Met hod to formselective 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 ; H G4 i type
of trangggﬁbr Pgﬁﬁg%gFﬁﬁﬁﬁﬁébsagfPghg?hggg%ggggﬁthe
performance of the conplenentary transistor (in this
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

defi ci enci es not ed opgd of PRl by t he
1) %chﬂfsfﬁ@iﬁ\@ﬁlﬁﬁﬁl ogi cal devel opnent directed to the
supj

ect, as docunented by the rel evant patent and
t edhis insentian wiaies generahy tafabsiestiornpidicld afigetrteansigiors (FET),

M T ppe
trankiBkdrowitgstrddSed LhadtelangdioklS6884667: Fiel d ef f ect

transi stor with stressed channel and nethod for
maki ng sane - Inventor: Doris, Bruce B.

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 technigues 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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{ US20050085022A1 and US20050139930A1 Str ai ned

di sl ocation-free channels for CMOS and net hod of

manuf acture - I nventor: Chidanbarrao, Dureseti.
US20050145837A1: Enhancenent of el ectron and hol e
nmobilities in <110> Si under biaxial conpressive
strain - Inventor: Chan, Victor. US6884667: Field
effect transistor with stressed channel and nethod for

maki ng same - Inventor: Doris, Bruce B.
US20050139929A1: Transi stor design and | ayout for
performance i nprovenent with strain - Inventor: Rost,

appﬁrdﬁﬂ‘y fﬂryoré reldS6R0REAR calSigvalopaterth dmthel patentiliteratae @an be
device - Inpventor: Ge, Chung-Hu. US6841430:
gleased; yrrNsidesingdha felawinGat i on met hod t her eof
-l nventor: Sugawara, M noru. US20040026765A1:
Sem conduct or devi ces havi ng strai ned dual channel
| ayers - Inventors: Currie et al. 2 US6690043:

sBEREROINS it R A Bl BB LA o

methBd ferdahkigy shate clongntot: Ddriss Bande Bhannel effects in
MOS transistors - - Inventor: Doyle, Brian S.
US6563152: Techni que to obtain high nobility channels

Usbﬁom\%fg Qﬂ%'aﬂdotﬁ‘dzl@bsof SIGHORY SirsihbidisId@NBh-FRR GHannels for
under si de of a channel - Inventor: Roberds, Brian.

CMOS2athortesiainandeniuntiyentsr: gbidhodaragi Bgr%seghost
source/drain region and a nethod of manufacture
therefor - Inventor: M chejda, John A

1US20050145837A1: 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 tayout 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.




US6274913: Shi el ded channel transistor structure with
enbedded source/drain junctions - Inventor: Brigham
Lawr ence. US20020074598A1: Met hodol ogy for control of
short channel effects in MOS transistors -: -
Inventor: Doyle, Brian S. 3 Summary of the Invention
Sonme exanpl e enbodi nents of the present invention
provi de structures and nethods of manufacturing field
effect transistors with stressed channel regions which
are characterized as follows. A first exanple nethod
enbodi nrent for a nethod of fabricating a
US65004rBkmicondakeur devicosnd nsthed bthaasttgesurok the sama ng
a trench in a substrate; formng a stressor region at
Inveniystspdatiodl 1y filling the trench with a stressor
material; formng an epitaxial |ayer over the stressor
region using a lateral epitaxial process; forniq%p%

US2002087 4198A 1o Mathedrioepfar spntip! ofspert; chanaet ¢Tiasss ot
canpri s a n egi on, a source region, a
”3n§P§F%“Fé§F§&”aQ§Q§’gg%gsélectrode; stressor region
creating a stress on the channel region. A first
exanpl e_devi ce enhodi t for.a field effect .
USEHEANBR ST o6 R Ba o moBlitZoigaiieTs Pdd DSrnsistors by
fomﬁhgs BQ%&Hh AV o 2k hinaeelidd 604 eRanrdie BhaMBRIRIRISBrin,
east partirally in an epitaxial |ayer; the epitaxial

| ayer is over a stressor region in a substrate under
USédb%Og%féltﬁi@%Iern%gghductor 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 -1 - Inventor: Doyle, Brian S.




the source/drain 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 nethod of
fabricating a sem conductor device conprising the
steps of : formng S/D trenches in a substrate in a

S/ D area where source/drain regions wll be
subsequently formed; formng S/ D stressor regions at
| east partially filling the S/ID trenches with a

stressor material; formng S/D epitaxial |ayers over
the S/D stressor regions using a |lateral epitaxial
process; formng a _transistor over the substrate; the
transi stor conpri sedrgmagy E’g%m"enpé’@i on, 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

" SRS EERUbRETEBS RIS § Bl Th FueRyREroVde LRRiEibs and

mei$0ds o€ ninafaetdrirg idie effet trdisistolisstitasteessddatanheltregione which
gate electrode; S/ D stressor regions at |east

are GRPEACKZpdas TOlI9St he source-drain trenches; the SID
stressor regions conprised of a stressor nmaterial; a
S/ D epitaxial |ayer over the S/D stressor regions;
t heh firsti exahpicanathod giraiedigghbioe atmetbod ioé fafricating a

sen%!:gr% Jc%jrede%?c% go?ﬂpr?s‘?nﬁ‘ EheI s%‘;% 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.




partly in the S/D epitaxial layer. Third exanple

nmet hod and devi ce enbodi nents conprise formng
stressor regions under the S/D region of a first
transi stor and under the channel of a second
transistor. 5 In the third and fourth exanpl e device
enbodi nents, the sem conductor device 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 S/D trenches in the first
regi on and a second channel trench in the second

r eg &ontli &inphé Petihddaadbdinegiidns aahethedsif famidatiag by
filling the first S/ID trenches with stressor

sentigneucklT; deyicg @naBtssuthendfr®RP’ stressor region at
ﬂ,%?l?lﬁfgsﬁfﬁ foAlHe ifiial dupRealdp a SEF RS \Qﬁé}@@urééll&%‘ﬁ#‘regions will

tressor nmaterial; a first S/D epitaxial l|ayer
over belmibbegeentig/foreed;essor regi ons and a second

QP RaSYP FaghareOions B Kas B8 FBS N S5 WR0RESs i
t

t he syestédrahgteribhe first FET is conprised of a firs
channel region, first source/drain regions, a fjirst .
ferapiag §i/0| epitpripLlaxp caferrithl%ﬁfD@5@%8%%%%Hé*;ngt%@te"?'r%q'tam*
sourceldrain regions are at least partly in the first

S/ D epitaxial layer; and a second FET over the second
foegirgna trahsistos cuadthBET bistrateo tipe irarsistor camgeeerhdf @ channel

gar o TavieheaeoeoRRAR R o BB R Hel Mot B P Taa aEEREte.

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

e 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 5/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

fransistor.




In an aspect of the above enbodi nent, the

sem conduct or device further conprises: the first FET
is a PFET and the second FET is a NFET; the first S/D
stressor regions have a conpressive stress and the S/D
stressor regions provide a conpressive stress to the
first channel region; the second channel stressor
regi on has a conpressive stress and the second

channel stressor region provides a tensile stress to

t he second channel epitaxial layer in the second
channel region. 6 In an aspect of the above exanple

enpgie Bt Sndtfberts eram pRAUSEGY efiButietentd, Uné Bemiconductor
conprises: the first FET is a NFET and the second FET

devicg CRMILIS®S: the first S/ D stressor regions and the
t%ﬁfb@g?rgcs g L pdt EqiBRtan HeUBAg 'F@%Sn G filsf pEirlig r® et region;

sor Pons. provide a tensile stress
an apescbhe FETrlsun th‘mlnd regignpn; and t he second

ot PREto0iEA o R TRl SR SBARIGREER, Fifh8 Roone

enboedgiemt , the sem conductor device conprises: a
substrate having a PFET region and NFET re
firsd /K ettfr@ésmionség it partNﬁE‘ﬁ"ung th%flfﬁﬁ§/$¢%‘§1ﬂch%@wah stressor

Eﬁglﬁt%lérlgﬁ %%c!t)rﬂd EHN%rPéf %ﬁg%ﬁﬂ'r@@xoﬁ%@ 1sNp&ially filling the
second channel trench with stressor matenal

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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PFET S/ D stressor regions at |least partially filling
the PFET S/D trenches with stressor material; and a
NFET channel stressor region at |east partially
filling the NFET channel trench with stressor
material; a PFET S/D epitaxial |ayer over the PFET S/D
stressor regions and a NFET channel epitaxial |ayer
over the NFET channel stressor region; a PFET in the
PFET regi on over the substrate; the PFET is conprised
of a PFET channel region, PFET source/drain regions,
a PFET gate dielectric and a PFET gate el ectrode; the
PFET source/drain regions are at |east partly in the
PFET S/D epitaxial layer; and a NFET over the NFET ,
r edfi 8R aspae Ntk abeYhPryBRle M BOFIRENtS: 2 PRINICPBEYGAT device
e/drain regions, a NFET gate dielectric and
fu“%ﬁéﬁﬁg}é&%é 7 el ectrode; the NFET channel region is at
| edtsa fish FEMyisiarNERe aNEHTe skeombFETépatRbGTal | ayer. In

o bRg sud ity aaeh SR Ref LML dres rpgip have o

S/ Ruydilee®ees; regi ons have a conpressive stress and the

S/D stressor regions provide a conpressive stress to

an the S sHesss regiems prviied tendlgidiess it an Regerthafiahehannel

st Q@ﬁgﬁr regi on has a conpressive stress and the NFET
channel’ stressor region provides a tensile stress to

t healdFEEE secand ehanegistragsal regiye pravideshe coRpTesshemiegss to the
T%e above and bel ow advant ages and features

Ly Seging fos il ool

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

.




enbodi nents only, and are not exhaustive and/or
excl usive. They are presented only to assist in
under standi ng the invention. It should be understood
that they are not representative of all the
i nventions defined by the clains, to be considered
limtations on the invention as defined by the
claims, or limtations on equivalents to the clains.
For instance, sone of these advantages nmay be nutually
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone
advariagedeathe NIPRT ichabhd regioaneatiepscparty irf the NFET channel
invention, and inapplicable to others. Furthernore,
cert &H®48lJ8¥®"'s of the clained invention have not been
di scussed herein. However, no inference should be
drawn regardi ng those di scussed herein relative to
t hds anmspedt afdos sbdvé exannlerhbedinteats, e spuicpodeciobfievice of
ace and reducing repetition. Thus, this summary of
fuﬁﬁ SATRE5nd advant ages shoul d not be considered d
]9” SpePRET6/D Btrdet@rrayidvhs haeqwi cuxhgreesive Attdsd haddle S/D
eat ures and advantages of the jnvention mnlhy?sggq%mannd

apSHPESN TPAIONREIPUNE SVHONHPrAREYS SIhesDlP an AlR ip

dr guwhipgs, and fromthe claims. 8 } EE Brief
Description of the Drawi ngs The features and
adheNafdschannal sieessoo neien bes depnreadve siesmandthendFET

P aisneoag eSS ROTC Dr it 6 Sl RLrBPERE SRR,
W tdpittikial layesianhe NFENtharmemddioe nmore clearly
understood from the foll ow ng description taken in

conjunction with the acconpanying draw ngs in which
i keyof SREEIMEEAMTRI RGBS 28036 Rufddhied réfresentative

correspondi ng el ements, regions
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.




and portions and in which: FIGS. 1A, 113, 1C, 1D, 1E
1F-1, 1F-2, 1F-3, 1F-4, 1G and 1H are cross

sectional views for illustrating a nmethod for

manuf acturing an FET according to a first exanple
enbodi nent 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 exanple enbodi nent of the
present invention. FIGS. 3A, 313, 3C, 3D, 3E, 3F, 3G
and 3H are cross sectional views for illustrating a
nmet hod for manufacturing a FET according to a third
exanpl e enbodi ment of the present invention. FIG 4
shows a cross sectional view for illustrating a device

and net hod for eﬁgp rding to a
eB rrbﬁéo}a? Eripy titﬂgoﬁgh aviine

fourth exanpl e nment” of t present” invention. 9
DetTehel fedtubes end ptivamagés vhe seinopdecEniedicemeterding to the

e e PTG STBEATERL e BEEEURLL 4 hmiconucr

dev‘?d%ﬂﬂ%b@rdaﬂcé withrtae peassmlirecatdodilnegmore clekigrmderstood from
is formed over a stressor region

epitaxial la
the { L@ﬂﬂwn@d@mmﬁen t@*eajl prropfungtigeywith the acg@”saﬁw*aggwfegs in
I
whlgfrﬂ%j %%?l%tnce%ggzéggfs?déags%r@teﬁﬁzg{eslr%?‘tbﬁéoﬂsrgé/ ndj rggrélli@ﬁféﬁfg, regions
and;exg‘tsomsamﬂ irawhiEBET. In a third exanple enbodl nment, both
PFET and NFET devices are fornmed. In the PFET devi ce,
|ateral S/D epitaxial |layers are forned over S/D

st rrEGIPM Al €8I 00S1D, 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.




under the source/drain regions. In the NFET device,
the lateral epitaxial layer is forned over a stressor
regi on under a channel region of the NFET. II. First
exanpl e enbodi ment - Lateral epitaxy over Channel
stressor region A first exanple enbodi nent is shown
in FIGS. 1Ato 1 H In the first exanple enbodi nent,
we forma lateral epitaxial |ayer 38 over a channel
stressor region 32A. Depending on the type of FET
formed (NFET or PFET), the channel stressor region
32A can be conpressive or tensile. forma trench in a
substrate As shown in FIG 1A, we provide a substrate
11. The substrate 11 can be a Si bEtrate wi t h
crystal o‘i’?@ﬂ?ﬁt’?%ﬁ“ﬁﬁ"’("lﬂﬁh%ﬁx‘ime% poodiments 5 i ce
substrate, or a SO substrate. The substrate can be
any substrate that a lateral epitaxial 10
(sem conductor) | ayer can be grown on. The substrate
I caOwuniew ssxample emhodimentavi lateral epitaxial genvth ovelg

on Sttsreoh g dfs SR AAFRT eteiie CFC 77, 200100

is to use a substrate that has an active regi on
conprised of (110) Si. For epitaxial |ayer grown on
(110} fBst exampls erthiodinent, atateral egéaxiprlaperis dend ¢\wH 4

i taxial r that the | ateral
Stfeég‘?" YR ur&%%t aﬁﬁ?ﬁ%&WF?ﬁan twice the vertical
epilh adeabng eRMnblg @hBodifearit Wt@ahﬁtm efitdxdalflgyanis fremed over

trench is showmn in FIGS. 1A to D.  Ref 11ringto FI G

S/DISH{E3Re" teSHon WIRESRS AGUTCRIEANBIBS of AT T -w Th a
Ch@ﬂﬁ%lr&%ggmg%eélhﬁad:ﬁ%ﬁ Bdig PF%Tbé‘id RFET JdcdmsKiriened. In
| ayer can ormed of one or nore ers. For exanple

the W ETcdevic¢aratesal r‘\aé@lanﬁgxuahgwwa:@‘ﬁﬂorr@%%owr A Dp3fepsegr tgions

undler¥he Source/‘a!(rjalfz%1 ré‘g'tgﬁs qﬁ tihgxﬁfrET <§ewce the lateral epitaxial layer is

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

L. 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

SOI substrate. The substrate can be any substrate that a lateral epitaxial
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over the substrate. Referring to FIG 1B, we can form
a resist layer 22 wth an opening 22A over the
maski ng layer 14 18. As shown in FIG 1 C, we pattern
the masking layer 14 18 wusing an etch process to form
a channel mask opening. W then renove the resist

| ayer. As shown in FIG 1 D, we forma channel trench
28 using the masking layer 14 18 as an etch mask. The
trench 28 is in an area where a subsequently forned
channel region of an FET device is |ocated. forma
stressor region Referring to FIGS. 1 Eand 1 F-1, we

(serfcoh@asbriPaydricahl e droln dMeThe edigdiral8 cah thbmrised mestRture
material to forma stressor %gl on 32A. As shown in

havmg@ top i copiaipiad layarithatibe date robaxiglilayer cagt hegroym on.
e
PoI e %htforg %II &ﬁﬁ?cﬂgﬁ%ﬁg |hQQ§g?\F§SﬁttI%0t§‘&§ gllse M&%ﬂ‘g&%hat has
an dativEIrgion cBrprised of 4 1@1 8h Fbacﬂpltﬁh@ lsyercgrowmatre (11} Sioit is

tnoqelk iR PlpeE e Gbiden s b B3 b Sptgr e atera

epitékial @olwth eatéas afdretharstvgde B wrlica @pita¥aldgowsi Fdteon
oxynitride (SION), or silicon nitride; or can be

formed of other stress inducing materials. The

St e D g% ghbalho fth 11?1% trdreRSS LRowk 1&9!@5 eﬁ@'td’ ‘FD Referrlng to

nate ra |ng on the process used f or mat
FiGamé, waeforrdesna@dng eyal teot 1418y edth aTﬁmrst mbropleegxgmver the

subifSed® & b A S EPhER PR A hufPseagpe we

canPeiny 8i rhhsiong |aJRE comibriess of a pad darlcaay@r i4sandh ritride layer 18
ove; ‘?h%ssldb%tr?age conpress oxide or nitride. As will be

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.
11




di scussed bel ow the stressor region can be conpressive
or tensile. The stressor region is preferably
conprised of a material that substantially does not
allow, or allow only a small anmount of verti cal
epitaxial layer to grow on the stressor region. form
an epitaxial |ayer over the stressor region As shown
in FIGS. 1 F1, 1 F2, 1 F3, 1F4and1 G we form
an epitaxial (e.g., sem conductor) |ayer 38 over the
stressor region 32A using a |lateral epitaxy process.
FIGS. | F-2, 1 F-3, and 1 F-4 show stages of the

| atfeealtregsomtdyionf 32408 mpfdralxlyaion‘lmbsed of 38.indsilatoentdberial or

buried stressor is_an dielectric or
dielegific peatedale pe¢rhns §ilicR OBpe Siksan O@WBWQ% (R pralCernitide; or
can“cﬁiﬁ)hﬁéﬁ offt bff%‘?tstrgé‘s zrﬁﬁ&:ﬁb rhifefials? THObd<8BPRB 4l 8an be

annea be performed™to ensure good crystal
tensq@alrlqompr%ﬁv© piatenal depeaging oBghe anotsssssapin Semagpnand the

oo SN 5y AP i B P B vooor

dep@@ﬂtu?ﬁ)prﬁesslcﬁmrodx&&tioa mm@é%& abtly as onjpiatise df pcblyﬁhc:arnd The
prefera t hat dpes not produce stre Pr

StroBhe AR R UOTPISLP A OPSIa TN ESS PO STHG. 4% ML

d;s&@Qe@%loWﬁness%@sg gﬁn‘l{aﬂ @é’@émﬁﬁessﬂéeor' téﬁ§[ea|The stressor

I ayer erably forned using a | ateral
reglepll$ asefenabg/r mmwlsqﬁrqf@e@gtetr@thaé aubstantallydagsgiot @H@w o allow

om £33 2 G RS TP s B B B

The ratio between the 12 vertical growth rate and the
| ateral growth 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

si g8pl drbepitatiBFlayepovectir dtkessor gidn enches. Under
normal circunstances, the epitaxial lateral gromh is

equad showrt ine=IGSart@-1, 1F-2, 1F-3, 1F-4 and 16, 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 materiai, 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




y directions. However, it is also possible to have
different lateral growmh rate in the x and vy

di recti ons, depending on the surroundi ng
features/structures. The lateral epitaxy provides the
uni que characteristics to formlateral epitaxial

| ayers over buried (insulator) structures. In
contrast, vertical epitaxy cannot formover buried
structures. In vertical epitaxy, we need a seed |ayer
to grow fromthe bottom upwards, but in |atera

epi taxy, the seed | ayer grows about nostly fromthe

vertRlaf enalihs ratd Redl tat etatal erbivixizads bay be b%ﬁmehérs@l‘l fand 0.2: 1 and
normal | y does not induce stress. The wunderly

preferply befwesl: 4eorh0- §tlr eEB%fatqaf@y@Pit@zanﬁ%rrPaﬁrgiawc%@Sbant*a“v
lateﬁlg ﬁ? HEét %H@waﬁso tﬂé'sﬁbﬁﬂrﬁ%el“l lﬁ%héﬂ‘éPEﬁ@’ eby on t he

at nay e In the epitaxial |ayer)
stress (e.q. conpresslve or tensile) of the underlying

deLBEfr W R RlonBtos P biERaRAN LY Zeat spptinthe xand

y dli@%ﬁ@ﬁ@H(ﬂﬁé\I@@Xm &) alb@yessibiano ihace eferéntdateea sgodherate in the x
channel stress in nore than one direction. However,

andpyréracsigpdriapesdingRn s UNgINoHEakERH B UFIHIeSt r ess i s
usually domnant in only one direction. The |ateral
epi taxi al | ayer can be formed using processes such as:
r afihe latets emebxy hevidss! the apigueddpoatteiisics tafarmalatdrghepitaxial

Iayeégﬁyegmtgp%%ﬂl ré%%ﬁ és?rugfj zg osfn %cﬁtt:%sy rvspg(%g@y%xg ap:ﬁgmorm over

burib@sAbEirdden Sertical esigixy, \Qélrie@lilaaseédal)a%r tocgmwﬁmd the bottom
substantially of Si conprises: flow n

upwands. bot bnipksrakeniiry. Pecspd T 4B PP At BODE GRBHNS6Idewalls.
and 200 sccm at a tenperature 13 between 500 and 900
C, at a pressure between 5 and 60 Torr; for a duration
befThedatepal mpitagal kayer 38 Heelf nererally desstnax insluce siress. e

und%rlymg ?burl ocfr‘?“asule]tcgrpgtrésoslolr ?aye?%2Aec%tnu6r88u(9 L Fress 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: Hz, HCl and

Dichlorosilane (DCS), at a flow rate between 20 and 200 sccm; at a temperature

13




vertically grown epitaxial layer: a lateral epitaxy

provi des the unique characteristics to formburied

(insulator) structures whereas vertical epitaxy

normal |y cannot form buried structures. An high

tenperature anneal can be perfornmed sone tine after

the epitaxial layer is forned to ensure good crystal

quality in the epitaxial |layer. forma transistor over

the epitaxial layer Referring to FIG 1 H, we form at

| east a portion of the FET 60 over the epitaxial

channel |ayer 38. The FET can be conprised of source
betwBEn B0BIARIrEN ON&t a Pibssarcdsdt@edh 6l et 60 Tofdfora datton

el ectrode 46, a channel region (under the gate and
betyeenBeand HeMddur ce and drain regions), first spacers

48 and second spacers 50. The FET device may not be

in conpleted formand nay have additional el enents.

t hel'tedatarsl epiter@rlayar cae pravide sonae of theefoflpwing festuers over a

ransi stor. (FET), is. a ,PEET, the stre regio 2A . .
verlic g epliatdl id 3 1R el Plal RS fhe pRlsdhardcieristios to
forrhe@iried (P2dlat) sthadtuids wingreds desical émtglytnotinady cannot form

conpressive stress to the epitaxial |ayer 38 and the
burigdaginstureg.egi on of the PFET. The | ongitudi nal

A1 180 higAlobeRfb RS Thdal €ark BUEfoFREY 38 & Bter Beddgtaxial

region.” Longitudinal 1s the direction that current
layéd ieiermad tolanschmgoed crystabagilitvdn thel epitaxidhéaydir ect i on

parall el with the channel wdth. Preferably, the

| O%ir}n“éjb%%is%F Bvsr PleC¥bithda 4 {;.he stressor and the

| at'éral ~ epltaxia ayer s su ¥ antially along only

ONER&Shrhg o4 IENGHERE fofim &t e a pBrifdiEofARE IFET BH16U&r thee

FET I1s a NFET, the stressor region 32A has a
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 channe
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.

14




conpressive stress. The net effect of stressor region
32A provides a longitudinal tensile stress to the
epitaxial layer 38 and to the channel region of the
NFET. Preferably, the longitudinal tensile stress
provi ded by the stressor and the lateral epitaxia

| ayer is essentially along only one axis. The table
bel ow summaries the stresses. Table: Stresses PFET
NFET Stress of stressor region Tensile Conpressive
32A Stress in channel region Longitudi nal conpressive
Longitudinal tensile stress stress Ill. Second
entypdirBMis 4 NBED stressor region and | ateral epitaxial
over SID stressor In a second exanpl e enbodi nent, as
shdmthe optiinGgherzAhe & EJHs aaNF&i ettel stgisBor maqra&%has a

comy U Ao TH BRI ol BRI BV Z2prgpe
tenﬁl@zf‘@lﬁis@bb ehesbsiniidl ¢@}§m‘18 Eﬂ”(cbt@&lﬁé chbems J@@lbﬁ@ﬁﬁﬁ?ﬁNFET
araneters, etc) to the above exa ﬁ@rVYIﬁ;era!

Prefﬂsablwethaé@r@ﬁ@m' fensde aﬁtneS% Br%ﬁﬂddby tf@rféqut%ﬁ }

1.6, SID region 15 In
or Sk RS D ST B AR 5 N P s b

tr éTﬁl@l‘tebEeZHOw sugmaries the stresses.
Table: Stresses

PFET NFET

Stress of stressor region | Tensile Compressive
32A

Stress in channel region | Longitudinal compressive | Longitudinal tensile stress

siress

fll. 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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substrate 211 in a S/D region where source/drain
regions will be subsequently formed. $ W forma
maski ng |layer (e.g., 214 218) with an S/ D nask opening
over the substrate. For exanple we can forma pad

oxi de |l ayer 214 and a nitride |ayer 218 over the
substrate. Referring to FIG 2B, we can forma resist
| ayer 222 with openings 223 over the nmasking | ayer
214 218. As shown in FIG 2C, we pattern the masking

| ayer 214 218 using an etch process to form S/ D mask
openi ngs. We then renove the resist layer. As shown in

FI Gy aid[dxawspld sidwSIDFIGRMARS2R A2 formtI)e teerities 209 id bl

usi ng t he ski ng Iﬁyer 214 218 as .an etch sk. form
subsgjy @e§1r1e’§‘sﬁ)$’ ESIThWhaee SHBGRCrain FrdionowillRe psgauently
fornfel board stressor regions 231 A W at |east

partially fill the S/ D trenches 229 with a stressor

matée faim genagking lagen @@r 214 818 bwith 8nS/Depagisepening over the

suofEer P Be 87anBira™ ErEHiid) A PaoieBile B 2 2L 570G 18Ry 218
ovet hesdhiprate) FI GS. 2E and 2F. As shown in FIG 2E we

can fil] the trench 229 with a stressor terial 231,
As Referingita R B, we capdora g resishiapeicdd ﬂ@hgpﬁew% over

the ﬂ?atsﬁfd;??gyérozf@é’mﬁt ressor region 231A. forma SID

eplta | ayer over the SID stressor regi ons As shown
i n AR hovaGn ME. 26r miespasieDn épd makiap |qwes mldctiduesiog pn etch

pro ¥ 4513 s sk iR, 394 FRATeqloSR L Tpsfitidvey' "o @
| ayay steam IpeF o Rme dieferid e Drtrdreticall09dn the $ubstdate 811 using the

exanpl e enbodinent. 16
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 5/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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forma FET Referring to FIG 2H, we forma FET 260
over the substrate. The FET 260 can be conprised of a
channel region, source/drain regions 252, a gate
dielectric 244, a gate el ectrode 246, first spacers
248 and second spacers 250. The source/drain regions
252 can be least partly in the S/D epitaxial |ayer

239. In the option where the FET is a PFET and the S/D
stressor regions 231A have a conpressive stress and
the S/ D stressor region 231A provides a | ongitudinal
conpressive stress to the channel region. The

| onfgirbudiREAN conpressive stress is in the direction

bet ween the source region and the drain region (e.g.
al dtejerring twﬁﬂfﬁhzrdfwetfcbren @tﬁﬁ\Tné@Q overnthﬁrﬁelbéfmﬁeoﬁhwﬁ%fe%o can

éﬁ%ﬁlﬁ%@ 6fsa &e{}\'ﬁ%i i&? rc%tlnﬁrgﬁﬁ%glcfn%gif%% /Q?ag%’élv fc 244, a

StTEess an é r essor es a
gaté @I@;@trbdd i248] fT&t@pab@sSZMB@si $@onﬁ®acblarﬁﬁe§1 Thegicorceasdrain

he NFET. The table belo unmar | stresses:
fegﬂPH‘éﬁé C@Hcpee'ﬁﬁ%foﬁa&ght“ the%’ %‘%"iaé?i V§r T NFET

Stress of S/D stressor Conpressive Tensile regions
231A Stress in channel region Longitudinal
Longitheudpticn wheneshe &EETcisrmpirekdiand the SdostrepsergegionsidB 1A

not ed
havg)ga?%pérrét%élv%%grtegg gﬁ grﬁ% u[? gtrgg%fs?‘ze@ﬁﬂ z%qAICA}g{?IQSQ a Igﬂéstudlnal
con&ﬂé@ﬁii@);trégmtdlaefohenﬁ@i ragidnt ke |drigguSihBi d:crrept@lsesre stress is in
et ched. , . . .

the direction between the source region and the drain region (e.g., along the width of
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 - /D stressors

PFET NFET

Stress of S/D stressor Compressive Tensile

regions 231A

Stress in channel region | Longitudinal Longitudinal tensile
compressive stress siress

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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17 1V. Third exanpl e enbodi nent - both PFET and NFET
devices - Stressor regions are conpressive In a third
exanpl e enbodi nent, both PFET and NFET devices are
formed. In the PFET device, a lateral S/ D epitaxial

| ayer is formed over S/ D stressor region under the
source/drain regions. In the NFET device, the latera
epitaxial layer is forned over a stressor region
under a channel region of the NFET. The el enments can
be fornmed as descri bed above in the first and second
enbodi nents. PFET regi on and NFET region Referring to

IvV. Fl EhirdAxdphplél elbadinést < idte PRET had NEET dekicksr-e§tr@ssor
312 and NFET region 313. A PFET device will be forned

i NTeHENPALT CORPIGSSHE2. A NFET device will be forned

(1407 Tt staabPiboidian) Mot BRRL PR fhiRegEréormed. In

the PPEFtdcitc®, aShicealBIDSdpiakel (a@er B f5hed ubet $/81 sira¥soptdigon
suitabl e substrate structure. form PFET SID trenches

undefthereuprEdraire ERGHRNsa i teoN R h glexioqr the laipsdiRRitaxial ayehis
o ¥ S ER S, QRSB G RESRS 1R PASL TR lemonts

can PEFdrmed) bs nleantibddabivegnahdfisT aotsenend embndimans. i n
the NFET region 313. As shown in FIG 3A we forma

nmaskd I 318) with a PFET S/ D mask
?ﬁq}g@égﬁrg aﬁ&@‘{‘g’fﬁé é openi ngs over the substrate.
Ref ér‘nﬂ% tb 16! 2 HBvide& &%trfaﬁi 8y ﬁhéﬁﬁg%tP¢W%gl§R%12 and
openhi ngs over the masking | ayer 3 shown
NFE"ﬁ rergtcm 338, A e EJadedeqwillhee tossied g theap BE T 3adiog Bd2. 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 SOl 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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using an etch process to form PFET S/ D mask openi ngs
and NFET channel mask opening. W then renove the
resist layer. 18 As shown in FIG 3D, we forma PFET
S/D trenches 329 in the PFET region 312 and a NFET
channel trench 328 in the NFET region 313 using the
maski ng |l ayer 314 318 as an etch mask. form PFET S/ D
stressor regions and a NFET channel stressor region
W at |east partially fill the PFET S/ D trenches 329
with stressor material to form PFET S/ D stressor
regions 331A and at least partially filling the NFET
c hauangiowrt IneFIGh 38R §vanfotrh sSPFESSID trariohes Lot tHeoPREA region

NFET channel stressor region . Preferably, th .
3125 SBE nghamehi onah 345 T N of Tegh can aipyliahe iasking layer

314581 £3S 9k @ mabe conprise of oxide, silicon oxynitride
or nitri (?e. 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 / i ' '
andoT R PR s ER EO R et NEEF ERERAN STBRGr Fraion
st ngeRledSRb i fill TREPSET &IDferREE B BlWiGARrd38or material to
chem cal - nechani cal ol ished (CWMP). Next, as shown in

formIREEBS/D shiessor regiens 37wk endlat least bedisdy fiaekhe NFET channel
[ . j [
werldy SRRl ool SRS TN Bl she A fREaBR 2
st rreefpabipptherst@issbramateriabissar iessiat@sBor exanpie NRE Btiessor can
fornmed over region 312 and a .PFET is.fornmed over ..
be FIRPHTP S18de. GHIFR PEEIS & WidEal Dye Pealegiliodment, the
strd36ET matdhat hhgadmpresdipasrasd  form a NFET channel
epi taxial |ayer over the NEET channel o
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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stressor region As shown in FIG 3G we forma PFET S/D
epitaxial |ayer 339 over the PFET S/ D stressor

regi ons 331A and form a NFET channel epitaxial |ayer
338 over the NFET channel stressor region 332A. The
PFET S/ D epitaxial |ayer 339 and the NFET channel
epitaxial |ayer 338 are preferably forned using a

| ateral epitaxial process. 19 forma PFET in the PFET
region and forma NFET over the NFET region Referring
to FIG 3H, we forma PFET in the PFET region 312 over
the { substrate. An exanple of the PFET is PFET 362

t haforana ARETC ¢nphié PEE TofegdoPBhd fohannNFETenrerthe RNFET region
source/drain regions 352P, a PFET gate dielectric 344P
and a PFET gate el ectrode 346P; (first PFET spacer

ot a0 I e e 1388B TR Rl the ST e 512 pvertbe

subBirEE. Bhxepigiesf tle PFEY ¢ PBBY.300¢hal & ba@tomprisedhoNFEFET
60 over the_ NFET rggaiﬁgn 313. The NEET S%S%C;m

3 . . be
chagpayieiond PEE Tsoureef A paons 3o PREEPRS dielesti 3f4F and a
PrEE B ediEs iy 7T (P outt ardthend (R ERReg: osoP)
the NIFEIT spuce/drasggiomhasRiRETe ehiganiepartipin the ffan! 6D gpiadal
lav t least partly in the NFET channel epitaxi al
AY§'arer 338. The PFET S/ D stressor regi ons 331A have a

conpressive stress and the S/D stressor regions 331A

s SR 3T SR R PO O o
be %_cg}ﬁngrl}gztﬁro@ﬂ?ﬁ?' cheinhebRfior, @ﬁﬁsé’iﬁ@é‘d%ﬁ ré@gions 352, a NFET

ressive stress and tfwe ET channel stressor
gate diglentri@32Aapd aNdES gaté slegirode BAGIfinse NS ElTespaceed4s 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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(represented by arrows T in FIG 3H) to the NFET
channel region. V. Fourth exanpl e enbodi nent -
stressor regions are tensile stress FIG 4 shows the
exanpl e enbodi ment where tensile stressor regions 431A
and 432A are forned. The fourth exanpl e enbodi nent can
be nmade using a process simlar to the third exanple
enbodi ment. 20 } The S/D stressors 431 Aare forned
under the NFET S/ D regions 452 in the NFET region 413.
The tensile stress S/D stressor regions 431A provide a
longitudinal tensile stress (T) to the NFET channel

r eQThQrS/DTsh&asBIErET&L%@Oaﬁ&Gfomﬁ@ undedthefNREHBE S/Datgiond 852 in the

NFEL R el asnpboss B shimmercaensaik B piongiudinal
tenél%réﬂ%%s W}j@)r thk rﬂxﬂ:ﬁgﬂ—a&ﬁﬂ CadtéR PR NERE 4806 cohﬁﬁﬂs@@ of the

hannel stressor regi on 432A has a tensil
gates#ﬂ@s%/D 45% latheah seitaxigh prersbio, ﬁegucbﬁnu@zag@mmd@é&%gate
| ongi tudi nal conpressive stress (C) to the epitaxial
| ayer 438P and to the PFET 462 channel region. The
PFEhedffanhs! stasspor $82A of fotined ugdeethd48HET §ale 4485 onthe PFET

452P a channel d th I ti
rogigR AR, SE BB ISHES BT RARes AL B SRR GHgne
stre§§orpr%§f091rm lp?o@aws QIWtuam@t &@ﬁpre@,g‘@@%&r@w{@) & BeiPltaxial

ed to the order of the steps described above. For

aneasﬂ@ﬂﬁl and tg the fhE bé6peBanns! eegion fomerhé A@gﬂé comprised of the
gateza{}é ;§[§§e§f A 3op éﬂ%@hgﬂﬁéﬁggﬁn%{ngé (h%%ghe S/D

gi ons, t ax
conpl ete the FET, etc. In t he above descri ption
nunmer ous specific details are set forth such as flow
rates élig,sure S¢ tti s,. thicknesses, etc., in order

t o LIS, exerETe fents

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. 1t 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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under st andi ng of the present invention. Those skilled

inthe art will realize that power settings,

residence tinmes, gas flow rates are equi pment specific

and will vary from one brand of equi pnent to another.

It will be obvious, however, to one skilled in the

art that the present invention nmay be practiced

wi t hout these details. In other instances, well known

process have not been described in detail in order to

not unnecessarily obscure the present invention. 21

G ven the variety of enbodi nents of the present

i nidyrn he yaiisty eleeyabodimgnts pldhe praant yeotiompiusbeseribed, the

[, [ 0
abolb URBLAGH 1 O B B K BR80] MBI 0 E0SGRRE e
presdweiriwamhnm ldeﬁnérhby treeciaipas.t i cul arly shown and

descr.i bed .with reference refe d enbaodi nent s

¢ hahlsrRE, i anton T HRa Gy v Rug SReqihed Wi Higronce

to trﬂaf breférl‘b’ﬂ eNBHHPHENS BRIMESTS it il B@ Uﬂ&é@%o@%ﬂh@e @RMe@‘?n the art

made wi t hout departing fromthe spirit and scope of
thativgeious geangesin form pgd detallsdaay be masiearithout departing from the

| e .
splrff‘régge 'of’{h% tg{?(?rhtloﬁ Wié ﬁ'lrte tdﬁtg%gﬂgm oglggp%(m%atlons and
samrlawearm‘ngemesmamdi ptm:eelcrarsr dad thmscdpeaﬁdleestappended claims
terpret t.o en ass al.l suc

trorgBisf ER Tt &tk Eitiartss TRgEsEtion sis p eocemppss ol
suck goffedatibAs ahaisiBithriafiangenneafPeroebadi@lr i cating a

sem conduct or devi ce conprising the steps of :

formng a trench in a substrate; formng a stressor

region at least partially filling the trench with a

stressor material;
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form ng an epitaxial |ayer over said stressor region
using a lateral epitaxial process; formng a
transi stor over said epitaxial layer; said transistor
conprised of a channel region, a source region, a
drain region and a gate el ectrode; said epitaxial
| ayer puts a longitudinal stress on said channe
region. 2. The nmethod of claim 1l wherein said
substrate is conprised of a material selected from
the group consisting of (110) Si substrate, (100) S
substrate, (111) Si substrate, SiGe substrate, and
SO substrate. 3. The nethod of claim1 wherein said
Whattig elasined fsegi on i s conprised of an material selected
fromthe group consisting of an insulator material,
silicon oxide, silicon oxynitride, or silicon
; the
1. /et BN 4 SrioBodaahiodvs SorBAgRgT R AeBER b
fdﬁmﬂg&ﬁ@@ﬁbMiasubanﬁe trench said gate electrode and

PR S B S BB o ey S
| at efaterdi t axi al process has rati o between the

vertical growh rate and the |ateral growth rates can
be between 0:1 and 0.2: 1. 23 5. The nethod of claim

férrﬁ?ﬁ&ra%' e’fblt‘aQ%I ?éF %r%'ad Y&dsok Fo p&@mgi@{%ﬂﬁg&%&:pitgxial

material = selec fromt e group consi

sem progde’t or material, Si, C doped Si, and SiGe. 6.
The nmethod of claim1l vvherei n the epitaxial |ayer is
conprised of Si and the lateral epitaxial process has

farngngartraraddtor het warineditariay River; Galid ﬁé@éﬂ&tﬂr 6@%?1‘:%@0\* he
| at er,al g[jowt h rates about between 0:1

The SHATRBHT&SHON: PAOMAS WL i Frai) t$oiarears] s gale elsciiods; said
PFETeaftid ep blRSSRhghG#hAstress on said channel region.

2. The method of claim 1 wherein said substrate is comprised of a material selected
from the group consisting of (110} Si substrate, (100) Si substrate, (111) Si
substrate, SiGe substrate, and SOl substrate.

3. The method of claim 1 wherein said stressor region is comprised of an material
selected from the group consisting of an insulator material, silicon oxide, silicon
oxynitride, or silicon nitride; and the laterally epitaxial process grows the epitaxial
layer is a substantially lateral direction from sidewalls of the trench; said gate
electrode and channel region are at least partly directly over said stressor region.

4. The method of claim 1 wherein the lateral epitaxial process has ratio between the
vertical growth rate and the lateral growth rates can be between 0:1 and 0.2: 1.
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has a tensile stress; and said stressor region
provi des a | ongitudi nal conpressive stress to the
epi taxial layer in the channel region. 8. The nethod
of claim1l wherein said transistor is a NFET and the
stressor region has a conpressive stress; and said
stressor region provides a longitudinal tensile
stress to the epitaxial layer in the channel region.
9. Afield effect transistor conprised of : a gate
el ectrode di sposed over a channel region; said channe
region at least partially in an epitaxial |ayer; said

5. TeRi rhatkiodlof lcRi@r1 vbeiethedeftakRs Byer (egirmpridsd ofa material
substrate under said gate electrode; said squrce/drain
SeiRsiterh SORd 8 SEpP Conssing Yat seBlicndusts matersl & doped i,
S gicgubstrate;  whereby said stressor region puts a
stress on sai d channel region. 10. The sem conduct or

6. Tdtwneélodfof claiinm ghatedn tierepitaixl Byes iy mmpri&edccﬁrﬁjﬂnéébe |lateral

mat er i se| cte omth ti
Pizop BOGhn Bos BTG ) b&MeotindPlRs Y P Rl the
Istebalt grateh rdeSabsubisétivate 0: fadd 8Q: 1substrate. 11. The
seni conductor device of claim9 wherein said stressor

7. Thegnathodof clipr | wharedt saigirangisierde arPal el de stpgsspp region
Hee, ﬁa,%n(ge‘?gé@ta% SRy bt réd @*\ E}&na&% ﬁin@ut&é\ﬁal compressive

epltaXI ayer 1s conp rised mat eri1 al” sel ecte
dtrasmie Hee gmtazxpal dmfesursther@a@ﬁel i@y conduct or

8. TR Pl o gLyl BETE sk e TR b Tag srssogreaion

H@y@tomgr&@%rstm@d aid s stregssr regiongprbaies ayergiiuglinal tensile
fornmed usi n%xa | at er al (g]l t axj al , process. 14. The

deass do Hfuer Brial &yes & Bre 12anR! '§9itier ei n sai d

transistor is a PFET and the

9. Afield effect transistor comprised of :
a gate electrode disposed over a channel region; said channel region at least
partially in an epitaxial layer; said epitaxial layer is over a stressor region in
a substrate under said gate electrode;
said source/drain regions adjacent to said gate electrode in or over said substrate;

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

10. The semiconductor device of claim 9 wherein said substrate is comprised of a
material selected from the group consisting of (110) Si substrate, (100) Si
substrate, (111) Si substrate, SiGe substrate, and SOl substrate.

11. The semiconductor device of claim 9 wherein said stressor region is comprised of
an insulator material.
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stressor region has a tensile stress; and said
stressor region provides a |ongitudinal conpressive
stress to the channel region. 15. The sem conductor
device of claim9 wherein said transistor is a NFET
and the stressor region has a conpressive stress; and
said stressor region provides a longitudinal tensile
stress to the channel region. 16. A nethod of
fabricating a sem conductor device conprising the
steps of : formng S/Dtrenches in a substrate in a
S/ D area where source/drain regions will Dbe

12. S'lhbmmemmmtdrafem off abatim & gvhSidin $iter esisaxial iaygir isoraprised of a

| east part fill th S/D h
SEEUsLIEGHd delibe STBPRCAES SRS Bhriottn s d ey Batspl Si. C

Rl &/ g},@gr@@sor regions using a lateral epitaxial
process; form % a transistor over said substrate,;

13. éfélecﬁetrmfawlmt@ eyinepefi daith dvharen dhmepitaxial dasn s gomprised of

SPULAREALALNT AL ol AL & el aibls ARdog 93t €

source in-regi ns are at least
14, et damicondatar dshideel dlaiki QIWHe&ymsatd ttahsistbeisreePRBT amtﬂ the

claim 16 wherein sgid tran tor js a PFET and D
Seevesbioion g ol resS s shriestsreatn HdOdSe
l&@tu%‘iﬁa@%%ﬁfprés%@)@ﬁ?e&rtmlh@%r%nnblof@gldnud' nal
conpressive stress to the channel region. 25 18.

15. idnetasiniodndyciarrieMagicd @i gdierein saissr anshstor is aaN Rﬁﬁwand the
sg%gségﬁee&w%% %8§ng>é?ssr \fegétp&% DRy %aigi &%&%Pon @%%sdes a

res regions’ provides a

begaidireal sénglisstress tdéhecttamnel ragéi.on. 19. The nret hod
of claim 16 wherein said SID stressor regions
conprised of an :

16. A method of fabricating a semiconductor device comprising the steps of :

forming S/D trenches in a substrate in a S/D area where source/drain regions will
be subsequently formed;

forming S/D stressor regions at least partially filling the S/D trenches with a
stressor material;

forming S/D epitaxial layers over said S/D stressor regions using a lateral epitaxial
process;

forming a transistor over said substrate; said transistor comprised of a channel
region, a source/drain regions, a gate dielectric and a gate electrode; said

source/drain regions are at least partly in said S/D epitaxial layers.
17. The method of claim 16 wherein said transistor is a PFET and the S/D stressor

regions have a compressive stress and said S/D stressor regions provide a

longitudinal compressive stress to the channel region.
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material selected fromthe group consisting of an
insulator material, silicon oxide, silicon
oxynitride, or silicon nitride; the |ateral epitaxial
process has ratio between the vertical growh rate and
the lateral gromh rates can be between 0:1 and 0. 2:
1. 20. The nmethod of claim 16 wherein said S/D

epi taxial layers are conprised of an C doped Si or

Si Ge. 21. The nethod of claim 16 wherein the S/D
epitaxial layers are conprised of a material selected
fromthe group consisting of: a sem conductor

18. Makenétabd oBbi,airﬁHﬁd@tﬁ)@dlr&ald aadsiSiots a AEEAahd éladS/D stressor
effect transistor is co

: at e eI tro
ragiepBSeUe GeRse LRSS AnaL IR ' 578 alverar e d F S5 ngitudinal
téﬁ@@i@sg to &Kol pb@é}{ e el ectrode; source- dr ain

frenches in said substrate adjacent to said gate
19. dheagnetbdd of sjain slbrwlheren saigiSia strassargagiongspmpgisey of an

AN FRULEE #1o0b BobESUE/ T BRl o g SAEGH oxice

silpohaxivaitrideayesiliovenitddé,d S/ D stressor reg| ons; said
sour ce/ drain [e gi ons, adj acent to said gate

el ectrode
fe lptesalienigrip grcmﬁs§gﬁg ratg@t\gﬁpggﬁ werti pglygpowté ra?el-ﬁgd the
%%?e Blhieedtet EBADEH AN eOh 0o fdm224wherein said field

transistor is a PFET and the S/ D stressor
20. T @gimﬁt@od@ﬁelaand@mph@r@m said &/ epgaxiadayaisdrg/comprised of an C

tr I o:/n€09i ons provide a | ongitudi nal conpressive
@Pﬁgﬁ%{é'@% d channel region. 26 24. The field effect
21. hansésibarof ofairal 1@ wh@2indherSDresakidl tayersaist @mprsed of a
NFET and t g
material selected from the group consisting of: a semiconductor material, Si, C

doped Si, and SiGe.

22. Afield effect transistor is comprised of .

a gate electrode disposed over a substrate; a channel region in said substrate
under said gate electrode;

source-drain trenches in said substrate adjacent to said gate electrode;

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

a S/D epitaxial layer over said S/D stressor regions;

said source/drain regions adjacent to said gate electrode at least partly in said

S/D epitaxial layet.
23. The field effect transistor of claim 22 wherein said field effect transistor is a PFET

and the S/D stressor regions have a compressive stress and said S/D stressor

regions provide a longitudinal compressive stress to said channel region.
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stressor region has a tensile stress and said stressor
region provides a longitudinal tensile stress to the
channel region. 25. The field effect transistor of
claim 22 wherein said stressor region is conprised of
an insulator material. 26. The field effect transistor
of claim22 wherein said stressor region is conprised
of C doped Si or SiGe. 27. A nethod of fabricating a
sem conduct or device conprising the steps of :
providing a substrate having a PFET region and a NFET
region; wherein a PFET device will be fornmed in the
24, PRETiclcegifan trandistor NFERIMd wherein $4id ranbistareslaiNFEhend the

SE5P1oRIT o g o KRBT RA AR ESrs RO HoY4D AET

Iér‘?@ﬂu@ﬂwal fé?fsma RS Bline/ dRapheBes®n. r €gi ons at | east
l'itng said PFET S/ trenches with

25. gheé@kbe%smtr@ms@tor ohteimdZnvhgreln sEeREDIOsHS eerprised of
aﬁ@ﬁto&%%gﬁl@ partially filling said NFET channel
Fe

ssor material; using a |ateral
26. 8 hetf@sd eﬂfecﬁ teosistr of ataiiniy wh&felTs S Btrepsdraxgian is agmprised of
over ‘i% ET S/D stressor regions and formng a
élﬁ'h%‘ “pitaxial layer over said NFET channel
stressor region; formng a PFET in said PFET region
over said substrate said PFET is conprised of a PFET
27. c ameshod effiabricativEa seminapelgioaravice gpaweising thesteps of

at E R
T S L L R e R “EE%%'” a
S/ D epi trBHTaldeh@geritl be formed in the PFET region and a NFET device

will be formed in the NFET region,

forming PFET S/D frenches in said PFET region and forming a NFET channel
trench in said NFET region,;

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

using a lateral epitaxial process, forming a PFET S/D epitaxial layer over said
PFET S/D stressor regions and forming a NFET channel epitaxial layer

over said NFET channel stressor region;

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

and
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and 27 formng a NFET over said NFET region; said NFET
conprised of a NFET channel region, NFET source/drain
regions, a NFET gate dielectric and a NFET gate

el ectrode; said NFET channel region is at |east
partly in said NFET channel epitaxial |ayer. 28. The
met hod of claim 27 wherein the PFET S/ D stressor

regi ons have a conpressive stress and said S/D
stressor regions provide a |ongitudinal conpressive
stress to the PFET channel region; the NFET channe
stressor region has a conpressive stress and said NFET
channel fahitp s NFEGVEEgN MiFEdesgn easgiMFﬁIT raprised of a

tensile ess to the NFET.channe on
ot hod DEEST ShaRna okl DIFE L AaCaisa A SWa & R T Gate
Process yisthi@hh® aRE e Ghte BEIrYE®S,; tsté?NFETQ;%hnéI%glon is at

and the lateral growmh rates can be between O:
0.2:1. bmstpadlyirsaddNioE T ehanmel Zpitarer lever. sai d
substrate is conprised of a material selected from
the group consisting of (110) Si substrate, (100) Si

28. Substatabe of (;Ihihi)Z? vBiersintthe RHET SS) Seesuob segiahe hasnd
SO substrate. g nmet hod of , cl ai m 27 vvheern % i d
COPPERSSHYE ?té%?r%ﬁ“f‘ gai SirggsegrIignsinheifeadengitudina

éés’i\kf ﬁ?@es thhBe W@O&éﬁneﬂef@ldﬂ 27 wherein the

eltaX| is conprised a material selected
tHie NEEtThcéwegm@ ptreﬂms regtimrmga@a compessivoptiess ard said NFET

cﬁgﬁﬁéi s?rlessg’rl reg%ndspo%e%' a Ion%ﬂgdlﬁhﬁ%nsde stress to the NFET channel
region.

29. The method of claim 27 wherein the lateral epitaxial process has ratio between
the vertical growth rate and the lateral growth rates can be between 0:1 and
0.2:1.

30. The method of claim 27 wherein said substrate is comprised of a material
selected from the group consisting of (110) Si substrate, (100) Si substrate, (111)
Si substrate, SiGe substrate, and SOI substrate.

31. The method of claim 27 wherein said stressor region is comprised of an insulator
material.

32. The method of claim 27 wherein the epitaxial layer is comprised of a material
selected from the group consisting of: a semiconductor material, Si, C doped Si,
and SiGe.

33. A semiconductor device comprising:
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 S/D trenches in said first region and a second channel trench in said second

region;
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33. A sem conductor device conprising: a substrate
having a first region and second region; a first FET
isin the first region; a second FET is in the second
region; first S/D trenches in said first region and a
second channel trench in said second region; 28 first
S/ D stressor regions at least partially filling said
first S/IDtrenches with stressor material; and a
second channel stressor region at |east partially
filling said second channel trench with stressor
material; a first S/D epitaxial |ayer over said first
fisit 3/Ptotessor relgeagiscmd;em daalaﬁgecﬁsblng saghtnsh8ID epntieed aith

| ayer, over said sec chann stressor on; _a .
D bR Al SRY AaeCP By CoAn ey ST sy eG el eyt partially
sai dfifijhg shid$cong dh@maéutﬁ@féhqintrastréssbstnaﬁmnel

region, first source/drain re&ons a first gate

afiest & epiiaiabiager ovar seidfipeSH) skessonsegiang aﬂq! prsgeond
sour %ﬁéﬁ#‘ié’f'e ltéﬁgl s‘agér &fe? Ao ARk do%géfﬂé%s{;xzegeésfgriegfdr{ st

S/ D stresso a secon
3 Gcd E&Trleg;amflrss mgbrsmrsdnd:ﬁ]bstsat@;mmf fiseHEGfis aomprised of a
second secand source/ d

h .

S eco R ghnan ea kB Rl oG Al BURES iRl Bk ifligitic Bt -
34. Tihg gaantleendde! Sdid diestisearcfdralpidbiohd aMex &idit bBRly above
first FET is a PFET and the second FET is a NFET; the

firsfirssAPstiesseordiong 8% have a conpressive stress
aaélé%oﬁ@'l%ﬁ Liditsard Qecfcbﬂ{da g sélﬁg\ie%pﬁd PE]Y, rised of f 2 second

conpressi ve stress area the Tirst chann
of t khanmFEdgion, second source/drain regions, a second gate dleiectnc and a

second gate electrode.

34. The semiconductor device of claim 33 wherein
the first FET is a PFET and the second FET is a NFET;
the first S/D stressor regions have a compressive stress and said first S/D stressor
regions provide a compressive stress to an area the first channel region of the
PFET;
the second channel stressor region has a compressive stress and said second
channel stressor region provides a longitudinal tensile stress to the second
channel region of the NFET.

35. The semiconductor device of claim 33 wherein
the first FET is a NFET and the second PFET is a NFET;
the first S/D stressor regions and the second channel stressor region have a
tensile siress;
said S/D stressor regions provide a longitudinal tensite stress to the first channel
region of the NFET,;
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t he second channel stressor region has a conpressive
stress and said second channel stressor region
provides a longitudinal tensile stress to the second
channel region of the NFET. 35. The sem conduct or
device of claim33 wherein the first FET is a NFET and
the second PFET is a NFET; the first S/ D stressor
regions and the second channel stressor regi on have a
tensile stress; said S/D stressor regions provide a

| ongi tudi nal tensile stress to the first channe

regi on of the NFET; 29 and said second channe

ahd esisaecoegicbanpz stiedes ragioon giavidtisrelonguginalsxinveressive

tress to the second channel, regi of the PFET. 36.
%ﬁés & & HF0E “Hskﬁeelé’“o‘% the E%lﬁqgs wherei n sai d
stressor region is conprised of an insulator

material. 37. The sem conductor device of claim 33
wherein the epitaxial |layer is conprised of a

o0 T o AL AL GBSO SR ¥t s cgporsed
A asdnsudeioduetternaldevi ce conpri sing: a substrate having

PFEET .region anpd. NFET r.egion;, a PEET is in the PEET .
37.?" i S5nic | | egnqen()lfftq@n.ﬁ%%fmp@edﬁ] ge:p_;gséhﬁr?§y5r is comprised of
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in said NFET region; PFET S/ D stressor regions at

JapestSipand P¥Pg-y filling said PFET S/D trenches with

38. A semiconductor device comprising:

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 frenches in said PFET region and a NFET channel trench in said
NFET regiorn;

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

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

a PFET in said PFET region over said substrate; said PFET is comprised of a
PFET channel region, PFET source/drain regions, a PFET gate dielectric
and a PFET gate electrode; and

a NFET over said NFET region; said NFET comprised of a NFET channel region,
NFET source/drain regions, a NFET gate dielectric and a NFET gate
electrode;
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stressor material; and a NFET channel stressor region
at least partially filling said NFET channel trench
with stressor material; said PFET S/ D stressor regions
and said NFET channel stressor region have a
conpressive stress; a PFET S/D epitaxial |ayer over
said PFET S/ D stressor regions and a NFET channe

epi taxi al | ayer over said NFET channel stressor

region; a PFET in said PFET regi on over said
substrate; said PFET is conprised of a PFET channe
regi on, PFET source/drain regions, a PFET gate

di el edtarelny sadd®/B seRTogap®ons| peovide ddongitidiizal NBEDressire

sai d NFET, regi ; id NFET. co i s a, NFE ,
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said S/ D stressor regions provide a |ongitudina
conpressive stress to the PFET channel region and
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39. Pl R ECH {rARAT 38 BHLRN SRYSULES RIS cofprised
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sem conduct or devi ce of claim 38 wherein the epitaxial _,
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:C kgtlng of: a sem conductor material, Si, C
‘gié’%gg"sig’ﬁ@gﬁédéa Ge. 31
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