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REFERENCE [ 00011 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 .
sem conductor integrated circuits, and nore specifically to a

si |i con-on-i nsul at or SENIEOIIMPETORIN-EHBUEAS ORI K Hnsi st ors. [ 0003]
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DESCRI PTIAGN dfionT¢de MRRAVS NS 3[ 91604 Odtbtgr 31,2083. an expl oded view illustrating
a silicon'lTayer fornmed on an insulator |ayer overlying a-substrate, [0005]
Fig. 2 is a three-dinensional perspective of a silicon-on-insulator chip
with di m&]@gi entations for the silicon layer and the silicon
substrat : 06] Fig. 3 is a three-dinensional perspective of the
silicon- gﬁbﬁﬂﬁsuﬁﬁé]ﬁéseﬁ@i&loﬁre Hiifles t@ senfidt@MdoRd ifegr i@ @icaitsD indahée ement _
according to one enbodi nent of the present disclosure., [0007] Fig. 4ais a
cross secpdcifioalbfio EsificorBomsinaitenshipssapiidng G0l oarigtedtmasigde®i ve regi ons.
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modifies the mobilities of electrons and holes in NMOS and PMOS transistors, respectively. By

using a conventional bulk silicon substrate with a (001) surface orentation and forming
transistors with source-to-drain orientation in <110> directions, application of longitudinal stress
leads to different reactions for electrons and holes. When a stress is applied in the longitudinal
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.



regi ons. [0009] Figs. 5a-h illustrate a method for manufacturing the
silicon-on-insulator chip of Fig. 3 according to one enbodi nent of the
present disclosure. DETAILED DESCRI PTION [0010] It is understood that the
foll owi ng disclosure provides many different enbodi ments, or exanples, for

i mpl ement il ERiTESIRAMTIO R U EE DRIA WA GPUS enbodi nents. Specific exanpl es
of conponénts and arrangenments are adescribed below to sinplify the present

di scl osure. These are, of course, nmerely exanples and are not intended to
be limtin n addjtion, the present disglosure nay repeat reference
numer al s e{ﬂ}?f’i)r ? @ti@@%mm%odﬁﬁ@eww%@g asikieqn lagr formedsonraagesuiatardayer i s for

t he purpo i lcity and clarity and does not in itself dictate a

rel ati ons%?%ﬁé)n ?v%eﬂ%rlf{htg't he vari ous enbodi ments and/or configurations

di scussed [00UB} eoFigr2 is aliged dimbMionape@pechvd dffasllicod-SRin B0 wif On a second
feature in the description that follows may include enbodinments in which

the first daprdonsberdmiationsforthesilican ayerondrihd silicordivbebiate showit.act , and may al so
i ncl ud di nent.s. i n_whi.ch additi | featyres may be fornmed interposin
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(CMOS) fabrication processes conventionally use a I'cCoOn substrate
with a (0{00P7]surFigchk i gressadction ofdig. dthawingmeda ieelatib@of thogrtivemigns.al to

fabricate N-fype.. and P-type (PMOS) deyices. In such conventional
subst r at e@%é}heeﬁlgm {pssAeticy %ﬁ:ég-%é 188 gglieve bench isglalipmoldhe asfivat i on, i . e,
channel Ofe'gfg?g_ation, in 2 the <110> directions. The notation <110>

i ndi cat es <110> equival ent directions, including the [110] direction

and the [[0009] diFigcFd-biilubteate fﬂﬁﬁhﬂﬁ'f&nmahﬁfa@mﬁﬁgl&eEiﬁéoncdrﬁliﬁﬁlﬁdio&cﬂh{mg?ﬁs and
pl anes common]y used in_crystall ograC{?hY are used here. The [1I0] and the
185106

[110] di r &6e1BAL @eembesimers afihe present We. (110) and (110) crystal planes,
respectively. Incidentally, the (110) and (110) planes are silicon crystal
pl anes that cleave very easily. : ' -

DETAILED DESCRIPTION

[0010] It is understood that the following disclosure provides many different embodiments,
or examples, for implementing different features of various embodiments. Specific examples of
components and arrangements are described below to simplify the present disclosure. These are,
of course, merely examples and are not intended to be limiting. In addition, the present
disclosure may repéat reference numerals and/or letters in the various examples. This repetition
is for the purpose of simplicity and clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed. Moreover, the formation 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 direct 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 ﬁot be in direct contact,

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

substrates, the formed transistors have a source-to-drain orientation, i.e, channel orientation, in



[(0012] Referring to Fig. 1, a silicon-on-insulator substrate 100 is used in
one enbodi nent of the present disclosure. The silicon-on-insul ator
substrate 100 conprises a silicon layer 30 with a (001) oriented surface
plane. The silicon layer 30 is used as an exanple in this enbodinent, and
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conprise silicon g nium | ayer and a silicon layer. [0013] The
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dielectric constant of |ess than about 4.5. The thickness of the insulator
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anor phou tate, poly- crystalline state, or in crystalline state. [0014]
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substrat e, \ﬁfver .ot her types, of semc nductor ubs ég maybe used. As
i 11 ust r&ag’@mb@ OR &TSEi¢ @Y ba YR Plaggeinfdn additiog o, th tcﬁ% a%qzr ¥ enbodi nent ,

t he SI|I havi ng a
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silicon [bmger 3¢ Kidsonda J@ﬂﬂﬂ@veﬂfeyﬁlﬁéulaﬂarﬂ@eﬂwm pevienal, ittignsulator egerdiOr ect i on of
the notch 14 (downward as shown in g? . The [110]. directjon of the
1
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second transistor 18, formed on_another portion of

constarit of less than about 4.5. The thickness of the msulator may range from 100 angstroms to

2000 angstroms. The 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.

[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

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).

[0015] A first transistor 16, formed on the silicon layer 30, has a source-to-drain direction

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



3 the silicon layer 30, has a source-to-drain direction oriented in the

[ 100] crystal direction. The first and second transistors therefore have
source-to-drain directions oriented in one of the <100> equival ent
directions. The first and second transistors 16, 18 can both be NMOS
transistors, both PMOS transistors, or be of different types._By orienting
transi stiersdictBlayet 80,thas asoutcedo-duipdineetionotientesin gt 0] emistalidiredionedRd ng is to

be used,_ the rel ative degradation of one catrier nobilit urate
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carr el chivaidf @bt TROSlanESLEI 0581618 ol Sbth ko NDE tRhdisiaoothayer 30
(Fig. 1)*I's sem-processed to fcormactlve regions 30a-d where active

devi ces pa10d aasistbi] @he ofdifferhe tfpahrBraienting thhsistars 16,06 astl0vequivgéntns  30a-d
have a top (001) oriented crystal surface. actiyve regéyons 30a-d may be
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pl ane or.gaedi val ent. plane (e.g. a cleavage plane) of the substrate 10,
dicing of the substrate is facilitated. Since the plane 34 does not cut
t hr ough {0046] acRefering egw tridg.20the dilicint layes 30 (Fig. hpie senzirprocessed tojferm agtiviot
parallel to e, of their (100}-equival en anes. ...0017] Referripng now to
Fig. 3, reses dRrbviresdivg 50651% AnS{HOPS H@gﬁ%@ﬁﬂﬁﬂ% Dhessilies 9chfggqgwg§d drain
regi ons 46 iy | - . AtBre ko dns 8ozt @6k helfoRmEIbgt or 16,

f or med, 3%%915%%%%?{)91%Oﬂé};ﬁ%d?b%%%a%tﬁﬁ/éﬁ?egi gnsgi 30a, - | s%gheom wih a

sour ce- tendiingiin sttichielyéra0, foeaxample] bytplestmb etchifg. 04 plavk Jedepictsrwhere didte si | i con
| ayer 30. Second transi'stor '

18, fornmed on, a silicqQn actjve.r.eqgi 30b, is
shown wil2a 1%b aelerhssenartedoas. Sinpeihe plane 394hal peparates g’eldﬁ'é%faig%ﬁ 15 g?f?]g‘%t i on of
the silicop er 30, . |l ' | have be )
strai ne(tfa ﬂ[ég}ﬁéﬁl}egé%1%}\74%%’:&1%&3&(%%%&1%5\@?@S&?HﬁE@&ﬁﬁﬁieo,gg:tglénsI e strain or
ot her siiRirdle is FRIRAKE Bk aRiphEs B4 docs nbytuttipagt theactiof regions 3taahitist ors 16, 18

may be strained. For exanple the channel regions nay be strained. In Fig.
3, the gaimporsntihetibigset parply to el et {PUwaLvYentplangsst r ati on pur poses onl'y,

and are [(ft)'iﬂvm f{gferlrfng o) Fig'3, i %at‘ié‘%lteéﬁ/o%esr 1%%,‘ I%E,Ssource regions 16s, 18s, and

drain regions 16d, 184 of transistors 16, 18 are illustrated. Transistor_ 16, formed on one of the
silicon active regions 30z, is shown with a sonrce-to-drain d@rection parallel to the {0103

direction of the silicon layer 30. Second transistor 18, formed on a silicon activé region 30b, is
shown with a source-to-drain direction parallel to the,{100] direction of the silicon layer 30. The
silicon active regiéns 30a, 30b, may have be strained, mechanically for example. The strain may
be a tensile strain or other strain. In some embodiments, only a portion of the transistors 16, 18
may be strained. For example the channel regions may be strained. In Fig. 3, the gate electrodes
16g, 18 are drawn for illustration purposes only, and are shown to lie only on the active regions.
However, in actual devices, the gate electrodes may extend beyond the active regions.

[0018]  There are ma;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 fabrication of the transistors 16, 18 (e.g. mesa isolation is used). In
anotﬁef example, in Fig. 4b thé trenc;,h 36 between active regions 30a, 30b is filled with a trench-
filling dielectric 60 prior to the fabrication of the transistors 16, 18 (¢.g. shallow trench isdlation
is used). The treﬁch~ﬁlling dielectric 60 may be silicon oxide formed by chemical vapor



FbmeVer, 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
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|38 ) | essard forpurB0E cdiiilstrationsuly.| For granenle the sitigen astive ieaianseide, 3B ng@giobns 30a,
may not be of the sane: i ckness,. It .is . understopd t he

cr oss- seBY§ HARICOPHE %Pmpﬁg%@f«‘Plhﬁewcg%qTF@@Sﬁg@S@%?a?g? %.Eeq%‘f%. 4) are for

pur pose ' t | et gﬂggfr I ons 30a,

30b nee%oﬁr@?d’ Hﬁg{?/alen{pés&fﬁg? gagdgkn%ﬁ) gé-:lﬂ\ﬁ%ugé%%@ggeoo??? ﬁdegsﬂg?ﬁlggg@ act i({/nggr egi ons

30a, 30Ho008y beRefenpgteFgafa forrpurpostsdf cntinucdeadiiktber ewannitle, a lina diaws fiofn

curvature in th al f 10 t to 5 00 _ 5 f :

o Fig. i %nﬁqf%&ﬁggéeémglatgﬁﬁgfm{éﬁﬁ T R A
rom t cent er. i o . -
T it U At T e

crystal @hsfapditebun fhthe &ilieon Sitsir@o 10 hrayiektadiliapatalldh ée.d. #1tBi pheroy stimis di recti on
for the silicon substrate 10 are substantially parallel (e.g. within plus

or lr)n'n]tjslo dmef{af@paéaébl)oﬁhw‘li@momh)sulatph@lbétra‘fq Womayhe frmgh forsxagplsdat e 100
maybe for L or _exappl e, by .a, wmafer bondi.ng and wafer separation :

t echni qﬁ%%@%@éﬁﬁ??ﬂ&tl%ﬁw\ﬁ@& Fig, 5b, the trenches 36 are formed in
the siligen ! aR%fegfﬁ%nG?'tQFig%} the trencl@fIsne: foshddvethe elicarisys30a(Figsk) This

maybe acconpli she y formng a patterned mask to
to define active regions 303, 30b. This may be accomplished by.forming a patterned mask to

cover portions of the silicon layer 30 where active regions 302, 30b are to be formed, followed
by etching of exposed portions of the silicon layer to form the trenches 36. The etching may be a
dry plasma etching process, for example. If mesa isolation is used, the trenches 36 would not be
filled prilor 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. 5d, a gate stack 17 is formed on the active region 30a. The
gate stack 17 comprises the gate electrode 16¢ overlying the gate dielectric 16¢c. The gate
dielectric 16¢c may be formed on the active region 30a using any gate dielectric formation
process known and used in the art (e.g. thermal oxidation, nitridation, sputfer deposition, or
chemical vapor deposition). The physical thickness of the dielectric 16¢c may be in the range of 5.
to 100 angstroms. The dielectric 16c may employ a conventional gate dielectric such as silicon

oxide and silicon oxynitride or a high permittivity (high-k) gate dielectric, or combinations



Cover portions of the silicon |ayer 30 where active regions 30a, 30b are to
be formed, followed by etching of exposed portions of the silicon |ayer to
formthe trenches 36. The etching nmay be a dry plasna etching process, for
exanple. If nmesa isolation is used, the trenches 36 would not be filled
prior to the formation of transistors. If shallow trench isolation (STI)
Is used, the trenches 36 would be filled with a trench-filling materi al
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nitride, tungsten nitride, titanium nitride, tantalum nitride. Metallic silicides may include, but

will not be restricted to, nickel silicide, cobalt silicide, tungsten silicide, titanium silicide,

| tantalum silicide, platinum silicide, erbium silicide. Conductive 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 technigues such as

chemical vapor deposition. The gat'e electrode 16e 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

paiterned gate may then be formed on the gate electrode material using deposition and

photolithography 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 stching processes to form the gate electrode 16e.

The gate dielectric material on regions not covered by the gate electrode 16e is usually etched

away. B

[0025]  Referring now to Fig. Se, a source and drain extension 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



gate el ectrode material 16e may conprise conventional poly-crystalline
silicon, poly-crystalline silicon germanium netals, netallic silicides,
metallic nitrides, or conductive netallic oxide. In one enbodinent, the

el ectrode 16e conprises poly-crystalline silicon. Metals such as
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spacer 72 is for for exanpl epositfon a spacer ectric
(e.g. slepestion ofa passivhdipn 1aymlsaownglymsufﬁmtaomycbeetsmhmmmdbbr ¢iBcoander st ood

that th I 72 fact 6 [ ti-]| f
i 11 or TREREA B fPPuGS DEPR s ARl oo PG BrhoRicers! Thi 5 may be
f ol I oWeghbBimgySHE R sAICE HORRERpBAA Gifer ﬁﬂfo%ﬁ%%ﬁ“ o [ﬁﬁ@%a%f erring

now to Fig. 5f, esi stance o e source arn
el ect r csttess film 80 mayhaveastress magnitude in the range of 200 MPa to 2 GPa. When the

thickness of the active region (30a, 30b of Fig, 5b) is thinner, the resulting stress in the chanmnel
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 throngh 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.

[0029]  Although in this disclosure, partic{ﬂar embodiments have been described in detail, 1;t
is understood that the disclosure is not limited correspondingly in scope, but includes all
changes, modifications, and equivalents_conﬂng 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.



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 mask, e.g. an oxide, is nmay
be used prior to the silicidation process to cover portions of the
substrate where silicidation is not intended (e.g. an active regi on where
the resistance is to be kept high). For exanple, the oxide mask nmay cover
an aCtngﬂBgithﬂégbhﬁéhge silicidation process is perforned to form
silicide ctrode 16e, and source region 16s, and drain
region 16d of the transistor. [0027] Referring nowto Fig. 5g, a high
stress film80 may be deposited,, followed by the deposition of a

passi vation | ayer 82. The high stress film80 may .be a silicon nitride or
silicon oxynitri dg jhiekiated cipniticbagtishy: pl asma- enhanced chemnical vapor
deposition, In the present enbodinent, the high stress film80 is
deposi t ed oven senn@Bduotns swmicee havasSlePorntalitle hi gh stress film 80 may have

a stress magnitude i he. range, of tQ: i.zkness of
the active 're@tit]??ﬁt 0('1538]% egﬁrﬁ%ﬂ%wﬁ&qég%ﬁ\g@tet }dﬁrnagér??oﬁ?gﬁgg@% ! ?ﬁne?afsét ress in
the channgly.deegi on of the.transistor is larger. Stress in the channel

regi on al'so I ncreases when the gate (e.g. 16g of Fig. 3) length is .
reduced. [ 002&]lcaRdhres intennuentiont decEicgl coBhgts willhsaikwanpigdes may be et ched
.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 coptac t’ﬁqle %ﬁe%ar?r%%ﬂ?uif 5@%%% ?}\H’fet')cir[ Qﬂ%‘%ﬁnicﬁﬁ&dﬂ%‘ Stihstrdte édiilp?is?st

di scl osure, particu nent ave been described in detail, is
under st oqelcisharde fiddea gloaEtonsisting of silicvaf getrhamivng galtiomy amd prsende.ngl y i n scope, but
i ncludes all changes, nodifications, and equivalents comng wthin the

spirit and terns of the clains appended hereto. Accordingly, the

spect 1 cat1 ony and 1 UL 65 i B AR, bl bl 2k Bl

underlying said gate electrode and wherein the gate dielectric has 2 dielectric constant greater

than 8.
4. - Theintegrated circuit of claim 1, wherein said gate electrode is a metal gate.
5. The integrated circuit of claim 1, wherein's:?id gate electrode is polysilicon gate.
6. The integrated circuit of claim 1 further comprising.at least one inter-metal

dielectric interposing the at least one transistor and the substrate.

7. The inter-metal dielectric of claim 6, wherein said dielectric comprises silicon,

nitrogen, carbon, or combinations thereof.

8. The inter-metal dielectric of claim 6, wherein said dielectric has a dielectric

_constant less than 4.5



1. An integrated circuit conprising: a sem conductor substrate having <100>
orientation, at least one field effect transistor on said substrate, said
transi stor, having at | east one gate electrode, at |east three

i nterconnection electrical contacts with said transistor. 2. The integrated
circuit of claim1l1, wherein said sem conductor substrate conprises at

| east one froma group consisting of silicon, germanium gallium and
arsenic, 3. The i htssmpicandvgiorigvica) comprsiediai m 1, wherein the transistor

conprises a gate dielectric nder I yin ai d, gat.e wherein the
gate diel ect rar%hcﬂ%&’a\’e aqg@pggqrﬁf-}qg agb%glﬁgﬁ%yed’rtgg?g?on%fktﬁ%%g%&%f?ﬂgﬁe

i nt egrat i ! M s, i hdngate electrode is a netal gate.
5. The |3§belgérge§§gb&%prgﬁlbgﬂ(ﬁ 199%@@&%?&% said gate el ectrode is

pol ysi | i con gadubstrate unfertyigehs indutatpr &tyessithe isubstrate hayingel <l O ¢rystairdinaetion;

conprising at | east one inter- al.. dielectric interpqgsin he, at | east
one transi st ovhezgigthe ﬁ@@@ﬂﬁ‘ﬂ“ﬁg&. e §ilicopRatIye 6oL 1A 8l éqantgzﬁgpgglllqtl 1S ¢l ai m 6,

wherein %Lﬂﬁﬁ&ff’ggfﬁ%&bﬁm“ ses silicon, nitrogen, carbon, or
S € )

conbi nat i e'inter-netal dielectric of claim®6, wherein said
dielectric has a dielectri¢c constant less than 4.5 8 9. A sem conduct or
device, conprising: a silicon active region overlying an insulator |ayer,
the silicon altivahe ssgilendustor dewiceaf cleiond yhesein distsulsirals s asificopsebsiptel a <100>
crystal direction; .and a substrate underlying the insulator |ayer, the
subst r at awfﬂ@)aﬂ‘zf?@d@w “tal direction; wherein the <100> direction of
the silicon active region is substantially parallel to the <110> direction
of the substrate.:

11.  The semiconductor device of claim 10 wherein the silicon active region has a

tensile strain,

12.  The semiconductor device of claim 11 wherein the tensile strain is substantially in

the <100> crystal direction.

13.  The semiconductor device of claim 9 further comprising a first iransistor of a first

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

14, The semiconductor device of claim 13 wherein the first conduction type is N-

type.

15.  The semiconductor device of claim 13 wherein the strained channel region has a

tensile strain in a source-to-drain direction.

16.  The semiconductor device of claim 13 further comprising a stress film formed on

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

17.  The semiconductor device of claim 16 wherein the high stress film comprises

silicon and nitrogen.



10. The sem conductor device of claim9 wherein the substrate is a silicon
substrate having a (001) oriented top surface. 11. The sem conductor
device of claim 10 wherein the silicon active region has.a tensile strain.
12. The sem conductor device of claim1ll wherein the tensile strain is
substantially in the <100> crystal direction. 13, The sem cqQnductor device
of claim?9 fuilsherThesemicometer devits pisiaim P arhsiein thy silifon gCHVE F&gon igdhduct i on

type forned on.the siliggon activ ion and having a strained channel
region. 1HCKBPRD ﬁ?@%ﬂ§ﬁ¥P 05@@?%@%8§E@ngn113 wherein the first
conduction type is N type. 15. The sem conductor device of claim 13 wherein
the strained channel region has a tensile strain in a source-to-drain

di rection. 1619 TheTlgaemicanideiotdevicelefclaine dofhersirthnsii®n aetive Fgiondesmpri si ng a
stress filmformed on the first transistor wherein the stress filmhas a
magni t uderopied gpENFaNge of 200MPa to 2Gpa. 17, The seni conductor device of
claim 16 wherein the high stress filmconprises silicon and nitrogen. 9
19, The sem conductor device of claim9 wherein the silicon active region

has a . thi ckpessakdnitd@udtadgdcdon@fisigngst rons to 500 angstronms. 19. The
sem conductor device of claim9 wherein the silicon active region has,

rounded cor neesinsd@or layeseni conduct or device, conprising: an insulator
| ayer; a silicon actj.ve r.egi on pasiti-on £ ' l-Qsul at or
| ayer, wher ei ASEAA &HYG f&%ﬁgpf’a@?ﬁ@é’nﬁéﬁﬁt glﬁe ﬁ%g@lgg 413&?&51?)}%}(39@3%% tﬂ%@r]deogti on;
active region has a first crystal direction; '
a substrate positioned on a second side of the insulator layer, wherein the substrate has a

* second crystal direction that is offset from the first direction.

21, The semiconductor device of claim 20 wherein the offset comprises the first
direction being a <100> direction and the second direction being a <110> direction that is

parallel with the first direction.

22.  The semiconductor device of claim 20 wherein the silicon active region and the

substrate have a (001) oriented top surface.

23.  The semiconductor device of claim 20 wherein the _si_licon active region has a

tensile strain.

24, The semiconductor device of claim 20 further comprising a first transistor of a

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

5. The semiconductor device of claim 24 wherein the strained channel region has a

tensile strain in a source-fo-drain direction.

10



a substrate positioned on a second side of the insulator |ayer, wherein the
substrate has a second crystal direction that is offset fromthe first
direction. 21. The sem conductor device of claim20 wherein the offset
conprises the first direction being a <100> direction and the second
direction being a <110> direction that is parallel wth the first

di rection. . The sem conduct or vice of. claim20 erein.the silicon
active regi (2)?% anglg? ""t‘?@mg‘ﬁﬁ@f &%ché Oﬂﬁv@ Wiyon&qsgﬁta\é\@w ﬁ‘ﬁn Erpfts 23, The
sem con ' =1 ' 'I'cclgﬁg | f@pi on has a
tensil e%?&gﬁﬁﬂﬁgﬁ%ﬁeﬁﬂét%gﬁnésggﬁggg}%ﬁ gl\';l c%di%nﬂél ai r%%ﬂ %bﬁlrlt%gr conpri sing
a first MPaansbost29iPaof a first conduction type forned on the silicon active

region and having a strai ned channel region. 25. The sem conduct or device
of claim 24 wherein the strained channel region has a tensile strainin a

-t o- drgi ' tion : j : [ laim23 -
Furt hor coml o1 i SrpRbee’ botRor QR IRRARLShth HRE Rl %07
the str gfkndst Inthdiaseedf 30 LRSFonNRYPIUES bRt he range from about 200 MPa to

about 2GPa. 27. The sem conductor device of claim25 wherein the silicon
active region has a thickness in the range of 20 angstrons to 2000

angstrons. . The sem conduct or Vi C f claim.25 wherein.the silicon
active regi oft hagﬁesp%grg IRV IFEP Sa@%wﬁge &Fﬁ%%@ﬂ@%tﬁr%‘?“phaéonpri si ng:
first aﬁgetéf&%g active regions overlying an insulator |ayer, the active
regions having a (001) oriented top surface and a <100> crystal direction;
and a substrate underlying the insulator |ayer, the substrate having a
<110> crystal directjon; . .
, A semiconductor chip comprising:
first and second active regions overlying an insulator layer, the active regions having a
(001) oriented top surface and a <100> crystal direction; and
a substrate underlying the insulator layer, the substrate having a <110> crystal direction;
wherein the <100> direction of the silicon active regions are substantially parallel to the |

<110> direction of the substrate.

30.  The semiconductor chip of claim 29 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.

31.  The chip of claim 30 wherein the first N~channel transistor and the first P-channel

transistor each have a strained channel region.

32.  The chip of claim 31 wherein the substrate is a silicon substrate having a (001)

oriented top surface..

33,  The chip of claim 29 wherein the silicon active region has a thickness in the range

of 20 angstroms to 300 angstroms.

1l



wherein the <100> direction of the silicon active regions are substantially
parallel to the <110> direction of the substrate. 30. The sem conduct or
chip of claim?29 further conprising a first N-channel transistor forned on
the first active region and a first P-channel transistor formed on the
second active region. 31. The chip of claim30 wherein the first N-channel-

transistor a th 1) S -~ : r } stor ,each. hav t4 al.ned channel
egion. 92, e oo A7 YRGsin e N PRl fAEPer BRSO Pl

subst r at gaidRitr BE isdlatdd dihg MEdagidliion biosBalfW te6leisolatipd, The chip of claim 29
wherein the silicon active region has a thickness in the range of 20

angstrons to 300 angstrons. 11 34. The chip of claim?29 wherein the first
N- channel trapsistot. and thei first P.channel transistor are isolated using

mesa i sol ati on- or ASHEPHBHREHAALIICORTISOT dVIce S5MPIRIG: | | con- on- i nsul at or

sem conduct or j [NE=TRa Vs M- DY 1 W i L QA Jying an

i nsul at or | ayaes‘?{?:wt1 ﬁngivgfl%gi:ag gﬁé@glg ia@gﬁ:&létgflgﬂer%%ﬁ%!gn gﬁﬁ% %ﬁ@?“ﬁ%ﬂ%éﬁt ed top
surface @0t) cienttdOp swlysimla d0ieayitddirectiosubst rat e under| yi ng the insul ator
| ayer; and a first transjstor forned on _a portion of the silicon active
region, the f4SHRsraleuadeelyisg e inpalafonlgyersandt r ai ned channel region. 36. The

Strese 111 m fap ot AFhELAEY Biritn ReLfifoPkoc B B SrlhflRaVRE 000 °

fil m hasa grafiR@bhdnbel €:glcangi ng from about 200 MPa to about 2 GPa. 37. ' The
silicon-on-insulator sem conductor device of claim35 wherein the first
transi stor conprises a gate dielectric selected froma group consisting of

silicon oxi d%ﬁ. S| Jl"lllccsﬂ1nc0n-0n—i1:1sulatc)r semiconductor device of claim 35 further comprising a
stress film forrmed on at least the first transistor, wherein the stress film has a magnitude ranging
from about 200 MPa to ﬁbout 2 GPa,

37" The sihcon-on-insulator semiconductor device of claim 35 wherein the first
transistor comprises a gate diglectric selected from a group consisting of stlicon dxide, silicon

oxynifride, silicon nitride, or combinations thereof.

38.  The silicon-on-insnlator semiconductor device of claim 37 wherein the first
transistor comprises a gate dielectric selected from a group consisting of aluminum oxide,
halfninm oxide, halfnium oxynitride, halfnium silicate, zirconium oxide, zirconium oxynitride,
zirconium silicate, yitrium oxide, lanthaluxﬂ oxide, cerium oxide, titanium oxide, tantalum oxide,

or combinations thereof,
39.  Thedevice of claim 35 wherein the first ransistor comprises a gate electrode |

selected from a group consisting of pbly-crystalline stlicon, poly-crystalline silicon-germanium,

a metal, a metallic nitride, a metallic silicide, a metallic oxide, or combinations thereof.

12



oxynitride, silicon nitride, or conbinations thereof. 38. The
silicon-on-insul ator sem conductor device of claim37 wherein the first
transi stor conprises a gate dielectric selected froma group consisting of
al um num oxi de, hal fni um oxi de, hal fniumoxynitride, halfniumsilicate,

zi rconi um oxi de, zirconiumoxynitride, zirconiumsilicate, yttrium oxide,

| ant hal um oxi de, cerium oxide, titanium oxide, tantalum oxide, or

conbi nat i onsi0t heAegthod 38fomlihg 2 cenitanduadr devied, norFisingdressteps othe fi r st

transi stor conprises a gate el ectrode, sel ectied Er_f)m a group consisting of
pol y- cr yst alpravifingsi semisgpuctgbityicuperemarsingrpluilty opHias ﬁif?ﬁ%?m a netal, a
metallic nitride talli i ]i:cl A i | nations

t her eof 2P 14 m%ﬂ%glr‘fﬁgﬁkhgfgﬁlfxgdr‘Jir?lh(r&légrggmésglr%%gﬁ&dudclzf%rr%mgg&pcsg{facggﬁr%éri sing the
steps okj(0>Rfyauli ditefiBna sem conductor structure conprising a plurality of
silicon active regions overlying an insulator |ayer, the silicon active
regi ons hav ipryiding(a30traie niderlyiag theasulator fzyere tha sebsizate kavogsa dA Gersstaldi r ect i on:
providing a suybstrate underlying. the insulator layer, .the s { pat e having
B O 1 Ookesiererngny SkAtP et Bt osn Aci Biettes Bt FgibaRE R IR Con
active Eﬂ@i?ﬁ’&ﬁ&ﬁoﬁh&%ﬁl@fei ally parallel to the <110> direction of the
substrate; formng a gate stack on at |east one of the silicon active

regi ons; fofsrinitg sterstaek e ladstannof tkodikoos actppogicnel y adj acent to the gate

stack to forma transistor, the transistor h@/i n%Ga source to drain
direction bdrmgngsowes amdirain tegiony epgerdaly aiepent fgdhe g2 dC@rL%%lﬁél direction of

the actjve reqions: . and.form [ il : ] transi stor.
a1 Tt e SRy ERRM! PP i iR ol bufl ity ARl witltee [ A0S
passi vakjogR o ayQtiresi6s bf thb o1t feplosis;hd m form ng contact holes in the

passi vation layer; and )
forming a stress film over at least the transistor.

41.  The method of claim 40 further comprising the steps of:

forming a passivation layer over the stress film;

forming contact holes in the passivation layer; and

filling the c_:ontac;t holes with a conductive material to form electrical contacts to the

transistor.

42,  The method of claim 40 wherein the silicon activeregions have a thickness in the

range of 20 angstrmﬁs to 500 angstroms.

43.  The method of claim 40 wherein the silicon active regions are isolated from one

another by mesa isolation or shallow trench isolation.
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filling the contact holes with a conductive material to formelectrical
contacts to the transistor. 42. The method of claim40 wherein the
silicon active-regions have a thickness in the range of 20 angstrons to
500 angstrons. 43. The nethod of claim40 wherein the silicon active
regions are isolated fromone another by nesa isolation or shallow trench
isolation. 13 44. The nethod of claim40 wherein the step of formng a gate
stack conprisés: Thomsihadofelayari@ vprendaa stapef fﬁﬁﬁﬂlgfa(ﬂﬁﬁﬁﬁﬁ WIPFES: el ect r ode;
wherein the gfl e. di el egtrl c is,selected froma group consisting of alum num
oxide, halfn Hmﬂgﬁﬁﬁ% elﬁ%ﬂj‘f rﬁlﬂm oxynitride, halfniumsilicate, zirconium
oxi de, zi rconfoﬁﬁfngggﬁbglgdtgg@ zirconiumsilicate, yttrium oxide, |anthalum
oxi de, cerium oxli titani um oxi de, tantal um oxide, or combi nations

t hereof . 14 wherein the gate dielectric is selected from a group consisting of aluminum oxide,

halfnium oxide, halfnium oxynitride, halfnium silicate, zirconium oxide, zirconium oxynittide,
zirconium silicate, yttrium oxide, lanthalum oxide, cerium oxide, titanium oxide, tantalum oxide,

-

or combinations thereof.
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