulator overlying a portion of the bulk silicon
substrate and having a surface substantially coplanar with the surface of
the first ggg?gg%ial region and the surface of the second epitaxial region;
at |l east one tield effect transistor [96, 98] forned in the layer [62] of
silicon on 10 insulator, at |east one P-channel field effect transistor

[90, 92] fqrmed A”{‘P{%ﬁi‘?@ region [66, 64]; and at |east one
N- channel fleld ect transm?@fdo?@@s%m formed in the first epitaxial
regi on[ 64, 66] . abelsiliGoresubstraty [24] edmprising atfirft 2p]taxil xegﬁnr[&ﬂ, 66 kivirign t he
first gegi r y ped regjon for,rred on. the
sili 005;1 su(bggw Jée‘%gﬁ af‘?f’é’“&&%‘%ﬁ@'ﬁ%@hﬁé%ﬁ"@ﬁﬁgg CIIOR - t ype

i mpurity doped edgyern{6RProfadlicon ¢h SishlafoRove: a[B&honthﬁétimn@sm&ﬁ silicon
substrate[ 2 The inte rated circuit ] of claim1 wherein the
We@%

fast epitaft havipga s @@Wpﬁ?ylp@flwmth@m&ﬁhe@@n gr own
on |ayer [gﬂﬁaﬁilrééi&lﬁidﬂ{é%ﬁdﬁéébffttﬁeaée@o nd¥itadifiGesRaONd Cp1Laxi al T egl o
conpri ses an -type i rrpurlq%choped Tegg grown on "a silicon |layer [22]
bonded to the SM ¥ gne fislet eftecktramzistos [ ﬁaﬁslfwmgiatﬁdla}«ertﬁz]bfim@pon
conprigi ”gmsﬁla%d i con substrate [24] having a first crystalline

, orientation; a first silicon layer [22] having a second crystalline
orientation dif #eleastonchBrehaured field effect drapsistat [90)e92) rformédain the seeonded t o

the sili CO@le%@&F[ééﬁ], sle fi st silicon
at least one N-channel field effect transistor [90, 92] formed in the first
epitaxial region[64, 66].
15 - :
2. The integrated circuit [20] of clalm 1 wherem the first reglon [64] comprlses a
P-type impurity doped region formed on the sxhoon substtate [24] and the second'
region [66] comprises an N-type impurity doped region formed on a silicon layer [22]
bonded to the silicon substrate[24]..
20 ;
3. The integrated circuit [20] of claim 1 wherein the first epitaxial region [64]
comprises a P-type impurity doped region grown on layer [24] of the silicon substrate
and the second epitaxial region comprises an N—type mpunty doped reglon grown on
a silicon layer [22] bonded to the smcon substrate.
25
4, An integrated circuit [20] comprising:
a silicon substrate [24] having a first crystalline orientation;
a first silicon layer [22] having a second crystalline orientation different than
the first crystalline orientation bonded to the silicon substrate [24], the first silicon
- 30  layer [22] having an upper surface;
an insulator layer [30] on the upper surface of the first silicon layer [22];

9
RE AMD NY0076-Claims as filed Jan 07.doc
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30 layer [22] having an upper surface; an insulator |layer [30] on the upper
surface of the first silicon layer [22]; 9 RE AND NY0076-C ains as sl ed
Jan 07.doc AMENDED SHEET O3 Ol 2007. a. second silicon layer [26] on the

i nsul ator Tayer [30]; a first region [49] of first crystalline orientation
~grown on the silicon substrate [24]; a second region [50] of second
crystalline orientation grown on the first silicon 5 layer [22]; a first
field effect transistor [92] of first channel: conductivity type formed in
the first region [49]; a second field effect transistor [90] of second
channel conductivity type forned in the second region [50]; and 10

conpl enent ary fi-&B@Oladﬁié'monlayan&ﬁ};bmﬂmiﬁmoﬂﬁg}ergm]ﬂed in the second
silicon |ayer [2%% Tr‘fg [ tiltﬁ_(g%rat .circuit [20] of claim4 wherein the
first crystallin®ioHresion{15de Qienigion grownon the silisen sybstigteon and
the second [24ystalline orientation 15 conprises <100> crystalline
orientation. 6, The integrated circuit [20] of ,claim 4rwherein the
first-crystalliheecOrd meon [50hof seeonst ¢rystalling odentationgrawn om thedirstailiceni on
and thg secE@gHQ%Brystalline orientation conprises. <110> crystalline
orientation. 2 .. A._nethod for manufacturing an, integrated circuit [20]

conprising the s&pg fisld effeot dminsistor [92] if ifirstehartieh séridubEvily2@be ititieddn - f 1 7 St
crystalli neth[grﬁ'rfi% éél ] providing a silicon |layer [22] overlying the
silicon substra e? Fd}’[ he silicon |ayer [22] having a second crystalline
orientation diffaersecundt fiekd éffiect ftiansistoe (96} of lsbodd RnAgll %Hﬁ&d\ﬁ?;tgg@r mng a
silicon on ﬁﬁxgéat r Iaé&r g([;2‘6']0'ov rlying a portion of the silic | ayer,
growing a f 'élp'ﬁ?ﬁ%f) Bt %‘51’% having the first crystalline
ori entlat on_on cconierhéxuaryofield b iz Ribes F902 0B P tinded h the oo Wil 2

ond cty

- second epi tsxi eté ayer [50] having the sec stalline orirentation on a
portion of PHELEPkicon layer [22]; and

S. The integrated circuit [20] of claim 4 wherein the first crystalline orientation
7 comprises <110> crystalline oricntation and the second crystalline orientation
15 - comprises <100> crystalline orientation.

6. The integrated circuit [20] of claim. 4. wherein the first- crystalline. orientation
comprises <100> crystalline orientation and the second crystalline orientation
comprises <110> crystalline orientation, .
20
7. A method for manufacturing an integrated circnit {20] comprising the steps of:
providing a silicon substrate [24] having a first crystalline orientation:
providing a silicon layer {22] overlying the silicon substrate [24], the silicon -
layer [22] baving a second crystalline orientation different than the first crystalline
25 orientation;
forming a silicon on insulator layer [26 ] overlying a portion of the silicon
layer;
growing a first epitaxial layer [49] having the first crystalline orientation on a
portion of the silicon substrate [24];
30 growing a second epitaxial layer [50) having the second (;rystalline orientation
on a portion of the silicon layer [22]; and
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formng a first field effect transistor [92] in the first epitaxial |ayer
[49], a second field effect transistor [90] in the second epitaxial |ayer:
[50], and a. third field effect transistor [96, 98] in the silicon on
insul ator layer [26]. 5 8. The nmethod of claim7 wherein the step, of
providing a silicon substrate [24] having a, first crystalline orientation
conprises the step of providing, a silicon substrate [24] having a <100>
crystalline orientation and the step of providing a silicon layer [22]
overlying the silicon substrate conprises the step of providing a silicon

| ayer [22] 10 having a <110> orientation. 9 The met hod of claim7 wherein

the step of providip am?{ié ubstrate [2 having a first crystalline
orientation conp 8 RSN hl%theiﬁllshemm&m[ﬂ]za]

ayer 15 [ 25) iy ce et B IPOT 86 Bpind BipdiiTRer Ta T Bt Hiadas o "

- -ty

p - of

provi di ng a® Mﬁmﬁ¢figéﬁ3]FQﬂieﬁiMmgmummw[2@nt ation. 10. The nethod
of claikm 9 wherein the step of formng a first field effect transistor
[92] in the first epitaxial |ayer [49] corrprises the step of formng a

P-channel f8el d TiOmethbd of clais/Th whiefin Gittdp st ?fal ix@ﬁgﬁi‘éﬁg%t]&teg 2})“ ses

field effec%?tranﬁﬁftor 90] .n the second ep|taX|a
the step., ‘Ffas"‘"[é'f‘ e QuEh %wmpmﬂ@ﬁ&ecﬁmeMamn substzate RE ANI D
NY0076- O ai [p4] havisg 81009 cPystAlRe Hfikdhtidn ﬁdﬁﬁs@ﬁ oﬂm?v%g a silicon layer
" [22] overlying the silicon substrate comprises the step of provxdmg a silicon layet [22]
10 having a <110> orientation.

9. The method of claim 7 wherein the step of providing a silicon substrate [24]

having a first crystalline orientation comprises the step of providing a silicon substrate

| [24] having a <110> crystalline orientation and the step of providing a silicon layer

15 © [22] overlying the silicori substrate [24] comprises the step of providing a silicon layer
[22] having a <100> orientation.

10.  The method of claim 9 wherein the step of forming a first field effect tran.sisior
[92] in the first epitaxial layer [49] comprises the step of forming a P-channel field

20 effect transistor and the step of forming a sccond field effect transistor [90] in the
second epitaxial layer [S0] comprises the step’of:forming' an’N-channel field effect
transistor.
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