Met hod to form selective strained Si using latera

epi taxy Background of Invention 1) Field of the
Invention This invention relates generally to
fabrication of field effect transistors (FET), such
as CMOS transistors, and nore particularly to a nethod
for formng field effect transistors with stressed
channel regions. 2) Description of the Prior Art It is
wel | established that the stress/strain in the silicon
channel can affect the nobility of carriers
significantly. For exanple, tensile |ongitudina

stress along the device channel inproves the electron
mobility while it degrades the hole nmobility. Mst of
the nmethods to induce uniaxial stress in the device
channel are such that they are beneficial to one type

of transi for e.g. NFET), while it degrades the
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case PFET). Hence, one cannot use existing

t echni ques whi ch enpl oy uniaxial stress to

simul taneously inprove both NFET and PFET device
performance. The inportance of overcom ng the various
defici enci es noted above is evidenced by the

ext ensi ve t echnol ogiBzlkgeewed o ivventidn ected to the
docunent ed by the rel evant patent and

bi
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2) Description of the Prior Art

It is well established that the stress/strain in the silicon channel can affect the
mobility of carriers significantly. For example, tensile longitudinal stress along the
device channel improves the electron mobility while it degrades the hole mobility.
Most of the methods to induce uniaxial stress in the device channel are such that
they are beneficial to one type of transistor (for e.g. NFET), while it degrades the
performance of the complementary transistor (in this case, PFET). Hence, one
cannot use existing techniques which employ uniaxial stress to simultaneously
improve both NFET and PFET device performance.

The importance of overcoming the various deficiencies noted above is
evidenced by the extensive technological development directed to the subject, as
documented by the relevant patent and technical literature. The closest and
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di sl ocati on-free channels for CMOS and net hod of
manuf acture -'inventor: Chidarnbarrao, Dureseti.
US20050145837A1: Enhancement of el ectron and hol e
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US20050145837A1: Enhancement of electron and hole mobilities in <110> Si under
biaxial compressive strain - Inventor: Chan, Victor.

US6884667: Field effect transistor with stressed channel and method for making

same - Inventor: Doris, Bruce B.

US20050139929A1: Transistor design and layout for performance improvement with
strain - Inventor: Rost, Timothy A.

US6900502: Strained channel on insulator device - Inventor; Ge, Chung-Hu.

US6841430: Semiconductor and fabrication method thereof -Inventor; Sugawara,
Minoru.

US20040026765A1: Semiconductor devices having strained dual channel layers -
Inventors: Currie et al.



nmet hod of manufacture therefor - inventor: klichejda,
John A. US6274913: Shi el ded channel transistor
structure with enbedded source/drain junctions -

I nventor: Brigham Lawence. US20020074598A1:

Met hodol ogy for control of short channel effects in
MOS transistors -. - Inventor: Doyle, Brian S. 3
Summary of the Invention Sone exanpl e enbodi nents of
the present invention provide structures and nmnethods
of manufacturing field effect transistors with
stressed channel regions which are characterized as
follows. A first exanple nmethod enbodi nent for a
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InvéHi&?tlﬂﬁio% Kb?qrm ng a stressor region at |east
partially filling the trench with a stressor

material; formng an epitaxial |ayer over the stressor

USPBELAT 45859, ﬁekﬁcﬁ]o%r% BPLORK B shbfi ARl LR iRUGS
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transistprs seltvefitoa Bdyeddian 8egi on, a source region, a
drain region and a gate el ectrode; stressor region

creating a stress on the channel region. A first
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US20020190344A1: Semiconductor device having a ghost source/drain region and a

method of manufacture therefor - Inventor: Michejda, John A.

US6274913: Shielded channel transistor structure with embedded source/drain

junctions - Inventor: Brigham, Lawrence.

US20020074598A1: Methodology for control of short channel effects in MOS

transistors -: - Inventor: Doyle, Brian S.



partially in an epitaxial layer; the epitaxial |ayer
IS over a stressor region in a substrate under the
gate el ectrode; the sourceidrain regions are adjacent
to the gate el ectrode over the substrate; whereby the
stressor region puts a stress on the channel region. 4
A second exanpl e net hod enbodi nent for a nmethod of
fabricating a semnm conductor device conprising the
steps of : formng Sift trenches in a substrate in a

SID area where source/drain regions wll be
subsequently fornmed; formng SID stressor regions at
| east partially filling the SID trenches with a

stressor material; formng SID epitaxial |ayers over
the SID stressor regions using a | ateral epitaxial

process; formng a substrate; the
. gﬁﬁ?ﬁ thQ‘lﬁ&eﬁt‘i@n

transi stor conprise anne region, a
source/drain regions, a gate dielectric and a gate
el ectrode. A second exanpl e device enbodi nent for a
field effect transistor is conprised of: a gate

el esbhrAsxaM o @RffbAIVBAtsBf b pldsahEinventidiApridelde’stdicRites and
in the substrate under the gate el ectrode
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I'ng the source-drain trenches; the SO
stressor regions conprised of a stressor nmaterial;

A first example method embodiment for a method of fabricating a
semiconductor device comprising the steps of :

forming a trench in a substrate;

forming a stressor region at least partially filling the trench with a stressor
material,

forming an epitaxial layer over the stressor region using a lateral epitaxial
process;

forming a transistor over the epitaxial layer; the transistor comprised of a channel
region, a source region, a drain region and a gate electrode; stressor region

creating a stress on the channel region.

A first example device embodiment for a field effect transistor is comprised of :
a gate electrode disposed over a channel region; the channel region at least
partially in an epitaxial layer; the epitaxial layer is over a stressor region in a
substrate under the gate electrode;
the source/drain regions are adjacent to the gate electrode over the substrate;

whereby the stressor region puts a stress on the channel region.



a SO epitaxial layer over the SID stressor regions;
the sourceldrain regions adjacent to the gate

el ectrode and can be at least partly in the SID
epitaxial layer. Third exanple nmethod and device
enbodi nents conprise formng stressor regions under
the SIC? region of a first transistor and under the
channel of a second transistor. 5 1n the third and
fourth exanpl e devi ce enbodi nents, the sem conduct or
devi ce conprises: a substrate having a first region
and second region; a first FET is in the first region;
a second FET is in the second region; first SID

trenches in the first regjion and a second, c
t r eficifCPRd @ﬁ@mgl@craﬁﬁw_d gEpsHmen {083 e pEEgfating 2
seﬁmﬁﬁ:ln‘a[]éto%ebn%é%p@géfgp%é%tefds'df' ng the first SID

renches wt material; and a second channel _
Jormeing&/Drteayichas in alsebstratgan aiSiDiarea iwhera gouise/draisgeaians will

chann | tressor material; a first SID

epi ta%&%%j&““%wﬁ%e first SID stressor regions
fnchigy SHT eftdssunasgiehs atlebsipartiblly ey tHev@/D tréechesaritida
channel stressor region; a first FET in the first

r egi oRreRAF MaAR@ubstrate; the first FET is conprised
f‘Hrrrﬁ‘ng?1 515 EpitSHANSRrs 098} Bfd S/D StadssSP Hafd?&ﬁéjuﬁh@ a lateral epitaxial

regions, a first gate dielectric and a first “gate
el ect prmtess,t he first source/drain regions are at | east

%‘%fn& a{ fpargsri] o; 5\5esrtthe §L95t?£5,1t%)éit?alns'is?greédmﬁﬁ%d of a channel

region, a source/drain regions, a gate dielectric and a gate electrode.

A second example device embodiment for a field effect transistor is
comprised of:

¢ a gate electrode disposed over a substrate; a channel region in the substrate
under the gate electrode;

e source-drain trenches in the substrate adjacent to the gate electrode;

e S/D stressor regions at least partially filling the source-drain trenches; the S/D
stressor regions comprised of a stressor material;

e a S/D epitaxial layer over the S/D stressor regions;

e the source/drain regions adjacent to the gate electrode and can be at least

partly in the S/D epitaxial layer.

Third example method and device embodiments comprise forming stressor
regions under the S/D region of a first transistor and under the channel of a second

transistor.



a second FET over the second region; the second FET is

conprised of a second channel region, second

source/drain regions, a second gate dielectric and a

second gate el ectrode. In an aspect of the above

enbodi nent, the sem conductor device further

conprises: the first FET is a PFET and the second FET

is a NFET; the first SID stressor regi ons have a

conpressive stress and the SID stressor regions

provi de a conpressive stress to the first channe

regi on; the second channel stressor region has a

conpressive stress and the second channel stressor

region provides a tensile stress to the second channe

epi teixedhraed fouith axangele sieyicerrmbetimests ie semicangdyctor
defie@e6hpiket-ne above exanpl e enbodi nents, the

sem conduct or device further conprises: the first FET

asubsiNFEThaviyg & fiest segiomdnEEEcOBd sedRiE B firshieET iig it thSIHfiist region;

stressor._regrpens _and the second channel stressor

regi o%%ﬁg\),rz(ggg?tlg%ﬁeesegpp@gggloghe SID stressor

IRt SYTstréviches die tiee filthaddich ahd asecbAd 8Ra@ict ehb® ihithietecond
channel . region; and the second channel stressor

regi off9R'Bvi des a conpressive stress to the second

glteéﬁl.@ZB; lr?gggt&%)r‘r}egigblg @%ﬁg’g#@g@hhm& tRRRESIFREnciidiEwith stressor
material; and a second channel stressor region at least partially filling the
second channel trench with stressor material;

a first S/D epitaxial layer over the first S/D stressor regions and a second channel
epitaxial layer over the second channel stressor region;

a first FET in the first region over the substrate; the first FET is comprised of a first
channel region, first source/drain regions, a first gate dielectric and a first
gate electrode; the first source/drain regions are at least partly in the first
S/D epitaxial layer; and

a second FET over the second region; the second FET is comprised of a second
channel region, second source/drain regions, a second gate dielectric and a

second gate electrode.

In an aspect of the above embodiment, the semiconductor device further

comprises:

the first FET is a PFET and the second FET is a NFET;

the first S/D stressor regions have a compressive stress and the S/D stressor
regions provide a compressive stress to the first channel region;

the second channel stressor region has a compressive stress and the second
channel stressor region provides a tensile stress to the second channel

epitaxial layer in the second channel region.
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a substrate having a PFET region and N FET region; a
PFET is in the PFET region; a NFET is in the NFET
region; PFET S/D trenches in the PFET region and a
NFET channel trench in the NFET region; PFET SID

stressor regions at least partially filling the PFET
S/D trenches wwth stressor material; and a NFET
channel stressor region at |east partially filling

the NFET channel trench with stressor material; a PFET
SID epitaxial |ayer over the PFET SID stressor regions
and a NFET channel epitaxial |ayer over the NFET
channel stressor region; a PFET in the PFET region
over the substrate; the PFET is conprised of a PFET
channel region, PFET source/drain regions, a PFET gate

di elegh %’sﬁetﬁ"n‘ﬁ' tie atftvele@ifte %'n%‘dcﬁr?i@ﬁts fHéeseDn'ﬁga—ndqu:tchdewce

source?drain regions are at |east partly in
furthem copinriagsal | ayer; and a NFET over the NFET regi on;

t he NFET, eotRL LG PLoguNFELGRanoel, £ eakqn. - NEET

source/ drarn Te&gl ons, gate d|e ric and a

NFEi[h@WsES]D elresdor oelgiond hed N@emmnneﬁgfmoi fegidn have a
I ea ﬁ ¥ in the NFET channel epitaxia layer. In
g%’}? 8PSt he above exanpl e enbodi ments, the

S en'tr?é)!?)q‘y‘\ittr@sfsoq BYi68s ﬁlfowcfeué {dilc GRBBE k58S aréd“lﬁe@F&Tchhannel

S/ D stressor regions have a conpressive stress and
S/ Dregiemessor regi ons provide a conpressive stress to

an aén%athb%e'égﬁd Eﬁﬂne‘? gﬁggs%r region provides a compressive stress to the

second channel region.

In a example third embodiment, the semiconductor device comprises:

a substrate having a PFET region and NFET region; a PFET is in the PFET
region; a NFET is in the NFET region;

PFET S/D trenches in the PFET region and a NFET channel trench in the NFET
region;

PFET S/D stressor regions at least partially filling the PFET S/D trenches with
stressor material; and a NFET channel stressor region at least partially
filling the NFET channel trench with stressor material;

a PFET S/D epitaxial layer over the PFET S/D stressor regions and a NFET
channel epitaxial layer over the NFET channel stressor region;

a PFET in the PFET region over the substrate; the PFET is comprised of a PFET
channel region, PFET source/drain regions, a PFET gate dielectric and a
PFET gate electrode; the PFET source/drain regions are at least partly in
the PFET S/D epitaxial layer; and

a NFET over the NFET region; the NFET comprised of a NFET channel region,
NFET source/drain regions, a NFET gate dielectric and a NFET gate
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regi on; the NFET channel stressor region has a
conpressive stress and the NFET channel stressor
region provides a tensile stress to the NFET channe
epitaxial layer in the NFET channel region. The above
and bel ow advant ages and features are of
representative enbodinents only, and are not
exhaustive and/or exclusive. They are presented only
to assist in understanding the invention. It should be
understood that they are not representative of al

the inventions defined by the clains, to be considered
limtations on the invention as defined by the
clainms, or limtations on equivalents to the clains.
For i¥lestEasies thas e Toshanpekiedipivis st ieass Pl ibEhehNEGaighgnnel
ContQ%WaﬁkPEXenin that they cannot be sinultaneously
present 1n a'single enbodinent. Simlarly, sone

advant ages are applicable to one aspect of the

cor e Eaf wegTRRi AT boBH(E e onEHEbISRERE L dgvice o

furthies ovppEsks: her ei n. However, no inference should be
drawn regardi ng those di scussed herein, relative to

t hodke REET f/Bc3icassar rRaidshayer FOMRERPSIVEStisge 394 dke &/D

sp ?g&déc id4al ' ; [ f
f ea‘fj‘lét;tﬁersggpl[’f'r adeﬂg’gltdaegig%R%&Iggen%ﬂt&géo %Er?zle%er e PFEFT channel
di syegiinti ve i n determ ni ng equi val ence. Additi onal

o PO RO g ¢ OSGIVSED e PRI
dr aghargel steadbor tegion t previdegiarensif Srassfto Bes NFERtdhannef

the Drawi ngs The features and advantages of a
senfRIBHEN ESF '565365%'&‘?'6@9'98- t he

The above and below advantages and features are of representative
embodiments only, and are not exhaustive and/or exclusive. They are presented only
to assist in understanding the invention. It should be understood that they are not
representative of all the inventions defined by the claims, to be considered limitations
on the invention as defined by the claims, or limitations on equivalents to the claims.
For instance, some of these advantages may be mutually contradictory, in that they
cannot be simultaneously present in a single embodiment. Similarly, some
advantages are applicable to one aspect of the invention, and inapplicable to others.
Furthermore, certain aspects of the claimed invention have not been discussed
herein. However, no inference should be drawn regarding those discussed herein
relative to those not discussed herein other than for purposes of space and reducing
repetition. Thus, this summary 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.



present invention and further details of a process of
fabricating such a sem conductor device in accordance
with the present invention will be nore clearly
understood from the foll ow ng description taken in
conjunction wth the acconpanying drawings in which
i ke reference nunerals designate simlar or
correspondi ng el ements, regions and portions and in
which: FIGS. 1A 113; IC, 1D, 1E IF-1, 1F-2, IF-3,
1Fn4, 1G and 1H are cross sectional views for
illustrating a nethod for manufacturing an FET
according to a first exanple enbodi nent of the
present invention. FIGS. 2A, 213, 2C, 2D, 2E, 2F, 2G
and 2H are cross sectional views for illustrating a
nmet hod for manufacturing an FET according to a third
exanpl e enbodi nent of the present invention. FIGS.
3rd, 313, 3C 33&@@, eseriptign ofitherayingsr oss

sectrihgrahturd LI S antaddUSid ?érhﬁ:%n@uﬁ??; g@ﬂcé Q&foerding to the

manuf acturing a FET according to a t exanp
presans divestion end feréhgsrdetailstofianprenes$soof. fabtiGating sichwessamiconductor

' LV rjllustrati a device an
deflcB33 BRaHEARE NN Y it RIS, Aok sy BRiersiapd from
thefalopirg dedenigtion tikeafin cbRjuntRseRith thad&tnSahyirdy drawings in
@%%%Descrl tl(in of the Exanpl e Enbodi nents I, _
w Eiprenes AHmeEale Assignatentiviiar prgasreapogging tements, regions
andMidhsOX RS in WHiE@ssor regions to put stress on FET
channels In a first exanple enbodi nent, a | ateral

epitaxial layer is fornmed over a
FIGS. 1A, 1B, 1C, 1D, 1E, 1F-1, 1F-2, 1F-3, 1F-4, 1G, and 1H are cross
sectional views for illustrating a method for manufacturing an FET according to a first

example embodiment of the present invention.

FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G, and 2H are cross sectional views for
illustrating a method for manufacturing an FET according to a third example
embodiment of the present invention.

FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G, and 3H are cross sectional views for
illustrating a method for manufacturing a FET according to a third example
embodiment of the present invention.

FIG. 4 shows a cross sectional view for illustrating a device and method for
manufacturing an FET according to a fourth example embodiment of the present

invention.



stressor region under a channel region of a FET. In a
second exanpl e enbodi nent, a lateral S/ D epitaxia
| ayer is formed over S/ D stressor region under the
sourceidrain regions of an FET. In a third exanple
enbodi nent, both PFET and NFET devices are forned. In
the PFET device, lateral SID epitaxial |ayers are
formed over S!ID stressor regions under the
sourceldrain regions. In the NFET device, the latera
epitaxial layer is forned over a stressor region
under a channel region of the NFET. IIl, First exanple
enbodi ment - Lateral epitaxy over Channel stressor
region A first exanple enbodinent is shown in FIGS. 1A
to 1H In the first exanple enbodinent, we forma
lateral epdtaédDekaviptioRDrAMBE)aNTHBERbo8IMESESOr
regi on 32A. Depending on the type of FET fornmed
(I NFET or PFET), the channel stressor region 32A can
be conpressive or tensile. forma french in a
sub § i 4 i § I
- 71 OYERIE coRARBY Gittiodiinehts fRRIRIRIA qrBMTh oveF
cr ystragsar iegions topubstress®n BET chadhelsr (111), a Si Ge
substrate, or a SQ@ substrate. The substrate can be
any substrate that a lateral epitaxial 10
(Sefq £ARFUGL Able érf\}SSHi , é’ﬁat&r%Pé%‘it&'ibl Ia%? iStPREL BEr a
can conprised a structure aving a top Sl contalning
strésseeregibatuntibea chaenallregipntadai FET.| ayer can be grown

o0 (3 5eR0 Sl b FIRR HIB S04 BYBDH 8o over
S/B(J %gfg)éé»cgiﬁf’dgii@? Li{nshépihe%ourEémraﬂﬁlré@esn@bf 4@FET. grown on
In a third example embodiment, both PFET and NFET devices are formed. In
the PFET device, lateral S/D epitaxial layers are formed over S/D stressor regions
under the source/drain regions. In the NFET device, the lateral epitaxial layer is

formed over a stressor region under a channel region of the NFET.

Il First example embodiment — Lateral epitaxy over Channel stressor
region
A first example embodiment is shown in FIGS. 1A to 1H. In the first example
embodiment, we form a lateral epitaxial layer 38 over a channel stressor region 32A.
Depending on the type of FET formed (NFET or PFET), the channel stressor region

32A can be compressive or tensile.

form a trench in a substrate

As shown in FIG. 1A, we provide a substrate 11. The substrate 11 can be a Si
substrate with crystal orientation of (110) or (100) or (111), a SiGe substrate, or a

SOl substrate. The substrate can be any substrate that a lateral epitaxial
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t hought that under proper conditions epitaxial |ayers
can be grown so that the lateral epitaxial growth
rate is nore than twice the vertical epitaxial growh
rate. A exanple nethod to formthe trench is shown in
FIGS. 1A to 1 D. Referring to FIG 1A we forma
maski ng |l ayer (e.g., 14 18) with a channel mask
openi ng over the substrate. The nmaski ng | ayer can be
fornmed of one or nore layers. For exanple we can form
a masking | ayer conprised of a pad oxide |ayer 14 and
a nitride layer 18 over the substrate. Referring to
FIG 1S, we can forma resist layer 22 with an

i ng.22A th ki ng | 4 18. As .shown in

(s EBhA5A o e bebTONE Ghothe: gkl oA ncagpigey Aguusure
hagihgfa ﬂ@b@i%ﬁtaﬁmné Qary@r %d%'ﬁlﬁ@ ra%ralraﬁnl%xw%veﬂ @an% drB\ﬁ/H on.

renmpve the resist shown in

for ANg epbigmbr af Ieé’rtmy r:eentﬁgn s invenkien us tcgu:ci%@@ubst:uate that has

t

an S0 1eloR eomofRak of PRNSIEAGR oplfadidh ik UaRhEh (6] 8, tis
thaught thehueder propmr eorxﬁﬁc&ssepltaxraégiyers &af s grovgn b0 tidt e |ateral

1E. 1E-1 t the trench 28
eniiy ] Sowl e Epie 87 icBThenriehh cataa dépvir i

32A. As shown in FIG 1 E, we can fill the trench 28

with a stressor material. This can be followed by

Chefie@mnie B1eied il fopp the frengh isoNmwn in FIGS14 tol ‘d?;eReferrlng to
Flét’fN%él Fétm aﬁ?as’i!ﬁg;’l@}/%r"(feér Gy ]t8£ with 2 ¥hahAg rﬁ&%@g%ﬁg over the

he 'stress mater m stressor Tegion
substrate The masking layer can be formed of one or more layers. For example we

can form a masking layer comprised of a pad oxide layer 14 and a nitride layer 18
over the substrate.

Referring to FIG. 1B, we can form a resist layer 22 with an opening 22A over
the masking layer 14 18. As shown in FIG. 1C, we pattern the masking layer 14 18
using an etch process to form a channel mask opening. We then remove the resist
layer.

As shown in FIG. 1D, we form a channel trench 28 using the masking layer 14
18 as an etch mask. The trench 28 is in an area where a subsequently formed
channel region of an FET device is located.

form a stressor region

Referring to FIGS. 1E and 1F-1, we at least partially fill the trench 28 with a
stressor material to form a stressor region 32A.

As shown in FIG. 1E, we can fill the trench 28 with a stressor material. This
can be followed by Chemical Mechanical Polishing (CMP) to form a planar structure.
As shown in FIG. 1F-1, we can etch back the stress material to form stressor region
32A.
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The stressor region 32A is preferably conprised of an
insulator material or dielectric material, such as
silicon oxide, silicon oxynitride (SION), or silicon
nitride; or can be fornmed of other stress inducing
materials. The stressor material can be tensile or
conpressive material depending on the process used in
formation and the desired resultant stress. The
stressor region can be fornmed using a chem cal vapor
deposition process or an oxidation process, such as
oxi dation of polysilicon. The stressor can be
conprise of a tensile or conpress oxide or nitride. As
W' ! Wh@%tregéﬁgﬁﬁﬂ%fﬁeg%‘{ﬁfﬁ%lf tc&‘?lgﬁgéd bES RRUERSH Rterial or
ressive or-ten ressor regionis
dlqdﬂ(ﬂlﬁte rrmdar}alpmqmrassabboufommlmhaixynmﬁe (ﬁil@ND,mT]EQilwohmitride; or
ow_ on amount of.
ool Bp ipRSrd BpPaksfs ngarng Sbedsod PeruBSerduaghia can be
terfsit@ioP BonfpPédBivd marriapd %ﬁéﬂdlﬂl':cf%ﬁfthé’gﬁfcew@séd fnel‘%ﬁﬁétlon and the
region As shown in FI 11 F-4 and 1
desiredieesuliarnt dresep bagiressop segjon casde febnedibsiog ja cheyeical vapor

2
deé&slﬁ’%r)?( rotclréggégéﬁ%§gaegﬁgli&%_sg,’ éiéfﬁég’gxﬂatjgﬁxlﬁrﬁiysnhcon The
stresa:gnd)‘e ¢dreprisd efr alterggilewtr ltoafpredeoxpé baxkitdde. |Aayeill be
. 38. Sjnce the buried stressor is an dielectric
distiesAd P BR sfESeck redh E88dia fpRsHue cBfrus; dhe stressor
reg]dirﬁw prefar@plyiddenptret iof 8lmateFiarthaPubsitRily 4Ubks noﬁalmvﬂrbr allow
enperature anneal may be perforned to ehsure good

Onkyray%mall ageadnt ol vertierl eppaxiakipuer loagrew @stheatreseor region.

conprised of a sem conductor material, Si, C doped

Si, SiGe, and is nost preferably subst antially

conprised of Si. The epitaxial layer 38 is preferably

conprised of Si and preferably that does not produce

str P AF-Ye] h ri, nsuyl ator) structures
pr oFucea?hJéﬁ{saSﬁr!aZ?g;yera%Voe?r{g st ssg’ ﬁ?\&,&ﬁduct or |layer
38. As shown in FIGS. 1F-1, 1F-2, 1F-3, 1F-4 and 1G, we form an epitaxial (e.g.,

semiconductor) layer 38 over the stressor region 32A using a lateral epitaxy process.

FIGS. 1F-2, 1F-3, and 1F-4 show stages of the lateral growth of the epitaxial layer
38. Since the buried stressor is an dielectric or insulator, there can be essentially no
epitaxial growth from the vertical direction. After this, a high temperature anneal may

be performed to ensure good crystal quality.

The epitaxial layer 38 can be comprised of a semiconductor material, Si, C
doped Si, SiGe, and is most preferably substantially comprised of Si. The epitaxial
layer 38 is preferably comprised of Si and preferably that does not produce stress.
Preferably, the buried (insulator) structures produce the stress, and not the
semiconductor layer 38.

The lateral epitaxy layer is preferably formed using a lateral epitaxial growth
process that can have lateral growth about 90 to 100% of the total growth (e.g.,

Vertical growth is between about 0 to 10% of the total growth). The ratio between the
12



The |l ateral epitaxy layer is preferably fornmed using a
| ateral epitaxial growh process that can have

| ateral growth about 90 to 100% of the total growth
(e.g., Vertical growmh is between about 0 to 10% of
the total growth). The ratio between the 12 vertical
gromh rate and the lateral growh rates can be
between 0:1 and 0.2: 1 and preferably between 0:1 and
0.1:1. The lateral epitaxy |ayer can grow
substantially laterally fromthe sidewalis of the
substrate 11 in the trenches. Under nornal

ci rcunst ances, the epitaxi al lateral growth is equal

vt BB o BB BRI o, bl AR T g 1 ane
preferaarwbetwdenw b8, 1: tle PRtrdiategalospitaR @ 18/eF AN eV Gubstantially
The | ateral epi tax;p@gr ovi des the

res res.
Iatﬂﬁﬁﬁﬁ'@”\: grsgfq@illsgf,ﬂa%sgtgﬁtlfaég {1 in fetranchssi t axi al
| ayers over buried (insulator) structures. In
contrast, vertical epitaxy cannot formover buried
str UOd@rrra;ymal mrwnshaoades dlé eabthlalvletermmowtrsleeduhlayuehe x and

s B R BRI ek B Bl e e

and iy diirealidrss, d&pendiay ehahe enirbanding féaMrss/st@ictiree! f
normal |y does not induce stress. The underlying
(buried insulator) stressor |ayer 32A can produces a

St I'eRS |fbdral Qﬁtaﬁ?ﬁirbﬁ&é@'thé @Highe %ﬁa%@%rkﬂ@é ;?)bﬁbﬁfﬂnat%ﬂﬂ epitaxial

channel (that maybe in the epitaxi
layetsr @ busied (ln§b|ﬁtﬂf)3§@uciera$r ln enpirpst) vmlcalrm)ltanwleamr}otrigrm over

ool S el Bl 55500 I B 35 o ot

upwartder Bt iepateest iepltaxyaYies see|dyBe HRAGEAIRE W3y fidA€the sidewalls.
channel stress in nore than one direction. However,

the response of the device to the resultant stress i s

us upthd Matelanepigdial | 4y e 3BYtse RS iofnaRF & not induce stress. The
underlying (buried insulator) stressor layer 32A can produces a stress on the
epitaxial layer 38 and thereby on the channel (that maybe in the epitaxial layer). The
stress (e.g. compressive or tensile) of the underlying buried insulator layer (stressor
region 32A) determines the stress on the channel region.

The lateral epitaxial layer can increase/decrease the channel stress in more
than one direction. However, the response of the device to the resultant stress is

usually dominant in only one direction.

The lateral epitaxial layer can be formed using processes such as: rapid
thermal chemical vapor deposition, ultra-high vacuum chemical vapor deposition, or
molecular beam epitaxy. An example lateral epitaxy process for forming the Si lateral
epitaxial layer comprised substantially of Si comprises: flowing gases: H,, HCI and
Dichlorosilane (DCS), at a flow rate between 20 and 200 sccm; at a temperature

13



The |l ateral epitaxial |layer can be formed using
processes such as: rapid thermal chem cal vapor
deposition, ultra-high vacuum chem cal vapor
deposition, or nolecular bear, epitaxy. An exanple
| ateral epitaxy process for formng the Si |latera
epitaxial |ayer conprised substantially of S
conprises: flowi ng gases: H2, HC and Dichlorosilane
(DCS), at a flowrate between 20 and 200 scan: at a
tenperature 13 between 500 and 900 C, at a pressure
between 5 and 60 Torr; for a duration between 2 and
30 min. The | ateral epitaxial |ayer can provide sone

oelloti0d by 8018 S0 HETe S88lodh s YBhH Tt olE Ufgne

bethegra2 taadidtmgs to formburied (insul ator) structures
whereas vertical epitaxy normally cannot form buried
structures. An high tenperature anneal can be

per froenzer %ﬂailéﬁﬁyé\f dBf prbVlﬁe%Hé‘éf‘ Ak foI\d'Wlﬁ% fdatures gver a

formed to ensure good crystal quality in the It axi al
vertipay gravet epitexial e!méﬂrs@ lﬁter@{/epltamearewdeaﬂneamqaq eharacteristics to

e e

buFiEffstrantutes conpri sed of source and drain regions

| ect 44, t trode 46, achannel
o inigh feraanral e 2ghed e Gt a8 o SIS MRS piaxia

Iayéfr T fbrﬂhég it® Bhsurel ddot cr§s§’c§F@ja€ht)ﬂﬁ tA8 ‘épﬁﬁﬁlgf‘l‘éyérp acers

he FET device nmay not be in conpleted form and
rray have additional elenents, the FET is a PFET In the
cas £OKR @rtEans{stariqyes the epltaxial ayarst or (FET) is a
PFEEeférplﬁg %o FF‘('S:'S‘H-I we form at least a portion of the FET 60 over the
epitaxial channel layer 38. The FET can be comprised of source and drain regions
52, a gate dielectric 44, a gate electrode 46, a channel region (under the gate and
between the source and drain regions), first spacers 48 and second spacers 50. The

FET device may not be in completed form and may have additional elements.

the FET is a PFET

In the case where the field effect transistor (FET) is a PFET, the stressor
region 32A has a tensile stress. The net effect of stressor region 32A is that it
provides a longitudinal compressive stress to the epitaxial layer 38 and the channel
region of the PFET. The longitudinal direction is between the source region and the
drain region. Longitudinal is the direction that current flows in the channel.
Longitudinal is the direction parallel with the channel width. Preferably, the
longitudinal stress provided by the stressor and the lateral epitaxial layer is

substantially along only one axis.
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regi on 32A has a tensile stress. The net effect of
stressor region 32Ais that it provides a

| ongi tudi nal conpressive stress to the epitaxial |ayer
38 and the channel region of the PFET. The

| ongi tudi nal direction is between the source region
and the drain region. Longitudinal is the direction
that current flows in the channel. Longitudinal is
the direction parallel with the channel wi dth.
Preferably, the ||ongitudinal stress provided by the
stressor and the |lateral epitaxial |ayer is
substantially along only one axis. 14 the FET is a

NFE Lon where the FET is a NFET, the

str&égﬁwggﬁgﬁngZA has a conpressive stress. The net

ef f St ' rQyi i I

Cent! e piBhufRFotnd CETI0 A MIE PR HESscE refigH AR
coripegnsile steagsohhahet éftedliBEStresdorreéginalBRA, provides a longitudinal

| gnai tudi nal tensi stress prqavided by the stre
tonsf S | el By & pERRR ) Bhe HEnnet it e
Préfatablpnie &xigiudimbietehsild str&) govRieamR the strbbsorsindahe eral
Table: Stresses ------ Stress of stressor region
epitapali lpyerd ppyariia|ly alongznly one axis. - .. .. .. -

"7 7 The tablé below summages the sfrésses. .
B tress I n channel region

Tablen§itreagknal conpressive Longitudinal tensile stress

PFET NFET

Stress of stressor region | Tensile Compressive

32A

Stress in channel region Longitudinal compressive | Longitudinal tensile stress
stress

. Second embodiment - S/D stressor region and lateral epitaxial over S/D

stressor

In a second example embodiment, as shown in FIGS. 2A to 2H, a lateral S/D
epitaxial layer 239 is formed over S/D stressor regions 231A under the source/drain
regions 252 of an FET 260.

For comparable steps (common process steps, processes, materials,
parameters, etc) to the above example will not be describe in detail to avoid

repetition.

form S/D trenches in a substrate in a S/D region
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stress Il1. Second enbodi nent a S/D stressor region
and | ateral epitaxlal over S/D stressor In a second
exanpl e enbodi nent, as shown in FIGS. 2A to 2H, a
|ateral S/ID epitaxial layer 239 is formed over SID
stressor regions 231A under the source/drain regions
252 of and FET 260. For conparabl e steps (comon
process steps, processes, materials, paraneters, etc)
to the above exanple will not be describe in detail to
avoid repetition. form$S/D trenches in a substrate in
a S/IDregion In an exanple showmn in FIGS. 2A to 2D we
form 5/0 trenches 229 in a substrate 211 in a SID

for WA UEmpI TR IBSG 2P0 eyt <3 BSSGRTIn 4
substra86R 1rtes k. SYPeeigivy Wiere stdmece/SnabStetga:trS wilfye fabaapliently

can forma pad oxide |layer 214 and a nitride |ayer
for Tf‘é’ over the substrate. Referring to FIG 25, we can

f or WW@fdresa ﬁiaskiﬂgqule?':(&g;\ﬂ A1y PRYWifHESn 843 nasko etnhfg over the

maski ng | ayer 21 shown’in FIG 2C, we pattern
subsieataak®ii ev@nnmwe canyfopne pad Axdatayer g4 andoe Bttmdet layer 218

sk openings. W then renove the resist
ov%rgt;wg'rsﬂb%s shown in FIG 2D, we form5/D trenches 229

i n Reérandsd FEG.€2B We usi fagnt Meesistasyor 2@ 2l vasreop@lidg2283 over
thear%aglginstlgyer%ikm 8.
As shown in FIG. 2C, we pattern the masking layer 214 218 using an etch
process to form S/D mask openings. We then remove the resist layer.
As shown in FIG. 2D, we form S/D trenches 229 in the substrate 211 using the
masking layer 214 218 as an etch mask.

form S/D stressor regions

As shown in FIG. 2F we form outboard stressor regions 231A. We at least
partially fill the S/D trenches 229 with a stressor material (e.g., insulator) to form S/D

stressor regions 231A. The stressor regions can be formed as described above.

One way to form the stressor regions is shown in FIGS. 2E and 2F. As shown
in FIG. 2E, we can fill the trench 229 with a stressor material 231. As shown in FIG.

2F, we can etch back the stress material to form stressor region 231A.

form a S/D epitaxial layer over the S/D stressor regions

As shown in FIG. 2G, we form a S/D epitaxial (semiconductor) layer 239 over
the S/D stressor regions 231A using a lateral epitaxial process. The lateral epitaxial

layer can be formed as described above in the first example embodiment.
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form SID stressor regions As shown in FIG 2F we form

out board stressor regions 231A. W at least partially

fill the S/ID trenches 229 with a stressor materi al

(e.qg., insulator) to formS/D stressor regions 231A

The stressor regions can be fornmed as descri bed above.

One way to formthe stressor regions is shown in FIGS.

2E and 2F. As showmn in FIG 2E we can fill the

trench 229 with a stressor material 231. As shown in

FIG 2F, we can etch back the stress material to form

stressor region 231A. forma SID epitaxial |ayer over

the SID stressor regions As shown in FIG 2G we form

a Slh ﬁ,p; ;:@fi al (sem conductor) |ayer 239 over the

SI D stressor regions 231A using a | ateral epitaxial

pro i t I

Qeser, o RO EICE 2 e Bt 2F R 260 B4 tn BlontRs  THEEET 260 can
befcontariges BT arRbEBNEl negionoseUrGe/d2#iN regiohs 262 2a BEETdi2BGtric 244, a

oo ke, P T84 ST 200 0, SOIPES S8

regiores 262 cae b24east partlyah ehe 50 epadeali4fer 39, st spacers
248 and second spacers 250. The sourceidrain regions

252 can be least parfly in the SID eptaxial |ayer 239.
I n [f@eUptibRWHERE k% EBS iEEPRIST QnEﬁEeTS%‘gtré%’s%r%&ons 231A
31A h ress” and

stressor re_gl ons 2 ave a conpressive s
hayea canressiessstoess anyl e S/B1otrgasov refpien 231 Apgvidet aiingitudinal

S| S he.channel regi.on. The . o
coFERREFR SIS W bl a0 bobil e iesays spess
thebditemtion bicheearotiiecsd ureégiedioreadd thedehiftdyidre@.@Nalofgdne width of

al.on }he wi dth of the channel).
the channel).
In the option where the FET is a NFET and the stressor regions 231A have a
tensile stress and the stressor region 231A provides a longitudinal tensile stress to

the channel region of the NFET.

The table below summarizes the stresses:

Table: 2™ embodiment — S/D stressors

PFET NFET

Stress of S/D stressor Compressive Tensile

regions 231A

Stress in channel region | Longitudinal Longitudinal tensile
compressive stress stress

It is noted that the order of the steps can be changed. For example the gate

structure (possibly including spacers) can be formed and then the S/D trenches
etched.
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In the option where the FET is a NFET and the stressor
regi ons 231A have a tensile stress and the stressor
region 231A provides a longitudinal tensile stress to
the channel region of the NFET. The table bel ow
sunmari zes the stresses: Table: 2n enbodinment - SID
stressors PFET NEE................... .. Stress of
SI D stressor Conpressive Tensile regions 231A Stress
in channel region Longitudinal Longitudinal tensile
conpressive; stress stress It is noted that the order
of the steps can be changed. For exanple the gate
structure (possibly including spacers) can be forned

and-then the ,SID trenches 17 Third

V.3 ThiH SeBiRIE b S SRR notb PIET afd PET GPisEs - Stressor
Str Ohs af€gomipreadsiweconpressive In a third exanple
enbodi nent, both PFET and NFET devices are forned. In

t helnRFIrddewinte eanbadlireent, b&hDPERT adiNFET dyeices are formed. In

f d _over $S/.D ssqr _.region _under th .
the B FT QR A T8k SHD PR BY PR Q¥et Y Retiesee pgion
un@ér thaXsbatcel@urT regfonst i tIRNFVE He@cs ! thedsteFal 'ep@hRal layer is

under a channel region of the NFET. The elenents can

forgediayeradtissereegidruatieasanannal iegion ofitse NiTRT - sBlee algments
caf? BRGNS de&EHBEJ" £50hA M N Ed 668 embodiments.

PFET region and NFET region

Referring to FIG. 3A, provide a substrate 311 having a PFET region 312 and
NFET region 313. A PFET device will be formed in the PFET region 312. A NFET
device will be formed in the NFET region 313.

The substrate 311 can be a (110) Si substrate, (100) Si substrate, (111) Si

substrate, SiGe substrate, or a SOI substrate or other suitable substrate structure.

form PFET S/D trenches in the PFET region and forming a NFET channel
trench in the NFET region

An example process is shown in FIGS. 3A to 3D to form PFET S/D trenches
329 in the PFET region and forming a NFET channel trench 328 in the NFET region
313.

As shown in FIG. 3A, we form a masking layer (e.g., 314 318) with a

PFET S/D mask openings and NFET channel openings over the substrate.

Referring to FIG. 3B, we can form a resist layer 322 with openings over the
masking layer 314 318. As shown in FIG. 3C, we pattern the masking layer 314 318
using an etch process to form PFET S/D mask openings and NFET channel mask

opening. We then remove the resist layer.
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Referring to FIG 3A, provide a substrate 311 having a
PFET region 312 and NFET region 313. A PFET device
will be fornmed in the PFET region 312. A NFET device
will be fornmed in the NFET region 313. The substrate
311 can be a (110) Si substrate, (100) Si substrate,
(111) Si  substrate, SiGe substrate, or a SCSI
substrate or other suitable substrate structure. form
FEET SID trenches in the PFET region and formng a
NFET channel trench in the NFET regi on An exanple
process is showmn in FIGS. 3Ato 3D to form PFET S/ B
trenches 329 in the PFET region and forrri ng a NFET

chamtsholf REIS 35 18 ST SJhend oa B gRET rogor
31®ignd :aNFPFEERhabhE trarsdh mlﬂltﬁ@NFEwrﬁﬁﬁTSWQﬁﬂghhe masklng layer
313%‘&& ngs over the substrate. Referring to FIG 3B.

330 @lchéR3sk | ayer 322 with openings over the

maski ng | ayer 314 318. As shown in FIG 3C, we pattern

the masking | ayer 314 318 wusing an etch process to

form PFET S/ D mask openi ngs and NFET channel mask

opef®rify/ FEJ SBesiressRfedions aeduasNFEIymanmStxgsswmmn

trenches 329 in t

PFEl!:lV‘? é‘g}%ﬁ Paéti%%afﬂqdﬁﬁ FﬁI%T zfﬁHﬁﬂ%hest ?&wﬁhﬁssw “i?iﬂér'a' to

forNFEFEE'TWDQﬂre%%& r‘éEidiﬁ; 33 ame ki Igst Ay Aitdy BENBEST BRannel

etch formF D stressor regions and a NFET
treaﬁfaﬁa§|WIt§t9rtr@§§@rr mﬂt@lad)to fopa aaNFEdahanpel stregspy regian 332A.

the P?é:fgr-lébﬁj [R]é ét?é‘%‘??neﬁgﬁal% EH ivddi éatg?.qforr&taﬁ{pl €, thé Stressor can

be comprise of oxide, silicon oxynitride or nitride. In this example embodiment, the
stressor material has a compressive stress.

An example process is shown in FIGS. 3E and 3F. FIG. 3F shows the filling of
the PFET S/D trenches 329 with stressor material and the filling of the NFET channel
trench 328 with stressor material. The stressor material can be chemical-mechanical
polished (CMP).

Next, as shown in FIG. 3F, the stressor material is etched back.

In this example, the stressor material has a compressive stress.

In an alternation (4™) embodiment, the stressor material has a tensile stress

and a NFET is formed over region 312 and a PFET is formed over region 313.

form a PFET S/D epitaxial layer over the PFET S/D stressor regions and
form a NFET channel epitaxial layer over the NFET channel
stressor region

As shown in FIG. 3G we form a PFET S/D epitaxial layer 339 over the PFET
S/D stressor regions 331A and form a NFET channel epitaxial layer 338 over the
NFET channel stressor region 332A. The PFET S/D epitaxial layer 339 and the NFET

channel epitaxial layer 338 are preferably formed using a lateral epitaxial process.
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form PFET SIt stressor regions 331A and at | east
partially filling the NFET channel trench 328 with
stressor material to forma NFET channel stressor
region 332A. Preferably, the stressor material is an
i nsul ator. For exanple, the stressor can be conprise
of oxide, silicon oxynitride or nitride. In this
exanpl e enbodi nent, the stressor material has a
conpressive stress. An exanple process is shown in
FIGS. 3E and 3F. FIG 3F shows the filling of the
PFET SID trenches 329 with stressor material and the

filling of the NFET channel trench 328 with stressor

mat S an b

oL ekl £ERT PP St ST oxer i T oson
FIG 3F, the stressor mat er i aI |s etched back. In

this exanple, the stressor material has a conpressive
st r Beferring tahlG 3k rwafarona PHER) indndy BFiETergjort B2 over the

d NFET i
o135 Tl A BB Eoa % Aot e
chaegeloagidn 3PFEDsouReRIrGh lddichigl 3520, al PHEY ghteoViBlect 2€344P and a
IJ: | S-Ieie stressor_ regi ogns_and forma NFET channel
P §E gaigiegcliodeciAohy irst REENsgacenifiiieand seeenkBF ET sgaeer 350P)
the“PFE"ITQs‘Uﬂrrdé?dr’z:ahﬁve_tlg?lﬁsV@E:Z;Ff%reES@Aé’gﬁéaﬁ ﬁnqgéﬁﬂﬂé/q &difxial

339 over the orm
laygr RBET channel epitaxial |ayer 338 over the NFET

channel stressor region 332A. The PFET SI D epitaxi al

| ayer 339 and the NFET channel epitaxial |ayer 338

ar eVye afbercahlfyrnt amMNEET 360 RyeptHedBE Rire§iph 3aRI ﬁihe NFET 360 can

pr ocess. i[, rm a PFET in the PFET rec?r on and forma

be gepprised of a EFefranrg]irggion, NFET source/drain regions 352, a NFET
gate dielectric 344 and a NFET gate electrode 346 (first NFET spacer 348 and
second NFET spacer 350). The NFET channel region can be above or at least partly

in the NFET channel epitaxial layer 338.

The PFET S/D stressor regions 331A have a compressive stress and the S/D
stressor regions 331A provide a longitudinal compressive stress (represented by
arrows C in FIG. 3H) to the PFET channel region.

The NFET channel stressor region 332A has a compressive stress and the
NFET channel stressor region 332A provides a longitudinal tensile stress
(represented by arrows T in FIG. 3H) to the NFET channel region.

V. Fourth example embodiment — stressor regions are tensile stress

FIG. 4 shows the example embodiment where tensile stressor regions 431A
and 432A are formed. The fourth example embodiment can be made using a process
similar to the third example embodiment.
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Referring to FIG 3H, we forma PFET in the PFET
regi on 312 over the substrate. An exanple of the PFET
is PFET 362 that can be conprised of a PFET channe
regi on, PFET source/drain regions 352P, a PFFT gate

di el ectric 344P and a PFET gate el ectrode 346P;

(first PFET spacer 348P and second PFET spacer 350P)

t he PFET source/drain regions 352P are at |east partly
in the PFET S/D epitaxial |ayer 339. W also can form
a NFET 360 over the NFET region 313. The NFET 360 can
be conprised of a NFET channel region, NFET
source/drain regions 352, a NFET gate dielectric 344

o TRe S HORRET 20 A tampga uds R SR go st sz the
NFEMrRfored Ry Q'h@rteﬁéllé ﬁ?e%ts S’/@f étféésor‘ fRgidie DA ph R Elongitudinal

epi taxi al_I|ayer : S/'D stressor regions
ter@é&ﬁtrﬁa%T)eto MF&qu:hﬁ@n@t re@m dhe NFHeT 46Dis sompeisast of the

d
ool DA A PSP SRR el 6 o
channel region. The NFET channel stressor region 332A
ot SBe SPAR S Bre S AT BpaeRs 4 desiee Pk HERoAdAg indhe PFET
regid 832 THd &Mrﬁféﬁ%@%o?)‘e@bh 995 A hdsh t’é'n@He §l"9esst qhbfb%annel

channel region ourth exarrp nbodi nen -
strggsos se@en AééAon@vate@ a l@ngltm@ngltqo@wew@ suewtﬁﬁoﬁlhfeepltamal

o ATBES IS PEDY MG ST, 639950 628 Bl i o

gatest 46t S/Dgegignat SEPoares sharsiehtdgion tioddrithe igate.d exanpl e
enbodi nent. 2;;

non-limiting example embodiments

The steps of the embodiments may be performed in any order and the
embodiments are not limited to the order of the steps described above. For example,
it may be possible to form the gate structures first, then form the S/D trenches, S/D

stressor regions, S/D epitaxial layer and then complete the FET, etc.

In the above description numerous specific details are set forth such as flow
rates, pressure settings, thicknesses, etc., in order to provide a more thorough
understanding of the present invention. Those skilled in the art will realize that power
settings, residence times, gas flow rates are equipment specific and will vary from
one brand of equipment to another. It will be obvious, however, to one skilled in the
art that the present invention may be practiced without these details. In other
instances, well known process have not been described in detail in order to not

unnecessarily obscure the present invention.
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The S/ D stressors 431A are formed under the NFET SID

regions 452 in the NFET region 413. The tensile

stress S/ D stressor regions 431A provide a

| ongitudinal tensile stress (T) to the NFET channel

region. The NFET 460 is conprised of the gate 446.

SID 452, lateral epitaxial |ayer 439, and channel

regi on under the gate. The channel stressor 432A is

formed under the PFET gate 446P in the PFET region

412. The channel stressor region 432A has a tensile

stress. The channel stressor region 432A provides a

| ongi tudi nal conpressive stress (C) to the epitaxial

| ay@lveAIBE varisty (0P et ditfrérits 6 theohrasadt iniliof Just HRcribed, the

PFET 462 is conprised of the gate 446P, SID'region
aboyegesgHptiomang &hustretgqr@nsmnwwt heniekgaee limiing thel scopg of the
pre%éﬁ‘ﬁﬂ{/ t in@H hJ% ".ﬁgeps of the embodiments may

or ne r and the enbodinments are not
I i nWthdeI thealnweetlcmrlum benén particstadp shoes @nd kied critisal/ @ith Feference

o BB BN BEEL RS T TS n o ar

thabvareasathanges AMformrid @it vriadlbel m¥&s witRButt d&Parting from the
Sp|rC E@I ete the FET, etc. In the above description

Hppegidae inventien.di isdntepded tq cavsr varieus mogdgications and
I | t
Sil8 S RSN ERATRbrodtas, cridl RSB35 81 18 dpeniiB QARG
themf@@eehowdwbe Atcaded Theobmaslest |hmdpnetattdmesoaas tonéridompass all

t settin denc times, gas

suc]h 'ﬁg?tLg‘%aﬁ'r@o sé@d? ?Fé?ﬁg%’g%@ﬁ pé?ﬁ? %3 vary from

one brand of equipnent to another. It wll be obvious,

however, to one skilled in the art that the present

i nvention maybe practiced wthout these details. In

ot her instances, well known process have not been

described in detail in order to not wunnecessarily

obscure the present invention.
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21 Gven the variety of enbodi nents of the present

i nvention just described, the above description and

illustrations show not be taken as limting the scope

of the present invention defined by the clains. Wile

the invention has been paCtLAbtMBarly shown and

described with reference to the preferred enbodi nents

thereof, it will be understood by those skilled in the
1. arta n{dtRbd ¥RfdHRidating anesicbRdd Qb &nte B6kpiisihgray be

made w thout departing fromthe spirit and sCope of

the in . . S . :

rodPPEY & 3Emicdpd Bdr R ERHEHE bRpBRKEHN I8 one trench

rocedures, and the scope of the appended clains

ha‘}ﬂj%\‘@‘?%rr%n%iﬁ’mr(ﬂ’oﬁt@%cor ded the broadest

interpretation so as to enconpass all such )

modPFMingta stiesslayesinng layyer. ehthet tsengiy wheseedbe stress

22 CLAIMS 1. A nethod of fabricating a sem conduct or
layeteaamprisasng plasian pp purdacadinibedowenpaniodyehereis tits stresselayer

prepared with at | east one trench having upper and

in th@%hcﬁ@b?rb@ﬁéﬁdsfWﬁbﬂés@r&b@i@ﬁ?ahéyer in a lowver
portion of the trench, wherern the stress |ayer

CONBh Qeﬁ'i&'ﬁ%cfo‘?%véHé{%’iﬁ thé uﬁ) &r h&%h dihé irggcrtm on the

wherei n“the stress layer he t correspon

a stressor region: and form ng.a,sem conduct or .
playabp S Efoe ot ihe St aL PvBh TRt e Vel prisybstantialy

pl anar top surface of the stress |ayer, wherein the
forrpg &ateefly Arqng sige s the SEPUFRANAMCESY substrate Na{RASKIPOYtigNR ghthe

si des of the sem conductor substrate in upper portion
trengh, whherein the overlayer comprises a planar top surface which is coplanar

with a top surface of the substrate.

2. The method of claim 1 wherein the substrate comprises silicon.

3. The method of claim 2 wherein the stress layer comprises an insulating
material.

4, The method of claim 2 wherein forming the overlayer comprises lateral
epitaxy.

5. The method of claim 2 wherein the overlayer comprises Si, C doped Si, or
SiGe.
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trench, wherein the overl ayer conprises a planar top
surface which is coplanar wth a top surface of the
substrate. 2. The nmethod of claim1l wherein the
substrate conprises silicon. 3. The nethod of claim2
6. whelha methad at ¢laiss 1 \vihareincibegubstratensompesesad (hP), (100) or
material. 4. The nmethod of claim2 wherein formng the
(11dyerertedsubsimptel ses | ateral epitaxy. 5. The nethod of
claim2 wherein the overlayer conprises Si, C doped
Si, or SiCGe. 23 6. The nethod of claim1l wherein the
substrate conprises a (110), (100) or (111) oriented

7. SUbR{d Rethod of d8fn BRIMS i%e@t%s@l%é{@%’n‘?%ﬁbés% ﬂsu@ggg

| ayer conprises an insulating mat The met
ma h Fl aim6 wherein formng the overlayer conprises
Per al epitaxy. 9. The nethod of claim8 wherein the
overl ayer conprises Si, C doped Si, or Site. 10. The
met hod of claim 1l wherein formng the overlayer
conprises lateral epitaxy, the overlayer conprises a
8. t opl hsumethnd ofclaim 6 whespirdieaming the queslayeuegmpeises lateral
The nethod of claim1 wherein the stress | ayer
epitagypri ses an insul ating

9. The method of claim 8 wherein the overlayer comprises Si, C doped Si, or

SiGe.

10.  The method of claim 1 wherein forming the overlayer comprises lateral
epitaxy, the overlayer comprises a top surface which is coplanar with the

substrate.

11.  The method of claim 1 wherein the stress layer comprises an insulating

material.

12.  The method of claim 1 wherein the stress layer comprises silicon nitride or

silicon oxide.

13.  The method of claim 1 wherein forming the stress layer in the lower portion

comprises:
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material. 12. The nethod of claim1 wherein the stress
| ayer conprises silicon nitride or silicon oxide. 13.
The nethod of claim1 wherein formng the stress | ayer
in the |lower portion conprises: 24 formng a stress

i ndomning a siyess indutinghayey; t he substrate to forma

pl anar surface with the stress inducing |ayer and

surpotiskingfthé lsabstudietto dben agridndrenefiengith the strégsiaducing
i nducing layer to formthe top surface of the stress

layeraRf s cevoitthe stisfrateeapd the substrate. 14. The
met hod of claim 13 wherein: formng the overl ayer

co i enit. : oyver r

conBbe iy ¥ Shéts BLLRN1ayd W ol eBltia el of gpe sfress

cl.aim 13 wherein recessing conprises a selective etch
lay Qi HIOW e, SUGaCe SHC AP Hafhod of ol ai m 15 wher o1 n

form ng the overlayer conprises lateral epitaxy. 17.

The method of claim 1l wherein the stressor region is

| ocated bel ow a channel region of a transistor, the

14. st rldesmethagdfciaicotP wieesina first stress. 18. The
nmet hod of claim 17 wherein the first stress conprises

t efGirhingIhé ©vErlagsttoisiddsaa®raltapitakgnamd ses a p-type
transi stor.

the overlayer comprises Si, C doped Si, or SiGe.

15.  The method of claim 13 wherein recessing comprises a selective etch back

process.

16.  The method of claim 15 wherein forming the overlayer comprises lateral

epitaxy.

17.  The method of claim 1 wherein the stressor region is located below a

channel region of a transistor, the stressor region comprises a first stress.

18.  The method of claim 17 wherein the first stress comprises tensile stress

and the transistor comprises a p-type transistor.

19.  The method of claim 17 wherein the first stress comprises compressive

stress and the transistor comprises a n-type transistor.
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19. The nmethod of claim 17 wherein the first stress
conpri ses conpressive stress and the transistor
conprises a n-type transistor. 25 20, The nethod of
claim1 wherein first and second trenches are di sposed
in source/drain regions of a transistor corresponding
to first and second stressor regions, the first and

20. seckedmethicebsioclaine giveesreinofiret aisd 8gcond tresthes aresdispdded in
The nethod of claim 20 wherein the first stress

SOUPCHIBFHIS PSQi6RSTBT 8§ $BinRtordddrREpoRlfhg! tBEirst PESIAN stressor
conprises a p-type transistor. 22" The nethod of claim

: r : : ess
reg s e oL Seboricbrdesor 16 BAEROM RS LRI §yhE 253
The method of claim1l wherein: the substrate includes
first and second active regions of first and second
transistors; a first trench is formed in a channel _
21. 1 egitsnmethadhef ¢laing 20 wyhareindhe firstrsteass qonmmrisesampressive
regi on corresponding to a channel stressor, the
stresh amddhe stanstsd@r corpriges a prgpea tfansstorst r ess; and
second and third trenches are fornmed in source/drain

regions of the second transistor in the second active
regi on corresponding to source/drain stressors, the

22. 2 Z%f?ﬁh%ﬂ% ﬁél%ﬁ%ﬁ%ﬁ%@ﬁ&h?ﬂr&ﬁ&% Jdrftiﬁﬁse%ttéﬁéi% stress

he met hod erein: the first stress
andct?lgT%r[a'n%?s%rt gonrﬁbl"igessg rn?t‘?/%e tra‘%%istor.

23.  The method of claim 1 wherein:

the substrate includes first and second active regions of first and second
transistors;

a first trench is formed in a channel region of the first transistor in the first
active region corresponding to a channel stressor, the channel stressor
comprising a first stress; and

second and third trenches are formed in source/drain regions of the second
transistor in the second active region corresponding to source/drain stressors, the

source/drain stressors comprising the first stress.

24. The method of claim 23 wherein:

the first stress comprises tensile stress;
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the first transistor conprises a p-type transistor;
and the second transistor conprises a n-type
transistor. 25. The nethod of claim 23 wherein: the
first stress conprises conpressive stress; the first
t r dheifisstdransigipr caraprisesa pylype tiramsistart and and t he
second transi stor conprises a p-type transistor. 26.

A ghaisecond tlansiste \UoPep iR heyfirafsis@im conduct or
substrate having a trench with upper and | ower

portions; a stress |ayer disposed in a |ower portion
of the trench, wherein the stress |ayer conprises a

25_pI Wmteﬁ,g(}dzw&gﬁggmrf&g lower portion of the trench;

and a la eprtaxi a Ver | ayer di sposed in the

. ion of the trench an he pl anar top surface
gfp Qﬁé\é'?é{trﬁttrlé’ﬁ OPHXFEF?SMQFFE??IS'Y‘?@%"%%PI ayer coﬁpriuses a

sem conductor material. 27. The sem conductor device
of toe Arshtesigier eamptises 8 aHype dvesistorpandes  silicon.
28. The sem conduct or device of claim27 wherein the
st rtes setanye transistoriceasprises d pdydetrangstont eri al . 29.
The sem conduct or device of claim27 wherein the
overl ayer conprises Si, C doped Si, or Site. 27 30.
The sem conduct or device of claim27 wherein the

26. SUk?\?’%éﬁic%nﬁﬁmrid%%ﬁzeacorﬁaﬂ&%g: (100) or (111) oriented
substrate.
a semiconductor substrate having a trench with upper and lower portions;
a stress layer disposed in a lower portion of the trench, wherein the stress
layer comprises a planar top surface in the lower portion of the trench; and
a lateral epitaxial overlayer disposed in the upper portion of the trench on

the planar top surface of the stress layer, wherein the overlayer comprises a

semiconductor material.

27.  The semiconductor device of claim 26 wherein the substrate comprises

silicon.

28.  The semiconductor device of claim 27 wherein the stress layer comprises

an insulating material.

29. The semiconductor device of claim 27 wherein the overlayer comprises Si,

C doped Si, or SiGe.
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31. The sem conductor device of claim30 wherein the

stress layer conprises an insulating nmaterial. 32.

The sem conduct or device of claim30 wherein the

over | ayer conprises Si, C doped Si, or SiGe. 33. The
30. senfileosainiconductor deeice of claiinrd 2@hatein Siensulvsirate eoimpyiees a

conprises Si, C doped Si, or SiGe, the overlayer
(11GR(PO0)sE 121} Oeried fsabstrafe.ch is coplanar with the

substrate. 34. The semni conductor device of claim 26

wherein the stress |ayer conprises an insulating

material. 35. The sem conductor device of claim26

1.0 bR oG de Ry S b RER e s BTV dfpphies

26 wherein the stress layer in the trench corresponds

an ipgulatiag ,alelal- r egi on, the stressor region is | ocated
bel ow a channel region of a transistor, and the
stressor region conprises a first stress. 28 37. The
sem conduct or device of claim36 wherein the first

32. st ridessamicpndaetsr deeins iof elaitr3swheran theeoveday@r sbotprises Si,
conprises a p-type transistor. 38. The sem conduct or

C dep¥d &, dfsiteai m 36 wherein the first stress conprises
conpressive stress and the transi stor conprises a
n-type transistor. 39. The sem conductor device of
claim 26 wherein first and second trenches are

di sposed i n_source/ drai eqgions, of .a transistor . .
33. corMERTORITPRGUET APYIGE of glAMZ BREralf e, O¥siaveg cgmprises Si

the first_and second stressor regions conprising a )
C dpped Si, or SiGe, the overlayer comprises a top surface which is coplanar with

the substrate.

34. The semiconductor device of claim 26 wherein the stress layer comprises

an insulating material.

35. The semiconductor device of claim 26 wherein the stress layer comprises

silicon nitride or silicon oxide.
36. The semiconductor device of claim 26 wherein the stress layer in the trench

corresponds to a stressor region, the stressor region is located below a channel

region of a transistor, and the stressor region comprises a first stress.
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stress. 40. The sem conductor device of claim 39

wherein the first stress conprises conpressive stress

and the transistor conprises a p-type transistor. 41.

The sem conduct or device of claim39 wherein the first
37.st r B3 semwigondsietor dexicei dfelait 3% wharein tihe fitst stress comprises

conprises a n-type transistor. 42. The sem conduct or
tensity steesoind th tradsistoin eoriphises Bep-gyestrdriistor.ncl udes

first and second active regions of first and second

transistors; a first trench is formed in a channel

region of the first transistor in the first active

re ing: £.0 . :
38. hitrﬁenefé"ﬁ[%o@é@%m BB Pk 356 By sty cggerises

and thlrg trenches are forned  in %ource/draln

conp%r&rsglﬁg SYPSE RPALBE SrANSISIOT LTRSS § R-tyRe reBeisIAY- act i ve

regi on corresponding to source/drain stressors, the

source/drain stressors conprising the first stress.

43. The sem conductor device of claim42 wherein: the
39.f i rEte semenndooiopdesies dfefeim 26 atheesis firdtrendf secdind trenches

transistor conprises a p-type transistor; and the

are RSPy dtin 306 G/ @fairf PEPO NS 66a aransiswm:owe%aéhéhgrto firét4and
The sem conductor device of claim42 wherein:

sect)hfj %'ire%%ﬁ%@mfr%”ﬂﬁé ﬁtes? aﬁﬂ %E:Sﬁ SHBsShr" r%?%nstégﬁnﬁr‘iéﬁé a first

transi st or i ses ransi
stress.

40. The semiconductor device of claim 39 wherein the first stress comprises

compressive stress and the transistor comprises a p-type transistor.

41.  The semiconductor device of claim 39 wherein the first stress comprises

tensile stress and the transistor comprises a n-type transistor.

42. The semiconductor device of claim 36 wherein:

the substrate includes first and second active regions of first and second
transistors;

a first trench is formed in a channel region of the first transistor in the first
active region corresponding to a channel stressor, the channel stressor

comprising a first stress; and
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the second transistor conprises a p-type transistor.
30

second and third trenches are formed in source/drain regions of the second
transistor in the second active region corresponding to source/drain stressors, the

source/drain stressors comprising the first stress.

43. The semiconductor device of claim 42 wherein:
the first stress comprises tensile stress;
the first transistor comprises a p-type transistor; and

the second transistor comprises a n-type transistor.

44.  The semiconductor device of claim 42 wherein:
the first stress comprises compressive stress;
the first transistor comprises a n-type transistor; and

the second transistor comprises a p-type transistor.
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