METHOD TO ENG NEER ETCH PROFILES IN SI SUBSTRATE FOR
ADVANCED SEM CONDUCTOR DEVI CES Background of Invention
1) Field of the Invention This invention relates
generally to fabrication of sem conductor devices and
nore particularly to the fabrication of isolation
regions and/or stress regions. 2) Description of the
Prior Art As the channel |ength continues to shrink,
substrate engineering becones one of the key nethods
to inprove the performance of CMOS devices. This is
achi eved by stress enhancenent on the NFET or PFET
Anot her inportant aspect in substrate engineering is
to form adequate isolation features between the
devices to suppress the effect of |latch-up. Latch-up

'S %E'FWWENUTNEE@@E?QH ﬁR@IFtI@ESW)SI'SUB$"B§A$Ea1@R
pat h between the VDD an [Eo TQRI nes, allow ng

| arge current éQ%N@%@/SW@@N r[&@\/‘lc This can

cause the circuit to cease functioning or even destroy
itself due to high power dissipation. The inportance
of overcom ng the various deficiencies noted above is
evi denced by the extensive technol ogi cal devel opnent
directed to the 1 subject, as docunented by the

rel evant patent and BRKgPOGAY dfilhediticii €. The cl osest
and apparently nore rel evant technical devel opnents in
1) Hrdelgeftine Invention

This invention relates generally to fabrication of semiconductor
devices and more particularly to the fabrication of isolation regions and/or stress

regions.

2) Description of the Prior Art

As the channel length continues to shrink, substrate engineering
becomes one of the key methods to improve the performance of CMOS devices.
This is achieved by stress enhancement on the NFET or PFET.

Another important aspect in substrate engineering is to form

adequate isolation features between the devices to suppress the effect of latch-up.

Latch-up is a phenomenon that establishes a very low resistance path between
the Voo and Vss power lines, allowing large currents to flow through the circuit.
This can cause the circuit to cease functioning or even destroy itself due to high

power dissipation.

The importance of overcoming the various deficiencies noted

above is evidenced by the extensive technological development directed to the
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literature can be gl eaned by considering the
follow ng. US 4533430: Process for formng slots
havi ng near vertical sidewalls at their upper
extremties - Inventor: Bower, Robert W,; Los Gatos,
CA. US6313008: Method to forma ball oon shaped STI
using a mcro machi ning technique to renove heavily
doped silicon - Inventor: Leung, Ying Keung; Hong
Kong, China. US6800535: Method for form ng

bottl e-shaped trenches - Title: Formng bottle trench
- Inventor: Tsai, Tzu-Ching; Taoyuan. US5915192:

sibfeae disfdcuhaniad By Shatdi@xint paeh ahg tdatinie literature. The
[ nventor: Liaw, Jhon-Jhy; San Chung, [

.. US
ciopeghaTd pBRRBHY TSR TRPTTgoBuTedl Ay PIERETELS i-”t%*??tﬂaé‘f:‘“t
liﬁéﬁ?@'gaﬁgefﬁ%éﬂé}j %&%ﬁﬁqeﬁn@p{ﬁg ibilfnRG- | nventor: Lin,

Ian-Jy unmar e lnvention” An aspect of an
enbodi ment i$S #5643 tRypcescior forodes slotohaving naamertical

L nverted.kevhol e shaped trench .in ub .
SR T LY e LB Ttes & T duah Ry RbP 8 Ty BF Saetas. cA
structure andse3 108 Maiodiafract bulicos sB¥PSd ST using a micro
transistors with i nproved jsolatjon and/or enhanceq(ing

ChiyBg fRAGHELC TSBiRYedeaM orafBlictfntyeaiort1RINg,
KA ep;bng[p?éﬁgt’ EPkhrovide a structure and a nmethod of

mandf act CMOS transistors with inverted keyhol e
shaped trench stressor regions filled with

sem conduct qigREosHAR: Ridthéd fo'?%r%ih&lbbttle—shaped trenches - Title:

Forming bottle trench - Inventor: Tsai, Tzu-Ching; Taoyuan.

US5915192: Method for forming shallow trench isolation -

inventor: Liaw, Jhon-Jhy; San Chung, Taiwan.

US 6716757: Method for forming bottle trenches - Title: Method

to form a bottle-shaped trench- Inventor: Lin, Shian-Jdyh.




An exanpl e enbodi nent for a nethod of fabrication of
an inverted keyhol e shaped trench in a sem conduct or
devi ce; conprises the steps of: formng an inverted
keyhol e shaped trench in said substrate in said first
opening using a two step etch conprising: in a first
etch step, etching the substrate using an ani sotropic
etch to forman upper trench having first sidewalls;
in a second etch step, etching the substrate using an
i sotropic etch through the upper trench to forma
rounded | ower trench; the upper trench and the rounded
| oner trench forma inverted keyhole trench. An
exanpl e enbodi nent is a nmethod of fabrication of an
inverted keyhole trench in a sem conductor device,

conpri ses the steps gijmmaﬁgpmg Hremtionverted keyhol e
shaped trench in said bstrate; at least partially

filling the inverted keyhol e shaped trench with an

Mvert ed keyRargred ik B BRulBRn Tl PR pdo dirLBooss for
foegingran ihvertat ashedd sitdpddntecramindi substratd.he i nvert ed
keyhol e shap d trench is fi)Jled with an dielectr

materi al . YreLxpaie 8?“@!4@“%’%QHF*]?EFPfﬁse'E‘tH@VE?'H\?QrW%de a
éf@étwle %ma W@%odtdfﬁﬂéﬁhfé&uﬁhb oY thdhsBst&RMEPRIHEI isolation
material. An exanpl e enbodi néent is a sem conductor
ammfmhaaoewj ET performance.

Some example embodiments of the present invention provide a
structure and a method of manufacturing CMOS transistors with inverted keyhole

shaped trench stressor regions filled with semiconductor or dielectric material.

An example embodiment for a method of fabrication of an
inverted keyhole shaped trench in a semiconductor device; comprises the steps of:
forming an inverted keyhole shaped trench in said substrate in said first
opening using a two step etch comprising:
in a first etch step, etching the substrate using an anisotropic etch to

form an upper trench having first sidewalls;

in a second efch step, etching the substrate using an isotropic etch
through the upper trench to form a rounded lower trench;
the upper trench and the rounded lower trench form a inverted
keyhole trench.

An example embodiment is a method of fabrication of an inverted

keyhole trench in a semiconductor device; comprises the steps of :
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stress creating regions conprising: a gate structure
over a substrate; stress regions in inverted keyhol e
shaped trenches on opposite sides of said gate
structure; the stress region creates stress in the
substrate under the gate structure. In an aspect of
t he enbodi ment, the sem conductor device further
conprises: the stress region are isolation regions in
said substrate spaced from said gate structure;
source and drain regions are adjacent to said gate
structure. In an aspect of the enbodi nent, the

sem fondog eorindetedde vhold srepeddemphi iesid ssidtedte;on

regi ons i [ bstrate ed fro aj te, ,
5t Lt Tt piaf fitag e e BRaREMoI& BFadEl fe @ fignan materia
that are conpri sefetbsfress BAKOBABAERE oMbleaRVated kdydole
source and drain regions are adjacent to said gate

structure; sour &8agad t@nahntorfegn gretress regioneast
partially in said stressor regions. 4 The above and

bel ow advant ages and features are of representative
enbodi nent s laranygspactiobihe anobodmkeat) sthie\irevated! laryhole shaped

exc| usi.ye, JThey ,are presented only to assist in
UG r‘%t"!ef?{j‘f"g@%ﬁé&%wgﬁ%tswf'_It shoul d be under st ood
that they arif gpoispeepPbeseimbodi@enl, #d int/BRed Ry@IE 8REped
defi ned egz the clainms, to be considered Iimtations

(4

tigmehtiefilet with paemisoriiidteianateyiat he cl ai ns, or
limtations on equivalents to the clains. For
i nstance, sone of these advantages

An example embodiment is a semiconductor device having
stress creating regions comprising:
a gate structure over a substrate;
stress regions in inverted keyhole shaped trenches on opposite sides of
said gate structure;

the stress region creates stress in the substrate under the gate structure.

In an aspect of the embodiment, the semiconductor device further
comprises: the stress region are isolation regions in said substrate spaced from
said gate structure;

source and drain regions are adjacent to said gate structure.

In an aspect of the embodiment, the semiconductor device further
comprises: isolation regions in said substrate spaced from said gate structure;

the stress regions are stressor regions that are comprised of an
semiconductor material;

the source and drain regions are adjacent to said gate structure;

source and drain region are at least partially in said stressor regions.
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may be nutually contradictory, in that they cannot be
simul taneously present in a single enbodinent.
Simlarly, some advantages are applicable to one
aspect of the invention, and inapplicable to others.
Furthernore, certain aspects of the «clained invention
have not been di scussed herein. However, no inference
should be drawn regardi ng those discussed herein
relative to those not discussed herein other than for
pur poses of space and reducing repetition. Thus, this
summary of features and advantages shoul d not be
consi dered di spositive in determ ning equival ence.

w11 become TRANEAN BDHGOT FBR A dBaLrYRRIa

r [E%hﬁﬁyé’ eAMOAEEentd Rl RAMdr8 RotbdiBtivé aRlicRxclusive. They
scription of the Drawi ngs The features and

anel veerenird 00y @ aseint iosmdatatanding thevvealiblhayld bet he

; . . ' . of o
BB PR R BB B AL Blo RS OEEARA o
chaitis, thise poesderedilimitatibhoonuhé Inveetiomas defihadhby the claims, or
understood fro h ol | owi ng description taken in
ERIBRE N GIUNRIBRS e BT By T RG SPeauTIBS | TPSgitianiages
rhinkBe MRltBAIRNEEh ARG 9 tASEIhaDakAnst BB Sidfult@heously present in a
correspondi'ng el ements, regiohs and portions and in

sigle kmbpidijuerts Similaply, somaAdvangges 3re gpplgablopisone aspect of
: . | : ‘ .

ENRTED ARl R AR, Fur IR d P
disigedtiovdrdiomravein®d baen discusspdheraird Howevestieeimgerence should

creating region. Figures and show cross sectional ,
1 G R gPOB Rk v SO TR R " aver B ook e gocs358 herein
dtherahbR forka¥ P Spaes ahteBalicihd ApdtiionSHSLY, thib @UMNGdTY of
features and advantages should not be considered dispositive in determining

equivalence. Additional features and advantages of the invention will become

apparent in the following description, from the drawings, and from the claims.




isolation region. Figures 8 and 9 show cross sectiona
views of an exanple enbodinent for formng the

i nverted keyhol e shaped trench that is used to forma
stress creating region. Figure 10 shows a cross
sectional views of an exanple enbodinment for formng
the inverted keyhol e shaped trench. 6 Detail ed
Description of the Exanpl e Enbodi nents A overvi ew The
exanpl e enbodi ments are related to nethods to engi neer
etch profiles in substrates for advanced sem conduct or
devices. The recess is preferably forned using an
in-situ multi-step etch process with varying |atera
and vertical etch conponents. Potential applications
i ncl ude stress enhancenent of NFET or PFET by
creating recesseg,Rf qu%a. nq(gﬂq,@q),%m gfcat i ons and
filling the recess MAth tabl e materials such as
Spi n- on- gl adhe(fe@Bres an@adv@nt@e@of:a sémcoeldgctorﬂevice

ABTEG ErBRrseb ruentt Age WA e AR O ulfBr S gy fBhicating
s@m anehhioritritaricnREfiaaraocRncédnathitas pﬁéﬁeﬁﬂtﬂv@ht:on will be
plication is to form STl with inverted "key hole"

@foiqaé!y ungersoeq am teifaliovaag slesemationdaken | E‘rﬁ%‘l wﬂcﬂpﬁéﬂ"th
%5&5&1‘1% n{zlf%%v\f?!gq% ﬁ%@&ﬁfzk%?{)@ érf%etﬂ?jﬁﬂééllgﬂers@r%te similar or

us mni |ty An aspect
cexaspiralimnblediandhtregiass shdworlions anglineghicht o 4A

Figures 1, 2, 3, 4A, and 4B, show cross sectional views of an
example embodiment for forming the inverted keyhole shaped trench 40 that can

be used to form an isolation region and/or a stress creating region.

Figures 5, and 6 show cross sectional views of an example
embodiment for forming the inverted keyhole shaped trench that is used to form an

isolation region.

Figures 8 and 9 show cross sectional views of an example
embodiment for forming the inverted keyhole shaped trench that is used to form a

stress creating region.

Figure10 shows a cross sectional views of an example

embodiment for forming the inverted keyhole shaped trench.




and 4B, is a nmethod to forman inverted keyhol e shaped
trench. In a first enbodi nent, we describe a nethod
and structure for formng an inverted keyhol e shaped
trench for an isolation region and/or stress creating
regi on. The second exanpl e enbodi nent is shown in
figures 7 to 9. The second exanpl e enbodi nent shows a
nmet hod for formng a stressed channel wth keyhol e
shaped source/drain regions in a sem conductor device.
7 B. First exanple enbodinent A first exanple

enbodi nent is a nethod and structure for formng an

i nverted keyhol e shaped trench that can be used to
forman isolation region and/or stress creating
region. Figures 1 to 3, 4A and 4B show an exanpl e
enbodi nment it nefl e R ' ed
Crench. i Dot ued et Micr Gt (e BXMRPICEN I renes
keyhol e shaped trench 40 for an isolation region
and/or stress creating region. C forman etch mask
filmover a substrate Referring to figure 1, we form
an etch mask filmover a substrate 10. The etch mask
fil maA; avebeieonpri sed of 1 or nore |ayers. For

exanple, as shown in figure 1, the etch mask filmis
conpri sed of The exaveplepmobasiingets| arpeelater tonethogds to engineer

i C SS 0 -

LR REb AR yaersd? R FRATELEER el hs.rasesn s
pkEreth s fora0usimg ah freaku mlitesiepletth piceedd withrvabgng lateral and
conprised of crystalline silicon with a
vertical etch components.

Potential applications include stress enhancement of NFET or
PFET by creating recesses at desired depths and locations and filling the recess
with suitable materials such as Spin-on-glass (S0OG), SiO,, SiGe etc. For e.g., for
embedded SiGe devices, the recess can be made closer to the channel to
increase the stress level, thus enhancing device performance.

Another potential application is o form ST! with inverted “key
hole” profiles. This greatly increases the resistance of the electrical path of the

carriers in the substrate, thus minimizing latch-up probability.

An aspect example embodiment, as shown in figures 1 to 4A
and 4B, is a method to form an inverted keyhole shaped trench.

In a first embodiment, we describe a method and structure for
forming an inverted keyhole shaped trench for an isolation region and/or stress
creating region. The second example embodiment is shown in figures 7 to 9.
The second example embodiment shows a method for forming a stressed channei

with keyhole shaped source/drain regions in a semiconductor device.




(100) or (110) orientation, a silicon on insulator

(SA) substrate, strained silicon or SiGe with

varyi ng Ge concentrations or other suitable

sem conductor materials and substrate structures such

as SO substrates. D. forma first opening through the
etch mask filmto expose the substrate surface 8
Referring to figures 2 and 3, we forma first opening

28 through the etch mask film 14 18 to expose the
substrate surface. In an exanple nethod, we forma
resist layer 20 having a first resist opening 24 that

i s f@.rstaramploembbdimerask film 14 18. We can form
the first opening 28 using the resist layer 20 as a

etch mask, by etching through the etch mask film 14 18

to expose t -
resist | ayerﬁg%l{%%@er?nmgﬁa%ﬂe\ﬁﬁ é—gﬁggé\ﬁgﬁg%@ég’tg@%ﬁ)r forming

arf mm@ﬂtled?@é}&’fd!e sigapeal fréqelr that d4n badiséd to Vernt anm vokation region
(i pverted) %/hol e. shaped trench 40 in said substrate
qq@/@aﬁt@s]s,cr%qt NgJEEI°Rg preferably using a 2 step etch

process. Thigggreit £ $L4aRd 28E8Row BnRh@hef8 BhbodRRét for
in-situin the same processing chanber, i.e.

feegingribe Hivestedikeriole shepetiragciacuum Step | - dry
ani sotr ol ¢ Abgfbsl £ah@bRBLeL EoABlotod | fiked K8l fushbsec

and passivatronlayer shown
tfarichit40efoe Bn sdadgtionvegion sad/oostrassaedrestindiegion.

C. form an etch mask film over a substrate

Referring to figure 1, we form an etch mask film over a substrate
10. The etch mask fiim can be comprised of 1 or more layers. For example, as
shown in figure 1, the etch mask film is comprised of a lower pad oxide layer 14
with a thickness between 100 and 600 angstroms and a overlying nitride layer

18 having a thickness between 1000 and 3000 angstroms.

The substrate 10 can be comprised of crystalline silicon with a
(100) or (110) orientation, a silicon on insulator (SO!) substrate, strained silicon or
SiGe with varying Ge concentrations or other suitable semiconductor materials

and substrate structures such as SOI! substrates.

D. form a first opening through the etch mask film to expose the

substrate surface




substrate to form an upper trench preferably having
slanted (non-vertical) sidewalls 42. An exanple of an
appropriate dry anisotropic etch is the foll ow ng:

Gases: HBr, at a flow rate between 200 and 800 sccm

and He at a flow rate between 200 and 800 sccm

and/or 02 at a flowrate between 5 and 60 sccnm at a
tenperature: between 50 and 80 degrees C, at a

pressure between 10 and 80 nil; at a power between 20
and 100 W and for a duration between 10 and 80 sec.
Prior to the anisotropic dry etch, it is optional to

per gor ma [Refekiy todfglures ?lamti@, werforre aafirlﬁt 0;&&?5!?@28 through
OXi on the trate surface. An exanp of an

G BRgP Aok B TL B AORERE B sy Al R ol Aye%eaplegnethod,
v thrm@d réis 1 8yeP WOrRveh P FRE %‘si&(bé@hﬂwgl@tlﬁ WhHorkd dver the
t enperat ure: ‘bet ween and 80 egrees C at a

gieteswgk dlmddhviden 5 and 50 nil; at a power between 60

and 120 W f At i : .

The si deual 108427 3PuR S8 E oRENRE 24 B 1 RE SR 98F 20 5 2
elEr tnask) bbetchipgrthrdighntlie Gchdegsle én add 8rtorexppseter sdbsyrate
bet ween 5 and 30 degrees. Zero degrees neans that it
sYHACGI so be vertical, depending on etch condition and
spaci ng betweenweremelE RS rdsist kgcfohed. The

ani sotropic dry etch forns a passivation |ayer 44 on

the slanted sidewal|ls 42. The passivation layer 44 is

et ch & derm@aminverfedeybede shiaged frensbep. For the

exanpl e ani sotropic dry etch process, the passivation

| ayer 44 is a by-product of the anisotropic etch and
conpri ses ofRé&fiekrirPtd YOS ANIhe 455 Bir)an HiwrPted) keyhole

Second etch step, 1sotropic dry etch to forma rounded
ghaped thenshdf in said substrate in said first opening preferably using a 2 step

-

etch process. This 2 step etch process is preferably done in-situ in the same

processing chamber, i.e. sequentially without breaking vacuum.

Step 1 — dry anisotropic etch to form preferably slanted sidewalls and
passivation layer

As shown in figure 4A in a first etch step, we anisotropic etch the
substrate to form an upper trench preferably having slanted (non-vertical)
sidewalls 42. An example of an appropriate dry anisotropic etch is the following:
Gases: HBr, at a flow rate between 200 and 800 sccm; and He at a flow rate
between 200 and 800 scecm, and/or O, at a flow rate between 5 and 60 scem; at
a temperature: between 50 and 80 degrees C; at a pressure between 10 and 80
mT; at a power between 20 and 100 W; and for a duration between 10 and 80 sec.

Prior to the anisotropic dry etch, it is optional to perform a
breakthrough etch to remove any native oxide on the Substrate surface. An

example of an appropriate breakthrough etch is the following: Gases: CFy4, ata
9




In a second etch step, as shown in figure 4B, we
isotropically dry etch the substrate to forma
rounded | ower trench 40B. The second etch is
preferably done in-situ in the same processing chanber
as the anisotropic dry etch. The upper trench 40A and
the rounded | ower trench 40B forman inverted keyhole
trench 40. An exanple isotropic etch process for
form ng the rounded | ower trench 40B conprises :
flowi ng Gases: Cl2, and/or SF6, at a flow rate:
between 10 and 200 sccm at a tenperature between
frabotdte Hetvearth BDark 150 sa:cm,%suee:perdlercez\betwééh ahdn830

C{?@? os atféad:ﬁgg\%rﬁe wega dig(ggbt, at aquwertq?évegér? %b and 120
wnmﬂ ?&da @ulioh Bettaperlaha apaacRef erring to figure 5,

fill the inverted keyhole trench 40 with a
materlal 50 that optionally creates stress on the

sidewal | s OfTﬁebgd%\g‘éﬁ% Ef%ré‘fgyeﬁ)@ fia e%éart‘?ﬂggle%%m v@rt c%?between

first embodi nen
(I faed Gmd@gmmak@yﬁwé qs)refhea:lﬂpl bew\emmrﬁ anki §O|dsagrms (Zero degrees

0 tio II stress ,can ressj.ve or .
st thet Fohn Siicitte Berlipah Aaamuring OB Ru Gt mah seaging

Hgﬁhbéﬁbﬁgctu£&M8)beté}cpé@narl ze the surface. Prior to

the filling of the inverted keyhole trench 40, it is

preferable to renove the passivation |ayer 44 by wet

etch or dry i al j -

dielectric Sﬁﬁﬁﬁgrg%g@%@?éﬁég&ﬁ&ﬁﬁ%b?)aeél%ﬁér?f%lygr 44 on the
slanted sidewalls 42. The passivation layer 44 is etch resistant in the second etch
step. For the example anisotropic dry etch process, the passivation layer 44 is a

by-product of the anisotropic etch and comprises of silicon oxybromide (SiO,Bry).

Step 2 - Second etch step, isotropic dry etch to form a rounded lower trench
In a second etch step, as shown in figure 4B, we isotropically dry
etch the substrate to form a rounded lower trench 40B. The second etch is
preferably done in-situ in the same processing chamber as the anisotropic dry
etch. The upper trench 40A and the rounded lower trench 40B form an inverted

keyhole trench 40.

An example isotropic etch process for forming the rounded lower
trench 40B comprises : flowing Gases: Cly, and/or SFg, at a flow rate: between
10 and 200 sccm; at a temperature between about 50 and 80 C; at a pressure:
between 10 and 80 mTorr; at a power between 20 and 100 W; for a duration

hetween 10 and 80 sec.
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(SiA2), Spin-on-glass (SOG, tetraethyl orthosilicate
(TEGS) or high density plasm (HDP) chem cal vapor
deposi ted oxi de. A conpressive dielectric (e.qg.,
oxide) material in the isolation region puts a
conpressive stress on the substrate (channel region).
Simlarly, a tensile oxide material in the isolation
region puts a tensile stress on the substrate
(channel region). Oxide materials, and other
materials, can be nade to be conpressive, tensile or
neutral depending on the process used to formthe

oxi dg, Aepbef i fill the herestPREy eIt Hapled\tPerieh shape is an
advantage. As conpared to a regular trench with

vertical si diafairing tofﬂgtzteeS,sxaaélllcufm)mhertechbethwa‘enetm 40 with a

R M NTEROE R AT T YN

trepsh apance of the electrical path of the carriers in
the substrate is increased, and the probability of
latch-up is mnimzed. 11 The upper slanted sidewalls

h
can have ar @ﬂ*{dagﬁgfg&be&ﬁﬁemn ?@lng A 14614abh %@sw

used I’n conjuncti
invieeted keyholedshaped trenth e dnia isplaticaregien opmnaﬂv@treap can be
grobabi.llt b E?S unded tltomdtre ch 4q S an| lishi
CHUVERSAGEPHELY Tk Carrhfa? %18%"59 Y g Polisning
n@)m@bmrr@gg@mé §urfé't5é wi dth of the rounded bottom
trench 40B is | ar ough to influence the stress in

t he channel . Pedpr tﬂgbﬂ@“’é‘%ﬁé'b%dwleg@@ &eyhpe trench 40, itis
preferable to remove the passivation layer 44 by wet etch or dry etch.

The material 50 is preferably a dielectric such as silicon dioxide
(Si03), Spin-on-glass (SOG), tetraethy! orthosilicate (TEOS) or high density
plasma (HDP) chemical vapor deposited oxide.

A compressive dielectric (e.g., oxide) material in the isolation
region puts a compressive stress on the substrate (channel region). Similarly, a
tensile oxide material in the isolation region puts a tensile stress on the substrate
{channe! region).

Oxide materials, and other materials, can be made to be
compressive, tensile or neutral depending on the process used to form the oxide

materials.

The embodiment’s keyhole shape is an advantage. As
compared to a regular trench with vertical sidewalls of the same depth, the
inverted keyhole shape increases the distance the carrier have to travel to cause
isolation failure. Hence, the resistance of the electrical path of the carriers in the

substrate is increased, and the probability of latch-up is minimized.
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Figure 6 shows an exanpl e of the enbodi nent keyhol e
shaped isolation regions 50 used as isolation regions
for a gate structure 54 and source drain regions 56.
For exanpl e, the enbodi nent keyhol e shaped i sol ation
regions 50 can be used in place of shallow trench
isolation (STlI) regions. The main function of
isolation regions 50 is to provide isolation between
devi ces hence it nust be an insulator. The regi ons 50
can put conpressive or tensile stress on the channe
to inprove FET performance provided that the w dth of
the rounded Tiod tiopertsianed siieRalls claalhgee encadghntage over vertical

fl th t t Mat
stdbilR Gegaues i HTRg S sIdS 1§ P UskddhaSTHEemwith the

rSURRESOSHdrR HPER, it EarFEaEu@@\rat@ﬁ L@; ;ﬁesgmtyex anpl e
enbodi ment i s shown in gures Fi gures 8

and 9 show al etaeded @ﬂttomrtrﬁm?@ mhaas @nﬁbwa@t@@e because it

I@?%?%Q%Sthe%%ss%ﬁ HEQUGHE (9}61‘( 'tH:eiewﬁltsh gfjj%\’ﬂogﬁd@d 88H6m

ur e provide a gat
ol 408t is 1digeandugh soirdiubnce thegstosss inthd biearsughst r at e
spaced fromthe gate structure. The exanple 12 gate

stru C ate dielectric 118, a gate

el ectht‘o Q-V%QF? ggﬁ‘f‘t 6‘% ap 124, and nitride spacers
128. Exanpl

trench 1ol P8 ?EWS Fheakiigy GRMrdReh Afhole shaped
isolatthen sagidnsas0 EFE@Basneoda&:on Beglbns o gatekedyictire Sempesburce
c{gé@ﬁgalgﬁgkgpgap ?;%ﬁel%l lér(—:?ml%di\ﬁ\w%n; %{/ﬂo‘?@ shg;\)/ee({ itsS%tion regions

50 can be used in place of shallow trench isolation (STt) regions.

The main function of isclation regions 50 is to provide isolation
between devices hence it must be an insulator. The regions 50 can put
compressive or tensile stress on the channel to improve FET performance
provided that the width of the rounded bottom trench 40B is large enough to

influence the stress in the channel. Materials: tensile or compressive oxide.

If. Second embodiment - stressor regions in FET device

A second example embodiment is shown in figures 7, 8 and 9.
Figures 8 and 9 show a method for forming keyhole stressor regions in a

semiconductor device.

A. provide a gate structure

We provide a gate structure 154 over a substrate 10 and

isolation regions in the substrate spaced from the gate structure. The example
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140 adjacent to the isolation regions and the gate
structure 154 using the isolation regions and gate
structure as an etch nask. The keyhol e shaped trench
is preferably formed using a two step etch process as
descri bed above in the first enbodi ment. Preferably
the upper slanted sidewall trench 140A is preferably
formed using a dry anisotropic etch that forns a
passi vati on |layer (not shown) on the sidewalls. In the
second etch step, a dry isotropic etch step, the

| ower rounded trench 140B is fornmed. In addition,

gm@efruditatdﬁmhc@raprls@a(?bat@dfewm’ad he8 tangatetedgctetdet 20, a nitride
process.

keyhol h d h
oo o, v tdocTnasies, 153 « EXATPIeSPRBOS SEUEH SR shallow
t éh% 9?(5I§ttc§$ {919} Hcfond$4 §6‘:ﬂ%sézd‘of ér%k@e%ucﬁ’%sfﬂﬂ(bs hRie.

shaped trench with mat eri al 134 t hat

creat es stress in the substrate under the gate
st r u-fpeminchakeyhotaskangrtirencfie source/ drain (S/D)

[ e transi st t che fille
eyhol & ShapReelahEHire 8 Ma o an ‘aterleit ke 9'F shes rench

o bhpcbhEBSh isatioh @QIREemR thelgats birestard1 44 LdiRg the isolation
material (stressor) inthe S/D region puts a

regiope eodigate struelyee amanigchemankel regi on under the
gate structUpg, | }Hbl\s—z éh% RE Rk 't?é e?é}"af)é/m Tusrﬁg a two step
np y rrer I

exanpl e of a co essi ve stresse
atsh Srdéess 38 deisonibed hlyoveaintiba dirdt @endtadiresot.  Prefarablglthé npper
stress | n t he .channel

t he P tensi |

Haged sioanidie oo "HBRcR e B ridaeiiing 4 b SSARHE elch that
Bfma aliRRsivh8ors e &t sABIWAY bRkhd SidSiGlls. In the second etch step, a
dry isotropic etch step, the lower rounded french 140B is formed. [n addition,

other methods can used to form the two step etch process.

C. filling the keyhole shaped trench with a material that creates stress

in the substrate under the gate structure.

As shown in figure 9, we fill the keyhole shaped trench with a
material 134 that creates stress in the substrate under the gate structure. In the
case where the source/drain (S/D) regions of the transistor were etched, the filled
keyhole shaped trench also function as the S/D regions of the transistor.

A compressively stressed filler material (stressor) in the S/D
region puts a compressive stress in the channel region under the gate structure.
This is beneficial for PMOSFET. An example of a compressively stressed filler

material is SiGe.
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The stressor material 134 is preferably conprised of
Si(i_x Gx, S(, X)X or Si(l_x1Y) BxGY, where x
is between 0.1 and 0.8, and y is between 0.1 and 0.8,
and are nost preferably conprised of Si(i_x Gex. The
Si(,_, Gex can be undoped or in-situ doped with
boron. The Si(l _x)Cx can be undoped or in-situ doped
wi t h phosphorous. The thickness of the epitaxial
stressor 134 can be between 30 and 240 nm D.

Fi ni shing the FET Source and Drain (S/ D) regions 147
can be fabricated by a few nethods: (1) form S/ D

regi ons 147 Sisnilady a tepise stiesson matedaltin¢éhes Sriz ssgion puts a

P aleaa Tl & AL {1V SiRnengel & NHPSPEdyAprample

of alibeyRG ¥ sar fedriERls gineal process. Preferably we
use a RTA process with a tenperature between 900 and

1300 C for a tine between 500 mcro-sec and 5

seconds. ( 2)T@stpe°§s%9 n{eﬁeﬁél t‘l'i%ét G9 glee‘?elfab 5\) ﬁm@l?s[e%réfaéﬁ 58

(stressors) oron

U EON as $i{1fx1y le(éey, rm’(eee |xa*a bétweel?F(ET anlddh&eand hts between 0.1 and
stres hole

SID
0285500 % o B aR e B St oo o RS oG At b6

UPRBEEd thr@é’iﬁ}J&SpéH wﬁﬁ b8Esh. Theldle, chaBA%e thdopBa@imgitu doped
the distance fromthe stressor 134 and the channel .

wu@ @mpb@mu& bhe thisknasscaf dog enttaxial Isiesson 134 ¢an ha between 30

ei%ﬁ to increase the stress level in the channel
us eﬁﬁan0|ng devi ce

D. Finishing the FET

Source and Drain (S/D) regions 147 can be fabricated by a few
methods:

(1) form S/D regions 147 by ion implantation into the stressor
regions 134 and substrate The S/D regions 147 are indicated by the dotted lines
in Fig. 9, This can be followed by a thermal anneal process. Preferably we use a
RTA process with a temperature between 900 and 1300 C for a time between 500

micro-sec and 5 seconds.

(2} By using in-situ doped filler materials (stressors). For e.g., we
can use in-situ boron doped SiGe as a filler material for PFET. Hence, the stressor

regions 134 become the S/D regions.

Keyhole shaped stressor 134 can be designed to be to put a
specific amount of stress on the channel by changing the distance from the

stressor 134 and the channel. We can position the stressor 134 closer to the
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performance. The stressor regions 134, especially the
bott om rounded trench portion, can be nade closer to
the channel so that the stress in the channel is
i ncreased. A conpressively stressed filler materi al
(stressor) in the S/D region puts a conpressive
stress in the channel region under the gate structure.
This is beneficial for PMOSFET. Material: SiCe.
Simlarly, a tensile stressor in the S/D region puts a
tensile stress in the channel region, which is
beneficial for NMOSFET. Material: SiC. The rounded
chaanelhto 1dd&asd Ithmstressgeealtinrthey ohanmesi dhus enkascng device
erial that can be filled at the sane depth. Al so,
888 sor can be made closer to the channel so

that the st rﬁﬁﬁstféssbh g&@m e'sﬁebiaw gasesttonfrounded trench
I nverted Trench shape Figure hows  a generali zed

pErian, SEN RS negdmplosel weeﬁéannﬁesmbabthﬂﬁr@éa i thenehprwel is

"ch CPt;ed of a upper trench 40A having first sidewalls
a rounded | ower trench 40B. For exanple, the

sl ant ed ( norA vemprasalvehf $tr®:seé|ﬂdiemmlates'|a425tre|r$lself)em tid $/D

have an angle 53.fr mver| ween 1 and, 60
*’@%@Pé’é'és %ﬁg”\%‘?sé"’ep% E1SErab| %B%?Wﬁiéﬁg'%” Hﬂger%ﬁec@@é‘? glagcture.
s l%ﬂién%ﬂcn'aﬁfoaPM@SFETV\MtakbrWV&Géa' sidewal | s where
the angle 53 is about zero. The slope of the sidewall

can depend YRilatyip Eoaie siresror dmthespatiagiheiiedignsile stress
irt G aHN RS rdfor? SuRLiFRYnekitial for NMOSFET. Material: SiC.

The rounded trench 1408 allows a greater volume of stressor
material that can be filled at the same depth. Also, the stressor can be made

closer to the channel so that the stress in the channel is increased.

E. Inverted Trench shape

Figure 10 shows a generalized view of an example inverted
keyhole shaped trench 40 comprised of a upper trench 40A having first sidewalls

42 and a rounded lower trench 40B.

For example, the slanted (non-vertical) first sidewalls 42
preferably have an angle 53 from vertical between 1 and 60 degrees and more
preferably between 5 and 30 degrees. An option is a trench with vertical
sidewalls where the angle 53 is about zero. The slope of the sidewall can depend

on etch conditions and spacing between structures to be etched.
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For exanple, the ratio of D1 to D2 (D1/D2) is between
0.3 and 2.2. The ratio of WW to W (WL/W2) is between
1 and 2 and nore preferably between 1.05 and 1.3. The
ratio of D1 (depth of upper trench 40A) and Rl (50% of
greatest horizontal width of the rounded trench 40B)
or can be between 0.2 and 2. The rounded | ower trench
40B may be spherical (were RL and R2 are equal) or

el lipsoidal where R1L is not equal to R2. The ratio of
Rl and R2 (R1/R2) is preferably between 0.2 and 2. F.
non-limting exanple enbodi nents Al though this

i nvention hatprleamptie sies ratedofr 1 abiD2(DWDEpBddtiveen 0.3 and

i nsul ating materials, nductive nm I d
2ethp Al AISeE W0 Vg QLAY Fepriveet chAg SrafsBore preferably

hERL &S /0% aridt1Bs not linited to the specific materials
or apparatuses but only to their specific

char act er i stThesratis @f P lasleptindioupnsr trench ABAL and HINEI0% of

s RERRPIAL T P R B3RS OBE Fiafbe el ¥z and
2is well understood by those skilled in the
m croelectrqnics arts after Cgtp reci aibiﬁn the present

i nvention. UdISJ@8NERBIGWETsn eay ggal (wgen R and
Fgﬂeéﬁ%r S d/raéll%oﬂi%\@wh!’ef?é‘tgﬁ ighevbgudI®o RDL et @tis f &8l and R2

I Nng approxi mte as i e word about or
(Bpfrtdxisruetergblpreatwded @ Beanda?.ue of the val ue or
range. G ven the variety of enbodinents of the present

L nverd Lol klfing de3nbIPERmddimeaRove description and
i 11 ustratTons Show nék Ee taken as limting the

Although this invention has been described relative to specific
insulating materials, conductive materials and apparatuses for depositing and
etching these materials, it is not limited to the specific materials or apparatuses but
only to their specific characteristics, such as conformal and nonconformal, and
capabilities, such as depositing and etching, and other materials and apparatus
can be substituted as is well understood by those skilled in the microelectronics
arts after appreciating the present invention.

Unitess explicitly stated otherwise, each numerical value and
range should be interpreted as being approximate as if the word about or
approximately preceded the value of the value or range.

Given the variety of embodiments of the present invention just
described, the above description and illustrations show not be taken as limiting the
scope of the present invention defined by the claims.

While the invention has been particularly shown and described
with reference to the preferred embodiments thereof, it will be understood by those
skilled in the art that various changes in form and details may be made without

departing from the spirit and scope of the invention. It is intended to cover various
16




scope of the present invention defined by the clains.
Wil e the invention has been particularly shown and
described wth reference to the preferred enbodi nents
thereof, it will be understood by those skilled in
the art that various changes in formand details may
be nmade without departing fromthe spirit and scope
of the invention. It is intended to cover various 16
nodi fications and simlar arrangenents and procedures,
and the scope of the appended clains therefore should
be accorded the broadest interpretation so as to
nestfatens aalllsirslikrharrrdichicnid hn@@rtamdiusésﬁahdlthe scope of the

arrang nents and C

RO RO HEGTS HSFILRENONS B BsrOrdRMne HIOAEPDLITG PesiZliai so s to
ehESM%Esé Al %%Jcﬁ RIHCHRBESES BRd gfﬁYIa‘P%rraﬁ Hﬁ%‘n&! é}ﬂi %):"(‘ﬁ:edures
steps of ormng an inverted keyh o e shaped trench

in said substrate in said first opening using a two
step etch conprising: in a first etch step, etching
the substrate using an anisotropic etch to forman
upper trench having first sidewalls; in a second etch
step, etching the substrate using an isotropic etch

t hrough the upper trench to forma rounded | ower
trench; the upper trench and the rounded | ower trench
forma inverted keyhole trench. 2. The method of
claiml wherein the first sidewalls have an angle from
verti cal

17




between 0 and 60 degrees and the anisotropic etch
forns a passivation |ayer on the slanted sidewalls;
and the passivation layer is etch resistant to the
isotropic etch; the substrate is conprised of
crystalline Si, SO or SiGe. 3. The nethod of claim1
wherein the first sidewalls have an angle from
vertical between 5 and 30 degrees and the ani sotropic
etch forns a passivation |ayer on the slanted
sidewal | s; and the passivation |ayer is etch
resistant to the isotropic etch. 18 4. The nethod of
claim1 which further includes filling the inverted
keyhole trench wth a material that insulates and
creates conpressive or tensile stress on the

sidewal I's of the inverted keyhole trench. 5. The

nmet hod of claim 1 which further includes formng a FET
\Woei iselaizedligy a channel region in said substrate; and
filling the inverted keyhole trench with an materia
that insulates and creates conpressive or tensile
Bt ressthod dffigbidmionelf andgvarted Keyhbleshededdrbreh iclaai m 1
whi ch further includes for a FET devi ce having

g aREBIGRNAHSI A e ViTd CaMPHEIRE eggﬁ% ‘i n said substrate;
and formng a plurality of inverted keyhol e shaped
trenches adjacent to the gate structure; fillin

i nvertoerajnnge@mmvertgﬁésseldolersbﬁ@ﬁwemm HA éatdtmgategm said first
creating material,to.{ QLAY SHBSH8E ot FHMSising:

in a first etch step, etching the substrate using an anisotropic etch
to form an upper trench having first sidewalls;

in a second etch step, etching the substrate using an isotropic etch
through the upper trench to form a rounded lower trench;
the upper trench and the rounded lower trench form a inverted

keyhole trench.

2. The method of claim 1 wherein the first sidewalls have an angle from vertical
between 0 and 60 degrees and
the anisotropic etch forms a passivation fayer on the slanted sidewalls; and the
passivation layer is etch resistant to the isotropic etch;

the substrate is comprised of crystalline Si, SOl or SiGe.

3. The method of claim 1 wherein the first sidewalls have an angle from vertical
between 5 and 30 degrees and
the anisotropic etch forms a passivation layer on the slanted sidewalls; and the

passivation layer is etch resistant to the isotropic etch.
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form ng source and drain regions at least partially in
the stressor regions. 7. The nethod of claim 1 which
further includes: formng an etch mask filmover a
substrate; formng a first opening through the etch
mask filmto expose the substrate surface; etching
through the etch nmask filmto expose the substrate
surface; renoving the resist layer; formng the
inverted keyhol e shaped trench in said first opening;
said first etch step and said second etch step are
insitu. 8. The nethod of claim 1l wherein said keyhol e
4s Tapedethod ot relaim ¢ m‘rmﬁ setiepinchnles ufp'ihmg tﬂerieme:tedwh@ghmge trench

ver i cal or, ant ed I[ls,and a | ower unded
maGrig 3 S et era ORI GAMIP AP GR f (HHagr tress on the

I%idelmg o“l’%@fnvbﬂe@l'k@ytﬁélé%n@ﬁm step, perform ng a

br eakt hrough etch to renove any native oxide_on

ssdrpaveher OF e e ehen DeSRLORBING PET R haping o
hgﬂnégr}gg%qgsgﬁmﬁ? ald %ﬂgh in a seniconduct or

ps of : formng an inverted
kéljdin‘gl the sh@ﬂed Meybnlehrermhsraﬂdam; ubsteriat that iselates/and ecbates

keyhol e shaped tren S of a upper trench
RS B e € 80 S T AhEl il B bunded

. aWem&thead; clditn 1 eafdh Rthkl Rcludebi formitgy 4 FET dwedd esling

keyhol e shaped trench with a material to create

st r eggtepiredidresanibaghrangdfreging in pyidubatrriey ABd
forming a plurality of inverted keyhole shaped trenches adjacent to the gate
structure;
filling inverted keyhole shaped trenches with a stress creating material to
form stressor regions;

forming source and drain regions at least partially in the stressor regions.

7. The method of claim 1 which further includes:
forming an etch mask film over a substrate;
forming a first opening through the etch mask film to expose the substrate
surface;
etching through the etch mask film to expose the substrate surface;
removing the resist layer;
forming the inverted keyhole shaped trench in said first opening; said first
etch step and said second etch step are insitu.
8. The method of claim 1 wherein said keyhole shaped trench is comprised of an

upper trench having vertical or slanted sidewalls and a lower rounded trench.
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shaped trench to forma stress region. 11. The net hod
of claim 10 wherein the inverted keyhol e shaped trench
is fornmed using a two step etch conprising: in a
first etch step, etching the substrate using an
ani sotropic etch to forman upper trench having first
sidewalI's; in a second etch step, etching the
substrate using an isotropic etch through the upper
trench to forma rounded | ower trench; the upper
trench and the rounded | ower trench forma inverted
keyhol e trench. 12. The nethod of claim 10 wherein the
g. Mhermetthol @y blzlire 1s dnperdfurthentioludesf plidrdd theditdh eboh step,
dielectric terial. 1 The nmet hod of. claim 10
Grinnora BresbliPlsh REDHErEmETE 40K reliuh oRidP Ty e eutface of
Withé sabseffeconductor material . 14. The nethod of claim
10 which further includes form ng a FET devi ce havi ng
a channel region in said substrate; and 20 filling

@eﬁ\ inﬁﬁfﬁ&# B RYA oSGl d ﬁ@ﬁ%l&&ﬂcﬁiﬁ@%@ﬁﬁ@nductor
t hat an t e e

i nsul at es creates conptessive or fensi
stdevi®; oompheng e siepsoégi on. 15. The nethod of claim

10 i ch further, includes form.n FET .devj ce hayi n

gat e 1RIMING ATRaLis KeYORIE shaPelutineh i PHbSaey fig laverted
and form ng sai d keyRyerdrepeliarnehes shapased 6RAEPper trench with
adj acent to the gate structure; filling inverted

keyhol e shaped t rgseRtigliviHraiohi sideyelisaggha rrynded lower trench;
sem CRRAELQ%ially filling the inverted keyhole shaped trench with a material to

create stress on the sidewalls of the inverted keyhole

shaped trench to form a stress region.

11. The method of claim 10 wherein the inverted keyhole shaped trench is
formed using a two step etch comprising:
in a first etch step, etching the substrate using an anisotropic etch
to form an upper trench having first sidewalls;
in a second etch step, etching the substrate using an isotropic etch
through the upper trench to form a rounded lower trench;
the upper trench and the rounded lower trench form a inverted

keyhole trench.

12. The method of claim 10 wherein the inverted keyhole shaped trench is filled
with an dielectric material,

13. The method of claim 10 wherein the inverted keyhole shaped trench is filled
with a semiconductor material.

14. The method of claim 10 which further includes forming a FET device having a

channel region in said substrate; and
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material; formng source and drain regions at |east
partially in the stress creating sem conductor
material. 16. A nethod for form ng keyhol e stressor
regions in a sem conductor device conprising the
steps of: a) providing a gate structure over a
substrate and isolation regions in said substrate
spaced fromsaid gate structure; b) formng an
i nverted keyhol e shaped trenches adjacent to said
i sol ation regions and said gate structure using the
isolation regions and gate structure as an etch nask;
cillifg lthé inyestad ﬂeymmle ishegett eysholh witbreapeteriat thet fresilates And
S nate t he

2 PSS RoMBlEIE or el e B PR e hGELBHRN, L'e under

15hehe alerhsd b Gidimeto WKLChTFhﬂhmthQde@ffomhiagm ABT Waivieh having
further conprises form ng source and drain regions at

| easBafsastiycyeanda shannal re@ey 47 sald §ubsisate; and fyEing said
h
et %eﬂ%g ‘?Jg?gﬁgﬂﬁ]s@lragﬁﬂ HanbHE Pﬂen?@r’fﬁé 'g%g%isftﬁ?(ftmeng

source an ns at st parti y In sa

st r e§ifiog imegiedrkeyhdiei shamddrwbsmt’rm eiregl cresting ssmtcwnductor
gat e struqture; the source and drain regions are

for MB¥'&4¥ng an inplant process. 21 19. The nethod of

cl ai l’@rﬂ:ﬁng\lﬁb@hefalmmdmfn reQ ki 8 esast partialigirs the seesNcreating
drain regions at | east partl ally in sard stressor

regi ons aREMiGengHetgr simeddlat e adj acent

16. A method for forming keyhole stressor regions in a semiconductor device
comprising the steps of:

a) providing a gate structure over a substrate and isolation regions in
said substrate spaced from said gate structure;

b) forming an inverted keyhole shaped trenches adjacent to said
isolation regions and said gate structure using the isolation
regions and gate structure as an etch mask;

¢) filling said inverted keyhole shaped trenches with a stress material
to form stressor regions; the stressor regions create stress in

the substrate under the gate structure.

17. The method of claim 16 which further comprises forming source and drain
regions at least partially in said stressor regions.

18. The method of claim 16 which further comprises forming source and drain
regions at least partially in said stressor region and in said substrate adjacent
said gate structure; the source and drain regions are formed using an implant

Drocess.
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said gate structure; the source and drain regions are
formed doping the stress material. 20. The nethod of
claim 16 wherein said keyhol e shaped trench is
conprised of an upper trench having vertical or
slanted sidewalls and a | ower rounded trench. 21. The
nmet hod of claim 16 wherein the inverted keyhol e shaped
trenches are forned using a two step etch conpri sing:
(1) inafirst etch step, etching the substrate using
an anisotropic etch to formupper trenches having
first sidewalls: (2) in a second etch step, etching
the substrate using an isotropic dry etch to forma

ded h: .t,h . - .
ounagi et pPEAER L RritRD SPrblEREDHEIMD rodtGe pog crain
2Pegidns anleaonsiasiorindeid steedvay régond aes i sdieadubsigate adjacent
regions conprising: a gate structure over a

s 6Bt Gaie SIrUSHF R LS sayicerrNd drainipgians AR gAIkdeping die stress
trenchas on opposite sides of said gate structure;

the stress region creates stress in the substrate

under the gate structure. 23. The sem conductor device

2B R AR oL O BB B Bah i magoc o
f mampper tebioh Basing wetitabor slantede sidadalls ahd arlegeortinded

adj acent to said gate structure.
{fench.

21. The method of claim 16 wherein the inverted keyhole shaped trenches are

formed using a two step etch comprising:

(1) in a first etch step, etching the substrate using an anisotropic

etch to form upper trenches having first sidewalls:

(2) in a second etch step, etching the substrate using an isotropic
dry etch to form a rounded lower trench; the upper trench and

the rounded lower trench form inverted keyhole trenches.

22. A semiconductor device having stress creating regions comprising:
a gate structure over a substrate;
stress regions in inverted keyhole shaped trenches on opposite sides of
said gate structure;

the stress region creates stress in the substrate under the gate structure.

23. The semiconductor device of claim 22 which further comprises:
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24. The sem conductor device of claim22 which further
conprises: isolation regions in said substrate spaced
fromsaid gate structure; the stress regions are
stressor regions that are conprised of a

sem conductor material; the source and drain regions
are adjacent to said gate structure; source and drain
region are at least partially in said stressor

regions. 25. The sem conductor device of claim 22

whi ch further conprises: isolation regions in said
substrate spaced fromsaid gate structure; the stress
regi ons ar e therséresoregiegiaomisotdian ragiens onpaid sebistodtempaced
fsemcond g Cmaterlal sel ected fromthe group

FERSPE G SBHOSTT x) Gex, Si(i_x o or Si(i_

BXGey, wher esourts ahetdvsiene§ons é@a?aSent&ﬁ@abd Q@e structure.
between 0.1 and 0.8, the source and drain regions are
adj acent to said gate structure; source and drain

i@@h@%eﬂﬁ@orﬂiuc‘t&é}féwdé%ftdléw ¥2 WhiGAURhST ESRS®es: isolation

r ergiqgg: in sazd substrate spaced from said gate structure;
the stress regions are stressor regions that are comprised of a
semiconductor material;
the source and drain regions are adjacent to said gate structure;

source and drain region are at least partially in said stressor regions.

25. The semiconductor device of claim 22 which further comprises: isolation
regions in said substrate spaced from said gate structure;
the stress regions are stressor regions that are comprised of an
semiconductor material selected from the group consisting of Sij1yGex, Si19Cx
or Sij1.y)BxGey, where x is between 0.1 and 0.8, and y is between 0.1 and 0.8,
the source and drain regions are adjacent to said gate structure;

source and drain region are at least partially in said stressor regions.
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