METHOD OF FABRICATING A TRANSISTOR STRUCTURE
CROSS-REFERENCE TO RELATED APPLICATION(S) The present
application contains subject matter related to a concurrently filed U.S. Patent
Application by Yung Fu Chong, et al. entitled "A STRAINED CHANNEL
TRANSISTORIAND VIEFARRICOFINABRIBANDN PRERRGFUREe related
application is assigned to Chartered Semiconductor Manufacturing Ltd. and
International Business Machines Corporation and is identified by docket
number ICIS-0230. 1. Field of the Invention The present invention relates to
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invention relates to strained channel complimentary metal oxide
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2. Description of the Related Art Integrated circuits comprising man
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performance at reasonable cost is important to the future development of
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circuits. It has been shown that the performance of a MOSFET device may
be enhanced by the application of mechanical stresses to portions of the
1 dé&skkofAberdoventMOSFET 10 is shown schematically in FIG. 1 (PRIOR
ART). A MOSFET 10 is typically fabricated on a semiconductor substrate 12

such as silicon and has a source region 15 (also known as a "deep' source
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conduction channel 17 (hereinafter referred to as the “channel’). The gate
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a gate electrode 20 above the gate dielectric layer 19. The application of a

potential. 1 to ER‘/? te electrode 20 allows a flow of current through the
2C§)§ﬁ?{é¥ftﬁl Bfe e@ﬁ%gggurce 15 and the drain 16 to be controlled. The

gate stack 18 is provided with spacer elements 21, 22 on a source side and a
drain[ntegrated circuits comprising many thousands of semiconductor devices play an
important role in a number of technology areas. The continued development of devices with
higher performance at reasonable cost is important to the future development of many of
these technologies. Metal oxide semiconductor field effect transistors (MOSFETs) are
commonly used in semiconductor integrated circuits. It has been shown that the performance
of a MOSFET device may be enhanced by the application of mechanical stresses to portions
of the device.

A known MOSFET 10 is shown schematically in FIG. 1 (PRIOR ART). A MOSFET
10 is typically fabricated on a semiconductor substrate 12 such as silicon and has a source
region 15 (also known as a ‘deep’ source region) and a drain region 16 (also known as a
‘deep’ drain region) separated by a conduction channel 17.

A gate stack 18 is provided over the conduction channel 17 (hereinafter referred to as

the ‘channel’). The gate stack 18 is formed from a gate dielectric layer 19 above the channel

17, and a gate electrode 20 above the gate dielectric layer 19. The application of a potential
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side, respectively, of the gate stack 18. The purpose of the spacer elements
21, 22 is to define boundaries of the source and drain regions 15, 16 with
respect to the channel 17. For example, the source and drain regions 15, 16

may be made by implantation of the substrate 12 with dopant. The spacer
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and drain regions 15, 16 and the channel 17. Alternatively, the source and
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spacer elements 21, 22 serve to protect the underlying substrate from the
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implanting the substrate with a p-type dopant such as boron. T urpose of
etk c RS R il et e
Tebgitcheannélsaiidois dhiahdegragierth e Hedaremarneeeod the devibennel 17 helps to

Punchthrough oceur en the channe Ien%h of the deyice is. sufficiently
e A S RS B S o
extenBionzstonverap] leMNgH albreakdovhe foohditiomprovitddughroviding ‘halo’

rREIToR b 5. aenrrally AHQige di% ARRIPRIGR GHEUILAESIANSHIR 25, 26. The

presence of the halo regions 27, 28 shortens the depletion regions atthe
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egalfrrl}g:lg:[ rll;logr? hri—tzype FET (nFET) formed on a silicon substrate, the source and drain
extensions may be made by implanting a silicon substrate with an n-type dopant such as
arsenic or phosphorous. Halo regions in this device would be formed by implanting the
substrate with a p-type dopant such as boron.

The purpose of forming the halo regions 27, 28 is to suppress ‘punchthrough’, one of
several short channel effects that degrade the performance of the device. Punchthrough
occurs when the channel length of the device is sufficiently short to allow the depletion
regions at the ends of the source and drain extensions to overlap, leading to a breakdown
condition. Although punchthrough is generally avoided by appropriate circuit design, the
presence of the halo regions 27, 28 shortens the depletion regions at the ends of the source

and drain extensions 25, 26. This allows the fabrication of devices having shorter channel

regions whilst still avoiding breakdown by punchthrough.



A recent advance in the development of higher performance MOSFET

devices has been the inclusion of strained silicon regions in the device. It

has been found that the drive current of an nFET may be enhanced by
applying a tensile stress along the length of the channel 17. The
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stress. However, if a compressive stress is applied along the Ieggth of the
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stressor regions within each of the source and drain regions of the device. A
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tHACHUSIQIT silicon, the entire silicon epilayer will be in a state of biaxial tensile stress. U.S.
Patent No. 6,867,428 (BESSER et al.) discloses a strained silicon nFET having a strained
silicon channel formed in such an epilayer.

An alternative approach to the formation of a strained channel region is to use an
unstrained silicon substrate and introduce strain into the channel by forming stressor regions
within each of the source and drain regions of the device. A stressor region is formed from an
epitaxial material having a lattice constant different to that of the substrate. If the natural
lattice constant of the stressor material is larger than that of the substrate, the stressor regions
will exert a compressive stress on the channel. In the case of a silicon substrate, the inclusion
of epitaxial silicon-germanium stressor regions will create a compressive stress in the

channel.



of epitaxial silicon-germanium stressor regions will create a compressive
stress in the channel. 3 Silicon-carbon alloy (hereinafter referred to as silicon
carbon) has a smaller natural lattice constant than silicon, and may also be
grown epitaxially on silicon. The inclusion of an epitaxial silicon carbon
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feature of isotropic etching processes known as ‘undercut’. If the source and drain recesses
are formed by an isotropic etching technique, removal of portions of the substrate underlying
spacer elements 21, 22 will occur. This phenomenon is known as ‘undercut’.

A disadvantage of isotropic etching processes, however, is that they are difficult to
control. Isotropic etching processes may be affected by the presence of residual film on the
surface of the device. In addition they may be affected by microloading effects arising from
nearby protective layers. It is therefore difficult to ensure that source and drain stressor
extension recesses formed by isotropic etching are of a reproducible morphology. By
protective layers are meant layers that are used to protect areas of the substrate that are not to
be etched to form a recess.

A further disadvantage of the prior art is that a large number of process steps are

required in order to fabricate a semiconductor device. For example, multiple steps of



extension recesses formed by isotropic etching are of a reproducible
morphology. By protective layers are meant layers that are used to protect
areas of the substrate that are not to be etched to form a recess. A further
disadvantage of the prior art is that a large number of process steps are
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partly mitigate the above-mentioned problems. It is a further object of
embodiments of the invention to provide an improved transistor structure
3withnanstrnadield dmeamtiehregion. Another object of embodiments of the present
invention is to provide a fabrication method for a strained channel transistor
structure. According to a first aspect of the present invention there is provided
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pmqgglrgsing the steps of: forming a source stressor recess comprising a deep
source recess and a source extension recess; forming a drain stressor
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source/drain and source/drain extension regions. _ '
TrecCess; formmg a drain stressor recess comprising a deep drain recess and a drain extension

recess; and subsequently forming a source stressor in said source recess and a drain stressor in
said drain recess. Embodiments of the present invention provide a number of advantages
over the prior art. In some embodiments of the present invention, the stressors are formed in
the entire source/drain and source/drain extension regions. Thus, the width of the channel
region is defined by adjacent ends of the extension stressor regions. This has the advantage
that a level of strain in the channel may be made higher than in prior art devices where
stressors are formed only in portions of the source/drain and source/drain extension regions.
In other embodiments, the width of the channel region is not exactly defined by adjacent ends
of the extension stressor regions, due to a blurring effect at the interface between the stressor
and substrate caused by diffusion of dopants from the extension stressor regions toward the
channel during a subsequent spike anneal step. Nevertheless, extension stressor regions are

extremely close to the channel region.



In other embodiments, the width of the channel region is not exactly defined

by adjacent ends of the extension stressor regions, due to a blurring effect at

the interface between the stressor and substrate caused by diffusion of

dopants from the extension stressor regions toward the channel during a

subséeaehbdmikatanhdalisrepiMethershelesidraax pad sionosiisaiootefionsagesors
2RMBEME N, SIRSALBARE £OARACLLE AR T AR GERRIIBENEPL N RNE ViR edhhe

source/drain and source/drain extension stressors are formed by means of
SHHCEERIB roRcb SIGHEH e ahdoa Aty afrabarrsis ey BetRse Aty abrupt

juHRHERS/ AINmARIErSRUESE/GalI densiomsRssamakRerfiad e gy and the
abrupt. HighIP/ abrupt junctions may therefore be formed between the
e

YO erraT e ieEion e dstrEearti bl BtRinid ShaFndivuisloRehptigur to be

afiaaistre enables improved short channel behaviour to be attained.

Furthlgrn}lore in embodiments, of I,h% invention ttﬂe sourcF drain stressors Fre
ri)erniore 1n, em (;EIIIHBH%S oI the 1nvention the sour%e rau% S&I‘CSS({I‘S are ormed
formed by an uhintérrupted etch process and an unintérrupted epitaxy

bprocessteAnpadhvaciggecofsusihgn amniginiegrdigpeadkpiooess.isithad teage of using

2fARHGRNABRS 98?&47193(119&9@@%ﬁﬁ@&%i{‘g?o%@&rﬁﬁﬁ iﬂéeg&?éﬂ&%‘&da"!ﬁﬁr?er time

reduced number of process steps. Both of these factors may have

peidsstattiarithplicadiened favivereasatopeocepeffidietcylatitwelie®sjiay amye
sueduges ManUAGIuring aRstascineHintesHated ete andHoipiaHuRtad educed

epitaxy process disclosed by embodiments of the invention enables a

MEBHRAAYANEIF P e S o BRI FHREY! KRG LB EEMBIEH cRUgsEPiprsshdisdosed by

cilepiihless ?}ﬂ@ﬁkﬁh@ér%fdﬁl@g%%ﬁ §Bﬁrd§@@ﬁﬁﬁ rddais aa&tﬂﬁr@ém%ealo&xtension
improving the stress distribution in. the transistor structure, During the process
oS S S D LR Rt At DA S Stred by Toa s s of

impnbankntenisesf dieribmantionhéheasoseatdrainreand source/drain extension
stresgrs m be doeoed in-situ. An adva tage of this fe Ire is that the
source and E%(Si f%cxtsén‘s’f;ﬁf%vé? nss"‘r‘ﬁ%%/’aé% hade Sr%‘é‘i%ﬁ’/t activated. It tha o
agoutow draicnindissoiceid thin irvxtdiesiothstresswrdraire aot dopeddrausgitextension

SEQRYRHANEIQR Joariantation And AnncalnGAR PN e O It AFReL,

source/drain and source/drain extension stressors. 4. Brief Description of the
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performed to form doped source/drain and source/drain extension stressors.

4. Brief Description of the Drawings

Embodiments of the present invention will now be described hereinafter, by way of
example only, with reference to the accompanying drawings, in which:

FIG. 1 (PRIOR ART) is a cross-section illustrating a prior art MOSFET device.

FIGS. 2A, 2B, 2C and 2D show structures formed during a process of fabrication of a
MOSFET in accordance with an embodiment of the invention.

FIGS. 3A, 3B, 3C, 3D and 3E show structures formed during a process of fabrication

of a MOSFET in accordance with another embodiment of the invention.



FIG. 1 (PRIOR ART) is a cross-section illustrating a prior art MOSFET
device. FIGS. 2A, 2B, 2C and 2D show structures formed during a process of
fabrication of a MOSFET in accordance with an embodiment of the
invention. FIGS. 3A, 3B, 3C, 3D and 3E show structures formed during a
5ppstaled déseinicatidrihofrydM®SBFET in accordance with another embodiment
of the invention. 6 5. Detailed description of the invention. The following
embodiments are intended to illustrate the invention more fully without
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formed during fabrication of a strained channel transistor structure 200 (FIG.
si5Psdirdeaidance with a first preferred embodiment of the present invention.
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as polysilicon implanted with a second
The gate insulator layer 201A is silicon oxide but it will be appreciated that other

materials could be used such as silicon nitride, aluminium oxide, hafnium oxide or others
alone or in combination, for example a combination of layers of silicon oxide and silicon
nitride. Silicon oxide may be grown by thermal oxidation of the silicon substrate. Nitrogen
can be introduced into the silicon oxide by means of plasma nitridation or thermal nitridation.

The gate electrode 201B is typically polysilicon, but may alternatively be germanium,
nickel silicide, copper, aluminium or others such as polysilicon implanted with a second
material such as germanium.

A hardmask layer 203 is formed above the gate structure 201. The hardmask layer 203
is advantageously an oxide hardmask layer and the thickness of the hardmask layer 203 is
from about 50 Angstroms to about 600 Angstroms.

Conventional spacer elements are formed on sidewalls of the gate structure 201. The
spacer elements comprise offset spacer elements 207, 208 on a source side and a drain side of

the gate structure, respectively, and disposable nitride spacer elements 211, 212 formed on



material such as germanium. A hardmask layer 203 is formed above the gate
structure 201. The hardmask layer 203 is advantageously an oxide
hardmask layer and the thickness of the hardmask layer 203 is from about

50 Angstroms to about 600 Angstroms. Conventional spacer elements are
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elendmsrHin2didlerofthdngetel Stetotemah2( i vesp 20t \aly thEhbsdisps alitiede xigheer
SRRGR 2 FICTBNIS 6% 210 AreSARANIFIC RENEan G RURSIRIBIZ A facer

the disposable nitride spacer elements 211, 212, respectively. In

clemiiselFhertboanthid@ddoentibiamdhyispos apidediite s pecdfses knarsnedempsts 207,
28§-.6Aﬁa¥np%é‘&m}€@é RS SR ansRfin asdbe9ffseisharen elementSirom

207, 208. Advantageously the thickness of the disposable oxide spacer
ARBEES 8™ 16 481h 0 ABBS9D%ANgstroms to about 300 Angstroms.

FIG. ERsshawvamihe stuictti@wé bIGRZA follewisgieremavel Hf dhene disposable
disposable nitride cerelements 211, 212 and the formation of a first
G ORAT S ESE S e ASEF PSS 55 it AT LD AR eBr S e ressor
radeai$rasdar fiecgsstbSofAdlaptdgeoustysthecticst 208rtiadsafdfreddephe first
stressor. recesses are about 300 Anggtrtogﬁé Egn
e di

g about 1200 An Si .
P e R R ST R 0 DI My
dep8itep of etching. The step of etching may include a step of wet etching.

Alterngfively, 6 SIEROE SIEUNG M) PEIU9e AR BAL HRS BN 6] AOWNFER A,

etching (CDE). The step of etching the disposable nitride spacer elements
Thgptsee i BEdBRsPatleasitrontsvobrchog anlicthatiirpdsasiersiigehing may
inIAR(eCH N Arleul 4bBmskreahoRes SPRCOE RleMEnisA6e LRIMRARY dfbosable

exposed drain side ) )
nitride spacer elements exposes the offset spacer elements 207, 208 and the disposable oxide

spacer elements 215, 216. ‘L’-shaped spacer elements are formed by an exposed drain side
offset spacer element 208 together with an exposed source side disposable oxide spacer
element 216, and an exposed source side offset spacer element 207 together with an exposed
drain side disposable oxide spacer element 215.

According to the first embodiment of the invention, the disposable oxide spacer
elements 215, 216 are consumed during the formation of the first portions of the deep stressor
recesses 217, 218. Advantageously, parameters of the fabrication process, such as a thickness
of the disposable oxide spacer elements 215, 216, the etching conditions, and other
parameters are adjusted such that exposed portions of the disposable oxide spacer elements

215, 216 are entirely consumed at around the same time as formation of the first portions of



offset spacer element 208 together with an exposed source side disposable

oxide spacer element 216, and an exposed source side offset spacer

element 207 together with an exposed drain side disposable oxide spacer

element 215. According to the first embodiment of the invention, the
thdispessablecosiciedgadéd ielemelsts. 2 A8y 2aeeppsbons b diatiming lhve selectivity
biRURAURD abihedirheRiians Rl IRGAGER SHRSSPALECRARGR 319, 2Ss used.

Advantageously, parameters of the fabrication process, such as a thickness

of theR@sHus Bk YsitResphads enrerd2dIin sEesinE sterisry dbrditiptgeously

panshathersinaraetens akgatiustasisHeh haliexasaehiretionssofthe mixture of
disposable oxide spacer elements 215, 216 are entirely consumed at around

TlgyEng mePtine e formRih Hr]%hec?'r?st%“ort%%s Vg e SHhesdpdididwlls or in
cahFin2d&isacamidetead dvariagaously anteiahsbaitigna dowsalectivity between

between ate material and the disposable oxide spacer elements
R e o e BT oAt B et from
abegedasamadvihtdged sy Juerfomeddhesingta dasedfssetohdnt comprising

a mixﬁﬁ%%ﬂﬁ}éﬂﬂgo%ﬁe‘?ﬁffwes NEULE AL {l0YIRIBRSER %?36(@%?‘ 556 P he
02, He, C12, f

SF6, N2 (either individually or in combination) at a flow rate of
hirdmagih e apvirlsobesiehnd duang thp &pemateobefvieefrshpoiitone ¢frilie deep

sthQQFrel 18RASYNIR MAY, Den 8RR aRpMte LR ARAULAROR AN 1Bk ARRWEAYer 203
from about 20 to about 500 W and for a duration of about 7 to about 200

agelosmad L Bper ot hEcis &t spitte b REptansothe St dreress Hispite
staetron Rfsthepleasdpaask layer 203 may also be etched during the formation

of the first portions of the deep. stressor recesses 217, 218, T the offset
O B e A G S ST S Yenida S e by
tidimemsidrisosufficienttocnsuceihat fallavwirig the®tchqarecass the gatedstacige
201 is still protected. Advantageaqusly,.the first portions of the d stressor
e B e b TR o
strsotrophe n@mvé i@nt@dﬂﬁgemmh@l am»adnégg dmamtfdnm@ tbeinbiet Cbannel
RceRmWID thedexiRiliy P e resess RIRR: SIS RIS BIGISrSILlR o

be imparted to the device channel provided it does not degrade the short
beHethel characteristics. Alternatively, a combination of anisotropic and

isotropig eteh JRGEBRe SRRSO ESEY. THGoRG IO theustrustpie ofdigindByr

following the further stePs of etching of ) ) ,
exposed areas of the substrate 202. The further steps of etching result in the formation of a

second portion of a deep source stressor recess 219 and a source extension recess 221; and a
second portion of a deep drain stressor recess 220 and a drain extension recess 222.

Advantageously, the second portion of the deep source recess is formed to have a
depth from about 200 to about 600 Angstroms. The depth of the source extension recess is
advantageously from about 100 to about 500 Angstroms.

Advantageously, the stressor extension recesses 221, 222 and the second portions of
the deep stressor recesses 219, 220 are formed by an anisotropic etching process.

In alternative embodiments the first portions of the deep stressor recesses are also
formed by an anisotropic etching process. In that case, the same etching conditions may be

used to form the first and second portions of the deep stressors.



exposed areas of the substrate 202. The further steps of etching result in the
formation of a second portion of a deep source stressor recess 219 and a
source extension recess 221; and a second portion of a deep drain stressor
recess 220 and a drain extension recess 222. Advantageously, the second
portidn bfrthes déaspasyasebetmsstis farhneldthe frassses adepithfromniad auisRO0pic
ARARBYPELOO Angstroms. The depth of the source extension recess is

advantageously from about 100 to about 500 Angstroms. Advantageously,

the sttESSOFERENSRHMH PetaisdBavbiEh thodegp o 1805 &R PIRTOHE G 2imexposed

FERRI Sl esSEKi R a55eS13&r JRAA SfAMEhRY AB8IBRLEORIGBIRRINY which the
rocess. In alternative embodiments the first portions of the deep stressor

P
ST SR IO, [EEE P AR BYPST: AR <R SRS rd AEs8T hofplh esaterfhan
tisaoTeletcideg condiinns dpdyd ertised thsforme e tirsioand seeppel pardiorsurce
of th essors.,9 In furthe ve embodi each of the

TECECSS Egea%% SatrsE(e:s?s]’pe% drain recess £g%lteﬂgtl urce recess@sggéscae aerf} aSS()lg]Qﬁ]IgCGSS

recesses are e using an 1sofropic etching process. Sin

28 bstrateuncevbicintive deep 28 esdbe beassessal fdrmedaredeaipaseds £20 and

2 Qihing.sonditions fosa longer period of time than areas of the substrate in
which the stressor extension recesses are formed, the deep stressor

recedS¥s gl gioaveldbehsrenrer ehanGthit dpline isgdBsaiapstehsideriegiepisaxial

ngWﬁJ@iSH|§§c_§6hH7%&MQ%PB@@%@%%@&?&%Q%&&& 0858 ZZ25ARARps of
stepped drain recess 226. The source recess 225 has a deep source recess

seJqaji i i Al reke wilter dsnsrenk seavonfele IIn rerless ol isfarmetipn of a

sélRINERESS2220anth a gt extansantkeaessedda. B, Aishews tissor 228
structure of FIG. 2C followin ther?%fgs of selective epitaxial growth of a

hOURB A4 AUh SR R BT stressor recesses 225, 226. The steps
of selebtiveigpitakyiatigrosidriidhgeetond seeniganddiciemnivaténtabresialetial is

the formatign %f a,source fstressgr 227 haalint% a source extensiop stressor
pe ormeﬂgﬁl}% that %I’OW oI, Secon éezrglcﬁn ucror ateriall occurs on over exposed
region , and a drain stressor aving a drain extension stressor
sydgion @28 Asupdrantade dbsiippoerseliz ofiveegrapstisiofatirecgebopehtrolled by use of

2 SRIDICQNLUGIRL MAtsHA! Q%vﬂﬁqﬁ&ﬂﬁ?%&ﬂhg‘&{ &E%YQSOJ&%%O%%xial growth, as

semiconductor material occurs only over exposed surfaces of the substrate

wahbe mrietspedybaphsroriiiedippbe stirface can be controlled by use of a high

tempeaivensRilaxial arwt e/ enswHcRIRE Plgas Rwa AubineRPiadipkd in-
si 1{ ?zvv}Itthé?lgpant. An advantage of in-situ doping is that a separate dopant implantation step
is not required. Furthermore, the uniformity of dopant concentration within the stressor may
be more closely controlled than in the case of implantation of dopant. More highly activated
source and drain regions may also be formed by the step of in-situ doping.

The composition of the stressors, including a concentration of dopant in the stressors,
may be uniform throughout each stressor. Alternatively, the composition of the second
semiconductor material may be varied within each stressor. In a further alternative, the
composition of dopant within each stressor may be varied. For example, a concentration of
dopant in an upper portion of each stressor may be different from a composition of dopant in
a lower portion of each stressor.

An epitaxy preclean of the exposed surfaces of the substrate is performed prior to

selective epitaxial growth so that growth of high quality epitaxial material may take place.
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will be understood by those skilled in the art. Furthermore, it is advantageous
that the second semiconductor material is doped in- situ with a dopant. An
advantage of in-situ doping is that a separate dopant implantation step is not
required. Furthermore, the uniformity of dopant concentration within the
Therepsorynmaseltia morky vitsehpdomedhadethasiig tydroagefbiondelditatioithef in a
HRRANG: Marg Q!%l%@%%ﬂtgpbﬁ%%&ﬁb%%l{ INFEXIANG MBKRFORE INMRInF

by the step of in-situ doping. The composition of the stressors, including a
e R R R H BEATaNht IithdostriassirsePHTirberemifo AP itTRalig RGDaRCHso be

pSUSSRQ (AHBIMALYEY gt e epnpositianaf thersacndrigepnionnd U ninpisiale
may be varied within each stressor, In a further alternative, the compasition
the %oaavﬁ Yeitng é%&ﬁ%ﬂ%%ﬁ%&;}hﬁer%ef&?’%&%%ﬁ?)I‘é, g ahntetitifortor 2
doftiopantdraapeuppespa iaiafseaabosiressanmay be different from a

compgsition of dopant in a lower pgrtion of each stressor. An epitax

precid 0h GFIAE s bBRR S A IS0 ol hs BEHATRRA sidiipeen (12
asadegitre. ep%ﬂ@riait'gﬁdmym sodpat @%Mhl@hq aaliat;gelpimi@slphmwe_rdml anetyier
oS RIRE Gyt BINEAPIGEY RLerlERRIn APUIARRYPHBRIBHIEANBINA. ana o

hydrogen fluoride (HF), either in a gaseous or liquid solution form, o a
nigeneiirfanopPbeiste gl agkeriy dhe thest baktusierHRCliles gakedsogearaigaigphere.

AWﬁHtaEé&rsl@tﬁg %&?&?B’W@is%&%%éﬂ B%Mﬁ%@ @é’p@g?ﬁ’og%r molecular

performed to ensure good quality epitaxial layers are formed. The pre-bake
btep R IncllitfEe fE S8 YrHeRing i dterrpEiatiradriomeefabysapgnihermal
clahedilAbEds depakhiavh WRPOIr a duration in the range of about 2 seconds

to about 20 minutes. The ambien sphere during the pre-bake step may.

o AT 55 B 1 TEH Rt SLATFOGETR (REctor mierial
adtnnogpbere, asnaligonatiiosphermanivanciher dirosgheredfaydeaecisedsilicon

Siehasac ’vaiﬁ‘t%‘“é’o%ﬁf bpth @ hydrogen atmogphere and &, IAgeN 14 1 40
atmosﬁﬁere. o?llvar%tagegus y the pre- ake step includes a ﬁ)%?ogen
algtmospisent. Thdvamtgescus|ydiretegitaxialpgsowtieds ipdxfontréth bynehbithicadites

ivaRrer B%Qﬁggg_ gr.molesulal. beam epitaxy. More advantageously the

epitaxial growth is performed by rapid thermal chemical vapor deposition
(RTCVIDhe | r2ftsect dBe BrrpittnofatibR ol pREST: dbeisresnthecueehictor material

aSRMICRBAUCIEEMAeALi RAVRRHABROUR)Y ARNAIRRR RINGARII8TRIANINGH a&llodon).
A(@dhveagl?allgggles{ytet{lee:n&lego&?lp%ssitsilcl)lr? (i)nnthe silicon carbon is 0.1 to 10 atomic percent. The C
atoms are advantageously positioned in the substitutional lattice sites in order to produce a
strained channel.

A conduction channel 229 (hereinafter referred to as a ‘channel’ 229) is defined in the
substrate 202 by opposed ends 227B, 228B of the extension stressor regions 227A, 228A.
The channel 229 is subject to strain due to the presence of the stressors 227, 228 and is
therefore also referred to as a ‘strained channel’ 229. Alternatively, the width of the channel
229 may be defined by adjacent ends of the extension stressor regions 227A, 228A, together

with a blurring effect due to diffusion of dopants from the extension stressor regions 227A,

228A toward the channel 229 during a subsequent spike anneal step.
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germanium). Advantageously, the Ge composition in the silicon germanium is
10 to 40 atomic percent. The Ge atoms are advantageously positioned in the
substitutional lattice sites in order to produce a strained channel. In the case
of the formation of nFET devices, the second semiconductor material
advadtzgeousty stmsaingnd shicomsartosselloyaghbsefnafied rafdirrddttthels upper

sEHERD £ RRRn ANYAYAGERUSH IG G GOMPASHORINIRG AR, CARMN S vely,

0.1 to 10 atomic pefcent. The C atoms are advanta eou‘;li/ positioned in the
the, toutitE i RHPIANE dhsi IS BReReY B4y rBtEd D PRhe Y g sirface 202A of

teoqdetiekmobamel Rakieeinafiessefrrediia amm ahanne!’ 229kis deafineghd

in the substrate 202 by opposed ends 227B, 228B of the extension stressor
AR e Aavo BR adFapiags Ahai i RELNsARTGS SR to the
presaneamaidhestiirssarsegidns Bx&anddsfénewetdrs algodiaterkedtiesas:anaterial

in SrAl0ed channel 228, Altermativiel. newdd(h o ine channcl Z20MB B8 (o
deﬁnedsbyaﬁjac%n{en of the eXtension stressor regions A % B

irtplyethsonwitlGa bitrrindliefiestidueto. d¥fusion ckiopants frofrthelexiénsiperior
WSHGRRY (RaP ﬁ%%@if ﬁ‘% A2 IovAL e %'{18"H%F&ﬁﬁgn%r%&&i%sﬁﬂxggﬁ%ﬁon,

spike anneal step. 11 The source stressor and the drain stressor may

dperinder Siveh foraeatsait cppey ofimpleyation supkishimNyeaptaeltFAsArformation
b UHBERROZA of the SHBSIaLS 207 ASHIRINE M HRESOMICSE Bltessnand theon

drain stressor may protrude beyond a level of the surface 202A of the
forihrarag Do sUEnRs AP IIPLEAEERY source and drain structure. Raised

sourcensidirdéain sirugkirgsdave theaslyantagatbat pevies:Resfreaned isvith

nhanced. Formation of stressor regions by etching, followed by deposition of

BRI T (L e 6y B e A AR S0 Tackine
lastnessoh forvahesibyeptanthtcredeldhe imglantation of Ge into a silicon

subs . Stressor regions may. be formed with syperigr. uniformity. whe

forma ) o i L L B A SR
trefosastor thiepeed3d ddfefGEe omtralcaddnsplaniaticncenéyiderindthmipakmaft of the

pggggﬁgmé‘ﬂmﬁaﬁon by implantation. It will of course be appreciated that
embodiments of the present invention form part of the stressor region by

implaPhation. ERtbosimEnts(ST theeprasetiSinve fridiehay e sebsHakeiltBetpiueen
ufRsaoPecuuiifesreierenas Wriness abhandymaskiayensy e dndRsiack,
tat[t]e?édo gl]deerv&:%/l seisn ?Elgns%ls)slftlrre]l?e 302, and filling the trenches with an oxide such as silicon
oxide.
FIG. 3A shows a device structure having a gate structure 301 formed on a substrate
302 of a first semiconductor material which is silicon. Whilst the first semiconductor
material is described here as silicon it will be understood that other materials such as
germanium or GaAs or others could be used. The gate structure 301 has a gate insulating
layer 301A formed on the silicon substrate 302 and a gate electrode 301B formed above the
gate insulator layer 301A.
The gate insulator layer 301A is silicon oxide but it will be appreciated that other

materials could be used such as silicon nitride, aluminium oxide, hafnium oxide or others

alone or in combination, for example a combination of layers of silicon oxide and silicon
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layers such as soft mask layers or others could be used. FIGS. 3A to 3E
illustrate structures formed during fabrication of a strained channel transistor
structure 300 (FIG. 3E) in accordance with a second preferred embodiment

of the present invention. Shallow trench isolation (STI) regions 305 are
nfoidnedibctheosilsstratd 3eD hetuedarmua sk ostrichered G00PHEAS T Nitrogen

ARIIPRE RN PRI ARG RYOHTHAG HERTES DA JRPST Bl SIEHAIR N,

the substrate 302, and filling the trenches with an oxide such as silicon

oxideT I @aig Alagions 39 Hejidanisalivne Hsmg by gate aHeiBriMS!3ME B5FREuM,

nRReR SUBRIEAIR 3R AliAiiisESeMiERICUGEAr MateKialdi GihjsteilkaoR: ViRt ond
the first semiconductor material is described here as silicon it will be

MR SHEE A 1SS BIRR materials such as germanium or GaAs or others could
be usedchafdimagiatiaystraoture f3ahchiam avgahe gmlaﬂngntaye[ Sﬁdﬁﬂmrgmdlgmhe

har Sllk e?%lag{)sa]'_tﬁ g.?hgieahardmg&t eIeCt é%lf %efs%mt]?lg % Vet i#w%3 is

ihsufator ayer € gate |ns Aor ayer 1S silicon oxi
fibe appretiatedthathothebom &t idtg gould.be used such as S|I|con nitride,

alumigim. qxide, halRum. axjde Qfofhers. ApHECs N GeMROHoR. ga[e structure

example a combination of layers of silicon oxide and silicon 12 nitride.

3@ilichreoxiterralanprsgtonpring eHeehiakestidisnamiorite dilicon supeigatede and a

dNTQRR B GRD 'RHQQHS%sﬁEE&U&?ySH{EP&%Qﬁlpﬁlm%gﬁa%mﬁ%&% 311, 312
nitridation or thermal nitridation. The gate electrode 301B is typically

fasmedm e nat noahaIesissatRAas Blegertihatiui® iniesi¥nl¥ide, copper,

alummmf%pgb&r@f SUsheas pRIVIANGARIBRIBNI@ehvdthdnsarendomalewndlst the
such nium. Aréj\rdmask layer 303 is fori}r) %ab e the gate
er

S germ
disporaRlre %’(Slid%A(ﬂfgﬁ%g 8?}%195 tRE HSAHAZSORS gﬁo&a icon nitride.
Dimdab&skﬂmysespm dhenthicki18s3 of thefdraretimnaskel ayesuBO3ais 300 mma@& side

stro ut 600 Angsiroms. ventional spacer elem
B A AR A RN R Wl pemens
3tfeAléris @mwr@emwt@p@@@nmémm th(d@m@lsommgmeanwaems

3 F'f ad ?'Pe%g%ﬁﬁ%@lf ajg e?Hl%ﬂHﬁ@m%eoSfﬂﬁ&ﬁh’\f‘é%(m&Pﬂ@&ﬁ&%%ﬁﬂ@o&iﬁé%a%@?&%hems
elements 311, 312 formed on sidewalls of the offset spacer elements 3
35p8 ]régwcl?ﬁ,gwned from the same oxide film as the offset spacer elements 307, 308

FIG. 3B shows the structure of FIG. 3A following the step of removing the disposable
nitride spacer elements 311, 312 and etching exposed areas of the substrate 302 to form a first
portion of a deep source stressor recess 317 and a first portion of a deep drain stressor recess
318. Advantageously, the first portion of the deep stressor recesses 317, 318 is about 300A to
about 1200 A deep.

Advantageously, the first portions of the deep stressor recesses 317, 318 are formed by
the steps of isotropic reactive ion etching. Isotropic reactive ion etching has the advantage
that it forms a rounded recess with the flexibility to tune the recess profile. This allows more
strain to be imparted to the device channel. Alternatively, a combination of anisotropic and
isotropic etch processes can be used.

The disposable nitride spacer elements 311, 312 may be removed by a step of etching.
The step of etching may include a step of wet etching. Alternatively, the step of etching may

include a step of chemical downstream etching (CDE). The step of etching the disposable
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The offset spacer elements are advantageously formed from silicon oxide,

whilst the disposable nitride spacer elements are advantageously formed

from silicon nitride. Disposable oxide spacer elements 315, 316 are formed

above the substrate 302 on a gate side and a drain side of the gate structure
n@gade spaseclvredpistheadispbsabiecoxiaespacenie|dviess BUShadsrmable oxide
spREAVIGREE Betwer) the substrate 302 and the disposable nitride spacer

elements 311, 312, respectively. In embodiments of the invention the

dispodatigpsdaeaspagiePeiniehtermabbrab s deifaintids Adat tHacsasiement

3oxide il asitheRfisgbsRrsalelemrNig BoAbROBx G paR SBRWEHNS 16, and an
structure of FIG. 3A foIIowin% the st(?(% of removi% the disposable nitride

CHRREL P AN EE ST BIFBHARNING BepBsEY PreasHitte Stibdirdfe sB9sble

ofadersgafistpastioRl ©6f a deep source stressor recess 317 and a first portion of

a deep drain stressor recess 318. Advantageously, the firs rtion of the
oo MR e e oo L B S SR S 206 A B ormed by
a pavastafeousty, ithefitstportions of the deep stressor recesses 317, 318 are

formeg By (iRe R16RS QLITAGRICARRAGHVS: 1812 ?ﬁ%&i‘ﬂgn]%Rérﬁﬂt%ﬁﬁ‘ét%’ﬁdgQ acer

etching has the advantage that it forms a rounded recess with the flexibilit

clgeme e rategsprofiielivwisalfownienre! shaifirtd pertiipapfeth¢odgse stressor
rédeMiceghaniel. Alienaliyrle AHORRRIALRD @E@é@@ér%&@@%d%m%gcp%e&s.
rocesses can be used. The disposable nitride spacer elements 311, 312

THe Y IBRiVEHaTRYE IR Shane dretetig irgtied O rsEiephg hiey sHicrRyexide.
step piwetetching Alternatively, dherrtep sl etabingdndy Rglude astepRifg the
chemical downstream etching (CDE). The step of etching the disposable 13

O AL SRS oS TAE oA SR B E ARACSD S b i

ndisples ablefoxidttospaaet fidamgatsr31dbn3it63 1 £, -Bhtaped spacer elements are

formegl by, A1 SXRRSE _%E‘S“Bsshqee oft %%%‘39&%%‘&%%’Eﬁ,%%’gree”}%{n‘évviga B a
exposed soliice side disposable oxide spacer element 316, and an - exposed
prwareeisideoffsenspeveg elamenta8on thydihalispitatin @xgospd dreliensice 315,
3SRASAAIR,QAIGS RARBHEISMEBLRP- ORAYBNIRAEHSIY eIt PN Ghical
the deep stressor recesses 317, 318 are formed by a process of reactive ion
CRTIMIABOMCESAdif o rIEtisE dBR G ERHD BITRGE BTetht ifffEhtisnlitpigportions of the

ddisPeRaRIe RXIAE:SPAGER 1S, (0 a second chemical composition. Advantageously the
chemical composition of the gas is changed from the first chemical composition to the second
chemical composition when the formation of the first portions of the deep stressor recesses
317, 318 is substantially complete.

Advantageously, the first chemical composition has a flowing gas of HBr, O2, He,
Cl2, SF6, or N2, either individually or in combination. The gases may be passed at a flow
rate of about 5 to about 300 sccm; at a temperature of about 30 to about 100 C; at a pressure
of between 5 to about 100 mTorr; at a power of about 20 to about 500 W; for a duration of
about 7 to about 200 sec.

Advantageously the second chemical composition has a flowing gas of CF4, CHF3,
CH2F?2, or He, either individually or in combination. The gases may be passed at a flow rate

of about 5 to about 300 sccm; at a temperature of about 30 to about 100 C; at a pressure of
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elements 315, 316 remain following formation of the first portions of the deep

stressor recesses 317, 318. This is achieved by performing a selective

reactive ion etching process. The selective reactive ion etching process is

directed to etch silicon and not silicon oxide. FIG. 3C shows the structure of
betgeB folkhwithd @ensiens afaeavoving theutdd8posiiold SUHW splaser duration of
JBlEMERtS, 3k 09kE. The disposable oxide spacer elements 315, 316 may

also be referred to as sacrificial spacer elements 315, 316. Advantageously

the didioskbROXdBSsHEEME thdits 3E5 AV Hisn{guber ieRs Sfoteksof
eXPaElIVR AN RIERINGLNeattag aar SH e disPosakIfexida IS RRARY Bl S a

315, 316 are removed by changing a chemical composition of a gas from a
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chemical composition has a flowing gas of C12, SF6, or N2,
agjiiaohsd itddtiehip o g bpnbifatiolpnEeiepgaed o hiayeibap sssedodtthefiRs tratgein
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a pressure of between 5 to about 100 mTorr; at a power of about 20 to about

a5 YRS STERIFAHSA Jrpidhe i s sttetionsEgiRavahtagéoddly trailts in the
f&aeend 6heippteanpastienhas adlowinggasdlit kteds HES3, 1 ddudeOfecess

e, either individually or_in combination. The gases be passed at a f]
S GBI £ EA0C ARG LA S SRR OF Kotk 4D Trassou 0B
a QecatdapressusS uf ahd baivireerténdoatroeds B20.mTorr; at a power of about 20

to abauf, 200,18 ayduration gf,ahout 10ABOULA00 5660 3RS, o

the structurego?lfis &. 3¢ Yoltowi g the further stgps of etc Ing of exposed
deprdialsont thews 16t tatebg0200Phanzstthens stelfs derttchirtheresutteinxteastonmadonis
236000 PAHIP A BEIRSRSRYES AliRESAIrecess 319 and a source

extension recess 321; and a second portion of a deep drain stressor recess
320 atdranengsiretahsitiretieadensiogoanitageoudhy the Hgtrepadapsstisms of

HRIGRIPIRIG R eElRLRe19S Y APIORESSRI L AGUMopic etching process.

In alternative embodiments the first portions of the deep stressor recesses are also
formed by an anisotropic etching process. In that case, the same etching conditions may be
used to form the first and second portions of the deep stressors.

In further alternative embodiments, each of the recesses are etched using an isotropic
etching process.

FIG. 3E shows the structure of FIG. 3D following the steps of selective epitaxial
growth of a second semiconductor material in the stressor recesses 325, 326. The steps of
selective epitaxial growth of the second semiconductor material result in the formation of a
source stressor 327 having a source extension stressor region 327A, and a drain stressor 328
having a drain extension stressor region 328A.

As in the case of the first embodiment, advantageously the selective growth of the

second semiconductor material is performed such that growth of second semiconductor
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ion etching using a gas of the first chemical composition. Since areas of the
substrate in which the deep stressor recesses 319, 320 are formed are
exposed to etching conditions for a longer period of time than areas of the
substrate in which the stressor extension recesses 321, 322 are formed, the
ng¢esiglstrsursoprbcesesk 319d 30 acae df attpth Yo atEhatioprgienhof ehéhe upper
SRS HELHRNLEBPS 3L Figh iR Les S i ihe %EBWHRJ}&fs%tching of

st%gped source recess 325 and a stepped drain recess 326. The source

Sretleys dwinsepitaibeprdureeyilesundentapdity dnsrckisiendisitecess
321. Fhendraibd eees a1 ailasa s SRCRAINEe6RS Scar ottt AR rial is doped

_extensjon recess 322. Advantageously, the second portion of the deep )
st e ot 49838 oA A0 R HER & A B AW BIR SBB B84 S8R E R Plantation
sl gsiamguirbe depiicohihe seutEoexiensiadfanassdsn@adianidgeousdressor

from about 100 to about 500, Angstroms. Adyantageously, the stres )
e Br R SIs e SRR e A o e B ARaGR ol i Hore ishly
arevess esuBE%n820aarecfirmedayylan Ericoirdgiy GtcHipppiosessiofing.

alterngfive, GIRAAMEAER. e (UL PReNR LI E‘&ﬁﬁgﬁ%ﬂﬁﬁr%ﬁﬂ dRAHRE RS ors,

also formed by an anisotropic etching process. In that case, the same
male i grednditidreuakay thrach seesepformithadireelbin the ccomppoetiopss e threond

sQﬁ%Qn%U&%? %téﬂaﬁuﬁa§ rb’é“%ﬂ@&i\&%ﬁm bogdingRrisoeagh PRedeeRSSaT R Cthe
etched using an isotropic etching process. FIG. 3E shows the structure of

BB SHOUPT e Bt Sa-BrSersetive e Brawiatd g rovith Bingl et 6 entration of
dSRIMIGRRAUGIR PRI alfIBaUNes GBS AaleResSR AL RorOedrhgd SteRSoPldopant in

elective .ed%i%?xia growth of the second semiconductor material result in the
AONHERYH VY 4 G50rES¥essor 327 having a source extension stressor region
327 AAangpizaelyapre skt as s0 B2 8x havih gualdxain enie Rsisnstrésperfoagednprior to

28A. As.in the case of the first embodiment, advantageously the selective
S S R A Ml SR e W e
Th¢ setondpsetivioordubtotag®mteridbocclipsiopllydvegeaxposeld sdHacabwfin a

o AUBEU IS0 08 - SRAERANABNNAf BRBRRRI SYUREE SR RGELNL AllR BN MSAF

~of a high temperature epitaxial’growth and/or switching of gas flows during
Nepigasaal yro W IBEWH BaeadteBEEIPAYSE BRINEY 3rPtRdHi¢ step may also be

pEHSTRRIMOER s dkiS:a6a R HRIRER P P JRR! JRerSeSQNITREHICBARLIGISY MtaHalde
thlg sdtg[?segf heating to a temperature in the range from about 750°C to about 1000°C for a
duration in the range of about 2 seconds to about 20 minutes.

The ambient atmosphere during the pre-bake step may include a hydrogen (H))
atmosphere. Alternatively a nitrogen (N,) atmosphere, an argon atmosphere, or another
atmosphere may be used, such as a combination of both a hydrogen atmosphere and a
nitrogen atmosphere. Advantageously the pre-bake step includes a hydrogen atmosphere.
Advantageously the epitaxial growth is performed by chemical vapor deposition or molecular
beam epitaxy. More advantageously the epitaxial growth is performed by rapid thermal
chemical vapor deposition (RTCVD).

A conduction channel 329 (hereinafter referred to as a ‘channel’ 329) is defined in the

substrate 302 by opposed ends 327B, 328B of the extension stressors 327A, 328A. The

channel 329 is subject to strain due to the presence of the stressors 327, 328, and is therefore
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in-situ with a dopant. An advantage of in-situ doping is that a separate dopant
implantation step is not required. Furthermore, the uniformity of dopant
concentration within the stressor may be more closely controlled than in the
case of implantation of dopant. More highly activated source and drain
alregioing ahdy 2iiso Henfiendnddringlihe’dtepasividysitie dogih f Threcbamplosiionayfbe

ARG SRESRCIUAING ARONSERMRION.LLHPRARLIN %ﬁ?r%fé‘éﬁfsto%'ﬁtg}érb\%ith a

uniform throughout each stressor. Alternatively, the composition of
blgipn ffeeniito HudttBr ARRE daPrAty VAR S IGRTHIA BECROsTesBY. I, 328A

wikenaliemlivey eizompesiivnbienant vk each stressor may be

varied, For example, a concentration of dopant in an upper portion of each

stresSOf Ay Gestitierent frahd dCothpBsitioh Ut HharYine 49608 PR e
upeh ssiffassorarAnsetpitaxiapye clphmaf thighexposestsustaresoof e silstates02.

is performed prior to selective epitaxial growth so that gro of hjgh qualit
A e s A B S gt e
spérforpid udinbehyudogen HZorible (F4R)ltegher anraisghseows andiguithsshutioe.

RIS <BLRY A5AMHINAHAN.Qf ﬁ&@@&@%&ﬁ%@éﬁ%ﬁ%&@gl—%qﬁ]n%e [0 Ahanced.

gaseous or liquid form. Prior to selective epitaxial growth, a pre-bake step
may &lganpdopelfaraied tecemsure Yeungy irllry epbhadendsjiepsoarsresspnapnterial

inPRRIG RAKR SIRP-MaNdNEIude i SIRRY O edlingdenadamperabuRindhee o .
lnrange from abotlﬁp%SOCgto abou%l 1§eOOC for a duration in the ranggllégf abouqiezg

ingplaB e LB U POPMIERR S U HE S bidRT At PR R g tRed prétpsgesrior
uStRRIMAYWIRG UdgrRO¥Iag e fk ) calmaspie R péiesnati ot ttog@sdidon,
atmosphere, an argon atmosphere, or another atmosphere may be used, .
435,80 HE B R SR SO Ry VS SFTSAOHB S A G5 h ornation
batmpspheike. Aldvahtafjeaushybthe preibakalsieprbalildes oyl ggesant invention
atmoasfpl&et%%%ﬁdvanta eogs{xlti?zlenggggxial growth is performed by chemical
Cular

form TeSSOT regyon .
vapor deposition or e eam epitaxy. More advantageously the

epitakialbgranvthtis pletiornpeciday rapidtherimsic chemibaiaralpsdordegesitiond  with

refSEGeY ) it CROR RN FRANAGL 329 (RATEIDAMAL LEI6E B0 RS Ay RRMM sking
329) is defined in the substraté 302 by opposed ends 327B, 328B of the

laygrepigbassipEdgars lBpraonatbas Toidd Brafetel 329 is subject to strain due to
the pregena @f theistresaersaid (aad8 ok ispthareless, &b flsasrelshipesto and

as a_strained channel'. Alternatively, the width of the channel 329 may be
“contain” and variations of the words, for example “comprising” and “comprisés”’, means

“including but not limited to”, and is not intended to (and does not) exclude other moieties,
additives, components, integers or steps.

Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,
unless the context requires otherwise.

Features, integers, characteristics, compounds, chemical moieties or groups described
in conjunction with a particular aspect, embodiment or example of the invention are to be
understood to be applicable to any other aspect, embodiment or example described herein

unless incompatible therewith.
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defined by adjacent ends of the extension stressor regions 327A, 328A,

together with a blurring effect due to diffusion of dopants from the extension

stressor regions 327A, 328A toward the channel 329 during a subsequent

spike anneal step. The source stressor 327 and the drain stressor 328 may

be foNflal duch theiandirs bppedescrifedas avnisudtsramtidlly seplandesitede. it is
YR30 Ah I PSR 30%; é@&ﬁlﬁﬂ%ﬁb’uﬂlﬁéﬂ‘ﬂﬁ%&%@%ﬁ ApdEe 1o

drain stressor may protrude beyond a level of the surface 302A of the
thasp stidies 3o shardisipdiehting e ATRIREOENE SIGPEERAINE- dAFPEIErE 1SRRG to
eSBHIGEANG Y AR SHHOr e e dhe adveniage thah demiceyRBHOHNAGR IS the
enhanced. Formation of stressor regions@%ﬁetchi‘ng, followed by deposition of

inglrdedor mbterial iMaFEE LLTBPiED By IEhiRCIR SavartAyEbis gyepmpanying

dsiwesgosrforatioarbye e phedt alios46vg .anthiplantaiion afnce into a silicon
substrate). Stressor regions may be formed with superior uniformity when
formed by the steps of etching and deposition as opposed to implantation,
due to the need for careful control of implantation energies in the case of
stressor formation by implantation. It will of course be appreciated that
embodiments of the present invention form part of the stressor region by
implantation. Embodiments of the present invention have been hereinbefore
described with reference to the use of hard mask layers. It will be understood
that other types of masking layers such as soft mask layers or others could
be used. Throughout the description and claims of this specification, the
words "comprise" and "contain" and variations of the words, for example
"comprising” and "comprises"”, means "including but not limited to", and is not
intended to (and does not) exclude other moieties, additives, components,
integers or steps. Throughout the description and claims of this specification,
the singular encompasses the plural unless the context otherwise requires.
In particular, where the indefinite article is used, the specification is to be
understood as contemplating plurality as well as singularity, unless the
context requires otherwise. Features, integers, characteristics, compounds,
chemical moieties or groups described in conjunction with a particular
aspect, embodiment or example of the invention are to be understood to be
applicable to any other aspect, embodiment or example described herein
unless incompatible therewith.
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17 While the invention has been described in conjunction with a specific best
mode, it is to be understood that many alternatives, modifications, and
variations will be apparent to those skilled in the art in light of the aforegoing
description. Accordingly, it is intended to embrace all such alternatives,
Chadtiffeations, and variations that fall within the scope of the included claims.
All matters hithertofore set forth herein or shown in the accompanying
drawings are to be interpreted in an illustrative and non-limiting sense. 18
CLAIMS: 1aAnp@iindrobfariming arsifeinechehannekisansisteust valureudiate,
substrate, comprising the steps of: forming a source stressor recess
C%mﬁi@ﬁbﬁétﬁ@eﬁszsource recess and a source extension recess; forming a
drainfeiteSgon ree@ss camprisiacess despdsaip redess and@ deaimsexb@nsiGource
recess; andeﬁytr)g%%l%e&tslg. forming a source stressor in said source stressor
recess and & arain. stressor in said drain stressor recess whereby the step of
formifigoyrealand sidreier steessorracssses isqrdcetacttyy ansteploifardingon
a sacrificial Jé‘éé‘:s‘g; Abpve portions of the substrate where respective source
and drain extension stressor recesses are to be formed and whereby the
step SEAMANG L AHBTZ He SAUGPCEITAHG i PElréduse retsseeEergithard a drain

comprises the.siePs ki duming ficst RasrtioniRithe deqRr SesRhiRCaRRee and
removing said sacrificial layer; subsequently forming a second portion of the

deep stresstrecEES UG TATiNgRITEEdesiBr Shedsti B srifiré! layer

method as alaimegbificaion havhidyehyethe o utspesassairco® aHarisam 2 xiason

source stressor portion and a S%Lég:e exten i0[111 stressor Portipgo, and the
r r

drain stressSF SOMPTaEs A GE2p dPAIMCEPRSSEIFartial A58 & (AT ATkl

stressor poreonce3ind hkieain sthrsthas clsien &d thectamnp@séy iiventgsmprising
forming deep soujce and, deeRdialn SEesL QMR RNNg 2 depth greater
than a depth of corresponding ‘'source an

removing said sacrificial layer;

subsequently forming a second portion of the deep stressor recess; and

forming the extension stressor recess.

2. The method as claimed in claim 1 whereby the source stressor comprises a
deep source stressor portion and a source extension stressor portion, and the drain stressor

comprises a deep drain stressor portion and a drain extension stressor portion.

3. The method as claimed in claim 2 further comprising forming deep source and
deep drain stressor portions having a depth greater than a depth of corresponding source and

drain extension stressor portions.

4. The method as claimed in claim 3 further comprising forming a strained

channel between opposed ends of the source and drain extension stressor portions.

5. The method as claimed in claim 2 wherein upper surfaces of the extension

stressor portions are substantially coplanar with the surface of the substrate.

6. The method as claimed in claim 1 whereby the step of removing said
sacrificial layer is performed contemporaneously with a step of etching the first portion of the

deep stressor recess, said etching step thereby removing the sacrificial layer.
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drain extension stressor portions. 4. The method as claimed in claim 3 further

comprising forming a strained channel between opposed ends of the source

and drain extension stressor portions. 5. The method as claimed in claim 2

wherein upper surfaces of the extension stressor portions are substantially

coplahar withhehmeshnfarseclairtied sutismatewbeTinahnethrodf eishalsivdifirsciwiition
ot RISV EG SIER QT BRTPAYISY %ﬁ%@@éﬂa}{ﬁg insHumedcess.

contemporaneously with a step of etching the first portion of the deep

stresgor recess, mmaithetehingisiap thershy remaying thr sagsifigialdaypic 281ing
The method as claimed in claim 6 wherein the step of etching said first

COBPASE bR HEER Y d¥sE P li%ess comprises a step of isotropic etching said
SIresgOr recess 'Iﬁetgo%earsn%t;ﬁ%%f‘lsncé%{fpneg nglaim,f.where S%Ilgnsusafgdmecond
isotropic etching comprises a step of reactive ion etching. 9. 1he method as

petaimed itciddnp Stwebrreinctie stdplef forpningfemidngeborektportostofstioe recess

c&iﬁﬁﬂsé&?&%ﬁ%fe‘uﬁﬁ%ﬁ@ﬁlg ét&ﬁiﬁgep of forming the extension stressor recess

comprises a step of anisotropic etching. 10. The method as claimed in claim

9 whergin thestepRiaaisePRa MChNG JoMRIseSIR Siep of RaciWIldBiching
etching. 11. The method as claimed in claim 6 wherein the steps of forming

CUBRIFFSE PIRESRBTIHE AR 8l UREssor recess, forming said second portion of
the depp strassor recess and forming the extension sirassor tegess are all -
performed by anisotropic etching or a performeélnby |sotr%p|c etcﬁllné. 2.

patiemeétiedlesp clagmed ieralaiformingherdinctwad pbsiratefishio derpdsfrersparecess

afliSfosRUCRRAUGIRLRALG I PaVIag, a I shinAiHEAIIGE SA0SIRPLANGHRE or an

step of forming said stressor comprises a step of filling said recess with a
P S¥MRiEMiUR Y MEaterial having a second natural lattice constant

different from the first semiconductor material. 13. The method as claimed in

claim'£2 whEIBRTHaLES S BIHAD SAT re UL MRS SEREFL & ISt iR st
semaderiilcanprisesd astep aof finssitungapiagicatdsenandtsehic@pdufctorming said

sqterial, 14, The methot s claimed I SR Wherein 105 PR QLA Mhing o

second natural lattice constant different from the first semiconductor material.

13. The method as claimed in claim 12 wherein the step of filling said recess with
second semiconductor material comprises a step of in-situ doping said second semiconductor

material.

14. The method as claimed in claim 12 wherein the step of filling said recess with
second semiconductor material further comprises a step of forming a raised source stressor
region and a raised drain stressor region, whereby upper surfaces of the deep source and drain

stressors protrude beyond a level of a surface of the substrate.

15. The method as claimed in claim 1 wherein the step of removing said sacrificial
layer is performed subsequent to the step of forming the first portion of the deep stressor

recess.

16. The method as claimed in claim 15 wherein the step of removing said
sacrificial layer comprises a step of changing a composition of an etchant used to etch the first

portion of the deep stressor recess, to thereby consume the sacrificial layer.
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second semiconductor material further comprises a step of forming a raised
source stressor region and a raised drain stressor region, whereby upper
surfaces of the deep source and drain stressors protrude beyond a level of a
surface of the substrate. 15. The method as claimed in claim 1 wherein the
step &7 remdvingeshid sackiiord ilaslemis! peviicrencthselsbatjue oo dekistidp iofm
qurgagng the first portion of the deep stressor recess. 16. The method as
claimed in claim 15 wherein the step of removing said sacrificial layer
comprgses arptep@hshangingrREaMpasition ehasigtghantpised fasieh K first
first partion of the deep stressor recess, to therehy consume the sacrificial
PPARP. P07 I5TReS HStRD AP 5% b1 At EXF IR LRSI e W iy SR B R 78 and the
stprovidedténsibe fietess ofra gAspd@oriiee methdshaspitaiachgn @laith Astformed by
isv%;lgrl%igtéﬁ% steps of forming said first portion of the deep stressor recess,
the Becond ﬁ'ortion of the deep stressor recess and the stressor extension
recesgare g perfarmess by ARIRPIORIS AGBINGL LA ReTRENA iSO URRIGirst
etching. 19. The method as claimed in claim 15 wherein the step of forming
PRATANREh  BFEd LIS P Wet T SHEESHT HeReSBHRIPIEs!StBYSs of anisotropic
etching. 20.. The method as claimed in claim 19 wherein the steps of . ,
aniso%ﬁomc SN LD AR St P Gt PR ACHVBTSH dbénitegs 21 FReTRheighine
caselatmepsiof ctautiv2 Qowbersig.the step of forming the second portion of the
deep stressor recess and the step of forming the extension stressor recess
comptise th€hstapshofl amistopicietching 20 2viEkrnntlet b @b Edaimredthe second

p&iaUR 9 Whare JH&&H?E’éqé’sfsazm&%ﬁ@m‘éfelﬁhﬁ}ﬂniﬁgi%%”é?éé%‘i&ﬁ%%%%or recess
comprise steps of reactive ion etching. 2
comprise the steps of anisotropic etching.

22. The method as claimed in claim 19 wherein the steps of anisotropic etching

said stressor recess comprise steps of reactive ion etching.
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