SEM CONDUCTOR- ON- | NSULATOR CHIP WTH <100>- ORI ENTED TRANSI STORS CRGCSS
REFERENCE [ 0001] This application is related to, and clains priority of,
U.S. Provisional Patent Application Ser. No. 60 516,473, filed on Cctober
31, 2003. BACKGROUND - [0002] The present disclosure relates to

sen conductor integrated circuits, and nore } specifically to. a

si li con-on-i nsul at or SEMILONDTRITORIBN-FIO0EATORROHER WITaNsSi stors. [ 0003]
Application of |ongitudinakggtk NTES TRANSEPIREd in the direction of
current flow - nodifies the nobilities of-electrons and hol es in NMOS and
PMOS transistors, respectively. By wusing a conventional bulk -silicon
substrate with a X001) surface orientation and formng transistors with
source-to-drain orientation in <110> directions, application of
IongituQ§g§§§j§§§§§%ﬂh§ads to different reactions for electrons and hol es.
When a s prted in the longitudinal direction, either the

el ectron nohility is_increased,and the hole; nmobility is decreased, "or the

el ect r onl0AYA; | i Hiys applicriien baglad napdcrampppaaityplh VIS Pipvisionalatlhsed.  SUMVARY
OF | NVE I ) is provided an integrated
circuit cfep%%tlgogi%%g?dﬂaé@el%i@%’nfg%dc(@?&@tﬁﬁgé{"r" g@‘ﬁ including a first _
sem conduct or | ayer on .an insulator wherein the first sem conductor |ayer
havi ng <100> direction and a top surface with a (001) orientation, at

| east orBAEKEROWNBect transistor on said substrate, said at |east one

field ef transi stor -havin | east ,ope. gat l. d a strained
channel ot Qieégliagglg%eer_eg&ﬂodsp 'CHH%IFF"EB??%%; %%ﬁﬁwﬁg‘f‘él?% the strained
_channel sJE&ﬁd&ﬁ?ﬁ).é‘siﬁc%ﬂ%hlil%uﬁﬁd%@ibi?ocﬁhﬁﬁ%h@r&low—bﬂ@ﬂtda-tfahﬁ-stoﬁ! 00>di rection of
~the fi rstp sem conductor |ayer; at |east- three interconnection electrical

~ nodes f df0®dnt aAplicagios af lgngitudineksiressonteess rpilid ineth¢ dicaction efmingaidiow -
~ . modifies the mobilities of electrons and holes in NMOS and PMOS fransistors, respectively. By

using a conventional bulk silicon substrate with a (001) surface orientation and forming
transistors with sowrce-to-drain orientation in <110>directions, application of longitudinal stress
sads to different reactions for electrons and holes. When a stress is applied in the Jongitudinal
direction, either the electron mobility is increased and the hole mobility is decreased, or the

. electron mobility is decreased and the hole mobility is increased.

SUMMARY OF INVENTION
. [0003a] In a first aspect, there is provided an integrated circuit comprising:

-a semiconductor substrate including a first semiconductor layer on an insulator
wherein the first semiconductor layér having <100> direction and a top surface with a (001)
orientation,

.at least one Field effect transistor on said substrate, said at least ope field effect
transistor having at least one gate electrode and a strained channel with the <100> source-to-
drain direction, and wherein the strained channel includes a tensile strain substantially in the

- - <100>direction of the Tirst semiconductor layer;
- at least three interconnection electrical nodes for contacting said at least one field

effect transistor.




1 [0003b] In a second aspect, there is provided a sem conductor device,
conprising: a silicon active region overlying an insulator |ayer, the
silicon active region having a (001) oriented top surface and a <100>
crystal dlrectlon wherein the silicon active region has a tensile strain
subst ant i alfPY3tl 1 atspeond agpest, therg pagvidiidreemicapiuciardvisesamerising e under | yi ng

the insulator |aygson bk rSHBSEVAL B Qﬁvﬂsﬂﬁm@l@&l@@ sitibdSdcttbe refioh RSO
wherein the <100> crystal direction of the silicon active region is

subst ant i a{%P} Oﬂﬁ%PF‘éPP &yriacs aide<1091 grvsigl ﬁhéfé‘thnewh@f’lntth?éﬂ@eb setivaregiontleo03c] I n

a third aspesdile sﬁrﬁ?@é&sth:&mﬂ&ﬁl\/théeﬂ)oa B8R GROGUSLRr device conprising: an
insulator layer; a silicon active region positioned on a first side of the

i nsul at or | ayer? SHiiE#e ymderlyine e ippdioralayqry ther asteir hawingaa 5118t ceysipbt al
direction dfec@on<l00> direction, a (001) oriented top surface, and a
tensile strain in substantially the first crystal direction of the <100>
direction; andvherdp ks il %%‘?lt digten oh thy ylicosmstig srgicyf ist sybstaniiglly at or

| ayer, V\he;fawulaltblﬂﬁ-aw@:salfeaﬁ&mffﬂ%%u@su%%cond crystal direction that is
different fromthe first crystal direction. {0003d] In a fourth aspect,

there i's ﬂpgﬁcﬂédﬂﬁrds"émcﬁgﬁﬁﬁl‘é?@?”éﬁ‘ibse@éﬁ*ﬁ*j‘ﬁ? rgvics qopprisiggid second acti ve
regions overl yidgnsahtdr bt ator | ayer, the active regions having a (001)

oriented top surface and a_<100> crystal direction, wherein the first and
second active Fui§PBALIVE Frefondesiioned qa p fisst sids of the inrlateasenthicrin e t he <I 00>

crystal disiiReh h@ive ropfdd has SERSGTAH QirdtREL b VL1008 RGN YA Bficdiss . the
substrate having a <1 0> crystal direction; wherein the <100> crystal

di rection 8 act"h%’dﬁt‘f"é SRl 18 Bbaiartialy the st cagtbiiectigneof dhetrd P8 direstipny
paral | el taadthe <110> crystal direction of the substrate. [0003e] In a

fifth aspect, there is provided a silicon-on-insulator sem conductor device
conpri'si ng: a substrate positioned on a second side of the insulator layer, wherein the substrate

-~ has a second crystal direction that is different from the first crystal direction.
{0003d] In a fourth aspect, there is provided a semiconductor chip comprising:
first and sccond active regions overlying an insulator layer, the active regions having
a (001) oriented top surface and a <100> crystal direction, wherein the first and second active
regions include a tensile strain in substantially the <100> crystal direction; and
- a substrate underlying the insulator layer, the substrate having a <110> crystal
direction;
- wherein the <100> crystal direction of the first and second active regions are substantially
parallel to the <110> crystal direction of the substrate.
-+ [0003e] In a fifth aspect, there is provided a silicon-on-insulator semiconductor device
comprising:
-a silicon active region overlying an insulator layer, the silicon active region having a
-(001) oriented top surface and a <100> crystal direction;
a substrate underlying the insulator layer; and
a first transistor formed on a portion of the silicon active region, the first transistor having a
strained channel region, wherein the strained channel region includes a tensile strain

substantially in the <100> crystal direction.
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.a siflicon active region overlying an insulator layer, the silicon active
region having a (001) oriented top surface and a <100> crystal direction;
a substrate underlying the insulator layer; and a first transistor forned
on a portion of the silicon active region, the first transistor having a
strained 3 Yoo wherein the strained channel region includes a
tensile ; RN QI THE DRAMANGR00> crystal direction. |a BRI EF
DESCRI PTI ON OF THE W NGS [0004] Fig. 1 is an exploded viewillustrating
a silicon layer formed on an insulator |layer overlying a substrate. [0005]
Fig. 2 i 40004} hr & HisnmesploddlvielsnRehd ¥@lih 1R eSloh &P Aﬁ%ﬂh?éfll 7 chip
with directional orientations for the silicon |layer and the silicon

subst r at &Y& .mW¥@@6] Fig. 3 is a three-dinensional perspective of the

silicon- knsukat hi p .of FEi 2 show_ng a tranpsistor placenent

accor di ng‘ﬂ{"gp ong%é%ggl?rﬁ%ﬂ’fnewm’%h@“w&@éﬁf 2 fificqnrossigsteator ¢peifl} Fig. 4a is a
Cross sediredtionadbridntatl H ' -af | the active regions.

[ 0008] Fiq. 4Itl) ig a g?%gimgé%%gﬁ?ﬂdﬁlﬁg%lﬁ@ng%\%ﬁtﬁaﬂ%"ﬁél | ow trench

i sol ati off086] t hBigalis i vieee-dieghainal pdrHOQRE oFﬂn%ilico‘_?ﬁoﬂlinkﬁlth%lﬁfﬁdﬁi  gmet hod for
manuf aCtﬁ{%the .silicon-on-ingsulator chip of Fig. 3 accor m% to one
enbodi meMCVETS &msiseralacameniageording foone ﬂEhDdEME@ﬂESﬂEB@T&MoQMlO] It is

der st hat g i ng: di gl . i des.. di f f t
orbod: o U I8 R 4 crolsihollof Bl S R b e SR UG iy regmst var i ous
enbodi mefi088] Spiig.idbiica e¥anEdtes obFig. T %Hémwﬁﬁfilc@{s%ﬂ&%ﬁﬂé L &

" described below to sinplify the present disclosure. eSe are, of course,
merely e%8@ptes and are notintended to be linmting. In addition, the

[ present @h&g! osLe repeat reference nuperals and/or letters in the
"v"gr i ous @Qﬁpl ?sf.s' ﬁ%ﬁ @“P‘, et FlFﬁi‘B‘;wﬁ’f panyfagturnng the sifices wa-iagulaterrebip of Fig/ 3 and
clarity &deﬁ@&%n@@hbédﬂn&ﬁt%ﬂhﬁg%é‘nft 8k8odrd €l ationship between the various

enbodi nents and/or configurations discusséd. Mreover, the forpation of a
first S : )

wao <
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DETAILED DESCRIPTION

[0010]  Itisunderstood that thesfellowing disclosure provides many different embodiments,
or examples, for implementing different features of various embodiments. Specific exaraples of
components rand arrangements are described below to simplify the present disclosure. These are,
of course, merely examples and are notintended to be limiting. In addition, the present
disclosure may repéat reference numerals and/or letters in the various examples. This repetition
~ 15 for the purpose of s?mplicity and clarity-and does not in itself dictate a relationship between
' the various embodiments and/or configurations discussed. Moreover, the formaﬁoh of a first
feature over or on a second feature in the description that follows may include embodiments in
which the first and second features are formed in direci contact, and may also include
embodiments in which additional features may be formed interposing the first and second
features, such that the first and second features may not be in direct contact,

.[0011] Complementary metal oxide semiconductor (CMOS) fabrication processes
conventionally use a bulk silicon substrate with a (001) surface crystal oriéntation as the starting. |
material to fabricate N-type (NMOS) and P-type (PMOS) devices. In such conventional

subs?rates, the formed transistors have a source-fo-drain orientation, i.e. channel orientation, ﬁ
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feature over or on a second feature in the description that follows may

“i'ncl ude enbodiments in which the first and second features are fornmed in

direct contact, and may al so i nclude enbodi nents in which additional
features maybe fornmed interposing the first. and second features, such that
the first and second features nmay not be in direct contact, [0011]

Conpl enpntgfy difedihs, O@Sggma&ﬁﬁw%?%% al %)egﬁ%%gg%ug pRERESCS

conventi ona Iy use a con su rate W surtace cryst al

or i ent afk PN OPErcbthtR 258 BTN ircBRngs e@c!amﬁ]@ Natlaﬁar@%ﬁr%!mq YRR WEPH) and P-type

(PMOS) devices. In such conventional substrates formed transistors

have a ot 6k Fhisl th QYdt8REABRYRe nded Gere C TRE AL} RIdI RIERY diRBtors Are? t he
<110> dlﬁr ections. dehe no%at [ %ﬁf’fﬁ%‘;ﬁl n?ercat eg } <11 >} elqwlc:/gll eent

di rect i Qagen it e 010) bR S 9dal $1 10pGHiGE for
exanpl Ngtlat I ons elfror ) cryst %élr?dzl1 ?ea%%géﬁ%@tl@egd %ag?\l{ggﬁg%?gm?\% sti’ﬂ(;)d I n
cryst ad}ilﬂgﬁaﬁﬁﬁc(ﬁf@yguﬁpﬂnﬂehzgc]eﬂ’d@:&refyle]gﬁ]y and the [110] directions are
perpendi cul ar to the &’10) and dio) crystal planes, respectively.

| nci der{toﬁm]y, Refariggito §y2. drasilonoy- mqylamé@smtel@hs usagrin @mqpmbaduq@ntaafes t hat

cl eave 21 Referr con: on at or
subot r dbePissirtiicctive TRE SheaaThulal b 100 fir R BRR SR The
sili CO"(ﬂ@I)’ohEiﬁéd saFfRde ﬁﬂ@sﬁﬁlﬁcoﬁ%eﬁmﬁéeﬁ%a@e 1e%?fh1§ e%ib%ﬂun%ﬂt Mdsh a
(001) oriented surface plane. The“silicon layer is used as ah exanple in
this enbmdmftmtﬂodﬂmhdthenmatermluudeassatsdwdn-thnmmﬁeyer naitlgldyer, dizmond) as a

silicon Lum | ayer |.ayer, ond gal |l ium or arsenic
maybe alliim, Fdlsy gpsent maYB?uaeﬁ npkeie of @ﬁmt%g%%@ @fmsxhefeﬁﬂar%?@df@o For

f‘_-S??TEL%m?%%'rf“iﬁ“?%’éF@?m% QUEFASERSAES Pt LY UEAORIERE, OV yer

40. | n [0RI3pr alThe titicon lagen Babwerlidsay @isuldfr lafmyl() chignbiak the suldioe lagert40i ¢
material, inter-nmetal dielectric materjal, or insulating material such as

si | i commaycomptsesny figlsairs mafarigle mtesamata) dielepfric aeterinh oningdatee masrislFuRown as
h h di el t ant d
P D 5 Rlooh Yrider CeR SITAC B br R B PG BB Rl IR 2 2 e

t hi cknelidectic RemaBate dtfidus dR¥ectia ROM:tntsQNY e 8RBEAiMeRThal Pdield@RY angstromns.

~The insulator_ layer nmay also be a conposite |ayer conprising of a stack
“conbi ngensit offlesytinabeut #6. iktedhitiatess, of dwdwsulator magiirangs from 16R angstrems @ si | i con

oxide %86 axigstromsaThe insulator layer may also be a composite layer comprising of a stack

combination of dielectric materials, such as a aluminum oxide on a silicon oxide stack, or a

~ silicon nitride on a silicon oxide stack. The insulator layer may be in an amorphous state, poly-
crystalline state, or in crystalline state. A |
[0014]  The insulator layer 40 overlies a substrate 10, which may be a silicon substrate.
However, other types of semiconductor substrates may be used. As illustrated by the Miller
Index legends 11, 31, in the present embodiment, the silicon substrate 10 is a conventional h
silicon substrate having a notch 14 oriented in one of the equivalent <110> directions. |
However, the silicon layer 30 has a <100> crystal direction pointing in the direction of the notch
14 (downward as shown in Fig. 1). The [110] direction of the substrate 10 is substantially
parallel to the {100] direction of the silicon layer 30 (e.g. within plus or minus 10 degrees of
parallel). o |
[6015] A first transistor 16, formed on the silicon layer 30, has a source-to-drain direction

oriented in the [010] crystal direction, and a second transistor 18, formed on another portion of



si,licon nitride on a silicon oxide stack. The insulator |ayer nmay be in an
amor phous state, poly- crystalline state, or in crystalline state. [00141
The insulator |ayer 40 overlies a substrate 10, which nay be a silicon
substrate. However, other types of sem conductor substrates may be used.
As illustrated by the MIler Index |egends 11, 31, in the present

embodi n?ﬁ'étsilic&hﬁ{tﬁhb,i 1R sSHRSbaRlie di%(%ti;l[)ﬁ offentddy ﬂPil@T stal QlirbdBRNTRUDS T r at e

having a notch 14 oriented in one o e equi'val ent <110> directions.
However first brel ss¢dnid ¢ransidtery thereB0e have seurselRQiraia dirsdtiahs adiented iniona ofthé £tG0rg i n t he
direction _of the notch 4 (dowmward as shown in Fig. 1). The [110

di rect i SNt fEectionss (Lhe fiest and speond taastsiors 1 &ulP pan m%ﬁlﬂéb%@n%ﬁt@&[lb%O]

directi i ! ) it hi I . legr ees of
par al | PO o bt AR o o, BF oot 18 1Rl A0S shtylBl) 55 '
has a seHértsioh,af Sepdiny i td RGkéD the rﬂﬁﬂ@rﬂe@@ddﬁrﬂnbf‘&e[c%@ﬂm&ﬁmgt al direction,
and a second transistor 18, fornmed on another portion of ~the silicon

| ayer 3o0¢mmensuratessthracgivancumenntiof ingreasedn ittermahility of e other tyfvef parGe]is cr yst al
di_rectioqr;ii. he first and second transistors therefore have source-to-drain
di recti-&8%riented in one of the <100> equival ent directions. The first
and sec t I apSf-Shek fy X ; X W@ | t R PMOS
transi SPUOD?! 6s], olra&glzﬁlgfn 6‘&1%‘??15}%% %'Eh fﬁ@@e@? ori r%% %eﬁfgﬁorégsgédlstgtf&g{rﬁsﬁi‘é?lS to a
<100>- erpgionablant wheve aeive dtvicnor tidnsistorsenayibedatirRated Tie silisedactivhegiond at i ve
degr adatj on’ of one ﬁgr rier mobility comrensurate with a _given_anmount of

i ncr easabd-hhave a tlapdBYY e forawdb¥d. [0016]

jorigntefkcrysial ‘sw{%@»rﬁwavmgi@a& Fedmayd

Ref erri <F] ant R er Flig.  2%)..0:S. . Senl -sprocessed to
Rerer | Bk i aot BoabbleoRTbLANSRD, (e Phnlide s s 0o oS
fabri caiZgd]2bEeiodklstpeiicdas bity Sint € thie PRge 38 fMat dpltavehadibPRa( 001y poiliepnted
crystal surface, The active regions 30a-d may be forned by trenching the

si | contoa{1d0} Mo or squivaleatpline (eBya geavegeeplenchof thesubstrats Wndicizg ofbpi ct s where

Chpar ot SDop0 RUEAS SisHRRELS oot o BRI A0
equi val ﬁﬂhpﬁ[aﬂﬂﬁat(i?isﬁotIﬁrﬁﬂbﬁé‘&ﬁ&ﬁ'tﬁiﬁ{l@@}- vidat st rate 10, dicing of the

substrate Is facilitated. Since the plane 34 does not cut through the
active H84TlonsReming now to Jig. 3, the gate electrodes 16g, 18g, source regions 16s, 18s, and

drain regions 16d, 18d of transistors 16, 18 areillustrated. Transistor 16, formed on one of the

silicon active regions 30a, is shown with a source-to-drain direction parallel to the [010]

. directioﬁ of the silicon layer 30. Second transistor 18, formc.d on a silicon acﬁ\;e region 30b, is
shown with a source-to-drain direction parallel fo the [100] direction of the silicon layer 30. The
silicon active regic;ns' 30a, 30b, may have be strained, mechanically for example. The strain may

N) be a tensile strain or other strain. In some embodiments, oﬂy a portion of the transistors 16, 18

‘may be strained. For example the channel regions may be strained. In Fig. 3, the gate electrodes
| 16, 18g are drawn for illustration purposes only, and are shown fo Tie only on the active regions.
Howeve, in actual devices, the gate electro c_les may extend beyond the active regions.

[0018]  There are mé.ny different types and configurations of circiit elements thaf may benefit

 from the present disclosure. For example, in Fig 4a, the trenéh 36 between active regions 30a,
30b is not filled prior to the fabricati_on of the transistors 16, 18 (e.g. mesa isolation is used). In
anothcf example, in Fig. 4b thé trench 36 between active.regions 30a, 30b is filled with a trench-
filiing dielectric 60 prior to the fabrication of the transistors 16, 18 {e.g. shallow trench isdlation
is used). The treﬁch—ﬁlling dielectric 60 may be silicon oxide formed by chemical vapor



uninportant that it is not parallel to one of their {100}-equival ent

'pl anes. [0017] Referring nowto Fig. 3, the gate el ectrodes 16g, 18g,
source regions 16s, 18s, and drain regions 16d, 18d of transistors 16, 18
are illustrated. Transistor 16, formed, on one of the silicon active

regions 30a, I hown wi th source-to-drain direction.parallel to the
[010] CAPPRLGD B 5ok srgmel) np%ﬁgwgéwﬁe@@éeH&Y@fsaﬁw@@aﬁ%, formed on a

silicon 7 e0hon: i With a source-to-drain direction

par al | e?é%tg%ﬂeetgﬁ)éﬁlg‘?g%ﬁ@%%ac [ gza%&thﬁ% silicon layer 30. The silicon
active [pep9]|onsR3&eng BQbth Figydadeibpethikial REXD0 ofbe Bititincaliverefions 3Bxanpl e.

The strain may 9 be a tensile strain or other strain. In sone enbodi nents,
only a H¥rmayds inthe range e 28nsgsirons & 2060 anmtromaandia the preserfembogigienidk anpl e t he
channel , r egi may be .strained. .ln Fig. 3.t te electr 169, |8g
ar e dr alefF P00 APERSerRS IR et didn gl oot 0 DU RACRTBR S PE Sy Son (e
active meghdd St is ublRARNRthat tHe cAfzS-HRtoEView 8 the Sifcol Aktfre S (O F3. ARY extend
beyond the active regions. [0018] There are nany different types and

conf i guarafir puposwss ofillnstraiian calye Fen txantphea the sHigoratied iegiond o3 0bmeeduob s ent
di scl osure.. For exanple, i-n Fig.4a, the tren bet n tive regions
30a, 3eAye shamfomers (Libgeorps ahing %hffqa@ctr-‘f&aﬁg%ﬁaaf?gwfmr belipeaati stors 16, 18

(e.qg. It S ' i ‘ ' ' trench
56" Dot visaeli 38 Bybf i 41368 of oy an A AT @O MPfisedth 0500 fiBul?

di el ect j0020] 60 Rufirfiig to&igd. Befok plaposeadfl wntinicd bnbfuitharsingile b $ind Grawih Srofre. 9.
shal l ow trench isaolation. is used). The trench-filling dielectric 60 may be

si | i conthesgnigeofibe ﬁb@nw-i@wﬁﬁr guistrgte hef} toshamaiahdidt(Fignl) woyld brepointiag odx anpl e.

‘TFhe trench-fillinag. dielectric 60, may al'sp be silicon.pxi osi ted by
gh- aenanrsbe ek Bt B ol sl Pisetor s B sl P ARG LIBF % go” o
and 4b, créstdl Hirééli&?ﬁﬂ;tHe%ﬂic&pﬁbﬁfatetlfﬁreséubét&ﬁﬁ]lﬁﬁérhﬂé?(erdg@ﬁﬁtﬁiﬁ%hfs%nﬁnu@ob may be
in the range of 20 angstroms to 2000 angstrons, and in the present :
enbodi n¥rdegices of pegliel). A siiom-emmigsniztorsshstiate 198 meay bt formpd foriaxiopla byet i ve

regi ons ,_30b not be of the same thickness. It is understood that

t he crogéglg’gﬁﬁp%ﬁf%\;‘?réwaﬁ?n{ﬂﬁ@‘%ei icon active regions (e.g. Fig. 4) are
for pur S s ; : Sl T [ regi ons
308, " S0 B e 8 o T e e i PP BN Ve

1 egi onstod6fme aBitis regyts 804, 40kt Bds way be aooished tyrformiagrppatermed traskator adi us of

curvature in the ran of 10 angstrqmnms to 500 str )
- . cover portfonso the s ?conlayer 30 wqmgere ac’t?ve regions 3%&, 3%%%1& to gg?onned, folowed

by etching of exposed portions of the silicon layer to form the trenches 36. Theetchmgmaybea

dry plasma étchiné process, for example, If mesa isolation is used, the trenches 36 would not be
filled pﬁor to the formation of transistors. If shallow trench isolation (STI) is.'us.ed, the trenches
" 36 would be filled with a trench-filling material (60 of Fig. 5¢), such as silicon oxide using a‘
;. ) process such as chemical vapor deposition. The.resulting structure may be planarized, and the
‘patterned mask removed, to give a structure as shown in Fig. 5c. _
- [0022) Referring now to Fig. 54, a gate stack 17 is formed on the active region 30a. The
| gate stack 17 cpmpﬁses the gate electrode 16¢ overlying the gate dielectric 16c. The gate
dielectric 16 may be formed on the active region 30a using any gate dielectric fonnétion
process known and used in the art (e.g. thermal oxidation, Ilitﬁdaﬁon, sputfer deposition, or
~chemical vapor deposition). The physical thickness of the dielectric 16c may be in the range of 5.
to 100 angstroms. The dielectric 16¢c may employ a conventional gate dielectric such as silicon

oxide and silicon oxynitride or a high permittivity (high-k) gate diéledtn'c, or combinations



. [0020] Referring to Fig. 5a for purposes of continued and further exanple,
a line drawn from the center of the silicon-on-insulator substrate 100 to
the notch 14 (Fig. 1) would be pointing out of the page, as illustrated.
The [010] crystal direction for the silicon layer 30 and the [110] crystal
direction for the silicon substrate 10 are substantially parallel (e.g.
within plus or mnus 10 degrees of parallel). The silicon-on-insul ator

bstrat ¢ be .f ormed,, f | f d f
cepar alFBAt o e A B GBS e PR ot ree 5 Tt WAL BB Chos. 56 are
f or medcdpihrkig ofdthihRam dxme@nzcg%aﬁﬁmﬁ oxf8 HIO], QafHlRibd di9nidide HFSN Bahiaps 30a,
30b. Tf'n S may be acconplish form ng a patternéd nask to cover

porti omhcomfox}zrhﬁadsﬂlf&@b?nhdfmymrsxlﬁaem zacOiive oxidg ZihsziR0nipm3anifids t o be

f d I I d f t I I t

For m t BOW Firigssibiee B et G g s PR gk b ERERORGE pr osess. f or
exfi”p',ﬁgozf Ltgﬁﬁﬁ%xid%%@tt lﬁéoﬂéeefaaoé B?Tcﬁﬂb%%ﬁﬁxﬁ%hé@of"‘ﬂﬂ eHIBBﬁhH%n filled

pri or rmati o rans trench 1o 'on (STI)

| S useghe hight digleniiehafnidm oxils] Thdslidonloxiid egdivdlend thickass (EOT) dfitg mat eri al
(60 of -Fig. Sc), such as silicon oxide using a l|§)rocess such_as chem cal

vapor dlelg@iscr thearay bvﬂﬁgwélmmnmyomsmémﬂ!epwt%hqﬁmmw gl thapdd t he
0022
Pt or r RdrdTy, bR gty e Rap o o e s Tt R s Peiehs abf e ot on

30a. Tge Ie%{&&ﬁﬁgéﬁtg]mgé}@%uggﬁgsmﬁsgate el ectrode 16e overlying the gate
di el ectr]pc 16c. The gate™ dielecttic 16¢c nay be fornmed on the active region

30a usf0f2]anyA gatesialdoethe gite tlectiode bt mgrbe dspasitedeon thedinlectandéasBe in the art

th | d tri.dat tt d t hem |
S R pde o e tomortpies Sy SRR OIS O.szélpégg?%crs@ Meaybe in
the r n Bbrmaninm! On &8s 5158 - mdAfic RILCor cbffd BRhOYma

th h
conven n % gate’ ‘gm Pectrl C su as silicon  oXi e an ?I con oxynltrl de

or a m:ghmbﬂdimﬁtluhvelbgm@hﬂ@‘coh@n%@ﬁly@hrﬁhﬂ@ie@lﬂon (Met@ksmtuh*mt ions 5 thereof.
The high-k dielectric may have a permittivity of larger than 8, .selected

f r om amplyefspum.dengsten.ditraim tanialim Mt mddaiio pay plse by wed 85 prRItio o,
11 oy 18, Meblle gl b oSl SRR koot hbochiy,
i; { fﬁwgig:a (fgmeﬂgbt@ﬁlﬂmﬁr ¥ nittille, tmmmnﬁﬂieruld si‘lﬁtﬁrib@ hmmmma@%d;aZOS
will not be restricted to, nickel silicide, cobalt 51h01dc tungsten s1hclde, tltamum silicide,
. tantalum silicide, platinum silicide, erbium silicide. Conductive metallic oxides may mclude, but
will not be restricted to, ruthenium oxide and indium tin oxide.
[0024]  The gate electrode material may be deposited by conventional techniques such as
-~> * chemical vapor deposition. The gafe electrode 16¢ may also be formed by the deposition of
.' silicon and metal, followed by an anneal to form a metal _silici&e gate electrode material. A
| patterned gate may then be formed on the gate electrode material Ilsing deposition and
photolithdgraphy techniques. The gate mask may employ commonly used masking materials
.such as, but not limited to, silicon oxide, silicon oxynitride, and silicon nitride. The gate
electrode material is then etched using plasma etching proccsées to form the gate electrode 16e.
- The gate dielectric material on regions not covered by the gate electrode 16e is usually etched
away. _ E
[0025]  Referring now to Fig. Se, a source and drain e}{tcnsion implant may be performed. A
spacer 72 is formed, for example, by deposition of a spacer dielectric (e.g. silicon nitride}

-+ followed by anisotropic etching, It is understood that the spacer dielectric 72 may in fact



Ce02,, titanium oxide Ti @2, tantal um oxide Ta205, or conbi nations thereof.
“I'n one enbodinent, the high-k dielectric is hafiriumoxide. The silicon
oxi de equi val ent thickness (EOT) of the dielectric 16¢c nay be | arger than
5 ,angstrons, and in the present enbodinment is |arger than 20 angstrons.
The physical thickness of the dielectric 16c may be |arger than 5 angstrons
and in the present enbodinent is larger than 40 angstrons. [0023] A

mat er i adombite atreti- Gk rel fRednt 8RR : e -dielectric 16c.
The gat efpel ect roig%terrat erial H%c%g%& b%@ﬁg&ﬁ@%ﬁdﬁlﬁc@@ﬁgt}.h@ﬁ I)I/@%E%/st al line
si | corfollgyesd py e sspendutnidideeper wintdeaoddgmimplahum metal s, metal lic silicides,

metal |i {trides, or copdugctive netallic oxide. In one enbodinent, the

el ect rdggﬁ GGIRgﬁmgingg(sto 18t §é # Feyistange|of fe seyrce tondangtdlasd gaebleatmde

mol ybdeei ' ' | at.i num . and.haf pi um pay al so be

used a?aa p%%%@%ﬁtbﬁgﬁm%jh%qg@ggq ?%%le%@%’e% ﬁﬁ?‘éﬁd‘fﬂe g‘%ﬁ‘qﬂ? ?’”&E@ S%@_e i7g!cal ude, but

Wi 'l netg tangrassl-aligted dilitide (sakidids) gRO& or Bihkfﬂn%bdegéﬁmtp?d(}eégi%[% , titanium
u

nitride, tantalumnitride. Metallic silicides may i1nclude, il not be
restri Ctlet FHlE, 15 mak be used prien tathe sgisislalion prodesciodever portigmtofthesubstigicde,

Conuc e el HsRed (e n By e v sy Gt bk oo 10,
r ut henForexenplel¢hedidde rﬁ'@kgiril%rbb\fér ﬂi(écﬁ?%rﬁgiéﬂ %ﬂ%thy%ﬁicﬂﬁ{i@ﬁz#ﬁ%%t.r ode materi al

may be deposjted by conv ional tec ues such as ' 4F vapor
deposi perBmeditn dorgetlisidss euthe gate clbedaige, ahd@ubte g e, BN dafresigROSi tion of

silico tal, followed by an anneal to forma netal siliCide gate
el ect r‘g@?%{%?ﬁlﬁ?rr A patterned gate may then be fornmed on the gate

‘ehectr mat g b A phot ol it hagr. t echni ques. The
"g‘ét e rrgjgﬁﬂ my%%#%ﬁ@%%g’?ﬁd e Sr'rs‘zatafg‘%i 8&9%5%9?"8?%‘1’6@%@3 ?‘Qﬁbut not
i mi t edepesitionsif k passivatinnilajer 8251 Thedh s filih 8D ey 18 AGilishd ﬁiﬁﬁe obkifikdde. The

gate is then etched using plasma etching processes to

el ect e ,mat eri al
form t?fé{‘%%éf%g Aerosiieddwy plasma-entpmeedgheraicaliveparaiepasitionairethe plesaan  egi ons not
cover egniaine 6e..1 s Uusl rL’?%F anay. élngo"%] Referring
now to Fig. éfhggfgggﬁ%sggl%ﬁg%d}%% SHMZ%'F% ¥ d%aq% (ngfafﬁﬁ?r-b dighor ned. A

- spacerstrZ@ film SOMayhmeafsﬁéssﬁiﬁ?ﬁ.ld@inﬂé’ HEPOSIY] f S hdi el ectric

(e.qg. Ej ! i c;g, nitride) followed by ran?ﬁisjot rgg%tgtzc iahgﬁ%l%tthﬁ s under st ood
t hat t e e aghiestregion (382, 39k of iy, Sbhisflzinger, the resulting stress in the channel

region of the transistor is larger. Stress in the channel region also increases when the gate (e.g.

16g of Fig. 3) length is reduced. '

[0028]  Referring now to Fig. 5h, contact holes may be etched through the paésivation layer

82, stopping on the contact etch stop layer. A conductive material is then filled into the contact

. holes to form conductive contacts 84 to the transistor.

I [D¢29] Although in this disclosure, i)articﬁlar embodiments have been des.cribed -in detail, it
is understood that the disclosure is not limited correspondingly in scope, but includes all

- changes, modifications, and equivalcnts_comhlg within the spirit and terms of the claims

appended hereto. Accordingly, the specification and figures are to be regarded in an illustrative
rather than a restrictive sense. '



6 conprise a multi-layer of different dielectrics, e.g. silicon nitride on
silicon oxide. This may be followed by a second and deeper source and
drain inplant. [0026] Referring now to Fig. 5f, a resistance of the source
| 6s, drain 16d, and gate electrode 16e in the transistor 16 may be
reduced by strapping the source/drain regions with a silicide 76, e.g.
using a self-aligned silicide (salicide) process, or other netal deposition
process. A nmask, e.g. an oxide, is may be used prior to the silicidation
process t S/RALEC Ibk¥s of the substrate where silicidation is not
intended (e.g. an active region where the resistance is to be kept high).

For exanphe, thﬁuﬁﬁhﬁ%cﬂaﬁkmﬂgﬁmﬁgver an active region while the
" silicidation process is perforned to formsiljicides on the gate el ectrode

16e, and sour ciSrgAngnrtor gubstraty inclydling 3 frgpgigondygier lafer ppan mselﬁei whespin

[0027] RefitRisi RghiAWER 1d§blgmwﬁg<1o@> Rirgdfios Br[d%&ﬁp a‘ukfbé@»ﬁ& ;{ao't) BEerigBRSI t ed
fol | owed by th de o?,ltlg,e a aSS|Xat|on h stress fllm

80 maybe a si | FdGH IF FiFidgee fransisior op frid Yibsiaie P%l%@ 1?3?9%? Eesagf?c? bepsgsipr
pl asma- enhaihig&dleﬁdﬂﬁﬂiﬂ gl elevdqie andlep@ikd tiafnel lvith thh &1(-66@6d-to- cﬁeﬁ’iﬂ@ﬁicﬁ@ﬂt t he

hi gh stress fl e it.e transi .S The hi gh
stress fif : m§' ﬁ%ﬂ%‘% CBg 1 Ig‘g ‘%ﬁ@ ﬁ?npﬁ%lnﬁug%a@%ﬁﬁehe ?10 Q?

GPa. Vhen&wﬁ@tmmhum&mﬂxsn@d the active reglon (30a, 30b of Fig. 5b) is
thinner, the r 5%& thl@ irperdofite %tlen e]éclfh %Q?or con acg}l ol a]:t lgar}eonl;: %Ql?%ff%c& or 1s

| arger. Stress in the “hannel region 'S I nETeas en T he gate (e.qg.
16g of Fi tyansBlor.| ength i s reduced. [0028] F@ferring now to Fig. 5h, contact
hol es may be etched through the passivation layer 82, stopping on the
contact etch stop layer. A conductive material is then filled into the
contact Rol es- Ty insemicd sheniicafi oladm do mhereinssa@lsemisondpeson Fulpitiles ¢amprisasl & hon
[0029] ghiehdd ohdtrcin 136} QMR oPGlidoh, mLﬁ{TJQQQﬁrH%HJl fsdrpve been described in
detail, it is understood that the osure is not limted
correspondlngly in scope, but |ncludes aII changes, nodifications, and

equi val engs ¢ omenﬁtemte@ Eifeuft BECISRI 11 vhersil Ghel £ [ ol fid d\&rcet iR fiEior &%ﬁ@ged

hereto. Accor pg &Qe speC|f|cat|on and figures are to be regarded in an
i | | ust r at g diele tric underlying said at least one gate electrode and wherein the gate dielectric has a

dielectric constant greater than 8.

4. The integrated circuit of claim 1, wherein said gate electrode is a metal gate.
5. The integrated circuit of claim 1, wherein said gate electrode is polysilicon gate.
6. The integrated circuit of claim 1 wherein the semiconductor substrate includes a second

semiconductor layer, and wherein the first semiconductor layer and the second semiconductor

layer are separated by at least one diclectric which composes said insulator.

7. The integrated circuit of claim 6, wherein said dielectric comprises silicon, nitrogen,

carbon, or combinations thereof.

8. The integrated circuit of claim 6, wherein said dielectric has a dielectric constant less
than 4.5 '



rather than a restrictive sense. 7 WHAT IS CLAIMED IS: 1. An integrated
circuit conprising: a sem conductor substrate including a first

sem conductor |ayer on an insulator wherein the first sem conductor |ayer
havi ng <100> direction and a top surface with a (001) orientation, at |east
one field effect transistor on said substrate, said at |east one field
effect transistor having at | east one gate el ectrode and a strained
channel with the <100> source-to-drain direction, and wherein the strained
channel i Acl udAsemictngnsgordevisd, canprisgigbst antial |y i n the <100>direction of
the first sem C ast three i connection Iectrlcal
nodes for contggl'gl ?&r#lggcggﬁ %%g ove@ﬁl}g %nzél?ator l%er 9% Sl{lcontarca%esre tor% B2 The
i nt egr at etP0&) orisated topfsurticaiand 4 <10krerysiahdigafich, whereio dreckilcbo Active eptondbea
corrprlsestea;ﬂeséra%@%st%ﬁnm%aowayaal%g&mtah@g of silicon, germanium

gallium and arsenic .~ The integfated circuit of claim1, wherein the at
| east one fiel ﬁS‘@ﬁtﬁ@r}l‘ldeWawﬁleslﬂ%‘iat%Mr fhs eubstrate paring acil Peseystal diregheter | yi ng

said at |east Qﬁ'é?elgﬁlTeQI@ﬁ%fa@@?ecﬁ&do%l%ﬁ]a&lb@re%k?s ﬂb%ﬁﬁf}fﬂaﬁllg% a

dielectric constant greater than 8. 4. The integrated circuit of claim1,
wher ei n s&Pdlaidredreet PoBEstde-a et aI gate. 5. The integrated circuit of
claim1l, wherei n sal d gate el ectrode is polysilicon gate. 6. The integrated
circuit OE cI ’5{’1& n the tﬁc? éorhductor ubstrate includes a second
seni condutor F 8‘?“"0 gondreicerifiafe WicrelttheuhiasitRiop sybats haying at he
second segquoraented ©p surfagyer are separated by at | east one dielectric which
conposes said insulator. 7. The integrated circuit of claim®6, wherein said
dielectric conprises silicon, nitrogen, carbon, or conbinations thereof.

8. The i ntkgr alledemicogucttr d@fice biailaim @ furtleetoriprisisga fhstirmbigot ofiadirdnas a

diel ectri gonﬁx?c%glrl %79& fol‘rgesdson tlliel‘]s?llrzsorll1 aéi‘ve r8t3gion and having a strained channel region.
12. The semiconductor device of claim 11 wherein the first conduction type is N-type.

13. 'The semiconductor device of claim 11 wherein the strained channel region has a tensile

strain in a source-to-drain direction.

14. The semiconductor device of claim 11 further comprising a stress film formed on the first

transistor wherein the stress film has a magnitude in the range of 200MPa to 2 Gpa.

15. The semiconductor device of claim 14 wherein the high stress film comprises silicon and

nitrogen.



9. A sem conductor device, conprising: a silicon active region overlying an
i nsul ator layer, the silicon active region having a (001) oriented top
surface and a <100> crystal direction, wherein the silicon active region
has a tensile strain substantially in the <100> crystal direction; and a
substrate underlying the insulator |ayer, the substrate having a <110>
crystal direction; wherein the <100> crystal direction of the silicon
active region is substantially parallel to the <110> direction of the
substrate. 10. The sem conductor device of claim9 wherein the substrate is
a silicon 1§ubstrﬁ@geﬁuéaaauc&9d@m(@9$)n URH BEHAR B A hadd niclils in

sem conductor device of claim9 further conprising a rst transistor of a
first coffuwner eiPiapgiroms il aegitreie silicon active region and having a
strained channel region. 12. The sem conductor device of claim1l wherein
the first conduction type is N-type. 13. The sem conductor device of claim
11 wher ei A7t he Tt eRicRRdpclondgyirs Pt ?1@@. Sorhersitsthe sitigonaptive regiqnihas 1quadsd o

sour ce-t ocgth@é.n direction. 14. The sem conductor device of claim 11 further
conprising a stress filmformed on the first transistor wherein the stress
filmhas a magnitude in the range of 200MPa to 2 Gpa. 15. The sem conduct or
devi ce of 1&l ai msddicuirctei devicheontpiigiig:st ress fil m conprises silicon and
nitrogen. 9 16 nméatr%g%conductor device of claim9 wherein the silicon
active region ARSI kness in the range of 20 angstroms to 500
angstrons. 17.aShenseivcoeaiotiooned e s it dde of kiwiimuBtonfagerewierdihée siliédncon

act ve re?&tf?f@ ega%ﬁ hgs a'"ﬁ}gt%?ystaf:cﬁ{e@t? nso‘falﬁJO>%1rec%on a. p(ﬂggltlé) Eed oe];)vslu z?cec?lgg“ sing:
an insul ator | Tive region pasi I'Tst Side of

t he i nsul tngle Sirayevsub&\ﬁdmealéathﬁ firbtesrystal ﬂl@gtmn Oéw|<\k@0>r@gctcm, etmds a first crystal

direction of a,ghA0% fs#i6&kloRY scofnd QRLF 1RGP Hyd Wheidtl hdGRstraH s &

second crystal direction that is different from the first crystal direction.
19. The semiconductor device of claim 18 wherein the second crystal direction of the
substrate is a <110> direction that is parallel with the first crystal direction of the <100 >direction

of the silicon active region.

20. The semiconductor device of claim 18 further comprising a first transistor of a first

conduction type formed on the silicon active region and having a strained channel region.

21. The semiconductor device of claim 20 wherein the strained channel region has a tensile

strain in a source-to-drain direction.

10



tensile strain in substantially the first crystal direction of the <100>
direction; and a substrate positioned on a second side of the insulator

| ayer, wherein the substrate has a second crystal direction that is
different fromthe first crystal direction. 19. The sem conduct or device of
claim 18 wherein the second crystal direction of the substrate is a <110>
direction that is parallel with the first crystal direction of the <100
>direction of the silicon active region. 20. The sem conductor device of
claim18 further conprising a first transistor of a first conduction type
formed onsbhe \, gi on.
21, The. Sani comue e B i B e et

regi on hadhedange 570 angstigps £ 3009 pnegirasiur ce-t o-drai n direction. 10 22. The
sem conductor device of claim 21 wherein the silicon active region has a
thickness_in the range of 20 anqstrons to 2000 an%strons 23. The

sem conduét-or EB‘?/%E’E‘éCOB uctor devige of Claimed ] eyhsrepntbe sdliqop adive waton bes frstfon has
faceted ces®Es. 24. The sem conductor device of claim 18 further
conprising a stress filmformed on the first transistor wherein the stress
filmhas a stress magnitude in the range from about 200 MPa to about 2Gpa.
25. A seni¢ondlhd nnﬁ@mmtocdnm oBdlaigy 18 ffurthet coamdmﬁgsmgk faﬁatfbﬁriﬁd b fhie GRS
overlying a t he _active regi,ons oriented
Cop surt aeBb ARl Bl b8 By 1 NG RE B it Bomathfoad My Stcona
active relgiuoP8pa ncl ude a ten5|le strain in substantially the <100> crysta
direction; and a substrate underlying the insulator |ayer, the substrate
having a <110> crystal direction; wherein the <100> crystal direction of
the first2and seeoiohdaeri oy eowgiioms are substantially parallel to the
<110> crystal g aiakbah flivd ABoM RS findlior TG, AEMEORIEIALERT P Of

claim?25 further conprising a |rs c anne ansi st or or med t he
first act(QP) ericgicd iwpavrércq and; a8 POrarysied dinestion, W@Prginéhfoﬁrstfﬁm m@d@nmteh e s econd

active regions include a tensile strain in substantially the <100> crystal direction; and
a substrate underlying the insulator layer, the substrate having a <110> crystal direction;
wherein the <100> crystal direction of the first and second active regions are

substantially parallel to the <110> crystal direction of the substrate.
26. The semiconductor chip of claim 25 further comprising a first N-channel transistor
formed on the first active region and a first P-channel transistor formed on the second active

region.

27. The semiconductor chip of ¢laim 26 wherein the first N-channel transistor and the first P-

channel transistor each have a strained channel region.

238. The semiconductor chip of claim 27 wherein the substrate is a silicon substrate having a

(001) oriented {op surface.

11



region. 27. The sem conductor chip of claim26 wherein the first N-channel
transistor and the first P- channel transistor each have a strained channel
region. 28. The sem conductor chip of claim27 wherein the substrate is a
silicon substrate having a (001) oriented top surface. 11 29. The

sem conductor chip of claim 26 wherein the first N-channel transistor and
the first P- channel transistor are isolated using nesa isolation or

- shallow trench isolation. 30. The sem conductor chip of claim25 wherein
the first active region has a thickness in the range of 20 angstrons to

300 angst bos. Tﬁeﬂsemf%pﬁutéop@lﬂal-&rarainﬁwvﬁéraﬁ fh%%?gt i ﬂ&imgitt&!taﬁgavakgﬁxe%vpf | si ng:

a silicon active region overlying an 1 nsul ator |ayer, e silicon active

regi on hathengpl HansEDAY isglated Hiiegmesa frolatierf erckallaw drerchdspbOsn.cr yst al  di recti on;
a substrate underlying the insulator layer; and a first transistor forned
on a portion of the silicon active regiaon, the first transistor having a
strai ned éhann&he seaggrrsyctoyghipy oficlyin Rywhersin fhe S5t aqizeisaion hgi thipkiesidn hees a
tensil e Stangd of 20 SdRGERITL BAY dngstiothst he <100> crystal direction. 32. The
silicon-on-1nsul ator sem conductor device of claim31 further conprising a
stress filmfornmed on at least the first transistor, wherein the stress
fil m has ai.nmagaistlidgeoriasiditstgerhicenductadaauite Hfprifla t o about 2 GPa. 33. The

silicon-on-insul ﬁlctogréctsem conduFt or devi ce of tﬁelsgl m 31 wher ehn .the first
cte

i YBESR PRI BY B PP BHVEGIB IR Rhsi sti ng of

. 1VE TEZ1O), Vi
transistor conprises a gate’d
silicon oti0tleriested fop emfacxand iatil §lberystab dikdeta@r) nitri de, or conbi nati ons

thereof. 34. T L = ON-=dl r _sem conduct or device of claim33
wherein the fi?%P%a#eéu%g%}g&grtﬁeqﬁsg%%%?aggéanary gate dielectric selected froma

group consi st i afsofangiitonformedrox petgon dfdlianilicom axiveiegion,hiaf frsiurmdsgriiting de,
haf ni um sj Lij.6ak enangd FERA) wﬁaemﬁgamhéa LR o Rakd tgrﬁue ghfconium
silicate, yttrium oxide, |anthanum oxide, Cerium oxide, titanium oxide,
t ant al um Yebtamsiallyin thesrBP nerystad disection.

32. The silicon-on-insulator semiconductor device of claim 31 further comprising a stress
film formed on at least the first transistor, wherein the stress film has a magnitude ranging from
about 200 MPa to about 2 GPa.

33. The silicon-on-insulator semiconductor device of claim 31 wherein the first transistor
_ comprises a gate dielectric selected from a group consisting of silicon oxide, silicon oxynitride,

silicon nitride, or combinations thercof,

34, The silicon-on-insulator semiconductor device of claim 33 wherein the first transistor

comprises a gate dielectric selected from a group consisting of aluminum oxide, hafnium oxide,

hafnium oxynitride, hafnium silicate, zirconium oxide, zirconium oxynitride, zirconium silicate,
_ yitrium oxide, lanthanum oxide, cerium oxide, titanium oxide, tantalum oxide, or combinations

thereof.

3s. The silicon-on-insulator semiconductor device of claim 31 wherein the first transistor
comprises a gate electrode selected from a group consisting of poly-crystalline silicon, poly-
crystalline silicon-germanium, a metal, a metallic nitride, a metallic silicide, a metallic oxide, or

combinations thereof.
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~thereof. 35. The silicon-on-insulator sem conductor device of claim31:
wherein the first transistor conprises a gate electrode selected froma

group consisting of poly-crystalline silicon, poly- crystalline

silicon-germanium a netal, a nmetallic nitride, a netallic silicide, a

metallic oxide, or conbinations thereof. 12 SEM CONDUCTOR- ON- | NSULATOR

CH P WTH <100>- ORI ENTED TRANSI STORS ABSTRACT A

sem conduct or - on- i SEMEI@NDUETIORONANSId ST @ROHIPCHITHCt i ve |'ayer with a

<100> crystal direction<ph(eC@HIENELD aRANSISratrer | ayer. The-insul ator
| ayer is placed onto a substrate with a <110> crystal direction.
Transistors oriented on a <100> direction are forrred on the silicon active

| ayer. A.&EJI‘EAQT

A semiconductor-on-insulator device includes a silicon active layer with a <100> erystal
_direction placed over an insulator layer. The insulator_-layer is placed onto a substrate with a
<110>crystal direction. Transistors oriented on a <100> direction are formed on the silicon

active layer.

(lFIG., 1)
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