METHOD OF FORMING SOURCE AND DRAIN OF FIELD-EFFECT-
TRANSISTOR AND STRUCTURE THEREOF [0001] - FIELD OF THE
INVENTION [0002] The present invention relates generally to the
manufacturing of semiconductor devices, and in particular, to the
formation of source and drain of a field-effect-transistor. BACKGROUND
OF THE INVENTION [0003] In the field of semiconductor integrated
circuit (IC) manufacturing, active semiconductor devices, e.g. transistors,
are generally manufactured or formed by applying well-known front end of
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(nFET). Different types of transistors may be manufactured on a common
substrate of semiconductor chip or structure. [0004] In most recent several
years, efforts of continuing to scale FET devices have been mainly
fodogused on the area of stress engineering. For.example, in the case of
' manufacturing pFET devices, incorporation of compressive stress liners
- andfor stressors of embedded SiGe (eSiGe) in source and drain regions
have successfully demonstrated improvement in performance of the pFET
devices. In order to further enhance performance of the pFET devices,
FIPEWdeahniques hayieed to be developed and incorporated into the
existing FEOL technology and, in certain situations, careful optimization of
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patiggliskRoivricmilien aftdinat antdeasing fae-deaceatiaton in the eSiGi as well
~as bringing eGiSe stressor closer to the channel region of a pFET device
5408 result in certaln deswabp\é higher strain in the channel, which in turn
oS WB%? HEEREE S the device. However, it is also known in the
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relaxation occurs as well S fimitations to the p o e stressor
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' me@}@pﬁqép)@m?mr (CMOS) FET, and the FET may be a p-type doped FET (pFET) or an n-
‘type doped FET (nFET). Different types of fransistors may be manufactured on a common substrate of

semiconductor chip or structure.

{0004} In most recent several years, effors of continuing to scale FET devices have been mainly
- focused on the area of stress engineering, For example, in the case of manufacturing pFET devices,
mcorporation of compressive stress liners and/or stressors of embedded SiGe (€5iGe) in source and
drain regions have successfully demonsirated improvement in performance of the pFET devives. In
qrder to forther enhance performance of the pFET devices, new techniques may need to be developed
. and incorporated into the existing FEOL technology and, in certzin situations, careful optimization of

current technology clements may need to be performed,



[0006] Therefore, there exists in the art a need to develop new method,

and structures associated with the method, to further enhance the strain

effect of eSiGe stressor without degrading performance of a pFET such

as, for example, parasitic and punch-through characteristics of the pTET.

SUMMARY OF THE INVENTION [0007] The first aspect of the present
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create gne or more implanted regjons, at least a ortlon f the im ] &J%ntg
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anted regions for forming the source and drain extensions; and
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draig SEMSRIUD (RIGeLinihe.setiof-apemngs cfeRk adihie second aspect of
the present invention provides a method of forming a fieldeffect-transistor
(FET), comprising: implanting one or more dopants to create one or more
[00Ghipldmateldne dions, ssdit implentet vegish&cdvering atleastirediond structures
asso%%ég nafedidar fRIming Souine- At drain.exiensions Ll-sald GE Ii-activaliiGu:

said implanted regions; creating openings for said source and drain
degdtanspsHE B e WG aHBtcHarts TRt ¥ARY Gnddr PHBrR trough
chaidoRARMSs satdipmtanted regions; and forming said source and drain

extensions in said openings. [0007b] The third aspect of the present

invention provides a method of forming a field-effect-transistor (FET),
SUMBANGREIOT EidBLIRG IpIatied regions designated for source and drain
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enings; orming Salﬁ source an rain extensions in Sald 0} enlngs
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the PRRRAISIAHALRHMHC - ARe R IRMRL NG Fbktdadeling edeesmatibed forming
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opes@igef spacers, the second set of spacers covering the portion of
implanted regions For the source and drain extensions. Another
embodiment includes etching a portion of the implanted re r%(%lons not
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at a temperature between abou and about 1300C, and for a time
do.pa%tﬁ&fﬁaﬁ@ﬁﬁa%w%w&d iftiSERsorE o 8Bt B AT ES ARt
opeti@@ne or more n-type dopants are selected from a group consisting of

As, Sb, and P. [0010) Structures of the field-effect-transistor

manufactured according to embodiments of methods of the present

invention are also provided.
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BRIEF DESCRIPTION OF TIFE DRAWINGS [0011] The present invention
will be understood and appreciated more fully from the following detailed
description of the invention, taken in conjunction with the accompanying
drawings of which: [0012] FIGS. IA-1C are demonstrative illustrations of a
method of creating recesses in source and drain regions of a
[00fiéhd“eftabirdramsistof the coreling tocotien gmobaliaenttbbdhe firesent ficld-effect-
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of forming source and drain of a fieldeffect-transistor according to another
extensitschfia it 10F THY pradenion 0BR EbMOfOO1APEASPENS i gyt to a first set
of dlaveehatizofa methad ebiofmingisewre.and:Giaitaf Rplanted regions; covering
sai J@Aﬂ;@ﬁg&}ﬁ@a‘}‘fi%@ according to.a further (Empo iment of the present .
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mfigitedflagetsahsivgr mdmdaciiredchbeordipgtd emtbotimentaof thpenings; and
forRIESER RYRRNLR. JOALEl Wil b, appraeiaied by a person skilled in the

art that for simplicity mason and for clarity of illustration, elements shown

in the drawings have not necessarily been drawn to scale. For example,
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of ordinary skill in the art that embodiments of the invention may be
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for qgr%%rges%?cg%%) %'1%%”&% %%ﬂﬁ%’wvﬁre&tlaon%ﬂmr embodiment includes forming the

source and drain extensions by growing SiGe epitaxially in the set of openings.
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rootsj In the following description, various figures, diagrams, flowcharts,
models, and descriptions are presented as different means to effectively
convey the substances and illustrate different embodiments of the
invention that are proposed in this application. It shall be understood by
those skilled in the art that they are provided merely as exemplary
samples, and shall not be constructed as limitation to the invention.
[0019] FIGS. 1A-1C are demonstrative illustrations of a method of creating
05(3%9 s%%gip sour G%Eagglt drajn re(iglotns of1 a fl%ld -ef %[gt ttrtanslsttor (FET) y
to one embo 3lmenP TR PR NS AT RIS? S'rseogﬁél&ffé)ﬁlwm
mwﬁﬁefﬂugﬂﬁﬁﬁ% dhetdprirRst e @%ﬂétﬁ&&fﬁff@ 190 Bplanteh Seca »
tepfaniuN-tvelbaulbetdied " TORML @b UBRNCa ppiote ssiot thanvfaetighip rap:tyge
miftebogafib)ul O0niaale BLEGHHE 2 d0Ry Refames el WeRd BEIONSoup.
condd NG A4, Whigh are regions designated for forming source and drain of
pFE‘IP 100. Regions 141 and 142 may be separated from other FET or
mmwmkgcs%gﬁm@@a%ﬁ@sém@m&aﬁw HGRAPARLIAN I of
pemge\lg g m%”e or more}gl%allow trench isolations (ST1), e.g., STI lll and
112 as shown m ﬁ{s@ 1A, formed in substrate 102. [0020] Gate structure
120 may include a gate dielectric 121, a top portion of which may be
B@ﬁc‘?&é‘éww QEWQ%We structure 120 may also include one

- [ooiBRGREIS GRSRRGSIY ' SHANINIE SRAGEIS AL And }xﬁ% AMEY otiowin
dm}ge]@gmﬂ Iéoig dleleg[t)gc gaiL and S|I|tc|de 2?2%e Between outer edge of
Spacers 15T and T3 SRt LSRsnrirant %ﬁ%’ﬁ@i‘iﬁ e YR
I [Ot}l?ﬁ 9?&”‘%“&9 rxggns%? Ve 1 m r llxgrn]) 141tharc}d f142 Whe&?ésrlé?ﬁ source and
implantation ma ormed in a Next step, accor m‘ﬁ{o on
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_ {Oﬂgj%% éngAthF step illustrated in FIG. IA, FIG. 1B jllustrates a next ste
rformingy |oﬁr?r%ﬁﬂ%ﬁf?ﬁ%‘ﬁﬁ%f’a?ﬁﬁ3t5“’3ﬁ’8 = STo e A S ARG RIRISRS, %ﬁd
eﬁ%ﬁﬂﬁﬁ e RRsets shhedimsaelthmeespr BRI, As is illustrated in
FIG. 113, source/drain regions 141 and 142 may be implanted to become
00} 41 Skttt Ao Sipwrhary ebntryetiathef Smming Fiere HhylserdefmPs-stied
trangistof greontmipl e fkber ShbatiodoroPihbewey ewetlienpsgtent invention is not
limited in this respect and other n-type dopants may be equally used in the
- {091ehFipthktatiksmpe c¥ad sinRer the rrareectbe ¢f pefoldddpeitssiay metufetured
accdiittited éamdiyes sOHOpgsas thentmplanted regions (with the dopant) may
be selectively (as compared to regions that are not implanted) etched
[00 @hiayvih ia aeRicBieptyy, fas@xanial e, appiyingie chilpine base Atchadh@y of
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-shape and depth of |mplantat|on may be controlled and/or adjusted by
varying the angle, and the energy used in the process of ion implantation.
For example, a relationship between the depths of implantation and
energy used may be pre-determined by performing a test implantation and
~ characterizing the implantation results using well known techniques. The
characterized relationship between depth and energy used may then be
applied to the actual implantation of regions 141 and 142 to achieve
desired shapes and depths of the implantation. [00231 Following the step
illustrated in FIG. 18, FIG. IC illustrates a next step of etching implanted
regions, according to one embodiment of the present invention, in the
process of manufacturing pFET 100. More specifically, following ion
implantation, n-type dopants in the implanted source and drain regions -
151 and 152 may be preferably activated first. The activation may be
through, for example, an annealing process conducted at an elevated
appropriate temperature. However, the present invention is not limited in
this respect. A person skilled in the art may recognize that other activation
process such as, for example, hot implant (substrate is heated during
implantation) may also be used. Specifically, implanted regions 151 and
152 may be annealed at a temperature from preferably around 600C to

around 1300C, depending on the specific annealing technique used.
Taeamnaeratiirace niitcide the ahnve enecified rancae mav alen be nnecible



[0024] According to embodiments of the present invention, openings or
recesses 161 and 162 may be controlled, in combination with other spacer
technique, through controlling the regions where the n-type dopant may
be implanted to have pre-determined or desired shapes that enable
forming stressors, such as embedded SiGe, in positions much closer to
the channel region underneath gate dielectric 121. Accordingly,
embodiments of the present invention may improve the effectiveness of
strain applled by the stressors significantly, as described below in further
DYSHIEIEYY SR BE A8 8EMBNstrative illustrations of a method of
forming source and drain of a field-effect-transistor according to another
{”‘EﬂiB%t?ﬁﬁ‘ﬁﬁfvﬁ‘ﬁﬂ?é"&%é%‘ﬁme?ﬁ?f&ﬁ’“ﬁﬁ?%mé g OR ihgstrateryide
a tepepebiufdervingra fatebatimotard BR0EIGL BBYwaipvilpe REREODPDIanc!
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_ nm%flg st se of geers f and 232. Between spacer 231 and a STI 211,

etween spac"(e-:'“rt‘j Ahd A 511 212, defines how closely embedded
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invikggsrence to FIGS. 1A-1G) to become implanted regions 251 and 252.
Implanted regions 25 land 252 may include source and drain regions
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odiment, ed % s of spacers 231 an H’Uﬁéf efine and determine
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on ORISR The activation, %IOC S%é'l)ra}fxépe‘%é“ﬂ SULRRIS. (sm),
processes an or met 0dQds such as, examJ) e, an annea |ng process.

©8 {5612]71]I ﬁ?éllﬁﬁsﬁhﬁﬁﬁtéyalﬁefﬁrﬁf‘?ﬁhﬁ?m‘f ﬁ%g pFET 200 following the
shown in FIG. 2A accordin to embodlments of the present invention.
E"“%ﬁ FiTCHE FoHmatiBHest HAPTartET i ibAd B BT NG D8 F ek koLt by
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- spacdRifing xx@ q&@ sRUiReANShAtaihaf RiEnt ﬁ%mmhﬂawm@@@w%&getgﬂd
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em 8 FRER YDV TGS At IR RSy e L ater replaced with stressors,
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combination of multiple sets of spacers may be used to define both the
implanted regions 251, 252 (which include the source(drain and their .
extension regions) and the source/drain regions 261 and 262 (FIG. 2C).
[0028] FIG. 2C illustrates a further step of manufacturing pFET 200
following the step shown in FIG. 2B according to embodiments of the
present invention. In FIG. 2C, the implanted regions not covered by the
second set of spacers 233 and 234, and a portion of substrate 202
underneath may be etched away to create openings 261 and 262, wherein
source and drain of pFET 200 may be formed later. The etching may be
performed by applying well-known etch techniques such as, for example,
fluorine based reactive-ion-etch (RIB). In one embodiment, the ME etching
is anisotropic and directional and after the etching process, implanted
regions 251 and 252 under second set of spacers 233 and 234 remain
intact. [0029] FIG. 2D illustrates a step of manufacturing pFET 200

following the step shown in FIG. 2C according to embodiments of the
nracant invventinn Diirina thie cten imnlanted renainne 251 and 2652 mav



[0030] FIG. 2E illustrates a step of manufacturing pFET 200 following the
step shown in FIG. 2D according to embodiments of the present invention.
During this step, source and drain of pFET 200 may be formed in
openings 261 and 263, and openings 262 and 264 created in previous
steps. Being able to exert compressive stresses to the surrounding areas,
embedded SiGe may be grown through, for example, epitaxial growth or
deposition in the openings 261-264 to form source and drain 271 and 272.
According to one embodiment of the present invention and as is clearly
PRfG At iR D FES B efyrsibe reaiasd fe mf gy o2 63 iapianze dofhragme
wabbird syiesstrsandsapplyscaripressive stypssdawards thefd cehannek, sb,
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Ge in the source and drain regions, as |l ustrate ® A stress
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ottenhiitridetthe steesseffect being applied to the channel region 223 of gate
220. Other stress engineering techniques may be used as well. [00321
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example, As, Sp, and/or P but other types of dopants in partrcular n- type
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rther o ource and drain extension
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regions may be filled with semiconductor materials such as SiGe (FIG.
2E), which may be epitaxially grown or deposited as is well-known in the
art, to form the source and drain of the FET. The formation of source and
drain of the FET may be followed by other well-known conventional
operations, as indicated in operation 322, 8 such as an annealing process
and silicklation process to finish the FET device. Optionally, a
compressive stress liner may be formed, such as through deposition, on
top of the FET device to further enhance the stress applied to the channel
region of the FET. [0033] FIG. 4 is a sample SEM image of cross-section
of a field-effect-transistor manufactured according to one embodiment of
the present invention. A person skilled in the art will appreciate that FET
400 shown in FIG. 4 includes source and drain extension regions 471 and
472, which are filled with embedded SiGe and formed underneath a set of
spacers 481 and 482. Stressor of eSiGe are placed much closer to the
channel region of the field-effect-transistor.



[Odéi]m{Nhile the invention has been described in terms of exemplary
embodiments, those skilled in the art will recognize that the invention can
be practiced with modifications and in the spirit and scope of the
appended claims. 9 CLAIMS What is claimed is: A method of forming a
field-effect-transistor (PET), comprising: implanting one or more n-type
dopants to create one or more implanted regions, at least a portion of said
implanted regions being designated as regions for forming source and
drain extensions of said FE; activating said implanted regions; etching

(00 th et fechatiteatotfahn toserdiatentosctrofinpenipgssin ISaichp bitionydfe
cogaidlednipl antenl g iohs doeforning-raid-Sowes ang drainme X ensionsans n-
type dopant may be implanted to have pre-determined or desired shapes that enable forming stressors,
such as embedded SiGe, in positions much closer to the channel region underneath gate dislectric 121.
Accordingly, embediments of the present invention may improve the effectiveness of strain appfied by

the stressors significantly, as described below in further details.

[0025] FHGS. 2A-2F are demonstrative illustrations of 2 method of forming source and drain of a
field-effect-transistor according to another embodiment of the present invention. For example, FIG. 2A
illustrates a step of forming a gate structure 220 (FIG. 2B) of 2 p-type FET 266 on an N-well substrate
202/201. Gate structure 220 incindes 2 sate disleciric 221, a top portion of which mayv be salicided to
include a silicide 222, and a first set of spacers 231 and 232, Between spacer 231 and a STI 211, and
between spacer 232 and a 8T1 212, defines how closely embedded SiGe stressors (to be formed later as

part of source and drain and their extensions) may be formed close to the channel region of pFET 200,

{0026} In addition, FIG. 2A i[Eustratgs that areas close to the surface of source and drain regions may
be implanted, at least pértially, by o:ie or more n-type dopants (such as As, Sb, and/or P as described
above with reference to FIGS. 1A-1C) to become implanted regions 251 and 252, Implanted regions
251and 252 may include source and drain regions (261/262, FIG. 2D) and their respective extension
regions (263/264, FIG. 2D) of pFET 200, as described below in more detail. According tc one
embodiment, edges of spacers 231 and 232 may define and determine how closely implanted regions
251 and 252, in particular source and drain extension regions 263 and 264, may be formed to the
channel region 223 under gate dielectric 221. The formation of implanted regions 251 and 252 may be
subsequently followed by an activation process to activate the dopants implanted. The activation

process may include any suitable processes and/or methods such as, for example; an annealing process.

{6027] FIG. 2B illustrates a step of manufacturing pFET 200 following the step shown in FIG. 2A
according to embodiments of the present invention. Following the formation of implanted regions 251
and 252, a second set of spacers 233 and 234 may be formed in positions adjacent to the first set of
spacers 231 and 232. The edges of second set of spacers 233 and 234 define where source and drain of

pFET 200 may be formed according to one embodiment of the present invention. Underneath the



forming said source and drain extensions of said FET by growing silicon
germanium (SiGe) in said set of openings. 2.The method of claim 1,
further comprising forming a set of spacers adjacent to a gate region of
said FET to define edges of said regions for said source and drain
extensions, before implanting said one or more n-type dopants. The
method of claim 2, wherein said set of spacers is a first set of spacers,
further comprising forming a second set of spacers adjacent to said first
set of spacers, said second set of spacers covering said portion of
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g nln%s is deeper than, and adjacent to said first set of openings. 10
{0028] FIG. 2C illustrates a further : step of manufaciuring pFET 200 following the step shown in FIG.

2B according to embodiments of the present invention. In FIG. 2C, the implanted regions not covered
by the second set of spacers 233 and 234, and a portion of substrate 202 underneath may be eiched
away to create openings 261 and 262, wherein source and drain of pFET 200 may be formed later. The
- etching may be performed by applying well-known etch techniques such as, for example, fluorine
based reactive-ion-etch (RIE). In onc embodiment, the RIE etching is anisotropic and directional and
- after the etching process, implanted regions 251 and 252 under second set of spacers 233 and 234

remain infact.

. [0029] FIG. 2D illustrates a step of manufacturing pFET 200 following the step shown in FIG. 2C
according r,m embodimenis of the present invention. During this siep, implanted regions 251 and 252
may be etched away by applying chlorine based etchant to create openings 263 and 264 therein. The
openings 263 and 264 may be later filled with silicon gennanium (SiGe) in a subsequent step. The

. SiGe stressor may become embedded (eSiGe) in the source and drain regions, and thus may apply

 stress more closely to the channel region 223 of pFET 200, under gate dielectric 221.

[0030] FIG. 2E illustrates a step of manufacturing pFET 200 following the step shown in FIG. 2D
according to embodiments of the present invention. During this step, source and drain of pFET 200
may be formed in openings 261 and 263, and openings 262 and 264 created in previous steps. Being
. able to exert compressive stresses to the surrounding areas, embedded S$iGe may be grown through, for
.example, epitaxial growth or deposition in the openings 261-264 1w form source and draig 271 and 272,
_According to one embodiment of the present invention and as is cleariy illustrated in FIG. 2D, eSiGe

-formed in the openings of 263 and 264 may act as stressors and apply compressive stress towards the -



The method of claims 5 or 6, comprising annealing said Fr-if after forming
said sauce and drain and said source and drain extensions through
growing SiGe in said first and second sets of openings. The method of
any one of the preceding claims, wherein said PET is a p-type doped FET
and forming said source and drain extensions comprises growing SiGe
epitaxially in said set of openings. The method of any one of the preceding
claims, wherein activating said implanted regions comprises annealing
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dopahisaisl bRinplanted in regions of the FET that are regions designated for forming source and
* drain and their extensions (FIG. 2A). The n-type dopanis may include, for example, As, Sp, and/or P
- but other types of dopants in particuiéz‘ n-type dopants may be used as well. The implantation may be
foilowed by ar activation process sach as, for example, an annealing process, to activate the dopanis
mmplanted. Following the implantation and activation of the dopanis, a second set of spacers may be
- formed next to, and adjacent to the first set of spacers at operation 314 (FIG. 2B). However, the .

invention is not limited in this respect and a combination of multiple sets of Epacars may be used as
well. After forming the second set of spacers which define the source and drain regions and covers the
source and drain extension regions, an anisotropic ctching process, such as the conventional fluorine
based reactive-ion-etching (RIE) process, may be used at operation 316 to create openings in the
designated source and drain regions (FIG. 2C). Afier forming the openings of the source and drain
regions, 2 selective RIE process applying a chlorine-based etching may be wsed at operation 318 to
furiher open the source and drain extension regions (FIG. 2D}, which have been previously implanted
with n-type dopants and may be underneath the second set of spacers. At a following operation 320,
the openings of source and drain regions and source and drain extension regions may be filled with
semiconductor materials such as 5iGe (FIG. 2E), which may be epitaxially grown or deposited as is
well-known in the ari, to form the source and drain of the FET. The formation of source and drain of

the FET may be followed by other well-known conventional operations, as indicated in operation 322,



3. The method of claim 12, comprising etching said implanted regions not
covered by said second set of spacers to create openings for forming said
source and drain of said FET. The method of any one of claims 11 to 13,
comprising forming said source and drain as well as source and drain
extensions by epitaxially growing silicon germaniurn in said openings. 15.
The method of any one of claims 11 to 14, wherein activating said
implanted regions comprises annealing said implanted regions at a
temperature between about 600C and about 1300C, and for a time
sudupatiSreramliagPirets afsbaligidatitiseceisl b BBSUSOFRinines: 1BliTHdy. 2
cometiiod ofamnonepbelaimst 1ddoat Birovbereipsaid oneopitgrEiDpantsto

e éﬁt&m@%@s@&%p‘ﬁ@é@ﬁﬁ‘fﬁcﬁﬁ% é@&ﬁ’&tﬁh@@ﬂﬂﬁing of As, Sb, and P. 17.
The method of claim 16, wherein said etchant is chlorine based etchant

[odimtrprovices selpetivenetehis bio:saidepity e dopatgdSaRuiethatelured
acgwg c@aef l&k@a@&ﬁ%&éé{ﬁ;@ﬂ%&{t (E\E&'Hjncgwg&lggﬂcd in the art will appreciate that
FET 400 shown in FIG. 4 includes source and drain extension regions 471 and 472, which are filled
with embedded SiGe and formed underneath a set of spacers 481 and 482. Stressor of e8iGe are placed

- rauch closer to the channel region of the field-effect-transistor.

[0034] While the invention has been described in terms of exemplary embodiments, those skilled in

the art will recognize that the invention can be practiced with modifications and in the spirit and scope

of the appended claims.



creating implanted regions designated for source and drain extensions of

said FET by implanting one or more n-type dopants in regions next to a
first set of spacers adjacent to a gate region of said FET; activating said
implanted regions; covering said source and drain extension regions with
a second set of spacers;  removing at least said implanted regions
through etching with a chlorine based etchant to create openings; and
fanning said source and drain extensions in said openings. 19. The
method of claim 18, wherein forming said source and drain extensions
comprises growing silicon germgﬁ S(SiGe) epitaxially in said openings.

20. The method of claims 18 or 19, further comprising etching said

impianted regions not covered by said second set of spacers to create

1. OPSRIAL aeharWinGthesginRitriedefomksatkee and drain of said FET.
implanting one or more n-type dopanis to create one or more implanied regions, at least a
- portion of said implanted regions being designated as regions for forming source and drain
extensions of said FET;
- activating said iroplanted reglons;
etching with 4 chlorine based efchant to create a set of openings in sald portion of said
implanted regions for forming said source and drain extensions; and
forming said source and drain extensions of said FET by growing silicon germanium {$iGe)

in said set of openings.

2 The method of claim 1, further comprising forming a set of spacers adjacent to a gate region of
said FET to define edges of said regions for said source and drain extensions, before implanting

said one or more n-type dopants.

3. The method of claim 2, wherein said set of spacers is a first set of spacers, further comprising
forming a second set of spacers adjacent to said first sef of spacers, said second set of spacers

- covering said portion of implanted regions for said source and drain extensions.

4. The method of claim 3, wherein said set of openings is a first set of openings, further
comprising etching a portion of said implanted regions not covered by said second set of

- spacers to create a second set of openings for forming source and drain of said FET.

3. The method of claim 4, further comprising forming said source and drain of said FET by .

growing S5iGe in said second set of openings.

6. The method of claim 35, wherein said second set of openings is deeper than, and adjacent o said

first set of openings.
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12 METHOD OF FORMING SOURCE AND DRAIN OF EIELD-EFFECT-

TRANSISTOR AND STRUCTURE THEREOF ABSTRACT
Embodiments of the invention provide a method of forming a
field-effect-transistor (FET). The method includes implanting one or more
n-type dopants to create one or more implanted regions with at least a
portion of the implanted regions being desipated as regions for forming
source and drain extensions of the FET; activating the implanted regions;

7. etchiagenith & ahlering hasesiatchankiocreate Oeningsisiizadmplanted and

regions,And foEming the.sauresanddraig sxtensions.h %@é&aaxgs";%md sets of

growing embedded silicon germanium'in the openings. Structure of a
sefifft8iductor field-effect-transistor made thereof is also provided. Figure
I _

8. The method of any one of the preceding claims, wherein said FET is 2 p-iype doped FET and

forming said source and drain extensions comprises growing SiGGe epitaxially in said set of openings.

-89 The method of any one of the preceding claims, wherein activating said implanted regions
comprises apnealing said implanted regions at a temperature between about 600°C and about

- 1360°C, and for a time duration ranging from about a millisecond to about 3¢ minutes.

10. - The method of any onec of the preceding claims, wherein said one or more n-type dopants are

selected from a group consisting of As, Sb, and P.

1. A method of forming a field-effect-transistor (FET), comprising:
implanting one or more dopants to create one or more implanted regions, said implanted
regions covering at least regions designated for forming source and drain extensions of said FET;
activating said implanted regions;
- creating openings for said source and drain extensions by eiching, using an eichant
selective to said one or more dopants, said implanted regions; and

forming said source and drein extensions in said openings.
- 12. The method of claim- 11, comprising forming a first set of spacers adjacent to a gate region of said
FET to define regions for said source and drain extensions, and forming a second set of spacers

adiacent to said first set of spacers to define regions for source and drain of said FET.

13. The method of claim 12, comprising etching said implanted regions not covered by said second set

-of spacers to create openings for forming said source and drain of said FET.

1



15

16.

I7.

18.

18

20.

The method of any one of claims 11 to 13, comprising forming said souwrce and Jdrain as well as

source and drain extensions by epitaxially growing silicon germanium in said openings.

The methed of any one of claims 11 to 14, wherein activating said tmplanted regions corprises
annealing said implanied regions at a temperature between about 600°C and about 1300°C, and

for a time duration ranging from aboul a millisecond to about 30 minutes.

The method of any one of daims 11 to 15, wherein said one or more dopants are n-type dopants

selected from a group consisting of As, 8b, and P.

The method of claim 16, wherein said etchant is chlorine based etchant that provides selective

etching to said n-tyne dopants,

A method of fomﬁng a feld-effect-transistor (FET), comprising:
creating implanted regions designated for source and drain extensions of said FET by

- implaniing one or more p-type dopants in regions next to a first set of spacers adjacent to a gate

region of said FET;
activating said implanted regions;
covering said source and drain extension regions with a second set of spacers;

removing at least said implanted regions through eiching with a chlorine based etchant to

" create openings; and

forming said source and drain extensions in said openings.

- The method of claim 18, wherein forming said source and drain extensions comprises growing

silicon germanium {$iGe) epitaxially in said openings.

. The method of claims 18 or 19, further comprising etching said implanted regions not covered by

- .said second set of spacers to create openings and growing therein SiGe to form source and drain of

said FET.
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