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 aAnplicagios af yngitudinekstressomteess pppiligd imeth¢ disaction efmingaigiow 1 [ 0003b]
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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.




a silicon active region overlying an insulator |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, t helC8¢AbdInagecond asperigthere i propdedaysemigpndugior deyick.omputieg:ei n t he <100>

crystal directiofih s reibl 6RAyAS bh YRub@ia0dt, 1S sBHSLAN fedioh YaviRey al | el
to the <110> dir eéti (;inlofr tlhe su%s%rat el.la[ 05‘836] ISn a tch?ér%glglsléggﬁa{there

i s provi de§08 wigHrEBAdHEcs Fudreviofa costapdirestiong wherein theslispmaciive regyasrhas g

silicon aciieNsleks@gh AibstRRRIY ARELI 008 oA sl divkticht g1 of the insulator |ayer,
wherein the silicon active region has a first crystal direction of a <100>

direction, a (CbFyostf emfatyingofhe iaswaterclayerathe abitidies havings e r<dil B jorystal
subst ant i aditeytiddne first crystal direction of the <100> direction; and a

substrate positioned on a second side of the insulator |ayer, wherein the
substrate has %heage iy <t semstal gdirestion oh thersiliconsachys fegicants subgatielhe fir st

crystal digaeaki e \9003ektidibrdnd Aukidde. aspect, there is provided a
sem conduc[bgr chip comprising: first and second active regions overlying an

i nsul at or P83+ athied aspaet, thers s provided megmisngductordggag comprising'ed t op surface
and a <100> crm@nﬁhhﬂkk@ggion, wherein the first and second active regions
include a tensile. strajn in substantially the <I00> crystal direction; and
a substrate undetfoPAYVE F&onpesiioncd on p fimé pide efijbe igpninterrlaven Whawinte a <110>

crystal  diifces hdtROicgiblBELA fivst PRtat 4RQFof by/SL1Bb> BirdcB64, 2 Q019 briddd b r st and
second active regl ons_are substantially parallel to the <110> crystal

I
di r ect i on SBFeEmRd ighsiesipin m sebeianitally (e Trstiopyptahdiestinnaf therHEP2direstioni ovi ded a
silicon-onrmdnsul ator sem conductor device conprising: a silicon active
region overlying an insulator |layer, the silicon active region having a
(001) ori ent ed % YprtalsPPHiened arya sfeeadtids of tRedrsalatay layves whein the sshiteter at e

under | yi NGt Heechi¥Sstl BikectiaY @it is Attt hbmite ARz b iiRkubLr med on a portion
‘Of ' he 5! l{bOCO%Q] Ir?g%c;u}/*tﬁ ar[peecgtI t%gr’e is;[ pqgﬂgédrasgenﬁcggguﬁofih?{) cor:%;/r}sglg' 2
, g:
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.

la



. Strai ned channel region, wherein the strained channel region includes a
tensile strain substantially in the <100> crystal direction. |a BRI EF
DESCRI PTI ON OF THE DRAW NGS [0004] Fig. 1 is an exploded view illustrating
a silicon layer formed on an insulator layer overlying a substrate. [0005]

Fig. 2 is, - i onal_perspective of a silicon-on-insulator chip
with dlmﬂﬁc ?Hmm%ilicon | ayer and the silicon
substrate shown. [0006] Fig. 3 is a three-dinensional perspective of the
silicon-on-insulator chip of Fig. 2 show ng a transistor placenent

accor di nbitd] onEigehadicwiotedatent MastRAAELAiccH et RRHEEon aliA0MTL: 15@::9- 4als a
Cross secti i)n of Fig. 3 showing nesa isolation of the active r-egions.

[ 0008] FioYeryas & s4bsiraley oss section of Fig. 3 showing shallow trench
isolatio t heg. i LEgi ans 0009] Figs. 5a-h illustrate a nethod for
nmanuf act E?@frj\]g tﬁlg?ﬁs |a¥}§r8?{§l8%§§lp}gﬂhpl%ipaptn]@wfbsxgwnmxbms@atomwﬂh ng to one
enbodi mediredtibndl bgenBtieSEBE thelk; : | PTION [0010] It is
understood that theSl|t wﬂlﬁgﬁg(%ngﬁég?l?rtgg%ﬁ%)\k}i esggfgﬁagﬁml fferent

enbodi mefi086] oFigelianliresdinfeasionahpireegtive oNge SilitdesLRtuIkEALEY §5m@f vari ous
enbodi nent s.. gr?{I)Feci.fi c exanpl es of conponents and arrangenents are

descri be yystan nlasemest agtoeding tooap embndimens of ihe prefémt disclasuee.  of cour se,

| | espangd ; ' : be |imting. ddition, th
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various F088ipl eBig. 4Bt scrogpedtiohoPFig, 3 oy Sﬁﬂﬁwﬁfgngﬁﬁglag(g& gftﬂg).,;clﬁ%t y and

“clarity and does not in itself dictate a"relation ween e various
enmbodi meft8'€8%nd/ or configurations di scussed. Mreover, the fornmation of a

Jfyrst f re Qye n.on.a second feature . in the description that follo
" 'TfL.ys i'ncl @géeﬁenblg%gi %aélﬁ{llgstfaﬁe a %ﬁ&@%ﬂl{ RNy EpGtwing o st mcinyulia nehipofHig3 f or med
L n_di 1 ecooeiding fine RSB of M3 resef i RDOd! Nt S | 1 whi ch additi onal
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features maybe formed interposing t Irst and second features, such that
the first and second features may not be'in.direct contact, [0011]

Conmpl e f (9 iﬁm’ conductor (CMOS) fabrication processes
convent i*of | icon substrate with a (001) surface crystal

orientation as the starting

[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 gxamples and are notintended to be limiting. In addition, the present
disclosure may repeat 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



Ny

materjal to fabricate N-type (NMOS) and P-type (PMOS) devices. In such

*conventi onal substrates, the forned transistors have a source-to-drain

orientation, i.e. channel orientation, in 2 the <110> directions. The
notati on <110> indicates all <110> equival ent directions, including the

[ 110] direction and the [ilo] direction for exanple. Notations for crystal
di rectigns;aad; DRRINM oY SE6L ] Lystall-oor ar e here. The
[ 110] dﬁg %ﬁg FTﬁ%ﬁggﬁ$g@tlonsMgre Sggggﬁylcéh%? Pgepﬁgﬁ%i%%§&§ﬁd Clio)

cryst al 1,0} BORSreciRIRE Hel[M6 direct RIbAKBLAE ! WotatidR férkhiMlal dddidAsiadd Pl anes are
silicon crystal planes that cleave very easily. [0012] Referring to Fig. 1,

a sili cORredBonkhisily &e@in GIRSLERDY atOkel fertS 9lle [N0PAR RIPOLIiMBdnsafe t he

present” di scl osure. The Silicon-on-insulator substrate 100 conprises a

si | i conyd-ay@eul A9 we{(110Rand BByl ipeRLE besuhifohs anithanaly, fb@ 16) i) | ayer 30
is usegjéé%ﬁanu ex%nSFe O?Eri\nt(gi st r()arnbgdi rréntsl,%dgne?qint ?igﬁlg’ndegst@]ood@ﬂat ot her
mat er i giisnes te kilioch dystdl plad@nhg elemvetyeabiyer, nul ti-layer, dianond, |

gal lium and/or arsenic maybe used in place of, or in addition to, the

si | i corl00Bjer Rederrimplp Figtahgilicon-oa-inaylatdr sebsiyee 106 ubrd e orgrmibsdisnestola sili con
germani um | aver. and a..silJ4.con. .l ayer. 00 The. sili.con. | ayer .30 overlies
an 1 nouabaRH RO TR giig8ha indebirsubore il rombre A AR ] Yidpr | se. any
di el ectmdp ofiBtal suffhoe plddk S ThBERh 146056 hich Gs MPdx@MpR!ix 1R enbBSiHeAL bt _
material such as silicon oxide, Silicon nitride, carbon, or alum num oxide
(-al so ktiswndezstood iy biherapateribhesuctdisel sficon-germaniymrlayepymitideayery dismonds di el ectric

constants. and ,in one enbpdi nent has _a dielectri constant of | ess than
about 4% .“"H’HE’/(’EHTSE‘R?]@%E%‘FSG H’d’l"fcﬁ%IOé{“(ﬁﬁdlﬁﬁ@/tor &\%@@G?Qlé}'ﬁfi@of" Ungstrons to
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a st atiron o rirc’mteria uch as a

al um nyooiski dehesilieonsayer 80 ovealids de irstlanklay@0.aln gtk 018 intilafor thgerodd a silicon
oxi de stack. The insulator |ayer may be I n an anorphous state, poly-

cryst almayfemprsgiagy diglectig H@?%ﬁl gtqrimeal dickeetaic natpoialy or mpdating safesiglouch ayer 40

1 : . | Il bstrat.e. . . , ot her
Cypes oF sDeitaBin Bhcta gt Chhdh FRtRGud ovite LERTaBYT R Bbbid oDy 'the M I er
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"is a conventional silicon substrate having a notch 14 oriented i n one of

t he equbReiatéeiless thegabelit déc t Thelkicknesanfighednsulaton may iranige fmml 180 emgsBomhies a <100>
f the notch 4 .(downward as -

‘the equpasephlcss hpgsbait fdorTisBcincriofvrlet
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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



parallel to the [100] direction of the silicon layer 30 (e.g. within plus
or minus 10 degrees of parallel). [00151 A first transistor 16, fornmed on
the silicon layer 30, has a source-to-drain direction oriented in the
[010] crystal direction, and a second transistor 18, forned on another
portion of 3 the silicon layer 30, has a source-to-drain direction

ori ent eghdsh; I o IF ks : = Bah : nsi stors
her of or s ooty 0 s ESU Bt R Dok in He ) B9SUIRERRE, The o0

equi val dind anli seent] irensstorT therefre bdve andcswahiid dirediosd aientedinbhe ofliBe sH®>bot h be

NMOS transi stors, .both, PMOS transistors, or be of different types. By
ori ent i REIYAGRRGTESHes T firgand gecand kgusssiors i Ferhoth ks NIMAS Genisiors, bpth

stressi ' ] ti deqr -1.on,of .one ' bility
commens PGSR, HIROL (Rl DY R RO 18 R BT OB R ot ey
type of ofi@itdtioRif dtfessifigsid uctRdised, B0 18 htivBale@badtiof oNGW chifiethébilitg, the silicon
layer 30 (Fig. 1) is sem-processed to formactive regionS 30a-d where
act'i ve dewmenseraiswithragivinsmons ofitngreges if dhermabality df thabiberdjeiof orieras i ve regi ons
30a-d have top (001) oriented crystal surface, The active regions 30a-d
may be.-feélP??a'd by trenching the silicon layer 30, for'exanple, by plasm

et chi ng pl a e 5 r&:ndli € . : € ﬁﬁ% d or
cut. Si H](?gﬁ ]t heﬁﬁflcangqllg‘za tfﬁlgiz@ggg}cg% g@ert%? gi @?pi%g ‘i“%%s?l?"gar a ﬁ%ef to a
{110) plegivas 3a-Euhiry adtive tevideaoretraneisigrs maydedabringted. pllrniromdctivibegoubst r at e
10, dicing,of the $ﬁbs_tra}te is facilitated. Since the plane 34 does not
cut t hr 8Paghhavea topdPOL) enentel caytel rface The active regignsdferdimaybedormed by i s not

parall e £t hel - | t . S [ . Re ring now to
P o iplein O ftopd 05k ia0 by b BB B30 W CREE RS "1 T
regi onsZ0Wb aiSd bekeataddsr 6it0Sicd fhe plBie 34 haf depatbrkd B A6k 128! EIDSS ?&rﬂrel 16,
formed, on one of the silicon active reﬁgl ons 30a, is shown with a

sour ce- fog- Q1Y Mangior equivalent planedkged cleayagadarepaiihe substrateckl; dioingdf e sili con

| ayer 3 cond. .t r, I.star 18 rned, on.a sSilicop active . region 30b, is
shown \Mg{bﬁtgge Iggaﬁpli‘ggq??-%@feﬁ’}%b ?’%g??saﬁt%Fhé?nglthetaﬁg‘feﬁﬁg.m’ts%gﬁ“?’ ilr ecti on of
the sil iigBortaad@ht iPQ noffARNleIS6 hﬁ%&%‘{_ﬁb@f}eec{&&leﬁ am@a, 30b, may have be
strained, nechanically for exanple. e strain y 9 be a tensile strain or

ot her s{0&7In. Refemivguowtbibgidathegste clentrydenl i 84, sourafregitre 165,dAsiasd ors 16, 18
-may be strained. r.exanpl e the channel reqjons be strained. In Fig.
3, the ]Pée%‘?nééﬁﬁigéég%‘tr%@tf’mll gl8dq,r@ F%ﬁkﬁ"ﬁlf 35?"%%@9@@ .Bﬁo?ﬁﬂ% es only,
and ar eftAWive Yegidr 304 1¥shBn Wit a 36ikrbe!fS-dr8H iSion parallel to the [010] |

direction of the silicon layer 30. Second transistor 18, formed on a silicon active 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



However, in actual devices, the gate el ectrodes may extend beyond the ‘

‘active regions. [0018] There are many different types and configurations of

circuit elements that may benefit fromthe present disclosure. For

exanple, in Fig 4a, the trench 36 between active regions 30a, 30b is not

filled priar t he fabrication of _.the transistors 16, .18 (e.g. nesa

i sol at i g"ﬂ?“?‘%““ug’ééﬁﬂ?‘erl amplp o f BefFengl Spe dielecicil gay ajso g?]%&%opg’ﬁ@ﬁ 36 between

active I 1 Ls..f Lt:h.a trench- filling dielectric 60

pri or t%e%tg%%%@%@ [ g%rtéﬁg%&%?a@ytq?anélp%t ors 16, 18 (e.g. shallow trench

i sol ati m019]i s Reg@thhg to both Higsedcdndidb| 4 thiv@nadh 8] 380 bf the sifiConmtyveregisnsiida,on oxi de
chem cal vapor 4 deposition, for further exanple. The

f or med . .
trench- $3{>| payrhg infihe raage o 28 2agrirry 1a2098 angstrams, japdin tasmrersnt cabpdisieridsl by

hi gh-d ' | 1,.DP) d i.tion..[0019 ' Figs. 4
S o BB S RBSE R ah oPE 26 By b B B, e,
in the paReRs of isABAARGARR IR cdRs-sRH0haR iRt HOABsiliA Active régshs . € FaNk)

enbodi ment is |less than 300 angstrons. In general, the silicon active

r egi onsar8fa puipedes ofaljustrationzalyo fFor treanpiaythe stlicorcictiessgions 30a.s30bmdet ot ood t hat
the cross-sectional _yiews -of the.,silicon actiyve regiopns.(e.g. Fig. 4) are
for pu-r%agg?rpoqomer% J¥‘? POLRGTSHAE ‘I}/‘?onlﬁﬁti“’eéﬁ%wﬁl?’é?’ 39%%“‘15[;‘? faé% Yctive regions
30a, 30 Ot . 5]]{;@ ht Lo act i ve
regi Onsﬁg@b&?ﬂ‘% anﬁ%@f%ﬁ%%@@%%@@@%ﬁ%&éﬁﬁ ;Egrwg@gtﬁp e,oge\? ' a radius of
cur vat ufe20]n trheferfigie&FigHba b papest ofushtinued sDfufihg ekingls 4 ling 8GR0 frolef erring
to Fig. ba forEtEur joses of continued and further_exanple, a |ine.drawmn from

t he centhegenisr of thesiligonioadrsulsiar sithstrpte d 0 todhmpiehadFigol wogldthspombngenti4 (Fig.

1), woul d..be poi nti u t he e, as il |lystrated, T crystal
@Dr oot 1 GTRsB enitbheR e PAgketisb B o s e siEH A S0 il Bl ALY O For ¢ e
si | i congroduh @irdctibiefor the iliGorSubsal M0l a8 dukistafaBy 1:)@!1116( .0 within {plister i Or m nus
10 degrees of parallel). The silicon-on-insulator substrate 100 may be

f or med, Hfdsgreencd prakie]). e silicoradremswiaonkivhegrateid0 way be fampd ferttaxample.dyini que.

[ 0021] Referri.ng-now.to Fig. .the trenches 36 are formed in the silicon
| ayer 3 fr%oaéinggﬁwqfqgs aﬁ%gg@t“w?e regi ons 30a, 30b. This may be '

ACCONPlBiRd IRerklf o g oh ! Rch 195 krcBmeA B 8 SHASIILRPS0 e o S1 11 con

| ayer 30 where active regions 30a, 30b.-are to be fornme
et chi ngodtfimeptosectigu3ti, dis Tiis miebeicbomplishddtydornting 4 patiemet matkrtenches 36.

The et chi b ... dr | t ghi ) , | I | f
' Sol at | WNePergicel tha Hieon faghrcedhomerciiiPlRo0ACb a1 o PepTBFL GloFisd  he
formati lg%téﬂingto'i” Bihobed'pBfifns dftheiftoh Wfer b TR triRbA IO né Sliihg by £ the

trenche
dry plasma etching process, for example. If mesa isolation is used, the trenches 36 would not be

el

filled prior to the formation of transistors. If shallow trench isolation (STI) is used, 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



. 36 would be filled with a trench-filling material (60 of Fig. Sc), such as
silicon oxide using a process such as chem cal vapor deposition. The
resulting structure nmay be planarized, and the patterned mask renoved, to
give a structure as shown in Fig. 5c. [0022] Referring nowto Fig. Sd, a
gate stack 17 is formed on the active region 30a. The gate stack 17
conprises the gate el ectrode 16e overlying the gate dielectric 16c¢c. The

gate i el ric,16 be formed on ithe.active Jegi I ng any. gate
el ec iR TbF high ke OB B0 AR v RGeS AR RS, T

oxi dat pQ#brisi bf élﬁiﬁhhﬂ%xi&l@ﬂ{?ﬁ{aﬁﬁﬁ’rﬁ%ﬁidﬂ{% hefinnC§ Rk R HORDRMMPOSI tion) .
The physi'cal "t hickness of the dielectric 116c maybe in the range of 5. to
100 angjlitmormitridhHHON, bdtininsilicéte Bt ermpbmiym axdo Bulntitcomain qpamigidgi el ectric
such as silicon axide and silicon nitrjide or. a high permittivity

b e B0, e et 8 o gt by M B G dE EORTERMI GRUK. i el ect r ¢
may ha ag PR R ] tRa ect r onpri sing
o al urt S hids 10 tlar PR THOGY: BB et B fbGRet OP"' ©
haf ni ufie hihdkidideetrivdy Rafhiiinchsidef ShéRiliconakide eguisdiént tidkaess{EDT ol tiad r coni um
oxide Zr02, zirconiumoxynitride ZrQN, zirconiumsilicate ZrSi 04, yttrium
oxi de digleditic 16snpaydredargs thad aastoms, ad in lirpesrentembadipant isdargerthamdboxi de Ti 2,

i g kbR £t Aea SR BB St ok R GS BRIl i chness

(EQN) mégﬁeﬁmu%ﬁhﬁﬁusiwg&%n%hgﬁomrger than 5 ,angstroms, and in the
present enbodi nent is |arger than" 20 angstrons. The physical thickness of

t he di @023t r i £ miteoialferthb gaté dedwde { framaybealspssitedorstha digdlectric 16tellpr esent
c‘epbodi nent, i s, larger than 40 angstrons. [0023 erial, for the gate
' ~e?20t rg?éeeetl%%deriﬁVQ% I oRIm RSSO S oFPIY FblopAl EP@?PFJSFaﬁmE POWH%IY“%"@“?I ectrode

mat eri gfico r&ﬁMu&?EB{ais?ﬁet&lﬂE‘¥iﬁ8ﬁés°&@ﬂauﬂ?ﬁt%idé§!&%B&hkﬂi&é%&%ﬂi&8 de. In .
pol y- cryst ine “silicon gernanium netals,” netallic silicides, metallic
ni tri dagembsdimengtite tlestdabsedohiptisedpolferystatiineaiieoe ifedisamiitas t he el ectrode
16e conprises poly-crystalline silicon. Metals such as nol ybdenum

t ungsteplybdepriiragvien Hardem.damtalinalatingm, adrhainim mey nlsqaﬁa@yus[&ﬂ 392 PRILIORS eql as a
Do oot EetiR e Ei B HRR bl by iR brdR iRt B nt R, 1 G,

t ant al pimds)tirgsteienitidel Bhil® nettild, edndhsn Aide] MdtaTBkesilididts maviihdiudahut be
restricted to, nickel silicide, cobalt silicide, tungsten silicide,
ti t ani wthnef beirestakied tof piekehsilicitles cotialislieide fhugsien sificide, [titaniwe silieidei um si | i ci de.-

Condu Ct%rlxtglgm %‘ﬁ{[cl le,l _;;la O s %?depg'yiuﬁxr]sl lCl ee Cog&gctive metallic oxides may include, 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 ﬁsing 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



wi Il not be restricted to, rutheniumoxide and indiumtin oxide. .100241
‘The gate el ectrode material nmay be deposited by conventional techniques
such as chem cal vapor deposition. The gate el ectrode 16e may al so be
formed by the deposition of silicon and netal, followed by an anneal to
forma netal silicide gate electrode material. A patterned gate may then
be formed on the gate electrode material using deposition and

phot ol | oposcamivi el vt tees: diEREOSLE SRS clfie SIBLAY SRRl A yi8ed. maski ng

materials such as, but not limted stlicon oxi 'i/nl tride,
and si Iﬂi’](l,%’f?dhlr’ﬂﬁftcd@daﬂﬁh’ee;ga&oarceehtémmcﬁplamat erial is then etched.using
pl asma

ﬁézﬁn ngg rocesses Io%é]orm the gate electrode 16e. -The gate

di el ectl ma E10N 1P Eifs Hind resisience Q&ﬁéﬁumylﬁsh@fi@éﬁé apd e clectmdd 6e s
usual | 168 tnaieehns ' ow to e._and drain
extens?dgn i mpl anltet%rrgﬁymbe Dert %ﬁn‘g%{aﬁﬂz\gg@ﬁﬁ%?d‘g?gf ?”ﬁE&S‘ ‘F’@P xarrpl e, by
deposi telgamlrlgfasalf-sb g silidide{sekdidd) erot&s, B d
ani sot ro @chl ngfe i s( undedr) gl'; oogf tmglltell ?ﬁtgmegg%idﬁq}?&ceise&ﬁl&gf 72 may in

fact 8 ° &S gajrhe FﬁEd pagide ﬂwrsﬂmdaﬁcmrmmesmwmpomom of heGubssiiatei con

nitri This ma foll owed hy a second and deeper
sour ce%an S@F@%‘tﬁﬁﬁﬁﬁéﬂg@dﬂg }é‘?‘@g’P’P W&eﬁ?\é\% r@%ﬁmcgls tgbe kept high). st ance of
e’ Souaaipliche sl iy AR e I T

may be reduced by strapping the sourcefdrain regron F%ilicide 76,

e.g. uBefgned tg@mmm@memths;gameledmdem mmce@égmensﬁ an@Giraftf fagibn et al
depomLEfr}gﬁroce A mask, e.g. an oxide, is may be used prior to the
silici Wss to cover portions of the substrate where silicidation

‘1'§ not [gggren ere S S, to be kept
'h?gh) [ 2ch])r Cet)@(égﬁgil?geﬂow ﬁrpl%%% %l'tg&%ksrray\,@oglg B%ﬁep ’vf«[gﬁ?“éeé Yibsani | e t he
si I'i ci drpedition of e paseivatidndayeps2. fme Sﬁ&sﬁ%@%ablb@h@%ﬂ)ﬂu{dlg%r% & el ectrode
16e, and ﬁo]%r e&r egjon 16s, and drain region e transistor. |

[0027]° iby phasya-enfnced Chﬁ:lglhalsflap@shpdsmom BOhepresdne deposi t ed,

B0 oy roatieh fie RN ?fﬁ}ﬁ%iﬂ S0 B B s P el

pl asnmtmnh'ﬁn@&mayhmam&bssmgﬂ]hd@m&f gembodi nent the
high sjress film80 is de805|ted overahklf/g&zolowdﬂg&/@%trany Stors. The high

st r s ]qu§§]0§ c@a@veﬁgg;@ @0s 30 oEFigebhhistthivheer; the teletingamess 8 the288uMPa to 2
\{3@@6}1 g 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 pas.si;ration 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 fransistor.
I [0029] Although in this disclosure, partlcular 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. '



t hi ckness of the active region (30a, 30b of Fig. 5b) is thinner, 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)

| ength is reduced. [0028] Referring nowto Fig. 5h, contact holes may be
etched through the passivation |ayer 82, stopping on the contact etch stop
| ayer. A conductive material is then filled into the contact holes to form
conductive contacts 84 to the transistor. Althon [0029] gh in this

di scl osur &HARKGIAIMED Bibodi nent s have been described in detail, it is
understood that the disclosure is not limted correspondingly in scope, but
i ncl udes al | ﬁm%ﬁﬁdcﬁggh%hﬁﬁgm§ns and equival ents comng within the

S spirit and terns he cl ai ns ppended hereto. Accordingly, the

speci fication adiFqgeatsubsirae f%‘luS@g PdyHsgagondictalayer Py an fgplpigewhergt her

than a regirst bdnMena@RE Eryer haVli 1 00S dfebofibAMVER ol 1§ sudfacoAthiaTH@Y badRsiog ] I CUi t
conprising: a S8 nlcon?ﬁ%t% substrate |§%Iud|n a_first _sem.conductor | ayer
on an i nsul at of' FAEPE i rpnspstor o gald SpREfe 8L 2tileaytepe fgld icHgrt satsptor

di r ect i onham adlehsd pnesgat‘efelbetﬁodéﬁaﬁ&h ﬂra(n@@al')anﬁﬁl ventha ki@, soﬁ&e—do&ﬁaﬁﬁ digddod, 1 el d

ef f ect traQF% stor sai ffect
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t he <100>ﬂs®bﬁ$mn@m¢dmmmUmdlrectlon and wherein the strained channel

i ncludes a ten léagt tﬁ}eg fh'te{f' oﬁﬁlelgﬁ{ éch%al odes forb:gnt%} $a 4 at?%gt 0?13 Fugid ech. pe first

sem conduct or [ayer; east fee I nterconnecton Ctri ASdES for

cont act i nansigiotd at | east one field effect tranS|stor. 2. . The i ntegrated

circuit of claim1, wherein said sem conductor substrate conprises at

| east one froma group consisting of silicon, germanium gallium and
arseni c. 3. TheThminegreigd sticu ofclfim lotvhereini swidIsemigheduetionsubbfeateagoningiagstat one

field effged oﬁJM!l %‘5@6coﬁﬁﬁﬂﬁbﬁﬂf’conageg%ﬁmg?ﬁilﬁﬁtaﬁ& frsdipderlying said at

| east one gate el ecfrode and wherein the gate dielectric has a dielectric
constant greater than 8. 4. The integrated circuit of claiml, wherein said

gate el ectr odeTheSin@gra®d dikcudt &aim 1, wherein the at least one field effect transistor comprises
a gate dielectric 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 '



5. The integrated circuit of claim1, wherein said gate electrode is
polysilicon gate. 6. The integrated circuit of claim1 wherein the

sem conductor substrate includes a second sem conductor |ayer, and wherein
the first sem conductor |ayer and the second sem conductor |ayer 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 integrated circuit of
claim 6, %her eAnesiserdudoreleect, comprivig: a dielectric constant |less than 4.5.
0 o COMYSERY 5 SOV Bl Al i1 BEMBSLLG Lo BP0
surface aﬁ?@lhorwm@d) topcsrﬂ?@t: ahd aiFt@etarystal dlwhe(me wherblh eheeiuliqon errtlvamgronélasr &gi on
has a te <100> crystal direction; and a
substrateﬂﬁﬁgg?ﬁﬁ&ﬁggﬁﬁmpﬁﬁgﬁhggtb¥?hGn&hanﬁépsubstrate having a <110>
crystal direct? 8isstratogpderking th%@ﬂkﬁi@dﬁﬁ@feﬂrysubaﬂratﬁhametaﬁ H>ufrystahdiresfien; con

active region {ferStl s @il @stay ab@tigd dr8he $1Ron Lé?i‘ée dbQ% SbdahiyPar-afi 1§ he
substrate. 10. The sen conductor device of claim erern t he substrate is

a sil i contsabrdiedtionalhngpbeirate 001) oriented top surface. 11. The
seniconductor device of claim?9 further conprising a first transistor of a

first uct on type, forped o ilicon active region and having a
strarned ann SF@%F ctor dexice éﬁ%@@ﬁﬂﬂﬂ?ﬁ?mﬁéﬁ?%@xﬁfmﬁFﬁ?WWI@amhere|n
t he frrstamqnﬂﬁm&dmﬁmk&ae is NNtype. 13. The sem conductor device of claim
11 wherein the strained channel region has a tensile strain in a

source-to-drain direction. 14. The seni conductor device of claim11 further
conpri si ngl.a sThessmicbiducrod devived duimiferdier dfo&tprisiﬁg‘ afist wdngistomdfarfieiin t he stress

film has c%nlﬁfrgcl%nﬁ %ﬁgf;%rh& otnhl% shlgsg%?cgtr}%g rezgnq Q/rllD Lo P%gna st@ ned cl:ll'annel-llr-eh eo sem conduct or

devi ce of ereint I'ess conprises sifti1con and
nitrogen. 9 16. The seni conductor devi ce of cIa|n19 wherein the silicon

active regj on HSeichMGENRSRe bfHlaim 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.



the range of 20 angstrons to 500 angstrons. 17. The sem conductor device of
claim9 wherein the silicon active region has rounded corners. 18. A

sem conductor device conprising: an insulator layer; a silicon active
region positioned on a first side of the insulator |ayer, wherein the
silicon active region has a first crystal direction of a <100> direction,
a (001) oriented top surface, and a 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 Cr¥§t al Tﬂel é’eﬁl%h&{ato} Bakce o§cl£1h1f9fvﬂ{e?erl#th£ 19&Hnta§kﬁfefr Atha®d YRk in
direction. 19. The sem conductor device al m ereln the second
cryst al theé%FBWO@PE%%“ﬁ@S tosPBaRgste®s. i s 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 claim 18 further conprising
a first trlansi Sheiemionductor device oflaipnewhiersin g pliconaptive e beigunded i con acti ve
regi on andorh@yi Nng a strai ned channel region. 21. The sem conduct or device
of claim 20 wherein the strained channel region has a tensile strainin a
source-to-drain direction. 10 22. The sem conductor device of claim?21
wherein the siAisediomtiov@viceginpasitgs a t hi ckness in the range of 20
angstrons to 20n01(r)lsuat&§trons 23. The sem conductor device of claim?21
wherein the sifTEOMactVe region has faceted coners. 24. The

sem conduct or dsli¢conectdie regx@mlﬂi&eﬂumaﬁersmmfﬁremshmg)r hyaiwlﬁﬁﬁn the kitiednor med on
the first ar Ll.mh sire nitude in the
range frorﬁ“a%ﬁh'g?) h%ﬁqu W%{S%i(ﬂr outo%gﬁ)gdfgc ton& 2%?8%%1 psur 1anlff

conpr i si nignsikisirge ingrebtantelbribe frstaystl disgiond ttm\fé60>ydmgwamnrinsul ator |ayer,
the active regﬁ Qﬂ&ralf@ﬁ/dsﬂgne@ on(i %gn)d s?(fe ﬂl%?rgu]ragplaféllr&f}?ege?n @0 b@tr tejiggg crystal

direction, whereln the first secon egi ons I nc ensil e
strain i ns%@fb*éﬂém fliggction thafds ilim&t feonyibe st Q!Y&tiéélmém and

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



a substrate underlying the insulator |ayer, 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 sem conductor chip of claim25 further
conprising a first N-channel transistor fornmed on the first active region
and a first P-channel transistor fornmed on the second active 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 seni coaﬁy&wonmopd&icegk éiéxf?i‘ﬁ?yh\éﬁﬁ{tﬁé HiidoR ﬁctﬁfygﬁoh B thifrfss jh licon
substrate having a (001) oriented top surface. e sem conduct or
chip of clth§ir#se 8L Myaedioms {4v90¢ anesiomy. channel transistor and the first P-
channel transistor are isolated using nesa isolation or shallow trench

i solation. 30. _The senlconductor chip of claim 25 wherein the first active
regi on hadda t APBIemERoRAYCHr figyice of %\ﬁﬁ‘eﬂd"fhel?@ theiléqep agtive regionbe fagstsdt rons.  31.
A silicong@iers.nsul at or sem conductor device conprising: 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
under | yi ng4.t he Thowemlichdictol derie pf Agith 18 flidhieBStondptisingh Steay filin@érRd o®the irgpOr t i on

of the silico ti t he first .transistor havi trai ned
channel r%asm&w“%rngmsggh9ﬂﬁ P ashey BRI e ‘%aﬁ%ﬁ°w-§®g&%ﬁM§ {ensile
strain subxﬁ%@Wuale in the <100> crystal direction. 32. The
silicon-on-insulator sem conductor device of claim31 further conprising a

stress filmfornmed on at |least the first transistor, wherein the stress
filmhas &@-maghisemdendugingibipgofmpasmg: about 200 MPa to about 2 GPa. 33. The

si11con- on-1 NSl RMANIREA N o fSndfact S doWOBEEhIhalilg T L I St

transistor conprises a gate dielectric selected froma group consisting of
si | icon ofQ04koricaied fopsvrfask gudiarviPRpecrystal dirgctiom vhpreinithielirstand sseenidiaptivei ons

thereof . RdiondEludd 4 &AOsHAN: h dbAlAY R IdGANE iRkudeyice of claim 33
wherein the first transistor
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



conprises a gate dielectric selected froma group consisting of alum num
oxi de, hafnium oxide, hafniumoxynitride, hafniumsilicate, zirconium

oxi de, zirconiumoxynitride, zirconiumsilicate, yttrium oxide, |anthanum
oxi de, cerium oxide, titanium oxide, tantalum oxide, or comnbinations

t hereof. 35. The silicon-on-insul ator sem conductor device of claim3l
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

metal lic 99(' deThe%'émlcﬁmbmlﬁgA&@ﬁmﬁ B@@ﬁé?ém th%%rs?ﬁ%%%% a%% IN%PPATOQ
CH P WTH <100>-CORI ENTED TRANSI STORS ABSTRA

seni condu€hasne BFsistos 4E Helsted Heing mesa F%@P?M&?@%‘O‘s’lﬂlﬂﬂ@oﬁ@lﬂaem ive layer with a
<100> crystal direction placed over an insulator |layer. The insul ator

| ayer is placed onto a substrate with a <110> crystal direction.
Tr ansi st of$ or PeiEBigoRtyetgr cipod slapm 2 whereim thy figst sy pisaiop hasariickiessie®a  act i ve

| ayer. ( Ffa@gek)f 20 angstroms to 300 angstroms.

31, A silicon-on-insulator semiconductor device comprising;
 asilicon active region overlying an insulator layer, the silicon active region having a
(001) oriented top surface and a <100> crystal direction; 7
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.

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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